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air-karing conposition conprising an acet oacet ate functional VI nyl pol ymer

and pol yf or mal dehyde chain reversi bly acetal endblocled wt
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t he %/rformal dehyde chain is the acetal end-blocked product of the

rea tof fornal dehyde with an al cohol which contains an autoxidi zabl e

grouw. Preferably the pol yfornal dehyde chain also contains the residues of

a dipydroxyl functional 25 material. Preferably, the acetal end- Q}'L lg(lédl&,,
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in the absence of aimospheric oxygen.

Preferably the polyformaldehyde chain is the acetal end-blocked product of the

reaction of formaldehyde with an alcohol which contains an autoxidizable

group.

Preferably the polyformaldehyde chain also contains the residues of a dihydroxyl

‘% functional material.

Preferably the acetal end-blocked polyformaldehyde chain is the product of the
reaction of formaldehyde with a monohydroxyl alcohol selected from the group
consisting of benzyl alcohol, p-methoxybenzyl alcohol, benzhydrol, cinnamyl
alcohol, 2, 4-hexadien-1-0}, allyl alcohol and crotyl alcohol. —
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or mal dehyde chain is not available for reaction wth the acetoacetate
r functionality until the end-bl ocking group is renoved. 20 The
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group is removed.

The advantages of the present invention are that it provides compositions which

flow during film formation and then cure through the reaction of the

acetoacetate with the aldehyde released from the polyaldehyde chain.

The preferred polymers are vinyl polymers with pendant acetoacetate groups.
The term “"pendant" is used in the specification to mean "attached to the
polymer backbone and available for further reaction." 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, the polymer(s) of US-A-4960924 having
acetoacetate functionality introduced on the chain end by an acetoacetate

functional mercaptan would be useful in this invention. .
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red by means known in the art. A preferred nethod is polynerization
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rred nononer i s acetoacetoxyethyl nethacrylate which is conveniently
red to throughout this specification as AAEM shown below [err]
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etoacetyl ated Coating Resins Wtzenman,J. S.; Dell Nottingham W, Del
Rectpr, F. J. Coatings Techpol ogy; Vol. g2, 1390, 101. (and references
cont pi ned therein)). The viphyl pol ynersy f thijp invention are nost often

copojyners of the eLoace sy CEhqrrHand ot her nononers.
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Examples of other monomers useful for 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 polymerizable 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 Acetoacetylated 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




methacrylate, hydroxypropyl methacrylate and acrylate, N-vinyl pyrolidinone,
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filmformation is not seriously inpaired. The acetoacetate functional
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woul il 5 cetoacetate 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 havihg 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.



such as alkali or ammonium alkyl sulfates, alkyl sulfonic acids, and fatty acids,
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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.

In some cases, the polymer is prepared in a conventional organic solvent such as
xylene or toluene. When organic solvent is employed with or without water, it
is convenient 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.
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least one outer phase and the interior of the particle will be occupied by at least
one inner phase. 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 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.




particularly on heat-aging. The hydrolysis occurs at nearly any pH and yields
exposed to a,free radical flux. The blend of alkali soluble resin and
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techinol ogy is for curing vinyl o .
mgt)ilyll Samine, olx! ilsogro\Syl)gmine. 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.

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.
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incomplete enamine formation. The enamine formation is a reversible reaction,
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The end-blocked polyformaldehyde chain can be produced by known methods.
such as those described in U.S. Pat. No. 2,449,469 and Webb, R. F.; Duke, A. J.;
Smith, L. A. S., . Chem. Soc., 1962, p. 4307. A preferred end-blocked
polyformaldehyde is a polyformaldehyde acetal chain, which can be prepared by

reaction of a quantity of formaldehyde with two molecules of an alcohol that
contains an autoxidizable group. Preferably, the autoxidizable end group 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. Examples of such alcohols include benzyl alcohol p-
methoxy- benzyl alcohol, benzhydrol, cinnamyl alcohol, 2,4-hexadien-1-ol, allyl
alcohol and crotyl alcohol.

The molecular weight of the chain is a function of the number of formaldehydes
per chain. Higher numbers of formaldehyde tend to cause the formation of

highly insoluble materials.




and
int
as i

incc]‘rplete enamnefor mn nis a reversible
reach i oh geRsTICIRXAMpIe; thﬁ f‘?_ﬁ&%ﬁ %‘ érpf}%a eés after filmformation

n exposure to the atnosphere, the pendant acetoacetate is regenerated
he film The wet conposition is quite storage stabl e, however, as |ong

b is stored under condiRi@XSHps (ORYy ORI cont ai ner) where the

am ne/ anmoni a cannot evaporate. Cure of these filns is not inpeded by the

pres
appr

enany ne

appr
be ke
t he
chai
Pat .
Soc.

pol y

aut o
oxi d

Fr eet

Yor k
benz
2, 4-
of th

ence of the ammonia or am ne which nornmally evaporates. Another

DaCJO?Efé R} %B%atmeﬂooilem p¥dide!of N easiBnbridizatlecltovel anch pebdapt
unctionally is to use preforned enam ne nononers derived fromthe

3praladsleolarp—netho:dybérezyl@émimiebanyilhmghmmmmyﬂ mlephals &,4-hevadientist

el AUk loeiPolBl. A 3oH il "B XE IRARR£ s rﬁé‘%ﬁ‘?ﬁﬁ‘ !
n il R sé¥erd &&‘i&? Eke'fﬂ@t\ﬁl ”R»} Wdﬁlv&l’éﬁhoﬁ@aﬁxb@&&xcﬂhscr| bed in U.S.
No. 2,449,469 and Wbb, R F.; Duke, A J.; Smth, L. A S, T. Chem

