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' FELD OF THE INVENTION m\s\ii\ie\i \m“ “\‘ m ‘\

This invention relates 1o a waterbome coating compostion containing an
aqueous dispersion of a polymer, the polymer being substantiaily free from
hydroxyl, primary aming, and secondary amino groups and the polymer bea-ing
a! least two active methyiene groups; and an aqueous dispersion of a
polyisocyanate bearing at ieast two isocyanate groups.

BACKGROUND OF THE INVENTION

Waterborne polymeric compositions such as clear or pigmented coatings
are frequently required to supplant solvent-containing compasitions due to
effective and pending concem and legislation regarding the emission of volatile
organic compounds into the atmosphere. Solvent-borne polyurethane coatings
tormed from the reaction of a multi-functional isocyanata with multi-functional
oligomaers and polymers tearing active hydrogen functionalily such as. for
exampie, acrylic polyols, are widely used for their excellent performance
properties, Polyurethane perlormance properties including excellent chemical
resistance can be attained under ambient curing conditions, aithcugh
isocyanate-containing compositions most frequently must be used as two-pack
compositions, i.e., mixed shortly before use, due to the inherent reactivity of the
isocyanate and active hydrogen groups. The high performance of
polyurethanes in an aquecus composition is highly desirable. Such urethane
compasitions formed frcm an aqueous polyisocyanate and an aqueous polyol
dispersion, for @xampie, are known; however, residual hydroxy or amino groups
remaining after the reaction with the polyisccyanate may getract from the stain
and chemical resistance of the cured composition. Compositions containing

aqueous dispersions of polyisocyanates which provide superior properties are
needed by the coalings industry. '
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DESCRIPTION OF THE PRIOR ART

U.S. Patent No. 5.075.370 discloses an aqueous two-compongnt coati.ig
composition which contains an aqueous solution and/or dispersion of a polymer
containing hydroxyl groups and an emulsified polyisocyanate component.

US. Patant No. 5.200,489 discioses a composition which containg a
water-disparsibie polyisocyanate compasition having an average NCO
lunctionality of 2 to 6 and an agqueous resin containing isocyanate-reactiye
groups.

None of the references discloses a waterborne coating composition
comtaining an aquecus dispersion of a polymar, the polymer teing substantially
free from hydroxyl, primary amino, and secondary amino groups and the
polymer bearing at least two active methylene groups: and an aqueous
dispersion of a polyisocyanate bearing at least two isocyanate groups.

STATEMENTS OF INVENTION

According to a first aspect of the present inventicn there is provided a
waterborne coaling composition containing an agueous dispersion of a
poiymer, the polymer being substantially free from hydroxyl, primary amine, and
secondary amino groups and the polymer bearing at lgast two active methyiene
groups: and an aqueous dispersion of a polyisoctyanate bearing at ieast two
isocyanate groups.

According to a second aspect of the present invention there is provided a
method of improving the chemical resistance of a ceating by forming a
waterborne coating composition by admixing an agueous dispersion of a
polymer, the polymer being substantially free from hydroxyl, primary amino, and
secondary amino groups and the polymer bearing at least two active methylene
groups: and an aquaous disparsion of a polyisocyanate bearing at least two

isocyanata groups; appiying the coating composition (o a substrate; and curing
the cnating composition.
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According to a third aspect of the present invention there is provided a
substrale bearing a cured waterbomae coating compasition containing an
aqueocus dispersion of a polymer, the polymer being substantially free from
hydroxyl, primary amino, and secondary amino groups and the polymer bearing
at igast two active methylene groups: and an aqueous dispersion of a
polyisocyanate bearing at least iwo isocyanale groups

3

DETAILED DESCRIPTION OF THE INVENTION

This invention is directed to a waterborne coating composition containing
an aqueous dispersion of a polymer, the polymar being substantially free from
hydroxyl, primary amino, and secondary amino groups and the polymer bearing
at least two active methylene groups: and an aqueous dispersion of a
polyisocyanate bearing at least two isocyanate groups. A ‘waterbome coating
composition® herein is defined as a composition in a medium which is
predominantly composed of water. The medium may be water or a mixture of
water and at least one water-miscible solvent such as, for example, ethylene
glycol butyt ether and propylene glycoi propyl ether which does not react with
isocyanate groups to a substantial degree during the pot-iife of the coating .
The pot-life of the coating is the pariod of time after forming the coating
composition during which the coating remains useable, that is, during which no
substantial viscosity increase occurs and during which no substantial attrition in
the coating properties of the applied cured coating results. |

