[

" WATER- DI SPERSI BLE POADER COMPCSI TI ON FOR

WATER- RESI STANT COATI NGS The present invention relates to a -
wat er - di spersi bl e powder conposition for use in water-resistant filns and
coatings. Dry powder conpositions are particularly inportant in coatings
because they can be nore easily stored and transported than their liquid
count erparts. One attenpt to oltain water-resistant filnms froma
wat er - di spersi bl e powder is disclosed in U.S. CB)atent nunber 5, 342,897 to
Franzman, et al. Fran?aiERPIFERSIBLEPOWRER COMBRFEIOMNAGRI si ng a

di spersi on polyner and a wat er WATEBFREIST 4hr COATENGEs readily re-

di spersed in ter. When used with m nera| ai ni bui |l ding mater;jal s,
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al so | eads to poor water resistance in the resultant filns. The pol yner

powder s dopnterpartsaan f or m i nsol ubl e conpounds only when used in the presence
of netal cations, but otherw se suffer from poor water-resjstance,

have found t FRe aitempt&e obfalwater-Fasistass filme fropyamaterditRssubleiromdes s be

obt ai ned;; whi Gl . | ' e[, hesl .t ho e
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functionalized polynmer to forma“non-ionic bond foll owi ng di spersion of the
powder dlispeosedtinovatem WhereusedTitls mineral dontainingdedldirtghmatesials) thantidfaniors thess
wat er - dj spersible, thus increasing the water-resistance. . In the
first adhewatessoluble polpmenreartiyith falgum anchaluminum, cationsdq form inskuble

conposi ti‘on copprising a water dispersible adm xture of: a)
filmforfit 8“’6%??%* _ é}ﬁrﬁgptggrﬁggq?}ga%oa‘foaﬁgg%t one functional group; and

b) at |east ong grEBlehl wihAUROdISHrsiblRaIolrAE Bowdéls i thRithe te@nelodd Whigei d
pol ymer functional group followng dispersion of the adm xture rn water.

In a segrovidesgewnt wateridispepsilsitignif thewewd ersnajsotleadsdo peopwater desistancets thed f or

produci ng a water-resistant coating froma dispersjb]e powder, conposition
conpr i sitAgitant films. The polymer powders in Franzman form insoluble compounds only when

used in the presence of metal cations, but otherwise suffer from poor water-resistance.

We have found that a- water-dispersible polymer powder composition can be obtained
which produces films having good water resistance, without the need for metal cations. The
polymer powder composition contains at least one reactive component which typically reacts
with a film-forming functionalized polymer to form a non-ionic bond following dispersion of
the powder composition in water. This reaction renders the resultant films less water-
dispersible, thus increasing the water-resistance.

In the first aspect of the present invention, there is provided a powder
composition comprising a water dispersible admixture of:

a) film-forming polymer particles having at least one functional group; and

b) at least one reactive component that forms a non-ionic bond with said

polymer functional group following dispersion of the admixture in water.

In a second aspect of the present invention, there is provided a method for producing a

water-resistant coating from a dispersible powder composition comprising



2 . a) adm xi ng filmformng polyner particles having
at | east one functional group; and at | east one reactive
canponent that fornms a non-ionic bond with said polynmer functional group
foll ow ng dispersion in water; b) dispersing the adm xture in water;
c) applying the adm xture dispersion to a substrate; and d) drying
said adm xture dispersion to formthe water-resistant coating. In a
third aspect of the present invention, tRBere is provided a dry formnul ation
for the preparation of ready-to-use coatings containing a water-dispersible
powder as desayddmitingh the first aspect. This invention is directed
to a water-dispersible powder conposition which is an adm xture of two or
nore reactive el endiisforming palgmenpasticles havingias jeagt qng)fumdtionalf or ni ng pol yner
particles with gt |east one functional group and-a second el ement being (b)
a reacti WEOHSAPBnent that forns a non-ionic bond with the pol ymer

functional group URPRkaG HRARERHIE cLpBitlet that Wfin £AGKIAHE BEARRA functi onal

groups on the polyner particles an reactive conponents occurs

fol | ow ngaidigoahér fRinciinal BRUpFONGHingisFdrsion il Ratereact i on renders the
resultant coating water-resistant and al so inparts to the coating sol vent

resi stance, chedisperbingdhd aimixbare imbyatesi on resi stance and durability.

The pol yner particles of this inventjon are filmform ng and have at | east
one functi onaf a@PBﬂb@ W%Wﬁaﬁpﬁtgmteﬁéybﬁﬁ@teﬁé\ i xtures of different

pol ymer conpogy &. ' B”EQE | r act:| s. The
functional gr u&pﬂyg‘%sa})&r%w & Tor !ééé%gisgo%ﬁtﬁ?&rag%%% léetglgto‘lgjggg ’ particle in
wat er and cann£eédd akpedt of B prestat indenESTRAGRAS privededd Efydosh@Iatibn foraher -
The pol yner particles may be hono-pol ynmers or co-polynmers, single or

mul ti - st poeparatiinef ready-tocuse yoatingsicontining arwatkmdisperpiblejpowder as described in -
techni que; j ncluding, for exanple, emulsion polynerization, solution
pol ymer i $ha firstaspaet- suspensi on pol ymerization in aqueous Or non-aqueous

medi a. Pol ymefypalJehBbe R dingfedto ia@vét@ﬁdﬁﬁgéﬁﬂé powder composition which is an

admixture of two or more reactive elements, at least one element being (a) film-forming
polymer particles with at least one functional group and a second element being (b) a reactive
component that forms a non-ionic bond with the polymer functional group upon dispersion
in water. The reaction between functional groups on the polymer particles and the reactive
compbnents occurs following dispersion of the powder in water. The reaction rendérs the
resultant coating water-resistant and also imparts to the coating solvent resistance, chemical
resistance, abrasion resistance and durability.

