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MBTiiOD PoR JlSl;)UCING MICROIOAM IN A SPRAY·APPUBD 
WATSRBORNB COMl'OSmON 

This invention is concerned with a i:nethod for reduc:ln5 the em01ml of 
micrOfoam. In a spray-capplied clear waterbon\e compoeiti.ol'l. 

Wal'Cl'bome compositions are Inquently applied to &u'batrate6 by •pnllyit\g 
techniques. Waterborne compoaltions containing an·em.Wslon-polymerized 
addltio1l polymer frc:queritly contain microloam after they a.re appJled to 

sulntmla Py "V•til)US spraying techniques. Mlcrofoa:m .remaining in a dried 
fihn formed. &om the sp~•y-applied aqueous c:ompo&itlon detracta &om the 
appea,ance ul the fih1"&t partlculady from ihe appearance of a clear ftlm, whim 
film may appetr to he hazy. 

The problem addressed by this Invention 18 the tedUdton of the amount uf 
mitruloam in a spray-applied dear waterbome composition. 

'U&-A-5,334,685 di&clOMS that the M\C>Uftt of micro.bun in a dried spra;y­
applied dear wa\•tbom,coatil'lg composition can be _reduced by adjusting the 
molecular weight of the ernw11lon polymer binder to a GPC weigbt average 
molecular weight Of less than about 15,000, preferably by adjusting the molecular 
weight of the emulslOJ\ polyn• bin.des: 10 a CPC welgl1t avtra8e molecular 
weight of leu than about ?S,000 and aa average pAtdcJe diameter &om abcut 130 
nanomd°e1'¥ tu about 250 nanmnelera. HowcV«, tbis is diMdvantageoias 
becaun chain trans.fer agents and a.ddltloftal sur!adal\i. may be L'f:<luked In the 
production of wch. emulsion polymens cmd " sali•factozy solution is not alwoys 
given becauti:e clear film mechankaJ. and l't$i5lan0!) properties l'IUl)' be advereiely 
intpacted, particularly by the reletively low mol«ular weight. We have now 
found that microfoam ti."Uppreasion can be elfectively and wnwniently ac1Ueved 
without the n~ird to adjust MW and particle st~ by the addilion, to a 
compoedtitm L"Ontai1tmg a11 emubdon-polym.erized polymer binder bearing a 
reactive group, a complementary reactive moditia-whkh can react with thAt 
group. 

Polymer compoaltlons a.lso i1duclln5 thia complementary component a.re 
known from US-A-S,210"'80 u uaeful for extending the open tJme of• brushed. 
paint but no parallel can be drawn between thla UM and 11\icrofoam suppzaeion 
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THIS SHEET HAS BE~N 
REPLACED 

because the microfoun :Is believed to be an artifact of the sprap:ng process and b1 
of concern ii\ clear, l.e., unpipl.mltd, coatinga where the microfoam visibly 
detracts from the duitf ol the coating. 

STATBMBNT OF T.HB lNVBNTION 

A method for reducing the amount of mkroloal'll in a •pra7...applied clear 
waterbome cumpositlon is pro-vided: forming a clear waterborne composition 
including an emulsiol\~lymerlzed addition polymer, the polymtr 'bearinis at 
least C?fl8 first reactive pc>up, and a reactive modifJer baring one secot\d rea.dive 
group and at leut one ~ateMoluble group, the eecond reactive group beir\f 
~live with the lirat reactive g1'0\lf', the 1 .. tJo of the number of equivalents of 
the second reac.ti\le group 10 the number of equivalents of the fiTst reactive group 
being from 0.01 to a.a. The invention also extet'l~S to the WN of such compoeitlon 
by applying the computition to a substrate using~ spray method; and drying 
lhe composition or allowing it to dry. 

DiTAILBD D.DSOUPTION 

A '\vaterbome composition11 herein18 delJned as a mmpo.sit.lon containing 
an evaporable medium which i9 predominantly water but which may contain a 
wateMnlsdble aolvent which doe. not substantially~ imo .. ~with 
tither the first or the ·~d reactive groups or the wal'etbotne composition such 
as, for example, l50propanol, etllylene glyc:oJ b\.ltyl ether, and piopylene glycol 
propyl ether. 

The emulakm"fOlymedzed addition pulymer in the cfnr wat.rbome 
composition maybe prepal\td b1 the addition pol)'merlutlon of at least one 
etl'lylenically uiis1illral2d m01\omer such as, for exAnlple, acryUc eMtr 
monomers incluc:U.nf methyl acrylate, e~yl acrylate, butyl acrylate, 2-dhyll,exyl 
ac:ry14te, decyJ acrylate" meth;yl methacrylute, butyl methe~sylate; styrene or 
substituted styrenes; butadienes vinyl acetate• or other vinyl eaters; vinyl 
monomers such as vm11 chlodde, vtnylidene chloa'ide, N-vinyJ pyrolliclone; and 
acrylonitrlle or mdhacrylonitrUe. Low levels of copol)'lfteriHd ethylenically­
unsaturated add monomers wc::h aa., £or exaiuple, 0.1 % - 8%, by wejght based °'' 
the welght of the emwslon·polymaized polymer, actyllc add, methacryllc acid, 
etotonic acid, 5.tatonic: acid, fuma.rl.c acid, m.alelc add, m.onomethyl itaconatc, 



' 1 I. i;. 

