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7 NET%—K]D FCB REDUCI NG M CROFOAM | N A SPRAY- APPLI ED WATERBORNE COMPOSI TI ON
Thi s invention is conrned with a method for reducing the anmount of

m crof oam I n ‘a spray-applied cl ear waterbone conposition. WaterboRTENP CopyY
conpositions are frequently applied to substrate by spraying techniques.

Wat er borne conpositions containing an gmul sion-polynerize addition polyner
frequently contain mcrofoamafter they are applied to substrates by

various spraying_techni ques. M crofoam renaini ng nadried filmforned
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conpousi ti on. Tﬁ\ig ﬁ%%ﬁ@&&tg f%ﬁfﬁﬂﬁ&‘ HeRegrbeh in a
dried spraymlmménebpml avaterhome comppeitivn. on can be reduced by
adj usting the nol ecul ar wei ght of the emulsion polyner binder to a G-C
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particul arl gl Jh? &L‘?&WRL | ow nol ecul ar weight. W have now found
that m crof oam s ession ca ‘be effectively and conveniently achieved

W thout the needri o RbhdiR adilelf vy Bib viveneibnf efrebBendi'S! the Wodr? of
microfoam in a spray-applied clear waterborne composition.

US-A-5,334,655 discloses that the amount of microfoam in a dried spray-
upplied clear waterborne coating composition can be reduced by adjusting the
molecular weight of the emulsion polymer binder to a GPC weight average
molecular weight of less than about 75,000, preferably by adjusting the molecular

. weight of the emulsion polymer binder to a GPC weight average molecular
weight of less than about 75,000 and an average particle diameter from about 130
nanometers t0 about 250 nanomelers. However, this is disadvantageous
because chain transfer agents and additional surfaclant may be required in the
production of such emulsion pelymers and a satisfactory solution is not always
given because clear film mechanical and resistance properties may be adversely

- inpacted, particularly by the relatively low moleculat weight, We havenow
found that microfoam suppression ¢an be effectively and conveniently achieved
without the need to adjust MW and particie size by the addition, to a
compusition containing an emulsion-polymerized polymer binder bearing a
reactive group, a complementary reactive modifier which can react with that
group.

Polyrmur compositions also including this complementary component are

known from US-A-5,270,380 as useful for extending the open time of a brushed
paint but 2w parallel can be drawn between this use and microfoam suppression
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I nvention t@@&g ot Bl Mg%gﬁﬁoéor i nhibiting mcrofoamformation in
a spray-applied clear waterporne c ition, which process conprises
applying a n to a substrate using a spray nethod
and drying S@W@ﬂ'ﬁ%ﬁ it to dry and is characterised in
that the clear vvaterb(-)rne corrp05|t|on conpri ses the reaction product of:
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from the second reactive group o ihe numberofequalenbs of the first reactive group

being from 0.01 to 0.3, The invention also extends to the use of such composition
by applying the compusition to & subsirate using a spray method; and drying
the composition or allowing it to dry.

DETAILED DESCRIPTION

A "waterbortie composition” herein i defined a9 2 composition containing
an evaporable medium which is predominantty water but which may contain a
waterniscible solvent which does not substantially enter into veactions with
either the first or the second reactive groups of the waterbotne composition such
as, for example, isopropanol, ethylene glycol butyl ether, and propylene glycol
propyl ether. :

The emulsion-polymerized addition polymer in the clear waterborne
composition may be prepared by the addition polymerization of atleast one
ethylenically unsaturated monomer such as, for example, actylic ester
monomerg including methyl acrylate, ethyl acrylate, butyl acrylate, 2-¢thythexyl
acrylate, decyl acrylate, methyl methacrylute, butyl methacrylate; styrene or
substituted styrenes; butadiene; viny) acetate or other vinyl esters; vinyl
monomets such as vinyl chluride, vinylidene chloride, N-vinyl pyrollidone; and
acrylemitrile or methacrylonitrile, Low Jevels of copolymerized ethylenically-
unsaturated acid monomers such as, for example, 0.1% - 8%, by weight based on
the welght of the emulsion-polymerized polymer, acrylic acid, methacrylic acid,
ctotonic acid, itaconic acid, fumaric acid, malelc acid, monomethyl itaconate,

-This Sheet Has Been Reﬂlac




200 t*'d 50, 000; wherein the first reactive group and the second reactive
group react to formionic or coval ent bonds; and wherein the ratio of the
nunber of equival ents of said second reactive group to the nunber of

equi valents of said first reactive group is from0.01 to 0.3. The invention
al so extends to a substrate bearing a cuted spray-applied clear waterborne
conposition with reduced anount of mcrofoam said clear conposition forned
by the process described in the |nned|ately precedln par agr aph. DETAI LED
DESCRI PTI omonomezhy Humarais; sopobuty] fumpiate. madpic anbydride; Zacrylamisio2rs a
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wei ght basetibstantially shermeplastic, nesuebats ed, polymeswhen ibisr y1 i c
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acid, mono *nk'xt X n)?’f:ee present. When low levels of precrosslinking or gel content

are desired low levels of multi-ethylenieally unsaturated monomers such as, for

example, 0.1% - 5%, by weight based on the weight of the emulsion-polymerized

polymer, allyl methacrylate, diallyl phthalate, 1,4-butylene glycol

dimethacrylate, 1 6-hexanedivldiacrylate, and divinyl benzene may be used. Itis

important, however, that the qualtty of film formation is not materially impaired.

The glass transition temperature of the emulsion-polymerized addition

polymer is from -30 C. to 100 C,, as measured by differentiel scanmning

calorimetry (DSC). Chain transfer agents such as, for example, mercaplans may

be tised in an amount effective to provide lower molecular weights.

The polymerization technigues used to prepare such emulsion-

polymerized addition polymers are well known in the art. Conventional

surfactants may be used such ay, for example, andonic and/or nonionic

emulsifiers such as, for example, alkali metal or ammonium alkyl sulfates, alkyl

sulfonic acids, fatty acids, and oxyethylated alkyl 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, hydrogen

peroxde, t-butyl hydroperoxide, ammonium and /or alkali persulfates, typically

at a level of 0.05% to 3.0% by weight, based on the weight of total monomer.

