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Description

[0001] This invention relates to rapid set latexes and rapid set foamed articles prepared therefrom. Foamed polymeric
materials, also known as cellular materials, have an apparent density with respect to the polymeric material that is
substantially decreased by the presence of numerous gaseous pockets (that is, cells) disposed throughout its mass.
If the cells are interconnected, the material is considered open-celled; if the cells are discrete, the material is considered
closed-celled.
[0002] Cellular materials are typically prepared by dispersing gas bubbles throughout a fluid polymer to create a
froth, then preserving the resultant state to form the cellular material. Bubble initiation can be promoted in a number
of ways including supersaturating a polymer solution with a gas at high temperatures; incorporating low boiling liquids
into the system as blowing agents and forcing the liquids into the gas phase by increasing the temperature or decreasing
the pressure; and incorporating blowing agents that thermally decompose to form a gas. Unfortunately, the polymer
typically needs to be dissolved in an organic solvent, the bubble initiation generally requires temperature or pressure
control or both, and in many instances, the methods require environmentally undesirable blowing agents (for example,
CFCs).
[0003] In view of the deficiencies in the art, it would be advantageous to prepare a foamed structure by a process
that did not require ancillary solvents or environmentally undesirable blowing agents, and that could be carried out
effectively at ambient temperatures and pressures.
[0004] The present invention addresses a need in the art by providing a simple, fast, and environmentally friendly
method for preparing a cellular article from a latex. Accordingly, in one aspect, the present invention is a process for
preparing a cellular article comprising the steps of: a) frothing a latex that contains a dispersed polymer having pendant
cationic groups or adsorbing cationic molecules or both, and pendant acid groups; and b) rendering the frothed latex
sufficiently basic to make the cellular article.
[0005] In a second aspect, the present invention is a cellular article that comprises a coacervate of a polymer having
pendant cationic groups or adsorbing cationic groups or both, and pendant acid groups.
[0006] The cellular article of the present invention is advantageously prepared at ambient temperatures and pres-
sures, and in the absence of organic solvents or CFCs. The cellular article can be prepared relatively quickly from the
frothed dispersion as a result of the rapidity with which the solution or dispersion sets when contacted with a sufficient
amount of base. This rapid-setting properly prevents the collapse of the cellular article during its preparation and also
prevents deformation of the shape of the cellular article, for example, by slumping.
[0007] The cellular article of the present invention is prepared by frothing a latex containing a polymer having pendant
or adsorbing cationic groups and pendant acid groups, and rendering the frothed dispersion sufficiently basic to form
the cellular latex article. As used herein, the term "pendant" is used to refer to a group that is chemically bound to the
polymer backbone. The term "adsorbing cationic molecule" is used herein to refer to a molecule that contains a cationic
group that is capable of physically adsorbing to a latex particle. The polymer having pendant cationic groups and
pendant acid groups can be prepared by polymerizing a polymerizable cationic monomer and an acid monomer, more
preferably by polymerizing a polymerizable strong cationic monomer and a weak acid monomer. A polymer that is
prepared in such a manner is said to contain structural units formed from the polymerization of a polymerizable cationic
monomer and a polymerizable acid monomer, more preferably a polymerizable weak acid monomer.
[0008] It is also possible to prepare a polymer that has pendant strong acid groups such as sulfonic acid groups,
and weak cation groups such as protonated primary, secondary, or tertiary amines, so long as the pH of the latex Is
sufficiently low such that the net charge of the latex particles is cationic and the latex is stable. Furthermore, it is possible
to prepare a polymer that has pendant weak acid groups and pendant weak cationic groups, again, provided that the
pH of the latex is sufficiently low such that the net charge of the latex particles is cationic and the latex is stable.
[0009] As used herein, the term "sufficiently basic" refers to sufficiency of amount of base as well as base strength.
The word "latex" refers to a stable aqueous dispersion and can be synthetic or artificial. The term "polymerizable weak
acid monomer" refers to a monomer that contains ethylenic unsaturation and an anionic group having a charge that
depends on pH. The term "structural units formed from the polymerization of ..." is illustrated by the following example:
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[0010] The polymer also includes structural units formed from the polymerization of a polymerizable non-interfering
