Substitute sheet - 26/9/96 AIR CURI NG POLYMER COWPCOSI TI ON The present 3
—invention relates to an air curing polynmer conposition. In particular, the
present invention relates to vinyl polyners having inproved filmfoprning,. ,
properties. Filmformng polynmers areiused in many applications such as,
for exanple, coatings, sealants; and adhesive and saturant applications.
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Film forming polymers are used in many applications such as, for example,
coatings, sealants, and adhesive and saturant applications. The most useful
applications include their use as solutions or dispersions in water or water-

cosolvent mixtures.

Films derived from film forming polymers can be greatly improved if they
can be crosslinked after film formation. Typical properties which can be
generally enhanced by crosslinking include solvent resistance, dirt pickup,

adhesion, print and block, mar resistance and tensile properties.

However, it is not easv to achieve crosslinking after film formation. For

ner example, Spoor [Spoor, Die Angewandte Makromolekulare Chemie 38, 160
vor (1968)] describes the potential utility of films derived from vinyl polymers

containing pendant acetoacetate groups when crosslinked by exposure to air
preferably in the presence of cobalt salts. However, this particular technology
is inadequate because the free radical flux generated by the metal salt is

i insufficient to cure the polymeric films fast enough to be practical at room

temperature.

Furthermore, if the crosslinking mechanism is inoperative after film
formation is complete, the film formation process from an aqueous
dispersion or even a solvent will be compromised. The film will then be
weak and porous. Also, the protective or adhesive functions of the

polymeric film will be severely impaired.
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j—iowéver, It is not easy to achieve crosslinking after filmformation. For
bxanpl e, Spoor [Spoor, Di e Angewandte Makronol ekul are Chem e 38, 160
1968) 1 describes the potential utility of filns derived from vinyl

ol ymers contai ni ng pendant acetoacetate groupg.when crosslinked by
xposure to air preferably in the presence of cobalt salts. However, this
articular technology is inadequate because the free radical flux generated
y the netal salt is insufficient to cure the polyneric filns fast enough
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triggered under ambient conditions after film formation is complete.
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Sometimes this triggering can be accomplished by mixing two reactive

components together prior to film formation. However, there are problems
associated with this approach because these two component systems not only
usually have a short pot life but they are also awkward and impractical to use

in many applications.

There is another drawback with regard to the use of vinyl polymers
containing pendant acetocacetate groups, particularly when the polymers are

dispersed or dissolved in aqueous solvents. In this regard, vinyl polymers

containing pendant acetoacetate are prone to hydrolysis in water particularly

JRUSPIRY

on heat aging. The hydrolysis reaction, which is shown below, occurs at

nearly any pH and yields acetoacetic acid,

0
il
CHgCCHg + CO

|

0 H.,0 0 O
L Il 2 1 1] H
-R'0CCH,CCHy ™ =~R'OH + CH3CCH,COH

2

which in turn decomposes to acetone and carbon dioxide.
The present invention seeks to overcome the problems associated with the

known film forming polymers.
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Substitute sheet - 26/9/96 Frequently, heat can be used to assi st
crosslinking after filmformation is conplete. However this has its
drawbacks since, as can be expected, heat is not available in many cases so
the crosslinking nechanismis desirably triggered under anbient conditions
after filmformation is conplete. Sonetinmes this triggering can be
acconplished by m xing two reactive conponents together prior to film
formati on. However, there are problens associated with this approach

ecause t hese e ot H?HQ'I . t fe
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2at is crosslinking film-forming composition comprising a vinyl polymer

y containing pendant acetoacetate functionality and a component which

-

generates a free radical flux on exposure to oxygen, such as oxygen in the air.

o
-

oblems According to a second aspect of the present invention there is provided a one

10t only part pack comprising the composition according to the first aspect of the

al to use present invention stored in a sealed container in the substantial absence of
oxygen.

According to a third aspect of the present invention there is provided a

ers are method of stabilizing an acetoacetate functional polymer, such as the
Jmers polymer in the composition according to the first aspect of the present
dcularly invention, in water to prevent hydrolysis of the acetoacetate functionality
s at prior to use comprising adding ammonia or primary amine in an amount

sufficient to form the enamine of the acetoacetate functionality and then
storing the resulting composition under conditions that prevent reversal of

the enamine formation during storage.

The vinyl polymers for use in the composition according to the present
invention are vinyl polymers with pendant acetoacetate groups. However,
the term "pendant" is used in the specification to mean "attached to the
polymer backbone and available for further reaction” and pendant should
not be read in the strict sense which would exclude the attachment of such
groups at the termini of a polymer chain. Thus, polymer having acetoacetate
functionality introduced on the chain end by an acetoacetate functional

vith the mercaptan as taught in US-A- 4,960,924 would be useful in this invention.
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There is another drawback with regard to the use of vinyl polyners

-cont ai ni ng pendant acetoacetate groups, particularly when the polyners are
.di spersed or dissolved in aqueous solvents. In this regard, vinyl polyners
~contai ni ng pendant acetoacetate are prone to hydrolysis in water
'particularly on heat aging. The hydrolysis reaction, which is shown bel ow,
.occurs at nearly any pH and yiel ds acetoacetic acid, [err] whi Qk}&i n turn
‘deconposes to athe@resentdinyaNSOR Bro%ides.a fika freyag:PolywesT Winch dgra £1pss

overcome the probl 05 a5396i8heHaWil 'bgdgnlo Wer I HRTk% ROLIH B,
thereby overcoming the problems associated with the known film forming

polymers.

Preferably, the flux generating component is an autoxidisable component

and/or a peroxide or a mixture of peroxides that produce free radicals.
Preferably, the film-forming composition comprises a metal drier.
Advantageously, the metal drier is incorporated in an amount of from 0.01

to 1% metal content by weight. Advantageously, the metal drier is a cobalt

salt.

. e ————at—— e -

Preferably, the metal drier is complexed to a complexing agent that prevents

substantial reaction in sealed containers in substantial absence of oxygen but

does not prevent reaction in films. Typically, the complexing agent may be

an oxime.

Preferably, the vinyl polymer containing pendant acetoacetate functionality is
soluble in water or water-co-solvent mixtures. Advantageously, the vinyl

i polymer containing pendant acetoacetate functionality is an emulsion or

dispersion polymer.

Preferably, all the pendant acetoacetate functionality has been converted to
pendant enamine functionality, more preferably by reaction with a molar
excess of ammonia or a primary amine capable of enamine formation.
Advantageously, the primary amine is ethanolamine, methyl amine, or

isopropylamine or a mixture thereof.
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Substitute sheet - 1 1 April 1998 -3 - According to a first aspect of the
present invention there is provided a self-crosslinking, air curing,
filmformng conposition conprising a vinyl polymer containing pendant
acetoacetate functionality and an autogidi zabl e conponent sel ected fromthe
group consisting of drying oils, drying oil fatty acids, alkyds containing
drying oils, esters of drying oil fatty acids, 5 sorbic acid and esters
thereof, allyl functional materials, alkyd functional soaps, isoprenes,

but adi e I {éﬁ&r , crol ein,
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Preferably, the vinyl polymer contains from about 0.5 to 100 percent, more

preferably 1 to 40 percent, of the acetoacetate monomer by weight.

Preferably, the vinyl polymer is a solution polymer in non-aqueous organic

solvent.

Preferably, the vinyl acetoacetate polymer is a blend of a water soluble

acetoacetate polymer and an emulsion or dispersion acetoacetate polymer.

Preferably, the vinyl polymer is a homopolymer or copolymer of

acetoacetoxyethyl methacrylate or acrylate.

Preferably, the autoxidizable component contains one or more sites of

unsaturation.

Preferably, the autoxidizable component is selected from the group consisting
of drying oils, unsaturated fatty acids, isoprenes, alkyds containing drying
oils, esters of unsaturated fatty acids, allyl ether functional materials, allyl
functional materials, polyallyl ethers and alkyd functional soaps, including

mixtures thereof.

Preferably, if the autoxidizable component is an unsaturated fatty acid, it is

present in amount of from about 0.5 to about 6 wt% of the composition.
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an -acet oacetate functional vinyl polymer in water to prevent hydrol ysis of
the acetoacetate 15 functionality prior to use conprising addi ng ammonia or
primary anmne in an amount sufficient to formthe enanm ne of the

acet oacetate functionality and then storing the resulting conposition under
conditions that prevent reversal of the enani %@ fornation during storage.
The vinyl polyners for use in the conposition according to the present

i nvention are vinyl 20 polyners with pendant acetoacetate groups. However,
the term"pendant” is used in the specification {o nean "attached to t.he

pol ymer backbokseferablyy & theppatoxidizable ¢RIMPPBSRE o ATXHE BEntARPTERRIMIIR thet
b dinth I.ct | Fes h
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functionality introduced on the chain end by an acetoacetate functional
mercaptan as taught in US-A- 25 4, 968, 924 wogl d. be. usefijl m tgi S .
i nventi on. Advantageously, the autoxidizeable additive is a polyallyl ether, isoprene

butadiene, crotyl methacrylate, allyl methacrylate, methacrolein and acrolein.

Preferably, the autoxidizable component is incorporated into the vinyl

polymer.

Advantageously, if the autoxidizable component is isoprene, it is
incorporated into the vinyl polymer in an amount of from about 1 to about

25%.

The present invention therefore provides an ambient curing, self-
crosslinking film forming polymer which may be used in many applications.
The self-crosslinking film forming polymer of the present invention not
only overcomes the problems associated with the known polymers but also
meets the requirements of industry. Futhermore, the polymer of the present

invention does not impair the quality of film formation.

In summation, the present invention relates to a film forming composition
comprising a vinyl polymer having pendant acetoacetate functionality which
is cured by a free radical flux generated after film formation is largely
complete. In a preferable case this is based on an autoxidizeable component
which provides a source of free radicals to cure and crosslink the acetoacetate
functionality upon exposure to oxygen of the air. The autoxidizeable
component can be built into the vinyl polymer or it can be added as a separate
additive.
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Substitute sheet - 11 April 1998 -4- The present invention provides a film
form ng pol ynmer which has a cross |inking nmechani smt hat
filmformation is conplete,

an anount of fromO0.01 to 1% netal content by weight. Advantageously, the
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on the autoxidation process for its efficacy.

According to one aspect of the present invention, there is provided a one
package ambient curing film forming polymer. The film formation process is
well known in the coatings industry and is described in detail by J. Bentley
("Organic Film Formers" in Paint and Surface Coatings, R. Lambourne

(Editor), John Wiley and Sons, New York, N.Y., 1987). In some cases,

however, this technology may be useful as a two package system, preferably
one with long pot life at ambient temperatures. When desirable, heat may be

used for acceleration of cure.

Generally, the pendant acetoacetate groups are attached to the polymer
backbone via an organic divalent radical R1 which in turn is attached to the
acetoacetate moiety or by a trivalent organic radical R? bearing two

acetoacetate groups.

O O O O

R} O C CH, C CH,4 -R? (0 C CH, C CHa),

The acetoacetate functional polymers can be prepared by means known in the
art. A preferred method is polymerization through incorporation which
includes an acetoacetate functional monomer. A preferred monomer is
acetoacetoxyethyl methacrylate which is conveniently referred to throughout

this specification as AAEM, the structure of which is shown below.

This Sheet Has Been Replacad

[

Is operative after
t her eby overcom ng the probl ens associated with
the known filmformng polynmers. 5 Preferably, the filmform ng conposition
conprises a netal drier. Advantageously, the netal drier is incorporated in



15.0or water-co-solvent m xtures. Advantageously, the vinyl polyner
cont ai ni ng pendant acetoacetate functionality is an enul sion or dispersion
polymer. Preferably, all the pendant acetoacetate functionality has been
converted to pendant enam ne functionality,-gore preferably by reaction
with a nolar excess of ammonia or a prinmary 20 am ne capable of enam ne
formati on. Advant ageously, the prjimary an1ne | ethaﬁolanlne nmet hyl am ne,
or isopropylamne or a mxture thereof. tltutﬁ sheet - 26/9/96 -5 -

Preferably, the pendant et oacet rat.ede he vinyl polymer
by pol ynerization of a QHEF S EBQ#:Q(Q% efi‘@&ptyﬁm sting of allyl

AAEM

Examples of other monomers useful for the introduction of acetoacetate
functionality are acetoacetoxyethyl acrylate, acetoacetoxypropyl methacrylate,
allyl acetoacetate, acetoacetoxybutyl methacrylate, 2,3-di(acetoacetoxy)propyl

methacrylate and the like.

In general, any polvmerizable hydroxy functional monomer can be converted
to the corresponding acetoacetate by reaction with diketene or other suitable

acetoacetylating agent (See e.g. Comparison of Methods for the Preparation of

Acetoacetvlated Coating Resins, Witzeman, J. S; Dell Nottingham, W.; Del
Rector, F. J. Coatings Technology; Vol. 62, 1990, 101. (and references

contained therein)).

The vinyl polymers of this invention are most often copolymers of the
acetoacetate functional monomer and other monomers. Examples of useful
comonomers are simple olefins such as ethylene, alkyl acrylates and
methacrylates where the alkyl group has 1 to 20 carbon atoms (more
preferably 1to 8 carbon atoms), vinyl acetate, acrylic acid, methacrylic acid,
acrylonitrile, styrene, isobornyl methacrylate, acrylamide, hydroxyethyl
acrylate and methacrylate, hydroxypropyl methacrylate and acrylate, N-vinyl
pyrolidinone, butadiene, isoprene, vinyl halides such as vinyl chloride and
vinylidene chloride, alkyl maleates, alkyl fumarates, fumaric acid, maleic

acid, itaconic acid, etc.

cet Has Been Replaced

T




acet oacet ate, acetoacetoxyethyl nethacrylate, acetoacetoxypropyl
net hacryl ate, and acet oacet oxybutyl nethacrylate. Preferably, the vinyl
pol ymer contains fromabout 0.5 to 100 percent, nore preferably 1 to 40

percent,
pol ymer
t he vi
pol yrer
vi nyl

met hacr

of the acetoacetate nononer-by weight. Preferably, the vinyl
I's a solution pol yrrer I N non-aqueous organi c solvent. Preferablyv,
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important, howev esure t 3ot When this is done, the quality of the film

formation is not seriously impaired.

The acetoacetate functional polymer may contain from about 0.5% to 100% of
the acetoacetate functional monomer by weight. In any application, the
amount of acetoacetate functional monomer required will vary from case to
case depending upon the desired degree of cure necessary in the particular
end use application. Generally, however, the acetoacetate monomer
concentration will be between 1 and 40%. Conventional coatings will usually

contain from about 2.5 to 20% acetoacetate monomer by weight.

Polymers having a molecular weight of from 1000 to over one million can be
used. The lower molecular weight polymers should contain a sufficiently
high level of acetoacetate to maximize cure. For example, a copolymer of
AAEM having a molecular weight under 10,000 would typically contain 30%
or more of AAEM.

Generally, the vinyl polymer is prepared as a dispersion or emulsion
polymer in water by a suitable free radical initiated polymerization technique,
using a free radical initiator and appropriate heating. Since a film forming
polymer is required, useful emulsion polymers will generally have glass
transition temperatures under 60°C since these polymers with coalescent will
form good quality films at ambient temperatures. If soluble polymers are
used in the film formation process, polymers of higher glass transition

temperature are readily used since they are film-forming.
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of .drying oils, unsaturated fatty acids, isoprenes, alkyds containing
drying oils, esters of unsaturated fatty acids, allyl ether functional
materials, allyl functional materials, polyallyl ethers and al kyd
functional soaps, including m xtures thereof-10¥eferably, if the
aut oxi di zabl e conponent is an unsaturated fatty acid, it is present in

t of f bout .0.5 t t f t
STt oo SpklaTote Bl Al SIRRD 0 sqeBhidpt,

oil, it is preggaRtin ﬁaxtti‘t%li\xmﬂdﬁieoﬂ% drh QIS e PolyMrebization) ieiusdd toeprepate die
t he conposition.

polymer.

Conventional dispersants can be used (e.g. anionic and/or nonionic
emulsifiers such as alkali or ammonium alkyl sulfates, alkyl sulfonic acids,
and fatty acids, oxyethylated alkyl phenols, etc.) The amount of dispersant
used is usually 0.1 to 6% by weight based on the weight of total monomer.
Either thermal or redox initiation processes may be used. Conventional free
radical initiators may be used (hydrogen peroxide, t-butyl hydroperoxide,
ammonium and/or alkali persulfates, etc.); typically 0.05 to 3.0 % by weight

based on the weight of total monomer.

Redox systems using the same initiators coupled with a suitable reductant
(for example: isoascorbic acid, sodium bisulfite) can be used at similar levels.
Frequently, a low level of chain transrer agent such as a mercaptan (for
example: n-octyl mercaptan, n-dodecyl mercaptan, butyl or methyl
mercaptopropionate, mercaptopropionic acid at 0.05 to 6% by weight based on
total weight of monomer) is employed to limit the formation of any

significant gel fraction or to control molecular weight.

The invention may also be practiced using a solvent soluble or water soluble
polymer. When this is desired, the polymer may be prepared directly in
water if the monomer mix is water soluble or, as is most often the case, the
polymerization solvent is a water miscible solvent such as isopropanol, butyl
cellosolve, propylene glycol, etc. In this case, water may be included in the

polymerization mixture or post added after the polymerization is complete.
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Advant ageously, the autoxidizeable additive is a polyallyl ether, isoprene
but adi ene, crotyl nethacrylate, allyl nethacrylate, nethacrolein and
acrolein. Preferably, the autoxidizable conponent is incorporated into the
vinyl polyner. Advantageously, if the aujpxidizabl e conponent is isoprene,
It is incorporated into the vinyl polynmer in an anmount of fromabout 1 to
_about 25% The present invention theref gr_e provi des an, anbi ent curing,
luga) f - or odm SPAIG ASesi Ehe POIVAD HBFSRATEd.R: &isonugn Berak GERAMC sRAgENt
l'icatiaqn f- | N4 | £.Qr ; { Wk resent
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pol yners Rithehswateetisis fenverdent smase a siflubledorganic ffee taeticalrinitiatoe

pol yner of the present invention does not inpair theb (i‘ual '&ty of, fil
f or mat i onsuch as azo-bis-isobutyronitrile, t-butyl-peroctoate, or benzoy! peroxide an

whatever heat is convenient to assure smooth copolymerization.

wcids,

sant Another route to the preparation of a water soluble polymer for this

aer. invention is to prepare a vinyl dispersion polymer having enough acrylic or

al free methacrylic acid or other polymerizable acid monomer (usually greater than

de, 10%) so that the emulsion polymer can be solubilized by addition of

sight ammonia or other base. Water soluble polymers of this type are
advantageously used as blends with conventional dispersion polymers,
preferably those which also have pendant acetoacetate functionality. Systems

tant of this type form a completely cured matrix when exposed to a free radical

levels. flux. The blend of alkali soluble resin and latex polymer has a particularly

r advantageous property of combining gloss and rheology and is useful in
coatings and printing ink applications.

ased on
In another embodiment of this invention, an aqueous dispersion contains
copolymer particles made up of at least two mutually incompatible
copolymers.

soluble

in These mutually incompatible copolymers may be present in the following

e, the morphological configurations, for example, core/shell, core/shell particles

)1, butyl with shell phases incompletely encapsulating the core, core/shell particles

n the with a multiplicity of cores, interpenetrating network particles, and the like.

‘plete. In all of these cases, the majority of the surface area of the particle will be

occupied by at least one outer phase and the interior of the particle will be

occupied by at least one inner phase.
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I n- summation, the present invention relates to a filmform ng conposition
conprising a vinyl polyner having pendant acetoacetate functionality which
is cured by a free radical flux generated after filmformation is largely
conplete. In a preferable case this is based _on an autoxi di zeabl e conponent
whi ch provides a source of free radicals to Hre and crosslink the
acetoacetate functionality upon exposure to oxygen of the air. The

aut oxi di zeabl e conponent can be built into the vinyl polynmer or it can be
added as a separate additive. -7 - Alternatively, the free radiﬁel
source can be Thenmmauiualdirinprapatililiéy gfofentwo polymer compositions may be

determined in various ways known in the art. The use of scanning electron
microscopy using staining techniques to em'phasize the difference between

the appearance of the phases, for example, is such a technique.

The emulsion polymerization techniques used to prepare such dispersions
are well known in the art. It is sometimes advantageous to introduce some
crosslinking or gel structure by the sequential polymerization process in the
core via low levels of a crosslinking monomer such as allyl methacrylate.
The lightly crosslinked core does not adversely affect film formation and does
in some cases result in better coatings, particularly when the pendant

acetoacetate is concentrated in the shell.

As indicated above, the major use for this technology is for curing vinyl
polymers dispersed or dissolved in aqueous solvents but, unfortunately,
vinyl polvmers containing pendant acetoacetate are prone to hydrolysis in

water particularly on heat aging.

The present invention, however, overcomes this problem by treating the
aqueous acetoacetate polymer, after preparation and neutralization, with one
molar equivalent of ammonia or a primary amine such as ethanolamine,
methyl amine, or isopropyl amine. Typically, the polymer is first neutralized
to a basic pH, preferably a pH greater than 9, before adding the one molar
equivalent for enamine formation. Under these conditions the enamine is
formed. The reaction to form the enamine is generally rapid with the rate of
formation increasing with temperature. In general, enamine formation is

complete within 24 hours.
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redox systeminvol ving an oxidizing agent, such as a peroxide or

hydr oper oxi de, and a netal co-reactant. This |atter system does not depend
on the autoxidation process for its efficacy. According to one aspect of
the present invention, there islyfrovided a one package anbient curing film
formng polynmer. The filmformation process is well known in the coatings

I ndustry and is described in detail by J. Bentley ("Organic Film Forners”
in Paint and Surface Coatings R Lanbourne (Editor), John Wley and Sons,

NervaXeriative Ypprd®7iks.tol raiseothie pHstesabdutvi; wedlow tthe syseaitel ogy may be
useful as a tvvo(gackage éﬁ;stem preferably one with long pot life at

@qpildhrate, ansk readjnststheypbintodeoutah te replage thepmyae congumgad BEcel erati on of
.. CGe L1y, &h dant. t . ttached to th
soeiar ormanste TS BRmiRE s SER SRR Rerr] Which in turn is

attached to the

2
0 0 R2NH2 0 HNR

I 11 i 1
-R'OCCH,CCHy ———) -R!OCCH=CCHy

The amount of ammonia or amine used should be at least equivalent to the
amount of acetoacetate in the polymer. Sterically hindered primary amines,
such as t-butyl amine and aromatic amines such as aniline, are not suitable
because of incomplete enamine formation. The enamine formation is a
reversible reaction, so that as the ammonia or amine evaporates after film
formation and in exposure to the atmosphere, the pendant acetoacetate is

regenerated ir. the film.

The wet composition is quite storage stable as long as it is stored under
conditions (such as a closed container) where the amine/ammonia cannot
evaporate. Cure of these films is not impeded by the presence of the

ammonia or amine which normally evaporates.

Another approach to preparation of vinyl polymers containing equivalent
pendant enamine functionally is to use preformed enamine monomers
derived from the appropriate amine and the acetoacetate monomer. In this
case, the pH must be kept on the alkaline side during polymerization to

avoid hydrolysis of the enamine back to the acetoacetate.

One of the key elements of the technology of the present invention is an

aerobic radical source.
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acetoacetate noiety or by a trivalent organic radical R err] bearing two
acet oacetate groups. O 0 0 O -Rerr] OCCHerr]
C CHerr] -Rlerr[ (OCCHerr] CCHerr])[err] The acetoacetate
functional polyners can be prepared by neans ldnown in the art. A preferred
met hod i s polynerization through incorporation which includes an
acetoacetate functional nononer. A preferred nononer is acetoacetoxyet hyl
nmet hacryl ate which is conveniently referred to throughout this

SEeCi fi Cg%} gln 9g§ aAEMrréd Rasd, tHE kadiRaPfluMtb Genkrated Bynababiewkidizeablbsubstaher
sheet -
on exposure of the polymeric film to oxygen of the air. Autoxidizeable
substances contain readily abstractable hydrogen atoms which allow it to

undergo rapid free radical chain reactions with molecular oxygen.

The autoxidizeable substance can be made a component of the composition
in various ways. For example, the autoxidizeable substance can be directly
incorporated into the vinyl polymer by use of appropriate monomers or,
more conveniently, an additive package which contains an autoxidizeable
component can be added to the polymer after polymerization is complete.
Monomers such as butadiene, isoprene, or dicyclopentenyl oxyethyl
methacrylate (see, for example, US-A-4,145,503) have residual unsaturation
and allylic hvdrogen atoms which are known to be subject to autoxidation.
Methacrolein, with its pendant aldehyde groups, is another example of a

monomer which introduces an autoxidizeable site into the polymer chain.

Generally, the autoxidizeable monomer is incorporated into the polymeric

binder at a level of 1 to 25 percent by weight.

Another wav is the provision of an autoxidizeable additive package, which is
typically added to the dispersion after polymerization. This consists of readily
oxidizable substrates which are known to give peroxides or hydroperoxides

on exposure to oxygen.

Preferably, the autoxidizable component has oxidizibilities as defined by W.
C. Lloyd ("Autoxidations” in Methods in Free-Radical Chemistry, E. S.
Huyser (Editor), Vol. 4, Marcel Dekkor, New York, 1973) of greater than 1 x 10

3 (liter /mole-sec)0-3.
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-8 - [err] AAEM Exanpl es of other nononers useful for the introduction of
acetoacetate functionality are acetoacetoxyethyl acryl ate,

acet oacet oxypropyl nethacrylate, allyl acetoacetate, acetoacetoxybutyl

nmet hacryl ate, 2, 3-di (acet oacet oxpypropyl nethacrylate and the like. In
general, any pol yneri zabl e hydroxy functional nononer can be converted to
the correspondi ng acetoacetate by reaction wth di ketene or other suitable
acet oacetyl ati ng agent (See e.g. Cowparison of Methods for the Preparation

CIpABE BRGRS  angunrssc mgme o, (8gg Vot o W
c dehgtinsddt dastai oi);)drying oxl fatty acids Sach as lmseed oil fatty acid; alkyds
containing drying oils; simple esters of drying oil fatty acids such as the ethyl
ester of linseed oil fatty acid; sorbic acid and sorbic esters; allyl ethers and
polyallyl ethers such as trimethylolpropane triallyl ether,
polyallylglycidylether (Santolink XI-100, Monsanto Chemical Co.); and
sterically hindered aldehydes or polyaldehydes which autoxidize but do not
react with pendant acetoacetate groups present in the polymer. The aldehyde
oxygen scavengers described in Novak et al, US-A-4,886,618 are particularly
useful in this regard. In general, though, any polyunsaturated material
which undergoes autoxidation at ambient temperature can be used as a
radical flux for this invention. The amount of autoxidizable material
formulated with the polymer is typically in the range of from about 0.5 to

15% bv weight with higher levels generally resulting in faster cure.

For some end uses, the amount o: autoxidizable material is limited by
compatibility with the polymer since the quality of the film may be adversely

affected although cure is still generally observed in these cases.

In order to facilitate the autoxidation process a drier or mixture thereof is
typically included in the film-forming composition. This component may be
any polyvalent metal containing complex or salt that catalyzes the oxidative
curing of drying oils or drying oil modified alkyd resins. Examples are
polyvalent metal salts containing cobalt, calcium, manganese, copper, zinc,
iron, and zirconium as the cation. Simple salts such as the halides, nitrates,
and sulfates may be used but in many cases an organic anion such as the
acetate, napthenate, or the acetoacetonate is used for solubility or

compatibility reasons.
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The vinyl polynmers of this invention are nost often copol yners of the
acet oacetate functional nononer and ot her nononers. Exanpl es of useful
conononers are sinple olefins such as ethylene, al kyl acryl ates and

met hacryl ates where the al kyl group has 1 to-326-carbon atons (nore
preferably 1 to 8 carbon atons), vinyl acetate, acrylic acid, nethacrylic
acid, acrylonitrile, stvrene, isobornyl nethacrylate, acrylam de,

hydr oxyet hyl acryl ate and net hacryl ate, hydroxypropyl nethacryl ate and

acryl ate, N-virjhe picintdbfndrier réyuised ébowiarabisegenerdllpyih thelrafige ofuoh ted %
vinyl chloride and vinylidene chloride, alkyl maleates, alkyl fumarates, .
fumari c acid, nRe@lcodent bytwgg)(ghtcofatgieﬁlngtf@rmmg composition. The autoxidation

process will take place without drier but it is impractically slow particularly ai

room temperature.

If a cobalt drier is used and true one pack stability is desired, it may be useful
to include a volatile stabilizer such as a ketone oxime or hindered aldehyde
oxime. Specific examples are me.thyl ethyl ketone oxime, methyl butyl
ketone oxime, 5-methyl-3-heptanone oxime and cyclohexanone oxime.

Methyl ethyl ketone oxime is particularly useful.

The exact function of the oxime in this system is unclear but it is believed to
stabilize the cobalt by complex formation. After evaporation of the water or
solvent, the volatile oxime is driven off and the drier activity of the cobalt is
restored. The oxime stabilizer is typically used at .05 to 1% by weight of the

film-forming composition.

As mentioned previously, it is possible to generate the radical flux via the
metal catalyzed decomposition of peroxides or hydroperoxides at ambient
temperature. Thus, a cobalt napthenate catalyzed decomposition of cumene
hydroperoxide provides effective cure of an acetoacetate polymer after film
formation. Such systems may be useful but they are normally two pack
systems with limited pot life. They also function more effectively if both the

peroxide or hydroperoxide are oil soluble.

Typical amounts of the peroxide or hvdroxide are from about 0.5 to about 10

percent by weight of the composition.
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9-. 1t is also possible and sonetinmes desirable to include |ow | evel s of

di vinyl or polyvinyl nononers such as glycol polyacrylates, allyl

nmet hacryl ate, divinyl benzene, etc. to introduce a controlled amount of gel
in-the |atex particle. It is inmportant, however, to be sure that when this
I's done, the quality of the filmformation is not seriously inpaired. The
acetoacetate functional polyner may contain fromabout 0.5%to 100% of the
acet oacetate functional nonomer by weight. In any application, the anount

of 73 RpoTETLe fd 4BgHipaabe m@qmén?&ci%sﬁcbélwdﬂmﬂﬁwd fsmEase to case

depén esired degree of cure necessary in the particular end
usehapen efidtusen. AGeldved bych Iathhmklenetsh clisparsantse pagmentnoner concentration

will be between 1 and 40% Conventiopal co t|n s Wll usually contain from
abéytermess ; illersyan fS%%"eP&‘F%tSrTBi}cﬁ%PzeS& n promoters,

coalescents, wetting agents, defoamers, colorants, non-aldehyde based
biocides, soaps and slip agents may be incorporated to achieve appropriate

application and storage properties.

The coatings or adhesives can be readily applied to a variety of substrates by

suitable application techniques well known in the art.
The present invention will now be described by way of example only.
For ease, the following abbreviations are used in the following Examples:

AAFM - acetoacetoxvethvl methacrylate; BA - Butyl acrylate; Co - cobalt;
Comp. - Comparative; MAA - Methacrylic acid; MEK - methyl ethyl ketone;
MMA - methvl methacrylate; nDDM - n-dodecyl mercaptan; PAGE -
polyallylglycidylether (Santolink XI-100, Monsanto); SF - soluble fraction; SR -
swell ratio; THF - tetrahvdrofuran; ml -milliliters; g - gram; nms -

nanometers; UV - ultraviolet; and eq. - equivalent.

All percentages in these examples are percent by weight unless otherwise
specified. Unless otherwise indicated all polymers were prepared under

nitrogen at atmospheric pressure.

For further ease, the following test procedures were used to generate the data

reported in the Examples below:
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Pol ymers having a nol ecul ar wei ght of from 1000 to over one mllion can be
used. The | ower nol ecul ar wei ght polyners should contain a sufficiently

hi gh | evel of acetoacetate to maxim ze cure. For exanple, a copol yner of
AAEM havi ng a nol ecul ar wei ght under 10, 000 wd8l-d typically contain 30% or
nore of AAEM Cenerally, the vinyl polymer is prepared as a dispersion or

emul sion polyner in water by a suitable free radical initiated
pol yrrerizationm&@&eﬂééﬁ% a free radical initiator and appropriate
heating. Since a filmform ng polyner is required, useful enulsion polyners

wi Il generally have glass transition tenperatures under 6%%{4&@ nce
t hese pol ymers pilink word eswstantiyisorked rwithddEKy (methy) ethyhke Ufwere

tenperatures. If soluble polyners e used Ln the:fil: t Bk P6£8 Sotal
pol yners of hi goltaingdhasing %ﬁE?Ctl?IB%{ e"ﬁ%gr ?&rgeag%%ﬂtrﬂe%éﬁ 9?1 uﬂsqggb si nce tﬁey
are filmform ngfeight of approximately 3000 g. The test ends when the breakthrough to the

panel is first observed. Data are reported as double rubs (one set of back and

forth).

Film Soluble Fraction and Swell Ratio (by weight)

Thin films were cast down on glass slides, a portion of the film was cut and
removed from the glass slide. The samples were weighed and then soaked
overnight in a container of methyl ethyl ketone. The MEK (methyl ethyl
ketone) mixture was filtered to drain unabsorbed MEK solution. The solvent
mixture was evaporated in the oven at 150°C for 30 minutes and the residue

weighed. The soluble fraction was determined by division.

Film Swell Ratio by Volume

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 soaked for 15 minutes
in methyl ethyl ketone and remeasured. The increase in each dimension wa
averaged to yield an average numeric value for linear swell, and the result

was then cubed to yield a volumetric swell ratio.
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-10- In certain aspects of the invention, polynerization in an agueous
medium and in particular, aqueous enul sion polynerization, is used to
prepare the pol yner. Conventional dispersants can be used (e.g. anionic
and/ or nonionic emul sifiers such-&-al kali or amoni um al kyl sulfates,
al kyl sulfonic acids, and fatty acids; oxyethylated al kyl phenols, etc.)
Thq, unt of dispersant used is usually 0.1 to 6% by wei ght based on the
Wei-g‘ﬁlgfof total nononer. Either thermal or redox initiation processes nmay
be used. Conventional free radical initiators may be used (hydrogen
per oxi de, t-butyl hydroperoxide, . .

Thin films were cast down on black vinyl sheet and cured at ambient

temperatures. 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.
Block

Thin films were cast down on black vinyl sheet and cured at ambient
temperatures. Two films were placed face-to-face and a one kilogram weight
was placed on top. The resulting test sample was then placed in an oven
typically for two hours at 60°C and then cooled. The block was then rated on
a scale of 1 to 10 (best) according to observed ease of separation of the films

and film damage upon separation.

Latex Soluble Fraction and Swell Ratio for Heat Age Testing

The formulated emulsions were subjected to accelerated heat aging by placing
them in a sealed container in a 60°C oven for 10 days. Then a sample of the
latex was removed and a 1 wt. % solution of the latex in tetrahydrofuran was
equilibrated for 24 hours. The latex was then ultracentrifuged at 50,000 rpm
for 160 minutes. The soluble fraction was obtained by determining the
weight of polymer in the solvent phase divided by the total weight of

polymer.
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anmoni um and/ or

al kali persulfates, etc.); typically 0.05 to 3.0 % by

wei ght based on the weight of total nononer. Redox systens using the sane
initiators coupled with a suitable reductant (for exanple: isoascorbic

acid,
| evel
mer capt an,

sodium bisulfite) can be used at siml ar2pevels. Frequently, a |ow

of chain transfer agent such as a nercaptan (for exanple: n-octyl
n- dodecyl

mer capt opr opi on i@"ea%wgﬁ gﬁg%g’t %g’s tog#%%/ll)eﬁi;é x\/g%%%ﬁggé gﬁghﬁr)%{g?\gio?&g% S.H}di%ﬁolved

nonomner)
or to control

Sftel Inb ismter{tkﬁhééé_r WAk irehdViedesyd HigidihpaRetregelt By gt i on
ecular weight. "The invention may al so be practiced using a

sol vent sol ubl e weighatofrtheqpolyerpaintaived imthrattgels i s desired, the pol yner
may be prepared directly in water if the nononmer mkx i-s water sol uble or,
as is nost often the case, the polynerization solvent is a water m scible

sol vent such as g3aRfPPRAC!l . butyl

Polymer 1 was prepared from a monomer mixture that contained 501.7 gramy
of water, 18.13 grams of Alipal CO-436 (an ammonium salt of sulfated
nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 672.3 grams of butyl
acrylate, 652.9 grams of methyl methacrylate, 19.4 grams of methacrylic acid,
149.4 grams of acetoacetoxyethyl methacrylate and 3.0 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 8.74 grams of

Alipal CO-436 heated to 85°C.

An initiator charge of 2.26 grams of sodium persulfate dissolved in 50.0

grams of water was then added.

