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TITLE

LOW VOC WATERBASED COATINGS WITH EFFLORESCENCE RESISTANCE

BACKGROUND
EfMlorescence resistance 1s the abilily of paint to inhibit the pugration of water soluble

salts from an alkaline sobstrate through the paint to eventually be deposited o the paint
surface. When dried, the salt 1s observed as a white discoloration of the paint filtm. Various
coalescent atds have been developed to resist efflorescence.

Various alcohol esters and ether alcohols have been proposed for use as coalescent
aids. For examiple, in US, Pat. No. 4,131,580 Emmons et al. disclose water-bagsed coating
compositions based on vinvl addition polvimers of monoethylenically unsaturated monomers
which comprise dicycloperntenyl acryviate andfor dicyclopentenyl methacryiate as a coalescent
aid. In U.S. Pat. No. 4,141,868, Emmons et al. suggest certain ester-gther compounds be
used instead.

Two of the more widely used coalescent aids are ethvlene glyeol monobutyi ether
(EB. Dow Chemical) and 2.2 4-trimethyi-1, 3-pentanadiol monobuivrate (TEXANOLR,
Fastrman Kodak), While EB and TEXANOL® are uselul i facilitating fitm formation of
coatings formulated with water insoluble polvimers with high glass transition temperatures
and are even useful in facditating film formation of coatings with low glass transition
temperatures 1f they are baing applied at a temperature that is lower than ambient
temperature, they are relatively volatile and, as a result, are currently classified as VOCs
{volatile organic compounds) in the U.S

SUMMARY

The present invention provides for a method to improve an efflorescence resistance of
film forming compositions. The method comprises the step of adding a coalescent aid
comprising a fatty acid ester to the [lm fornung composition. The fatty acid ester has a
formula of RCOOX wherein R is a hvdrocarbyl having one or more aliphatic carbon-carbon
double bonds, and X is selected from a group consisting of a saturated hyvdrocarbvl, a
hvdrocarbyl having one or more aliphatic carbon-carbon double bonds and a substituted
hydrocarbyl

In another embodiment, the present invention provides for a method to improve an
efflorescence resistance of [lm forming compositions. The method comprises the step of
adding a coalescent aid consisting of a fatty aad ester to the im fornung composition. The

fatty acid ester has a formula of RCOOX wherein R is a hydrocarbyl having one or more
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atiphatic carbon-carbon double bonds, and X is selected from a group consisting of” a
saturated hvdrocarbyvl, a hvdrocarbyl having one or more aliphatic carbon-carbon double
bonds and a substiluted hydrocarbyl.

In accordance with the methods of the present invention, the film forming svstem
exhibuts an efflorescence rating of sight or greater after 3 months exposure as determined by
an efflorescence resistance test. In another embodiment, the filn forming systern exhibits an
efflorescence rating of eight or greater after 6 months exposure as deternuned by an
efflorescence resistance test.

n accordance with the methods of the present invention, the film formung svstem
exhibits a AE value of 3 or less affer 3 months exposure as determined by a color difference
test. In another embodiment, the film forming svstem exhibits a AE of 4 or less after 6
months exposure as determined by a color difference test.

DETAILED DESCRIPTION

The present invention provides for methods o improve the efflorescence resistance of
flm-fornung compositions wherein the [ilm fornung compaositions conlaining a coalescerd
aid including a fatty acid gster wherein the coalescent aid is not classified as a volatile
organic compound (VO ag defined herein. The present invention alse provides for a
method to mmprove the scrub resistance for such Hilm-forming compositions, as well as
improved flow and leveling, and longer open ime.

Volatile Oreanic Conmound and Veolatile Oreanic Content

Volatile organic compounds (VOCs) are defined as those that volatilize under & given sel of
conditions. One set of conditions, for instance, ts defined by EPA Method 24; organic matier
that volatiles ander the method prescribed by this test are consrdered volatile organic
compounds. More recently, the US EPA has agread to accept ASTM D 6886 GC Method for
low VOC waterbome coatings as an alternative method for VOO deternunation.  According
to this test method, VOC may include all organic compounds ap to and includimg
TEXANOLR (boiling point = 260% ). The EU uses a similar test method, ISO Method
11890; according to this testmethod, compounds with boiling points below 230° C are
considered volatile organic compounds. When a compound has a boiling range that bridges
the cutofl temperatare, that portion that boils below the cutoff temperature 1s considered as
VOO under both ASTM D 6886 GC Mathod and 15O Method 11890, the portion that boils

above 13 not considerad as VOC. In one embodinient, a volatile organic compound shall

o
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mean a compound having a boiling point of less than aboat 2607 € or having a boiling range
ending at 260 °C.

The components of the film forming conposition and descriptions of exemplary
coalescent aids used in the mathods of the present mvention are described below. For the
purposes of this application, the words coalescent aid and coalescent may be usad
nterchangeably.

