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FOAM MANIPULATION COMPOSITIONS CONTAINING FINE PARTICLES

FIELD OF THE INVENTION

The present invention relates to foam manipulation compositions. In one aspect, the
invention relates to stabilization compositions, and more particularly to the synergistic effect of
fine particles and surfactant in lowering surfactant level requirements in foam generating
consumer products without compromising properties desired by consumers of the products. In
another aspect, the invention relates to defoaming compositions, preferably for consumer use,

that collapse foams under rinse conditions.

BACKGROUND OF THE INVENTION

Consumers like foam producing products for a variety of personal and cleaning uses, such as
laundry detergents, hand dish washing liquids, hard surface cleaners, hair and body shampoos, facial
cleansers, shave preparation gels, and dentifrices. Foam based cleaning products create less mess
and foam based personal care products have a pleasant feel. Consumers particularly like high and
thick foams, quick foaming action, lasting foams, and the feel of rich, luxurious, creamy foams. To
achieve these desirable effects, surfactants are added to many cleaning and personal care products.
Surfactants play a major role in foam producing products by lowering the dynamic surface tension of
the liquid — air interface to allow gas bubbles to be formed or introduced beneath the surface of the
liquid. Surfactants also stabilize the foam once it is formed. However, surfactants are not without

disadvantages.

The addition of surfactants adds to the cost of the final product. Further, there are
environmental concerns associated with heavy use of some surfactants. Therefore, it is desirable to
reduce the amount of surfactant in foam producing products, but without loss of the beneficial

foaming properties surfactants offer.

The effect of particles on foamed products as reported in the literature has been inconsistent.
Fine particles are known to be able to generate foams in the absence of a surfactant, probably by
coating air bubbles and thereby minimizing interfacial fluid energy. However, some particles, such
as hydrophobic fumed silica in aggregate form of about 200 to 300 nm, are reported to function as

defoaming agents.
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U.S. Patent No. 6,586,483 describes a foaming composition comprised of surface-modified,
non-aggregated, inorganic nanoparticles, such as silica and titania, having a particle diameter of less
than about 100 nm disposed in a vehicle, such as water or an organic liquid, with or without

surfactant.

A foaming composition for use in cleansing the skin is described in U.S. Patent No.
6,894,012, The composition contains at least one nonionic, anionic, amphoteric or zwitterionic
foaming surfactant, 1% or more of silica particles of about 3 to 50 nm, an oxyalkylenated compound

and one or more of a cationic or amphoteric polymer.

While high and thick foams are desirable, they have heretofore been difficult to rinse away
without the use of excessive amounts of water or other rinse liquid. There is a tension between the
desire for foaming products with good foam yield and the need to effectively rinse away the foam
and avoid wasting water. In some areas of the world and at various times during the year, water

conservation is of paramount importance.

The effect of fine particles in surfactant-based systems on foam generation and stability
has not been fully elucidated in the literature. There does not appear to be any general
understanding of how fine solid particles interact with surfactants during the process of foam

generation.

SUMMARY OF THE INVENTION

The present invention provides a fine particle technology that permits the creation of
foam manipulation compositions, which, in one aspect can boost foam formation and stabilize
foams without compromising the desirable benefits obtained from foam products, such as foam
volume and thickness, and in another aspect, can quickly reduce the level of foam under rinse
conditions. A consumer product composition comprising a foam manipulation composition is
provided. The foam manipulation composition is comprised of a plurality of surface-modified
particles in combination with at least one surfactant. The particles have an average particle size
greater than 100 nm and less than about 50 pm and a hydrophobicity measured by a contact angle
between about 25° to 140°. The ratio of particles-to-surfactant may be between about 20:1 to

about 1:20, and preferably 1:10.

In one embodiment, the foam manipulation composition is a foam stabilizing composition

wherein the particles are silica nanoparticles having an average particle size greater than 100 nm
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up to about 600 nm, and preferably between about 200 nm and about 540 nm. In another
embodiment, the particles are fine titania particles having an average size greater than 100 nm up

to about 10 um.

The composition may have a hydrophobicity as measured by a contact angle greater than
20°, and preferably greater than 28°, and more preferably in the range of about 25°-140°, and
most preferably in the range 28°- 100° or 40° - 80°. In one example, particularly superior foam
production and stabilization results were obtained wherein the hydrophobicity was expressed by

a contact angle between about 58° - 62°.

In one embodiment, the particles are solid particles selected from the group consisting of
metal oxides, silica, titania, clay, mica, synthetic polymer particles, non woven polymers, starch,
cellulose, proteins, and derivatives of starch, cellulose, and proteins, and combinations of organic

and inorganic particles and combinations thereof.

The surfactant may be one selected from the group consisting of anionic, cationic, nonionic

and amphoteric surfactants and combinations thereof.

In another aspect of the foam manipulation composition, the composition comprises a
particulate component having switchable functional groups attached to the surface of the
particles. The switchable functional groups are switchable upon exposure to a predetermined
change in one or both of pH and temperature. The switchable functional groups are sensitive to
one or both of pH and temperature changes and are easily protonated or deprotonated. The
switchable functional groups may be Bronsted acids or bases on the surface of the particles.
Alternatively, the switchable functional groups, such as carboxyl or amino groups, may be on

compositions, such as polymers, grafted onto the surface of the particles.

A method for reducing the level of foam in a rinse solution is provided. Where the
foamed product comprises particles in combination with at least one surfactant as described in
the various embodiments herein, the surface of the particles is modified to include switchable
functional groups. As stated above, the switchable functional groups are switchable upon
exposure to a predetermined change in one or both of pH and temperature. The method for
reducing the level of foam in a rinse solution includes defoaming the solution by one or more of
the steps selected from (1) increasing the concentration of particles relative to surfactant and
decreasing one of the pH or the temperature of the solution, and (2) increasing the size of the

particles by aggregation of particles, (3) wherein at least one surfactant is an anionic surfactant
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and the step comprises reducing available anionic surfactants by forming one of a complex and
(4) wherein at least one surfactant is an anionic surfactant and the step comprises reducing
available anionic surfactants by forming a coacervate with positively charged particles by

decreasing one of the pH or temperature of the rinse solution.

Defoaming by increasing the concentration of particles relative to surfactant may be done
by adding a particulate powder, such as silica powder, to the product. Defoaming by increasing
the concentration of particles relative to surfactant may be done by adding hydrophobic particles,
such as milled and surface modified hydrophobic mica such as polydimethyl siloxane grafted

mica, to the product at a basic pH, such as pH 10.