Ten minutes later, the remaining monomer emulsion was gradually added
over a two and one-half hour period along with 1.13 grams of sodium

persulfate dissolved in 50 grams of water in a separate feed.

After a two hour period, the emulsion was cooled to 60°C and chased by
adding 0.75 gram of t-butyl hydroperoxide dissolved in 12.5 grams of water
followed by 0.45 grams of isoascorbic acid dissolved in 12.5 grams of water.
The chase procedure was repeated 25 minutes later. The latex was then

cooled to ambient temperature.
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cel | osol ve, propylene glycol, etc. In this case, water may be included in
the polynerization m xture or post added after the polynerization is

conpl et e. - 11 - In sone cases, the polynmer is prepared in a
conventional organic solvent such agixylene or toluene. \Wen organic
solvent is enployed with or without water, it is convenient to use a

sol ubl e organic free radical initiator such as azo-bis-isobutyronitrile,

t- butyl peroctoate or benzoyl peroxide and whatever heat is convenient to

assulth gi tkzl?ééd)wltrﬁaﬁ{xhsmar wgmgost hEh} GRARIILBRAPT 2 water
solub e pol yme or t I's invention is to prepare a vinyl dispersion polymer
havi rtgxeaequxyfalemr 9f ammonia (1.18 grams of a 28% solution of ammonium

hydroxide) was added to 100 grams of the latex to convert all the

acetoacetoxyethyl methacrylate to the corresponding enamine.

To this latex was added 0.45 grams of Triton X-405 (a 70 % aqueous solution of
polyethoxylated nonylphenol, Union Carbide Corp.), and 0.2 grams of
Foamaster VL (defoamer; Diamond Shamrock Chemical Co). The latex

mixture was equilibrated overnight.

An additives package consisting of 4.5 grams of propylene glycol, 4.5 grams of
diisopropyladipate, 0.48 grams of Triton X-405, 5.62 grams of a 2% aqueous
solution of Natrosol 250 MHR (hydroxyethylcellu-lose; Hercules Inc.), 0.75
grams of cobalt as noted (Intercar, a 6% water dispersible solution; Akzo), 0.21
grams of methyl ethyl ketone oxime and 1.25 grams (unless otherwise noted)
of the autoxidizable component listed in the table below was mixed and the
latex mixture was added to it. This formulated mixture was equilibrated for

three days prior to film application.

Thin films were drawn down on B-1000 steel panels and glass slides and black
vinyl sheet using a .381 mm (15 mil) gate to give dried films in the thickness
range of .508 mm-76.2 mm (2-3 mils). Films were cured under ambient
conditions on the laboratory benchtop for the duration of the tests. To test
long term stability, a portion of the latex formulation was heated at 60°C for
10 days before films were applied and then tested after 28 days at ambient

conditions.
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met hacrylic acid or other polynerizable acid nmononer (usually greater than
1099 so that the enul sion polyner can be solubilized by addition of anmoni a
or other base. Water soluble polynmers of this type are advant ageously used
as- bl ends with conventional dispersion polyne?d; preferably those which

al so have pendant acetoacetate functionality. Systens of this type forma

conpletely cur?ﬂn{r%g&én(%ﬁg exposed to a free radical flux. The blend of
al kali s ' Cex polyner has a particularly advant ageous
property of conbi ni Iosi d rxol ogﬁ and i sef ulyg oat i d
printing ink applic ns. ag € irrez-fi—%ﬁ t%ﬂﬁ%)
aqueous di spersion contains copolyner particles nade up,, of a @%ﬁd

mut ual |y i nconfmmplA copol yme¥e coprlle nut ualispolyRSomsissalves copol§frer s

may be present in the follow ng

Comp. B cobalt? 18.4 12.8 10.7
Autoxidizable Additive
Com
C Oleic Acid 13.8 57 42
Com
D Linoleic Acid 44 3.0 3.5
E Linolenic Acid 3.7 2.2 3.0
F Linoleic Acid (Tech) 34 2.7 2.9
G Linseed Oil Fatty Acid 4.6 44 3.0
H Ethyl linoleate 5.6 3.2 2.9
1 Sorbic Acid -- 7.4 5.8
] PAGE 6.9 39 3.7
K PAGE (15 wt. %)3 4.0 19 2.1

1no cobalt or autoxidizable component in the formulation
2no autoxidizable component in the formulation
3An additional 6.25 grams of PAGE (polyallylglycidylether, Santolink XI-

100; Monsanto) was added as the autoxidizable component

The samples according to the invention (C through K) showed
improved degree of cure as indicated by Film Swell Ratio data over
Comparative A, the latex alone, and Comparative B, the latex with

cobalt.
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mar phol ogi cal configurations, for exanple, core/shell, core/shell particles
with shell phases inconpletely encapsulating the core, core/shell particles
with a multiplicity of cores, interpenetrating network particles, and the
like. In all of these cases, the nmgjority of the surface area of the
particle will be occupied by at |east one outer phase and the interior of
the particle will be occupied by at |east one inner phase. -12- The
mutual inconpatibility of the two poky¢der conpositions may be determined in
vari ous ways known in the art. The use of scanning el ectron m croscopy
using staining techni ques to enphasize the difference between

Film Properties after 28 dav cure under ambient -conditions

e ————

MEK Rubs Print Rating4 Block Rating>

Film  Fresh latex Heat-aged latex (best=10) (best=10)
Comp. A 10 13 1 2
Comp. B 28 45 3 5

C 87 69 5 3

D 178 81 7 7

E 148 125 7 7

F 145 65 8 7

G 170 106 7 7

H 197 113 7 7

1 100 100 6 5

] 243 266 5 2

K 500 350 6 8

4Test conditions: 2h @ 60°C
5Test conditions: 2h @ 100°C

The Comparative Examples (A and B) show little cure in 7 days (as
measured by swell ratio, solvent resistance and print and block). In
contrast, when a low level of an autoxidizable additive such as linoleic
acid (Film F) is incorporated, the 7 day cure is much better and the

associated properties are in a practical range.
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t he appearance of the phases, for exanple, is such a technique. The
enmul si on pol yneri zation techni ques used to prepare such dispersions are
well known in the art. It is sonetines advaq%ggeOUS'to i ntroduce sone
crosslinking or gel structure by the sequentfal polynerization process in
the core via low | evels of a crosslinking nononer such as allyl

nmet hacryl ate. The |ightly crosslinked core does not adversely affect film

formati on andgSl@@IPr/E 30ne cases result in better coatings, particularly
when the pendant acetoacetate is concentrated in the shell. As indicated

above, the major use for this technology is for curing vinyl polyners
di spersed or ThesRolyeteri hlatquevas forohviated imthe santeofashien asyn Example

pol ymers containin endant acetpacetate are prone,Lo dr iS. 1.0 water
particularly ér?x_ﬁ%g’i Bl‘féitﬁ‘ﬁ.a“%ﬂél ?%@grﬁm?ﬂ% i WS | %earc?&é%gf‘ggges this
probl em by treghbA%tidiferent levels according to the table below. Films were

applied and cured as stated in Example 1.

Film Swell Ratios

Film Ambient Cure Time: 7 days 28 days 28 days
' (Heat Aged Latex)
Linoleic Acid Level

L 042¢g 9.1 5.1 4.8

M 084 ¢g 4.0 3.2 4.1

N 125¢g 3.8 31 3.1

O 167 g 4.0 2.7 3.2

P 209¢g 52 19 2.5

Q 250g 3.5 1.6 2.5
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aqueous acetoacetate polyner, after preparation and neutralization, with
one nol ar equivalent of ammonia or a primary am ne such as et hanol am ne,

nmet hyl am ne, or isopropyl amne. Typically, the polyner is first
neutralized to a basic pH, preferably a pH greater than 9, before adding
the one nol ar equivalent for enam ne formation. Under these conditions the
enamne is forned. The reaction to formthe enamine is generally rapid with
the rate of formation increasing wi4h tenperature. In general, enam ne
formation is conplete within 24 hours. -13- An alternative approach is

1O I {13P ProSeftids! £@PPRIHaY it WA driimB¥est&Briditions

Film MEK Rubs Print Rating Block Rating
Fresh latex = Heat-aged latex (best=10) (best=10)
L 187 157 6 7
M 187 182 7 7
N 160 147 8 7
@) 120 79 8 7
P 130 45 8 7
Q 88 53 9 7

The data indicate that, in accordance with the present invention,
higher amounts of linoleic acid improve the print rating but reduce

solvent resistance as shown bv MEK rubs.
EXAMPLE 3

Five Polymers labeled 2, 3, 4, 5 and 6, containing varying amounts of
AAEM monomer were prepared (0%, 1%, 5%, 10%, 20%). By way of

example, the preparation of Polymer 5 is set forth completely below.

Polymer 5 was prepared from a monomer mixture that contained 525
grams of water, 7.28 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 642.6 grams of butyl acrylate, 747.6 grams of methyl
methacrvlate, 20.4 grams of methacrvlic acid, 156.7 grams of

acetoacetoxyethyl methacrvlate, 3.13 grams of n-dodecyl mercaptan.
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equilibrate, and readjust the pHto about 9 to replace the am ne consuned
by enam ne formation. The enamne is stable to hydrolysis. [err] The anpunt
of amoni a or am ne used should be at |east equivalent to the anount of
acetoacetate in the polyner. Sterically hindered primry am nes, such as
t-butyl am ne and aromatic am nes such as aniline, are not suitable because
of inconplete enamne formation. The enam ne formation is a reversible
reaction, so that as the anmmonia or am ne evgéorates after filmformation
and in exposure to the atnosphere, the pendant acetoacetate is regenerated

ir. the film ge, Wafs RRIAMRRE bRIUISIDNOMHiIkEUIR] @9A0grathalwas aemlom&g asdit is
stored under conditions (such as a closed container) where

ami ne/ anmoni a adetbto akepide aortaimmges srixtwresel 12684 gr%mﬁ@f W%‘Sé&@&l ¥4t he

presence of t hgerams of a 23% solution of sodium dodecyl benzene sulfonate heated to

85°C.

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8
grams of water was then added. Ten minutes later, the remaining

monomer emulsion was gradually added over a two hour period along
with 1.4 grams of sodium persulfate dissolved in 50 grams of water in a

separate feed.

After the two hour period, the emulsion was cooled to 60°C at which
point 1 gram of t-butyl hydroperoxide dissolved in 13.2 grams of water
was added followed by 0.5 grams of isoascorbic acid dissolved in 13.1

grams of water. The latex was then cooled to ambient temperature.

The other four polymers of varying AAEM levels were made by the

same procedure using the following monomer compositions:

Polymer 2: 721.0 grams of butyl acrylate, 826.0 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 0 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan;

Polymer 3: 713.2 grams of butyl acrylate, 818.2 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 15.9 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan;
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ammoni a or am ne which normal ly evaporates Anot her approach to preparatlon
of vinyl polymers containing equival ent pendant enamine functionally is to
use preformed enam ne nononers derived fromthe appropriate am ne and the
acetoacetate nononer. In this case, the pH nust be kept on the al kaline
side during polynerization to avoid hydrolysis of the enam ne back to the
acetoacetate. One of the key elenents of the technol ogy of the present

i nvention is an aerobic radical source. -14- In a preferred case, the
radical flux is generated by an a39qxidizeable subst ance

Polymer 4: 681.8 grams of butyl acrylate, 786.8 grams of methyl
methacrylate, 20.4 grams of methacrylic acid; 78.4 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan;

Polymer 6: 564.3 grams of butyl acrylate, 669.3 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 313.5 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan.

Polymers 2, 3, 4, 5 and % were formulated and films (Comparative R
and examples of the invention S, T, U and V) made in the manner as
explained in Example 1 with the autoxidizable component consisting of

1.25 grams of linoleic acid.

Film Film Swell Ratios MEK Rubs Print 6 Block
Cure Time: 7 cays 28days 7days 28days 28 days 28 days

Comp. R dissolves dissolves 12 10 1 1
(0% AAEM)

S 13.8 11.6 58 75 2 1
(1% AAEM)

T 6.9 4.6 130 240 7 3
(5% AAEM)

U 5.0 3.3 194 >300 8 9
(10% AAEM)

\% 2.8 2.6 214 >300 9 9
(20% AAEM)

6test conditions for print and block: 2 hours at 60°C, rating: 10=best
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on. exposure of the polynmeric filmto oxygen of the air. Autoxidizeable
subst ances contain readily abstractabl e hydrogen atons which allowit to
undergo rapid free radical chain reactions with nol ecul ar oxygen. The
aut oxi di zeabl e substance can be nade a conponent of the composition in
vari ous ways. For exanple, the autoxidizeabl e substance can be directly
I ncorporated into the vinyl polynmer by use otéﬁgwopriate nononers or, nore
conveniently, an additive package which contaiis an autoxi di zeabl e
conponent can be added to the polyner after polynerization is conplete.
Monomer s such as awtondanoe witk dhe gireserdringientiony pehadditiomof AAEM to a

th | at L | US-A-4. 145 503 ' | ) t ti
and al 1311 c. hydhOyBEtaa e i Pablic Ao addiifye Broduces HBRTRHAT on

Met hacrol ei n, WhdfoihinBeRdabthal Ry siai/oERsmpls vaieh Nels RYMRBIERqh 2
monomer whi ch introduces an autoxi dizeable site’into the polyner chain.
the polymer mixed with linoleic acid. Higher AAEM levels give better

performance.

EXAMPLE 4

Polymer 7 was prepared from a monomer mixture that contained 505.6
grams of water, 18.1 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 1062.9 grams of butyl acrylate, 540.0 grams of methyl
methacrylate, 25.7 grams of methacrylic acid, 85.71 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 sulfonate 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 to 60°C and chased by adding 0.8 gram of t-butyl hydroperoxide
dissolved in 16 grams of water followed by 0.5 grams of sodium
formaldehyde bisulfite dissolved in 16 grams of water. The latex was

then cooled to ambient temperature.
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General |l y, the autoxidizeable nononer is incorporated into the polyneric

bi nder at a level of 1 to 25 percent by weight. Another way is the
provi si on of an autoxidi zeabl e additive package, which is typically added
to- the dispersion after polynerization. This consists of readily oxidizable
substrates which are known to give peroxides or hydroperoxi des on exposure
to oxygen. Preferably, the autoxidizable conponent has oxidizibilities as
defined by W C. Lloyd ("AutoxidatiZ8ns in Methods in Free-Radical

Chem stry E. S. Huyser (Editor), Vol. 4, Marcel Dekkor, New York, 1973) of

gr eah efoof fath 3arhpll of thé 14tek/Wad feriéted aRalto this was added 2.0
grams of ammonium hydroxide (28% solutien), 1.0 gram of Triton X-
405 (a 70% aqueous solution, Union Carbide Corp.), 4.5 grams of
diisopropyladipate and 4.5 grams of propylene glycol. 10 gram samples
of this latex were removed and the materials listed in the Table below
were added to each. The latex was equilibrated overnight before films
were applied to glass slides using a 8 mil gate. Soluble fractions were

determined from the thin films.

Film Additional Additives Film Soluble Fractions in THF
1day 7 day 14 day

Comp. W None 0.89 0.81 0.58

Comp. X cobalt,” 0.09 g 0.83 0.54 0.34

Y Co + 0.14 g. tung oil 0.57 0.14 0.13

Z Ce + 0.14 g. oticia oil 0.59 0.14 0.13

7Hydrocure II, a 5% water dispersible formulation; Mooney Chemicals

The data for films Y and Z show that drving oils can be used as the

autoxidizeable component of the invention.
EXAMPLE 5

Polymer 8 was prepared from a monomer mixture that contained
1479.6 grams of water, 5.1 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 1089.4 grams of ethyl acrylate, 667.5 grams of methyl
methacrylate, 25.8 grams of methacrylic acid and 198.1 grams of

acetoacetoxyethyl methacrylate.
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-15- These conponents include drying oils such as linseed oil, tung oil,
dehydrated castor oil; drying oil fatty acids such as linseed oil fatty
acid; alkyds containing drying oils; sinple esters of drying oil fatty
acids such as the ethyl ester of linseed oil f3ty acid; sorbic acid and
sorbic esters; aIIyI ethers and polyallyl ethers such as trimethylol propane

triallyl ether I - em cal
Co.); and steri %rgﬁ 1%@“3 %ég#a)iegh%’é‘?ﬁﬁﬁ{elgé §r§%PI%H#\3>ELf ‘érggbrv\%%g géisgf(ibdl ze
but do not reactvasi atddq@hﬁérgramsebbadé%sehgs cohsgign esetaining 10enpol yner .
The al dehyde oxygen scaveng r| b d in Novak et al, US-A-4, 886,618 are
particul arly usBREticlesof ﬁlpsfh@@ ﬁé?%lb’mecrtﬁ)"ﬁ&wmany pol yunsat ur at ed
mat eri al whi ch under goes aut oxi dati i on at anbi ent tenperature can be used as
a radical flux for this invention. The anount of autoxidizable material

An initiator charge of 7.6 grams of sodium persulfate dissolved in 25

grams of water was then added. The remaining monomer emulsion
was gradually added over a three and one-half hour period along with
2.0 grams of sodium persulfate dissolved in 100 grams of water in a

separate feed.

After one hour of the feeds, an additional soap mixture was added
consisting of 5.1 grams of a 23% solution of sodium dodecyl benzene
sulfonate dissolved in 9 grams of water. After the feeds were complete,
the temperature was held at 85°C for 15 minutes. The latex was then

cooled to ambient temperature.

A 100 gram sample of latex was neutralized to pH=9.5 with

ammonium hydroxide, allowed to react to form enamine, and then
readjusted to pH 9.5 with ammonium hydroxide. To this was added 0.3
grams of Foamaster VL (defoamer; Diamond Shamrock Chemical
Company), 10.8 grams of propylene glycol, 4.5 grams of Texanol (a
coalescent; Texaco), 0.22 grams of methyl ethyl ketone oxime (Exkin #2;
Nuodex Inc.), 1.4 grams of the autoxidative material listed in the Table,
and 0.75 grams of cobalt (Intercar, a 6% water dispersible formulation;
Akzo). Thin films were drawn down on glass slides using an 203.2 mm
(8 mil) gate to give dried films in the thickness range of .0254 mm-38.1
mm (1-1.5 mils). Films were cured under ambient conditions at 70°C

and 50% relative humidity for the duration of the tests.
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formul ated with the polyner is typically in the range of fromabout 0.5 to
15% by weight with higher levels generally resulting in faster cure. For
some end uses, the ampunt of autoxidizable material is limted by
conpatibility with the polyner since the quality of the film my be
adversely affected although cure is still generally observed in these
cases. In order to facilitate the autoxidation process a drier or m xture
thereof is [err]pically included t+B8lthe filmformng conposition. This
conponent nay be any polyvalent netal containing conplex or salt that

cat al yzes t he R)éldq t,bve curing of drying ot PflrrijWéi‘lgRQ ibgmodi fied al kyd
resi_n Exarrpl s_are %Ol yval erlltda t al s & cont al ) @ cal ci um
| on.

nan(fé cop gf¢ tp i ron, d zirconiym as the C | npl e salts
such as the hal i des, nitrates, and sul fafes may be used but i.n many cases
an oAdanic ani DPN&uch as the et at e, naﬁhenate dfs t he acetléacetonate IS
used ABr sol ubLirisegd il 19 4

AC Aroplaz 12718 14 11 8.2 7.9

AD Aroplaz 12729 19 9.4 92 7.0

8100% linseed based long oil alkyd; Spencer-Kellog
9100% soya based long oil alkyd; Spencer-Kellog

The data for Examples AB, AC and AD demonstrate that linseed oil
and alkyds can be used as the autoxidizeable component in the

invention and cure better than Comparative AA over time.

EXAMPLE 6

Polymer 9 was prepared from a monomer mixture that contained 524.9
grams of water, 18.98 grams of sodium lauryl sulfate (28% aqueous
solution in water), 658.32 grams of butyl acrylate, 728.86 grams of
methyl methacrylate, 23.51 grams of methacrylic acid, 156.74 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of butyl mercaptopropenate.

A 494 gram sample was removed from this monomer emulsion
mixture and added to a kettle which contained a mixture of 1268.8

grams of water and 9.15 of sodium lauryl sulfate (28% aqueous
solution) heated to 85°C.

This Sheet Has Been Replaced

(T




conpatibility reasons. -16 - The anmount of drier required is low and is
generally in the range of .01 to 1% netal content by weight of the film
form ng conposition. The aut oxi dat i on process will take place w thout drier
but it is inpractically slow particularly al-3bomtenperature. If a cobalt
drier is used and true one pack stability is desired, it may be useful to

 ncl ude a vol anil mislh@hl driatge of 18k g§aﬁs‘%§t%uﬁ¥g@%xﬂfatg'dl§’§dl€gd ghdehyde
oxi me. Specific exanples are nethyl “ethyl ketone Oxinme, nethyl but yI ket one
oxi me, 5-net hy?78.25 lgrprenohwaten was dhen @ﬁd@efenanmmgs beter, the remaining

monomer emulsion was gradually added over a two hour period.

After the two hour period, the emulsion was cooled to 60°C and chased

by adding 0.79 gram of t-butyl hydroperoxide dissolved in 13.13 grams

of water followed by 0.47 grams of isoascorbic acid dissolved in 13.13

grams of water. The chase procedure was repeated 20 minutes later.

The latex was then cooled to ambient temperature.

The latex was then neutralized with ammonia to pH=9.5. 20 gram
samples of the latex were removed and an additional one equivalent of
ammonia (0.24 grams of a 28% solution of ammonium hydroxide) was
added to convert all the acetoacetoxyethyl methacrylate to the
corresponding enamine. To this latex was added 0.27 grams of
autoxidizable material. An additives package consisting of 0.9 grams of "
propylene glycol, 0.9 grams of diisopropyladipate, 1.13 grams of a 2%
aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules, Inc.) and 0.15 grams of cobalt (Intercar, a 6% water
dispersible formulation; Akzo) was mixed and the latex mixture was
added to it.

This formulated mixture was equilibrated overnight prior to film

application as explained in Example 1.

The data below show that unsaturated nonionic soaps can be used as the

autoxidizeable component in the invention.
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Met hyl ethyl ketone oxinme is particularly useful. The exact function of the
oxinme in this systemis unclear but it is believed to stabilize the cobalt
by conplex formation. After evaporation of the water or solvent, the
volatile oxinme is driven off and-3%he drier activity of the cobalt is
restored. The oxinme stabilizer is typically used at .05 to 1% by wei ght of

the filmformng c osi;tiQn,. As nenti i Vit el S1p0ssi bl e to
generate the radi c‘ggpc?’flf}kz%qg t he net amggtlg{@gzle (ka‘clt:)lrlr%‘ogh%iuon of

per oxi des_or hydroperoxi des at anbi ent _t tureai®hus, a cobalt
napt hendibmcat al yA4@tedabnposi ti on of &Lﬂ%gi{gé%ﬂr &a¥xi de provi des

effective cure of an acetoacetate polyner after filmformation. Such

syst ens Ay be useflypetmer tAd09¥re nor /16 two padk systems with linited
pot |ifeFThey al sdypenmier ck-30dr e ef f ec22AAldPy i f bBBh the peroxide or
hydr operggi de are Hibhefiled A 209 23/110 8

Comp. AH Triton X-40511-Control 21/54 highly swollen gel

10The Hypermer Series are nonionic, modified unsaturated polyester
dispersants of varying hydrophobicity; ICI America, Inc.
11A 70% aqueous solution of polyethoxylated nonylphenol; Union Carbide

Corporation.
EXAMPLE 7

Polymer 10 was prepared from a monomer mixture that contained 507.6
grams of water, 19.0 grams of a 23% solution of sodium dodecyl benzene
sulfonate, 771.4 grams of butyl acrylate, 831.4 grams of methyl methacrylate,
25.71 grams of methacrylic acid, 85.71 grams of acetoacetoxyethyl
methacrylate, 3.42 grams of n-dodecyl mercaptan. 40 grams of this monomer
emulsion mixture was removed and added to a kettle containing a mixture of
1406.7 grams of water and 9.0 grams of a 23% solution of sodium dodecyl
benzene sulfonate heated to 85°C. An initiator charge of 2.52 grams of
sodium persulfate dissolved in 84 grams of water was then added. Ten
minutes later, the remaining monomer emulsion was gradually added over a
two hour period. After the two hour period, the emulsion was cooled to 60°C
and chased by first adding 10.0 grams of a 0.15% solution of iron (II) sulfate in
water followed by 0.8 grams of t-butyl hydroperoxide dissolved in 16 grams of

water, followed by 0.4 grams of isoascorbic acid dissolved in 16 grams of water.
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Typi cal amounts of the peroxide or hydroxide are fromabout 0.5 to about 10-
percent by wei ght of the conposition. -17 - The polyners and additives

of this invention may be formul ated for the chosen end use. Additives such
as: t hi ckeners, dispersants, pignment, extender-s344illers, anti-freeze

agents, plasticizers, adhesion pronoters, coal escents, wetting agents,

def oaners, col orants, non-al dehyde based bi oci des, soaps and slip agents

may be incorporated to achieve appropriate application and storage

properties. TheTheahiabgprotedittieeway eepested 2o friadidsylatgrpThedatex wasathertpols.
of substrates by
to ambient temperature.

A polymer without AAEM, Comparative Polymer 11, was prepared from a
monomer mixture that contained 525 grams of water, 17.1 grams of a 23%
solution of sodium dodecyl benzene sulfonate, 705.3 grams of butyl acrylate,
838.5 grams of methyl methacrylate, 23.5 grams of methacrylic acid, 3.13 gran.

of n-dodecyl mercaptan.

From this monomer emulsion mixture, 49.3 grams was removed and added
to a kettle containing a mixture of 1268.8 grams of water and 9.0 of a 2.3%

solution of sodium dodecyl benzene sulfonate heated to 85°C.

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8 gran
of water was then adced. Ter minutes later, the remaining monomer

emulsion was gradually added over a two hour period.

After the two hour period, the emulsion was cooled to 60°C and chased by |
first adding 0.79 grams of t-butyl hydroperoxide dissolved in 13.13 grams of
water followed by 0.47 grams of isoascorbic acid dissolved in 13.13 grams of
water. The chase procedure was repeated 20 minutes later. The latex was

then cooled to ambient temperature.

To 100 grams of each latex was added 0.7 grams of Emulphor EL-620
(polyethoxylated castor oil; GAF Corp.), 0.02 grams of t-butyl hydroperoxide,
and the pH of the latex was raised to 9.5 with 5 wt. % aqueous solution of
potassium hydroxide, then 0.7 grams of a 28% aqueous solution of

ammonium hydroxide was added to form enamine.
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sui tabl e application techniques well known in the art. The present

i nvention will now be described by way of exanple only. For ease, the
foll owi ng abbreviations are used in the foll ow ng Exanpl es: AAEM -

acet oacet oxyet hyl methacryl ate; Bg- Butyl acrylate; Co - cobalt; Conp. -
Conparative; MAA - Methacrylic acid; MEK - nethyl ethyl ketone; MVA -

pol“gél %?%gf%@%g% oqg%n;% %fi rl] r%%gs%%br%ﬂggggy COIS€?EgT§8?Su‘Bﬁ e fraction;

SR diis® bbyraﬁ\li}b@be 0lFgrantebf BRMApBOHEIN620/2.1 @rhh‘ls|dﬂ£2% aqueo am nns -
nanoneters ultraviolet; and e equi val ent per cent ages in

thes@éummqfll*égtras@ 220 MHR Fyydwa qhxlﬁelégl@sstbh&mr@é Hesewlesed. Unl ess

ot ot S RPERRCTR LIRS IE e MBI RBE R IO BReBL o e ver e

usefhd I rieg rlewl(i® géana of Kelsol 3905 (a water dispersible alkyd; NL

Chemicals) as the autoxidizable component.

The latex mixture was added to the additives package and the resulting
formulated mixture was equilibrated overnight prior to film application

which was carried out as in Example 1.

Autoxidizable MEK Rubs
Film Polymer Material 1day/28 day
Comp. Al Polymer 10 None 20/28
AJ Polymer 10 Kelsol 3905 26/>300
Comp. AK Comp. 11 None 22/19
Comp. AL Comp. 11 Kelsol 3905 19/16

Film AJ shows good cure from the addition of the water dispersible

alkyd in contact with AAEM polymer.
Comparative Al shows the AAEM polymer alone.

Comparative AK and AL show that the water-dispersible alkyd does

not improve the cure of a polymer without acetoacetate functionality.
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reported in the Exanpl es bel ow -18 - MEK Rub Resistance Filns were

constantly soaked with MEK (nethyl ethyl ketone). Data were obtained using
a crocknmeter with a 2 kg wei ght placed on the ar or a total weight of
approximately 3000 g. The test ends when the breakfhrough to the panel is
first observed. Data are reported as double rubs (one set of back and

forth).

Fi | m Sol ublpxX Aaatg 8n and Swell Ratio (by weight) Thin filnms were

cast down on glass slides, a portion of the filmwas cut and

Comparative Polymer 12 was prepared from a monomer mixture
which contained 501.7 grams of water, 18.13 grams of Alipal CO-436 (an
ammonium salt of sulfated nonylphenoxypoly (ethyleneoxy) ethanol;
GAF Corp.), 149.4 grams of acetoacetoxyethyl methacrylate, 672.3 grams
of butyl acrylate, 652.9 grams of methyl methacrylate, 19.42 grams of
methacrylic acid and 2.99 grams of n-dodecylmercaptan. 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 and heated to 85°C.

An initiator charge of 2.26 grams of -sodium persulfate dissolved in 50
grams of water was then added. Ten minutes later, the remaining
monomer emulsion was gradually added over three hours along with
1.13 grams of sodium persulfate dissolved in 50 grams of water in a
separate feed for three hours. After the feeds were completed, the _
reaction was held at 85°C for 20 minutes, then the emulsion was cooled ;
to 60°C and chased by adding 0.75 gram of t-butyl hydroperoxide |
dissolved in 12.5 grams of water followed by 0.45 grams of isoascorbic
acid dissolved in 12.54 grams of water. The latex was then cooled to

ambient temperature.

Following the same procedure, Polymer 13 was made using a
monomer emulsion consisting of 501.7 grams of water, 18.13 grams of
Alipal CO-436, 149.4 grams of acetoacetoxyethyl methacrylate, 672.3
grams of butyl acrylate, 623.0 grams of methyl methacrylate, 29.9 grams
of methacrolein, 19.42 grams of methacrylic acid and 2.99 grams of

n-dodecylmercaptan.

This Sheet Has Been Replaced

AL




reaoved fromthe glass slide. The sanples were wei ghed and then soaked
overnight in a container of nethyl ethyl ketone. The MEK (nethyl ethyl
ketone) m xture was filtered to drain unabsorbed MEK sol ution. The sol vent
m xture was evaporated in the oven at3750[err]C for 30 minutes and the
resi due wei ghed. The soluble fraction was determ ned by division. Film
Swell Ratio by Volune Thin filnms were cast down on gl ass slides and a
portion of the filmwas cut and renoved fromthe glass slide (soaking the
gl ass gihedatéxnwasrmautedlézed tw pﬁi%ﬁ\/wmthlmﬁmmixdm hiydroxideoared 3. The film
sanples were neasured in two dire tlons Iength and_w th) The sanpl es

ver e t 18R gEeBKEAMPHY was ramamesdsand O gRAme P Q-r‘tf?ét)&'l‘?@ dAd%%neasured. The
or 11 AagPOREFR IR AR AR vl M A0 B VoMt C vl
rati o. mixture consisting of 4.3 grams of propylene glycol, 4.3 grams of

diisopropyladipate, 5.3 grams of a 2% solution of hydroxyethylcellulose,

0.7 grams of a 6% solution of cobalt (Intercar), 0.13 grams of methyl

ethyl ketone oxime and 0.2 grams of Foamaster AP (a defoamer;

Diamond Shamrock) was prepared.

The pH of the emulsion was readjusted to 9.5 with ammonium
hydroxide and the emulsion was added to the additives package with
stirring and equilibrated overnight. Films were applied following the

procedure in Example 1.

Film Swell Ratio

Film 1day 28 day
Comp. AM  Comparative 12 - no methacrolein 18 11
Comp. AN  Polymer 13 - with methacrolein 16 3.8

Polymer 13 contained the autoxidizeable components (methacrolein)

copolymerized into the polymer.

Comparative Polymer 12 had no autoxidizeable component on the polymer

or in the formulation.
The data show that the acetoacetate and autoxidizeable component can be

present on the same polymer.
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-19- Print Thin filnms were cast down on bl ack vinyl sheet and cured at

anbi ent tenperatures. 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 wei ght was pl aced eB8top of the stopper.
The resulting test sanple was then placed in an oven for the reported tine

at the reported temMypi cally for two hours at 60[err]C) and then
cool ed. The print wa ed on a scale of 1 to 10 (best) according to

observed ease of renoval of the cheesecloth and the depth of the inprint of-
the film 5
Polymer 14 was prepared from a monomer mixture contained 501.7 granu%:

water, 18.13 grams of Alipal CO-436 (an ammonium salt of sulfated

nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 149.4 grams of _
acetoacetoxyethyl methacrylate, 672.3 grams of butyl acrylate, 652.9 grams i
methyl methacrylate, 19.42 grams of methacrylic acid and 2.99 grams of n-;
dodecylmercaptan. 47.2 grams were removed from this emulsion mixtur(_:.__:
and added to a kettle containing a mixture of 1317.9 grams of water and 87
grams of Alipal CO-436 heated to 85°C. :

An initiator charge of 2.26 grams of sodium persulfate dissolved in 50 gral;g
of water was then added. Ten minutes later, the remaining monomer ;g
emulsion was gradually added over three hours along with 1.13 grams of

sodium persulfate dissolved in 50 grams of water in a separate feed for th?
hours. i
K
After the feeds were completed, the reaction was held at 85°C for 20 mmuﬁ
then the emulsion was cooled to 60°C and chased by adding 0.75 gram oft

butyl hydroperoxide dissolved in 12.5 grams of water followed by 0.45 grarr

of isoascorbic acid dissolved in 12.54 grams of water.
The latex was then cooled to ambient temperature.
The latex that was neutralized to pH=9.5 with ammonium hydroxide, a 1

gram samples was removed and 0.45 grams of Triton X-405 (a 70% aqueot

solution, Union Carbide Corp.) was added to the sample.
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Bl ock
t enper
was pl

Thin filnms were cast down on black vinyl sheet and cured at anbient
atures. Two filnms were placed face-to-face and a one kil ogram wei ght
aced on top. The resulting test_sanple was then placed in an oven

typically for two hours at 60[err]C'a39d‘then cool ed. The bl ock was then

rat ed
of the
Swel |
accel e
oven f
sol uti
| at ex
fracti

on a scale of 1 to 10 (best) according to observed ease of separation
f ; il i & SPRISreianed TonsisaNhigsT. 4.8 iramsSefl pidgylenect i on and

I%} %ga%tg‘?gl-é‘g% Age Testéipﬁg The for nuglcugt ed%erfﬁml Si o%s If‘/\yy’/ere subjected to

gy, hgiranyi ofgdiisopropyladipatee 3 grams ohactfo sohten&f Nafras@do[err] C

or" 10 _days. ,Then .a.s e of..tshe | a e I1w. %

ah0 anﬁihy%wewlféﬁ‘i?ﬁﬁd%%ﬁh% #Kg%c‘\é%% fr}cg%)?)gg?#}g P %54 hours. The

\gﬁﬁaﬁhﬁ& P! élg%lwtéﬂiag@eeé_ib&oc&mt foviniilatioht Alo)10 23 grafes sol ubl e

§8°%as obt al ne by determ ning the

of methyl ethyl ketone oxime and 0.2 grams of Foamaster AP (defoamer;

Diamond Shamrock Chemical Company) along with the autoxidizable

additives in the Table below. After 24 hours, the pH of the Polymer 13

emulsion was readjusted to 9.5. The emulsion was added to the additives

package with stirring and equilibrated overnight. Films were applied

following the procedure in Example 1.

Film Swell Ratio

Film 1 day 28 day
Comp. AO None-Control (contains cobalt) 18 11
AP Diaidenydeiz 13 4.2
AQ Boiled Linseed Oil 11 4.5
AR Tetraallylpentaerythritol 11 4.0
AS Tetraallyloxyethane 8.7 7.2
AT 2,4,6-triallyloxy-1,3,5-triazine 14 9.4
AU Triallyl-1,3,5-triazine-2,4,6-trione 16 51

12The dialdehyde is a 70:30 mixture of 2-Oxoimidazoline-1,3-
bis(dimethylpropanal) and 2-Oxoimidazoline-1,3-bis(ethylbutylpropanal) as
described in Novak, et al., U.S. 4,886,618.
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wei ght of poly

mer in the solvent phase divided by the total weight of

pol yner. -20 - The swell ratio was obtained by determ ning the wei ght of
t he undi ssol ved gel after the solvent phase was renoved and dividing the
result by the weight of the polynmer contained in that gel. EXAVPLE 1

Pol ymer 1 was prepared froma nononer m xture that contained 501.7 grans of
wat er, 18.13 grans of Alipal CO 436 (an ammoni um salt of sulfated

nonyl phenoxypol y (et hyl eneoxy) ethanol; GAF Cory.”), 672.3 grans of butyl

The data for films AP through AU show that aldehydes and allyl functional
materials can be used to provide free radicals for the acetoacetate cure,

producing improved cure over the Comparative AO film.

