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Waterborne polymeric compositions such as clear or pigmented coatings’

are frequently applied to substrates by spraying techniques. Some of the common
spraying techniques used are, for example, air spray, airless spray, air-assisted
airless spray, disc and bell spray, and high volume low pressure spray. In air
spray compressed air 15 cnncal to atomize the waterborne polymeric composition
and to assist in conveymg the droplets to the substrate. In airless, disc, and bell
| spray techniques the waterborne polymeric composition is atomized by
mechanical means and the droplets are suspended in air on formation. Air-
assisted airless spray is a hybrid of the two spray methods described above
wherein air is used to tonvey the droplets which are formed mechanically; and
high volume low pressure spray is another commonly recognized variant of air

spray.

T

Waterborne compositions containing water-soluble or water-insoluble
polymers frequently contain microfoam after they are applied to substrates by
various spraying techniques. Microfoam remaining in a dried film formed from
the spray-applied aqueous composition may detract from the appearance of the
film, particularly from the appearance of a clear, or unpigmented, film which
film maappear to be hazy.

. US-A- 4,749,616 discloses a heat-sealable coating composition containing an
interpolymer whlcn may be spray-applied as an essentially unpigmented

composition. The average particle size of the interpolymer component is from
~ 0.03 to 0.5 microns.

US-A- 5,021,469 discloses a multiphase emulsion polymer having
emnulsion polymer particles with an average diameter of less than 200
nanometers. A gloss paint may be formed from the multiphase emulsion
polymer. The gloss paint may be applied by spray coating.

US-A-5,185,396 discloses a polymeric emulsion which may be used as a
binder for a water-based varnish. The particles of the polymeric emulsion are less
than 250 nanometers. .

German Patent Application DE 1619263 discloses a latex for coating needled

This Sheet Has Been Reﬂlaced

AR




19 BHEST S BEEN ||
Air-assisted airless spray is-a hybrid of the two spray net heggsLABRRr i bed
above wherein air is used to convey the 215 droplets: wh '

mechani cal L\)\;%ert@%tﬂ 5GR A LT L O R 5 SHE 138K 2o s&r@ﬂ@?ﬁﬁfaa%’m&

recogni ze& I ant alr spray bor ne conposi‘tions cont ain

wat er - sol (REEME: Wither V‘ﬁeﬁ%@eﬁ‘b?‘éerﬁgPMPS ef‘?’é&t‘ﬁiﬁ{ P{/ 0déntod-A fﬁi%‘PB? (%lhh‘:h

after they s @wkbefation VINAIDNESH: be ¢okliREHuR@iyiag20 techni ques.
M crof oam remaining in a dr| ed filmformed fromthe spray-applied agueous
conposi tion may tract

apnce o articularly.from
t he appearance o Oé‘ec t&? geps ‘gﬁgﬁﬁ%a rpe{l'}ﬂct\fﬂrcg{oaqc %ﬁf PiphéL hteg be
hazy. US- Adeariwadadading (ﬂoaspesxaonehwlsgateﬂn@dcmmon‘@pmonpos| tion
contai ning an -

In accordance with the present invention there is provided a method for

producing a spray-applied clear waterborne polvmenc composition havmg
reduced microfoam, the method comprising:

by nechani c&l neans and the droplets are suspended in @iy

(a) forming said clear compo’sition comprising:

(i) an emulsion-polymerized addition polymer .having a GPC weight
average molecular weight of less than 75,000; or

, (ii) multi-staged emulsion-polymerized addition polymer particles having
an inner phase and an outer phase; the said outer phase having a GPC weight
average molecular weight of less than 200,000 and/or an average particle
diameter from 130 nanometers to 250 nanometers;

(b) applying said clear composition to a substrate using a spraying method; and
(c) causing or allowing said clear composition to dry.

According to a second aspect of the present invention there is provided a
substrate bearing the spray-applied clear waterborne polymeric composition with -
a reduced amount of microfoam.

A "waterborne polymeric composition” as used herein is defined as a
composition containing an emulsion-polymerized water-insoluble addition
polymer. The waterborne polymeric composition may contain water or a
mixture of water and at least one water-miscible solvent such as, for example,
isopropanol, ethylene glycol buty! ether, and propylene glycol propyl ether.

The emulsion-polymerized addition polymer in the clear waterborne
polymeric composition may be prepared by the addition polymerization of at
least one ethylenically unsaturated monomer such as, for example, acryiic ester
monomers including methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl
acrylate, decyl acrylate, methyl methacrylate, butyl methacrylate, hydroxyethyl
acrylate, hydroxyethyl methacrylate, and hydroxypropyl methacrylate; acrylamide
or substituted acrylamides; styrene or substituted styrenes; butadiene; vinyl
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1% - 7%, by weight based on the weight of the emulsion-polymerized polymer,

acrylic acid, methacrylic acid, crotonic acid, phosphoethyl methacrylate, 2-
acrylami_do-z-methyl-1—propanesu1fonic acid, sodium vinyl sulfonate, itaconic
acid, fumaric acid, maleic acid, monomethyl itaconate, monomethyl fumarate,
monobutyl fumarate, and maleic anhydride may be used.

The emulsion-polymerized polymer used in this invention is a
substantially thermoplastic, or substantially uncrosslinked, polymer when it is
applied to the substrate, although low levels of deliberate or adventitious
crosslinking may be present. When low levels of precrosslinking or gel content
are desired low levels of multi-ethylenically 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,
and 1,6-hexanedioldiacrylate may be used. It is important, however, that the
quality of the film formation is not materially impaired.

The glass transition temperature of the emulsion-polymerized polymer is
rom about 5 to about 85 °C, as measured by differential scanning calorimetry
(DSC). The-emulsion polymer samples were dried, preheated to 120 °C, rapidly
cooled to -100 °C, and then heated to 150 °C at a rate of 20 °C/minute while data
"was being collected. The Tg was measured at the midpoint using the half height
method.

The emulsion polymerization techniques used to prepare such dispersions
are well known in the art. Conventional surfactants may be used such as, for
exampile, anionic and/or nonionic emulsifiers such as alkali 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
peroxide, t-butyl hydroperoxide, ammonium and/or alkali persulfates, typically
at a level of 0.05% to 3.0% by weight, based on the weight 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.

Chain transfer agents such as, for example, mercaptans are typically used in
ApRars are ypreary U
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The particle size of the emulsion-polymerizéd polymer may be from about
- 40 nanometers to about 1000 nanometers in diameter. Preferred is a particle
diameter from about 130 nanometers to about 250 nanometers. Particle
diameters less than about 130 nanometers yield spray-applied clear films with
greater amounts of microfoam while particle diameters greater than about 250
nénometers yield spray-applied clear films with a hazy appearance. Particle size
as determined herein is presented in the éxa_mples.

The polymeric composition may be prepared by a multistage emulsion
additon polymerization process, in which at least two stages differing in
composition are formed in sequential fashion. Such a process usually results in
the formation of at least two mutually incompatible polymer compositions,
thereby resulting in the formation of at least two phases. The mutual
incompatibility of two polymer compositions and the resultant multiphase
structure of the polymer particles may be determined in various ways known in
the art. The use of scanning electron microscopy using staining techniques to

emphasize the difference between the appearance of the phases, for example, is
such a technique. ' '

Polymeric particles formed by multistage emulsion addition
polymerization process'are composed of two or more phases of various
geometries such as, for example, core/shell or core/sheath particles, core/shell
particles with shell phases incompletely encapsulating the core, core/shell
particles with a multiplicity of cores, and interpenetrating network particles. In
all of these cases the majority of the surface area of the particle will be occupied by

at least one outer phase and the interior of the particle will be occupied by at least
one inner phase.

A two-staged emulsion-polymerized addition polymer particle with an
outer phase containing from about 20% to about 80%, by weight based on the total
weight of the particle is preferred. A two-staged emulsion-polymerized addition
polymer particle with an outer phase having a glass transition temperature (Tg),
as determined by DSC, which is at least about 30 °C lower than the Tg of the inner
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Each of the stages of the multi-staged emulsion-polymerized polymer may
contain the same monomers and chain transfer agents as disclosed herein-above
for the emulsion-polymerized addition polymer. - The emulsion polymerization
techniques used to prepare such dispersions are well known in the art such as, for
example, as are disclosed in US-A- 4,325,856, 4,654,397; and 4,814,373. If necessary,
it is recommended that the skilled man look at these documents.

An additional embodiment of this invention is a clear composition which
contains, in addition to either the emulsion-polymerized addition polymer or
the multi-staged emulsion-polymerized addition polymer from 5% to 50%, by dry
weight based on dry weight of the addition polymer, of an additional emulsion-
polymerized polymer having an average particle diameter less than 0.5 times the .
diameter of the addition polymer particles. Preferred is from 10% to 20% by dry
weight based on dry weight of the addition polymer, of an additional emulsion-
polymerizeél polymer having an average particle diameter less than 0.5 times the
diameter of the addition polymer particles. '

The solids content of the waterborne polymeric composition may be about
20% to about 70% by weight. The viscosity of the waterborne polymeric
composition may be from about 50 centipoises to about 10,000 centipoises, as
measured using a Brookfield viscometer (Model LVT using spindle #3 at 12

rpm); the viscosities appropriate for different spraving methods vary
considerably.

The clear waterborne polymeric composition contains no ingredients
which cause substantial opacity in the dried coating at the applied dry film
thickness, which is typically from about 0.1 mil to about 5 mils. The dried coating
may be applied as one coat or as multiple coats, with or without drying between
coats. The waterborne polymeric composition may contain, in addition to the
emulsion-polymerized water-insoluble polymer, conventional components such
as, for example, emulsifiers, substantially transparent pigments and fillers,
dispersants, coalescing agents, curing agents, thigg%ctants,wetﬁng
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The spray—apphed clear waterborne polymeric composition is applied to a
substrate such as, for example, metal, wood, and plastic, using a spraying method.
The composition may be applied to wood such as, for example, wood, sealed
wood, particle board treated with a UV-cured filler, painted wood, and previously
coated wood; or to metal such as, for example, metal, treated metal, metal coated
with an electodeposited primer,' and 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 such spraying 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 waterborne polymeric
composition are formed in contact with and/or admixed with a gas,
conventionally air. The gas, under pressure, may be required to atomize the
coating such as, for example, in conventional air spray applications; the gas may
flow towards the substrate and provide for at least some of the conveying of the
atomized composition such as, for example, in air-assisted airless spray
application; or the gas may be the medium through which the atomized
composition, atomized by mechanical action in the presence of the gas such as,
for example, in airless spray, disc, and bell applications, with or without
electrostatic assistance, moves to the substrate. Occlusions of gas, "microfoam”,
typically are found in the waterborne polymeric composition after its application
to the substrate. The microfoam is undesirable as it causes haze or opacity in
clear or substantially unpigmented coatings or films.

The clear composition may be dried at ambient temperature or at elevated
temperatures. Preferred is a drying temperature from about 20 °C to about 250 °C.
"Microfoam” as used herein is defined as substantially spherical gas-filled
occlusions in the dried film which are typically 10-20 micrometers in radius. The
microfoam occlusions lack sufficient buoyancy to escape from the waterborne
polymeric composition before they become substantially immobilized in the
applied composition. The "amount of microfoam" as used herein is determined
by counting the number of bubbles in a selected area of the applied waterborne
composition, using an optical microscope under 70X magnification. -The absolute
amount of microfoam is influenced by spray equipment, spray conditions, and
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The followmg examples are intended to illustrate the method for
-reducing the amount of microfoam in a spray-applied waterborne polymeric
composition.

EXPERIMENTAL METHODS ..

- Measurement of GPC weight average molecular weight

Samples for GPC molecular weight determination were prepared by
dissolving 25 mg. of soluble polymer in distilled, reagent gradeTHF at a
concentration of 2.5 mg./ml. by shaking for 24 hours. A sample volume of 0.1
ml. of the polymer system was injected onto a Type A {20 micron) gel column 60
cm. in length prepared by Polymer Laboratories; a flow rate of 0.6 ml./min. was
used. The sampling rate was 2.5 points per min. Data acquisition was by a
Hewlett-Packard HP-3852 computer. Molecular weight calibration was carried out
before each sample using polymethyl methacrylate and data analysis was
accomplished with a Hewlett-Packard HP-1000 computer running RTE-A.

Particle Size Determination

The particle diameter of the particles was determined using a Brookhaven
BI-90 Particle Sizer which employs a light scattering technique. To measure the
particle size a sample of 0.1 to 0.2 grams of as is aqueous dispersion was diluted to
a total of 40 cc with distilled water. A 2 cc portion was delivered into an acrylic
cell which was then capped. The particle size was measured for 1000 cycles. The

measurement was repeated three times and the average of three values was
reported. '
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sample A: Toa 4-neck, 3-liter stirred reaction flask containing 722.1 g DI water
and 62.4 g sodium alkylphenyl sulfonate (23% active) at 85°C, 25.6 g of the Feed 1
monomer emulsion rinsed with 17.5 g DI water, 1.82 g ammonium persulfate
dissolved in 20 g of DI water, and 2.73 g sodium carbonate dissolved in 35 g of DI
water were introduced in succession. After a ten minute delay, a gradual
addition of Feed 1 and Feed 2 were begun and fed at a uniform rate over 3 hours

~ until completion. Feed 1 was an emulsion of 277.4 g DI water, 7.33 g sodium

alkylpheny! sulfonate(23% active), 462.4 g n-butyl methacrylate, 353.6 g methyl
methacrylate, 45.3 g n-butyl acrylate, and 45.3 g methacrylic acid. Feed 2 was 0.46 g
ammonium persulfate dissolved in 56 g DI water. A batch temperature of 85 &
2°C was maintained throughout the feed period. On completion of Feeds 1 and 2,
the batch was held for an additional 30 minutes at 85 = 2°C before cooling. Two

redox chasers were added at 65°C. The final reaction mixture was neutralized to
pH= 7.4 with 28% aqueous ammonia. The latex had a weight % solids content of
42.3, a Brookfield viscosity of 78 cps, and a particle size of 73 nanometers.

dispersion was prepared according to the above method with the exception that
4.54 g n-dodecyl mercaptan was added to the monomer emulsion (Feed 1) after
removal of the initial kettle ME charge (25.6g). This dispersion had a final pH =

7.4, a weight % solids of 41.4, a viscosity of 62 cps, and a particle size of 73
nanometers.

Preparation of emulsion-polvmerized addition polvmer for sample 2: This
dispersion was prepared according to the above procedure except that the

monomer emulsion (Feed 1) was modified with the addition of 9.1 g n:dodecyl
mercaptan after the initial monomer emulsion kettle charge (25.6g) was
removed. The final latex had a pH=7.2, a weight % solids of 41.4, a viscosity of 58
cps, and a particle size of 69 nanometers.

The emulsion-polymerized addition polymers described above were mixed
with the ingredients listed in Table 1.1 added in the order shown.

{
1
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- Table 1.1
Comp. Sample A Sample 1 Sample 2
200g Polymer 200 g.Polymer 200 g. Polymer
4.2g TBEP : 42g TBEP 42g TBEP
4.1g Butyl CARBITOL -4.1g Buryl CARBITOL 4.1g Butyl CARBITOL
24.5g Butyl 24.5g Butyl 24.5g Butyl
CELLOSOLVE CELLOSOLVE CELLOSOLVE
43g EKTASOLVE EEH 4.3 g EKTASOLVE EEH 4.3g EKTASOLVE EEH
0.4g 14% NH4OH 0.4g 14% NH40H 0.4g 14% NH40H
59.3 g Water 27.0 g Water 22.0 g Water

CARBITOL and CELLOSOLVE are trademafks of the Union Carbide Corp.
EKTASOLVE is a trademark of Eastman Chemical Products Corp.
TBEP was tris(2-butoxyethyl) phosphate from Aldrich Chemicai Co., Inc.

EXAMPLE 2. Evaluation of sprayv-applied clear waterborne polymeric
compositions.

Samples 1 and 2 and Comparative sample A were each spray applied over
a stained cherry panel. A conventional suction-feed spray gun (DeVilbiss MBC)
with an EX tip and a #30 air cap was used. The gas pressure was 45 psi. Each
panel was sprayed with three coats of one of the samples. The panels were
sprayed under the same temperature and humidity conditions (97°CF/25%RH)
and were dried in these conditions. The dried panels were evaluated for gloss
(200/600/850), and microfoam density (bubbles/mm?2). The results are given in
Table 2.1 below. Also given in Table 2.1 is the My for each of the emulsion
polymers in this study. The gloss was measured with a Byk Labotron gloss unit,
and the bubble density was determined by counting the bubbles using a

microscope. Mw was determined using high volume gel permeation
- chromatography. '
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Samples 1 and 2 of this invention e~<h1b1t superior gloss and mxcrofoam
density when compared to Comparative sample A.

EXAMPLE 3. Preparation of clear waterborne polymeric compositions containing
emulsion-polymerized addition polymers of various particle sizes.

Preparation of Samples 3-9.

In a 3-liter, 4-neck stirred reaction flask, 14443 ¢ of DI water and 124.9 g sodium
alkylphenyl sulfonate (23% active) was heated to 85°C. 51.3 g of ‘Feed 1 was added
to the kettle, followed by the acdition of 3.63 g ammonium persulfate dissolved
in 40 g DI water and 5.46g sodium carbonate dissolved in 70g DI water. Five
minutes later, a gradual addition of Feed 1 and Feed 2 were started at a uniform
rate and fed to completion over three hours. Feed 1 was an emulsion consisting
of 554.9g DI water, 14.52g sodium alkylohenyl sulfonate (23% active), 924.7g butyl
methacrylate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and 63.5g
methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved in
111g DI water. The batch was held at 85 * 2°C throughout the duration of the
feeds. On completion of. the gradual additions, the batch was held for an
additional 30 minutes at 85°C and then cooled to 65°C. Two redox chasers were
added. The product was neutralized to pH= 7.6 with 28% aqueous ammonia and

had a final weight % solids of 41.0, a Brookfield viscosity of 57 cps, and a particle
size of 74 nanometers.

ision-polvmerized addition pol r for sample 4: A 4-neck,
S-liter stirred reaction flask containing 1514g DI water and 55.17g sodium alkyl
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Redox systeps using.the same initiators coupled with a %I'uiﬂt%i@lirks'ﬁzﬂ‘reﬁ}\'ﬂﬁﬁh
such as, for. exanple,"isoascorbic acid and sodi um bisul {|i te nagpbecgsed at
simlar levels. 20 °~ ° Chain transfen agents such. as, Tor—exampres

nmer captans are typi cal(lggl used in an_anmount effective to pravide.-a GPC

wei ght apheageswiipeeigl yw@?%‘fﬁ)- Whs heated Wa$5°§b01§1¢3?598§®e beed drmpromerom

110, 000 t 3m7\f1 {300 3 63gPEmMRb Biflim Pert altenBisssivbarinMIP I 'wa s, ssed 4By ein, is
“defined as | e wej git._ayer edm)l CUIIPrEr wei g’ht det er mi ned b%l. nl gk}ét ol u%
gel per meadivg ARPORAESF RS (GADB LAl oph g TSR BYorABET gror
The det aighigehtd hote perivd, 8 Saduataddition bébetn Feed fliwnd XeepRegas Steetquhandcl e
si ze of the enulsi,on-polynerized.. \ o 0 s to
S Lo SoE oAb SRRV, FRLYIRE B SR DTN 51 =
* consisting of 485.2g DI water, 85.2g sodium alkylpheny! sulfonate (23% active),
924.7g butyl methacrylate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and
63.5g methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved
in 111g DI water. A batch temnperature of 85 + 2°C was maintained throughout
the gradual addition feed period. On completion of the feeds, the batch was held
at 85+2°C for 30 minutes before cooling to 63°C. At 63°C, two redox chasers were
added. The batch was neutralized to pH=7.9 with 28% aqueous ammonia. The "
product had a final weight % solids of 41.1, a Brookfield viscosity of 31 cps, and a
particle size of 92 nanometers.