Redox systems using the same initiators coupled with a suitable reductant such

as, for example, isoascorbic acid and sodium bisulfite may be used at similar

levels,



nonomnet hyl fumaral e, nonobutyl fumarate, naleic anhydride, 2-acrylam do-2-
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pol yneri zati on etphisyparticdestoined bynaltisiage @hldlsionitidition
polymerization process are prefexred. Such particles are composed of two or
myre phases of varlous geometries such as, for example, core/shell or
core/sheath particies, core/shell particles with shell phases incompletely
encapsulating the core, core/shell particles with a multiplicity of cores, and
interpenetrating network patticles. In all of these cases the majority of the
surface arca of the particle will be occupled by at least one outer phase and the
interior of the particle will be occupied by atleast one inner phase.

The two-staged emulsion-polymerized addition polymer particle may
have an outer phase containing from 20% to 80%, by welght based on the total
weight of the particle. Prefecred is a two-staged emulsion-polymerized addition
polymet particle with an outer phase having a glass transition temperature (Tg),
as defermined by DSC, which is at least 30 C. Jower than the Ty of the innet
phase. Preferred is a multi-staged emulsion-polymerized addition polymer with
at least one first reactive group in the outer phase. Preferred is a multi-staged
emulsion-polymerized addition polymer particle with a particle diameter from
30 nanometers to 500 nanometers. '

Each of the stages of the muiti-staged emulsion-polymerized polymer
may cortain the same nonomers, chain transfer agents, ete. as disclosed herein-
above for the emulsion-polymerized addition polymer, The emulsion
polymerization techniques used to prepare such digpersions are well known in
the art such as, for example, US Patents No. 4,325,856; 4,654,397; and 4,814,373.

In addition to the emulsion-polymerized addition polymer, the clear
waterboine compositien contains a reactive modifier bearing one second reactive



pél ynmeriized addition polymers are well known in the art. Conventi onal
surfactants may be used such as, for exanple, andonic and/or nordonic

enul sifiers such as, for exanple, alkali netal or ammoni um al kyl sulfates,
al kyl sulfonic acids, fatty acids, and oxyethyl ated al kyl phenols. The
amount of surfactant used Is usually 0.1%to 6% by wei ght, based on the
wei ght of total nononmer. Either thermal or redox iniation processe may be
used. Conventional free radical initiators may be ued such as, for exanple,
hydrogen per@supieThe renctiye madifion mustielso soniatinat eash ate waterrsalgble group
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stai ni ng t ehni qudanicbinding indudesacidrb ion pair binding of
hegatively and positively charged atoms as may reault from reactive groups such

as, for example, acid + amine and carboxylate + quaternary ammonium,

Covalent binding may result from reactive groups such as, for example,
acetoacetate + aldehyde; acetoacetate + amine; amine + aldehyde; amine +
anhydride; amine + isocyanate; amine + epoxy; aldehyde + hydrazide; acid +
epoxy; acid + carbodiimide; acid + chloromethyl ester; acid + chloromethyl
amide; acid + anhydride; acid + aziridine; epoxy + mercaptan; ketone +
hydrazide; and isocyanate + alcohol. The first or second reactive group in each
pair may be present in the latex polymer or in the reactive modifier.

A preferred reactive modifier is an amphiphilic compound having
ionizable or acid-base reactive groups. Amphiphilic compounds have both
hydrophobic and hydrophilic groups. The hydrophobic portion of the
amphiphilic compound Is water-insoluble and must contain at least 4 carbon
atoms; it may be branched, straight chain, aromatic, saturated or unsaturated.
The hydrophilic portion of the amphiphilic compound is water soluble such as,
for example, polyoxyethylene, polyoxypropylene, polysaccharide, hydroxyethyl
ceilulose, polyvinyl pyrrolidone, polyacrylamide, and polyvinyl alcohol.

A preferred amphiphilic compound is a quaternary ammonium salt, such
as for example, a quaternary salt - Ethoquad® 0/25 supplied by Akzo Chemicals
Inc. Thissalt isa quaternary pulyethoxylated ammeonium salt with the formula
C18H35(CHa)N(CH2CHONH(CH2CH20)y HICH) where x+y=15 and a
molecular weight of about 942. The quaternary salt contains a positively
charged nitrogen group which is reactive with an emulsion polymer containing
an anionic group such as, for example, a carboxylate group.
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Pol ymeric particles formed by a nmultistage emnul sion addition pol ynerization
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g reactive modihicr is reacted with a carboxylic acid-containing emulsion polymer. |

The mono-futictional carbodiimide has the formula

E-O-{-Z-Ojn-G-CIOIN(A)-R-N=C=N-R-N(A)C(0)- G-O-Z'p-O-B

wherein

m is an integer of from 1 to 1150; p is an integer of from 110 1150; A Is
independently selected from hydrogen or C1-C6 alkyl; E and E' are hydrogen or
a C1-10 alkyl group and may be the same or different; G is a bond, g-N(g)- or g
O- wherein g is selected from hydrogen and an alkyl group and g’ is selected
from a bond and C1-C6 alkyl; Rand R’ are independently selected from
alkylene, arylene, substituted arylene, blarylene aliylene and substituted
biarylene alkylene; and Z and Z' are a C1+6 alkyl group, and may be the same or
different.

Preferred is the carbodiimide of the formula herein-sbove whetein A is
hydrogen; B and B’ are methyl; R and R’ are phenylene; and Z and Z' are ethyl,
propyl, or mixtures thereof,

The mono-functional carbodiimide is prepared by reacting a
monchydroxy- or aminu-texminated hydrophilic molecule with a molecular
weight of 200 to 50,000 in a fitst step with a dilsocyanate in a stoichiometric ratio,
L.e., 2 isocyanate groups/1 hydroxyl or amino group. Preferred is the first step



group. The reactive nodifier nust also contain at |et one water-soluble
group sufficient to render the reactive nodifier soluble in or disersible
in the waterborne conposition. Suitable water-oluble groups include, for
exanpl e, pol yoxyet hyl ene, pol yvinyl al cohol, polyacrylam de, poly N-vinyl
pyrrolidone, and starch. The reactive nddifier bearing one second reactive
group has a C wei ght average nol ecul ar wei ht from 200 to 50,000 and nay be
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branched,  $diive groqd bR TY dat 1T sibslabitlally UiMpRitIyFead under the
conditions prevailing during the forming of the waterborne composition. Itis
preferred that the reactive modifier is added to the emulsion polymer and stirred
until blended with the emulsion polymer, stch as for example, on the order of at
least 10 minutes. After stirring, the emulsion polymer and reactive modifier
may be left to equilibrate and react for a time, such as, for example, overnight.
Then other ingredients may be admixed with the mixiure of the reactive modifier
and the emulsion polymer.