Film-Formine Composition

The water-based film-~forming compositions of the present invention may be
formulated to function as paint, sealant, caulk, adhesive or other coating. Thus, these film-
forming compositions may have a wide range of viscosities, e g, from about 30 to about
10,000 centipoise: painis, sealants and sioular coatings tvpically have a viscosily from abowt
50 to about 10,008 centipoise: caulks typically bave a viscosity from about 3,000 o about
1,800,000 centipoise; and adhesives typically have a viscosity from about 30 o about 30,000
centipmse. In addition, adhesives are formudated for cohesive strength as well as good
comtact with the substrate upon which the lim-forming composition 1s deposited. As usad
herein, a water-based film-forming polymier means a Glim-fornung pelymer which is
dissolved, dispersed or emulsifiad in water,

The water-based film-forming compesitions may contain a contingous agueous phase
and a polymenic Hlo-forming phase. In some embodiments, the continuous agueous phase
comprises at least about 10 wi. % water with the amount of water depending upon the
apphication. For example, in some embodiments paints, sealants and suvlar coating
compositions have at least about 10 wi, % water and may conlain about 20 wi. % to about &0
wi. %% water with differing amounts being used for textured, high gloss, semi-gloss, flat, ete.
coatings. In some entbodiments, caulks have at least about 10 wi. % water and may contain
about 16 wi. %6 to about 50 wi. % water with differing amowunts being used for different caulk
apphications.  In cerlain embodiments, adbesives range from about 10 wi. 9 1o aboul 80 wit.
% water and mav contain about 40 wi. % to about 60 wi. % water with differing amounts
being used for different adhesive applications.

In some embodiments, the contingoes agueows phase of the film-forming compostlion
may include one or move water-soluble volatile organic solvents, e, substituted hyvdrocarbon
solvents. For example, in some embodiments modest amounts of ethyvlene glveol {eg., 3-5
wl. %6} or another glvcol may be included for freere-thaw protection. In some embodiments,

the proportion of volatile orgamic solvents 1s mummized: that 1s, the film forming composition
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may contain less than about 24 wi. % volatile orgame solvent, less than abowt 10 wi, %
volatile organic solvent, or less than about § wi volatile organic solvent, based upon the
weight of the non-aguecus phase of the film forming composition and exclusive of any
amount which may be present in a micelle or other dispersed phase or matertal. To meet
mcreasingly stringent environmental regulations, the volatile organic solvent content is
neghigible (ess than sbout 0.1 wi. %) n some embodiments. In some embodiments, the film
fornung composition has a volatile organic content of less than about 10 g/l

In some embodiments, the dispersed phase compnises a water-based fitm-forming
polyvmer and, optionally, one or more additives. In cerlain embodiments, the dispersed phase,
mchuding the water-based film-forming polvmer, constifuies no more than about 90 widh of
the film forming composition with the amount of dispersed phase depending upon the
application. In some embodimients, paints, sealants and simudar coating compositions have no
more than about 90 wit% dispersed phase and may contain about 20 wi% to about 80 wi%
dispersed phase with diffenng amounts being used for textured, high gloss, senu-gloss, fat,
ete. coatings. In some embodiments, caulks bave no more than about 90wi. % dispersad
phase and may contain about 75 wi% to about 90 wilh dispersed phase with differing
amounts being used for different caulk applications. In some embodiments, adhesivas range
from agboul 20 wi% to about Y0 wi% dispersed phase and may contain about 40 wi% to about
60 wih dispersed phase with diffening amounts being used for different adhesive
applications.

In some embodiments, the digpersed polvimer is msoluble in the agueous phase and 1
otherwise suitable for use in water bome [iim-fornung compositions. Because in some
entbodiments the dispersed polymer is the component which coalesces to form the desired
film, the film-fornuing composition may comprise at least about 10 wi%, at least about 135
wi%, and sone applications at 1zast about 20 wi¥%: of a coalescible dispersed polvimer.

According to some embodiments of the present invention, sutlable dispersed polymaers
are generally of high molecular weight (2. g, greater than about 66,000 Daltons for a tvpical
film-forming fatex resin}. For example, in sonte embodiments they may be aither of the
addition type, m particular a polvmer or copolvmer of one or more o f-ethelenicatly
unsaturated monomers, or of the condensation type, for example, a polvester ov a polvanude.
Swuitable water-based film-formmg pelymers of the addition type mav include the
polvmerization and copolymerization products of stvrene, vinyi acetate, vinvl tolnene, vinyl

