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pol ymeric conpositions such as clear or pignmented coati ng'bls
required toMBYIPORMHE INVENTIONNt ai ni ng conposi tions due t
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conmpounds into the atnosphere. Sol vent-borne pol yuret hane coatl ngs for med
fromthe reaction of a multi-functional isocyanate with nulti-functional

ol igomers and po¥ighivenhEr réilesis al Waelbeine eeating Eumpcinin domaining 4, T or
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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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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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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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 methylena groups are used

exclusively in the formation of the polymar or when additional acetoacetate

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

copolymerized 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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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 level of 0.05% to 3.0% by weight, based on the weight
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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 the art as g} 3réms R hydiQysi8 Wale partituldriy-on heat aging. However. this
problem may be eliminated by treating the aqueous acetcacetate polymer, after
preparation and neutralization, with ong molar equivalent 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 dispersiin of a polyisocvanate bearing two 1o 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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agents, thickenars, humectants, wetting agents, biccides, piasticizers,
antiftaming acents, colorants, waxes, and anti-ox' fants. It is preferred that alt
such conventional components ¢o not substantially reuct with active methyigne

or 1socyanale groups within the potlite of the waterborne coating composition,

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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fromabout 0.01% to about 10% by viei ght, based on the total nononer
wei ght. et hyl enegl ycol dinethacrylate. divinyl benzene allyl nethacrylate.

1, 4-butyl ene glycol dinethacrylate. 1.6-hexanediol diacrylate. and
diallyl ohthal ate, may also

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! water was then added. Ten minutes after the first addition, (he temperatuie
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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Tahle | 2 Monomer Emulawon for Sample .

D water 425,60
Amome Surtactant (234 .umc) %7.36
Butvd Acisiate 708.08
Moethed  Methacivhin e §11.32
Acetsicetony  ethisl  Methacryviate 1 3%.60
Muethaenvlie 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



- The enul sion polynerization techniques preferred to prepare the aqueous

di spersion.of a polyner-substantially free from hydroxyl.. pti.omary .am no,

‘and secondary am. no groups and bearing at |east two actlve et byl ene groups
I-Ifrﬂ\(s\SheetHastBh@RalacedOonventlonal surfactants may be used,_such as,

for exarrpl e lnl Iﬂtﬁ ‘noni oni ¢ emul sifiers such &s-alkaki-0r. anmmnium

al kyl sulfa fonic acids, fatty acids, and oxyethyl ated al kyl
phenol s. The anount of surfactant used is usually 0.1%to 6% by wei ght,
based on the weight of -total nonomgy Either thermal or redox initiation
processes may be used. Conventional free radical initiators may be used
such as, for exanple. hydrogen peroxide. t-butyl hydroperoxide, ammoni um

2l o 21 i A4 3ebBb e Bnriefl, Shmieph it Sl BeBobl 8 28 BB 4y o1 o1
Sheet 1/1 weight 'a solids content of 37.5% and a particte size of 71 nanomalers. Comparatsve
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 36 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 water 212. 84
Anionic suractant (33% aclive) 43.
Metﬁyt Methacryate 57.02
Butyl Actylate . 73.43

Styrene 55.42
Mathacrylic acid 6.93
ME #2

"'5! water 212,

Anionic Surfactant (23 %o active) 43.68

"Butyl Acrylate ~372.70
Methyi Methacryiate "146.90
Acetylacetoxy ethyl Methacrylate 138.60
Methacrylic acid .
Table 2.2 Monomer Emulsions for Comparative Sample B
ME ¢

[OF water — 212. 84
Anionic Surfactamt (23% active) 43.

ethyl Methacrylate 7.02
 Butyl Acrylate 73.43]

3&mne 55.42
Methacryiic achs ~ 6.99|




6 of total nmonomer. Redox systens using the same initiators coupled with a
sui tabl e reductant such as for exanple. isoascorbic ac%d and_sodlum
bisulfite nay—be-used*at~srﬂT+aT | evel s. Chain transfer; agents SU T

exanpl e, mercapt ﬂ during the polynerizati on rea,qt --6:r'--:'"'e'ile;',’r
to noderate t ti of the polymer. The pafrti-cle.sizé. of the:
enulsion-polyne substantlally free fromhydroxyl, primary

am no, and seco ougs and bearing at |east two acetoacetate
groups is from about 50 nanoneters to about 500 nanoneters in dianeter. The
solids content of the aqueous dispersion of a polyner bearing at |east two
active nethyl ene groups may be froml&bout 20%to about 70% by wei ght. The

particles enul si on-pol yneri zed pol yner substantially free from
p%ﬁa??

hydr oxyl anino and secondary anino groups and bearing at |east two
active met s S o ' ' ' h as,
for exanple ase is
t he predo e

particle L

v Myf Methacfﬂatc

Ecroryaiy efoca X
ryhic 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 _
5! water 212.84
"Anonic Suraciant (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

e




pol ymeri z“fl on wher ei n the i nd| vidual - stages d| ffer in corrposr
“particl es yhi gggtman‘ealkn laogh or nore pol ymeric phases are. c.o.re?%‘h

particles, tIC| es with shell phases inconplet éT"y‘"" e
encapsul ati E&‘mﬂ re/_shel | particles with a multiplicity of cores,

I nt er penetr vvor particles, and the |like. Wen nulti-stage enul sion
pol ymers bearing at | east two acetoacetate groups are used, the Tg of the
outer phase or shell polyner is prlgferred to be fromabout -10 C. to about
+45 C.: the Tg of the inner phase or core polyner is preferred to be from
about 25 C tQq about 120 C ; the Tg of the i nner phase or core polyner is
nmore prefegk po—f—~aiamai et eSSt Ottt AT RG] he
wei'ght of [Glwatae o, eyt vl —

or shell ...mm—;_-ﬁmxm,, :

wei ght ave ‘w b L 3
chi omat ogr gyl WMPWRRRYIWe: o phase

about 20. OA l!m mu i} Neths mm
to be in tjetacsyht ghidse or shell poly

Table 2.5 Monomer Emulsions used in Sample 4
MEM

D! water

Anionic surtaclant
Methyl Mathacrylate
'Butyl Acrylate
[Styrene
Methacrylic acid
Allyl 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,



Date : 03 NOV 1995 Repl acenent. Sheet 1/1 1/95 7 In one enbodi nent of this
i'nvention acetoacetate-functional polymeric binder is treated with about a
‘st oi chi onetric am)unt of ammnia or primary amne to f

pol ymer s Cclﬂtsgh ﬁthgﬁ fed acet oacetate are prone to |
particul arly However, this problem nay '
treating the “‘l acet ate. poI ymer, after preparatio

neutrali zatl | ar eqU| val ent of ammonia or a primary anine
such as et hanol anmi ne, nethyl ‘anmind4 isopropyl anine, butyl anine, or

di gl ycol am ne. The waterborne coat | ng conposition contains, in addition to
an aqueous di spersion of a polynmer substantially free from hydroxyl,

et hyl Zn‘émgP@aﬁ%ﬁwaﬁﬁﬁ§ﬂﬁz’&%9§m§3§m§éiﬁﬂﬁ Wﬁ%ﬁ%ﬁh&é@ﬁi% bear i ng. ot

least two | poeyeate rp Com “Comp.
Composition 4 a b p.c d @
| Sample 2_ 700 700 ] e = o
Comp. Sampie B "o =] 700] 700 [ ] oes
Comp. Sample C - — — -] 700] 700
- 79| 79| 78] 79 78] 79
TEGOGLIDE 410 105| 1.05| 1.05] .05 | 1.0 1.05]
{50% in EB) o
ACRYSOL RM-825 52 52, 52| 52 5.2 5.2
(S% solidsinwater) | | . R
BAYHYDUR XPp- 13.9 o] 131] © 131 0
7063
Water (10 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.



groups The polylsocyanate may contain aliphatically, cycloaliphatically,
aral i phat i-eatty—ard/or “aromati cal |y bound i socyanate groups. Sui tabl e

wat er - di sper.sg bl EaslB'Seg,p &@g‘des and net hods of nmaki ng aquequ Spersi-eR=—g

|socyanates escribed in U S Patents 4, 66[3 ﬁﬁ{SHégﬂmﬁszmﬁN
5, 185, 200; 252, 696; and European Pat ent Zp REPLACED EP
486, 881 and eby I ncor porated herein by rateresse—PF - 0
i s an aqueous dispersion of a pol¥%socvanate bearing two to four reactive
I socyanat e groups. The wat erborne ating conposition is fornmed from an
aqueous di spersion of a polymer substantially free from hydroxyl, primry
am no, and secondary am no groups and bearing at |east tw active nethyl ene
groups; and an aqueous di spersion of a polyi socyanate bearing at |east two

i socyanat e gr ougabids. 28@%'%!@% G RQreP WAEIODErD Ui PaBINOM3 Vi ahd Comparativel s

such as nechani S%%g' Aﬁ The wat er-di spersi bl e pol yi socyanate may be
previously dis on-reactive or in an aqueous nediumor it may be

di spersed in he—ae W : r®omp. e Comp.y ©f
equi val ent s of@}mﬁtps to' emﬁe p.s)f i Ve p& o

|
16 hour spot lests
on maple veneer,
after recovery
(0-10 scale, 10
best):
7 % ammonia 5 1 1 0 3 1
% DREFT '8 6 6 5 6 5
.Qetefgen.t soltion ! 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,



et hyl ene grou s in the rborne conposi tion nay range fromabout 0.1 to
about 5.0. ﬁ t|o of equival ents of |socyanate groups to