The reactive modifier contalning the second reactive group is added to
the emulsion polymer at a ratio of the equivalents of the second reactive group
to the equivalents of the first reactive group of from 0.01 10 0.3. Preferably, the
reactive modifier is added to the emulsion polymer ata ratio of the equivalents
of the second reactive group to the equivalents of the first reactive group of from

© 0.05 ¢0 0.15.

The solids content of the clear waterborne composition may be 20% to
70% by weight. The viscosity of the waterborne composition may be from 50
centipoises to 10,000 cenlipoises, as measured using a Brookfield viscometer
(Model LVT using spindle #3 at 12 rpm); the viscosities appropriate for different
spraying methods vary considerably, -

The clenr waterborne composition contains no ingredients which cause
substantial opacity in a dried coating at the desired dry film thickness, which is
typically from 0.1 mil to 5 mils, The dried coating may be applied as one coat or
ay multiple coats, with or without drying between coats. The waterborne



The hydrophilic portion of the anphaphilic conpound |s water soluble such
as, for exanple, polyoxyethylene, polyoxypropylene, polysocchadde,

hydr oxyet hyl cel |l ul ose, polyvinyl pyold one, polyaylam de, and pol yvi
al cohol . A preferred anphiphilic conpound is a quaternary ammoni um salt
such as for exanple, a quaternary salt -8 Et hoquad[ err] 0/25 supplied
Akzo Chem cals Inc. This salt is a quatemary polyethoxyl ated ammoni um salt

with the formula {_err] where x+y=15 and a nol ecul ar wei ght of about 942.
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pol yet hyl erhe applied tbamwbmh as, [or exmp!e, wood aealed weod, particle board

treated with a UV-cured filler, pamted wood, and previously coated wood; o to
metal such as, for example, metal, treated metal, metal coated with an
electodeposited primer, ardd previously painted metal; or to plastic such as, for
example, plastic, plastic alloys,. and reinforced plastic (such as RIM substrate).
The spraying method may be, for example, air-assisted spray, airless spray, bell
or disc spraying, high volume/low pressure spray, and air-assisted electrostatic
spray. In suchspraying methods the waterborne polymeric composition is
atomized, or formed into small droplets, which are conveyed to the substrate
where the droplets form Into a substantially continuous film. In such spray-
applied methods the atomized droplets of the watexborne polymeric
composition are formned in contact with and/or admixed with a gas such as, for
example, air. The gas, under pressure, may be required to atomize the coating -
such as, for example, in conventional air spray applications; the gas may fow
towards the substrate and provide for at least some of the conveying of the
atomized composition such as, for example, in air-assisied airless spray
application; ot the gas may be the medium through which the atomized
composition, atomnized by mechanical action in the presence of the gas such as,
for example, in airless spray, disc, and bell applications, with or without |
elecirostatic assistance, moves to the substrate. Occlusions of gas, "microfoam”,
typically are found in a waterbome composition after lts application to the
substrate. The microfoam is undesirable; microfoam may cause haze or opacity
in clear or substantially unpigmented coatings or films.

The clear waterborne composition may be ciied at ambient temperature
or at elevated temperatures. “Microfoam” herein is defined as substantially

ymer .
tly



l'n anot her aspect of the invention a nono-functional carbodiimnde reactive
nodifier is reacted wth a carboxylic acid-containing emul sion polynmer. The
nono-functi onal carbodiimde has the formula [err] wherein mis an
integerof from to II50 pis an integer of froml| to 1150; Ais

i ndependently sel ected fromhydrogen or9[err] alkyl B and E are hydrogen
or a [err] alkyl group and may be the sane or different Cis a bond,

g-N(g)- or - 0- wherein g is selected fron1hydrogen and an_al kyl group and
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spray-applied clenr cormposition relative to the amount of microfoain observed in
a comparative sample, both prepared under the same conditions.

The following exampies illustrate the method for reducing the amount of
microfoam in a spray-applied waterbormne composition.

EXAMPLE 1. Preparation and evaluation of clear waterborne compositions
containing an emulsion-polymerized addition polymer bearzing at least two
carboxylic acid first reactive groups and a reactive modifier bearing one amine
second reactive group .

Preparation of Sample 1, A 4-neck, 5-liter, round-bottom stirred reaction flask
containing 1085g DI water and 0.93¢ of a 58% alkylphenoxypolyetiyleneoxy suifate
surfactant was heated to 85°C. To the kettle, 3g sodium carbonate dissolved in 75g DI
water and 4y ammonium pensulfate dissolved in 20g DI water were added in order.
The batch temperature was adjusted to 85°C after which a gradual addition of Stage #1
ME was initiated at 4 uniform rate and fed to completion to the kettle over 112
minutes. Simultaneously, the Cofeed Initiator was started at a rate of 5.7 g/10
minutes. The batch temperature was maintained at 8522°C over the stage 1 feed
period. On completion of the addition of Feed #1, the Cofeed Initiator feed was
interrupted and the batch was held at 8522°C for 30 minutes. After the hold period,
the addition of the Stage #2 ME was started and the Cofeed Initiator addition was
resumed. The Stage #2 ME was fed to the kettle over 68 minutes while maintaining a
batch temperature of §522°C, When all feeds were complete, the batch was held at
temperature for 30 minutes. The reaction was then cooled t0 65°C. Two redox chasers
were added. The batch was neutralized with ammonia and a biocide was added.



exanpl'e, ethyl ene oxide, propyl ene oxide,, and mixtures thereof: or

pol yacrylam de. Preferred an the hydrophilic nolecule is a nonohydroxy-
term nated pol yether such as, for exanple PEG 750 net hyl ether (supplied by
Al drich). The diisocryanate nay be an aromatic or aliphatic diisocyanate;
preferred is tolylene 2,4-diisocyanate. ¥n a second step the reaction
product of the first step is condensed using a catal yst such as, for
exanpl e, 3-nethyl-1- phenyl -2-phosphol ene- 1-oxi de catayl st in xylene (0.7
nol e % on di | socyhedtage #iMEivonsisted of anrenmilsioncof 2729 gD eatdi 12.6 grofa 58%
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wat er bor ne &b emm reodjusted oy pH8.0mithT% NHIOH, and 300 baged: he

wat er bor ne §RUARES mbwawmaﬁﬁ?mélwsaﬁieﬂm/mymuﬂ%:mﬁww&eS, as

measured usj g f ‘o O85! IBhg wiks 638% By solids, based on solids of sheology modifier
AcrysolT™ RM-825 solids. After equilibrating for a day, the viscosity was
adjusted to 20 seconds on a #2 Zahn cup by addition of water.

