METHOD FOR PRODUCI NG EFFLORESCENCE RESI STANT COATI NG ON &EIWEM'TI o
SUBSTRATE This invention generally relates to a nethod of produci g{ﬁseal er
coatings on substrates and nore particularly to producing efflorescence
r'eSi stant seal er coatings on cenentitious substrates. Cenentitious
substrate (CS) neans, a substrate, such as, a roof tile, floor tile, wall
tile, wall panel, r..oof shingle, roof slafe, patio floor, drive way,
concrete road, produced froma hydraulic substance. The term "hydraulic
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One of the problems assaciated with CS, esPeaally pxgmented CS, is the
formation of an efflorescent layer on the surface of CS. The term “efflorescent -
layer” means a whitish coat formed on the CS surface during the hardening step
of CS or upon exposure of CS to weathering. Such a coating is found to be . .
esthetically not pleasing. It is believed, without reliance thereor, that the
phenomenon of efﬂorésc_ence results from the migration of efflorescence
forming muaterials, such as, calcium ions, from within CS to the CS surfaces
during the hardening step or as a result of weathering of CS. As the water
associated with cement constituents, such as, calcium ions, evaporates from the

CS surface, the cement constituents tend to migrate and deposit, as salts, on the .
..CS surface and thereby producing the efflorescent layer on the CS surface. Some
of these salts also react with atmospheric carbon dioxide to form insoluble

whitish salts, such as, for example, calcium carbonate, to form the efflorescent
layer.



-2- Several attenpts have been nade to reduce the formation of the
efflorescent |ayer on CS. For exanple, EP Application 0 355 028 Al

di'scl oses spraying the CS surface with an acrylic polymer coating while CS
is still in the wet state. The coated surface of the CSis irradiated with
ultraviolet light during or after the drying of the CS. One of the problens
associated with such a nethod is that thegacrylic polynmer coating tends to
seep through the CS surface, which is generally highly porous, thereby
favoring the cenent constituents to mgrate to surface and form.a
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applying a foamed layer of said efflorescence resistant coating
composition on the surface of said cementitious substrate;

collapsing said foamed layer on said surface of said cementitious
substrate to form said efflorescence resistant coating thereon.

The present invention is further directed to a method of producing an
efflorescence resistant coating on a cementitious substrate comprising:

foaming an efflorescence resistant coating composition comprisin_é an
aqueous evaporable carrier containing a latex binder having a Tg in range _
varying from -20°C to 100°C, a weight average molecular weight in the range
varying from 500 to 5,000,000; a foaming agent; a coalescent compound; and a
wetting agent;

applying a foamed layer of saxd efflorescence resistant coating
composition on the surface of a wet cementitious substrate;

wetting said surface of said wet cementitious substrate to uniformly

" distribute said foamed layer thereon;

collapsing said foamed layer on said surface of said wet cementitious
substrate; and

hydrating said wet cementitious substrate having said efflorescence
resistant coating thereon. |
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hydrating said met cementitious substrate having said efflorescence
resistant coating thereon. -3- Anot her problem associated with spray
appl i ed coati ngs, such as, those described in the EP Application 0 355 028
Al " is the physical di st ur bance inmparted to a wet CS surface during the
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¥Yet Gnother problem associated with spray applied coating is that it is
difficult to control the thickness of a spray applied coating. The method of the

- present invention makes it is easier to control the thickness of the sealer coating
during its application to the CS surface. : _

One of the advantages of the method of the present invention is that it
results, if desired, in a coating having higher gloss than that produced by
conventional spray applied coatings. :

The following is a brief description of drawings:

Figures 1-A, 1-B and 1-C are illustrative views of foamed layers resting
on a CS surface, where each Figure represents a foamed layer having different
degrees of wetting as représented by contact angles.

Figure 2-A is a representation of a foamed layer having uniform cell
size. -

Figure 2-B is a representation of a foamed layer having non-uniform
cell size.

- Figures 3-A, 3-B and 3-C exemplify various degrees of efflorescence
observed on a concrete mix test substrate.

Figures 4-A, 4-B and 4-C exemplify various degrees of efflorescence
observed on a slurried test substrate.

As used herein:



Figures 3-A 3-B and 3-C exenplify various degrees of efflorescence
observed on a concrete m x test substrate. Figures 4-A 4-B and 4-C
exenplify various degrees of efflorescence observed on a slurried test
substrate. As used herein: -4- "Portland cenent” means a fine gray
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tile. "Add-on" nmesglurgfameany atfliad s@nctetpahix Ravidg laghatmertuomdatt fettivh
by way of example, may vary from 20 to 50 percent water based on the weight of
the cement. In addition to cement, the slurry may contain additives, such as,
sand and various iron oxide compounds for imparting desired color to the
resulting CS. 3
"Concrete substrate”, means a substrate typically produced by mixing 1
part of Portland cement with 0 to 6 parts of sand, 0 to 4 parts of gravel, all by
volume. Water is added to this cement mixture to achieve desired fluidity, such
as, for example, 50 liters of water per 100 kilograms of cement is added to the-
cement mixture, which is then molded, compacted or formed into desired Sﬁape
and then hardened by hydration to form CS, such as, a roof tile.

"Add-on” means grams of the solid portion of a latex binder (dry
portion) coated over a meter square area of the surface of the substrate.