Defoaming by increasing the size of the particles may be done by adding particles having
a high aspect ratio, such as fibers and platelets. Defoaming by decreasing the pH will occur, for
example, under rinse conditions wherein the pH of the rinse solution is lower than the pH of the
wash solution. This is particularly applicable to both liquid and granular forms of laundry
detergents, dish washing detergents, or toothpaste wherein a polyacid functional group has been
grafted onto the particles. The wash solution is typically alkaline, having a pH greater than 7. A
rinse solution typically has a lower pH, such as the pH of tap water, about 7 and below.
Protonation of the functional group, for example by grafting a polyacrylic acid that has pKa
lower than 7, upon exposure to the lower pH in a rinse solution will dramatically increase the

hydrophobicity of the particles that result in forming an antifoaming aggregate.

Examples of polymers that can be used as the switchable functional groups that are
switchable upon exposure to a predetermined change in temperature may be, for example,
polymers, which become insoluble (in other words hydrophobic) upon heating, have a so-called
lower critical solution temperature (LLCST). Polymers, which become soluble (in other words
hydrophilic) upon heating, have an upper critical solution temperature (UCST). Typical LCST
polymers are based on N-isopropylacrylamide (NIPAM), N,N-diethylacrylamide (DEAM),
methylvinylether (MVE), and N-vinylcaprolactam (NVCI). A typical UCST system is based on
a combination of acrylamide (AAm) and acrylic acid (AAc), and PEO-b-PPO, PEO-b-PPO-b-
PEO and PEG-b-PLGA-b-PEG block copolymers. For example, an aqueous poly(NiPAAM)
solution precipitates (i.e. becomes hydrophobic) above 32°C (ILCST) and the transition is very

sharp.



WO 2009/126594 PCT/US2009/039702

5
BRIEF DESCRIPTION OFF THE DRAWINGS

The various embodiments set forth in the Detailed Description of the Invention will be

better understood with reference to the following non-limiting drawings, wherein:

FIGS. 1 (A) and (B) shows the amount of foam produced by modified silica particles
immediately after shaking (A) and after 4 days (B) from Example 2;

FIGS. 2 (A) and (B) shows the amount of foam produced by anionic surfactant in the
presence of hydrophilic particles immediately after shaking (A) and after 5 hours (B) from

Example 3;

FIGS. 3 (A) and (B) shows the amount of foam generated by a combined
surfactant/particles system (vial 1), surfactant alone (vial 2), and particles alone (vial 3)

immediately after shaking (A), and after 16 hours (B) from Example 4;

FIGS. 4 (A), (B) and (C) shows the amount of foam generated by a combined
surfactant/particles system (vial 1), surfactant alone (vial 2), and particles alone (vial 3) in three

compositions (A), (B) and (C) from Example 5;

FIGS. 5 (A) and (B) shows the amount of foam generated by combined
surfactant/particles system with a concentration of 1000 ppm silica to 30 ppm surfactant (vial 1)
and 1000 ppm silica to 100 ppm surfactant (vial 2) immediately after shaking (A) and after 5
hours (B) from Example 6;

FIGS. 6 (A) and (B) shows the amount of foam produced by cationic surfactant in the
presence of hydrophilic particles immediately after shaking (A) and after 4 hours (B) from

Example 7;

FIGS. 7 (A)-(D) are graphs comparing the height of foams vs. time (after shaking)
produced from 3 cm’® of water in the presence of SDS (500 ppm) at pH 6.4 and synthesized
particles at concentrations of 100 ppm (a); 50 ppm (b), and 30 ppm (c), and at pH 10 at particle

concentration of 30 ppm (d) as described in Example 1;

FIGS. 8 (A), (B) and (C) are graphs showing the height of foams over time after agitation
produced with a combined surfactant/particle system at pH10 and synthesized particles at

concentrations of 30ppm (a); 45 ppm (b), and 100 ppm (c);
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FIGS. 9 (A), (B) and (C) are graphs showing the height of foams over time after agitation

in a combined surfactant/particle system at pH 6 and synthesized particles at concentrations of

30ppm (a); 45 ppm (b), and 100 ppm (c);

FIGS. 10 (A) and (B) shows optical images of milled mica;

FIGS. 11 (A) and (B) shows the AMF topography image and cross-section of a mica
flake;

FIG. 12 shows the initial foam volume after shaking of samples containing 300 ppm of
LLAS as surfactant and, from left to right, 300ppm, 100ppm, 60ppm, 30ppm, and O ppm of mica
at pH 10; and,

FIG. 13 is a bar graph of the samples of FIG. 12 showing foam plus the original liquid

volume obtained after shaking the samples.

DETAILED DESCRIPTION OF THE INVENTION
A. Definitions
As used herein, the term "comprising” means various components conjointly employed in
the preparation of the compositions of the present disclosure. Accordingly, the terms "consisting

essentially of”” and "consisting of” are embodied in the term "comprising".

As used herein, all percentages, parts and ratios are by weight of the total composition,
unless otherwise specified. All such weights as they pertain to listed ingredients are based on the
active level and, therefore do not include solvents or by-products that may be included in

commercially available materials, unless otherwise specified.

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical value recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm”. In this manner, slight variations above and below the stated ranges can be used
to achieve substantially the same results as values within the ranges. Also, the disclosure of these
ranges is intended as a continuous range including every value between the minimum and

maximum values.
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As used herein, “low-surfactant” means a surfactant concentration of 1% - 20%, except
for hand dish washing detergent and compacted detergents where the concentration is from 1% -

45%.

“Consumer products” as used herein shall mean products made for use by consumers for
personal care and home cleaning uses, including cleaning clothes, dishes and surfaces within the
home or car. Exemplary consumer products include granular and liquid laundry detergents,
liquid hand dish washing detergents, liquid hard surface cleaners, hair and body shampoos, shave

preparation gels, facial cleaners, and dentifrices.

“Contact angle” with reference to hydrophobicity, as used herein, means the contact angle
at the particle/air/liquid interface as measured using the gel trapping technique described by
Paunov (Langmuir, 2003, Vol. 19, pp. 7970-7976) or by means of a commercially available
goniometer (Rame-Hart, Inc. Model: 250-00-115) for measuring contact angles. The degree of
hydrophobization of silica particles was characterized in terms of sessile drop contact angle with
the nanoparticles layer cast onto a silicon wafer. Silicon wafers were first treated with cleaning
solution (30% hydrogen peroxide, 30 % ammonium hydroxide, and water in the ration 1:1:1) for
1 hour at 60°C. A few drops of the aqueous dispersion of hydrophobized nanoparticles were
placed onto a silicon wafer and dried in an oven at 50-60°C. Then, the contact angle of a sessile

water drop was measured in several different places and on different parallel samples.