Preparation of emulsion-polymerized addition polymers for samples 5-9: The
addition polymers were prepared according to the procedure given in preparation

~ of emulsion-polymerized addition polymer for sample 4 herein-above with the
exception that the kettle water, surfactant, and Feed 1 monomer emulsion
charges were as specified in Table 3.1 along with the characterization of each of
the emulsion polymers.
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‘about’ 130 namoneters to about 250 nanoneters. Particl ew,t_er
. about 130 30 nanoneters yield spray-applied clear fil ng
anbunt s of mcrofoamvvhlle particle = 5 diameters grg

si ze as -de_tfgﬁm' et herei.n S present ed in the exanpl es. 'The poI yrrerl c
conposition may be prepar ed by a nultistage enulsion addition 5

pol ynerlzatlg,lnég‘{g §ESS: Sampiekers gl dl%st S%QF@HQSMWLQR_

conposi ti on®

nitial Kettle Charges

‘surfactant(1) 35.5 15.8 11.8 59  4gQ
I Water 1514 i514 1514 1514 1514

Feed 1 (Monomer Emulsion)

DI Water 485.2 485.2 485.2 485.2 485.2
surfactant(l) 84.2 84.2 88.2 94.1 96.0
BMA 924.7 924.7 924.7 924.7 924.7
MMA 493.2 493.2 493.2 493.2 493.2
BA 331.8 331.8 331.8 331.8 331.8
MAA 63.5 63.5 63.5 63.5 63.5
% Total Solids 41.3 41.2 41.6 41.4 41.5
pH 7.5 7.7 7.9 8.0 - 8.1

Visc,cps 20 14 18 20 18

Part. Size, nm 107 128 140 168 200

(1) surfactant = sodium alkylphenyl sulfonate (23% active)

Under good agitation, the pH of each emulsion polymer of this example
was raised to 8.5 with 14% NH3. The coalescent , a premixture of 3 parts Butyl
CELLOSOLVE/ 1 part butyl CARBITOL, by weight, was added to the well-stirred
emulsion polymer. The formulated sample was aged for 18 hours.

A nonionic urethane thickener, ACRYSOL RM-825 (Acrysol is a trademark
of Rohm and Haas Co.) was added in an amount sufficient to raise the viscosity
to a range of 20-23 seconds (#2 Zahn cup).The specific quantities of emulsion

polymer, coalescent, and associative thickener for each sample are listed in Table
4.1.
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sequent,i al % a4 wi.- Such a process usually results in the formation of at

| east two rut#af¥y inconpatibl e pol ymer conposition, theffeRydr T

the formation:@f:-.at | east two phases. The_nutual inconpafi bi Fi%&@;@fm

pol ynmer conpositions and the resultant nhiBt | phase -struct tee—of The fiof vner

particles n e fqt g5 abhpdidd ofar isqHfpIways.known in the art. The 10 use of.

scanni ng el &t i croScopy using stdining techni ques to enphasize the

di fference betsween the appearance of the phases, for exanple, is such a

techni que. Bampteric pg Sobidesg fiesiedCpglendenisThjekenel si on addseosity

pol ymeri zati on process;arggopmesed O(Tg,tamlgf?rl npg & Ripses of vasi g!dgp _
es,

geonetries such as, for exanple, _core/she 5 ot corel/sheath rtic
core/shell PBarticles Wit ® shel | 1B§fée{;3i‘hconpl e&s@‘i encapsul at B%g t he core,

corel shel |l particles wth a multiisplO cl §y4 of cor@sg6and interpengtrating
network particles. 443 158.0 16.4 1.30 22
6 41.2 150.0 15.5 1.31 _ 20
7 41.6 150.0 15.6 2.19 20
8 41.4 1500 15.5 2.47 20
-9 41.5 150.0 15.6 2.44 20
EXAMPLE 4. Evaluation of microfoam using emulsion-polymerized polymers of

various particle sizes.

Samples 3-9 were spray-applied (one coat over black glass, =4.5 mils
wet) at 85°F, 20% relative humidity. The panels were allowed to dry under the
same conditions. The bubble concentration was measured using an optical
microscope. |

Table 42 Determination of microfoam in spray-applied samples

Sample Particle size (nm) bubbles/mm?2
3 74 80

4 92 11

5 107 13

6 128 74

7 140 0

8 168 _ 0

9 200 ' ‘ 0

Samples 3-9 exhibit reduced microfoam spray-applied clear waterborne
compositions containing an emulsion-polymerized polymer having a particle
size greater than about 130 nanometers.

EXAMPLE 5. Preparation of waterborne polymeric composition
Preparation of Sample 10 and Comparative Sample B. '
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_"es the majority of the surface area '1r--i '
il > ‘| east one outer phase and the interio T(bflSShlél:mtfﬁtSi%EE@\l ,
"be occupi-égd::by at |east one inner-p gse. 20 t wo-RERIPGED I
uater pnase .

erul si on- pol ymenzed addition pol ymer particle with an o
contai ning fronmi ghput 20%to about 80% by wei ght based on the total weight

of. the pa”'EC;g'ﬂea;'aapg[ { 8, i‘Wﬁé’ﬁ?&P@ld@% ! 1&@&%6?% e addi AiQReck,
pol ymer par avin

n te ture
(Tg), as deblitet sankeldyrelastzonvﬁﬂ rquga'é'tmg %é%cg%‘o‘df‘teso’[’éf ?82 ﬁﬁﬁ% the
Tg of the i nglg 8?’?Q3ﬁ8“5§’ @33@ a@ﬁeé)w;rseﬁeatedmg,l 85°Cst &3k eﬁ‘almonome&&mulsmn

Dy 2o conawtinamt b JEDF B o A A gh HRPEERL AR Ele (257 dcile),
mul ti - st agedpg! thgnnpahyu@dame@%aglmemylmmﬁelrvl?p‘f&r 83kBg hMtYhata’Viﬁet?‘t ind e
diameter f rom51 met acr%&% & iAwEd BYPIRIsEG? 38T 9 Water , 3.63g ammonium

persulfate dissolved in 40g DI water, and 5.46g sodium carbonate dissolved in 70g
DI water were charged sequentially. After a5 minute hold period, a gradual
addition of both the remaining monomer emulsion to which 18.2 g. n-dodecyl
.mercaptan had been added and a solution of 0.91 g. ammonium persulfate -

. dissolved in 111 g. DI water was started and fed to completion at a uniform feed
rate over 3 hours. A batch temperature of 85 -86°C was maintained throughout
the gradual addition feed period. On completion of the feeds, the batch was held
at 85°C for 30 minutes before cooling to 65°C. At 65°C, two redox chasers were
added. The batch was neutralized with 11.7 g. 28% aqueous ammonia, a biocide
was added, and the batch was diluted with 108.5 g. DI water and filtered. The
product had a final weight % solids of 41.5, a Brookfield viscosity of 20 cps,
pH=7.99, and a particle size of 159 nanometers. The GPC weight average
molecular weight was 50,000.

Preparation of emulsion-polvmerized addition polvmer for comparative sample

-

B: Ina 5-liter, 4-neck stirred reaction flask, 1444.3 g of DI water anc 1249 g
sodium alkylphenyl sulfonate (23% acuve) were heated to 85°C. A monomer
preform seed charge consisting of 51.3 g of Feed 1 was added to. the kettle,
followed by the addition of 3.63 g ammonium persulfate dissolved in 40 g DI
water and 5.46g sodium carbonate dissolved in 70g DI water. Five minutes later,
a gradual addition of Feed 1 and Feed 2 were started at a uniform rate and fed to
completion over three hours. Feed 1 was an emulsion consisting of 554.9g DI
water, 14.52g sodium alkylphenyl sulfonate (23% active) , 924.7g butyl
methacrylate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and 6o.3g
methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved in
111g DI water. The batch was held at 85 £ 2°C throughout the duration of the
-feeds. On completion of the gradual additions, the batch was held for an
additional 30 minutes at 85°C and then cooled to 65°C. Two redox chasers were
added. The product was neutralized to pH= 7.6 with 28% aqueous amumonia and

had a final weight % solids of 41.0, a Brookfield viscosity of 57 cps, and a particle
si_ze of 74 nanometers.
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“an outer pmase"fﬁﬁ"_yrrer whi ch has a GPC wei ght average
“than 200, 000, preferably from 10,000 to |ess-than 200,
of the stages of the nulti-staged enul si qn%pol ynmeri zed ipol y :
t he same nononers and chain transfer agentsS-as di sclosed herein-above for
"the emul si on- polPheeimddicadgptyroeriped ydstitiof ipolpmelrs idescrpesd/ aboive awernmixed
techniques used 19 REEOREAISHSR below, added in the order shown.

Comparative Sample B Sample 10
200 g emulsion polymer - 200 g emulsion polymer
15.4 ¢ EKTASOLVEEB 15.6
- 5.1 g EKTASOLVEDB 42
' 2.9 g deionized H20
2.22 g ACRYSOL RM 825
final % solids -
final visc. =

37% final % solids = 37%
sec. #2 Zahn  final visc. = 21 sec.#2 Zahn

EXAMPLE 6. Evaluation of microfoam in spray-applied waterborne polymeric
composition )

One coat of sample 10 and comparative sample B were each air-sprayed
over various substrates at 94°F and 39% R.H. The bubble densitv was evaluated
using a 70X microscope and the number of buobles/mm?2 was counted in the
dried film. The results are presented in Table 6.1

Table 6.1 Microfoam measurement

Sample Particle Size Bubbles/mm2 (various substrates)

Glass Paper Metal Plastic
10 159 0 0 0 0
Comp.B 74 28 17 .6 20

Waterborne polymeric composition sample 10 of this invention spray-
applied to various substrates exhibits superior, lower levels of microfoam
compared to comparative sample B.

EXAMPLE 7. Preparation of waterborne polymeric compositions containing
multi-stage emulsion-polymerized addition polymer at various particle sizes

i le 11-12 mparative Sampl

Preparation of multi-staged emulsion-polymerized addition polymer for sample
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..di spersi ons are"well known in the art such as, for exappkes—are—di-selases
in US-A- 4,325,856; 5 4,654,397; and 4, 814 373. If nect S‘E-aS)SHEiEtr H/AS BEEN

reconmended that- the skilled man Iook t hese docunenfls. ArRiedACEDNal |
embodi ment of this invention is a clear gorrp05| tion MI'\FW"
addi ti on t o et peveckh®-leen | rouonl- lp@qttymmzed raaictian faslpcbpirning 1985g DI
rultl - stages, & ?}L&'losé%épamﬁ W{\%'iﬂné%@uﬁdﬁlll nmrgﬂéyymethg@éne% [Quibhge by

dry wei ght I'on tiaonal

emul si on- palx;imntzwlsd’@ﬁy%go 9{: {]cbg‘%’é?/tiﬂﬁg &ﬁoﬁmé@ébﬁﬁﬁ"% seolypdiat’Se
| ess than Gy étle dt ;q;hﬁ-[&ﬁafn érmateddssbum Qot&dml \pafetrlwbﬁésadded in

0 )

e Vol 00, kAR Sl e

aver age pakt 5{48@ #ii M tveds ireaatetdhatna @nfform rate and fed to completion to the kettle
aver 112 minutes. Simultaneously, the Cofeed Initiator was started at a rate of 5.7
g/10 minutes. The batch temperature was maintained at 85%2 °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 85£2°C for 30 mmutes 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 85£2°C. When all feeds were
completed, the batch was held at temperature for 30 minutes. The reaction was

then cooled to 65°C. Two redox chasers were added. The batch was neutralized
with ammonia and a biocide was added. The Stage #1 ME consisted of an
emulsion of 272.9g DI water, 12.34 g of a 38% active solution of ammionium
alkylphenoxypolyethyleneoxy- sulfate surfactant, 640.7g butyl acrylate, 275.94g
methyl methacrylate, and 38.2g methacrylic acid. The Stage #2 ME consisted of an
emulsion of 272.9g DI water, 7.57g of ammonium alkyvlphenoxy-polyethyieneoxy
sulfate surfactant (58% active solution), 510.9g methy! methacrylate, and 11.7g
methacrylic acid. The Cofeed Initiator was composed of 2g ammonium
persulfate dissolved in 100 g DI water. The product had a final weight % solids of

44.8, a pH = 8.1, a Brookfield viscosity of 52 cps, and a particle size by Brookhaven
BI-90 of 163nm.

Preparation of multi-staged emulsion-polymerized addition polymer for sample
12. The method of the preparation of multi-staged emulsion-polymerized
addition polymer for sample 11 was repeated with the following changes: 0.53 g of
58% surfactant solution was charged to the reactor. Stage 1 ME was stabilized °
with 12.8 g of the surfactant solution and the Stage 2 ME contained 7.9 g 0f the
surfactant solution. The product had a final weight % solids of 44.3, a pH of 7.9, a
viscosity of 33 cps, and a particle size of 249nm.

i- emulsion-polymerized addition polymer for
comparative sample C. The method of the preparation of multi-staged
emulsion-polymerized addition polymer for sample 11 was repeated with the
fo]lowxng changes: 42.48 g of ammonium alkylphenoxypolyethyleneoxy sulfate
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of the wat er bd
vi scosity of

B> (he addi tion polymer particles. Thﬁ §

neric corrp05|t|on may be 20%to 709 %Ig}%’[z ’,E%] EEN
rborne pol yneric corrpqs.}tlon may be

(centi poi ses) a 00 nPas (centi poi ses),” as neasured u3| n Brookfield
vi.scomet er ( B aceive) Wasst g gagitodhe r#dctar. Seagephvastemulsit %d)s«rlthé§9gand
appropriate fdg ! [ paR. VA M%Ba;b Yal Wik 9

water bor he polﬁfﬁﬁ gv;ég%p%fgoq‘)gg‘/gsﬂ%@ Vite WL: a %}?t] “olids of

t1on _contains no |Ingredients
substantial op@acigia pH=7% adbiceklielkhtisegsty Afrelamyl 14 aoﬁl@a fnarﬁﬁqerﬁlék @éJZ nm
which is typica 5&4&‘3? )00254nn1(0 1 ml) to 0.127 mm (5 mls). The
(B : . _ : _ :
dried coating \ra " appl1ed’as one coat or as nmultiple coats, with or
wi t hout drylng bé en coats. The wat erborne polyneric

... The emulsion-polymerized addition polymers described above were mixed
W1th the 1ngred1ents hsted below added in the order shown.

" Comparative . sample C o Sample 11

200 g emulsion polymer 200 g emulsion polymer
12.8 g EKTASOLVE EB 12.8 ¢ EKTASOLVE EB
% 43 g EKTASOLVEDB 43 g EKTASOLVE DB
8.0 g deionized H20 | 9.8 ¢ deionized H20
o 0.17 ¢ ACRYSOL RM 825
final % solids = 39% . - final % solids = 39%
final visc. = 26 sec. #2 Zahn final visc. = 22 sec. #2 Zahn
Sample 12

50 g emulsion polymer
14% NH3 added to pH 8.5
3.2 g EKTASOLVE EB

1.1 g EKTASOLVE DB

- EXAMPLE 8 Evaluation of waterborne polymeric compositions containing
multi-stage emulsion-polymerized addition polymer at various particle sizes

One coat of each of sample 11 and comparative sample C were air-sprayed
over black glass The bubble density was evaluated using a 70X microscope and

the bubbles/mm2 were counted in the dried film. The results are given in Table
8.1. '

Igb];_&._l_ Microfoam evaluation

Sample EEH_L__SI_ZQLH_FH_ Bubbles/mm2
Ll 1l 94° F 39% RH 96°F. 34% RH
v 163 17 11
67

717 105
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conposi,ti ons ma

_"taln in addition to the enul sion- pol LIIELLZ@d—

wat er-i nsol ubl I'ymer, conventional conponents such as ﬁ_p;g semamaiAe,BEEN
emul sifiers, su ntl_allytransparent piggent s andflll£ REpnecEMt S,
coal esci ng agent3,- curing agents, thickeners, hunectants! rti =30
agents, bioci; desm-pl asticizers, antifoam ng agents, colorants, waxes, and
anti-oxidants. . :iREPLACEMENT SHEET 7- The spray- appl i ed cl ear waterborne

pol yneric COWpOéL ; ﬁ@rﬁ&r@pﬁbl'\@ﬁleﬁ@ cBrpitibAlsAmple 11 of this invention exhibited

lower amount of 'mcrofoam i.e., superior performance, when gompared to
comparanve sample C..

~ A film of samples 11-12 and comparative sample C were drawn down over
black glass using a 5 mil draw down bar. Gloss readings were made using a Byk
Labotron gloss unit at 20°, 60° and 85° angles of incidence. The minimum film
formation temperatures (MFFT) were determined on an S$S3000 MFFT bar. Data
are presented in Table 8.2.

_;rasle 8.2 Evaluation of gloss and MFFT

Sample . Particle Size  MFFT of  Gloss (20°/60°/80°)

neat latex
Comp.C 67 1°C 110/90/95
I1 168 0°C 74/80/93
I2 249 8eC 48/67/95

Clear films made with latices of particle diameter greater than about
250nm develop an unacceptable haze. This haze was measured as a loss of gloss
at low angles of incidence. Also, the minimum film formation temperature of
the neat latices increases with particle size; this increase may have deterimental .
effects on film formation.

XAMPLE 9. Preparation of waterborne polymeric compositions containing
multi-stage polymers at various molecular weights '

Preparation of multi-staged emulsion-polymerized addition polvmer for sample
13. A-4-neck, 5-liter, round-bottom stirred reaction flask containing 1085g DI

water and 1.33g of a 58% ammonium alkylphenoxypolyethyleneoxy sulfate
surfactant was heated to 85°C. To the kettle, 3g sodium carbonate dissolved in 75g
DI water and 4g ammonium persulfate dissolved in 20g DI water were added in
order. The batch femperature was adjusted to 85°C-after which a gradual addition
of Stage #1 ME was initiated at a 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/1D:minutes. The batch temperature was maintained at 85+2 °C over the stage 1
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s:uc_.. rrpl e, netal; wood and plastic, using ,- a g e
Theiig® '05|t|on may be applied to wood such as, for- ex#nfl W&%&'A%gﬁﬁé#’
wood, particle board treated with a U\ uredflller plnted Bnd ol
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such a suhst for
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methods the en cooled to 65°C. Two redox chasers were added. The batch was neutralized
with ammonia and a biocide was added. The Stage #1 ME consisted of an
.émulsion of 272.9g DI water, 12.34 g of a 58% active solution of ammonium
.élkylphenoxypolyethyleneoxy-_ sulfate surfactant, 640.7g butyl acrylate, 275.94g
methyl methacrylate, and 38.2g methacrylic acid. The Stage #2 ME consisted of an
emulsion of 272.9g DI water, 7.57g of ammonium alkylphenoxypolyethyleneoxy
sulfate surfactant (58% active solution), 510. 9g methyl methacrylate, and 11.7g -
methacrylic acid. The Cofeed Initiator was composed of 2g ammonium
persulfate dissolved in 100 g DI water. The product had a final weight % solids of
44.5,a pH + 7.8, a viscosity of 43 cps, and a particle size of 147 nm (Brookhaven BI-
903 '

14. The method of preparation of multi-staged emulsion-polymerized addition
- polymer for sample 13 was repeated with one change: 2.4 g n-dodecyl mercaptan

was added to the Stage #1 ME. This product had a weight % solids of 44.5, a

pH=7.9, a viscosity of 62 cps, and a particle size of 138nm (Brookhaven BI-90).