* equival ents ﬂ Iene groups from about O.
REPLACEI\/ENT NOV €95 Repl acenment She t 'i'?/%“i‘?@?“%sﬁﬁéN l
wat er borne coaling conpositionh may contain. in addittk & GBleous I
dlsperS|on e eas oups and an
aqueous di s&?gﬁw %"% ?éhggﬂgéfﬁa 5%&0%‘5‘% %Hg %%@%[gﬁsuch as.
for exanpFgrrem s Sy . Sl .

dt i onal

anti-mgr e 0
pol ymer (p¥amB@m J TR r ' e from
primary af:Res- ' { . ' ' ket hyl ene
groups), :
samEb.J Ll 1] wou antd 2 .w e
 Comp. Sample A po =~ o - |_200.0

| 28 28] 23] 28

‘m"so?'@ Ié'i 'aﬁ"“""}e 410 | 0.42| 042| 042 042 04] 04

(S0%inkB) | - —

ACRYSOL AM-825 25.2; 23, oa: 29032262 | 220] 180
5

(1% solids in water) a
Water . 8.00" 907

- ayom on ‘ S G Be¢ 200 &= ——

BAYHYDUR XP' : | wee 6 00 ova ; .—6'0 ' eae j see
7063 i | : :
BAYHYOROUXP- it - - e i 770 7.70]
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 iwo coats applied. each coat was 1.0-1.2
mils dry film thickness. with light sanding in between coats. After a brie! flash-off
period, panels were force-dried and cured overnight at 120 OF prior to testing.
Test results are presented in Table 4.2.



agents, thickeners, hunectants, wetting agents, biocides, plasticizers.

antifoam ng agents, colorants, waxes,RRfkeArls BeddReplaial S- St

that all such conventional conponents t1 al §j yrHie SHEETHAS BEEN
active nmethylene or isocyanate groups ﬁwﬂm’lmﬂiﬂ |i fejjof tIREREXGEDOr ne
coating conposition. The substrates to erbo i ' -
conposition of this invention may be applied include wood, plastic.

| eat her, paper, woven and nonwoven fdldrics, netal, plaster, cenentitious
and asphaltic substrates. previously primed or coated substrates. and the
|'i ke. The cured erg%ne coating conposition rram,ulfi,_l_l a %rati,ve or
protective functiao® & Evpyationof ciced Waterhemg comnasitions i and RRAYYS \\hen
di sposed bet weerCampositomsifiiys or bet ween two such substates. Preferred
substrates are wood, netal, and plastics. The coating conposition of this

i nvention may {MWaterbomd to a $ P.RLE Dy FECOmMPS| Welili {novn v Comp.e}t of

appl yi ng coati r@mm air- |assistied spray, aigl ess sg)ray. pj ural
conmponent spray guns, Drush, r@lTer. (SqQUEEQE, rollf coaten, curtprn coafer,
m‘ﬁo
es, tht

and the like. 4 4 WpoOSTrTon 13 applTEd tO g
substrate the ﬁwmtﬁm%ﬁmition cur I's, reacti gn between the
active nethyl epafer recovery
(0-10 scale, 10
best):
1% ammonia
1% DHEFT :
| detergent solution !
10% sodium
_ {carbonate
409 household :
cleaner
50% Ethanot
1 hour spot tests on
maple veneer, after
recovery
{0-10 scale. 10
best): i
{ Butyl acetate i 8 4 4
70% igsopropanal ' 2 ' 6 3

~

o]  »jnf

A
» ﬂ;

e o r-.—-
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o ow o ojn
@ el o] owinl
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groups and-the.isocyanate groups is believed to occur.

usef ul

is someti
heat| ng t

25 C.

to about 50 C,
REPLACEMENT SHEET Dat e:

fol I owi ng exanpl ew&dﬁ]&g%ﬁ.ﬂ

COITpOSI tion containin

egd exanpl e,

about 0 C.

t o about

Curing to yield
coatings propertices may take place at a convenient
't enper atm%%ﬂawea?mﬁ 5

AL

C. to about 200
about 120 C.

rate at anbi ent

T0

t 0 accelerate the rate of propert;y devéT dpriett - byN

'erborne conmposition to a tenperature from about 35
Preferred is a d8ring tenperature from about 25 C.

! I

for coatings applied to heat-stable substrates and from about

an aq

é&élgﬁﬁ“ o EU

composmon i of mas mvention is Supenor to
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,

tha

for substrates sensitive to higher tenperatures.
03 NOV 1995 Repl acenent Sheet 1/1 1/95 9 The

a.uwﬁtar-&mmat ing

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 slirning.
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
composition_ _j SR SR

Comp. Sample D 180.0 -] 1597 — —
Sample 2 —| 1800 —| 162.6| 1626
EB - - 2.5 — -
EB:DEB 3:1 premix 6.9 8.9 e - ~e
TEGOGLIDE 410 0.4 0.4 0.4 05 0.4

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

Water 25.2 34 26.6 33.2 23.9
BYK 348 0.2 0.3 0.2 0.4 0.4
DESMODUR VP LS sae e 1.2 11.2 -
2032 (Bayer)

BASONAT P LR - “-- .t - 11.2
8878 (BASF)

Tat of Compatative CambBEndH 1;' ©2s!



two active met hyl ene groups and an ‘aqueous di spersion of a polyisocyanate
bearing at |east ﬁMh&ﬁH&)ﬁ%}ﬁ{e lacg{ioups. They are not intended to limt the

i nvention as ot her of the invention will_be obvious to those
of ordinary skill lMﬂ ME lE MPLE 1. Preparation|o ‘%(LU. ous _drSpersjon
of pol ymer Prepara . e 1 and Conparative a{% e T HOS BEEN| ter

stirred reactor 1383.0 g. deionized water (Dl water) |land 48.2*g. " df an -
aqueous sol ution of sodium dodecyl bggzenesul fonate (23[err] active

i ngredient ) which had been heated to 85 C. was added 43.4 g. of Monomer
Emul si on which was then rinsed into the realor wit. 15 g. of D1 water. A
solution of 208 g. of ammonium persulfate in 15.0 g. D water and a
solution of 2.08 g‘_ sodi um carbonate in 45 g. DI, water was then added. Ten
m nut es af tNetesh@ TaPledd. :addition. the tenperature was 855 C. and the

uni f or m addy)tpeB LdiettyteneajipiordncbityMenend a sol ution of 2.08 g. ammoni um
persul fate é')\rgéSO‘.Hg @. Wgr V\ﬁl"e begun. The tenperature renai nded at
85[err] C = §12Y'¢89) "% ’f&?‘ﬂuri ng which ME and catalyst were
added. A ca)TEGOGLIDE isa rademark aldegachienie:SarmceUBSANMEGOGUDE S 8st f eeds

vere conpl egig.aidhe final reaction mxture was neutralized to pH range of

7.5 4) ACRYSOL is a trademark of Rohm and Haas Co. ; Acrysol AM-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.



with 29% aqueous ammoni a. Conparative -safpte—A-had-a-Brookfiel d viscosity
of 22 cps at a weight %solids contents of approxi matel y .

particle size of 81 nanoneters. Sanple et Hla e@mR laeddd
cps at a weight %solids contents of app

size of 80 nanoneters. REPLACEMENT SH 1995 RepT’aceﬁenb =i
Sheet 1/1 1/95 10 Table 11 Mononer Erml sion for Corrpar ative Sanple A Dl
wat er o 425. 60 Anionic
Surfactant (23% active) 87.36 Butyl Acrylate
806. 48 Met hyl Met haervl ate
551.51 Tabie §.2 Evaiuation 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
maple veneer, atter
recovery
(0-10 scale, 10 bes:). _ |
| 7% ammonig S R T Y. S S 6
409 housahoid | 1 , 1 | 2 10 9
e U S B
* DREFT s | 3 | 9 9 9
.ggtg_r_ggnt solution
50% Ethanol - 6 9 10 9
1 hour spot tasts on !
maple venager, alter
recovery |
| (@-10scale, 100esy: | L L
_.Butyl acetate { LI 3.t 4 8 8
_.J0%;isopropanol ! 8 1 . .i_.6.1 8. 1.8
MEK doubte bson § 5 6 ; 12 25 3
NORYL 844 (dissolv- | (dissolv- | (dissolv- | (cracks) | (cracks)
ed) ad) od/
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.



