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(54) Superhydrophobic nano-fabrics and coatings

(57) In accordance with the invention, there are arti-
cles including hydrophobic composite coating and meth-
ods of forming a hydrophobic composite coating. The
method of forming a hydrophobic composite coating can
include providing a substrate, wherein the substrate can
include at least one region. The method can also include
providing a dispersion including a plurality of carbon na-
notubes, a stabilizer, a hydrophobic polymer, and a sol-
vent, wherein the plurality of carbon nanotubes can be

selected from the group consisting of single wall carbon
nanotubes and multiple wall carbon nanotubes, and
wherein each of the plurality of carbon nanotubes has an
aspect ratio of at least about 10. The method can further
include applying the dispersion to the one region to form
a coated substrate and heating the coated substrate to
form a hydrophobic composite coating such that the hy-
drophobic composite coating has a water contact angle
of at least about 120°.
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Description

DESCRIPTION OF THE INVENTION

Field of the Invention

[0001] The present invention relates to hydrophobic
nano-fabrics and coatings and methods of fabricating
them.

Background of the Invention

[0002] Superhydrophobic surfaces and coatings pos-
sess so called "lotus leaf effect" with unique properties,
such as anti-contamination, anti-sticking, and self-clean-
ing. These properties are desirable for many industrial
and biological applications such as, for example, anti-
biofouling paints for boats, anti-sticking of snow for an-
tennas and windows, self-cleaning windshields for auto-
mobiles, metal refining, stain resistant textiles, anti-soil-
ing architectural coatings. Furthermore, these properties
are especially sought-after for long life xerographic com-
ponents such as oil-less fusers, self-cleaning intermedi-
ate transfer belt (ITB), and the like. Among all the avail-
able materials used for the fabrication of superhydropho-
bic surfaces and coatings, carbon nanotubes are of great
interest due to their remarkable mechanical properties,
as well as other unique properties such as electrical con-
ductivity and chemical resistance. Currently, the only
known process for the fabrication of the superhydropho-
bic carbon nanotube structures is plasma enhanced
chemical vapor deposition (PECVD), which has practical
limitations.
[0003] Accordingly, there is a need to provide a simple
coating process for the fabrication of hydrophobic sur-
faces and coatings.

SUMMARY OF THE INVENTION

[0004] In accordance with various embodiments, there
is an article including a surface, wherein the surface can
include at least one region. The article can also include
a hydrophobic composite coating disposed over the one
region, wherein the hydrophobic composite coating can
include a plurality of carbon nanotubes dispersed in a
hydrophobic polymer, and wherein the hydrophobic com-
posite coating has a water contact angle of least about
120°.
[0005] According to various embodiments, there is a
method of forming a hydrophobic composite coating. The
method can include providing a substrate, wherein the
substrate can include at least one region. The method
can also include providing a dispersion including a plu-
rality of carbon nanotubes, a stabilizer, a hydrophobic
polymer, and a solvent, wherein the plurality of carbon
nanotubes can be selected from the group consisting of
single wall carbon nanotubes and multiple wall carbon
nanotubes, and wherein each of the plurality of carbon

nanotubes has an aspect ratio of at least about 10. The
method can further include applying the dispersion to the
one region to form a coated substrate and heating the
coated substrate to form a hydrophobic composite coat-
ing such that the hydrophobic composite coating has a
water contact angle of at least about 120°.
[0006] Additional advantages of the embodiments will
be set forth in part in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The advantages will
be realized and attained by means of the elements and
combinations particularly pointed out in the appended
claims.
[0007] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the invention, as claimed.
[0008] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the invention and together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 schematically illustrates an exemplary
article, according to various embodiments of the present
teachings.
[0010] FIG. 2 schematically illustrates an exemplary
hydrophobic composite coating, according to various
embodiments of the present teachings.
[0011] FIG. 3 schematically illustrates another exem-
plary article, according to various embodiments of the
present teachings.
[0012] FIG. 4 shows an exemplary method of forming
a hydrophobic composite coating, in accordance with
various embodiments of the present teachings.

