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Sound Damping Compositions
and Methods for Application and Use

BACKGROUND

Acoustical design focuses on keeping unwanted sounds and vibrations from
entering or leaving a structure. Various materials have been combined to form sound
damping compositions to achieve this goal. However, these compositions can be
impractical for application and use after storage periods due to composition
instability. In particular, these compositions can experience large increases or
decreases 1n viscosity that affect the ability to apply the compositions to a substrate.
Thus, there 1s a need for sound damping compositions with enhanced stability over

periods of time.

SUMMARY

Sound damping compositions and methods for their application and use are
described herein. The compositions can include a polymer, a polyacrylate rheology
modifier, and a polyurethane rheology modifier. In some examples, the composition
further comprises a surfactant. In some examples, the composition further comprises
a pH buffer (¢.g., an alkaline pH bufter). The polymer can include, for example, an
acrylic polymer, a styrenc-acrylic copolymer, a styrene-butadiene copolymer, a vinyl-
acrylic copolymer, or a mixture thercof. In some examples, the polymer 1s derived
from at least 60% of a (meth)acrylate selected from the group consisting of butyl
acrylate, 2-cthylhexyl acrylate, ethyl acrylate, methyl methacrylate, and methyl
acrylatc. For cxamplc, the polymer can be derived from at Icast 80% of a
(meth)acrylate sclected from the group consisting of butyl acrylate, 2-ethylhexyl
acrylate, ethyl acrylate, methyl methacrylate, and methyl acrylate. The polymers of
the compositions described herein can be further derived from one or more functional
monomers, including, for example, acrylic acid, methacrylic acid, vinylsulfonic acid,
itaconic acid, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, diacetone-
acrylamide or mixtures thereof. In some examples, the polymer 1s further derived
from styrene, (meth)acrylonitrile, (meth)acrylamide, vinyl acetate, or mixtures

thereof.

PCT/US2010/039364
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In some examples, the polyacrylate rheology modifier of the compositions described
herein can include a sodium polyacrylate rheology modifier. The surfactant of the
compositions described herein can include, for example, an alcohol alkoxylate (e.g., a C9-
C16 alkyl alcohol alkoxylate, optionally containing from 5-12 ethylene oxide units, such as a
tridecyl alcohol alkoxylate). In some examples, the Ty of the polymer is from -10°C to -50°C.

The compositions described herein can further include water to form a polymer
dispersion. The compositions can also include a coalescing agent or afiller (e.qg., a filler that
attenuates sound such as mica, calcium carbonate, or mixtures thereof). In some examples,

the viscosity of the composition at 23°C is from 7000 cP to 15,000 cP (e.g., from 10,000 cP
to 12,000 cP).

Also described herein are sound damping compositions including a polymer derived
from greater than 80% of one or more monomers selected from the group consisting of butyl
acrylate, 2-ethylhexyl acrylate, methyl methacrylate, methyl acrylate, ethyl acrylate, and
combinations thereof and greater than 0% and less than 4% of one or more functional
monomers. In some exampies, the rheology modifier is a polyacrylate rheology modifier. In

some examples, the rheology modifier is a polyurethane rheology modifier.

Also described herein are sound damping products, such as adhesives, coatings,
caulks, and sealants, comprising the composition described herein. Structures including the

sound damping products are also provided herein.

Further provided is a method for damping sound in a structure, including the steps of
applying a composition including a polymer, a polyacrylate rheology modifier, and a
polyurethane rheology modifier to the surface of the structure, and drying the composition.

In some examples, a surfactant is also included in the composition.

According to a further aspect, the invention relates to a sound damping composition,
comprising:

47 to 70 parts by weight of a polymer;

a polyacrylate thickener; and

a polyurethane thickener,
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wherein the total amount of thickeners in the composition is 2 parts by weight or less,

wherein the polyacrylate thickener comprises sodium polyacrylate.

According to a further aspect, the invention relates to a sound damping composition,
comprising:

47 to 70 parts by weight of a polymer;

a polyacrylate thickener; and

a polyurethane thickener;

a surfactant comprises a Cg-C1s alkyl alcohol alkoxylate,

wherein the total amount of thickeners in the composition is 2 parts by weight or less.

According to a further aspect, the invention relates to a method for damping sound in
a structure, comprising:

applying a composition comprising 47 to 70 parts by weight of a polymer, a
polyacrylate thickener, and a polyurethane thickener to the surface of the structure, wherein
the total amount of thickeners in the composition is less than 10% by weight based on the
total weight of the composition; and

drying the composition,

wherein the polyacrylate thickener comprises sodium polyacrylate.

According to a further aspect, the invention relates to a sound damping composition,
comprising:

a polymer derived from greater than 80% of one or more monomers selected from
the group consisting of butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, methy!
acrylate, ethyl acrylate, and combinations thereof and greater than 0% to less than 4% of
one or more functional monomers,

at least one thickener to increase the viscosity of the composition, wherein the at
least one thickener Is present in an amount of less than 10% by weight based on the total
weight of the composition and includes a polyacrylate thickener; and

a surfactant,

wherein the polyacrylate thickener comprises sodium polyacrylate.