"GPC weight average molecular weight" means the weight average
molecular weight determined by gel permeation chromatography (GPC) which is
described on page 4, Chapter [ of The Characterization of Polymers published by

" Rohm and Haas Company, Philadelphia, Pennsylvania in 1976, utilizing
polymethyl methacrylate as the standard.

"Glass transition temperature (Tg)" is a narrow range of temperature, as
measured by conventional differential scanning calorimetry (DSC), during which
amorphous polymers change from relatively hard brittle glasses to relatively soft
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particle particles. The intensity of the scattering is a function of particle size. The
diameter based on an intensity weighted average is used. This technique is
described in Chapter 3, p‘a_ges 48-61, entitled Uses and Abuses of Photon |
Correlation Spectroscopy in Particle Sizing by Weiner et al. in 1987 edition of
American Chemical Society Symposium series. To measure the particle
diameter, 0.1 to 0.2 grams of a sample of acrylic polymer was diluted to a total of
40 ml with distilled water. A two ml portion was delivered into an acrylic-cell,
which was then capped. The particle size in nanometers was measured for 1000
cycles. The measurement was repeated three times and an average was reported.
"Coalescénce” means process by which discrete polymer particles in a
dispersed polymer fuse together to form a film upon evaporation of water from
the dispersed polymer. :
"Coalescent” is a chemical material, which when added to dispersion
" polymer lowers the temperature at which coalescence would occur in absence of
said coalescent. |
The first step of the preferred method of the present invention directed
to producing a sealer coating on the surface of a CS includes foaming an
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preferably from 10 percent to 55 percent and most preferably from 15 percent.to 45
percent of a latex binder, all in weight percentages based on the total weight of
coating composition. The latex binder, which is stabilized, is provided with a Tg
in the range varying from -20°C to 100°C, preferably in the range varying from
0°C to 70°C, a GPC weight average molecular weight ranging from 500 to
5,000,000, more preferably 1,000 to over 1,000,000, and most preferably rangmg
from 30,000 to 1,000,000. Anionically stabilized latex binders are preferred. "
The latex binder of the composition may be a dispersed polymer having
its particles dispersed in an aqueous evaporable carrier or it may either be a water
soluble polymer, a water-reducible polymer, or a mixture thereof in the aqueous
evaporable carrier. If desired the latex binder may include a mixture of a
dispersed polymer with a water soluble or a water-reducible polymer. The
. dispersed polymer having particles with a particle size in the range of 20 to 1000
hanometers, preferably in the range of 30 to 500 nanometers, is preferred. The
aqueous evaporable carrier includes water or water having dissolved therein a

low VOC water miscible organic solvent, such as, methanol, ethanol and glycol
ethers. Water is preferred.
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functi onal frosh 06 86.UTheide8ibd ReidiARNDEPILASEEved by controlling the amount of
acid functional monomer utilized in producing the latex binder. The desired
range of the acid number is obtained by utilizing the latex binder containing an
acid functional monomer, such as, phosphoethyl methacrylate monomer or
ethylenically-unsaturated carboxylic acid monomers, such as, acrylic acid, fumaric
acid-monoethyl ester, fumaric acid, itaconic acid, maleic acid, maleic anhydride,
methacrylic acid, fumaric acid-monomethyl ester, methyl hydrogen maleate, 2-
acrylamido-2-methylpropane sulfonic acid, sodium vinyl sulfonate, sulfoethyl
methacrylate, or combinations thereof. Preferred ethylenically-unsaturated
carboxylic acid monomer is selected from the group consisting of acrylic acid,
methacrylic acid, and combinations thereof.
" The latex binder polymerized from monomeric mixtures that include
the following monomer combination is more preferred: |
1) butyl acrylate, methyl methacrylate,
2) butyl acrylate, styrene,

3) 2-ethyl hexyl acrylate with methyl methacrylate, and
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?yplca y at a level of 0.05 percent to 3.0 percent by weight, all weight percentages
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 may be used in an amount effective to provide a
GPC weight average molecular weight of 500 to 5,000,000. For purposes of
regulating molecular weight of the latex binder being formed, suitable chain -
transfer agents include well known halo-organic compounds, such as, carbon
tetrabromide and dibr_omodichloromethane; sulfur-containing compounds, such
as, alkylthiols including ethanethiol, butanethiol, tert-butyl and ethyl
mercaptoacetate, as well as aromatic thiols; or various other organic compounds
having hydrogen atoms which are readily abstracted by free radicals during
polymerization. Additional suitable chain transfer agents or ingredients include
but are not limited to butyl mercaptopropionate; isooctyl mercaptopropionic acid;
isooctylmercapto propionate ("IOMP"); bromoform; bromotrichloromethane
("BTCM"); carbon tetrachloride; alkyl mercaptans, such as, 1-dodecanthiol,
tertiary-dodecyl mercaptan, octyl mercaptan, tetradecyl mercaptan, and hexadecyl
mercaptan; alkyl thioglycolates, such as, butyl thioglycolate, isoocty! thioglycoate,
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particles, core/sheltndahiii-slags pilyrierSpittitied AAS Bfepared by conventional
emulsion polymerization process in which at least two stages differing in
composition are formed in a sequential fashion. Such a process usually results in
the formation of at least two polymer compositions. Each of the stages of the
multi-stage polymer particles may contain the same monomers, chain transfer
agents, surfactants, as those disclosed earlier for the polymer particles. The -
emulsion polymerization techniques used for preparing such multi-stage
polymer particles are well known in the art and are disclosed, for example, in the
US Patents No. 4,325,856, 4,654,397 and 4,814,373.