DESCRIPTION OF THE EMBODIMENTS

[0013] Reference will now be made in detail to the
present embodiments, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts.
[0014] As used herein, the terms "hydrophobic" and
"hydrophobicity" refer to the wettability of a surface (e.g.,
a coating surface) that has a water contact angle of ap-
proximately 90° or more and the terms "superhydropho-
bic" and "superhydrophobicity" refer to the wettability of
a surface (e.g., a coating surface) that has a water contact
angle of approximately 150° or more and very low contact
angle hysteresis (∆θ = θA - θB < 1).
[0015] FIG. 1 schematically illustrates an exemplary
article 100, according to various embodiments of the
present teachings. The exemplary article 100 can include
a surface 102, wherein the surface can include at least
one region 104, as shown in FIG. 1. The surface 102 can
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include any suitable material, such as, for example,
glass, silicon, metals, ceramics, fibers, and plastics. Ex-
emplary region 104 can include, but is not limited to, a
top surface, such as, a region exposed to an environ-
ment; metal surface such as aluminum, stainless steel;
ceramic; fibers; glass; and plastics such as polyimides.
The exemplary article 100 can also include a hydrophobic
composite coating 106 disposed over the at least one
region 104, wherein the hydrophobic composite coating
106 can include a plurality of carbon nanotubes dis-
persed in a hydrophobic polymer, and wherein the hy-
drophobic composite coating 106 has a water contact
angle of about 120° or more. The hydrophobic composite
coating 106 can have any suitable thickness. However,
in some embodiments, the hydrophobic composite coat-
ing 106 can have a thickness in the range of about 100
nm to about 100 Pm.
[0016] FIG. 2 is a schematic illustration of an exem-
plary hydrophobic composite coating 206 including a plu-
rality of carbon nanotubes 207 dispersed in the hydro-
phobic polymer 209. In some embodiments, the hydro-
phobic composite coating 106, 206 can include a porous
fabric with a plurality of pores 208, as shown in FIG. 2.
The plurality of pores 208 can be filled with any suitable
material, such as, for example, air, a hydrophobic poly-
mer, and a mixture thereof. In some cases, the pore size
can range from about 0.01 Pm to about 10 Pm and in
other cases from about 0.05 Pm to about 5 Pm. In some
embodiments, the carbon nanotubes 207 can be physi-
cally bonded to the hydrophobic polymer 209. In other
embodiments, the carbon nanotubes 207 can be chem-
ically bonded to the hydrophobic polymer 209. The term
"chemical bonding", as used herein, refers to covalent
bonding and/or ionic bonding formed as a result of chem-
ical reaction between the carbon nanotubes 207 and the
hydrophobic polymer 209. The term "physical bonding",
as used herein, refers to any kind of bonding besides
chemical bonding, such as, for example, hydrogen bond-
ing, van der Waals interaction.
[0017] In various embodiments, the plurality of carbon
nanotubes 207 can include one or more of a plurality of
single-walled carbon nanotubes (SWNT) and a plurality
of multi-walled carbon nanotubes (MWNT). In some em-
bodiments, carbon nanotubes can be one or more of
semiconducting carbon nanotubes and metallic carbon
nanotubes. In certain embodiments, each of the plurality
of carbon nanotubes 107, 207 can have an aspect ratio
of at least about 10. However, the carbon nanotubes can
be of different lengths, diameters, and/or chiralities. The
carbon nanotubes can have a diameter from about 0.5
nm to about 50 nm and length from about 100 nm to a
few mm. In some cases, the carbon nanotubes 207 can
be present in an amount of from about 5 to about 95
percent by weight of the total solid weight of the hydro-
phobic composite coating 106, 206 and in other cases
from about 10 to about 90 percent by weight of the total
solid weight of the hydrophobic composite coating 106,
206.