The polymer particles of this invention are film-forming and have at least one
functional group. The polymer particles niay be mixtures of different polymer compositions |
with the same or different reactive groups. The functional group can provide for
dispersibility of the polymer particle in water and can react with the reactive component
upon dispersion in water. The polymer particles may be homo-polymers or co-polymers,
single or multi-staged. They may be synthesized by any known polymerization technique,
including, for example, emulsion polymerization, solution polymerization and suspension

polymerization in aqueous or non-aqueous media. Polymer particles useful in the present



3 invention are not linited to any particle size, nolecular weight, glass
transittion tenperature (Tg), chem stry, or physical shape.
Filmform ng polynmers useful in this invention are those which are
filmformng after dispersion of the powder conmposition in water. One
conponent of the polyner particle will preferably have a glass transition
tenperature below 50[err]C. Polyners with a higher glass transition
tenperature are also useful in this invention with sufficient coal escent or
heat to render themfilmformng... . . used herein, polyner particle
it i orYETPB RS PRtmEe Y Ay ik il 57 AP Iofilsh WREE el Haesion treperaore
at om and 0 ' : |t inparts characteristic properties to the
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pol yrer nctio group in this invention aids in
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et hyl ene.re,{dyytﬂ,&f{ghﬁ.f&fmﬁgpol ynmeri zed et hyl enical |l y-unsaturated acid
nmononers, in the range of “0.1%to 25% may al so be used. Preferred pol ymer
particl es ar eAsubéd béraipepolgniee pattiele "fyradtipnElrgroip reahshin atam\oe growmal atoms
sequenti al enul sion polynerization known to those skilled in the art. The

emul si ondttaghedie aicprhionatem apd avhose presemrs as agnitimpazts gharagteristicproperies &y e|
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a nul ti f dabbkylamlidecarabarhingki ng nonormer such as, for exanple, allyl
met hacryl ate. Once the first stage polynerization is conplete the polymer

emul sion i s nionearersassfulin thepolymerigationioh the Fm-tasmingipelymes paxticles inchirle
DS ety T ey B R A b S e o BB T, U rerehe! U

substituted styrenes; butadiene; vinyl acetate and other vinyl esters; vinyl monomers such as

vinyl chloride, vinylidene chloride, N-vinyl pyrollidone; acrylonitrile or methacrylonitrile;
and ethylene. Low levels of copolymerized ethylenically-unsaturated acid monomers, in the
range of 0.1% to 25%, may also be used. Preferred polymer particles are multistage, core-shell
polymers formed by conventional sequential emulsion polymerization known to those skilled
in the art. The emulsions are neutralized to a pH of about 8 to 9 and have a solids level in the
range of 35% to 40%. An exampie of a suitable process is described in EP 0522791 Al.
Preferred polymer particles useful in this invention are formed from a first stage or shell of
about 80% methyl methacrylate and about 20% methacrylic acid with a low level, on the
order of 0.5% to 5%, of a multifunctional crosslinking monomer such as, for example, allyl
methacrylate. Once the first stage polymerization is complete the polymer emuilsion is
neutralized with a suitable base or combinations of suitable bases such as, for example,

ammonium hydroxide, sodium hydroxide, calcium hydroxide, potassium hydroxide or



4 conbinations thereof. Following this neutralization, the second stage or
core ‘polyner is formed, preferably from about a 50% butyl acrylate and 50%
net hyl nethacryl ate. A functional group may be incorporated on the
pol ymer particle by any conventional nethod. One nethod, for exanple, is
the incorporation of a functional nononer into the polyner particle.

Anot her nethod is by an in-process or post-addition adsorption or grafting
of a functional group onto the polyner particle via additives. Additives
useful for this purpose include, for ex#&nple, protective colloids such as,
for exanple, polyvinyl alcohol, polycarboxylic acid, polyvinyl

pyrrol i combinatiohy ehdegdfe rRollowiniethis meittalization; she sttaidsiage ardrapolpaer is

The pol yner particles of this Invention can be nade into a dry powder by
any conJemeed pa¢ferablihzomiabouna Pt butyl acrylate and RSk methylinnes ate. or exanpl e,
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adm xture nust be (i rsible or solyble jn water. It nay, be m xt ure of
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fol | ow Rerifdssper Sion of the adm xture in water. The reaction proceeds in a

time-frane allowing filmformation to occur. The reaction between the

di sper sed poThepolyinenparticteslof thipimyentioh tdrebe made inteea dgnpowdertbynany be in t he

formof a chem cal reaction _or, a physical interaction sucrl as ., . .
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Preferably spray drying is used to produce the dry powder. Spray drying may be carried out

under atmospheric or reduced pressure at from 100°C to 400°C and is often carried out in the
presence of an anti-caking agent, such as for example 3% calcium carbonate by weight of
polymer. Preferred polymer particles are free-flowing and have a particle size of 1 to 100
microns. |