monomer. The term "polymerizable non-interfering monomer" is used herein to refer to a monomer that does not ad-
versely affect the formation of the cellular structure.
[0011] Polymerizable weak acid monomers that are suitable for the preparation of the latex used to prepare the
cellular article include ethylenically unsaturated compounds having carboxylic acid, phenolic, thiophenolic, or phos-
phinyl functionality. Preferred polymerizable weak acid monomers include acrylic acid, methacrylic acid, itaconic acid,
β-carboxyethyl acrylate (usually as a mixture of acrylic acid oligomers), vinylbenzoic acid, and 2-propenoic acid: 2-me-
thyl-, (hydroxyphosphinyl) methyl ester. Acrylic acid and methacrylic acid are more preferred weak acid monomers.
Thus, preferred pendant acid groups are carboxylic acid groups.
[0012] Suitable polymerizable cationic monomers include polymerizable strong cationic monomers and polymeriz-
able weak cationic monomers. As used herein, the term "polymerizable strong cationic monomer" refers to a monomer
that contains ethylenic unsaturation and a cationic group having a charge that is independent of pH. The polymerizable
cationic monomer is associated with a counterion, which may be, for example, halide such as chloride, bromide, or
iodide, as well as nitrate, or methylsulfate. The term "polymerizable weak cationic monomer" refers to a monomer that
contains ethylenic unsaturation and a cationic group having a charge that is dependent on pH.
[0013] Polymerizable strong cationic monomers include salts of ethylenically unsaturated compounds having qua-
ternary ammonium, sulfonium, cyclic sulfonium, and phosphonium functionality, with salts of ethylenically unsaturated
quaternary ammonium salts being preferred. Examples of suitable monomers having quaternary ammonium function-
ality include ethylenically unsaturated trialkylammonium salts such as vinylbenzyl trialkylammonium chloride or bro-
mide; such as vinylbenzyl trimethylammonium chloride or a polymerizable surfactant such as vinylbenzyl dimethyl-
octadecylammonium chloride; trialkylammoniumalkyl acrylates or methacrylates such as 2-((methacryloyloxy)ethyl)
trimethylammonium chloride and N,N-diethyl-N-methyl-2-((1-oxo-2-propenyl)oxy) ethanaminium methyl sulfate
(Chem. Abstracts Reg. No. 45076-54-8); and trialkylammoniumalkyl acrylamides such as N,N,N-trimethyl-3-((2-methyl-
1-oxo-2-propenyl)amino)-1-propanaminium chloride (Chem. Abstracts Reg. No. 51441-64-6) and N,N-dime-
thyl-N-(3-((2-methyl-1-oxo-2-propenyl)amino)propyl]-benzenemethaminium chloride (Chem. Abstracts Reg. No.
122988-32-3). A preferred polymerizable quaternary ammonium salt is 2-((methacryloyloxy)ethyl])-trimethylammonium
chloride.
[0014] Examples of polymerizable unsaturated sulfonium salts include dialkylsulfonium salts such as [4-ethoxy-
3-(ethoxycarbonyl)-2-methylene-4-oxobutyl]dimethylsulfonium bromide (Chem. Abstracts Reg. No. 63810-34-4); and
vinylbenzyldialkylsulfonium salts such as vinylbenzyldimethylsulfonium chloride. Examples of polymerizable cyclic sul-
fonium salts include 1-[4-[(ethenylphenyl)methoxy]phenyl]tetrahydro-2H-thiopyranium chloride (Chem. Abstracts Reg.
No. 93926-67-1); and vinylbenzyltetrahydrothiophenonium chloride, which can be prepared by the reaction of vinyl-
benzyl chloride with tetrahydrothiophene.
[0015] Examples of polymerizable phosphonium salts include 2-methacryloxyethyltri-C1-C20-alkyl-, aralkyl-, or aryl-
phosphonium salts such as 2-methacryloxyethyltri-n-octadecylphosphonium halide (Chem. Abstracts Reg. No.
166740-88-1); tri-C1-C18-alkyl-, aralkyl-, or aryl-vinylbenzylphosphonium salts such as trioctyl-3-vinylbenzylphospho-
nium chloride, trioctyl-4-vinylbenzylphosphonium chloride (Chem. Abstracts Reg. No. 15138-12-4), tributyl-3-vinylben-
zylphosphonium chloride, tributyl-4-vinylbenzylphosphonium chloride (Chem. Abstracts Reg. No. 149186-03-8), triphe-
nyl-3-vinylbenzylphosphonium chloride, and triphenyl-4-vinylbenzylphosphonium chloride (Chem. Abstracts Reg. No.
145425-78-1); C3-C18-alkenyltrialkyl-, aralkyl-, or aryl-phosphonium salts such as 7-octenyltriphenylphosphonium bro-
mide (Chem. Abstracts Reg. No. 82667-45-6); and tris(hydroxymethyl)(1-hydroxy-2-propenyl)phosphonium salts
(Chem. Abstracts Reg. No. 73082-48-1).
[0016] It is also possible to prepare the polymer by polymerizing a monomer that contains both a weak acid group
and a cationic group. An example of such a monomer is N-(4-carboxy)benzyl-N,N-dimethyl-2-[(2-methyl-1-oxo-2-pro-
penyl)-oxy] ethanaminium chloride.
[0017] It is further possible to prepare a polymer having pendant strong cationic groups and weak acid groups by
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adding strong cationic functionality to an already prepared polymer. For example, a polymerizable monomer having a
weak acid group can be copolymerized with a polymerizable non-interfering monomer containing an electrophilic group,
such as a vinylbenzyl halide or a glycidyl methacrylate, to form a polymer having a weak acid group and an electrophilic
group. This polymer can then be post-reacted with a nucleophile such as a tertiary amine or a dialkyl sulfide, which
can displace the halide group or oxirane groups and form a benzylonium salt as illustrated:

where A is a pendant weak acid group; Ar is an aromatic group, preferably a phenyl group; L is a leaving group,
preferably a halide group, more preferably a chloride group; and Nu is preferably a dialkyl sulfide such as dimethyl
sulfide and diethyl sulfide; a cyclic sulfide such as tetrahydrothiophene; or a tertiary amine such as trimethyl amine,
triethyl amine, tripropyl amine, tributyl amine, and triethanol amine.
[0018] In another example of adding strong cationic functionality to an already prepared polymer, a polymer backbone
that contains pendant acid groups and a tertiary amine or a sulfide can be post-reacted with a suitable alkylating reagent
such as an alkyl halide to form a polymer that contains acid groups and strong cationic groups:

where RL is an alkylating reagent.
[0019] Suitable polymerizable weak cationic monomers include ethylenically unsaturated protonated primary, sec-
ondary, and tertiary amines such as salts of dialkylaminoalkylacrylates, dialkylaminoalkylmethacrylates, aminoalky-
lacrylates, aminoalkylmethacrylates, aminoacrylates, and aminomethacrylates. Examples of polymerizable weak cat-
ionic monomers include the hydrochloride salts of dimethylaminoethylmethacrylate and aminoethylmethacrytate.
[0020] Examples of non-interfering polymerizable monomers include acrylates such as methyl acrylate, ethyl acr-
ylate, butyl acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, glycidyl acrylate, and allyl acrylate; methacr-
ylates such as methyl methacrylate, ethyl methacrylate, butyl methacrylate, allyl methacrylate, glycidyl methacrylate,
2-hydroxyethyl methacrylate, and 2-hydroxypropyl methacrylate; and C1-C4 alkyl- or alkenyl-substituted styrenics, pref-
erably styrene, α-methylstyrene, vinyltoluene, and vinylbenzyl chloride. Other examples of non-interfering species
include C3-C18-perfluoroalkyl methacrylates such as 2-(perfluorooctyl)ethyl methacrylate; C3-C18-perfluoroalkyl acr-
ylates such as 2-[ethyl[(heptadecafluorooctyl)sulfonyl]amino]ethyl 2-propenoate; and C3-C18-perfluoro-alkyl vinylben-
zenes. (See U.S. Patent 4,929,666, column 4, lines 54 to 68, and column 5, lines 1 to 30.)
[0021] The latex may contain adsorbing cationic molecules as an alternative to, or in addition to pendant cationic
groups. Adsorption of a molecule onto the latex particle can be determined by the separation of the particles from the
serum phase, for example, by sedimentation of the latex particles, followed by analysis of the serum phase for the
molecules. Adsorption is indicated by a serum phase concentration of the molecules that is less than that which was
added to the latex. These adsorbed groups can be removed by extraction, for example, by dialysis or addition of a
suitable solvent.
[0022] The adsorbing cationic molecules, which need not be polymerizable, contain either a strong cationic group
or a weak cationic group and a hydrophobic portion. If the molecules are not polymerizable, the hydrophobic portion
is typically a branched or linear alkyl group having a chain length of preferably not less than 10 carbon atoms, more
preferably not less than 12, and most preferably not less than 16. Examples of preferred adsorbing cationic molecules
include long-chain alkyl quaternary ammonium salts such as trimethyloctadecyl ammonium chloride, trimethylhexade-
cyl ammonium chloride, and trimethyldodecyl ammonium chloride.
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[0023] The ratio of the pendant acid groups to the pendant cationic groups or adsorbing cationic molecules is appli-
cation dependent, but is generally in the range of 1:10 to 5:1. The ratio of the structural units formed from the polym-
erization of the polymerizable non-interfering monomer to the weak acid groups and the cationic groups is application
dependent, but is preferably not less than 70:30, more preferably not less than 80:20, more preferably not less than
90:10, and most preferably not less than 94:6; and preferably not greater than 99.5:0.5, more preferably not greater
than 99:1, and most preferably not greater than 98:2.
[0024] In general, the higher the latex solids content, the lower the concentration of the total ionic species that is
required to form the quick-set foam. The solids content of the latex in the formulation to be frothed is application
dependent, but preferably not less than 10, more preferably not less than 20, and most preferably not less than 30
weight percent, and preferably not more than 60, more preferably not more than 55, and most preferably not more
than 50 weight percent.
[0025] The latex can be prepared by any suitable means, and is advantageously prepared by the steps of: 1) pre-
paring a seed latex; 2) diluting the seed latex with water; 3) contacting the diluted solution with a radical initiator, a
polymerizable non-interfering monomer, a polymerizable weak acid monomer, and a polymerizable or non-polymeriz-
able cationic monomer; and 4) polymerizing the solution from step 3 under such conditions to form a latex having non-
interfering groups, pendant cationic groups or adsorbing cationic molecules, and pendant weak acid groups.
[0026] The seed latex is preferably prepared by emulsion polymerization in a batch process using a cationic sur-
factant. The seed latex acts as a locus of polymerization for subsequent monomer addition, so that the formation of
new particles is minimized and greater uniformity in the distribution of particle size in the final product is achieved.
Thus, the monomer or monomers used to prepare the seed latex are chosen to form particles that have an affinity for
the monomers subsequently added, so that polymerization occurs preferentially in or on the seed latex particles. The
extent to which the seed latex is diluted in step 2 is a function of the desired particle size and the percent solids in the
final latex, and can be readily determined by one of ordinary skill in the art.
[0027] It is also possible to prepare a latex from a preformed polymer. The preformed polymer can be dissolved in