According to a further aspect, the invention relates to a sound damping composition,

comprising:

-2a -
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47 to 70 parts by weight of a polymer derived from greater than 80% of one or more
monomers selected from the group consisting of butyl acrylate, 2-ethylhexyl acrylate, methyl
acrylate, ethyl acrylate, viny! acetate, and combinations thereof and greater than 0% to less
than 10% of one or more monomers selected from (meth)acrylonitrile, methacrylic acid,
acrylic  acid, vinylsulfonic acid, itaconic acid, hydroxyethyl(meth)acrylate,
hydroxypropyl(meth)acrylate, diacetone-acrylamide, and combinations thereof, wherein the
polymer has a T4 of from -10°C to
-50°C,;

a polyacrylate thickener:;

a polyurethane thickener, and

a surfactant;

wherein the total amount of thickeners in the composition is 2 parts by weight or less,
and

wherein the viscosity of the composition is from 7,000 cP to 15,000 cP at a
temperature of 23°C,

wherein the polyacrylate thickener comprises sodium polyacrylate.

The details of one or more embodiments are set forth in the description below. Other

features, objects, and advantages will be apparent from the description and from the claims.

-2b -
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DETAILED DESCRIPTION

Sound damping compositions and methods of their application and use are
described hercin. The sound damping compositions can includc a polymcr, a
polyacrylate rheology modifier, and a polyurethane rheology modifier.

The polymers can be derived from various monomers including vinyltoluenes;
conjugated dienes (e.g., 1soprenc); a,-monoethylenically unsaturated mono- and
dicarboxylic acids or anhydrides thereof (e.g., crotonic acid, dimethacrylic acid,
ethylacrylic acid, allylacetic acid, vinylacetic acid maleic acid, fumaric acid,
mesaconic acid, methylenemalonic acid, citraconic acid, maleic anhydride, 1taconic
anhydride, and methylmalonic anhydride); esters of a,f-monoethylenically
unsaturated mono- and dicarboxylic acids having 3 to 6 carbon atoms with alkanols
having 1 to 12 carbon atoms (¢.g., esters of acrylic acid, methacrylic acid, maleic acid,
fumaric acid, or 1itaconic acid, with C1 -C12, C1 -C8, or C1 -C4 alkanols such as
cthyl, n-butyl, 1sobutyl and 2-ethylhexyl acrylates and methacrylates, dimethyl
maleate and n-butyl maleate); acrylamides and alkyl-substituted acrylamides (e.g.,
(meth)acrylamide, N-tert-butylacrylamide, and N-methyl(meth)acrylamide);
diacctonc acrylamide; (mcth)acrylonitrile; vinyl and vinylidenc halides (¢.g., vinyl
chloride and vinylidene chloride); vinyl esters of C1 -C18 mono- or dicarboxylic
acids (e.g., vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl laurate and vinyl
stearate); C1-C4 hydroxyalkyl esters of C3-C6 mono- or dicarboxylic acids,
especially of acrylic acid, methacrylic acid or maleic acid, or their derivatives
alkoxylated with from 2 to 50 moles of ethylene oxide, propylene oxide, butylene
oxide or mixtures thereof, or esters of these acids with C1 -C18 alcohols alkoxylated
with from 2 to 50 mol of ethylene oxide, propylene oxide, butylene oxide or mixtures
thereof (e.g., hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, and
methylpolyglycol acrylate); silane monomers; and monomers containing glycidyl
groups (¢.g., glycidyl methacrylate). As used herein, the term “(meth)acrylate”
includes both acrylates and methacrylates.

Additional monomers or co-monomers that can be used include linear 1-
olefins, branched-chain 1-olefins or cyclic olefins (e.g., ethene, propene, butene,
1sobutene, pentene, cyclopentene, hexene, and cyclohexene); vinyl and allyl alkyl

cthers having 1 to 40 carbon atoms 1n the alkyl radical, wherein the alkyl radical can

_3-
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possibly carry further substituents such as a hydroxyl group, an amino or
dialkylamino group, or one or more alkoxylated groups (¢.g., methyl vinyl ether, ethyl
vinyl cther, propyl vinyl cther, 1sobutyl vinyl cther, 2-cthylhexyl vinyl cther, vinyl
cyclohexyl ether, vinyl 4-hydroxybutyl ether, decyl vinyl ether, dodecyl vinyl ether,
octadecyl vinyl ether, 2-(diethylamino)ethyl vinyl ether, 2-(di-n-butylamino)ethyl
vinyl ether, methyldiglycol vinyl ether, and the corresponding allyl ethers); sulfo-
functional monomers (¢.g., allylsulfonic acid, methallylsultonic acid,
styrenesulfonate, allyloxybenzenesulfonic acid, 2-acrylamido-2-
methylpropanesulfonic acid, and their corresponding alkali metal or ammonium salts,
sulfopropyl acrylate and sulfopropyl methacrylate); vinylphosphonic acid, dimethyl
vinylphosphonate, and other phosphorus monomers; alkylaminoalkyl (meth)acrylates
or alkylaminoalkyl(meth)acrylamides or quaternization products thercof (€.g., 2-
(N,N-dimethylamino)ethyl (meth)acrylate, 3-(N,N-dimethylamino)propyl
(meth)acrylate, 2-(N,N,N-trimethylammonium)ethyl (meth)acrylate chloride, 2-
dimethylaminoethyl(meth)acrylamide, 3-dimethylaminopropyl(meth)acrylamide, and
3-trimethylammoniumpropyl(meth)acrylamide chloride); allyl esters of C1 -C30
monocarboxylic acids; N-vinyl compounds (c.g., N-vinylformamidc, N-vinyl-N-
methylformamide, N-vinylpyrrolidone, N-vinylimidazole, 1-vinyl-2-methylimidazole,
1-vinyl-2-methylimidazoline, N-vinylcaprolactam, vinylcarbazole, 2-vinylpyridine,
and 4-vinylpyridine).