EXAMPLE 10

The polymer emulsions listed in Example 3 (having 0, 1, 5, 10 and 20%
AAEM) were formulated as described in Example 1 except that the
autoxidizable component was polyallylglycidylether (Santolink XI-100,

Monsanto) in the amounts listed in the Table below.

Polvmer PAGE Film Swell Ratios MEK Rubs Print Block
(grams) fresh heat-aged fresh  heat-aged Rating Rating
2 0 dissolve dissolve 12 6 1 1
3 0 13 dissolve 66* 10 2 1
4 0 11 12 101* 40* 2 3
5 0 9.8 12 122* 56* 3 5
6 0 9.3 7.3 189* 100* 4 8
2 1.25 11 10 15 10 1 1
3 1.25 9.1 8.3 >200 201 3 3
4 1.25 3.1 4.3 214 217 6 6
5 1.25 2.7 2.9 250 270 8 8
6 1.25 1.6 2.0 >300 >300 8 8
2 3.75 6.2 8.3 72 60 1 1
3 3.75 4.7 5.7 250 270 4 5
4 3.75 2.9 3.2 >300 >300 8 7
5 3.75 2.6 2.8 >300 >300 9 8
6 3.75 1.6 19 >300 >300 9 9
2 625 4.9 52 84 60 3 1
3 6.25 3.6 4.3 >300 195 4 6
4 6.25 2.8 3.6 >300 >300 7 7
5 6.25 2.4 3.0 >300 >300 9 9
6 6.25 1.6 1.6 >300 >300 9 9

Notes: *bottom cure only, surface abrades within 10-20 rubs
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T
acrylate, 652.9 grans of nethyl nethacrylate, 19.4 grans of nethacrylic
acid, 149.4 grans of acetoacetoxyethyl nethacrylate and 3.0 grans of
n- dodecvl mercaptan. Fromthis nononer enul sion mxture, 47.2 granms was
removed and added to a kettle containing a m xture of 1317.9 grans of water
and 8.74 grans of Alipal CO 436 heated to 85[err]C. An initiator charge of
2.26 granms of sodium persul fate dissolved in 50.0 grans of water was then
added. Ten mnutes later, the remaining nonomer enul sion was gradual |y
added over a two and one-hal f hour period akbag with 1.13 granms of sodi um
persul fate dissolved in 50 grans of water in a separate feed. After a two

ctiboalr period, the emul sion was cooled to 60[err]C and chased by addi ng 0.75

gram of t-butyl hydroperoxide dissolved in 12.5 grans of water
The data show that the compositions according to the invention

exhibit improved performance over the comparative examples which
are missing an ingredient of the invention (those containing 0 grams

PAGE and all those which use Polymer 2, containing 0% AAEM).

EXAMPLE 11

Polymer 15 was prepared by adding 362 grams of water to a kettle and
heating to 85°C. To the heated kettle 1.4 grams of sodium persulfate
was added along with 43 grams of 45% solids, 100 nm BA/MMA /MAA
latex polymer preform. The reaction was allowed to equilibrate to 85°C.
A monomer emulsion was prepared containing 179 grams of water, 5
grams of a 23% solution of sodium dodecyl benzene sulfonate, 369
grams of butyl acrylate, 94 grams of acetoacetoxyethyl methacrylate, and
7.1 grams of methacrylic acid. This monomer emulsion was fed into
the above kettle at 1.5 ml per minute for 15 minutes until the addition
was completed. Over the same period of time a solution of 0.7 grams of

sodium persulfate in 25 ml of water was added to the kettle at 7.4 ml

per hour.

When the feeds were completed, the reaction was held at 85°C for 30
minutes then cooled to 65°C and chased by adding 1 gram of a 0.48 %
iron sulfate solution followed by 0.15 grams of t-butyl hydroperoxide
dissolved in 5 grams of water followed by 0.07 grams of sodium

formaldehyde bisulfite dissolved in 5 grams of water. The latex was

%Y
WONO - WoONUI- 0000 W m(ﬂwb—dut’.'
5

then cooled to room temperature.
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foll owed by 0.45 grans of isoascorbic acid dissolved in 12.5 grans of

wat er. The chase procedure was repeated 25 mnutes |ater. The | atex was
then cool ed to ambi ent tenperature. -21 - The latex was first
neutralized with ammonia to pH=9.5. Then an additional one equival ent of
amonia (1.18 granms of a 28% sol uti on of ammoni um hydroxi de) was added to
100 grans of the latex to convert all the acetogggtoxyethyl net hacryl ate to
t he corresponding enanmine. To this |atex was adt 0.45 grans of Triton
X-405 (a 70 % aqueous sol ution of pol yethoxyl ated nonyl phenol, Union

Car bi de Corp.), addiqucis @fahs ladex were neutralized as shown in the table below (the

equivalents were based on the total moles of acid plus moles of
AAEM).

The latex was heat aged for ten days at 60°C. Acetoacetate hydrolysis
was determined by 13C NMR of the latex.

Base pH PH % Hydrolysis
Initial Final

None 2.0 2.0 60

Na;HPO, | 6.6 6.6 67

Sodium hydroxide 9.7 7.4 75

ammonium hydroxide 9.5 7.7 79

(no enamine)

ammonium hvdroxide 9.5 9.5 0
(1.5eq.)

isopropylamine 9.5 - 0
(1eq)

benzylamine 9.5 - 0
(1eq)

The data demonstrate that ammonium hydroxide and amine stabilize

i the acetoacetate functionality against hydrolysis.
i

EXAMPLE 12

This Sheet Has Been Replaced

TR




Foamaster VL (defoamner; D anond Shanrock Chemical Co). The latex m xture
was equilibrated overnight. An additives package consisting of 4.5 grans of
propyl ene glycol, 4.5 grans of diisopropyladipate, 0.48 grans of Triton
X405, 5.62 grans of a 2% aqueous sol ution of Natrosol 250 MHR
(hydroxyethyl cel lu-1ose; Hercules Inc.), 0.75 grans of cobalt as noted
(I'ntercar, a 6% water dispersible solution; Akzo), 0.21 grans of nethyl

et hyl ketone oxime and 1.25 grams (unless o#herw se noted) of the

aut oxi di zabl e conponent listed in the table bel ow was m xed and the | atex

(t}m'xture_was ?ﬁ&rﬁ%ﬁp—# Thi s formJI ated m xture was equilibrated for three

days prior t ication. Thin filnms were drawn down on B-1000 st eel
panel s and gl ass slides and bl ack vinyl sheet using a .381 mm (15 nmil) gate
to give dried filns in the thickness range of .508 M 76.2 nm (2-3 mls).

Films were Cypdmidpdg wadBtéstired by adding 1592.9 grams of water and 8.22
grams of a 23% solution of sodium dodecyl benzene sulfonate to a
kettle and heating to 85°C. To the heated kettle, 3.02 grams of sodium
persulfate was added along with 58.7 grams of the monomer mixture.

) The reaction was allowed to equilibrate to 85°C. A monomer emulsion

Yo was prepared containing 630 grams of water, 9.87 grams of a 23%
solution of sodium dodecyl benzene sulfonate, 940.5 grams of butyl
acrylate, 818.2 grams of methyl methacrylate, 94 grams of
acetoacetoxyethyl methacrylate, and 28.22 grams of methacrylic acid.
This monomer emulsion was fed into the above kettle at 4.2 ml per
minute for 15 minutes then at 14.9 ml per minute unti] the addition
was completed. Over the same period of time a solution of 0.85 grams

of sodium persulfate in 50 ml of water was added to the kettle at 0.28

m! per minute.

When the feeds were completed, the reaction was held at 85°C for 30
minutes then cooled to 65°C and chased by adding 1 gram of a 0.48%
aqueous iron sulfate solution followed by 0.54 grams of t-butyl
hydroperoxide dissolved in 18.1 grams of water followed by 0.38 grams

of isoascorbic acid dissolved in 19.0 grams of water.

The latex was then cooled to room temperature. The latex was
neutralized with 1.2 equivalents of ammonium hvdroxide based on

polymeric acetoacetate.
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conditions on the | aboratory benchtop for the duration of the tests. To
.test long termstability, a portion of the latex formul ati on was heated at
60[err] C for 10 days before filns were applied and then tested after 28

days at ambi ent conditions. -22 - Film Swell Ratios Film Anmbi ent Cure
Ti me: 7days 28days 28davs (Heat Aged Latex) Conp. A No
cobalt[err] di ssol ves di ssol ves 16.9 Cofip- B cobalt[err]
18. 4 12. 8 10. 7

Very thin films (1.95 microns) were made by spin casting on quartz
plates. Since enamine displays a UV absorption maximum at 360 nms,
the film was monitored to determine the conversion of enamine |

functionality to acetoacetate functionality by loss of ammonia from the

film which would reduce the signal at 360 nms. The observed decrease |
in signal after 8 hours at ambient temperatures corresponds to a 40%

loss of the enamine.
EXAMPLE 13

Polymer 17 was prepared from a monomer mixture that contained
158.12 grams of water, 5.82 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 240.3 grams of butyl acrylate, 258.9 grams of methyl
methacrylate, 8.01 grams of methacrylic acid, 26.7 grams of
acetoacetoxyethyl methacrylate, 1.06 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 40 grams was removed and
added to a kettle containing a mixture of 428.2 grams of water and 3.42
grams of a 2.3% solution of sodium dodecyl benzene sulfonate heated
to 85°C. An initiator charge of 0.78 grams of sodium persulfate
dissolved in 26.2 grams of water was added. Ten minutes later, 0.25
grams of sodium carbonate dissolved in ten grams of water was added.
Then, the remaining monomer emulsion was gradually added over a
two hour period. After the two hour period, the emulsion was cooled
to 60°C and chased by adding 0.25 gram of t-butyl hydroperoxide
dissolved in 5 grams of water followed by 0.16 grams of isoascorbic acid
dissolved in 5 grams of water. The latex was then cooled to ambient

temperature.
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D

Aut oxi di zabl e Additive C deic Acid 13.8 5.7 4.2
Linoleic Acid 4.4 3.0 3.5 E Li nol enic Acid
2.2 3.0 F Li noleic Acid (Tech) 3.4 2.7
Linseed Ol Fatty Acid 4.6 4.4 3.0 H Et hyl
5.6 3.2 2.9 | Sorbic Acid -
58 J PAGE 6.9 3,9 3.7 K PAGE

3
2
I

7

(15 wt.
conponent

7
9
n
4

4.0 1.9 2.1._4ga cobalt or autoxidizable

in the formul ati on 2no aut oxi di zabl e conmponent in the fornul ation

2 3A1 aditional, 6,28 gt ang of, PACE (Pl al LY. 9LYE! SYLeLheE. 1H 9high -

nms,

1 the
‘ease
%o

vl

vl

-

grams of the latex was added an additional one equivalent of ammonia
(0.59 grams of a 28% solution of ammonium hydroxide) was added to
convert all the acetoacetoxyethyl methacrylate to the corresponding
enamine. To this latex was added 0.45 grams of Triton X-405 (a 70 %
aqueous solution, Union Carbide Corp.). The latex mixture was

equilibrated overnight.

An additives package consisting of 4.5 grams of propylene glycol, 4.5
grams of diisopropyladipate, 0.48 grams of Triton X-405, and 5.62 grams
of a 2% aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules, Inc.) was mixed with the materials in the table
below and the latex mixture was added to it. The formulated mixtures
were then aged using accelerated heat-ageing conditions (ten days at

60°C). The soluble fraction of the formulated latex was then

determined.

Film Additional Additives Soluble Fraction in THF
Comp. AV None 0.96

AW Cobalt13 (0.7 grams) 0.30

AX Co with methyl ethyl ketone

and oxime (0.21 grams) 0.89

AY Co with linoleic acid (1.3 grams) 0.27

AZ Co with sorbic acid (1.3 grams) 0.35

BA Co with linoleic acid and oxime 1.00

BB Co with sorbic acid and oxime 0.94

3Intercar, a 6% water dispersible cobalt formulation; Akzo

This Sheet Has Been Replaced

(B




100; Monsanto) was added as the autoxidi zabl e conponent The sanpl es
according to the invention (C through K) showed i nproved degree of cure as
indicated by Film Swell Ratio data over Conparative A, the |atex al one, and

Conparative B, the latex with cobalt. -23 - FilmProperties after 28 day
cure under anbient conditions MEK Rubs Print Rating[err]
Block Rating[err] Film Fresh | atex Heat - aged | at ex (best =10)
(best=10) Conp. A 10 13 -46- 1

2

These data demonstrate the one-pack stability of systems that include
an oxime (AX, BA and BB). The lower soluble fraction in AW, AY and

AZ shows that reaction occured in the liquid composition.

EXAMPLE 14

Polymer 18 was prepared from a monomer mixture that contained
507.6 grams of water, 19.0 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 771.4 grams of butyl acrylate, 831.4 grams of methyl
methacrylate, 25.7 grams of methacrylic acid, 85.7 grams of

acetoacetoxyethyl methacrylate, 3.42 grams of n-dodecyl mercaptan.

From this monomer emulsion mixture, 40 grams was removed and
added to a kettle containing a mixture of 1406.7 grams of water and 9.0
grams of a 2.3% solution of sodium dodecyl benzene sulfonate heated
to 85°C. An initiator charge of 2.52 grams of sodium persulfate
dissolved in 84 grams of water was added. Starting ten minutes later,
the remaining monomer emulsion was gradually added over a two

hour period.

After the two hour period, the emulsion was cooled to 60°C at which
point 10 grams of a 0.15% aqueous solution of iron (II) sulfate, 0.8 gram
| of t-butyl hydroperoxide dissolved in 16 grams of water was added

followed by 0.4 grams of isoascorbic acid dissolved in 16 grams of water.

The latex was then cooled to ambient temperature.
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q)rrp. B 28 3 5C

87 69 3D 178

81 7 148 125

71 7 F 65 8

71G 170 7 7 H

197 113 71 100

100 6 . 47.243 266

5 2 K 50@3! 350 6

8| [err] Test _conditions: 2h _@.GQEerr] C [err]Test conditions: 2h @100[err]C
The Conpar a?msﬁg&rﬁdlymef Ag'%ﬁs-p)'e}‘sﬂ@d/ frofy fwodnpROMer mintyses: dbe

first stage consisting";'é? 70 % of the total monomers contained 318
grams of water, 39.8 grams of Sipon L22 (surfactant, Alcolac Inc.), 509.6
grams of butyl acrylate, 318.4 grams of methyl methacrylate, 4.9 grams
of methacrylic acid, 49.0 grams of acetoacetoxyethyl methacrylate and 98
grams of styrene; the second consisting of 30% of the total contained
254 grams of water, 9.8 grams of Sipon L22, 210 grams of butyl acrylate,
42 grams of methyl methacrylate, 84 grams of methacrylic acid, 84
grams of acetoacetoxyethyl methacrylate and 14.1 grams of methyl
mercaptopropionic acid. A 35 gram sample of the first monomer
emulsion mixture was removed and added to a kettle containing a
mixture of 1158 grams of water, 6.7 grams of Sipon L22 and 2.1 grams of
sodium acetate heated to 85°C. An initiator charge of 1.1 grams of
socium persulfate dissolved in 50 grams of water was added. Starting
ten minutes later, a catalyst feed consisting of 3.2 grams of sodium
persulfate dissolved in 100 grams of water was gradually added over a
four hour feed time. The remaining first monomer emulsion was
gradually added over a two hour period. The latex temperature was
maintained for thirty minutes and then the second monomer

emulsion was gradually added over one hour.

After all the feeds were completed, the reaction was cooled to 60°C at

which point 0.8 grams of t-butyl hydroperoxide dissolved in 50 grams
of water was added followed by 0.5 grams of isoascorbic acid dissolved
in 50 grams of water. The latex was then cooled to ambient

temperature.
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measured by swell ratio, solvent resistance and print and block). In
contrast, when a low | evel of an autoxidizable additive such as |linoleic
acid (FilmF) is incorporated, the 7 day cure is nmuch better and the

associ ated properties are in a practical range. -24 - EXAMPLE 2 The
Polymer | latex was fornulated in the sanme fashion as in Exanple 1 except
that the autoxidi zabl e conponent was |inol eic acigh.and was added at
different |levels according to the table below. Filns were applied and cured
as stated in Example 1.

To 100 grams of each latex were added 0.5 grams of Triton X-405 (a 70%
aqueous solution, Union Carbide Corp.), 0.02 grams of t-butyl
hydroperoxide and the latex was neutralized to pH=9.5 with
ammonium hydroxide (28% aqueous solution). An additives mixture
was prepared consisting of 1.5 grams of Triton X-405, 12 grams of
diisopropyladipate, 30 grams of a 2% aqueous Natrosol 250 MHR
solution (thickener; Hercules, Inc.). The materials listed in the Table
below were added to 2.5 grams of the additives mix. The pH of a 15
gram sample of the latex solution was readjusted to 9.5 and then added
to the additives. This formulated mixture was equilibrated overnight
prior to film application. Thin films were drawn down on B-1000 steel
panels using a .381 mm (15 mil) gate to give dried films in the
thickness range of .0508 mm-.0762 mm (2-3 mils). Films were cured
under ambient conditions on the laboratory benchtop for the duration

of the tests.

Film Polymer Additives MEK Rubs

1day 28 days
BC 18 None 8 7
BD 18 Cobaltl4 20 48
BE 18 Cobalt/Linoleic Acid 28 67
BF 19 None 9 7
BG 19 Cobalt 15 9
BH 19 Cobalt/Linoleic Acid 16 270

l4Intercar, a 6% water dispersible cobalt formulation; Akzo
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FilmSwell Ratios Film Anmbient Cure Tine: 7 days 28 days

days (Heat Aged Latex) Linoleic Acid Level L 0. 42g

5.1 4.8 M : 0.84 ¢ 4.0 3.2

1. 25¢ 3.8 3.1 3.1 0 1.67 g

4.0 2.7 3.2 P 2.09g 5.2

2.5 Q 2.50 ¢ 3.5 1.6 2.5 contd.
-49-

The films according to the present invention, BE and BH, exhibit
improved MEK rubs versus the Comparatives (BC, BD, BF and BG).

EXAMPLE 15

Polymer 20 was prepared from a monomer mixture that contained 1100
grams of water, 51.4 grams of sodium lauryl sulfate (28% aqueous
solution), 810 grams of butyl acrylate, 360 grams of methacrylic acid, 630
grams of acetoacetoxyethyl methacrylate, 36 grams of butyl
mercaptopropionate. From this monomer emulsion mixture, 100
grams was removed and added to a kettle containing a mixture of 780.6
grams of water, 9.0 grams of sodium acetate and 45 grams of sodium

lauryl sulfate (28% aqueous solution) heated to 81°C.

An initiator charge of 3.60 grams of sodium persulfate dissolved in 50.0

grams of water was added.

Ten minutes later, the remaining monomer emulsion was gradually
added over a three hour period along with 2.70 grams of sodium
persulfate dissolved in 50 grams of water in a separate feed. After the
three hour period, the emulsion was cooled to 55°C and chased by
adding 5.0 grams of a 0.15% aqueous solution of iron (II) sulfate and 1.0
gram of t-butyl hydroperoxide dissolved in 10.0 grams of water
followed by 0.5 grams of isoascorbic acid dissolved in 20 grams of water.
After 20 minutes, 15.0 grams of 10% hydrogen peroxide in 10.0 grams of
water was added. This was repeated 20 minutes later. The latex was

then cooled to ambient temperature.
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-25- Film Properties after 28 day cure under anbient conditions Film

MEK Rubs Print Rating Bl ock Rating Fresh | atex
Heat - aged | at ex (best =10) (best=10) L 187 157
6 - 7 M 187 182 S

7 N 160 . 147 8 7 O

120 79 8 7P 130

45 8 7 Q -50- 88 53

9 7 The data indicate that, in accordance with the present

nventj o, hi gher QUi eflioh WAl RfirARbld WPERLS 4 DR abithoh il My Bxide
and diluted to approximately 30% solids. To 50 gram aliquots was
added 0.15 grams of cobalt (Nuocure, 10% water dispersible
formulation; Nuodex, Inc.) and 0.45 grams of the appropriate

unsaturated fatty amine listed in the table below.

Thin films were drawn down on B-1000 steel panels using a .381 mm
(15 mil) gate to give dried films in the thickness range of .0508 mm-
.0762 mm (2-3 mils). Films were cured under ambient conditions on

the laboratory benchtop for the duration of the tests.

The results, which are shown below, demonstrate that the cure of a
water soluble AAEM-containing polymer with unsaturated fatty

amines, examples B] and BK. The comparative example, film BI,

dissolved.
Film  Autoxidizable Additive Film Swell Ratio
" BI None dissolve
i-
BJ Soya oil fatty aminels 10
I
u

) BK Tall oil fatty aminel6 6.6

15Adogen 115D; Sherex Chemical Co.
16Adogen 151; Sherex Chemical Co.
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sol vent resistance as shown by MEK rubs. EXAMPLE 3 Five Polyners | abel ed 2,
3, 4, 5 and 6, containing varying anounts of AAEM nononmer were prepared
(0% 1% 5% 10% 20% . By way of exanple, the preparation of Polymer 5 is
set forth conpletely below. Polyner 5 was prepared froma nonomer m xture

t hat contained 525 grans of water, 7.28 grans of a 23% sol ution of sodi um
dodecyl benzene sul fonate, 642.6 grgns of butyl acrylate, 747.6 grans of
met hyl nethacrylate, 20.4 grans o sthacrylic acid, 156.7 grams of

acet oacet oxyet hyl methacrylate, 3.13 grams of n- dodecyl mercaptan. This is

t he EXAMPEEE® sheet

Polymer 21 was prepared from a monomer mixture that contained 525
grams of water, 7.28 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 642.6 grams of butyl acrylate, 747.6 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 156.7 grams of
acetoacetoxyethyl methacrylate, 3.1 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 49.1 grams was removed and
added to a kettle containing a mixture of 1268.8 grams of water and 9.84
grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C.

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8

grams of water was then added.

Ten minutes later, the remaining monomer emulsion was gradually
added over a two hour period along with 1.4 grams of sodium
persulfate dissolved in 50 grams of water in a separate feed. After the
two hour period, the emulsion was cooled to 60°C and chased by
adding 1.0 gram of t-butyl hydroperoxide dissolved in 13.1 grams of
water followed by 0.5 grams of isoascorbic acid dissolved in 13.1 grams

of water. The latex was then cooled to ambient temperature.

The latex (41.7 % solids) was first neutralized with ammonia to pH=9.5.
Then, to 100 grams of the latex was added an additional one equivalent
of ammonia (1.18 grams of a 28% solution of ammonium hydroxide) to
convert all the acetoacetoxyethyl methacrylate to the corresponding

enamine.
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Substitute sheet - 26/9/96 -26 - Fromthis nmononmer enul sion m xture, 49.1
grans was renoved and added to a kettle containing a m xture of 1266.8

grans of water and 9.84 grans of a 23% sol uti on of sodi um dodecyl benzene
sul fonate heated to 85[err]C. An initiator charge of 2.36 granms of sodium
persul fate dissolved in 78.8 grans of water was then added. Ten m nutes

| ater, the remaining nononer enul sion was gradgal | y added over a two hour
period along with 1.4.grans of sodium persul fate dissolved in 50 grans of

water in a separate feed. After the two hour period, the_enul sion was
cool ed to 60[ erFo thistlateni were added 0.45 grams of Triton X-405 (70 % aqueous

solution; Union Carbide Corp.), and the latex mixture was equilibrated
overnight. An additives package was prepared consisting of 4.5 grams
of propylene glycol, 4.5 grams of diisopropyladipate, 0.48 grams of
Triton X-405, 5.62 grams of a 2% aqueous solution of Natrosol 250 MHR
(hydroxyethylcellulose thickener; Hercules, Inc.), 0.22 grams of
Foamaster AP (defoamer; Diamond Shamrock Chemical Co.) and this

mixture was added to the latex and equilibrated overnight. :

Just prior to drawing films, the peroxide and cobalt (if used) were added

and the formulation was thoroughly mixed. |

Thin films were drawn down on B-1000 steel panels and glass slides |
using a .381 mm (15 mil) gate to give dried films in the thickness range .
of .0508 mm-.0762 mm (2-3 mils). Films were cured under ambient

conditions on the laboratory benchtop for the duration of the tests.

Films Peroxide (5%) Cobalt (0.1%) MEK Rubs ThinFilm
Swell Ratid

1/7 day 1/7 day

BL none Intercar22 9/8 6.9/10 ?

BM t-butyl hydroperoxide Intercar 63/58 25/7.7 i

BN cumene hydroperoxide Intercar 59/94 4.6/4.9

BO  t-butyl hydroperoxide napthenate 47/36 10.4/9.6

BP  cumene hydroperoxide napthenate 101/125 58/34

223 6% water dispersible cobalt formulation; Akzo.
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point 1 gram of t-butyl hydroperoxide dissolved in 13.2 grans of water was
added followed by 0.5 grans of isoascorbic acid dissolved in 13.1 grans of
water. The | atex was then cooled to anbient tenperature. The other four
polyners of varying AAEM | evel s were nmade by the sane procedure using the
foll ow ng nonomer conpositions: Polymer 2: 721.0 grans of butyl acrylate,
826.0 grans of nethyl nethacrylate, 20.4 grans of nethacrylic acid, O grans
of acet oacet oxyet hyl nethacrylate,iﬁ&ﬁ%grans of n-dodecyl nmercaptan;

Pol ymer 3: 713.2 grans of butyl acrylate, 818.2 grans of nethyl

met hathyl aove réSuits deandnifaterthhaenye usingCperoxide Wigh avbaltf
acet oacet oxyet hyl nethacrylate, 3.13 grans of n-dodecyl nercaptan;
shows a distincy improvement over the comparative BL.

EXAMPLE 17

Polymer 22 was prepared from a monomer mixture that contained 333
grams of water, 1.2 grams of Alipal CO-436 (an ammonium salt of
sulfated nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 1.0
grams acetic acid, 1.1 grams sodium acetate, 1429 grams of vinyl acetate,
48.1 grams of allyl acetoacetate and 14.3 grams of sodium vinyl

sulfonate.

To a kettle containing 700 grams of water heated to 75°C was added 2
grams of acetic acid followed by 40 grams of a 45% solids, 100 nm
BA/MMA/MAA latex polymer preform, 0.2 grams of sodium bisulfite
dissolved in 10 grams of water and 0.44 grams of sodium persulfate
dissolved in ten grams of water and 11.5 grams of a 0.2% aqueous
solution of iron (II) sulfate. Two separate catalyst feeds were made
from 1.6 grams of t-butyl hydroperoxide, 1.2 grams of sodium persulfate
dissolved in 80 grams of water and one with 1.8 grams of sodium

bisulfite dissolved in 82 grams of water.

The monomer emulsion and catalysts were then separately added over
a two and one-half hour period. The latex was then cooled to ambient
temperature. The latex was neutralized to pH=9 with ammonium

hydroxide (28% solution).
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-27 -

Pol ymer 4: 681.8 grans of butyl
net hacryl at e,

acet oacet oxyet hyl
6:. 564. 3 grams of butyl
grans of methacrylic acid, 313.5 grans of acetoacetoxyet hvl
3.13 grans of n-dodecyl
formul ated and filnms (Conparative R and exanpl

acrylate, 786..8 grans of nethyl
20. 4 grans of nethacrylic acid; 78.4 grans of

nmet hacryl ate, 3.13 grans, of n-dodecyl mercaptan; Polymner
acrylate, 669.3 grans of nethyl nethacrylate, 20.4

‘met hacryl at e,
Polymers 2,_3, 4, 5 and 6 were

“of the invention S, T, U

mer capt an.

and V) made in the manner as explained in Exanple 1 with the autoxidizable
conponent conS' %Jt%&@dﬂfve& AR sém@%dflmgemsam Tritdri Xe405 (a 70 % | m Swel |
I

Rati os

Print 6
aqueous solution; Union Carbide Corp.), 6.75 grams of

diisopropyladipate, 6.75 grams of propylene glycol, 8.0 grams of a 2%
aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules) and 7.5 grams of water was added to 150 grams of

the latex. After 24 hours, the pH of the mixture was readjusted to 9.5.

To 20 gram aliquots of this formulated material were added the
materials listed in the Table below and the final formulations were
equilibrated overnight before film application as described in Example
1. |
Film

Additional Additives MEK Rubs

1day 7day 14 day 28day

BQ None 10 20 36 46
BR cobalt!9,0.13 g 23 33 30 46
BS Co +0.24 g. linoleic acid 17 43 70 85
BT Co +0.24 g. sorbic acid 18 35 >100 >100

19a 6% water dispersible cobalt formulation; Akzo.

These series of experiments demonstrate that vinyl acetate/allyl
acetoacetate copolymer can be used in the invention (BS and BT) and

produces improved cure over comparative films BQ and BR.
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Cure Tine: 7 days 28 days 7 days 28 days 28 days 28 days Conp.

di ssol ves di ssol ves 12 10 1 1 (0% AAEM) S
13.8 11.6 58 75 2 1 1% AAEM T

6.9 . 4.6 130 240 7 3 (5% AAEM) U

5.0 3.3 194 >300 8 9 (10% AAEM V

2.8 2.6 214 >300 ég 9 (20% AAEM 6t est
conditions for print and block: 2 hours at 60[err]C, rating: 10=best

EXAMPLE 18

Latex Polymer 12 is identical to that used in Example 8.

Latex Polymer 23 was made by a similar procedure to Polymer 12 except
that the monomers used were 99.3 grams of allyl acetoacetate, 722.47
grams of butyl acrylate, 652.9 grams of methyl methacrylate, 19.42 grams

of methacrylic acid and 2.99 grams of n-dodecylmercaptan.

Latex Polymer 24 was made by a similar procedure to Polymer 12 except
that the monomers used were 159.2 grams of acetoacetoxypropvi-
methacrylate, 662.54 grams of butyl acrylate, 652.9 grams of methyl
methacrylate, 19.42 grams of methacrylic acid and 2.99 grams of

n-dodecylmercaptan.

Formulations were made in an identical manner as in Example 16 with

the autoxidizable component consisting of 1.3 grams of linoleic acid.

Film Polymer Thin Film Swell Ratio
1day 28 day
BU 12 13 3.4
BV 23 14 6.8
BW 24 12 . 36

These results demonstrate that the use of the allyl acetoacetate and

acetoacetoxypropylmethacrylate in the invention.
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-28 - In accordance with the present invention, the addition of AAEMto a
polymer that is mxed with linoleic acid additive produces inproved
per formance over the conparative Exanple which has no AAEMin the polyner
m-xed with linoleic acid. H gher AAEM | evel s give better perfornmance.
EXAMPLE 4 Pol ynmer 7 was prepared froma nononmer m xture that contained
505.6 grans of water, 18.1 grans of a 23% solgé‘i on of sodi um dodecyl
benzene sul fonate, 1062.9 grans of butyl acrytate, 540.0 grans of nethyl
met hacryl ate, 25.7 grans of nmethacrylic acid, 85.71 grans of

EXAMPLE 19

A polymer was prepared accordihg to the procedure in Example 5,

identified below as Polymer 8.

A second Polymer 25 was prepared according to the same procedure
from a monomer mixture that contained 1479.6 grams of water, 5.1
grams of a 23% solution of sodium dodecyl benzene sulfonate, 1148.9
grams of ethyl acrylate, 707.2 grams of methyl methacrylate, 25.8 grams

of methacrylic acid and 99.0 grams of acetoacetoxyethyl methacrylate.

A third Polymer 26 was prepared from a monomer mixture that
contained 1479.6 grams of water, 5.1 grams of a 23% solution of sodium
dodecyl benzene sulfonate, 1228 grams of ethyl acrylate, 727 grams of

methyl methacrylate and 25.8 grams of methacrylic acid.

To 315.8 grams of latex neutralized with ammonium hydroxide to pH
9.5, was added: 45.6 grams of butyl cellosolve, 4.8 grams of Texanol
(coalescent; Texaco), 0.5 grams of Deefo 806-102 (defoamer; Ultra
Adhesives), 0.6 grams of BYK 301 (mar aid; BYK-Mallinckrodt), 0.6
grams of Dow Corning Additive #14 (flow and leveling aid; Dow
Corning Corp.), 28.5 grams of water, 0.6 grams of methyl ethyl ketone
oxime (Exkin #2; Nuodex, Inc.) and, where noted, the autoxidative

material (3.6 grams of linoleic acid).

The pH was readjusted to 8.1 with ammonium hydroxide (28%). This
was tumbled overnight before 2.0 grams of cobalt (Intercar, a 6% water

dispersible formulation; Akzo) was added.
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acet oacet oxyet hyl methacrylate, 3.42 granms of n-dodecyl nercaptan. Then
40.0 grans of this nononer emnulsion mxture was renoved and added to a
kettle containing a m xture of 1432.7 grans of water and 11.0 grans of a
2.8% sol ution of sodi um dodecyl benzene sulfonate heated to 85[err]C An
initiator charge of 2.52 grams of sodium persulfate dissolved in 84.0 grans
of water was added. Ten mnutes later, the addition of remaining nonomner
emul si on was begun and continued grad@dally over a two hour period. After
the two hour period, the enul sion was cooled to 60[err]C and chased by

Fol | ouBdt BPAE Bl S ety o e Rt i STved i m 16
gr ans Hias)pl&d .gritns d>faWaXevas7 gteams oﬁmrﬂdnt@dﬁﬂserfacmmﬁnm:ur e.
Carbide Corp.), 1.0 grams of Deefo 806-102 and 80.0 grams of titanium
dioxide (Zopaque RCL-9; SCM Corporation) was placed in a Cowles
Dissolver at high speed for 20 minutes and then letdown with the latex

mixture.

Thin films were drawn down on B-1000 steel panels and glass slides
and black vinyl sheet using an .203.2 mm (8 mil) gate to give dried
films in the thickness range of .254 mm-38.1 mm (1-1.5 mils). Films
were cured under ambient conditions at 70°C at 50% relative humidity

for the duration of the tests.

Film Polvmer  Additive 7 days 28 days
Swell Print Block Swell Print Block
Ratio Ratio

BW 26 None soluble 2 0 soluble 4 0

BX 25 None 9.5 3 1 8.1 4 3

BY 8 None 5.5 4 1 6.1 5 3

BZ 26 Linoleic Acid gel 1 0 gel 4 2

CA 25 Linoleic Acid 4.1 4 1 3.6 6 3

CB 8 Linoleic Acid 2.9 5 1 2.5 6 3

Comparative examples BW, BX, BY and BZ exhibited poor properties.
The films according to the invention CA and CB demonstrate cure in

fully formulated, pigmented coatings.
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This is the replacenent sheet - 29 - A 100 gram sanple of the | atex was
[rem)ved and to this was added 2.0 grans of ammoni um hydroxi de (28%
jjsolution), 1.0 gramof Triton X- 405 (a 70% aqueous sol ution, Union Carbide
i Carp.), 4.5 grans of diisopropyladipate and 4.5 grans of propyl ene glycol.
110 gram sanples of this latex were renoved and the materials listed in the
“Tabl e bel ow were added to each. The | atex was ui l'i brated overni ght before
f| | e were applied to glass slides using a 8 m+d° gate. Soluble fractions
.were determined fromthe thin fil ms.

EXAMPLE 20

Polymers 26 and 8 for Example 20 were formulated as in Example 19
except where noted below. Films were cured under ambient conditions

at 70°C at 50% relative humidity for one month.