Table 1-1: Waterborne Compositions (WC1 - WC3) and Comparative

Compositions A-B
Comp. A wel | WC2
75g Sample 1 (44%) 78g Sample 1 (44%) 755 Sample 1 (44%)
+ 1,65 Butyl CarbitofT™ +2g EthomeenTM 18/25 (33%)  +4g Bthomeen™ 18/25 (33%)
+4.95 Butyl Cellosolve™  +1.65 Butyl CasbitolTM +1.65 Butyl CatbitolTM
+ 30,7¢ water + 495 Bulyl Cellosolve™ + 495 Butyl Cellosclve TM
+0.33g Acrysol M RM-825 4 30,98 water » 25.4g water
+ 7% NHGOH to pH 8.0 +0.33g AcrysofTM RM-625 +0:33g Acrysol™ RM-825

+ 7% NHeOH to pH 8.0 + 7% NH4OH to pH 8.0



GNbde L T using spindle #3 at 12 rpm); the viscosites appropriate for
different spraying nethods vary consi derably. The cl ear waterborne
conposition contain no ingredients which cause substantial capacity in a
dried coating at the desired dry filmthickness, which is typically from
0.1 mil to 5 mls. The dried coating may be applied a one coat or as
multiple coats, with or without drying between coats. The waterborne
conposition may contain, in addition to the enul sion-polynerized addition
pol ymer and tWie® acti ve nodifier, cd#Bional conponents such as, for
exanpl e, Isa.gl kQI‘.ﬁ%}SUbSt ant i algsadn ﬁl‘[ dgent pigments and fil I ers,
dlspersant oale ring agents, thlckeners
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conposi ti ops by @%@eh&gl,,gma subsgggggu%mpﬁﬁgﬂor exanpl e, nmetal, wood,

and pl astic, a spraying nethod erred substrates are vvood and
autonotlve*iﬁ?is‘t’#‘ﬂ't es The conposiiP-fgwHery be applied to wood such as, for
exanpl e, Woo.dagsaﬁbﬂ!ﬂmads part wolssy AapsolfM Ketaeed with a UV-cured filler,
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dried at 90°F/20%RH. The bubble density was evaluated using a 70X
microscope and counting the number of bubbles per square mm in the drled
film. The resulls are given below in Table 1-2.

Table 1-2: Bvaluation of Microfoam for Sprayed Compositions WC1 - WC3 and
Comparative Compositions A-B

Composition Solids | Viscosi MEFL
Comp. A 2235 20 55
WCi %4 | 17 | 378 .
Wes 31 17 07
WC3 33.6 1y 3.7%
Comp. B . as.4 1 ] 1878

1. Microfoam density in bubbles per square mm

BthomeenT™ is a registered trademark of Akzo Chemicals Incorporated

Butyl CellosolveT™ and Butyl CarbitolTM are registered trademarks of Union
Carbide

ActysolTM s a registered trademark of the Rohm and Haas Company

Dried sprayed waterborne compositions of this invention WC1 - WC3
show reduced microfoam levels relative to composition Comp. A, absent the
reactive modifier, not of this invention, and Comp. B, not of this invention,
EXAMPLE 2. Preparation and evaluation of clear watertbome compositions
containing an emulsion-polymerized addition polymer bearing at least one



where‘the droplets forminto a substantially continuous film In such
spray- applied nethods the atom zed droplets of the waterborne polyneric
conposition an formed in contact with and/or adm xed with a gas such as,
for exanple, air. The gas, under pressure, q?y be required to atom ze the
coating such as, for exanple, in conventional air spray applicaton; the ga
may flow towards the substrate and provide for at |east sonme of the

conveyi ng of the ,aton zed, gonposition such,as, for ex I Ln air-assisted
T es Spr ay. ABEPO G BB R ot nd 8 Seact il Renstin S0 c e
atom zed conposatbadijmidesecondi rénetivegioup cal action in the presence of the
gas such as, for exanple, in airless spray, disc, and bell applications,

wilth or wit hoqi;eﬁkmﬁéﬁﬁuﬂéﬁéﬁ!%fiﬁﬁaﬂm&ﬁ i(?ﬁtwem%.rﬂtxﬁixture of

composi t1 on-af (5 ol A-iocprdts 1pd 202 tobiens &6-diciaie i, 028

under si r abl e nimolespwastneated with ethylepcgiytol) inonoinetylethee®MEG 250 i al | y
unpi gnent ed cog,l fal 8 Ll | ed
at anbient tenperature or at €levated fenperdtures. . N oa ereln i
P19 ééﬁefﬁ%mkﬁﬁg(ﬁga%‘é%xﬂ@feﬁ ﬁﬁ@aﬁ&W@Wﬂk}s
defined as subdPgmiAipa 1 liteproundbetiomed flask equiped with a thermonmster, 41 i ed
filmwhich are rhaghaiistirrar&l cortdeaidel cAmyl Roetit@ (250 g.) Wag adiied Rha e
occl usions |ac ffisCl t trbor .
ocelustons 1oyl AR el e B0 LSS o
conposi tion. TH e mixture was thendrested withe233 g ofl a1 6Ycwtsalution of -by
counting the n !-%%Pﬂbﬁﬁeil%ﬂdéﬂﬁﬂsﬁﬁé‘l&ﬂembﬁaﬁ%%‘di%#lﬁﬁ?é)boone

absol ut e amount B vERCe ARk Rom sL IO it g Ao Fok e By e

condi tions, angregréss of thermeattiorovwds folloveecsby measuridgtheaveight Inss due to
carbon dioxide evolution and by measuring the relative intensities of the IR
bands at 2130 and 2270 cm."} for earbodiimide and isocyanate, respectively.
Heating was discontitiued when the theoretical weight loss (6.1 g) was attained.
The material was cooled and transferred to a sealed container. The product
monofunctional catbodiimide (MCDI 1) contained 50% solids insolvent.