The monomers used according to the invention may include cross-linking
monomers, such as divinylbenzene; 1,4-butanediol diacrylate; methacrylic acid
anhydride; monomers containing 1,3-diketo groups (e.g.,
acetoacetoxyethyl(meth)acrylate or diacetonacrylamide); and monomers containing
urea groups (e.g., ureidoethyl (meth)acrylate, acrylamidoglycolic acid, and
methacrylamidoglycolate methyl ether); and silane crosshinkers (e.g., 3-
methacryloxypropyl trimethoxysilane and 3-mercaptopropyl trimethoxysilane).
Additional examples of crosslinkers include N-alkylolamides of a.,[3-
monoc¢thylenically unsaturated carboxylic acids having 3 to 10 carbon atoms and
esters thereof with alcohols having 1 to 4 carbon atoms (¢.g., N-methylolacrylamide
and N-methylolmethacrylamide); glyoxal based crosslinkers; monomers containing

two vinyl radicals; monomers containing two vinylidene radicals; and monomers

-
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containing two alkenyl radicals. Exemplary crosslinking monomers include diesters
or triesters of dihydric and trihydric alcohols with a,3-monocthylenically unsaturated
monocarboxylic acids (c.g., dilmcth)acrylatcs, tri(mcth)acrylatcs), of which 1n turn
acrylic acid and methacrylic acid can be employed. Examples of such monomers
containing two non-conjugated ethylenically unsaturated double bonds are alkylene
glycol diacrylates and dimethacrylates, such as ethylene glycol diacrylate, 1,3-
butylene glycol diacrylate, 1,4-butylene glycol diacrylate and propylene glycol
diacrylate, vinyl methacrylate, vinyl acrylate, allyl methacrylate, allyl acrylate, diallyl
maleate, diallyl fumarate and methylenebisacrylamide. The crosslinking monomers
when used in the copolymer can be present 1n an amount of from 0.2% to 5% by
weilght based on the weight of the total monomer.

The polymers described herein can include acrylic polymers, styrenc-acrylic
copolymers, styrene-butadiene copolymers, vinyl-acrylic copolymers, or mixtures
thercof. In some embodiments, the copolymer can be a straight acrylic copolymer
derived from monomers including (meth)acrylic acid, (meth)acrylic acid esters,
(meth)acrylamide, (meth)acrylonitrile, and mixtures thercof. For example, the
straight acrylic copolymcr can includc at Icast onc of (mcth)acrylic acid, itaconic acid,
methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, 1sobutyl
(meth)acrylate, tert-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate,
(meth)acrylamide, (meth)acrylonitrile, hydroxypropyl (meth)acrylate, hydroxyethyl
(meth)acrylate and diacetone-acrylamide. The straight acrylic copolymer can include
from 77% to 99% by weight of (meth)acrylates, 0 to 3% by weight ot
(meth)acrylamide, and 0 to 10% by weight of (meth)acrylonitrile. The styrene acrylic
copolymer can also include from 0 to 5% by weight of one or more functional
monomers. In some embodiments, the straight acrylic polymer can include butyl
acrylate, 2-cthylhexyl acrylate, ethyl acrylate, methyl methacrylate, and/or methyl
acrylate, and optionally (meth)acrylonitrile, (meth)acrylamide, and/or functional
monoOmers.

In some embodiments, the copolymer can be a styrene acrylic copolymer
derived from monomers including styrene, (meth)acrylic acid, (meth)acrylic acid
esters, (meth)acrylamide, (meth)acrylonitrile, and mixtures thereof. For example, the

styrene acrylic copolymer can include styrene and at least one of (meth)acrylic acid,

_5.
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itaconic acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate,
1sobutyl (meth)acrylate, tert-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate,
(mcth)acrylamidce, (mcth)acrylonitrile, hydroxypropyl (mcth)acrylate, hydroxycthyl
(meth)acrylate, and diacetone-acrylamide. The styrene acrylic copolymer can include
from 39 to 69% by weight of (meth)acrylates, from 30 to 60% by weight of styrene,
from 0 to 3% by weight of (meth)acrylamide, and from 0 to 10% by weight of
(meth)acrylonitrile. The styrene acrylic copolymer can also include from 0 to 5% by
weight of one or more functional monomers. In some embodiments, the styrene
acrylic polymer can include styrene, butyl acrylate, 2-ethylhexyl acrylate, ethyl
acrylate, methyl methacrylate, and/or methyl acrylate, and optionally
(meth)acrylonitrile, (meth)acrylamide, and/or functional monomers.

