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FIELD OF THE INVENTION 

This invention relates to a waterbome coating composition containing :tn 
aQueous dtspers1011 of a polymer. the polymer b-.ing suostantially free frgm 
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 isocyanate groups. 

BACKGAOUNO OF THE INVENTION 

Waterborne ;:>olymerie compositions such as clear er pigmented coatings 
are frequ~tly l'equired to supplant solvent~ntain_ing compositions due to 
effective and pending concem and legtslalion regarding the emiS$iOn of volatue 
organic compound$ into the atmosphere. Solvent·borne polyurethane coatings 
fo1med from the reaction of a multi-functional isocyanate with multi-functional 
oligomers and polymers tearing active hydrogen functionality such as. for 
example. acrylic polyots, are widely used for their excellent performance 
properties. Polyurethane performance properties including excellent Chemical 
resistance can be attained ur.der ambient curing conditions. although 
isocyanate-containing compcsitions must frequently must be used as lwo·pack 
com'positions. i.e .• mixed shortly before uset due to the klhefent reactivity of the 

isocyanate and active hydrogen groups. The high performance of 
polyurethanes in an aqueous compasition 1s highly deSirable. Such urethane 
composilions formed from an aqueous polyisocyanece and an aqueous polyol 
dispersion. for 9xample, are known; however. residual hydroxy or amino groups 
remaining after the reaction with the Polyisccyanate may detract from the stain 
and chemtt:al resistance ol the cured composition. Compositions containing 

aqueous dispersions of polyisocyanates which provide superior properties are 
needed by the coatings industry. 
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De SCRIPTION OF THE PRIOR ART 

U.S. Patent No. 5.075.370 discloses an aqueous two-component coat:.ig 

composition which contains an aqueous solutiOn and/or dispersion of a Polymer 

<:0nta1ning hydroxyl groups and an emulsified polyisocyanate compcMnl 

US. Parent No. 5.200.489 discloses a composilton which contains a 

water·dispersibfe ~tyisocyanate composieion having an average NCO 
functionality of 2 to 6 and an aqueous resin containing isocyanate-reacti~ 

groups. 

None of the references disclo~es a waterbome coating composition 

containsng an aqueous dispersiOn of a polymer, the polymer t"eing substantially 

free from hydroxyl. primary amino. and secondary amino groups and the 

polymer bearing at lea't two ac1ive methylene grO\Aps; and an aqueou$ 

dispersion of a polyisocyanate bearing at teast rwo isocyanate groups. 

STATEMENTS OF INVENTION 

According to a first aspect of the present inventicn there is provided a 

waterborne coaling composition containing an aqueous dispersion of a 

polymer, the polymer being substanl1al1y tree from hydroxyl, primary amino. and 

secondary amino ;roups and the Polymer bearing at least two active methylene 

groups: and an aqueous dispersion of a poJyisocyanate bearing at least two 
isocyana'e groups. 

According to a second aspect of the present Invention there is provided a 

metl'\Od ot improving the chemical resistance ot a coating by forming a 

waterborne coating compasition by admixing an aqueous dispersion of a 

poiyrner. the polymer being substantially free irom hydroxyl. primary amoo. and 

secondary amino groups and the polymer bearing at least two active methylene 

groups: and an aQueous disper&ion ot a potyisocyanate bearing at least two 

isocyonata groups; applying the coating compcsltlon to a substrate: and curing 

the c'>aling composition. 
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Accotdtng to a tturd aspect of ttie present invention thete is provided a 
substrate bearing a cured watefbome coating comS>Osicion containing an 
aaueous d•8;)ersion of a polymer, the polymer being substantially free from 
hydroxyl. primary amino, and secondary amino groups and the polymer bearing 

a1 least two adlve rnethytene groups: and an aqueous dispersion of a 
potyisocyanate bearing al least two isocyanate groups 

OET AILED 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 potymer bearing 
at least two adive methylene groups: and an aqueous dispersion ot 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 propytene glycol propyl ether which does not react with 

isocyanate groups to a substantial degree during the pot-life of the coating . 
The pot·llfe of the coat.ing 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 duri!'g which no substafttial attrition in 
the coating properties of the applied cured coating results. 

The aqueous dispersion of a polymer substant:auy free from hydroxyl. 

primary amino. and secondary amino groups bearing at 'east two active 
methylene groups in the waterborne po1ymeric composition may be prepared 
by the addition polymerization of at least one ethylenically unsaturated 
monomer such as, for cixampte, acrylic ester monomers including methyl 
acrylate. ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate. decyl acrylate. 
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methvl methacryiate. butyl methacrylate. and lauryl methacrylate: acrylamlde or 

substituted acry1amides; styrene 0t substttutect styrenes: butadiene; vinyt 
acetate or other vinyl esters; viny' monomers such as vinyl chk,,ride. vinylidene 
chlor1de. N•vinyl pyrrolidone; acrytonitrile or methacryfonstrile. By •active 
methylene groups• herein iS meant the esters and amides of acetoacetic acid. 

mafonic acid, and cyanoacetic acid. Preferred are the esters of aceaoacetie 
acid. When monomer(s) whieh do ncf bear active methylene groups .are used 