The reactive component in the admixture must be dispersible or soluble in water. It
may be a mixture of different reactive components with the same or different reactive groups. -
The reactive component contains at least one reactive group, which reacts to form a non-jonic
bond with the functional group on the polymer particles following dispersion of the
admixture in Water. The reaction proceeds in a time-frame allowing film-formation to occur.
The reaction between the dispersed polymer functional group and the reactive component
may be in the form of a chemical reaction or a physical interaction such as crystallization. A
preferred embodiment of the invention involves a cross-linking reaction, such as, for
example, crosslinking carboxyl polymer functionality with epoxides. The crosslinking

reaction produces coatings which are water resistant and also tough and durable.



reaction produces coatings which are water resistant and al so tough and

dur abl e. 5 The
reactive conponent may be polymeric or non-polyneric. Reactive conmponents
useful in the present invention are not limted to any particle size,

nmol ecul ar wei ght, chem cal functionality, volatility or physical shape.
Sonme of the reactive conponents nmay be ogpmercially available as a dry
powder. O her reactive conponents may be nmade into dry powder by any

conventi onal t_ hod. h for exannle.. precinpi [ one freeze dryving,
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carbonate, clay, talc or silica. Sui tabl e reactive functi©Onal pairs
usef ul i functibaaity, vobatilitpor physicatishaper exanpl e: (a) In the case wherein the
pol ymer functi onal group.is carboxyl, the reactive conponent reactive group
may be, for Semenfdhergaciyrcompansnts mdy bheommercialiyrayailable as a dyy poradede
oxazqline
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fol l owi ng: 1) titani um conpounds 2) boron conpounds 3)
i socyanatadgum carbonafe, elaydalepr sdicaci ds and esters 5) anine

formal de hyd_eSSuitable reactive functional pairs useful in this invention include for example:
(a) In the case wherein the polymer functional group is carboxyl, the reactive component

réactive group may be, for example any one or more of the following:
1} epoxide
2) organohalide
3) aziridine
4) carbodiimide
5) oxazoline
6) alcohol
7) amine
8) aminosilane _
9) silicon compounds including organosilicone compounds
10) amine formaldehydes -

(b) In the case wherein the polymer functional group is hydroxyl, the reactive component
reactive group may be, for example any one or more of the following:

1) titanium compounds

2) boron compounds

3) isocyanates

4) carboxylic acids and esters

5) amine formaldehydes

6) silicon compounds including organosilicone compounds

7) aldehydes ' _
8) oxidants which generate aldehydes or ketones , such as, for example
periodates and perborates.

The film-forming polymer particles.and reactive component of this invention can be
blended in a liquid state prior to powder formation, provided the reaction between the

reactive component and polymer functional group has not progressed significantly to



6) silicon conmpounds including organosilicone conpounds 7) al dehydes
8) oxi dants which generate al dehydes or ketones, such as, for exanple

peri odat es and perborat es. The filmform ng pol yner particles and
reactive conponent of this invention can be blended in a liquid state prior
to powder formation, provided the reaction between the reactive conponent
and pol yner functional group has not progessed significantly to

6 interfere with redi spersion of the adm xture or the subsequent film
f or mat i onjnedRress amtvemsgezgfaﬁ JtithdBd b8 e B SHIBREqRAT ﬁmk&aaaaxg TRaEhbYY,
conponent are formed separately into dry pomdefg. The i ndividual dry
powder s athe fileformihg palgmenpartitlesasd yeapvElesmpervpoadetfodiedeph Ritly lits 1 on.
The functional polyner particles and reactive conponent nmay be adm xed by
any conveppwdgial Theindividaalady ployrders ara théncadmixed intp dreadrypowdes comgositian of ve
conponent,, . r.eactive groups are preferably present in the powder conposition
at a ol ePIYEH%nge from between one to ten (1:10), and ten to one

(10:1). The powder _ﬁ%g%gc;do Epﬁblg%géquleg and @@a@&wc&@ggf@gg@e Wil Ly

Preferably the adm xe er'c Itron I's storage room

t enper at Uirg.colbéretioniab mashtke THepoliferdiartidle ettt ANEOSHS drdl readtielcbingonk Rl ©
use, thoroughly m xed and the mXxture is processed in a conventional .
manner . Seciivggeenps are greferablyi presént imtegowdes compositioratzompleretio ramge from

ol ymer functional gro eact. The resultant filmis water-resistant._
The powddHECERRRIES toite QY 20etem feane 16: Nk I Theesydss Fompgsitom diameg inreadily
addi ti vesy; I\ l4) ' , | D5 Lnl.sh,
o qrrent s SSReEIain s, BAPREE, e it poVAE coflyoRiBon st RgE SRl rb T
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wherever water-resistance is desired in a coating made from a dispersible
powder . Thixed and g ndxtuteds pracessed fima kgnvestibnal mannepaligbsequent to dispersion in

water the reactive component and polymer functional group react. The resultant film is

-water-resistant.

The powder composition may optionally inciude other dry conventional additives
such as, for example, fillers, sand, dﬁiys for aggregate finish, pigments, coalescent, thickeners,
dispersants and formulation additives in conventional amounts.