.m.onomethyl iWMrale, anonobutyl fum.ata.te, maleic anhydride, 2-acrylamido-2-

ntethyl•l•propanesulfonic add, sodium vf1\yl sulfonaee, and phosphoethyl 
melhaa.ylPle, may be uaed. At least on~ first ractive ~~p iru.ch ms, for 
t.-xample, hydroxyl gi'Oup(s) mtd amino grctup(e) ts if\corporated inm the 
emulaion-polymerized addition polymer by polymerhdng &mt reactive group­
Junctlonal mQ1\0mers or .precursors lheieof; copolymetbed ethylenically­

unsaturated add monomers n'll'ly alBo !unction as the sole fir&t reaclive groap(s). 
Preferred is 0.1% to 20% by weight. based °" the weight of the emulsion• 
polymerjzud polymer. of.• Q)polymerized elftylenieally-uX\saturated first· 

reactive group-bearing monomer. 
The emulitit'>n·polymerized polymer U8Cd in this Invention Je a • 

sabstantlally thermoplastic:, or substa:ntially uncrosslinked, polymer when it is 

applied to the substrate, ~Jthoush low levela of deliberate or adventitious 
crossllnking may be present. When low levels ol precroulinldng or gel wntent 
are desired low levels of multi-cthylenio.Jty unsaturated monomers such a&, lo1· 
example, 0.1%·5%, by weight baaed on the weight of the emulsion-polymerized 
polymer, allyl meth11aylate, dia.llyl phtlW.ate, t,+-butylene glyc:ol 
··.dlmetbactyla~ 1,6-hexanedioldiCla')'late, .m\d. divinyl benzene may be used. lt i& 
importal\t, however, that the qualltf ot rum formation m not mal-erially jmpatect. 

The glU& b'm'l&itlon temperature of the emul&ion-polym.er~ additiol\ 
polymer i& fl'01'tl .. so C. to 100 C.1 as measured by diffwentiol ecanning 
calorimetry (DSC). Chain tranefer agents 111d1 u, for example,, meralpillns may 
be used in an amount effedive to provide lower molecular weights. · 

Ute polymu1zation technkjuea used to prepare such emuls!of\"' 
polymerized addition polymers are well known in lhe art. Con\'etl.tional 
smlaetants may be used "uch att, for example, anioi'lic and/or nonionic 
emulsifiers such as, for example, alkali metal or ammonium alkyl sulfates, alkyl 
sulfonic acids, fatty adds, and oxyeth7lated alkyl phenols. The amount of 
surfactant used is usually O. 1%to6% by weight, based on the weight of total 
monomer. Sitlu.""rtheraneal or redax inltlatiotl proce&5e1 m~y be ueed. 
Conventlonal !Ne radical initiators may be UMd such es, for example, hydrogen 

peroxide,. t;.butyl hydrop..oxtde, ammonium and/or alkali persW!ates, typically 
at a level of 0.05% to 3.0% b1 weigh~ based on the weight of total rn~C>mer. 
R.edox srstems U:;ing the •ame initiators coupled with a Suitable ftduc::tant such 
as, for example, lsoascotbic: acid m'l.d eodium bisuUUe may be used at slmilftr 
levels. 
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The average particle diam~ter of the emulslon-poJpncrized polymer 
parUcles hi p~fe1Ted to be from BO nanometers to 500 rumometers. 

h1 another aspect of the present invention the emulaion-polym.erizec:l 
additlon polymer is prepared by a multistage emulsion additlon polymerization 
process, in which al least two $tap differing in compoaltlon are formed in 
ttequentii\l fashion. Sum a process usually 1esul:ls in the formation of at least. 
two mutually incompatible polymer compositions, thereby resulting in the 
fonnatlc:m of at least two phase&. n1e muluaJ fncompatlbility of two polymer 
compositions and the raultant multiphase structure of the polymer partlcles 
may be deteimh1ed in variout wap kn.owl\ ht the art. The use of SCAM1ng 
el-.'irol\ microscopy ush\8 staining techniques to emphulze the difference 
between Uw appearance of the phase&, for e~ple, is such za technique. 

PoJyrne.ric partkles formed by• muJtjst.5c cmu.1eion addition 
polymerution process are prcfuied. Suc:h parHdes m:e composed of two or 
more phues of various geo111ebie& such as, for example, core/shell or 
core! $heath particles, core/shell particles with &hell phases incompletely 
c:naapsulating thw <:arc, mrc/ahcll parttdee with• multiplicity of icons, and 
mterpenetratlrig network particles. Jn all of theee c:u. ih~ majority of the 
b'Urfacu axw of the partlclt wlll be occupied. by at least one outer phase •nd the 
interior of du: particle wllJ be oet:upied by at last oiie inner phase. 

The twc-s1.aged emulaio.n-polyn\Clized. addition polymer puti.cle may· 
have an C>\.\ter phaR wntatnlng from 20% to 80%, by weight bued on the total 
weight of the particle. Prel-etred is a two-staged emuleion·poi,merlzed addition 
puJymer particle with an oult:t' phase having a glass transition temperature {Tg), 
as determined by DSC, which la at le.et 30 C. ktwer than the Tg of the inner 
phase. Pref~rm if a multi..taged emulsion·poly1nerized additi-.m polymer with 
at leut one Sn1t reactive group ln. the ov.ter p111ae. P.teferred HI • li\Wti·ttaged 
emul\don-polymerind addition polymer partlcle with a particle diametu from 
SO MJ\OJr&etem to 500 mmomel-en. · 