1962, p. 4307. A preferred end- bl ocked poI yf or mal dehyde is a

quanF?[ﬁéﬁgﬁ Wi BlcRed BobRIISY IR RRpRE D PERR' £t Big) SR po BRI ke

Zid%}lxzzﬁﬁl £ %ﬁﬂﬁlat@ﬂe{ﬁﬂﬁ%ﬁ/acét@k&ﬂt@ﬁb(ﬁ fadtl o W@c@ua ch:&ﬁposmon

Itires as defined by W C. Lloyd ("Autoxidations" in Methods in
Raaiving aCpEhintthjs rengs. Whenethe Rempesitionois. appligdr t12 pRREAtE, New

1973 f greater t.han 1 f | S i¢RE!

| Aimanhertt SRyERD A Delfevil 6 sl Ble ReySUiethpfone on (e L
% 9 of -thle. @ryaydewcr@tmlfomda nydw?eﬁdmdb,ohs sRbevrmin estep dr ofutheht
hai'n is a unctl on of the nunber of fornmal dehydes per chain. Hi gher

nunbler. sfoifOngrm%Fé’fWHe tend to cause the formation of highly insoluble

mat e

i al s.

The following illustration represents an end-blocked polyaldehyde chain which
contains three aldehyde units, the case where x + z = 3 in the general formula

above and y = 0). In this example, the terminal R group is a vinyl substiuent.
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limg§ed to about 1 to 14, depending on the end-bl ocking al cofol. Liquid
end- pl ocked pol yf or mal dehyde chains that are soluble in the pol yner
solujion are preferred. 5 A generic exanple of these polyformals is shown
bel oy R[err](OCH[err])x (RerrJOy(CHerr]Oferr] R wheregRerr] is the
monoyal ent r@gsi du of ard easi | y oxi dlgabl aI cghol Hchﬁgs nzyI al cohol
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are |ntegers fromone to seven and y is zero or 1.Rerr] iB a Wi val ent
orgapic radical. The resulting bl ocked pol yal dehyde is stable at basic pH
and fhe pol yal dehyde chain is 15 formul ated with an acetoacetate polyner to
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|on represent an‘en | ocked pol'yal dehyde chain i ch

cont hi NgHeh ﬁﬁ@el@}‘&l@ hyebedines aret thenc aveilablr €ox crogsithkingt the gertoadetate
fornmula above and y = 0. In this exanple, the termnal R group is a vinyl
substit gaups. 10 [err]

-9- }herefore, In practice, the nunber of formal dehydes per ghai nis

Preferred compositions typically include glycol residues where y = 1 as expressed
in the generic formula and 2 to 14 formaldehydes per chain. To achieve
solubility in the polymer solutions, liquid compositions are preferred which
limits the number of dihydroxy functional materials and formaldehydes per

chain.

If it is desired to produce higher molecular weight polyaldehyde chains, for
example to reduce volatility, a di-hydroxyl functional material, such as a
difunctional alcohol (e.g. 1,4-butanediol) can be included with the reactants to

increase the molecular weight of the polyaldehyde chain.

The compositions are believed to crosslink through a two step mechanism

involving two acetoacetate groups and an aldehyde molecule. In the first step,

the aldehyde reacts with an acetoacetate group via the Knoevenagel reaction to

produce an alkylidene group.
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copper, zin¢, 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, naphthenate or the acetoacetonate is used for solubility or compatibility

reasons.

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 at
room temperature. Finally, 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 methyl 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.
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MEK Rub Resistance

Films were constantly soaked with methyl ethyl ketone. Data was 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

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 methyl ethyl ketone
mixture was filtered to drain unabsorbed MEK solution. '




Film Swell Ratio
12 After evaporation of the water or solvent, the volatile oxinme is driven
off gnd the drier activity of the cobalt is restored. The oxine stabilizer
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MEK >0| téhPératures. A layer of cheesecloth was then placed over the film and covered
by a rubber stopper that had a surface area of approximately 2.54 cm square (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.
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hydroxide was added. The mixture was diluted with ether, filtered, washed twice

o Neailechibi EeAsghe Hhe MO RALRSORMERT 5 Sk S Rert ity Rififhium

with water, dried over anhydrous magnesium sulfate and the solvent removed

by roto evaporation.

Curing agent C was prepared by placing 184.4 grams of benzhydrol, 150.0 grams of
paraformaldehyde, and 0.33 grams of p-toluenesulfonic acid into a kettle
equipped with a nitrogen sparge, Dean Stark trap and condenser. This mixture

was heated to 80°C for four hours, 150 ml of hexanes was added, the mixture was

heated to reflux and water collected by azeotropic distillation. After water
collection ceased, the mixture was cooled and 1.7 grams of tetrabutylammonium
hydroxide was added. The mixture was diluted with ether, filtered, washed twice

with water, dried over anhydrous magnesium sulfate and the solvent removed

by roto evaporation.
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After water collection ceased, the mixture was cooled and 100 grams of a 10%
aqueous sodium hydroxide solution was added. The mixture was diluted with
ether, filtered, washed twice with water, dried over anhydrous magnesium

sulfate and the solvent removed by roto evaporation.