“High aspect ratio” as used herein shall mean a high ratio of the square of the length, b,
by the area, S, such that the aspect ration = b*/S. Arod shaped molecule will have a high aspect
ratio. The aspect ratio of a two dimensional shape is the ratio of its longer dimension to its
shorter dimension. It is also applied to two characteristic dimensions of a three-dimensional
object, particularly for the longest and shortest axes or for symmetrical objects (e.g. rods) that are

described by just two measures (e.g., length and diameter).

“Hydrophobicity” as used herein shall mean the property of being water-repellent;

tending to repel and not absorb water. Hydrophobicity increases with increasing contact angle.

“Foam Manipulation” as used herein shall mean one or more of the boosting or
stabilization of foam in foam generating products under desired conditions, for example, under
washing conditions, and the collapse or defoaming of foams under desired conditions, for

example, under rinse conditions.
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“Switching functional groups™ as used herein shall mean any functional group that is
sensitive to one or both of pH or temperature changes and is easily protonated or deprotonated.
The switchable functional groups may be any functional group that acts as a Brénsted acids or
bases and is grafted onto the surface of the particles, or may be on compositions, such as
polymers, grafted or coated onto the surface of the particles. Examples of switchable functional

groups include, but are not limited to, carboxyl or amino groups.

B. Description of Various Embodiments of the Invention

L Improved Foaming

The synthesis and evaluation of surface active coated particles for use in surfactant-based
systems for the production and stabilization of foam is described. The compositions described
herein contain low surfactant levels and particles of a particle size, hydrophobicity, and material
that provides a desirable level of foam production and unexpected improvement in foam stability
over time. The compositions are suitable for use with formulations for various foam producing
products. Formulations for use in particular products may also include, depending on the end
use, polymers, builders, enzymes, fragrance, whitening agents, brightening agents, antimicrobial
agents and softeners. The consumer products include, for example, high suds granules, high suds
liquid laundry detergent, liquid hand dish washing detergent, liquid hard surface cleaners, hair

and body shampoos, shave preparation gels, facial cleaners, and dentifrices.

The particles found to be particularly useful for maintaining or improving foaming properties
while using low surfactant levels are surface modified particles having an average particle size
greater than 100 nm and less than about 50 pm and a hydrophobicity measured by contact angle in
the range of 25° to 140°. 'The hydrophobicity increases with the increase of the contact angle. In one
embodiment, the average particle size is less than 10 um and preferably less than about 2.1 um. The
particles are solid particles selected from the group consisting of metal oxides, silica, titania, clay,
mica, synthetic polymer particles, non woven polymers, starch, cellulose, proteins, and derivatives of
starch, cellulose, and proteins, and combinations of organic and inorganic particles and combinations
thereof. The particles are typically hydrophilic particles which are treated as described herein to
make them hydrophobic or amphiphilic, or to make them more or less hydrophilic. Particularly
useful particles are hydrophobically modified silica and titania. However, hydrophobic particles
such as non-woven polymers can also be surface treated to alter the degree of hydrophobicity, for
example, to make then less hydrophobic to attain the desired contact angle in the range of 25° to
140°. Thus, the particles may be hydrophobic and surface modified by covalent attachment of a

hydrophobic or hydrophilic layer thereto. Examples of hydrophobic attached particles include poly
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dimethyl siloxane and dimethyl silane. Examples of hydrophilic attached particles include

polyethylene imine and polyacrylic acid.

The surfactants may be anionic, cationic, nonionic, amphoteric or combinations thereof,

Anionic surfactants may be selected from the group consisting of alkyl and alkyl ether
sulfates, and alkyl benzene sulfonate. The alkyl ether sulfates are typically made as condensation
products of ethylene oxide and monohydric alcohols having from about § to about 24 carbon
atoms. Specific examples of alkyl ether sulfates which may be used in the cleansing phase of a
product are sodium and ammonium salts of coconut alkyl triethylene glycol ether sulfate; tallow
alkyl triethylene glycol ether sulfate, and tallow alkyl hexaoxyethylene sulfate. Highly preferred
alkyl ether sulfates are those comprising a mixture of individual compounds, said mixture having
an average alkyl chain length of from about 10 to about 16 carbon atoms and an average degree
of ethoxylation of from about 1 to about 4 moles of ethylene oxide. Other suitable anionic
surfactants include water-soluble salts of the organic, sulfuric acid reaction products of the
general formula R;-SOs3-M, wherein R; is chosen from the group consisting of a straight or
branched chain, saturated aliphatic, and / or aromatic hydrocarbon radical having from about 8 to
about 24, preferably about 10 to about 18, carbon atoms; and M is a cation. Suitable examples
are the salts of an organic sulfuric acid reaction product of a hydrocarbon of the methane series,
including iso-, neo-, meso-, n-paraffins, and alkyl benzene having about 8 to about 24 carbon
atoms, preferably about 10 to about 18 carbon atoms and a sulfonating agent, e.g., SOz, HSOy,
oleum, obtained according to known sulfonation methods, including bleaching and hydrolysis.

Preferred are alkali metal and ammonium sulfonated C,.13 n-paraffins.

Other suitable surfactants are described in McCutcheon's, Emulsifiers and Detergents

1989 Annual, published by M. C. Publishing Co., and in U.S. Patent No. 3,929,678.

Preferred anionic surfactants for use in the cleansing phase include ammonium lauryl
sulfate, ammonium laureth sulfate, triethylamine lauryl sulfate, triethylamine laureth sulfate,
triethanolamine lauryl sulfate, triethanolamine laureth sulfate, monoethanolamine lauryl sulfate,
monoethanolamine laureth sulfate, diethanolamine lauryl sulfate, diethanolamine laureth sulfate,
lauric monoglyceride sodium sulfate, sodium lauryl sulfate, sodium laureth sulfate, potassium
laureth sulfate, sodium lauryl sarcosinate, sodium lauroyl sarcosinate, lauryl sarcosine, cocoyl
sarcosine, ammonium cocoyl sulfate, ammonium lauroyl sulfate, sodium cocoyl sulfate, sodium

lauroyl sulfate, potassium cocoyl sulfate, potassium lauryl sulfate, monoethanolamine cocoyl
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sulfate, sodium tridecyl benzene sulfonate, sodium dodecyl benzene sulfonate, and combinations

thereof.

Anionic surfactants with branched alkyl chains such as sodium tridecyl sulfate, for
example, are preferred in some embodiments. Mixtures of anionic surfactants may be used in

some embodiments.

Cationic surfactants may be selected from tetra butyl ammonium bromide (TMAB).