a suitable solvent, then dispersed in water by any suitable method. The solvent can then be removed and the solids
content adjusted to form a so-called artificial latex.
[0028] The latex can be frothed and sequentially or concomitantly rendered sufficiently basic to form a coacervated
cellular article by a variety of methods. As used herein, "coacervation" refers to the setting of an article by a pH shift.
For example, a dispersing fluid can be entrained and dispersed under shear into a mixture of the latex and the frothing
agent to form the frothed latex, which can then be converted to the cellular material (that is, set) by adding base thereto.
Dispersing fluids include gases and volatile liquids known in the art. Preferred dispersing fluids include air, nitrogen,
carbon dioxide, argon, and helium.
[0029] The base may be added as a gas, a liquid, a solid, or a dispersion. Suitable bases include, but are not restricted
to, amines, ammonia, alkali metal and alkaline earth metal phosphates, carbonates, bicarbonates, oxides, and hydrox-
ides. Preferred bases include calcium carbonate, calcium oxide, calcium hydroxide, sodium hydroxide, potassium hy-
droxide, magnesium hydroxide, sodium bicarbonate, sodium carbonate, and ammonia (aqueous or gaseous); as well
as basic rheology enhancing filler materials such as Portland cement, aluminous cement, and inorganic mortar. (In
general, both basic and non-basic filler materials may be added to increase density, load bearing, and sound attenu-
ation, and in some instances, reduce costs of the cellular material.)
[0030] Alkali metal hydroxides are preferably added as solutions in water, while alkaline earth metal hydroxides,
calcium carbonate, Portland cement, aluminous cement, and inorganic mortar are preferably added as aqueous dis-
persions, more preferably in the presence of a cationic surfactant.
[0031] It is also possible to render the latex basic by removing acid. For example, if the counterion associated with
the cation is bicarbonate and the pH of the latex is lowered by the presence of CO2, the latex can be rendered basic
by loss of CO2.
[0032] The frothing agent is preferably cationic or non-ionic, or a combination thereof, more preferably cationic. The
frothing agent may be inherently present in the latex (that is, the latex may be prepared In the presence of a cationic
dispersant that acts as a frothing agent), or may be added to the latex in a separate step. The selection of a frothing
agent is generally dictated by the presence and type of filler material in the formulation used to prepare the foam.
Examples of suitable frothing agents include FLUORAD™ FC-135 fluorinated alkyl quaternary ammonium cationic
surfactant (a trademark of 3M Corp.), KEMAMINE™ Q9973-C soyatrimethyl ammonium chloride (a trademark of Witco
Corp.), ARQUAD™ 18/50 steartrimonium chloride (CAS 112-03-8, a trademark of Akzo Chemical Co.), DUOMEEN™
TDO (N-tallow-1,3-propandiamine dioleate, GAS 61791-53-5, a trademark of Akzo Chemical Co.), ETHOMEEN™ T15
(PEG-5 tallow amine, GAS 61791-26-2, a trademark of Akzo Chemical Co.), a blend of ETHOMEEN™ T15 and DU-
OMEEN™ TDO, and a blend of ARQUAD™ 18/50 steartrimonium chloride and DUOMEEN™ TDO. Other examples
of cationic frothing agents include those useful as adsorbing cationic molecules, described hereinabove.
[0033] The amount of frothing agent that is used tends to depend on factors such as the amount and type of foam
desired, the type of frothing agent used, and the means used for preparing the foam. Preferably, the amount of frothing
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agent used is not greater than 10 percent, more preferably not greater than about 5 percent, most preferably not greater
than 3 weight percent based on the weight of the latex and the surfactant, and preferably not less than 0.1 weight
percent, more preferably not less than 0.5 weight percent.
[0034] The latex may also be combined with an aqueous dispersion of a frothing agent and a substantially non-basic
or amphoteric filler material under conditions of stirring, and in the presence of a dispersing fluid, to form the frothed
latex. In this instance, a sufficient amount of a suitable base can be combined with the frothed latex to convert it to the
cellular material. Examples of non-basic fillers include carbon, clay, talc, titanium oxide, barium sulfate, stannous oc-
toate, mica, glass, and Al(OH)3.
[0035] It is also possible to form a foamed article by introducing a blowing agent into the rapid set latex formulation,
then expanding the resulting formulation by methods well known in the art to form a cellular material. The blowing
agent may be present with or without the frothing agent.
[0036] Base need not be added to the frothed latex to render the latex basic. For example, the latex can be rendered
basic by frothing in the presence of a suitable dispersing fluid a latex that contains a bicarbonate ion associated with
the strong cation group. The pH of the latex is raised sufficiently to form the latex foam as a result of the loss of CO2.
Thus, the latex is rendered basic by the loss of an acid.
[0037] To obtain the bicarbonate salt, the latex can be ion exchanged with bicarbonate ion, by first saturating the
latex under pressure with carbon dioxide, either as dry ice or as a gas, then contacting the CO2-saturated latex with
an ion exchange resin that contains bicarbonate functionality such as DOWEX™ Monosphere 550A anion exchange
resin (a trademark of The Dow Chemical Company) in the bicarbonate form. The pH of the latex is sufficiently low to
render the polymer stable in the continuous phase, preferably lower than the pKa of the weak acid group, more pref-
erably not greater than 5, and most preferably not greater than 4.
[0038] The cellular article of the present invention is useful in applications that are typical of cellular articles, including
applications that require sound deadening, light weight, fluid absorption, and insulation.
[0039] The following examples are for illustrative purposes only and are not intended to limit the scope of this invention