. . 
excrusivefy in the formation of tne polymer or when additional acecoacetate 
groups are desired. aeetoacetate groups may be Introduced by the use of 
acetoacetate-funehonal chain transfer agents as disclosed in U.S. Patent 
No.4.960.924. hereby incorJ)Orated herein by reference. or by post·reaction ol a 

copolymer1ze~ monomer. Cyanoacetaies and cyanoacetamides may be 

prepared by me1hods 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 herein 

by reference. In general, any polymenzable 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 (Sae e.g. Comparison of Methods tor the 
Preparation cf Acetoacetylated Coating Resins, Witzeman. J. S.: Dell 
Nottingham. W.; Del Rector, F. J. Coatings Technotogy: Vol. 62. 1990. 101 (and 
references contained therein)). Preferred is the copolymerization of from about 
S~-~ to about 25°10, by weight. based on the totaf monomer weight, ethylenically 
unsaturated monomer bearing acetoaeetale functionality such as. for exarnple, 

vinyl acetoacelate. acetoacetoxyethyl acrylate. acetoaceto"yelhyi methacrylate 
(AAEM}. acetoacetoxypropyl methacrylate (AAPM). allyl acetoacetate. 
acetoaceloxybutyJ methacrylate. 2,3-di(acetoacetoxy) propyl methacrytate. 
Especially preferred is lhe aqueous dispersion of a polymer bearing at leas• two 
acetoacetate groups containing from about 100/o to about 20%, by weight, 
based on the total monomer weight. acetoacetoxyechyl methacrylate. 

Low levels of ionic monomers such as. for example. from about 0.1 % to 
about 5%. t>y weight. based on the total mon\lmer weight. (meth)acrylic acid. 
11aconic acid. croton1c a~1d. tumar1c acid. maleic acid. monomethyl itaconate, 
monomethyt fumarate. monObutyl tumarate, maleic anhydride, 

dimethytaminoethyl (meth)acry1a1e. 2·acrytamido·2·methyl·1-propanesuJfonic 
acid. sod!um vinyl sutfonate. and pho$phoet"y1 rnethacrylate may also be 
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incorporated 1n the polymer bearing at least 1wo active methylene grougrt. l.cw 
\evels of multi·ethylenically unsaturated monomers such as. for exc.mJ')le. from 
abOut 0.01~• to abOuC 1°'•· t>y werght. based on tne total mor'r.>mer wvight. 

ethyleneglycol dimethaciylate. divinyl benzene. a1:yt methacrylate, 1.4·buty1ene 
gl~'COI dimethacrylate. 1.6·1'1exanedi01 diacryfate. and diallyfontriarate. may afso 
be ancorpcrac~d in the polymer. 

•substantially free from hydroxyl, primary amino. and seconda.ry amino 
groups• as used herein means rtiat monomeri bearing such groups are noc 
incorporated into lhe POiymer: but row levels of advenhtiOus hydroxyl. primC11ry 
amino. or secondary amino groups may be present as impurities in the 
monomer or initiator used or may be formed during the polymerizariOn or 
storage of the Polymer. In any event. less than ab~ut 0.2%. by weight based on 
polymer weight. ot hydroxyl. primary amino. and/or secondary amino groups are 
present In t:1e polymer. 

The gJass transition temperature(Tg) of the Polymer substantially free 
from hydroxyl. primary amino. and secondary amino groups and bearing at 
least two active meUiyfen& groups is preferred to be from abOut ·SO C. to a~ut 
+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 
coHected. The Tg was measured at the midpoint using the half-height method. 
More preferred is a Tg trom 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 amtno groups and bearing at least two active methylene 
groups are well·known in the art. Conventional surfactants may be used sueh 
as. tor example. anionic and/or nonionic emulsifiers such as alkali or 
ammonium alkyl :.ulfates. alkyl sulfonic acids, fatty acids. and oxyethytated alkyl 
phenols. The amount of surfactant used is usually 0.1 °lo to 6% by weight. based 
on the weight of total monomer. Either thermal or redox initiation processes 
may be used. Conventional tree radical initiators may be tised such as. tor 
example. hydrogen peroxide. t•butyl hydroperoxi~e. ammonium and/or alkali 
oersulfates. typically at a level of 0.05°4 to 3.0% by weight, based on the weight 
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of tct:il monom£ir. Redox systems using the same initiators coupled with a 
su•tabfe reductant sucri as. for example. 1soescorbic acid a:id sodium b•sumte 
may be used at similar levels. Chain transfer agents such as. for examole. 
mercaptans may be used during the p01ymerization reacriOn in order to 
moderate the molecular weighC of the polymer. 

The particle size of the emulsion-polymerized polymer substantiaUy free 
from hydroxyt. 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 aqueou$ diapersicn of a 

polymer bearing ai least two active methyrene groups may be from about 20~o 

10 about 10•0 by weight. 

The particles of the emulsion-POiymerized polymer substanuany free trom 
hydroxyl. primary ;imino. and secondary amino groups and bea1·ing at least two 
a-:tive methylene groups may contain 'wo _or mere polymeric phases such as. 
for example, an inner phase and an outer phase. wherein the outer phase is the 
predominant phase in contact wilh the aqueous medium in which the partiele is 
dispersed. Such particles are commonly made by multi·staga emulsion 
polymerization wherein the individual stages dHfer in composition. Some 
particles which contain two or more potymeric phases are core/shell p&rtietes. 
core/shell particles with shell phases incompletely encapsulating the .;:ore. 
core/shell particles with a multiplicity of cores. interpenetrating network 
particles, and the like. When multi-stage emulsion polymers bearing at least 
two acetoacetate groups are used. the Tg of the outer phase or srieH 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 aoout 120 C.; the Tg of the 
inner phase or core Pofymer is rriore 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 shelf polymer :s preferred to be from about 20/80 to about 
80/20: the weight average moleeular weight, as measured by gel permeation 
chromatography. oi the outer phase or shell polymer is preterred to be from 
abou: 20.000 to about 10.000.000: and the acetoacetate groups are preferred to 
be in the outer phase or shell polymer composition. 
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In one embodiment of this invention acetoacetate·functional polymeric 

