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COSMETIC COMPOSITIONS FOR IMPARTING
SUPERHYDROPHOBIC FILMS

FIELD OF INVENTION

0001} The present inveniion relates to methods and compositions for imparting a
hydrophobic 1ilm on a surface. More specifically, the invention relates to cosmetic

compositions and methods for forming a super-hydrophobic film on the skin or hair.
BACKGROUND OF THE INVENTION

[0002] The leal of ihie Jotus plant exhibits remarkable water-repellency and self:
cleaning properties. Although lotus plants prefer to grow 1n muddy rivers and lakes, the
leaves and flowers remain clean and are essentially non-wetiable. The lotus plant achieves
this effect by producing leaves and flowers with extremely hydrophobic sarfaces. When the
leavas come 1 contact with water, the water droplets contract into substantially spherical
beads which roll off the surface, sweeping away any particles of dirt they encounter.

[0003] On exiremely hydrophilic surfaces, a waier droplet will completely spread and
provide an effective contact angle of essentially 0°. This accurs for surfaces that have a large
aflinity for watar, including materials that absorb water. On many hydrophilic surfaces,
water droplets will exhubit confact angles of aboat 10° 1o about 30°, In contrast, on
hydrophobic surfaces, which are incompaiible with water, larger contact angles are observed,
typically in the range of about 70° to about 90° and above. Some very hydrophobic
materials, for example, Tetlon™, which is wadely regarded ag a benchmark of hydrophobic
surfaces, provides a confact angle wiih waler of as bhigh as 120°-130"

[0004] Against this backeround, i is remarkable that the lotus leaf can produce a
contact angle with water of about 160°, which is substantially more hydrophobic that
Teflon™, The lotus feafl is thus an example of a “supec-hydrophobic” surface. For the
present purposcs, a super-hydrophobic surface may be said to be one which provides a

contact angle with water of greater (han about 140°. This eftect 1s believed to arise due (o the
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three~-dimensional swrface structure of the leal wherewn wax eryvstals self~organize to provide

roughness on g nanoe- or micro-meter scale. The hvdrophobic surface protuberances reduce
the effective surface contact area with water and thas prevent adhesion and spreading of the
water over the leal

[0065] The discovery of the aforementioned properties of the fotus leaf and

elucidation of its mechanism has led to a variety of engineered super-hydrophobic surlaces.

surfaces have been obtained in a vaviety of ways. Some of these very hydrophobic materials
are found in nature. Other superhydrophobic materials are made svathetically, sometines as
numics of natural matenals.

0666 LS. Patent 6,683,126 describes a coating composition for producing difficult
10 wet surfaces comprising a finely divided powder, where the particles are porous and have a
to the binder is 1:4.

[0007] U8, Patent 6,852 389 describes the process of prodaction of
superhydrophobic materials for self cleaning applications.

0008] LLN, Patent 6,946,170 desersbes a seif cleaning display device.

3009 S, Patent 7,056,845 desceribes a method for the application of a himshing
layer which is water repellant for use m finishing of textiles, fabrics and tissues.

{HiY {}i LS. Patent 6,800,354 describes process of production of self cleaning
subsirates of glass, ceranue, and plastics.

{0011} LS. Patent No. 5,500,216 describes a method of reducing drag through water
by applving a film of rough particies of hvdrophobic metal oxides where the particles have a
distnibation of two different size vanges.

j0812] While hydrophobic or supgr-hiydrophobic materials have been described
above, there remains a need for hydrophobic or super-hydrophobic materials i cosmetic
compositions o wpart supethydrophobic films on surfaces such as skin, hair, or nails.
Conventional water-proof or water-resisiant cosmetic compositions are generally made from
otl-in~-water or water-in-o1l emulsions, Water-in-oil enmisions tend o have an oy feel, thus
limsting thew use. The conventional approach to formulating waler-proot or water-resistant

cosmelic compositions rehies on the use of hydrophobic film formers {e.p. waxes) o form a

t-
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water-resistand barrier. Such conventionad cosmetics are at best hydrophobic, as opposed 1o
the super-hvdrophobic films of the present mvention.

[6813] Conventional water-proot or water-resistant topical composiiions are not
super-hydrophobic pramanty because they lack nano-scale or nucro-scale surface roughness.
In the absence of roughness on the nano~ or niicro-roeter scale, smooth films made of
currently known hydrophobic materials exhibit contact angles that are not in the super-
hivdrophobic range, te., they are less than 140°. 1t would be desirable to provide cosmetic
fihms which smpart super-hydrophobic films for improving water repeliency, selb-cleaning
properties, and long-wear properiies.

{08 14§ ft is therelore an ;j'ifsjem; of the invention o provide cosmetic compositions for
application to the skin, hair, or naus which form a super-hy drophobic {itm thereon. Hisa
further object of the invention to provide methods for uparting superhydfujphf.?xs‘bii-t.. filbms o

skin, hair, and nails to achieve water-resistant, sell-cleaning and/or long~wear properties.

SUMMARY OF THE INVENTION

[0615] in accordance with the forepoing objectives and others, the present invention

..ﬁ_

provides compositions and methods for forming super-hvdrophobic films on a surface,
preferably a biological miegument, such as skin, naid, or hairs.

|00 164 In the broadest aspect of the mveniion, compostiions are provided for
rendering § surface superhydrophobic comprising;

{a) one or more hvdrophobic film formers,
(b} one or more hydrophobically-modified tron oxide praments:

[0017]

wherein the weight ratio of said one or more hvdrophobic film formers o said
one or more hydrophobically-rodified iron oxide pigments is from about 1:10 to about §:1;
angd wherein the ageregate weight percentage of all non-volatile water-soluble or water-
dispersible orgamce constituents 1 sad composition is less than 15%, based on the entire
weight of the composition;

|3 18] whergin the composition is capable of providing a film on 3 surface which,
water greater than about 1407

[0019] The hydrophobically-niodified iron oxide pigiments may comprise a surface

freatment selected fromy, withoot hmstation, the group consisting of alkyl, alivis, vinyls, arvi,

(ot
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alkyl-arvl, arvi-alkyl, stlanes, stheones, dimethicones, fatty acids, polvmeric silanes,
polvurethanes, epoxies, and fluoro- or perfluoro- dertvatives thergof.

[6820] Also provided are cosmetic compostiions for imparting a superhvdrophobig
film on an miegument, comprising:

{a} one or more hydrophobic film formers, and

(b} one or more alkvisilane-treated iron oxide pigments, the ivon oxide
pioments having a ratio of percent surface treatnent {0 mean particle size

greater than about 2.3;

(1021} wherein the weight ratio of the one or more hydrophobic Hiim formers to the
one or more alkvisilane-treated ron oxide pigments s from about 110 to about 511, typically
from about 1.3 to about 2: 1, more {ypically from abomst 1:2 to abowt 1:1; and whersin the
aggregate weight percentage of all non-volatile water-soluble or waler-dispersible organsc

ey, e,
et et

constituents 1o the composition is less than 13%, typically less than 1%, prefevably less than

3%, and more prefervably less than 2%, based on the entire weight of the composition the

weight percentage of all polvels in the aggregate preferably being below 1%%;

[(1022] the composttion bemy capable of providing a film on a surface which, alter
evaporation of volatile constituents, 1s characierized by a contact angle with water greatey
thay gbout 1407,

108231 in some mnbudmmﬁs the ong or more &ikvi%ﬂdm treated ron oxide pigments
will compnse a inalkyoxyalkyistlane wreated won oxide pigmend, and m particuiar a
inethoxyeapryivisilane treated iron oxide pigment. The pigment will preferably have a ratio
of percent surface treaiment to mean particle size greater than about 2.5,

Ei}i}}ii Cosmetic composition for imparting a s;;uj;;:ﬁez'fllggidm phobic film on an
integument are also provided COMPISIE

(a) one or more hydrophobie filo formers; and

{b) one or mote tluorosilane-treated won oxide pregments, said won oxide
pigmenis having a ratio of percent surface treatiment {o mean particle size

oreater than about 1.2;

0025 wherein the weight ratio of the one or more hydrophobic film formers to the
one or more fluorosilane-treated iron oxide pigments is from ahout 1:10 to abowt §:1,
typically from about 1:5 to about 201, more typically from about 1:2 to abowt 111, and

wherein the aggregate weight percentage of all non-volatile water-sohable or water-
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chispersible organic constituents m (he composition 1§ less than 15%, typicalty less than 1%,
preferably less than 5%, and more preferably less than 2%, based on the entire weight of the
compostiion; the weight percentage of all polvols m the ageregate praferably baing below
1%

10626 the composition being capable of providing a flm on a surface w mx.,h after
ev apﬂmlmn of volatile constituents, is characterized ‘m a contact angle with water greater
than about 1407,

{27} in some embodiments, the fluorostlane-treated prgments mehide one or more
fluoroalkylsilane-treated won oxide pigmentis. For example, a perfluoroalkyl inalkvoxysilane
ireated iron oxide pigment, such as a Perfluorcocty! Tristhoxysilane treated iron oxide
pigment is suilable. The fluorostlane-treated on oxide pigment may have 8 ratio of percent
surface treatmient to mean particle sive greater than about 1.5,

6281 Cosmetic compositions for imparting a superhydrophobic fihn onan
inlegument are also provided comprising:

{a} one or moreg hydropholac fiim formers; and

(b} carbon black; the carbon black preterably baving & mean particle size

200 and about 260 m7/g;

10829} wherein the weight ratio of the one or more hydrophobic film formers to
carbon black powder 13 front about 1710 to about 311, typically from about 1:5 1o about 201,
move typically from about 1:2 to about 1:1; and wherein the agoregate weipht percentage of
all non-volatile water-soluble or water- dispersi ble organic constituents i the composiion is
less than 15%, typically less than 10%, pw rably less than 3%, and muwe ;‘:szeiewbh fess than
2%, based on the entire we gt of the coOmposition; the weight percentage of all polyols in the
agpregate preferably being below 194
{08304 the composition being capable s::).f‘*prs;w 3dmg a film on a suface w hich. after
evaporation of volaiile constituents, 18 charactenized by a confact angle with waler greater
than about 1407, more typically greater than about 1457, and preferably greater than about
1480,
mMH in a particularly unexpected aspect of the invention, sy m:ww,s:, befyween
fivdrophobically-modified iron oxide pigments and carbon black pigments are observed.
Accordimg to thig aspect, cosmetic compositions {or tnparting a superhvdrophoebic film on an

mtepument are provided comprising:

L
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{a) one or more hyvdrophobie {iin formers; and

(b} a combmation of hydrophobic prigments comprising: {1} one or more
hvdrophobically-modified tron oxide pigments; and {i1) carbon black; the
welght ratio of said one or more hyvdrophobicaliv-modified won oxide

prgments to said carbon biack being between about 1: 1} 1o about ]

0632} wherein the weight ratio of sad one or more hydrophobic hibm formers (o sad
1.5 1o aboot 2:1, more typically from about 12 to aboat 1:1] and wherem the aguregate
wetght percentage ol all non-volatile water-soluble or water-dispersible orgamic constituents
in saud composition 1s less than 15%, typically less than 10%, preferably less than 3%, and
more preferably less than 2%, based on the entire weight of the composition; the weigiy
percentage ol all polvols in the agerevate preferably being below 19%;

j06334 the composition being capable of.’:}"m_néidiﬁg:_';?,;1- film on a surface which, after
evaporation of volaitle constiinenis, 1s charactenized by a contact angle with waler gregter
than about 140°, more tvpically greater than about 145°, preferably greater than about 148,
and more preferably greater than about 15

[(634] The carbon Mack powder preferably has & mean particle size between abowt
0.01 pm and about 1 wm andfor a surface area between about 200 and about 260 mi._-"’3;;.
[0835] The hydrophobically-modified ron oxide pigments according to this
embodirnent may be any won oxide pigments, wcluding for example alkvisdane-treated won

oxide pigments and a perfluoroalkyisilane~treated ron oxide pigments. Trialkvoxyalkvisilane

oxide plament. Perfluorcalk vl 'i:ri.aik};ie‘f}xysifi.az‘“mre-ir&s.‘izti&d iron oxide plgments inchade withouwt
limitation Perfluorcoctyl Triethoxysifane-treated iron oxide pigments. However, the choice
of hydrophobically-maodified iron oxide pigments is not particalarly limited when employed
in combination with carbon black and the ratios of percent surface treatment 1o particle size
discussed i relation to other embodiment do not strictly apply to embodiments having
preferably synergistic combimations with carbon biack.

| 0036} In another aspect of the invention, cosmetic filns are provided comprising a
hvdrophobic ‘i’*iim_--"ifh..z‘f;miiig polvmer and a pigment selected from the group cousisting of
alkvisilane-treated iron oxide, flaorosilane-treated ivon oxide, Nuoroalkyistlane-treated fron
oxuie, perfluoroalkyvisilane-treated iron oxide, carbon black, and combinations thereof: the

film bemy charactenized by a contact angle with water of at least . Also provided are

6
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subsirates, such as keratin fibers {e.g., evelashes), having disposed thereon a cosmetic fiim

according to the mvention.