Film Polymer Additive Swell Print Block Abrasive Scrub MEK Rubi

MEK Ratio mg/100 cycles

aC 26 Linoleic Acid soluble 1 0 22 12

CD 8 None 4.6 7 1 5.3 25

' CE 8 Linoleic Acid 2.9 9 5 6.6 90

2 30 pratiad e K- s

Heat Aged Paints (140° F for 10 days) then 1 month air cure

Film Polymer Additive Swell Print  Block Abrasive Scrub MEK Rubé

MEK Ratio mg/100 cycles
CF 26 Linoleic Acid soluble 1 0 16.4 10
CG 8 None 5.4 7 2 5.7 25
CH 8 Linoleic Acid 3.2 8 4 6.7 70

Films CE and CH exhibit the improved cure properties of the

WYL ik S P

invention versus the examples that are missing an element of the
‘ invention (CC, CD, CF and CG). Film CH demonstrates one-pack heat
aged stability.
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Fi.l m Addi ti onal Additives Fil m Sol ubl e Fractions in THF 1 day

7 day 14 day Conp. W None 0. 89 0.81

0.58 Conp. X cobalt,[err] 0.09 g 0. 83 0.54 0.34° Y

Co + 0.14 g. tung oil 0. 57 0.14 0.13 z Co + 0.14 g.
oticia oil 0. 59 0.14 0.13 7Hydrocure Il, a 5% water dispersible

formul ati on; Money Chem cals The daja for filns Y and Z show that drying
oils can be used as the autoxidizeabl’e conponent of the invention. EXAMPLE
5 Polynmer 8 was prepared froma nononer m xture that contained 1479.6 grans
of WaERAMBLE rans of a 23% sol uti on of sodi um dodecyl benzene sul fonate,
1089.4 grans of ethyl acrylate, 667.5 grans of nethyl

A two stage Polymer 27 was prepared with the first stage monomer

mixture containing 121.5 grams of water, 9.78 grams of a 23% solution

of sodium dodecyl benzene sulfonate, 243.5 grams of butyl acrylate,

289.6 grams of methyl methacrylate, 2.7 grams of methacrylic acid, and

5.4 grams of allyl methacrylate. From this monomer emulsion

mixture, 100 grams was removed and added to a kettle containing a

mixture of 1465 grams of water, and 46.9 grams of a 23% solution of

sodium dodecyl benzene sulfonate heated to 85°C.

An initiator charge of 1.35 grams of ammonium persulfate dissolved in
20 grams of water was added. Starting ten minutes later, two solutions
werc gradually fed to the kettle over a 90 minute period; the remaining
monomer emulsion in one feed, and 2.0 grams of ammonium
persulfate dissolved in 50 grams of water in a separate feed. After a ten
minute hold, a second stage monomer mixture consisting of 260 grams
of water, 22.82 grams of a 23% solution of sodium dodecyl benzene
sulfonate, 422.0 grams of butyl acrylate, 557.8 grams of methyl
methacrylate, 189.4 grams acetoacetoxyethyl methacrylate, 31.6 grams of
methacrylic acid, 5.0 grams of methylmercaptopropionate and 42.1
grams of a ureido-functional methacrylate was added over a 90 minute
period along with 0.9 grams of sodium persulfate dissolved in 50 grams
of water in a separate feed. After the feeds were completed, the reaction
was held at 85°C for 20 minutes before the emulsion was cooled to 60°C
and chased by adding 0.2 gram of t-butyl hydroperoxide dissolved in 10
grams of water followed by 0.5 grams of isoascorbic acid dissolved in 16

grams of water. The latex was then cooled to ambient temperature.
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Met hacryl ate, 25.8 grans of nmethacrylic acid and 198.1 grans of

acet oacet oxyet hyl net hacryl at e. -30 - In a kettle containing a m xture
of 741 grans of water heated to 85 err]C was added 21.5 grans of a 45%
solids solution containing 100 nm particl es ofe0BA/ MVA/ MAA | at ex pol yner
preform An initiator charge of 7.6 granms of sodium persulfate dissolved in
25 granms of water was then added. The renai ni ng nononer emnul si on was
gradual | y added over a three and one-half hour period along with 2.0 grans

of sodi um per sut§iEdwinQ BROL#Rd procé@ird 2880 PElieer 78 #as made that
contained a second stage monomer mixture consisting of 260 grams of
water, 22.82 grams of a 23% solution of sodium dodecy! benzene
sulfonate, 536.7 grams of butyl acrylate, 652.4 grams of methyl
methacrylate, 31.6 grams of methacrylic acid, 5.0 grams of methyl
mercaptopropionate and 42.1 grams of a ureido-functional

methacrylate.

A standard paint formulation is as follows, 72 grams of propylene
glycol, 13.92 grams of Tamol 731 (a 25% aqueous dispersant solution;
Rohm and Haas) 1 gram of Foamaster VL (defoamer; Diamond
Shamrock Chemical Co.), 267.64 grams of titanium dioxide (Ti-Pure R-
900; Dupont) and 5 grams of water. These are mixed, then ground in a
Cowles Dissolver at high speed for 20 minutes and letdown as in the
following order: 10 grams of water, 543 grams of the latex (neutralized
to pH 9.5 with ammonium hydroxide), 7.3 grams of linoleic acid, 25.0
grams of Texanol (coalescent; Texaco), 10 grams of water, 1.8 grams of
Kathon LX (biocide; Rohm and Haas), 1 grams of Foamaster VL, 4.9
grams of Aquacat (a 5% water dispersible cobalt formulation; Ultra
Adbhesives, Inc.), 4.9 grams of Magnacat (a 5% water dispersible
manganese solution; Ultra Adhesives, Inc.), 71 grams of water, 1.6
grams of Acrysol RM-5 (thickener; Rohm and Haas) and 30 grams of
RM-1020 (thickener; Rohm and Haas). These mixtures were
equilibrated overnight before films were applied and cured at 70°C at

50% relative humidity.
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separate feed. After one hour of the feeds, an additional soap m xture was
added consisting of 5.1 grans of a 23% sol ution of sodi um dodecyl benzene
sul fonate dissolved in 9 granms of water. After the feeds were conplete, the
tenperature was held at 85[err]CT@r'15 m nutes. The | atex was then cool ed
to anbient tenperature. A 100 gram sanple of latex was neutralized to
PH=%iRM t h ammoni Y Rckroxi de, al | owed Blockeact t Brindr m enanine, and then
readjuSted to pH 9.5 W th ammoni um hydrggidq? To tilgiggwas added 0.3 grans
of Foamaster VL (defoaner; D anond Shanrock® Chem cal npany), 10.8 grans
of propyl ene gl ycol, i‘@% ans of Texanol7(a coal esgent; Texaco), 0.22
grangof nmet h 'eY’)Héh e oxime (Exkin®#2; NuodeX Inc.), 1.4 grans of

the autoxidative material listed in the Tabl e,
CJ Comparative 28 - no AAEM 2

The acetoacetate functional polymer (CI) showed better block and print

performance.
EXAMPLE 22

Polymer 29 was prepared from a monomer mixture that contained 192
g of acetoacetoxyethyl methacrylate and 288 g of butyl methacrylate.
This was added to a kettle containing 320 g of xylene heated to 105°C
over a two hour period along with a separate feed containing 21.6 g of a
70% solution of t-butyl peroctoate. After the feeds were complete, the
reaction was held at 105°C for thirty minutes, chased with 2 g of the t-

butyl peroctoate solution and held for 30 more minutes before cooling.

A second Polymer 30 was prepared following the same procedure
except that the monomer solution contained only 480 g of butyl

methacrylate.

To the polymers were added 0.1 wt. % of cobalt (Intercar, a 6% water
dispersible formulation; Akzo) and the autoxidizable component listed
in the table below. Films were made from these mixtures on glass
slides and cured at ambient conditions for seven days. Swell ratios in

methyl ethyl ketone were determined.
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and 0.75 grans of cobalt (Intercar, a 6% water dispersible formulation; _
Akzo). Thin films were drawn down on glass slides using an 203.2 nm (8 m |
gate to give dried filnms in the thickness range of .0254 mMm38.1 mm (1-1.5

m.ls). Filnms were cured under anbient conditions at 70[err] C and 50%

relative humdity for the duration of the tests. -31 - Additive
Thin FilmSwell Ratios Film Cure tine: 1 day 7 day
day 28 day AA None 16 _g2- 16 16
AB Li nseed Q| 19 14 12 8.2

The compositions in accordance with the present invention show

improved performance over the comparative examples which

dissolved.

Film Swell Ratios (7 days)
Polymer: 30 29
Additive (wt. %) Comparatives
None - Comparative dissolve dissolve
Ethyl linoleate 10% dissolve 2.5
PAGE 3% dissolve 5.0
PAGE 15% dissolve 5.2
Raw Linseed Oil 10% dissolve 3.7

20polyallvglycidylether, Santolink XI-100; Monsanto.

EXAMPLE 23

Polymer 31 was prepared from a monomer mixture that contained
253.8 grams of water, 9.0 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 531.3 grams of butyl acrylate, 270.0 grams of methyl
methacrylate, 12.9 grams of methacrylic acid, 42.9 grams of
acetoacetoxyethyl methacrylate, 1.71 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 20 grams was removed and

added to a kettle containing a mixture of 703.4 grams of water and 5.5

grams of a 23% solution of sodium dodecyl benzene sulfonate heated to

85°C. An initiator charge of 2.52 grams of sodium persulfate dissolved

in 42.0 grams of water was added.

This Sheet Has Been Replaced

(LR

14
1

U 4=




AC Aroplaz 12718 14 11 8.2 7.9 AD
Aroplaz 12729 19 9.4 9.2 7.0 [err] 100% | i nseed
based | ong oil al kyd; Spencer-Kell og 9100% soya based | ong oil al kyd,;
Spencer-Kell og The data for Exanples AB, AC and AD denonstrate that |inseed
oil and al kyds can be used as the autoxidi zeabl e conponent in the invention
and cure better than Conparative AA.gyer tinme. EXAMPLE 6 Polynmer 9 was
prepared froma nononer m xture that contained 524.9 grans of water, 18.98
grans of sodium |l aury

|, sul fate (28% aqueous sal ution in,wajer), 658.32
grans 0 Bﬂmte%\&?tfr'atk& ref?é‘.ré%égfpﬁﬂggkﬁr %P%P“ﬁ@?ﬁﬂ??i‘éh& 23.51 grans
of et &’b‘v?r 3G hdab péfiod! ANEeP thAERbIRGH! PEi88 e Met hacryl ate, 3.13
grams of butyl nercaptopfopenate.

emulsion was cooled to 60°C at which point 0.4 gram of t-butyl
hydroperoxide dissolved in 8.0 grams of water was added followed by
0.5 grams of sodium formaldehyde sulfoxylate dissolved in 8.0 grams of

water. The latex was then cooled to ambient temperature.

Polymer 32 was prepared from a monomer mixture that contained
106.8 grams of water, 3.8 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 198.5 grams of butyl acrylate, 84.8 grams of methyl
methacrylate, 5.4 grams of methacrylic acid, 72.2 grams of

acetoacetoxyethyl methacrylate, 0.72 grams of n-dodecyl mercaptan.

From this monomer emulsion mixture, 20 grams was removed and
added to a kettle containing a mixture of 296.2 grams of water and 2.3
grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C.

An initiator charge of 1.06 grams of sodium persulfate dissolved in 17.7
grams of water was added. Ten minutes later, the remaining
monomer emulsion was gradually added over a two hour period.
After the two hour period, the emulsion was cooled to 60°C at which
point 0.17 gram of t-butyl hydroperoxide dissolved in 3.37 grams of
water was added followed by 0.21 grams of sodium formaldehyde

- bisulfite dissolved in 3.37 grams of water.

The latex was then cooled to ambient temperature.
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A.49.4 gram sanple was renoved fromthis nononer enul sion m xture and added
to a kettle which contained a m xture of 1268.8 grans of water and 9. 15 of
sodi um | auryl sulfate (28% aqueous sol ution) heated to 85[err]C. -32 -
An initiator charge of 2.36 grans of sodium persulfate dissolved in 78.75
grans of water was then added. Ten m nutes |ater, the remaining nononer
emul sion was gradually added over a two hour riod. After the two hour
period, the emulsion was cooled to 60[err]C and chased by adding 0.79 gram

of t-butyl

hydr oper oxi de di ssolved in 13.13 grans
To 50 grams of the latex (neutralized to pH 9.5 with ammonium

hydroxide) were added 0.5 grams of Triton X-405 (a 70% aqueous

solution; Union Carbide Corp.), 2.2 grams of diisopropyladipate, 2.2
grams of propylene glycol, 1.25 grams of a 2% aqueous solution of
Natrosol 250 MHR (hydroxyethylcellu-lose thickener), and ammonium
hydroxide to raise the pH to 9.0. The materials listed in the table were
also added: 0.2 grams of cobalt (Intercar, a 6% water dispersible
formulation; Akzo) and 0.68 grams of linoleic acid and the formulated
mixtures were equilibrated overnight. Films were applied to glass
panels using a 15 mil gate, air dried under ambient conditions for one
hour, then baked in a 150°C oven for the differing times listed in the
Table below.

From the results, it can be seen that film CN demonstrates the rapid
achievement of cure in a heat accelerated experiment, whereas the

Comparative films CK, CL and CM developed cure more slowly.

Film Polymer Additives MEK Rubs
0 min2?  5min 10min 20 min
CK 31 None 3 3 5 5
CL 31 Cobalt 3 7 32 19
CM 32 Cobalt 5 - 85 >100
CN 32 Cobalt/Linoleic
Acid 5 >100 >100 >100

21films heated at 150°C for the times indicated.

e
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of -water followed by 0.47 granms of isoascorbic acid dissolved in 13.13
grans of water. The chase procedure was repeated 20 mnutes |later. The

| at ex was then cooled to anbient tenperature. The | atex was then
neutralized with ammonia to pH=9.5. 20 gram sanples of the latex were
renoved and an additional one equival ent of ammonia (0.24 grans of a 28%
sol ution of ammoni um hydroxi de) was added to convert all the

acet oacet oxyet hyl nethacrylate to the -&—respondi ng enanmine. To this |atex
was added 0.27 granms of autoxidizable material. An additives package

consi st i% eg;&-IFQE%ngr ans of propylene glycol, 0.9 grans of
di i sopr , 1.13 grans of a 2% aqueous sol ution of Natrosol 250 MHR
(hydroxyet hyl cel | ul ose thickener; Hercules, Inc.) and 0.15 grans of cobalt
(I'ntercar, a 6% water dispersible fornul ati on; Akzo?1 \Was ”5&‘662 and the
| at ex niB@lymeer\33 was prepared from a monomer mixture containing 346.

grams of acetoacetoxyethylmethacry-late and 187.9 grams of 2-

hydroxyethyl acrylate. This was added over a two hour period to a

kettle containing 232.1 grams of butyl cellosolve heated to 105°C along

with 7.2 grams of t-butyl peroctoate dissolved in 7.0 grams of butyl

cellosolve. After two hours, 0.72 grams of t-butyl peroctoate was added

and the heating continued for thirty minutes. Another 0.72 grams of

t-butyl peroctoate was added and the heating continued for thirty

minutes before the polymer solution was cooled.

To 10.7 grams of the polymer was added 1.15 grams of a 28% solution of
ammonium hydroxide and the unsaturated fatty amine listed in the
table. This mixture was diluted with water to provide a 32% solids

solution. This was poured into a petri dish and cured under ambient

conditions.

Film Additional Additives Swell Ratio
14 days

CO None dissolves

cP Soya oil primary amine23 (0.57 grams) 2.8

cQ Tall oil primary amine24 (0.60 grams) 24

2Adogen 115D; Sherex Chemical Co.
24Adogen 151; Sherex Chemical Co.

Films CP and CQ demonstrate cure of a water dispersible solution

polymer according to the invention.
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added to it. This fornulated m xture was equilibrated overnight prior to
filmapplication as explained in Exanple 1. The data bel ow show t hat

unsat urat ed noni oni ¢ soaps can be used as the autoxi di zeabl e conmponent in

t he i nvention. Substitute sheet - 26/9/96 -33 - Autoxidizable VEK
Rubs Thin Film Swell Ratio Film Mat eri al 1 day/ 28 day 28

da
Y - 66 - !

EXAMPLE 25 ‘

An alkali soluble polymer was prepared from a monomer mixture that
contained 726.9 grams of water, 32.1 grams of sodium lauryl sulfate
(28% aqueous solution), 810 grams of butyl acrylate, 360 grams of
methacrylic acid, 630 grams of acetoacetoxyethyl methacrylate, 54 grams

of n-dodecyl mercaptan.

From this monomer emulsion mixture, 80 grams was removed and
added to a kettle containing a mixture of 1153.7 grams of water, 9.0
grams of sodium acetate and 64.3 grams of sodium lauryl sulfate (28%
aqueous sclution) heated to 82°C. An initiater charge of 3.60 grams of
sodium persulfate dissolved in 50.0 grams of water was added. Starting
: ten minutes later, the remaining monomer emulsion was gradually
added over a three hour period along with 2.70 grams of sodium

persulfate dissolved in 50 grams of water in a separate feed.

After the three hour period, the emulsion was cooled to 55°C and
chased by adding 5.0 grams of a 0.15% aqueous solution of iron (II)
sulfate and 1.0 gram of t-butyl hydroperoxide dissolved in 10.0 grams of
water followed by 0.5 grams of isoascorbic acid dissolved in 20 grams of
water. After 20 minutes, 15.0 grams of 10% hydrogen peroxide in 10.0

grams of water was added. This was repeated 20 minutes later.

The latex was then cooled to ambient temperature.
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AE Hypermer A-109[err] - 30/ 62 8 AF Hypernmer A-394
22/ 119 5.8 AG Hyper ner A-409 23/ 110 8 Conp. AH
Triton X-405[err]-Control 21/54 _highly swollen gel [err] The Hyperner
Series are nonionic, nmodified unsatafifed pol yester di spersants of varying
hydr ophobicity; ICl Anmerica, Inc. [err] A 70% aqueous sol ution of

pol yet-Roxyl.at gpogeﬂxhshsa@msmmamwwmh @mnparaa itopHEXBEVPLE 7 Pol yner
10 was prepared ¥rom a nononmer m xture that contai rtdp'SlO?. 6 grans of water,
19. 0 ghesdacétate 2R%cvientadotp Hre SOTESAPRBHYL FNaBURSn L EY ¥nate, 771. 4

0L e B RS aAS wiadef TR TP BB s 2. 25,71 rams of
amounts listed in the Table and the pH was readjusted after 24 hours
with ammonia to pH=9.5. This polymer blend was then added to a
mixture consisting of 4.1 grams of propylene glycol, 4.1 grams of
diisopropyladipate, 0.29 grams of Triton X-405 (a 70% aqueous solution
of polyethoxylated nonylphenol, Union Carbide Corp.), 5.11 grams of a
2% aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose;
Hercules Inc.), 0.68 grams of cobalt (Intercar, a 6% water dispersible
solution; Akzo), 0.12 grams of methyl ethyl ketone oxime, 1.23 grams of
linoleic acid and 0.02 grams of Foamaster AP (defoamer; Diamond

Shamrock Chemical Co).

This formulated mixture was equilibrated overnight prior to film

applicz:ion as illustrated in Example 1.

Film Alkali Solubie Resin Swell Ratio MEK Rubs
wt. %

CR 0 3.4 55

CS 3 3.3 115

CT 6 35 150

CU 10 3.8 215

The results demonstrate that a blend of a latex polymer and an alkali soluble

polymer blend can be cured according to the invention.
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nmet hacryl ate, 3.42 grans of n-dodecyl nercaptan. 40 grans of this nonomer
emul sion m xture was renoved and added to a kettle containing a m xture of
1406.7 granms of water and 9.0 grans of a 23% sql ution of sodi um dodecyl
benzene sul fonate heated to 85[err]C. An initidator charge of 2.52 grans of
sodi um persul fate di ssolved in 84 grans of water was then added. Ten i
m nutes | ater, the renmai ning nononer emnul sion was gradual |y added over a ‘
two hour perioﬁé QEE; ';Ee two hour period, the emrul sion was cooled to
60[err]C and c E@6r st addi ng 10.0 grans of a 0.15% solution of iron :
(I'l) sulfate in water followed by 0.8 granms of t-butyl hydroperoxide !
di ssolved in 16 grans of water, followed by 0.4 grans of isoascorbic acid

di ssol ved i n lGAgclymerf wastprepared from a monomer mixture that contained 509.2

grams of water, 23.1 grams of Alipal CO-436 (an ammonium salt of sulfated
nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 23.5 grams of
methacrylic acid, 1544.0 grams of acetoacetoxyethyl methacrylate, 3.1 grams of:

n-dodecyl mercaptan.

From this monomer emulsion mixture, 49.1 grams was removed and added
to a kettle containing a mixture of 1274.7 grams of water and 3.89 grams of
Alipal CO-436 heated to 85°C. An initiator charge of 2.36 grams of sodium
persulfate dissolved in 78.8 grams of water was added. Starting ten minutes
later, the remaining monomer emulsion was gradually added over a two
hour period along with 1.4 grams of sodium persulfate dissolved in 50 grams

of water in a separate feed.

After the two hour period, the emulsion was cooled to 60°C and chased by
adding 1.0 gram of t-butyl hydroperoxide dissolved in 13.1 grams of water
followed by 0.5 grams of isoascorbic acid dissolved in 13.1 grams of water. The

latex was then cooled to ambient temperature.

The polymer was neutralized and equilibrated to pH=9.5 with ammonia and

the solid content of the solution was reduced to 25 wt. %.

The additives listed in the Table were then added to 16 grams aliquots, mixed,

and poured into petri dishes and cured at ambient temperatures.
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-34 - The chase procedure was repeated 20 mnutes later. The |latex was then
coole to anbi ent tenperature. A polyner w thout AAEM Conparative Pol yner
11, was prepared froma nonomer m xture that contai ned 525 grans of water,
17:1 granms of a 23%sol uti on of sodi um dodecyl benzene sul fonate, 705.3
grans of butyl acrylate, 838.5 grans of nethyl nethacrylate, 23.5 grans of
nmet hacrylic acid, 3.13 gran of n-dodecyl nercaptan. Fromthis nononer

enul sion m xture, 49.3 granms was r&Robved and added to a kettle containing a
m xture of 1268.8 grans of water and 9.0 of a 2.3% sol ution of sodium
dodecyl benzenepgdifigpate heated to 83[mouhf. SAwellrRiti@t or charge of 2. 36
grans of sodium persulfate dissolved in 78.8 gr;aahyg wat er was then added.
Ten mnutes later, the remai ni ng nononer

CV None - 114

CW Cobalt (Intercar) - 0.07 grams 11.3

CX  Cobalt (Intercar) + 0.07 grams 7.6
Linoleic acid 0.24 grams

Film CX demonstrates the use of the invention in very high AAEM content
polymer (98.5%).
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enul si on was gradual |y added over a two hour period. After the two hour

peri od,

the enul sion was cooled to 60[err]C and chased by first adding 0.79
grans of t-butyl hydroperoxide dissolved in 13.13 grans of water followed
by-0.47 grans of isoascorbic acid dissolved in 13.13 grans of water. The

chase procedure was repeated 20 mnutes later. The latex was then cooled to '
anbi ent tenperature. To 100 grans of each | atex was added 0.7 grans of :

Erul phor
t - butyl

EL- 620 (pol yet hoxyl ated castor oil; GAF-Corp.), O. of ;
hydr oper oxi de, and the pH of the |atex was raised t’ﬂf"ﬂ@ﬁ!’ﬂ“ﬂﬂﬂu i
% aqueous sol ution of potassium hydroxide, then 0.7, grans

sol ution of am@rﬂiAqlfo@.ydroxi de was added to form enam ne. o

1. A self-crosslinking film-forming composition comprising a vinyl polymer§
containing pendant acetoacetate functionality and a component which

generates a free radical flux on exposure to oxygen, such as oxygen in the air.

2. A composition according to claim 1 wherein the vinyl polymer containing;
pendant acetoacetate functionality is soluble in water or water-co-solvent

mixtures.

3. A composition according to claim 1 or 2 wherein the vinyl polymer
containing pendant acetoacetate functionality is a solution polymer in non-

agueous organic solvent.

4. A composition according to any preceding claim wherein the vinyl
polymer containing pendant acetoacetate functionality is an emulsion or

dispersion polymer.

5. A composition according to any preceding claim wherein the pendant
acetoacetate is incorporated in the vinyl polymer by polymerization of a
monomer selected from the group consisting of allyl acetoacetate,
acetoacetoxyethyl methacrylate, acetoacetoxypropyl methacrylate, and

acetoacetoxybutyl methacrylate.

6. A composition according to claim 5 wherein the vinyl polymer contains

from about 0.5 to 100 percent of the acetoacetate monomer by weight.
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Substitute sheet - 26/9/96 -35 - An additives package consisting of 2.1
grans of propylene glycol, 2.1 grans of diisopropyladipate, 0.2 grans of
Ermul phor EL-620, 2.1 grans of a 2% aqueous sol ution of Natrosol 250 MHR
(hydroxyet hyl cel | ul ose thickener; Hercules, Inc.), 0.21 granms of cobalt
(Intercar, a 6% water dispersible fornulation; Akzo) and if noted below 0.8

grans of Kel sol 3905 (a water dispersible alkyd; NL Chem e
aut oxi di zabl e conponent. The latex mixfure was added to tamm]wﬂ 'F ”'"I
package and the resulting fornulated m xture was equil i br ¢ Ot s
prior to filmapplication which was carried out as in Exanple 1.

Aut oxi di zabl e MEK Rubs i ]
7. A composition according to any preceding claim wherein the vinyl

polymer is a homopolymer or copolymer of acetoacetoxyethyl methacrylate or

acrylate.

8. A composition according to any preceding claim wherein the vinyl
acetoacetate polymer is a blend of a water soluble acetoacetate polymer and an

emulsion or dispersion acetoacetate polymer.

9. A composition according to any preceding claim wherein the composition

further comprises a metal drier.

10. A composition according to claim 9 wherein the metal drier is

incorporated at 0.01 to 1% metal content by weight.

11. A composition according to-claim 9 or claim 10 whereir. the metal drier is

a cobalt salt.

12. A composition according to any one of claims 9 to 11 wherein the metal
drier is complexed to a complexing agent that prevents substantial reaction in

the substantial absence of oxygen but does not prevent reaction in films.

13. A composition according to any preceding claim wherein substantially all
of the pendant acetoacetate functionality has been converted to or is present as

pendant enamine functionality.
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Film Pol ymer Mat eri al 1 day/ 28 day Conmp. Al
Pol ymer 10 None 20/ 28 AJ Pol ymer 10 Kel sol
3905 26/ >300 Co None

22/ 19 Conp. AL ’TM uﬂlm“ml) ,", Kel soI 3905 19/16 Film AJ
shows good cure from he water dispersible alkyd in contact

w th AAEM pol yner. Conparati ve "Al Sshéws t he M pol yner al one. Conparative
AK and AL show that the water-dispersible al k§yi ' does not inprove the cure
of a polymer w thout acetoacetate functionality.

14. A composition according to claim 13 wherein the pendant acetoacetate

functionality has been converted to pendant enamine functionality by
reaction with a molar excess of ammonia or a primary amine capable of

enamine formation.

15. A composition according to claim 14 wherein the primary amine is
selected from the group consisting of ethanolamine, methyl amine, and

isopropylamine, including mixtures thereof.

16. A composition according to any preceding claim wherein the component

which generates a free radical flux is an autoxidisable component.

17. A composition according to claim 16 wherein the autoxidizable

- component contains one or more sites of unsaturation.

18. A composition according to claim 16 or 17 wherein the autoxidizable
component is selected from the group consisting of unsaturated fatty acids,
drying oils, alkvds containing drying oils, esters of unsaturated fatty acids, allyl
ether functional materials, allvl functional materials, alkyd functional soaps,
isoprenes, butadiene, crotyl methacrylate, allyl methacrylate, methacrolein,

acrolein and polyallyl ethers, including mixtures thereof.

19. A composition according to any one of claims 16 to 18 wherein the

autoxidizable component is incorporated into the vinyl polymer.

20. A composition according to any one of claims 1 to 15 wherein the
component which generates a free radical flux is a peroxide or a mixture of

peroxides that produce free radicals.
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Substitute sheet - 26/9/96 - 36- EXANPLE 8 Conparatlve Pol ynmer 12 was
prepared from a nononer nlxtur 501.7 grans of water, 18.13
grans of Alipal CO 436 (an a E rfated nonylphenoxypoly

(et hyl eneoxy) ethanol; GAF Co of acet oacet oxyet hyl

met hacryl ate, 672.3 grans of butyI acrylate 652.9 grans of nethyl

net hacryl ate, 19.42 grans of nethacrylic acid and 2.99 grans of

n- dodecyl nercaptan. From thi s nononmer3emnul sion m xture, 47.2 grans was
renmoved and added to a kettle containing a m xture of 1317.9 grans of water
and 8.74 grans of Alipal CO 436 and heated to 85[err]C. An initiator charge
of 2.26 grans of sodium persul fate dissolved in 50

21. A composition according to claims 20 wherein the component which

generates a free radical flux is a peroxide or a mixture of peroxides that

produce free radicals at from about 0.5 to about 10 percent.

22. A one part pack comprising a composition according to any one of the

preceding claims stored in a sealed container in the substantial absence of

oxygen.

23. A method of stabilizing an acetoacetate functional polymer, such as a
polymer according to any one of claims 1 to 21, in water to prevent hydrolysis
of the acetoacetate functionality prior to use comprising adding ammonia or
primary amine in an amount sufficient to form the enamine of the
acetoacetate functionality and then storing the resulting composition under

conditions that prevent reversal of the enamine formation during storage.
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grams of water was then added. Ten mnutes |later, the renmining nononer 5/‘
emul si on was gradually added over three hours along with 1.13 grans of

sodi um_persul fate dissolved in 50 grans of water in a separate feed for ‘
t hree hours¢ After the feeds were conpleted, the reaction was held at

85[err]C for 20 mnutes, then the emul sion was cooled to 60[err] C and

chased by adding 0.75 gram of t-butyl hydroperoxide dissolved in 12.5 grans
of water followed by 0.45 grams of isoascorbiZ¢=acid dissolved in 12.54
grans of water. The |atex was then cooled to anbient tenperature. Foll ow ng
t he same procedure, Polyner 13 was nade ABSTRACMPNOnNer enul sion consisting
of 501.7 grans of water, 18.13 grans of Alipal CO 436, 149.4 grans of

acet oacet oxyet hyl et hacryl ate, 672.3 grans of butyl acrylate, 623.0 grans
of net hyl mathﬁrclrg/ll ate,

r curing po?yrger composition is disclosed which contains acetoacetate
functional polymer and a component which generates a free radical flux. The
component can be an autoxidizable material and/or a peroxide. The
composition cures on exposure to oxygen. One pack stable ambient curing
compositions and a method of stabilizing acetoacetate functional groups to

prevent hydrolysis are also disclosed.
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of rret hacrol ein, 19.42 grans of nethacrylic acid and 2.99 grans of
“godecyl mercapt an. Substitute sheet - 26/9/96:-37 - The | atex was
%,utral ized to pH=9.5 with ammoni um hydroxi de and a 100 gram sanpl e was

renoved and 0.45 grans of Triton X-405 (a 70% aqueous sol ution, Union

Carbi de Corp.) was added. An additives mxture conSubstmgecaheetS 20/8#86 of

propyl ene glycol, 4.3 granms of dii soproepyd adi pate, 5.3 grans of a 2%

sol ution of hydroxyet hyl cel l ul ose, 0.7 grans of a 6% sol ution of cobalt

(Intercar), 0.13 grams AffRNEHRING POLYMER COMPOSITION

The present invention relates to an air curing polymer composition. In

particular, the present invention relates to vinyl polymers having improved

film forming properties.

Film forming polymers are used in many applications such as, for example,
coatmgs, sealants; and adhesive and saturant applications. ‘The most useful
applications include their use as solutions or dispersions in water or water-

cosolvent mixtures.

Films derived from film forming polymers can be greatly improved if they
can be crosslinked after film formation. Typical properties which can be
generally enhanced by crosslinking include solvent resistance, dirt pickup,

adhesion, print and block, mar resistance and tensile properties.

However, it is not easy to achieve crosslinking after film formation. For
example, Spoor [Spoor, Die Angewandte Makromolekulare Chemie 38, 160
(1968)] describes the potential utility of films derived from vinyl polymers_.
containing pendant acetoacetate groups when crosslinked by exposure to air
preferably in the presence of cobalt salts. However, this particular technology
is inadequate because the free radical flux generated by the metal salt is
insufficient to cure the polymeric films fast enough to be practical at room

- temperature.

Furthermore, if the crosslinking mechanism is inoperative after film
formation is complete, the film formation process from an aqueous

- dispersion or even a solvent will be compromised. The film will then be
weak and porous. Also, the protective or adhesive functlons of the |

polvmenc film will be severely 1mpa1red

: | -
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et’hyl ketone oxine and 0.2 grans of Foanaster- AP (a defoaner; Di anond
Shanr ock) was prepared. The pH of the enulsion was readjusted to 9.5 with

ahmmoni um hydr oxi de and the enul sion was added to the additives package with
stirring and equilibrated overnight. Filns were applied follow ng the

procedure in Exanple 1. FilmSwell Ratio Film Substitute sheet - 26/9/96
1 day 28 day Conp. AM Conparative 12 - no™methacrorern 18 11
Conmp. AN  Polymer 13 - with nethacrolefa™ 16 3.8 Polyner 13

cont ai ned the autoxi di zeabl e conponents (nethacrol ein) copolynerized into
t he polyner. Conparative Polyner 12 had no autoxi di zeabl e conponent on the
pol ymer Frequently, heat can be used to assist crosslinking after film formation is
complete. However this has its drawbacks since, as can be expected, heat is
not available in many cases so the crosslinking mechanism is desirably
triggered under ambient conditions after film formation is éomplete.
Sometimes this triggering can be accomplished by mixing two reactive
components together prior to film formation. However, there are problems
associated with this approach because these two component systems not only
usually have a short pot life but they are also awkward and impractical to use

in many applications.

There is another drawback with regard to the use of vinyl polymers
containing pendant acetoacetate groups, particularly when the polymers are
‘dispersed or dissolved in aqueous solvents. In this regard, vinyl polymers
containing pendant acetoacetate are prone to hydrolysis in water particularly |
on heat aging. The hydrolysis reaction, which is shown below, occurs at

nearly any pH and yields acetoacetic acid,

o
| 1]
CH3C CH3 + CO

]

0 H.,0 0 0O
(o 2 4 o
-R'0CCH,CCHy —> -R'OH + CH3CCH,COH

2

which in turn decomposes to acetone and carbon dioxide.

The present invention seeks to overcome the problems associated with the

- known film forming polymers.
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of in the formulation. The data show that the acetoacetate and :
aut oxi di zeabl e conponent can be present on the sane pol yner. Substitute
Sheet - 26/9/96 Pol ynmer 14 was prepared from a nmononer nixture contain
501.7 grams of water, 18.13 granms of Alipad CO 436 (an am nonium salt of
sul f at ed nonyl phhl oxypoly (et hyl eneoxy) ethanol; G8BbStfute)shedd?.26/9998N5

of acetoacetoxyethyl nethocrylate, 672.3 grans of butyl acryrate 6529 grans
of nmethyl nethacylate, 19.42 grans of nmetacylic acid and 2.99 granms of n-

dodecyl mercaptan 47.2 grans were renoved from this emulsion mxture

According to a first aspect of the present invention there is provided a self-
crosslinking film-forming composition comprising a vinyl polymer
containing pendant acetoacetate functionality and a component which

generates a free radical flux on exposure to oxygen, such as oxygen in the air.

According to a second aspect of the present invention there is provided a one
part pack comprising the composition according to the first aspect of the
present invention stored in a sealed container in the substantial absence of

oxygen.

According to a third aspect of the present invention there is provided a
method of stabilizing an acetoacetate functional polymer, such as the
polymer in the composition according to the first aspect of the present
invention, in water to prevent hydrolysis of the acetoacetate functionality
prior to use comprising adding ammonia or primary amine in an amount
sufficient to form the enamine of the acetoacetate functionality and then
storing the resulting composition under conditions that prevent reversal of

the enamine formation during storage.

The vinyl polymers for use in the composition according to the present
invention are vinyl polymers with pendant acetoacetate groups. However,
the term "pendant” is used in the specification to mean "attached to the
polymer backbone and available for further reaction" and pendant should
not be read in the strict sense which would exclude the attachment of such
groups at the termini of a polymer chain. Thus, polymer having acetoacetate
functionality introduced on the chain end by an acetoacetate functional

mercaptan as taught in US-A- 4,960,924 would be useful in this invention.
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and added to a kettle containing a mixture of- 13179 grans of wate and 674
granms of Alipan CO 436 hated to 85[err]C An initiator charge of 2:26 grans
of, sodi um persul fate di ssolved in 50 grans of water was then added. Ten

m nutes |l ater, the remaining nononer enul sion was gradual |y added over

t hree hours al ong with 1.13 grans-of sodi um persul Sabstitlits shleetd 26Y9796
grams of water in a separate fed for three hour After the Teeds were

conpl eted, the reaction was held at 85[é'rr]C for 20 m nutes, themthe -
emul sion was cooled to 60[err]C and chased by adding 0.75 gramof t butyl
hyr oper oxXitge peéseael inedntion lprdvidesasfiloh fopinehg fpulpwed Which Aas @ arssof

| soasoor hi c aC|d di ssolved in 12.54 grans of water. The |latex was then
cool ed ( dinkipgamechanisar thakis ?Hérﬁth‘f%ift?heﬁlm\/é@ffﬁégpﬂalls|%Pl%e;pl—l- 9.5 with

anmoni umtﬂ&xdéb%?( oggrco%xjn%o the problems associated with the known film forming

polymers.