Suitable nonionic surfactants include condensation products of alkylene oxide groups
(hydrophilic in nature) with an organic hydrophobic compound, which may be aliphatic or alkyl

aromatic in nature.

Amphoteric surfactants suitable for use in the cleansing phase include those that are
broadly described as derivatives of aliphatic secondary and tertiary amines in which the aliphatic
radical can be straight or branched chain and wherein one of the aliphatic substituents contains
from about 8 to about 18 carbon atoms and one contains an anionic water solubilizing group, e.g.,
carboxy, sulfonate, sulfate, phosphate, or phosphonate. Examples of compounds falling within
this definition are sodium 3-dodecyl-aminopropionaie, sodium 3-dodecylaminopropane
sulfonate, sodium lauryl sarcosinate, N-alkyltaurines such as the one prepared by reacting
dodecylamine with sodium isethionate according to the teaching of U.S. Patent No. 2,658,072,
N-higher alkyl aspartic acids such as those produced according to the teaching of U.S. Patent No.
2,438,091, and the products described in U.S. Patent No. 2,528,378.

A typical formulation for use in laundry detergent may be comprised from 1%-50%
surfactant, 0.02% - 10% particles, 0.02% - 10% polymers, and 1% - 30% builders and other laundry
adjuncts. A formulation for use in surface cleaners may be comprised of 1%-20% surfactant and
0.02% - 5% particles plus conventional cleaning active components and adjuncts. A formulation for
use in hair and body shampoos may be comprised of 1%-50% surfactant and 0.02% - 5% particles
plus conventional shampoo or body wash active ingredients and adjuncts. A formulation for use in
dentifrices may be comprised of 1%-20% surfactant and 0.02% - 5% particles together with

conventional amounts of active ingredients and adjuncts.

While not wishing to be bound by any theory, it appears that the mechanism by which the
addition of fine particles to a low surfactant-based foaming system boosts and stabilizes foams is by

(1) reduction of the dynamic surface tension between the air/water interface; (2) migration to bubble
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walls of elastic surfactant membranes for increasing the film stability; and (3) slowing drainage by
(a) gelation between bubbles; (b) increasing interfacial and / or bulk viscosity, and (c) steric

repulsion.

EXPERIMENTS

A series of experiments were conducted to evaluate the effect of particles on foaming
surfactant-based systems. In the first set of experiments, silica particles were modified to achieve
samples with different degrees of surface hydrophobicity. The particles’ foam stabilizing
properties were characterized without the presence of surfactant. In these experiments,
heterogeneous particles were synthesized which are capable of improving foam formation and
foam stability even at low particle concentrations.

Materials and Equipment

Materials.

Silica particles: silica spheres of 150 and 420 nm in diameter were synthesized by the
method describes in W. Stoeber et al., Journal of Colloid Interface Science, Vol. 26, No. 62
(1968).

Silica particles: Aerosil 200, 200 nm purchased from Degusa

DCDS: DiChloro DiMethyl Silane, purchased from Aldrich

Additional Silica fumed nanoparticles were purchased from Sigma (S5505, Silica, fumed),
particle size 0.014pm, surface area: 200£25 m’ per g.

(3-glycidoxypropyl)-trimethoxysilane (GPS) and poly(dimethylsiloxane) (PDMS), aminopropyl
terminated (DMS-A32), Mw 30000 were purchased from Gelest, Inc.

Polyethyleneimine (PEI), water free, Mn 25000 by GCP was purchased from Aldrich.

Sodium dodecyl sulfate (SDS) was purchased from J.'T Baker Inc.

Methylethylketone (MEK) was purchased from Aldrich.

Linear alkyl benzene sulfonic acid (1.LAS) was manufactured by The Procter & Gamble

Company.

The following equipment was used in the experiments:

a particle size analyzer (Brookhaven, Model-90Plus);

an atomic force microscope (AFM) (Veeco, Model-Dimension 3000);
a goniometer (Rame-Hart, Inc); and

an imaging system (Model 250-00-115) for contact angle (CA) measurements

Example 1: Fabrication of coated silica particles: grafting of PDMS and PEL
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PDMS (hydrophobic non-polar) and PEI (hydrophilic and polar) in water-toluene

emulsions were used for grafting. The composition of the particle coating produced surface-

active nanoparticles.

Al. Synthesis

The synthetic procedure starts with the covalent grafting of GPS to the silica surface via
the reaction between the silanol groups on the silica surface and Si-OCHj3 groups of GPS. The
hydrophilic - hydrophobic balance of the particle coatings was regulated by grafting PDMS and
PEI in the second and the third steps, respectively. A range of samples were prepared with
different compositions of the particle coatings regulated by grafting time. The surface

composition of the particles was not evaluated quantitatively.

Silica nanoparticles (particle size: 0.014um, surface area: 200+25 mz/g) were dried in
vacuum oven at 120 °C for 12 hours and then immediately used for silanization (see below). One
gram of silica particles were dispersed in 200 mL of toluene in an ultrasonic bath for 2 hours.
Two mL of GPS (3-(glycidoxipropyl)trimethoxysilane) was added to the dispersion and the
mixture was stirred for 12 hours at room temperature. Afterward, the particles were isolated
from the silanization mixture by centrifugation, re-dispersed in toluene, and centrifuged again.
This washing process was repeated with toluene one more time. After the final centrifugation,
the particles were re-dispersed in methyl ethyl ketone (MEK) with the concentration of the
particles of 1%. In the next step, the GPS-modified particles (40 mL of 1% dispersion in the
MEK) were mixed with 10% poly(dimethylsiloxane), aminopropyl terminated (Mw 30000). The
mixture was heated in a water bath at 70 °C for 6 hours while being vigorously stirred.
Thereafter, the dispersion was washed of its unreacted polymer by the centrifugation process
described above. PDMS-grafted particle dispersion (1% in MEK) was divided into four parts.
Each part was mixed with water free PEI (Mw 25000) at a concentration of 10% by weight. The
mixtures were heated in a water bath at 70 °C while being vigorously stirred for a variety of times
in order to achieve different PEI layer grafting densities. The particles were washed of unreacted
PEI by the centrifugation process described above and then dispersed in deionized water obtained

from Millipore Corporation containing 1% solids by weight.

A2.Characterization of synthesized particles

The polymer modified particles were characterized by dynamic light scattering (DLS) and
the contact angle (CA) of the water. The characteristics of synthesized particles are presented in

Table 1.
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Table 1. Characteristics of the synthesized particles

Sample Original particle  Polymer coated particle =~ Contact angle on

size, nm size in water, nm Si wafers, degree
Al 150 309 112.7
A2 450 540 914
B1 150 292 125.3
B2 450 523 133.6
B3 130 (aggregates) 192 44.4

As can be seen from the DLS measurements, all samples show a slight aggregation of the

particles in aqueous dispersions due to the hydrophobic interactions.