(0637} Methods for imparting a hvdrophabic film to the evelashes are provided
comprising applyving thereto a composition according to the myvention and allowing the
volatile constituents to evaporate, therchy forming a ‘S-r;;peﬂﬁydmglmb.i1{.:? fiim charactenized by
g contact angle with a water droplet of at least 140°,

{30381 The one or more hvdrophobic {ilm forneers for inclusion in the compositions
ol the mvention are not particularly restricted and may compnse, for example, a Bim former
setecied from the group consisting of (alkviacrylates, polvarethanes, fluoropolvmers,
silicones, and copolymers thersof. Apreferred hydrophebic film formers is an

ACy }*Iﬁ-te&}ﬂii methicone copo fymat, The one or more hydrophobic film formers may also
comprise a copolymer of two or more blocks selected from styrene (8), alkylstyrene (AS),
and methacrviate (MA}. A representative polymer according (o this embodiment 13
Ethvlene/Propylene/Stvrene copolymer.

[0839] To achieve the desived supethydrophobic effect, the aggregate weipht
percentage of all non-volatile water-soluble or water-dispersible organic constituents (1.e.,
non-volatile hydrophilic organic molecules) i the compositions should be less than 15%,
typically below 10%, preferably below 5%, and deally below 2%, and the weight percentage
of all polyvols, including the bumedciant giveetin, should be collectively below 8%, preferably
helow 2%, and wdeally below 1% by weizht, based on the entireg weight of the composiiion;
because sech components tend to attract water and coat the surface of the film and
consequently reduce the hvdrophobicity thereof

[0040] The conwpositions may be usetul for a varety of products, inclading cosmetic
products {mascara, foundation, eve shadow, lipstick, nail polish, et¢); skin care products;
sunscreens; hatr care products; and pet care products, to name a few. In a prefermred
nnplemendation, the compositions are formulated as mascars products and are capable of
unpartiag long-wear, transfer-resistance, and water-repellency to the evelashes.

{0841} Methods for providing a superhydrophobic filn on the skin or hair are also
provided. The methods generallv comprise depositing on skin or hair a composiion
according (o the mvention and aliowing the volatile constituents 1o evaporate, thereby
forming a hvdrophobic {Him characterized by a contact angle with a water droplet of at least

1407,



CA 02717017 2010-08-27
WO 2009/111128 PCT/US2009/033135

Docket No CROIBU-WO

{0842} These and other aspects of the present invention will become apparent to those

mciuding the figures and appended claims.
BRIEF DESCRIPTION OF FIGURES

[0643] Figure 1 is a plot of contact angle as a funcuion of the ratio of carbon black
plgment 1o alkvistlane-treaied won oxade pigment. A synergelic improvement i

superhydrophobicity 1s seen for the measured values of the combmations, indicated by the

solid hine and marker symbol {3), as compared to the predicted values based on the
individual contnbutions of carbon black and alkvisilane~treated won oxide pigments, as

indicated by the dashed hne and marker svimbol (5},

| 38441 Fieure 2 15 a piot of confact angle as a function of the ratio of carbon black
prigment to perfluorocalkvistane-treated won oxide pigiment. A synergetic myprovement in

superhydrophobicity 1s seen for the measured valges of the combinations, indicated by the
sohid line and marker symbol {1, as compared to the predicted values based on the

as indicated by the dashed hne and marker symbod {3,
DETAILED DESCRIPTION

{0845} As used herein, the term “superbvdrophiobie™ refers generally to gnv surface
which gives a contact angle with water of greater than about 140°, Superhydrophobicity can
be quantiatively evaluated by measuring the contact angle with water using a contact angle
gonometer or other like method known in the art or mayv be gualdatrvely evaluated by visual
inspection and observation of waler repeliency, 1.¢., observation of water beads rolling off g
cast film.

(18461 All references to median oy mean particle sizes herein are on a volume basis.

Al amounis _lﬁ‘r'ﬂﬂ ded in terms of weieht percentage are relative o the entire composiiion
anless otherwise stated. Unless otherwise provided, the term “alkyl” is miended to embrace
strarghi-chamed, branched, or ¢vehie hydrocarbons, particudarly those having from one (o 20
carbon atoms, and more particudarly Cyp hydrocarbons.

08471 Superhydrophobicity provides water repellency to 8 surface and conseguenily

will affect the long-wear properties and self-cleaning properties of cosmetic compositions
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following admimsiration to the skin, nads, or hawr. In addition, i 13 thought that composions

hair because of @ mismatch m surface energy. As a resull, polhutants, dirt, and the fike are
more gasiy removed with or without water, resutiing o seli~Cleamng properties. More

im portantly, the compositions provide & barrier against water such that the skin or hair does
not hecome wet or is only poorly wetiable on contact with water, e.g. sweat, rain, eic.

{00481 The inventive cosmetic compositions for imparting superhvdrophobic films
may advantageoasly be in the form of a mascara, and will generally be anhydrous, although
they may suiiably be formulated as water-in-oils emulsions. As used herem, the water-m-oil
:_58049 | The compositions are preferably capable of providing a {filim on a surface, after
evaporation of volatile solvents, which 1s characterized by a contact angle with & water
droplet greater than about 1407, preferably greater than abont 1457, and more preferred still,
preater than about 1509 The contact angle 15 a measure of the hvdrophobicity of the surface
and 15 the angle at which a hgqud/vapor interface meets a sobid sarface. Contact angles are
suitably measured using g contact angle gontometer. i varions embodiments, the contact
anple with water will be about {40°, about 141, about 142°, about 143°, gbout 144°, abowt
145 about 146° about 147°, about 148°, about 149°, or aboat 150°

0050 The lirst required component of the composition according to the wvention is
a film-former. The {ilm former preferably comprises a hyvdrophobic material. The
hvdrophobic film former may be any hvdrophobie film former suttable for use in 8 cosmetic
composition inciading, but not omited to, hydrophobic & i.ﬁl*ﬁ}ﬂﬁﬂ‘f}g polymess. The ferm
fibm-fornung polymer may be undersiood to indicate a polvmer which is capable. by itself or
in the presence of at east one auxthiary film-forming agent, of fornung a continnous film
which adheres 1o g surface and funciions as a binder for the particulate material. The term

“hvdrophobic”™ film-forming polymer will typrcally refer 1o a polyvmer with a solubslity

preponderantly o the octanol phase when shaken with a mixture of eqguad volumes of water
and octanol. By predominately s meant more the 3% by weaigiyt, but preferably mwore than
73% by weighi, more preferably more than 93% by weight will partition nto the octanol

phase.
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{(051] The filmy formers cgii bie either nataral or syuthetic, polymeric or hon
potvmeric, resins, binders, with low or high molar mass. Polymeric fiim lormers can be
either natugal or svuthetic, addition or condensation, homochain or heterochan,
nronodispersed or polydispersed, organic or inorganic, homaopolymers or copotymers, inear
or branched or crosshnked, charged or uncharged, thermoplastic or thevmoset, elastomeric,
crystalline or amorphous or both, isotactic or syndiotactic or atacic.

00521 Polynieric film formers include polyolefins, polyvinyls, polyacrylates,
polvurethanes, silicones, polyamides, polyesters, fluoropolymers, polyethers, polyacetates,
polyearbonates, polyvimides, rubbers, epoxies, formaldehyde resins, and homopolymers and
copolymers of and of the foregoing.

(0053] Suitable hydrophobic (lipophilic) {ilm-forming polymers include, without
himitation, those described in ULS. Patent Nos: 7,037,515 to Kalafsky, et al.; 6,685 952 10 Ma
et al.” 6,964,969 to De La Poterie, et al.; 6,264,933 to Bodelin, et al;; 6,083,120 to Keller et
al,; and 5,911,280 1o Samour, et al.

[0054] Copolymers comprising one or more blocks selected from styrene (8),
alkylstyrene (AS), ethylene/butylene (EB), ethylen e/propylene (EP), butadiene (B), isoprene
(D); aceylate (A) and methacrylate {(MA), or a combination thereof, are contemplated to be
suitable hydrophobic {ilm formers. Particular mention 18 made of
Ethylene/Propylene/Styrene and Butylene/Ethylene/Styrene copolymer including those sotd
under the (rade name Versagel MD 1600 from Penreco as Gellants in [DD.

0055 Special mention may be made of polvalkylenes, and in particular Cs-Cig
alkene copolymers, sach as polybutene; alkyleeliuloses with a linear or branched, satogated or
uusaturated C-Cy alky! radical, such as ethyleellnlose and propylcellulose; copolyiners of
vinvlpyrrolidone (VP) and in particular copolymers of vinylpyrrolidone and of Ca 10 Cyy and
better still Cy to Cyp alkene, inclading the copolymers of vinyl pyrolhidone with e1cosene or
dodecane monomers sold inder the tradenanies -Gafagg V 220 and Ganex V 210 Polymers
(ISP lne, of Wavue, NJ); silicone polymets and polyorganosiloxanes, including without
Linvitations, polyalkyl siloxane, polyaryl stloxane, or a polyalkylary! siloxane, with special
mention being made of polydimethylsiloxanes; polyanhyduide resins such as those avaiiable
from Chevron under the trade name PA-18; copolymers derived from maleic anhydride and
C; to Cap alkenes such as octadecene-1; polyurethane polymers, such as Performa V 8235