The aqueous dispersion of a polymer substantially free from hydroxyt,
primary amino, and secondary amino groups bearing at ieast two active
methylene groups in the waterborne polymeric compositicn may be prepared
by the addition polymerization of at least one ethylenically unsaturated
monomer such as, for sxample, acrylic ester monomers including methyl
acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate.
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methyl methacryiate. butyt methacrylate, and laury! methacrylate; acrylamuie or
substituled acrylamides; styrene of substituted styrenes: butadiene; viny!
acetate or other vinyl esters; vinyl monomers such as vinyl chivride, vinylidene
chionde. N-vinyl pyrrolidone; acrylonitrile or methacrylonitrile. By "active
methylene groups® herein is meant the esters and amides of acetoacetic acid,
malonic acid, and cyanocacetic acid. Preferred are the esters of acetoacetic
acid. When monomer({s) which do nct’ bear active methylene groups are used
exclusively in the formation of the polymar or when additional acetcacetate
groups are desired. acetoacetate groups may be introduced by the use of
acetoacetate-functional chain transfer agents as disclosed in U.S. Patent
No.4.960.924, hareby incorporated herein by reference, or by post-reaction of a
copolymerizes monomer. Cyanoacetates and cyanoacetamides may be
prepared by methods known in the art as disclosed, for example. in U.S.
Patents No. 3.554,987: 3.658.878: and 5.021.511, heredy incorporated herein
by relerence. In general, any polymerizable hydroxy- or amino- functional
monomer can be convented to the corresponding acetoacetate or
acetoacetamide, before or after polymerization, by reaction with diketene or
other suitable acetoacetylating agent {Sse @.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)). Preferred is the copolymerization of from about
5% to about 25%, by weight, based on the totai monomer weight, ethylenically
unsaturated monomer bearing acetoacetate functionality such as, for example,
vinyl aceloacelate, acetoacetoxyethyl acrylate, acetoacetoxyethyl methacrylate
(AAEM). acetoacetoxypropyl methacrylate (AAPM), allyl acetoacetate,
acetoacetoxybulyl methacrylate, 2,3-di{acetoacetoxy) propy! methacrylate.
Especially preferred is the aqueous dispersion of a polymer bearing at least two
acetoacetate groups containing from about 10% to about 20%, by weight,
based on the total monomer weight, acetoacetoxyethyl methacrylate.

Low levels of ionic monomers such as, for example. from about 0.1% to
about §%, Dy weight. based on the total monomer weight, {methjacrylic acid,
naconic acid. crotonic acid, tumarng acid, maleic acid, monomethyl itaconate,
monomethyl fumarate, monobuty! fumarate, malei¢ anhydride,
dimethylaminoethyl (meth)acrylate. 2-acrylamido-2-methyl-1-propanesulfonic
acid. sodium viny! sulfonate, ang: phosphoethy! mathacrylate may aiso be
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ngerporated n the poiymer bearing at least two active methylene groups. Lew
levels of multi-ethylenically unsaturated monomers such as, for example, from
about 0.01% to about 10%. by weight. based on the total moromer weight,
ethylaneglycol dimethacrylate, divinyl benzene, ally! methacryiate, 1,4-butylene
glvcol dimethacrylate. 1.6-hexanediol diacrylate. and diallyinhthalate. may alse
be incorporated in the polymer.

"Substantially free from hydroxy!, primary amino, and secondary amino
groups® as used hergin means that monomaers bearing such groups are not
ncorporated into the polymer: but low levels of adventitious hydroxyl, primary
amino. or secondary aming groups may be present as impurities in the
monomer or initiator used or may be formed during the polymerization or
storage of the polymer. in any event, less than about 0.2%, by weight based on
polymer wenght, of hydroxyl, primary amino, and/or secondary amino groups are
present in the potymer.

The glass transition temperature(Tg) of the polymer substantially frae
from hydroxyl, primary amino, and secondary amino groups and bearing at
least two active methylene groups is preferred to be {rom about -G0 C. to about
+45 C., as measured by differential scanning calorimetry (OSC). The emulsion
polymer samples were dried, preheated to 120 C., rapidly cooled to -100 C,,
and then heated to 150 C. at a rate of 20 C./minute while data was being
collected, The Tg was measured at the midpoint using the half-height method.
More preferred is a Tg from about -10 C. to about +45 C..

The emuision polymerization tachniques preferred to prepare the
aqueous dispersion of a polymer substantially free from hydroxyl, primary
amino, and secondary amino groups and bearing at least two active methylene
groups are well-known in the art. Conventional surfactants may be used such
as, lor example, anioni¢ and/or nonionic emulsitiers such as alkali or
ammonium alkyl ulfates, alkyl sultonic acids, fatty acids, and oxyethylated atkyl
phenols. The amount of surfactant used is usually 0.1% o 6% by weight. based
on the weight of total monomer. Either thermal or redox initiation processes
may be used. Conventional free radical initiatars may be used such as, for
example. hydregen peroxide, t-butyl hydroperoxide ammonium and/or alkali
persulfates, typically at a lavel of 0.05% to 3.0% by weight, based on the weight
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of ctal monomer, Redox systems using the same initiators coupled with 3
suitable reductant such as. for exampie. 1soascorbic acid and sodium bisulfite
may be used at simmmlar levels. Chain transtar agents such as, for example,
mercaptans may be used durning the polymerization reaction in order to
moderate the molecular weight of the polymer.