binder is treated with about a stoid'liometrie amount of ammOl"ia or pnrr:ary 

amine 10 fotm an e~amine. Vinyl polymers containir1g £>endant acetoace:ate 

are prone to hydrolysis in water partieularly on heat aging. Howevt.ir. !his 
prooiem may be eliminated by treating the aqueous acetoacelate pol)mer. after 
preparation and neutralization. with one motar equivalent of ammonia or a 
primary amine such • ethanolamine. methyl amine. Jsopropyt amine. butyl 

amine. or dtglycol amine. 

The waleri>orne coating composition cllntains. in addition :o an aqueous 
dispersion ot a polymer substantially fie& from hydroxyl. primary amino, and 
secondary amino groups and bearing al least twet active methylene groups: and 
an aqueous dispersion of a polyisocyanat.e bearing at least two isocyanaie 
groups. The pclyisocyanate may contain aliphatically, cyctoaiiphatically. 
araliphatically and/or aromatically beund isocyanate gro"1ps. Suitable water· 
dis049rsible lsocyanates and methods of making aQueous dispersion of 
lsocyanates therefrom are described in U.S. Patents 4,663,337: 5.075,370~ 
5.185,200: 5.200,489: and S,252.696; and European Patent Applications EP 

486,881 and EP 516.277: hereby incorporated herein by reference. Preferred 
is an aciueous dispers1 )n of a polyisocvanate bearing two to four reactive 
isocyanate groups. 

The waterbOrne coating composition is formed from an aqueous 
dispersion of a polynM. substantially free trom hydroxyt. primary amino, and 
secondary amino grol P• and bearing at least two active methylene groups: and 
an aqueous dispersion of a polyisocyanate bearing at least two isocyanate 
groups by admixing the components using conventional methods such as 
mechanical agitation. The water-dispersible polyisocyanate may be previo1.1sly 
dispersed in a non-reactive or in an aqueous medium or it may be dispersed in 
the presence of t~e aqueous polymer dispersion. 

The ratio of equivalents of isocyanate groups to equivalents of active 
methylene groups in the waterborne corns>osition may range from about 0.1 to 
about ~.O. 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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· · ·ne warerborne coating compos1110,, niay· co1lta.n. in addition io the 

aqueow~ d1!';:>ers1on of a polymer bt!aring at least 1wo act•ve methylene group.;; 

and an aqueous dispersion of a poly•socyanate. conventional cornponen1s such 

as. for example. emuls•tiers. pigments. f1Hel'$. coaft!scing agents. an!i·migr·1hon 

aids. aqueous solutions or dispersions of non·functional polymer (by •r1on· 
functional polymer• h819in is· meant polymer free t!om prsmary amino. 

secondary amino. hydroxyl. isec:yanate, or active methytene groups}. curing 
agents. thickeners, humectants, wetting agents. biGCides, pJaslicizers. 

antifoaming a~ents, co!orants. Y1axes. ~nd ansi-ox: 1ants. It is ~t.rred that an 
such conventional components do not substantiatJy re&:&ct wilh active methylene 

or isocyanate groups w1th1n the Potlife of tne waterbOrne coattng composition. 

The substri1tes to which the waterbor~e coating composition of t~ls 

invention may be applied include wood. plastic. leather, paoer. woven and 

nonwoven tabncs. metal. plaster. cementitiOus and asphahic substrates. 

previously primed or coaled substr3tes. and the like. The cured waterbOrne 

coatin~ composiaion may fulfill a decorative or protective function, ()r bOth, or 

may ac: as a primer or as an adhesive when diSDOsed between two coatinos or 

between two such substates. Preferred subst;ates are wood, •necal, and 

plastics. The coating composition of this inven1ion may be applied to a 

substrate by methods well known in the art of applying coahngs such as air­

ass•sted ~pray. airless spray. plural component spray guns. brush. roller, 

squeege. roll coater. curtain coater. and the like. 

After the waterborne coating composition is applied tu a substrare the 

coating composition cures. that is. reaction ~tween the active methylene 

groups and Che isocyanate groups is believed to OQ:ur. C.uring to yield useful 
coatings properties may take place at a convenient rate at .. mbient 

temperatures suCh aii•. tor examole, abOut o C. to abOut 35 C .. However. it iS 

sometimes desirable to accelerate the rate of property de..,elopment by heating 

the applied waterborne compositaon to a temperature from about 35 C. to about 

200 C. Preferred is a curing temoerature from about 25 C. to about 120 C. for 

coatings applied to heat·stabte substrates and from about 25 C. to about so c. 
for substrates sensitive to higher temperatures. 
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Th~ toHow•ng e•.1mples are intended to dlustra~e ttie HttterbornP. coat1n6 

eompos·t.on con\a1mng an aQuevus dispersion of a polymer bearing :it teasr 

two active methylene groups ::in'1 an -!c;ueous d1soers1c-., :f a polv.socyanate 

beanng at least two 1sa;yanate groups. They are not mtentJeO to lttr•t !he 

1nvenuon a' other appUcations oi the 1nvent1on wiH be oov~us la those ct 

ordsnary skill in the art. 