[0018] In some embodiments, the hydrophobic poly-
mer 209 can include silicones, polyperfluoropolyethers,
or a polymer having one or more monomer repeat units
selected from the group consisting of ethylene, propyl-
ene, a styrene, tetrafluoroethylene, vinylidene fluoride,
hexafluoropropylene, perfluoro(methyl vinyl ether), per-
fluoro(propyl vinyl ether), perfluoro(ethyl vinyl ether), and
the mixtures thereof. In other embodiments, the hydro-
phobic polymer 209 can include a fluoropolymer having
one or more monomer repeat units selected from the
group consisting of tetrafluoroethylene, perfluoro(methyl
vinyl ether), perfluoro(propyl vinyl ether), perfluoro(ethyl
vinyl ether), vinylidene fluoride, hexafluoropropylene,
and the mixtures thereof. Exemplary hydrophobic poly-
mer 209 can include, but is not limited to, polytetrafluor-
oethylene (PTFE); perfluoroalkoxy polymer resin (PFA);
copolymer of tetrafluoroethylene (TFE) and hexafluoro-
propylene (HFP); copolymers of hexafluoropropylene
(HFP) and vinylidene fluoride (VDF or VF2); terpolymers
of tetrafluoroethylene (TFE), vinylidene fluoride (VDF),
and hexafluoropropylene (HFP); and tetrapolymers of
tetrafluoroethylene (TFE), vinylidene fluoride (VF2), and
hexafluoropropylene (HFP).
[0019] In various embodiments, the hydrophobic com-
posite coating 106, 206 can have an electrical surface
resistivity of less than about 1000 Ω/sq.
[0020] FIG. 3 schematically illustrates another exem-
plary article 300 including an intermediate layer 305 dis-
posed over a surface 302 and a hydrophobic composite
coating 306 disposed over the intermediate layer 305,
wherein the intermediate layer 305 can be porous with
an average pore size of less than about 0.1 Pm. In some
embodiments, the intermediate layer 305 can be dis-
posed only over the one region, as shown in Fig. 3. In
other embodiments (not shown), the intermediate layer
305 can be disposed over the entire surface 302. The
intermediate layer 305 can have any suitable thickness.
However, in some applications, the intermediate layer
305 can have a thickness in the range of about 50 nm to
600 Pm and in other applications, in the range of about
100 nm to 500 Pm. In various embodiments, the inter-
mediate layer 305 can include a plurality of carbon nan-
otubes dispersed in another hydrophobic polymer. In
some cases, the another hydrophobic polymer of the in-
termediate layer 305 can be different from the hydropho-
bic polymer of the hydrophobic composite coating 306.
In other cases, the another hydrophobic polymer of the
intermediate layer 305 can be the same as the hydro-
phobic polymer of the hydrophobic composite coating
306.
[0021] The disclosed exemplary hydrophobic compos-
ite coating 106, 206, 306 including a plurality of carbon
nanotubes dispersed in a hydrophobic polymer is be-
lieved to possess both the mechanical and electrical
properties of the carbon nanotubes and the low surface
energy and chemical inertness of the hydrophobic poly-
mers. The disclosed exemplary hydrophobic composite
coating 106, 206, 306 can be used for a wide variety of
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applications, including, but not limited to, anti-biofouling
paint for boats; anti-stick coating for antennas, windows;
self-cleaning windshields for automobiles; metal refining;
stain resistant textiles; anti-soiling for architectural coat-
ings. Furthermore, the disclosed exemplary hydrophobic
composite coating 106, 206, 306 can be used for xero-
graphic components such as oil-less fusers, self-clean-
ing ITB, and the like. Hence, exemplary article 100, 300
can include, but is not limited to a boat, a partially and
fully submerged structure in water, an antenna, a win-
dow, an automobile, a building, a textile, and components
of a xerographic printer, such as, for example, oil-less
fusers, and self-cleaning ITBs.
[0022] FIG. 4 schematically illustrates an exemplary
method 400 of forming a hydrophobic composite coating.
The method 100 can include a step 422 of providing a
substrate, wherein the substrate includes at least one
region. In various embodiments, step 422 of providing a
substrate can include providing a substrate such as, for
example, glass, silicon, metals, ceramics, fibers, and
plastics. The method 100 can also include a step 424 of
providing a dispersion including a plurality of carbon na-
notubes, a stabilizer, a hydrophobic polymer, and a sol-
vent. The plurality of carbon nanotubes can be one or
more of a plurality of single wall carbon nanotubes and
a plurality of multiple wall carbon nanotubes, and wherein
each of the plurality of carbon nanotubes can have an
aspect ratio of at least about 10. Any suitable stabilizer
can be used, such as, for example, a polymeric amine,
a polymeric amine salt, a polymeric acid, a conjugated
polymer, and a natural gum material. Exemplary stabi-
lizer can include, but is not limited to polyallylamine, pol-
yethylenimine, poly(diallyldimethylammonium chloride),
poly(allylamine hydrochloride), and mixtures thereof; po-
ly(acrylic acid), poly(3,4-ethylenedioxythiophene), poly
(3,4-ethylenedioxythiophene) complexes with a poly-
meric acid, Gum Arabic, chitosan, and mixtures thereof.
In various embodiments, the hydrophobic polymer can
include one or more of silicones, polyperfluoropoly-
ethers, and a polymer having one or more monomer re-
peat units selected from the group consisting of ethylene,
propylene, a styrene, tetrafluoroethylene, vinylidene flu-
oride, hexafluoropropylene, perfluoro(methyl vinyl
ether), perfluoro(ethyl vinyl ether), and perfluoro(propyl
vinyl ether). Exemplary hydrophobic polymer can in-
clude, but is not limited to, polytetrafluoroethylene (PT-
FE); perfluoroalkoxy polymer resin (PFA); copolymer of
tetrafluoroethylene (TFE) and hexafluoropropylene
(HFP); copolymers of hexafluoropropylene (HFP) and vi-
nylidene fluoride (VDF or VF2); terpolymers of tetrafluor-
oethylene (TFE), vinylidene fluoride (VDF), and hex-
afluoropropylene (HFP); and tetrapolymers of tetrafluor-
oethylene (TFE), vinylidene fluoride (VF2), and hex-
afluoropropylene (HFP). In some cases, the hydrophobic
polymer can be a colloid. In other cases, the hydrophobic
polymer can be a latex. Yet, in some other cases, the
hydrophobic polymer can be a suspension. Any suitable
solvent can be used, including, but not limited to water,