The composition of this invention is useful wherever water-resistance is desii'_ed ina
coating made from a dispersible powder. This invention is particularly useful in ready-to-
use coatings for cementitious and non-cementitious applications, especially in masonry
coatings, paints, adhesives, caulks, mastics, floor polishes and paper. A water-resistant
coating may be produced by dispersing the powder composition of this invention in water,

- applying the admixture dispersion to a substrate and allowing the coating composition to
dry. A preferred embodiment of the invention is a coating that is curable at ambient
conditions of temperature, relative humidity and air velocity, the temperature being greater

than 00C,, in that the composition is formulated in an aqueous composition.



use coatings for cenentitious and non-cenentitious applications, especially
I n masonry coatings, paints, adhesives, caul ks, mastics, floor polishes and
paper. A water-resistant coating may be produced by dispersing the powder
conposition of this invention in water, applying the adni xture di spersion
to a substrate and allow ng the coatlng conposition to dry. A preferred
enbodi nent of the invention is a coating flhat is curable at anbient

condi tions of tenperature rel ati F@&Bq+ty and air velocity, the

terrperatu ter n O[ers %1 that the conposition is
for mul ate |n an agﬁ%lgt ctﬁ‘?’gosmlon

7 Powder compositions were fd/atlafdal 9&1‘3 t thn.sgé PR est:
Powder conpositions wer __Qf ) (% ;t% u# the a1|Hnt o%}a?r&uqqnfel %‘%

bel ow Materi er—par jL, I ot at| Mat eri al
Vi ght by Part (gr Pol er Dry’qggjl 46. 0

Reacti ve corrponent ym (]I? Ti Q2

20 ‘Fe C°"“P°“‘*’“t 0t0192 ¢ 5 Cal ci um
car bonat e Def oant} . 0.4

C ay De Oamer 1.0 0.5 Capr ol act am

3.2 Caldumgarbonate 60 0.8

Thi ckener Defoamer 0.6 04 TOTAL

160. 5. Clay Wat er : 1.0 96. 4 (1) The
amount of reactiveUapnglacteamt was varied fr@RO0 (conparative) to - 19.2

granms as descri bed Disperéent Sanpl es bel ow. 08 Al of the dry ingredients
were added to a pl Jhidgkengd nt cup, the cup gggpped and pl aced on a paint
shaker for 2 mnutes toTOTand the dry comgggents. Water was added to the
pai nt conpagsition and stirred on a | aboratory nechanical stirrer for 40 to
45 m nutes, then all owedyater 9.4

(1) The amount of reactive component was varied from 0 (comparative) to
19.2 grams as described in the Samples below.

All of the dry ingredients were added to a plastic pint cup, the cup capped and placed
on a paint shaker for 2 minutes to blend the dry components. Water was added to the paint
composition and stirred on a laboratory mechanical stirrer for 40 to 45 minutes, then allowed
to rest for 15 to 20 minutes before use.

7-mil films of each sample from paint formulation 1 were drawn on a black scrub test
panel (The Leneta Company, Form P121-10N) with a Dow applicator. The paints were
- allowed to cure for 7 or 28 days at 25°C and 50 percent relative humidity.

Abrasive scrub resistance was determined by placing the scrub panel on a Gardner
Scrubability and Abrasion Tester (Gardner Company) with a ten mil by one-half inch by six
and one half inch shim. To the brush was added 10.0 % 0.2 grams of standardized scrub
medium (Type SC-2, The Leneta Company) and 5 ml. of water. Reapplication of the scrub
medium and water occurred after every 400 scrub cycles. The paint was scrubbed until a
break through to substrate was observed across the width of the shim. All paints were

scrubbed in duplicate and the results averaged.



to rest for 15 to 20 m nutes before use. 7-m| filnms of each sanple
frompaint fornulation 1 were drawn on a black scrub test panel (The Leneta
Conmpany, Form P121-10N) with a Dow applicator. The paints were allowed to
cure for 7 or 28 days at 25[err]C and 50 percent relative humdity.
Abr asi ve scrub resistance was determ ned by placing the scrub panel on a
Gardner Scrubability and Abrasion Tested (Gardner Conpany) with a ten m |
by one-half inch by six and one half inch shim To the brush was added 10.0
0.2 grans of z%txmddmdﬁcndﬂtesmﬂﬂn\lrﬂad?& effelyd o Kérefter BB thd Stifath TedtQDIG))Y vasnd
5 m. of water. Reapplication of the scrub nmedi um and water occurred after
every 408saperfgrmege nge amicfilpeafiabowilst mdls msdesterhfdrieach formulationr Fhgpaine

substrat g was observ r 0SS h of the sh | | al nts were

zer ubbec s WEBERER B 2 cryt 2pSeand 8 pivermigaiguve humidity. The paint Alims were

8 I f the
Sorub TESTEEENH BE sPEGfid MEprofiiol) A8 dddlud E)d Bl e STSRE RS T |
tested futtil@atithd Dinsidediristld radlB@hpwed weaf tHroGghes e Glibgthtd Mth@%eﬂ@b’ﬁecﬁén
25[err] C and 50 percent relative hunmdity. The paint filns were scrubbed
wi t h t heofdhepansl erunil:3908 strub icyales tad2seursedii um dodecyl benzene sul fonate
(DS-4), until 2 of the 3 inside bristle tracks showed wear through to the
substratZ in WhteAbEastoalTesection of the panel or until 3000 scrub cycles

had occurre(iise Wet Abrasion Test. Powder compositions were fornulated
accor di PWIETCARPRSitiARS Verefarmulatsd ase?rémg to the paint formulation below:powder pai nt

formul ation 2 Powd I\/at,lelrgl al I > Wei ght by Part (grans)
Dry Powder Corrposﬂﬂoal » Weight | Eart%f oasrer

0.5 Dry Powder Composition 57.5

Defoamer 05

TiO2 . 25

Calcium carbonate 75

Clay ' 1.25

Thickener 0.75
TOTAL 160.5
DI Water ' 120

10 mil wet films of the test coating were drawn out over Leneta Black Vinyl Scrub Test
Panels (Form P121-10N). The films were cured at 700C and 50% relative humidity fc-)r_ 7 and
56 days. The samples were tested using a Gardner Scrubability and Abrasion Tester (Gardner
Co.) as follows:

a) The cured films on Leneta Black Vinyl Scrub Panels were placed coating
side up, centered and taped onto the aluminum plate of the Abrasion Tester.

b) The brush was soaked in water overnight before use. The brush was
removed from the water, shaken vigorously to remove excess water and mounted in the
brush holder. 10 grams of Abrasive Scrub Medium, Type SC-2 (The Leneta Company) were
spread evenly on the brush bristles.