The latex binder in the form of a water-reducible polymer or water-
soluble polymer may be prepared directly in water if the monomer mix is water-
soluble or, as is most often the case, the polymerization solvent is a water-
miscible solvent, such as, isopropanol, butyl cellosolve, propylene glycol, or
mixtures thereof. In such a case, water may be included in the polymerizatidn
mixture or post added after the polymerization is complete. Such polymers may

_be prepared by utilizing the monomers described earlier. Another route to '
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car boxylic acids D
preferably from 0.1 to 10, and more preferably from 2 to 5 percent, by weight of the

emulsion solids, of a wetting agent, such as, for example, Cy2-to Cig primary,
secondary and tertiary amines and salts thereof, diamines, polyamines and their
salts, quaternary ammonium salts, polyoxyethylenate amines, quaternized .
polyoxyethylenate amines or amine oxides. The purpose of the wetting agent is
to-reduce the surface tension of the foamed layer of the latex binder and thereby
enhance surface contact between the foamed layer and the CS surface on which it
is deposited. Such a reduction in the surface tension of the foamed layer of the
latex binder results in uniform and substantially complete contacting of the
foamed layer to the underlying CS surface. The degree of wetting of the surface
can be illustrated by a contact angle (8), shown in Figures 1A, 1B and 1C, which is
-~ an interfacial angle formed between a CS surface 2 (solid phase) and a drop of a
foamed layer 4 (foamed phase) placed thereon. A theoretical contact angle 8 of
180" indicates no wetting between the solid and liquid phases and a theoretical
contact angle 8 of 0° indicates complete wetting between the solid and liquid
phases. The wide angle 8, as shown in Fig. 1-C, represents a foamed layer 4



I nclude stearic acid, tallow fatty acids and oleic acid. Particularly
preferred are salts, such as, alkyl sulfates, or soaps or salts of stearic
acid,- or of partially or fully hydrogenated fatty acids of natural origin
contai ning stearic acid, such as, hydrogenated tallow acid, hydrogenated
tall oil fatty acids, hydrogenated soy bean oil fatty acids, and
hydrogenated tung acids. Mrre preferred witer-soluble salts or soaps of
these acids are the alkali netal, usually sodiumor potassiumsalt, the
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the | at ex bbwdeturalgtrengthiofdheirsuling)®@S0 to 30 percent, preferably f rom 2

to 15, and nore prgf gesikddy the Rie:bin@ed BuitRECRRtudedYrom i0ghto Dipetdeat,
preferably from 0.2 to 0.8 percent, by weight of the emulsion solids of a
homogenizing agent. Suitable homogenizing agents include non-ionic
surfactants, such as, preferably, TRITON® X-405 octyl phenoxy polyethoxy ..
ethanol supplied by Union Carbide Co., Charleston, West Virginia. The purpose
of the homogenizing agent is to enhance the uniform and homogeneous
dispersion of the various components of the latex binder, especially for attaining
uniform color dispersion of a pigmented latex binder. Furthermore, the presence
of the homogenizing agent in the composition improves in formation of a
foamed layer having substantially uniform cell size.

Depending upon the intended use of the sealer coating, additional

‘components may be added to the compaosition. These additional components
include but are not limited to pigments, pigment extenders, plasticizers,
cosolvents, coalescing agents, fungicide, rheology madifiers, fillers, such as, talc,
preservatives, and freeze/thaw protectors.



bi nder solids of a coal escent, such as, for exanple, nonoal kyl and nonoaryl
et heérs, of ethylene glycol; diethylene glycol; propylene glycol; dipropylene
gl ycolt such as, nonobutyl ether of ethylene glycol, nonobutyl ether of

di propyl ene gl ycol and nonophenyl ether of ethylene glycol; carboxylic acid
esters of the above described glycols and2di gl ycols, such as, acetate ester
of ethylene glycol nonobutyl ether. anoisobutyrate ester of

'2,2,4-trinethyl pentane 1, 3-diql East ,
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layer thereon to ultrasonic vibrations.

The next step of the preferred method of the present invention is
directed to hydrating the wet CS having the collapsed foamed layer thereon. The
process of hydration is time dependent and generally lasts for up to 28 days at
which point, CS attains most of its structural strength. The time of hydratipu
may be adjusted, if need be, by varying the humidity and by subjecting CS to .
elevated temperatures. - By way of example, CS in the roof tile is generally
hydrated within from 5 to 15 hours to up to 24 hours.

If desired, the method of the present invention further includes adding
additional clear or pigmented layers on top of the sealer coating applied by the
method of the present invention. For example, a layer of conventional latex
binder typically used for producing high gloss, extended weatherability or
additional protection from efflorescence, may be added on top of the sealer
coating applied in accordance with the method of the present invention.