EXAMPLE 1. Preparation of aqueO\.IS d1spers1on of polymer 

P1eparat•Of· of Sample 1 and Comparative sa:'no&e A . Tc a S liter s11rrod 

reac1or 1383.0 g. deionized "ater (01 water) ar.d 48.2 g. of an aqueous solution 

ot scd•um doctecy!benienesulfonate 123"0 :1ct1ve 1ngred1ent l -NhtCh nad been 

heatetl to 95 C. was added 43.4 g. of Monomer Erruls1on wh•ch was 1hen 

r1ris.:?d into Iha reator wit. 15 g. cf 01 water. A solution of 2 08 g. o~ ammonium 

persulfate in 15.0 g. 01 water and a sol~tion of 2.08 g. sochum earbon.,te 1n 4S :1· 

Dt wiltAr was then added. Ten minutes after the f,rsl addition. &he ten1pera1u1e 

was ss· C. and tt'le uniform addition of the remasn~ of ME and a solution ol 

2.08 g. ammoiiium ~rsulfate in 150.0 g. or water were begun. The temperatu•e 

rema1nded at 85"' C. ov~r the 180 minute period durang ~hieh ME and catalyst 

were added. A catalyst/activator pa.:r was added after the ME and catnlyst feeds 

were completa. The final reaction mixture w ... ~ neutral&Zed to pH ra:lge of 7.5 

with 29"o aqueous ammonia. Comparative .;ample A had a Brookfield viscosity 

of 22 cps at a weight·~ solids content~ of approximately 391.3°0 i!lnd a particle 

size of 81 nanometers. Sample 1 had a Bro-.>ldleSd viscosdy of 9 cps at a 

weight'!~ solids contents of approximatRly 37 . .,..0 ao1 a particle $iZe of 80 

nanometers. 
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Table , 1 Monomer Ernult10n f<:>r Comparative Sampllt 4, 

Ill \\' 111.:r .. ~~ .60 -An;,,.,,.,. Surra.:1:1nt c:U'l ;(0VC) 31.~6 
H,11\"I ,\,·ry l:ah: 806.48 
~tc.•tb\·: Mctha~rvl11c SSl.51 
Mc1h;a~r,·lk llC:id 27.7& 

·rtl 1-.M 
;) , "' -. nnont&.•r f' ~nm''°" f S I I or . arnp e 

I >I \\' ilh."1' .a?~.6') 

.-\nl•'lth,' Sutt"a,·ta1\I ( i.\·~ U\.'tl\·.:) X1 .. l" 
ftUf\ l ''"°" 1.1rc.· ?OK.OK 
~kth\'I ~h.•th:1.·1 ~la•·· ~ 11..,i 
1\\·~(0ilC."\"h,, \ !:Ila\ I ~klh•1,·r~· fat,• l.lX.ft() 
~h.'1h:a,·1 \ li~ al.'iJ 27 .71 

ext.MP\.£ 2. Preparahon of aQueous d1spersi0n of Pofymer 

Preparasion ot Samples .2·3 and Comparattve Samples B·C •• To a 5 liter sUtred reactor 
1383.0 g. deioralied water {Ot water) and 48.2 g. of an aqueous solution of sodium 
dodecylbenzenesu1ton1te (23% ac~ive ir'lgredient ) whieh had been heated ~ 85 ,. C. 
was added 43.4 g. or Monomer Emulsion #1 (ME#1) Which was then rinsed into the 
rea~tN with 15 g. of 01 water. A sotution of 2.08 g. of ammonium persutfate in 15.0 g. 
Of water and a soturion of 2.08 g. sodium carbonate in 45 g. 01 was was then added. 
Ten mtnu~ea after the first addition. lhe tempera1ure was es~ c. and the addition ot the 
remainder of ME • 1 and a solution of 1 .04 g. ammonium persutfale in 75.0 g. DI water 
was begun The temocra:ure remained at 8511 C. 0¥9' the 90 minute period during 

which ME ·• 1 and the cofeed catalyst 11 was added. Thirty minutes 1ater, the 
temperature w•s es c. and the addition Of Monomer Emulsion •2 (ME #2) and 
catatyat •2 was begun. The temperature was as:- C. during the SO minute period over 
·."lh1d\ Me •2 and Catalyst •2 waa added. A catalyG1/activator paw was added after the 
ME 12 feed was complete<t. The final reaction mixture was neutraliied to a pH of 7.5 
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wrth 29°• aQueous ammonia. Sample 2 had a BrOOkfield viscosity of 28 cps at a 
weight ~;. solids content of 37.~•4 and a particle size of 71 nanometers. Comparabve 
Sample 8 had a Brookfield viScosity of 1 i3-cps at a weight% solids content of 37.8% 
and a particle size of 78 nanometers. Comparative Sample C had a Brookfield 
viscosity of 36 cps at a weight % solids content of 37.6% and a pan1e1e size of 10 
nanometers. Sample 3 had a Brookfield vi&COStty of 26 cps at a Wlight % solids 
content of 38.1% and a Particle size of 71 nanometers. Sample 4 had a Brookfield 
viscosily ot 21 cps at a weight% solic:s content of 37.9% and a particle size of 76 
nanometers. 