The particle size of the emuision-polymerized polymer substantiaily free
from hydroxyl. primary amino, and secondary amino groups and bearing at
least two acetoacetate groups is from about 50 nanometers to about 500
nanometers in diameter. The solids content of the aqueous dispersion of a
polymer bearing at least two active methylene groups may be from about 20%
10 about 70°% by weight.

The particles of the emulsion-polyn:erized polymer substantially free from
hydroxyl. primary amino, and secondary amino groups and bearing at least two
active methylene groups may contain two or more polymeric phases such as,
for example, an inner phase and an outer phase, wherein the outer phase is the
predominant phase in contact wilth the aqueous medium in which the particle is
dispersed. Such particles are commonly made by multi-staga emulsion
polymerization wherein the individual stages differ in composition. Some
particles which contain two or more polymeric phases are core/shell pacticles,
core/shell particies with shell phases incompletely encapsulating the core,
core/shell particles with a muthiplicity of cores, interpenetrating network
particles, and the like. When muiti-stage emulsion polymers bearing at ieast
two acetoacetate groups are used, the Tg of the outer phase or shell polymer is
pratecred {0 be from about -10 C. to about +45 C.; the Tg of the inner phase or
core polymer is preferred to be from about 25 C. to about 120 C.; the Tg of the
inner phase or core polymer is more preferred to be trom about 45 C. to about
90 C.. the ratio of the weight of the inner phase or core polymer to the weight of
the outer phase or shell polymer .3 preferred to be from about 20/80 to about
80/20: the weight average molecular weight, as measured by gel permeation
chromatography. of the outer phase or shell polymer is preferred to be rom
about 20.000 to about 10,000,000: and the acetoacetate groups are preferred to
be in the outer phase or shell polymer composition.
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in one embodiment of this invention acetoacetate-tunctionai pelymeric
binder 1s traated with about a stoichiometric amount of ammonia or pamrary
amine 10 form an eraming. Vinyl polymers containing pendant acetoace.ate
are prone 1o hydrolysis in water particularly on heat aging. However, Mhis
problem may be eliminated by treating the aqueous acetcacetate polymer, after
preparation and neulralization, with ong molar gquivalent of ammonia or a
primary amine such as ethanolamine, mathyl amine, isopropyl amine, butyl
amine, or digiycol amine.

The waterborne coating ccmposition contains, in addition o an aqueous
disparsion of a polymer substantially free from hydroxyt, prirnary amino, and
secondary amino groups and bearing al least twe active methylene groups: and
an agqueous dispersion of a polyisocyanale bearing at least two isocyanats
groups. The polyisocyanate may contain aliphatically, cycloaiiphatically,
araliphatically and/or aromatically bound isocyanate groups. Suitable water.
dispersible isocyanates and methods of making aqueous dispersion of
isocyanates therefrom are described in U.S. Patents 4,663,337: 5,075,370;
5.185,200: 5,200.489: and 5,252,696; and European Patent Applications EP
486,881 and EP 516,277. hereby incorporated herein by reference. Preferred
is an aqueous dispersiyn of a polyisocvanate bearing two 10 four reactive
isocyanate groups.

The waterborne coating composition is formed from an aqueous
dispersion of a polym:. substantially frae trom hydroxyl, primary amino, and
secondary amino gros ps and bearing at least two active methylene groups: and
an aqueous dispersion of a polyisocyanate bearing at least two isocyanate
groups by admixing the comporients using conventional methods such as
mechanical agitation. The water-dispersible polyisocyanate may be previousty
dispersed in a non-reactive o7 in an agueous medium or it may be dispersed in
the presence ol the aqueous polymer dispersion.

The ratio of equivalents of isocyanate groups o equivalents of active
methylene groups in the watarborne composition may range from about 0.1 to
about 5.0. Preferred is a ratio of equivaiants of isocyanate groups to
equivalents of active methylene groups from about 0.5 to 2.0.
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“he wiaterborne coating composiion may contam, n adgditon 10 the
aqueous chispersion of a polymer beanng at least two aclive methylene groups
and an aqueous dispersion of a polyisocyanate. conventional components such
as. lor example, emulsitiers, pigrnéms. hilers. coalescing agents. anti-migeation
aids. aqueous solutions or dispersicns of non-functional polymar {by “rion-
functional polymer* herein is mgant polymer free trom pnmary amino,
secondary amino. hydroxyl, isocyanate, or active methylene groups), curing
agents, thickeners, humectants, wetting agents, biccides, plasticizers,
antiftaming acents, colorants, waxes, and anti-ox' fants. It is preferred that alt
such conventional compnnents do ot substantially react with active methyiene
or 1socyanale groups within the potlite of the waterborne coating composition,

8

The substrates 10 which the waterborre coating composition of this
nvention may be applied include wood. plasiic. leather, paper, woven and
noriwoven fabncs, metal, plaster, cementitious and asphaltic substrates,
previously primed or coated substrates. and the like. The cured waterbome
coating composition may fullill a decorative or protective function, or both, or
may act as a primer or as an adhesive when disposed detween wo coatings of
between two such substates. Preferred substrates are wood, metal, and
plastics. The coating composition of this invention may te applied to a
substrate by methods well known in the art of applying coatings such as air-
assisted spray. airless spray, plural component spray guns. brush, rollar,
squeege. roll coater, curtain coater, and the like,