Curing agent F was prepared by placing 432.6 grams allyl alcohol, 301.0 grams of
paraformaldehyde, 36 grams of water and 0.2 grams of methanesulfonic acid into
a kettle equipped with a nitrogen sparge, Dean Stark trap and condenser. This
mixture was heated to 80°C for one hour, 10 grams of calcium chloride was added

and the heating continued. After two hours, 150 grams of hexanes was added,

the mixture brought to reflux and water was removed by azeotropic distillation.
After water collection ceased, the mixture was cooled, diluted with ether, filtered,
washed twice with water, dried over anhydrous magnesium sulfate and the

solvent removed by roto evaporation.
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this was added 1.0 gram Tnton X-405 4.5 grams of propylene glycol and 4.5 grams

of dnsopropyladlpate. To 10 gram aliquots of this formulated mixture was added
0.09 grams of cobalt (Intercar/Akzo) if indicated and the materials listed in the
Table. These mixtures were equilibrated overnight before films were applied on

glass slides using a 0.04 cm (15 mil) gate.
The films were cured under ambient conditions on the laboratory benchtop.

Soluble fractions of the films were measured as a function of time.
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Comparative Examples 1 and 2 demonstrate poor cure. Films 3-14 demonstrate

improved cure according to the invention.
EXAMPLE 2

Curing agent G was prepared by placing 142.2 grams of crotyl alcohol, 301.2 grams
of paraformaldehyde, 88.1 grams of 2-butene-1,4-diol and 16.0 grams of calcium
chloride in a flask equipped with a nitrogen sparge, reflux condenser and Dean

Stark trap. This mixture was heated to 80°C for two hours, 150 grams of hexanes

was added, the mixture was heated to reflux and water was removed by
azeotropic distillation. After 33.4 grams of water was removed, the reaction was
cooled and 18 grams of potassium carbonate was added. After one hour, an
additional 300 grams of a 5% aqueous solution of sodium sulfite was added and

the mixture was equilibrated overnight.
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9) benzyl 74 89, 90 43 4 A + Co
82 36875 ggamsoof water, 10.75 gramis of sodium dodecyl benzene sulfonate and 2.56

grams of sodium acetate heated to 85°C under nitrogen. An initiator charge of
1.6 grams of sodium persulfate dissolved in 30 grams of water was added.
Starting ten minutes later, the remaining first monomer emulsion was gradually
added over 1.5 hours along with a separate catalyst feed consisting of 0.9 grams of
sodium persulfate dissolved in 50 grams of water. The latex temperature was
maintained for twenty minutes and then an initiator charge consisting of 1.8
grams of sodium persulfate dissolved in 160 grams of water and 3.6 grams of
sodium dodecyl benzene sulfonate was added. After ten minutes, the second
monomer emulsion was gradually added over 1.5 hours along with a separate
catalyst feed consisting of 2.4 grams of sodium persulfate dissolved in 50 grams of
water. The temperature was maintained for fifteen minutes and then 0.8 grams
of t-butyl hydroperoxide dissolved in 30 grams of water was added followed by 0.5
grams of isoascorbic acid dissolved in 30 grams of water. Fifteen minutes later,

7.2 grams of a 30% solution of hydrogen peroxide diluted with 30 grams of water
g ydrogen p g

was added. The addition of hydrogen peroxide was repeated after ten minutes.
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cm (15 mil) gate to give dried films in the thickness range of 0.05-0.07 cm (2-3

mils). Films were cured under ambient conditions on the laboratory benchtop

for the duration of the tests.

Film Additive Amount Swell MEKRubs
Ratio lday 7day 28 day

15 None - - 54 15 10 10

16  Hexenyl diethyl acetal | 36¢g - 8.0 21 11 25

17  Curing agent G 15g 34 31 58 101

Film 17 demonstrates cured film properties according to the invention.

Comparative example 15 and comparative example 16 which contains a non-

autoxidizable acetal shows poor cured film properties.
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Curing agent K was prepared by placing 126.2 grams of crotyl alcohol, 300.0 grams
of paraformaldehyde, 67.1 grams of trimethylolpropane and 6.9 grams of calcium
chloride in a flask equipped with a nitrogen sparge, reflux condenser and Dean
Stark trap. This mixture was heated to 80°C under a nitrogen sparge for two
hours. To this mixture was added 150 grams of hexanes, the mixture was heated
to reflux and water was removed by azeotropic distillation. After water
collection ceased, the reaction was heated to 100°C for two hours and all distillate
was collected. The reaction mixture was cooled and 3 grams of sodium carbonate
was added. After one hour, an additional 100 grams of a 5% aqueous solution of

sodium sulfite was added and the mixture was equilibrated overnight.
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ambient temperature.

To 200 grams of the latex neutralized to pH = 8 with dimethylaminoethanol was
added 1.0 gram Triton X-405 (Union Carbide Corp.), 1.2 grams of cobalt
(Intercar/Akzo, 6% solution), and 0.02 grams of a 70% aqueous solution of t-
butylhydroperoxide. To 15 gram aliquots of the latex mixture was added a premix
consisting of 0.66 grams of propylene glycol, 0.66 grams of diisopropyladipate, 1.3
grams of a 2% aqueous Natrosol 250 MHR solution (thickener; Hercules, Inc.), 0.7
grams of Triton X-405 and 0.1 grams of the material listed in the Table. These
mixtures were equilibrated overnight before films were applied on B-1000 steel

panels using a 0.04 cm (15 mil) gate.

The films were cured under ambient conditions on the laboratory benchtop.
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prepared by an |dent|cal procedur e

0 curing agent froma
kettle containing a mixture of 741 grams of water heated to 85°C under nitrogen

was added 21.5 grams of a 45% solids solution containing 100 nm particles of
BA/MMA/ MAA latex seed polymér. An initiator charge of 7.6 grams of sodium
persulfate dissolved in 25 grams of water was 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 tetnperature was held at 85°C

for 15 minutes. The latex was then cooled to ambient temperature.