Preferably, the flux generating component is an autoxidisable component

and/or a peroxide or a mixture of peroxides that produce free radicals.
Preferably, the film-forming composition comprises a metal drier.

Advantageously, the metal drier is incorporated in an amount of from 0.01
to 1% metal content by weight. Advantageously, the metal drier is a cobalt

salt.

Preferably, the metal drier is complexed to a complexing agent that prevents
substantial reaction in sealed containers in substantial absence of oxygen but
does not prevent reaction in films. Typically, the complexing agent may be

an oxime.

Preferably, the vinyl polymer containing pendant acetoacetate functionality is
soluble in water or water-co-solvent mixtures. Advantageously, the vinyl
polymer containing pendant acetoacetate functionality is an emulsion or

dispersion polymer.

Preferably, all the pendant acetoacetate functionality has beeh converted to
pendant enamine functionality, more preferably by reaction with a molar
excess of ammonia or a primary amine capable of enamine formation.
Advantageously, the primary amine is ethanolamine, methyl' amine, or

isopropylamine or a mixture thereof.

it e
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gram sanpl es was renoved and 0.45 grans of Triton X-405 (a 701% aqueous
solution Union Carbide Corp.) was added to the sanple. -39- An additives:
m xture was prepared consisting of 4.3 grans of propylene glycol, 4.3 grans
of diisopropyl adi pate, 5.3 granms of a 2% sol ution of Natrosol 250 MHR

(hydroxyethyl cel l u-Tose thickener; Hercules, Inc.)guBstftutbaHeedl 2BV
(Intercar, a 6% water dispersible cobal. t5.formJI ation; Z0

nmet hyl ethyl ketone oxime and 0.2 grans of Foanaster AP (def oamer Di am)nd
Shanr ock Chem cal Conpany) along with the autoxidizable additives in the
Tabl e bel ow. After 24 hours, the pH of the Pol ymer 13

Preferably, the pendant acetoacetate is incorporated in the vinyl polymer by
polymerization of a monomer selected from the group consisting of allyl
acetoacetate, acetoacetoxyethyl methacrylate, acetoacetoxypropyl methacrylate,

and acetoacetoxybutyl methacrylate.

Preferably, the vinyl polymer contains from about 0.5 to 100 percent, more

preferably 1 to 40 percent, of the acetoacetate monomer by weight.

Preferably, the vinyl polymer is a solution polymer in non-aqueous organic

~ solvent. -

Preferably, the vinyl acetoacetate polymer is a blend of a water soluble

acetoacetate polymer and an emulsion or dispersion acetoacetate polymer.

Preferably, the vinyl polymer is a homopolymer or copolymer of

acetoacetoxyethyl methacrylate or acrylaté.

Preferably, the autoxidizable component contains one or more sites of

unsaturation.

Preferably, the autoxidizable component is selected from the group consisting
of drying oils, unsaturated fatty acids,. isop’renes,. alkyds containing drying
oils, esters of unsaturated fatty acids, allyl ether functional materials, allyl
functional materials, polyallyl ethers and alkyd functional soaps, including

mixtures thereof.
Preferably, if the autoxidizable component is an unsaturated fatty acid, itis

present in amount of from about 0.5 to about 6 wt% of the composition.

This is the replacement sheet
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erul sion was readjusted to 9.5. The enul sion was added to the additives
package with stirring and equilibrated overnight. Films were applied
f'ol | owi ng the procedure in Exanple 1. Film Swell Ratio Film

1 day 28day Comp. AO None- Control (contains cobalt) . 18

11 AP Di ai dehyde[ err] - _Substituté Sheet - 26/9/962 AQ
Boi l ed Linseed G| - 11 5 ART

Tetraal | yl pentaerythritol o -44 4.0 AS

Tetraal | vl oxyet hane 8.7 7.2 AT
2,4,6-triallyloxy-1,3,5- triazine 14 9.4 AU

TrlaIIyI 1,3, 5- tr|a2|ne 2,4,6-trione 16 5.1 [err] The

di al d_ehydEmf]gl@blyolfSl(herﬁMDmeZleeZC-dmponenlmsd dmging, 8, it is present in the
amount of from about 0.5 to about 15 percent of the composition.
Advantageously, the autoxidizeable additive is a polyallyl ether, isoprene

butadiene, crotyl methacrylate, allyl methacrylate, methacrolein and acrolein.

Preferably, the autoxidizable component is incorporated into the vinyl

polymer.

Advantageously, if the autoxidizable component is isoprene, it is

incorporated into the vinvl polymer in an amount of from about 1 to about
25%.

The present invention therefore provides an ambient curing, self-
crosslinking film forming polymer which may be used in many applicatibns.
The self-crosslinking film forming polymef of the present invention not
only overcomes the problems associated with the known polymers but also-
meets the requirements of industry. Futhermore, the polymer of the present

invention does not impair the quality of film formation.

In summation, the present invention relates to a film forming composition
comprising a vinyl polymer having pendant acetoacetate functionality which
is cured by a free radical flux generated after film formation is largely
complete. In a preferable case this is based on an autoxidizeable component
which provides a source of free radicals to cure and crosslink the acetoacetate
functionality upon exposure to oxygen of the air. The autoxidizeable

component can be built into the vinyl polymer or it can be added as a separate
additive.
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bis(di net hyl propanal ) and 2- Oxoi m dazol i ne-1, 3- bi s(et hyl butyl propanal ) as
described in Novak, et al., US. 4,886,618. Substitute sheet - 26/9/96
-40 - The data for films AP through AU show t hat al dehydes and allyl
‘functiona materials can be used to provide free radicals for the

acet oacetate cure, producing inproved cure over thgupstaeasHest -~28/0/061
EXAMPLE 10 The pol ynmer enul sions Ilsted.}n Exanpl e 3 (having U, I, 5, 10
and 20% AAEM were formul ated as described in Exanple 1 except that the

Alternatively, the free radical source can be generated by a two component
redox system involving an oxidizing agent, such as a peroxide or
hydroperoxide, and a metal co-reactant. This latter-system does not depend

on the autoxidation process for its efficacy.

According to one aspect of the present invention, there is provided a one
package ambient curing film forming polymer. The film formation process is
well known in the coatings industry and is described in detail by J. Bentley
("Organic Film Formers” in Paint and Surface Coatings, R. Lambourne
(Editor), John Wiley and Sons, New York, N.Y., 1987). In some cases,
however, this technology may be useful as a two package system, preferably
one with long pot life at ambient températures. When desirable, heat may be

used for acceleration of cure.

Generally, the pendant acetoacetate groups are attached to the polymer
backboneviz an organic divalent radical R1 which in turn is attached to the
acetoacetate moiety or by a trivalent organic radical R2 bearing two

acetoacetate groups.

O O O

-R' O C CH, C CH, -R? (O C CH, C CHy),

The acetoacetate functional polymers can be prepared by_meéns known in the
art. . A preferred method is polymerization through incorporation which
includes an acetoacetate functional monomer. A preferred monomer is
acetoacetoxyethyl methacrylate which is conveniently referred to thrbughout

this.specification as AAEM, the structure of which is shown below.
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aut oxi di zabl e conponent was pol yal | yl'gl yci dyl-et her (Santolink Xl -100,

Monsanto) in the amounts listed in the Table bel ow. Polymer PAGE Film
Swel | Ratios MEK Rubs Print Bl ock (grams) fresh heat - aged
fresh heat - aged Rating Rating 2 0 di ssol ve di ssol ve :
12 6 1 13 - 0 13 Substitute 8heep!} 26/9/96 66*
10 2 10 11 12 _ I0OTF= 725 0 9. 8
12 - 122* 56* 3-8- 56 0O 9.3 7.3
189* 100* 4 82  1.25 11 10 15
10 1 13 1.2 9. 0 8.0 >200 201
3 34 1.25 i 11214 217 6
65 1.25 2. i‘:Hz_c—clantH o G%H, C CHy270 8 8
CH3
AAEM

Examples of other monomers useful for the introduction of acetoacetate
functionality are acetoacetoxyethyl acrylate, acetoacetoxypropyl methacrylate,
allyl acetoacetate, acetoacetoxybutyl methacrylate, 2,3-di(acetoacetoxy)propyl

methécrylate and the like.

In general, any polvmerizable hydroxy functional monomer can be converted
to the corresponding acetoacetate by reaction with diketene or other suitable
acetoacetylating agent (See e.g. Comp' arison of Methods for the Preparation of
Acetoacetvlated Coating Resins, Witzeman, J. S.; Dell Nottingham, W.; Del
Rector, F. J. Coatings Technology; Vol. 62, 1990, 101. (and references |

contained therein)).

The vinyl polymers of this invention are most often copolymers of the
acetoacetate functional monomer and other monomers. Examples of useful
comonomers are simple olefins such as ethylene, alkyi acrylates and
methacrylates where the alkyl group has 1 to 20 carbon atoms (more
preferably 1 to 8 carbon atoms), vinyl acetate, acrylic add, methacrylic acid,
acrylonitrile, styrene, isobornyl methacrylate, acrylamide, hydroxyethyl
acrylate and methacrylate, hydrpxypfopyl methacrylate and acrylate, N-vinyl
pyrolidinone, butadiene, isoprene, vinyl halides such as vinyl chloride and
vinylidene chloride, alkyl maleates, alkyl fumarates, fumaric acid, maleic

acid, itaconic acid, etc.
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1.25 1.6 2.0 - >300 : >300 8 8

6~ 2
3.75 6.2 8.3 72 60 - 1 13 3.75
£ 7 5.7 250 270 4 514 3.75 2.9
3.2 >300 >300 8 75 3.75 2.6 2.8
>300 >300 9 86 375 - 1 6Substltute slhe%t 26/9/96>300
>300 9 9 2 6. 25 4.9 .9. 5. > 60
3 13 6. 25 3.6 4.3 >300 195 4

g 35 6'1%?51 also ;gcs8sib]§ aH1d sor%ie@img%SSSiraﬁ%Ot% mg% lowfrgigglelg of divg'x%l or g g 5

| olyvinfl monomer33¥¢h as glycol crylates, dlyl mebhdleyhste, ARQAYPM
cur e onl )P surf ace abrades within 10
benzene, etc. to introduce a controlled amount of gel in the latex particle. Itis
important, however, to be sure that when this is done, the quality of the film

formation is not seriously impaired.

The acetoacetate functional polymer may contain from about 0.5% to 100% of
the acetoacetate functional monomer by weight. In any application, the
amount of acetoacetate functional monomer required will vary from case to
case depending upon the desired degree of cure necessary in the particular
end use application. "Generally, however, the acetoacetate monomer
concentration will be between 1 and 40%. Conventional coatings will usually

contain from about 2.5 to 20% acetoacetate monomer by weight.

Polymers having a molecular weight of from 1000 to over one million can be
used. The lower molecular weight polymers should contain a sufficiently
high level of acetoacetate to maximize cure. For example, a copolymer of
AAEM having a molecular weight under 10,000 would typicélly contain 30%
or more of AAEM.

Generally, the vinyl polymer is prepared as a dispersidn or emulsion
polymer in water by a suitable free radical initiated polymerization technique,
using a free radical initiator and appropriate heating. Since a film forming
poiymer is required, useful emulsion polymers will generally have glass
transition temperatures under 60°C since these polymers with coalescent will
form good quality films at ambient temperatures. If soluble polymers are
used in the film formation process, polymers of higher glass transition

temperature are readily used since they are film-forming.
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Substitute sheet - 26/9/96 -41 - The data show that the conpositions
according to the invention exhibit inproved perfornmance over the
conpar ati ve exanpl es which are m ssing aningredient of the invention
(those containing O grans PACE and all those which use Polyner 2,

cont ai ning 0% AAEM . EXAMPLE 11 Polyner 15 was preggf,ﬁd{g ﬁ%@itnggs’;r@?ggrarrs
of water to a kettle and heating to 85[err]C To =

grans of sodium persul fate was added aloHy-with 43 grans of 45% solids, 100
nm BA/ MVW MAA | at ex pol yner preform The reaction was allowed to

equi 11 br ag® cbftafvla8pblts-of the invention, polymerization in an aqueous medium,
and in particular, aqueous emuision polymerization, is used to prepare the
polymer.
Conventional dispersants can be used (e.g. anionic and/or nonionic _
emulsifiers such as alkali or ammonium alkyl sulfates, alkyl sulfonic acids,
and fatty acids; oxyethylated alkyl phenols, etc.) The amount of dispersant
used is usually 0.1 to 6% by weight based on the weight of total monomer.
Either thermal or redox initiation processes may be used. Conventional free
radical initiators may be used (hydrogen peroxide, t-butyl hydroperoxide,
ammonium and/or alkali persulfates, etc.); typically 0.05 to 3.0 % by weight

based on the weight of total monomer.

Redox systems using the same initiators coupled with a suitable reductant
(for example: isoascorbic acid, sodium bisulfite) can be used at similar levels.

- Frequently, a low level of chain transfer agent such as a mercaptan (for
example: n-octyl mercaptan, n-dodecyl mercaptan, butyl or methyl
mercaptopropionate, mercaptopropionic acid at 0.05 to 6% by weight based on
total weight of monomer) is employed to limit the formation of any

significant gel fraction or to control molecular weight.

The invention may also be practiced using a solvent soluble or water soluble
polymer. When this is desired, the polymer may be prepared directly in

water if the monomer mix is water soluble or, as is most often the case, the
polymérization solvent is a water miscible solvent such as isopropanol, butyl
cellosolve, propylene glycol, etc. In this case, water may be included in the -

polymerization mixture or post added after the polymerization is complete.
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A-fononer enul sion was prepared containing 179 grans of water, 5 grans of a
23% sol uti on of sodi um dodecyl benzene sul fonate, 369 grans of butyl
acrylate, 94 grans of acetoacetoxyethyl nethacrylate, and 7.1 grans of

met hacrylic acid. This nononmer enulsion was fed into the above kettle at
1.5 M per minute for 15 nminutes until the additi oSubstittergiezited26/9/06 t he
sane period of time a solution of 0.7 gsraps of sodiumpersurfateTmT 25 n
of water was added to .the kettle at 7.4 m per hour. Wien the feeds were

| d h ' hel 5 cCf 3 ' h | ed
65 or ] C IRIOTE Sagtn e SR T Prep el i S fs P eRASR-L GF eSS SOVERt on
fol l oned BycR akSx@eABRrobltert!t Whéty 6&'@&@1&%19&1@1'55&&?3Y%d Rvith @ranms of

water followed by 0.07 granms of sodiuntfornal dehyde bi'sulfite dissolved in
5 granms ofwitapet warep it 33 esnvenient to use a soluble organic free radical initiator

such as azo-bis-isobutyronitrile, t-butyl-peroctoate, or benzoyl peroxide and

whatever heat is convenient to assure smooth copolymerization.

Another route to the preparation of a water soluble polymer for this
invention is to prepare a vinyl dispersion polymer having enough acrylic or
methacrylic acid or other polymerizable acid monomer (usually greater than
10%) so that the emulsion polymer can be solubilized by addition of

' ammonia or other base. Water soluble polymers of this type are

' advantageously used as blends with conventional dispersion polymers,
preferably those which also have pendani: acetoacetate functionality. Systems
of this type form a completely cured matrix when exposed to a free radical
flux. The blend of alkali soluble resin and latex polymer has a particularly
advantageous property of combining gloss and rheology and is useful in

coatings and printing ink applications.

In another embodiment of this invention, an aqueous dispersion contains
copolymer particles made up of at least two mutually incompatible

copolymers.

These mutually incompatible copolymers may be present in the following
morphological configurations, for example, core/shell, core/shell particles
with shell phases incompletely encapsulating the core, core/shell particles
with a multiplicity of cores, interpenetrating network particles, and the like.
In all of these cases, the majority of the surface area of thé particle will be
occupied by at least one outer phase and the interior of the particle will be

occupied by at least one inner phase.
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t ken cool ed to room tenperature. Substitute sheet - 26/9/96 -42 -
Aliquots of the |latex were neutralized as shown in the table bel ow (the
equi val ents were based on the total noles of acid plus noles of AAEM. The
| at ex was heat aged for ten days at 60[err]C. Acetoacetate hydrol ysis was
determned by [err]C NMR of the |atex. Base ‘Substitute sheet - 26/9/96 PH
pH % Hydrolysis Initial Fi nal 12

The mutual incompatibility of the two polymer compositions may be
determined in various ways known in the art. The use of scanning electron
microscopy using staining techniques to emphasize the difference between

the appéarance of the phases, for example, is such a technique.

The emulsion polymeriz'ation techniques used to prepare such dispersions
are well known in the art. It is sometimes advantageous to introduce some
crosslinking or gel structure by the sequential polymerization process in the
core via low levels of a crosslinking monomer such as allyl methacrylate.
The lightly crosslinked core does not adversely affect film formation and does
in some cases result in better coatings, particularly when the pendant

acetoacetate is concentrated in the shell.

As indicated above, the major use for this technology is for curing vinyl
polymers dispersed or dissolved in aqueous solvents but, unfortunately,
vinyl polvmers containing pendant acetoacetate are prone to hydrolysis in

water particularly on heat aging.

The present invention, however, overcomes this problem by treating the
aqueous acetoacetate polymer, after preparation and neutralization, with one
molar equivalent of ammonia or a primary amine such as ethanolamine,
methyl amine, or isopropyl amine. Typically, the polymer is first neutralized
to a basic pH, preferably a pH greater than 9, before adding the one molar
equivalent for enamine formation. Under these conditions the enamine is
formed. The reaction to form the enamine is generally rapid with the rate of )
formation increasing with temperature. In general, enamine formation is

complete within 24 hours.
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Nene 2.0 2:0 _ 60 Na[err]HPqerr]
9. 7.

6.6 6.6 67 Sodi um hydr oxi de

75_ammoni um hydr oxi de 9.5 7.7 . 79 (no enanmi ne)
anmoni um hydr oxi de 9.5 9.5 0 (1.5 eq.)

i sopr opyl ani ne 9.5 Substitgt@ %e‘f@g‘g/e/%
benzyl am ne ' 9.5

3-
dermonstrate that ammoni um hydroxi de ‘and anmi ne stabilize the acetoacetate
functional ity against hydrolysis.

An alternative approach is to raise the pH to about 9, allow the system to
equilibrate, and readjust the pH to about 9 to replace the amine consumed by

enamine formation. The enamine is stable to hydrolysis.

2
o 0 R2NH 0 HNR

1] ]
-R'OCCH,CCHy ——2 R‘UCCH—CCH3

The amount of ammonia or amine used should be at least equivalent to the
amount of acetoacetate in the polymer. Sterically hindered primary amines,
such as t-butyl amine and aromatic amines such as aniline, are not suitable
because of incomplete enamine formation. The enamine formation is a
reversible reaction, so that as the ammonia or amine evaporates after film
formation and in exposure to. the atmosphere, the pendant acetoacetate is

regenerated ir. the film.

- The wet composition is quxte storage stable as long as it is stored under -
conditions (such as a closed container) where the amine/ ammonia cannot
evaporate. Cure of these films is not impeded by the presence of the

ammonia or amine which normally evaporates.

Another approach to preparation of vinyl polymers containing equivalent

" pendant enamine functionally is to use preformed enamine monomers
derived from the appropriate amine and the acetoacetate monomer. In this
case, the pH must be kept on the alkaline side during polymerization to

avoid hydrolysis of the enamine back to the acetoacetate.

- One of the key elements of the technology of the present invention is an

aerobic radical source.
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EXAMPLE 12 Substitute sheet - 26/9/96 -43 - EXAMPLE 12 Pol yner 16 was
prepared by addi ng 1592.9 grans of water and 8.22 grans of a 23% sol ution
6f. sodi um dodecyl benzene sulfonate to a kettle and heating to 85[err]C. To
the heated kettle, 3.02 granms of sodium persulfate was added along with

58.7 grans of the nmononer m xture. The reaction wagugg{lﬁﬁéh%gte%/g/géate
to 85[err]C. A nononer emnul sion was prepared cont a

9.87 granms of a 23%

In a preferred case, the radical flux is generated by an autoxidizeable substance
on exposure of the polymeric film to oxygen of the air. Autoxidizeable
substances contain readily abstractable hydrogen atoms which allow it to

undergo rapid free radical chain reactions with molecular oxygen.

The autoxidizeable substance can be made a component of the composition
in various ways. For example, the autoxidizeable substance can be directly
incorporated into the vinyl polymer by use of appropriate monomers or,
more conveniently, an additive package which contains an autoxidizeable
component can be added to the polymer after polymerization is complete.
Monomers such as butadiene, isoprene, or dicvclopentenyl oxyethyl
methacrylate (see, for example, US-A-4,145,503) have residual unsaturation
and allylic hydrogen atoms which are known to be subject to autoxidation.
Methacrolein, with its pendant aldehyde groups, is another exampie of a

monomer which introduces an autoxidizeable site into the polymer chain.

Generally, the autoxidizeable monomer is incorporated into the polymeric

binder at a level of 1 to 25 percent by weight.

Another way is the provision of an autoxidizeable additive package, which is
typically added to the dispersion after polymerization. This consists of readily
oxidizable substrates which are known to give peroxides or hydroperoxides

on exposure to oxygen.

Preferably, the autoxidizable component has oxidizibilities as defined by W.
C. Lloyd (*Autoxidations” in Methods in Free-Radical Chemistry, E. S.

Huyser (Editor), Vol. 4, Marcel Dekkor, New York, 1973) of greater than 1 x 10

- 3 (liter /mole-sec)0.3,
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sof ution of sodi um dodecyl benzene sul fonate, 940.5 grans of butyl

acrylate, 818.2 grans of methyl methacrylate, 94 grans of acetoacetoxyethyl
net hacryl ate, and 28.22 grans of nethacrylic acid. This nonomer emul sion
was fed into the above kettle at 4.2 ml per mnute for 15 mnutes then at

14.9 mi per mnute until the addition was conpl et egubgfﬁftgtéﬁ%efa%l@?ééw
was

of time a solution of 0.85 granms of sodium persulf
added to the kettle at 0.28 ml per mide. When the feeds were conpl et ed,
the reaction was held at 85[err]C for 30 minutes then cooled to 65[err]C
and chased by adding 1 gram of a 0.48% aqueous iron sulfate solution
followed by 0.54 grans of t-butyl hydroperoxide dissolved in 18.1 grans of
wat er f oTheseedompaiie3ss gndndeairying gilsotushcanbingeed oiloltyBg 9ih 19. 0 granms of
vater. dehydrated castor oil; drying oil fatty acids such as linseed oil fatty acid; alkyds

containing drying oils; simple esters of drying oil fatty acids such as the ethyl

ester of linseed oil fatty acid; sorbic acid and sorbic esters; allyl ethers and

polyallyl ethers such as trimethylolpropane triallyl ether,

polyallylglycidylether (Santolink XI-100, Monsanto Chemical Co.); and

sterically hindered aldehydes or polyaldehydes which autoxidize but do not

react with pendant acetoacetate groups present in the polymer. The aldehyde

oxygen scavengers described in Novak et al, US-A-4,886,618 are particularly

»ful in this regard. In general, though, any polyunsaturated material

which undergoes autoxidation at ambient temperature can be used as a

radical flux for this invention. The amount of autoxidizable material

formulated with the polymer is typically in the range of from about 0.5 to

15% bv weight with higher levels generally resulting in faster cure.

For some end uses, the amount o: autoxidizable material is limited by
compatibility with the polymer since the quality of the film may be adversely

affected although cure is still generally observed in these cases.

In order to facilitate the autoxidation process a drier or mixture thereof is

v, gically included in the film-forming composition. This compdnent may be
any polyvalent metal containing complex or salt that catalyzes the oxidative
curing of drying oils or drying oil modified alkyd resins. Examples are
polyvalent metal salts containing cobalt, calcium, manganese, copper, zinc,
iron, and zirconium as the cation. Simple salts such as the halides, nitrates,
and sulfates may be used but in many cases an organic anion such as the
acetate, napthenate, or the acetoacetonate is used for solubility or

compatibility reasons.
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Thé |atex was then cooled to roomtenperature. The |latex was neutralized
with 1.2 equival ents of ammoni um hydr oxi de based on pol yneric acetoacet at e.
Substitute sheet - 26/9/96 -44- Very thin filnms (1.95 mcrons) were nade by
spin casting on quartz plates. Since enam ne displays a UV absorption

maxi nrum at 360 nns, the filmwas nonitored to det egabgmﬁgghgggve[@gmof
enami ne functionality to acetoacetate functionality—by toss—of—ammonra—fr

the filmwhich would reduce the signal -d6-360 nns. The observed decrease

The amount of drier required is low and is generally in the range of .01 to 1%
metal content by weight of the film forming composition. The autoxidation
process will take place without drier but it is impractically slow particularly a

room temperature.

If a cobalt drier is used and true one pack stability is desired, it may be useful
to include a volatile stabilizer such as a ketone oxime or hindered aldehyde
oxime. Specific exarhples are methyl ethyl ketorie oxime, methyl butyl
ketone oxime, 5-methyl-3-heptanone oxime and cyclohexanone oxime.

Methyl ethyl ketone oxime is particularly useful.

The exact function of the oxime in this system is unclear but it is believed to
stabilize the cobalt by complex formation. After evaporation of the water or
solvent, the volatile oxime is driven off and the drier activity of the cobélt is
restored. The oxime stabilizer is typically used at .05 to 1% by weight of the

film-forming composmon

'As mentioned previously, it is possible to generate the radical flux via the
metal catalyzed decomposition of peroxides or hydroperoxides at ambient
temperature. Thus, a cobalt napthenate catalyzed decomposition of cumene
hydroperoxide provides effective cure of an acetoacetate polymer after film
formation. Such systems may be useful but they are normally two pack
systems with limited pot life. They also function more effectively if both the

peroxide or hydroperoxide are oil soluble.

Typical amounts of the peroxide or hvdroxide are from about 0.5 to about 10

percent by weight of the composition.
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In signal after 8 hours at anbient tenperatures corresponds to a 40% 1| oss
of the enam ne. EXAMPLE 13 Pol yner 17 was prepared froma nononer m xture
that contained 158.12 grans of water, 5.82 grans of a 23% sol ution of

sodi um dodecyl benzene sul fonate, 240.3 grans of butyl acrylate, 258.9
grams of nethyl nethacrylate, 8.01 grans of methacgybsguaeisheett 2647985 of
acet oacet oxyet hyl nethacrylate, 1.06 granms of n-dodecyt—mercaptarr. —From
this nonomer enul sion mixture, 40 grams mas renoved and added to a kettle
containing a mxture of 428.2 granms of wiater and 3.42 grans of a 2.3%
solution of sodi um dodecyl benzene sulfonate heated to 85[err]C An
initiator charge of 0.78 grams of sodi um persul fate dissolved in 26.2 grans

of water byt 5‘0 (_\jr%ﬁjérs-ltaenra g‘daﬂgveess c|>f”1 h%rs’ingz'ex%tslon may be formulated for the

chosen end use. Additives such as thickeners, dispersants, pigment,
extenders, fillers, anti-freeze agents, plastici.zers,' adhesion promoters,
coalescents, wetting agents, defoamers, colorants, non-aldehyde based
biocides, soaps and slip agents may be incorporated to achieve appropriate

application and storage properties.

The coatings or adhesives can be readily applied to a variety of substrates by

suitable application techniques well known in the art.
The present invention will now be described by way of example only.
For ease, the following abbreviations are used in the following Examples:

AAEM - acetoacetoxyethyl methacrylate; BA - Butyl acrylate; Co - cobalt;
Comp. - Comparative; MAA - Methacrylic acid; MEK - methyl ethyl ketone;
MMA - methyl methacrylate; nDDM - n-dodecyl mercaptan; PAGE -
polvallylglycidylether (Santolink XI-100, Monsanto); SF - soluble fraction; SR -
swell ratio; THF - tetrahydrofuran; ml -milliliters; g - gram; nms -

nanometers; UV - ultraviolet; and eq. - equivalent.

All percentages in these examples are percent by weight unless otherwise
specified. Unless otherwise indicated all polymers were prepared under

nitrogen at atmospheric pressure.

For further ease, the following test procedures were used to generate the data

reported in the Examples below:
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grans of sodium carbonate dissolved in ten grans of water was added. Then,
the remai ni ng nononer enul sion was gradual |y added over a two hour period.
After the two hour period, the emul sion was cooled to 60[err] C and chased
by addi ng 0.25 gram of t-butyl hydroperoxide dissolved in 5 grans of water
foll owed by 0.16 granms of isoascorbic acid dissolv Eﬁﬁ : _2 \gzé r.
The | atex was then cool ed to anbient tenperature. ggb lﬁ Shaet - 26/9796
26/ 9/ 96 -45 - The latex was first neutrdBi-zed with amonia to pH=9.5. Then,
to 100 ' S

MEK Rub Resistance

Films were constantly soaked With MEK (methyl ethyl ketone). Data were

__obtained using a crockmeter with a 2 kg weight placed on the arm for a total
weight of approximately 3000 g. The test ends when the breakthrough to the
panel is first observed. Data are reported as double rubs (one set of back and
forth). | '

Film Soluble Fraction and Swell Ratio (by weight)

Thin films were cast down on glass slides, a portion of the film was cut and
 removed from the glass slide. The samples were weighed and then soaked
overnight in a container of methyl ethyl ketone. The MEK (methyl ethyl
ketone) mixture was filtered to drain unabsorbed MEK solution. The solven
mixture was evaporated in the oven at 150°C_ for .30 minutes and the residue

weighed. The soluble fraction was determined by division.

Film Swell Ratio by Volume

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 3
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 wz
averaged to yield an avérage numeric value for linear swell, and the result

was then cubed to yield a volumetric swell ratio.
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granms of the | atex was added an additional one equival ent of ammnia (0.59
granms of a 28% sol ution of ammoni um hydr oxi de) was added to convert all the
acet oacet oxyet hyl nethacrylate to the correspondi ng enammine. To this |atex
was added 0.45 grams of Triton X,405 (a 70 % aqueous sol ution, Union
Carbide Corp.). The latex m Xture was equi l i brat edsouen‘mtghjheet\n p_asi/gl/geves
package consisting of 4.5 grans of propybene glycor—#-5-grans—of

di i sopropyl adi pate, 0.48 granms of Triton X-405, and 5.62 grans of a 2%
aqueous sIQI ution of Natrosol 250 MHR (hydroxyethyl cel | ul ose thickener;

Her cul es, L HlRé .) was mxed with the materials in the table bel ow and the

| atex m xture was added to it. The formul ated m xtures were then aged using
accel erated heat-ageing conditions (ten days at 60[err]C). The sol uble
fracti on Dhint filné wwere cdsedomat exn blask tiryl sheet and cured at ambient

temperatures. 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 weighit 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.

Block

Thin films were cast down on black vinyl sheet and cured at ambient
temperatures. Two films were placed face-to-face and a one kilogram weight
was placed on top. The resulting test sample was then placéd in an oven
typically for two hours at 60°C and thern cooled. The block was then rated on
a scale of 1 to 10 (best) according to observed ease of separation of the films -

and film damage updn separation.

Latex Soluble Fraction and Swell Ratio for Heat Age Testing

The formulated emulsions were subjected to accelerated heat éging by placing
them in a sealed container in a 60°C oven for 10 days. Then a sample of the
latex was removed and a 1 wt. % solution of the latex in tetrahydrofuran was
equilibrated for 24 hours. The latex was then ultracentrifuged at 50,000 rpm
for 160 minutes The soluble fraction was obtained by determining the
weight of polvmer in the solvent phase divided by the total weight of

polymer.
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determned. Film Addi ti onal Additives : Sol uble Fraction in THF

Conp. AV None 0. 96 AW Cobalt[err] (0.7
dgrans) 0.30 AX Co with nmethyl ethyl ketone and oxine
(0.21 grans) 0.89 AY Co with linoleic acid (1.3 grans) O0.27
AZ Co with sorbic acid (1.3 grans) 0.35 BA SubstifddeWhelat -1 28)0¢06
acid and oxi ne 1.00 BB Co with sorbic acid aftd—exre————CrOdmmm

[err]Intercar, a 6% water dispersible co%llt formul ation; Akzo

The swell ratio was obtained by determining the weight of the undissolved
gel after the solvent phase was removed and dividing the result by the
weight of the polymer contained in that gel.

EXAMPLE1

. Polymer 1 was prepared from a monomer mixture that contained 501.7 gramy
of water, 18.13 grams of Alipal CO-436 (an ammonium salt of sulfated
nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 672.3 grams of butyl
acrylate, 652.9 grams of methyl methacrylate, 19.4 grams of methacrylic acid,
149.4 grams of acetoacetoxyethyl méthacrylate and 3.0 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 8.74 grams of .
Alipal CO-436 heated to 85°C.

An initiator charge of 2.26 grams of sodium persulfate dissolved in 50.0

grams of water was then added.

Ten minutes later, the remaining monomer emulsion was gradually added
over a two and one-half hour period along with 1.13 grams of sodium

persulfate dissolved in 50 grams of water in a separate feed.

After a two hour period, the emulsion was cooled to 60°C and chased by
adding 0.75 gram of t-butyl hydroperoxide dissolved in 12.5 grams of water
“followed by 0.45 grams of isoascorbic acid dissolved in 12.5 grams of water.
The chase procedure was repeated 25 minutes later. The latex was then

cooled to ambient terhperature.
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Substitute sheet - 26/9/96 -46 - These data denonstrate the one-pack
stability of systems that include an oxine (AX, BA and BB). The | ower
soluble fraction in AW AY and AZ shows that reaction occured in the liquid
conposi ti on. EXAMPLE 14 Pol yner 18 was prepared from a nononer nixture that

contai ned 507.6 grans of water, 19.0 granms-of a 23&yp8fititt Yhett - ZBIOVOE
dodecyl benzene sul fonate, 771.4 grams of butyl actytater—83t—4—grars—ot

met hyl met hacrylate, 25.7 grans of nethagrylic acid, 85.7 grans of

acet oacet oxyet hyl methacrylate, 3.42 grams of n- dodecyl mer capt an. From

this nmononmer emul sion mxture, 40 grans was renoved and
The latex was first neutralized with ammonia to pH=9.5. Then an additional
one equivalent of ammonia (1.18 grams of a 28% solution of ammonium
hydroxide) was added to 100 grams of the latex to convert all the

acetoacetoxyethyl methacrylate to the corresponding enamine.

To this latex was added 0.45 grams of Triton X-405 (a 70 % aqueous solution of
polyethoxylated nonylphenol, Union Carbide Corp.), and 0.2 grams of
Foamaster VL (defoamer; Diamond Shamrock Chemical Co). The latex

mixture was equilibrated overnight.

An additives package consisting of 4.5 grams of propylene glycol, 4.5 grams of
diisopropyladipate, 0.48 grams of Triton X-405, 5.62 grams of a 2% aqueous
solution of Natrosol 250 MHR (hydroxyethylcellu-lose; Hercules Inc.), 0.75
grams of cobalt as noted (Intercar, a 6% water dispersible solution; Akzo), 0.21
grams of methyl ethyl ketone oxime and 1.25 grams (unless otherwise noted)
of the autoxidizable component listed int the table below was mixed and the |
latex mixture was added to it. This formulated mixture was equilibrated for

three days prior to film application.

Thin films were drawn down on B-1000 steel panels and glass slides and black
vinyl sheet using a .381 mm (15 mil) gate to give dried films in the thickness -
range of .508 mm-76.2 mm (2-3 mils). Films were cured under ambient
conditions on the laboratory benchtop for the duration of the tests. To test
long term stability, a portion of the latex formulation was heated at 60°C for
10 days before films were applied and then tested after 28 days at ambient |

conditions.
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added to a kettle containing a m xture of 1406.7 granms of water and 9.0
grans of a 2.3% solution of sodi um dodecyl benzene sul fonate heated to
85[err]C. An initiator charge of 2.52 grans of sodium persul fate di ssol ved
in 84 grans of water was added. Starting ten mnutes |ater, the renaining
nmononer enul sion was gradual |y added over a two ho@ubgtitutedshedtt-e2619796t WO
hour period, the enulsion was cooled to 60F@Fr] C ar Wi Th pol T 10 grans of
a 0.15% aqueous solution of iron (Il1) sulfate, 0.8 gram of t-butyl

hydr oper oxi de difgig®lowell Ratick6 grans of water was added foll owed by 0.4
grams of isocascorbic acid dissolved in 16 grans of water. The |atex was

then cool ed to anbi eplin{ eNMPERBeHf Eure Time: 7days 28 days 28 davs

_ (Heat Aged Latex)
Comp. A No cobalt! dissolves- dissolves 16.9
Comp. B cobalt2 18.4 12.8 . 10.7
—Autoxidizable Additive
C  Oleic Acid | 138 57 42
D Linoleic Acid - 44 3.0 3.5
E  Linolenic Acid 37 22 3.0
F - Linoleic Acid (Tech) 34 27 29
G Linseed Qil Fatty Acid 4.6 44 3.0
H Ethyl linoleate 56 - 3.2 | 29
1 Sorbic Acid - 74 5.8
] PAGE 6.9 39 3.7
K PAGE (15 wt. %)3 40 19 2.1

Ino cobalt or autoxidizable component in the formulation

2no autoxidizable component in the formulation

3An additional 6.25 grams of PAGE (polyallylglycidylether, Santolink XI-
100; Monsanto) was added as the autoxidizable component

The samples according to the invention (C through K) showed
improved degree of cure as indicated by Film Swell Ratio data over
Comparative A, the latex alone, and Comparative B, the latex with

cobalt.