(New Phase Technologies) and those disclosed m LS. Patent No. 7,150,878 o Gonzalez, et

t0
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al, ; and palymers and copolymers made from esters of
vinvlic acid monomers, inclading without imuation (meth)acrylic acid esters (atso referred to
as (meth)acrylates), for example, alkyl (meth)acrylates, whergin the alkyl group fs chosen
from linear, branched and cyclic {Cy -Cio) alkyls, such as, for example, (C;<Cag) alky!
{methyacrylates, and further still (Ce-Cha) alkyl (imeth)acrylates. Among the alky!
(methjacrylates which may be mentioned are those chasen from methyl methacrylste, ethyl
methacrylate, butyl methacryiate, isobutyl methacrylate, 2-ethythexy! methactylate, laury!
imethacrylate, and the like. Among the aryl (imeth)acrylates which may be mentioned are
those chosen from benzyl actylates, phenyl acrylate, and the like, The alky! group of the
foregoing esters mayv be chosen, for example, from fluorinated and perfluorinated alky
oroups; that 15 to say that some or all of the hydrogen atoms of the alkyl group are replaced
with fluotine atoms. Meition may also be made of amides of the acid monomers such as
(metNacrviamides, for example, N-alkyi( nae'tli')'abry!ﬂ113i‘c’ifes; sitch as (Cy-Cyp) alkyls,
including withouwt limitation, N-ethylacrylamide, N-t-butylacrylanude, N-t-octylacrylamide
and N-undecylacrylamide. Vinyl polymers for the hydrophobie {ilm-forming polymer may
also result frony the homopolymerization or copalymernization of atdeast one mopomner chosen
from vinyl esters, olefins (including flnoroalefins), vinyl ethers, and styrene monomers. For
example; these monomers may be copolymetized with at least one of acid monomers, esters
{hereof, and amides thereof, such as those mentioned above. Non-limmting exaraples of viny!
esters which may be mentioned are chosen from vinyl acetate, vinyl neodecanoate, vinyl
pivalate, vinyl benzoale and vinyl t-butylbenzoate. Among the olefins which may be
mentioned are those chosen, for example, from ethylene, propylene, butene; isobutene,
oclene, octadecene, and polyflnorinated olefing chosen, for exarple, from
tetrafluoroethylene, vinylidene fluoride, hexafluoropropene and chloroinfluoroethylene.
Styrene monomers which may be menttoned are chosen, tor example, from styrene and
alpha~-methyistyrene. The list of mononers given is not limiting, and it is possible o use any
monomer known to those skilled in the art which falls within the categonies ot seryhic and
vinyl monomers (including monomers modified with a st licone cliain) which result in
hvdrophobic films. In this regard, particdar mention may be made of ’the commesrcially
available film formers Cyclopentasiloxane (and) Acrviates/Dimethicone Copolmer (KP-345,
Shinetsu Chemical Co., Ltd).

[0056] Otlier film formers known in the art can be used advantageously in the

composition. These include acrylate copolymers, acrylates C)3.12 alkyl methacrylate

{1
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copolymer, acryiate/octylacrylanude copolymers, acrviate’ VA copolymer, amodimethicone,
AMP/acrylate copolymers, behenylisostearyl, butviated PVP, batyi ester of PYMIMA

copolymers, calcmmy'sodium PVMAMA copolymiers, dimethicone, dimtethicone copolymers,

‘.

dimetincone/mercapiopropvi methicone copolviner, dimethicone propylethvienediamme
behenate, dimethicolnol ethyleellulose, Eﬁifh}%iimw;.f"a{;i}ffi'i.a:.; acid copolvmer, ethyvlene/MA
copolymer, ethylene/VA copolymer, fluoro Can atkyidimethicone, Capas _01ef’énf’iwgmp}d
maleate/MA copolymer, hvdrogenated styrene/butadiene copolymer, hydroxyethy
athyicellulose, wobutviene/MA copolvmier, methyvl methacrviate crosspolymer,
methylacrylovl ethvl betamedacryiates copolymer, octadecene/MA copolymer,
octadecens/maleic anhydride copolymer, octylacrylamide/serylate/butylaminosthyl
methacrylate cop olyier, oxidized polyethyiene, ..pﬁrfﬁu;@;mp@-i.}-:nfzei;hyiis;affspzm:f vi ethet,
polvethylene, polymethyt methacrviate, polypropylene, PVIIMA decadiene crosspolymer,
PVMMA copolvmer, PVP, PV Pidecene copolvmer, PVPieicosene copolvmer,

PV P/hexadecene copolvimer, PYP/MA copolvmer, PVYP/VA Copolymer, sodium
acrylatesviyl alcohol copolvmer, stearoxy dimethicone, stearoxvirimethvlsilane, stearyd
alcohol, stearyivinyl ether/MA copolyimer, styrene/DVEB copolymer, styrene™A copolymer,
tetramethyl tetrapheny! trisiloxane, tricontanyt PVP, trimethy] pentaphenyl trisiloxane,
irimethyisiloxysilicate, VA/crotonates copolvimer, VA/crotonates/vinyl propri oAt
copolymer, VAsdutyl maleate/ssobornyi acrviate copolymer, vinyl
caprolactany’PVP/dimethylaminoethyl methacrylate copolvmer, and vinvidimethicone.
{Oa57] Additional non-lmiting represemtatives of hvdrophobic film-forming polvmers
include at least one polycondensate chosen from polyurethanes, polyurethane-acryvhics,
polyarethane-polvvinylpyrrolidenes, polvester-pobyvurethanes, polvether-polvirethanes,
poivareas and polvurea‘polvurethanes. The polvurethanes may be for exanpie, af least one
chosen [rom ahiphatic, cvcloatiphatic, and aromatic polvurethianes, polvureaturethanes, and
polvurea copolymers comprising at least one of: at least one sequence of at least one aliphatic
polvester artgin, cveloaliphatic polvester onga, and aromatic polvester origin atf feast one
branched and unbranched sihicone sequence, for example, from polvdmethylsiloxane and
polyvmethylphenylsilogane, and at least one sequence comprising fluorinated groups.
Additional non~himsting representatives of polveondensates may be chosen from polyesiers,
potvesteramides, fativ-cham polyesiers, polvamides resins, epoxvesier resins,
arylsutphonamide-epoxy resns, and resins resulting from the condensation of formaidehvde

with an arylsulphonamide.
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{0038 The hydrophobic film may also be formed in sitw by employing a resin which
polvdimethyistloxane film formed by i siin hvdrostiation of a hvdrostiane and an olefinic-
substituted stoxane or by in situ polveondensation of alkoxy~functionalized siloxanes.
[0659] Preferred PQ’#E}»’ITI&I‘EC. film formers include acrylates, atkyl acrylates,
'p»;:sfi.-}f.uj*-efilm&)}&s,.. ﬁuo’mfp‘e:)ziymefis- such as Fluomer -{jps@}”g;:mgrﬂu{:en:mpmfhydmphenfamhmueg} and
silicone polymers. Particularly preferred are siticone acrylates such as acrvistes/dimethicone
copolvimers sold under the trade names KP-5435 or KP 330 (Shn-Eisu).

{0660 Oiher fiim formers that may be enpioyed mchude, without hnatation, natural,
mineral andfor synthetic waxes. Natural waxes sre those of animal origin, including without
limitation beeswax, spermaceti, izmai'i.t‘;,_.an{i shellac wax, and those of v egelable ongn,
inclading without Bmitation carmmaunba, candelilia, bi:l}f’ﬁﬁ:i‘ai-‘}} and sugarcane wax, and the like.
Mineral waxes comtemplated to be useful include, wi thout imitation ozokerite, ceresin,
montan, paraihin, microcrystatline, petroleum, and petrolatian waxes. Synthelic waxes
mchade, {or example, Fischer Tropsch (FT) waxes and polvolefin waxes, such as ethylene
homopohymers, ethvlene-propylene copolvmers, and ethylene-hexene copolyvmers,
Representative ethylene homopelymer waxes are connnercially avarlable under the
tradename POLYWAX® Polvethviens (Baker Hughes Incorporated). Commercially
avauable ethylene-a-olefin copolvmer waxes mciade those sold under the tradename
PETROLITE®R Copolvmers (Baker Hughes Incorporated). Another wax that 15 sustable 15
dintethicono! beeswax available from Noveon as UL TRABEE™ dimetlncono! ester.

{08611 In some embodiments, it may be desirable to add a bydrophilic or water-
soluble film former (e.g.. cellulosics, polvsaccharides, polyquaterniums, etc.) to the
composition 1o mprove spreading, emulsion stabibity, ete. While less preferred, 1t 15 witlun
the scope of the invention 1o mclude such hydrophibic or water-soluble hilm formers. There s
no restriction on the amount of hvdrophihic or water-soluble fiim former, although at high
levels {e.g.. preater than 20% by weight based on the total weight of {itm former) it may be
necessary to increase the ratio of hvdrophobic particalate to film former to counter the.
rediction in surface hydrophobicity. In some embodiments, the collective weight percentage
of hydrophilic of water-seluble {iim formers will be less than about 209, preferably fess than
aboat 13%, more prelerably less than abowt 1%, and more preferred still, less than about 3%

by weight based on the total weight of gl filn formers. In a preferred embodiment,

hydrophilic film formers will comprise less than abount 2% by weight of the total weight of
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fibm formers i the emudsion. In one embodiment, the ennidsion 1 substantially free of water-
does not impart 2 measurable difference m contact angle with water as conpared {o an
otherwise wdentical composition i the absence of water-soluble film formers.

[0662 Combinations of any of the foregoing film formers are also conteraplated to be
{3063} A second essential component according to the invention is a particulate
matersal which s etther hydrophobic by natare or bas been hydrophobically modified by
surface treatment or the hike. As used herem, a particulaie matenal which 15 hyvdrophobic by
nature includes polymeric particulates comprisin 2 hydrophobie organie polymers (as defined
above) as well as inorganic particulates, the surface of which is hydrophobic, includin g for
example, elemental carbon-based particulates. As used herein, a hydrophobically-modified
particle is one which is rendered less hydrophilic or more hydrophobic by surface
moditicaiion as compared {0 the pigment in the absence of surface modification.

{UiLTE

L

Winle not wishing to be bound by theory, it 15 thought that the particulate
materials provide nano-scale (1 nm to ~1.000 nm) or sxcro-scale (1 pm 1o ~200 ) surface
roughness or siructure on the film, which imparts superhvdrophobicity by providing
protuberances on which water droplets may sit, thereby minimizing contact of the water with
the surface at large, ve., reducing surface adhesion. Surface roughness can be observed or
measured by AFM, SEM. and the hike. In some, but not gil, embodiments, the particulate
materials are not porous.

|G fﬁi A preferred particalate matenal according to the invention 1s hydrophobically
modified iron oxide. As used herein, the term “ivon oxide” is miended to inclade, without
well as all proments having the INCI name fron Oxides, such as Black Iron Oxide, Red lron
Oxide, Yelow Iron Oxade, Brown Iron Oxade, Orange Tron Oxide, Bhie Tron Oxide, and the
hke. Such pipments are ofien designated in the art as Irom Oxades (C1 77489 (1 77421 (1
7492 CHT77499 eten). Black Iron Oxades {(C1 77499} are prefemed.