GPC weight average molecular weights of the soft, outer phase of the

emulsion polymerized polymers described above were determined and are
presented in Table 9.1 -

Table 9.1 Molecular weights of emulsion polymers

Polvmer for Sample Particle Size (nm Mw_of Soft Phase
(x103)
13 147 210
14 : 138 160

The emulsion-polymerized addition polymers described above were mixed
with the ingredients listed below in Table 9.2 added in the order shown.
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atom zed ¢ '7 of the wat er bore pol yneri c, conposi-tion are formed.in

cont act i/ or adm xed with a gas, conventlonall air. The as un
pressure, i e required to atonize tﬂg) coating such “ﬁ ?E“
convent i oral spray applications; gas may flow "I

substrate g rovide for at least some of the conveyi i zed
conmposi ti _Qh as, for exanple, in air-assisted airless spray

appl i catlon, of the gas may be the medium through which the atom zed
conposi ti g§, .sat,0om zed by nmechani cal action in the presence of the gas such
as, for ex nple in airless spray, disc, and bell applications, wth or -
vm'thout el

ut els Cbtléﬁ?t"at @0@9@5&1@{10@{ SERyAS Stpz.tm,e substrate. Qccl usions of
gas, "m cr*___ 20 typically are found in the waterborne polymeric
conpositidén after its application to the substrate. The microfoamis

undesi rabl'fe as, it goausies thaze or opacity in clear or gapgianyial ly

.200 multi-stage emulsion - 200g multi-stage emulsion
5+ 13.3g EKTASOLVE EB +13.3g EKTASOLVE EB

%4 4g EXKTASOLVE DB +44g EKTASOLVE DB

# 9.0g Water + 9.0g Water

+ 0.27g ACRYSOL RM-825 ' + 0.29¢g ACRYSOL RM-825
Final solids 39% ' Final solids 39%

#2 Zahn Viscosity : _ #2 Zahn Viscosity
'20seconds 25seconds

EXAMPLE 10. Evaluation of waterborne polymeric compositions containing
multi-stage polymers at various molecular weights

Spray-applied film properties; as represented by microfoam, gloss and
- distinctness of image; were evaluated by air-spraying one coat of each of Samples
13-14 onto black glass. The coats were applied using a conventional suction-feed

spray gun (DeVilbiss MBC) with an EX tip and a #30. The gas pressure was 45 psi.
The panels were sprayed and dried at 949F/26%RH. To determine the amount of
microfoam bubble density was evaluated using a 70X microscope and counting
the number of bubbles per square mm in the final dried film. Gloss Readings
were made with a Byk Labotron gloss unit at 200, 60°, and 85° angles of

- incidence. Distinctness of image(DOI) readings were made using a Gardner DCOI
meter (Model # GB11-8GM) which uses a Landolt Ring film to quantify the DOL
DOI readings were made by placing the coated piece under the DOI meter and
visually determining the smallest rings which could clearly be distinguished.

The panel was approximately 9mm below the light source. The results are given
in Table 10.1.

Table 10.1 Evaluation of clear film properties.

Sample | Gloss 200/600/850 | DOI Bubbles/mm?2
13 58/74/84 25 184
] .14 73/77/89 60 |- 80
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atings or films. The clear conposition n
Ftenperature or at el evated 25 tenperatures. Pr
@ at ure fromabout 20[err]C to about, 250[err] C.
-herel n is defined as substantially sphertcal gas-fill ed occlusions in the
dried filmwhich are typically 10-20 microneters in radius. The m crofoam
occl usi ons | ack t ncy N r h t
conposi tion bef oé Hfﬁkq 80%@%5?%21[ | aﬁe@@ ih §gﬁﬁtp| §ei\(lj@|(ﬁft gﬁ‘éﬁﬁ#e
conposi ti on. ,cfBeis" anﬁamfl@&“&n!@rpcw&@menasmugé@ﬁs\?)@ﬁgr eind ias ddepeimtnsbley

counting the nunb el&fw@ugbblsg%ﬂ,pg a3sgjreeri’divaaief. the applied

:x AMPLE 11. Preparation of waterborne polymeric composition containing
smulsion-polvmerized polymer admixed with smaller part'cle size emulsion-

oolymeri ized polymer

Prenaration of samples 15-16.

Preparation of the emulsion polvmer blend for sample 16. A blend of the

latex prepared for sample 6 (particle diameter, d=128 nm) and latex a (34nm) were

used in sample 16.

Preparation of latex a. Ir a 5-gallon stirred reactor 7,250 g DI water and 300.8 g
(289 active sodium lauryl sulfate) were heated tc 85°C. A solution of9.07 g
socium carbonate in 102.4 g DI water was charged to the reaction followed t= the
additon of 22.94 ¢ ammonium persulfate dissolved in 126.5 g DI water. Two

inutes later, a g- dual addition of the monomer emulsicn was degun at a feed
rate of 53 g/1J minutes. After 20 minutes minutes, the feed rate was increased to
120 g,/..L-m.:e A batch temperature of 8522°C was maintained throoghout a 105
minute gradual addition feed period. The monomer emulsion consisied of
4529.7 g DI water, 44.71 g (’78‘“» active sodium lauryl sulfate), 4469.3 g methyl
meth crvlate 845.54 g isobuty! methacrylate, 483.2 g styrene, 241.6 g methacrylic
acid. On completion of the monomer emulsion feed, the batch was held for 30
minutes at 85£2°C before cooling to 60°C. A redox chase was added and the batch
was neutralized to pH = 7.5 with aqueous ammonia. The final product had a
weight "/o solids of 32.3 and a particle size of 34 nanometers.

The emulsion-polymerized addition polymers for samples 15 and 16
described above were mixed with the ingredients listed below added in the order
shown.
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- 8- wat;érbo-:ne conposi t'i on, usi ng' an optical r.n'_crosc'ope under 70X
magni fi cati on.” The absol ute anount of mcrofoamis infl Feﬂggq QﬁéﬁﬂisaéEEN
S SUCR-SCaAcES"

~equi pnent, spray conditions, and environ tal conditio o
exanpl e, tenperature, humidity, and air flow. The nethod_for redacipg——-—I
m crof oam of this invention relates to the reduction of the anount of
m crof oam 5 observed in a spray-applied clear coating relative to the
anount of m crof oam observed in a conparative sanple prepared under the

same conditions. Thedfghpewiiig exanples are intended to ilSpspleat® t he
met hod for reduci ‘ poﬁ‘,m?UPtsa%pl@ grofoamin a ?%QVEF}RH!_'E%. %&_%Hﬂf;f&es

pol yneric coh%‘%gl

+ 11.6g Ektasolve™ EB : +38g Latex a

+ 39g Ektasolve™ DB + 11.6g Ektasolve™ EB
+ 20.8g Water + 3.9g Ektasolve™ DB
+ 2 ¢ Acrysol™ RM-322 + 57.6g Water

Finalv solids 32% S + 2g Acrysol™ RM-825
#2 Zahn Viscosity 22seconds Final solids 27.7%

#2 Zahn Cup Visc 22 sec

EAAMPLE 12. Evaluation of waterborne polymeric composition containing

emulsion-polvmerized polymer admixed with smaller particle size emulsion-

polvmerized polymer

Sprav properiuas were evaiated by sprayving one coat of each of Samples

v
-
-
(=

15-Tc over

biack giass substrate. The coats were applied using a conventional

suction-ieec sprav gun (DeVilbiss MBC) with an EX tip and a #30. The gas

ressure was 43 psi. The paneis were spravaed and dried at 909F/15%RH. The

wm

g .13

ubcle densiiy was evaluated using a 70X microscope and counting the number

- P
'3
-

ubbies per square mun in the final dried film. Gloss Readings were made with

(o8

Q

a Bvk Labotron gloss unit at 200, 600, and 85° angles of incidence. Distinctness of
image readings were made using a Gardner DOI meter (Model # GB11-8GM)
which used a Landolt Ring {ilm to quantify the DOL DOI readings were made by
placing the coated piece under the DOI meter and visually determining the
- smaliest rings which could clearly be distinguished. The panel was
approximately 9mm below the light source. The results are given below in Table

]

Table 121 Evaluatign of apray-applied clear films

Sample | Gloss 200/600/850 DOt Bubbles/mm?2
15 39/60/73 20 248
I6 110/91/91 80 0
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Sanpl es for GPC nol ecul ar -wei ght det erm nai on were prepailed byﬁgpﬁﬁgtfgl ng

25 ng. 15 of soluble polyner in disthlded, reagent grade
concentration of - 2.4 ng/mM by shaki ng"for 24 hours. A sanple volunme of 0.1
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calibrati g}t ) ?Q@da%ﬂt};ﬁg iRedieneach sanpl e using pol yrret hyl
met hacryl ¥and da anal ysi s was accorrpl I shed wi-th _

XAMPLE 13. Preparation of waterborne polymeric composition containing a
A i . . - . . .
\ultistaged emulsion-poiymerized polymer admixed with smaller particle size
mulsion-polymerized polymer -

Sample 17 contains the multi-staged emulsion-polymerized addition
yolymer prepared for sample 13 (particle diameter, d= 147nun) ; whereas, Sample
.8 contains the multi-staged emulsion-polymerized addition polymer prepared

‘or sample 13 (particle diameter, d= 147nm) and latex a (particle diameter,
i=34nm) in the compositions presented in Table 13.1.

Izole 131 Composition of samples 17-18.

Sample I8
20Cg emui. pol. for sample 13 66g emui. pol. for sample 13
+ 13.3g Ektasolve™ EB +9.15g Latex a
+ 4 4g Ektasolve™ DB | . + 4.39g Ektasolve™ EB
+ 9.0g Water + 1.45g Ektasolve™ DB
+ 0.27g Acrysol™ RM-825 + 2.97g Water
Final solids 39% 0.09g Acrysol™ RM-823

#2 Zahn Vlscomv 20seconds Final solids 38%
o 18 sec #2 Zahn Cup Visc

EXAMPLE 14 Preparation of waterborne polymeric composition containing a

multistaged emulsion-polymerized polymer admixed with smaller particle size
emulsion-polymerized polvmer

Sprav-applied waterborne composition properties - microfoam, gloss and
distinctness of image were evaluated by spraying one coat of each of samples 17-
18 over a substrate. The coats were applied using a conventional suction-feed
spray gun (DeVilbiss MBC) with an EX tip and a #30. The gas pressure was 45 psi.
The panels were sprayed and dried at 949F/26%RH. The bubble density was

evaluated using a 70X microscope and counting the number of bubbles per s uare
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a Hew ett-Packard HP-1000 conputer running RTE-A Part_i‘ CTRISHHEET HAS BEEN
Determ nation The particle diameter of -the particles wis det RERLASHDUSI Nngj
Br ookhaven BI-90 25 Particle Sizer. which eml oys a ligh —=
techni que. To neasure the particle size a Sanple of 0.1 to 0.2 grans of as
i s aqueous di sperpErets waese dpraMestand daiados 94 /266, ] The bubbldddhsity W aed

Capped. | The. parhiared Qs o X HAERRCED: 3 Riting e Slmpdl of Bultfled BEF square

repeat ed t hree nti ifeheainak fReedVilitg&less Rendingsaversmads withor Byl Laitptron gloss
jnit at 209, 609, and 859 angles of incidence. Distinctness of image readings were
nade using a Garcner DOI meter (Model # GB11-8GM) which used a Landolt
ng fiim to gquantify the DOL. DOI readings were made by plécing the coated
siece under the DOI meter and visually determining the smallest rings which
could cleariy be distinguished. The panel was approximately 9mm below the -
light source. The results are given below in Table 14.1.

Table I4.1 Evalation of spray-applied clear composition

Sampie | Gloss 200/600/850 |DOI Bubbles/mm?2
17 SR/74/84 25 184
18 1106:/88/90 85 7

The admixture of the small particle emulsion poiymer with the
watarborne peivmeric composition as exemplified in sample 18 of this invention
causes a significant improvement in gloss, DOI, and a drop in bubble density
relative to sample 17 of this invention. '
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:@‘ A& eparation of emul sion-polynerized ad
anpl e'A: To a 4-neck, 3-liter stirred reaction flask

contai ning 722.1 ]g Dl_water and 62.4 g SOdI um gl kyphen sul fonate (23%
P RHbagR? BATEGTE PORES

active) at 85[®r¥

€2 5'~ KRV, CRRé T L WAlPOOERE

compos::0r l.aving reduced rmcrofoam the method comprising:

aI‘IC

(a) forming saic Jzar composition comprising:
(" ar. emuision-poivmerized addition polvmer having a GPC welght
average moigtular weight of less than 75,000; or

¢ emulsion-polymerized addition polymer particles having
an inner Znase and an outer phase; the said outer phase having a GPC weight
averzg: moiecular weight of less than 200,000 and/or an average particle

diams:sr Trom 130 nanometers to 250 nanometers;

(0" appiving saic clezr composition to a substrate using a spraying method: and

2. TRz metnod of ciaim i, wherein said emulsion-polymerized addition polymer
o zre. (a7} mz:a GFCZ weight average molecuiar weight from 10,00C to 75,000,

3. The m=:thoc of daims I or 2, wherein said emulsion-polvmerized addition
po.mer o stes {2,i) has an average particle diameter from 130 nanometers to
25{ ~aznomezers

4. The method o7 ciaims i, I or 3, wherein said clear composition further
comprises rom 5% to 30%. by dry weight based on dry weight of said emulsion-
polymerized _adcition polymer, of an emulsion-polymerized polymer having an
average particie diameter less than 0.5 times the average particle diameter of said
emulsion-polymerized addition polvmer.

5. The method of claim 4, wherein said clear composition comprises from 10% to
20% of said emulsion-polvmerized addition polymer. |

6. The me:hocl of any one of the preceding claims wherein said outer phase of

EERY

7. A substrarte bearing the spray-applied clear waterborne polymeric composition
as defined in any one of claims 1-6.

8. A clear waterborne polymeric composition as defined in claims. 1-6.

Sheet Has Been Replaced
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with 17 5""@" DI water, 1.82 g anmoni um persul fate di ss ﬂ_?gsli_{ﬂ:[:ﬁ.’QQ\SDBEEN ‘ _
wat er, and-2.73 10 g sodi um carbonate dissol ved i.n 354 |:3I;L5\1@;tambwerel .

introduced in successi on. After a té6m nute del ay, a‘geacuat—ado of
il

Feed 1 a f nt
conpl et i O%Hﬁﬁggﬁémgl gﬁq}ei?m@?boén%gfs %Yjﬂ, IJ%{EPEJ C?’@ARW&?EIQ dl?ﬁ%

al kyl phenyl sul f on&QMEQSITIRNIRAVINGRED MICREAEOYS! Myl ate, 353.6 ¢
met hyl nethacrylate, 45.3 g n-butyl acrylate, .and 45.3g nethacrylic acid.
Feed 2 was 0.46g 15 anmoni um persul fate dissolved:in 56g DI water. A batch
tenperature of 85 2[err]C was nmintained throughout the feed period. On
conpl etion of Feeds 1 and 2, the batgérpaschel d for an additional 30
mnutes at 85 2[err]C before cool i ng. Two redox chasers were added at
65[err] C. The final reaction m xture was neutralized to pH=7.4 with 28%
aqueous ammoni a. o

A method for producing a spray-applied clear waterborne polymeric
composition having reduced microfoam is provided. The clear composition
contains certain emulsion-polymerized addition polymers or certain multi-
staged emulsion-polymerized addition polymers, and is spray-applied to a

3 substrate. Also provided is a .substrate bearing the spray-applied clear
composition.
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The l.atex had a weight % solids y Br dicyﬁﬁ?ie‘f“aﬁ“#@"&@ﬁﬁ:y f
¥8 nPas (cps) and 20 a particl ers. Prepa]zalgfw 996
enul si on- pol yneri zed addition ) ive SR R S [ i
di spersion was prepared accordi'f e above met hod ' [ The exce Ti on
that 4.54 g n- dodecyl mer capt an was aglded to the 1)

after rem)v t ( This dIS rS|on
had a fi naIA F?RA}%@?R'}&égI ég"%‘ﬁ( A{%ﬁﬁ%y éfgg&‘ivtw B@R
(cps), and a partch@OM HTIOMH%W(N@t@EUCEDd}déCBQF@AM

enul si on-pol yneri zed addition polyner for sanple 2: This dispersion was

prepared accorphisgniantionerebiiey t »noRBOd Ter PreARing Aabri Qﬁ: PRAOERE, emul si on

(Feed 1) vas HOdL! L &gt ddiFoAlGh Hatthg fedickadnbizdRsicey! v captan af ter

Waterborne polymeric compositions such as clear or pigmented coatings
are frequently applied to substrates by spraying techniques. Some of the common
spraying techniques used are, for example, air spray, airless spray, air-assisted
airless spray, disc and beil spray, and high volume low pressure spray. In air
spray compressad air is critical to atomize the watgrborne polymeric composition
and to assist in conveying the droplets to the substrate. In airless, disc, and bell
spray techniques the waterborne polymeric composition is atomized by
mechanical means and the droplets are suspended in air on formation. Air-
assisted airless spray is a hybrid of the two spray methods described above
wherein air is used to convey the dropiets which are formed mechanically; and
high volume low pressure spray is another commonly recognized variant of air
spray.

LT "

Waterborne compositions containing water-soiuble or wawzr-insoluble
polymers frec:uently contain microfoam after they are applied to substrates by
various spraying techniques. Microfoam remaining in a dried film formed from
the spray-apolied aqueous composition may detract from the appearance of the
film, particuiarly from the appearancs of a clear, or unpigmented, film .-.'-uc:\.
film maappear to be hazy.

US-A- 4,749,616 discloses a heat-sealable coating compaosition containing an
interpolymer which may be spray-applied as an essentially unpigmented

. composition. The average particle size of the interpolymer component is from
0.03 to 0.5 microns.

US-A.- 5,021,469 discloses a multiphase emulsion polymer having
emulsion polymer particles with an average diameter of less than 200
nanometers. A gloss paint may be formed from the multiphase emulsion
polymer. The gloss paint may be applied by spray coating.

US-A-5,185,396 discloses a polymeric emulsion which may be used as a

binder for a water-based varnish. The particles of the polymeric emulsion are less
than 250 nanometers.

I German Patent Application DE 1619263 discloses a latex for coating needled

i .
l s
\

!
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30 enmul sion kettle charge (25,

pH=7.72, a wei ght % -10- solfi gt B
and a partlcle size of 69 nang Rﬂ?e?;éﬁg i C?
pol ymer s. descri bed above were

1.1 added in the order shown. 5 Tableol. 1

SFEQL@%%&%QE%C s),

y Z$EP 306 tjlon
ghits A g g i'n-Tabl e
.Subﬁxnum_sh.aei__lmm
carpets with synthetic fabric backing. The latex is a styrene/butadiene latex

polymer with a weighted average particle diameter of 0.16 to 0.3 microns which
avoids the formation of bubbles in the coating during drying.

U(?j

None of the references discloses a method for producing a spray-applied
clear waterborne composition having reduced microfoam.