an alcohol, a C5 - C18 aliphatic hydrocarbon, a C6 - C18
aromatic hydrocarbon, an ether, a ketone, an amide, and
the mixtures thereof.
[0023] The method 400 can further include a step 426
of applying the dispersion to the one region of the sub-
strate to form a coated substrate. Any suitable technique
can be used for applying the dispersion to the one region
of the substrate, such as, for example, spray coating, dip
coating, brush coating, roller coating, spin coating, cast-
ing, and flow coating. In certain embodiments, the step
426 of applying the dispersion to the one region to form
a coated substrate can include forming an intermediate
layer over the one region, wherein the intermediate layer
can be porous with pore size of less than about 0.1 Pm
and applying the dispersion over the intermediate layer
to form a coated substrate. In some embodiments, the
intermediate layer can be formed over the entire surface,
including the one region. In various embodiments, the
intermediate layer can include a plurality of carbon nan-
otubes dispersed in another hydrophobic polymer. In
some cases, the another hydrophobic polymer of the in-
termediate layer can be different from the hydrophobic
polymer of the dispersion. In other cases, the another
hydrophobic polymer of the intermediate layer can be the
same as the hydrophobic polymer of the dispersion.
[0024] The method 400 can also include a step 428 of
heating the coated substrate at a temperature in the
range of about 200 ° C to about 400 ° C to form a hydro-
phobic composite coating, wherein the hydrophobic com-
posite coating can have a water contact angle about 120°
or more. While not bound by any theory, it is also believed
that the stabilizer and the solvent either evaporate or dis-
integrate during the heating and/or drying process, leav-
ing only the carbon nanotubes and the hydrophobic pol-
ymer in the hydrophobic composite coating. In various
embodiments, the hydrophobic composite coating can
include a porous fabric with pore size ranging from about
0.1 Pm to about 5 Pm.
[0025] Examples are set forth herein below and are
illustrative of different amounts and types of reactants
and reaction conditions that can be utilized in practicing
the disclosure. It will be apparent, however, that the dis-
closure can be practiced with other amounts and types
of reactants and reaction conditions than those used in
the examples, and the resulting devices various different
properties and uses in accordance with the disclosure
above and as pointed out hereinafter.
[0026] EXAMPLES
[0027] Example 1 - Preparation of a CNT aqueous dis-
persion
[0028] About 1 weight % poly(allylamine) solution was
formed by dissolving about 10 g of about 20 weight %
poly(allylamine) aqueous solution in about 117 g of water
and 3 g of 6N hydrochloric acid solution. A carbon nan-
otube (CNT) aqueous dispersion was formed by adding
about 1 g (about 1 part) of multi-walled carbon nanotubes
(CNT) to about 99 g (about 99 parts) of poly(allylamine)
solution and sonicating the solution using a probe soni-
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cator for about 10 times with a duration of about 1 minute
each time. The resulting CNT aqueous dispersion had
an average particle size of about 250 nm, as measured
by a particle analyzer (Nanotrac 252, Microtrac Inc.,
North Largo, Florida).
[0029] Example 2 - Preparation of a coating dispersion
[0030] About 0.167 g of about 60 wt% perfluoroaloxy
polymer (PFA) dispersion obtained from DuPont was
mixed with about 10 g of CNT aqueous dispersion of
Example 1 and the resulting coating dispersion was roll-
milled for about 2 minutes on a rotator Movil-Rod (Eber-
bach Corp., Ann Arbor, MI).
[0031] Example 3 - Preparation of a hydrophobic com-
posite coating
[0032] The coating dispersion of Example 2 was spray
coated on a silicon wafer and the resulting coating layer
was baked at about 360 °C for about 10 minutes. The
scanning electron microscopy (SEM) of the coated silicon
showed that carbon nanotubes (CNT) were uniformly dis-
tributed in the hydrophobic composite coating. The water
contact angle was measured to be about 140°. Further
experiments showed that the water contact angles
(WCA) of the hydrophobic composite coating increased
with the increase in the CNT concentration, reaching
about 150° at about 50% CNT loading.
[0033] While particular embodiments have been de-
scribed, alternatives, modifications, variations, improve-
ments, and substantial equivalents that are or may be
presently unforeseen may arise to applicants or others
skilled in the art. Accordingly, the appended claims as
filed and as they may be amended are intended to em-
brace all such alternatives, modifications variations, im-
provements, and substantial equivalents.
[0034] While the invention has been illustrated respect
to one or more implementations, alterations and/or mod-
ifications can be made to the illustrated examples without
departing from the scope of the appended claims. Other
embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification
and practice of the invention disclosed herein. It is in-
tended that the specification and examples be consid-
ered as exemplary only, with the scope of the invention
being indicated by the following claims.