Alter the waterbome ¢oating composition is 2pplied tu 8 substrate the
coating composition curas, that is, reaction between the active methylene
groups and the isocyanate groups is betieved to occur. Curing to yield useful
coalings properties may take place at a convenient rate at ambient
temperatures such as, for example, about 0 C, to about 35 C.. However. it is
sometimes desirable to accelerate the rate of propeny development by heating
the applied waterborne composition to a temperature from about 35 C. to about
200 C. Preferred is a curing temperature from about 25 C. to about 120 C, for
coatings applled to heat-stable substrates and from about 25 C. to about 50 C,

- for substrates sensitive to higher temperatures.
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Tha lollowing examples are intended 1o Wustrate the ~aterbome cozging
cOMpos Lon contaimng an agquecus dispersion of a polymer bearnng at least
two active methylene groups and an aGueous dispersicn :f a8 polvisocyanat
beanng at least Lwo isocyanate groups. They are not :ntended to vt the
invention as other applications o} the nvantion will be obvisus v those ¢t
ordinary skill in tha ant,

EXAMPLE 1. Preparation of aqueous thspersion of polymer

Praparatior. of Sample 1 and Comparative sampie A . Tc a 5 Iter strrod
reactor 1383.C g. deionized water (D! water) and 48.2 g. of an agqueous solutian
of scdium dodecy'benzenesulionate (23% active ingredient ) which nad been
heated to 85 C. was added 43.4 g. of Moncmer Emrulsion which was then
nns.2d into tha reator wit , 15 . of DI water. A solution of 2 08 g. of ammonium
parsulfate in 15.0 g. DI water and a sclution of 2.08 g. sodium carbonate in 45 3.
D! watar was then added. Ten minutes after the first addition, (he temperature
was 85" C. and the uniform addition of the remamdar of ME and 2 solution of
2.08 g. ammonium persulfate in 150.0 g. Ot water wera begun. The temperatu:@
remainded at 85" C. over the 180 minute penod dunng which ME and catalyst
were added. A catalysVactivator pasr was added after the ME and catalyst leeds
were compigta. The final reaction mixture w=» neutraized 10 pH range of 7.5
with 29% agqueous ammonia. Comparative Sample A had a Brooktield viscosity
of 22 cps at a waight °% solids contents of approximately 39.3% and a paricle
size of 81 nanometers. Sample 1 had a Brookfield viscosty of 9 cps ata
weight % solids contents of approximataly 37.7% and a particle size of 80
nanometers.
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Table 1 1 Monomer Emuision far Comparative Sampie A,

D water 425.60

Aniomic Susfactant (33%  active) $7.36
Butvl Acrylate 806.43
Methy: Methaerviate 351.33
Methacrvlic acid : 27.71¢
Tahle | 2 Monomer Emulawon for Sample .

D water 425,60
Amome Surtactant (234 .umc) 87.16
Butvd Acisiate 708.0%
Methvl Methacrvlae §11.32
Acetsicetony  ethisl  Methacryviate 1 3%.60
Muthaciviie acid 21171

EXAMPLE 2. Preparation of aqueous cispersion of polymer

Preparation of Samples 2-3 ang Comparative Sampies B-C.. To a 5 liter stirred reactor
1383.0 g. deionized water (DI water) and 48.2 g. of an aqueous solution of sodium
dodecylbenzenesulfonate (23% active ingredient ) which had been heated to 85 * C.
was added 43.4 g. of Monomer Emuision #1 (ME#1) which was then rinsed into the
reactnr with 15 4. of Ol water, A solution of 2.08 g. of ammonium persulfate in 15.0g.
Di water and 3 solution of 2.08 g. sodium carbonate in 45 g. DI was was then added.
Ten minutes alter the first addition. the temperature was 85° C. and the addition of the
remander of ME #1 and a solution of 1.04 g. ammonium persulfate in 75.0 g. DI water
was begun The lemperature remained at 85° C. over the 90 minute period during
which ME #1 and the coleed catalyst #1 was added. Thirty minutes later, the
temperature was 85 C. and the addition of Monomer Emulsion #2 (ME #2) and
calalysi #2 was begun. The lemperature was 85° C. during the 90 minute period over
-vhuch ME #2 and Catalyst #2 was added. A catalyst/activator pair was added after the
ME #2 feed was completed. The final reaction mixture was neutralized to a pH of 7.8
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with 29% aqueous ammoma. Sample 2 had a Brookfield viscosity of 28 ¢ps at a
weight %5 solids content of 37.5% and a particla size of 71 nanomalers. Comparative
Sampie B had a Brookfield viscosity of 113 cps at a weight % solids content of 37.8%
and a particle size of 768 nanometers. Comparative Sample C had a Brookfigid
viscosity of 38 cps at a weight % solids content of 37.6% and a particle size of 70
nanometers. Sample 3 had a Brookfigld viscosity of 26 cps at a weight % solids
content of 38.1% and a particle size of 71 nanometers. Sampie 4 had a Brookfield
viscosily of 21 cps at a weight % solics contant of 37.9% and a particle size of 76
nanometers.