Each of the e.1a~ of the multi-staged emut.J.on-polym.erized polymer 
may a.mtain the same MOllomen, chain tranaler agent.- etc. as disclosed herein .. 
abcwe for the emulsion-polymerized addltiQn polymer. The emulsion 
polymerization techniques u~ to prepare sud\ ~reio'l'\$ are well know1'\ it\ 
the art such as, for example, US Patents No. 4,325,856; ~97; and 4,814,373. 

lri addltioll to the cmuJskn.i.-polyinerlzed addition polytner,. the clear 
wate:rbo2'11e composition contains a reactive modifier 'bearing' one second reactive 
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group. The reactive modifier must also coim.U.. •t leut one water--soluble group 
sufficient to render the reactive modlfJer soluble irt or dispersible in the 
waterborne composition. Suitable wa.ter--aoluble groups include, for example, 
polyoxyethylene, polyvJnyl alcohol, polyacrylamlcle, poly N·vinyl pyrrolidone, 
and starch. The reactive modifier 'bearing one second reactive group hu a GPC 

weight average molecular weight from 200 to 50,000 and may be present as a 
solution or a diSpendon, prior to :reaction of the tint end leCOJ\d 1e11ctive group&, 
in the waterbome composition. 

The tJrst l'Cllcti.ve pups and tbe eecond reactive groupe react io Conn 

tonic or covalent bonds before il\e walerbo1-ne compoaitlon Is applied to a 
substrate. -

Ionic binding jndudea add•base interaction and ion pair binding ol 

negatively and po¥itively charged at.oms as may result from reactive groups such 

as, for example, acid + amb.\e and carboxylate + quatemary ammonium. 
Covalet'\t binding may 1•ult from reactive gtoLtps au.ch ae, for example, 

acetoa.cetate +aldehyde; acetoacetate + amine; amine+ aldeh7de; amine+ 
anhydride; amine+ Isocyanate; amine+ epoxy; aldehyde+ hydrazide; acid + 
epoxy; acid + carbodilmide; acid + chlOJOmethyl estvr; acid + chloromethyl 

amide; acid + anhydride; add + azlddine; ~ + mercaptan; lcetcme + 
hydrazide; and Jsocyanate +alcohol. The ftnt or 11etond reactive group in each 
pair may be pre5'..~ in the lat.ex polymer or h1 the reac:tlve mod.ifiao. 

A preferred reactive mudifier la ait amphlphilic compound having 
ionizabJe or actd-'base reactlve groups. Amphlphi1ic: compou11da have both 

hydropl10bic and. hydrophilic poups. The hydmphobic portion of tbe 
amphlphilic compound 15 water-tmoluble and must contah\ at least 4 carbon 
atoms; it may be branched;- straight ch~ aroanat111:, •turated or unsaturated. 
Th~ hydrophilic portion of the amphiplUllc compound is water _,luble such as, 
for example, polyoxyethylene, polyoxypropylene, polyNccharlde, hydroxyethyl 
cellulose,, polyvinyl p)'l1'01ldone, polyacrylamide, and polyvinyl alcohol. 

A preferred arnphiphtU.c com.pound i8 a quaternary ammonium &alt, au.ch 
as for example, a quaternary ealt - Bthoquad<B> 0/25 supplied by Akzo Chemlc:als 
Inc. This salt is• quaternary pulyethoxylated mnmonium salt with the formula 
C1sff35(<.:1i3)N(CH2.Cff20)xH(CliaCH2.0)yH(Cl-) where x+y=l5 atul a 
molecular weight of about 942. The quaternary Hit coat.ms a positively 

charged nttropn group which !s ~ctlve with an emulsion polymer containing 
an anionic group such u, for example, a earboxylate group. 
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A polyethoxylaled amine whkh ii cother p~1:ed amphiphilic 
compound ts Triton(!> RW·lSO supplied by Union Carbide Company with the 
formula t-C12-14NH(CHzCH20)t5ff • A preferred amphlphiHc compound Js a 
tertlaiy polyethoxylated amine. with the formula 
C1sH3-?N(CH2CH20)xH(Cii2CH2'))yH (x+y=lS)and a moleaala.t weight of 
about 929 (Ethomeen® 1~/25 supplied by Akzo Chemical Inc.). The amine base 
jis the second reacllve group which is CC>nr'Lbmed and reacted with a emulsion 
polymer containiiig an acid as the first reactive group. 

A preferred covalently bonded embodiment is a monoamine such as, for 
example, JBPPAMINR ~-207'0 (supplied by Texaco Chemical Company) 
:reactive modifier reacted' with an acetoacetate-conialning eJJ\uWon polymer. 
JEFF AMINE® M-2010 Is a polyether monoamine based 011 a predominantly 
polyethylene oxide backbone. 

In another aspect of the invention a mono-functional carbodiimlde 
reacti~ modifier is reacted with a carboxyllc add-cont.ainil'lg emulsion polymer. 
The muno--fu1\c:tio.nal carbodiimide has the formula 

wherein 
m is an integer of from 1 to 1150; pi& an integer ot from 11o 1150; A ls 
independently selected from hydrogen or Cl-c6 alkyl; Band B' are hydrogen or 
a Cl-10 alkyl group and may be the same or different G ls a bond,. g•·N(g)· Of s'-
0- wherein g is selected from hydrogen a:nd an alkyl group md ~ ia selected 
from a bond and Cl-C6 alkyl; Rand R1 a:re independently seleded from 
alkylene, arylene, substituted aryleue, blarylene •lk7lene amd substituted 
blarylene alk7lene; and Z and Z' are a C1'"6 alkyl groupr and may be the same or 
diffemnt. 