In some embodiments, the copolymer can be a vinyl acrylic copolymer
derived from monomers including vinyl acetate, (meth)acrylic acid, (meth)acrylic
acid esters, (meth)acrylamide, (meth)acrylonitrile, and mixtures thereof. For
example, the vinyl acrylic copolymer can include vinyl acetate and at least one of
(meth)acrylic acid, 1itaconic acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(mcth)acrylate, 1sobutyl (mcth)acrylate, tert-butyl (mcth)acrylate, 2-cthylhexyl
(meth)acrylate, (meth)acrylamide, (meth)acrylonitrile, hydroxypropyl (meth)acrylate,
hydroxyethyl (meth)acrylate, and diacetone-acrylamide. The vinyl acrylic copolymer
can 1nclude from 39 to 69% by weight of (meth)acrylates, from 30 to 60% by weight
of vinyl acetate, 0 to 3% by weight of (meth)acrylamide, and 0 to 10% by weight of
(meth)acrylonitrile. The vinyl acrylic copolymer can also include from 0 to 5% by
welght of one or more functional monomers. In some embodiments, the vinyl acrylic
polymer can include vinyl acetate, butyl acrylate, 2-ethylhexyl acrylate, ethyl acrylate,
methyl methacrylate, and/or methyl acrylate, and optionally (meth)acrylonitrile,
(meth)acrylamide, and/or functional monomers.

In some embodiments, the copolymer can be a styrene butadiene copolymer
derived from monomers including styrene, butadiene, (meth)acrylamide,
(meth)acrylonitrile, 1itaconic acid, and (meth)acrylic acid. The styrene butadiene
copolymer can include from 40 to 75% by weight of styrene, from 25 to 60% by
weight of butadiene, 1 to 10% of itaconic and/or (meth)acrylic acid, 0 to 3% by
weight of (meth)acrylamide, and 0 to 20% by weight (meth)acrylonitrile.

_6-



10

15

20

25

30

CA 02802454 2012-12-12

WO 2011/162740 PCT/US2010/039364

In some embodiments, the polymers can be derived from at least 60% of one
or more (meth)acrylates. For example, the polymers can be derived from at least
65%, at lcast 70%, at lcast 75%, at lcast 80%, at lcast 85%, at lcast 90%, at lcast 95%,
or at least 99% of a (meth)acrylate. The polymers can be straight acrylics, vinyl
acrylics or styrene acrylics, for example. Examples of (meth)acrylates include butyl
acrylate, 2-ethylhexyl acrylate, ethyl acrylate, methyl methacrylate, and methyl
acrylate. The polymers described herein can include one or more functional
monomers. Examples of suitable functional monomers mclude acrylic acid,
methacrylic acid, vinylsulfonic acid, itaconic acid, hydroxyethyl (meth)acrylate,
hydroxypropyl (meth)acrylate and diacetone-acrylamide. The polymers can also be
derived from other monomers such as styrene, (meth)acrylonitrile, (meth)acrylamide,
vinyl acetate, or mixtures of these.

In some examples, the polymer 1s derived from greater than 80% of one or
more monomers selected from the group consisting of butyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, methyl acrylate, ethyl acrylate, and combinations of
these. For example, the polymer can be derived from greater than 81%, greater than
82%, grcater than 3%, greater than 84%, grcater than 85%, greater than 6%, greater
than 87%, greater than 88%, greater than 89%, greater than 90%, greater than 91%,
oreater than 92%, greater than 93%, greater than 94%, greater than 95%, greater than
96%, greater than 97%, greater than 98%, or greater than 99% of butyl acrylate, 2-
ethylhexyl acrylate, methyl methacrylate, methyl acrylate or ethyl acrylate, or
combinations of these. In some examples, the polymer 1s derived from greater than
0% and less than 4% of one or more functional monomers. The functional monomers
can be selected from the group consisting of acrylic acid, methacrylic acid,
vinylsulfonic acid, itaconic acid, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, diacetone-acrylamide or mixtures thercof. For example, the polymer
can be derived from less than 3.9%, less than 3.8%, less than 3.7%, less than 3.6%,
less than 3.5%, less than 3.4%, less than 3.3%, less than 3.2%, less than 3.1%, less
than 3.0%, less than 2.9%, less than 2.8%, less than 2.7%, less than 2.6%, less than
2.5%, less than 2.4%, less than 2.3%, less than 2.2%, less than 2.1%, less than 2.0%,
less than 1.9%, less than 1.8%, less than 1.7%, less than 1.6%, less than 1.5%, less
than 1.4%, less than 1.3%, less than 1.2%, less than 1.1%, less than 1.0%, less than

_7-
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0.9%, less than 0.8%, less than 0.7%, less than 0.6%, less than 0.5%, less than 0.4%,
less than 0.3%, less than 0.2%, or less than 0.1% of functional monomers.

Thc polymers dcscribed herein can be preparcd by polymcerizing the
monomers using free-radical emulsion polymerization. The emulsion polymerization
temperature 1s generally from 30 °C to 95 °C or from 75 °C to 90 °C. The
polymerization medium can mclude water alone or a mixture of water and water-
miscible liquids, such as methanol. In some embodiments, water 1s used alone. The
emulsion polymerization can be carried out etther as a batch, semi-batch, or
continuous process. Typically, a semi-batch process 1s used. In some embodiments, a
portion of the monomers can be heated to the polymerization temperature and
partially polymerized, and the remainder of the polymerization batch can be
subscquently fed to the polymerization zone continuously, 1n steps or with
superposition of a concentration gradient.