A second polymer (V) 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.
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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 0.02 cm (8 mil) gate to give dried films in the thickness
range of 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
23 VI  None soluble 2 0 soluble 4 0
24 \'% None 9.5 3 1 8.1 4 3
25 IV None 55 4 1 6.1 5 3
26 VI  Curing agent G gel 4 1 gel 8 3
27 V  CuringagentG 39 6 2 32 8 3
28 IV~ Curing agent G 3.3 8 2 24 9 4
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solvent removed by rotoevaporation.

Curing agent M was prepared by an identical procedure using a mixture
consisting of 174.2 grams allyl alcohol, 271.1 grams of paraformaldehyde, 132.2

grams of 2-butene-1,4-diol and 1.73 grams of ferric chloride.

A polymer (VII) was prepared from a monomer mixture that contained 525
grams of water, 17.1 grams of sodium dodecyl benzene sulfonate , 971.7 grams of
butyl acrylate, 415.3 grams of methyl methacrylate, 23.5 grams of methacrylic acid,
156.7 grams of acetoacetoxyethylmethacrylate, 3.13 grams 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 9.07 grams of sodium
dodecyl benzene sulfonate (2.3% solution) heated to 85°C under nitrogen. 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 grams gradually added over a two hour period. After the two hour period,
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(V) vva repared according to the sane praocedure f noner m xture

t hat d 14 rans . of vvatM%ﬁgms of ol ution of sodium

: dodecyl benzene sulfonate 1148.9 grans of ethyl acrylate 707.2 grans of
nmet Ryl net hacryl ate, 25.8 grans of nethacrylic acid and 99.0 grans of

acetjoace®®xyet hy| amgmnpaday| at e. none soluble
30 ammonia L ‘ soluble
31 ammonia M soluble
32 butylamine none soluble
33 butylamine L soluble
34 butylamine M soluble
35 isopropylamine none soluble
36 isopropylamine L soluble
37 isopropylamine M partially soluble

Samples 30, 31, 33, 34, 36 and 37 demonstrate the ability to achieve one-pack
stability in formulated mixtures with different amines by comparison to samples
29, 32 and 35.
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O Films 39 and 41 exhibit the improved cure properties of the invention versus the
examples that are missing an element of the invention (38 and 40). Film 41

demonstrates one-pack heat aged stability.

EXAMPLE7

Curing agent N was prepared by placing 144.2 grams of crotyl alcohol, 180.0 grams
of paraformaldehyde, 88.1 grams of 2-butene-1,4-diol and 5.0 grams of calcium
chloride in a kettle equipped with a nitrogen sparge, Dean Stark trap and reflux
condenser. This mixture was heated to 80°C for three hours, 150 grams of
hexanes was added, the mixture was heated to reflux and water was removed by
azeotropic distillation. After water collection ceased, the mixture was heated to
110°C for two hours and all distillate was collected. The reaction mixture was

cooled and 10 grams of potassium carbonate was added.
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application on B-1000 steel panels using a 15 mil gate. A portion of the

formulation was heated for 10 days at 60°C and new films were made in a similar

- fashion.

Film_Curing Agent MEK Rubs 1day 28 days
42 none 8 8
43 N 18 43
44 o 48 53
45 L 60 65
46 M 45 75
Heat-Aged Materials

47 none 8 8
48 N 21 41
49 O 38 76
50 L 40 52
51 M 24 70
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( unljessunderditoogen.wiAm )initfatoheharge of) 1dggrams iof tsedium pérsulfate 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 cooled to ambient temperature.

To 100 grams of each latex was added 0.5 grams of Triton X-405 (Union Carbide
Corp.), 0.02 grams of t-butyl hydroperoxide and the latex was neutralized and

equilibrated to pH = 9.5 with ammonium hydroxide (28% aqueous solution).
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Curin gent (THF) 29 ammni a none

solub!e 30 armoni a soluble 31

ﬁgﬂgn' 4Thin films_were % down o&fﬁﬂ@% s#%elepg’x%els usmgLa SERG ghte to give

sol ybl edsiéd fllms 1huh§|thtﬂldiﬁss range of 0.008-0.007 cm (2-3 milsP! Filn®s $Rere cured

[ sopropyl 3m ne %” sol ubl e 36 | sopr opyl aam ne
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52
53
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56
57
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None
Polymer
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VIII
VIII
VIII

e aliAity ta
it Befdineids CORRPIAEDT, Eibfnr Ibeh'RisRrRY by
ar i genamouwwgfl@arifg, A§éhtahdva3§502graﬂ€s.EXA|VPLE 6 Polymers VI and IV
h Exanple 4 were fornulated as in Exanple 4 except where noted bel ow.

s were cured under anbient conditions at 70[err]C at 50% rel ative
dity for one nonth.