Met hacryl ic -acid— -~ ' 27.71 Table 1

2 Monomer Enul sion for %i wat er 425. 60
Ani oni ¢ Su'lﬂf Bee“ ] active) 87 26 Bty
Acrylate Methyl . 78S BREET HASEEEN
Met hacryl at e 138. 60 Met hacryI]] C aciREPLACED
27.7 1 EXAMPLE 2. Prepar atlon of aqueous di spersion of

of Sanples 2.3 and Conparative Sanpl Ss B-C.. Toab5 Iliter stirred reactor

1383.0 g. deionized water (Dl water) Lnd 48 2 g. of an aqueous sol ution of
sodi um dodecyl benzenesul fonate (23% active ingredient ) which had been
heated to 85 [err]. was added 43.4 g. of Mononer Emulsion #1 (ME# 1) which
was then rinsed into the reactor with 15 g. of Dl water. A solution of 2.08

. of amoni um pe sgl ution of 2.08
gOdI um car bonatg f'?\eu%%&' B%dégm (ﬁgétﬁ%g\tﬁé‘ﬂ%g& a, ﬁﬂf & after thg
first additi eﬁ"“’?ﬂ@"tséfn‘ﬁef Brsureenies ages pigrarpr todhat Q’I@"wmfrvr'on of the

remai nder of Coapbsiiossdl. a sol ution of 1.04 g. amonium persulfate in 75.0
g. D1 water

EXAMPLE 6. Preparation and Evaluation of waterborne maintenance coating
compositions

Preparanon of mantanance ¢oating Composition v and Comparative
Composiions m-0  Waterbome compositions weare prapared with the
ingredients given i Table 6.1 Water 1. TAMOL 631M. Ammoria. TRITON CF.
10. anc TIOMA RCL-628 were dispersed using a hgh speed Cuwles drssolver
The the other ngradients ware added w;:h slenng, 10 the order Given

Tabie 6 1 Waterborne Compostion v and Comparative Composd-ons 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 . 164 184 164 164
Ammona (28%) . 014 0.14 014 04
TRITONCF-10 019, 019 019, 019,
TIONARCL-628 = 3979, 3979, 3979 3979
water 2 . 944 773, 1938 2102
ACRYSOL RM.B25 088 092 080 o078
BAYMYDR(: P. 690 684
7043 M.




was begun. _The tenperature remained at 85[err]. over the 90 m nute period
during which ME #1 and the cofeed catal yst #1 was added. Thirty m nutes
later, the trhi n “8%;0. and the addition of Mnonmer Enul sion #2
(ME #2) and begun. The tenperature was 85[err] during the
90 m nute perj ME #2 and Catal yst #2 was adg
catal yst/activator pair was added after the ME #2 feed

THSGHERBHAS BEE l
final reaction mxture was neutraliyed to a pH of 7.5 REPLABEHENFEBHEET
Dat e: 03 NOV 1995 Repl acenent Sheet "1/1 1/95 11 with 29%

Sanpl e 2 had a Brookfield viscosity of 28 cps at a weight % solids conteht
of 37.5% and a particle size of 71 nanoneters. Conparative Sanple B had a
Brookfield vi dotesitoyiaple €13 cps at a weight % solids content of 37.8% and a

particle size 1pTAKDINGACNRIeMatk of M BAY Haas BRTDTanGT 683N 18 allanaid el d
pigment dispersant
2) TRITON 1s a trademark of Union Cartde Co.; TRITON CF.10 is a anionic
surfactant
3) TIONA is a trademark of SCM Chemicals. TIONA RCL-628 is ttanium 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,



viiscosity of. 36-€ps- ar"‘a"\)\')éi ght % solids content of 37.6% and a particle

size of 70 nanorreter , Ie 3 had a Brookfield viscosity of 26 cps at a
‘wei ght %m@Sh of 38.1% and a particle size of 71 nanoneters.
Sampl e 4 h d viscosity of 21 cps at a weight ; %sol 1ds QOntent $
of 37.9% a 5| ze of . 76 nanoneters. Table 2. L ano_, Errul & ons
for Sanpl e #11 DI wat er LT
212. 84 Anionic Surfactant (23% actjyve) 43! 68
Met hyl Met hacryl at e 557. 02 Butyl
Acryl ate : 73.43 Styrene
55.42 Methacrylic acé'd N ) . 6.93 ME -
#2 DI water Table8.2 Evaluation of cured Waterbome compositions vii and Comparative > g4
Ani oni ¢ Sur f Gompasitigri3Meact i ve) 43. 68 Butyl
Acryl ate 372.70
Waterdorne Comp.m | Comp.n | Comp. ¢ vii
composition
Spot tests
| (1-5scale, S best).
3.7% HCL 30 min, 5 5 $ $
saturaion - .
2% NaOM: 30 min, | 5 4 4 4
. saturation L [
xylene: 6 hrs. P 1 1 5
saturation___ SRV SR
buty! acetate. 6 hrs f 1 1 1 5
saturation *
MEK. 6 hrs. saturation| 1 _ 3 1 1 5
MEK double rubs | 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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2.2 I\/bnorrer mpar ative Sanple B ME #1 D vvat er SO ERLT
212. 84 Anion ﬂ.\m “mjﬂ 23% act i ve)

Met hyl Met hac

Acryl ate
55.42 Methacrylic acid
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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



12" VE #2 D1 wat er

212. 84
At ractam {23%act’ ve) ||I|||I||I|I||IIIIIIII\I|||II| 43 68 Butyl
'ﬁ‘/g{ K;gt el At Sheet Has Been Replaced 122295)9;;\St—hy1 e y—
ry et
Met hacryl at eLInIUIu“m! ||EIL 2 138. 60 Meth cryI |mmm¢ED
34. 60 Tabl e M | si ons ased I n Conpar ative Sanpre=C=Ve#t—0i
wat er 212. 84 Anionic

Surfactant (23% active) 43. 68 Met hyl

Met hacr yl at Quo active methylane groups: and an aqueous dispersion of golAgodahile Acryl ate
73.43 Styre 55.42

Met hacr yi i Crlagerisap at least two isocyanate groups:; 6. 93 NE#2

(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



D1 wat er ' 212. 84 Anionic

Surfactant (23%active) 43.68 Butyl Acrylate
R o
;Iydi oxyet hyl ep lace? 69. 30

cet oacet oxy at e’ _ : _
Met hacrylic:ac : ‘%ﬁsééf@’;%%%
Mononer Enul'si rrpl e 3 ME#1L D water ' ?
212. 80 Anionic Surfact ant (23% act i ¥e) 43. 60
Met hyl Met hacryl ate 335. 34
Acrylonitrile 138. 56 Butyl
Acryl ate 135. 80 St yrene

69.29 Methacrylic Acid
Al'lyl Methacryl ®eaomers, said monomers comprising {rom about 5% 10 adbout 25 % bygve:gm

based on the weight of said addition polymer, aceloaceloxyethyl methacryiate.

17. The substrate of ¢laim 16 wherein gaid addition polymer has a glass
transition lemperature trom about -30 C. to 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.
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WATERBORNE COATING COMPOSITION

ABSTRACT OF THE DISCLOSURE

A waterborng coating composition containing an aqueous dispersion of a
polymer, the polymer being substantiaily 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 ieast two
isocyanate groups is provided. Also provided is a method of improving the
chemical resistance of a coating and a substrate coated with the waterborne
coating composition.



__Ani‘.vonic Sur f act ant : tihyl
“Methacryl ate ﬂ@ﬁ#’@@gﬁggfy ate
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Met hacryl ate . ; ter
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Butyl Acrylate . 415.72

Acet oacet oxy ethyl Methacryl atyATFRBORNE COATING CQMPOSTTION 138.57
Acrylonitrile o . 69. 29

Met hacryl i c &dEWD OF THE INVENTION 34.64 Styrene

34. 64 EXAMPLE 3. Preparation and Eval uati on of waterborne coating
conpositions Preparation of Conposition i and Conparative Conpositions a-e.
WAt er borne conpositions were prepared by adding the ingredients with
stirring, in the dtiginvention relates to a waterborne coating composition containing an

aqueous dispersion of a polymer, the polymer being substantially free from
hydroxyl, primary amino, and secondary amino groups and the polymer bea‘ing
at least two active methylene groups; and an aqueous dispersion of a
polyisocyanate bearing at least two isooyanate groups.