It is further contemplated that the method of the present invention
includes producing an efflorescent resistant coating on a green or hydrated CS.
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- coatinyg. Foaned |ayer generally in the range of 0.8 mmto 10 nmm preferably
i'nthe range of 2 to 5 mmis desirable. The present invention contenplates
appl ying the foaned | ayer on nore than oﬁE}surface of CS, such as, front
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_foam cells 6 having at least four times the size of uniform foam cells 4 is not
desirable and is not considered to be uniformly sized. However, a foamed layer
containing large foam cells 6 not more than four times, preferably not more than
three times, more preferably not more than twice the size of foam cells 4, is
desirable and is considered to be uniformly sized.
Degree of Efflorescence: _

The degree of efflorescence is measured visually on the efflorescence
scale of 0 to 10, whereby-number 10 represents a CS surface having no
efflorescence and 0 represents a CS surface having total efflorescence. Numbers 5
and above on the efflorescence scale are considered acceptable for the
determining the acceptable degree of efflorescence on CS under this test. By way
of illustration, Figs. 3-A and 4-A represent an efflorescence free CS surface
designated as number 10 on the efflorescence scale. Figs. 3-C and 4-C represent a
CS surface with an acceptable degree of efflorescence designated as numbers 8 and
5 on the efflorescence scale, respectively, and Figs. 3-B and 4-B represent a CS
surface with unacceptable degree of efflorescence designated as numbers 2 and 1
on the efflorescence scale, respectively.



i ncluding the edges, of roof tiles, slates or eaves; building products,
such as, interior and exterior sidings and concrete floor tiles. It is
0pntenplated t hat dependi ng upon the use desired, one of ordinary skill in
the art would vary the thickness of the coating by varying the thickness of
the foaned layer or by varying the solidsg;gontent of the conpostion in the
foanmed | ayer. For exanple, the coating of the present invention may be al so
be used to prevent water penetration of cenentitious substrates, such as,
roof tiles that are exposed to rBreparation béPotymeflions. If desired the
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Nunbers 5 %13 gbove on the efflorescence scale are considered acceptable
for the determ n| ng the acceptable degree of efflorescence on CS under this
test. By way of ilThesfinalaien had ypartilasinei48 nra selida cantent of H.2Jebyce

free CS suiedgt, slpH gneietgast 2600had alolseas&;th RES l'm{m&%pﬁs'él e Figs.
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respecti veRPMland Figs. 3-B and 4-B represent a CS surface with
unaccept abl e degree of efflorescence g%bgépf,gd as nunbers 2 and 1 on the

ffl |
etriorescence sca ﬁ: ! qsga f(l::lgxl'o\{xegh 4, shown in Table 1 below, were prepared by adding

the components in the order shown in Table 1 to evaluate the effect of wetting
agents and coalescents on the uniformity of foam distribution.



-14- Preparation of Polynmer 1 A stirred reaction kettle containing 914
grans of deionized water was heated under nitrogen atnosphere to 85[err].
To the' heated kettle, 15.5 grans of sodiumlauryl sulfate, 7.6 grans of
sodi um carbonate, and 7.8 grans of sodium persul fate were added. A nononer
enmul sion m xture was prepared by m xing -8 grans of deionized water with
15.5 granms of*sodium | auryl sulfate, 992 granms of butyl acrylate, 1155
grans of methyl nethacrylate, and 28.3;—9;@1 of nmethacrylic acid. Portions
of the mno%nﬂl sion mxtuye (180 gra was then aqded to the heated
kettle. The 8&r of thelnononer enul%ion nixturedwas then gradual Iy
added to t hePobaner dn kett| d00f ol | oned by0o®0 grans of 10@&i oni zed wal@ . The
reaction kettd g.d@g it hen coal ed and 0.0lggranms of fergous sulfate
di ssolved in 1 gram of deionized water was added, followed by a total of
1.76 grans YWettREagents butyl Bydrogen per oki de di ssol ve#l in 40 gransd of
dei oni zed \Saltiels egittet 88 gr @l of sodi umykpf oxyl ate f48.7al dehyde digssol ved
in 30 grans.of .ogi zed water. Following this addition, 50 grans of '
aqueous amﬁlgi‘ég%g%added. The final latex had a particle size of 180 nm a
solids content. of .52 5 % hy weight _a pHof 9.9__Tg of 26[err] _apnd_a___.
viscosity of less than 250 centi poi se (neasured by using Brookfield
viscometer ' with a No. 2 spindle running @30 RPM). Exanples 1-4 Exanples 1
t hr ough 4, VaissiRtedothesyise the fpjlowing commerciah compopents were 488d ng t he conponent s
in the ordéTean®Toalsscedrd blpplidd ByEatah Chéricil Prodabis,and., Kaigspért, Met@ssagent s and
Porry SCen" £l BR PO RLR: optla fy bbbt Bolpbafon, Danblf Bpdeciif TP 22
INgramsy 0o 100 100 coal escent [err]

i 5 One hundred gramsof each of the comp&sii6hs bh Exagplsl-4 were - O

. , . Sol | . 4

47.2 foamed jffa Kitchen Aid® blenler ﬂé&}iﬁﬁf??n igh s Folloned K vi se,
the fol | oviWRutes Manediam spegsbnThe cesmdting foard: was appliddvarD R[S tést surface
Coal escent prepapéd &dmvy fls c@RentBBETE Shp P& B (ErerdiPCompiin}) $RRhAN

Lennessee. chaREhy 1A Ha0k bt By 38 daiahal ke hERes de T sl 657 ¥
Gardner Laboratories, Bethesda, Maryland, was used to control the foamed layer
to a thickness of 2.4 mms. The properties of the foamed layer are illustrated in

Table 2 below:

. Table 2
Examples 1 2 3 4
Foam Density (gm/mL)  0.13 0.12 0.07 0.06

Foam Distribution  not uniform* not uniform uniform** uniform**
* similar to that shown in Fig. 2-B;
** similar to that shown in Fig. 2-A. :

Examples 1-4 indicates that by increasing the amount of a wetting:.-"agent
in the composition, the uniformity of the foam distribution of the resulting
foamed layer is improved while lowering its foam density.