{30661 The won oxide pigments according to the invention are typically surface-
freated to nmpart a hvdrophobic coating. The suriace treatment may be any such treatment
that makes the parficies more hvdrophobic. The surface ol the particles may, for example, be
covalently or tonically bound to an organic molecule or stlicon-based molecule or mav be

adsorbed thereto, or the parficle may be phyvsically coated with a laver of hydrophobic
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material. There is esseéntially no limitation on the nature of the hydrophobic treatment and
alkvl, aryl. or allyl sitanes, silicones, dimethicone, fatty acids (e.g., stedarates), polymeric
stlanes may be mentioned as well as fluoro and perfluoro derivatives thereof. The
hyvdrophobic compound may be attached to the iron oxide particle through any suitable
coupling agent, hnker group, or functional group (e.y., stlang, ester, ether, ete}. The
hydrophobic compound comprises a hvdrophobic portion which may be selected from, for
example, atkyl, aryl, allyl, vinyl, alkyl-aryl, aryl-alkyl, organosilicone, atd fluorg- or
perfluoro-derivatives thereof. Hydrophobic polymeric coatings including polyurethanes,
epoxys and the like, are also contemplated to be useful,
(0067) Hydrophobicatly modified particulates and methods for preparing
hydrophobically modified particulates are well-known in the art, as described 1n, forexample,
(.S, Patent No, 3,393 F55 to Schuite el al,, U.S. Patent No, 2 TJ05.206 o Wagner et al., U.S.
Patent No. §.500:216 to Wagmer ¢t al., US. Patent No. 6,683,126 to Kelleret al., and US.
Patent No. 7,083,828 to Miiller et al., U.S. Patent Pub, No. 2006/ 10541 to Russell at al..
and U.S. Patent Pub, No. 2006:/01310342 0 Dietz et al,
In one ernbodiment, a hydrophobic particte in accordance sath an

embodiment of the present invention may be fornued from an iron oxide particle having s
surface covered with (e.g:, covalenily bonded to) non-polar radicals, such as Tor example
alkyl groups, silicones, siloxanes, alkyisiloxanes, organosiloxanes, fluorinated siloxances,
perﬂtlorosiloxz;nes, organosilanes_ alkylsilanes, fluorinated silanes, perfluorinated silanes
and/or disilazanes and the hike. U.S. Patent No. 6,315,990 to Farer, et al,,

describes Quorosilane coated particulates which
are formed by reacting a particulaie having nocleophilic groups, such as oxygen ot hydroxyl,
with a silicon~-containing compound having a hydrocarby! group substituted by at least one
fluorine atom and a reactive hvdrocarbyloxy group capable of displacement by a nucleophile.
An example of such a compound is tridecafiuorooctvliriethoxy silane, available from Sivento,
Piscataway, NI, under the ttade name DYNASILANE™ F 32061,
{0068} In one embodiment, the iron oxide pigimeut has been suctace treated with an
alkylsilane, such as a C;.ap atkylsilane, or more typically a Cy. 13 alkylsilane; inchuding an
exemplary embodiment wherein the fron oxide is surface-treated with a Cy alkylsiane (e.g.,
caprylylsilane). The pigments may be prepared by treating iron oxide with a
trialkoxvyalkvisilane, such as Triethoxycaprylylsilane (INCI). Iron oxide pignents surface-

fanctionalized with caprylylsifane groups are available wunder the trade names AS~5146 Alkyl
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Siiane Treated Black Oxade (Color Techmiques), AS-5123 Alkyl Stlane Treated Red Onade
{Color Techniques), AS-5126 Alkyl Slane Trested Red Oxade (Color Techniques), AS-3131
Atkyl Silane Treated Yeillow Oxide {Uolor Technigues), AS-3137 Alkyvi Silane Treated
Yellow Oxide {Color Techmqgues), Black Iron Oxide AS (Cardre}, Red lron Oxide AS
(Cardre), Yellow fron Oxide AS (Cardre}, and Black NF-1182 (Kabo}, to name a few.

_wﬂﬁiﬁfg In another embodiment, the fron oxide pigment has been surfuce treated with a
fluoroalkylsilane, and in particular a perfluoroalkvisilane, such as a Cyag
perfluoroalkylsilane, or more typicaliv a o perfluoroatkylstane, inclodmg an exemplary
embodinment wheremn the wwon oxade 18 surface-treated with a Uy perfiuoroalkyisiiane, The
pigments may be prepared by ireating ivon oxide with a mai&uwf‘iuﬁmaika flane, such as
Perfluorooctyl Trethoxysilane (INTCD. Swuitable iron oxide ;n ety surface-functionalized
with perflucrooctylsilane groups are available under the trade names Cardre Black Tron Oxide
FS {Cardre}, Cardre Red Iron Oxide FS (Cardre). Cardre Yelow fron Oxide FS (Cardre), and
unider the Uniipure line from Sensient, mcluding Unipure Black LU 98Y, {0 name 3 {few.
|70 The won oxade pigments i tvpically, though not necessarily, have a mean

.{jasare;;a,gg{} .mniﬂr’ie SE2E _'béﬁfiss;-‘emri abm 0.03 pm and abowt Ei} LN, BIOTe t'}-‘ﬂ‘pii::‘:i ly, bgtwew

AN p‘;{mtcie $17@ befween .:.ti'}tmi 3.1 wm and about 5 um, between about 4.2 pm and about
2.5 g, or between about 025 um and aboat 2.5 g, In certam non-limihing embodiment,
the on oxade pigments will have a pariicie size between about (0.4 and about .73 um and
about 175 ym.

(71 fii The degree of surface treatment of commercially available ron oxide
praments varies substantially. As used herein, the extent of surface treatment 1s expressed as
percent swrface treaiment (873 and 15 calculated as the weight ratio of the surface (reatment
agent {e.¢., triethoxyalkvisiane, perfiourcalivi triethoxysilane, eic.} (o the metal oxade
compaonent {e.g., iron oxide) expressed as a percentage. Thus, in the exemplary case of a

Triethoxye a_pz3 tyisiane ONCY) treated Black bron Oxide, such as Black NF 1182 (Kabo) or

ST = 100 x | “““*ﬁ“l-“““
‘ﬁ: th “?‘:r i

(0672} where W Is the weight of Triethoxveaprvivisilane and W, 18 the weight of

metal oxide, in this case won oxide. The degree of surface treatment ST will tvpically range
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from about 8.5% 1o about 5%, though # 18 more conmmon for commercial ron oxide to have
ST values m the range of about 0.8% (0 abot 3%

18873} it has been found that many won oxide pigments are not capable of producing
superhyrophobiac films, i part because the percent surtace treatment 1s low. However, low
ST. alone, is not n ecessartly detrimental to the effect provided that the mean pavticle size of
the pigment is also very small such that the alky! chains intevact with a large surface area of
the particle. As the mean particle size of the plument is incregsed, it is theorized that the
percent surface treatment (87) must also be mcreased (for a gaven alkyi or perfiuoroalkyd
chaim length) m order 10 achieve a superhydrophobic fiim because mereased ST is required to
mainiain the hydrophobic character of the particle, Thus, it has been found that the parameter
defined by the ratio of 8T (o the mean particle stze In nucrons {“mean”) is highly correlative
with the hydrophobicity of a film. This parameter is referred 1o as “STimean™ herein,

10674 The precise value of 8T:mean required to achieve a superhvrophobic film will
depend on the nature of the surface treatment (perfiuorcatiyi chains provide more

fivdrophobicity than corresponding alkyl chains). In general, it may be said that, ST:mean

ratios of 0.5, 075, 1, V.1 1.2, 13,14 1.5, 16, 1718, 1.9.2.0,21.22.23 2.4 2526,

. e

ﬂ:&‘ :5'

N
. d

b

. "ui

‘ 5,6, 7,8, ¢ and 10 are each considered 1o be
a distinct embodiment of the invention.

0675 In the case of surface treatments COMPrise oNe OF MOTE ﬂ'm}rmﬁ atoms, such 43
fluoroalkylsilane and perfluoroatiovisiane surface treatments, ST mean values preater than

1.1 are deswrable. More typicaily, the ST nwean value will be greater than 1.2, greater than

w-

Rt

1.3, preater than 1.4, greater than 1.5, greater than 1.6, greater than 1.7,

reater thay 1.9, or greatey than 2.0

(5%

[0876] Stmilarly, 0 the case of alkyvl, arvl, or silicone-based surface treatments that
do not comprise fluorme gtoms, including alkyi siianes, sihicone, dimethicone, stearates,

polvmerie stanes surface treatments or the like, ST:mean values greater than about 2.3 are

gdesirable. More tvpically, the STanean value will be greater than 2.4, greater than 2.5,

3

ureater than 2.6, greater than 2.7, greater than 2.8, ureater than 2.9, or ureater than 3.0,

4

(8771 it will be observed that the ST mean value required o achieve &
superhydrophobic surface where the won oxide 15 surface~functionalized wath alkyl groups 15
roughly twice that required where the won oxide s surface-functionalized with the

corresponding perfluorcalkyl groups.
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{0878] in other emboduments, the particutate material according 1o the nvention 18
carbon, such as carbon black. Suiiable carbon black powders will typicaily have g mean
particie size of about 0.01 um to aboul 3 um, more typically between about .01 and about |
aimn, and preferably bebween about 0.01 and about 8.1 gm {1.e., about 18} {o about 1)
nanometers). The carbon black powder may have a surface area between fﬁ}@ vt SO and abowt
300 meters {m ; ‘grany, more npzca‘ih between about 100 and about 350 m™ ‘aram, and more

pvpically batween about 130 and about 300 m“;‘gfm:m as measured ‘L‘w nitrogen BET, A

sustable carbon black 1s D&C Black No. 2 wihach 1s formed by the combustion of aromatic
petrolewm o1 feedstock and consists essentialiv of pure carbon, formed as aggregated fine
particies with a surface area range of 200 to 260 meters (ntY'/gram by nitrogen BET, D&C
Black Nus. 2 s available from Sensient under the tradename Unipure black LO 902, This
nialertal has a mean particle size of about 0.04 .

10679 It is contemplated that synergistic improvements in hydrophobicity will be
obtained by using combinations of hvdrophobically-modified fron oxide pigments and carbon
black pigments. The combinations are expecied (o be synergistic over all ratios of won oxade
pignient to carbon black, although in centain embodiments the ratio of iron oxide pigment to
carbon black will range from about 1:10 1o about 184: 1, more svpically from gbout 1:3 to
abowt 5:1, including ranges of abowt 1:4 to about 4:1, about 1.3 to abowt 3:1, about 1.2 to
about 2:1, and equal weight mixtures having a rabio of about 111, The synergistic
combinations wili provide fiims having a contact angle with water great than what would be
expected were the contribution of each component merely additive.

E’_{}QS{}} The ratios of the particudates to the film formers in the composttions according
fo the mvention are controlled 1o produce compositions with the desired superhvdrophobic
effect. The ron oxide and/or carbon black pigments will typically be present in the
aggregate, m both the composiitons and films, at a werght ratio o the hvdrophobie fiim
formers of about 1110 to about 10:1 or from about 1:5 to about 5:1. For example, the weighi
of hydrophobic Hilm-former 1o particulate matensa! may range from ab_@ru {12 toabout 271,
mecluding the rattio of about 1:2, about 1:1.75, about 1:1.3, about 1:1.253, about 111, aboul
1.25:1, sbout 1.5:1, abowt 1.75:1, and about 2;1. Pavticularly good results have been obtained
where the weight ratio of hydrophobic filbm~lommer to particulate matenial s about 111,

{0681} in addition 10 the hvdrophobically modified won oxide and/or carbon biack
prgments, the compositions may further comprise one or more additional hydrophobic

particuiate matenals, A preferred particuiate matenial according 10 the invention 18
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hydrophobically modified silica (S104) powder, ibcluding fumed sthéa or pyrogenic silica
(e.g.. having a particle size range from about 7 nm (o about 40 nm). Other notable particulate
maienals are hydrophobically moditied metal oxades and mefaliowd oxades, including without
hintitation (itanium dioxide (1105), aluminum oxide (Al,O3), zirconium dioxide (ZrO,), tin
dioxide (SnO5), zine exude (Zn0), and combmanions thereo.