o

Figure 2.1 Composition of MCDI 1.
%9,%
% &

N=C~N2
MCD11 Averagon = 16.3

Forming Waterbome composition 4 (WC4) and comparative composition C

4% MCDI 1 solids on solids was added to Sample 1. After 24 hours the
samples were adjusted to pH 8.0 with 7% NH{OH, and 20% based on latex
polymer solids of a 3/1 Butyl CellosolveTM/Butyl CarbitolT™ mix was added,
along with 0.25% Acrysolm RM-825 solids (Table 2.2). After equilibrating fora
day, the viscosity was adjusted to viscosity of 20 seconds on a #2 Zahn cup by
addition of water.



temperature, humidity, end air flow The nmethod for reducing mcrof oam of
this invention relates to the reduction cthe amount of m crof oam observed
in a spray-applied clear conposition relative to the amount of mcrofoam
observed in a conparative sanple both prepared under the sane conditi. The
fol owing exanple illustrate the method ¥or reducing the amount of nicrof oam
In a spray-applied waterborne conposition EXAVPLE 1. Preparation and

eval uati on of  cl ear t er bor ne corrp05| tions containing an
emul si on- p(ﬁﬂg’mz‘@ %"ﬁ e (WSet and Somparative Compesitionty | i ¢ aci d

first reactive groups and ar eactlve nodi fi er bearing one am ne second
reacti group. ation of Sanple 1. - N iter, round-bottom
stirred reacign Fgek cont ai ni ng 1085 S@“&é’?@é‘%“@ﬁo 93g of a 55%

al kyl phenoXyg&empley| eneoxy sul fate su@bgSampl eivas heated to 85[err]C To
the kettl e ﬁwga?lmsﬁmate di ssol %ﬁ:? 5, % anmmoni um
persul fate wat er wer ad he tch

t enper at uré“%&g‘iﬁﬂtﬁm&?g’%[ err]C af't ﬂ&#“g’ addl tion of
Stage #1 Mt hdgwalari ated at a unifor m-ir'h’&su Geudsélme letion to the
kettle over.,.é -gpgul t aneousl y, feed | ni dat orwasstarted
at-azat eof 5 g’E The bat ch ten&o ure nt ained at [err]
over the sta toﬁ On conpl & |on of Feed #1, the

Coked Inltlator feed was |nterupted andmmwfﬁi 8iel d at 85*2[err]C

fs'?;r ?gdmaggt Sﬁe%ﬁeé%%%%?%n%%&&oﬁ%&%%ﬁ%w was

fed to t he &Rd Exalyatipn bH&PWiﬂﬁﬁﬁ%F%ﬂﬁjre of

f5*2[e”]Cobeﬂhbcﬁ timevemme hss.tmebms ew;gﬁdh&gaeﬁpﬁrature
or 30 mn chasers
wer e addedl&ﬁien%ogﬁgl%&%%g?%fzég‘mmw% Wﬁg ' added.
The air pressure was 45 psi. The panels were sprayed and dried at 90°F/20%RE
The bubble density was evaluated using a 70X microscope and counting the

- number of bubbles per square mm in the final didod film. The results are given

" below in Table 2-3,
Table 2-3. Bvaluaﬂon of Microfoam for Sprayed Composmon WC4 and
Comparahve Composition C
Composition Solids | Viscosity | M
Comp. C 29.5 20' 55
WC4 30.1 22 0.9

1, Microfoam density in bubbles per square mm

The dried sprayed waterborne composition of this invention WC4
exhibited a lower level of microfoam than did Comp. C, absent the reactive
modifier, not of this invention.

EXAMPLE 3. Preparation and evaluation of clear waterborne compositions
containing an emulsion-polymerized addition polymer bearing at least one
carboxylic acid first reactive group and a reactive modifier bearing one
carbodiimide second reactive group .



10 Te* Stage #1 ME consisted of an enulsion of 272.9 g DI water, 12.6 g of a
58% active solution of an al kyl phenoxypol yet hyl eneoxy sul fate surfactant,
640. 7 gbutyl acrylate, 2759 neehyl nethacrylate, and 38.2 g nmethacrylic
acid. The Stage #2 ME consisted of an enul sj;on of 272.9 g DI water, 7.7 ¢
of an al kyl phenoxypol yetyl eneoxy sul fate surfactant (58% active solution),
62. 6 gbutyl acrylate, 510.9 g nethyl nethacrylate, and 11.7 g nethaaylic
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RM 825 + 30%@:&& evolution and*b ative intenwities of the

bands at 2130 and 2270 cm.1 for carbodnmide and isocyanate, respectively.
Heating was discontinited when the theoretical weight loss (11.1 g.) was attained.
The material was cooled and transferred to a sealed container. The product
monofunctional carbodiimide (MCDI 2) contained 50% solids insolvent.

Figure 3.1 Composition of MCDI 2.

: &
",y

Forming Waterborne compositions 56 (WC5 - WC6) and compmtive
composition D

The addition and formulalion procedute for each composxtion wes as
follows. 5% MCD1 1 or 5% MCDI 2, solids on solids, was added to Sampie 1.
After 24 hours the samples were adjusted to pH 8.0 with 7% NH4OH, and 20%
based on latex polymer solids of a 3/1 Butyl CellosolveT/Buty! Carbitol TM
mix was added (Table 8.2). After equilibrating for a day, the viscosity was
adjusted 10 viscosity of 20 seconds on a #2 Zahn cup by addition of water.

MCDI 2 Average n = 7.3



+ 7%Terr] to pH 8.0 + 0.33g Acryaol [err] RW 825 + 0. 339

Acrysol [err] Em 825 + 7% [err] to pH 8.0 + 7%err]to pH8.0 [err]
Canp. B 75nSarnple 1 ?aPle | (449% 4Sg BtonmaT 18(2S (33%
+168 Ewomt Tk 1$/829 (53% + 1.6 Sutyl CbltoWM + 146 Buutl CuititvM +

4.95 Suty) CunOdvenl + 4.95 Dutyl CsUi%wmive' rM + 1637S water

10. 7g water + OVB; ACeyUOPM FM2

p

B8Sg Acl ysol TM RN-US + 7% NH40H t O

Pf + 7% 40Wto PN. O Spraying watedrb e cOM poul toAN 1.3 (WC1 WC3)
and conpar X4 wbomemmgtmm mdmmpmﬁwemp@smmas
eval uated by sprayl ns one cot of eah of the conposiions over black Shee.