Preferred Is the cubodUmide uf the forrnulallemn-abo~ wherein A Js 
hydrogen; Band E" are methyl; R and a· me phenylene; and Zand Z1 are ethyL 
propyl, or mixtura thereof. 

The mono-furu."lional carbodiimide ta prepared by reacting a 
monohydroxy .. or aminuootm-miuated bydr0philic: molecule witka molecu.Jar 
weight oE 200 to 50,000 in a first step with a dll&ocyanate In a a.toichiomelric raUo, 
l.e., 2 Isocyanate givups/1 hydroxyl or amino group. Preferrtd ls the first Btep 



• t 

7 

reaction of a hydroxy~functional hydrophilic: molecule with a molecula: weight 

of ZOO to 50,000 with a dlisocyanate. The hydrophilic molecule may be 
predomi."lafttly compoeed of, for example, an allcylene oxide such ae, for 
example, ethylene oxid~, propylene oxide, and mixtures thereof; or 
polyacrylamfde. Prelerred as the hydrophilic: molecule is a monohydtOlC)'· 
terminated polyether auch as, for example, PEG 1SO methyl ether {supplied by 
Aldrich). The diisocy•mte may be an aromatic or aliphatic dH•ocyanate; 

pr1:.krred is tolylene i1'·clltsocyanate. In a eccond atep the L'UCtlon prod.u.ct of 
the first. step is concieftsed. using a cat.alyst such as, Eor ~mple,. 3-m.dhy1·1· 
phenyl-2.-phospholene·l-oxicle cataylet tn xylene (0.1 mole % on dUsocyanate) 
1.nd heat t:o form a monoearbodilmlde. 

n,ere are several waya to combine ~emu talon polymer and the reactive 
mudifier in the wa'tt'borne compoaition. The R:st reactive group and the wwnd 

reactive group aN aclected ao th.at they eubstantlallf compbs1:el1 react under the 
conditions prevailing during the forming of the water.bome composition. lt is 
pntterred that the reactjve modifier is added to the emulsion poly~r and tstirred 
until blended with the emul&ion polymer, sud\ u ror example, on the order of at 

leut 10 minutes. Af&er stlrrllig, the emubdun polymer and ieacti~ modifier 
ma)' bu left to elJuiUbrale and react for a ti~ such u, for ex.mpJe, ovenlight. 
1'htn other hlpdients may be admixed with the 11.\iX\ure of U\e reactive modifier 
ind the emulsion pol,.mer. 

The react;ve modifier contahllng the seco1'ld l'elellve group is added to . 
the i.-mul8ion polymer a\ a raUo ol lhe equivolents of the eecond reactive group 
to the equivalents of the first reactive group of from 0.01 to 0.3. Preferably, the 
reactive modifier is add"'1 to the emulsiou polymer al a ratio of the equivalents 
of· the second reactive group to tbe equivalents ot the flmt ~ctive group of hom 
o.os to 0.15. 

The IOlids content of tile clear w11a'borne c::omposltlon maybe 20% to 
10% by welght. The vlscoelty of the watel'bornecomposjtion may be lrom 50 

centipoisw to 10,000 cenli.poises, a. measured ming a Drookfleld Yistomt.."tcr 
(Model Lvr using spindle #3 at 12 rpm); the vlscositlea appropriate tor dlfferent 
spraying methods vary ccmaiderably. · 

The c:l•r wateibon1e comp~Hon contan no ingredlents which cause 
substantial opadty in a dried coating at the desired dry film thickness, whlcl\ l$ 

typka.Uy lro1n O.l mil to 5 mils. nte d1ied coating ma7 be applied •one coat ot 
q multiple coats, witb or Without drying betweeJ.1 coabJ. The waterborne 
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composition may Cotltai~ tn addition ~ the emulsion-polyme~JC:l addition 
polymer and the xeactive mod.Ula; cmwentfonal atmporaents such as, lor 
example, emullltlers, subaamthlllr tnimpa:ent pigments and fill.,, di.spersants, 
<..v.alelteing agtmts, fiaUblJ ag-enb, curing agent&, thickeners, hwnectants, wetting 
agents, biocides, plqtici.zets, antifoaml~ agents, colorants,, waxet, and anti~ 
oxidants. 

'lite spray .. eppli.ed. clear waierbom.e composition fl applied to a substrate 
su<:h as, for e:Q:lmple, metal, wood, and plutic, using a ap1uytn1 method.. 
P~d a.u.bstrates ant Wood and aub:>motive substrate&, The composition may 
be applied. to woud Lfuch.as, for example, wood, aeoled wood, particle board 
treated with a UV-cured ruJei-, pain~ wood, aru1 pzeviously coaled wood; or to 
metal such u., for example, metal, treated metal, metal coated with an 
electodeposited prJmer, 111nd previously pah1led metal; or to plastic sucn as, lo-r 
example, plastic, plastic alloys,. and remtoxt:ed plastic ($UCh as RIM sub$U'ate). 
The spraying method may be, for example,~ spr•y, airle. •pray, bell 
or disc spraying, high volwne/low pressure spray, and afr .. assf.sted electrostatic 