[0082] Advaniageously, the particulate material may be one which provides
additional functionality to the compositions, including for example, uliraviolet (UV) hght
absorption or scatiering, in the case of, for example, titanvam dioxide and zinc oxide
patticulatles, or provide aesthetic characteristics, such as color {e.g., pigments), peatlesence
(e.g. mica), or the hke. The partcalate material may be based, for example, on organic or
inorgamc particulate pigments. Examples ol organic particulate pignments include akes,
especially aluminum {akes, strontium lakes, barinm lakes, and the like, Examples of the
inorganic particulate pigments are iron oxide, especially red, yellow and black iron oxides,
(lamium dioxide, zine oxide, potassiam fermcyanide (KaFe(CN)g), potassiuin ferrocyanide
(KyFe(CN)g), potassium ferrocyanide tribydrate (KyFe(CN)e3H;0), and mixtares thereof
The parficulate material mav atso be based on organic fillers such as tale, nuca, silica, and

mixtures thereof, or any of the clays disclosed in EP 1 640 419,

[0083) Any of the hydrophobically modified particulate materials deseribed in U'S.
Patent No. 6,683,126 to Keller et al.,

are also contemplated 1o be usefid, including without limitation those
obtamed by (reating an oxide material (e.g.. S10,, TiOy, ete.) with a (perfluorojalkyl-
contamniny compound that contams at least one reactive functional group (hat undergoes a
chemical reaction with the near-surface ~OH gronps of the oxide support particle, including
for example hexamethyldistlazane, octylinmethoxysitane, sithcone oil, chlorotnmethyistlane,
and dichlorodimethylisifane.
[0084] Suitable hydrophobically modified fumed silica patticles include, but are not
Lmited 0 AFROSIL™ R 202, AERQOSIL™ R 805, AEROSIL™ R 812, AEROSIL™ R §12
S, AEROSIL'™ R 972, AEROSIL™ R 974, AEROSIL™I R 8200, AEROXIDE [E-{
AEROXIDE™ LE-2. and AEROXIDE™ LE-3 from Degussa Corporation of Parsippany,
NI Other suitable paritcalates include the particulate silicon wax sold under the rade name
Tegotop™ 105 (Degussa/Goldschmidt Chemical Corporation) and the particulate vinyi

potviner sold under the name Mincor™ 300 (BASF), While stlica (510;) and

1§
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hydrophobicaliy-modified silicas ave coniemplaied to be particularly usefol in some.
enbodiments, in other embodiments the compositions will be substantially free of sulica or
hvdrophobically-modified silica. By substantially free of stlica or hydrophobicaliy-moditied
stlica means that these components comprise less than about 2%, prefetably less than about
1%, and more preferably less than about 1.5% by weight-of the one or more particulate
niaterials. A suitable hydrophobically modified atemipa paritéulate is ALU C 805 trom
Degussa. The hydrophobitally inodified silica matetials deseribed in U8, Patent Pub.
2006/0110542 (o Dietz et al., are contemplated {o be
particularly suitable. In some embodiments, the compositions will be substantially free of
alumina or hydrophobically modified alumina,

[0085) The one or wore particulate materials may- aiso comprise pariiculale orgame
polymers such as pelytetrafltorocthylene, polyethylene, polypropylene, nyton, polyvinyl
chloride, polvmethvimethacrylate (PMMAY), celludosics and the like which hiave been formed
into fine powders. Altematively, the particulate material may be & microcapsule comprising
any of the shell matertals described in LLS. Paient Pub. 2005/0000331,

[0086] The one or more additional particulate materials will tvpically be in the form
of a powder having a median particle size between about 1 nm (nanotsters and about § mu
(millimeters), more typically between about 5 nm and about 500 pm (nucrometer), prefesably
between about 7 nm and about | pn, 5 pm, 20 uny, S0 pm or about 100 wm, Where more
than one particulate material is employed (e.g., modified TiQ; and medified 510y}, the
median particle size of each powder is preferably within the foregoing ranges,

3087 Particulate materials having median pariicle sives above gbout 1 mm roay be
too large, unless the pavticle itself comtains surface roughiess in the appropriate size vange.
For exanple, surface (reatment ol a larger particle with a polymer chatn i the 2() nm range
may provide acceptable surface roughness. Roughness of the resulung {ilms may be
characterized by the size of the primary particle, by the size of agglomerated particles m the
aggregate, or by the disiribution of particle sizes.

|G088) Generally, the weigh{ ratio of the one or more hydrophobic film fotmers to the
hydrophobic particulates will be {rom about 1:10 o about 10:4, about 1:10 to about §:1,
about 1:5 to about 5:1, about 1:3 to about 2:1, or about 1:2 to about 1:1, with higher levels of
particuiate material being preferred. Mention may be made of the following rattos of one or

more hydrophobic {iim formers {o the hydrophobic particolates: abowt 1:15, about 1:10, about
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19, about 1§, about 117, about 16, about 13, about 14, about 1.3, about 1.2, about 111.5,
abouat 121, about 1.5:1, gbout 2:1, about 31, gbout 41, and about 31,

(0689} The one or more hvdrophobic {ilm formers and hvdrophobig particulate
natenials wall collectively compnise, for example, at least about G.1%, 0.5%, 1%, 2%, 5%,

I G“n F5%, 20%, or 25% 3355’ weight of the cosmetic COMPOS fion up 1o about 309, 40%, S0%,
609, 7%, §0%, 90% or 10(1% of the total weight of thecomposition, In various
embodiments, the one or more hydrophobic film formers and hydrophobic particulate
matersals will coltectively comprise from about 0.1% to about 90%, or about 10% to about
73%, or about 23% o about 60% by weight ol the total composihion, In vanious
embodinments, the one or more hydrophobic filay formers and | 1y drophobic particulate
materials aall vollectively s..“:iqutmrsa'ﬁ‘aﬁim about 1-3%. abouat 5-10%:, about 10-15%, about 15-
208, aboul 20-25% b, about 25-30%;, about 30-358%, “about 35-30%, about 44 59 9, about 45+
*s(}% about ﬁ{}a-:a:s"‘@ about “*Q'”(ﬂ}‘f{s about 6(-65%. about 65-70%, about 7 ia‘?%% ahout 75-
8iR4%, about 80-853%, about 85-80%;, about 20-95%%, or about 95-100%: based on the toial
weight of the composiion.

{0090 Where the composition is formulated as 8 mascara, the collective w eight of the
one or more hydrophobic film formers and hydrophobic particulate materials will t}fﬁpu::ﬁi bv be
between about 30% and about 70%% by weight. 1n a hair product, which will typically
comprise more volatiles than other cosmetic producis, the collective weight of the one or
move hwvdrophobic fiim lormers and hvdrophobic particulate matenals will typically be
bhetween about 1% and aboul 25% by weighi. In 2 liquid foundation, the collective weipht of
the one or more hydrophobie film formers and hydrophobic particelate matenials will
fypically be between about 0.53% and about 30% by welght. In a powdered cosmetic, such as
a rouge, the collective weight of the one or more hydrophobic film formers and hvdrophobic
particuiate materials will typically be between about 1% and abogt 3% by weight. For g
hpstick, the collective weight of the one or more trvdrophobic Glm formers and hvdrophobic
particuiate materials will typically be between about 30% and about 70%: by weighi,

THIEE The hvdrophobic Him-former and won oxide pigments andior carbon ack
particalate matenial may collectively comprise at least about 309%, at least about 6(®e, at least
aboat T0%, or at least about 830% by weieght of the nov-volatile portion of the composition.
Typically, the hvdrophobic hiim-former and particulate matenal will collectively compnise

less than about 93%, less than about 90%, or less than about 88% b;‘g weig;hl of the non-
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cosmetic products. In one embodiment the hydrophobic fibn-former and pioment materials

collectively compnise about 80% to about 9% by weight of the non-volatile portion ot the

composHion.

Anhy drous Fornngdations

[6692] The compositions of the invention may be provided as anhydrous
formulations. By “anhydrous” is mean that the welsht percentage of water in the
composition is less than aboat 1% by weight., Preferably, the anhvdrous compaositions are
substantially free of water by which is meant that water 1s not deliberately added to the
compositions and the level of water is no more than would be expeciad based on the
.fil?ifi'&-@qni@n of water from the .

[0693] The anhydrous composition will typreally comprise a volatile hydrophobic
solvent, such as volatile hydrocarbons, volatile silicones, and the hke. Among the volatile
tvdrocarbons, special mention may be made of 1sododecane which 1s avaiable under the
trade name Permethyv-99A (Presperse Inc.}.

(0694} in the case where the iron oxide piiment is surface-freated with perflucrealkvi

groups, it is contemplated that additional advantages will be obtained by incorporating at

n

least a small amount of a fluorinated solvents or polymers in the composition. Ht is believed
that the use of fluonnated solvents or binders will increase the dispersibiiity of the pigments
having perfluoroalkyl groups i the hvdrophobic [im {ormers and thus provide supernior
hvdrophobicity of the resultant film. Suitable {luonnated solvents and polvmaers include,
without limitation, perfiuoroethers, perfluorodecalin, perflaoromethyidecalin,
perfluorodimethyvicyelohexane, perfluorchexane, perfluoroheptane, perfluorononane,
perfluoromethyleyclohexane, perfluoromethylevecopentane, and fluorinated silicones, such ag
perfluorononyl dumnethicone, for example. Such Huonniated solvents and polymers may be
present in the composition 1y any amount, but typically will comprise from about 0.05% 1o
about 20% by weight, move typically from about §.1%40 to about 10% by weight, and

preferably from about €.5% 1o about 3% by weight.

Water-in-Ohil Enudsion
[B695] The conpositions according 1o the invention may be formulated as water-in-
oil emulsions. These emulsions comprise an oil-contamiing continuouns phase and an agueous

discontinuous phase.
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[ 3056] The o-containing phase will typically comprise from about 1% 10 about
99%; preferably from about 20% (o about 85%, and more preferably from gbout 30%
about T0% by weight, based on the total wetghl of the emulsion, and the aqueous phase will
tvpicatly comprise from about 1% {o abowut 909, preferably from about 5% (o aboual 7%,
and more preferably from about 20% 1o about 60% b\ weight of the total emulsion. The
aqueons phase will wmcqlh" COMPrise from about 25% 1o about iiii)*m noTe iy pimih from
about 30% to about 98% by weight water.

{1097} The otl-containmg phase may be composed of a singular o or mixtures of
different otls. Essentially anv oil is contemplated {0 be useful, although highly hydrophohic
olls arg preferrad. Suitable non-hinuting emmpies. include vegetable oils: esters such as octyl
palmtate, isopropyl mytistate and isopropyl palmiate; ethers such as dicapryvi ether; fatty
aleohols such as cetyl aleohol, stearyl aleohol and behenyl alcohol; isoparatting such as
isooctane. isododecane and isohexadecane; silicone oils such as dimethicones, cychc
sitheones, and polvsioxanes; hvdrocarbon otis such as mineral oil, petrolatum, 1soeicosang
and polyisobutene: natural or synthetic waxes: and the hike.

[0100] Suitahie wdz ophobic hy drocarbon oils ey be saturated or unsaturated, have
an aliphatic character and be straight or branched chaived or contan alicyelic or aromatic
rings. Hydrocarbon oils inchude those having 6-2¢ carbon atoms, more preferably 10-16
carbon atoms. Representative hydrocarbons mclude decane, dodecane, tetradecane,
tnidecane, and Cy-» 1soparaiiins. Paraffnic hydrocarbons are available from Exxon under the
{SOPARS trademark, and from the Permethiyl Corporation. In addition, Cap paraflfinic

hvdrocarbons such as Cyy isoparallin {isododecane} manufactured oy the Permethyl

Corporation having the tradename Permethyl 59A™ are also contemplated (o be suitable.
Various conmmerciaily available Ciq isoparaffins, such as isohexadecane {having the

iradename Permethyl R'™) are also suitable, Examples of preferred volatile hydrocarbons
inchude polydecanes such ag isododecane and 1sodecane, including for example, Permethyl-
Q94 {Presperse Inc.) and the (U through C-Chs isoparafting such as the Isopar Series
avatable from Exxon Chenucals, A representative hvdrocarbon solvent ix isododecane.
0181} What is critical is that the emulsions have little or no non-volatile hydrophilic
constituents, nchiding some conventional huamectants, Compovnents such as glyvecern and
polvoils, mcluding propylene ghveol, ethoxydiglyeol, glveerm, butvlene glveol, pentylene
glycol and hexylene giveol should be eluminated or should be kept at fevels such that the non-

volatile hydrophitic constituents, m the aggregale, do not exceed 15% by weight and
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preferably Wil'i. be dess than 0%, ess than 8%, less than 2%, or less than 1% by wea ghi
Glyveenn has been found (o be particularty detrimental to achieving superhydrophobicity and

shiould therefore be mamtained at tevels below 2% by weighi, or elimmated altogether.