Claims

1. An article (100) comprising:

a surface (102), wherein the surface comprises
at least one region (104); and
a hydrophobic composite coating (106, 206) dis-
posed over the one region (104), wherein the
hydrophobic composite coating (106, 206) com-
prises a plurality of carbon nanotubes (207) dis-
persed in a hydrophobic polymer, and wherein
the hydrophobic composite coating (106, 206)
has a water contact angle of least about 120°.

2. The article of claim 1, wherein the hydrophobic com-
posite coating (106, 206) comprises a porous fabric
with pore (208) size ranging from about 0.05 Pm to
about 5 Pm; preferably the pores are filled with a
matter selected from the group consisting of air, a
hydrophobic polymer (209), and a mixture thereof.

3. The article of claim 1, wherein the carbon nanotubes
(207) are physically or chemically bonded to the hy-
drophobic polymer (209).

4. The article of claim 1wherein the plurality of carbon
nanotubes:

are selected from the group consisting of single
wall carbon nanotubes and multiple wall carbon
nanotubes, and wherein each of the plurality of
carbon nanotubes has an aspect ratio of at least
about 10; or
are present an amount ranging from about 10
weight % to about 90 weight % of the total weight
of the carbon nanotubes and the hydrophobic
polymer (209).

5. The article of claim 1, wherein the hydrophobic com-
posite coating:

has an electrical surface resistivity of less than
about 1000 Ω/sq; or
is disposed over a surface selected from the
group consisting of glass, silicon, metals, ce-
ramics, fibers, and plastics.

6. The article of claim 1, wherein the hydrophobic pol-
ymer (209) comprises at least one of silicones, poly-
perfluoropolyethers, and a polymer having one or
more monomer repeat units selected from the group
consisting of ethylene, propylene, a styrene,
tetrafluoroethylene, vinylidene fluoride, hexafluoro-
propylene, perfluoro(methyl vinyl ether), perfluoro
(ethyl vinyl ether), and perfluoro(propyl vinyl ether).

7. The article of claim 1 further comprising an interme-
diate layer (305) disposed between the one region
and the hydrophobic composite coating (306),
wherein the intermediate layer is porous with an av-
erage pore size of less than about 0.1 Pm; preferably
the intermediate layer comprises a plurality of carbon
nanotubes dispersed in another hydrophobic poly-
mer.