chlonde, vinviidene chloride, butadiene, vinvl hvdrocarbons, acrvlonitrile, acrvlic acid and
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esters thereof (hereinafier “acnlates™), and methacrylic acid and esters thereof (heremalter
“methacrviates™) containing monomers. Suitable condensation tvpe watar-based film-
forming polviners may inclade epoxy, urethane. hydrocarbon, silicone, nitrocellulose,
polvester, and alkyd polvmers. In certain embodiments, particularly sutable water-based
film-formng polymers include acrvlates, methacrvlates, styrene and vinvl acetate and
mixtares thereol, Examples of suitable water-based flm-forming polvimers include the
polvmerizates or copolymerizates of one or more of the following: acrylates such as athyl
acrylate, butyl acrvlate, 2-ethvihesyl scrylate, as well as other acrylates. methacrviates,
styrene and vinyl acetate. In some embodimeants, the water-based film-forming polymer
comprises a latex.

To some embodiments. the fiim forming compositions are comprised of thermoplastic
polymers; m these composutions, films may be formed vpon evaporation of the water. 1o
other embodiments, the film forming compositions are comprised of crossiinkable
formulations: these formudations may be compeised of erosslinking agents and water-based
flm-fornung polymers or self-crosslinking water-based film-forming polymers.

i some embodiments, polymers dispersed as very small particles are more readily
coalesced than polymers dispersed as larger particies. Accordingly, in some embodiments,
dispersed polvmers have a particle size of about 3 micrometers or less. For example. Tor
latex resing, in some embodiments approximately 90 wi% of the latex particles will have a
size less than about 8.2 micrometers.

The film forming composibion further comprises a coalescent aid {or solvent) which
may be in the continvous phase, the dispersed phase, or partitioned between them.
in some embodiments, the coalescent aid of this invention is used in a latex system, also
known as an emulsion system.  In some embodiments, these coalescent mds may also find
application in other systems such as those based on but not limited to alkyds, epoxies,
nitrocethilose, and wethanes.

In some embodiments. the amount of coalescent aid needed to assist in film formation
depends on the viscosity of the film-forming composition, the temperature al which the
compostlion s being applied. the glass transition temperatore of the fiim-former, and the
mimmum fibm formation teraperature of the Gim-former. In certain embodiments, the
amount of coalescent will be proportional to the amount and type of resin used with ratios i
the range of about 0.1 wi% 10 about 30 wi%e (based upon the weight of the dry resin}. about

0.1 w196 to about 40 wi% {based apon the weight of the dry resiny, aboul 8.1 wi% to about 25
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wit% (based upon the weight of the dry resin), about 0.1 wis to about 13 wi% (based upon
the weight of the dry resiny, about 6.1 wit¥ to about 11 wie {based upon the weight of the
dry resin), ov inthe 1 wi% to about 4 wite range (based upon the weight of the dry resin).

As noted above, the coalescent aid may be in the continuous phase, in the dispersed
phase, or partitioned between the two. In some embodiments, the predominant proportion of
the fatty acid ester coalescent ard 15 thus dissolved in the dispersed waler-based [Hm-forming
polvimer. In certain embodiments, at least 80 wi%, at least 90 wi%, at least 95 wi¥, or at
least 99 wi%e of the fatty acid ester coalescent atd 15 dissolved in the dispersed water-based
film-forming polvimer. Depending upon the type and amount of surfactants included in the
film-forming composition, a fraction of the fatty acid esler coalescent aid mav additionally be
emulsified in the continuous aquecus phase and found in micelles along with surfactant.

The film-forming composition of the present invention mav also contain varions
conventional additives which may be in the dispersed and/or continuous phases. Such
additives may inchude bul are not himited 1o thickening agents such as hvdroxyethyloellulose
sold by Aqualon under the trade designation Natrasol 230 and thickeners sold under the trade
designation RHEGLATER associative thickeners by Elementis Specialties, pH modifiers
such as ammonium hyvdroxide and N N-dimethy] ethanclamine, defoaming agents such as
mineral oil or siicone oils, wetling agents such as a nordonic surfactant sold by AKZO under
the trade designation Interwet 43 and a nonionic surfactant sold by Dow Chenueal under the
wade designation Triton X-104, algicides such as organotin compounds and
tetrachloroisophthalonitnie, fungicides such as tribulyvl tin oxide, and 3-iodo-2-propyayl butvl
carbamate. dispersants such as tecithin and an anionic dispersant sold vnder the trade
designation Busperse 39 by Buckman, vltraviolet inhibitors such as a benztnazol UV
mhibitor sold under the trade designation Tiuvin 328 by Ciba-Geigy and g hindered amine
UV mibubitor sold under the trade designation by Tinuvin 123 by Ciba-Geigy, flow and
leveling agents such as a polvacrylate sold ander the trade designation Byk 354 by Byk-
Chemie and a polysiloxane copolymer sold under the trade designation Bvk 310 by Byk-
Chenuie, flash rust inhubitors such as an inhibator sold under the trade designation Raybo 63
bv Ravbo or a bariam melaborate rust inhibitor sold onder the trade designation Basan 1 1M1
by Buckman, and [reezefthaw inhibitors such as ethviene glveol. Additional additives may
include driers such as cobalt driers carboxylate salts (0.0 to .15 wi? Co based on the
coalescent aid) and manganese driers carboxylate salts (.0 10 (.15 wit based on the