In accordance with the present invention there is provided a method for
producing a spray-applied clear waterborne polymeric composition having
reduced microfoam, the method comprising:

(a) forming said ciear composition comprising:

(i) an emulsion-polymerized addition polymer having a GPC weight
average molecular weight of less than 75,000; or

(ii) multi-staged emulsion-polymerized addition polymer particles having
an inner phase and an outer phase; the said outer pnase having a GPC weight
average molecular weight of less than 200,000 and/or an average particle
diameter from 13C nanometers to 250 nanometers;

(b) applying said clear composition 0 a substrate using a spraying method; and

() causing or allowing said clear composition to dry.

According to a second aspect of the presant inveation there is provided a
substrate bearing the spray-applied clear waterborne polymeric composition with
a reduced amount of microfoam.

A "waterborne polymeric composition” as used herein is defined as a
composition containing an emulsion-polymerized water-insoluble addition
polymer. The waterborne polymeric composition may contain water or 2
mixture of water and at least one water-miscible solvent such as, for example,
isopropanol, ethylene glycol butyl ether, and propylene glycol propy! ether.

‘The emulsion-polymerized addition polymer in the clear waterborne
polymeric composition may be prepared by the addition polymerization of at
least one ethylenically unsaturated monomer such as, for example, acrylic ester
monomers including methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl
acrylate, decyl acrylate, methyl methacrylate, butyl methacrylate, hydroxyethyl
acrylate, hydroxyethyl methacrylate, and hydroxypropyl methacrylate; acrylamide

or substituted acrylamides; styrene or substituted styrenes; butadiene; vinyl
_\
LA
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CARBI TOL -~ 4. |g Butyl CARBFFoE—2&5 ¢ Botyl CE Y tyl
CELLOSOLVE 24.5g Butyl CELLOSOLVE 4.3 g EKTASOLVigkthute sheets ‘B'g/g/gﬁ
EKTASOLVE EEH 4. 3g EKTASOLVE EEH-0.4g 14% ferTt

14% [ er r Jacetate or otherQvinyl) egtass; [véryl] meBos@rgeuahserinyl chloride, vmyhde”ﬂa Og
Vat er chloride, N-vingPp b6 QY aatRRIry(dnigdd o rigdie. (rsdaandks of

Pr oduct § 5PF gi*r%egméstwﬁfgf%ba@wﬁé%%%Lmﬁ{séaﬁéf%‘3‘3&”‘3‘3 fer example,

0.1% - 7%, by weight based on the weight of the emulsion-polymerized polymer,
acrylic acid, methacrylic acid, crotonic acid, phosphoethyl methacrylate, 2-
acrylamido-2-methyl-1-propanesulfonic acid, sodium viny! sulfonate, itaconic
acid, fumaric acid, maleic acid, monomethyl itaconate, monomethyl fumarate,
monobutyl fumarate, and maleic anhydride may be used.

The emulsion-polymerized polymer used in this invention is a
substantially thermoplastic, or substantially uncrosslinked, polymer when it is
applied to the substrate, although low levels of deliberate or adventitious -
crosslinking. may be present. When low levels of precrosslinking or gel content
are desired low levels of multi-ethylenically unsaturated monomers such as, for
example, 0:1% - 5%, by weight basad on the weight of the emulsion-polymerized
polymer, allyl meathacrylate, diallyl phthalate, 1,4-butylene glycol dimethacrylate,
and 1,6-hexanedioldiacrylate may be used. It is imporiant, however, that the
quality of the film formation is not materially impaired.

The glass transition tamperature of the emulsion-polymerized polvmer is
from about 5 to about 85 °C, as measured by differendal scanning calorimetry
(DSC). The- emulsxon polymer samples were dried, preneated to 120 °C, rapidly
cooled to -100 °C, and then heated to 130 °C at a rate of 20 °C/minute while data
was being collected. The Tg was measured at the midpoint using the half-height
method.

~ The ernwulsion polymerization techniques used to prepare such dispersions
are well known in the art. Conventional surfactants may be used such as, for
example, anionic and/or nonionic emulsifiers such as alkali or ammonium alkyl
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
peroxide, t-butyl hydroperoxide, ammonium and/or alkali persulfates, typically
at a level of 0.05% to 3.0% by weight, based on the weight 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.

Chain transfer agents such as, for example, mercaptans are typically used in
-‘—’-—_——_/_,_—_————F_—‘ .
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from Al drich Chem cal Co., |ng=26=E 2 Al uall IgEPLACERBENTVSHERT] ijled
¢l ear wat erborne pol yneric colyprastSHERS HASARBER 1P angl Conpar, Sgge- nmpliles A
and 1 were each spray appliediover BERLAGERI chafry am@dl,laa v%i onal -
suction-feed spray gun (DeVil . cap
was used. The gas pressure was 310.5 X [err] Pa &ibstfifuiite-sHeath 1PA9FO6WaS
sprayed with three coats of one of thé sanples. The panel's were sprayed

under the,s Al ol -@gqgj L ’ Iy d were
dried-i n% %gguégn i&rt' o%ep%ﬁgééé?:@eﬁd& %\é’r‘l I's \ﬁé%ggen%\?g"ué%re‘%gﬁgg‘% "_S?‘?_?és [err]
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gi ven in dedidled 2. theiweighe ayeragk molecular weight determined by high volume gel
permeation chromatograohy (GPC) measured on a THF solution of polymer.

The detailed proceedure is presented herein in the examples.

Q)
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X
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The particle size of the emulsion-polymerized polymer may be from about
40 nanometers to about 1000 nanometers in diameter. Preferred is a partcle
diameter from about 130 nanometers to about 250 nanometers. Particle
diameters less than about 130 nanometers yield spray-2pplied clear films with
greater armmounts of microfoam while particle diameters greater than about 250
nanometers yield spray-applied clear films with a hazy appearance. Particle size
as determined herein is presented in the examples. |

The polymeric composition may be prepared by a multistage emulsion
additdon polymerization process, in which at least two stages differing in
composition are formed in sequential fashion. Such a process usually resuits in
the formation of at least two mutually incompatisle polymer compositions,
hereby resulting in the formation of at least two phases.. The mutual
incompatib'ility of two polymer compositions and the resultant multiphase
structure of the polymer particles may be determined in various wavs known in
the art. Thé use of scanning electron microscopy using staining techniques to
emphasize the difference between the appearance of the phases, for example, is
such a technique.

Polymeric particles formed by multistage emulsion addition
polymerization process are composed of two or more phases of various
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 particles. In
all of these cases the majority of the surface area of the particle will be occupied by

at least one outer phase and the interior of the particle will be occupied by at least
one inner phase. '

A two-staged emulsion-polymerized addition polymer particle with an
outer phase containing from about 20% to about 80%, by wéight based on the total
weight of the particle is preferred. A two-staged emulsion-polymerized addition
polymer particle with an outer phase having a glass transition temperature (Tg),
as determined by DSC, which is at least about 30 °C lower than the Tg of the inner
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phase is also preferred. A multi-staged emulsion-polymerized addition polymer
particle with a particle diameter from 130 nanometers to 250 nanometers is also
preferred. More preferred is a multi-staged emulsion-polymerized addition
polymer particle with a particle diameter from 130 nanometers to 250
nanometers and with an outer phase oolymer which has a GPC weight average
molecular weight less than 200,000.

Each of the stages of the multi-staged emulsion-polymerized polymer may
contain the same monomers and chain transfer agents as disclosed herein-above
for the emulsion-polymerized addition polymer. The emulsion polymerization
techniques used to prepare such dispersions are well known in the art such as, for
example, as are disclosed in US-A- 4,325,856; 4,654,397; and 4,814,373. If necessary,
it is recommended that the skilled man look at these documents.

An additional embodiment of this invention is a clear composition whick
contains, in addition to either the emulsion-polymerized addition polymer or
the multi-staged esmulsion-polymerized addition polymer from 5% to 50%, by dry
weight based on dry weight of the addition polymer, of an additioral emulsion-
polymerized polymer having an average particle diameter iess than 0.5 dmes the
diameter of the addition polymer particles. Preferred is from 10% to 20% by drv
weight based on dry weight of the addition polymer, of an additional emulsion-
polymenzed polymer having an average particle diameter less than 0.5 times the
diameter of the addition polvmer particles.

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

The clear waterborne polymeric composition contains no ingredients
which cause substantial opacity in the dried coating at the applied dry film
thickness, which is typically from about 0.1 mil to about 5 mils. The dried coating
may be applied as one coat or as multiple coats, with or without drying between
coats. The waterborne polymeric composition may contain, in addition to the
emulsion-polymerized water-insoluble polymer, conventional components such
as, for example, emulsifiers, substantially transparent pigments and fillers,

 dispersants, coalescing agents, curing agents, thickeners, humectants, wetting
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agents, biocides, plasticizers, antifoaming agents, colorants, waxes, and anti-
oxidants.

The spray-applied clear waterborne polymeric composition is applied to a
substrate such as, for example, metal, wood, and plastic, using a spraying method.
The composition may be applied to wood such as, for example, wood, sealed
wood, particle board treated with a UV-cured filler, painted wood, and previously
coated wood; or to metal such as, for example, metal, treated metal, metal coated
with an electodepaosited primer, and 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 spra'ying, high volume low pressure spray, and air-assisted
electrostatic spray. In such spraying 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 croplets of the waterborne polymeric
compositibn ara formed in contact with and/or admixed with a gas,
conventionally air. The gas, under pressurs, may be required to atomize the
coating such as, for example, in conventional air spray applications; the gas may
flow towards the substrate and provide for at least some of the conveying of the
atomized composition such as, for example, in air-assisted airiess spray
application; or the gas may be the medium through which the atomized
composition, atdmized by mechanical actior in the prasence of the gas such as,
for example, in airless spray, disc, and bell applications, with or without ‘
electrostatic assistance, moves to the substrate. Occlusions of gas, "microfoam”,
typically are found in the waterborne polymeric composition after its application.
to the substrate. The microfoam is undesirable as it causes haze or opacity in
clear or substantially unpigmented coatings or films.

The clear composition may be dried at ambient temperature or at elevated
temperatures. Preferred is a drying temperature from about 20 °C to about 250 °C.
"Microfoam” as used herein is defined as substantially spherical gas-filled
occlusions in the dried film which are typically 10-20 miczometers in radius. The
microfoam occlusions lack sufficient buoyancy to escape from the waterborne
polymeric composition before they become substantially immobilized in the
applied composition. The "amount of microfoam” as used herein is determined
by counting the number of bubbles in a selected area of the applied waterborne
composition, using an optical microscope under 70X magnification. ‘The absolute
amount of microfoam is influenced by spray equipment, spray conditions, and

- This Sheet Has Been Rer

il |
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nononer errul sion consisting o
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net hacrylate, 331.8 g butyl acrylate, _and 63.5 g metfracrytrTc acid 1ol Towed
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hours. A ba&&“me same conditions.

The following examples are intended to illustrate the method for

reducing the amount of microfoam in a spray-applied waterborne polymeric
composition.

EXPERIMENTAL METHODS .

;PC weight average molecular weight

Samples for GPC molecular weight determination were prepared by
dissolving 25 mg. of soluble poiymer in distilled, reagent gradeTriF at a
concentration of 2.5 mg./m!l. by shaking for 24 hours. A sample volume £0.1
ml. of the polvmer system was injacted onto a Tyoe A {20 micron) gel column &0
cm. in length presared by Polymer Laboratories; a flow rate of 0.6 ml./min. was
used. The sampling rate was 2.3 points per min. Data acquisition was by a
Hewlett-Packard HP-3852 computer. Moiecular weight calibration was carried out
before each sample using polymethyl methacrylate and cata analysis was
accomplished with a Hewlett-Packarc: HP-1000 computer running RTE-A.

. Particle Size Determination
The particle diameter of the particles was determined using a Brookhaven
BI-90 Particle Sizer which employs a light scattering technique. To measure the
particle size a sample of 0.1 to 0.2 grams of as is aqueous dispersion was diluted to
a total of 40 cc with distilled water. A 2 cc portion was delivered into an acrylic
cell which was then capped. The particle size was measured for 1000 cycles. The

measurement was repeated three times and the average of three values was
reported.
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tenperature of 85-86C was muaintai ned throughot he ﬂer%R?%%EF d
period. On -12- conpletion Eg%é FLES deem Pat cf) was '80'8 B erlr] C
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for 30 m nutes before cooling @EDAt 65||C, v%at‘?e Easer@ re
added. The batch was neutrallz aqueous anmmoni a, a bioci de

was added, and the batch was dil uted W|th 108h5 gg;}jbgmgfgrsﬁég{.fwwﬁggd
The product had a final weight %soli&s of 41.6, aBrouokfietd VISCOSITy of

20 nPas . £ A e BRratRIMoPclBAY WhtdrBorteZ ol Phelie 2o RHRIRIR' St g™

wei ght a
J em sxon—po?ymenzed addition polymers of various molecular weights.

Preparation of Samples 1 and 2 and Comparative A.

sample A: To a 4-neck, 3-liter stirred reaction flask containing 722.1 g DI water
and 62.4 g sodium-alkylphenyl sulfonate (23% active) at 85°C, 25.6 g of the Feed 1
monomer emulsion rinsed with 17.5 g DI water, 1.82 g ammonium persulfate
dissolved in 20 g of DI water, and 2.73 g sodium carbonate dissolved in 35 g of DI
water were introduced in succession. After a ten minute delav, a cradual
addition of Feed 1 and Feed 2 werz begun and fed at a uniform rate over 3 hours
until completion. Feed 1 was an emulsion of 277.4 g DI water, 733 g so'c}ium
alkylpheny! sulfonate(23% active), 462.4 g n-butyl methacrylate, 353.6 g methyl
methacrylate, 45.3 g n-butyl acrylate, and 45.3 g methacrylic acid. Feed 2 was 0.46 g

ammonium persulfate dissolved in 56 g DI water. A batch temperature of 85
2°C was maintained throughout the :eed period. On completion of Feeds 1 and 2,
the batch was held for an additional 30 minutes at 85 = 2°C before cooling. Two
redox chasers were added at §3°C. The final reaction mixiure was neutralized to
pH= 7.4 with 28% aqueous ammonia. The latex had a weight % solids content of
42.3, a Brookfield viscosity of 78 ¢ps, and a particle size of 75 nanometers.

Prana w'xon of 2mulsion-:

dispersion was prepared according to the above method with the exception that
4.54 g n-dodecyl mercaptan was added to the monomer emulsion (Feed 1) after
removal of the initial kettle ME charge (25.6g). This dispersion had a final pH =

7.4, a weight % solids of 41.4, a viscosity of 62 cps, and a particle size of 73
nanometers.

Preparation of emulsion-polvmerized addig' ion polvmer for sample 2: This
dispersion was prepared according to the above procedure except that the
monomer emulsion (Feed 1) was modified with the addition of 9.1 g n:dodecyl
mercaptan after the initial monomer emulsion kettle charge (25.6g) was
removed. 'I'he final latex had a pH=72,a weight % solids of 41.4, a viscosity of 58
cps, and a parncle size of 69 nanometers.

‘The emulsion-polymerized addition polymers described above were mixed
with the ingredients listed in Table 1.1 added in the order shown.
_—
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wei ght was 50, 000. Preparation of enul 5| on_Pag _‘ for
conparative sanple B: In a 5-fFrefr, 4 ’ hy fled nle ct| f mm . 39
of DI water and 124.9 g sodi . . gnat & ASaEnF\?J re
heated to 85[err]'C. A nononer e consi Stl ng of 51.3 g of

Feed 1 was added to the kettls; ovgadby t he agdgbstifite ¥hedt 63 Zy9#@G0ONI um
persul fate dissolved in 40 g DI water and 5.46 g sodium car bonate di ssol ved

in 70 g DI water. Five mnutes |later, a gradual addition of Feed 1 and Feed
2 were started at a uniformrate and fed to conpl etion over three hours.
Feed 1 was an enul sion consisting of 554.9 g DI water, 15 14.52 g sodi um

al kyl phenyl sul fonate (23% active), 924.7 g butyl nethacrylate, 493.2 ¢

met hyl nethacrylate, 331.8 g butyl acrylate, and 63.5 g nethacrylic acid.
Feed 2 corrsibid efl.l -

Comp. Sample A Sample 1 Sample 2
200g Polymer 200 g.Polvmer. 200 g. Polymer

.~ 42g TBEP 4.2g TBEP 4.2g TBEP
4.1g Butyl CARBITOL 4.1¢ Butyt CARBITOL 4.1g Butyl CARBITOL
24.5g Butyl 24.5g Butyl 24.5g Buryl
CELLOSOLVE CELLOSOLVE CELLOSOLVE
43g EKTASOLVEEEH 4.3gEKTASOLVEEEH 4.3g EKTASOLVE EEH
0.4g 14% NH40H O4g 14% NH4OH Q.4g 14% NH4OH
59.3 g Water $27.0 g Water 22.0 ¢ Water

CARBITOL and CELLOSOLVE are trademarks of the Union Carbide Corp.
EKTASOLVE is a trademark of Eastman Chemical Products Corp.
TBEP was tris(2-butoxyathyl) phosphate {rom Aldrich Chemical Co., Inc.

EXAMPLE 2. Evaluation of spray-appliad clear waterborne polymeric
compositions.

Samples 1 and-2 and Comparative sample A were each spray applied over
a stained cherry panel. A conventional suction-feed sprav gun (DeVilbiss MBC)
with an EX tip and a #30 air.cap was used. The gas pressure was 45 psi. Each
panel was spraved with three coats of one of the samples. The panels were
sprayed under.the same temperature and humidity conditions (97°F/25%RH)
and were dried in these conditions. - The dried panels were evaluated for gloss
(200/ 600/ 850), and microfoam density (bubbles/mm2). The results are given in
Table 2.1 below. Also given in Table 2.1 is the M for each of the emulsion
polymers in this study. The gloss was measured with 2 Bvk Labotron gloss unit,
and the bubble density was determined by counting the bubbles using 2
microscope. Mw was determined using high volume gel permeation
chromatography.
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ef 0.91 g ammoni um persul fate di ssol ved in 111 g DI v%hgpLAfﬂaﬂEmtsﬂiemas
hel d "at 85 [err] 2[err]C thr qugheut—tire=dH Fatron of thefec@ @]ﬁ
conpl etion of the gradual adg has he (;bafeoi___ r§ i.on I
30 minutes at 85C and then cd E §dox s—were—udd d.
The product was neutralized t 6 W Th -28% aqugopist a

final weight %solids of 41.0, a Brooki el d vi scos—n—t—y—t'atj Hé 1 /Q and

a particle size of 74 nanoneters. The enul sion-pol ymeri zed addition
pol yners descri bed above were m xed with the 25 ingredients |isted bel ow,

added in thgleriiér EvhbwmionCofpaictafvemSarpsiey B Sanpl e
10 200 g emnul si on polyner : 200 g enul si on pol yner
Sample |Bubbles/m Gloss % Mw(x100
m _ Solids 0)
Comp.A 196 [26/667} 28.5 310
' 78
1 188" 52/83/7| 31.3 103
_ 90 ;
2 20 59/85/| 31.9 43
: 90 '

Samples 1 and 2 of this invention exhibit superior gloss and microfoam
density when compared to Comparative sample A

" EXAMPLE 3. Preparation of clear waterborne polymaeric compositions containing
emulsion-polymerized addition polymers of various particle sizes.

Prenaration of Sammnles 3-9.