10162} it bas been found that the selection and amount of emdstier s unportant for
obtaining films which provide saperior hydrophobic properies. Because the enndsifier iself

may be deletenous 1o the formation of a superhydrophobic film, the compositions preferably
have the lowest level of emualsitier capable of producing a stable emulsion. The amount of
entudstiter will typically be from about 0.001 wi % to about 10 wit %, but preferably will
range from about 0.01 to aboul 5 wi %, and most preferably about 0.1 wi % 1o about 1 wi %,
based upon the total w eight of the COMpPUSIII.

{81_9;315 For water in oif emudstons, the emulsifier itself should be of low HLB,
preferably below 10, more preferably below 8.5, While combinations of more than one
emulsifier are contemplated to be within the scope of the invention, each such emulsifier;
individualiy, should be of tow HLB. Therefore, the use of high and low HLEB enwlsiliers,
which i combination give low HLB (e g, less than 8.3), 13 less deswrable because even if the
conbined HLB of the xysie xm is below 8.5, the contribution of the higher HLB emulsifier will
be detrimental 1o the fmmaimn of a superhydrophobic film, 1f present, the amount of
emulsifier having an HLB above 10 will be less than 196 by weight, more praferably less than
0.5% by weight, and movre preferred still, lees than 0.2% by weight.

0104 Where the emuistiier s of the polyethoxyviated tvpe {e.g., polvoxyethviene
ethers or esters) conyprising chaing of the form (CHCHOY,- # 1 preferred that n be less
than 20, more preferably less than 10, most preferably less than 5. Propoxylated emulsifiers
are also contemplated to be switable. Propoxviated emudsifiers also preferably having lesg
than 20, more preferably less than 10, most preferably less than 3 propylene oxade repeat
unis,

|01 65] Enmudsiliers that can be used in the composttion of the present invenhion
mchide, but are not hmited to, one or more of the followmmg: sorbutan esters; polvelveeryl-3-
dusosiearate; sorlnian monostearate, sorbian {ristearate, sorbilan sesquinleate, sorbitan
monooleate; glveerol esters such as glycerol monostearaie and glveerol monooleate;
polyoxyethyviene phenols such as polvoxvethylene octyl phenol and polvoxyethviens nonyl
phenaod; polyoxyethylene ethers such gs polvoxvethviene cetyl ether and polvoxyvethylene
stearyl ether; polvoxyvethylene ghveol esters: polyoxyvethyiene sorbitan esters; dumetluncone

copolvols; polvelyceryl esters such as polyvelyceryi-3-dusostearate; glveeryl laurate; Sieareth-

'!"
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2, Steaveth-10, and Steareth-29), to name a few, Additional enwnilsifiers aie provided in the

INCT Ingredient Dictionary and Handbook 11th Edition 2006.

[0106]} An example of a very low HLEB enuulsifier contemplated to be suitable
according to the invention i Span 83, a sesquigster-of monooleate and dioleate at & 2:1 molar
ratio which has an HLB of 3.7, Sorbitan monostearate (EINCI) is another suitable emulsifier,
haviie an HLB value of 4.7,

[0107] The aqueous phase may 1nclude one or more additional solvents, preferably
volatile solvents, including lower alcohols, such as ethanol, 1sopropanal, and the Iike, The
volatile solvent may also be a cosmetically acceptable ester such as butyl acetate or ethyl
acelale; ketones such as acetone or efhyl methyl ketone; or the hike. The volatile solvents,
when present in the aqueons phase, will typreally coinprise from gbout 0.1% to about 75% by
weight of the agueous phase, more typically up to about 35% by wieight, and prefevably up 1o
about 15% by weight. The water and optional volatile solvents are contemplated to enhance
the formation of a superthydrophobic filim because the particuiates will tend (o be pushed (o

the surface of the filn as the solvents evaporate.

Water-in-Silicone En

[0108] One type of water-in-ot emalsion that has been found to be useful is a water-
tn-silicone emulsions having a silicone oll-containing continnous phase and an aqueous
discontinmsous phase.

{0109] The silicone-containing phase will typically comprise from about 20% to
aboni 93%, preferably from about 25% (o about 85%, and more preferably from aboud 35%
to about 70 the aqueous phase will typically comprise from about 5% to about 90%,
preferably from about 10% to about 70%., and more preferably from about 20% to about 60%
by weight of the fotal emalsion. The aqueous phase will typically comprise from about 25%
t0 about 100%, more typically frouabous S0% (o about 95% by weight water.

|61 10] The silicone o1t phase may include volatile silicone oils, non-volatile silicone
oils, and combinations thereol. By volatile silicone ofl is meant that the oil readily
evaporates at ammbient temperatures. Typically, volatile silicone oils will exhibst a vapor
pressure ranging Ifrom about | Pa to about 2 kPa at 25°C; will prelerably have a viscosity of

from about (1.1 to about 10 centistokes, preferably about 5 centistokes or less, more

o
LF
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prefevably about 2 centistokes or lessat 25°C; and will boil ai atmospherie pressure at from
about 35°C (0 about 250°C,
[011f] Volatile silicones include cyclic and linear volatile dimethylsiloxane silicones.
In one entbodiment, the volatile silicones may inclade evelodimethicones, including tetramer
(D4), pentamer (DS), and hexamer (D6) cyclomethicones, or mixtures thereof. Particular
miention may be made of the volatile eyclomethicone-hexamethyl cyclotrisitoxane,
octamethyl-cvelotetrasiloxane, and decamethyl-cyclopentasiloxane. Suitable dimethicones
atre available from Dow Coning under the name Dow Corming 2008 Fhnd and have
viscosittes ranging from Q.65 to 600,000 centistokes or higher. Suitable non-polar, volatiie
liquid silicone oils are disclosed in U.S. Pat. No. 4,781 917,

Additional volatile silicones materials are described in Todd et al., *Volatile
Silicone Fluids for Cosmeties”, Cosmetics and Totletries, 91:27-32 (1970),

Linear volatite silicones penerally have a viscosity
of less than about 5 centistokes al 25°C., whereas the ¢yclic silicones have viscosities of less
than about 10 centistokes at 25°C. Examples of volatile silicones of varying viscosities
inchude Dow Coming 200, Dow Coming 244, Dow Coming 245, Dow Comning 344, and
Dow Corning 3435, (Dow Comning Corp.); SF-1204 and SF-1202 Silicone Fluids (G.E.
Silicones). GE 7207 and 7158 {Geueral Clectric Co.); and SWS-(13314 (SWS Silicones
Corp.). Linear, volatile stlicones include low molecular weight polydimethiylsiloxane
compounds such as hexamethyldisiloxane, octamethylinsiloxane, decamethyltetrasiloxane,
and dodecamethylpentasiloxane (g name a few.
| 0112} Non-~volaiife silicone oils will typically comprise polyaikylsiloxanes,
polyarylsiloxanes, polyalkylarylsiloxanes, or mixtures thercof, Polydimethylsiloxanes are
preferced non-volatile silicone oils. The non-volatile silicone oils wall typireally have a
viscosity from about 10 to about 60,000 centistokes at 25°C, preferably between about 14 and
about 10,000 centistokes. and more preferred still between about 10 and about 500
centistokes: and a boiling point greater than 2507C al gtrospheric pressure. Non hmiting
examples include dimethy! polysiloxane (dimethicone), pheny! trimethicone, and
dipheny ldimethicone.

[0113] The volatile and non-volatile silicotie oils may optionally be substituted will
vatious functional groups such as alkyl, aryl, amine groups, vinyl, hydroxyl, haloalky!

eroups, alkylaryl groups, and acryvlate groups, to name a few.
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[0114] The water-in-sthicone cmuléio‘h s emnlsifigd with a pontonic surfaciant
(eraulsifier). Suitable emulsiliers include polydiorganosiioxane-polyoxyalkylene block
copolymers, including those descrtbed in U.S. Paten( No. 4,122,029,

These emulsifiers penerally comprise a
polydiorganesiloxane backbone, typically polvdimethylsiloxane, having side chains
comprising ~(EQ)y- and/or ~(PQ)y— groups; where EQ is ethyleneoxy and PO is 1.2-
prapyleneoxy; the side chains being typically capped or tenninated with hyvdrogen ov lower
alkyl groups (e.g., Cig, typically Cia). The side chatns will preferably compnse 50 £O
and/or PO units or less {¢.¢., m + n =<30), preferably 20 or less, and more preterably 10 or
tess. 1n addition to the alkoxylated side chain, the silicone emulsifier may also comprise
alkyl chains pendant {rotn ihe siticone backbone, Other stitable water-in-silicone emulsifiers
are disclosed in 1.8, Patent Na. 6,685,032.

Commercially available water-in-silicone emvulsiiiers include those
available from Dow Corning under the trade designations 3225C and 5225C
FORMULATION AID: SILICONE SF-1528 available from General Electric; ABIL EM 90
and EM 97; available from Goldschnridt Chemical Corpevation (Hopewell, VA); and the
SILWET™:series of enulsificss sold by OSI Speciallies (Danbory,.C1),

[(1115] Exatiples of water~inesilicone emulsificrs include, but are not hnuied to,
dimethicone PEG 10/15 crosspolymer, dimethicone copolyol, cetyl dimethicone copolyol,
PEG-15 Inaryl dimethiicone crosspolymer, lauryloiethicoae crosspolymer, cyclomethicone
and dimethicone copolyol, dimethicone copolvel (and) caprylic/Gapric triglycerides,
nolyglyceryl-4 isostearate (‘“’d).. cetyl dimethicone copolyol (and) hexyl laurate, and.
dimetliicone copolyol (and) cyclopentasttosane,

{0116] Preferred examples of walsr-in-silicone emulsifiers incluade, without
imitation, PEG/PPG-18/1§ dimethicone (trade name 5225C, Dow Coming), PEG/PPG-19/19
dimethicone (irade name BY25-337, Dow Corning), Cetyl PEG/PPG-10/1 dimethicone {trade
name Abil EM-00, Qoldschmidt Chemical Cerparation), PEG-12 dimethicone (trade name
SF 1288, General Electric), lauryl PEG/PPG-18/18 .;net,liic;uue (trade name 5200
FORMULATION AID, Dow Corning); PEG-12 dimethicone crosspolymer (trade ngime 9010
and 9011 silicone elastaomer biend, Dow Corning), PEG-10 dimethicone crosspolymer (trade
name KSG-20, Shin-Etsw), and dimethicone PEG-1{/15 crosspolymier (trade name KSG-
210, Shin~-Etsu). '
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{3117} The water-in~-sthcone f:*sz;.siaifi ers typieaity will be present i the composiion
i an aniouwt from about 0.001% 10 about 0% by weight, 1n particular in an amount from
about (1.01% to about 5% by weight, and more preferably, below 1% by weight.