Film Polyrrer4. Qdditivs MEi( Swel |l Ratio Print
Additives Rubs
1day 28 days

None 8 7
Cobalt 20 48
Cobalt + 56 90
Curing Agent L

None 9 7
Cobalt 15 9
Cobalt + 127 100
Curing Agent L

The films according to the invention, 54 and 57, exhibit improved MEK rubs
versus the Comparatives (52, 53, 55 and 56).
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F for 10 dayé)fothen

" 20,80 koryone Ropif ares Juhichel D grams of methgnestifigiic prid was adide
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are mssing an-elenent of the invention (3é and 40). Film41

deng nstaédtl]ed;, ltimamiactumdapt@eotmreﬁuxiaqd VEXEKPVES Tegwoverd) Ry azeotiopic

. ' 144, 2 . Of t | cohal , 18
bar b or dahiahgfe Asr aye STERH iRy e righi3e it SOl d R 180 ml of 3 e
chl dri dgp%Naguéeis |soditu Npdrosids solutiohogess afdege anBestir@darsr tfifegerand

refl
gr an
r eng
m xt
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carQ
wash
sol \
i den
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ux condenser. This m xture_was heated to 80[err]C for three_hours, 150

5 gmimsaan e?‘mix&'d&&astﬁ@fﬁﬁijEﬁheeW&§ filteresy W%ﬁhe_é# twiceawithwatar, was
r cafibd® Hr Sty dtils, maBhfurl LElEaE £8dCoh PEOHRCFERSYed 1y

ect fistoevAporatiohi on nm xture was cool ed and 10 grans of potassium
onat e was added. 27 The m xture was diluted with ether, filtered,
ed twice with water, dried over anhydrous magnesi um sul fate and the

e AR DA AP BP0« HoNGR IRl 19 LAY gy
i stohgwater44.D grams of #lipendOy3al (@rhadmngiiwdngsalts off sulfated
f orrrlrgll\}c’iﬁ) )ézcri\%x?'?)gl)? %é&\ﬁ(rer?égsxy fetﬁgll'\gi; %]A%hég;}i).si,el.ﬂ 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 under nitrogen was added 2 grams of acetic acid followed by
40 grams of a 45% solids, 100 nm BA/MMA/MAA latex seed 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).

An additives mix consisting of 1.5 grams of Triton X-405 (Union Carbide Corp.),




hours, tne pil Of tIC IIUXLUIC Wdd 1taljusicd L 7.d. 1V &4 prastia S aes 0 s
T094g0 _gc%,ﬁﬁmaqéd Qﬁht@ﬁ‘ﬁé whb ;(dﬂegg?hee rﬁaterilaawliswd iredharThbdegbdlowr anddtheo pH
= 9.5 w th anmoni um hydroxi de (; s a d ra of Triton X-405 2.4
%r aalm; ofingbfermulatiens yere ﬂﬁ‘i’g{b"&/{z%ﬂ%&n )ZT}g‘ﬁH ?@%W&f 8 n‘g" ayyn t‘i)(b‘ﬁf‘yl
ydr oper gxh Thi e f.0 r ; i i Il
Yt o cCBONE00p sl PEGes” Uy 20,04, GRS FI FER five riee Hioh GA the
di i sopr m}(ﬂdw“ e M.mom-lerﬁwoémp(?awhﬁah Films IwertO cgredrinsier ambient
aqueous sol ution o trosol 250 WHR and 0.4 grans gf .nmethyl ethyl ketone
oxi je. vendiionseR the TbRAERRReARORIET Jhe Agfaaan SLANG SRS of ¢ he
addilti ves m xture which contained 0.4 grans of the curing agent listed in

thelTabI e. This mxture was equilibrated overnight prior to film
applli caFibn uddHitied Addiivesainel s using a 15 il M%ﬂuﬁport ion of the

forful ati on was heated for 10 days at ger 1&.a q w{gé were made in a
similar fashion. Film Curing Agent a 28 days 42

nong 8 18 43 HNo 36 46

18 8 ,N9%e o 48 53 45 L

60 59 6%e@.13 grams 23 #3 30 746Heat - Aged
Mat érial s 47 nope . N

21 60 41Lod euléng agent N (0.14 g) 50 >810038 >100 8>14)§6 50 L

40 61 9261 Cufihg agent P (0.22 g) 28 % >100 100

This series of experiments demonstrates that vinyl acetate/allyl acetoacetate
copolymers can be used in the invention (60 and 61) and produces improved

cure over comparative films 58 and 59.
EXAMPLE 10

A polymer (XI) was prepared from a monomer mixture consisting of 253.8 grams
of water, 9.0 grams of sodium dodecyl benzene sulfonate (23% aqueous solution),
801.3 grams of butyl acrylate, 12.86 grams of methacrylic acid and 42.9 grams of
acetoacetoxyethyl methacrylate. A 20 gram aliquot of the monomer emulsion
mixture was removed and added to a kettle containing a mixture of 716.4 grams
of water, and 5.5 grams of sodium dodecyl benzene sulfonate heated to 85°C
under nitrogen. An initiator charge of 2.52 grams of sodium persulfate dissolved

in 42 grams of water was added.




pLutyl iyQlpeioalude discsvulvel 11 0 piallld O 'Walcl was adaed [olilowea Dy U.LO