Coatings on silicon wafers were prepared from the water dispersions of the particles by
casting and drying the samples in air. The water contact angles of the coatings are presented in
Table 1. The samples Al, A2, B1 and B2 resulted in hydrophobic coatings. The sample B3
based on fumed silica resulted in a medium hydrophobic coating. As can be seen from the data,
the particles have different hydrophobicity, and thus they have different ratios of polar and non-

polar components

B. Preparation and investigation of particle stabilized foams: the foaming behavior and

the foam stability.

The particles—surfactant stabilized foams were formed by homogenizing 3 em’ of an
aqueous solution of 500 ppm SDS with added particle suspensions. The concentrations of the
particles in the SDS solution were 100 ppm, 50 ppm and 30 ppm by solid at pH 6.4. In order to
model a real washing formulation, the pH of the 30 ppm particle suspension was adjusted to pH
10.0 by the addition of NaOH. The foams were prepared in sample tubes (inner diameter: 1.5
cm, height 12 cm) by hand shaking for 2 min. The foaming was evaluated by measuring the
foam height during 23 min. after shaking. The comparison of foam stability is shown in Figure

7.

The data show that all particles samples improve foam production and the stability of
foams as compared to the reference experiments with no particles. The best results were
obtained with samples B2 and B3. For example, the sample B2 (450 nm silica spheres) produced

a stable foam of 9.7 cm in height from the particle concentration of 30 ppm. This corresponds to
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an increase of the foam volume of about 32% as compared to the reference SDS aqueous
solution. The medium hydrophobic particles (Sample B3) also resulted in the improved foam

formation and foam stability

In the second set of experiments, the effect of particle size, type, surface modification,
and concentration were studied using several surfactants. The effect of type and concentration of

surfactant, as well as particles-to-surfactant ratio was also investigated.

Characterization of Foam Stabilizing Ability of Modified Silica Nanoparticles (without

Surfactant)

Example 2: In these experiments, foam was generated by vigorous hand-shaking vials (20
ml capacity) containing 10 ml of sample for 10 seconds. Each set of samples was shaken
simultaneously providing equal conditions for foam generation. The amount of foam and its

stability was evaluated visually.

Five samples were prepared, containing Silica particles of different degrees of
hydrophobicity: (1) 7-10°% (2) 16-20°; (3) 28-32°; (4) 40-45°; and (5) 58-62° (see Table 2 below
and Figure 1). Silica particles, 1% wt., were dispersed in MEK by ultrasonication for 60 min.
Then, DCDS was added (1% vol.), and the dispersions were stirred for the time and temperature

set forth in Table 2 below.

After stirring, the particles were centrifuged at 7500 rpm for 20 min and redispersed in
the same amount of MEK. There were in total three cycles of centrifugation-redispersion.
During the third cycle, the particles were redispersed in deionized (DI) water. With the increase
of the degree of hydrophobicity of particles, the time of ultrasonication during redispersion in
water increases and may take up to two days to fully redisperse the particles. Particles with
higher hydrophobicity strongly tend to flocculate. In this case, the dispersion must be shaken or
ultrasonicated for a few minutes before sample preparation. It was also observed that over time
the hydrophobicity of particles dispersed in aqueous medium may decrease. It was also found
that it was difficult to modify the surfaces of the smaller particles, particularly those particles
having an average diameter of 100nm or less. When the particle size was increased to an average

diameter 200nm, the surface modification worked well.

Table 2: Experimental conditions and corresponding contact angle
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Time, Temperature Contact IPgrticle

hours angle Size
1 1 room 7-10° 200nm
2 |5 room 16-20°  200Onm
3 |15 room 28-32° 200nm
4|3 60 10-45° 200nm
5 16 60 58-62° 200nm

A surfactant solution containing 300 ppm of LLAS (6) was used as a reference. The
amount of foam produced upon hand-shaking correlated with the degree of hydrophobicity of the
silica particles. As shown in Figure 1a, the highest amount of foam was produced by the sample
with the most hydrophobic particles. Foam stability correlated with the degree of hydrophobicity
as well. Foam produced by the first two samples with low hydrophobicity disappeared in a few
hours. On the other hand, foam generated by the more hydrophobic particles remained even after

4 days, as shown in Figure 1b.

Effect of Fine Particles on Foam Generation and Stability in the Presence of Surfactant

A. Hydrophilic particles with anionic surfactant

Example 3: The effect of hydrophilic silica particles of different sizes on foaming in the
presence of an anionic surfactant, linear alkyl benzene sulfonic acid (LLAS), was evaluated using
a hand-shake experiment in the manner described above. The particles sizes ranged from an
average diameter of 20 nm, 200 nm, and 1.75 pm for silica and an average diameter of 2.1 pm
for titania. The samples are shown in Figure 2 in vials marked 1, 2, 3 and 4, respectively. A
solution of the surfactant, LAS at 100 ppm was used as a reference and is shown as vial 5 in

Figure 2. The concentration of particles in vials 1 through 4 was 1000 ppm.

All of the samples that contained particles produced almost the same amount of foam,
which was slightly higher than the amount of foam produced by LLAS alone (see, Figure 2a).
After five hours, as shown in Figure 2b, the difference became even more pronounced,
demonstrating that the presence of the particles improves the stability of the foam produced by an
anionic surfactant. Small silica particles (20 nm) and titania particles (2.1 pum) created more
stable foam than the 200 nm and 1.75 um silica particles, but all samples with particles retained

some foam.

B. Hydrophobized particles with anionic surfactant
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Example 4: Silica samples having a hydrophobicity measured at a contact angle of 58-62°
were used to study the effect of hydrophobized particles. The foaming of particles with the
surfactant, LAS was compared to the foaming of particles alone and the foaming of particles with
LLAS alone. The concentration of particles was 1000 ppm and the concentration of LAS was 30
ppm. After shaking, the amount of foam produced by the combined surfactant/particles system
was significantly higher than that produced by particles alone or surfactant alone. This suggests
that in the combined system, both the surfactant and the particles may participate in foam
stabilization. After 16 hours, the foam generated by the surfactant disappeared, the foam
generated by the combined system decreased by 85%-90%, and the amount of foam generated by
the particles alone decreased only slightly. This observation shows that the foam generated by
combined surfactant/hydrophobic particles system is more stable than the foam produced by

surfactant alone, but less stable than the foam produced by hydrophobized particles alone.