BACKGROUND OF THE INVENTION

Waterborne polymeric compositions such as clear or pigmented coatings
are frequently required to supplant solvent-containing compositions due to
effective and pending concern and legislation regarding the emission of volatile -
organic compounds into the atmosphere. Solvent-borne polyurethane coatings
formed from the reaction of a multi-functional isocyanate with muilti-functional

_oligomers and polymers bearing active hydrogen functionality such as, for
example, acrylic polyols, are widely used for their excellent performance
properties. Polyurethane performance properties including excellent chemical
resistance can be attained ur.der ambient curing conditions, aithough '
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 aqueous composition is highly desirable. Such urethane
compositions formed from an aqueous polyisocyanate and an aqueous polyoi
dispersion, for example, are known; however, residual hydroxy or amino groups
remaining after the reaction with the polyisocyanate may detract from the stain
and chemical resistance of the cured composition. Compositions containing
aqueous dispersions of polyisocyanates which provide superior properties are
needed by the coatings industry.



given in Table 3.1. REPLACEMENT SHEET Date 03 NOV 19
~1/11/95 14 Table 3.1 Waterborne Conposition i and Conpa

are. \Wat erborne i Conp. Comp Com

Conposi tion a b p.cC b
Sanpl e 2 700 700 Conp. Sample B Lt
700 Conp. Sanple C o o Replacemggy
7.9 7.9 7.9 7.9 7.9 7.9 TEGOGLI DE 410

1.05 1.05 1.05 1.05 (50%in EB)2

DESCRIPTION OF THE PRIOR ART

U.S. Patent No. §,075,370 discloses an aqueous lwo-component coatig
composition which contains an aqueous solution and/or dispersion of a polymer
containing hydroxyl groups and an emulsified polyisocyanate component.

US. Patent No. 5,200,489 discloses a composition which contains a
water-dispersible polyisocyanate composition having an average NCO
functionality of 2 to 6 and an aqueous resin containing isocyanate-reactiye
groups.

None of the references discloses a waterborne coating composition
containing an aqucous dispersion of a polymer, 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 agueous
dispersion of a polyisocyanate bearing at least two isocyanate groups.

STATEMENTS OF INVENTION

According to a first aspect of the present iinvention there is provided a
waterborne coating composition containing an aqueous 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 aqueous dispersion of a polyisocyanate bearing at least two
isocyanate groups.

- According to a second aspect of the present invention there is provided a
method of improving the chemical resistance of a coating by forming a
waterborne coating composition by admixing an aqueous dispersion of a
poiymer, the polymer being substantially free from inydroxyl, 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
isocyanata groups. applying the coating composition 1o a substrate; and curing
the cnating composition.



ACRYSOL RM 825 52 52 52 5.2 Fo—ted Slsol i s
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13.1 0 13.1 0 7063 Vter (to 24+ - 2 60. 7
92.8 25.0 17.9 sec. #2 zahr Notes to Table 3. 1 m;neEB’]% Sk ylése

gl ycol nonoethyl ether 2) TEGOGIDE is a trademnar Wﬁe&. -

USA; TEGOG.IDE is a slip aid.. 3) ACRYSO_isatrg?é’ ﬁé’g
Co. ; Acrysol RM 825 is a rheology nodifier. 4) BAYHYDUR is a trademark of
Mles Inc. BAYHYEM%&@nZ;Qé% third @spaéesi- thé'p‘i@@érﬂlnM&t:Bﬁ'tNé@%%ﬁﬁH@dl&ear' ng

at | east two | n ne co ative
Cormoss ¢ i ons S8l BEyg 8 hFeq WANERAME EasifE S nboRlint s30lige”
panel s usi ng aqueowsalisperaian ofiar polymeaythg molyeebeing|subptandialy fred ftam coat s,
1.0 ml dry fhJdmkyii SHM8RSaMAHd) 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

DETAILED DESCRIPTION OF THE INVENTION

This invention is directed to a waterborne coating composition containing
an aqueous 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 aqueous dispersion of a

_polyisocyanate bearing at least two isocyanate groups. A "waterborne 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 butyl ether and propylene glycol propy! ether which does not react with
isocyanate groups to a substantial degree during the pot-life of the coating .
The pot-life of the coating is the period 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 hydroxyl,
primary amino, and secondary amino groups bearing at least two active
methylene groups in the waterborne polymeric composition may be prepared
by the addition polymerization of at least one ethylenically unsaturated
monomer such as, for example, acrylic ester monomers including methyl
acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate.



~with I'ight sanding between coats. After 20 mnutes fl
Wwere force-dried for 10 mnutes at 140 F. after each
days at 33 C. prior to testing. Test results are pres

ted i TH,Ell m
REPLACEMENT SHEET Date: 03 NOV 1995 Repl acenent Sheet {Lbbtel/iP. I .2
Eval uati on of cured.Wterborne conpositions i-iii_an

Conposi tions a-c Waterborne i Conp. BsRiz nﬂ/”/%rrp
Conposi tion a b R C d 16 hour spot tests

on mapl e veneer. after recovery
methyl methacrylate. butyl methacrylate, and lauryl methacrylate; acrylamide or

substituted acrylamides; styrene or substituted styrenes: butadiene; vinyl
acetate or other vinyl esters; vinyl monomers such as vinyl chluride, vinylidene
chloride, N-vinyl pyrrolidone; acrylonitrile or methacrylonitrile. By "active |
methylene groups” herein is meant the esters and amides of acetoacetic acid.
malonic acid, and cyanoacetic 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 polymer or when additional acetoacetate
groups are desired, acetoacetate groups may be introduced by the use of
acetoacetate-functional chain transfer agents as disclosed in U.S. Patent
No0.4,960.924, hereby incorporated herein by reference. or by post-reaction of a
_copolymenzed 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, hereby incorporated harein
by reference. In general, any polymerizable hydroxy- or amino- functional
monomer can be converted to the corresponding acetoacetate or
acetoacetamide, before or after polymerization, 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)). Preferred is the copolymerization of from about
5% to about 25%, by weight, based on the total monomer weight, ethylenically
unsaturated monomer bearing acetoacetate functionality such as, for example,
vinyl acetoacetate, acetoacetoxyethyl acrylate, acetoacetoxyethyl methacrylate
(AAEM). acetoacetoxypropy! methacrylate (AAPM), allyl acetoacetate,
acetoacetoxybutyl methacrylate, 2,3-di(acetoacetoxy) propyl 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.

h n'F'F nn“"v: (o) |S
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Low levels of ionic monomers such as, for example, from about 0.1% to
about 5%, by weight. based on the total monomer weight, (meth)acrylic acid,
itaconic acid, crotonic acid, fumaric acid, maleic acid, monomethyi itaconate,
monomethyl fumarate, monobutyl fumarate, maleic anhydride,
dimethylaminoethyl (meth)acrylate. 2-acrylamido-2-methyl-1-propanesulfonic
acid. sodium vinyl sulfonate, and phosphoethy! methacrylate may also be



(0-10 scale, 10 best): 7% ammoni a 5 A R
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sol ution The chem cal and stain resistance of cured fi ap_f_ ﬂ/\ﬁtw@‘bojggs
conposition i of this invention is superior to that of‘zgaﬁnawt“r-ve -----------
Conpositions a-e. EXAVPLE 4. Preparation and Eval uation of waterborne --:
coating conpositions Preparation of Conpositions iReRlaceRENtSheat ali\id95
Conmpositions f-h. \Waterborne conpositions were prepared by adding the

ingredients with stirring, in the order §iven in Table 4.1. 16
Repl acenent Sheet 1”( &/9 . .
incorporated in 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,
ethylenegiycol dimethacrylate, divinyl benzene, aly: methacrylate, 1,4-butylene
glvcol dimethacryiate, 1,6-hexanediol diacrylate. and diailylohthalate, may also
be incorporated in the polymer.

"Substantially free from hydroxyl, primary amino, and secondary amino
groups” as used herein means that monomers bearing such groups are not
incorporated into the polymer; but low levels of adventitious hydroxyl, primary
amino, or secondary amino groups may be present as impurities in the
monomer or initiator used or may be formed dunng the polymerization or
storage of the polymer. In any event, less than about 0.2%, by weight based on
polymer weight, of hydroxyl, primary amino, and/or secondary amino groups are
present in the polymer.

The glass transition temperature(Tg) of the polymer substantially free
from hydroxyl, primary amino, and secondary amino groups and bearing at
least two active methylene groups is preferred to be from about -30 C. to about
+45 C., as measured by ditferential scanning calorimetry (DSC). 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 halif-height method.
More preferred is a Tg from about -10 C. to about +45 C..

The emulsion polymerization techniques 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, for example, anionic and/or nonionic emulsifiers such as alkali or
ammonium alkyl ulfates, alkyl sultonic acids, fatty acids, and oxyethylated alky!
phenols. The amount of surfactant 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 such as, for
example, hydrcgen peroxide. t-butyl hydroperoxide, ammonium and/or alkali
persulfatas, typically at a level of 0.05% to 3.0% by weight, based on the weight

! = _’A ......._ARLB
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Tabl e 4.1 Waterborne Conpositions ii-iv and Conparati ve’ Corrp05| tions f-h. "
>\Wat er bor ne Conp. Il Conp. L1 i v OCohpy on
I h Sanple 3 1817 '63‘J mgﬁ%
Sanpl e 4 184.94 184.9 : ... 4 Sample 1
: . 200.00 Conp. Sanple A . C 0 0
DPM - 2.8 2.8 2.8 2.8 Rep‘acemepﬁzaﬁi’i 1488
0.42 0.42 0.42 0.42 0.4 .4 (50%in EB) ACRYSOL RM 825
25.2 23.03 29.03 22.62 22.0 18.0 1% solids in Water) Wat er
6. 00 9. 07 ... 5.70 48. 5 39. 5 BAYHYDUR XP 6. 00
6. 00 ol jolal mosemBAYREDRBISYXems using the same initiators coupled with a
7.70 7.70 gsuitable reductant such as. for example. 1soascorbic acid and sodium bisulfite

may be used at similar levels. Chain transfer agents such as, for example,
mercaptans may be used during the polymerization reaction in order to
moderate the molecular weight of the polymer.