Table 2. 1. Monomer Emulsions for Samole 2 

··•active 

(23% active 

Table 2.2 Monomer Emulsions for Comparative Sample B 

ME #1 
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ME #2 

act ave 

Table 2.3 Monomer Emulsions used in Comparative Sample C 

M£#1 

active 

3% active 

Table 2.4 Monomer Emulslons used il'I Sample 3 

ME#1 

active 
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Table 2.5 Monomer Emulsions used in Sample 4 

ME11 

ME #2 

21 .80 
43.eo 

380.29 
159.36 

EXAMPLE 3. Preparation and Evaluation of waterborne coating compositions 

Preparation of Composatlon i and Comparative Compositions a-e. Waterborne 

compositions were prepared by adding the ingredients with stirring. In the order 

given in Table 3.1. 
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Table 3. 1 Waaerborne ComposiUon i and Comparative Com~liOns a•e. 

warerbome I i. Comp. comp. com comp. comp. 
Comeo!!tion I a b D£.. d 8 

·samP.le 2-- I 7Qq_ 700 -· .... ·- --- too """com~ samJ?•• 8 ·- - 700 - -
~Como. Samoiic - - - - 700 700 

EB 7.9 7.9 ·7,9 7.9 7.9 7.9 
rr::1~· IDE 4-1 O 1.05 1.05 1.0S 1.05 1.05 1.05 

~v~lw-:-92sis:a--nr s.2 5.2 5.2 5.2 
(~~~ ~!i~s in ~ate~):r ....... ·-·--· ·····--· ···-····--·-· ----- ~ .• ·-·-·-

. ····· . . ... ·--- -····---~ -· -· ---,3.1 0 BAYHYOUR XP· ! 13.1 · 0 13.1 0 

7063 I i 
Water (to 24 +I· 2 0 0 60.7 92.8 25.0 17.9 
sec. #2 Zahr 1 

Notes to Table 3.1: 
1) EB• ethylene glycol monoethyl ether 
2) TEGOGLIDE is a trademark of Tegochemie Service USA; TEGOGLIOE Is a 
sltp aid.. . 
3) ACRYSOL is a trademark of Rohm and Haas Co. ; Acrysol RM .. 825 is a 
rheology modifier. 
4) BAYHYOUR is a trademark of Miles Inc.; BAYHYOUR 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 to maple veneer WOOd panels using a conventional air· 
!pray 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 
torc~dried for 10 minutes at 140 F. after each coat, and cured for 5 days at 33 
C. pr:or to testing. Test results are presented in Table 3.2. 
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Table 3.2 Eva,uat1on of cured Waterborne compositions ;.iii and Comparative 
Compos1ti0ns a-c 

Watert>orne i comp. ~omp. com comp. comp • 
.. ~..P.2!!.~tionw.;..;....~~-+-~~...._---a-+----b-+--~D.~C--i~---d~~~·--. 

16 hour spot tests 
on maple vetteflf. 
afrer rcovery 
(0-1 O sea/ti. 10 

~~)L..--~~~...----....... ~---+------~-----...--~...,_~--. 
7~ ammonia 5 1 1 o 3 1 

,.~,l)ReFT . -·a-t-s-.. -~e-..-""'!s-- e s 
.~~~e~.~.t .!Q.l':'t~~ ___ j _ ·-···-j ... _ .. l __ ......._ ___ ......_ ___ ....__ __ _ 

The chemic-ii and stain rl!sistance of cured flllm of watetbOrne 
composition i of this invention is superior to tha1 of Comparative Compositions 
a·e. 

EXAMPLE 4. Preparation and Evaluation of waterborne coating compositions 

Preparation of Compositions ii·iv and Comparative Compositions f·h. 

WaterbOme compositions were prepared by adding the ingredients with stirring. 
in the order given In Table 4. 1. 
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Table 4.1 Watert>ome Compositions ii·iv and Ccmoarative ComPQsilions f·h. 

Waterborne . Como. ii; comp. : UI I IV ! Comp . 
.. q~.!!'P.2.!lti_2~.--··-H•···L_·-·· ~--·- ; .QI i __ !!_ 
•~-~~.3 _J, _181.63 ! 18f .63 f .... I - ••• ••• 

Sample 4 f ·-' -1184.94 184.: - ••• 

I Sample 1 •H -1 - -• 200.00 -
comp. sarnele A -- - 1 

- -· - 200.0 
OPM 2.8 2.8 2.8 2.8 ·- -
n:GoriLIOE 410 i 0.42 0.42 0.42 0.42 O.• 0.4 
.~~~-~§BJ-·---· ___ L___ I ---_ -· 
ACRY OL RM-825 : 25.2 : 23.03 ! 29.03 I 22.62 I 22.0 I , 8.0 
(1°~_so!~d~-~~-~ater)._ ~-······-·· ···-·-....... ~ -..i·----~~ I -

3
-
9 
..... 

Water ; 6.00 · 9.07 .... ' 5.70 · 48.5; .S .. ·- -·· ··---....-··--·· . ··-· .... __ ...._ _ _._ -.. --.......-_ __.. ___ _,. 
BAVHYOUR XP· ; - ·- 6.00 -·; 6.00 i ·- i ··• 
7063 : . : : . 

0

BAYHYOROCxp-:--~· •• :r---::--:- -=r .... : 1.iiSj-·=r:to 
7043 I I I 

Notes to Table 4.1: 

1) OPM = d1propytene glycol monomethyt ether 
2) EB • ethylene glycol monoethyt etner 
3) TEGOGUOE is a trademark ot Tegcchemie Service USA: TEGOGLIOE is a 
slip aid .. 

4) ACRYSOL ;s "traJemark of Ronm and Haas Co.: Acrysol RM·825 !9 a 
rheology modifier. 