01 18] in one embodiment of the wvention, a composiiion for mmparting a
hydrophobic film on a surface comprises a water-in-oil emalsion. The water-in~oil emulsion
includes (1) a contimuous oil-phase; (i} a '{iﬁismminu:@‘us{"im'&amai} agueouns phase; (i) an
ernulsifier having an HLB value tess than 10, j;‘:fr&femiﬂy less than 8.5 (iv) one or more
byvdrophobic fiim formers, and {v) hydrophobically-modilied won oxade pigments and/or
carbon biack.

[0119 | tu g refated embodiment, 3 COMPOSHION for imparting a hydrophobic film ona

surface comprises a water-in-siticone enuldsion. The water-in-silicone emulsion includes (B a

‘‘‘‘‘

COMPrismE an nﬁ_anommatm polviner having side ti 1ains comprising
A EO ) anior -{POY,~ oroups, where n and m are inlegers from zero to about 20 and where

the sum of n and m 1s 34 or less, the side chams bemy termunated with hydrogen or lower

alkyl groups? {1v) one or more frydr ophobic film formers, and (v} hvdrophobically-modified

won oxide pigments andfor carbon black.
[0120] In both the water-in-oif and water-in stlicone enndsions, the weight ratto of the

one of more hvdrophobic im formers o the hydrophobicallv-moditied ron oxide prgments
and/or carbon biack 1s as described sbove, and mayv suiiably be, for example, front gbout 110
to gbout 1001, about 1: 10 to about 5.1, abowt 13 to about 5:1, aboui 1.3 1o abowt 2:1, or about
1:2 to about 111, with lugher levels of particalate material being preferred: and the one or
more hydrophobic film formers and hydrophobicatlv-modified ron oxide pigments andfor
carbon black matenals coliectively comprise at least about 1% by weight, preferably at least
about 2% by weight, more preferably at least about 3% by weight of the water-m-oil or
wiater~in-silicone enuidsion up to about 1%, 15%, 20%, 25%, 30%, 40%, 50%;, 604, T0%,
R, or Y% of the total weight of the emulsion.

{1211 in the preferred praciice of the mvention, the hvdrophobic ilm formers and
hvdrophobic pigments are first dispersed or dissolved in the oil or silicone phase. The oil or
silicone 1s subsequentdy mxed with the agueous phase to form an emudsion. The emulsions
witl tvpically have the hydrophobic film formers and hydrophobic pigmentis dispersed or

dissolved predominantly i the ol or silicone phase.
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Cosmaues

(0122} Cosmetic composiitons according {o the invention include, but are not imited
{0, color cosmetics, skin care producis, hawr care products, and personal care products. Color
cosmetics mchude, for example, foundation and mascara. Skin care prodacts mchude, but are
not limited to, sunscreens, after-sun ;‘}.rmh}t:'t&, Jotions, and creams. Additional apphications
include use in hair care products, insect repel fletniits,g decdorants, anti-perspirants, lipstick, ear
canal product, baby wipes, babyv creams or fotions, (op coais to inpart waler-proofing o
water-resistance to a previously applied cosmetic product, personal care product, har care
product, or first aid product, For example, the composition according to the invention could
be applied as a top coat over a previously applied base coat 1o improve water-proofing or
water-resistance. Simifarly, the commposition coudd be applied as a top coat overa first aid
product such as an antibiotic ointment or spray, bandage, ov wound dressing,

31234 The preferred cosmetic according to the invention is a mascara, The
composiiions of the tnveniion may further have anv ingredient conventionally used m the
cosmetic leld, i particalar i the mamufacture of mascara prodacts. The amounts of these
various ingredients will typically range frony about 0.0 o about 20 wi. % by weight of the
composition. The nature of these ingredients and their amounts must be judiciously selecied
10 not be deleterious to the superhydrophobic films. In this resard, it should be noted that the

13

FE4]
N

i

“’r

regate of atl non-volatie, bydrophilic components should be Kept below 15% by wey
and preferably below about 10% by weight of the composition.

{0124 In addition to the iron oxides pigments and/or carbon black, the mascara may
comprise addittonal __,;:3-#&:%111%&5? pearlescents, and/or colorants as s customary for such
products. Inorganic pigments include titanium dioxide, zine oxide, won oxtde. chromiam
oxiie, ferric blue, and mica; organic pigments inchude barium, strontium, calcium or
alwmninigm lakes, uliramarines, and carbon black: coloramis mchude D& Green #3, D&
Yellow #5, and D&C Blue #1. Pigments and/or colorants may be coated or surface freated
phases. Preferred prgments andfor colorants are those surface treated with dimathicone
copolvol,

{11 254

Various fillers and additional components may be added. Suitable fillers
nclude without hinutation sthica, treated sihica, tale, ane stearate, mica, kaohn, Nyvlon

powders such as Orgasol™, polyvethvlene powder, Teflon™, starch, boron nitride, copolymer

29
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microspheres such as Expancei™ (Nobel Industivies), Polytrap®™ {(Dow Corming) and silicone
resin microbeads (Tospearl™ from Toshabg), and the like.

[6126]) Additional pipment/powder {illers meiude, but are not limited 1o, norganic
nowders such as gums, chalk, Fuller’s earth, kaoln, sericite, muscovite, phlogopite, synthetic
nitca, lepidolite, biotte, hithia puca, vermaculile, aloommem silscate, starch, smectite clays,
alkyl and/or trialkyl arvl ainmonium smectites, chemically modified magnesiuim alumimum
silicate, organicatly modified montmorilloaite clay, hydrated aluminum silicate, alumingm
starch octenyl succinate barium silicate, calcium sihicate, maguaestam stlicate, strontitm
silicate, metal tungstate, magnesium, silica aluming, zechte, barium sulfate, calcned calciam
suifate (calcined gypsum), calciam phosphate, {luorine apatite, hydroxyapatite, ceramic
powder, metallic soap (zine stearate, magnesium stearate, 7inc myristate, calcium pahmitate,
and alutinwm stearaie), colloidal silicone dioxide, and boron nitride; organic powder such as
polyamide resin powder (nylon powder), cyclodextnin, methyl polymethacrylate powder,
copolymer powder of styrene and acrylic acid, benzoguahamine resin powder, poly(ethylene
tetrafluoride) powder, and carboxyvinyl polymer, cellulose powder such as hydroxyethyl
celiulase and sodium cathoxymethyl celtulose, ethylene glycol monostearate; inorganic white
pigmenis such as magnesium oxide; aud stabilizers/ theology modifiers, for example,
Bentone Gel and Rheopear! TT2. Other useful powders are disclosed i U.S. Pat. No.
3,688,831,

0127} The mascara composition may comprise one or more waxes, including for
example, rice bran wax, carnauba wax, ouricurry wax, candelilla wax, montan waxes, sugas
cane waxes, ozokeriie, polyethylene waxes, Fischer-Tropsch waxes, beeswax,
microcrysialine wax, silicone waxes, [luorinated waxes, and any combination thereof.

[0128] The compositions, in particular the mascara composItions, May comprise sn
additional film former that is a cationic potvmer. Suftable cationic polymers include, but are
not limited to, Polvquaiernium-~-4, Polyvquaterniom-5, Polyquaternium-~6, Polyquaternram-7,
Polyqguatenmum-10, Polyguuaternium-22, Polyquaternium-~37, Polyquatermum-47, or any
cambination thereof Polyquaternium-7 iy gspecially prefetved. Polyquaternium-7 s @
quaiernary ammonium saft of a acrylamide/dimethy! diallyl ammoniuwm chloride copolymer.
Polyquaternium-7 1s avatlable as SALCARE®R Super 7 (markeied by Ciba Specialty
Chemucals, Inc.).

[0129] The conpositions of the invention may optionally comprise other active and

mactive mgredients tvpically assoctated with cosmetic and personal care products, ncluding,
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bt not lmited to, excipients, fillers, emulsifyving agents, antioxidants, surfactants, film

formers, chelating agents, gelhng agents, thickeners, emollients, humectanis, moisturizers,

vitaniins, minerals, viscostty and/or rheology moditiers, sunscreens, keratolvtics,
depramenting agents, retinoids, hormonal compounds, alpha-hydroxy acids, alpha-keto acids,
anti-myeobacterial agents, antifungal agents, antimicrobials, antivirals, analgesics, lipidic
compounds, anti-allerpenic agents, H1 or H2 antthistanmines, anti-inflammatory agents, anti-
ivritants, antineoplastics, immune sysiem boosting agents, immune system suppressing
agents, anbi~acne agents, anesthetics, antisephics, msect repellents, skin cooling compounds,
skin protectants, skin penetration enhancers, exfollients, lubrnicants, fragrances, colorants,
stanmng agents, depigmenting agen is, hy popigmenting amm\ preservatives, stabilizers,

pharmaceuticat agents, photostabilizin 1y agents, and nughaes thereof. If present, the levels of

(

such additional components should be. u{iipiﬁw«lw selected so as pot to adversely unpact the
ability of the emulsions to form ~s-upm.‘il}fdmph;i-c films. Collectively, all such additional
compaonients should preferably comyprise fess than 3% by weight, more preferably less than

2% by weight, and more preferred still, less than 19% by weght of the tolal composiiion.

[0130] The contbination of leydrophobic film forpung polymer and hydrophobic
pigmeni (e.g, hydrophobically-modified pigment, carbon black, eic.) "ijyj;:sriealiy will comprise

from about 11.5% (o about 99% of the cosmetic conmpositions. More, particularly, the
combination of hydrophobic film forming polvmer and hydrophobic pigment may comprise
from about |-5%, abowt 5-10%, about 10-15%, about 15-2(4, about 20-25%, about 253-30%,,
aboul 30-38%, about 40-45%:, about 45-50%, about 30-35%,, abot 55-60%4, about 60-63%,
about 63-70% abowt 70-73%,_ about 75-80%, about 80-85%,, about 85-90%4%. or about 90-
9535, by werghi of the cosmetic composition.