Example 1 - Rapid Set Foam Prepared Using Powdered Alkaline Solid

[0040] The stable aqueous dispersion was prepared in a two-step process. First, a cationic surfactant stabilized
polystyrene seed latex was prepared using a batch process. Next, a portion of the seed latex was used in a continuous
addition process to prepare a second latex containing a carboxylic acid and a quaternary ammonium functional mon-
omer.
[0041] The cationic latex seed was prepared in the following manner. To a 1-liter, 3-neck, glass reaction flask equipped
with a nitrogen inlet, a reflux condenser with a nitrogen outlet, and a mechanical stirrer was added with stirring styrene
(100 g), 40 g ARQUAD™ 18-50 octadecyltrimethylammonium chloride surfactant (a trademark of Akzo Nobel, 20 g
active), hydrogen peroxide (3.3 g, 1.0 g active), water (200 g), and FeSO4•7H2O solution (0.25 g of a 0.25 weight
percent solution of aqueous FeSO4). The flask was heated to 70°C over 2 hours with stirring under nitrogen, after
which the stirring was stopped and the heating source removed. The latex seed was allowed to sit overnight in the
flask. The result was an opaque, high viscosity dispersion with 35.8 percent solids. The particle size was 407 Å (mean
value) and 393 Å (median value).
[0042] The foam-forming latex was prepared from the cationic seed latex using a continuous addition polymerization
method. Syringe pumps were used as the continuous addition control means. To a 2-liter, 3-neck, glass reaction flask
equipped with a nitrogen inlet, a reflux condenser with a nitrogen outlet, and a mechanical stirrer was added, with
stirring, water (452.3 g) and the cationic seed latex (8.8 g). The flask was heated to 60°C. Table I shows the solutions
that were prepared for continuous addition.

Table I -

Reagents used to Prepare the Latex

Stream Component Amount

1 Butyl Acrylate 176 g
Methyl Methacrylate 124 g
Methacrylic Acid 5.3 g

2 M-QUAT™a 17.3 g (12.8 g active)

3 t-Butylhydroperoxide 1.8 g (1.3 g active)
a 2-((methacryloyloxy)ethyl) trimethylammonium chloride obtained as a 74 percent aqueous solution from Bimax Inc.
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[0043] The components from the four streams were added over the first four hours of polymerization. After completion
of addition, polymerization was continued at 60°C for 0.5 hour. The resulting latex was filtered and found to have a
solids content of 37.0 percent. Table II shows the composition of the latex.

The particle size was 1550 Å (mean) and 1450 Å (median).
[0044] To a portion of the latex (19.0 g) was added Dow Corning 193 dimethicone copolyol nonionic silicone surfactant
(0.35 g) and FLUORAD™ FC-135 fluorinated alkyl quaternary ammonium iodide cationic surfactant (a trademark of
3M Corporation, 0.02 g, 25 weight percent). The mixture was stirred to produce a froth, whereupon dry, ceramic wall
cement (10 g, obtained as a powder from Color Tile Man, Inc.) was added using high speed stirring over 30 seconds.
After about 2 minutes, a semisolid cellular article (that is, a foam) having less than 1-mm diameter cells was obtained.

Example 2 - Rapid Set Foam Using a Dispersed Alkaline Solid

[0045] A portion of the latex prepared as described in Example 1 (25.7 g) was added to a container sequentially with
a cationic fluorocarbon solution (0.18 g, containing 6.0 weight percent FLUORAD FC-135 fluorinated alkyl quaternary
ammonium iodide cationic surfactant, 69.9 weight percent water, and 26.1 weight percent isopropanol). A calcium
carbonate dispersion (93.35 g, type HOKMH from Hustadmarmor A/S, N-6440 Elnesvagen, Norway) was weighed out
in a separate container. A Cowles-type mixing blade was inserted in the mixture of the latex and fluorocarbon solution,
and then rotated at 3000 rpm. The HOKMH dispersion was then added in one portion to the rapidly stirred mixture
(addition time of less than 5 seconds). The mixing was stopped about 1 minute after the addition of HOKMH dispersion.
The resultant cellular material was a semisolid article that could be easily spread with a spatula. After drying at room
temperature this cellular material gave a hard, porous structure with the largest pores being about 250 microns. The
weight-to-weight ratio of the calcium carbonate to the polymer was 6.2:1.

Example 3 - Rapid Set Foam Prepared by Addition of an Alkaline Liquid

[0046] A latex was prepared as described in Example 1, except that methacrylic acid was replaced with an equimolar
amount of β-carboxyethyl acrylate. A portion of this latex (26.04 g) was placed in a bottle along with a dispersant (0.59
g), the composition of which is shown in Table III. In a separate bottle was combined deionized water (10.24 g) and
sodium bicarbonate (0.27 g). The latex and the dispersant were frothed by bubbling nitrogen up from the base of the
bottle, and mixed at 1200 rpm for 30 seconds. The mixing rate was increased to 2600 rpm and maintained at that
speed for 1 minute before the bicarbonate solution was added in one portion to the frothed latex. Mixing was continued
for about 10 seconds, at which time the froth had begun to set.

Table I - (continued)

Reagents used to Prepare the Latex

Stream Component Amount

4 Sodium Formaldehyde Sulfoxylate 0.96 g in 10 ml water

Table II -

Composition of the Latex

Monomer Weight Percent Mole Percent Molecular Weight (g/mol)

Butyl Acrylate 55.3 50.2 128.1

Methyl Methacrylate 39.0 45.3 100.1

Methacrylic Acid 1.7 2.3 86.1

M-QUAT 4.0 2.3 207.7

Table III -

Composition of the Dispersant

Material Amount (g)

DUOMEEN™ TDO 10.00
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Example 4 - Preparation of a Rapid Set Foam Using Non-polymerizable Cation

[0047] The latex was prepared in the same way as the latex used in Example 1, except that an equimolar concen-
tration of ARQUAD™ 18-50 surfactant was used instead of M-QUAT™ monomer. A portion of this latex (10.01 g) was
placed into a bottle along with KEMAMINE™ Q9973-C (0.11 g). The latex and dispersant were mixed by agitating at
500 rpm for 1 minute. The dispersion was then frothed by mixing at 1000 rpm for 2 minutes, increasing the speed to
1500 rpm for 30 seconds, then returning the mixing speed to 1000 rpm. A portion of Mg(OH)2 (1.016 g) was then added
to the froth and agitation was continued for 15 seconds, at which point the froth was completely set.