¢) The Abrasion Tester was run at 37+1 cycles/minute. After each 500

cycles, 10 ml of water was added to the sample and 10 grams of Scrub Medium to the brush.



Ti O2 .25 Cal ci um car bonat e

75 : d ay 1.25
Thi ckener _ 0.75 TOTAL
160. 5 DI Water 120 10 ml wet

films of the test coating were drawn out j,over Leneta Black Vinyl Scrub Test
Panel s (Form P121-10N). The filnms were c3red at 70[err]C and 50% rel ati ve

hum dity for 7 and 56 days. The sanples were tested using a Gardner
Scrubabi | ity Shiestisssengniesaatibfailurs Fadlure was potgd whep|thg\goating was  3) The

cured fil Leneta Bl.ack Vinyl rub Panel.s re,placed coatin | de up,
cent er ed eg%dcf %qu'f)oeu&%otﬁtﬂbe @ﬂé‘ %?m%ﬁ}ep‘f‘ﬁ? ergf S‘fgﬁg c%%atg ﬁ%xﬂxr?g\ﬁsé'gc%raeg. b)
The brush, was m%gggalip}op@%fqegyerni ght before use. The brush was renoved

fromthe water, shaken vigorously to renove excess water and nounted in the

brush hol der . PaRm@k filfis wereXhaaes frem the redispdesid powder R6mPosition FAd chifddfon 4
Conpany) were spread evenl égi?rn the brush bristles. ] c) The Abrasion
Test er waveeksat 2PCand 5§fctetativeibrumnidity AThe filmsw resoakeghip deionized wiatenét nomtrer
was added to the sanple and 10 grans of Scr,yb Mediumto e hruysh. .

o ertipertie R e SYEK 00 SuBER P e or dn iy siate- e iaoienl Primesties
coati ng £181sQd t P‘Q& REine I ¢@fe .

cycl es t\éﬁ?al I urglqmtgés%‘?*eég%rn dag\ : %&Lé&hﬁlg‘%ham %gﬁoﬁgﬁﬂﬁ%afégs:ﬁ&(m inute
Pol ymer  withdogbone siiapéd spedinehd 0.728Ghapgngede leleb N (ASTMCTesE€d
for 4 weeks atgl?O[err]C gnd 50%®rel ativelﬁgm Ity. The filns we(re soaked in
dei oni zedlethodP-4iR2). rEngineesimgaralites oé Idads and & elergationavere besotdesinebpectizelyed i n
t he wet tsl,t ate. Mechani cal t%’rﬁ(’)%erti_es of .the fi re measured on an

I
nstron 154 ieRgle eRBHAns this Songasion ot Silmvere celcwlale Fom FRENESTIRE YRIHEY bone
shaped swkm§$gzyﬁhiﬁm&§$§g&§@ cl a_rrped on the ears (ASTM Test

Equation 1 Ttrue strength = Tengineering strength (aL/L0o + 1)
Equation 2 Etrue elongation =Ln (aL/Lg + 1)

-oL is Eengineering elongation

Examplel
Sample A

Sample A consists of a polymer powder without any reactive component. The
polymer powder composition has a 78.6% methyl methacrylate : 19.9% methacrylic acid :
1.5% allyl methacrylate polymer sheil and a 50.8% butyl acrylate : 49.2% methylmethacrylate

core.

Sample B

Sample B consists of the polymer powder of Sample A plus reactive components
phenyl glycidyl ether and dimethylbenzyl amine. The reactive components were added to
the composition in the following manner: 4.8 grams of phenyl glycidyl ether was diluted to
30 grams with methylene chloride. This was added to 30 grams of calcium carbonate. The
calcium carbonate was spread in a glass dish and placed under a nitrogen stream overnight.
The powder was ground with a mortar and pestle and 23.2 grams added to the other dry

components. This is equivalent to 20 grams of calcium carbonate and 3.2 grams of phenyl



Met hod D-412). Engineering values of |oads and % el ongati on were recorded
respectively. True tensile strength and true elongation of filmwere
cal cul ated from engi neering values (equation 1 and 2) with filmthickness

correction. Equation 1 Ttrue strength = Tengi neering strength
([err]L/L[err] + 1) Equation 2 Etrue el ongation = L[err]
([err]L/L[err] + 1) 10 [err]L is [err]engineering
el ongati on Exanple 1 Sanple A

Sanpl e Aglgcidgl ether. dX9 grapel of dimhethgibbary Miniine Was dilyitddetd G0 igyains HiBGRERYlend NE
pol ymer powder conposition has a 78. 6% met hyl nethacrylate: 19. 9%

net hacr yhleridg: | This was Watqd)ﬂntﬂﬁﬁ gracns of JHQ2 spraaddn aglass Idlahwd\daplmdwdm ay|
| at % net h | at le B B t
of T he. IEPRE: TEHRETAOIERSANG BORAE! e FouBRIE: & IR and BSpIRanst 28 gramsy
th T d to th
conpos, 1 saaTE HHORERHY cofiente, 1hid S AghiEn B TUREL St 1e Bl Bttt v

di | ut ed ditneBtylgérdybamirted met hyl ene chloride. This was added to 30 grans of
cal ci um carbonate. The cal ci um carbonate was spread in a glass dish and
pl aced fample& nitrogen stream overni ght. The powder was ground with a

nortar and p stI nd 23.2 added to the ot her dry conponents. This is
equi val ent t "g&&ﬂ%s‘ﬁ? °E§‘Fdﬁ°nf}fﬂ‘%rm%1°§ %FHH}eSAE lusy AEPXY TeaRkivg|