This is the rep-lacement"shge't
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Stbstitute sheet - 26/9/96 -47 - Two-stage Polyner 19 was prepared fromtwo
nmonomer m xtures: the first stage consisting 70 % of the total nononers
contai ned 318 granms of water, 39.8 granms of Sipon L22 (surfactant, Alcolac
Inc.), 509.6 grams of butyl acrylate, 318.4 grans of nmethyl nethacrylate,
4.9 grams of methacrylic acid, 49.0 grams of acet osgggﬂmgtgnéletnqmg{;ggl ate
and 98 grans of styrene; the second consi sting of “30% of—the—totat

contai ned 254 granms of water, 9.8 grams of Sipon L22, 210 granms of butyl
acrylate, 42 grans of methyl met hacryl ate, 284 grans of nmet hacrylic acid, 84
grans of acetoacetoxyethyl nethacrylate and 14.1 grans of nethyl

nmer capt opropionic acid. A 35 gramsanple of the first nononer

Film Properties after 28 dav cure under ambient-conditions

: MEK Rubs Print Rating? Block Rating5
Film  Fresh latex - Heat-aged latex ~ (best=10) (best=10)
" Comp. A 10 13 1 2
Comp. B 28 45 3 5
C 87 69 | 5 3
D 178 _ 81 7 _ 7
E 148 125 7 7
F 145 | ' 65 8 7 |
G 170 106 7 7
H 197 113 7 7
I 100 100 6 5
] 243 266 5 2
K 500 350 6 8

4Test conditions: _2h @ 60°C
5Test conditions: 2h @ 100°C

The Comparative Exaritples (A and B) show little cure in 7 days (as
measured by swell ratio, solvent resistance and print and block). In
contrast, when a low level of an autoxidizable additive such as linoleic
acid (Film F) is incorporated, the 7 day cure is much better and the

associated properties are in a practical range.

~ This is the replacement sheet
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erul sion m xture was renoved and added to a kettle containing a m xture of
1158 grans of water, 6.7 grans of Sipon L22 and 2.1 grans of sodium acetate
.Heated to 85[err]C. An initiator charge of 1.1 grans of sodium persulfate
di ssolved in 50 grams of water was added. St arting ten mnutes later,

catal yst feed consisting of 3.2 granms of sodium pegsﬁ ﬁ}gsqbégolz\@g/g@ 100
grans of water was -gradual |y added over a four

remai ning first nmononer emnul sion was gradual ‘*/ added over a two hour
0

period. The latex tenperature was maintai ned

or thirty nminutes and then

t he second nononer enul sion was gradual |y added over one hour. After all
the feeds were co,gl eted, the reaction was cooled to 60[err]C at which

poi nt 0.8 grans

hydr oper oxi de di ssolved in 50 grans of water was

added follomed by 0.5 granms of isoascorbic acid dissolved

The Polymer 1 latex was formulated in the same fashion as in Example
1 except that the autoxidizable component was lmolexc acid and was
added at different levels according to the table below. Films were
applied and cured as stated in Example 1.

Film Swell Ratios

Film Ambient Cure Time: 7 days 28 days 28 days
- (Heat Aged Latex)
Linoleic Acid Level .
L 042g - _ 9.1 5.1 48
M - 084g 4.0 32 4.1
N _ 125g 3.8 31 3.1
o 167¢g ‘ 4.0 2.7 3.2
P . 209g 52 19 2.5
Q 250g ' 3.5 16 25
contd.
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i 50 grans of water. The latex was then cool ed to anbi ent tenperature.
Substitute sheet - 26/9/96 -48 - To 100 grans of each | atex were added 0.5
grans of Triton X-405 (a 70% aqueous sol ution, Union Carbide Corp.), 0.02
grans of t-butyl hydroperoxide and the |latex was neutralized to pH=9.5 with

ammoni um hydr oxi de (28% aqueous sol ution). An additdves. n xture
prepared consisting of 1.5 grams of Triton X-405, éﬁiﬁﬂeﬁﬁeet ~'38/9/96
di i sopropyl adi pate, 30 grams of a 2% aqueous Natrosol 250 MHR

-25.-

Film Properties after 28 dav cure under ambient conditions

Film MEK Rubs | Print Rating  Block Rating
Fresh latex  Heat-aged latex . (best=10) - (best=10)
r
L 187 157 6 7
M 187 182 7 7
N 160 147 8 7
o) - 120 79 8 7
P 130 45 8 7
Q 88 53 9 7

The data indicate that, in accordance with the present invention,
higher amounts of linoleic acid improve the print rating but reduce

solvent resistance as shown by MEK rubs.
EXAMPLE 3

Five Polymers labeled 2, 3, 4, 5 and 6, containing varying amounts of
AAEM monomer were prepared (0%, 1%, 5%, 10%, 20%). By way of

example, the preparation of Polymer 5 is set forth completely below.

Polymer 5 was prepared from a monomer mixture that contained 525
grams of water, 7.28 grams of a 23% solution of sodium dodecyl .
benzene sulfonate, 642.6 grams of butyl acrylate, 747.6 grams of methyl
methacrvlate, 20.4 grams of methacrylic acid, 156.7 grams of

acetoacetoxyethyl methacrvlate, 3.13 grams of n-dodecyl mercaptan.

This is the replacement shest

Date: 3 0 SEP 1996



solution (thickener; Hercules; Inc.).” The materials listed in the Table

bel ow were added to 2.5 grans of the additives m x. The pH of a 15 gram
sanple of the latex solution was readjusted to 9.5 and then added to the
additives. This fornmulated m xture was equilibrated overnight prior to film -
application. Thin filns were drawn down on B-1000 sugstituteshlest V679/96. 381
mm (15 ml) gate to give dried filnms in the thickn

mm . 0762 nm (2-3 mils). Films were cured under anbient conditions on the

| aborat ory benchtop for the duration of t Tests. Film Pol ymer
Addi tives MEK Rubs 1 day 28 days BC 18 None
3 g From{ tRE monomed&mulsion misetird,{%T grams was removed 3afd

added to a kettle containing a mixture of 1268.8 grams of water and 9.84
grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C.

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8
grams of water was then added. Ten minutes later, the remaining

monomer emulsion was gradually added over a two hour period along
with 1.4 grams of sodium persulfate dissolved in 50 grams of water in a

separate feed.

After the two hour period, the emulsion was cooled to 60°C at which
point 1 gram of t-butyl hydroperoxide dissolved in 13.2 grams of water
was added followed by 0.5 grams of isoascorbic acid dissolved in 13.1

grams of water. The latex was then cooled to ambient temperature.

The other four polymers of varying AAEM levels were made by the

same procedure using the following monomer compositions:

Polymer 2: 721.0 grams of butyl acrylate, 826.0 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 0 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan;

Polymer 3: 713.2 grams of butyl acrylate, 818.2 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 15.9 grams of

acetoacetoxyethvl methacrylate, 3.13 grams of n-dodecyl mercaptan; |

" This is the replacement sheet
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BE 18 Cobal t/ Linol eic Acid 28 67 BF 19
None 9 7 BG 19 Cobal t

15, 9 BH 19 Cobal t/ Li nol ei ¢ Acid 16 270
[err]Intercar, a 6% water dispersible cobalt fornulation; Akzo

Substitute sheet - 26/9/96 -49 - The filnms accordi sgbgmdtb%m@eseza/g/ge

I nvention, BE and BH, exhibit inproved MEK rubs VeT"'S'U'S—t'h'E—GO'H‘p'&I“ﬂH-‘o‘eS

(BC, BD, BF and BG). EXAMPLE 15 27

Polymer 4: 681.8 grams of butyl acrylate, 786.8 grams of methyl
methacrylate, 20.4 grams of methacryhc acid; 78.4 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n-dodecyl mercaptan,

Polymér 6: 564.3 grams of butyl acrylate, 669.3 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 313.5 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of n;dodecyl mercaptan.

Polymers 2, 3, 4, 5 and % were formulated and films (Comparative R
and examples of the invention S, T, U and V) made in the manner as
explained in Example 1 with the autoxidizable component consisting of

1.25 grams of linoleic acid.

Film Film Swell Ratios MEK Rubs Print 6 Block
Cure Time: 7 cays 28days 7days 28days 28 days 28 days

Comp. R dissolves ~ dissolves 12 10 1 1

(0% AAEM) '

S 13.8 116 58 75 2 1
1% AAEM) ' : '

T 6.9 4.6 130 240 7 3

(5% AAEM)

U 5.0 33 194 >300 8 9
(10% AAEM) '

v 28 26 214 300 9 9
(20% AAEM)

Stest conditions for print and block: 2 hours at 60°C, rating: 10=best

Tris is the rep-lacsmeﬂ't sheet
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Pel ymer 20 was prepared froma nononer m xture that contained 1100 grans of
wat er, 51.4 grans of sodiumlauryl sulfate (28% aqueous sol ution), 810
grams of butyl acrylate, 360 grans of nmethacrylic acid, 630 grams of

acet oacet oxyet hyl met hacrylate, 36 granms of butyl rrercaptopropi onate. From

this nmononmer emul sion m xture, 100.grans. was rermv adde tle
containing a mxture of 780.6 grans of water, SPH%’SH‘GP g‘ %@gﬁé
and 45 grans of sodium |l auryl sulfate (28% aqueous sol ution) heat ed to
81l[err]C. An initiator charge of 3.60 grams of sodium persulfate dissolved
in 50.0 grans of water was added. Ten ninut2d¥s |ater, the remaining nonomer
emul sion was gradual |y added over a three hour peri od along with 2.70 grans

/(1; S ?d't um PEhSidoRESnEd SAEH YRE presal vRRBofl tehEHItidh dfSCREME 4 eed.

polymer that is mixed with linoleic acid additive produces improved
performance over the comparative Example which has no AAEM in
the polymer mixed with linoleic acid. Higher AAEM levels give better

performance.
EXAMPLE 4

Polymer 7 was prepared from a monomer mixture that contained 505.6
grams of water, 18.1 grams of a 23% solution of sodium dodecyl |
benzene sulfonate, 1062.9 grams of butyl acrylate, 540.0 grams of methyl
methacrylate, 25.7 grams of methacrylic acid, 85.71 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 sulfonate heated-
to 85°C. |

An initiator charge of 2.52 grams of sodmm 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 to 60°C and chased by adding 0.8 gram of t-butyl hydroperoxide
dissolved in 16 grams of water followed by 0.5 grams of sodium
formaldehyde bisulfite dissolved in 16 grams of water. The latex was

then cooled to ambient temperature.
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three hour period, the enul sion was cooled to 55[err]C and chased by addi ng
5.0 grans of a 0.15% aqueous solution of iron (I1) sulfate and 1.0 gram of
t"- butyl hydroperoxi de dissolved in 10.0 grans of water followed by 0.5
grans of isoascorbic acid dissolved in 20 grans of water. After 20 m nutes,

15.0 grams of 10% hydrogen peroxide in 10.0 grans §Lbl¥ﬁéﬁz§ sw@g£g%g/9é’hi S
was repeated 20 mnutes later. The | atex was then '

t enper at ure. Substitute sheet - 26/9/969-50 - The dispersion was
neutralized to pH=9.5 w th anmoni um hydr oxi de

A 100.gram sample of the latex was removed and to this was added 2.0
grams of ammonium hydroxide (28% solution), 1.0 gram of Triton X-
405 (a 70% aqueous solution, Union Carbide Corp.), 4.5 grams of
diisopropyladipate and 4.5 grams of propylene glycol. 10 gram samples
of this latex were removed and the materials listed in the Table below
were added to each. The latex was equilibrated overnight before films
were applied to glass slides using a 8 mil gate. Soluble fractions were

determined from the thin films.

Film  Additional Additives  Film Soluble Fractions in THF

1day 7 day 14 day
Comp. W None 0.89 0.81 0.58
Comp. X  cobalt70.09g - 0.83 0.54 0.34
Y Co +0.14 g. tung oil 0.57 0.14 0.13
yA Cc + 0.14 g. oticia oil 0.59 0.14 ' 0.13

-_7Hydro.cure II, a 5% water dispersible formulation; Mooney Chemicals

The data for films Y and Z show that drying oils can be used as the

. autoxidizeable component of the invention.
EXAMPLE 5

Polymer 8 was prepared from a monomer mixture that contained
1479.6 grams of water, 5.1 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 1089.4 grams of .ethyl acrylate, 667.5 grams of methyl
methacrylate, 25.8 grams of methacrylic acid and 198.1 grams of

acetoacetoxyethyl methacrylate.
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and diluted to approximately 30% solids. To 50 gram al i quots was added 0. 15
granms of cobalt (Nuocure, 10% water dispersible formulation; Nuodex, Inc.)
and 0.45 grans of the appropriate unsaturated fatty amne l'isted in the
table below. Thin filnms were drawn down on B-1000 steel panels using a .381

mm (15 m|) gate to give dried filnms in the thickn SE A ge!of ._%3
.0762 mMm (2-3 mls). Filnms were cured under anbi,engu Q SoR8t léég—g}
| aboratory benchtop for the duration of thgptests. The results, which are

shown bel ow, denobnstrate that the cure of a water sol uble AAEM contai ni ng

polymer with unsaturated fatty am nes, exanples BJ and BK. The conparative
exanpl e, fi [magsettlg;consrindng apmnixture of 4d gramaef waterheated to 839Gn Swel |

Rati o was added 21.5 grams of a 45% solids solution containing 100 nm
particles of BA/MMA/MAA latex polymer preform.

An initiator chargé of 7.6 grams of sodium persulfate dissolved in 25
grams of water was then added. The remaining monomer emulsion
was gradually added over a three and one-half hour period along with
2.0 grams of sodium persulfate dissolved in 100 grams of water in a

separate feed.

After one hour of the feeds, an additional soap mixture was added
consisting of 5.1 grams of a 23% solution of sodium dodecy! benzene
sulfonate dissolved in 9 grams of water. After the feeds were complete,
the temperature was held at 85°C for 15 minutes. The latex was then

cooled to ambient temperature.

A 100 gram sample of latex was neutralized to pH=9.5 with
ammonium hydroxide, allowed to react to form enamine, and then
readjusted to pH 9.5 with ammonium hydroxide. To this was added 0.3
. grams of Foamaster VL (defoamer; Diamond Shamrock Chemical
Company), 10.8 grams of propylene glycol, 4.5 grarhs of Texanol (a
coalescent; Texaco), 0.22 grams of methyl ethyl ketone oxime (Exkin #2;
Nuodex Inc.), 1.4 grams of the autoxidative material listed in the Table,
and 0.75 grams of cobalt (Intercar, a 6% water dispersible formulation;
Akzo). Thin films were drawn down on glass slides using an 203.2 mm
(8 mil) gate to give dried films in the thickness range of .0254 mm-38.1
mm (1-1.5 mils). Films were cured under ambient conditions at 70°C

and 50% relative humidity for the duration of the tests.

This is the replacement sheet
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BL" None di ssol ve BJ Soya oil fatty

am ne[err] 10 BK Tall oil fatty am ne[err] . 6.6 [err] Adogen
+15D; Sherex Chem cal Co. [err] Adogen 151; Sherex Chem cal Co.

Substitute sheet - 26/9/96 -51 - EXAMPLE 16 Pol yner 21 was prepared froma

nmononer m xture that contained 525 granms of water, 7.28 grans of g 23%
sol ution of sodi um dodecyl Substitute sheet - 26/9?98:
-31-
Additive Thin Film Swell Ratios
Film Cure time: 1day _ 7day l4day 28day
AA None 16 16 | 16 16
AB Linseed Oil 19 14 12 8.2
AC Aroplaz 12718 14 11 8.2 79
AD Aroplaz 12729 19 9.4 : 9.2 7.0

8100% linseed based long oil alkyd; Spencer-Kellog
9100% soya based long oil alkyd; Spencer-Kellog

- The data for Examples AB, AC and AD demonstrate that linseed oil
and alkyds can be used as the autoxidizeable component in the

invention and cure better than Comparative AA over time.-

EXAMPLE 6

Polymer 9 was prepared from a monomer mixture that contained 524.9
grams of water, 18.98 grams of sodium lauryl sulfate (28% aqueous
solution in water), 658.32 grams of butyl acrylate, 728.86 grams of
methyl methacrylate, 23.51 grams of methacrylic acid, 156.74 grams of

acetoacetoxyethyl methacrylate, 3.13 grams of butyl mercaptopropenate.

A 49.4 gram sample was removed from this monomer emulsion
mixture and added to a kettle which contained a mixture of 1268.8
gramé of water and 9.15 of sodium lauryl sulfate (28% aqueous
solution) heated to 85°C. |
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benzene sul fonate, 642.6 grans of butyl acrylate, 747.6 granms of nethyl

nmet hacryl ate, 20.4 grans of nethacrylic acid, 156.7 grans of

acet oacet oxyet hyl nmethacrylate, 3.1 grams of n-dodecyl nmercaptan. Fromthis
nononer enul sion m xture, 49.1 grans was renoved and added to a kettle
containing a m xture of 1268.8 grans of water and 9.84.grans 0 9

sol uti on of sodi um dodecyl benzgne sul fonat e heat egugﬁt'ﬂﬁ?gﬁrsﬁ;'%gﬁe
initiator charge of 2.36 grans of sodium persul fate di ssolved in 78.8 grans

of water was then added. Ten m nutes | ate32-the remaining nononer enul sion
was gradually added over a two hour period along with 1.4 granms of sodium

hour per odAhaRtAtRt bRese RE2 Fomhey BE Shoh Ui peSilaRe Riskireg 1o 10 1O

78.75 grams of water was then added. Ten minutes later, the remaining

monomer emulsion was gradually added over a two hour period.
After the two hour period, the emulsion was cooled to 60°C and chased
by adding 0.79 gram of t-butyl hydroperoxide dissolved in 13.13 grams
of water followed by 0.47 grams of isoascorbic acid dissolved in 13.13
grams of water. The chase procedure was repeated 20 minutes later.

The latex was then cooled to ambient temperature.

The latex was then neutralized with ammonia to pH=9.5. 20 gram
samples of the latex were removed and an additional one equivalent of
ammonia (0.24 grams of a 28% solution of ammonium hydroxide) was
added to convert all the acetoacetoxyethyl methacrylate to the -
corresponding enamine. To this latex was added 0.27 grams of
‘autoxidizable material. An additives package consisting of 0.9 grams of
propylene glycol, 0.9 grams of diisopropyladipate, 1.13 grams of a 2% |
aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules, Inc.) and 0.15 grams of cobalt (Intercar, a 6% water
dispersible formulation; Akzo) was mixed and the latex mixture was
added to it.

This formulated mixture was equilibrated overnight prior to film

application as explained in Example 1.

The data below show that unsaturated nonionic soaps can be used as the

autoxidizeable component in the invention.

This is the replacement sheet
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adding 1.0 gram of t-butyl hydroperoxide di-ssolved in 13.1 grans of water
followed by 0.5 grans of isoascorbic acid dissolved in 13.1 grans of water.
TFhe | atex was then cooled to anbient tenmperature. The latex (41.7 % solids)
was first neutralized with amonia to pH=9.5. Then, to 100 grans of the

| at ex was added an additional one equivalent of amopnia (1.18 gr a
28% sol uti on of amoni um hydr oxi de) to convert _aI___I_% ti =
nmet hacryl ate to the correspondi ng enant B&- Substitute sheet - 26/9/96
-52 - ' '
Autoxidizable MEK Rubs Thin Film Swell
_ Ratio
Film Material - 1day/28 day 28 day
AE - Hypermer A-10910 - 30/62 8
AF Hypermer A-394 22/119 5.8
AG Hypermer A-409 23/110 8
Comp. AH Triton X-40511-Control 21/54 highly swollen gel

10The Hypermer Series are nonionic, modified unsaturated polyester
dispersants of varying hydrophobicity; ICI America, Inc.
11A 70% équeous solution of polyethoxylated nonylphenol; Union Carbide

Corporation.
EXAMPLE 7

Polymer 10 was prepared from a monomer mixture that contained 507.6
grams of water, 19.0 grams of a 23% solution of sodium dodecyl benzene
sulfonate, 771.4 grams of butyl acrylate, 831.4 grams of methyl methacrylate,
25.71 grams of methacrylic acid, 85.71 grams of acetoacetoxyethyl
methacrylate, 3.42 grams of n-dodecyl mercaptan. 40 grams of this monomer
emulsion mixture was removed and added to a kettle containing a mixture of

- 1406.7 grams of water and 9.0 grams of a 23% solution of sodium dodecyl

| benzene sulfonate heated to 85°C. An initiator charge of 2.52 grams of
sodium persulfate dissolved in 84 grams of water was then added. Ten

. minutes later, the remaining monomer emulsion was gradually added over a
two hour period. After the two hour period, the emulsion was cooled to 60°C
and chased by first adding 10.0 grams of a 0.15% solution of iron (1) sulfate in
water followed by 0.8 grams of t-butyl hydroperoxide dissolved in 16 grams of

water, followed by 0.4 grams of isoascorbic acid dissolved in 16 grams of water.
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Te this |atex were added 0.45 grans of Triton- X-405 (70 % aqueous sol ution;
Uni on Carbide Corp.), and the latex m xture was equilibrated overni ght. An
addi ti ves package was prepared consisting of 4.5 grans of propyl ene glycol,
4.5 grans of diisopropyl adi pate, 0.48 grans of Triton X-405, 5.62 grans dof

a 2% aqueous sol ution of Natrosol 250 MHR (hydroxyeubgtififle! sHeete 2digrssner ;.
Hercules, Inc.), 0.22 grans of Foamaster AP (def oamer—Dranmome—Sharreck—

Chemical Co.) and this mixture was added_igg.the |atex and equili brated
overnight. Just prior to drawing fil ns, the peroxi de and cobalt (if used)
wer e added and the fornul ati on was thoroughly m xed. Thin filns were drawn
down on B-1000 steel panels and glass slides using a .381 mm (15 m|) gate

to give drigth EhldPoidteliife Wiidhated 304 fitlites AP THE 10ER2HE thén 2oB,' S) -

Filns were ‘cure er a
to ambient temperature.

A polymer without AAEM, Comparative Polymer 11, was prepared from a
monomer mixture that contained 525 grams of water, 17.1 grams of a 23%
solution of sodium dodecyl benzene sulfonate, 705.3 grams of butyl acrylate,

838.5 grams of methyl methacrylate, 23.5 grams of methacrylic acid, 3.13 gran
of n-dodecyl mercaptan.

From this monomer emulsion mixture, 49.3 grams was removed and added
to a kettle containing a mixture of 1268.8 grams of water and 9.0 of 2 2.3%

solution of sodium dodecyl benzene sulfonate heated to 85°C..

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8 gran
of water was then added. Ten minutes later, the remaining monomer

emulsion was gradually added over a two hour period.

After the two hour period, the exlnulsionlwas cooled to 60°C and chased by
first adding 0.79 grams of t-butyl hydroperoxide dissolved in 13.13 grams of
water followed by 0.47 grams of isoascorbic acid dissolved in 13.13 grams of
water. The chase procedure was repeated 20 minutes later. The latex was

then cooled to ambient temperature.

To 100 grams of each latex was added 0.7 grams of Emulphor EL-620

(polyethoxylated castor oil; GAF Corp.), 0.02 grams of t-butyl hydroperoxide,
. and the pH of the latex was raised to 9.5 with 5 wt. % aqueous solution of

potassium hydroxide, then 0.7 grams of a 28% aqueous solution of |

ammonium hydroxide was added to form enamine.
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conditions on the | aboratory benchtop for the-duration of the tests. Films

Per oxi de (5% Cobalt (0.1% MEK Rubs ThinFilm Swell Ratio 1/7 day
I/7 day BL none I nt ercar 22 9/ 8 6.9/10 B M
t-butyl hydroperoxide | nt ercar 63/ 58 25/ 7.7 BN  cunene

hydr oper oxi de | nt ercar 59/ 94 4.6/ 4.9_BO . t-buytyl

‘hydr operoxi de  napt henat e 47/ 36 ©10. 4/ 9.'§”gﬁi'tut8ﬁ$€>é§' 26/9/96

hydr oper oxi de napt henat e 101/ 125.35- 5.8/ 3.4 22a 6% wat er
di spersible cobalt formulation; Akzo.

An additives package consisting of 2.1 grams of propylene glycol, 2.1 grams of
diisopropyladipate, 0.2 grams of Emulphor EL-620, 2.1 grams of a 2% aqueous
solution of Natrosol 250 MHR (hydroxyethylcellulose thickener; Hercules,
Inc.), 0.21 grams of cobalt (Inltercar, a 6% water dispersible formulation; Akzo)
and if noted below 0.8 grams of Kelsol 3905 (a water dispersible alkyd; NL

Chemicals) as the autoxidizable component.

The latex mixture was added to the additives package and the resulting
formulated mixture was equilibrated overnight prior to film application

which was carried out as in Example 1.

Autoxidizable ' MEK Rubs

Film _ Polymer Material 1day/28 day
Comp. Al | Polymer 10 None 20) 28
AJ Polymex;.lo | Kelsol 3905 - 26/>300
Comp. AK Comp. 11 None 22/19
Comp. AL Comp. 11 | ~ Kelsol 3905 19/16

Film A] shows good cure from the addition of the water dispersible
alkyd in contact with AAEM polymer.

womparative Al shows the AAEM polymer alone.

Comparative AK and AL show that the water-dispersible alkyd does

not improve the cure of a polymer without acetoacetate functionality.
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Substitute sheet - 26/9/96 -53 - The above results denonstrate that cure
-using peroxide with cobalt shows a distincy inprovenent over the
conparative BL. EXAMPLE 17 Pol yner 22 was prepared froma nonomer m xture
t hat contained 333 grans of water, 1.2 grans of Alipal CO 436 (an anmmoni um
salt of sulfated nonyl phenoxypoly (ethyl eneox et hapol.;

grans acetic acid, .1.1 grans sodium a%:let at e, y)142 g tﬁfshﬁcgvlzé/r%égfe
48. 1 grans of aIIyI acet oacetate and 14. 33@-ans of sodi um vi nyl sul fonate.
To a kettle containing 700 grans of water heated to 75[err] C was added 2
grans of ankL:Nflﬁt%fO' | owed by 40 grams of a 45% solids, 100 nm

Comparative Polymer 12 was prepared from a monomer mixture
which contained 501.7 grams of water, 18.13 grams of Alipal CO-436 (an
amﬁonium salt of sulfated nonylphenoxypoly (ethyleneoxjr) ethanol;
GAF Cofp._), 149.4 grams of acetoacetoxyethyl methacrylate, 672.3 grams
of butyl acrylate, 652.9 grams of mefhyl methacrylate, 19.42 grams of
methacrylic acid and 2.99 grams of n-dodecylmercaptan. 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 and heated to 85°C.

An initiator charge of 2.26 grams of sodium persulfate dissolved in 50
grams of water was then added. Ten minutes later, the remaining
monomer emulsion was gradually added over three hours along with
1.13 grams of sodium persulfate dissolved in 50 grams of water in a
separate feed for three houts. After the feeds were completed, the
reaction was held at 85°C for 20 minutes, then the emulsion was cooled
to 60°C and chased by adding 0.75 gram of t-butyl hydroperoxide
dissolved in 12.5 grams of water followed by 0.45 grams of isoascorbic
acid dissolved_ in 12.54 grams of water. The latex was then cooled to

-ambient temperature.

Following the same procedure, Polymer 13 was made using a
monomer emulsion consisting of 501.7 grams of water, 18.13 grams of
Alipal CO-436, 149.4 grams of acetoacetoxyethyl methacrylate, 672.3
‘grams of butyl acrylate, 623.0 grams of methyl methacrylate, 29.9 grams
of methacrolein, 19.42 grams of methacrylic acid and 2.99 grams of

n-dodecylmercaptan.

This is the replacement shest
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BAF MVW MAA | atex pol ynmer preform 0.2 granms of sodium bisulfite-dissolved
in 10 grans of water and 0.44 grans of sodi um persul fate dissolved in ten
grans of water and 11.5 grans of a 0.2% aqueous solution of iron (I1)

sul fate. Two separate catal yst feeds were nade from1.6 granms of t-butyl
hydr oper oxi de, 1.2 grans of sodium persul fate diss ed in

water and one with 1.8 grans of sodiumbisulfite dggéﬁ qﬁw gféﬁ@ﬁésof
wat er. The nonomer enul sion and catal yst37were then separately added over a

two and one-half hour period. The |atex was then cool ed to ambient

tenperature. The | atex was neutralized to pH=9 wi th ammoni um hydr oxi de (28%
sol ution).

The latex was neutralized to pH=9.5 with ammonium hydroxide and a
100 gram sample was removed and 0.45 grams of Triton X-405 (a 70%
aqueous solution, Union Carbide Corp.) was added. An additives
mixture consisting of 4.3 grams of propylene glycol, 4.3 grams of
diisopropyladipate, 5.3 grams of a 2% solution of hydroxyethylcellulose,
0.7 grams of a 6% solution of cobalt (Intercar), 0.13 grams of methyl
ethyl ketone oxime and 0.2 grams of Foamaster AP (a defoamer;

Diamond Shamrock) was prepared.

The pH of the emulsion was readjusted to 9.5 with ammonium
hydroxide and the emulsion was added to the additives package with
stirring and equilibrated overnight. Films were applied following the

procedure in Example 1.

Film Swell Ratio

Film | 1day 28 day
Comp. AM - Comparative 12 - no methacrolein 18 11
‘Comp. AN Polymer 13 - with methacrolein 16 3.8

Polymer 13 contained the autoxidizeable components (methacrolein)

copolymerized into the polymer.

Comparative Polymer 12 had no autoxidizeable component on the polymer

or in the formulation.

' The data show that the acetoacetate and autoxidizeable component can be

present on the same polymer.

This is the .repl-a'cemef_lt sheet
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“Substitute sheet - 26/9/96 -54 - An additives mx consisting of 1.5 grans
of Triton X-405 (a 70 % aqueous solution; Union Carbide Corp.), 6.75 grams
,of diisopropyl adi pate, 6.75 granms of propylene glycol, 8.0 grans of a 2%
aqueous sol ution of Natrosol 250 MHR (hydroxyethyl cel | ul ose thickener;
Hercules) and 7.5 grans of water was added to 150 grans of the éﬁ?e{

24 hours, the pH of the m xture was readjusted to 9.5. |

of this formulated material vere added the terials, Tlsted |n t he Table
bel ow and the final fornulations were equi Frbrated overni ght before film
application as described in Exanple 1.

~

Polymer 14 was prepared fram a monomer ixture contained 501.7 grams of
water, 18.13 grams of Alipal CO-436 (an ammonfum salt of sulfated
nonyiphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 1494 grams of
acetoacetoxyethyl methacrylate, 6723 grams of butyl acrylate, 6529 grams of
methyl methacrylate, 19.42 grams of methacrylic acid and 2.99 grams of n-
dodecylmercaptan. 47.2 grams weare removed from this emulsion mixture
and added to a kettle containing & mixture of 1317.9 grams of water and 8.74
grams of Alipal CO-436 heated to 85°C.

An initiator charge of 2.26 grams of sodium persulfate dissoived in 50 grams

 of water was then added. Ten minutes later, the remaining monomer
emulsion was gradually added over three hours along with 1.13 grams of
sodium persulfate dissolved in 50 grams of water in a sepasate feed for three
hours. '

After the feeds were completed, the reaction was held at 85°C for 20 minutes,
then the emulsion was cocled 0 60°C and chased by adding 0.75 gram of ¢-
butyl hydroperoxide dissolved in 12.5 grams of water followed by 045 grams
of isoascorbic acid dissolved in 12.54 grams of water.

The latex was then cooled & ambient temperature.
Tha latex that was neutraiized to pH=9.5 with ammonium hydroxide, a 100

gram samples was removed and 045 grams of Triton X-405 (a 70% aqueous
solution, Union Carbide Corp.) was added o the sample.

This is the replacement sheet
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Firl m Addi ti onal Additives " MEK Rubs 1 day 7day l1l4day 28day 'BQ

None . 10 20 36 46 BR cobalt[err], 0.13
. g. 23 33 30 46 BS Co +0.24 g. linoleic acid 17
43 70 85 BT Co +0 24 g. sorbic acid 18 35 >100 >100

[err] a 6% water dispersible. cobalt formulation; m&w
experinments denonstrate that vinyl acet_gbq/ al Iyl acetoacetate copolyner can
be used in the invention (BS and BT) and produces inproved cure over
conparative filnms BQ and BR -

An additives mixture was prepared consisting of 4.3 grams of propylene
glycol, 4.3 grams of diisdpropyladipate, 5.3 grams of a 2% solution of Natrosol
250 MHR (hydroxyethylcellu-lose thickener; Hercules, Inc.), 0.7 grams of
cobalt (Intercar, a 6% water dispersible cobalt formulation; Akzo), 0.13 grams
of fnethyl ethyl ketone oxime and 0.2 grams of Foamaster AP (defoamer;
Diamond Shamrock Chemical Company) along with the autoxidizable
additives in the Table below. After 24 hours, the pH of the Polymer 13
emulsion was readjusted to 9.5. The emulsion was added to the additives
package with stirring and equilibrated overnight. Films were aipplied

following the procedure in Example 1.

Film Swell Ratio

Film | 1day 28 day
Comp. AO None-Control (contains &obalt) _ 18 11
AP D'iaidehydeiz. 13 42
AQ .Boilec_l Linseed Qil 11 : 4'.5
AR ' Tetraall)}lperftaerythritol 11 4.0
AS Tetraallyloxyethane 8.7 f.Z
AT 2,4‘,6—tri&llyloXy-1,3,5-triazine | 14 | .9.4
AU Triallyl-1,3,5-triazine-2,4,6-trione 16 | 5.1

12The dialdehyde is a 70:30 mixture of 2-Oxoimidazoline-1,3-
bis(dimethylpropanal) and 2-Oxoimidazoline-1,3-bis(ethylbutylpropanal) as
- described in Novak, et al., U.S. 4,886,618.

Thiy in e replacement sheel
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Substitute sheet - 26/9/96 -55 - EXANMPLE 18 Latex Polymer 12 is identical
to that used in Exanple 8. Latex Polynmer 23 was made by a sim |l ar procedure
to Pol ymer 12 except that the nononers used were 99.3 granms of allyl
acetoacetate, 722.47 grans of butyl acrylate, 652.9 grans of nethyl

met hacryl ate, 19.42 grans of nethacrylic acid and 2.99 grang of - '

n- dodecyl mercapt an. Latex Polymer 24 was made by aéggﬁ’r'&!}?r%\eﬁééd%ﬁ/@/?@

Pol ymer 12 except that the nononers used were 159.2 grans of

acet oacet-oxypropyl - methacryl ate, 662.54 ga@rs of butyl acrylate, 652.9
grans of methyl nethacrylate, 19.42 grans of nethacrylic acid and 2.99

grams of n- dogfg PP SR AP through AU show that aldehydes and allyl functiona

materials can be used to provide free radicals for the acetoacetate cure,

producing improved cure over the Comparative AO film.

EXAMPLE 10

The polymer emulsions listed in Example 3 (having 0, 1, 5, 10 and 20%
AAEM) were formulated as described in Example 1 except that the
autoxidizable ccmponeht was polyallylglycidylether (Santolink XI-100,
Monsanto) in the amounts listed in the Table below.