coalescent aid), accelerators such as 1,10-phenanthrofine (¢ lo .29 based on the coalescent
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md} and 2. 2-bipyridine (O to 0.2% based on the coalescent awd), and anti-skinmng agenis such
as butanone oxime (£} 1 1b/100 gal formulation} When present and depending upon the
application for the lilm-lforming composition, in some embodiments these additives will not
constitute more than about 10 wi% of the film-forming composition and may constitute abowt
3 wi% to about 10 wib of the film-forming composition.

In some embodiments, the film forming compositions of this invention will contain
pigments or dves {ink application) to impart hiding and color to the applied film, andfor
fillers such ag tale, caleium carbonate. kaolin clays, ete.

The Glm-fornung conposition may be formed by conventional methods used o
prepare pants, adhesives, except that the ester of the present invention is substifuted, at least
in part, for a conventional coalescent axd. The resulting Gim-Torming composibion may easily
be applied conventionally using a brush, roller, air or atrless spray or like means and requires
ne unusual methods of drving to form the desired fim. Thus, films formed from the
composition of the present invention may be dried ander ambient conditions or baked at
elevated temnperature. Furthermore, the film-forming composition may be applied to a variety
of materials.

Coalescent Aid

In one embodiment. the effforescence resistance of a film forming composition is
improved by adding a coslescent aid which is a non~volatile orgamice compound detived from
an wnsaturated fatly acid (UNON-VOU coalescent aid™.  In one such embodiment, the NON-
VOUC coalescent aid may melude an ester having the formala RCOOX whersin R 1g an
hyvdrocarbyl having one ov move aliphatic carbon-carbon double bonds, and X mav be one or
more of: a saturated hydrocarbyl, a hyvdrocarbyvl having one or more aliphatic carbor-carbon
double bonds or substituted hydrocarbyl. In another such embodiment, the NON-VOC
coalescent aid may congsist of an ester having the formula RCOOX wherein R is an
hydrocarbyl having one or more aliphatic carbon-carbon double bonds, and X may be one or
more of a saturated hvdrocarbyl. a bvdrocarbyl having one or more aliphatic carbon-carbon
double bonds or substituted hvdrocariwl.

In some embodiments, R contains about 9 1o about 25 carbon atoms, or about 15 to
about 23 carbon atoms. In some embodisnents, X contains about 1 to about 30 carbon atoms,
about 1 to about 18 carbon atoms, or about 1 to about 6 carbon atoms.  In some embodiments,
R and X in combination comtain no more than abowt 35 carcbon atoms, of no more than abowt

36 carbon atoms. In addition, al least one of R and X may contain a conjugated double or
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triple carbon--carbon bond {1 e, two or more carbon--carbon double or triple bonds which
alternate with carbon--carbon single bonds). For example, the unsaturation may take the
form of two conjugated double bonds, a comugated double bond and triple bond or two
conjugated triple bonds. In some embodiments, R 18 an unsaturated hyvdrocarby! and has at
least two unsaturated carbon—earbon bonds.

In one embodiment, R s denved from one or more of the following fatty acids:
myristoleic acid, palnutoleic acid, linolenic acid. oleic acid, and linoleic acid. In another
embodiments R 1s dentved from a fatty acid obtained from of one or more of the following
oifs: soybean oil, com oil, sunflower oil, safflower oil, canola oil, Hinseed oil, olive oil,
rapeseed oil, paim oil, castor oil and tall oil. In vet another embodiment. R is denved from
one or more of the following: comn ail, soy bean oil and tall oil.

In some embodiments, X comprises --CHs, -CoHOH, -CoH O HOH, -CiHOH, or
-CH0C:HOH, and mixtures thereof Exemplary coalescent aids of this embodiment are
desertbed m U.S. Patent No. 7,160,243 which 1s incorporated herein by reference m s
antirety.

Efflorescence Resistance, Color Difference and Scrub Resisiance

The present invention providaes for methods to improve the elflorescence resistance,
change m color difference and/or scrub resistance of pamt svstems by adding NON VOC
coalescent atds to film forming systems. In some embodiments, these coalescent aids may
find application in pants svstems such as those based on but not limited o latexes, alkvds,
epoxies, nitrocethdose, and urethanes. In one embodiment, the film forming composition is a
latex paint system.