10 gly to 30
gr ans Vﬁoﬂ%ﬂ {%{) eglﬁee&g %’[&ggp i H%Q?S&&Qd?:‘é?é%&oﬁﬁ%sn@a gr a?rgo %'ﬁ"% &Y
spread iTo 0 grans f CAISANEEEbENAE (s HAGRT 2898 PrabisQAFAwatky &iaiﬂér%&réy tresidd N€
powder was ground with a nortar and pestle and 20.6 grans addeéd to the
ot her d{BPEBEZSALIWEO, Shhil §hesu<zaqa.n 6&)% mitds); Jhenixturesvasspieadjoaralimimuon €oib
f I
grams o anddalllgsvteHXO ge r]ZXermghf:.n'?he ry powder was ground with a mortar and pestle and
71.5 grams was used in the dry paint mixture. This is equivalent to 11.5 grams of EPI-REZ

3510W60 solids and 60 grams of calcium carbonate.

Sample D

Sample D consists of the polymer powder of Sample A plus an amine and an epoxy
reactive component. The reactive components were added to the composition in the
following manner. To 90 grams of calcium carbonate was added 16.8 grams of a water
dispersible epoxy resin (EPI-REZ 3510W60, Shell Chemicals - 60% solids). The mixture was
spread on aluminum foil and allowed to dry overnight. The dry powder was grdund witha
mortar and pestle. 66.7 grams was used in the dry paint mixture. This is equivalent to 6.7
grams of EPI-REZ 3510W60 solids and 60 grams of calcium carbonate. - 3.45 grams of
Jeffamine T403 was diluted to 30 grams with methylene chloride. This was poured onto 30
grams of TiO2, spread in a glass dish and places under a nitrogen stream overnight. The
powder was ground with a mortar and pestle. 22.3 grams of the Jeffamine powder was
added to the other dry components. This is equivalent to 20 grams of TiO2 and 2.3 grams of
Jeffamine T-403.

Each sample was formulated into powder paint formulation 1 and the formulation

was then tested in the Scrub Resistance Test and DIN test with the results shown in Table 1.



Sampl e C consists of the pol yner powder of Sanple A plus an epoxy reactive
conponent. The reactive conponent was added to the conposition in the
foll owi ng manner. To 90 grams of cal ci um carbonate was added 28.8 grans of
a wat er dispersible epoxy resin (EPI-REZ 3510W60, Shell Chenicals - 60%
solids). The m xture was spread on alum numfoil and allowed to dry

overni ght The dry powder was ground withila nortar and pestle and 71.5 grans
was used in the dry paint mxture. This is equivalent to 11.5 grans of

EPI - REZ B teMfQ shelv iﬂéﬁa&ﬁi ?Qtegfr@épﬁéag e, 99#’%%%? g? %ﬁp rBase3A e Scrlibs ¢

Sanpl e D consists of the polymer er o us an am ne and an
epoxy r dailireVfor powiden esthpdsifonseaithe peeseAfBwafiés were added to the
conposition in the follow ng maraELEf0 90 grans of cal ci um carbonate was
added 16.8 grans of a water dispersible epoxy resin (EPI-REZ 3510W0, Shell
Chem cal s - 60%SO||dS) The m xture was reect rra-reeetty and

al | owe ' - i3 g.%&gﬁ:*ﬁ#},l‘ﬁ% +h- ar and
pest| e. %&Elﬂgram; was used in the dry pa fidayyi xt|@8dayTh|BINs edui val ent to
6.7 grans of EPI-REZ 3510Ws0 solids and 6[ruweans jglrecal c|igsh car jonate. 3. 45
grans df Jeffam ne T403 was diluted to 30j grans Wi th nethyl ene dhl oride.

Thi s wedHA (polyrer arily)D(Cinprrative)of Ti 2, spfead i21|a gl ag6| di sh gojd pl aces
under .4 nitrogen stream overni ght. The poler wag groundiwi th a|nortar and
pestl e. ?@o@nﬂb’rwﬁh&{ylgfy%idlﬂfeﬁﬁmne powdey was sgdded tpafhe ogfwdr dry

conpongnt s. Tr&iﬁm&?ylﬁ‘&lﬂgﬂnﬁ@) to 20 granp of Ti {2 and 2| 3 grang of
Jef famine T-403. ach sanple was fofnul ated i nto ppwder pgint

f or mul i d formul ati on was th testgd in Sc esi st ance
Test a S‘.‘%{Bwﬁ%&eéé]&% the results shown i n Tabl'¢ 1. EE@ L%bOFThe results
show i ased -r.esi stance, as neasured b nin Ase | n.tlhe scrubs
to fail ﬁ.@o?%?r%mgﬁﬁmg i ons of the pre’éé%t ingé‘ﬁ ioﬁé&)o

TABLE 1 Qvcles tolfailure

Sanpl e 7- day 28-day DIN
Example 2 . |

Each of the following samples was formulated according to powder paint formulation
2 and tested in the Wet Abrasion Test. '

Sample E | .