The free-radical emulsion polymerization can be carried out in the presence of
a free-radical polymerization initiator. The free-radical polymerization initiators that
can be used 1n the process are all those which are capable of initiating a free-radical
aqucous cmulsion polymcrization including alkali mctal pcroxydisulfates and H,O»,
or azo compounds. Combined systems can also be used comprising at least one
organic reducing agent and at least one peroxide and/or hydroperoxide, ¢.g., tert-butyl
hydroperoxide and the sodium metal salt of hydroxymethanesultinic acid or hydrogen
peroxide and ascorbic acid. Combined systems can also be used additionally
containing a small amount of a metal compound which is soluble 1n the
polymerization medium and whose metallic component can exist in more than one
oxidation state, e.g., ascorbic acid/iron(Il) sulfate/hydrogen peroxide, where ascorbic
acid can be replaced by the sodium metal salt of hydroxymethanesulfinic acid, sodium
sulfite, sodium hydrogen sulfite or sodium metal bisulfite and hydrogen peroxide can
be replaced by tert-butyl hydroperoxide or alkali metal peroxydisulfates and/or
ammonium peroxydisulfates. In the combined systems, the carbohydrate derived
compound can also be used as the reducing component. In general, the amount of
free-radical initiator systems employed can be from 0.1 to 2 %, based on the total
amount of the monomers to be polymerized. In some embodiments, the 1nitiators are

ammonium and/or alkali metal peroxydisulfates (¢.g., sodium persulfate), alone or as

_&-



10

15

20

25

30

WO 2011/162740

CA 02802454 2012-12-12
PCT/US2010/039364

a constituent of combined systems. The manner in which the free-radical initiator
system 18 added to the polymerization reactor during the free-radical aqueous
cmulsion polymcrization 1s not critical. It can cither all be introduccd into the
polymerization reactor at the beginning, or added continuously or stepwise as 1t 1s
consumed during the free-radical aqueous emulsion polymerization. In detail, this
depends 1n a manner known to an average person skilled in the art both from the
chemical nature of the initiator system and on the polymerization temperature. In
some embodiments, some 1s introduced at the beginning and the remainder 1s added to
the polymerization zone as 1t 1s consumed. It 1s also possible to carry out the free-
radical aqueous emulsion polymerization under superatmospheric or reduced
pressure.

One or more polymerization surfactants can be included to improve certain
propertics of the polymerization mixture, including particle stability. For example,
sodium laureth sulfate, sodium hexametaphosphate, tetrasodium pyrophosphate,
tetrapotassium pyrophosphate, and alkylbenzene sulfonic acid or sulfonate surfactants
could be used. Examples of commercially available surfactants include CALFOAM
ES-303 (Pilot Chcmical Company; Cincinnati, OH); DOWFAX 2A1, an
alkyldiphenyloxide disulfonate surfactant available from Dow Chemical Company
(Midland, MI); and ALCOSPERSE 149, a sodium polyacrylate surfactant available
from Akzo Nobel Surface Chemistry (Chicago, IL). In general, the amount of
surfactants employed can be from 0.01 to 5 %, based on the total amount of the
monomers to be polymerized.

Small amounts (e.g., from 0.01 to 2% by weight based on the total monomer
weight) of molecular weight regulators, such as a mercaptan, can optionally be used.
Such substances are preferably added to the polymerization zone in a mixture with the
monomers to be polymerized and are considered part of the total amount of
unsaturated monomers used 1n the copolymer.

In some examples, the polymers described herein have glass transition
temperatures (T,) from -10 °C to -50°C as measured by differential scanning

calorimetry. For example, the T, of the polymer can be between -15 °C and -46 °C,

-20 °C and -43 °C, and -25 °C and -40 °C.
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Individual rheology modifiers can be included 1n the compositions to, for
example, increase the viscosity of the composition, modify the pour characteristics of
thc composition, or facilitate the application of thc composition to a surface. In somc
embodiments, the compositions described herein can include a polyacrylate rheology
modifier, a polyurethane rheology modifier, or a combination of these. One or more
rheology modifiers can be selected and used to provide a desired viscosity of the
composition (¢.g., from 7,000 cP to 15,000 cP). The compositions can further include
one or more additional rheology modifiers. In examples in which multiple rheology
modifiers are used, the rheology modifiers can be added individually to form the
composition or can be combined prior to adding to the composition. The rheology
modifiers can also be mixed with water before adding to the composition.

As described above, the compositions can include a polyacrylate rheology
modifier. In some embodiments, the polyacrylate rheology modifier includes a
neutralized polyacrylate solution. In some examples, the polyacrylate rheology
modifier can be a sodium polyacrylate rheology modifier. An example of a suitable
polyacrylate rheology modifier for use in the compositions described herein includes
ALCOGUM AN-10, a sodium polyacrylatc rhcology modificr with a solid content of
10% and a viscosity range from 200 cP to 400 cP commercially available from Alco
Chemical (Chattanooga, TN). The polyacrylate rheology modifiers can include one
polyacrylate rheology modifier or a mixture of polyacrylate rheology moditiers. The
amount of polyacrylate thickener(s) present in the composition can be, for example,
99%., 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 1% or 0% by weight
based on the total amount of rheology modifiers present in the composition.