The NON-VOU coalescent aids should assist i the formation of Gims after a polymer
has been deposited onto a surface and provide improvements to the propertigs of the im. In
one embodiment, a method of the present invention provides for a film forming systems
having efflorescence resistance. The efflorescence resistance may be determned by using a
tast whach correlates with afllovescence. Such a test is an affiorescence resistance test, as
described herein, which generates an efflorescence rating.  Efflorescence resistance is the
abitity of paint to inhubil the migration of water solable salts from an alkaline substrate
through the paint which are then deposited on the painis surface and when dried, observed as
a white discoloration of the pant flm. Typically a filo forming composition 1s evaluated for

this property where the composition is tinted with a contrasting color and is apphied to a high
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atkaline test subsirate. The effovescence resistance mav be measured visually and ranked
from 1 to 10 with 1 being the worst and 10 being the best.

ANON VOU coalescent aid may be added to a variety of film formung svstems to
provide similar or improved film-forming properties and efflorescence reststance compared
o film forming svstems having coalescent aids which are classified as volatide organic
composirons. In one such embodiment, a Oim fornung system containing a NON VOC
coalescent aid may exhibit an efflorescence rating of eight (8) or greater after 3 months
exposure. In another embodiment, a film forming system contamning a NON VOC coalescent
atd may exhibit an etflorescence rating of eight (8) or greater afler 6 months exposure. In
such embodiments, the film forming sysiem may incluade a latex paint svstem,

In another embodiment, a method of the present invention provides for a film forming
system exhibuting reduced changes in color difference, upon long terny exposure. Color
difference may be determined by measuring the AE of the finished colored agueous
formulation as descnibed herein. The color difference value is a quantifative measwre of
aftlorescence resistance reflecting the subjective efflorescence resistance values discussed
above,

In one embodiment, a NON VOUC coalescent aid may be added to a vanety of film
forming systems to provide an tmproved AE value {a change in color through deposition of
salts on a paint film) compared to coalescent aids which are classified as volatile organic
compositions. In one such embodiment, a film forming svstem confaining a NON VOC
coalescent ard mwav exhibit a AE value over three months exposure oft less than abowt 5, less
than about 4, less than about 3, or less than about 2.3, In another such embodiment, a film
fonming system containing a NON VOC coalescent aid may extubit a AE value over six
months exposure of. less than about 6, less than about 5, less than about 4, or less than about
3.3 In such embodiments, the film forming svstem may include a latax paint system.

Test Methods

Efflorescence Resistance

Efflorescence resistance is tested by applving a fikm fornung svstam containing a
coalescent aid to a sorface and testing the efflorescence after set exposure imes.
Efflorescence resistance tests should be conducted using Cement Fiber Backerboard coated
substrates coated with 147 Cement Block Filler and having a surface pH of approxumately
12.0. The substrates showld be coated with a white paint formudation containing 3 wit. %

colorant, Evonik Colortrend 888 series phthalo blue and 1.3 wt. % coalescent aid. The

9
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substrates should be positioned facing directly south at an angle of 43° and exposed o the
elements of Hightstown, NI for 3 or 6 months beginning on Janvary through March or June.
The effforescence resistance may be ranked 1 Lo 10 with 1 being the worst and 10 being the
best.

Color Dilterence Test

Color difference may be determuned by measwring the AE of the Cement Fiber
Backerboard substrate coated with a paint formudation as described in the Effforescence
Resistance section above, The values may be determined by following the procadure
outlined i ASTM test method D-2244-02. Test substrates coated with a paint formulation
are prepared as descnibed above i the Efflorescence Resistance section. A color value i
measured on the test substrate prior to exposure. and on a reference substrate. The difference
between the color values of the test substrate and the reference substrate is AE. After 3
months, the measurements of the test substrate and the reference substrate ave repeated, and
the difference between test substrate and reference substrate color values at 3 months is AEY
AF af three months is calculated as the difference between AE" and AEL Similarty, AE at six
months is determined by calculating the difference between the testreference substrate cotor
value difference at 6 months and the initial testfreference substrate color value difference,
The AE difference can be used as an indication of efflorescence resistance.

Scrub Resistance

The scrob resistance of a film forming composition containing a coalescent aid may
he determined by Tollowing the procedares outlined m ASTM test method D-2486-06.