Example 5: In this experiment, the effect of surfactant and particle concentration and
particles-to-surfactant ratio was studied. The comparisons are shown in Figure 4. Three
combined systems with different concentrations of components were studied: A) LAS 30 ppm,
Silica 100 ppm; B) LAS 100 ppm, Silica 1000 ppm; C) LAS 100 ppm, Silica 300 ppm (vials 1of
Figure 4). Each combined system was compared to solutions containing surfactant only (vials 2
of Figure 4) and particles only (vials 3 of Figure 4) at the same concentration as in the combined
surfactant/particle systems. The amount of foam produced in each case was greater with the
combined system, but the synergy achieved by the combination of surfactant and particles was

most pronounced in the system B, where the particles-to-surfactant ratio was the highest, 10 to 1.

Example 6: In this experiment, the effect of surfactant concentration on foam stability in
the combined surfactant/particles system was studied. Two samples were compared where the
concentration of silica particles was the same (1000 ppm), and the concentration of LAS was 30
ppm (sample 1, Figure 5) and 100 ppm (sample 2, Figure 5). Immediately after shaking, the
amount of foam in sample 2 was slightly higher due to significantly higher surfactant
concentration. Surprisingly, however, after 5 hours, the foam in sample 2 almost disappeared,
whereas in sample 1 approximately 40 % of the foam remained. This result shows that the
stability of the foam generated by the combined surfactant/hydrophobized particles system
decreases with the increase of surfactant concentration. While not wishing to be bound by
theory, one possible reason for this result may be that the surfactant competes with the particles

for the adsorption at the air/water interface.
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C. Hydrophilic particles with cationic surfactant

Example 7: The effect of hydrophilic silica particles of different sizes (20 nm, 200 nm,
and 1.75 um) and titania particles of 2.1 pum size (see Figure 6, vials 1, 2, 3 and 4, respectively)
on foaming in the presence of a cationic surfactant, tetra methyl ammonium bromide (TMAB),
was evaluated using the same hand-shake experiment described above. The concentration of
TMAB was 100 ppm and the concentration of particles was 1000 ppm. The solution of TMAB
100 ppm was used as a reference (see Figure 6, vial 5). All samples containing particles
produces significantly larger amounts of foam than the samples containing TMAB only. While
not wishing to be bound by theory, it is believed that the cationic surfactant adsorbs onto the
surface of negatively charged particles and, thus, makes them more hydrophobic. The beneficial
result is an increase in the amount of foam produced and the stability of the foam so produced.
As shown in Figure 6, samples with 200 nm silica and 2.1 pm titania particles produced more
foam than 20 nm and 1.75 pm silica, respectively. It was surprisingly found that the stability of
the foam produced by particles with cationic surfactant was significantly higher than that produce
by surfactant alone. After four hours, the foam from cationic surfactant alone disappeared,
whereas the foam in all samples containing particles remained. The 20 nm silica particles
produced the most stable foam with the lowest rate of coalescence, and the 1.75 um silica
particles produced the least stable foam. These are hydrophilic particles without surface
modification. As shown in the test condition, high level (1000 ppm) particles are required to

boosting foams.

The examples above describe the synthesis of heterogeneously coated particles and the
investigation of the particle-surfactant stabilized foams. The synthesized heterogeneous particles
improved the foam formation and the foam stability in the formulations with sodium dodecyl

sulfate (SDS) even at low particle concentrations.

Example 7 above and Example 8 below demonstrate that surfactant/particles ratios

greater than 5:1 and close to 10:1 can be achieved.

The following observations can be made based on the foregoing experiments. The
combination of particles and levels of surfactant lower than those typically found in foam
producing products produced longer lasting foam than surfactant alone. For systems with
hydrophilic nanoparticles and anionic surfactant, hydrophilic particles exhibit small boosting and

stabilizing effect on the foam generated by anionic surfactant, particles of smaller size in most
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cases show superior performance, and titania particles are more effective than silica of the same

size.

For systems with hydrophobized nanoparticles and anionic surfactant, moderately
hydrophobic silica particles at suitable particles-to-surfactant ratio (1:10) significantly increase
the amount of foam and the stability of the foam, foam generated by the combined
particles/surfactant system is more stable than the foam produced by surfactant only, but less
stable than the foam produced by particles alone, and in the combined surfactant particles

systems, the stability of the foam increases with the increase of particles-to-surfactant ratio.

For systems with hydrophilic nanoparticles and cationic surfactant, hydrophilic silica
particles with cationic surfactant significantly increase both amount of foam and the stability of
the foam, the effect of the particles increases as the size of the particles decreases, and titania

particles are more effective than silica particles of the same size.

The following examples arose from the investigation of the foam formations and the foam
stability in the particle-surfactant formulations. The surfactant used was p-alkylbenzene sulfonic

acid (ILAS) was provided by The Procter &Gamble Company.

The synthesis and the particle characteristics were described in the Examples above.
Briefly, the synthesized particles (Samples A1l and B1 based on 150nm silica spheres; A2 and B2
based on 420nm silica spheres, and B3 based on fumed silica particles) have different
hydrophobic-hydrophilic balance due to patterns onto the particle surface, and thus, the particles
have different ratios of polar and non-polar components. 'That effect was used to stabilize

aqueous foams.
Example 8: Particle-surfactant formulations at pH10

The particles—surfactant stabilized foams were formed by homogenizing 2 em’ of an
aqueous solution of LAS of a concentration of 300 ppm with added particle suspensions. The
concentrations of the particles in the LAS solution were 30 ppm, 45 ppm, and 100 ppm by solid
at pH 10 (adjusted with NaOH). The foams were prepared in sample tubes (inner diameter: 1.5
cm, height:12 cm) by hand shaking for 2 min. The foaming was evaluated by measuring the
foam height during 20 min after homogenizing and was compared with the reference LAS

solutions at 300 ppm and 500 ppm at pH10. Figure 8 represents the data of the foaming behavior
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and the foam stability of the ILAS-particles formulations with the particles concentrations of 30

ppm, 45 ppm, and 100 ppm at pH 10.

As illustrated from the data presented in Figure 8, all particles readily stabilized foams
right after agitation at the concentration of 100ppm in the surfactant-particle formulations (Figure
8c). Samples B2 and B3, which correspond to fumed silica and 420 nm silica spheres with the
water contact angle values of 44.4° and 133.6°, respectively, showed the best stabilizations of
foams, similar to the reference LAS sample at 500 ppm. Sample B2 also sufficiently improved
the foam formation at the particles’ concentrations at 30 ppm and 45 ppm. The foam height
values of the sample were close to those of the reference 500 ppm sample. (Figure 8a, b). Thus,
the sample demonstrated the improvement of the foam formation in the particle-surfactant
formulations at pH 10. Not wishing to be bound by any theory, the result may be attributed to
the appropriate particle chemical surface composition as well as to the developed surface of the
particles and shape (fumed silica) that appear to be necessary for the particle adsorption at the air

liquid interface.