spray. ln such spraying methods~ watubome pol)'l'l\erk compositlon is 
atomized, or formed into small droplets, which are conveyed to the eubetra.te 
where the droplets fonn Into a sub&bmtially continuous film. ln such epray­
appHed methods the atomized. droplet& of the wawrbome polymeric 
composition are funned fn ~tact wlth and/or admixed with • pa such as, for 
~ample, air. 'Ibe gas, wtd1t preseure, may be required to atomize the cootlng · 
such iS, for example, in i;:onvcntional air spray appUcationa; the gu may flow 
towards the sub:itra~ 11nd provide Col' at le1sL some of the conveying of the 
atomized composition such as, for ~•mple, h\ ai.r-uslsted airleaa spxay 
applk:ation; or the gas may ~the medium through whim the •tomi.zed 
composition, alomiz.ed by niechanlcal acllon Sn the preaen.ce of the pa euch a&, 
for example, ln airless spray, disc, md bell appUcatlons, with or without · 
electrostadt auistance, :movet; tu the substrate Occluslona of gu, ''microfoam", 
typically are found in a waterborne CQmpOlltlon after lt:es applitation to the 
iaubstraie. The mtcrofoam ts undeslrablt.: mib'Oloam n'lay cau.e haze or opacity 
in clear 01· sub'°'tantially W'\pjgmeitt-ed coatinp or fibna. 

The clear waterbome Lvmposltiou may be d1ied at ambient temperature 
or at elevated temperature&. ''Microfoam" herein is defined •• substanti•lly 
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spherical gas-lllled occlUJiotl& m the dried film which are typically 10-20 
mic:roane~L'8 in nidiua. The microfoa.m. occlusions lack sufficient buoyal1£)'" to 

escape from the waterbome compoattlon before they become substantially 
hrl.mo'bilized in the applied. compoailion. The "amoWtl o! microCoam" as u,'"9 

herein is determined by counting the number of bubbles in a selected ARA ot th~ 
applied waterborne composltiori, \lSing an optical mkroscope under 10X 
magnifkntion. The a'btolute l1'nC1W\t of microfo111m i• mftucm:ed by lpt'lly 
equipment, epray condltlona, and envttomnental condltiont such u, for example, 
temperature, humidity, atld air now. The method for reducfnS microfoam of thfs 
lnventicn :elates to the teduction. of the amount of mic:robun o'b&el:ved 1n a 
&pray-applied clear composition relative to tht: atnO\'ltlt of mk:rofoa1il obaer"Ved in 
a compnrative sample, both prepand under tht ND\C condition&. 

The following examples illustrate the method for reducing the amount of 
miaofoam in A spray-r&pplied waterbome composition. 

EXAMPLE 1. Pteparatlon and evaluation of clear wale?bome compositions 
c:ontldnin5 an emumlon·pol,,-ineriz:ed addition polymer bccing •t leut two 
cerboxylk acid first reactive groups and a reactive modifier belrinJ une amine 
eecond n:•dive group . 

Preparation of Sample 1. A t-neck, 5·1iter, mund·bottom &titted reaction ftuJc 
contlinlng 108Sg DI waw and 0.938 of a 58% a1kylphenoxypolyethylenemy sulfate 
surfactant was heated to 85°C. To the kettle, $5 sodium ca1.'bonate dissolved. in ~ DI 
watt.or and 4~ 1mu:tl01\ium pen"Ulfa te tUMiO!ved in 20g DJ water WeR added :Jn order. 
The bald\ temperatme was adjusted to 85°C after which a gradual addition of Stage #1 
ME wu initiated at a uniform rette and fed to completion to the kettle over llZ 
minutes. Simulte.neousl7, the Cofeed lnitJator -was started at a rate of S.1 g/10 
minutes. The batch teDlperature was maintained at 85*2~ over the stage l feed 
petiod. On completion of the addition of F'eed #1, the Cofeed Initiator feed was 
lntet'l'Ufted and the ~atch wae held at 85:t2°C for SO minutes. After the hold period, 
the addition of the Stage ft ME was started and the Coleed Initiator addition wu 
resumed. The Stage#2 ME wu fed to the kettle over 68 mtntttes while maintaining a 
batch temperature of ~zoc. When all feeds were complete. the batch was held at 
temperature for 30 minutes. The reaction wu then cooled to 6'°C. Two redox chasers 
were added. The batch was neutralized with ammonia and a biocide was added. 
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The siage #1 MB consisted of an emulsion of 272.9 g DI water, 12.6 g of a 58% 
active solution of an •1kylpherioxypolyethyJeneoxy sulfate surfactant, 640.7 g butyl 
acrylate, 215.9 g methyl methaczylate, and 88.2 g metha<:l')'Dc add. The Stage #2 MB 
C'Cmei&ted of an emullion of 2.72.9 g DI Willer, 7.7 g of an 
alkylphenoxypolyethyleneoxy sulfatt sutfac:iant (58% active aolution), 62.6 gbutyl 
acrylate., 510.9 g methylmethacryla~ and 11.7 g methacrylic add. The Cofeed. 
Initiator was composed of 2 g an\lnonium persUlfate dissolved in 100 g DI wa.ter. 

Forming Waterborne compotldons 1-3 (WCl .. WC3) and Comparative 
Composition& A-B 

Bthomeen TM 18/25 was diluted to 38% 'by weight in water. Bthomeen TM 
18/2!5 {33%) was added to cat'boxylie acid-containing Sample 1 at levels of 2%, 
4%, 3%, and 16% Bthomeen'IM 18/2' 'by weight on latex polymersolids4 Aftl:r 
24 hours the samples were adjusted to pH 8.0 wtth 7% NH40H, and 20% based 
on Jatex polymer solids of a Sil Butyl CelJo9olve'l"M/ButylCarbitoJTM mix wu 

added (Table I), along With 0.25% by SQlids, based on solids of rheology modifier 
Acrysol'I'M ltM·825 solids. After equilibrating lot a day, the viscosity wu 
adjusted to 20 second• on a #2 zatm cup by addition of water. 