Example 5 - Preparation of a Rapid Set Foam Using a Latex Containing Strong Anionic Charges plus Weak Cationic
Charges

[0048] A foam-forming latex was prepared in a two-step process similar to that in Example 1. First, a cationic stabilized
polystyrene seed latex was prepared. Next, a portion of the seed latex was used in a continuous addition process to
prepare a second latex containing a sulfonic acid functional monomer and a primary amine functional monomer.
[0049] The cationic seed latex was prepared in the following manner: to a 1-liter, 3-necked glass reaction flask
equipped with a nitrogen inlet, a reflux condenser with a nitrogen outlet, and a mechanical stirrer, was added 20.0 g
of styrene monomer, 40.0 g ARQUAD® 18-50 octadecyltrimethylammonium chloride surfactant (20.0 g active), 400 g
deionized water, and 0.25 g of an aqueous ferric sulfate solution (0.25 g ferric sulfate in 100 g water). The flask was
heated to 70°C while the contents were stirred. To this heated, stirred flask was added 3.3 g of 30 weight percent
hydrogen peroxide (1 g active) in a continuous addition stream over a period of 3 hours. After 0.5 hours of addition of
the hydrogen peroxide, the addition of a stream of styrene was begun and 80 g of styrene was added over the next
2.5 hours. Syringe pumps were used as the continuous addition control means. Three hours after the beginning of the
addition of the hydrogen peroxide, the stirring was stopped and the seed was removed from the heat to cool at room
temperature. The result of this polymerization was a translucent, low viscosity dispersion with a solids content of 21.6
weight percent. The particle size is 398 Å (mean value) and 378 Å (median value).
[0050] The foam-forming latex was prepared from the above cationic seed latex by a continuous addition polymer-
ization method using syringe pumps as the continuous addition control means. To a 1-liter, 3-necked, glass reaction
flask equipped with a nitrogen inlet, a reflux condenser with a nitrogen outlet, and a mechanical stirrer was added water
(206 g), and the cationic seed latex (7.00 g, 1.50 g active). The flask was heated to 90°C while the contents were
stirred. To this heated, stirred flask were added 5 streams continuously over a time of 4 hours while the temperature
of the reaction flask was maintained at 90°C. Table IV shows the addition streams. Table V shows the composition of
the latex prepared with these addition streams. In these tables, AMPS stands for 2-acrylamido-2-methylpropane sul-
fonic acid (Chem. Abstracts No. 15214-89-8) and AEM•HCl stands for the 2-aminoethyl methacrylate hydrochloride
(Chem. Abstracts No. 2420-94-2). After completion of the addition, polymerization was continued at 90°C for 1 hour.
The resulting latex was filtered and found to have a solids content of 37.7 weight percent. The particle size is 1439 Å
(volume median diameter) and 1807 Å (volume mean diameter).

Table III - (continued)

Composition of the Dispersant

Material Amount (g)

ETHOMEEN™ O/15 20.00

Deionized water 120.00

Table IV -

Reagents Used to Prepare the Latex

Stream Component Amount (g)

1 Butyl Acrylate 87.5
Methyl Methacrylate 65.0

2 AEM•HCl in Water 17.3 (5.2 active)

3 AMPS 0.75
Water 20.0
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[0051] To 2.03 g of the latex was added 0.43 g of a 0.20 N NaOH solution. Upon agitating the bottle, the latex
completely coacervated within 10 seconds. To 2.04 g of the latex was added 0.05 g of ARQUAD® 18-50 octadecyltri-
methylammonium chloride surfactant (0.025 g active). The bottle was agitated and the latex formed a froth. Three
incremental additions of 0.20 N NaOH solution were made in the following weights: 0.54 g, 0.44 g, and 0.59 g. The
first two additions had no affect; however, the third was sufficient to initiate coacervation.
[0052] To a plastic bottle was added 13.15 g of the latex plus 0.06 g of ARQUAD® 18-50 octadecyltrimethylammonium
chloride surfactant (0.03 g active). A Caframo stirrer Model BDC 3030 (Wiarton, Ontario) equipped with a Cowles-type
blade was used to shear the mixture to froth it. The dispersion was stirred at 600 rpm for 30 seconds. The mixer speed
was then increased to 1000 rpm for 2 minutes, followed by 1 minute at 1500 rpm and then another minute at 1000
rpm. At this point, a viscous froth was formed. To this frothed dispersion was added 1.5 g of Mg(OH)2 while mixing was
continued. Within 5 seconds some coacervation was observed. Mixing was continued for another 5 seconds, then the
sample was removed. The froth appeared to have completely set into a solid shape.

Claims

1. A process for preparing a cellular article comprising the steps of: a) frothing in the presence of a frothing agent a
latex that contains a dispersed polymer having pendant cationic groups or adsorbing cationic molecules or both,
pendant acid groups, and structural units formed from the polymerization of a non-interfering monomer (i.e one
which does not adversely affect the formation of the cells), and b) rendering the frothed latex sufficiently basic to
make the cellular article.

2. The process of Claim 1 wherein the polymer has pendant acid groups that are carboxylic acid groups and pendant
cationic groups that are strong cationic groups.