Sample E dry powder composition consists of the polymer powder of Sample A
without any reactive component. |
Sample F

_ Sample F dry powder composition consists of the polymer powder of Sample E plus
amine and epoxy. The amine was added to the polymer powder by co-spray-drying the
- polymer emulsion with 5% Jeffamine T-403 (polyoxypropylenetriamines, Huntsman Corp)
based on the weight of dry polymer. This produced a free-flowing white powder having a
residual moisture level of about 2.0% and particle size range between 1 and 75 microns.

A dry powder epoxy reactive component was formed separately. This was done by
adding to a 30 - 35 % slurry of calcium carbonate in water, 20% of a water dispersible epoxy
resin (EPI-REZ 3510W60, Shell Chemicals). This slurry was then spray-dried using a Bowen
Model BLSA laboratory spray dryer. Inlet air temperature was adjusted to 117°C and outlet



cure cure test A (polyner only) (Conparative) 21

26 . 80 B (polyner + phenyl glycidyl ether + 56 72

615 _ di met hyl benzyl am ne) C (polynmer + epoxy)

83 215 >3000 D. (polyner + Jeffam ne + epoxy) 333

664 >3000 Exampl e 2 Each of the
followi ng sanples was formnul ated accordi b4 to powder paint fornulation 2
and tested in the Wet Abrasion Test. Sanple E Sanpl e E dry powder -
conposi tdiptengsrahirt Svaaf550080 BOYQ BT FegROWEE by FoeSRIPRIEyAdM FrBO Abwipy/fiheact i ve
conponent. Sanple F Sampl e F dry powder conposition consists of the

pol yrer powder Nd aBanpkinghgphtiwasadded. and epoxy. The amine was added to the
pol ymer powder by co-spray-drying the polymer emulsion with 5% Jeffam ne
T- 403 (pol yoxherpsdymenpovdanvitbdetfaminesiradd oed Hie epoxi deantivelsompenettorof  dry

ot 2t ur 2B RHOTaG e oA dsHian &7 FRE Petrcp et g RHaasd shaling ang! the
T v oS Sia . BRI o nd BB SSRRARESL Y
wat er, 2f}%emimmeRles toot%grﬁm.s. TRO¥ENHES ng/d%Pé W@t&%#@\éw\%géel aﬁgﬁgg for

Chem cals). This slurry then spray-dried using a Bowe

| abor at doyr syndys attd/atr50°Cfoetwaneekenper at ure was adj usted to 117[err]C and
out | et 12 air

tenper at ur e Vi&e resilty lijted inTeup &r dqnoratrate impraved water-tesistangedor heyrasrdera

free flown ne
' comp%sIt{on containing the reactive component. The improvement is evidenced by an

increase in the number of cycles needed for failure.

TABLE 2
Cycles tc; failure
Sample _ 7-day cure 56-day cure
E (polymer only) (Comparative) 21 2.30
F (polymer + Jeffamine + Epoxy) 255 1300
Example3

Each of the following powder compositions were tested in the Mechanical Property
Test. The results are shown in Table 3.
Sample G

Sample G dry powder composition consists of the polymer powder of Sample A
without any reactive component.
Sample F

Sample H dry powder composition consists of the polymer powder of Sample G,
admixed with the dry powder epoxy reactive component of Sample F at 3.2% based on

polymer solids (no Jeffamine).



powder. No anti-caki ng agent was added. - The pol ynmer powder with
Jeffam ne T-403 and t he epoxy reactive conponent on calcium carbonate were
adm xed by placing both powders in a bottle and shaking until the particles
were uniformy distributed. The functional group ratio in the powder
conposition of Jeffam ne T-403 to Epoxy was 3.5. The bl ended powders were
storage stable at 25[err]C for four nonthg and at 50[err]C for two weeks.
The results, listed in Table 2, denonstrate inproved water-resistance for
the powdgg, osition containing the reactive conponent. The i nprovenent
S evide%%?%ﬁg5 an increase in the nunber of cycles needed for failure.

TABLE 2 Sample [ dry powd ition consists of the_d delithSsifi L
Sanpl e ple I dry powder composition consists of the, dry Bovgu(r-:e é{%{l%&e"t} Hg%érrfyeﬁE

(pol yner obSdiiple([pobaned, feffimine T-403 and Epoxy). 21 230 F (polyner +
Jef fam ne + Epoxy) 255 1300 '

Exanpl e 3 The fesults demphstritelthaha pujymerfibn fommerbSomi poigpmeepartickstabshd s

t he Mechanical Property Test. The results are shown in Table 3. Sample G
Sanpl e GNP WRIET tesistanse thatit disselyes: Filsrs formed flopnpewdengnmpoditionspl e A
Wi t hout any_reactive conponent.. Sanple H .. Sanple H dry powder

conposi tF‘Z}ﬁ“&‘B}&{‘*gF‘%"%@%ﬂ%"W Q%gr%&/w%trer 85l e G adnmixed with the
dry powder epoxy reactive conponent of Sanple F at 3.2% based on pol ymner
solids (no Jeffamne). TABLE 3

True Tensile Strength (psi) | True Elongation (%)
Sample Dry Wet Dry Wet

G (polymer only) (Comparative) |shattered dissolved - -

H (polymer + jeffamine + Epoxy) |2012£156 1664+178  |5.10£0.22 |4.71+0.53

I (polymer + Epoxy) 909132 522480 4.83+0.13 |4.98+0.10

Example 4

Each of the following samples was formulated into powder paint formulation 1 and
tested in the Scrub Resistance Test with the results listed in Table 4.
Sample |

Sample J consists of a polyvinyl alcohol functional polymer powder (Airflex RP-245,
Air Products) without any reactive component.

ample K

Sample K consists of the polyvinyl alcohol functional polymer powder Airflex RP-245
of Sample J and an isocyanate reactive component. The reactive component was formed by
adding 10.2 grams of water-soluble isocyanate (Bayhydur XP-7063) to 60 grams of calcium
carbonate in a plastic pint cup. This was placed on a paint shaker for 2 minutes.