-

In a 3-liter, 4-neck siirred :e'\c“xcm flask, 12243 g of DI water and 124.9 g sodium
alkylphenyl sulfonate (23% active) was heated 10 85°C. 3513 g of Feed 1 was added

to the kettle, followed by the addition of 3.63 g ammonium persulfate dissolved
in 40 g DI water and 5.46g sodium carbonate dissolved in 70g DI water. Five
minutes later, a gradual addition of Feed 1 and Feed 2 were started at a uniform
rate and fed to completion over three hours. Feed 1 was an emulsion consisting
of 554.9g DI water, 14.32g sodium alkylphenyl sulfonate (23% active), 924.7g butyl
methacrylate, 493.2g methyl methacrylate, 331.8g buty! acrylate, and 63.5g
methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved in
111g DI water. The batch was held at 85  2°C throughout the duration of the
feeds. On completion of. the gradual additions, the batch was held for an
additional 30 minutes at 85°C and then cooled to 65°C. Two redox chasers were
added.” The product was neutralized to pH= 7.6 with 28% aqueous ammonia and

had a final weight % solids of 41.0, a Brookfield viscosity of 57 cps, and a particle
size of 74 nanometers.

jon ion-nolvmeri addition polvmer for sample 4: A 4-neck,
S-liter stirred reaction flask containing 1514g DI water and 55.17g sodium alkyl
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11
phenyl sulfonate (23" active) was heated to 85°C. 51.3g of the Feed 1 monomer
emulsion, 3.63g ammonium persulfate dissolved in 40g DI water, and 5.46g
sodium carbonate dissolved in 70g DI water were charged sequentially. Aftera s
minute hold period, a gradual addition of both Feed 1 and Feed 2 was started and
fed to completion at a uniform reed rate over 3 hours. Feed 1 was an emulsion
consisting of 485.2g DI water, 85.2g sodium atkylphenyl sulfonate (23% active),
924.7g butyl methacryiate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and
63.5g methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved
in 111g DI water. A batch temperature of 85 = 2°C was maintained throughout
the gradual addition feed period. On completion of the feeds, the batch was held
at 85+2°C for 30 minutes before cooling to 65°C. At 63°C, two redox chasers were
added. The batch was neutralized o pH=7.9 with 28% aqueous ammonia. The
product had a final weight % solids of 41.1, a Brookfield viscosity of 31 cps, and a
particle size of 92 nanomaetars.
Preparation of emulsion-polymerized addition polymers for samples 5-9: The
addition polymers were preparad according to the procadure gi'ven in praparation
of emulsion-polymerized addition polyme: for sample 4 herein-above with the

exception that the kettle water, surfactans, and Féed 1 monomer emulsion
charges were as specu_ec in Table 3.1 along with the characterization of each of
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air-sprayed over various 10
bubbl e density was eval uat ed
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The

bubbl es/ M2 was counted in tHh e e _e
Table 4.1 Table 4.1 M cr of oam neasur enent 15 &t {eesﬂé I‘w /gdqi ze

Bubbl es/ mr{ err] (various substrates)l@ ass Paper ' Met al
Plastic 3 - 159 0 _ 0 0
Conp. B le 37 28 17 6 . 20

Polymer for: Sampled Sample6 .,Samgle‘.:" Sample® Sampled

lmiti‘al Kerttle Charges

surfactant(l) 33.5 15.8 11.8 5.9 4.0
DI Water 1514 i>14 1514 1314 1514
ceed 1 '(Monomer Emulsion)

DI Water 485.2 485.2 485.2 485.2 485.2
surfactant(l) 84.2 84.2 88.2 94 .1 96.0
BMA 924.7 924.7 924.7 924.7 924.7
MMA 493.2 493.2 493 .2 493.2 493.2
BA ' 331.8 331.8 331.8 1.8 331.8
MAA. 63.3 63.5 63.3 63.5 63.5
% Total Solids 41.3 41.2 41.6 41.4 41.3
pH 7.5 7.7 7.9 8.0 8.1
Visc,cps 20 14 18 20 18
Part. Size, nm 107 i28 140 168 200

(1) surfactant = sodium alkvlphenvl sulfonate (23% active)

Under aood aw*ahon, the pH of eac emulsion polymer of this exampie
was raised to 8.5 with 14% NH3. The coalescent, a premixtura of 3 paris Butyl
CELLOSOLVE/ 1 part butyl CARBITOL, by weight, was added to the well-stirred
emulsion polymer. The formulated sample was aged for 18 hours.

A norionic urethane thickener, ACRYSOU RM-825 (Acrysol is a trademark
of Rohm and Haas Co.) was added in an amount sufficient to raise the v1sc051tv
to a range of 20-23 seconds (¥2 Zahn cup).The specific quantities of emulsion

polymer, coalescent, and associative thickener for each sample are listed in Table
41.
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spray-applied to various subs : ok, 1o I MOf
m cr of oam conpared to conpar atji &S T L E}{SDater.. ;ge\r o of

wat er borne pol yneric conpositions cBRPRAGE [

enul si on-pol yneri zed ‘addi ti on YIer at vari ous @Jﬁgtﬁd_,@ §hg@£s. 1?59/96
Preparation of Sanple 4-5 and ConparalBve Sanpl e €-Preparatiom of

rSm:H-eftaged eﬂgl S|Fp_ﬁ?§lglu¥’ge ersqn'ﬂﬂgét 9n pol ymer for sanple 4. A 4-neck,

|rre reac Iask containing 1085 g DI water and
1.33 g of ‘a 58% anmoni um al kyl phen0xy ol yethlyl eneoxy sul fate surfactant was
heated to ®Ehgter] C. ZoSolids geredie, dohickehenat e di ¥ésdoséty in 75 g

DI water and 4 g amﬁpl&mnsfaulfa@&msﬁls gkypd)in 20 g B npr were
he ba

added in 03rder toch terrp.ebr@t te was a Bﬁt ed to 85[e£rz]C
4 41,1 1500 15.4 0.56 21
5 41.3 158.0 16.4 130 22
6 41.2 1500 15.5 1.31 20
7 41.6 1500 15.6 2.19 20
8 41.4 1500 15.5 2.47 20
9 41.35 1500 15.6 2.44 20

A

4. Evaluation of microfoam using emulsion-polvmerized polymers of
various particle sizes.

Samples 3-9 were sprav-applied (one coar over black glass, =4.5 ruls
wet) at 85°F, 20% relative humidity. The panels were allowed to dry under the
same conditions. The bubble concentration was measured using an optical
microscope.

Table 42 Determination of microfoam in sprav-applied samples

Sample | "~ Particle size (nm) bubbles/mm2
3 ) 74 80

4 92 11

S 107 13

6 128 = 74

7 140 0

8 168 0

9 200 S 0

Samples 3-9 exhibit reduced microfoam spray-applied clear waterborne
compositions containing an emulsion-polymerized polymer having a particle
size greater than about 130 nanometers.

EXAMPLE S. Preparatxon of waterborne polymeric composition
Preparation of Sample 10 and Comparative Sample B.
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t to
m nutes.. Sinultaneously, the ChfBd8 SHEETIRADBERMY| st §rt ed ataaSE% f
g/ 10 mi nutes. The batch tenperature RERLAREDt ai ndfl afl '88° -2f-ert] Cousi it h
stage 1 feed period. On conpl etion of The addr tTohgsthGed sKeet L 19/ ed
Initiator feed was 5 interrupted-and i%e batch was—tretd—at—85—2ferrjC for

30 minutes. After the hold period, the addition of the Stage #2 ME was

started aw_ﬁ_g’gfo?eeqnddgiotni-aélqhé%HtJMti%%Jlg?éHm;@&e 10: A 4-neck,
5-liter stirred reaction flask containing 1514g DI water and 7.87g sodium alkyl
phenyl sulfonate (23% active)was heated to 85°C. 351.3g of a monomer emulsion
consisting of 485.2g DI water, 91.2g sodium alkylphenyl sulfonate (23% active),
924.7g butyl methacrylate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and
63.5g methacrylic acid followed by a rinse of 35 g. DI water , 3.63g ammonium
persulfate dissolved in 40g DI water, and 5.46g sodium carbonate dissolved in 70g
DI water were charged sequenitially. After a 3 minute hold period, a gradual
addition of both the remaining monomer emulsion to which 18.2 g. n-dodecyl
mercaptan had been added and a solution of 0.1 g. ammonium persulfate
dissolved in 111 g. DI water was started and fed to compietion at a uniform feed
rate over 3 hours. A batch tenﬁperature of 85 -86°C was maintained throughout
the gradual addition feed period. On completion of the feeds, the batch was held
at 85°C for 30 minutes before cooling to 63°C. At 65°C, two redox chasers were
added. The batch was neutralized with 11.7 g. 28% aqueous ammonia, a biocice
was added, and the batch was diluted with 108.5 g. DI water and filtered. The

7
e

REPLACEMENT SHEET after which a gradual addition of f e #L
initisated at a uniformrate arC]:E e E:?é’wﬁm fg?%irll?
D .
133y

product had a final weight % solids of 41.6, a Brookiield viscosity of 20 cps,
pH=7.99, and a particle size of 159 nanomaetars. The GPC waight average
molecular weight was 50,000.

sodium alkylpheny! sulfonate (23% active) were heated to 85°C. A monomer
preform seed charge consisting of 51.3 g of Feed 1 was added to the kettle,
followed by the addition of 3.63 g ammonium persulfate dissolved in 40 g DI
water and 5.46g sodium carbonate dissolved in 70g DI water. Five minutes later,
a gradual addition of Feed 1 and Feed 2 were started at a uniform rate and fed to
completion over three hours. Feed 1 was an emulsion consisting of 554.9g DI
water, 14.52g sodium alkylpheny! sulfonate (23% active) , 924.7g butyl '
methacrylate, 493.2g methyl methacrylate, 331.8g butyl acrylate, and 63.5g
methacrylic acid. Feed 2 consisted of 0.91g ammonium persulfate dissolved in
111g DI water. The batch was held at 85 = 2°C throughout the duration of the
feeds. On completion of the gradual additions, the batch was held for an
additional 30 minutes at 85°C and then cooled to 63°C. Two redox chasers were
added. The product was neutralized to pH= 7.6 with 28% aqueous amunonia and

had a final weight % solids of 41.0, a Brookfield viscosity of 57 cps, and a particle
size of 74 nanometers.
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of 272.9 g DI water, 12.34 g of a 58% Acti ve sol utomof—ammonum
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Initiator was gogpgsechudfiod godymmeni um per s20Dageediuisiohvedlymed00 g DI

water. The 154 g EKTASOLVE EB . 15.6 g EKTASOLVE EB
5.1 g EKTASOLVE DB 42 g EKTASOLVE DB

2.9 g deionized H20
222 g ACRYSOL R\/I 825
37% - final % solids = 37%

sac. #2 Zahn final vise. = 21 sec.#2 Zahn

final % soli ds
final visc. = 2

-
b

EXAMPLE 4. Evaluation of microfoam in spray-applied waterborne polymeric
composition ' '

One coat of sample 10 and comparative sample B were each aiz-sprayed
over various subsirates at 92°F and 39% R.H. The bubble density was evaluated
using a 70X microscope 2nd the number of bubbles/mm2 was counted in the
dried film. The results are presented in Table 6.1

Table 6.1 Microfoam measurement

Sample Particle Size Bubbles/mm2 (various_ substrates)

‘Glass Paper Metal ~ Plastic
10 159 o 0 0 0
Comp.B 74 28 17 6 20

Waterborne polymeric composition sample 10 of this invention spray-
applied to various substrates exhibits superior, lower levels of microfoam
compared to comparative sample B.

EXAMPLE 7. Preparation of waterborne polymeric compositions containing
multi-stage emulsion-polymerized addition polymer at various particle sizes

1-12 arative Sa

Preparation of multi-staged emulsion—polvmerized addition polymer for sample
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163nm - 20 Preparation of nult
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order. The batch temperature was adjusted to 85°C arter which a gradual addition
of stage #1 ME was initiated at a uniform rate and fed to comgpletion to the kettle
aver 112 minutes. Simultaneously, the Cofeed Initiator was started at a rate of 3.7
g/10 minutes. The batch temperature was maintained at 8552 °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 temperatxn-:e of 85£2°C. When all feeds were-
completed, the batch was held at temperature for 30 minutes. The reaction was
then cooled to 65°C. Two redox chasers were added. The batch was neutralized
with ammonia and a biocide was added. The Stage #1 ME consisted of an

emulsion of 272.9g DI water, 12.3+ g of a 58% active soiution of ammonium
alkylphenoxypolyethyleneoxy- sulfate surfactant, 620.7g buiyl acrylate, 275.94g
methyl methacrylate, and 38.2g meathacrylic acid. The Stage #2 ME consisted of an
emulsion of 272:9g DI water, 7.57g of ammonium alkviohenoxy-polvethyieneoxy
sulfate surfactant (58% active solution), 310.5g methy! methacrylate, and 11.7g
methacryhc acid,” The Cofeed Initiator was composed of 2g ammonium
persulfate dissolved in 100 g DI watar. "'he procuct had a final weight % solics of
44.8, a pH = 8.1, a Brookfield viscosity of 32 cps, and a particle size by Brookhaven
BI-90 of 163nm.

Preparation of multi-staged emulsion-polymerized addition polymer for sample
12. The method of the preparation of multi-staged emulsion-polymerized
addition polymer for sample 11 was repeated with the following changes: 0.53 g of
38% surfactant solution was charged to the reactor. Stage 1 ME was stabilized
with 12.8 g of the surfactant solution and the Stage 2 ME contained 7.9 g 0f the
surfactant solution. The product had a final weight % solids of 44.3, a pH of 7.9, a
viscosity of 33 cps, and a particle size of 249am.

mm;za:anxe.s.amglg_c The method ot the preparation of muln-ataaed
emulsion-polymerized addition polymer for sample 11 was repeated with the
following changes: 42.48 g of ammonium alkylphenoxypolyethyleneoxy sulfate
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the reactor. Stage 1 was -1
4.03 g of 58% surfactant. The |

apH = 7.5, a Brookfield vi scosMy of 250 nPas (cps &ﬂ‘ﬂ I 939 id
size of 77 nm(Brookhaven BI-90). 5 17 The Sub 5 sf)b@f" 1979).
pol yners d% ) ng\éﬁaW%Heto%é?élmé%:t I~St"'tQ@l was emulsxfled with 6.59 g and

pol ymer for sanple 4 was repeated-with_the fol I owi n BERDYCSMENT SHEEY ‘
ammoni um 30 al kyl phenoxypol yet an%@ Aé

= " AP R WI

finall

Sl:age2 with 4.03 g of 58% surfactant. The product had a final weight % solids of
4439 %'z.‘pH-7 S, a Brookfield viscosity of 250 cps, and a final particle size of 77 am
(Br aven BI-90). '

.. The emulsion-polymerized addition polymers described above were mixed
'thh the ingredients listed below addad in the order shown.

Comparative sample C amople 11 .
200 g emulsion polymer 200 g emulsion polymer
12.8 g EKTASOLVE EB 1283 g EKTASOLVE EB
43¢ EKTASOLVE DB 43¢ EKT-\SOLVE DB
8.0 g deionized H20 9. 8 g deionized H20

0.17 ¢ ACRYSOL RM 825
final % solids = 39% final % solids = 39%
final visc. = 26 sec. #2 Zahn. final visc. = 22 s2¢c. #2 Zahn
Sample 12

50 g emulsion polymer
14% NH3 added 1o pH 8.5
3.2 g EKTASOLVE 2B
1.1 g EKTASOLVE DB

" EXAMPLE 8. Evaluation of waterborne polymeric compositions containing:
multi-stage emulsion-polymerized addition polymer at various particle sizes

One coat of each of sample 11 and comparative sample C were air-sprayed.
over black glass The bubble density was avaluated using a 70X microscope and

the bubbles/mm2 were counted in the dried film. The results are given in Table
8.1.

Table 8.1 Microfoam evaluation

Sample Particle Size(nm)) Bubbles/mm?2
el 94° F 39% RH 96°F 34% RH

1 1;& . 1 63 - 17 11

CompiC. 67 77 : 105
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i-ngredients listed bel ow added in the order shown. mmmma<

8 g EKTASCLVE EB

N

Sarrple 4 200 g emnul sion pol ymer EH@ SHE&&@&)%EENE]L&

4 3 g EKTASCLVE DB 8.0 g dei onl_ 9.
g ACRYSOL RM 825 final %solids = 39% flg@ll,st%ugé)lshgét_:ﬁﬁg’yglé
final visc. =26 sec. #2 Zahn fing gvisc. =22 sec—H#HZZahm Sampte 5 —

Waterborne polymeric composition sample 11 of this invention exhibited
lower amount of microfoam, i.e., superior performance, when compared to
compérative sample C.

A film of samples 11-12 and comparative sample C were drawn down over
black glass using a 5 mil draw down bar. Gloss readings were made using a Byk
Labotron gloss unit at 20°, 60° and 85° angles of incidence. The minimum film
formation temperatures (MFFT) were dete... ined on an S:.:OOO MFFT bar. Data
are presented in Table 8.2.

_.:I'ablc 8.2 Evaluation of gloss and MFFT

Sample  Particle Size  MFFT of - Gloss (20°/60°/80°)

near latex
Comp.C 67 1°C [16G/9G/95
@ 163 J*C 74,80/95
2 249 3°C 48/87/95

Clear films made with latices of particle diameter greater than about
250nm develop an unacceptable haze. This haze was measurez& as a loss of gloss
at low angles of’incidence. Also, the minimum film formation temperature of
the neat latices increases with particle size; this increase may have deterimental
effects on film formation. '

EXAMPLE 9. Preparation of waterborne polymeric compositions containing
multi-stage polymers at various molecular weights:; '

P:g'gg,rgtign of multi-staged emulsion-polvmerized addition polvmer for sample
13. A-4-neck, S-liter, round-bottom stirred reaction flask containing 1085g DI

water and 1.33g of a 58% ammonium alkylphenoxypolysthyleneoxy sulfate
surfactant was heated to 85°C. To the kettle, 3g sodium carbonate dissolved in 75g
DI water and 4g ammonium persulfate 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 a uniform rate and fed to completion to the kattle
over 112 minutes. Simultaneously, the Cofeed Initiator was started at a rate of 5.7
/10 minutes. The batch temperature was maintained at 85:2 °C over the stage 1

Sheet Has Been Rei
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58 g emul sion polymer 14% NH3 added to pH 8.5.20 !
1..1 g-EKTASOLVE DB EXAMPLE 6 Eval uation of materbor4
conpositions containing nulti enul si on- pol yrer
at various particle sizes. 23 g §9 , f s

sanple C were air-sprayed over : BEENe|| bubk Qensi ' as.

eval uated using a 70X m cros 16--£hE - hubbl e /HTMM

dried film The results are given in Table 5.1

19

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
additon was resumed. The Stage #2 ME was fed to the kettle over 68 minutes
while maintaining a batch temperature of 85:2°C. When all feeds were
completed, the batch was held at temperature for 30 minutes. The reaction was
then cocled to 63°C. Two recox chasers were added. The batch was neutralized
with ammonia and a biocide was added. The Stage #1 ME consisted of an
-emulsxon of 272.9g DI water, 12.34 g of a 58% active solution of ammonium
alkylphenoxypolyethvleneow- sulfate surfactant, 640.7g butyl acrylate, 275.94g
methyl methacrylate, and 38.2g methacrylic acid. The Stage #2 ME consisted of an
emulsion of 272.9g DI water, 7.57g of ammonium alkylphenoxypolyvethyleneoxy
sulfate surfactant (58% active solution), 510.9g methyl methacrylate, and 11.7g
methacrylic acid. The Cofeed Initiator was composad of 2g ammonium .