_The particle size of the emulsion-polymerized polymer substantially free
from hydroxyl, primary amino, and secondary amino groups and bearing at
least two acetoacetate groups is from about 50 nanometers to about SQ0
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%
to about 70°s by weight.

The particles of the emulsion-polyrierized polymer substantially free from
hydroxyl. primary amino, and secondary amino groups and bearing at least two
active methyiene 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 with the aqueous medium in which the particle is
dispersed. Such particles are commonly made by multi-stage emulsion
polymerization wherein the individual stages differ in composition. Some
particles which contain two or more polymeric phases are core/sheli particles,
core/shell particles with shell phases incompletely encapsulating the core,
core/shell particles with a muitiplicity of cores, interpenetrating network
particles, and the like. When multi-stage emuision polymers bearing at least
two acetoacetate groups are used, the Tg of the outer phase or shell polymer is
preferred to 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 from 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 .5 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 from
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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pol yi socyanate bearing at | east two i socyanate groups. \Waterborne
conpositions ii-iv and Conparative Corrpo;itions f-h, at 1-4 hours old, were
applied to mapl e veneer wood panels using a conventional air- spray gun.
The mapl e panel s had tvvowggats each coat wa film

thi ckness with IilgHne8 5“?’?6}%@1%’{“\%3@‘@ 98¢ éFe'RﬁFéé'%f"‘?i}qJﬁé’%a%@ﬂ‘%%f
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testing. amine to lorm an enamine. Vinyl polymers containing pendant acetoace:ate
are prone to hydrolysis in water particularly on heat aging. However, this
problem may be eliminated 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, isopropyl amine, butyl

amine, or diglycol amine.

The waterborne coating ccmposition contains, in additicn to an aqueous
dispersion of a polymer substantially free from hydroxyl, primary amino, and
secondary amino groups and bearing at least two active methylene groups; and
an aqueous dispersion of a polyisocyanate bearing at least two isocyanate
groups. The polyisocyanate may contain aliphatically, cycloaliphalically,
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 dispersin of a polyisocvanate bearing two to four reactive
isocyanate groups.

The waterborne coating composition is formed from an aqueous
dispersion of a polym-» substantially free trom hydroxyl, primary amino, and
secondary amino grot 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 previously
dispersed in a non-reactive or in an aqueous medium or it may be dispersed in
the presence of the aqueous polymer dispersion.

The ratio of equivalents of isocyanate groups to equivalents of active
methylene groups in the waterborne composition may range from about 0.1 to
about 5.0. Preferred is a ratio of equivalents of isocyanate groups to
equivalents of active methylene groups from about 0.5 to 2.0.
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The walerborne coating composition may contan, in addition to the
aqueous disoersion of a polymer beanng at least two active methylene groups
and an aqueous dispersion of a polyisocyanate. conventional components such
as. for example, emulsifiers, pigments, fillers, coalescing agents, anti-migrtion
aids. aqueous solutions or dispersions of non-functional polymer (by "non-
functional polymer" herein is meant polymer free trom.primary amino,
secondary amino, hydroxyl, isocyanate, or active methylene groups), curing
agernits, thickeners, humectants, wetting agents, biccides, plasticizers,
antifoaming agents, colorants, waxes, and anti-ox’ Jants. It is preferred that all
such conventional components do rot substantially react with active methylene
or 1socyanate groups within the potlite of the waterborne coating composition.

The substrates to which the waterborre coating composition of this
invention may be applied include wood, plastic, leather, paper, woven and
nonwoven fabrics, metal, plaster, cementitious and asphaltic substrates,
previously primed or coated substrates, and the like. The cured waterborne
coating composition may fulfill a decorative or protective function, or both, or
may act as a primer or as an adhesive when disposed between two coatings or
between two such substates. Preferred substrates are wood, metal, and
plastics. The coating composition of this invention may be 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, roller,
squeege. roll coater, curtain coater, and the like.

After the waterborne coating composition is applied to a substrate the
coating composition cures, that is, reaction hetween the active methylene
groups and the isocyanate groups is believed to occur. Curing to yield useful
coatings properties may take place at a convenient rate at ambient
temperatures such as, for example, about 0 C. to about 35 C.. However. itis
sometimes desirable to accelerate the rate of propeny development by heatihg
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 applied 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 ilustrate the witerborne coating
compos-tion confaining an aquecus dispersion of a polymer beanng at least
two active methylene groups and an agqueous dispersicn M a poly.socyanate
beanng at least two 1sozyanate groups. They are not intended to hmr:t the
invention as other applications o/ the invention will be obvious tu those ¢t
ordinary skill in the art.

EXAMPLE 1. Preparation of aqueous dispersion of polymer

Preparator. of Sample 1 and Comparative sample A . Tc a 5 hter stirred
reactor 1383.0 g. deionized water (DI water) and 48.2 g. of an aquedus solution
of scdium dodecy!benzenesulfonate (23° active ingredient } which nad been
heated to 85 C. was added 43.4 g. of Moncmer Emulsion which was then
rins.2d into the reator wit . 15 g. of DI water. A solution of 2 08 g. of ammonium
persultate in 15.0 g. DI water and a sclution of 2.08 g. sodium carbonate in 4S5 q.
D! water was then added. Ten minutes after the first addition, the temperatuie
was 85" C. and the uniform addition of the remainder of ME and 2 solution of
2.08 g. ammonium persulfate in 150.0 g. D1 water were begur. The temperatuie
remainded at 85" C. over the 180 minute period dunng which ME and catalyst
were added. A catalyst/activator pair was added after the ME and catalyst feeds
were completa. The final reaction mixture w-.s neutralized to pH range of 7.5
with 29° aqueous ammonia. Comparative Sample A had a Brookfield viscosity
of 22 cps at a weight %% solids contents of approximately 38.3% and a pariicle
size of 81 nanometers. Sample 1 had a Brookfield viscosity of 9 cps at a
weight % solids contents of approximately 37.7% and a particle size of 80
nanometers.
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“chemical and stain resistance of cured filnms of Waterborne corrp05|t|on e
of this invention is superior to that of Conparative Con‘posuta]z@\ 555 is
wat er borne conposition iii of this invention is superior to't of1g
Conparative Conposition g; and as is waterborne c osition

I nvention is superior to that of Conparative Co '8%@??8’5‘ ept %@Rﬁp@@%
Preparati on and Eval uati on of waterborne coating conpositions Preparation
of Conpositions v-vi and Conparative Oorrﬂ&sitions j-1. waterborne

conposi tions wer e 0t eRGEDHY eAURIATH L Jol8 fesaW th stirring. in the
order given in Taf)tPe 5. 1. Com%agatol v?a @6* Y va\‘/aﬁ@ an acrylic | atex polyner
free fromhydroxyl. am no, or active net hyI ene groups. Table 5.1 Waterborne

-.A“. I -l. i?

Conposi tions v-yDjargheonparative Conposifions j-1. Waterbornes25.40
Conp. | Conp. K[ALRIMR Surtactamt (23% active) P! 87.16
Butyl Acrvlate 806.48
Methy:,  Methaerviate 551.51
Mcthacrvlic acid 27.71

Table 12 Monomer Emuluon for Sample 1.

M water 425.60
Antonie Swifactant (237 active) 87.36
Butvl Acevlate 708.08
Methyvl Methaaivhaoe 511.32
Acetuicetony  cthyl  Methacrvlate 138.60
Methaenviie acid 27.71

EXAMPLE 2. Preparation of aqueous dispersion of polymer

Preparation of Samples 2-3 and Comparative Samples B-C.. To a § 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 heatedto 85 ° C.
was added 43.4 g. of Monomer Emulsion #1 (ME#1) which was then rinsed into the
reactor with 15 g. of DI water. A solution of 2.08 g. of ammonium persulfate in 15.0g.
DI water and a solution of 2.08 g. sodium carbonate in 45 g. DI was was then added.
Ten minutes after the first addition, the temperature was 85° C. and the addition of the
remamnder 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 cofeed catalyst #1 was added. Thirty minutes later, the
temperature was 85 C. and the addition of Monomer Emulsion #2 (ME #2) and
catalyst #2 was begun. The temperature was 85° C. during the SO minute period over
wvhich ME #2 and Catalyst #2 was added. A catalyst/activator pair was added after the
ME #2 leed was completed. The final reaction mixture was neutralized to a pH of 7.5
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with 29% aqueous ammonia. Sample 2 had a Brookfield viscosily of 28 cps at a
weight % solids content of 37.5% and a particle size of 71 nanomelers. Comparalive
Sample B had a Brookfield viscosity of 113 ¢ps at a weight % solids content of 37.8%
and a particle size of 76 nanometers. Comparative Sample C had a Brookfield
viscosity of 36 cps at a weight % solids content of 37.6% and a particle size of 70
nanometers. Sample 3 had a Brookfield viscosity of 26 cps at a weight % solids
content of 38.1% and a particle size of 71 nanometers. Sample 4 had a Brookfield
viscosity of 21 cps at a weight % solids content of 37.9% and a particle size of 76

nanometers.