3. The process of Claim 2 wherein the pendant strong cationic groups are quaternary ammonium salts.

4. The process of Claim 3 wherein the pendant strong cationic groups are units formed from the polymerization of
an ethylenically unsaturated trialkylammonium salt.

5. The process of Claim 4 wherein the ethylenically unsaturated trialkylammonium salt is 2-((methacryloyloxy)ethyl)-
trimethylammonium chloride or N,N-diethyl-N-methyl-2-((1-oxo-2-propenyl)oxy) ethanaminium methyl sulfate.

6. The process of Claim 4 wherein the ethylenically unsaturated trialkylammonium salt is 2-((methacryloyloxy)ethyl)-
trimethylammonium chloride, the non-interfering monomer is styrene, methyl methacrylate, butyl methacrylate, or
a combination thereof, and the pendant acid groups are structural units formed from the polymerization of acrylic

Table IV - (continued)

Reagents Used to Prepare the Latex

Stream Component Amount (g)

4 t-Butylhydroperoxide 0.90
Water 8.0

5 SFS 0.48
Water 8.0

Table V -

Composition of the Foam-Forming Latex

Monomer Molecular Weight (g/mol) Weight Percent Mole Percent

Butyl Acrylate 128.1 44.3 49.9

Methyl Methacrylate 100.1 54.0 47.5

AEM•HCl 166,6 1,57 2.3

AMPS 207.1 0.137 0.25
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acid or methacrylic acid.

7. The process of Claim 1 wherein the ratio of structural units formed from the polymerization of the polymerizable
non-interfering monomer to the sum of the acid groups plus the cationic groups is not less than 90:10 and not
more than 99:1.

8. The process of Claim 1 wherein the polymer contains weak cationic groups formed from the polymerization of a
protonated salt of a dialkylaminoalkylacrylate, a dialkylaminoalkylmethacrylate, an aminoalkylacrylate, an ami-
noalkylmethacrylate, an aminoacrylate, or an aminomethacrylate.

9. The process of Claim 1 wherein the latex contains non-polymerizable adsorbing cationic molecules containing a
strong cationic group or a weak cationic group, wherein the adsorbing cationic molecule contains a strong cationic
group and a hydrophobic portion which is a branched or linear group having a chain length of not less than 12
carbon atoms.

10. The process of Claim 1 wherein the frothed latex is formed by entraining a dispersing fluid under shear into a
mixture containing the latex and the frothing agent, and a base is added to the frothed latex to form the cellular
material, wherein the dispersing fluid is air, nitrogen, argon, helium, or CO2, or a combination thereof, and the base
is calcium carbonate, calcium oxide, calcium hydroxide, magnesium hydroxide, Portland cement, aluminous ce-
ment, or inorganic mortar, or a combination thereof, or an aqueous solution of sodium hydroxide, sodium bicarbo-
nate, sodium carbonate, ammonia, or potassium hydroxide.

Patentansprüche

1. Verfahren zur Herstellung eines zellförmigen Gegenstandes, umfassend die Stufen von:

a) Aufschlagen in Anwesenheit eines Aufschlagmittels eines Latex, welcher ein dispergiertes Polymeres ent-
hält, das anhängende kationische Gruppen oder adsorbierende kationische Moleküle oder beides, anhängen-
de Säuregruppen und strukturelle Einheiten hat, gebildet aus der Polymerisation eines nicht störenden Mo-
nomeren (d. h. eines, das nicht in schädlicher Weise die Bildung der Zellen stört), und
b) ausreichend basisch machen des aufgeschlagenen Latex zur Herstellung des zellförmigen Gegenstandes,

2. Verfahren nach Anspruch 1, bei welchem das Polymere anhängende Säuregruppen, die Carbonsäuregruppen
sind, und kationische Gruppen, die stark kationische Gruppen sind, hat.

3. Verfahren nach Anspruch 2, bei welchem die anhängenden stark kationischen Gruppen quaternäre Ammonium-
salze sind.

4. Verfahren nach Anspruch 3, bei welchem die anhängenden stark kationischen Gruppen Einheiten sind, die aus
der Polymerisiation eines ethylenartig ungesättigten Trialkylammoniumsalzes gebildet sind..

5. Verfahren nach Anspruch 4, bei welchem das ethylenartig ungesättigte Trialkylammoniumsalz 2-((Methacryloylo-
xy)-ethyl)-trimethylammoniumchlorid oder N,N-Diethyl-N-methyl-2-((1-oxo-2-propenyl)-oxy)-ethanaminium-me-
thylsulfat ist.

6. Verfahren nach Anspruch 4, bei welchem das ethylenartig ungesättigte Trialkylammoniumsalz 2-((Methacryloylo-
xy)-ethyl)-trimethylammoniumchlorid ist, das nicht störende Monomere Styrol, Methylmethacrylat, Butylmethacry-
lat oder eine Kombination hiervon ist, und die anhängenden Säuregruppen strukturelle Einheiten sind, die aus der
Polymerisation von. Acrylsäure oder Methacrylsäure gebildet sind.

7. Verfahren nach Anspruch 1, bei welchem das Verhältnis von strukturellen Einheiten, gebildet aus der Polymeri-
sation des polymerisierbaren nicht störenden Monomeren, zu der Summe der Säuregruppen plus der kationischen
Gruppen nicht weniger als 90:10 und nicht mehr als 99:1 ist.