The coats werge _apply d usmgaconventloas Lonsfe ray gun (DeVibls
MNC) with an rggnd a #30.' The air §§§}Pé’°!73¥§‘eﬁ’§f98 The panes WM

syed and diO@siSamp

P20RH. The bubbl e 1003 Samp le/\hs eval uat ed usng a 70X

0.

i1 m The r Sa] PasdCarBial e N h Tairs g B A on of
M cr of oam f"(ﬁ- gﬁﬁg@lg ons WCI - l&ﬂ;&&?’a ve Conposition A-B
Conxpgon  +22.6g VK _ scosiui66 ButylCellosolve™
' 29.5205 +§’%Wﬁ40ﬁgl§pﬂjs70 S75 wa + 12.6g water 31 1y
+ 7% NH4OH to pH 8.0
Composition WC6

100g Sample 1

+2.64g MCD1 1 (50% Amyl Acetate}

+ 2.2 Butyl CarbitolTM

+ 6.6 Butyl CellosclveT™™

+ 12.6g water

+7% NH4OH to pl 80

Spraying waterborne compositions 5-6 (WCS - WC6) and comparative
composition I and Evaluation of Microfoam. Spray properties were evaluated
by spraying one coat of each of the compositions over black glass. The coats
were applied using a conventional suction-feed spray gun (DeVilbiss MEC) with
an EX tip and a #30. The gas pressure was 45 psi. The panels were sprayed and
dried at 102°F/20%RH. The bubble density was evaluated using a 70X
microwope and counting the number of bubbles per square mm in the final dried
film. The results are given below in Table 3-3,

Table 3-3 Spray results for Bxample 3
Composition MF!
Comp. D 43.5
WC5 4.1
WCeé 1

1 Microfoam density in bubbles per square ram

The dried sprayed waterborne compositions of this invention WC5-WC6
exhibited a lower level of microfoam than did Comp. D, absent the reactive
modifier, not of this invention.
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2. Aprocess of claim 1 wherein the ratio of the eqﬁlva!mts of vaid second
reactive group to the equivalents of said fixst reactive group is from 0.03 to 0.15.

3. Aprocess of claim 1 or 2 wherein said emulsion-polymerized addition
polymer comprises 0.1% to 20% by weight baged on the weight of said emulsion-
polymerized polymer of a copolymerized ethylenically-unsaturated monomer

bearing said first reactive group.

4. A process of any preceding clalm wherein sald emulsion-polymerized .
addition polymer comprises multi-staged emulgion-polymerized addition
polymer particles, said particles having an inner phase and an outer phase.

5. Aprocess of any preceding claim wherein said fivst reactive group isa
carboxylic acid group and said second reactive group isa polyalkoxylated tert-

amine on a carbodiimide group.

6. Aprocess for inhibiting microfoam formation which comprises applying,
by spraying, a composition made by a process of any preceding Claim to a

substrate and drying said composition or allowing it to dry.

7. A carbodiimide having the formula

EO-Z-OIm-G-C(O)N(A)R-N=C=N-R-N{A)YC(O)-G-{O-Z"-}p-O-B'

wherein
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The 'mi xture was beld for 9 hours at 100 C. and ten at 120C. for 4 hours.
The progress of the reactionw folowed by mesurin the weight [ose due to
carbon di oxi de evolution and by neasuring the rel ati ve=tntensities of the
IR bands at 2130 and 2270 cm[err] for carbodiini de ahdHisesgEEALHAS BEEN |
respectively. Heating was di scontinubl when the theorfeti calRERLGED | 0SS
(6.1 g) was attained. The material was cooled and tr d
container. The prduct nonofunctional carbodiinmde (MCD1 1) contained 50%

sol i ds i nsml iy antintegegof o 1tCONIHM gelbiom 1 II150; A iédverage n =16.3
gﬁbﬁz

VED! S0l i dF EE&‘ %&?ﬁ%&%@*ﬁxﬁ @@ﬁwf’%ﬁ??%%%ﬂsﬁi%we

adj ust ed t®»%H ky§ greuparydanay bethe sone o different; (greobrds of a

3/1 Butyl gze ﬁweidc&l&&bnm‘q E d ah alkyt gﬁ@; is @ lé?:&éuv\ﬂth

0. 25%Acrﬁ§%{)as i € F‘?‘gﬁ?&ﬁ Ili,prating for a
day, the a #2 Zahn cup
by additi oaikpmnmnylene su W&ﬂl%y@&bﬁlﬂﬂm&ﬁkﬁbﬂ@enﬂmﬂﬁm err] and
Conpar at i m,@q&p@ﬂksd% | 759
Sampl e Q\@%Eig%%:a:eeac:léanégl%w% Car bFt ol Tk/lﬁgﬂle\%&l

+2. 64g MorHHeM00, Anyl Acetate) + 4.95 Butyl Cel love[err] + 1.65
Butyl Carbitol[err] + 30.7g water + 4. 95 Butyl

Cel | osol ve§-er r | The rbadiimdide chHtlain i 3dtierein A is hydroges, 5 and E2are methyl;

R and R’ are tolylene; and Z and Z' are selected from the group consisting of
ethyl, propyl, and mixtures thereof,

9. A substrate bearing a cured spray-applied clear waterborne composition
with reduced amount of microfoam, said clear cornposition formed by the
method of claim 6,

—_—
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+ 7% [err] to pH 8.0 + 0,339 Acrysol RM 825 + 7% [err] to pH 8.0
Sprayi ng wat er borne_conposition 4 (W) and conparative conposition C and
Eval uati on of Mrofoam M crofamw eval uated by sprayi ng one coat of each
of the cnpositions over black glass. The coats were applied using a
conventional suction-feed spray gun (DeVilbiss MBC) with an EX tip and a
#30. The air pressure was 43 psi. The pans were sprayed and dried at
90Ff / 20%:H. The bubbl e density was eval uated using a 70X m croscope and
counting the nunber of bubbles per square mmin the final dried film The
results are iven belowin Table Z-M-B. Eval uatl on of M crof oam for
Sprayed Conposition WA and Conpar osition C Conposition