Table 1·1: Waterbome Compostttons (WCl - WC3) and Comparative 
Compositions A .. B 

Camp.A 

75g~le 1 (44%) 

+ 1.65 Butyl carbitoJ'l'M 

+ f.95 DutyJ Ce1loso.lv12 TM 

+ 30.7g water 
+ 0-3.lg Acryeoft'M RM..az5 

+ 1% Nff&OH to pH NJ 

WCI 
7Sg sample 1 (tft) 
+2g Ethomeen TM 18/2' (33%) 

+ J.65 ButylCaibftol.1'.M 

+ ~.95 Butyl CtllosoJve'l'M' 
... ao.gg wltcr 

+ 0.33g Acr)'IOilM J1M425 

... ~ NHtOH lO pH e.o 

wa 
15g Sampla 1 (4.4%) 

't'4g l~TM 18/'18 (33%) 

+ 1.65 Butyl Cad>1to1™ 

•'-'' 1u1y1 een~'l'M 
• 25 • .fg waeer 
+ 0.33g Ac:qsotTM DM425 

.., 7"'NK40H to pH 8.0 



. , 

WO 

P'S; Sample 1 (441') 

+8g Ulbomeen™ 18/25 (33%) 

+ 1.6.'S But1l Cub1tol™ 
+ 4.95 &utyl CeUosolveTM 

IJ 

Comp.B 
1Sg Sample l \tt'l4) 

+ 16& Elhomeen TM 18/2' (»'Ma) 

+ 1.65 'B\atyl Clivitoi™ 

+ 4.95 llQtyl C'ellOBOJveTM 

+ 16.7gwater + J0.7gwater 

+ 0.33g AcrysoJ°l'M RM-825 ,.. O.»g AcrysotT.M IN.US 

"'1"' NH&OH to pH 8.0 + 7"6 NH40H to pH $.O 
Spraying waterborne compositions l-S (WCl .. WC3) and comparative 

eompl'>Sitions A·D at'\d. Hv~l.uation of Mim>faam. Mk:tofoam was·evaluated by 
ap1·ayhtg one coat of each of the coznpostt.ions over black gla.ss. The coats ~re 

applitd using a conventional suction-feed spray gun (DeVilbllt MISC) with an 
BX tip and a #30. The air pregure was '5 psi. 'l'ha panehJ wme sprayed and 
dried at 900P/200/oRH. The bubble density was evaluated uslng • 70X 
microscope and cow\tlng the nu1nl:te1· of bubblee per aqu.are mm in the drled 
film. The results aro gtven below ia Table 1-2. 

Table 1·2: Bvaluation o!Mlcrofoam for Sprayed Com.positions WC1 • WCS and 
Comparative CompositiQN!I A-B 

Com)X)&ltion Solid& Vl8COSitY MPl 
c._~-='.A 29.S 20' S.5 

WC1 29.4 1?' '·'5 . wa 31 1r O.'I 
wa 83.6 lP' a.15 -- • ~. D 35.4 19' tS.15 

1. Mkrofoam density in bubbles per square mm 

Bthomeen TM is a registered trademark of Alczo Chemical$ Incorporated 
Butyl CeUosolve TM and Butyl Carbitol™ are registered trademarkl of Union 
Catbide 
AcrysolTM is a tegtstered. trademark of the Rohm and Hus Company 

Dried sprayed waterborne com.positions of tlUs invention WCl • WCS 

Yluw tedt.t<:ed mlo:ofoam levels relative to composition Comp. A, ~bsent the 
reactive modifls, not ot tNs invention, and Comp. B, not of this invention. 
EXAMPLS 2.. Preparatlor. and evaluatioft o£ clear waterbome composidon!l 
eot'\taining an emulsion-polymerized addltlon-pol)'mer bearing at leaet one 
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carbcxylic add first reactive group and a teaclive modlfftr 'b<!uillg one 
carbodiimide second reactive group . 

Preparation of monofunctional aromatic carbodilmide (MCDI t). A mixture of 

80% tolylene 2.,4-dliaocyanate and 20% tolylene 2,6-dllSO(.}'anate (48.2 g, 0.28 
moles) ~as treated with polf(ethylene glycol) monomethyl ether PEG 150 
(supplied by Aldrich) ( 201.8 g, 0.28 mole., ll\Ole ratio ditsocyanate/Carbowax(R) 
7S0 • l /1) in a l liter round bottomed flaak e.iulped with a thermometer, 

magnetic stirrer, and condenser. Am7I a~te (230 g.) w•• added and the 

n1ixture heated to~ for 1 hour to complete the alcohol·~nate: reaction. 
The mixture wu t~ treat«:l with 2.S3 g ol a 16~ wt solution of 9-melhyl-t­

phenyl .. 2-phospholene-ol""Oxide cataylst in xylene (0.7 mole % on dli10cyenate). 
The miXture WN held for 9 houn at 100 c. and then at 120 C. for 14 ho1.1rs. The 
progress of the reaction was lollowed by measuring the weight 108f due to 
carbon dioxide evolution and. by measuring the relative intensitie. of the IR 

battds at 2.130 and 2210 cm. -1 for car'bodlimlde and isocyanate, respectively. 
Heating was discontil't.ued when tlte theoretical weight loss (6.1 g.) wa' attained. 