5) BAYHYOUR is a trademark of Miles Inc.: BAYHYOUR XP·7063 is a water· 
dispersible polyisocyanate bearing at least two isocyanate groups. 
6) 8AVHYOROL is a tiademark of Miles Inc.: BAYHVOOL XP·7043 is a water· 
dispersible polyisoeyanate bearing at least two isocyanate groups. 

Waterbome compositions ii-iv and Comparative Compcsitions f.ii, at 1·4 
hours old. were applied to maple veneer wood panels using a conventional air· 
spray gun. Tne maple panels had two coats applied. each coat was 1.0.1.2 

mils dry film thickness. wfth light sanding in between coats. After a brief Hash·off 
period. panels were force-dried and cured overnight at 120 OF priot to testing. 
Test results are presented in Table 4.2. 
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Table 4.2 Eva1uatton of cured Watercome comJ)Ositions ii-iv and Compatative 
Compositions f .. ,, 

Waterbome 
Com;ositiott 

11 hoc.Ir apot tHtS 
onmap/tl~eer • 
• ,,.,. fflCOV8l'Y 
(0-10 sea,., 10 

comp.i ii comp. 
Q 

iii I 
I 

iv c;omp.n 

.P.!.tttJ: _ ?-4 ammonia--~-1-~.--s_..__2_.__2_.,___5~ ...... ---=7=-----1 

·1~·0R'eFf- : ~-r 9 1 s l · a 1 9 s 
J!!t!!.9.'-'!t.!!'lut~ ... -L_._!_...,.._l __ ..... _...._~ ...... 1.-~e,-r1··-

t~o sodium : 8 . 8 i 3 I 9 
carbonate ; 1 1 .J_ ! 
·-409tioU$ehotd . ..__I~ r~-..... a-·· - ..... 3-, I 3--, -,--. 4 
cleaner i I ! 

·-·saoz-e"thanor i e I a e a i 6 3 
1 hour spot tests on 

1

, I 
maple veneer. alter 
recovery 
(0-1 O scale. 7 o 
best); I ! 

Butyl acetate _L 3 ! 4 f 4 5 4 3 
70~~ isopro.P.!IJ.21 1 -,-~5~"""'1-...... 3---s--1 _5 ___ 4 __ 
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The chemical and stain resiscance of cured fiUms of watertx>me 

composition ii of tl'ttS 1nw.nHon iS superior to ihal of ComparatMt Composidon f: 

as is waterbome composilion •ii of this inventiOtl is superiOr to that of 

Comparative CompoSitiOn g; and as is waterbOrne composiUOn iv of this 

invention i11upertot to that of Comparalift Composition h. 

EXAMPLE 5. Preparation and Evaluation of watetbOme coating compositions 

Preparahon of C~positions v-vi and Comparative Compositions J·I. 
Waterbome comf:)()Sihons were prepared by adding the 1ngred1ants with stirting. 

1n ;he order given in Table S.1. Comparative Samp1e 0 was an acrytiC latex 

polymer free from hydroxyl. amino, or active methylene grou;>s. 

Table s.1 Waterbome Compositions v .. vi and Comparative Cclmpositions J-1. 

~;~;i~-l-::~r~~~·t;: : ..... 1 __ -:-_v:i-_-_-_-_---~-i .... .f 

.§~!!'.'.P.~!.~ -···-4 -· I 1 eo.o l ___ .. _. ,.___1._.e ... 2 ..... e ........... _1~62=.6~ 
EB i ·- ·- 2.5 - -· 
EB: DEB 3: 1 premix t 6.9 6.9 -- - -· 

0.5 0.4 TEGOGLIDE 410 I 0.4 0.4 0.4 

.. ~.Q~J!'.'.§~L... ·- . ·-.. --.-1--__ ...._ ___ _,_ ___ -4 

ACRYSOL RM·B25 1 2.7 \ 2.91 1.9 2.4 1.4 

. \5~• solids in w!terl I 

.~..! .. •-e_r~~-----+---_2_s_.2~l-----~"1·-.. ::~~26-~-·~s-:._~_-_-_-3:3_.-2:.:=:2:3:.s: 
.§YK 346 0.2 __ Q . .;.;;;·3~· _ ___;o;,;,;;.2~ _ _.0 ....... 4.;..+--_....;o;.;..4-..i 

OESMOOUR VP LS 
2032<Baver) I 
BASONATPLR 
88:"8 (BASF) 

·- ... 11.2 11.a -

.... - 11.2 
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Notes to Tacre s. 1: 
1) DEB • diethytene glycol monobutyl ether 
2) EB• ethylene glyeol monoethyl ether 
3) TEGOGLfOE is a trademark of Tegoehemie Service USA; TEGOGUDE ii a 
slip aid. 
4) ACRYSOL •s a trademark of ROhm and Haas Co.: Actysol RM-·825 iS a 
meology modifier. 

S) BYK 348 is a trademark Of Byk·Mallinkrodt Co. 
6) DESMODUR is a trademark of BAYER AG: OESMODUR VP LS 2032 is a 
water-dispersible polyisocyanate bearing at least two isocyanate groups. 
51 SASONAT :s a trademark of BASF AG: BASONAT P LR 8878 iS a water· 
dispers1bJe po1y1socyanate bearing as least two isocyanate grcups. 