Sol i ds Viscosity Conp. C ' 29. 20" 5.5 WC

30.1 2METHOD FORIREDUEH 6 5?-6 Aﬁ‘i u _ uare mm The
dried spr ayM’NERBMQ:onm%gpljﬁﬂo t hi slﬂll %vgg |gn xhi bited a | ower
| evel of m ocrofoamthan did Conp. C, absent the reactive nodifier, not of
this invention. EXAMPLE 3. Preparation and eval uati on of clear waterborne

conposti ons contAindthed #ok REMkIN:MHe RACKIR bF ZACoRsHth i & ed@aiyi Ng at
| eat one c | id first reagtiv, ou ngd a redct difi.er
beari ng on%%%%?i‘%&f@’( s?'&‘?ﬁ? r?‘é’éﬁ‘?’l 158%&‘5 Sﬁ%f%mﬁ‘%‘h%ﬁhs
mof unct i onih emnipian-polymesineckaddiden palpbrerenringml lenat neofixst reactive

group and a reactive modifier bearing one second reactive group and a water-

soluble group, the seconid reactive group being reactive with the first reactive

group; applying the composition to a substrate using a spray method; and
drying the composition. A reduced amount of microfoamn improves the clarity of
a film of the composition. Also provided are monofunctional carbodtimide
reaciive modifiers and substrates bearing the spray-applied clear compositions.
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80% t &l yl ene 2, 4-diisocyanate and 20%tol yl ene 2, 6-diisocyanate (86.7 g,
0. 50 nol es) was |{pp Ryl et hyl ene |ycol) nononet hyl ether PEG 350
(supplied by Al gr QEAEEMW'@ 1D 50 noles, noe ratio
di i socyanat e/ Capoyax(R) 350 = 1f 1) in a | liter round bottonmed flask
equi ped with thef mh@AHG 99Rgnktl c stirrer Substitutesshegt c3blAugussnt® L er .
S
t

kS

The m xture was irred and hedgf at 75[errfCftor I hour to conplete te

al cohol -i socyan e i xturg_was en cool ed and 250 g of anyl
acetate was add by 4.123 g of a 16% w sol ution of

3- et hyl - 1- pheny- 2- phosphol ene- 1- oxi de cataylst in xylene (0.7 nole % on
di'i socynate B .stirred and.he o) and
then to 8&@%@& %é@%@h% %&ﬂ@%ééeﬂ?%ﬁmg&ﬁ%?ée%ﬁ%&p% & of
the react melewas.é.phiéﬂgménﬁu, O&:Rings whre 1Re niiBtd¥6dm viriisty Pefadts ffoms B clari

di oxi de evolution and by neasuring the relative intensities of ihe R bands
at 2130 aeofit@Xcoatioga [err] for carbodiim de and i socyanate respectively.
Heati ng was di sconi nued when the theoretical weight loss (11.1 g.) was
attained. The material was cooled and transferred to a seal ed contai ner.
The produgtr AEEENE OFPTAE BRVERTIOR de (MCDI 2) contai ned 50% sol i ds

I nsolvent. Piure 3.1 Conposition o 1(rll\/CDI 2. MCDI 2 Aveage n = 7.3 Form ng
Wat er borne conpositons 5-6 (W5 - WC6) and conparative conposition D The

addition and fqQrnul aljon procedure faor each conpoition was as follows, . 5%
MCD 1 or 5% MIBIacSordanes Witk she praseaidnvenion sherEds PEPYdei? Brovesssfor dRDIBifingo

bol ynar s SicEoan°Rirki6R, shla R iholed ekt vk ftbr Comottn Snnh bR,
(Tabl e 5. 2pbmpAédseapplying hicleanmargbdrae camgesition tea subtstrateiusingvisprayl meshioiand

[err] viscosl t¥he0f 20 seconds on a #2 Zan_cup by addition of water.
drying the composition or allowing it to dry and is characterised in that the clear waterborne
composition comprises the reaction product of:

e eactl1 on.

® an emulsion polymerised addition polymer bearing at least one first reactive
group and having a Tg of from -30 to 100°C and comprising copolymerised
ethylenically-unsaturated first reactive group-bearing monomer and other
ethylenically unsaturated monomer, the ethylenically-unsaturated first reactive
group bearing monomer comprising 0.1 to 20% by weight based on the weight
of the addition polymer; and .
(i)  areactive modifier bearing one second reactive group and at least one water-
soluble group, and having a GPC weight average molecular weight of from
200 to 50,000; '
wherein the first reactive group and the second reactive group react to form ionic or covalent
bonds; and wherein the ratio of the number of equivalents of said second reactive group to
the mumber of equivalents of said first reactive group is from 0.01 to 0.3.

The invention also extends to a substrate bearing a cured spray-applied clear
waterborne compaosition with reduced amount of microfoam, said clear composition formed

by the process described in the immediately preceding paragraph.

DETAILED DESCRIPTION



-46 1 CLAIMS: 1. A process_f
spray-applied
appl ying a cl eaRFRBA
and drying thefic
that the clear

r inhibiting mcrofoamformation in a
oquEqP nposition, which process conprises

sition to a substrate using a spray nethod
osition or alhkowing it to dry and is characterised_in
| t ephpa0E 9Fpgsilt i on conpr Bybstitute sheatr iZdnAyeyatdBS: -
(1) an enul sipnl pol yneri sed gddi ti on pol yner bearing at [east one first
reactive group hn vy a Ig offl from 280 to 100[err] C and conpri si ng
copol yneri sed ethyl eni cal | rated first reactive group-bearing
nononmer and oth yl'eni cal | y unsaturated nononer, the

0. 10 2096 by Her SREFRES FasRpioRl ol et s ErtPRRRBR eiilie” o)
a reactivg bid edRadwhith i@ Peedvafifiily’ waet butowhitR tityajdtai alveRert-mestible

wat er - sol ubl e group, and having a GPC wei ght average nol ecul ar wei ght of
from 200 sobvend vgmh dogscnasisubstargially repter rintaoeactiong withpeithed thenfirst ot dheisecond

reactive group react form,onic or coval ent nds; and wherein the ratio

of "t he. muftBEivesrons b the oRALEtgr e rpasion FHCH a5 APT GRATBIEN ORGP RI PSR  of

equi val en, f | iyl ' ' 'om0.01 to 0.3. 2. A

process o#ﬁ?:‘flai 1 ﬁé%ﬁ%&?ﬁ%@@%é&h&%ui val ents of said second

reactive group to the equivalents of said first reactive group is from 0. 05

to 0.15. 3. rocess of claim]. .or ¢claim?2 erein said .