Examples 5 - 8
Examples 5 through 8, shown in Table 3 below, were prepared, foamed

and applied over the test CS surface in accordance with the procedure described
in Examples 1-4:



* in grans. One hundred grans of each of the conpositions of Exanples 1-4
were foamed in a Kitchen Aid[err] blender for 10 m nutes at high speed
-folloved by 5 minutes at nedi um speed. The resulting foam was applied over
a CS test surface prepared froma fiber cenent board supplied by Eternit
Conmpany, Leiman, Germany. A doctor bl ade-¥&town as Gardner Knife-Series 161,
supplied by Gardner Laboratories, Bethesda, Miryland, was used to control
the foanmed | ayer to a thickness of 2.4yepe3The properties of the foaned

| ayer are illustrated in Tab, 2 below. Tgble 2 Exanpl,gs .

1 éj"?"‘ﬁes 3&3 4 éoam Density (gninl) 0. 33

0.12 Polyowter 1 0.1086 Foam Di st 1@®ut i on n&®0 uni f or m N0

uni form unifgiedcentiuni fornts simlar to ghat shown ingFig. 2-B;, [er]
simlar to that show,in Fig, 2-A Exanplgs 1-4 indicates that by

i ncr easi ng YHENEABIM” of a Wet t i ng agent fn the conposttion, the uformity
of the foafoahitg agenttdon of Ohe resultinglfoaned |ayer2is inproved3nhile

| owering i £ ity. nples 5 - anples 5 ough 8, s in
"Tabl e 3 belts(;\b\}\},dg\;\.aéeerl{ejrgnfepare ,'af oaned and‘?{aiggl i ed over‘gf e test CS surface
i n accor dand® wgight fhe procedure described in Exanpl es 1-4: Table 3 '
Exanples _________5 X Y A S 8*
Pol ymer 1 100 . 100 100 ~TTT100
coal escentferr] 5 ' 5 5

5 wetting Hglesstsiagdrdtherwise, the folRwing commercial compofients were used: 2

2 foam ng 2g&3hdi® Chilescent suppliedby Eastman Chemical Prodhcts, Inc., Kings;:or% Tenn@ssee.
3 Solids cpnt_ené 4870 ] ) 4?_2.‘8 ) 47.6

47.4 in wel §RenoERMowsfacting punpliest bydfnipnearbide CompararemPARPUE fritRRec Y-
conponent s3 Ridaparfeid22 intrhdniunt REANSIRRSaPplIce 8y RAGRFouler irpaatiday ClaAbdnyRN
Chem cal PN&giSCtS Inc., Kingsport, Tennessee. [err] Triton [err] CR-5M

- surfactant, su erf?zed by Uni on Carbi de Corporation, Danbury, Connecticut.
[ err] Rhodap® ] L-22 anmmonium | auryl sulfate supplied by Rhone-Poul enc

Cor poration, Cranlfher prophitiesisfrthe Yoarhed Nagdrs ©F Examples 5-8 prepared and
shown in Table 4 as follows:

Table 4
Examples 5 6 7 8
Foam Density (gm/mL) 0.065 0.062 0.059 0.049

Foam Distribution uniform** uniform** uniform** uniform**
** similar to that shown in Fig. 2-A. -
Examples 5-8 indicate that by increasing the amount of a foaming agent
added to the composition, the foam density can be reduced while producing a
foamed layer having uniform foam distribution.
Examples 9 - 11 _
Examples 9 through 11, shown in Table 5 below, were prepared, foamed

and applied over the test CS surface in accordance with the procedure described
in Examples 1-4:

Table 5
Examples 9+ 10* 11*
Polymer 1 100 100 100
coalescent! 5 5 5
wetting agent? 2 2 2
foaming agent3 2, : 2 2
Solids content in _ 47.6 30.0 26.1

weight %



The properties of the foamed | ayers of Exanples 5-8 prepared and shown in

7

Tabl'e 4 as follows: Table 4 Exanpl es 5 6
. 8 Foam Density (gninl) 0.065 0. 062 0. 059
0049 Foam Distribution uni f or nr* uni f or nr* uni fornm* unifornr*

simlar to that showm in Fig. 2-A Exanples 5-8 indicate that by increasing
the amount of a foaming agent added to th¥-conposition, the foam density
can be reduced while producing a foaned | ayer having uniform foam
distribution. Exanples 9 - 11 Exanples 9 through 11, shown in Table 5

bel ow, wer e prepared,” Toaned-and -appl1ed over the test CS surface in
accordance with the procedure described in Exanples 1-4: Table 5 Exanpl es
9* Unless stated uthOGfivise, the following commercial Edripdn@hty wene uded: 100

100 1. ® l AV 7 [l i s Inc., Kindrs T e,

5 , TL-xan:: leegcqgvte:tg??%g §g E’Eﬁf\ eérhE.Tncal Products, ‘nc. l%:port enne:.:.ee

2 < Triton® GR-5M sp%ﬁpﬁgpﬂgghx P@pp Farbnde Corporation, Dgnbury, Connecticut. 2