Waterbome Compositions v-vi and Comparative Composrlions j•I, at 2·4 
hours old. were applied to maple veneer. NORYL 844 (NORYL is a trademark of 
General EleciriC Corp.: polypnenylene oxide/polystyrene plastie). and primed 
polypropylene panels using a compressed air spray gun. Plestie panels had 

one coat 3t 1.0 mils dry film thick,,~sslcoat Maple panels had two coats. 1.0 
mils film thiekness. with light sanding 1r. between coats. Panels were dried 
under amblant conditions and a:}ed for one week prior to testing. Test resuhs 
ate prese:ited in Table 5.2. 
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Table s.2 Evaluation of curld Wacefbome compositions v·vi end Comparative 
Com.,Ositions H 

Comp.j f Comp.k Comp. I v y; WaterbOrne 
oomoosition ----------..... -~~-+------~---~-1---~~t 
---------~~---+-----...... ------+-------t------+------i 11 hour lfJOt ,.,,. on 
maplll~alter 

.. tWCOvtry .. -

-! 

10 .. 10 scale. to t»s:i: _ _I ·_. ~--.-·. · \:.: --·---it-""-··-- ~-..._-·--t 

:=~ 1--f--;·-~- .. -:--~--1 . :o t-;-
. ,~~ "DAEF1 ......... ~. - , ..... ·5· .. r---·· 3··· . ~-··-9 ····--' ---9--19-

1 hour S(JOt tests on 
maple veneer, alter 

..;:';~_ 10J1!~tJ:. l .. .. . . ...... --- .. 1-----+----~-·--t 
--~Jll.YL~?taJ!. .1.-.. -~ ... ·-~---·-~-- ... L---~-- __ _!_± a 
- .. -.?Ro~_is_opJ:~P~i>!. ..• !.._ .. ~ ....... .!. - .3 ....... l-.. -~ ....... -.i ... -_.! .... _ -~-- .. 
MEK double rubs on ; 5 6 : t 2 25 20 
NORYL 844 (dissolv- (dissolv.· (dissolv· (craelcs) (cracks) 

ed) ftd) edl 
crad'.sl 

Notes to Tabre 5.2: 

1} ORE FT ts a trademark of Procter and Gamble Co. 

2} NORYL i$ a trademark of General Electric Corp. 
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The ctiem1ea1 and sta•n res•stance of cured film\ of waterbcr.,e 
:ompos•t•ons v·v• or tt11s 1r.ventio,, ar& s•Jper1or to tf'lat ot COIT': ,•:iti·,,~ 
Compos1t1on$ 1·1. 

EXAMPLE 6. Prepara·hon and Eval"at1on of w~lert>otne "'t1•ntenance coahng 
compos1t1ons 

Prepara~eon of maintananca coating Com~os1tion vu and Comparative 
Compos•trons m·o Waterbome comoos•l•Ot\s were prepared w11l't the 
1ngred1enrs grvet' in Table 6.1 Water t. TAMOL 681M. Ammonia. 'TRITON CF· 
10. and 1 IONA RCL·628 were disperse~ us•ng a ri.gtt sr:eed Cv,,•es l:J•;,solver 
Tne the Olhcr 1ngred1et'lt$ w~re added w•lh s11mn9. 1n ~ne order g1·1en 

Table 6 1 'Waterborne Compos•hon v11 ~nd Comp\lrat•ve Comoo!t•l·ons rn•o. 

Waterborne Comg. C4'mp. n Comp.o YH 

compos1t1on m 
Comp SampJe A ··- 182.0 163.3 
S<1mp1e 1 18, 01 162 24 
water 1 1 t 24 11 24 11 24 t 1 24 
TAMOl. 681M , 64 1.64 1 64 1 64 

Ammonia \28"oJ 0 14 0.14 0 14 0 14 

TRITON CF· 10 0.19 Q.19 .. 0.19 0 19 • 
TIONA RCL·628 39.79 39.79 39.79 39 7~. • 0 o o • I .. 
worer 2 944 773 19 38 ~1.02 . 
ACRVSOL l='M·B25 oae 0.92 090 0 7!\ 
BAVHYORr- 1 .• p. ..• 6.90 684 
7043 1M .. 
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1 > TAMOL rs a trademark of Rohm and Haas Co.: Tarnol 681M is an an10tai<: 
p.gment dispersant 

2' 1"RITON is a trademark of Union Cartlde Co.: TRITON CF·10 i$ a aniOnle 
swrfactan1 

3) TIONA is a trademark of SCM ChemiealS: TIONA ACL·628 iS ltlanium dioXide 
41 ACRYSOL •S a trademark of Rohm and Haas Co. : Acrysol RM-825 is a 
rheOtogy mOd.fter. 
5l BAYHYDROL IS a •rademark of Mites Co.: BAYHYDROL XP-7043 i$ a water­
O•lf.cergrt>le p01y.socyana1e bearing at least two 1so<:yanate groups. 

Treated A1um1n1um paness were coated with an eooxy primer (Sherwin· 
'U1111ams Co Tllo·Clad 10 u&1ng a 10 mrl drawdown blade wh1Ch gave a 2 mil dry 
•t1m tn1c11.noss. The samples were dried for one day before the lopcoaa was 
aoplied Topcoat waterbOrne compos111on vst and Comparative Compos1t10ns 
m-o were drawn down using a 1 O md blade which gave a 2 mil dry tHm 
th1chness. the coatings were cured for 5 days at ambient condit'ans before 
te~ung The spot tests were carried out by pfacin~ :. , iei:., by 1 lnc;h square 
che'9seck>th on the coating an<J satu,at1ng th{: c:hffseclolh with the test liquid. 
T~sl results are pre&ented •n Table 6 2. 
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Table 6.2 Evaluation of cured Waterborne composittons vii and COmparatwe 
Compositions m·o 

Watert)ome Comp.m Comp.n Corr.p. o Vii I 
com~.J'_·u_on~~~-+-------+--------+-------+--------t------~ 

11--------- -------+-------+-------t-------+-------1-------t spotr.sts 
.l!:!.~_I!: 5 ~:....-__ ... _ _..., __ __,.. __ ~i-----...----. 