The compositions described herein can also include polyurethane rheology
modifiers. Polyurethane rheology modifiers refer to any rheology modifier containing
urcthane linkages. In some embodiments, the polyurcthane rheology modifier
includes a hydrophobically modified ethoxylated urethane. An example of a suitable
polyurethane rheology modifier for use in the compositions described herein includes
COAPUR BR 100P, commercially available from Coatex Inc. (Chester, SC). The
polyurethane rheology modifiers can include one polyurcthane rheology modifier or a

mixture of polyurethane rheology modifiers. The amounts of polyurethane

thickener(s) can be, for example, 99%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%,
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10%, 5%, 1% or 0% by weight based on the total amount of rheology modifiers
present 1in the composition.

Othcr suitablc rheology modificrs can be uscd 1n the compositions including,
for example, alkali swellable emulsions, hydrophobically modified alkali swellable
emulsions, clays, cellulose derivatives, and mixtures ot these.

In some embodiments, a combination of polyacrylate and polyurethane
rheology modifiers can be included in the composition. This combination of rheology
modifiers can provide stability to the compositions to maintain the desired viscosity
for an extended period of time during storage (e.g., for six months or longer).

The total amount of rheology modifiers present in the composition can be less
than 10% based on total weight of the composition. For example, the total amount of
rheology modifiers can be less than 9%, less than 8%, less than 7%, less than 6%, less
than 5%, less than 4%, less than 3%, less than 2%, or less than 1% based on the total
weight of the composition.

The compositions can further include one or more surfactants. These
surfactants differ from the polymerization surfactants in that they are post-added to
thc polymer (1.c., the surfactants arc not present during the polymerization proccss).
The surfactants can be included 1in the compositions to improve certain propertics of
the compositions, such as, for example, rinsability of the composition. Nonionic
surfactants and anionic surfactants are suitable for use 1n the compositions described
herein. In some embodiments, the surfactants include nonionic surfactants. In some
embodiments, the surfactants include nonionic surfactants in combination with
anionic surfactants. Suitable surfactants include alcohol alkoxylates, such as C9-C16
alkyl alcohol alkoxylates, optionally containing, for example, from 5-12 ethylene
oxide units. For example, tridecyl alcohol alkoxylates could be used. An example of
a suitable surfactant includes LUTENSOL TDA-&, a C13 alcohol with 8 ethylene
oxide units commercially available from BASF Corporation (Florham Park, NJ). In
gencral, the amount of surfactants employed can be from 0.5% to 10%, based on the
total weight of the composition. For example, the amount of surfactants present in the
composition can be from 1% to 8%, 1.5% to 6%, or 2% to 4% based on the weight of
the composition. In some examples, the amount of surfactants present 1s greater than

0% and less than 4% of the composition. For example, the amount of surfactants
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present can be less than 3%, less than 2.5%, less than 2%, less than 1.5%, less than
1%, or less than 0.5% of the composition.

Thc compositions described hercin can further include coalcscing solvents
(e.g., plasticizers). Since continuous film formation 1s desirable to attain better sound
attenuation, coalescing solvents can be incorporated to lower the minimum film
forming temperature of the polymer. Suitable coalescing solvents include glycol
cthers such as ethylene and propylene glycols and their esters, hexyl cellosolve, butyl
cellosolve, hexyl carbitol and butyl carbitol. Examples of commercially available
coalescing solvents include TEXANOL alcohols commercially available from
Eastman Chemical Company (Kingsport, TN).

The compositions described herein can also include pH buffers to control the
pH of the compositions. In some examples, the pH buffers are alkaline (e.g.,
ammonia or ammonium hydroxide). In some embodiments, the pH of the
composition ranges from 7.5 to 9.0. The pH buffers can be present in an amount of
5% or less based on the weight of the composition.

Crosslinkers can also be included in the compositions described herein. In
som¢ cmbodiments, the polymcers include monomcrs that can rcact with crosslinkcrs
such as, for example hydrazides. The crosslinkers can be added to the composition
after the formation of the polymer. For example, diacetone acrylamide can be used as
a monomer to form the polymers described herein. The diacetone acrylamide-
containing polymer can react with adipic dihydrazide added to the composition after
formation of the polymer.

The compositions described herein can further include water to form a
polymer dispersion. The dispersions can typically include a solids percentage of from
20 to 75% (e.g. from 50 to 70%). In some examples, the compositions can further
include one or more additives selected from the group consisting of pigments,
tackifiers, wetting agents, defoamers, biocides, flame retardants, and mixtures thereof.

The polymer dispersions can further include fillers. In some embodiments, the
fillers can attenuate sound. Examples of the sound attenuating fillers include mica,
calcium carbonates (¢.g., limestone), and mixtures of these. Further examples of
fillers suitable for use 1n the polymer dispersions described herein include clays (e.g.,

kaolin), tfeldspar, talc, activated carbon, fused silica, fumed silica, amorphous fused
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silica, aluminum trihydrate (ATH), sand, ground sand, wollastonite, alumina,
bentonite, quartz, garnet, saponite, beidellite, granite, calcium oxide, calcium
hydroxidc, antimony trioxidc, bartum sulfatc, magncsium oxidce, titanium dioxidc,
zinc carbonate, zinc oxide, nepheline syenite, perlite, diatomite, pyrophillite, soda ash,
trona, and mixtures therecof.