REP,.?&CEMEN’?@%%?- E EB
EPo19%o! v

persulfate dissolved in 100 g DI water. The product had a final weight % solids of
445, a pH + 7.8, a viscosity of 43 ¢ps, and a particle size of 147 nm (Brookhaven BI-
S0).

P

14. The method of preparation of mulu- taged emulsmn—oolvnervzed add1t1on
polymer for sample 13 was repeated with one change: 2.4 g n-dodecyl mercaptan
was added to the Stage #1 ME. This produc: had a weight % solids of 44.5, a
pH=7.9, a viscosity of €2 cps, and a particie size of 138nm (Brookhaven BI-S0).

GPC weight average molecular weights of the soft, outer phase of the

emulsion polymerized polvmers described above were determined and are
presented, in Table 9.1

Table 9.1 Molecular weights of emulsion polvmers

Polvmer for Sample Particle Size (nm) Mw of Joft Phase
(x103)
[3 147 210
14 138 160

The emulsion-polymerized addition polymers described above were mixed
with the ingredients listed below in Table 9.2 added in the order shown.

-
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-16- Table 6.1 M cr of oam eval uati on Sa

- Par tj|.
Bubbl és/mm2 94[err]F 39% RH r IS aEEnRy 5 ‘ﬁkﬁz_}?ﬁéﬁsh? ET
163 17 1 This SHE Eé oo 178 SEP 19£
77 105 V\aterbornep T it ofls amal a A

i nvention exhibited a | ower 20 Substitute sheet - 17/9/96

Sample 13 Sample 14

200g multi-stage emulsion : 200g rmulti-stage emulsion
+133g EKTASOLVEEB : +13.3g EKTASOLVE EB
+4.4g EKTASOLVE DB +44g EKTASOLVE DB
& 900 Water + 9.0g Water
+ 0.27g ACRYSOL RM-825 ~ +0.29g ACRYSOL RM-825
Final sohds 39% Final solids 39%
#2 Zahn Viscosity #2 Zahn Viscosity
'20seconds : 25seconds

XAMPLE 10. Evaluation of waterbosne polymeric compositions containing
multi-stage polymers at various molecular waights

Spray-applied film properties; as represented by microfoam, gloss and
distinctness of image; were evaluated by air-spraying one coat of each of Samples
13-14 onto black glass. The coats were applied using a conventional sucdon-feed
spray gun (DeVilbiss MBC) with an EX tip and a #30. The gas pressure was 43 psi.
The panels were sprayed and driad at 940F/26%RH. To determine the amount of
microfoam bubble density was evaluated using a 70X microscope and counting
the number of bubbles per square mm in the final dried film. Gloss Readings
were made with a Byk Labotron gloss unit at 209, 609, and 8S° angles of _
incidence. Distinctness of image(DOI) readings were made using a Gardner DOIL
meter (Model # GB11-8GM) which uses a Landolt Ring film to quantify the DOL
DOI readings were made by placing the coated piece under the DOI meter and
visually determining the smallest rings which could clearly be distinguished.

The panel was approximately 9mm pelow the light source. The results are given
in Table 10.1.

Table 10.1 Evaluation of clear film properties.

Sample | Gloss 200/600/850| DOl | Bubbles/mm?2
13 58/74/84 25 184
.14 73/77/89 60 . 30

il Tﬂfﬂi\eﬁi\m



amount of mcrofoam i.e., superior performanc& when |ponpared. to
canparative sanple C. 10 A f g\_sngr _ Bé@ nd con"pgnE PAQ%MEEW*@EE
wer e drawn down over bl ack gliass® 5 (5 m bdra OSE(;P
d oss readi ngs were made usi ng_a. BYR 0SS unjtreat: -z 0:--60- -amd 84

angl es of -incidence. The mnimumfilmfornation telgjﬁ!r e |
determi ned on an SS3000 MFFT bar. Dat2lare presented i’iftbl{e §h€‘e e L}/;wg%ﬁbl e

6.2 Eval uati on of gl oss and MFFT Sanpl e Particle Size MFFT of
d oss (20/60/ 80 neat | atex-
( % ;edu\.lna the My of the latex in Sample 14 of this ?nvenuon

here is 2 significant improvement in gloss, DOI, and a drop in bubble

density relative 0 sampie 13 of this invention.

EXAMPLE 11. Preparation of watarborne polymeric composition containing

amulsion-poiymerized polymer admixad with smaller particle size emulsion-
polymerized polyme

Prenaration of samples 13-1

Preparation of the emulsion oolvmer blend for samrele 18 A blend of the

lazex prepared for sample 6 (particle diameter, d=128 nm) and latex a (34nm) were

used in sample 16.
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e.:'-:ii-:ian of 22 9'-1- g ammoriu:n persui:'ai:e cissoived in 1285 g DI water.

9.7 g DI water, 44.71 g (28'% active sodium l?.'.{:}”. suifate), 2469.3 g methy!
methacrylate, §43.54 g isobutvi methacryiate, 483. scyrene, 241.6 g methacrylic
Oon completion of the monomer emulsion 'eﬂd 2 batch was held for 30
minuces at 8522°C before cooling to 60°C. A redox chase was'add d and the batch
was neutralized to pH =7.5 with aqueous ammoria. The final product had a

Lo~y

weight % solids of 32.3 and a particle size of 34 nanometers.

The emulsion-polymerized addition polymers for samples 15 and 156
described above were mixed with the ingredients listed below added in the order
shown. |
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Conp. C 77 Alerr]C 110/ 9 QEF‘&ACEMENTSI@
oc - 74/ 80/ 95 5 | 8[egrr]C 7
25 Clear filns nmade wt Tl-%é%HEE }gr%AS oF N e di ngm@rblaegﬁgr
about 250nm devel op an unaccer+ abl " . hL s—Hhze waS—Feastred—as a |
of gloss at |ow angles of incidence. AJ so, the m nigRyBtitl i SHSE R 7 )96
+ecte—srze—thrs—Ttncreas

.tenperature of the neat

| ati ces |ncre-a§ed wth part

95

30 EXAMPLE 7 Preparation of

may have detrinental effects on filmformation.

wat er borne pol yneric comnpositions containing multi-stage

Samgle !5
[50¢ Emul. pol. for sample 6
* !l~6 Ektasolve™ EB
+3.9g Ekt tasoive™ DB
+ 20.8g Water
+2g Acrysol™ RM-825

Final solids 32%

4~ Zahn Viscosity 22seconds

Sample I6
Emul. pol. fpr sample 6
Latex a
.6g Ekuasolve™ EB
g Ektasolve""‘ DB
.6g Water
.-\crysc:l"'M RM-825
mal solids 27.7%

2 Zahn Cup Visc 22 sec

EXAMPLE 12, Evaluation of waterborne polymaeric composition containing

emulsion-poivmerized polymer adm

polymerized

pa neis wer

nixed with smaller particle size emulsion-

@ soravad and dried ar 900F/15%RH.

e

density was ev ah.atec using a 70X microscope and counting the number

r the final dried film. Gioss Readings were made with

unit at 200 609, and 859.angles of incidence. Disdncmess of
made using a Garcénrer DOI meter (Model # GB11-8GM)

a Landolt Ring {ilm to quantify the DOI. DOI readings were made by

oated piece under the DOI meter and visually determining the

c
\gs which could clearly be distinguished.

of bubbles per sq'.v.are-rh
a Byk La DO“‘O

imagn

ID

placing th

which used
he
smaliest rin

The panel was

peroximately $mm below the light source. The results are given below in Table
Table Evaluation of apray-applied clear films
Sample | Gloss 209/609/85° | DOI Bubbles/mm?
15 9/60/73 20 2438
I6 110/91/91 80 0

i



-17- polyners at various nol ecul ar WEI ghts Pr eparaﬂtaamﬁﬁEMﬁNTBﬂﬁﬁﬁg d
enul sk on-pol yneri zed addi tiGIT, PRI YOET,,

round-bottom stirred reacti ortf"' ;
of a 58% 5 anmmoni um al kyl phenoxypo' y
heated to 85C. To the kettle, 3 ¢ socy.um car bonat e gljitieliieeshedt 797

water and 4 g amoni um persul fate di §sblved in 20 I n
order. The bat cthet sdpartataupbtivasmaldjpnsticld emulsitnepoly @eafwish thei ch a gr adual
addi tion of St %gr? gél\)\@er\l@&&%&ﬂt%ﬁe&k &terRolidd f}(anegfeel@efi tlftzgqﬂ'if@nu%n

tero
lcglrr}[): :t :)?nwat gaqsat,as?xgég'lm&rrgyfgge%]ém i Q c:ts(;"SDO§I and a crop in Lzbble c?ensuy

Jlative o sample 15 of this invention.

EXAMPLE 13, Preparation of waterborne polymeric ccmsosition conzaining a
muitistaged em lsmon—oolv:':le:v.zec polvmer admixed with smailer particle size

a ~ e
mulsion-polymerized polymer

Sample 17 contains the multi-stagec em lston-aolv-'xenznq addition
polvmer prepared for sample 13 (particie ciia-.me':er d= 1¢7nm) ; whereas, Sample

.§ contains the ;.‘ulh-s*agec emulsion-polymerized addition polymer prepared
for sample 13 (particle diameter, d= 147nm) and latex a (particie diameter,
i=34nm) in the compositions presented in Table 13.1.

Table 13.1 Comocsiticn of sampias 17—12’,

Sample 17 ample 183

200¢g e:nul. pol. for sample 13 : 66g =mui. pol. for sample 13
+ [3.3g Ektasolve™ EB +9.i5g Latex a’

+ 44¢g Ektasolve"" DB + 4.39¢ Ektasolve™ EB

+ 90g Warer + 1.45g Ektasolve™ DB

+ 0.27g Acrysol™ RM-823 , + 2.97¢ Water

Final solids 39% 0.09g Acrysol™ RM-825

#2 Zahn Viscosity 20seconds Final solids 38%

18 sec #2 Zahn Cup Visc

EXAMPLE 14. Preparation of waterborne polymeric composition containing a
mullistaged emulsion-polymerized polymer admixed with smaller particie size
emulsion-polymerized polymer

Spray-applied waterborne composition properties - microfoam, gloss and
distinciness of image were evaluated by spraying one coat of each of samples 17-
18 over a substrate. The coats were applied using a conventional suction-feed
spray gun (DeVilbiss MBC) with an EX tip and a #30. The gas pressure was 45 psi.
The panels were sprayed and dried at 949F/26%RH. The bubble density was
evaiuated using a 70X mcrw_the number of bubbles per square
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10 at .a rate of 5.7 g/10 mnutes. The batch fenperatu ~fFer '

85 2['err] C over the stage €ed A '9' S BRENE npl et i rREILAGEMENTUSHERIN [of
Feed #1, the Cofeed Initiat yT%%gﬁgc&rberru ted angl t he E@ %hel d
at 85 2[err]C for 30 mnutes, _Aft dler i od, [ ‘addl-NEn 0. t
Stage #2 ME was started and the Cofeed Initiator adsligdtRltd"@RedEs
Stage #2 ME was fed to the kettle ovérd 68 ni nut es ' ' i

t enper at Uﬁ-;ﬁﬁggné@ wie [s8Fdled2nd YHed a-?hio @gi}‘?‘.‘%ﬁﬁﬁ% g&ﬁé a@aﬁéyl %’5‘3 bat ch was

held at te rat.ure jQr.,_’a%(g m nutes. The Té ehr,'ucbﬁ to 65C.
Two redox #HH3ERS 9y & BT ORI FPuming bR PSS REReSRfIAUEraNnd a
bi oci de \Na,&nanidg;i:in?hérisﬂégm-#@id%E Rzaﬁ&{g&.;ﬁ&-e%a@él wattub SybnLadfot242g8sg Dl
water, 12.34 .9266 &00§%:asbiangSUURLANNQ U8 of imag ings
al kyl phen ypaol yet hy.l eneox%-a&ﬁl t)i‘%atrel‘g‘t%rg f‘%%t@%%‘%% 9_5 ;:En?ﬁle ;ﬁadapé?s &te,
275.94 g mdﬁ;}’rs ng a"Garcner ['meter (Model # GB11-8GM) whichl useda Landolt

Ring film o guandfy the DOL DOI readings were made b'y placing the coated

giec2 undar the DCI meter and visually determining the smallest rings which

could clearly be dns:inguished_. The panel was apprOximately 9mm below the

—re
i

light source. The results are given below in Table 14.1.

Table T4.! Evalation of spray-applied clear composition

Sampiz §G!oss 200/600/850° | DOI Bubbles/mm?2
17 lsg/-2/84 2 184 '
18 1106:38/90 85 7

The azdmixturs of the small particle emulsion polymer with the
watsrtorme pelymeric composition as exemplified in sample 18 of this invention
causes z significant improvement in gloss, DOI, and a drop in bubtle density
relative tc sampie 17 of this invention.

-

Been Re“aced

"



.20 net hacryl ate, and™38.2 g net hacr I| aci d. Th# fEpgscEeENEsaeesi (st ed of

glnk;?lnglhzlnggyggl 32'{2hgl g mmmmm (ﬁ%ﬁ't iS%tactlla/eSFSPoI]% on), 510.9

g nethyl nethacryl ate, andc¢11t 7% met hac lic The—Cateed—tat) at or
was conposed of 2 g ammoni um persul fate di ssoTvedSunsﬂMegthtwat'k‘glga'he
product had a final weight %sollds-o$ 44,5, a pH +- 7.8, a viscosity of 43
nPas (cpsa LaIdB8l 25 a particle size of 147 nm (Brookhaven Bi-90).
Preparation of mnulti-staged enul sion-polynerized addition polyner for
sanple 7. The o) arald Qp. ;| ol yneri zed
addi tion'Io y?reg?ILr& d ngo-EG@P rQV a%foth éar%{] &%grﬁ:g l%l:r%@bcpél g n-dodecyl
mer capt ancomess étﬂ’d‘eﬁa'fﬁ—t %f%g’él%om ~§9 orpfhed W&Rféﬁmﬁad a wei ght %
solids of 44.5, a pH =7.9, a viscosity of 62 nPas (cps) and a

(a) forming said clzar composition comprising:

fi) an emulsion-pelvmerized addition polymer having a GPC weight
average maslzcular weighe of less than 73,000; or

L) mudz-stageq emulsion-polymerized addition polymer particles having
an inner ohas® and an ouser phase; the said outer phase having a GPC weight
averag? moiscular weig‘n& of less than 200,000 and/or an average particle
ancmaeiars o 250 nanometers;

-t
n
..l
43
(2]

~
,
diamsier i

said clear compcsition to a <t..bs‘crate using a spraving methed; and

mulsion-polym e.izec‘. addilion polymaer
j !-

-~ 1

3. The method of cisims 1 or 2, wherein said emulsion-oolvmerized acdidon
peiymear of s12o (a)(i) has an average particie diameter from 130 nanometers o

4. The meihod of claims 1, 2 or 3, wherein said clear composition further
comprises from 5% w0 30%. by dry weight based on d-y weight of said emulsion-
poiymerized addition polymer, of an emulsion-polymerized polymer having an
average particle diameter less than 0.5 times the average particle diameter of said
emulsion-polvmerized addition polvmer.

5. The method of ¢laim ¢, wherein said clear composition comprises from 10% to
20% of said emulsion-polymerized addition polymer. |

o~
!
-~

o

he method of any one of the preceding claims, wherein said outer phase of
step (alii) has a GPC weight average molecular weight from 10,000 to 200,000.

7. A substrate bearing the spray-applied clear waterborne polymeric composition
as defined in any one of claims 1-6.

8. A clear waterborne polymeric composition as defined in claims 1-6.

N
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i i



- ~18- particle size of aBB@ﬁ)k ) §i %’&_N@EMMT aMEETRJE.
nol-ecul ar wei ghts of th e errul S| ﬁﬂowr zed
pol yners descri bed abov & BLesdnd exrll hBap 7.1,
Table 7.1 Mol ecul ar wei ght :

Particle Size (nm [err] —of Soft Phase Substitute sheet - 17/9/96

ABSTRACT

A METHOD FOR PRODUCING A SPRAY-APPLIED CLEAR WATERBORNE
COMPOSITION HAVING REDUCED MICROFOAM

A method for producing a spray-applied clear waterborne polymeric
composition having reduced microfoam is provided. The clear composition
contains certain emulsion-polymerized addition polymers or certain multi-
staged emulsion—polyr_ﬁerized addition polymers, and is spray-applied to a
substrate. Also provided is a substrate 'bearing the spray-applied clear
.composition. '



| REPLACEMENT SHEET

sanple . (x 10[err]) 6 147
10 ° 7

138 _ 0., IRe
enul si on-pol yneri zed addition pol yners descri bed above weljepstX g%@h@ﬁe
ingredients listed belowin Table 7.2 added in g fixtitfiCén Viateh 7608

7.2 Conposition of Sanples 6-7 Sanple 6 : e 7
200 g multi-stage enul sion 200 g mylti-stage enmulsion + 13.3 g
EKTASOLVE B + 13.3 g EKTASOLVE EB + 4.4 g EKTASOLVE DB

+ 4.4 g EKTASCLVE DB
A METHOD FOR PRODUCING A SPRAY-APPLIED CLEAR WATERBORNE

COMPOSITION HAVING REDUCED MICROFOAM

This invention relates to a method for producing a clear polymeric coating on a
5 substrate using a clear waterborne polymeric composition having reduced microfoam.

Waterborne polymeric compositioﬁs such as clear or pigmented coatings are frequently
applied to substrates by spraying techniques. Some of the common spraying techniques used
are, for example, air spray, airless spray, air-assisted airless spray,oéiisc and bell spray, and

10 high volume low pressure spray. In air spray compressed air is critical to atomize the
waterborne polymeric composition and to assist in conveying the droplets to the substrate.
In airless, disc, and bell spray techniques the waterborne polymeric composition is atomized
by mechanical means and the droplets are suspended in air on formation. Air-assisted airless
spray is a hybrid of the two spray methods described above wherein air is used to convey the

15 droplets which are formed mechanically; and high volume low pressure spray is another
commonly recognized variant of air spray.

Waterborne compositions containing water-soluble or water-insoluble pélymers

frequently contain microfoam after they are applied to substrates by various spraying

20 techniques. Microfoam remaining in a dried film formed from the spray-applied aquecus
composition may detract frbm the appearance of the ﬁim, particularly from the appearance

of a clear, or unpigmented, film which film may appear to be hazy. '

US-A-4,749,616 discloses a heat-sealable coating composition containing an
25 interpolymer which may be spray-applied as an essentially unpigmented composition. The
average particle size of the interpolymer component is from 0.03 to 0.5 microns.

| US-A- 5,021,469 discloses a multiphase emulsion polymer having emulsion polymer
particles with an average diameter of less than 200 nanometers. A gloss paint may be formed
30 from the multiphase emulsion polymer. The gloss paint may be applied by spray coating.
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wat er borne pol ynmeric conpositions containi ng nuiSubstitutgesheel ¥rg:Margh 1998
various nol ecul ar weights. Spray-applied filmproperties; as represented by
m crof oam gl oss and distinctness of =2- ' :

US-A- 5,185,396 discloses a polymeric emulsion which may be used as a binder for
a water-based varnish. The particles of the polymeric emuision are less than 250 nanometres.