enul si on- pol yn?ﬁ"r SIQ) Wﬂzﬁ%%ﬂﬂﬁ}ﬁ?ﬁ @é&ema&?rtwats%sg&wmposmon may

enmul si on- h 5% thePdirdidal }Rﬂ{&% | ) | | g{c‘ﬁ.ﬁe&] | n

i nner phagée)ﬁaﬁﬁ a?lﬁouter tfghxj@l : nﬁ}égg{e@%& alﬁglﬁg;ﬁzse I ng g}ﬂgp%e?

wher ei n sqicH af, fos exanaple,t dcyylicaster monomers daclindixg nmethyd acrylge cethyloavtlylate, dutyl

second reactjve rouPh I's, a pol yal koxylated tertam ne on a carbodijm de

gr oup. acrylate, 2-ethythexyl acrylaté, decyl acrylate, methyl methacrylate, butyl methacrylate;
styrene or substituted styrenes; butadiene; vinyl acetate or other vinyl esters; vinyl monomers

such as vinyl chloride, vinylidene chloride, N-vinyl pyrollidone; and acrylonitrile or
methacrylonitrile. Low levels of copolymerized ethylenically-unsaturated acid monomers
such as, for example, 0.1% - 8%, by weight based on the weight of the emulsion-
polymerized polymer, acrylic acid, methacrylic acid, crotonic acid, itaconic acid, fumaric

acid, maleic acid, monomethyl itaconate,



5. % A carbodiinide having the formula
E-O{-Z-O m G C( Jp M‘IEET A)EOQ-G{OZ -)p-OE wherein mis an
’ njinteger of from1l to 1150; Ais

i nteger of from :
i ndependent |y seljegt ed _from hydr ¢ggen or Cl- al kyl; E an ‘oare gen
or a d-10 al kyl {he same Gubstityle shget %21;@%9%%?
g -N(g)-, or g O ¢cted from hydrogen and an al kyl group
and g' is selectgd froma bond and|ClqgQ alLkyl; R and R are independently
sel ected from al kiudeaRew—aiyt-ere~—sdbstit uted aryl ene, biaryl ene al kyl ene
and substituted biaryl ene al kylene; and Z and Z° are a Cl-6 al kyl group,

and may beytdgq§ame or different. 6. The carbodiimde of claim7 wherein
A is hydrogen, and E are nmethyl; Rand R are tolylene;, and Z and Z' are
selected fromthe group consisting of ethyl, propyl, and m xtures thereof.
7. A substrate bearing a cured spray-applied clear waterborne

conposi ti dn wi tA precess &t iahibiting microfoamofosmation it @ spraysappliedsdesr twaterbbrmered
by the process.of any.one of cla.ns 1.t i,s an integer of froml to

.0 4.
1150: p | SOMROsiion, Jebiclpropsss rombrissS aopivinaa clear WalsEbATHE FRTDOLHn 2 Slsa
hydr ogen Qgingly §gtay ethodmar@ilyfng tBE ol iﬁ&gar_ %%og) : E&g t})océﬁloi_ﬁ\i&ﬂ Sha4BeARd

may be the sanme or” different; Glsab-nd, erein g s
sel ect ed fin that thaielegr=waterbdrmencamhpositionraoaprizesithg reaction giredice df:f r om a bond

and Cl-C6 alyl;,..R and R .are independently se]ected f.rom al kyl eng, arylent,
substiuted aryl®ne, %Wﬂﬁﬂé’o&"&‘{;’fs@&é&;}ﬂ&gﬂ mer ¢ g@agatl%ast one tirst readtive
group and having a Tg of from -30 to 100°C and comprising copolymerised

ethylenically-unsaturated first reactive group-bearing monomer and other
ethylenically unsaturated monomer, the ethylenically-unsaturated first reactive
group bearing monomer comprising 0.1 to 20% by weight based on the weight

of the addition polymer; and
(i)  areactive modifier bearing one second reactive group and at least one water-
“soluble group, and having a GPC weight average molecular weight of from

200 to 50,000;

wherein the first reactive group and the second reactive group react to form ionic or covalent
bonds; and wherein the ratio of the number of equivalents of said second reactive group to

the number of equivalents of said first reactive group is from 0.01 to 0.3.

2. A process of claim 1 wherein the ratio of the equivalents of said second reactive group |
“to the equivalents of said first reactive group is from 0.05 to 0.15.

3. A process of claim 1 or claim 2 wherein said emulsion-polymerized addition polymer
comprises multi-staged emulsion-polymerized addition polymer particles, said particles having

an inner phase and an outer phase.

4. A process of any preceding claim wherein said first reactive group is a carboxylic acid

group and said second reactive group is a polyalkoxylated tertamine on a carbodiimide group.

(T .




bl aryl ene al kyl ene; and Z and Z' are a Cl-6 alkyl group, and may be the
sanme or differe +he—earbodi i mde of claim7 wherein Ais hydrogen B
and E are netleﬁP{A@EMENTah i bl vl ene; and Z and Z' are selected fomthe

group consistin (I and m xt t@&ﬁ%g%?t 921 A@Hégtb%gqt e

bearing a curedis r m?g epr waterb Lo i reduced
dnount of m'cro%o § I"ear | cpnposi on formed by the nethod of claim®6.
e ]
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5. A carbodiimide having the formula
E-0-{-Z-0}m-G-C(O)N(A)-R-N=C=N-R'-N(A)C(0)-G-{O-Z'-}p-O-E'

wherein m is an integer of from 1 to 1150; p is an integer of from 1 to 1150; A is
independently selected from hydrogen or C1-C6 alkyl; E and E' are hydrogen or a C1-10
alkyl group and may be the same or different; G is a bond, g'-N(g)-, or g'O- wherein g is
selected from hydrogen and an alkyl group and g’ is selected from a bond and C1-C6 alkyl;
R and R' are independently selected from alkylene, arylene, substituted arylene, biarylene
alkylene and substituted biarylene alkylene; and Z and Z' are a C1-6 alkyl group, and may
be the same or different.

6. The carbodiimide of claim 7 wherein A is hydrogen; E and E' are methyl; R and R’
are tolylene; and Z and Z' are selected from the group consisting of ethyl, propyl, and
mixtures thereof.

7. A substrate bearing a cured spray-applied clear waterborne composition with reduced
amount of microfoam, said clear composition formed by the process of any one of claims 1
to 4.
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