2 Sol i ds cOmiadipon® L-22 ammoniurh faddyl sulfate supplied by RhonedBulne Corporation, Cranberry, 26. 1
wei ght % Ne-""1l7q-_s'_‘UnI ess stated-otherw se, the foll ow ng commerci al
conponents Wwe e s ed: [err] Texanol [err] Coal escent supplied by Eastman
Chenical Prdye™. Inc., Kingsport, Tennessee. [err] Triton[err] GR 5M
surfactant suppl i ethéypréperties chtiei fdamadr lagentofExanijzad sl ar€shawmtinc ut .
[err] Rhodatg%ggrb%io&.- 22 ammoni um | auryl sul fate supplied by Rhone-Poul enc
Cor por at i on, anberry, New Jersey. * in i;rams. The properties of the

foanmed | ayers of Exanples 9-11 are sho¥ablef Tabl e 6 bel ow Table 6 Exanpl es

9 - Exathples 11 Foam Density (@nm nL) 10 11 0. 059
0.04 %ﬁari buti on uni f or *9uni fornmr*
uni f or nt* sﬁorghrr} éﬁr%ngﬁ)?tr%%\t sfiown in Fig. 095?6\ '0'04 6,1'%03

Foam Distribution uniform** uniform** uniform**

** similar to that shown in Fig. 2-A. .

Examples 10 and 11 with lower foam densities and solids content no
only provide uniform foam distribution, but are also, due to their low foam
densities and solids content, easier to foam than Example 9 having higher solids
content. |

' Preparation of Concrete Mix Test Substrates

676.6 grams of Type I Portland cement, supplied by MDC, Philadelphia,
Pennsylvania, was added to the mixing bowl of a Hobart mixer along with 2029.7
grams of 45 mesh sand, supplied by Morie Company, Milleville, New Jersey. The
mixture was stirred until well mixed. 33.8 grams of Bayferrox® 318M black iron
oxide, supplied by Mobay Corporation, Pittsburgh, Pennsylvania was then added
to the mixture with stirring. 341.3 grams of deionized water was slowly poured
into the bowl as the mixture was being stirred, which was continued until a_
thoroughly mixed concrete mix was prepared. The concrete mix was poured into
a Petrie dish (to be referred to as a patty-A) and the top surface was smoothed
with a spatula to create as flat a surface as possible. Illustrative example of patty-
A is shown in Fig 3-A.

. Preparation of Slurried Test Substrates _

49.35 grams of Bayferrox® 318M black iron oxide, supplied by Mobay
Corporation, Pittsburgh, Pennsylvania was added with moderate stirring to 459.3
grams of deionized water contained in the bow! of Fisher Scientific lab stirrer
model SL 2400. Approximately after two minutes, when the Bayferrox® 318M
black iron oxide was completely wet, 987 grams of Type [ Portland cement,
supplied by MDC, Philadelphia, Pennsylvania, was slowly added under continuos
stirring to the mixture until the mixture was thoroughly mixed. 493.5 grams of



Exanples 10 and 11 with | ower foam densities and solids content not only
provide uniformfoamdistribution, but are also, due to their |ow foam
.densities and solids content, easier to foamthan Exanple 9 having higher
'solids content. Preparation of Concrete M x Test Substrates 676.6 grans of
Type | Portland cenent, supplied by VDC, " ~BBii | adel phi a, Pennsyl vani a, was
added to the m xi ng bowl of a Hobart m-xer along with 2029.7 grans of 45

mesh sand, %‘H@sh%‘inl@?’s Dblicd 'Wé’tri‘é/CoMﬂ)éxﬁWil\hilﬁvilN?Newﬁeﬁr@?lw-ﬁbf?h&i xture

wa tirred t1 1 .we ed..%B.S rans pf° Bayferr erJs bl.ack i.ron
b e, sustdans it gnod eiston inhh e smd wpS AT daRn S if bt sfuai
added to thierm akementitibhs shirry.i Tye sButy vagrpouredfinttea Fetriedishetebe was

sl ow'y pour.%@'eﬂ[rm% Eepﬁgwp 34 terdP i@ wﬁésaebﬂﬁdswithraeﬁpatmlts%ms
continued unt]l a thoroudh %IQT Xﬁfl oncrete mx Eﬂsgy;@oare . Thg\. c_/gg‘grete
mi x was poudseliat hewriaceas possitie.s Hiystigtiye example of PRBY R sA00xm P B 4 t he
top surface was snobothed with a spatula to create as flat a surface as
possible. Illustrative exanple of p@x&%’plé ?_ ﬁmvvn in Fig 3-A Preparation
of Slurried Test Substrates 49.35 grans o a)é errox[err] 318M bl ack iron
oxi de, supplied byExemplesdsanst 13,ishawrrin Taba/pelowe wess Prerared Whs added
wi th nmoder aj@ofddnice iviigh itike Pﬁﬁ:eaugarmrmddﬁim' & nater contained in the
bow of Fisher Scientific [ab stirrer ”%(\jﬂql SL 2400. Approxinmately after
two m nutes, when the Bayferrox[err] 31 BFack iron oxide was conpletely
wet, 987 grams of Erapeple Portl and cenent 128upplied by MDC, Phid3idel phi a,
Pennsyl vani apoyﬁe,si o9doy sadded under conggsyios stirring to tiggsgpxture
until "the mxtdre s _theroughly m'xed.Ng 3.5 granms of 45 mesh sand,
suppl i ed by I\/briéro%ﬁ%my, MIlliville, j ersey was then addéd with good .
agitation until tdoalesaemtiwas t horoughly nmixed in the nmixture 830form a
cenentitious sl T. urry was pour into a Petrie dish (to be
referred to as f[%lﬁ%}gB gidd the top surfgégoe was snmoothed with a spatula to
create as flat ¥e$tiRgA8ENHs possible. 11148trative exanple of patty-Bis
shown in Fig 4-Addsaneres 12 - 13 Exanples 12 and 13, shown 0rF2Table 7
bel ow, were prepasq“?gcmu@ccm dance with the procedure descri b%_@zi n Exanpl es
npr e