Polvmer PAGE Film Swell Ratios MEK Rubs Print Block
(grams) fresh heat-aged fresh  heat-aged Rating Rating
2 0 dissolve - dissolve 12 6 1 1
3 0 13 dissolve 66* 10 2 1
4 0 1 12 101> 40* 2 3
5 0 9.8 12 122* 56* 3 5
6 0 9.3 7.3 189* 100" 4 8
2 1.25 11 10 15 10 1 1
3 1.25 9.1 8.3 >200 201 3 3
4 1.25 3.1 4.3 214 217 6 6
5 1.25 27 29 250 270 8 8
6 1.25 1.6 2.0 >300 >300 8 8
2 3.75 6.2 8.3 72 60 1 1
3 3.75 4.7 57 250 270 4 5
4 3.75 29 3.2 © >300 >300 8 7
5 3.75 2.6 238 >300 >300 9 8
6 3.75 1.6 19 >300 >300 9 9
2 625 4.9 5.2 ' 84 60 3 1
3 6.25 3.6 4.3 >300 195 4 6
4 6.25 2.8 3.6 >300 - >300 7 7
5 6.25 24 3.0 >300 >300 9 9
6 6.25 1.6 1.6 >300 >300 9 9

Notes: *bottom cure only, surface abrades within 10-20 rubs,

This is the replacement sheet
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Fermul ati ons were nade in an identical nmanner-as in Exanple 16 with the
aut oxi di zabl e conponent consisting of 1.3 grans of linoleic acid. Film

Po] yner Thin FilmSwell Ratio 1 day 28 day BU
12 ' 13 3.4 BV 23 14
6.8 BW 24 12 3.6 These results
denponstrate that the use of the allyl acetoacet ate Subktitute sheet - 26/9/96
acet oacet oxypropyl met hacrylate in the invention. Substifute sneer -
26/ 9/ 96

-4]1-

The data show that the compositions according to the invention
exhibit improved performance over the comparative examples which
are missing an ingredient of the invention (those containing 0 grams
PAGE and all those which use Polymer 2, containing 0% AAEM).

EXAMPLE 11

Polymer. 15 was prepared by adding 362 grams of water to a kettle and
heating to 85°C. To the heated kettle 1.4 grams of sodium persulfate.
was added along with 43 grams of 45% solids, 100 nm BA/MMA/MAA
latex polymer preform. The reaction was allowed to equilibrate to 85°C.
A monomer emulsion was prepared containing 179 grams of water, 5
grams of a 23% solution of sodium dodecyl benzene sulfonate, 369
grams of butyl acrylate, 94 grams of acetoacetoxyethyl methacrylate, and
7.1 grams of methacrylic acid. This monomer emulsion was fed into
the above kettle at 1.5 ml per minute for 15 minutes until the addition
was completed.' Over the same period of time a solution of 0.7 grams of
sodium persulfate in 25 ml of water was added to the kettle at 7.4 ml

per hour.

‘When the feeds were completed, the reaction was held at 85°C for 30
minutes then cooled to 65°C and chased by adding 1 gram of a 0.48 %
iron sulfate solution followed by 0.15 grams of t'-butyl hydroperoxide
dissolved in 5 grams. of water followed by 0.07-grams of sodium

formaldehyde bisulfite dissolved in 5 grams of water. The latex was

then cooled to room temperature.

This is the replacement sheet
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-56 - EXAWMPLE 19 A pol yner was prepared according to the procedure in
Exanple 5, identified below as Polyner 8. A second Polynmer 25 was prepared
according to the sane procedure froma nononer m xture that contained
1479.6 grans of water, 5.1 grams of a 23% sol ution of sodi um dodecyl
benzene sul fonate, 1148.9 grans of ethyl acrylate, 707.2 grans of nethyl
met hacryl ate, 25.8 grams of methacrylic acid and 98ubstijdesheet - 26/9/96
acet oacet oxyet hyl nethacrylate. A third Polymer 26 was prepared froma
nmononer m xture that contained 147,9.6 oI g5 of water, 5.1 granms of a 23%
sol ution of sodium dodecyl benzene sul fonate, 1228 grans of ethyl acrylate,

727 grans of nethyl nethacrylate and 25.8 grans of pethacrylic acid.
Aliquots’of the latex were neutralized as'shown in the table below (the

equivalents were based on the total moles of acid plus moles of
AAEM). |

The latex was heat agéd for ten days at 60°C. Acetoacetate hydrolysis
was determined by 13C NMR of the latex. '

Base o pH pH % Hydrolysis
- Initial Final

None | 20 2.0 60

Na; HPO4 : | 6.6 6.6 67

Sodium hydroxide _ 9.7 | 74 75

-ammonium hydroxide - 95 7.? 79

(no enamine)

ammonium hydroxide 95 9.5 0
(1.5eq.)

isopropylamine 9.5 - 0
(1eq)

benzylamine '9.5 - 0
(1eq)

The data demonstrate that ammonium hydroxide and amine stabilize

the acetoacetate functionality against hydrolysis.

EXAMPLE 12

This is the replacement sheet
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To 315.8 grans of latex neutralized with amoni um hydroxide to pH 9.5, was
added: 45.6 grans of butyl cellosolve, 4.8 grans of Texanol (coal escent;
Texaco), 0.5 grams of Deefo 806-102 (defoaner; Utra Adhesives), 0.6 grans
of BYK 301 (mar aid; BYK-Mllinckrodt), 0.6 grams of Dow Corning Additive
#14 (flow and leveling aid; Dow Corning Corp.), 28.5 granms of water, 0.6
grans of nethyl ethyl ketone oxinme (Exkin #2; NuodSubstitute)shmed - 26/&/86
noted, the autoxidative material (3.6 grans of linoleic acid). The pH was
readjusted to 8.1 with amoni um hydroxi de (28% . This was tunbl ed overni ght

before 2.0 grans of cobalt (Intercar, a 69%43ater dispersible formulation;
Akzo) was added.

EXAMPLE 12

Polymer 16 was prepared by adding 1592.9 grams of water and 8.22
grams of a 23% solution of sodium dodecyl benzene sulfonate to a
kettle and heating to 85°C. To the heated kettle, 3.02 grams of sodium
 persulfate was added along with 58.7 grams of the monomer mixture.
The reaction was allowed to equilibrate to 85°C. A monomer emulsion |
was prepared containing 630 grams of water, 9.87 grams of a 23%
solution of sodium dodecyl benzene sulfonate, 940.5 grams of butyl
acrylate, 818.2 grams of methyl methacrylate, 94 grams of '
acetoacetoxyethyl methacrylate, and 28.22 grams of methacrylic adid.
Thié monomer emulsion was fed into the above kettle at 4.2 ml per
was completed. Over the same period of time a solution of 0.85 grams
of sodium persulfate in 50 ml of water was added to the kettle at 0.28

ml per minute.

When the feeds were completed, the reaction was held at 85°C for 30
minutes then cooled to 65°C and chased by adding 1 gram of a 0.48%
aqueous iron sulfate solution followed by 0.54 grams of t-butyl
hydroperoxide dissolved in 18.1 grams of water followed by 0.38 grams

of isoascorbic acid dissolved in.19.0 grams of water.

The latex was then cooled to room temperature. The latex was
neutralized with 1.2 equivélents of ammonium hvdroxide based on

- polymeric acetoacetate.

This is the replacement sheet
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Stbstitute sheet - 26/9/96 -57 - In a separate grind, 5.4 grans of Tanol
165 (di spersant; Rohm and Haas), 16.4 grans of water, 0.7 grans of Triton
CF-10 (surfactant; Union Carbide Corp.), 1.0 granms of Deefo 806-102 and
.80.0 granms of titanium dioxide (Zopaque RCL-9; SCM Corporation) was placed
in a Cow es Dissolver at high speed for 20 mnutes and then letdowm with
the latex mixture. Thin filns were drawn down on BSubstituteeskieepardh/9/96d

gl ass slides and black vinyl sheet using and4203.2 m (8 m|) gate to give
dried films in the thickness range of .254 mMm38.1 nm (1-1.5 mls).. Filns

were cured URdey (RIFPHERS (EDBUNIHBRS) Merd Hhedd by PinYaLAg! i fugrdum dity

plates. Since enamine displays a UV absorption maximum at 360 nms,

the film was monitored to determine the conversion of enamine
functionality to acetoacetate functibnaiiry by loss of ammonia from the
film which would reduce the signal at 360 nms. The observed decrease
in signal after 8 hours at ambient temperatures corresponds to a 40%

loss of the enamine.
EXAMPLE 13

Polymer 17 was prepared from a monomer mixture that contained
158.12 grams of water, 5.82 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 240.3 grams of buty! acrylate, 258.9 grams of methyl
methacrylate, 8.01 grams of methacrylic acid, 26.7 grams of
acetoacetoxyethyl methacrylate, 1.06 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 40 grams was removed and
added to a kettle containing a mixture of 428.2 grams of water and 3.42
grams of a 2.3% solution of sodium dodecyl benzene sulfonate heated
to 85°C. An initiator charge of 0.78 grams of sodium persulfate
dissolved in 26.2 grams of water was added. Ten minutes later, 0.25
grams of sodium carbonate dissolved in ten grams of water was added.
Then, the remaining monomer emulsion was gradually added over a
two hour period. After the two hour period, the emulsion was cooled
to 60°C and chased by adding 0.25 gram of t-butyl hydroperoxide
dissolved in 5 grams of water followed by 0.16 grams of isoascorbic acid-
dissolved in 5 grams of water. The latex was then cooled to ambient

temperature.
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fer the duration of the tests. Film Polyner - Additive 7

days 28 days Swell Print Bl ock Swell Print Bl ock Ratlo

Ratio B W 26 None soluble 2 0 soluble 4 0 BX
25 None 9.5 3 1 8.1 4 3 BY 8

None 5.5 4 . 1 6.1 5 3 BZ . 26 Li nol ei c
Acid gel 1 0 gel 4 2 CA 25 Substitytpiflestc 26/4°8. 1
4 1 3.6 6 3 CB - 8 LinolTerc Acid 2.9 . 5 1
2.5 6 3 Conparative exanples BW_BX, BY and BZ exhi bited poor
properties. The films according to the i ion CA and CB denonstrate cure

in fully fornul ated, pignented coatings.
The latex was first neutralized with ammonia to pH—9 5. Then, to 100

grams of the latex was added an additional one equivalent of ammonia
(0.59 grams of a 28% solution of ammonium hydroxide) was added to
convert all the acetoacetoxyethyl methacrylate to the corresponding
enamine.” To this latex was added 0.45 grams of Triton X-405 (a 70 %
aqueous solution, Union Carbide Corp.). The latex mixture was

equilibrated overnight.

. An additives package consisting of 4.5 grams of propylene glycoI, 4.5
grams of diisopropyladipate, 0.48 grams of Triton X-405, and 5.62 grams
of a 2% aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules, Inc.) was mixed with the materials in the table
below and the latex mixture was added to it. The formulated mixtures
were then aged using accelerated heat-ageing conditions (ten days at

60°C). The soluble fraction of the formulated latex was then

determined.

Film Additional Additives Soluble Fraction in THF
Comp. AV None 0.96

AW " Cobalt13 (0.7 grams) 0.30

AX - Co with methyl ethyl ketone

and oxime (0.21 grams) ' 0.89

AY Co with linoleic acid (1.3 grams) 0.27

AZ Co with sorbic acid (1.3 grams) 0.35

BA Co with linoleic acid and oxime 1.00

BB Co with sorbic acid and oxime 0.94

13Intercar, a 6% water dispersible cobalt formulation; Akzo

This is the replacsmeft shest
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Substitute sheet - 26/9/96 -58 - EXAMPLE 20 Pol yners 26 and 8 for Exanple
20 were formul ated as in Exanple 19 except where noted below. Filns were
cured under anbient conditions at 70[err]C at 50% relative humdity for one
nmonth. Film Polynmer Additive Swell Print Bl ock Abrasi ve Scrub MEK Rubs

MVEK Rati o ng/ 100 cycles CC Linoleic Acid
soluble 1 0 22 12 CD 8 [\ﬁHbstltute shegts 26/9/96
1 5.3 - 25 ' : :

-46-

These data demonstrate the one-pack stability of systems that include
an oxime (AX, BA and BB). The lower soluble fraction in AW, AY and

AZ shows that reaction occured in the liquid composition.

EXAMPLE 14

Polymer 18 was prepared from a monomer mixture that contained
507.6 grams of water, 19.0 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 771.4 grams of butyl acrylate, 831.4 grams of methyl
methacrylate, 25.7 grams of methacrylic acid, 85.7 grams of

acetoacetoxyethyl methacrylate, 3.42 grams of n-dodecyl mercaptan.

From this monomer emulsion mixture, 40 grams was removed and
added to a kettle containing a mixture of 1406.7 grams of water and 9.0
grams of a 2.3% solution of sodium dodecyl benzene sulfonate heated
to 85°C. An initiator charge of 2.52 grams of sodium persulfate

_ dissolved in 84 grams of water was added. Starting ten minutes later, -
the remaining monomer emulsion was gradually added over a two

hour period.

After the two hour period, the emulsion was cooled to 60°C at which
point 10 grams of a 0.15% aqueous solution of iron (II) sulfate, 0.8 gram
of t-butyl hydroperoxide dissolved in 16 grams of water was added

followed by 0.4 grams of isoascorbic acid dissolved in 16 grams of water.

The latex was then cooled to ambient temperature.

This is the re_placement sheet
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CE 8 Linoleic Acid 2.9 9 - 5 - 6.6 . 90 Heat Aged
Paints (140[err] F for 10 days) then 1 nonth air cure Film Polyner
Additive Swell Print Bl ock Abrasive Scrub MEK Rubs MEK Ratio

ng/ 100 cycl es CF 26 Linoleic Acid soluble 1 0 16.4 10
CG 8 None 5.4 7 2 5Substitute sHeetH 26/9/98
Linoleic Acid 3.2 8 4 6.7 70 Frms—CEand—CHexhi ot

the inmproved cure properties of the invention versus the exanples that are
.mssing an el ement of the invention (CC, CD, CF and CG. FilmCH
denonstrat es one-pack heat aged stability-47- :

Two-stage Polymer 19 was prepared from two monomer mixtures: the
first stage ansisﬁng":'é? 70 % of the total monomers contained 318
grams of water, 39.8 grams of Sipon L22 (surfactant, Alcolac Inc.), 509.6
grams of butyl acrylate, 318.4 grams of methyl methacrylate, 4.9 grams
of methacrylic acid, 49.0 grams of acetoacetoxyethyl methacrylate and 98
‘grams of styrene; the second consisting of 30% of the total contained
254 grams of water, 9.8 grams of Sipon 122, 210 grams of butyl acryléte,
42 grams of methyl methacrylate, 84 grams of methacrylic acid, 84
grams of acetoacetoxyethyl methacrylate and 14.1 grams of methyl
mercaptopropionic acid. A 35 gram sample of the first monomer
emulsion mixture was removed and added to a kettle containing a
mixture of 1158 grams of water, 6.7 grams of Sipon L22 and 2.1 grams of
sodium acetate heated to 85°C. An initiator charge of 1.1 grams of
socium persulfate dissolved in 50 grams of water was added. Starting
ten minutes later, a catalyst feed consisting of 3.2 grams of sodium
persulfate dissolved in 100 grams of water was gradually added over a
four hour feed time. The remaining first monomer emulsion was |
gradually added over a two hour period. The latex temperature was
maintained for thirty minutes and then the second monomer

emulsion was gradually added over one hour.

After all the feeds were completed, the reaction was cooled to 60°C at

which point 0.8 grams of t-butyl hydroperoxide dissolved in 50 grams
of water was added followed by 0.5 grams of isoascorbic acid dissolved
in 50 grams of water. The latex was then cooled to ambient

temperature.
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Substitute sheet - 26/9/96 -59 - EXAMPLE 21 A two stage Pol yner 27 was
prepared with the first stage nononer m xture containing 121.5 grans of
wat er, 9.78 grans of a 23% sol ution of sodi um dodecyl benzene sul f onate,
243.5 grans of butyl acrylate, 289.6 granms of nethyl nethacrylate, 2.7
grans of methacrylic acid, and 5.4 grans of allyl nethacrylate. Frgmthis
nononer enul sion nixture, 100 grans was renoved an§”§&§é‘ﬂelet§h§ftl(e2§19196
containing a mxture of 1465 grans of water, and 46.9 granms of a 23%

sol uti on of sodi um dodecyl benzene sul f one4®-heated to 85[err]C. An
initiator charge of 1.35 grans of anmoni um persulfate dissolved in

To 100 grams of each latex were added 0.5 grams of Triton X-405 (a 70%
aqueous solution, Union Carbide Corp.), 0.02 grams of t-butyl

hydroperoxide and the latex was neutralized to pH=9.5 with
‘ammonium hydroxide (28% aqueous solution). An additives mixture
was preparéd consisting of 1.5 grams of Triton X-405, 12 grams of
diisopropyladipate, 30 grams of a 2% aqueous Natrosol 250 MHR
solution (thickener; Hercules, Inc.). The materials listed in the Table
below were added to 2.5 grams of the additives mix. The pHofa 15
gram sample of the latex solution was readjusted to 9.5 and then added
to the additives. This formulated mixture was equilibrated overnight
prior to film application. Thin films were drawn down on-B-1000 steel
panels using a .381 mm (15 mil) gate to give dried films in the
thickness range of .0508 mm-.0762 mm (2-3 mils). Films were cured
under ambient conditions on the laboratory benchtop for the duration

of the tests.

Film Polymer Additives. 'MEK Rubs

_ 1day 28 days
BC 18 None 8 7
BD 18 Cobaltl4 20 48
BE 18 Cobalt/Linoleic Acid 28 67
BF 19 None | 9 7
BG 19 Cobalt ' 15 9

-BH 19 Cobalt/Linoleic Acid 16 270

l4Intercar, a 6% water dispersible cobalt formulation; Akzo
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20 grans of water was added. Starting ten mnutes later, two solutions were
gradually fed to the kettle over a 90 m nute period; the remaini ng nononer
enul sion in one feed, and 2.0 grans of ammoni um persul fate dissolved in 50
grans of water in a separate feed. After a ten mnute hold, a second stage
mononmer m xture consisting of 260 granms of water, 8db&Rudé aeett 26/8596

sol ution of sodi um dodecyl benzene sul fonate 42270 gramns of_but yl

acrylate, 557.8 grans of nethyl net hacryl 189. 4 grans acet oacet oxyet hyl
nmet hacryl ate, 31.6 grans of nethacrylic atd, 5.0 grans of

met hyl mer capt opr opi onate and 42.1 grans of a urei do-functional nethacryl ate
was added oxf af@d?dirﬁg psthe prasentdnwentiofl, BEgarednBHf estdditum persul fate
di ssol ved |n grans of water i'n a separate, feed. %éeé t he, feeds were
conpl et ed, irhproeat MEK s ‘fﬁi‘ﬁ'ésélt‘empﬂ‘"@“feér(% nBF eqd)Bfdr e t he

enul sion was cooled to 60[err]C -

EXAMPLE 15

Polymer 20 was prepared from a monomer mixture that contained 1100
grams of water, 51.4 grams of sodium lauryl sulfate (28% aqueous
solution), 810 grams of butyl acrylate, 360 grams of methacrylic acid, 630
grams of acetoacetoxyethyl methacrylate, 36 grams of butyl .
mercaptépropionate. From this monomer emulsion mixture, 100
grams was removed and added to a kettle containing a mixture of 780.6
grams of water, 9.0 grams of sodium acetate and 45 grams of sodium

lauryl sulfate (28% aqueous solution) heated to 81°C.

An initiator charge of 3.60 grams of sodium persulfate dissolved in 50.0

grams of water was added.

Ten minutes later, the remaining monomer emulsion was gradually
added over a three hour period along with 2.70 grams of sodium
persulfate dissolved in 50 grams of water in a separate feed. After the
three hour period, the emulsion was cooled to 55°C and chased by
adding 5.0 grams of a 0.15% aqueous solution of iron (II) sulfate and 1.0
gram of t-butyl hydroperoxide dissolved in 10.0 grams of water
followed by 0.5 grams of isoascorbic acid dissolved in 20 grams of water. -
After 20 minutes, 15.0 grams of 10% hydrogen peroxide in 10.0 grams of

- water was added. This was repeated 20 minutes later. The latex was

then cooled to ambient teinperat_ure.
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and chased by adding 0.2 gram of t-butyl hydroperoxide dissolved in 10
grans of water followed by 0.5 grans of isoascorbic acid dissolved in 16
grams of water. The |latex was then cooled to anbi ent tenperature.
Substitute sheet - 26/9/96 -60- Follow ng the sane procedure, a second

Pol ymer 28 was nade that contained a second stage nononmer m xture

consi sting of 260 grans of water, 22.82 grans of aSpbgtitsehest -02648Bum
dodecyl benzene sul fonate, 536.7 grans of yl acrylate, 652.4 granms of
met hyl methacrylate, 31.6 grams of methacryfic acid, 5.0 granms of mnethyl

The dispersion was neutralized to pH=9.5 with ammonium hydroxide
and diluted to approximately 30% solids. To 50 gram aliquots was
added 0.15 grams of cobalt (Nuocure, 10% water dispersible
formulation; Nuodex, Inc.) and 0.45 grams of the appropriate

unsaturated fatty amine listed in the table below.

Thin films were drawn down on B-1000 steel panels using a .381 mm
(15 mil) gate to give dried films in the thickness range of .0508 mm-
0762 mm (2-3 mils). Films were cured under ambient conditions on

the laboratory benchtop for the duration of the tests.

The results, which are shown below, demonstrate that the cure of a
water soluble AAEM-containing polymer with unsaturated fatty

amines, examples B] and BK. The comparative example, film BI,

dissolved.
Film  Autoxidizable Additive Film Swell Ratio
BI None dissolve
BJ Soya oil fatty aminel5 10
BK | Tall il fatty amine16 66

 15Adogen 115D; Sherex Chemical Co.
16Adogen 151; Sherex Chemical Co.

This is the replacement sheet
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mer capt opropi onate and 42.1 granms of a ureido-functional nethacrylate. A
standard paint fornulation-is as follows, 72 grans of propylene glycol,
13.92 grans of Tampbl 731 (a 25% aqueous di spersant sol ution; Rohm and Haas)
1 gram of Foamaster VL (defoaner; Di anond Shanrock Chemi cal Co.), 267.64
"grans of titaniumdioxide (Ti-Pure R- 900; Dupont) and 5 grans of water.
These are mixed, then ground in a Cow es Di ssol ver Sibstityfie shassd 2649/96

m nutes and | etdown as in the follow ng order: 10 grans of water, 543 grans
of the latex (neutralized to pH 9.5 with~ ni um hydr oxi de), 7.3 grans of
linoleic acid, 25.0 grans of Texanol (coal escent; Texaco), 10 granms of

wat er, 1.8 pxANSPRE 1at hon LX (biocide; Rohm and Haas)- 1 grans of
Foamaster VL, 4.9 grans of Aquacat (a 5% water dispersible cobalt

formul ati onpq)Lhidr®r1 was prepared from a monomer mixture that contained 525

grams of water, 7.28 grams of a 23% solution of sodium dodecyl

benzene sulfonate, 642.6 grams of butyl acrylate, 747.6 grams of methyl
methacrylate, 20.4 grams of methacrylic acid, 156.7 grams of
acetoacetoxyethyl methacrylate, 3.1 grams of n-dodecyl mercaptan;
From this monomer emulsion mixture, 49.1 grams was removed and
added to a kettle containing a mixture of 1268.8 grams of water and 9.84
grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C.

An initiator charge of 2.36 grams of sodium persulfate dissolved in 78.8

grams of water was then added.

Ten minutes later, the remaining monomer emulsion was gradually
added over -a two hour period along with 1.4 grams of sodium
persulfate dissolved in 50 grams of water in a separate feed. After the
two hour period, the emulsion was cooled to 60°C and chased by
adding 1.0 gram of t-butyl hydroperoxide dissolved in 13.1 grams of

" water followed by 0.5 grams of isoascorbic acid dissolved in 13.1 grams

of water. The latex was then cooled to ambient temperature.

The latex (41.7 % solids) was first neutralized with ammonia to pH=9.5.
Then, to 100 grams of the latex was added an additional one equivaleﬁt
of ammonia (1.18 grams of a 28% solution of ammonium hydroxide) to
convert all the acetoacetoxyethyl methacrylate to the corresponding

enamine.
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Adhesi ves, Inc.), 4.9 grans of Magnacat (a 5% wat er di spersible nanganese
solution; Utra Adhesives, Inc.), 71 grans of water, 1.6 grans of Acrysol
RM 5 (thickener; Rohm and Haas) and 30 grans of RM 1020 (thickener; Rohm
and Haas). These m xtures were equilibrated overnight before filns were

applied and cured at 70[err]C at 50%relative humdity.. Substitute sheet
- 26/9/96 -61 - Film Pol yner ' Substitytggheet - 26/9/Pfr 28
day 28 day : -52-

To this latex were added 0.45 grams of Triton X-405 (70 % aqueous
solution; Union Carbide Corp.), and the lat'ex mixture was equilibrated
overnight. An additives package was prepared consisting of 4.5 grams
of propylene glycol, 4.5 grams of diisopropyladipate, 0.48 grams of
Triton X-405, 5.62 grams of a 2% aqueous solution of Natrosol 250 MHR
(hydroxyethylcellulose thickener; Hercules, Inc.), 0.22 grams of
Foamaster AP (defoamer; Diamond Shamrock Chemical Co.) and this

" mixture was added to the latex and equ_ilibrated overnight.

Just prior to drawing films, the peroxide and cobalt (if used) were added

and the formulation was thoroughly mixed.

Thin films were drawn down on B-1000 steel panels and glass slides
using a .381 mm (15 mil) gate to give dried films in the thickness range
of .0508 mm-.0762 mm (2-3 mils). Films were cured under ambient

conditions on the laboratory benchtbp for the duration of the tests.

Films Peroxide (5%) . Cobalt (0.1%) MEK Rubs ThinFilm
' Swell Ratio
1/7 day 1/7day -
BL none Intercar22 9/8 69/10
BM t-butyl hydroperoxide Intercar 63/58 25/7.7
BN cumene hydroperoxide Intercar 59/94 46/49
BO  t-butyl hydroperoxide .'napthenate 47/36 10.4/9.6
BP  cumene hydroperoxide napthenate 101/125 5.8/3.4

. 2a 6% water dispersible cobalt formulation; Akzo.
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ct 27 - with AAEM ¢ : 8 CJ Conpar ati ve
28 - no AAEM 2 4 The acetoacetate functional polyner (Cl)
sShowed better block and print performnce. EXAVPLE 22 Pol ymer 29 was
prepared froma nononer m xture that contained 192 g of acetoacetoxyet hyl
met hacryl ate and 288 g of butyl nethacrylate. This was added to a kettle
contai ning 320 g of xylene heated to 105[err]C oyeSubstiierihaet ;e26/8496I ong
with a separate feed containing 21.6 g of a 70% sol uti on of t-butyl
peroctoate. After the feeds were conpl et e53-he reacti on was hel d at
105[err]C for thirty mnutes, chased with 2 g of the t- butyl peroctoate

S0l U1 o0 o hobdy Vel TRE ML SBPELA G buRicd AR RBaRP YTer 0

ure
shows a distincy improvement over the comparative BL.

EXAMPLE 17

Polymer 22 was prepared from a monomer mixture that contained 333
grams of water, 1.2 grams of Alipal CO-436 {an ammonium salt of
sulfated nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 1.0
grams acetic acid,-1.1 grams sodium acetate, 1429 grams of vinyl acetate,
48.1 grams of allyl acetoacetate and 14.3 grams of sodium vinyl

sulfonate.

To a kettle containing 700 grams of water heated to 75°C was added 2

- grams of acetic acid followed by 40 grams of a 45% solids, 100 nm
BA/MMA /MAA latex polymer preform, 0.2 grams of sodium bisulfite
dissolved in 10 grams of water and 0.44 grams of sodium persulfate
dissolved in ten grams of water and 11.5 grams of a 0.2% aqueous
solution of iron (II) sulfate. Two separate catalyst feeds were made _

from 1.6 grams of t-butyl hydroperoxide, 1.2 grams of sodium persulfate
dissolved in 80 grams of water and one with 1.8 grams of sodium

bisulfite dissolved in 82 grams of water.

The monomer emulsion and catalysts were then separately added over
a two and one-half hour period. The latex was then cooled to ambient
temperature. The latex was neutralized to pH=9 with ammonium

hydroxide (28% solution).

This is the replacement sheet
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except that the nononer solution contained only 480 g of butyl

nmet hacryl ate. To the polyners were added 0.1 w. % of cobalt (Intercar, a
6% wat er di spersible formul ation; Akzo) and the autoxidizabl e conponent
listed in the table below. Films were made fromthese m xtures on gl ass
slides and cured at anbient conditions for seven days. Swell ratios in

met hyl ethyl ketone were deterni ned. Subst i t ut eSYRsEtUte sheet - A5/9¢96.
The conpositions in accordance with the present invention show
-54-

An additives mix consisting of 1.5 grams of Triton X-405 (a 70 %
aqueous solution; Union Carbide Corp.), 6.75 grams of
diisopropyladipate, 6.75 grams of propylene glycol, 8.0 grams of a 2%
aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose
thickener; Hercules) and 7.5 grams of water was added to 150 grams of
the latex. After 24 hours, the pH of the mixture was readjusted to 9.5.

To 20 gram aliquots of this formulated material were added the
materials listed in the Table below and the final formulations were

equilibrated overnight before film application as described in Example

1.
Film Additional Additives MEK Rubs
: l1day 7day 14day 28day
BQ  None | 10 20 36 46
BR cobalt19, 0.13 g s 3 30 4
BS  Co+0.24g linoleicacid 17 43 70 8
BT Co +0.24 g. sorbic acid | 18 35 >100 >100

19a 6% water dispersible cobalt formulation; Akzo.

These series of experiments demonstrate that vinyl acetate/allyl
acetoacetate copolymer can be used in the invention (BS and BT) and

~ produces improved cure over comparative films BQ and BR. -
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[ rrfazr oved perfornmance over the conparative exanpl es which dissolved. Film

Swel | Ratios (7 days) Polyner: 30

29 ‘Additive (WM. %9 Conpar ati ves None - Conparative

di ssol ve di ssolve Ethyl linoleate 10% di ssol ve

2.5 PAGE3% di ssol ve 5.0 PACE 15%

di ssol ve 5.2 Raw Linseed G| 10% Substitlits shleee - 26/9/96

3.7 [err]polyallyglycidylether, Santolink Xl -100; Mnsanto. EXAVPLE Z3
Pol ymer 31 was prepared froma nonomer mixture that contained '

-55-

EXAMPLE 18

Latex Polymer 12 is identical to that used in Example 8.

Latex Polymer 23 was made by a similar procedure to Polymer 12 except
that the monomers used were 99.3 grams of allyl acetoacetate, 722.47
grams of butyl acrylate, 652.9 grams of methyl methacrylate, 19.42 grams

of methacrylic acid and 2.99 grams of n-dodecylmercaptan.

Latex Polymer 24 was made by a similar procedure to Polymer 12 except
‘that the monomers used were 159.2 grarhs of acetoacetoxypropvi-
methacrylate, 662.54 grams of butyl acrylate, 652.9 grams of methyl
methacrylate, 19.42 grams of methacrylic acid and 2.99 grams of

n-dodecylmercaptan.

Formulations were made in an identical manner as in Example 16 with

the autoxidizable component consisting of 1.3 grains of linoleic acid.

Film Polymer Thin Film Swell Ratio
1day 28 day
BU 12 13 34
BV 23 _ 14 6.8
BW 24 12 . 36

These results demonstrate that the use of the allyl'acetoacetéte and

acetoacetoxypropylmethacrylate in the invention.

This is the replacement sheet
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253.8 grans of water, 9.0 grams of a 23% solution of sodi um dodecyl benzene
sul fonate, 531.3 granms of butyl acrylate, 270.0 granms of nethyl

et hacryl ate, 12.9 granms of nmethacrylic acid, 42.9 grans of

acet oacet oxyet hyl nmethacrylate, 1.71 granms of n-dodecyl nercaptan. From

t hi s nononmer enul sion mxture, 20 grams was renoveq and added to | e
containing a mixture of 703.4 grams of water and 5%%3821% ghee(; ’2%61)8?%

-sol ution of sodi um dodecyl benzene sul fon heated to 85[err]C. An

initiator charge of 2.52 grans of sodiump&tsul fate dissolved in 42.0 grans

of water was added. Substitute sheet - 26/9/96 .
EXAMPLE 19

A polymer was prepared according to the procedure in Example 5,
identified below as Polymer 8.

A second Polymer 25 was prepared according to the same procedure
from a monomer mixture that contained 1479.6 grams of water, 5.1
grams of a 23% solution of sodium dodecyl benzene sulfonate, 1148.9
grams of ethyl acrylate, 707.2 gramé of methyl methacrylate, 25.8 grams

of methacrylic acid and 99.0 grams of acetoacetoxyethyl methacrylate.

A third Polymer 26 was prepared from a monomer mixture that
contained 1479.6 grams of water, 5.1 grams of a 23% solution of sodium
dodecy! benzene sulfonate, 1228 grams of ethyl acrylate, 727 grams of

methyl methacrylate and 25.8 grams of methacrylic acid.

To 315.8 grams of latex neutralized with ammonium hydroxide to pH .
9.5, was added: 45.6 grams of butyl cellosolve, 4.8 grams of Texanol
(coalescent; Texaco), 0.5 grams of Deefo 806-102 (defoamer; Ultra
Adbhesives), 0.6 grams of BYK 301 (mar aid; BYK-Mallinckrodt), 0.6
grams of Dow Corning Additive #14 (flow and leveling aid; Dow
Corning Corp.), 28.5 grams of water, 0.6 grams of methyl ethyl ketone
oxime (Exkin #2; Nuodex, Inc.) and, where noted, the autoxidative

material (3.6 grams of linoleic acid).

The pH was readjusted to 8.1 with ammonium hvdroxide (28%). This
was tumbled overnight before 2.0 grams of cobalt (Intercar, a 6% water

dispersible formulation; Akzo) was added.

This is the replacement sheet
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-63 - Ten minutes later, the remaining nmononer enul sion was gradual | y- added
over a two hour period. After the two hour period, the enmulsion was cool ed
to 60[err]C at which point 0.4 gram of t-butyl hydroperoxi de dissolved in
8.0 granms of water was added followed by 0.5 granms of sodi um fornmal dehyde
sul foxylate dissolved in 8.0 grans of water. The |atex.was then c to -
anbi ent tenperature. Polyner 32 was prepared from g“ﬁﬁﬂﬁpﬁrshﬂeit'jgeﬁﬂ&
contai ned 106.8 grans of water, 3.8 grans of a 23% sol ution of sodium

dodecyl benzene sulfonate, 198.5 grans-8f-butyl acrylate, 84.8 grans of
met hyl nethacrylate, 5.4 granms of nethacrylic acid, 72.2 grans of

i s monbersegmirie B e §aall R ol taRe Ripuftaept an. From

Haas), 16.4 grams of water, 0.7 grams of Triton CF-10 (surfactant; Union

Carbide Corp.), 1.0 grams of Deefo 806-102 and 80.0 grams of titanium
dioxide (Zopaque RCL-9; SCM Corporation) was placed in a Cowles
Dissolver at high speed for 20 minutes and then letdown with the latex

" mixture.

Thin films were drawn down on B-1000 steel panels and glass slides
and black vinyl sheet using an .203.2 mm (8 mil) gate to give dried
films in the thickness range of .254 mm-38.1 mm (1-1.5 mils). Films
were cured under ambient conditions at 70°C at 50% relative humidity

for the duration of the tests.

Film Polymer Additive 7 days 28 days

Swell Print Block Swell Print Block

Ratio Ratio
BW 26 None soluble 2 0 soluble 4 0
BX 25 None 9.5 3 1 8.1 4 3
BY 8 None 5.5 4 1 6.1 5 3
BZ 26 ~ Linoleic Acid gel 1 0 gel 4 2
CA 25 Linoleic Acid 4.1 4 1 3.6 6 3
CB 8 5 1 25 6 3

Linoleic Acid 2.9

Comparative examples BW, BX, BY and BZ exhibited poor prbperties_.
The films according to the invention CA and CB demonstrate cure in

fully formulated, pigmented coatings.
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added to a kettle containing a mxture of 296:2 grans of water and 2.3
granms of a 23% sol ution of sodi um dodecyl benzene sulfonate heated to
85[err]C. An initiator charge of 1.06 grans of sodi um persul fate di ssol ved
in 17.7 grams of water was added. Ten minutes |ater, the remaining nmonomer
enul sion was gradual |y added over a two hour period. Al.ter the t

period, the enul sion was cooled to 60[err]C at V\hi%‘fbﬁhflﬁf’ﬂ’.% '\(l]f%}%?gé
t-butyl hydroperoxide dissolved in 3.37 gram; of water was added foll owed
by 0.21 granms of sodium fornal dehyde bi3 Bfite dissolved in 3.37 grans of
water. The | atex was then cool ed to anbient tenperature.

EXAMPLE 20

Polymers 26 and 8 for Example 20 were formulated as in Example 19
except where noted below. Films were cured under ambient conditions

at 70°C at 50% relative humidity for one month.

Film Polymer Additive Swell Print Block Abrasive Scrub MEK Rubs

MEK  Ratio mg/100 cycles

cC 26 Linoleic Acid soluble 1 -0 2 12

- CD 8  None 46 7 1 5.3 25
o .