EXAMPLES

The following examples further descrntbe and demonstrate ilustrative embodiments
within the scope of the present mvention. The examples are given solely for itlustration and
are not 10 be construed as limutations of this mvention as many variations are possible without
departing from the spirit and scope thereof

The paint formulation of Table 1 was preparad and tested with NON VOC coalescent
ards and VO conlaining coalescent aids as described in the following examples, The grind
process was parformed for: 20-munutes on a high speed mixer (Dispermat  with Cowles

blade); 400 rpro. Hegman grind reading of 5+
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Table i- Interior Eggshell test paint based on Ucar 623/ Airflex EF 811

Grind

Atrflex EF 811

2090

Adr Products

Raw Material | Pounds : Supplier/Vendor | Function =~~~
Water 206.6 Solvent

Natrosol Plus 330 1.3 Hercules Cellulosic thickener
Tamol 1124 G4 Rohm and Haas Pigment dispersant

AMP 85 2.0 Angus Anune for pH adjustment
Strodex PK 90 2.0 Dexter Sarfaciant

Triton CF 14 2.4 Dow Surfactant

Drevplus L-473 1.3 Drew Industries Dafoamer

Nuosept 93 1.5 sy Bacteriocide

Ti-Pare R-706 2300 DuPort Titgnium dioxide pigment
Mattex 110.¢ | Englehard/BASF Extender pigment

Aftagel 50 5.0 Englehard BASF Attapulgite thickener

VAE latex resin

AR 623 22948 | Dow Chemical Rasin binder

Water 36,0 Solvent

Dreveplus L-473 3.0 Drew Industries Defoamer

Acrvsol RM Rotun and Haas Associative thickener
2020NPR. 20.0

Acryzol RM 823 4.0 Rohm and Haas

Coalescent 14.0

TOTAL 113

Example -Efflorescence of paints formulated with fatty acid ester coalescents

This Example details the procedure for testing of the efflorescence resistance of a
latex paint over an atkaline substrate. Coatings are ofien applied to alkaline substrates, which
are usually cementicious in nature. The coating must withstand the alkalinity of this
substrate. Funtber, cementicious substrates efflorescence salis through the sarface of the
coating, Ultra Hide Blockaid (IC1 Glidden Portland cement block filler) was used to simulate
a highly alkaline substrate prone to efflorescence.

Testing Procedure

Elllorescence resistance siudies were conducted using Cement Fiber Backerboard
coated substrates coated with Y47 Cement Block Filler and having a surface pH of
approximately 12.0. The substrates were coated with the paint formulation of Table 1

comtaming S wit. % colorant, Evonik Colortrend 888 series phtbalo blue, and containing 1.3

wt. %o coalescent atd. The substrates were positioned facing directly south at an angle of 457
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and exposed to the elements of Hightstown, N1 for periods of 3 or 6 months beginning on
Januarv 9, 2007, The paint formulations were formulated with 1.3 wt. % coalescent aid.

The coalescent aid which does not quality ag a NON VOC composition was
TEXANOL™ having the formula of 2,2 4-tnimethy!-1.3-pentanediol monocbutvrate and is a
product of Eastman Chemical Co. Test paints containing one of four NON VOC coalescent
aids were also examined. DAPRO® FX-513 is ester composition having a formula of
RCOOX where R is an unsaturated aliphatic group and 1s a product of Elementis. ARCHER
RC™ is g monoester of propylene glycol and polvunsaturated fatty acids and 1s a product of
Archer Dantels Midland. LOXANOLE EFC 106 13 produced from renewable raw materials
and 1s a product of Cognis USA. OPTIFILME 400 is a VO free coalescenl aid with a
composition of di-2~ethylhexanoate ester of tripropvlene glveol sold by Eastman Chenical
Co.

Efflorescence Results

Efflorescence resistance is the abilitv of paint to mhybit the ymgration of wader soluble
salis from an alkaline substeate through the paint which are then deposited on the paints
surface and when dried, observed as a white discoloration of the paint film. Tyvpically paint is
evaluated for this property tinted with a contrasting color: in this evaluation, 3% of a phthalo
blue tint was added to the white base formudation of Table 1.

Visaally the efflorescence of the DAPRO™ FX513, ARCHER RC™, and LOXANOLY EFC
100 is significantiv better than both the TEXANOL™ control and the OPTIFILM® 400
painis. Delta E values also support these observations (light color through deposition of the
salts on the paint film). Results are mcluded in Table 2.

Table 2; Efflorescence Resistance Over Block Aid Cement Panel

3 Month Exposwre 6 Month Exposure
Coalescent AE | Efflorescence Rating | AE | Elflorescence Rating
TEXANQL ™ 5.61 7 5.83 6
DAPRO" FX513 2.26 G 3.25 Y
ARCHER RC™ 2.27 9 342 Y
LOXANOL" EFC 100 | 2.68 9 3.64 N
OPTIFILMY 400 705 5 8.73 4