The ma.teriaJ WU cooled llll\d transferred to a &ealed a>l\talncr. The produc;t 

monolunctional earbodllmide (MCDI l) c:ot\tained !0% 10lldl insolvent. 

fjgut-e 2.1 Composillon of MCDl l. 

' ' 
MCDI t Average n ;:p 16.3 

Pomling Watet'bome compoaltlon 4 (WC4) and comparative composition C 
4% MCDI t solids on sollm was •dded to Sample l. After 24 hours the 

samples were adjusted to pH 8.0 'With 7% NJi40H, and 200/o based on latex 

polymer solids of a 3/1 Butyl Cellosolw™/Butyl <:arbltoJTM mix wat1 added, 
along wlth 0.2'9.4 AcrysolTM RM-825 solids (Table 2.2). After equlUbzating for a 

day, the viKOsity was adjtUJted to vi9C08ity ot 20 seconds on a #2 Zalu1 cup by 
;ddition of water. 
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Table 2.2: Waterborne Composition (WC4} and Comparative Composition C 

Comp.C 
15gSample1 
+ J.65 Butyl Carbitol™ 
+ 4.95 Butyl CellosolvelM 
+ 30.1g Wai.er 

+ 0.33g Agyeol RM-825 
+ 7% Nfi40H to pH 8.0 

Composition WC4 
?5gSunplel 
+2.64g MCDI 1 (50% Amyl Acetate) 
+ t.e Butyl Carbltol™ 
+ 4.95 Butyl C.eUosolveTM 
+SOgwater 
+ 0.33g Acryaol RM~ 

. + 7% Nff40H to pH8..0 
Spr11yln5 waterboinc eumposltlon 4 (Wei:) and comparative c:omposltion 

c and Evaluation of Mlcrofo•m. Microfoam wu evaluated by spraying one coat 
of .ach of the oomposltlons over bl.a.ck glass. 'Ihe coats wei:e applled uamg a 
conventional suc:tiOn·feed spray gun (DeVilbi8s MBC) with an BX tip and a #30. 
The air pressure wu4S p&i. The panel& were sprayed and dtled at 900F /20o/olli. 
The bubble density wa& eval\lated U&inga ?OX m~peancl counting the 
nWYtber or b1Abbla per SCfu&R: mm in the final chicd &tm. The reau.tte are given 

· below in Table 2-3. 

Table 2-S. Bvaluattcm ol Microfoam for Sprayed Compotltion WC4 and 
Comparative Composition C 

CompOlftbm Solid& Viscositv MJ:ll 
ComD.C 29.5 20· 5.5 

WC4 30.1 22' 0.9 
1. Mlcrolomn de.1elty in bubbles per St)U•te mm 

ni~ dried sprayed wa...,ome compO.ition oC this invention WC4 
exhibi*1 a lows level of mi~ivfQarn than did Comp. C, abeentthe .reactive 
modUier, not of this in,•ention. 

BXAMPL'B 3. Preparatlon and evaluation of clear watedJorne a>mposltlons 
coi,Lalning an emulsion-polymerized additton polymer bearing •t l~t one 
earboxyl!c acid first reactive group and a reactive modifier bearins orit: 

carbodiln:tlde second reactive group • 
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Preparation of monofw:tttional aromatic earbodiimide (MCDI 2). A mixture 0£ 
80% tolyJene 2,4-dlisocyanate met 20% tolylel\e 2,6•dlisocya_nate (86.7 g, o.so 
moles) was treated with poly(ethyJene glyeoJ) monomethyl ether PEG 350 · 
(supplied by Aldrich) ( 174.5 g, o.so moles, mole ratio diisocyanate/Cazbowax(R) 
)SO = 1 /1) m a 1 liter round bottom.eel Ouk eq_u.ipcd with o thermometer .. 
magnetic stir.cer, and a water-cooled c:ot\dcawet'· The mbdute wu $tirred and 
hea~ at 75+c for 1 hour to complete lh• alcohol-hOC)'llnale reaction. The 
mixture was then cooled and 2SO g. of amyJ acetate wu added, followed by 4.23 
g of a 16% wt &OluUon ol 3-methyl·1"'fhenyl .. 2-phospholene·l·oxi.de c:ataylst in 
xylene (0.7 mole% 0n diisoeyanate). The mixture wu stirred and heated to 60 C. 
for S hours and theri to 80 C. for 25.5 hOurS, and finally to 100 C. for 2 hours. The 
progress of the reActlon wa$ {ollowecl by inea~ the weight lou due to 
carbon dioxide evoltttion and by measw.ing the relative lntensitl~ of the IR 
bands at 2130 and 2270 cm ... 1 for carbodilmide and isocyanate# rapectlvely. 
Heating was discontinued when the theoretical weight toss (1 t. l g.) wu attained. 
The material wu woled and tran.furred to a asled container. Tile product 
monofunctionaJ carbodlimide (MCDI 2) contak\ed 50% solids i11solvent. 

:Figure S.1 Composition of MCDI a. 