As demonstrated by increased cyclés to failure, water-resistance increased when the

polymer powder was combined with a reactive component.



- 13 Sanple | Sample | dry powder conposition consists of the dry
powder conposition described of Sanple F (polyner, Jeffam ne T-403 and
Epoxy) . The results denonstrate that a polynmer filmfornmed from
pol yner particles al one has such poor water resistance that it dissolves.
Films fornmed from powder conpositions containing reactive conponents have

good wat er resistance. 1 TABLE 3
True Tensile Strength (psi) True El ongation ‘t% Sanpl e
Dry Vet TABLE 4Dry Vet G (pol yner

only) (Conparative) shattered di ssolved H (polyner + Jeffam ne + Epoxy)
2012+156 1664178 5.100.22 4.71+0.53 | CRIE G faifuteP 0 XY)

909132 gy e33Ot T4 5+0—1-0
Exanpl e 4 Samplerach of the fol | owi ng sanpl es| GEY FHEI28A3Y R L powder

pai nt for nilation 1 and tested in the Scrub Resistancd Test with the

resul ts |iHt efpolymeabhly) ACorgrarptiee)J Sapl e J consists 885ph pol yvi nyl
al cohol fupctional pol ymer powder (Airflex RA 245, Air |Products)f w thout
any reacti pol yvi nyl

al cohol fu an :
i socyanate reactive conponent. The reactive corrponent was fornmed by adding
10.2 grams of water-sol uble isocyanate (Bayhydur XP-7063) to 60 grans of

cal ci um




‘car bonate in a plastic pint cup. This was placed on a paint shaker for 2

m nut,es. As denonstrated by increased cycles to failure,

wat er - resi stance i ncreased when the pol ymer powder was conbined with a
reacti ve conponent. 14
TABLE 4 T Cyclesto failure

St o) (omaracive ST R

I
(120_ )C/:erilr @Alﬁgyaga;g&de_r conmposi tion conpri si ng a water dispersible
adm xturg, O & powderFbrlddstid I ARELNIEE: PROLLBICR ARG | east one

functional gro St one teactive conponent that forns

a non-ionic boyEimkdrhifgpel élyrgg;.ﬁ i y(\:ﬁfgﬁg i s i on of
the adm xture in wa(% er. gb zﬁﬁ Thed%%\f}gtrgc%g#pagiﬁéﬁgﬁé%éf& al n‘?l %d?ei n
sai d pol ymer Ppdtiledst 6né venetive bethpoh@itihat forms a non-ionic bond with said polymer

functional group following dispersion of the admixture in water.

2. The powder composition of Claim 1 wherein said polymer particle functional groups

are selected from the group consisting of hydroxyl, carboxyl, carboxylamine and amine.

3. The powder composition of Claim 1 or 2 wherein the mole ratio of polymer partide

. functional groups to reactive groups on the reactive component is from 0.1 to 10.

4. A method for producing a water-resistant coating from a water dispersible powder
composition comprising:
a) admixing ) _
film-forming polymer particles having at least one functional group; and
at least one reactive component that forms a ndn—ionic bond with said pofyme'r
functional group following dispersion in water;
b) dispersing said admixture in water;
c) applying said admixture dispersion to a substrate; and

d) drying said admixture dispersion to form the water-resistant coating.

5. The method of Claim 4 wherein said admixture dispersion is dried under ambient

conditions. _
6. ‘A dry paint formulation comprising said powder composition of Claim 1 or 2.

7. A dry masonry coating formulation comprising said powder composition of Claim 1.



are selected fromthe group consisting of hydroxyl, carboxyl, carboxylam ne
and am ne. 3. The powder conposition of Claiml or 2 wherein the nole
rati o of polyner particle functional groups to reactive groups on the
reactive conponent is fromO0.1 to 10. 4. A nethod for producing a
wat er-resi stant coating froma water dispersible powder conposition
conpri si ng: a) adm xi ng filmformng polyner particles

havi ng at | east one functional group; BBSIRACT at | east one reactive
conponent that fornms a non-ionic bond with said polyner functional group
fol | owi ng dispersion in \Mﬂ'ﬁ‘,mspmsmbg@g%&g‘g m xture in water;
c) applying said adm xt ure_di speWATFRARESISTANT, . and— d) drying
said adm xture dispersion to formthe water-resistant coating. 5. The
met hod of C A Waferdispertibl 'wda%hgs' {tforfh de@N Thé paivides itigR i ent
conditions. 6. A dry paieﬁfﬁfor mul tci%otﬁxglggﬁsi ng salpd pomﬁ%@ggﬁﬁgggi tion
of C ai nohtains at least bne filh-formingppslpmer baving g 1dast ond aatnictional gigup and gt Rastd

powder conposition of Caim1.
one reactive component that reacts to form a non-ionic bond with the polymer functional

group following dispersion of the powder composition in water. The reaction between the
polymer particles in the admixture and the reactive component renders the resulting coating
water-resistant. The powder composition of this invention is useful for producing water-

resistant coatings.