II. Improved Defoaming

Example 9: Particle-surfactant formulations at pH 6
The experiment was performed in the same way as described above. Figure 9 represents
the data of the foaming behavior and the foam stability of the LAS-particles formulations with

the particles concentrations of 30ppm, 45ppm, and 100ppm at pH 6.

The results shown in Figure 9 indicate that the particles raise the foam formation in the
formulations at the low particle concentrations of 30ppm at pH6 (IFigure 9a). However, an
increase in the contribution of almost all samples to defoaming is observed for the higher particle
concentrations of 45 ppm and 100 ppm (Figure 9b, ¢). The contribution of sample B1 to
stabilizing the foams at the higher particle concentrations remains fairly high. These findings
indicate that the particles foaming-defoaming properties strongly depend on pH and the particle
concentrations in the surfactant formulations. The particle shell consists of the grafted non-polar
PDSM and polar PEL. PEl is a weak basic polyelectrolyte (pKa= 8.8), thus its surface activity
and degree of ionization are strongly pH dependant. In general, foam formation was favored by
increasing the positive charge onto PEI by decreasing the suspensions’ pH at low particle
concentrations (Iigure 9b, ¢), whereas defoaming was favored by increasing the particle
concentration. Again, not wishing to be bound by theory, such trends may be explained by the

fact that a decrease in pH results in an increase of the particle surface activity that enables their
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adsorption to the air-liquid interface and the stabilization of foams. At the same time, the
positively charged particles interact with the negatively charged ILAS in the particle surfactant
suspensions, thus an increase in the particle concentration inevitably reduces the concentration of
the free (non-adsorbed to the particle surface) surfactant that leads to a small amount of foam.
Protonation of the particles also leads to particle aggregates of a larger size that play an

antifoaming role by breaking lamellae via a spreading or a “bridging-dewetting” mechanism.

Therefore, to improve the particle defoaming properties at low pHs, polyacids should be
used instead of polybases (PEI). Itis understood that by selecting a specific polymer system with
a predetermined pKa, preferably from pKa 3-11, defoaming properties can be optimized based on
the particular application. The estimated pKa values are based on the pKa of the functional
group on the particle or the composition coated on the particle and can be measured using well
known pH titration methods, such as those disclosed in A. Albert and E.P. Seargent, “The
Determination of Ionisation Constants — A laboratory Manual,” 3 Ed., Chapman and Hill
(1984). Tor laundry applications, an exemplary target pKa is about 8. For hand dish detergent
applications, the target pKa is about 7-11. For hair and body shampoos, dentifrices, hard surface

cleaning, facial cleanser and shaving preparations, the target pKa is about 6-11.

Examples of polymers that can be used as the switchable functional groups that are
switchable upon exposure to a predetermined change in temperature may be, for example,
polymers, which become insoluble (in other words hydrophobic) upon heating, have a so-called
lower critical solution temperature (LLCST). Polymers, which become soluble (in other words
hydrophilic) upon heating, have an upper critical solution temperature (UCST). Typical LCST
polymers are based on N-isopropylacrylamide (NIPAM), N,N-diethylacrylamide (DEAM),
methylvinylether (MVE), and N-vinylcaprolactam (NVCI). A typical UCST system is based on
a combination of acrylamide (AAm) and acrylic acid (AAc), and PEO-b-PPO, PEO-b-PPO-b-
PEO and PEG-b-PLGA-b-PEG block copolymers. For example, an aqueous poly(NiPAAM)
solution precipitates (i.e. becomes hydrophobic) above 32°C (LCST) and the transition is very

sharp.

These examples demonstrate that synthesized heterogeneous particles are capable of
stabilizing the foams in the particle-LAS formulations at pH10 even at low particle

concentrations.
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Development of defoaming agent for system based on Linear Alkylbenzylsulfonate

LAS

Example 10: Investigation of defoaming effect of binary PDMS-PAA system grafted

onto Silica particles

Materials:
Sample DI2 (600 nm silica particles with grafted binary PDMS-PAA brush; synthesis of this

sample was described above in Example 1.)

Linear alkylbenzene sulfonate, acidic form (LLAS)

Defoaming experiments were done by shaking 2 ml of a solution for 2 min in a 15 ml
centrifuge tube with internal diameter of 1.5 cm. Shaking frequency was about 2 shakings per
second. The foam volume recorded is a total volume of liquid plus foam. Results of shake-tests
are presented in Table 3.

Table 3

Results of shake-tests of the samples containing I.LAS and DI'2 at various concentrations and pH

LAS, DF2, ppm pH Foam volume,
ppm ml
Reference 300 - 10 8.4 404
- 4 83+04
300 300 10 8.4+0.4
1000 10 8.8 0.3
300 300 6 8.6+0.3
1000 6 8.9+03
300 300 4 8.0+£0.3
300 1000 4 82+03

During time interval of 20 min foam volume remained the same.

Irom the results presented above, it can be seen that in the system with LAS as a
surfactant, the effect of the modified silica particles is small, possibly because LLAS is a more
active surfactant than SDS. The defoaming effect of particles can be increased by increasing

hydrophobicity, size or using particles with high aspect ratio, like fibers or platelets.

Highly hydrophobic amorphous silica, obtained from Gelest Inc., was used as particles
with higher hydrophobicity. Milled mica was uses as particles of a larger size and higher aspect

ratio.
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Example 11: Investigation of defoaming effect of hydrophobic amorphous silica

Materials:
1. Amorphous silica, octamethylcyclotetrasiloxane treated, SI 56961.0, Gelest Inc. Average
diameter 200 nm.

2. LAS

Experimental procedure: Two methods were used for defoaming experiments.

Method 1. Silica particles were first dispersed in 1% LLAS solution by ultrasonication for

8 hours. 'This dispersion was used for mixing with LAS solution.

Method 2. Silica particles were added as a powder to the surfactant solution and then the
solution was shaken. The silica was not dispersed in water. The Results of shake tests are

summarized in Table 4.

Table 4.
Results of shake tests of samples containing LAS and hydrophobic amorphous silica
LAS, Silica, pH Foam volume,
ppm ppm ml
Reference | 300 - 10 8.3 0.5
Method 1 | 300 500 10 8.0+0.4
1000 10 7.8 0.5
Method 2 | 300 500 10 6.0+0.5
1000 10 3.5+0.3

During time interval of 20 min foam volume remained the same.