8. Verfahren nach Anspruch 1, bei welchem das Polymere schwache kationische Gruppen enthält, die aus der Po-
lymerisation eines protonierten Salzes eines Dialkylaminoalkylacrylates, eines Dialkylaminoalkylmethacrylates,
eines Aminoalkylacrylates, eines Aminoalkylmethacrylates, eines Aminoacrylates oder eines Aminomethacrylates
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gebildet sind.

9. Verfahren nach Anspruch 1, bei welchem der Latex nicht polymerisierbare adsorbierende kationische Moleküle
enthält, die eine starke kationische Gruppe oder eine schwache kationische Gruppe enthalten, worin das adsor-
bierende kationische Molekül eine starke kationische Gruppe und einen hydrophoben Anteil, der eine verzweigte
oder lineare Gruppe mit einer Kettenlänge von nicht weniger als 12 Kohlenstoffatomen enthält, umfaßt.

10. Verfahren nach Anspruch 1, bei welchem der aufgeschlagene Latex durch Mitreißen eines dispergierenden Fluids
unter Scherung in eine Mischung gebildet wird, welche den Latex und das Aufschlagmittel enthält, und eine Base
zu dem aufgeschlagenen Latex zur Bildung des zellförmigen Materials zugesetzt wird, wobei das dispergierende
Fluid Luft, Stickstoff, Argon, Helium oder CO2 oder eine Kombination hiervon ist, und die Base Calciumkarbonat,
Calciumoxid, Calciumhydroxid, Magnesiumhydroxid, Portlandzement, Tonerdezement oder anorganischer Mörtel
oder eine Kombination hiervon oder eine wässrige Lösung von Natriumhydroxid, Natriumbikarbonat, Natriumkar-
bonat, Ammoniak oder Kaliumhydroxid ist.

Revendications

1. Procédé pour préparer un article expansé comprenant les étapes consistant à : a) congeler en présence d'un
agent de congélation, un latex qui contient un polymère dispersé présentant des groupes cationiques latéraux ou
des molécules cationiques adsorbantes ou les deux, des groupes acides latéraux et des motifs structuraux formés
par polymérisation d'un monomère non-interférant (c'est-à-dire qui n'influence pas de manière défavorable la for-
mation des cellules), et à b) rendre le latex congelé suffisamment basique pour fabriquer l'article expansé.

2. Procédé selon la revendication 1, dans lequel le polymère présente des groupes acides latéraux qui sont des
groupes acides carboxyliques, et des groupes cationiques latéraux qui sont des groupes cationiques forts.

3. Procédé selon la revendication 2, dans lequel les groupes cationiques forts latéraux sont des sels ammonium
quaternaire.

4. Procédé selon la revendication 3, dans lequel les groupes cationiques forts latéraux sont des motifs formés par
polymérisation d'un sel trialkylammonium à insaturation éthylénique.

5. Procédé selon la revendication 4, dans lequel le sel trialkylammonium à insaturation éthylénique est le chlorure
de 2-((méthacryloyloxy)éthyl)triméthylammonium ou le méthylsulfate de N,N-diéthyl-N-méthyl-2-((1-oxo-2-propé-
nyl)oxyéthanaminium.

6. Procédé selon la revendication 4, dans lequel le sel trialkylammonium à insaturation éthylénique est le chlorure
de 2-((méthacryloyloxy)éthyl)triméthylammonium, le monomère non-interférant est le styrène, le méthacrylate de
méthyle, le méthacrylate de butyle ou une de leurs combinaisons, et les groupes acides latéraux sont des motifs
structuraux formés par polymérisation de l'acide acrylique ou l'acide méthacrylique.

7. Procédé selon la revendication 1, dans lequel le rapport des motifs structuraux formés par polymérisation du
monomère non interférant polymérisable à la somme des groupes acides et des groupes cationiques, n'est pas
inférieur à 90:10 et ne dépasse pas 99:1.

8. Procédé selon la revendication 1, dans lequel le polymère contient des groupes cationiques faibles formés par
polymérisation d'un sel protoné d'un acrylate de dialkylaminoalkyle, d'un méthacrylate de dialkylaminoalkyle, d'un
acrylate d'aminoalkyle, d'un méthacrylate d'aminoalkyle, d'un aminoacrylate ou d'un aminométhacrylate.

9. Procédé selon la revendication 1, dans lequel le latex contient des molécules cationiques adsorbantes, non-po-
lymérisables, contenant un groupe cationique fort ou un groupe cationique faible, dans lequel la molécule catio-
nique adsorbante contient un groupe cationique fort et une partie hydrophobe qui est un groupe ramifié ou linéaire
comportant une longueur de chaîne qui n'est pas inférieure à 12 atomes de carbone.

10. Procédé selon la revendication 1, dans lequel on forme le latex congelé par entraînement d'un fluide dispersant,
sous cisaillement, dans un mélange contenant le latex et l'agent de congélation ; et on ajoute une base au latex
congelé pour former le matériau expansé, dans lequel le fluide dispersant est de l'air, de l'azote, de l'argon, de
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l'hélium ou du CO2, ou une de leurs combinaisons, et la base est du carbonate de calcium, de l'oxyde de calcium,
de l'hydroxyde de calcium, de l'hydroxyde de magnésium, du ciment Portland, du ciment alumineux ou un mortier
minéral, ou une de leurs combinaisons, ou une solution aqueuse d'hydroxyde de sodium, de bicarbonate de so-
dium, de carbonate de sodium, d'ammoniac ou d'hydroxyde de potassium.
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