28 Fi | ngraifis 4F souiu® foimdidehysie siMoxyiaes dissolved eR® prfas asfcwatirigThe t he
I nventi on. Corrp&‘r?at i v(g gxarrpl es 42 and 47 exhi bit poor cured film
pr oper t Jatex wag thenuepoled toambienk temperatysek Thedstex was nextiatizedstorpH =
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t wo-.st a r r . I xtures.. e_fiyrst
tage cons T EmmEbid, WREAEEET GB% (TR 3RTTheled B EnightCpne
wat er, féhdjustedrte pil S5Pi@on L22 (surfactant, Alcolac Inc.), 509.6 grans of
butyl acrylate, 318.4 grans of nethyl nethacrylate, 4.9 granms of
met hacrylic acid, 49.0 grans of acetoacetoxyethyl methacrylate and 98 grans
of styr o0t SO ahi Y tyot i . ns
of wat e?,Belé).O gflzslrargpgfgt Si pongggg,a lgq§§ %Qng’%%%gu?ﬁabé%{lgt%&g S:P g' of
net hyl ardHel gyamsaf prbpylems ghfcole (Toatwelviegramsdaligdotgrafrthedatex mixture
acet oacet ox hyl et hacryl and 14. 1 _qgrans of t hyl r.capt opr opi.oni c
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grams o 1Si pon 1_22. and 2.1 g’?e}m; of sodi u%lﬁéles%%‘t?gnhéate tl?)vtg%?gvrr]tsrgﬁnder
ni t f ogefermwulated mixture wasreguilibrated avernightf prioditafilperpplicatiendi ssol ved
in 50 grans of water was added. Starting ten mnutes |later, a catalyst feed
consisting of 3.2 grams of sodium persulfate dissolved in 100 grams of
wat er WIRirg fiktisavese dettefl doweh on %ﬁ!dﬁ slides ukRda 8/ il gdteqol GVBIdHeW fil insSt

nononer . enul si opn was gradual Id% added over a two hour period. The |atex
t enper attutRe $RICKRESS Fangr of 005 hPP7 wrmyi(2n3; milshn Fikme wergedried aiambienier

enu} si o v r : o

compl et S PERAUPEL Tot HuRf 1S, Pheff HoafY for ity ikt hEHESE Btare o1
t - but yl testidgaher MEKI®Rubi tesbl ved in 50 grans of water was added fol | owed by
0.5! granms of isoascorbic acid dissolved

Film Additive Amount MEK Rubs
61 none - 16
62 cobalt 0l1g 41
63 cobalt + ' 0l1g 67

Curing agent F 0.10g

Film 63 demonstrates cure in heated coatings. Comparative examples 61 and 62

exhibit poor cure under similar conditions.




groups, stored 1n the apsence or atmospheric oxygen.

in 50 grans of water. The |atex was cool ed to anbi ent 'terrperature To 100
grans of each | atex was added 0.5 grans of Triton X-405 (Union Carbide
Cor p. ) ,2.0.AZognpesition actardjng Hiqdiileparbwk!ermdhe rpoly farexaldebydeuthaihiiz ed

ol ut o Sl REKE kratet o E XRatbhn Gl Rk aiantyds PR AR plaphigl e

of Tritwhich ¢6htaifs atv #dtoxidizeblesgriuiny! adi pate, 30 grams of a 2% aqueous
Nat rosol 250 MHR sol ution (thickener; Hercules, Inc.). The naterials listed

in the Tabl e bel ow were added to 2.5 gram aliquots of the additives m x and
then adgled tyo | | -fte ol hi nu

m xt ur géi'was qul fﬁ%‘rg%l?{éa O\L}g?%tdgl pt?) o? gﬁ(f ﬁl néjltapglalcx;a[t |2(S)nwchﬁ{ehr?f ?R

wer e drpabyfdmmaldehyild @haintdsd cparsihs thel rgidudsd ofid djR ?dré@lgfuﬁttwﬂaad
filos in the {hICkI’IESS range of 0.005-0.007 cm (2-3 mls Fi'l ms were cured
under aMBt€HR-conditions on the | aboratory benchtop for the duration of the
tests. In the follow ng table, the anmount of cobalt was 0.1 gram When
present, the anount of Curing Agent L was 0.2 grans. MEK Film Pol yer
Addi ti ves A compositidiutecordimg to any28neafsthe preceding! Claims wherei¥orthe

8 7 gls PR C?\bal t, 20 ) 48
54 acetal end- ockedCBB(laxthrzpaldehyde chain iggthe product o@dh@pqa@l%g{t L

formaldehyde with a monohydroxyl alcohol selected from the group consisting
of benzyl alcohol, p-methoxybenzyl alcohol, benzhydrol, cinnamyl alcohol, 2, 4-
hexadien-1-ol, allyl alcohol and crotyl alcohol.

5. A composition according to any one of the preceding Claims which further
comprises an amount of a volatile base effective to stabilize the polyaldehyde

chain against hydrolysis until after the coating is applied.

6. A composition according to any one of the preceding Claims wherein the
acetoacetate functionality on the polymer is reversibly converted to enamine for

storage, using ammonia or volatile amine.

7. A composition according to any one of the preceding Claims further
comprising a metal drier, preferably wherein the metal drier is complexed to an

oxine or other complexing reagent that prevents substantial reaction in sealed

containers in the absence of oxygen but does not prevent reaction in films.
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95 An ¥ir-turing com?@ﬁﬁon is disclosed which ébntains an acetoateffte function! ! !
Cobal t 5 9 57 VI Cobalt +

127 polymep@nduan repdablovked polgformaldehydechainy {Thet ¢rmposidion ismstable and