Table 2.1. Mcnomer Emulsions for Sampie 2

ME#1
Dt waler 212. 84
Anionic suractant (33% aclive) 43.
llletﬁyt Methacryiate 57.02
Butyl Actylate - 73.43
[ Styrene 53.42
Methacrylic acid 6.93
ME #2
[Of water B 212.84
ARIONIC Surfactant (23% active) 43.68
"Buty) Acrylate ~372.70
Methyl Methacrylate 148
Acetylacetoxy ethyl Methacrylate 138
Methacrylic acid
Table 2.2 Monomer Emulsions for Comparative Sample B
ME #
[OF water — 212. 84]
Anionic Surfactamt (23% active) 43.
ethyt Mathacrylate 7.02
 Butyl Acrylate 73.43]
Styrene B §5.421
Methacryiic acio - e ~ 6.0
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1 water

[AniOnic Sufaclant (23% achive)

Acrylate

Methyl Methacrylate

| _a%_r:;ﬁgyl Meathacrylate
ryhc acid

Table 2.3 Monomer Emulsions used in Comparative Sample C

ME#1
"OF waler
FAnionic sunaclant (2a% active)
Methyl Methacrylate
%utyl Acrylaie

rene
oAt 5
ME#2 _
Ol water 212.84
Anionic Surfaclant (23% active) 43.68
Butyl Acrylate 372.70]
Methyi Mathacryiate 146.90
Hydroxyethyl Methacrylaie ~69.30
Acetoacetoxy ethyl Methacrylate 69.30
Methacryiic acid 34.63|
Table 2.4 Monomer Emulsions used in Sampie 3
ME#1
DI water 212.80]
Anionic suractant (23% active) 43.80
Meathyl Mathacrylate 33%5.34
| Acrylonitrile 138.56

Butyl Acrylate

[ Styrene
ethacrylic Acid

Allyl Methacrylate
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ME#2
O water ~212.80
Anionic Surfactant (23% active) 43.60
' Butyl Acrylate 29
athyl Methacrylate 159.36
FAcetoacetoxy elhyl Methacryiate 138.57 |
: ha acid 34.64

Table 2.5 Monomer Emulsions used in Sample 4
MEM

D! water

Anionic surtaclant
Methyl Mathacrylate
'Butyl Acrylate
[Styrene
Methacrylic acid
Al Methacrylate

ME #2

D1 waler

Amo' nic suractant

Butyt Acrylate

Acetoacetoxy ethyl Methacrylate

LAcrylonitrile
lethacrylic acid

Styrene

EXAMPLE 3. Preparation and Evaluation of waterborne coating compositions

Preparation of Composiubn i and Comparative Compositions a-e. Watarbome .
compositions were prepared by adding the ingredients with stirring, in the order
given in Table 3.1,



twmmm*' ‘ e
T =

Table 3.1 Waterborne Composition i and Comparative Compositions a-e.

Waterborne 1| GComp. p.1Com | Comp. | Comp.
Composition 4 a bl pc d e
| Sample 2_ 7001 700 ] e = o
Comp. Sampie B "o =] 700] 700 [ ] oes
| Comp. Sampie C — — — w| 700|700
EB ______ 7.9 79] 79| 1.9 79 7.9
"TEGOGUIDE 410 105| 1.05| 1.05] 1.05 | 1.05] 1.05
{50% in EB) ___

ACRYSOL RM-825 5.2 5.2 52 5.2 82 5.2
(% solidsinwater) | 1 _ | | ]
BAYHYDUR XPp- 13.9 o] 131] © 131 0
7063

Water (1o 24 +/- 2 0 01 607! 928 25.0 17.9
sec. #2 Zahr:

Notes to Tabie 3.1:

1) EB = ethylene glycol monoethyl ether

2) TEGOGLIDE is a trademark of Tegochemie Service USA; TEGOGLIDE Is a
shp aid.. _

3) ACRYSOL is a trademark of Rohm and Haas Co. ; Acrysol RM-825 is a
rheology moditier.

4) BAYHYDUR is a trademark of Miles Inc.; BAYHYDUR XP-7063 is a water-
dispersible polyisocyanate bearing at l@ast two isocyanate groups.

Waterborne composition i and Comparative Compositions a-e, at 2-4
hours old, were applied to maple veneer wood panels using a conventional air.
spray gun. The maple paneis had two coats, 1.0 mil dry film thickness each,
with light sanding between coats. After 20 minutes flash-off period. paneis were
torce-dried for 10 minutes at 140 F, after each coat, and cured for 5 days at 33
C. prior to testing. Test results are presented in Table 3.2.
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Table 3.2 Evaluation of cured Waterborne compositions kiii and Cemparative
Compositions a-¢

Watertorne Comp. | Comp. | Com mp. | Comp.
Compasition a bl p.c d 9

|
16 hour spot lests
on maple venser,
after recovery
(0-10 scale, 10
best):
—_7% ammonia 5 1 1 0 3 1
19 DREFT b8 6 6 5 6 5
 Getergent solution ! i

The chemical and stain resistance of cured fillm of waterborme
composition i of this invention is superior {0 that of Comparative Compositions
a-e.