Table 2.1. Monomer Emulsions for Sample 2

ME#1
Dl water 212. 84
Anionic surfactant (23% active) 43.68
| Methyl Methacryiate 557.02
;B_utyl Acrylate 73.43
Styrene 55.42

| Methacrylic acid 6.93
ME #2 —
DI water_ 212.84
| Anionic Surtactant (23% active) 43.681"
Butyl Acrylate 372.70
Methyl Methacrylate 146.90
Acetylacetoxy ethyl Methacrylate 138.60
Methacrylic acid 34.60
Table 2.2 Monomer Emulsions for Comparative Sample 8
ME #1

"Dl water 212. 84
Antonic Surfactant (23% active) 43.68
 Methyl Methacrylate 557.02
Butyl Acrylate 73.43
Styrene 55.42
Methacrylic acid 6.93

11.

|

2



#Table 5.1: 1) DEB = diethylene glycol nonobutyl eth

REPLACEMENT SHEET Date: 03 NOV 1995 Repl acerment sheej] REPLACEMENT Sigées |I 0
2) EB_,=. et hyl ene
gl ycol nonoethyl ether 3) TEGOGLIDE is a trademark o Dﬁm}ocﬂ ) \Bg g% e
USA; TEGOGLIDE is a slip aid. 4) ACRYSOL is a tradenmatk oFRohm-ant-Haas
Co. : Acrysol RM825 is a rheology nodifier. 5) BYK,348 ] d Iy Of
Byk-Mal | i nkrodt Co. 6) DESMODUR is a trademark o&‘%&%&%ﬁ@f gBEé /\b/ LS
2032 is a water-dispersible polyisocyanate bearing at | east two isocyanate
groups. 5) BASONAT is a trademark of BASEF AG BASONAT P LR 8878 is a water-
di spersibl e pol yi socyanate bearing at | defst two | socyanat e groups.

ME #2

DI water — - 212.84
Anionic surfactant (23% active) 43.68
"Butyl Acrylate 372.70
Methyl Methacrylate 146.90|
Hydroxyethyl Methacrylate 138.60
Methacrylic acid 34.60

Table 2.3 Monomer Emulsions used in Comparative Sample C

ME#1
D1 water_ 212. 84
Anionic Surfactant (23% active) 43.68
Methyl Methacrylate . 557.02
'Butyl Acrylate 73.43|
[ Styrene__ 55.42
Methacrylic acid 6.93
ME#2
Dl water_ 212.84
Anionic Surfactant (23% active) 43.68
[Butyl Acrylate _ 372.70
Methyl Methacrylate 146.90
Hydroxyethyl Methacrylate 69.30
Acetoacetoxy ethyl Methacrylate 69.30
Methacrylic acid , 34.63
Table 2.4 Monomer Emulsions used in Sample 3

ME#1

Dl water 212.80]
Anionic Surfactant (23% active) 43,60
Methyl Methacrylate 335.34
Acrylonitrile - 138.56
"Butyl Acrylate _ . 135.80
Styrene 69.29
Methacrylic Acid 6.93
Allyl Methacrylate 6.93




V\at‘:erborne Conmpositions v-vi and Conparative Conpositions j-1. at 2-4 hours
zold. were applied to maple veneer, NORYL 844 (NORYL fs—& loluenbHK Of ”

General Electric Corp.; polyphenyl ene oxi de/ pol ysty efEP
pri ned pol ypropyl ene panel s using a conpressed air gpray gﬂrﬂ ?\ilfél‘ §935:
panel s had one coat at 1.0 mils dry filmthi ckneﬁl ogalf® - Ehge VElESTY had
two coats, 1.0. mls filmthickness, with |ight ‘PerWeen coats
Panel s were dried under anbient conditions and aged for one week prior to
testing. Test results are presented in Table 5. 2. REPLACEMENT SHEET Dat e
03 NOV 1995 Repl acenent Sheet 1/1 1/95 Tabl e 5.2 Eval uation of cured
“VWaterborne coypegitions v-vi and Conparative Conpositions j-1

DI water - 212.80
[Anionic Surfactant (23% active) 43.60
Butyl Acrylate 360.29
Methyl Methacrylate 159.36
Acetoacetoxy ethyl Methacrylate 138.57
Methacryiic acid 34.64

Table 2.5 Monomer Emulsions used in Sample 4

ME#1
Ol water_ —_212.80
Anionic Surfactant - 43.68
| Methyl Methacrylate 491.93
[ Butyl Acrylate 90.07
‘Styrene 69.29
Methacrylic acid 34.64
Allyl Methacryiate 6.93
ME #2
[Di water_ 212.80
| Anionic_Surfactant . 43.68
Butyl Acrylate 415.72
Acetoacetoxy ethyl Methacrylate 138.57 |
Acrylonitrile - 69.29
Methacrylic acid . 34.64
Styrene ; 34.64

EXAMPLE 3. Preparation and Evaluation of waterborne coating compositions

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



Wat er bor ne

Comp.j Conp. k Comp. | V §
tonposition 16 hour spot tests on maple veneer, after eBEPB((yEMéQT
scale. 10 best): _ 1% amﬂ)g
2 1 4 6 409 househol dDaf ......... NﬂV 1995
2 10 9 cl eaner 1 Y%OREFT B e
9 9 detergent solution 50% Et hanol Repl@ement Sheq;

10 9 1 hour spot tests on maple veneer, after recovery (0-10 scale
10 best): Butyl acetate 3 8
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Table 3.1 Waterborne Composition i and Comparative Compositions a-e.

Waterborne i] Comp.] Comp. | Com omp. | Comp.
_Composition a bl pc d e
| Sample 2 700 700 - o — -
'Comp. Sample B . o 700 700 aen aee
Comp. Sample C — ~ae — o 700 700
EB 7.9 7.9 7.9 7.9 7.9 7.9
TEGOGLIDE 410 1.05 1.056 1.05] 1.05 1.05 1.06
(50% in EB)

ACRYSOL RM-825 5.2 5.2 5.2 5.2 5.2 5.2
{5% solids in water)

BAYHYDUR XP- 13.1 0 13.1 0 13.1 0
7063 _

Water (to 24 +/- 2 0 0 60.7| 92.8 25.0 17.9
sec. #2 Zahr: :

Notes to Table 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-825isa
rheology moditier.

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

Waterborne composition i and Comparative Compositions a-e, at 2-4
hours old, were applied toc maple veneer wood panels using a conventional air-
spray gun. The maple panels had two coats, 1.0 mil dry film thickness each,
with light sanding between coats. After 20 minutes flash-off period, panels were
force-dried for 10 minutes at 140 F. after each coat, and cured for 5 days at 33
C. prior to testing. Test resuits are presented in Table 3.2.
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resi stance of cured filnms of waterborne conpositions v-vi of this invention
are superior |lo that of Conparative 15 -

Table 3.2 Evaluation of cured Waterborne compositions i-iii and Comparative
Compositions a-¢

Waterborne Comp. | Comp.| Com | Comp. | Comp.
Composition a bl p.c d e

16 hour spot lests
on maple veneer,
after recovery
(0-10 scale, 10
best):
% ammonia 5 1 1 -0 3 1
5

> DREFT 8 6 6
detergent solution |

The chemical and stain resistance of cured fillm of waterborne '
composition i of this invention is superior to that of Comparative Compositions
a-e.

EXAMPLE 4. Preparation and Evaluation of waterborne coating compositions

Preparation of Compositions ii-iv and Comparative Compositions {-h.
Waterborne compositions were prepared by adding the ingredients with sturrmg,
in the order given in Table 4.1.
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Corrp05| tions j-1. EXAMPLE 6. Preparation and Eval uati ghfgp K\@
mai nt enance coating conpositions Preparation of maintgnance c’oéﬂ“ﬁ@HEET y

Conposition vii and Conparative Corrp05| tions mo. Wat rmgé ne
were prepared with the ingredients given in Table 6 1% Ee e F&%@g@

Ammoni a. TRITON CF. 10. and TI ONA RCL-1628 were di pe[sed usi @g
[err] dissol r é‘f he
order given ngglle ‘DZ qg&ﬁ%}ﬁgo?dn@g@ﬁ%gﬁ'ﬁ %ﬁaﬁ:err rat ve
CDITpOSi tion erborme W }r—mﬂ Vii
conposition gf;&gggn%n m Corrp népappl e A q " l lév &om%l63. 3
Sanpl e 1 80t 2 62— Wat et
1124 11233008 s ypar 3080 mtjaﬂss e edaﬁﬁ — 44— 1 64
1 64 Amoni kPP ofL4 0.1%] 1848414843 b4 TR oo

1.0. o 1.0 1.0
0.19 Sample 17~ T aee - - ---| 200.00 s

| Comp. Sample A - - --]_200.0

| OPM __ 2.8 2.8 2.8 2.8 ne e

TEGOGLIDE 410 0.42 0.42 0.42| 0.42 0.4 0.4

(50% in EB)

ACRYSOL RM-825 25.2] 23.03| 29.03| 22.62 22.0| 18.0

1% solids in water) '

Water 6.00 9.07 --{ 5.70 48.5 39.5

BAYHYDUR XP- 6.00 -1 6.00 - -

7063

BAYHYDROL XP- 7.70 7.70

7043

Notes to Table 4.1:

1) DPM = dipropylene glycol monomethyl ether

2) EB = ethylene glycol monoethyl ether

3) TEGOGLIDE is a trademark of Tegochemie Service USA; TEGOGLIDE is a
slip aid..