As we can see from the results in Table 4, hydrophobic amorphous silica is more effective
as a defoaming agent when it is not dispersed in water prior to the shake-test. While not wishing
to be bound by theory, this result may be due to the decrease of hydrophobicity of the particles

upon exposure to aqueous medium for prolonged time.
Example 12: Investigation of defoaming effect of hydrophobized mica particles

Milled mica flakes having a broad size distribution ranging on average from 1 to 30
microns, and a thickness ranging from 400-1200 nm, as estimated using AFM (Fig. 10 and 11)

were used.

Materials:
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Milled mica, Sky Chemical Co Ltd.
(Epoxycyclohexylethyl)-methyl siloxane-dimethylsiloxane copolymer (ECMS-924), Gelest
Methylethylketone, (MEK)
Linear alkylbenzylsulfonate, acidic form (HLLAS)

Hydrophobization of mica particles was performed in one step, using PDMS copolymer,
which contains 8-10 % monomer units with epoxy-group in side chain. Epoxy-groups react with

hydroxyl-groups, which are present on mica surface.
Hydrophobization procedure:
Sample DIFM1

One hundred mg of milled mica was washed in chloroform by ultrasonication for 1 hour
to remove any organic impurities. After that, mica was dispersed in 10 ml of MEK and
transferred into 50 ml round-bottom flask. Further, 0.5 g of ECMS-924 was added and the
dispersion was manually stirred until the polymer dissolved. The solvent was then evaporated
using vacuum rotary evaporator. The flask was placed into the oven at 125°C under vacuum for
16 hours. Then, 15 ml of MEK was added and the flask was stirred until the particles dispersed
and ungrafted polymer dissolved. The particles were cleaned from ungrafted polymer by triple
centrifugation and redispersion in fresh MEK. Then, the dispersion was centrifuged again, the

solvent was decanted, and the particles were dried in the oven at 60°C for 3 hours.

Contact angle of the cast layer formed by the particles: 115-120°.

Example 13: Defoaming experiments

Dried hydrophobized mica particles were easily dispersed in aqueous LLAS solution. The
concentration of the surfactant (ILAS) was 300 ppm. The pH was adjusted to 10. Figures 12 and

13 show the foam volume immediately after shaking the samples.

Irom Figure 13, it can be seen that hydrophobized mica particles can effectively decrease
foaming of LAS, whereas original unmodified mica does not cause any effect on foaming. It can
be concluded, therefore, that hydrophobized milled mica appear to be a most effective defoaming

agent.

All documents cited in the Detailed Description of the Invention are, in relevant part,

incorporated herein by reference, the citation of any document is not to be construed as an
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admission that it is prior art with respect to the present invention. To the extent that any meaning
or definition of a term in this written document conflicts with any meaning or definition of the
term in a document incorporated by reference, the-e meaning or definition assigned to the term in

this written document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS
What is claimed is:
1. A foam manipulation composition comprising:

a plurality of surface-modified particles having an average particle size greater than 100 nm up to
about 50 ym and a hydrophobicity measured by a contact angle greater than 20°; and at least one
surfactant selected from the group consisting of anionic, cationic, nonionic and amphoteric surfactants and
combinations thereof, the particles and the at least one surfactant being present in a ratio of particles to

surfactant between 1:20 and 20:1.

2. The composition recited in claim 1, wherein the ratio of patticles to surfactant is between 1:10 and
10:1.
3. The composition recited in claim 1, wherein the particles have a hydrophobicity, as measured by

the contact angle, in the range from 25° to 140° and preferably from 28° to 100°.

4. The composition recited in claim 1, wherein the particles are solid particles selected from the
group consisting of metal oxides, silica, titania, clay, mica, synthetic polymer particles, non woven
polymers, starch, cellulose, proteins, and derivatives of starch, cellulose, and proteins, and combinations

of organic and inorganic particles and combinations thereof.

5. The composition recited in claim 1, wherein the particles are hydrophobic and surface modified

by covalent attachment of one or both of a hydrophobic layer and a hydrophilic layer thereto.

6. The composition recited in claim 1, wherein the particles are hydrophilic and surface modified by

covalent attachment of one or both of a hydrophobic layer and a hydrophilic layer thereto.

7. The composition recited in claim 1, wherein the particles are modified by the attachment of
switchable functional groups to the surface thereof and wherein said functional groups are switchable

upon exposure to a change in at least one of pH and temperature.

8. The composition recited in claim 7, wherein the switchable functional groups comprise Brgnsted

acids or bases on the surface of the particles.

9. The composition recited in claim 7, wherein the switchable functional groups are present on

polymers grafted on to the surface of the particles.
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10. The composition recited in claim 1, further comprising adjuncts for application to a consumer
product selected from the group consisting of granular and liquid laundry detergent, liquid hand dish
washing detergents, hair and body shampoos, shave preparation gels, facial cleanser, dentifrices, hard
surface cleaners and combinations thereof wherein the adjunct is selected from the group consisting of
polymers, builders, enzymes, fragrance, whitening agents, brightening agents, antimicrobial agents and

softeners.

11. A method for reducing the level of foam in a solution containing a foamed consumer product

comprising:

in a solution comprising foam generated by a foam manipulation composition having a plurality
of particles in combination with at least one surfactant wherein the surface of the particles are modified to
include switchable functional groups, said switchable functional groups being switchable upon exposure
to a predetermined change in one or more of pH and temperature, defoaming the solution by one or more
of the steps selected from (1) increasing the concentration of particles relative to the surfactant and
decreasing one of the pH or the temperature of the solution, and (2) increasing the size of the particles by
aggregation of particles, (3) wherein the at least one surfactant is an anionic surfactant and the step
comprises reducing available anionic surfactants by forming one of a complex and (4) wherein the at least
one surfactant is an anionic surfactant and the step comprises reducing available anionic surfactants by
forming a coacervate with positively charged particles by decreasing one of the pH or temperature of the

rinse solution.

12. The method recited in claim 11, wherein defoaming by increasing the concentration of particles
relative to surfactant comprises adding a particulate powder to the foam manipulation composition

wherein the particulate powder is fumed silica powder.

13. The method recited in claim 11, wherein defoaming by increasing the concentration of particles
relative to surfactant comprises adding hydrophobic particles to the foam manipulation composition

wherein the hydrophobic particles comprise milled mica, clay, and organic materials.

14. The method recited in claim 11, wherein defoaming by decreasing the pH of the solution

comprises lowering the pH from greater than 7 to 7 or less.

15. The method recited in claim 11, wherein defoaming by increasing the size of the particles
comprises adding to the foam manipulation composition particles having a high aspect ratio and

wherein the particles of high aspect ratio comprise fibers and platelets.
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