EXAMPLE 4. Preparation and Evaiuation of waterborne coating compositions

Preparation of Compositions ii-iv and Comparative Compositions {-h.
Waterborne compositions were prepared by adding the ingredients with stirring,
in the order given in Table 4.1,



Sheet Has Been Reﬂlaced '

T

IS SHEET HAS BEEN
RePLACED

|

Table 4.1 Waterbome Compositicms iriv and Comparative Compesilions f-h.

Waterborme - Comp. W eomp., W' Comp.
Composition S S g! i
‘Sample 3 181637181631 .l -
‘Sampie 4 e v 184.94 184.3 o oo
“Sampie 1 - o - | 200.00 -
’é?m‘%.“smple A Y N WY B - 1_200.0
2.8 28| 28 28 - -
TEGOGLIDE 410 | 0.42]| 0.42] 0.42] 042 04| 0.4
(S0%inEB) | - —— _—
ACRYSOL AM-825 252 2303 290312262 | 220| 180
(1% solids in water) — o i l e o
Water 80077807 870 - 48.65: 395
BAYHYDUR XP- ~ ;" o 6.00 - 6.00 | -
7063 i . | : S
"BAYHYOROLU XP- T TS = 7.70; 7.7
7043 ' ' ] :

Notes 10 Table 4.1:

1) DPM = dipropylene glycol monomethyl ether

2) EB = ethylene glycol monoethyi ether

3) TEGOGLIDE is a trademark of Tagochemie Service USA; TEGOGLIDE is a

slip ad..

4) ACRYSOL is a trademark of Rohm and Haas Co. ; Acrysol RM-825 is a

rheology modifier.

5) BAYHYDUR is a trademark of Miles Inc.: BAYHYDUR XP-7063 is a waler-
dispersible polyisocyanate bearing at least two isocyanate groups.

6) BAYHYDROL is a trademark of Miles Inc.: BAYHYDOL XP-7043 is a water-

dispersible polyisocyanate bearing at least two isocyanate groups.

Waterborne compasitions ii-iv and Comparative Compaesitions f-h, at 1-4
hours old, were applied to maple veneer wood panels using a conventionai air-

spray gun. The maple panels had two coats applied. each coat was 1.0-1.2

mils dry film thickness. with light sanding in between coats. After a brief Hash-off
period, panels were force-dried and cured overnight at 120 OF prior to testing.

Test resulls are presented in Tablg 4.2.
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Table 4.2 Evaluation of cured Waterborne compasitions ii-iv and Comparative

Compogitions f<h

Waterbome
Composition

Comp.i|

Comp.

9

iv] Comp.

16 hour spot tests
on mapile veneer,
after recovery
(0-10 scale, 10
best):

7% ammonia

~

| 1% DREFT
 detergent solution

10% sodium
garbonate

o]  »jnf

.3 ~5;

409 household
cleaner

!}

e o r-.—-

50% Ethanot!
1 hour spot tests on
maple veneer, alter
recovery
{0-10 scale, 10
best).

Butyl acetate

0 0] OO W[k

@ W O] Wi

asmmvolu-
e

{ T 70% isopropanoai

oo

Al
»
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The chemical and stan resistance of cured fillms of waterborne

composition ii of this invention is supenor to that of Comparative Composition f;

as is waterborne composition i of this invention is superior to that of
Comparative Composition g; and as is waterbome composition iv of this

invention is superior o that of Comparative Composition b,

EXAMPLE 5. Preparation and Evaluation of waterbome coating compositions

Preparation of Compositions v-vi and Comparative Compositions j-i.

Waterborne compositions were prepared by adding the ingredients with stireing.

in ihe order given in Table 5.1. Comparalive Samp'e O was an acrylic latex
polymer free from hydroxyl, amino, or active methylene groups.

Table 5.1 Waterborne Compositicns v-vi and Comparative Compositions j-l.

Waterborne Comp. || Comp.ki Comp.!| v vi
sgm_geéi.t.ien.__-_---j SO SN

Comp. Sample D __ | 180.0 -] 1597 — —
Sample 2 -1 1800 —~| 162.6] 1626
EB s — 2.5 — -
EB:DEB 3:1 premix 6.9 8.9 e - ~e
TEGOGLIDE 410 0.4 0.4 0.4 0.5 0.4

{50% inEB) == 4
ACRYSOLRM-825 | 27 29 1.9 2.4 1.4
{5% solids in water)

Water 25.2 34 26.6 33.2 23.9
BYK 346 0.2 0.3 0.2 0.4 0.4
DESMODUR VP LS ves en 1.2 11.2 -
2032 {Bayer)

BASONAT P LR - oue .t —~ 11.2
8878 (BASF)
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Notes to Table §.1:

1) DEB = diethylene glycol monobuty! ether

2) EB = ethylene glycol monoethyl ether

3) TEGOGLIDE is a trademark of Tegochem:e Service USA; TEGOGLIDE is a
slip aid.