57, exhibit i.moprov rubs.wersu rat,j ves 2 55 and. 56).
30" Exambreatten Ui e torRiadde . beltasR BRAT g Bl matdenyds iy

al cohol, 99.8 grans of paraforml dehyde and 11.9 grans of water into a
kettl e equi pped with a nitrogen sparge, Dean Stark trap and refl ux
condenser. This m xture was heated to 80[err]C for one hour after which 1.0
grams of methanesul fonic acid was added and the heating continued for three
hours. Then, 150 granms of hexanes was added, the m xture brought to reflux
and water was renoved by azeotropic distillation. After water collection
ceased, the m xture was cooled and 100 mM of a 20% aqueous sodi um hydr oxi de
solution was added and stirred for fifteen mnutes. The m xture was dil uted
with ether, filtered, washed twice wwth water, dried over anhydrous
magnesi um sul fate and the sol vent renoved by rotoevaporation. A polyner
(I'X) was prepared froma nononmer mxture that contained 333 grans of water,
1.2 grans of Alipal CO 436 (an ammonium salt of sulfated nonyl phenoxypoly
(et hyl eneoxy) ethanol; GAF Corp.), 1.0 granms acetic acid, 1.1 grans sodi um
acetate, 1429 granms of vinyl acetate, 48.1 grans of allyl acetoacetate



and 14.3 gr ;Pﬁg %rfcscs% |mt’j’-'rlﬁn\(}'|1 ny mg utPf cc?r%(’ g'.tm'fsd Fy kaé'{"ﬁlaer ?:%"Hi gla?\]f"nmngf’%rm
of water hezbmdining ddteacefa® fundtionahipolymprnandapolpficnd. 2 Iy rpmmiculdr, abe presemtci d
foll owed hy.40 gra 0&0&45% sol.i 100 nm,BA/ MAA, | at ex sWr
preform O PvenShmrelies in e A ciye S, polyiner eomRostions Fhich ohpisip Seibicy g
0. 44 grans ou?g_di um persul fate dissolved in ten grans of water and 11.5

granms of a 0.2% aqueous solution of iron (11) sulfate. Two separate
catal yst feeds were made from 1.6 granms of t-butyl hydroperoxide, 1.2 grans

of sodi um pgr | ' L : | ns
of sodium b?@%@%ﬁgg@%ég%\&%?%ﬁgﬁ%@gﬂtﬁ%ﬁrw’a%goﬁo%fépéﬁu sron
and cat al yspsolymess dridespecifigallyafor kinyh egigllion\polyrers withapetidam acdtoddetatogroups.
peri od. The[_iog;t ex s thep .,cool ed .to,anbi ent tenperature.  The | atex was
neut r al i 29 Fogveyer. "mﬁ‘ﬂ“’%\’ﬂrﬁ?ﬂcﬂm 1§, de gy xfagke 0Bt FOBPPIAPIS, 50, aHRACEABe s
m X consi st | ol AL arf' Qe Upd ' ff;ﬁﬁ,g?

6. 75 grans g%‘iq'dsﬁng(])l%?(’)%adi pgteﬂeifdegggé’&gnr ans g?égér}g%f,gﬁgﬁg yco )an%aae é‘%‘ams
of a 2% aqugenesallyotseful dmceatinghcompositiofS0 MHR ( hydr oxyet hyl cel | ul ose

t hi ckener; Hercules) and 7.5 grans of water was added to 150 grans of the
| atex. After 24 hours, the pH of the m xture was readjusted to 9.5. To 20

grams al i qughe padsertihvention Baekstcsherttingd tha pro¥iémedieshred it ke pricy 4it.| | st ed
in the Tabl e bel ow and the final formulations were equilibrated overnight.
Thin fil® were drawn down on B-1000 steel panels using a 0.04 cm (15 nil)

1y - CFp ) cEUEE b BE alprof e R Wb Rt Rprohidly shelt Maoie ghvtog
for the dur adroposition ¢omprisi@f @ acetoacetate functional vinyl polymer and 2 polyformaldehyde
chain reversibly acetal endblocked with autoxidizable end groups, stored in the absence of
oxygen.
20 ,
Preferably the polyformaldehyde chain is the acetal end-blocked product of the reaction of
formaldehyde with an alcohol which contains an autoxidizable group.

Preferably the polyformaldehyde chain also contains the residues of a dihydroxyl functional
25 materal.

Preferably the acetal end-blocked polyformaldehyde chain is the product of the reaction of

formaldehyde with a monohydroxy! alcohol selected from the group consisting of benzyl

alcohol, p-methoxybenzyl alcobol, benzhydrol, cinnamyl alcohol, 2, 4-hexadien-1-ol, allyl
30 - alcohol and croty! alcohol.



Film Additional Additive 7 dgy 14 day 28
day 58  NoReeferably acetoacetate functionality gn the polyrggr is rgg:rsx 1 X@&m:em%?,

gramns 5 for storage ammo:@ﬁorvéi&leamﬂ'fé 60 Co + Curi ng agent N (0.14 g)
50 >100° FSET€60 + Quring agent P (0.22 g) 28 65 >100

>100 This series of exper| rrents denonstrates that vinyl acetate/allyl

acet oacet at th@ E%ﬁ bg&g@ﬁﬁon (60 and 61) and
pr oduces m%r ovegfycure er corrpar atl nd 59. EXAMPLE 10 A
polymer (XlI) was prepared froma nonomer m xture consisting of 253.8 grans

Col Ut on) ., Bl o aeeihicit B PIORERIA 2B O o8 i SHEPIEHE BAREH At PR

and 42.9 g m@eﬁwawm tHeaBitefOxygendfit 8663 Tobbreteiiireditiohne

nmonomer enul sion m xture was rem)velg and added to a kettle containing a
m xture of Wifloss.grans of water, and 5.5 grans of sodi um dodecyl benzene
sul fonate heated to 85[err]C under nitrogen. An initiator charge of 2.52
grans of sodium persul fate dissolved in 42 grans of water was added. 32

The renai ni Mae "Pregéxit! ineention fuazefm provides | dity caﬁdecbompomum; wehidtp congaitr iand.