8  LinoleicAcid 29 9 5 6.6 90

Heat Aged Paints (140° F for 10 days) then 1 month air cure

Film Polymer Additive Swell Print Block Abrasive Scrub MEK Rubs

MEK  Ratio : mg/100 cycles

CF 26  Linoleic Acid soluble 1 0 16.4 10

_ CG 8 None 54 7 2 5.7 25
CH 8 Linoleic Acid 3.2 8 4 6.7 - 70

Films CE and CH exhibit the improved cure properties of the
invention versus the examples that are missing an element of the
invention (CC, CD, CF and CG). Film CH demonstrates one-péck heat
aged stability.

This is the replacement sheet



Stibstitute sheet - 26/9/96 -64 - To 50 grans of the latex (neutralized to
pH 9.5 with amoni um hydr oxi de) were added 0.5 granms of Triton X405 (a 70%
aqueous sol ution; Union Carbide Corp.), 2.2 grans of diisopropyladi pate,
2.2 granms of propylene glycol, 1.25 granms of a 2% aqueous sol ution of

Nat r osol 250 MHR (hydroxyet hyl cel | u-1ose t hi ckener n ni_u Xi de
to raise the pHto 9.0. The materials listed in thgup Bgtgecgfe@ta&%é

0.2 granms of cobalt (Intercar, a 6%-vvater_ogléﬁs]per5| bl e fornul ation; Akzo)
and 0.68 grans of linoleic acid and the f | ated m xtures were

equilibrated overnight. Filns were applied to glass panels usi ng a 15 m|
gate, air dgm@eﬂ anbi ent conditions for one

A two stage Polymer 27 was prepared with the first stage monomer
mixture containing 121.5 grams of water, 9.78 grams of a 23% solution
of sodium dodecyl benzene sulfonate, 243.5 grams of butyl acrylate,
289.6 grams of methyl methacrylate, 2.7 grams of methacrylic acid, and
5.4 grams of allyl methacrylate. From this monomer emulsion
mixture, 100 grams was removed and added to a kettle containing a
mixture of 1465 grams of water, and 46.9 grams of a 23% solution of

sodium dodecyl benzene sulfonate heated to 85°C.

An inidator charge of 1.35 grams of ammonium persulfate dissolved in
20 grams of water was added. Starting ten minutes later, two solutions
were gradually fed to the kettle over a 90 minute period; the remaining
"monomer emulsion in one feed, and 2.0 grams of ammonium
persulfate dissolved in 50 grams of water in a separate feed. After a ten
minute hold, a second stage monomer mixture consisting of 260 grams
of water, 22.82 grams of a 23% solution of sodium dodecy! benzene
sulfonate, 422.0 grams of butyl acrylate, 557.8 grams of methyl
metha&ylate, 189.4 grams acetoacetokyethyl methacrylate, 31.6 grams of
methacrylic acid, 5.0 grams of methylmercaptopropionate and 42.1
grams of a ureido-functional methacrylate was added over a 90 minute
period along with 0.9 grams of sodium persulfate dissolved in 50 grams
of water in a separate feed. After the feeds were completed, the reaction
was held at 85°C for 20 minutes before the emulsion was cooled to 60°C
and chased by adding 0.2 gram of t-butyl hydroperoxide dissolved in 10
grams of water followed by 0.5 grams of isoascorbic acid dissolved in 16

grams of water. The latex was then cooled to ambient temperature.

This is the replacement sheet
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hour, then baked in a 150[err]C oven for the differli ng times listed in the
Table below. Fromthe results, it can be seen that 1f| | m CN denonstrates the
rapid achi evement- of cure in a heat accel erated experl ment, whereas the
Conparative filnms CK, CL and CM devel oped cure nore slowy. Film Polyner

Addi ti ves o MEK Rubs O min[err 5mn 10 n 20 mn CK 3
one. 3 3 L nterr] . ﬁlbsutute sr@ﬂ;éﬂ 26/975%6
3 7 32 19 CM 32 -(Bn'bal t

85 . >100 CN 32 Cobal t/ Li nol ei ¢ Aci di 5 >-100
>100 >100 [err]films heated at 150[err] C for thga times indicat ed.
Following the same procedure, a second Polymer 28 was made that
contained a second stage monomer mixture consisting of 260 grams of'
water, 22.82 grams of a 23% solution of sodium dodecyl benzene
sulfonate, 536.7 grams of butyl acrylate, 652.4 grams of methyl
~ methacrylate, 31.6 grams of mefhacrylic acid, 5..0 grams of methyl
mercaptopropionate and 42.1 grams of a ureido-functional

methacrylate.

A standard paint formulation is as follows, 72 grams of propylene
glycol, 13.92 grams of Tamol 731 (a 25% aqueous dispersant solution;
Rohm and Haas) 1 gram of Foamaster VL (defoamer; Diamond
Shamrock Chemical Co.), 267.64 grams of titanium dioxide (Ti-Pure R-

- 900; Dupont) and 5 grams of water. These are mixed, then ground ina
Cowles Dissolver at high speed for 20 minutes and letdown as in the
following order: 10 grams of water, 543 gramslof the latex (neutralized
to pH 9.5 with ammonium hydroxide), 7.3 grams of linoleic acid, 25.0

~ grams of Texanol (coalescent; Texaco), 10 grams of water, 1.8 grams of
Kathon LX (biocide; Rohm and Haas), 1 grams of Foamaster VL, 4.9
grams of Aquacat (a 5% water dispersible cobalt formulation; Ultra
Adbhesives, Inc.), 4.9 grams of Magnacat (a 5% water dispersible
manganese solution; Ultra Adhesives, Inc.), 71 grams of wafer, 1.6
grams of Acrysol RM-5 (thickener; Rohm and Haas) and 30 grams of
RM-1020 (thickener; Rohm and Haas). These mixtures were
equilibrated overnight before films were applied and cured at 70°C at

50% relative humidity.
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Stibstitute sheet - 26/9/96 -65 - EXAMPLE 24 Pol yner 33 was prepared froma
nmonomer m xture containing 346.6 grans of acetoacetoxyethyl nethacry-I|ate
and 187.9 grans of 2- hydroxyethyl acrylate. This was added over a two hour
period to a kettle containing 232.1 grans of butyl cellosolve heated to
105[err]C along with 7.2 granms of t-butyl peroct oasgbgt,mlmtl o &/d)ogr ams
of butyl cellosolve. After two hours, 0.72 grams =

added and the heating continued for 't hi rt')ﬁ M nut es. Anot her 0 72 grams of

Film Ponmer . Block Print
28 day 28 day

CI 27 - with AAEM 7 8

o Comparative 28 - no AAEM 2 4

The acetoacetate functional polymer (CI) showed better block and print

performance.
EXAMPLE 22

Polymer 29 was prepared from a monomer mixture. that contained 192
g of acetoacetoxyethyl methacrylate and 288 g of butyl methacrylate.
This was added to a kettle confaining 320 g of xylene heated to 105°C
over a two hour period along with a separate feed containing 21.6 g of a
70% solution of t-butyl peroctoate. After the feeds were complete, the:
reaction was held at 105°C for thirty minutes, chased with 2 g of the t-

butyl peroctoate solution and held for 30 more minutes before cooling. -

A second Polymer 30 was prepared following the same procédure
except that the monomer solution contained only 480 g of butyl
methacrylate.

To the polymers were added 0.1 wt. % of cobalt (Intercar, a 6% water
dispersible formulation; Akzo) and the autoxidizable component listed )
in the table below. Films were made from these mixtures on glass

slides and cured at ambient conditions for seven days. Swell ratios in

" methyl ethyl ketone were determined.

This is the replacement sheet
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t butyl peroctoate was added and the heating continued for thirty m nutes
before the pol yner solution was cooled. To 10.7 granms of the pol yner was
added-1.15 grans of a 28% sol uti on of amroni um hydroxi de and the -
unsaturated fatty amine listed in the table. This m xture was diluted with

water to provide a 32% solids solution. This was p E | t g Ep , Lsh
and cured under anbient conditions. Film Addg bt tQ. hgkt Piag b/éié

Swel |l Ratio 14 days CO None’ _

di ssolves CP . Soya oil primary am ne33-(0.57 gramns) 2.8 CQ _
Tall oil primary am ne24 (0.60 grans) 2.4 23Adogen 115D, Sherex Chem cal
Co. .

The compositions in accordance with the present invention show

improved performance over the comparative examples which

dissolved.

Film Swell Ratios (7 days)
Polymer: 30 29
Additive (wt. %) Comparatives
None - Compérative ~ dissolve dissolve
Ethyl linoleate 10% dissolve 2.5
PAGE 3% - dissolve 5.0
PAGE 15% dissolve 5.2

Raw Linseed Oil 10% ~ dissolve 3.7

Wpolyallyglycidylether, Santolink XI-100; Monsanto.

EXAMPLE 23

Poiyfner 31 was prepared from a monomer mixture that contained
253.8 grams of water, 9.0 grams of a 23% solution of sodium dodecyl
benzene sulfonate, 531.3 gréms of butyl acrylate, 270.0 grams of methyl
methacrylate, 12.9 grams of methacrylic acid, 42.9 grams of
acetoacetoxyethyl methacrylate, 1.71 grams of n-dodecyl mercaptan.
From this monomer emulsion mixture, 20 grams was removed and
added to a kettle containing a ‘mixture of 703.4 grams of water and 5.5

- grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C. An initiator charge of 2.52 grams of sodium persulfate dissolved

in 42.0 grams of water was added.
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24Adogen 151; Sherex Chenmical Co. Filnms CP and CQ denonstrate cure of a
wat er di spersible solution polymer according to the invention.

Substitute sheet - 26/9/96 -66 - EXAMPLE 25 An al kali sol ubl e pol yner was
prepared froma nononer m xture that contained 726.9 grans of water, 32.1

grans of sodium/lauryl sulfate (28% aqueous sol uti 80 sti [ ays yl
acrylate, 360 grans of nethacrylic acid, 630 gra -

met hacryl ate, 54 grans . -63-

Ten minutes later, the remaining monomer emulsion was gradually
added over a two hour period. After the two hour period, the

emulsion was cooled to 60°C at which point 0.4 grarh of t-butyl
hydroperoxide dissolved in 8.0 grams of water was added followed by
0.5 grams of sodium formaldehyde sulfoxylate dissolved in 8.0 grams of

water. The latex was then cooled to ambient temperature.

Polymer 32 was prepared from a monomer mixture that contained
106.8 grams of water, 3.8 grams of a 23% solution of sodium dodecyl
benzene.sulfonate, 198.5 grams of butyl acrylate, 84.8 grams of methyl
methacrylate, 5.4 grams of methacrylic acid, 72.2 grams of

acetoacetoxyethyl methacrylate, 0.72 grams of n-dodecyl mercaptan.

From this monomer emulsion mixture, 20 grams was removed and
added to a kettle containing a mixture of 296.2 grams of water and 2.3
grams of a 23% solution of sodium dodecyl benzene sulfonate heated to
85°C.

An initiator charge of 1.06 grams of sodium persulfate dissolved in 17.7
grams of water was added. Ten minutes later, the remaining
monomer emulsion was gradually added over a two hour period.

" After the two hour period, the emulsion was cooled to 60°C at which
point 0.17 gram of t-butyl hydroperoxide dissolved in 3.37 grams of

- water was added followed by 0.21 grams of sodium formaldehyde

bisulfite dissolved in 3.37 grams of water.

The latex was then cooled to ambient temperature.

This is tha rsplacemant sheet -
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of n-dodecyl nercaptan.

Fromthis nononer emu sion m xture,

80 granms was

renoved and added to a kettle containing a m xture of 1153.7 grans of

Wat er ,

9.0 grans of sodium acetate and 64.3 grans of sodium |l auryl

sul fate

(28% aqueous sol ution) heated to 82[err]C. An initiator charge of 3.60

grans of sodi um persul fate di ssolved in 50.0 grans B :
t he remai ni ng nononer

Starting ten mnutes |ater,

8'shit .4

added over a three hour period along witpgs2. 70 grams of sodium persulfate

di ssolved in 50 grans of water
peri od,

in a separate feed. After the three hour

the emul sion was cooled to 55[err]C and C_Q:sed by.adding.5.0 grans
of a 0.15%odHugrams ofitheilatexofmautralized jo b P wi

AMIMENYIRY, of t - but yl

2 onseor blgsengey et e (s Rt Pl Helos f 7O dqol © oram o

solution; Union Carbide Corp.), 2.2 grams of diisopropyladipate, 2.2
grams of propylene glycol, 1.25 grams of a 2% aqueous solution of
Natrosol 250 MHR (hydroxyethylcellu-lose thickener), and ammonium
hydroxide to raise the pH to 9.0. The materials listed in the table were
also added: 0.2 grams of cobalt (Intercar, a 6% water dispersible -
formulation; Akzo) and 0.68 grams of linoleic acid and the formulated
mixtures were equilibrated overnight. Films were applied to glass
panels usiﬁg a 15 mil gate, air dried under ambient conditions for one
hour, then baked in a 150°C oven for the differing times listed ir the
Table below.

From the results, it can be seen that film CN demonstrates the rapid
achievement of cure in a heat accelerated experiment, whereas the

Comparative films CK, CL and CM developed cure more slowly.

" Film Polvmer Additives MEK Rubs
’ 0 min2! Smin 10min 20 min
CK 31 None 3 3 5 5
CL 31 - Cobalt 3 7 32 19
CM 32 Cobalt 5 - 85 >100
CN 32 Cobalt/Linoleic
Acid 5 >100 >100 >100

_21films heated at 150°C for the times indicated.
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water. After 20 m nutes, 15.0 grans of 10% hydrogen peroxide in 10.0 grans
of water was added. This was repeated 20 mnutes later. The |l atex was then
taqol ed to anbi ent tenperature. Substitute sheet - 26/9/96 67- The | atex
(Polyrreré) washfi rst neutralized with amoni a to pH:9 5 (acetoacetate all
converted to the correspondi ng enam ne Then, 0 s of .th X
was. added the al kali sol ubl e ?e3| nin %he am)unts %gts st}eﬁeé ‘%%/9255
the pH was readjusted after 24 hours with anmonia to pH:9 5. 'This pol yner
bl end was then added to a -65-

EXAMPLE 24

Polymer 33 was prepared from a monomer mixture containing 346.6
grams of aéetoacetoxyethylmethacry_—late and 187.9 grams of 2-
hydroxyethyl acrylate. This was added over a two hour period to a
kettle containing 232.1 grams of butyl cellosolve heated to 105°C along
with 7.2 grams of t-butyl peroctoate dissolved in 7.0 grams of butyl
cellosolve. After two hours, 0.72 gfams of t-butyl peroctoate was added
and the heating continued for thirty minutes. Another 0.72 grams of
t-butyl peroctoate was added and the heating continued for thirty

minutes before the polymer solution was cooled.

To 10.7 grams of the polymer was added 1.15 grams of a 28% solution of
ammonium hydroxide and the unsaturated fatty amine listed in the
:able. This mixture was diluted with water to provide a 32% solids

solution. This was poured into a petri dish and cured under ambient

conditions.

Film Additional Additives Swell Ratio
14 days

CO None | : dissolves

CcP Soya oil primary amine23 (0.57 grams) 2.8

cQ Tall oil primary amine24 (0.60 grams) 24

23 Adogen 115D; Sherex Chemical Co.
24Adogen 151; Sherex Chemical Co.

Films CP and CQ demonstrate cure of a water dispersible solution

polymer according to the invention.

This is the replacement sheet



nmxture consisting of 4.1 grans.of propylene glycol, 4.1 grans of

di i sopropyl adi pate, 0.29 grans of Triton X-405 (a 70% aqueous sol ution of
pal yet hoxyl at ed nonyl phenol, Uni on Carbide Corp.), 5.11 grans of a 2%
aqueous solution of Natrosol 250 MHR (hydroxyethyl cel | ul ose; Hercul es:
Inc.), 0.68 grans of cobalt (Intercar, a 6% water dj l%l e§c_)l |
Akzo), 0.12 grans of nethyl ethyl ketone oxine, 1. '
and 0.02 grans of Foanaster AP (defoaner; D anond Shanrock Chem cal Co).
This fornulated m xture was equilibrated overnight prior to film

cid

‘application as illustrated in Exanple 1. 6 m Al kal i Sol ubl e Resin
Swell Ratio MEK Rubs wt. % CR ' 0 3.4
55 :

EXAMPLE 25

" An alkali soluble polymer was prepared from a monomer mixture that
contained 726.9 grams of water, 32.1 grams of sodium lauryl sulfate
(28% aqueous solution), 810 grams of butyl acrylate, 360 grams of
methacrylic acid, 630 grams of acetoacetoxyethyl methacrylate, 54 grams
of n-dodecyl mercaptan. |

From this monomer emulsion mixture, 80 grams was removed and
added to a kettle containing a mixture of 1153.7 grams of water, 9.0
grams of sodium acetate and 64.3 grams of sodium lauryl sulfate (28%
aqueous sclution) heated to 82°C. An initiater charge of 3.60 grams of
sodium persulfate dissolved in 50.0 grams of water was added. Starting
ten minutes later, the remaining monomer emulsion was gradually
added over a three hour period along with 2.70 grams of sodium

persulfate dissolved in 50 grams of water in a separate feed.

After the three hour period, the emulsion was cooled to 55°C and
chased by adding 5.0 grams of a 0.15% aqueous solution of iron (II)
sulfate and 1.0 gram of t-butyl hYdroperoxide dissolved in 10.0 grams of
water followed by 0.5 grams of isoascorbic acid dissolved in 20 grams of
water. After 20 minutes, 15.0 grams of 10% hydrogen peroxide in 10.0

grams of water was added. This was repeated 20 minutes later.

The latex was then cooled to ambient temperature.
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CS 3 _ - 33 : 115 CT 6
3.5 150 CU 10, 3.8 215
The results denonstrate that a blend of a |atex polyner and an al kali

sol ubl e pol yner blend can be cured according to the invention.
Substitute sheet.- 26/9/96 -68 - EXAMPLE 26 A pol YRk PLERGr e 6; 9
nmonomer m xture that contained 509.2 grags_of water —T Al
CO- 436 (an ammoni um salt of sul fated

The latex (Polymerl) was first neutralized with ammonia to pH=9.5
(acetoacetate all converted to the corresponding enamine). Theh, to
100 grams of the latex was added the alkali soluble resin in the
amounts listed in the Table and the pH was readjusted after 24 hours
with ammonia to pH=9.5. This polymer blend was then added to a |
mixture consisting of 4.1 grams of propylene glycol, 4.1 grams of
‘diisopropyladipate, 0.29 grams of Triton X-405 (a 70% aqueous solution
“of polyethoxylated nonylphenol, Union Carbide Corp.), 5.11 grams of a
2% aqueous solution of Natrosol 250 MHR (hydroxyethylcellulose;
Hercules Inc.), 0.68 grams of cobalt (Intercar, a 6% water dispersible
solution; Akzo), 0.12 grams of methyl! ethyl ketone'oxime, 1.23 grams of
linoleic acid and 0.02 grams of Foamaster AP (defoamer; Diamond
Shamrock Chemi_cé.l Co). |

This formulated mixture was equilibrated overnight prior to film

applicztion as illustrated in Example 1.

~Film Alkali Soluble Resin Swell Ratio MEK Rubs
_ wt. %
CR 0 3.4 : 55
Cs 3 3.3 115
CT 6 3.5 150

Cu 10 ' 38 ' 215

‘The results demonstrate that a blend of a latex polymer and an alkali soluble

polymer blend can be cured according to the invention.
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nenyl phenoxypol y (ethyl eneoxy) ethanol; GAF Gorp.), 23.5 granms of

met hacrylic acid, 1544.0 grans of acetoacetoxyethyl nethacrylate, 3.1 grans
bf, n-dodecyl mercaptan. Fromthis nonomer enul sion mixture, 49.1 grams was
removed and added to a kettle containing a m xture of 1274.7 grans of mater
and 3.89 grans of Alipal CO 436 heated to 85[err] t r

2.36 grams of sodium persul fate dissolved in 78.8 Sgﬁggﬁﬂﬁ Kl‘% %@ﬁﬁggd
Starting ten nmnutes later, the renaini ng8rononmer enul si.on was gradual ly
added over a two hour period along with 1.4 grans of sodium persul fate

di ssolved in 50 grans of water in a separate feed. After the two hour
period, the emul sion was cooled to 60[err]C and chased by adding 1.0 gram
of t-butyEXANRIEREXIi de dissolved in 13.1 grans of water followed by 0.5
grans of isoascorbic acid dissolved in 13.1 grans of water. The

L4

A polymer was prepared from a monomer mixture that confained 509.2
grams of water, 23.1 grams of Alipal CO-436 (an ammonium salt of sulfated
nonylphenoxypoly (ethyleneoxy) ethanol; GAF Corp.), 23.5 grams of
methacrylic acid, 1544.0 grams of acetoacetoxyethyl methacrylate, 3.1 grams of

n-dodecyl mercaptan.

From this monomer emulsion mixturé, 49.1 grams was removed and added
to a kettle containing a mixture of 1274.7 grams of water and 3.89 grams of
Alipal CO-436 heated to 85°C. An initiator charge of 2.36 grams of sodium
persulfate dissolved in 78.8 grams of water was added. Starting ten minutes
later, the remaining monomer emulsion was gradually added over a two
hour period along with 1.4 gramé of sodium persulfate dissolved in 50 grams

of water in a separate feed.

After the two hour period, the emulsion was cooled to 60°C and chased bjf
adding 1.0 gram of t-butyl hydroperoxide dissolved in 13.1 grams of water
followed by 0.5 grams of isoascorbic acid dissolved in 13.1 grams of water. The

latex was then cooled to ambient temperature.

The polymer was neutralized and equilibrated to pH=9.5 with ammonia and

the solid content of the solution was reduced to 25 wt. %.

The additives listed in the Table were then added to 16 grams aliquots, mixed,

and poured into petri dishes and cured at ambient temperatures.

This is the replacement sheet
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| atex was then cool ed to anbient tenperature.- The pol yner was neutralized
and equilibrated to pH=9.5 with amoni a and the solid content of the

Sql ution was reduced to 25 wt. % The additives listed in the Table were
then added to 16 grans aliquots, mxed, and poured into petri dishes and

cured at anbi ent tenperatures. Substitute sheet 96 -69 5; kiive
Amount Swell Ratio 7 days CV  None Subégﬁ?t/e sqneeQ- 2?@%'6

-69 -
Additive "~ Amount Swell Ratio
7 days
CV  None - 11.4
CW Cobalt (Intercar) - 0.07 grams  11.3
CX  Cobalt (Intercar) + 0.07 grams 7.6
Linoleic acid 0.24 grams

Film CX demonstrates the use of the invention in very high AAEM content
polymer (98.5%).

Thie is the replacement sheei
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CW Cobalt (Intercar) 0.07 grans® 11.3 CX Cobalt (Intercar) +

0. 07 grans 7.6 Linoleic acid ©0.24 grans Film CX denonstrates the
Use of the invention in very high AAEM content pol yner (98.5%. o
Substitute sheet - 1 1 April 1998 -70 - CLAMS: 1. A sel f-crosslinking,

air curing, filmform ng conposition conprising a ghg#iuﬁglmrt _C‘é)é'lfg?égi ng

pendant acetoacetate functionality and an autoxi di zabl e conponent-select ed
from ' -70-

cLAIMS: o R R O W0

1. A self-crosslinking film-forming composition comprising a vinyl polymer
containing pendant acetoacetate functionality and a component which

generates a free radical flux on exposure to oxygen, such as oxygen in the air.

2. A composition according to claim 1 wherein the vinyl polymer containing
pendant acetoacetate functionality is soluble in water or water-co-solvent

mixtures. -

3. A composition according to claim 1 or 2 wherein the vinyl polymer
containing pendant acetoacetate functionality is a solution polymer in non-

agqueous. organic solvent.

4. A composition according to any preceding claim wherein the vinyl
polymer containing pendant acetoacetate functionality is an emulsion or

dispersion polymer.

53 A compositibn according to any preceding claim wherein the pendant
acetoacetate is incorporated in the vinyl polymer by polymerization of a
monomer selected from the group consisting of allyl acetoacetate,
acetoacetoxyethyl methacrylate, acetoacetoxypropyl methacrylate, and

- acetoacetoxybutyl methacrylate.

6. A composition according to claim 5 wherein the vinyl polymer contains

from about 0.5 to 100 percent of the acetoacetate monomer by weight.

: THIS SHEET HAS BEEN

B
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5<the group consisting of drying oils, drying -oil fatty acids, alkyds
containing drying oils, esters of drying oil fatty acids, sorbic acid and
esters thereof, allyl functional materials, alkyd functional soaps,

| soprenes, butadiene, crotyl nethacrylate, allyl nethacrylate,

met hacrol ein, acrolein, polyallyl ethers, and nt xt
conposition accordlng to claiml wherein the vinyl
pendant acetoacetate functlonallty i's soluble in mater

m xtures. 3. A conmposition according to claim1l1 or
pol ymer contai ni ng pendant acetoacetate7lunctionality i s Il mm "I“
[ @ *

I N non-agueous organi c solvent. 15 4. A corrp05| tion acoor
precedi ng cl ai mwherein the vinyl polymer containing pendant acet oacet at e
functionality is an enul sion or dispersion polymer. 5. A conposition

accordi ngzt o éaﬁxﬁﬁs@ﬁsﬁla'&aox‘axﬁgrfb\m@r pratetiiveg piritanthezeiet fiaceinglle i s 20
I ncorporated in the vinyl polynmer by poI yneri zation of a nononer sel ected
from the polymper is a homopolymer or copolymer of acetoacetoxyethyl methacrylate or

acrylate.

8. A composition according to any preceding claim wherein the vinyl
acetoacetate polymer is a blend of a water soluble acetoacetate polymer and an

emulsion or dispersion acetoacetate polymer.

9. A composition according to any preceding claim wherein the composition

further comprises a metal drier.

10. A composition according to claim 9 wherein the metal drier is

incorporated at 0.01 to 1% metal content by weight.

11. A composition according to'claim 9 or claim 10 whereir the metal drier is

a cobalt salt.

12. A composition according to any one of claims 9 to 11 wherein the metal
drier is complexed to a complexing agent that prevents substantial reaction in

the substantial absence of oxygen but does not prevent reaction in films.

13. A composition according to any preceding claim wherein substantially all
~ of the pendant acetoacetate functionality has been converted to or is present as

pendant enamine functionality.

This is the rebtac‘ement sheet
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consisting of allyl acetoacetate, acetoacetoxyethyl th

acet oacet oxypropyl nethacryl ate, and acet oacet oxybutyl nammﬂmnl”“"llll
vA conposition according to claim5 wherein the vinyl polyner ccomtamrnssfrom
about 25 0.5 to 100 percent of the acetoacetate nonomer by wei ght.
Substitute sheet - 26/9/96 -71 - 7. A conposition a

precedi ng clai mwherein the vinyl polynmer is a ho é‘ﬁmﬁ%%hfegt u?\?/?./.%? of
acet oacet oxyet hyl methacrylate or acrylate. 8. A conposition according to
any preceding clai mwherein the vinyl =-72- :

14. A composition according to claim 13 wherein the pendant acetoacetate
functionality has been converted to pendant enamine functionality by
reaction with a molar excess of ammonia or a primary amine capable of

enamine formation.

15. A composition according to claim 14 wherein the primary amine is
selected from the group consisting of ethanolamine, methyl amine, and

isopropylamine, including mixtures thereof.

16. A composition according to any preceding claim wherein the component

which generates a free radical flux is an autoxidisable component.

17. A composition according to claim 16 wherein the autoxidizable

component contains one or more sites of unsaturation.

18. A composition according to claim 16 or 17 wherein the autoxidizable
component is selected from the group consis.ting of unsaturated fatty acids,
drying oils, alkyds containing drying oils, esters of unsaturated fatty acids, allyl:
ether functional materials, allyl functional materials, alkyd functional soaps,
isoprenes, butadiene, crotyl methacrylate, allyl methacrylate, methacrolein,

acrolein and polyallyl ethers, including mixtures thereof.

19. A composition according to any one of claims 16 to 18 wherein the

autoxidizable component is incorporated into the vinyl polymer.

20. A composition according to any one of claims 1 to 15 wherein the
component which generates a free radical flux is a peroxide or a mixture of

peroxides that produce free radicals.
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-

“acetoacetate polyner is a blen bl e acetoacetate polymer and-

an enul si on or dispersion ac 9. A conposition according
*tQ any precedi ng cl ai mwhere mdm 'LHJWEMIHI n further conprises a netal
drier. 10. A conposition accor mhereln the metal drier is
incorporated at 0.01 to 1% netal- content by wei ght : Sida _
according to claim9 or claim210 wherein the netaISHﬁggpﬁFggﬂﬂﬂ 3 Eﬂgalt
12. A conposition according to any one of clains 9 to 11 wherein the netal
drier is conplexed to a conpl exi ng agent ~hhat prevents substantial reaction
in the substantial absence of oxygen but “does not prevent reaction in
films. 13. A conposition according to any preceding claimwherein-
substantially all of the pendant acetoacetate functionality has been

converted fo R b p%sﬁlon accordmg to claims 20 wherein the component which

generates a free radical flux is a peroxide or a mixture of peroxides that

produce free radicals at from about 0.5 to about 10 percent.

22. A one part pack comprising a composition according to any one of the
preceding claims stored in a sealed container in the substantial absence of

oxygen.

23. A method of stabilizing an acetoacetate functional polymer, such as a
polymer according to any one of claims 1 to 21, in water to prevent hydrolysis
of the acetoacetate functionality prior to use comprising adding ammonia or
primary amine in an amount sufficient to form the enamine of the
acetoacetate functionality and then storing the resulting composition under

conditions that prevent reversal of the enamine formation during storage.

This is the replacement sheet
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pendant enam ne functionality. -72 - 14 A conposition according to
~claim 13 wherein the pendant acet oacet'at e functionality has been converted
'to pendant enami ne functionality by reaction with a nolar excess of amoni a
or a primary am ne capabl e of enam ne formation. 5-15. A conposition
according to claim 14 wherein the prinmary ani ne is Substitutaisheeim 269/@6up
_consi sting of ethanol am ne, nethyl aﬁﬂﬁ%{ Gd | sopropyl am ne, including

m xtures thereof. 16. A conposition accordlng to.any one of clainms 1 to
15 wherein the autoxidi zabl e 10 conponent is incorporated into the vinyl

pol ymer.
_ AIR CURING POLYMER CQMPOSITION _

An air curing polymer composition is disclosed which contains acetoacetate
functional polymer and a component which generates a free radical flux. The
‘component can be an autoxidizable material and/or a peroxide. The
composition cures on exposure to oxygen. One pack stable ambient curing
compositions and a method of stabilizing acetoacetate functional groups to

prevent hydrolysis are also disclosed.

This is the replacement sheet
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17. .. A one part packe conprising a.conposition according to any one of the
"preceding clains stored in a sealed container in the substantial absence
oxygen. 15 18.- - A nethod of stabilizing an acetoacetate functional vinyl
pol-ymer i'n water to prevent hydrolysis of the acetoacetate functionality
prior to use conprising addi ng ammoni a or pr&gpstitLRgisheet d TN APIMUYIS
sufficient to formthe enam ne of the acetoacetate—functt+onatty—eand—t hen
storing the resulting conposition under conditions that prevent reversal:
the enamine formation during storage. -3-Substitute sheet - 26/9/96 -73 -
21. A conposition according to clains 20 wherein the conponent which

10

15

20

25

“ According to a first aspect of the present invention there is provided a self-crosslinking, air

curing, film-forming composition comprising a vinyl polymer containing pendant acetoacetate
functionality and an autoxidizable component selected from the group consisting of drying
oils, drying oil fatty acids, alkyds containing drying oils, esters of drying oil fatty acids,
sorbic acid and esters thereof, allyl functional materials, alkyd functional soaps, isoprenes,
butadiene, crotyl methacrylate, allyl methacrylate, methacrolein, acrolein, polyallyl ethers,
and mixtures thereof.

According to a second aspect of the present invention there is provided a one part pack
comprising the composition according to the first aspect of the present invention stored in a
sealed container in the substantial absence of oxygen.

According to a third aspect of the present invention there is provided a method of stabilizing
an acetoacetate functional vinyl polymer in water to prevent hydrolysis of the acetoacetate
functionality prior to use comprising adding ammonia or primary amine in an amount
sufficient to form the enamine of the acetoacetate functionality and then storing the resulting
composition under conditions that prevent reversal of the enamine fonngtion during storage.

The vinyl polymers for use in the composition according to the present invention are vinyl
polymers with pendant acetoacetate groups. However, the term "pendan " is used in the
specification to mean "attached to the polymer backbone and available for further reaction"
and pendant should not be read in the strict sense which would exclude the attachment of such
groups at the termini of a polymer cham Thus, polymer having acetoacetate functionality
introduced on the chain end by an acetoacetate functional mercaptan as taught in US-A-
4,960,924 would be useful in this invention.
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generat.es a free radical flux is a peroxide or a m xture of peroxides that
produce free radicals at fromabout 0.5 to about 10 percent. 22. A one part
pack conprising a conposition according to any one of the preceding clains
stered in a sealed container in the substantial absence of oxygen. 23. A
method of stabilizing an acetoacetate functi Sabstitutée \siveet - slic Apait 1298 yner
according to any one of clains 1 to 21, in water—toprevemt—hydrotysrs of

t he acetoacetate functionality prior to use conprising addi ng anmoni a or
primary am ne in an anmount sufficient t8-formthe enamine of the
acetoacetate functionality and then storing the resulting conposition under
conditions that prevent reversal of the enam ne formation during storage.

The present invention provides a film forming polymer which has a cross linking mechanism
that is operative after film formation is complete, thereby overcoming the problems associated
with the known film forming polymers.

5 Preferably, the film-forming composition comprises a metal drier.

Advantageously, the metal drier is incorporated in an amount of from 0.01 to 1% metal
content by weight. Advantageously, the metal drier is a cobalt salt.

10 Preferably, the metal drier is complexed to a complexing agent that prevents substantial
reaction in sealed containers in substantial absence of oxygen but does not prevent reaction

in films. Typically, the complexing agént may be an oxime.

Preferably, the vinyl polymer containing pendant acetoacetate functionality is soluble in water
15 or water-co-solvent mixtures. =Advantageously, the vinyl polymer containing pendant
acetoacetate functionality is an emulsion or dispersion polymer.

Preferably, all the pendant acetoacetate functionality has been converted to pendant enamine
functionality, more preferably by reaction with a molar excess of ammonia or a primary
20 amine capable of enamine formation. Advantageously, the primary amine is ethanolamine,

methyl amine, or isopropylamine or a mixture thereof.
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CLAIMS:

Substitute sheet - 11 April 1998

-70 -

N N

1. A self-crosslinking, air curing, film-forming composition comprising a vinyl polymer
containing pendant acetoacetate functionality and an autoxidizable component selected from
the group consisting of drying oils, drying oil fatty acids, alkyds containing drying oils, esters
of drying oil fatty acids, sorbic abid and esters thereof, allyl functional materials, alkyd
functional soaps, isoprenes, butadiene, crotyl methacrylate, allyl methacrylate, methacrolein,
acrolein, polyallyl ethers, and mixtures thereof.

2. A composition according to claim 1 wherein the vinyl polymer containing pendant
acetoacetate functionality is soluble in water or water-co-solvent mixtures.

3. A composition according to claim 1 or 2 wherein the vinyl polymer containing pendant

acetoacetate functionality is a solution polymer in non-aqueous organic solvent.

4. A composition according to any preceding claim wherein the vinyl polymer containing
pendant acetoacetate functionality is an emulsion or dispersion polymer.

5. A composition according to any preceding claim wherein the pendant acetoacetate is
incorporated in the vinyl polymer by polymerization of a monomer selected from the group
consisting of allyl acetoacetate, acetoacetoxyethyl methacrylate, acetoacetoxypropyl

' methacrylate, and acetoacetoxybutyl methacrylate.

6. A composition according to claim 5 wherein the vinyl polymer contains from about
0.5 to 100 percent of the acetoacetate monomer by weight.

bt an—
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s *

-72-

14. A composition according to claim 13 wherein the pendant acetoacetate functionality
has been converted to pendant enamine functionality by reaction with a molar excess of

ammonia or a primary amine capable of enamine formation.

15. A composition according to claim 14 wherein the primary amine is selected from the
group consisting of ethanolamine, methyl amine, and isopropylamine, including mixtures
thereof.

16. A composition according to any one of claims 1 to 15 wherein the autoxidizablé
component is incorporated into the vinyl polymer.

17. A one part pack comprising a composition according to any one of the preceding
claims stored in a sealed container in the substantial absence of oxygen.

18. A method of stabilizing an acetoacetate functional vinyl polymer in water td prevent
hydrolysis of the acetoacetate functionality prior to use comprising adding ammonia or .
primary amine in an amount sufficient to form the enamine of the acetoacetate functionality
and then storing the resulting composition under conditions that prevent reversal of the

enamine formation during storage.
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