4) ACRYSOL is a trademark of Rohm and Haas Co. : Acrysol RM-825 is a
rheclogy medifier.

5) BYK 346 is a trademark of Byk-Malliinkroct Co.

6) DESMODUR is a trademark of BAYER AG: DESMODUR VP LS 2032isa
water-gispersible polyisocyanate bearing at least two isocyanate groups.

5) BASONAT is a trademark of BASF AG: BASONAT P LR 8878 is 2 water-
dispersible polyisocyanate bearing at least two isocyanate groups.

Waterbome Compositions v-vi and Comparative Compostions j-I, at 2-4
hours old, were applied to maple veneer, NORYL 844 (NORYL is a trademark of
General Electric Corp.: polyphenylene oxide/polystyrene plastic), and primed
polypronylene panels using a compressed air spray gun. Plastic paneis had
one coat at 1.0 mils dry him thickness/coal. Maple panels had two coats, 1.0
mals film thickness, with light sanding i between ¢oats. Panels were dried
under ambiant conditons and a jed for one week pnor to testing. Test results
arg presented in Table 5.2.
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Tatde §.2 Evailuation of cured Waterbome compositions v-vi and Comparative
Compositions j-l

Waterborne Comp.j | Compk { Comp. 1| v vi
composition
16 hour spot tests on {
mapile veneer, after
recovery
(0-10 scale, 10 bes:): . N
... 7% ammonig I U 4 7 6
409 housaheid | 1 , 1 | 2 10 9
e T N B
*% DREFT s | 3 { 9 9 9
.ggtg_r_ggnt solution
§0% Ethanol - 8 6 9 10 9
1 hour spot tasts on !
maple venager, alter
recovery !
| (@-10scale, 100esy: | L L
. Butyl acetate L SO S SN S, I 8 8
_ T0%isopropanot ! 6 1 3 1 e ! & | 8
MEK doublerubson ;| § 6 | 12 25 D
NORYL 844 (dissoiv- | (dissolv- | (dissolv- | (cracks) | (cracks)
ed) ad) ed/
cracks)
Notes to Table 5.2:

1) DREFT s a trademark of Procler and Gamble Co.

2) NORYL is a trademark of Gengral Electric Corp.
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The chemcal and stan res'stance of cured Nims of waterborme
Somposhions v-vi of ths crvenhon are supencr o that of Comg 1ative
Compositions 1

EXAMPLE 6. Preparation and Evaluation of waterborne maintenance coaling
compositions

Praparation of maintanance coating Comgosition vu and Comparative
Compositrons m-0  Walerbome compositions were prepared with the
ingredents grven n Table 6.1 Water 1. TAMOL 631M. Ammonia. TRITON CF.
10, anc TIOMA RCL-628 were dispersed using a hgh speed Cusvies drssolver
The the olher ngredients ware added with shienng, n ihe order Given

Tabie 6 1 Waterborne Compostion va and Comparative Compositons m.o.

Waterboine Comp. Comp.n Comp.o vH

composition . m, . . ‘
Comp Sample A . 1820 633 -
Sampile . 1ot = - 162 24
water 1 .o 1124 124 1128 14
TAMOL 681M . 1864 184 164 164
Ammona (28%) ) 014 C.14 014 014
TRITONCF10 019, 019 019 019
TIONARCL-628 = 3979, 3979, 3979 3979
water 2 . 944 773 1938 2102
ACRYSOLRAM-825 = 083, 092 090 075
BAYMYDR(: P. 6.90 € 84

7043 (M.
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Notes to Table 6 ¢

1) TAMOL 15 a ttademark of Rohm and Haas Co.. Tamol 681M 1s an amonic
pigment dispersant

2) TRITON 1s a trademark of Union Cartwde Co.; TRITON CF-10 is a anionic
surfactant

3) TIONA is a trademark of SCM Chemicals: TIONA RCL-628 is titanium dioxide
4) ACRYSOL 18 a trademark of Rohm and Haas Co. : Acrysol RM-825 is a
rheology modi.er.

$) BAYHYDROL s a trademark of Miles Co.: BAYHYDROL XP-7043 is a wamr-
aispersidle polyisocyanate bearng at least two 1socyanate groups.

Treated Alummnium paneis werg coated with an @poxy primer (Sherwn.
Witams Co Tile-Clad W) using a 10 md drawdown blade which gave a 2 mil dry
Him thickness. The samples were driec for one day belore the topcoat was
applied Topcoat waterborne composition ve and Comparative Compositions
m-0 were drawn down using a 10 mi blade which gave a 2 mil dry fim
thichness. tha coatings were cured for 5 days at ambient condit'ons belfore
lesing The spot tests were carried out by placing & 1 ich by 1 inch square
chaesecioth on the coating and saturating the: cheesecloth with the test fiquid.
Test tesults are presented in Tatie 6 2,
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Table 6.2 Evaluation of cured Waterbome compositions vii and Comparative
Compositions m-0

Waterdorne Comp.m | Comp.n | Comp. ¢ vii
composition

Spot tests
| (1-Sscale, S best).
3.7% HCl: 30 min, 5 5 5 $
saturation .
2% NaOM; 30 min, | 5 4 4 4
saturation _ . S _
xylene: 6 hrs, ! 1 1 1 5
satration i 4
bulyl acetate; 6 hrs. 1 1 1 5
saturation '
MEK: 6 hrs. saturation | 1

.,......-.
-l
-
o

o ravme ate o - P

- .
[RP
.