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

5) BAYHYDUR s a trademark of Miles Inc.: BAYHYDUR XP-7083 is a water- .
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 compositions ii-iv and Comparative Compositions f-h, at 1-4
hours old, were applied to maple veneer wood panels using a conventional 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 flash-off
period. panels were force-dried and cured overnight at 120 OF prior to testing.
Test results are presented in Table 4.2.
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TI ONA RCL- 628

_ 39. 79
D 44 7 73 19 38
0 90 0 75 BAYHYDR] err]

7043 M

Notes to Table 6 1 1) TAMOL is a trademark of Roh

39.79

21. 02 ACRYSOL RM 825

P-

39.79

IS an anionic pignment dispersant 2) TRITONis at

Co.: TRITON CF-10 is a anionic surfactant

Compositions {-h
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Table 4.2 Evaluation of cured Waterborna compositions ii-iv and Comparative
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Waterborne
Composition

Comp.f

Comp.

g

Comp.h

16 hour spot tests
on maple venaeer,
after. recovery
(0-10 scale, 10
best):

% ammonia

1% DREFT
detergent solution

10% sodium
carbonate

409 household
cleaner

» N w U —a

@ | | wjnm

D W W »iNn

0 W o on

i o o ojn

50% Ethanol
1 hour spot tests on
maple veneer, after
recovery
(0-10 scale, 10
best):

Butyl acetate

70% isopropanol




3) TI ONA is a trademark of SCM Chem cal s; TI O\IA RCL- 628‘73 T t-ard- umdl.—eau?e
14) ACRYSOL is a trademark of Rohm and Haas Co. Acrysol W’«S’?’B“‘w’ssa%w'g I

rheol ogy nodlier. 5) BAYHYDROL is a trademark of M es ig DRC19 ;l
XP-7043 is a water- dispersible polyisocyanate beari ng at '”?e 95

i socyanal e groups. Treated Al umi ni um panels were A~ o

primer (Sherwin- Wllianms Co. Tile-Clad Il) usi n(ﬁ%f’qé rH?H%‘awdown ade
which gave a 2 m| dry filmthickness. The sanples were dried for one day
before the topcoat was applied Topcoat waterborne conposition vii and
Conpar ati ve Conpositions mo were drawn down using a 10 nl bl ade which gave
a2 ml dry filmthickness. the coatings;gere cured for 5 days at anbient
conditions before testing The spot tests were carried out by placing a 1

inch by 1 inch squaﬁ—ﬁecéﬁ@ﬁﬁ@éqlathstg,a @Q@,ggﬁ%’tdfrtﬁjréﬂ(ﬁllmatdlrviﬁtem@méle

cheesecl oth wi b {he, X eslof thdUhSuntibas sugsHbs f REFoPEERHASifld EomBBifiof 7
as is waterborne composition i of this invention is superior to that of

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

EXAMPLE 5. Preparation and Evaluation of waterborne coating compositions

Preparation of Compositions v-vi and Comparative Compositions j-1.
Waterborne compositions were prepared by adding the ingredients with stirring.
in the order given in Table 5.1. Comparative Sample D was an acrylic latex
polymer free from hydroxyl, amino, or active methylene groups.

Table 5.1 Waterborne Compositions v-vi and Comparative Compositions j-I.

Waterborne Comp. j| Comp. k| Comp.| v vi
composition

Comp. Sample D 180.0 — 159.7 ¢ ° ] b
Sample 2 ' | 1800| | 162.6| 1626!
EB 2.5
'EB:DEB 3:1 premix 6.9 6.9 Y --
TEGOGLIDE 410 0.4 0.4 0.4 0.5 0.4
(50% in EB) '

ACRYSOL RM-825 2.7 2.9 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 11.2 11.2 -
2032 (Bayer) ' '
BASONAT P LR -1 1.2
8878 (BASF)




REPLACEMENT SHEET Date: 0 3 NOV. 1995 Repl acenent Shef
6.2 Evaluation of cured Waterborne conpositions vii g

Conpositi ons mo Wt erbor ne Comp.m Conp.n
conposition spot tests (1-5scale 5 best). 3.7% HC ; /RO ;
5 5 5 saturation 2% NaOH: 30 m n. | 4
4 saturation xylene; 6hrs. 1 Replacé’Tent Shee% saturation
butyl acetate; 6 hrs. 1 1 1 5

19

Notes to Table 5.1:

1) DEB = diethylene glycol monobutyl ether

2) EB = ethylene glycol moncethyl ether

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

slip aid.

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

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

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

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

Waterborne Compositions v-vi and Comparative Compositions 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
polypropylene panels using a compressed air spray gun. Plastic panels hao
one coat at 1.0 mils dry film thickness/coat. Maple panels had two coats, 1.0
mils film thickness, with light sanding i between coats. Panels were dried
under ambient conditions and a ged for one week prior o testing. Test resuits
are presented in Table 5.2.
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Table 5.2 Evaluation of cured Waterborme compositions v-vi and Comparalive

Compositions j-|

Waterborne Comp.j | Comp.k | Comp. | v vi
composition '
.16 hour spot tests on
mapla veneer, after
recovery
(0-10 scale, 10 besi):
7% ammonia 2 1 4 7 6
409 household 1 1 2 10 9
cleaner
1% DREFT 5 3 9 ‘9 9
detergent solution
50% Ethanol 5 6 9 10 9
1 hour spot tests on
maple veneer, after
recovery
(0-10 scale, 10 best):
Butyl acetate 1 3 4 8 8
70% isopropanol . 6 3 6 6 6
MEK double rubs on 5 6 12 25 20
NORYL 844 (dissolv- | (dissolv- | (dissolv- | (cracks) | (cracks)
ed) ad) ed/
cracks)

Notes to Table 5.2:

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

2) NORYL is a trademark of General Electric Corp.




~pol'ymer, said pol ymer being substantially free from hydr oxyT  —piiiéry
*am no. and secondary ani no groups and said pol ymer bear iy &t '*t?a‘"s't“"‘t'i'\'ﬁ'ﬁ
active methyl ene groups;. and an aqueous di spersion of ia oll%hsoc%anag%
bearing at | east two isocyanate groups. 2. The corrposlitlh i

wherein said active nmethyl ene groups are sel ected, fromthe, @d[ou t| ng
of acetoacetates, acetoacetam des, cyanoacetatesch%%c ant gh?ﬁgsfﬂg%
conposition of claiml wherein said active nethylene groups are
acetoacetates. 4. The conposition of claim1l wherein said polyner is an
addi tion polyner formed by an emul sion polynerization of at |east two

et hyl eni cal |l y unsat urat ed nononers, gal d monomers conprising from about 5%
to about 25 % by wei ght. based on th Tnei ght of said addition polyner,

acet oacet oxyet hyl ritiehchemydahbed stain fdses! wepd sivtediimaiot waaedmodenher ei n sai d
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about 45 C. 6. osition of claim1 wherein said polyisocyanate
conpri ses |soc§fﬂﬂ%‘?% dilps sel ected fromthe group consisting of

al i phatically bound '

EXAMPLE 6. Preparation and Evaluation of waterborne mantenance coating
compositions

Preparation of maintanance coating Comgosition vu and Comparative
Comopositions m-0. Waterborne compositions were prepared with the
ingredienls given in Table 6 1 Water 1, TAMOL 681M. Ammonia. TRITON CF.
10. and TIOMNA RCL-628 were dispersed using a high speed Cuwles aissolver
The the other ingredients ware added with stirnng, in the order given

Table 6 1 Waterborne Compos:tion vt and Comparative Compositions m-0.