In some embodiments, the viscosity of the composition 1s from 7,000 cP to
15,000 cP at a temperature of 23 °C. For example, the viscosity of the composition
can be from 8,000 cP to 14,000 cP; from 9,000 cP to 13,000 cP; or from 10,000 cP to
12,000 cP. The viscosity of the composition can be measured using a Brookfield
viscometer using spindle LV #4 at 30 rpm.

The compositions described herein can be used 1in sound damping products,
including adhesives, coatings, paints, caulks, or scalants. The sound damping
products display stability over a period of time due to the stabilization 1n viscosity
provided by the rheology modifiers. In some examples, the sound damping products
are suitable for application to a substrate after extended storage periods (¢.g., after six
months or longer). In some examples, the sound damping products have sound
transmission class ratings grcatcr than 30 as mcasurcd according to ASTM Standard
E90 and ASTM Standard E413 (1.¢., the sound damping products reduce transmitted
sound by 30 decibels or greater). Further, the sound damping products have noise
reduction coeftficients less than 0.60 as measured according to ASTM Standard C423
(1.c., the sound damping products absorb less than 60% and retlects greater than 40%
of sound that contacts the products.

The sound damping products can be used 1n structures, including, for example,
textiles, tloors, automobile dashboards, doors, and roofs. The compositions described
herein can also be used for damping sound 1n a structure. The composition can be
applied to one or more surfaces of the structure and then dried. Additional
components, such as, for example, surfactants, can be included in the composition.
Additional layers of the composition can be applied to the dried composition.

The examples below are intended to further 1llustrate certain aspects of the
methods and compositions described herein, and are not intended to limit the scope of

the claims.
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EXAMPLES
Example 1:
5 Composition Formulation
Exemplary ingredients for a sound damping composition as described herein are

shown 1n Table 1. A suitable amount of water 1s added to the composition to achieve

a viscosity of 7,000 ¢cP — 15,000 cP.

Table 1
Ingredients Parts by weight of composition
Polymer 47-70)
Polyacrylate Rheology Modifier 0.1-1.0
Polyurethane Rheology Moditier 0.1-1.0
Surfactant 0.5-5
10
The polymer can be added as a polymer dispersion 1n water. The amount of rheology
modifiers added to provide the desired viscosity depends on various factors including
the solids percentage of the polymer dispersion and the particular polymer used. The
composition shown 1 Table 1 can further include a pH buffer to provide a pH of the
15 composition from 7.5 to 9.0.
Example 2:
Polymer Components
Exemplary monomer ranges for preparation of the polymers described herein are
20 shown 1n Tables 2-4.
Table 2
Monomers Parts by weight of total monomers
n-Butyl acrylate 60-99
Styrene 0-15
Vinyl Acetate 0-15
Acrylonitrile 0-10
Functional Monomers 0.1-4
Acrylamide 0-3

The T, for the polymer formed from the monomers shown 1n Table 2 1s generally

from -10 °C to -50 °C.
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Table 3
Monomers Parts by weight of total monomers
2-Ethylhexyl acrylate 50-99
Methyl methacrylate 0-15
Styrene 0-15
Vinyl Acetate 0-15
Acrylonitrile 0-10
Functional Monomers 0.1-4
Acrylamide 0-3

The T, for the polymer formed from the monomers shown in Table 3 1s generally

from -10 °C to -50 °C.

Table 4
Monomers Parts by weight of total monomers
n-Butyl acrylate 25-74
2-Ethylhexyl acrylate 25-74
Methyl methacrylate 0-15
Styrene 0-15
Viyl Acetate 0-15
Acrylonitrile 0-10
Functional Monomers 0.1-4
Acrylamide 0-3

The T, for the polymer formed from the monomers shown 1n Table 4 1s generally

from -10 °C to -50 °C.

The compositions, products, and methods of the appended claims are not

[imited 1n scope by the specific compositions, products, and methods described

herein, which are intended as illustrations of a few aspects of the claims and any

compositions, products, and methods that are functionally equivalent are intended to

fall within the scope of the claims. Various modifications of the compositions,

products, and methods 1n addition to those shown and described herein are intended to

fall within the scope of the appended claims. Further, while only certain

rcprescntative composition matcrials and mcthod steps discloscd hercin arc

specifically described, other combinations of the composition materials and method

steps also are intended to fall within the scope of the appended claims, even 1f not

specifically recited. Thus, a combination of steps, elements, components, or

constituents may be explicitly mentioned herein; however, other combinations of

steps, elements, components, and constituents are included, even though not explicitly
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stated. The term “comprising” and variations thereof as used herein 1s used
synonymously with the term “including” and variations thereof and are open, non-
[tmiting tcrms. Although the terms “comprising” and “including” have been usced
herein to describe various embodiments, the terms “consisting essentially of”” and
“consisting of”’ can be used 1n place of “comprising” and “including’ to provide for

more specific embodiments of the invention and are also disclosed.
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Claims

1. A sound damping composition, comprising:
47 to 70 parts by weight of a polymer;
a polyacrylate thickener; and
a polyurethane thickener,
wherein the total amount of thickeners in the composition is 2 parts by weight or less,

wherein the polyacrylate thickener comprises sodium polyacrylate.