LI SEL - e Gsaves @0 - S— 10 b b e

MEK doublerubs | 59 | 53 83 | >600

Note t¢ Table 6.2

1} MEK is methyl ethyt ketone

The chemical resistance of the cured maintenance coating film ot
waterborne composition vii of this invention is supaerior to those of Comparative
Compositions m-0.
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1. A waterborne coating composition comprising an aguecus disparsion of a
polymer, said polymer being substantially iree from hydroxyl, primary amino,
and secondary amino groups and said polymer bearing at ieast two active
maethylene groups: and an aqueous dispersion of a polyisocyanate baaring at
least two isocyanate groups.

2. Tha composition of claim t whearein said aclive mathylene groups are
selecled from the group consisting of acetoacetates. acetoacetamides,
Cyanoacetates, and cyanoamides.

3. The composition of claim 1 wherein said active methylene groups are
aceloacetales.

4. The composition of claim 1 wherein said polymer is an addition poiymar
formad by an emulsion polymarization of at least two ethylenicaily unsaturated
monomaers, said monomars comprising from about 5% to about 29 % by weight,
based on the weight of said addition polymer, acetoacetoxyethyl methacrylate.

S. The composition of claim 4 wherein said addition polymer has a glass
transition temperature from about -30 C. to about 45 C.

6. The composition of claim 1 wherein said polyisocyanate comprises
isocyanate groups selecled from the group consisting of aliphatically bound
isocyanate groups, cycloaliphatically bound isocyanate groups. and mixtures
thereof. '

7. The composition of claim 1 wherein said polyisocyanate comprises
isocyanurate groups, said polyisocyanate havmg been formed from 1,6~
hexameathylane diisocyanate.

8. A method of improving the chemical resistance of a coating comprising:

(a) forming a waterbomne coating composition by admixing an aqueous
dispersion of a polymer, said polymer being substantially free from hydroxyl,
primary amino, and secondary amino groups and said polymer bearing at least
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two active methylene groups: and an aqueous dispersion of a polyisocyanate
bearing at laast iwo isocyanate groups.

(b} applying said coating composition to a substrate; and
(¢) curing said coating composition.

9. The mathod of claim 8 wherein said active methylena groups are selected
frem the group consisting of acetoacetates, acetoacetamides, cyancacetates,
and cyancamides.

10. The method of claim 8 wherein said polymer is an addition polymer formed
by an emuision polymerization of at least iwo athylenically unsaturated

monomers, said moncmers comprising from about 5% lo about 25 % by weight,
based on the weight of said addition polymeor, acetcacetoxyethyl methacrylate.

11. The method of claim 10 wherain said addition polymer has a g!as;
transition temperature from about -30 C. to about 4§ C.

12. The method of claim 8 wherein said polyisocyanate comprisas isocyanate
groups salecied from the group consisting of aliphatically bound isocyanate
groups, cycloaliphaticaily bounc isocyanate groups, and mixtures thereof,

13. The method of claim 8 wherein said polyisccyanate comprises
isocyanurate groups, said polyisocyanate having been formed from 1,6-
hexamethylene diisocyanate.

14, A substrate bearing a cured waterborne coating composition, said
composition comprising an aqueous disparsion of 8 polymer, said polymer
being substantially free from hydroxyl, primary amino, and secondary amino
groups and said polymer bearing at least two active methylene groups; and an
aqueous dispersion of a polyisocyanate bearing at least two isocyanate groups

15. The substrate of claim 14 wherein said active methylene groups are
selected from the group consisling of acetoacetates, acetoacetamides,
. cyanoacetates, and cyanoamides.

16. The substrate of claim 14 wherein said polymer is an addition polymer
formed by an emulsion polymerization of at least two ethylenically unsaturated
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monomers, said monomers comprising from about 5% 1o about 25 % By weight,
based on the weight of said addition polymer, aceloaceloxyethyl methacryiate.

17. The substrate of ¢laim 16 wherein gaid addition polymer has a glass

transition temperature trom about -30 C, 10 about 45 C.

18. The substrate of claim 14 whaerein said polyisocyanate comprises
isoCyanate groups selected from the aroup consisting of aliphatically bound
isoCyanate groups, cycloaliphatically beund nsocyanato Qroups, and mixtures

thereof.

19. The substrate of claim 14 wherein said polyisocyanate comprises
isocyanurate groups. said polyisocyanate having been formed from 1,6-

hexamethylene dilsocyanate.

20. The substrate of claim 16 wherein said substrate is wood.