Waterborne Comp. Comp.n Comp. o vii

composition . m ) ) .
Comp Sample A - 1820 1633, -,
Sample 1 . 18101 - 16224
water 1 . 1124 1124 1124 1124
TAMOL 681M . 164 164 164 164
Ammonia (28%) 014 0.14_ 014 014
TRITONCF-10 019, 013 019 019,
TIONARCL-628 3979 3979 3979 3979
water 2 . 944 773 1938 21.02
ACRYSOLRM-825 =~ 088 092 090 075
BAYHYDRC' P- - = 690 684
7043 (M.




glsocyanate groups, cycloaliphatically bound isocyanate gr nd n1xtures
‘thereof. 7. The conposition of claiml wherein said ponﬂsmeyana N
conprises isocyanurate groups, said polyisocyanate having been Torned: ?Feﬁ1
1, 6- hexanet hyl ene diisocyanate. 8. A nethod of inprovi n t.he. che$1 @V 1995
resistance of a coating conprising: (a) formng aé¥aterb EREe- B

conposi tion by admi xi ng an aqueous di spersion of &GRWSAREeNt Shegt pb ﬂﬁﬁﬁ“'
bei ng substantially free.from hydroxyl, primry am no, and secondary am no
groups and said polymer bearing at |east Repl acenent Sheet 1/1 1/95 25
two active nethyl ene groups; and an agugous di spersion of a polyisocyanate
bearing at |east two isocyanate groups; (b) applying said coating

conposition to @otggt‘)‘st‘;r‘g]te%;‘ and
1) TAMOL 15 a trademark of Rohm and Haas Co.; Tamol 681M 1s an amonic
pigment dispersant
2) TRITON 1s a trademark of Union Carbide Co.: TRITON CF-10 is a anionic

surfactant
3) TIONA is a trademark of SCM Chemicals; TIONA RCL-628 is titanium dioxide
4) ACRYSOL 1s a trademark of Rohm and Haas Co. ; Acrysol RM-825 is a

rheology modlier.
5) BAYHYDROL 1s a trademark of Miles Co.: BAYHYDROL XP-7043 is a water-

. dispersible polyisocyanate bearing at least two 1socyanate groups.

. Treated Aluminium panels were coated with an epoxy pnimer (Sherwin-
Wihams Co. Tile-Clad Il) using a 10 mil drawdown blade which gave a 2 mil dry
hlm thickness. The samples were dned {or one day belore the topcoat was
applied Topcoat waterborne composition v and Comparative Compositions
m-0 were drawn down using a 10 mil blade which gave a 2 mil dry film
thickness. the coatings were cured for 5 days at ambient condit'ons before
tesing The spot tests were carried out by placing & 1 iich by 1 inch square
cheesecloth on the coating and saturating the: cheesecloth with the test liquid.
Test results are presented in Table 6.2.



(c) curing said coating conposition. 9. The nmethod of cl |“Fﬁ*’8£\méfsi“’haﬂafﬂ
'actlve met hyl ene groups are selected fromthe group consn stl ng Odl

acet oacetates, acetoacetanides, cyanoacetates, and cyanog rides. 3. Nmﬁeﬂﬁ'
met hod of claim 8 wherein said polynmer is an addltlon pol BT -f-of fred-y==an .
enmul sion polynerization of at |east two ethyl eni unsat ur at ed rs,
sai d nononers conprising fromabout 5% to about %ep% %éhf y]igggge
the wei ght of said addition polyner. acetoacetoxyet hyI met hacryl at e.

The met hod of claim 10 wherein said addition polynmer has a gl ass trans_ltlon
tenperature fromabout 30 C. to about345 C. 12. The nethod of claim8
wherei n said pol yi socyanate conpri ses isocyanate groups selected fromthe
group consi strarwe 8f2 &viaRRABbA 6REUNEd VOaNBFbIrS BYMPAsifors AHESd Comparative

cycl oal i phat'(?%lw ﬁ/\ﬁ% ngésocyanate groups, and m xtures thereof. 13. The
met hod of cl Peii° sai d pol yi socyanate conprises isocyanurate

groups, said_polvisocvanate having been forned from 1, 6- hexanethyvlen
di i socyanat g. wdtbrodngubstrat § geap.Md Tdmip.Ad] \BdkEp.01ne gpatijng
conposi tion, cﬁﬁ'jp‘é_»_gition
spot tests
(1-5scale, 5 best).
3.7% HCI; 30 min. 5 5 5 S
saturation
2% NaOH: 30 min. 5 4 4 4
saturation
xylene; 6 hrs. 1 R 1 5
saturation
butyl acetate; 6 hrs. 1 1 1 5
saturation .
MEK; 6 hrs. saturation 1 1 1 S
MEK double rubs 59 53 83 >600

Note to Table 6.2:

1) MEK is methyi ethyl ketone

The chemical resistance of the cured maintenance coating film of
waterborne composition vii of this invention is superior {o those of Comparative
Compositions m-o.



5 corrp05| tion corrprl sing an aqueous di spersion of a poI ynmer , =Sak-g. p_gl‘yrrer _____
“being substantially free from hydroxyl, primary am no, d secondary, ar ";‘,;;"‘]

groups and said polynmer bearing at | east two active met hyfene ' d-
an aqueous di spersion of a polyisocyanate bearing at Ieast’ ftwfégﬁéiaﬂgg

groups 15. The substrate of claim 14 wherein sai tive rethylen S

are selected fromthe group consisting of acet oaj:g’tpj Egggﬁﬁc&@r{gg};s

cyanoacetates, and cyanoanides. 16. The substrate of cI a| m 14 wherein said
polynmer is an addition polyner forned bmqan emul si on ynerization of at

| east two et hyl enically unsaturated Repl acenent ! MIMMIUIIIHHEMWEW

sai d nononers conprising from about 5%to about 25

the wei ght of sWt "élﬁjpgﬁw (5$ymar acet oacet oxyet hyT net hacryl at e’

The substrate of claim 16 wherein said addition polyner has a gl ass

1. A waterborna coating composition comprising an aqueous dispersion of a
polymer, said polymer being substantially free from hydroxyl, primary amino,
and sacondary amino groups and said polymer bearing at least two active
methylene groups; and an aqueous dispersion ol a polyisocyanate bearing at
least two isocyanate groups.

2. The composition of claim 1 wherein said active methylene groups are
selected from the group consisting of acetoacetates, acetoacetamides.
cyanoacetates, and cyanoamides.

3. The composition of clam 1 wherein said active methylene groups are
acetoacetates.

4. The composition of claim 1 wherein said polymer is an addition polymer
formed by an emulsion polymerization of at least two ethylenically unsaturated
monomers, said monomers comprising from about 5% to about 25 % by weight,
based on the weight of said addition polymer, acetoacetoxyethyl methacrylate.

5. 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 selected from the group consisting of aliphatically bound
isocyanate groups, cycloaliphatically bound isocyanate groups, and mnxtures
thereof.

7. The composition of claim 1 wherein said polyisocyanate comprises
isocyanurate groups, said polyisocyanate having been formed from 1,6-
hexamethylene diisocyanate.

8. A method of improving the chemical resistance of a coaling comprising:
(a) forming a waterborne 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



tr"émsition tenperature fromabout 30 C. to about 45 C
ﬁ#o AT B

e e A

cycl oal i phatically bound isocyanate gtoudps’ ahd ¥ixture 1?1%r ﬁ%pﬁw
| ai m 14 wher ei id polyi t
claim erein said polyisocyana ﬁgﬁgg%{eﬁﬁ%ﬂ&qcxﬁwﬁ e

substrate of
groups, said

di i socyanat e.

pol yi socyanat e havi ng been forned f examnet h

ene

20. The substrate of cl aiig 16 wherein said substrate i s wood.

two active methylene groups; and an aqueous dispersion of a polyisocyanate
bearing at least lwo isocyanale groups;

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

9. The method of claim 8 wherein said active methylene groups are selected
frcm the group consisting of acetoacetates, acetoacetamldes. cyanoacetates,
and cyanoamides.

10. The method of claim 8 wherein said polymer is an addition polymer formed
by an emulsion polymerization of at least two ethylenically unsaturated

monomers, said moncmers comprising from about 5% to about 25 % by weight,
based on the weight of said addition polymer, acetoacetoxyethyl methacrylate.

11. The method of claim 10 wherein said addition polymer has a glass
transition temperature from about -30 C. to about 45 C.

12. The method of claim 8 wherein said polyisocyanate comprises isocyanate
groups selegted from the group consisting of aliphatically bound isocyanate
groups, cycloaliphatically bouna isocyanate groups, and mixtures thereof.

13. The method of claim 8 wherein said polyisocyanate 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 dispersion of a 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 consisting 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% to about 25 % by weight,
based on the weight of said addition polymer, acetoacetoxyethyl methacrylate.

17. The substrate of claim 16 wherein said addition polymer has a glass
transition temperature from about -30 C. to about 45 C.

18. The substrate of claim 14 wherein said polyisocyanate comprises
isocyanate groups selected from the aroup consisting of aliphatically bound
isocyanate groups, cycloaliphatically bcund isocyanate groups, and mixtures

thereof.

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

20. The substrate of claim 16 wherein said substrate is wood.
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WATERBORNE COATING COMPOSITION

ABSTRACT OF THE DISCLOSURE

A waterborne coating composition containing an aqueous 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 aqueous dispersion of a polyisocyanate bearing at least two
isocyanate groups is provided. Also provided is a method of improving the
chemical resistance of a coating and a substrate coated with the waterborne

coating composition.