1-4: Table 7 Exa 12* 13*
Pol ymer 1 (50% sol iwater . 95. 2400.0 106.956556
coal escent[err] Total 4.76 210.0 706.95

Unless stated otherwise, the following commercial components were used:
1 Texanol® Coalescent supplied by Eastman Chemical Products, Inc., Kingsport, Tennessee.
2 butyl cellosolve @ 60.0 % solids.
3 Rhodapon® L-22 ammonium laury! sulfate supplied by Rhone-Poulenc Corporation, Cranberry,
New Jersey. .
4 Triton® GR-5M surfactant supplied by Union Carbide Corporation, Danbury, Connecticut.
5 Drew® Y defoamer, supplied by Drew Industrial Division, Ashland Chemical Co., Boonton, New
Jersey. B .
6 Surfynol® 104 E surfactant, supplied by Air Products and Chemicals, Inc., Allentown,
Pennsylvania.
* parts by weight.
Example 12 was foamed and applied over the surfaces of one set of
. Patties-A and -B in accordance with the procedure described in Examples 1-4.
Unfoamed version of the composition of Examples 12 and 13 was sprayed as a
clear layer of 0.0254 mm thickness on another set of Patties-A and -B. All the
patties were then immediately placed into a humidity chamber set to 60°C and
95% relative humidity for 16 hours. The patties were then taken out and visually



coal escent[err] - 33.0 foam ng

agent 3, 4.0 wetting agent[err] 4.0
def oaner[err] - 0.72
surfactant[err] . " 0.72 water
100.0 106. 95 Tot. aI 210.0

706. 95 Unl ess stated ot herw se, the foll O\]l\? ng commerci al conponents were
used: [err] Texanol[err] Coal escent supplied by Eastman Chem cal Products,
I nc., Ki ngspalyzedTionnhe slegreedoftufflyrescerideqsresart drethiee pattiesYo T redalts 3re

Rhodapon[e i uryl sulfate supplied by Rhone-Poul enc
Cor porati orgéébg%g?lrgwﬂi\zévﬁ%grsey 4 Triton[err] CR-5M surfactant supplied

by Uni on Carbi de Corporation, Danbury, @He8cticut. 5 Drewerr] Y defoamer,
supplied by Drew I ndustri al Di vi sion, Ashl ap ﬁQx],esm cal Co., Boont Blgred B W
Jersey. 6 % nol [err] 104 E surfactant, sup ied by Air Products an
Cheni cal s, ARRECatioR | ot BAR Pennsy"Ya fi a. § ty wePipitrate oy o pffBorescenea
foamed and Feppredd over tlﬁe sur f ac@a.7of one slel” of PaPattgB A and.- BSin
accordance with the procedure descrl bed in Exanpl es 1-4. Unfoaned version
of the co oSl n of Ex es 13 was rayed gs cI ear |ayer of
0. 0254 Hf@fﬁﬁgss on aagtpher set 3@? Patti es?g and E t he patﬁl es
wer e then i mredi ately pl aced |nto a hum dity chanber set to 60[err] and 95%
relative hggg for 16 gours. atties_ e thenp out and

i Bl-'élpge-wa Seg \2? £Q§1 3

visual l'y nalyze for t he ree of | orescen present on these
patties. The results are described belowin Table 8: Table 8 Dry grans
Degree of Fpamedation 1Bxanple 227 Solids1.1 pmt?&@, ft. 8
Substrate Efflorescence Foaned 12 2.7 1.1
Patty-B 5 Sprayed 12 22. 7 1.3
Patty-B  Sprayed 1 Sprayad 27 13 13 40.Patty-A 2. 04
Patty-B 3 Foaned 12 22.7 1.1
Patty-A . 8 Sprayed 12 22. 1.3
Patty-A SPrayed , g aﬁd 400 13 20 40.1&“}"“- 2.02
Patty- A Efflorescence rated 1 to 10, 1 = severe, 10 = none

*Estimated.

Table 8, shows applicants' unexpected discovery, that a foamed sealer
composition substantially reduces efflorescence on a CS surface when compared
to the same composition in an unfoamed state.



Ef fl.or escence severe, 10 = none *Esti mated. Tabl e 8,

shows applican nexpect ed di scovery that a foamed seal er conposition
substantial | y: rﬁ”}ﬁ mp lﬂumnce on a CS surface when conpared to t he

sanme conposit] state. What is clainmed is: 1. A method
of producing an ef fl oresCente Tesistant cfti ng on a cenmentitious substrate
conprising: foam ng an efflorescence resistant coating conposition

conpri sing an aquepusatqy apRinaAl g carri er containing a | atex binder having a