German Patent Application DE 1619263 discloses a latex for coating needled carpets

S with synthetic fabric backing. The latex is a styrene/butadiene latex polymer with a weighted

average particle diameter of 0.16 to 0.3 microns which avoids the formation of bubbles in the
coating during drying.

None of the references discloses a method for producinga spray-applied clear
10 waterborne composition having reduced microfoam.

In accordance with the present invention there is provided a method for producing a
clear polymeric coating on a substrate, the method comprising:

15 (a) forming a clear waterborne composition comprising:

(1) emulsion-polymerized addition polymer particles having a GPC weight average
molecular weight of less than 75,000; or -

20 (ii) multi-staged emilsion-polymerized addition poiymer particles having an inner
phase and an outer phase; the said outer phase having a GPC weight average
molecular weight of less than 200,000;
(b)  applying said clear composition to said substrate using a spraying method; and

25 (¢)  causing or allowing said clear composition to dry. Preferably the particles formed in
step (a)(i) or step (a)(ii) have an average particle diameter from 130 nanometers to 250

nanometers.

According to a second aspect of the present invention there is provided a substrate
30 bearing the spray-applied clear waterborne polymeric composition with a reduced amount of
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square mmin.the final dried film d oss Readings were nade with a Byk
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Di stinct nessi_m%I_ofbmge (DA) readings were made using a Gardner

A "waterborne polymeric composition" as used herein is defined as a composition

containixfg an emulsion-polymerized water-insoluble addition polymer. The waterborne

5 polymeric composition may contain water or a mixture of water and at least one water-

miscible solvent such as, for example, isopropanol, ethylene glycol butyl ether, and propylené
glycol propyl ether.

~ The emulsion-polymerized addition polymer in the clear waterborne polymeric
10 composition may be prepared by the addition polymerization of at least one ethylenically
unsaturated monomer such as, for example, acrylic ester monomers including methyl acrylate,
ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, decyl acrylate, methyl methacrylate,
butyl methacrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate, and hydroxopropyl
methacrylate; acrylamide or substituted acrylamides; styrene or substituted styrenes;
15 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% -7%,
by weight based on the weight of theé emulsion-polymerized polymer, acrylic acid,
" methacrylic acid, crotonic acid, phosphoethyl methacrylate, 2-acrylamido-2-methyl-1-
20 propanesulfonic acid, sodium vinyl suifonate, itaconic acid, fumaric acid, maleic acid,
monomethyl itaconate, monomethyl fu:ﬁarate, monobutyl fumarate, and maleic anhydride |
may be used. :

The emulsion-polymerized polymer used in this invention is a substantially
25 thermoplastic, or substantially uncrosslinked, polymer when it is applied to the substrate,
although low levels of deliberate or adventitious crosslinking may be present. When low
levels of precrosslinking or gel content are desired low levels of multi-ethylenically
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 -
30 dimethacrylate, and 1,6-hexanedioldiacrylate may be used. It is important, however, that the
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sanple 13 of this
The glass transition temperature of the emulsion-polymerized polymer is from about

5 to 85°C, as measured by differential scanning caloriemtry (DSC). The emulsion polymer

5 samples were dried, preheated to 120°C, rapidly cooled to -100°C, and then heated to 150°C
at a rate of 20°C/minute while data was being collected. - The Tg was measured at the
midpoint using the half-height method.

The emulsion polymerization techniques used to prepare such dispersions are well

10 known in the art. - Conventional surfactants may be used such as, for example, anionic and/or

nonionic emulsifiers such as alkali or ammonium alky! sulfates, alkyl sulfonic acids, fatty

acids, and oxyethylated alkyl phemis. 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

15 example, hydrogen peroxide, t-butyl hydroperoxide, ammonium and/or alkali persulfates,

typically at a level of 0.05% to 3.0% by weight, based on the weight 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. |

20 Chain transfer agents such as, for example, mercaptans are typically used in an
amount effective to provide a GPC weight average molecular weight of less than about 75,000
preferably from 10,000 to 75,000. "GPC weight average molecular weight", as used herein,
is defined as the weight average molecular weight determined by high volume gel permeation
chromatography (GPC) measured on a THF solution of polymer. The detailed procedure is

25 presented herein in the examples.

The particle size of the emulsion-polymerized polymer may be from about 40 .
nanometers to about 1000 nanometers in diameter. Preferred is a particle diameter from
about 130 nanometers to about 250 nanometers. Particle diameters less than about 130

30 nanometers yield spray-applied clear films with greater amounts of microfoam while particle
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|nvent|on EXAMPLE 9 Preparatlon of wat er borne pol yneri
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llauryl sulfate) were heated to [err] A solutiof of 9.07 g sodrunrcarponate -
in 105.4 g DI water was charged to the.seaction followed by the addition of
22.94 ‘g 30 ammoni um persul fate dissolved in 126.5 g DI water. Two mi nutes
later, a gradual addition

diameters greater than about 250 nanometers yield spray-applied clear films with a hazy

appearance. Particle size as determined herein is presented in the examples.

The polymeric composition may be prepared by a multistage emulsion addition

5 polymenzatlon process, in which at least two stages differing in composition are formed in

sequennal fashion. Such a process usually results in the formation of at least two mutually

incompatible polymer composition, thereby resulting in the formation of at least two phases.

The mutual incompatibility of two polymer compositions and the resultant multiphase

structure of the polymer particles may be determined in various ways known in the art. The

10 use of scanning electron microscopy using staining techniques to emphasize the difference
between the appearance of the phases, for example, is such a technique.

Polymeric particles formed by multistage emulsion addition polymerization process

are composed of two or more phases of various geometries such as, for example, core/shell

15 or core/sheath particles, core/shell particles with shell phases incompletely encapsulating the
core, core/shell particles with a multiplicity of cores, and interpenetrating network particles.

In all of these cases the majority of the surface area of the particle will be occupied by at least

one outer phase and the interior of the particle will be occupied by at least one inner phase.

20 A two-staged emulsion-polymerized addition polymer' particle with an outer phase
containing from about 20% to about 80% by weight based on the total weight of the particle
is preferred. A two-staged emulsion-polymerized addition polymer particle with an outer
phase having a glass transition temperature (Tg), as determined by DSC, which is at least
about 30°C lower than the Tg of the inner phase is also preferred. A multi-staged emulsion-

25 polymerized addition polymer particle with a particle diameter from 130 nanometers to 250
nanometers is also preferred. More preferred is a multi-staged emulsion-polymerized addition
polymer particle with a particle diameter from 130 nanometers to 250 nanometers and with
an outer phase polymer which has a GPC weight average molecular weight less than 200,000, |
preferably from 10,000 to less than 200,000.

30 '
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same monomers and chain transfer agents as disclosed herein-above for the emulsion-

" polymerized addition polymer. The emulsion polymerization techniques used to prepare such

10

dispersions are well known in the art such as, for example, are disclosed in US-A- 4,325,856;
4,654,397; and 4,814,373. If necessary, it is recommended that the skilled man look at these

documents.

An additional embodiment of this invention is a clear composition which contains, in
addition to either the emulsion-polymerized addition polymer or the multi-staged emulsion-
polymerized addition polymer from 5% to 50%, by dry weight based on dry weight of the
addition polymer, of additional emulsion-polymerized polymer particles having an average

~ particle diameter less than 0.5 times the diameter of the addition polymer particies. Preferred

15

20

25

30

is from 10% to 20% by dry weight based on dry weight of the addition polymer, of an
additional emulsion-polymerized polymer having an average particle diameter less than 0.5
times the diameter of the addition polymer particles.

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

The clear. waterborne polymeric composition contains no ingredients which cause
substantial opacity in the dried coating at the applied dry film thickness, which is typically
from 0.00254mm (0.1 mil) to 0.127 mm (5 mils). The dried coating may be applied as one
coat or as multiple coats, with or without drying between coats. The waterborne polymeric
composition may contain, in addition to the emulsion-polymerized water-insoluble polymér,
conventional components such as, for example, emulsifiers, substantially transparent pigments
and fillers, dispersants, coalescing agents, curing agents, thickeners, humectants, wetting

agents, biocides, plasticizers, antifoaming agents, colorants, waxes, and anti-oxidants.
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The spray-applied clear waterborne polymeric composition is applied to a substrate

such as, for example, metal, wood, and plastic, using a spraying method. The composition
may be applied to wood such as, for example, wood, sealed wood, particle board treated with

a UV-cured filler, painted wood, and previously coated wood; or to metal such as, for

5 example, metal, treated metal, metal coated with an electrodeposited primer, and 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 such spraying methods the waterborne polymeric composition is

10 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 waterborne polymeric composition are formed in contact with and/or
admixed with 5 gas, mﬁeﬁonﬂb air. The gas, under pressure, may be required to atomize
the coating such as, for example, in conventional air spray applications; the gas may flow

15 towards the substrate and provide for at least some of the conveying of the atomized
composition such as, for example, in air-assisted airless spray application, or the 'gas may be
the medium through which the atomized composition, atomized by mechanical action in the
presence of the gés such as, for example, in airless spray, disc, and bell applications, with

~ or without electrostatic assistance, moves to the substrate. Occlusions of gas, "microfoam”,
20 typically are found in the waterborne polymeric composition after its application to the
substrate. The microfoam is undesirable as it causes haze or opacity in clear or substantially
unpigmented coatings or films. | |

The clear composition may be dried at ambient temperature or at elevated

25 temperatures. Preferred is a drying temperature from about 20°C to about 250°C.
"Microfoam" as used herein is defined as substantially spherical gas-filled occlusions in the
dried film which are typicalty 10-20 micrometers in radius. The microfoam occlusions lack
sufficient buoyancy to escape from the waterborne polymeric composition before they become
substantially immobilized in the applied composition. The "amount of microfoam" as used

30 herein is determined by counting the number of bubbles in a selected area of the applied
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waterborne composition, using an optical microscope under 70X magnification. The absolute
amount of microfoam is influenced by spray equipment, spray conditions, and environmental
conditions such as, for example, temperature, humidity, and air flow. The method for
reducing microfoam of this invention relates to the reduction of the amount of microfoam
5 observed in a spray-applied clear coating relative to the amount of microfoam observed in a

comparative sample prepared under the same conditions.

The following examples are intended to illustréte_ the method for reducing the amount
of microfoam in a spray-applied waterborne polymeric composition.
10
EXPERIMENTAL METHODS

Measurement of GPC welglgt average molecular weight
Samples for GPC molecular weight determination were prepared by dlssolvmg 25 mg.
15 of soluble polymer in distilled, reagent grade THR at a concentration of 2.4 mg/ml by
shaking for 24 hours. A sample volume of 0.1 ml of the polymer system was injected onto
a Type A (20 micron) gel column 60 cm. in length prepared by Polymer Laboratories; a flow
rate of 0.6 ml./min. was used. The sampling rate was 2.5 points per min. Data acquisition
* was by a Hewlett-Packard HP-3852 computer. Molecular weight calibration was carried out
20 before each sample using polymethyl methacrylate and data analysis was accomplished with
a Hewlett-Packard HP-1000 computer running RTE-A.

Particle Size Determination
The particle diameter of the particles was determined using a Brookhaven BI-90
25 Particle Sizer which employs a light scattering technique. To measure the particle size a

sample of 0 1 to 0.2 grams of as is aqueous dxspersmn was diluted to a total of 40 cm® with
distilled water. A 2 cm® portion was delivered into an acrylic cell which was then capped.
The particle size was measured for 1000 cycles. The measurement was repeated three times
and the avefage of three values was reported.

30
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EXAMPLE 1. Preparation of clear waterborne polymeric compositions containing

of

emulsion-polymerized addition polymers of various molecular weights.

Preparation of Samples 1 (Comparative) and 2 and Comparative A.

Preparation of emulsion-polymerized addition polymer for comparative sample A:
To a 4-peck, 3-liter stirred reaction flask containing 722.1 g DI water and 62.4 g sodium
alkyphenyl sulfonate (23% active) at 85°C, 25.6 g of the Feed 1 monomer emulsion rinsed
with 17.5 g DI water, 1.82 g ammonium persulfate dissolved in 20g of DI water, and 2.73

10 g sodium carbonate dissolved in 35g of DI water were introduced in succession. After a ten
minute delay, a gradual addition of Feed 1 and Feed 2 were begun and fed at a uniform rate
over 3 hours until completion. Feed 1 was an emulsion of 277.4 g DI water, 7.33 g sodium
alkylpheny! sulfonate (23% active), 462.4 g n-butyl methacrylate, 353.6 g methyl
methacrylate, 45.3 g n-butyl acrylate, and 45.3g methacrylic acid. Feed 2 was 0.46g

15 ammonium persulfate dissolved in 56g DI water. A batch temperature of 85+ 2°C was
maintained throughout the feed period. On completion of Feeds 1 and 2, the batch was held

ed
a

for an additional 30 minutes at 85 + 2°C before cooling. Two redox chasers were added at -

65°C. The final reaction mixture was neutralized to pH=7.4 with-28% aqueous ammonia.
The latex had a weight % solids content of 42.3, a Brookfield viscosity of 78 mPas (cps) and
20 a particle size of 73 nanometers. '

Preparation of emulsion-polymerized addition polymer for comparative sample 1:

This dispersion was prepared acéprding to the above method with the exception that 4.54 g

n-dodecyl mercaptan was added to the monomer emulsion (Feed 1) after removal of the initial

25 kettle ME charge (25.6g). This dispersion had a final pH= 7.4, a weight % solids of 41.4,
a viscosity of 62 mPas (cpsj, and a particle size of 73 nanometers.

Preparation of emulsion-polymerized addition polymer for MIe 2: This dispersion

was prepared accor_ding to the above procedure except that the monomer emulsion (Feed 1)

was modified with the addition of 9.1 g n-dodecyl mercaptan after the initial monomer
30 emulsion kettle charge (25.6g) was removed. The final latex had a pH=7.2, a weight %
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| The enmlsion-polyrherized addition polymers described above were mixed with the
ingredients listed in Table 1.1 added in the order shown.

Table 1.1
Comp. Sample A Comp. Sample 1 - Sample 2
200g Polymer 200g Polymer 200g Polymer
10 4.2g TBEP 4.2g TBEP 4.2g TBEP
4.1 g Butyl CARBITOL 4.1g Butyl CARBITOL 4.1g Butyl CARBITOL

24.5 g Butyl CELLOSOLVE  24.5g Butyl CELLOSOLVE 24.5g Butyl CELLOSOLVE
43¢g EKTASOLVE EEH 4.3g EKTASOLVE EEH = 4.3g EKTASOLVE EEH
0.4g 14% NH,OH | 0.4 g 14% NH,OH 04g14% NH40H

15 59.3g Water 27.0g Water 22.0g Water

CARBITOL and CELLOSOLVE are trademarks of the Union Carbide Corp. EKTASOLVE
is a trademark of Eastman Chemical Products Corp. TBEP was tris(2-butoxyethyl) phosphate
from Aldrich Chemical Co., Inc.

20
EXAMPLE 2. Evaluation of spray-applied clear waterborne polymeric compositions.

Sample 2 and Comparative samples A and 1 were each spray applied over a stained

cherry panel. A conventional suction-feed spray gun (DeVilbiss MBC) with an EX tip and

25 a #30 air cap was used. The gas pressure was 310.5 X 10° Pa (45 psi). Each panel was
sprayed with three coats of one of the samples. The panels were sprayed under the same
temperature and humidity conditions (36.1°C (97°F)(25%RH) and were dried in these
conditions. The dried panels were evaluated for gloss (20°/60°/85°), and microfoam density
(bubbles/mm?). The results are given in Table 2.1 below. Also given in Table 2.1 is the M,

30 for each of the emulsion polymers in this study. The gloss was measured with a Byk
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Labotron gloss unit, and the bubble density was determined by counting the bubbles using a
fnicroscope. M,, was determined using high volume gel permeation chromatography.

Table 2.1 Evaluation of Microfoam density

5
Sample Bubbles/m | Gloss % M, (x 100
m - . Solids 0
Comp.A 196 26/66/ 28.5 310
| 78 |
Comp. 1 188 52/83/ 31.3 103
90
2 20 69/85/ 31.9 45
90
10

Sample 2 of this invention exhibits superior gloss and microfoam density when compared to
Comparative sample A and Comparative Example 1.

EXAMPLE 3. Preparation of waterborne polymeric composmon
15 Preparation of Sample 3 and Comparative Sample B.
Preparation of emulsion-polymerized addition polymer for sample 3: A 4-neck 5-litre stirred
reaction flask containing 1514g DI water and 7.87 g sodium alkyl phenyl sulfonate (23%
-active) was heated to 85°C. 51.3 g of a monomer emulsion consisting of 485.2 g DI water,
91.2g sodium alkylphenyl sulfonate (23% active), 924.7g butyl methacrylate, 493.2 g methyl
20 methacrylate, 331.8 g butyl acrylaué, and 63.5 g methacrylic acid followed by a rinse of 35 g.
DI water, 3.63 g ammonium persulfate dissolved in 40 g DI water, and 5.46 g sodium
carbonate dissolved in 70 g DI water were charged sequentially. After a 5 minute hold
period, a gradual addition of both the remaining monomer emulsion to ﬁMch 18.2g n-dodecyl
mercaptan had been added and a solution of 0.91g ammonium persulfate dissolved in 111 g
25 DI water was started and fed to completion at a uniform feed rate over 3 hours. A batch
temperature of 85-8_6°C was maintained throughout the gradual addition feed period. On



30 nol ecul ar wei ght of less than 75,000; or -21- fpray-appli

| REPLACE ENT SHEET

d

wat er borne conposition properties - mcrofoam gl oss agd,di t§ rMAan

i mage were eval uated by spraying one coat of each of

substrate. The coats were applied using a convegbkfifitk shéet - nMHe y
gun (DeVilbiss MBC) with an EX tip and a #30. The gas 'p"r_—?resgure WasFl ﬁ%

103 Pa (45 psi). The panels were sprayepand dried 5 at 34.4[err]C
(94[err]F)/ 269RH. The bubbl e density was eval uated using a 70X m croscope

and

10

15

20

25

30

completion of the feeds, the batch was held at 85°C for 30 minutes before cooling to 65°C.
At 65°C, two redox chasers were added. The batch was neutralized with 11.7 g 28%
aqueous ammonia, a biocide was added, and the batch was diluted with 108.5 g DI water and
fillered. The product had a final weight % solids of 41.6, a Brookfield viscosity of 20 mPas
(cps), pH=17.99, and a particle size of 159 nanometers. The GPC weight average molecular
weight was 50,000.

Preparation of emulsion polymerized addition polymer for comparative sample B: In a 5-liter,
4-neck stirred reaction flask, 1444.3g of DI water and 124.9 g sodium alkylphenyl sulfonate

(23% active) were heated to 85°C. A monomer prefoirm seed charge consisting of 51.3 g of
Feed 1 was added to the kettle, followed by the addition of 3.63 g ammonium persulfate
dissolved in 40 g DI water and 5.46 g sodium carbonate dissolved in 70 g DI water. Five
minutes later, a gradual addition of Feed 1 and Feed 2 were started at a uniform rate and fed
to completion over three hours. Feed 1 was an emulsion consisting of 554.9 g DI water,
14.52 g sodium alkylphenyl sulfonate (23% active), 924.7 g butyl methacrylate, 493.2 g
methyl methacrylate, 331.8 g butyl acrylate, and 63.5 g methacrylic acid. Feed 2 consisted
of 0.91 g ammonium persulfate dissolved in 111 g DI water. The batch was held at
85 + 2°C throughout the duration of the feeds. On compleﬁon of the gradual additions, the
batch was held for an additional 30 minutes at 85°C and then cooled to 65°C. Two redox
chasers were added. The product was neutralized to pH=7.6 with 28% agueous ammonia

X

and had a final weight % solids of 41.0, a Brookfield viscosity of 57 mPas (cps), and a

particle size of 74 nanometers.