183 2 1ot K e GRS R e .

gram of i, cfipdin St ravidle O aélgyed a&e'ﬁ{&ﬂman SIS i B8 wiad B preparc ey
compositions having a range of desired properties. The formaldehyde functionality in the
polyformaldebyde chain is not available for reaction with the acetoacetate polymer
fuoctionality until the end-blocking group is removed.

20 The advantages of the present invention are that it provides compositions which flow during
film formation and then cure through the reaction of the acetoacetate with the aldehyde
released from the polyaldehyde chain.

The preferred polymers are vinyl polymers with pendant acetoacetate groups. The term

25 "pendant” is used in the specification to mean "attached to the polymer backbone and
available for further reaction”. 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, the
polymer(s) of US-A-4960924 having acetoacetate functionality introduced on the chain end
by an acetoacetate functional mercaptan would be useful in this invention.



solublemfhe olymer solu on e refeged. . :
granms of sodium fornald L?h de suﬁ a&e Issolved in 8 grans of water. The
| atex was then cool ed to anbi ent terrperature The | atex was neutralized to

pH = 9.0 t I equi | i brat ed overni ght and
readj uste\cllg %g%&%%ﬂf?%ﬂ@yé@%ﬁ?%‘@%@ added 1.0 granms of Triton
X-405 (Union Carbide Corp.) and 4.5 grans of propylene glycol. To twelve
grans aliquots of the | atex mxture dded ure of 0.07 grams of a
2% aqueous Natrosol 250 MHR sol & tm%@ul es, Inc.) and the
materials listed in the Tabl e bel ow This fornul ated m xture was

equi librated overnight prior to filmapplication. Thin filns were drawn
down on gl asehest Role theyrntnayalent3esiduk of an easily oxidizabieralogtiol uches benzyhaicohol, p-

Lempor at S et e, bRt it ekl Eoly iy Doty &%

bef or e t est icigyl dicohdi-KnRdfobfislh, xﬁtdzmre mtegersﬁﬁdhtdnzm seven and NiDudtd orl R,

MEK Rubs 61 none 16 62 cobal t
0.11 g is a divalent;grganic radicglopa) ¢ + 0.11 g 67 Curing
agent F 0.10 g Film 63 denonstrates cure in heated coatings. Conparative
exanpl es 61 and 62 exhibit poor cure under simlar conditions. -33 -

CLAI MS: 1. The/resiitihg bidckid polyaldehyieris smbleoatpasict phd and ahe polyakdghyde chain is

acet oacet ?g ef();ﬂlljuqact&i \%ﬁﬁ‘lan \a@e%cl:eme polymer to produce a composition having a pH in this range.
When the compbsition is applied to a substrate, atmospheric oxygen is believed to autoxidize
the active methylene on the end group of the polyaldehyde to form a hydroperoxide, as shown
in step 1 of the following reaction.

20 The following illustration represent an end-blocked polyaldshyde chain which contains three
aldehyde units, the case where x + z = 3 in the general formula above and y = 0. In this
example, the terminal R group is a vinyl substituent.
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aut oxi di zabgroupsdstered igp the absemce df oxygehe absence of oxygen. 2. A
conpositign according to Claim1 wherein the pol yformal dehyde chain is the
azetal end-bl ocked product of the reaction of formal dehyde with an al cohol
whi ch contapns ap tigh 1. ¥hefein the pdlyTerRNddy e chas dothe iabgalt 0
Caiml or daim?2 erein the pol yfornmal dehyde chain al so_contains the
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to any one Qf _tlé‘ezgﬁlr eﬁi‘%y ng Cl ains wherein the acetal end- bl ocked

pol yf or mal dEHOH! S TS the product of the reaction of fonmal dehyde with a
15 nonohydroxyl al cohol selected fromthe group consisting of benzyl

al cohol , p-met hoxybenzyl,

al cohgl , nzhydral . ¢i npnanyl. al gopol ,..2 .
4-bexadi &8 3. 01, Wﬂ&?%mrm?‘ﬁm pr &wﬁwﬂe@ém&y@m&w&w
according t ' X{]@ﬁg ncEi!&ﬁ?stU ' faﬁ‘%ﬁr,% slqfiurt her conprises an
anount of agl\?giaa [ e@ase e fefgaftlﬁ%d}tg’ggsta I'1'1ze the pol yal dehyde chain
agai nst hydrolysis 20 until after the coating is applied. 6. A
conposition  acording to_,any one of the precedi ng.Cl gins erein. th }
acet oacet at & f ungi‘i" _‘P‘}X@H}a’?ﬁawﬁé‘wﬁqu?ﬁ_? WE‘%Q%W%H@ cod
enam ne for picRERY lyfordaldehyde 'ehdin i@rthélﬂl-ﬁzbi Bf WP RRctiotdof fomaldéyde with a
conposition according to any one of the preceding Cains further co I Sj ng

a metal dbS enonohydsoxyl alsplsol gplectas) fom the greup-gonsisting of MM@M&WM%%
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3. A composition according to any one of the preceding Claims which further comprises
an amount of a volatile base effective to stabilize the polyaldehyde chain against hydrolysis
20 until after the coating is applied.

6. A composition according to any one of the preceding Claims wherein the acetoacetate
functionality on the polymer is reversibly converted to enamine for storage, using ammonia
or volatile amine. '
25

7. A composition according to any one of the preceding Claims further comprising a
metal drier, preferably wherein the metal drier is complexed to an oxime or other complexing
reagent that prevents substantial reaction in sealed containers in the absence of oxygen but
does not prevent reaction in films.