Effiorescence Resistance Rating: 10 = best, { = worst
The test results included in Table 2 show that the paint containing NON VOC
coalescent aids DAPRO® FX513. ARCHER RC™, gnd LOXANOL® EFC 100 exhibited

higher effforescence ratings afer three month and six month exposures than the paint
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contamning VO coalescent ad TEXANOL™, Likewise, the DAPRO FX 313, ARCHER
RC™_ and LOXANOLY EFC 100 resulied in lower AF values of 2.26 ~ 2.68 after threa
month exposure compared with 3.61 for VOC TEXANQL®™ and values of 3.25 - 3.64 after
six month exposure compared with 3.83 for VOO TEXANOL™, OPTIFILM® 400 does not
fit the pattern shown by the other NON VOU coalescent aids tesied, as the OPTIFILM® 400
had lower efforescence ratings snd higher AE after three months and six months than even
the VOO TEXANOL®™ The resulis of Table 2 show that overall, the use of DAPRO®

o a fornudda of RCOOX where R is an

=t

FX513, a NON VOC ester composition havin
unsaturated aliphatic group, provided the best efflorescence resistance as it demonstrated the
lowast AE values at three months and six months.

Example 3-Properties of Test Pants and Paint Filros Using Varnious Coalescents

The test paints formulated with 1.3 wit % coalescent aid were tesied for wet paint properties,
in order to compare the effect of the various coalescent aids before the paint 1s applied to a
surface. The following coalescent aids were used: VO TEXANOL™ NON VOC
DAPRO® FX-513. NON VOU ARCHER RC™_ NON VOC LOXANOLR EFC 190, and
OPTIFILM®& 400, sach of which is described m the examples above. The test paints
containing the various coalescent aids were lasted for sag resistance, Bow and leveling, gloss,
low-temperature film formation for unsealed pant, and open time. The paints were also
tested for block resistance at room temperature and at 120 °F, and adhesion. The grind
process was performed for; 20-nunutes on a high speed mixer (Dispermat  with Cowles
biade); 4000 rpm at a Hegman gond reading of 3+, The resulls are included in Table 3

balow.
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Table 3: Properties of Test Paints and Painl Films Using Varocus Coalescents

2A 28 2C 2D 2E
DAPRO Optifilm
{oalescent Texanol FX 513 Archer RC EEC 100 400
Approximate VO,
Calc 47 o/l. G oil, 6ol G ofl. & g/l
Ph .05 887 ¥.89 8.88 8R4
Viscosity, K1 Qa 167 108 108 ag
Viscostly, ICI 1.1 13 1.4 .3 1.1
Sag Resistance, 4-24,
iy 12 {4 10 14 14
ASTM D060 Flow &
Leveling 7 Y 8 8 7
Gloss 85 Degrees 19.2 238 233 23.6 241
Lo\:xv-' Tg?mpe{mure Film Pass Pass Pass Pass Pass
Formation-Unsealed
Block Resistance
7 Days RT 8 7 7 7 ]
7 Davs 120F A 4 4 4 3

Adhesion, Gloss Alkvd,
7 Pavs

Dy 3B 48 3B 4B 3B
Open Time, minutes 71 74 G0 66 a2

Table 3 demonstrates that the coatings containing NON VOC coalescent aids match

reduce picking of the applied paint.

the wet pami properties of conventional coalescent solvents. This example demonstrates the
further advantages of improved flow and leveling for a smoother finish, and longer open

fime. even than the priov art, conventional coalescent. which helps to improve lappmg and

Example 3-4 NON VOC Interior/Exterior Semigloss Latex Paint Based on Rhoplex

HG-706 Resin

A test paint of the paint formulation in Table 4 was used in the following example.
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Table 4 Pamt Formudation

Raw Material

Water

Kathon LX 1.5%
Natrosol 250 MBR
Tamol 2041 (Dispersant)
Triton CF-1{

BYK 024

Ammonia {28%)

Ti-Pure R-706
Minex 10

Grind

Triton X-100
Fungitrol 720

HG 706

Ropaque Ultra
Coalescent Solvent
Propvlene Glveol
Water

Acrvsol RM 2020NPR
Acrysol SCT 275
BYK 024

Water

TOTAL

PV - 27.5%

V8 -34.5%

Pounds

Fon
1.0
0.5
8.9
1.0
£O

4.5
8.0
5310
300
7.9
4.3
91.6
200
4.0
3.0
15,0

j049.1

Supplier/Vendor

Rohm and Haas
Hercules
Rohm and Haas
Pow
Byvk Chenue

Bapont
Unimuin

Bow

ISP
Rohm and Haas
Rohm and Haas

Rohm and Hans
Rohm and Haas
Byvk (Chemig

PCT/US2008/087223

Fuanction

Solvent
Bactenacide
Thickener
Dispersant
Surfactant
Defoamer
Neutralizer

Titantum dioxide pigment
Extender pigment

Surfactant
Fungicide
Acrvhic smulsion resin
Opacitier
Coalescent

Amtifrecrze, wet edge additive

Associative thickener
Associalive thickener
Detoamer
Solvent

The test paint formudation of Table 4 was formulated and tested with each of the same

five coalescent aids as the previous examples in order to compare the properies of the paint

with each coalescent aid. The VOU levels of the test pamt formulations were measured. The

paint formalations were also tested for sag resistance, flow and leveling, gloss at 20 and 60

degrees, low temperature [im formation for unsealed pant, block resistance, adhesion, scrub