Wi ght i n the rangE CuPURAGR P BN BRisTBolssettss taRdtaraRTA S aent
appl yi ng actm&mcionambsmtsammipetfﬂg:rescence resi stant coating conposition
on the surface of f%ahﬂng%@iﬂofré&!ﬁcﬂ&g&{ira ; {;&B@}b?ﬂ:oﬁ@é@ﬂ;?? d%r'hgger

on said surface of said cenentiflous su sal
resi stant B8UETYHEYIRATA@BIE casTienrRntaling @ latexchinder haying aiTg inarange

cement i t i ousryingdtomt-209G teve00°Q raeﬁexgm ah&ﬁg@hﬂdiecﬁlaﬁ@@xg‘ﬁ?‘iﬁ‘@ﬁe PJnaﬁ‘el aim 2

further co [ . wet cenentitious substr 4,

The net hodo%rf})lﬁ# ?&ln?%bqér@rqs@gi %’%5&?’3 ag?%tp I s conducted at el evated

tenperature and r @PRlYing ;iasmad layesof said effioresdenre resistant toating her

conpr, 11 si ngcdrﬁp??ﬁbﬂgoﬂv@ﬁ% 's?ﬁaéhf of &did c%ﬁ{é?ﬁ?otgfsu%% té:?{mnt Ay OUtS EUbSt rate
y adding a wettin ent top, sai osltion, sal i ng agen elng

sel ected fromthe gP ﬂ?} E"ﬁ"i‘?é’p%%‘é%éﬂ ﬁﬁ*’éfac%ﬁ}[\e Flccemﬁi&!

sur f act antsulstraite)go &gantsamdfﬁwesmnesrésm:moéoatm tRegestet hod of cl al m 1

further conprising i oaned | ayer

Q. | TR MeEhsd bF Eﬁi}&xoq_mekﬁ %?{n%rl?ﬁohggmﬁgﬁré tels ety

by addi ng a coal eisc nt corrpound he me al'm
foam ng ad®fEn % "W #ded fromthe group COI’ISI sting of alkali netal,
anmoni um and ani na. E‘hhunembd[afrdlzlmatifﬂl‘mki- Cofpr Qﬁ%ghyaram‘ﬁgi@dagk@emoﬁ ures

t her eof . &weJHQnHRBHSHSQLbﬁkﬁk”‘l or 7 wherein said éfflorescence resistant
coatlng conposition conprlses 1 percent to 15 percent by conposition solids

of said foaning aflerfe Methogofielaimd whersimisaidihydmativigrstepiisicariduaedacence
resistant eloaiteddefipERatireiad FIAGVE hurRERS. S Ng a pi gment.

5. The method of claim 1 further comprising improving wetting of said
- surface of said cementitious substrate by adding a wetting agent to said
composition, saxd wetting agent being selected from the group consisting of a
cationic, anionic, nonionic surfactant wetting agent and mixtures thereof.

6. The method of claim 1 further comprising improving film
formation of said collapsed foamed layer by adding a coalescent compound-'

7. The method of claim 1 wherein said foaming agent is selected from
the group consisting of alkali metal, ammonium and amine salts of C12-C24
aliphatic carboxylic'acids, and mixtures thereof.

8. The method of claim 1 or 7 wherein said efﬂorescence resistant.

coating composition compnses 1 percent to 15 percent by composition solids of
said foaming agent.

. 9. The method of claim 1 wherein said efflorescence resistant coating
composition further comprising a pigment.

10. A cementitious substrate having an efflorescence resistant coating
thereon produced in accordance with the method of claim 1 or 9.
11. A method of producing an efflorescence resistant coating on a
" cementitious substrate comprising:
foaming an efflorescence resistant coating composition comprising an
aqueous evaporable carrier containing a latex binder having a Tg in range
varying from -20°C to 100°C, a weight average molecular weight in the range



10. A cenentitious—substrate having an efflorescence resistant coating
thereon produced in accordance with the nethod of claim1 or 9. 11. A

et hod® of produci f e resistant coating on a cenentitious
substrate conpri s”ﬂm,fmrlmﬂﬂﬂﬂmff | orescence resistant coating
conmposi tion conprisind af aljuebus* evapor alphe carrier containing a |atex

bi nder having a Tg in range varying from-20[err] to 100[err], a weight
average nol ecul ar weight in the range -21- varying from500 to

5, oooiqooo; varyingfrom g@%m §.030€%i|ae&iééﬁngcaﬁwmegalagfenhc‘a@wpﬂgz anidit :

appl yi ng a weahmfagawer of said efflorescence resistant coating conposition
on the surface of . N r ; tLi { ace of
said wet cenenti ugﬁﬁﬁéﬂggﬁ; gﬁg‘eehtlgy%nﬁ%?éﬂe@ | iegéﬁﬁ;\lc%d'?%stégll goﬁ)ﬂ d | ayer

t her eon; cofampesiHgnauy ther virface ofa wet camentigionssubsEatd sai d wet
cementitious subst iait@ng 38id SUEHRIIMAIE et oRientRITUR SubsRdte BURRISRAK

havi ng sai d,effl orescepce resistant coating having thereon. 12. The et hod
of claim 11‘-‘%&‘&&%@?‘&"&%‘??@3&gﬁerFSQned | ayer of said conposition extends -
t he hydrating ti mecollapsingisaidifoamedriayer omsaklibsface of $ajd prat\cementigious| ease
of noi stur e fsRgleMahi N sai d wet cementitious substrate. '
hydrating said wet cementitious substrate having said efflorescence
resistant coating having thereon.
12. The method of claim 11 wherein said collapsed foamed layer of said
composition extends the hydrating time of said wet cementitious substrate by
preventing release of moisture from within said wet cementitious substrate.