The emulsion-polymerized addition polymeré described above were mixed with the

ingredients listed below, added in the order shown.
Comparative Sample B o | Sample 10
200 g emulsion polymer 200 g emulsion polymer .

15.4 g EKTASOLVE EB 15.6 g EKTASOLVE EB
5.1 g EKTASOLVE DB . 4.2 g EKTASOLVE DB
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2.22 g ACRYSOL RM 825
final % solids = 37% final % solids = 37%
final visc. = 23 sec. #2 Zahn final visc. = 21 sec. #2 Zahn

EXAMPLE 4. Evaluation of microfoam in spray-applied waterborne polymeric composition.

One coat of sample 3 and comparative sample B were each air-sprayed over various
substrates at 34.4‘C (94°F) and 39% R.H. The bubble density was evaluated using a 70X
microscope and the number of bubbles/mm2 was counted in the dried film. The results are
presented in Table 4.1 '

Table 4.1 Microfoam measurement

~ Sample Particle Size Bubbles/mm?2 (various substrates)
Glass Paper Metal Plastic
3 159 0 0 0 0
Comp. B 74 28 17 6 20

Waterborne polymeric composition sample 3 of this invention spray-applied to various
substrates exhibits superior, lower levels of microfoam compared to comparé.tive sample B.

EXAMPLE 5. Preparation of waterborne polymeric compositions containing multi-stage

emulsion-polymerized addition polymer at various particle sizes.

Preparation of Sample 4-5 and Comparative Sample C

Preparation of multi-staged emulsion-polymerized addition polymer for sample 4. A 4-neck,
5 liter, round-bottom stirred reaction flask containing 1085 g DI water and 1.33 g of 2 58%
ammonium alkylphenoxypolyethyleneoxy sulfate surfactant was heated to 85°C. To the
kettle, 3 g sodium carbonate dissolved in 75 g DI water and 4 g ammonium persulfate
dissolved in 20 g DI water were added in order. The batch temperature was adjusted to 85°C
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1. A method for producing a clear pdl4ywreric coating on a substrate, the
met hod conprising: (a) form ng said clear waterborne conposition
conpr om si ng:

after which a gradual addition of Stage #1 ME was initiated at a 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 85- + 2°C over the
stage 1 feed period. On completion of the addition of Feed #1, the Cofged Initiator feed was
5 interrupted and the batch was held at 85 + 2°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
85 + 2°C. When all feeds were completed, the batch was held at temperature for 30
minutes. The reaction was then cooled to 65°C. Two redox chasers were added. The batch
10 was neutralized with ammonia and a biocide was added. The Stage #1 ME consisted of an
emuision of 272.9 g DI water, 12.34 g of a 58% active solution of ammonium
alkylphenoxypolyethyleneoxy-sulfate surfactant, 640.7g butyl acrylate, 275.94 g methyl
methacrylate, and 38.2 g methacrylic acid. The Stage #2 ME consisted of an emulsion of
272.9 g DI water, 7.57 g of ammonium alkylphenoxy-polyethyleneoxy sulfate surfactant
15 (58% active solution), 510.9 g methyl methacrylate, and 11.7 g methacrylic acid. The
Cofeed Initiator was composed of 2 g ammonium persulfate dissolved in 100 g DI water. The
product had a final weight % solids of 44.8, a pH = 8.1, a Brookfield viscosity of 52 mPas
(cps), and a particle size by Brookhaven BI-90 of 163nm.

20 Preparation of multi-staged emulsion-polymerized addition polymer for sample 5. The
method of the preparation of multi-staged emulsion-polymerized addition polymer for
sample 4 was repeated with the following changes: 0.53 g of 58% surfactant solution was
charged to the reactor. Stage 1 ME was stabilized with 12.8 g of the surfactant solution and
the Stage 2 ME contained 7.9 g of the surfactant solution. The product had a final weight

25 % solids of 44.3, a pH of 7.9, a viscosity of 33 mPas (cps) and a particle size of 249nm. |

Preparation of multi-staged emulsion-polymerized addition polymer for comparative

sample C. The method of the preparation of multi-staged emulsion-polymerized addition
polymer for sample 4 was repeated with the following changes: 42.48 g of ammonium
30 alkylphenoxypolyethyleneoxy sulfate (58% active) was charged to the reactor. Stage 1 was
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50g emuléion polymer
14% NH3 added to pH 8.5
3.2 g EKTASOLVE EB
1.1 g EKTASCLVE DB

. | ess than 75, 000; or
mul ti-staged emnul si on-pol yneri zed addit

havi ng an i nner phase and an outer phase; thezg#%g%%%heg

wei ght average nol ecul ar wei ght of |ess than

REPW EE
pR2oFy Mer: pared.cl B

-15-

énmlsiﬁed with 6.59 g and Stage 2 with 4.03 g'of 58% surfactant. The product had a final
weight % solids of 44.39, a pH = 7.5, a Brookfield viscosity of 250 mPas (cps), and a final
particle size of 77 nm (Brookhaven BI-90).

The emulsion-polymerized addition polymers described above were mixed with the
ingredients listed below added in the order shown.

Sample 4

200 g _emulsion polymer
12.8 g EKTASOLVE EB
4.3 g EKTASOLVE DB
9.8 g deionized H20

0.17 g ACRYSOL RM 825

final % solids = 39%
final visc. = 22 sec. #2 Zahn

EXAMPLE 6 Evaluation of waterborne polymeric compositions containing multi-stage

emulsion-polymerized addition polymer at various particle sizes.

One coat of each of sample 4 and comparative sample C were air-sprayed over black
“glass. The bubble density was evaluated using a 70X microscope and the bubbles/mm2 were
counted in the dried film. The results are given in Table 6.1. .
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nanoneters. Th Aalnms 1, 2 or 3, wherein said clear
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wei ght of said emnul sion-pol ynerized addition polynmer particles forned in
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Sample Particle Size (nm.) Bubbles/mm2
94°F 39% RH - 96°F 34% RH
5 4 163 17 11
Comp. C 77 ' 77 105

Waterborne polymeric composition sample 4 of this invention exhibited a lower

amount of microfoam, i.e., superior performance, when compared to comparative sample C.

10
A film of samples 4-5 and comparative sample C were drawn down over black glass
using a 0.127mm (5 mil) draw down bar. Gloss readings were made using a Byk Labotron
gloss unit at 20°, 60° and 85° angles of incidence. The minimum film formation
temperatures (MFFT) were determined on an SS3000 MFFT bar. Data are presented in
15 Table 6.2.
Table 6.2 Evaluation of gloss and MFFT
Sample Particle Size MFFT of  Gloss (20°/60°/80°)
20 _ : neat latex _ '
Comp. C 77 1°C 110/90/95
4 168 0°C ~ 74/80/95
5 249 8°C 48/67/95
25 Clear films made with latices of particle diameter greater than about 250nm develop

an unacceptable haze. This haze was measured as a loss of gloss at low angles of incidence.
Also, the minimum film formation temperature of the neat latices increased with particle size;
this increase may have d_etrimental effects on film formation.

30 EXAMPLE 7 Preparation of waterborne polymeric compositions containing multi-stage
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Preparation of multi-staged emulsion-polymerized addition polymer for sample 6. A 4-neck,
5-liter, round-bottom stirred reaction flask containing 1085 g DI water and 1.33 gofa58%

5 ammonium alkylphenoxypolyethyleneoxy sulfate surfactant was heated to 85°C. To the
kettle, 3 g sodium carbonate dissolved in 75 g DI water and 4 g ammonium persulfate
dissolved in 20 g 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 a uniform rate and fed to
completion to the kettle over 112 minutes. Simultaneously, the Cofeed Initiator was started

10 atarate of 5.7 g/10 minutes. The batch temperature was maintained at 85 + 2°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 85 + 2°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 ovef 68 minutes while maintainiﬁg a batch temperature of

15 85 + 2°C. When all feeds were completed, the batch was held at temperature for 30
mimutes. The reaction was then cooled to 65°C. Two redox chasers were added. The batch
was neutralized with ammonia and a biocide was added. The Stage #1 ME consisted of an
emulsion of 272.9 g DI water, 12.34 g of a 58% active solution of ammonium
alkylphenoxypolyethyleneoxy-sulfate surfactant, 640.7 g butyl acrylate, 275.94 g nﬁ:thyl

20 methacrylate, and 38.2 g methacrylic acid. The Stage #2 ME consisted of an emuision of
272.9 g DI water, 7.57 g of ammonium alkylphenoxypolyethyleneoxy sulfate surfactant (58 %
active solution), 510.9 g methyl methacrylate, and 11.7 g methacrylic acid. The Cofeed
Initiator was composed of 2 g aﬁimonium persulfaté dissolved in 100 g DI water. The

_ product had a final weight % solids of 44.5, a pH + 7.8, éviscosity of 43 mPas (cps), and

" - 25 aparticle size of 147 nm (Brookhaven Bi-90). '

Preparation of multi-staged emulsion-polymerized addition polymer for samplé 7. The

method of preparation of multi-staged emulsion-polymerized addition polymer for sam;ile 6
was repeated with one change: 2.4 g n-dodecyl nierc_:aptan was added to the Stage #1 ME.
30 This product had a weight % _Solids of 44.5, a pH=7.9, a viscosity of 62 mPas (cps), and a
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particle size of 138nm (Brookhaven BI-90).

GPC weight average molecular weights of the soft, outer phase of the emulsion
polymerized polymers described above were determined and are presented in Table 7.1.

Table 7.1 Molecular weights of emulsion polymers

Polymer for Particle Size (nm) M., of Soft Phase
Sample (x 109
6 147 210
10 7 138 160

The emulsion-polymerized addition polymers described above were mixed with the
ingredients listed below in Table 7.2 added in the order shown.

| 15 -Table 7.2 Composition of Samples 6-7

Sample 6 Sample 7

200 g multi-stage emulsion 200 g multi-stage emulsion

+ 13.3 g EKTASOLVE EB + 13.3 g EKTASOLVE EB

+ 4.4 g EKTASOLVE DB + 4.4 g EKTASOLVE DB
20 +9.0g Water +9.0g Water

+ 0.27 g ACRYSOL RM-825 + 0.29 g ACRYSOL RM-825

Final solids 39% Final solids 39%

#2 Zahn Viscosity #2 Zahn Viscosity

20 seconds 235 seconds
25 '

EXAMPLE 8 Evaluation of waterbome.pblymeric compositions containing multi-stage

polymers at various molecular weights.

Spray-applied film properties; as represented by microfoam, gloss and distinctness of
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image; were evaluated by air-spraying one coat of each of Samples 6-7 onto black glass. The
coats were applied using a conventional suction-feed spray gun (DeVilbiss MBC) with an EX
tip and a #30. The gas pressure was 310.5 x 10° Pa (45 psi). The panels were sprayed and
dried at 34.4°C (94°F)/26%RH. To determine the amount of microfoam bubble density was
evaluated using a 70X microscope and counting the number of bubbles per square mm in the
final dried film. Gloss Readings were made with a Byk Labotron gloss unit at 20°, 60° and
85° angles of incidence. Distinctness of image (DOI) readings were made using a Gardner
DOI meter (Model # GB11-8GM) which uses a Landolt Ring film to quantify the DOI. DOI
readings were made by placing the coated piece under the DOI meter and visually determining
the smallest rings which could clearly be distinguished. The panel was approximately 9mm
below the light source. The results are given in Table 8.1.

Table 8.1 Evaluation of clear film properties.

Sample Gloss 20°/60°/85° DOI Bubbles/mm?
6 58/74/84 25 184
7 73/77/89 ' 60 80 -

By reducing the M., of the latex in Sample 7 of this invention there is a significant
improvement in gloss, DO, and a drop in bubble density relative to sample 13 of this

invention.

EXAMPLE 9 Preparation of waterborne polymeric composition containing a multistaged

_emulsion-polymerized polymer admixed with smaller particle size emulsion-polymerized

polymer.

Preparation of latex a. In a 5-gallon stirred reactor 7,250 g DI water and 300.8 g
(28% active sodium lauryl sulfate) were heated to 85°C. A solution of 9.07 g sodium
carbonate in 105.4 g DI water was charged to the reaction followed by the addition of 22.94 g
ammonium persulfate dissolved in 126.5 g DI water. Two minutes later, a gradual addition
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of the monomer emulsion was begun at a feed rate of 53 g/10 minutes. After 20 minutes, the
feed rate was mcmd to 120 g/xﬁinute. A batch temperature of 85 + 2°C was maintained
throughout a 105 minute gradual addition feed period. The monomer emulsion consisted of
4529.7 g DI water, 44.71 g (28% active sodium lauryl sulfate), 4469.3 g methyl
methacrylate, 845.54, isobutyl methacrylate, 483.2 g styrene, 241.6 g methacrylic acid. On
completion of the monomer emulsion feed, the batch was held for 30 minutes at 85 £ 2°C
before cooling to 60°C. A redox chase was added and the batch was neutralized to pH = 7.5
with aqueous ammonia. The final product had a weight % solids of 32.3 and a particle size
of 34 nanometers.

Sample 8 contains the multi-staged emulsion-polymerized addition polymer prepared
for sample 6 (particle diameter, d=147nm); whereas, Sample 9 contains the multi-staged
emulsion-polymerized addition polymer prepared for sample 6 (particle diameter, d=147nm)
and latex a (particle diameter, d=34nm) in the compositions presented in Table 9.1

Table 9.1 Composition of samples 8-9.

Sample 8 Sample 9

200 g emul. pol. for sample 6 66 g emul. pol. for sample 6
+ 13.3 g Ektasolve ™ EB _ +9.15g Latex a

+ 4.4 g Ektasolve ™ DB + 4.39 g Ektasolve ™ EB
+9.0 g Water + 1.45 g Ektasolve ™ DB
+ 0.27 g Acrysol ™ RM-825 + 2.97 g Water

Final solids 39% 0.09g Acrysol ™ RM-825
#2 Zahn Viscosity 20 seconds Final solids 38%

18 sec #2 Zahn Cup Visc

EXAMPLE 10 Preparation of waterborne polymeric composition containing a multistaged
emulsion-polymerized polymer admixed with smaller particle size emulsion-polymerized

polymer.
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Spray-applied waterborne composition properties - microfoam, gloss and distinctness of image
were evaluated by spraying one coat of each of samples 8 - 9 over a substrate. The coats
were applied using a conventional suction-feed spray gun (DeVilbiss MBC) with an EX tip
and a #30. The gas pressure was 310.5 x 10° Pa (45 psi). The panels were sprayed and dried
at 34.4°C (94°F)/26%RH. The bubble density was evaluated using a 70X microscope and
counting the number of bubbles per square mm in the final dried film. Gloss Readings were
made with a Byk Labotron gloss unit at 20°, 60°, and 85° angles of incidence. Distinctness
of image readings were made using a Gardner DOI meter (Model # GB11-8GM) which used
a Landolt Ring film to quantify the DOI. DOI readings were made by placing the coated
piece under the DOI meter and visually determining the smallest rings which could clearly
be distinguished. The panel was approximately 9mm below the light source. The results are
given below in Table 10.1. |

Table 10.1  Evaluation of spray-applied clear composition

Sample | Gloss 20°/60°/85° DOI Bubbles/mm?
8 58/74/84 25 184
9 106/88/90 85 7

The admixture of the small particle emulsion polymer with the waterborne polymeric
composition as exemplified in sample 9 of this invention causes a significant improvement in
gloss, DOI, and a drop in bubble density relative to sample 8 of this invention.

CLAIMS:

1. A method for producing a clear polymeric coating on a substrate, the method
comprising:
(@) forming said clear waterborne composition compromising: .

(i) emulsion-polymerized addition polymer particles having a GPC weight average
molecular weight of less than 75,000; or

REPLACEMENT SHEET ||
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_Spray—apphed wauerbome composmon properties - microfoam, gloss and distinctness of image

were evaluated by spraymg one coat of each of samples 8 - 9 over a substrate. The coats
were applied using a conventional suctlon-feed spray gun (DeVilbiss MBC) with an EX tip
and a #30. The gas pressure was 310.5 x 10° Pa (45 psi). The panels were sprayed and dried
at 34.4°C (94°F)/26%RH. The bubble densit_y was evaluated using a 70X microscope and
counting the number of bubbles per square mm in the final dried film. Gloss Readings were
made with a Byk Labotron gloss unit at 20°, 60°, and 85° angles of incidence. Distinctness
of image readings were made using a Gardoer DOI meter (Model # GB11-8GM) which used
a Landolt Ring film to quantify the DOL. DOI readings were made by placing the coated
piece under the DOI meter and visually determining the smallest rings which could clearly
be distinguished. The panel was approximately 9mm below the light source. The results are

given below in Table 10.1.

Table 10.1  Evaluation of spray-applied clear composition

Sample Gloss 20°/60°/85° - DOI Bubbles/mm?
8 58/74/84 25 184
9 | 106/88/90 | 85 7

The admixuire of the small particle emulsion polymer with the waterborne polymeric
composition as exemplified in sample 9 of this invention causes a significant improvement in
gloss, DOI, and a drop in bubble density relative to sample 8 of this invention.

CLAIMS:

1. A method for producing a clear polyineric coating on a substrate, the method
comprising: |
(a) forming said clear waterborme composition compromising:

(i) emulsion-polymerized addition polymer particles having a GPC weight average

molecular weight of less than 75,000; or
S —

|

|
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(i)  multi-staged emulsion-polymerized addition polymer particles having an innér
phase and an outer phase; the said outer phase having a GPC weight average molecular
weight of less than 200,000.

(L) applymg said clear composition to the substrate using a spraying method; and

© causing or allowing said clear composition to dry.

2. The method of claim 1, wherein said errmlsion—polymerized addition polymer particles

- of step (a) (i) has a GPC weighi average molecular weight from 10,000 to 75,000.

3. The method of claim 1 wherein said emulsion-polymerized addition polymer particles
of step (a)(i) or said multi-staged emulsion-polymerized addition polymer particles of step (a)
(ii) have an average particle diameter from 130 nanometers to 250 nanometers.

4. The method of claims 1, 2 or 3, wherein said clear composition further comprises
from 5% to 50%, by dry weight based on dry weight of said emulsion-polymerized addition
polymer particles formed in (a)(i) or (2)(ii), of other emulsion-polymerized polymer particles
having an average particle diameter less than 0.5 times the average partxcle diameter of said
emulsmn-polymenzed addition polymer particles found in (2)(i) or (a)(n)

5. The method of claim 4, wherein said clear composition comprises from 10% to 2C%
of said other emulsion-polymerized addition polymer particles.

6. The method of any one of the preceding claims, wherein said outer phase of step
(a)(ii) has a GPC weight average molecular weight from 10,000 to less than 200,000.

7. A substrate bearing the spray-applied clear waterborne polymeric composition as

defined in any one of claims 1-6.
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ABSTRACT

A METHOD FOR PRODUCING A SPRAY-APPLIED CLEAR WATERBORNE
COMPOSITION HAVING REDUCED MICROFOAM

A method for producing a spray-applied clear waterborne polymeﬁc composition
having reduced microfoam is provided. The clear composition contains certain emulsion-
polymerized addition polymers or certain multi-staged emulsion-polymerized addition

10 polymers, and is spray-applied to a substrate. Also provided is a substrate bearing the spray-
applied clear composition.