$ 5 
3.7% HCI: 30 min. ll. 5 ···-'-5 

~atur~ta~n ····- -·· t-- ---..---· ... ------i----·-
~. NaOH: 30 mtn. : 5 l 4 4 I 4 

I I I 
saturation ! • I 

xylene: 6 hrs. i -· 1 1 . ,.. -··" ~ -·-····,-~-r--s-------
~==;;: s ~ L ·· · 1 \- 1 ·· -h-~ s -+---.... 
$aluration \ I I 
MEK: 6 hrs. saturation 1 1 1 1 1 5 .... --··-· ······ -- ... . j···· ·- . t. ""·--- ·---·-........ -----~------
··- - ..... - ... __ ......_ .• ·-· - ··- .. .-..1 ....... --........ ·----+----+-----t 
MEK dc,;b'~ .rubs . \·-. s9 ... i .. 53 -- r-·93--r---;eoo 

Note to Table 6.2: 

1) MEK is methyl ethyl ketone 

The chemical resistance of the cured maintenance coating film of 
waterborne comp0sition vii oi thi$ invention is superior to those ot COmparative 
Compositiona m .. o. 
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WffAT IS ClA&Meo IS: .·· I If I/~ 1111~ llf 1111/I II If II 

1. A watetbome coating comp0sition comprising an aQueous dispersion of a 
Polymer. said polymer being subst1ntfally fr• from hydroxyl. primary amino. 
and secondary amino groups and said polyfntr beartng at least two active 
methylene groups: and an aqueous dfspersiOn of a polyisocyana&e beamg at 
least two iSocyanate groups. 

2. The compe>sttion of claim 1 wherein said aeli¥8 me1hylene groups are 
selected from th• grouo consisting of acetoacetates. aceaoacetamides. 
cyanoacetates. and cyanoamideS. 

3. The compos11son of claim 1 wherein Sdrd achve methylene groups are 
acetoacetates. 

4. The composition of claim 1 wherein said polymer is an additiOn polymer 
tormad by an emul$10ra polyrrierlzation 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 methacryJate. 

s. The composition of claim 4 wherein said addition pclymer has a gtass 
transition temperature from about ·30 C. to abOut 45 C. 

6. The composition ot c:laim 1 wherein said polyisocyanale comprises 
isocyanate groups seleeted from the group consisting of aliphaticafty bound 
isocyanate groups, cycloaliphatically bound isocyanate groups. and mixtures 
thereof. 

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

8. A method of improving the Chemical resis1ance of a coatmg comprising: 

(a) fonning a waterborne coating composition by admixing an aqueous 
dispersion of a pofymer. said polymer being substantially free from hydroxyl. 
primary amino. and secondary amino groups and said polymer bearing at least 



··----·- .------~=---------~-------
·····-·--"····--- .... ---·--

I lllllll llllll lllll lllll II llll 
* C L M S * 

25 

lwo active methylene groups: and an aqueous dispersion of a polyisocyanale 
bearing at least two isocyanate groups: 

(b) applying said coating composition to a substrate: and 

(c) curing saJd coating ccml'Olilion. 

9. The method of claim 8 wherein said active methylene ;roups are seleCled 
trcm the group consisting of acetoacetates. ac:etoacetamides. cyanoacetates. 
and cyanoamides. 

10. The method of Claim 8 wherei'I said OQlymet is an addition polymer formed 
by an emulsion polymerization ol at least two echylenk:ally unsaturated 
monomers. said monomers compnsing from about 594 to about 25 % t>y weight, 
based on the weight of said addition S>"lymer. acetoacetoxyethyl methacrylate. 

11. The methOd of claim 1 O wherein said additton 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 seleeted from the group consisting ot aliphatieally bound isocyanate 
groups, cyCIOaliphatieaUy bouno Isocyanate groups. and mixtures thereof. 

13. The method of claim 8 wherein said polylsocyanalt comprises 
isocyanurate groups. said polylsocyanate having been formed from i ,6-
hexamethytene dilsocyanate. 

14. A substrata bearing a c:ured waterbome coating composition. said 
composition comprising an aqueous dispersion of a polymer. said polymer 
being sut>stantially free from hydroxyl. primal)' 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 trom the group consisting of acetoacetates. acetoacetamides. 

. cyanoacetates. and cyanoamldes. 

16. The substrate ot claim 14 wherein sak:I polymer ts an addition polymer 
formed by an emulsion polymerization of at least two ethylenicany unsaturated 
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monomers. said monomers comprising from abouC 5-t. to abOUt 25 %i by weight. 
based on the weight of said addition polymer, acetoacetoxyethyl methacrylate. 

17. The substrate of claim 18 wherein said addition pol)mer has a glass 
transition temperature trom abOut ·30 C. to about 45 C. 

18. The subStrale of claim 14 Wherein said potytsocyanate ccmptlses 
isocyanate groups Mlacted from lhe proup consilting of aliphaticaly bound 
isocyanate groups. cycloaRphatlcany bc."nd isocyanate groups. and mixtures 
thereof. 

19. The substrate of claim 1-t wherein said polylsocyanate comprises 
isocyanurate groups. said polyisocyanate having been formed from 1.6· 
hexamethylene diisocyanate. 

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