[oe

resistance and open time. The test results are included in Table S below,

pee
Ty
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Table 3 Paints and Paint Films Using Varnous Coalescents

LOW VOC INTERIOR EGGSHELL
3A 3B 3¢ 3D 3E
DAPRO Optifiln
Coalescent Texanol FX513 | Archer RC | EFC 100 400
Approsimate VO,
Calculated 43 g/L 20 /L, 20 /L 20 afL, 20 gl
pH 8 80 8.77 R.79 8.77 879
Viscosity, KU 166 103 106 145 105
Viscosity, U] 1.1 1.0 1.0 1.0 1.0
Sag Resistance, 4-
24, mils 24+ 16 20 i% 24+
ASTM D4060 Flow &
Leveling 6 7 7 7 7
Gloss 20 Degrees 353 294 30.2 302 w2
Gloss 60 Degrees 62.2 86,1 662 86,6 634
Low Temperature Film
Formation
Unsealed Pass Pass Pass Pass Pass
Block Resistance
7 Davs RT 9 i Q i Q
7 Davs 120F & 7 7 7 7
Adheston, Gloss Alkvd,
7 Days
Dy 5B 5B 3B 5B 5B
Scrub Resistance,
Cycles 323 375 430 433 460
Open Time, minutes 63 63 39 33 6t

This example demonstrates that NON VOC coalescents will provide lower VOC
coatings than the prior art convertional coalescent solvents, and that the block resistance of
coatings Tormulated with these coalescents will rival those of coatings Tormudated with prior

art, traditional VOC coalescents. The improved scrub resistance of the DAPRO FX513

16
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indicates that films of the coating formulated with this coalescent are more ahrasion resistant
than those of compeatitive VOU coalescents and even those from paints formulated with a
conventional, VOC coalescent. The DAPRO FX313 offers the further advantages of
improved flow and {eveling for a smoother finish, and longer open time, even than the prior
art, conventional coadescent, which helps to improve lapping and reduce picking of the
applied pant.

The present invention is not to be himuted in scope by the specific embodiments
disclosed in the examples which are imtended as lustrations of a few aspects of the mvention
and anv embodiments which are functionally equivalent are within the scope of this
mvention. Indeed. vanous modifications of the invention in addition o those shown and
described herein will bacome appavert to those skilled 10 the art and are intended to fall
within the appended clatms.

A number of references have been cited, the entire disclosures of which are

meorporated herein by reference.
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CLAIMS
1. A method to improve an efflorescence resistance of [ilm forming compositions

COMpRISIng:

adding a coalescent aid comprising & fatty acid ester o the film fornung

5 composition, said fatty acid ester having a formula of RCOOX wherem R is a
hydrocarbyl having one or more aliphatic carbon-carbon double bonds, and X is
selected from a group consisting ofr a saturated hvdrocarbyl, a hydrocarbyl having

one or more aliphatic carbon-carbon double bonds and a substituted hvdrocarbyl,

2. The method of claim 1. wherein the lilm fornung svstem exhibits an efflorescence
1 rating of etght or greater afler 3 months exposure as deternyined by an efflorescence

resistance lest
3. The method of claim 1, wherain the film forming svstem exhibits an efflorescence
rating of eight or greater alter 6 months exposure as determined by an efflorescence

resistance test,

LA
P

The method of claim 1, wherein the film forming system exhubits a AE value of 3 or

fess after 3 months exposure as determinad by a color difference test.

S The method of clamm 1, ywherein the ilm forming system exhibiis a AE of 4 or fess

after 6 months exposure as determined by a color difference test.

6. The method of clmm | wherein the coalescent aid comprises at least about 25 wi. %

20 fatty acid ester,

7. The method of clam § wherein the coalescent aid comprises at least about 30 wi, %

fatty acid ester.

&  The methed of claim § wherein the fattv acid ester has a boiling point of above 260°
C.

[
L0

9 The method of claimi | wherein the fatty acid ester is derived from one or more fatty
acids of an oil of plant or animal origin and mixtures thereol

1), The method of claim 1, wherein X comprises -CyHOH, -~CoHLOCHGOH, -
CiHOHL or -CiHOC: HOH, and muxtures thereof
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1. The method of claim 9, wherein X comprises -CalH O, -CaldeOCHLOH, -

CHgOHL or ~-CiHgOGHOH, and mixtures thersof
12, The method of casm L. wherein R has ¥ 1o 25 carbon atoms.

3. The method of claim L. wheremn R has 15 10 23 carbon atoms.
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