MCi:>t 2. Average n = 7.3 

Forming Waterborne compositions 5-6 (WO· WC6) and comparative 
composition D 

The addition and rormuJ11Uon pro*ure for each amapositlon wet as 
follows. 5% MCDI 1 or So/o MCDl 2, solid$ on solids, was added to Sample 1. 
After 24 houm the samples were adjusted tO pH 8.0 with. '%. Nff401-L and 2.0% 
based on latex polymer aollds of a 3/1 Butyl CellosolveTM/Butyl Carbltol™ 
mix wu added (Tabl• S.2.). After equilibrating for a day, the vlacoflty was 
adjusted to Vlscoslly of 20 seconds on a #2 Zahn cup by addition of water. 
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Table 3--2. Waterborne compositlom WC5·WC6 and comparative composition D 

Comp. t> 
100g Sample 1 
+ 2.2 Butyl CarbitoJTM 
+ 6.6 ~tyl Cellosotve™ 
.. 22.6gwater 
+ 1% NI"f.IOii to pH 8.0 

Composition WC6 
lOOg Sample 1 
+2.64g MCDI 1 (50% AmyJ Acetate) 
+ 2.2 Butyl Carbitol™ 
+ 6.6 Butyl Ctll010lveTM 
+ 12.6g water 
+ 7% Nrof40H to pii 8.0 

Composition WO 

1003Sample1 
+2.64g MCDl 2 (SOcyo Amyl Acetate) 
+ 2.2 Butyl CarbitolTM 
+ 6.6 Butyl CeltosolveTM 
+ 12.6g water 
+ ?% Nl40H to pHB.O 

Spraying wate1'bome composltlone 5-6 (WC5 M WC6) and comparative 
composition ]) and Bvaluatton ol Micro.foam. Spray properties wer:e evaluated 
by spraying one coat of each of the compositions over bJaclc gl••· The coats 
were applied usmg a conventional auctiott•feed spray gun (OeVllbiss MBC) with 
an EX tip and a #30. 1l\e sas piessure was e psi. 'ftte panels were spl'!lyed and· 
dried •t 1020J' /20%RH. The bubble demily was evaluated using a 10X 
mic:rOtK.-ope 11\d count1ng thenum'ber olbubble&per square mm in the fiNll dried 
film. The rMults rare given below in Table 8"'3. 

1 Microfoam den&Uy in bubblu per 1cpare 1'N'n 

The dried sprayed wattrbome com.pollti.ons of thi$ mventk>n WCS.WC6 
exhibited a lower leve1 ol 1nicrofoa1n lhan did Comp. D, absent the reactlYe 
1n<>difier, 1'\0t of this invention. 
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CLAIMS: 

THIS SHEET HAS BEEN 
REPLACED 

1. A fl'Oa:a& for Improving the application cl-w:acteristict, specifically 
inhlbitlng microfoam formation, In a clear waterborne composition which is 
intended for tpray application and contains emulsion-polymerized addition 
polymer, seid polymer bee.ring at least one flrat ree.ctfw pup# which comprises 
including in said composition reactive cnodifieJ" bear1af one 11econd re•cdve 
group 01\d at least one water10luble group~ said second reactive group being 
reactive with said first rea~tlve group, the ratlo of the number ol equiValents or 
sald 11cond reactive ~p to the number of eq~ivalents ol said fitst: reactive 
group being from 0.01 to 0.3. 

2. A process of claim 1 wherein the ratio of the equivalents of t1aid second 
mcttve group to the equivalents of said first readive gtwp js from 0.05 to o.1s. 

3. A process of claim 1 or 2 wherein said emulsion-polymerized addition 
polymer comprbes 0.1% to ao% by weight baeed on the welgllt of said emulsion­
polymerlzed polymer of a copolyme:r~ed ethylenically-unsaturated monomer 
*rms said first teac:tlve group. 

4. A ptocess of 1ny preceding claim wherem eald emulsion-poJymerized . 
additiQD pul1zn« a>mpdses rnul~i-etaged emultlon-polymerll'Ad addtiton 
polymer pardcles, said pa:rtlc:les having im IN\er phase and ·an outer phase. 

5. A p~ of any preceding t-laim wherein said fitst reactive groqp it1 a 
carboxylic add group and said second reactive group i& a poJyolkoxyt.ted tert-
amine on 11 carbodiimide group. · 

6. A p~ fur inhibiting mtcrofoim rormaUon which comprises applying, 
by spraying, a compositl01'& made by a process of anr preceding Claim to a 
substrate and drying said compoaftion or allowing it to dry. 

7. A carbodilmtde havfog the formula 

S-0-{-Z..O)m-G..C(O)N(A)-lt-N=C•N·R.'·N(A)C(O)-G-{0-Z' .. lp-O·B' 

wherein 

: 11111111 11111111111 11111111111 
* C L M S * 
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I· ~ ~=-==·=======~ 
THiS SHEET HAS BEEN 

REPLACED . 

m Is an integer of hem 1 ·to llSO; pis an Integer of frOm l to 1150; A is 
independently selected from hydrogen or Cl..C6 alkyl; E and B' are hydrogen or 
• Cl-10 alkyl group and may be the same or ditlerent; G ls a bond, g•·N(g)-, or 
g'O· wherein g ls sel.cted from hydrogen and an alkyl group and r/ if •1uctt..od 
from a bond and Cl-C6 all<yl; R md R.' ate independently selected from 
alkylene, arylene, subatitu~ aryle.ne,. biarylene alkylene and substltut'ed 
blarylene alkylene; and Z and Z' are a Cl~ alkyl group, and may be the same or 
different. 

. . 
8. The carbodiimide of claim twhereln A i& hydrogen; Band B' are methyl; 
Rand R' at'e t-olyleDe; 11'\d·z and Z' are selec:ted from the group CONlsting of 
ethyl, pi-opyl, •d mixturee thereof. 

9. A aubttrate bearing a cured &pray-applied clear waterborne composition 
with reduced amount of mtcrofoarn, said cJear composition formed by the 
method of claim 6 . 

. · I If lllll llll/11111111111111111 
C L M S * 