2. The composition of claim 1, further comprising an alkaline pH buffer.

3. The composition of claim 1, wherein the polymer comprises an acrylic polymer, a
styrene-acrylic copolymer, a styrene-butadiene copolymer, a vinyl-acrylic copolymer, or a

mixture thereof.

4 The composition of claim 1, wherein the polymer is derived from at least 60% of a
(meth)acrylate selected from the group consisting of butyl acrylate, 2-ethylhexyl acrylate,
ethyl acrylate, methyl methacrylate, and methyl acrylate.

D. The composition of claim 4, wherein the polymer is derived from at least 80% of a
(meth)acrylate selected from the group consisting of buty! acrylate, 2-ethylhexyl acrylate,

ethyl acrylate, methyl methacrylate, and methyl acrylate.

6. The polymer of claim 1, wherein the polymer is further derived from one or more
functional monomers, the one or more functional monomers including acrylic acid,
methacrylic acid, vinylsulfonic acid, itaconic acid, hydroxyethyl (meth)acrylate,

hydroxypropyl (meth)acrylate, diacetone acrylamide or mixtures thereof.

/. The composition of claim 1, wherein the polymer is further derived from styrene.

8. The composition of claim 1, wherein the polymer is further derived from

(meth)acrylonitrile.
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The composition of claim 1, wherein the polymer is further derived from vinyl acetate.

The composition of claim 1, wherein the polyacrylate thickener comprises a sodium

polyacrylate thickener.

11.

The composition of claim 1, further comprising a surfactant, wherein the surfactant

comprises an alcohol alkoxylate.

12.

13.

A sound damping compaosition, comprising:

47 to 70 parts by weight of a polymer;

a polyacrylate thickener; and

a polyurethane thickener;

a surfactant comprises a Cg-C16 alkyl alcohol alkoxylate,

wherein the total amount of thickeners in the composition is 2 parts by weight or less.

The composition of claim 12, wherein the surfactant includes from 5-12 ethylene

oxide units.

14.

15.

16.

17.

18.

The composition of claim 1, wherein the Tg of the polymer is from -10°C to -50°C.

The composition of claim 1, further comprising water to form a polymer dispersion.

The composition of claim 1, further comprising a coalescing agent.

The composition of claim 1, further comprising a filler that attenuates sound.

The composition of claim 17, wherein the filler comprises mica, calcium carbonate,

or mixtures thereof.

19.

The composition of claim 1, wherein the viscosity of the composition at 23°C is from

7000 cP to 15,000 cP.

18
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20. A sound damping product comprising the composition of claim 1, wherein the sound

damping product comprises an adhesive, a coating, a caulk, or a sealant.

21. A structure, comprising the sound damping product of claim 20.

22. A method for damping sound in a structure, comprising:

applying a composition comprising 47 to 70 parts by weight of a polymer, a
polyacrylate thickener, and a polyurethane thickener to the surface of the structure, wherein
the total amount of thickeners in the composition is less than 10% by weight based on the
total weight of the composition; and

drying the composition,

wherein the polyacrylate thickener comprises sodium polyacrylate.

23. A sound damping composition, comprising:
a polymer derived from greater than 80% of one or more monomers selected from
the group consisting of butyl acrylate, 2-ethylhexyl acrylate, methyl methacrylate, methyl

acrylate, ethyl acrylate, and combinations thereof and greater than 0% to less than 4% of

one or more functional monomers;

at least one thickener to increase the viscosity of the composition, wherein the at
least one thickener is present in an amount of less than 10% by weight based on the total
weight of the composition and includes a polyacrylate thickener; and

a surfactant,

wherein the polyacrylate thickener comprises sodium polyacrylate.

24. The composition of claim 23, wherein the thickener further includes a polyurethane

thickener.

25. The composition of claim 1, wherein the composition comprises
0.1 to 1.0 part by weight of the polyacrylate thickener; and
0.1to 1.0 part by weight of the polyurethane thickener.
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26. A sound damping composition, comprising:

47 to 70 parts by weight of a polymer derived from greater than 80% of one or more
monomers selected from the group consisting of butyl acrylate, 2-ethylhexyl acrylate, methyil
acrylate, ethyl acrylate, vinyl acetate, and combinations thereof and greater than 0% to less
than 10% of one or more monomers selected from (meth)acrylonitrile, methacrylic acid,
acrylic  acid, vinylsulfonic acid, itaconic acid, hydroxyethyl(meth)acrylate,
hydroxypropyl(meth)acrylate, diacetone-acrylamide, and combinations thereof, wherein the
polymer has a Tg of from -10°C to
-50°C:

a polyacrylate thickener,

a polyurethane thickener, and

a surfactant;

wherein the total amount of thickeners in the composition is 2 parts by weight or less,
and

wherein the viscosity of the composition is from 7,000 cP to 15000 cP at a

temperature of 23°C,

wherein the polyacrylate thickener comprises sodium polyacrylate.

20
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