8. The article of claim 1, wherein the hydrophobic com-
posite coating comprises:

a plurality of carbon nanotubes present in an
amount ranging from about 10 to about 90
weight percent of total weight of the hydrophobic
composite coating; and
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a hydrophobic polymer present in an amount
ranging from about 10 to about 90 weight per-
cent of total weight of the hydrophobic compos-
ite coating, the hydrophobic polymer selected
from a group consisting of polytetrafluoroethyl-
ene (PTFE); perfluoroalkoxy polymer resin
(PFA); copolymer of tetrafluoroethylene (TFE)
and hexafluoropropylene (HFP); copolymers of
hexafluoropropylene (HFP) and vinylidene fluo-
ride (VDF or VF2); terpolymers of tetrafluoroeth-
ylene (TFE), vinylidene fluoride (VDF), and hex-
afluoropropylene (HFP); and tetrapolymers of
tetrafluoroethylene (TFE), vinylidene fluoride
(VF2), and hexafluoropropylene (HFP).

9. A method of forming a hydrophobic composite coat-
ing comprising:

• providing a substrate, wherein the substrate
comprises at least one region;
• providing a dispersion comprising a plurality of
carbon nanotubes, a stabilizer, a hydrophobic
polymer, and a solvent, wherein the plurality of
carbon nanotubes is selected from the group
consisting of single wall carbon nanotubes and
multiple wall carbon nanotubes, and wherein
each of the plurality of carbon nanotubes has an
aspect ratio of at least about 10;
• applying the dispersion to the one region to
form a coated substrate; and
• heating the coated substrate to form a hydro-
phobic composite coating such that the hydro-
phobic composite coating has a water contact
angle of at least about 120°.

10. The method of forming a hydrophobic composite
coating according to claim 9, wherein the hydropho-
bic composite coating comprises a porous fabric with
pore size ranging from about 0.05 Pm to about 5 Pm;
preferably
the pores are filled with a matter selected from the
group consisting of air, a hydrophobic polymer, and
a mixture thereof.

11. The method of forming a hydrophobic composite
coating according to claim 9, wherein:

the step of providing a substrate comprises pro-
viding a substrate selected from a group con-
sisting of glass, silicon, metals, ceramics, fibers,
and plastics; or
the step of applying the dispersion to at least
one surface of the substrate to form a coated
substrate comprises an application technique
selected from the group consisting of spray coat-
ing, dip coating, brush coating, roller coating,
spin coating, casting, and flow coating.

12. The method of forming a hydrophobic composite
coating according to claim 9, wherein the stabilizer
is selected from the group consisting of a polymeric
amine, a polymeric amine salt, a polymeric acid, a
conjugated polymer, and a natural gum material.

13. The method of forming a hydrophobic composite
coating according to claim 9, wherein the hydropho-
bic polymer :

• comprises at least one of silicones, polyper-
fluoropolyethers, and a polymer having one or
more monomer repeat units selected from the
group consisting of ethylene, propylene, a sty-
rene, tetrafluoroethylene, vinylidene fluoride,
hexafluoropropylene, perfluoro(methyl vinyl
ether), perfluoro(ethyl vinyl ether), and perfluoro
(propyl vinyl ether); or
• is one or more of colloid, latex, and suspension.

14. The method of forming a hydrophobic composite
coating according to claim 9, wherein the solvent is
selected from the group consisting of water, an al-
cohol, a C5 - C18 aliphatic hydrocarbon, a C6 - C18
aromatic hydrocarbon, an ether, a ketone, an amide,
and mixtures thereof.

15. The method of forming a hydrophobic composite
coating according to claim 9, wherein the dispersion
comprises:

• a plurality of carbon nanotubes present in an
amount ranging from about 0.1 to about 10
weight percent of the total weight of the disper-
sion;
• a stabilizer selected from a group consisting of
a polyallylamine, a polyallyamine hydrochloric
acid salt, a polyacrylic acid, and a conjugated
polymer;
• a hydrophobic polymer present as a colloid, a
latex, or a suspension of a fluoropolymer select-
ed from a group consisting of polytetrafluoroeth-
ylene (PTFE); perfluoroalkoxy polymer resin
(PFA); copolymer of tetrafluoroethylene (TFE)
and hexafluoropropylene (HFP); copolymers of
hexafluoropropylene (HFP) and vinylidene fluo-
ride (VDF or VF2); terpolymers of tetrafluoroeth-
ylene (TFE), vinylidene fluoride (VDF), and hex-
afluoropropylene (HFP); and tetrapolymers of
tetrafluoroethylene (TFE), vinylidene fluoride
(VF2), and hexafluoropropylene (HFP); and
• a solvent selected from a group consisting of
water, an alcohol, a C5 - C18 aliphatic hydrocar-
bon, a C6 - C18 aromatic hydrocarbon, an ether,
a ketone, an amide, and mixtures thereof.
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