[0131] The hydrophobic pignment will typically comprise about 20% 1o about 95% of
the weight of the dned fiim, by which 15 meant a filn formead from the cosmetic composition
after f.wz?ip-@.rai;i? on of any volatile components present. In vartous emwbodiments, the

~~~~~~

483-43%, about 3:} S51%%, about 80-353%, about 33-609%%, about 60-65Y%, abeu‘:{ {'i:"i--—--‘?{}fi%ﬁ &i}{mt:
Ti-75%, about 75<80%, or from about 80-85% of the dried film, on a weight basis. #tis
observed that the amount of hvdrophobic pigment 1 the dried film 13 wdeally adjusted toward
the high end of the foregomy range m the case where the molecular weight of the fim former
15 farge (e, cellulosics), or where the film comprises high levels of non-volatile water-

sofable or water-dispersible components which may coat or mask the pigment on the surtace

bt
)
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of the ilm. Preferably. the collective amount of nou~-volatile water-soluble or water-
dispersible components in the fried fitm will be below about 35%, below about 30%, below
about 25%, below abou( 20%, below about 15%, below about 10%, below about 5%, or
below abowt 2.5%, based on the total weight of the dried {m. In some embodiments, the
superhydrophobic films. will comprise less than 1% by weight of nog-volatile water-soluble.
or water-dispersible components.

10132] The hydrophobie pigment may comprise, consist essentially of], or consist of
hydrophobically modified iron oxide. By “consist essentially of” hydrophobically modified
iron oxide is meant that the presence of additional hydrophobic pigments is excluded 1o the
extent that the presence of suclt additional hvdrophobic pigments would have a measurable
impact on. (the contact angle of the resultant filor. In some embodiments, the hydrophobic
piginent component imay comprise move than about 5%, more than aboat 10%, more than
about 15%. more than about 20%, more than about 25%. more than shout 30%. mote than
about 35%, more than about 41%, more than about 43%, more than about 30%, more than
aboat 35%, more than about 60%, more thar about 05%, more than abouat 70%, mote than
about 75%_ more than about ¥0%s, niore than about 85%, mmore than about D0%, or move than
about 93% by weighi hydrophobically-modified iron oxide,

[0133] The hydrophobic pigment may GO‘tlli).l‘liS&, conssst essentially of, or consist of
carbon bluck. By “consist essentially of” carbon black s meant that the presence of
additional hydrophobic pigments is excluded to the extent that the presence of such additional
hydrophobic pigments would have 8 measurable impact an the contact angle of the resultant
filnr. 'In some embodiments, the hydrophobic pigment component may comprise more {han
aboni 5% more thaw about 10%, more than about 15%, more thay about 20%;, nwore than
aboat 25%, more than about 30%, niore than about 35%, more than about 40%, more than
about 45%, more than about 0%, nwore than about 535%, more than about 60%, more than
about 65%, more ihan aboui 70%, more than about 75%. more than about 80%, more than
about 85%, mare than about 80%, or more than about 95% by weight carbon black.

{0134 A mascara according (o the wnvention may further comprise any of the
customary ingredients for such a product, including those mascara ingredients listed in the
International Cosmetic Ingredient Dictionary and Handbook, | 2% Eg. (2008) at pages 3435«
3438

[0135] In one embodiment, the composition i1s formulated as a sunscreen conmprising

hydrophobically modihed {1.e., smface treated) tilaniun dioxide or zinc oxide. The
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hydrophobically modified titanium dioxide or zinc oxide may comprise st from about 1% to
aboui Ieast about 13% of the totat weight of the corposition. The sunscreens will optionally
comprise one or more organic UVA and/or UVB filters (hydrophobic or hydrophilic),
although the levels of hydrophilic organic sunscreens in the emulstons should not be so hugh
as to adversely impact the ability to form u superhydrophobic sugfnce and the aggregate
amount of such organic sunscreens will prefevably be below about 10% by weight, niore
preferably below about 5% by weight. The sunscreens according to the invention will exhibit
improved water-resistance as compared to conventional emulsion-based sunscreens.
[0136] The present composition may have one or more active sunscreens, Such
sunscreen actives may be organic or inorganic and water-soluble or oil-soluble. Such actives
include those for UVA and UVB protection {290 to 400 nanometer solar radiation). Such
sunscreen actives include, but:are not: iimited to, orie or mare of the following:
dibenzoylmethaue, oxvhenzone, sulisobenzone, dioxybenzone, menthyl anthranilate, paia
aminobenzoic acid (PABA), octyl methoxycinnamate, DEA methoxycinnamaie, octocrylene,
drometrizole irisiloxane, octyl salicylate, homomenthyl salicylate, octy! dunethyl PABA,
TEA salicylate, 4-methyl benzilidene caraphor, octyl triazone, tevephthalydiene dicamphor
sulfonic acid, phenyl benzimidazole sulfonic acid, ethyl PABA, hydroxy methylphenyl
benzotriazole, methylene bis-benzotiazoyitetramethy lbatylphenol, bis-ethylhexyloxyphenol
methoxyphenol triazine, tiianium dioxide, zinc oxide, or any derivatives or any combinations
thereof Other useful sunscreen actives nclude those disclosed i U.S. Pat. No. 5,000,937,
Prefeived sunscreens include octylimethoxy
cinnamate, oclyl salicylate, octocrylene, avobenzone, lue'razt);)]ienorxe-T%, and polysilicone~13
(Parsol skx).
[0137] 10 one embodiment, the compositions are applied to the skin, preferably the
skin of the face. Such compositions may be formulated as a foundation, a blush, eyeshadow,
ete. In another embodiment, the compositions are provided as a water-resistant, transfer-
resistant lip product (e:g., a lipstick or lip gloss), in which case the compositions are applied
to the lips. In another embodiment, the compesitions may be formulated as a nail polish.
Color cosmetics, including foundations, mascaras, nail polishes, lip sticks, eve shadows, and
the like will oplionally comprise one or more additional colorants, icluding dyes, lakes,
pigments, or combinations thereof,
[0138] In another embodiment, the compositions are applied to the hair {hair of the

body, scalp, beard, mustache, eyelashes, elc.) and provide resistance againgt welting.  Thus,
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for example, the composition may be applied o the haw before swanmming such that the hair

mimimaily wet 1s meant that the weight of the hawr atter subinersion 1s mcreased by 100% or
less, preferably by 30% or less, more preferabiy by 25% or less, and more preferred stuli by
10% or less as compared 1o the weight of the hair prior to submersion in water. Farther, after
one or two vigorous shakes of the hatr, the hair will be essentially dry. By essentially dry 15
memtt that the weight of the hair will be increased by less than about $% or less than about

',

2.5% as compared to the weight of the hair before submersion. The foregomg may be tested
using hair swaiches {reated with the inventive composiions. Likewise, the compositions may
be applied to the hair of g pet, such as a dog, before swimming such that the pet is
substantially dry immediately after swimming without the need for towelin g off, etc., of to
bivestock so they are not wetted by snow, vain or mud.

131 39 Additional components may be incorporated as fillers or for various functional
MEposes as is customary in the cosmetie arts. However, while addifional conponents

consistent to formalate the above cosmetic composttions may be mchided, the molusion of

additiongl maredients is limited to those ingredients which do not interfere with the formation

of a superhydrophobic film.
EXAMPLES

Example 1

{3 4{}1 This Example compares three films comprising iron oxides h};-d_rzwphgﬁzic:.-=;1-1iy-x-
modified with perfluoroalkyl groaps on the basis of their contact angle with 8 water droplet.
In each case, the tron oxide pigment was Black ron Oxides (INCT) surface-treated wath
Perfluorooctvl Thnethoxysilane (INCI), The puznents difler with respect 1o particle size and
decree of surface treatment. Table 1 provides the mean and median pavticle size, the percent
surface treatment (ST, and the ratio of the percent surface tregtment (81) 1o the mean and

median particle size for each of the won oxade pigments used i this example.

Table {.

| peroent surface | rato of parcent suriace
L ireaimend freatment 1o particle size

Particle stre {pm)

b g
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Sample mean median {%“ NTamean STmedian

.............................................................................................................................................................................................................

I K8 {47 {343

A= Unnpure black LOPRO FS 8% {Sensient)y, B = LUnipwre black LOUES FS 1.6% (Sensient)y and € =
Rlack fron oxide FS 3% (Sensient); 'defined as 100 times the weieht ratic of Per{lnoroociyvi
Tricthoxystlane (INCH (o ron Oxades (INCHD.

{0141} The ron oxide pigments of Table 1 {Samples A, B, and T} were added 10

PA, B, and 1C, accordhng to Table 2. All amounts histed m Table 2 are provided as weiglt

percentage of the iotal compaosition.

Table 2.

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

+ ‘ | ;
isododecane

~ : A oo . : :‘3'
1sododecans and acrylates/dimethicone copolynier

1sododecane and ethylene/propylene/styrene copolymer
and butylene/ethylene/styrene copolymer”

Pigment {(Sample A} 14} —

A A R¥ N ¥

Pigment {Sample B)

e

Pigment {Sample O} 10

WY, W NN NN RN NN NN NN NN NN NN NN NI NN NN NN NN NN NN NN NN NN NN NN NN NN NNV,

100 100

‘Permethyl A from Presperse; “KP 550 from Shin Etsu; "Versage! MD 1600 from Penreco.

3
...... &=

m
i?ﬂ'i'
'
'y
P
il
NN NN

({01421 Formulations 1A, 1B, and 1C were applied to glass shides and volatiles were
aliowed to gvaporate {0 give a than filim. The contact angles of each {iim with a drop of water
were measured using a Krass Drop Shape Analysis System DSA 10 MK2. The contact angle

was caleculated vig the mstrument software using the airele it method. The water vohinme

F i
LF
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(re., drop stre} was setio 3 pl. The contact angles were measured to be 133" (1A), 1386
{18}, and 143 1° (1),

(0143} Table 3 shows the correlation coefficient {1, .} and the coefficient of
determination {1} for the variables ¢ x,v). where v 1s the measured contact angle and values x

are the following independent variables: percent surface treatment (ST, median particle sive

ratio of ST o mean particle size (ST:mean).

Table 3.

ST mean

8T median mean - STimedian

...................................................................

3 241

r 0.053 0.058 0.78Y 6).801 0.999

[(144] As shown i Table 3, the rato STanean {t.e., the ratto of percent surface
freatment to mean particle stze m nucrons) {or ron oxide prements surface treated with
Perftuorooctyl Triethoxysilane (INCH) 15 a betier pradictor of fiim hydrophobictty than the

other imdependent vanabiles.

Example 2

| 1080 This Example compares three filmis comprising iron oxides hydrophobically-
modified with atkvi chains on the basis of thewr contact angle with o water dropilet. In each
case, the ron oxide pigment compnised Black fron Oxades {INCI) surface-treated with
Triethoxveaprvivisiane (INCIY. The prgments differ with respect {0 particle size and degree
of surface freatment. Table 4 provides the mean particle size {mean), the percent surface

{ST:mean)} for gach of the ron oxide pigments used in this example.
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Table 4.

- L TEL TERL L TER TER THR TEL TER TER HL TEL TER TER TEL TER TER HL TEL TER ER TER TER TER HR TEL TER TER TER TER TER ER TER TER TER ER TER TER HR TER CTER ER TEL TER TER ER TEL TER TER TER TER TER ER TER TER TER TR TER TER HR TER TER TER TR TER TER ER TER TER TER TEL TER TER ER TER TER TER TER TER TER ER TER TER TER TER TER TER HR TER TER TER TER TER TER ER TER TER TER TEL TER TER TER TEL CTER TER TER TER TER ER TER TER TER TER TER TER ER TER CTER TER TER TER TER R TER CTER ER TER TER TER HR TER TER TER TER TER TER ER TER TER TER TER TER ER R TEL CTER ER TEL TER TER HR TER CTER TER TER TEL TER ER TER CTER TER TEL TER TER R TER CTER TER TEL TER TER R TER TER TER TER TER TER ER TER TER TER TER TER TER HR TER TER ER TEL TER TER R TER TER THR TEL TER WL L WL W W W ¢

| mean particle
L s1Fe {jm)

pa:m,m sar face
reatment’ (8T

P =Rlack won oxide AN # 3073 {Sensientd, a meﬂ*mx caprylyvisiiane reated fron oxide pwz*nwi k=
Covahumive black AS (Sensient), & tricthoxveapryvivisilane treated fron fsxxda. and aluming prgment;
and

b= Black NF 1152 (Kobo), a tricthoxyeapryivistiane treated wron oxide pigment; ‘defined as 100
times the weight ratio of wicthoxy g.apnh Isilane to metal oxides.

[0145] The alkyisilane-treated won oxide pigmenis of Table 4 {Pigment Sampies D,
E. and F} were added to anhvdrous dispersions of hydrophobic film formers in isododecans
{0 prepare formudations 2D, 2E, and 2F, according {0 Tahle 5. Al amounts hsted m Table 2

are provided as weight percentage of the total composttion.

Table 3.

INCI name/description

isododecane’

1\ad0deraﬂe and acrviates/dimethicone
copolymer”

isododecane and
athviene/propylene/styrene copolyimer
| and butyvlene/ethylene/styrene copolymer”

Pigment (Sample 1)

Pizment (Sample E)

Pigment (Sample F)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

................................................................................................................................................................................................................

1

‘Permethyl A from Presperse; “KP 550 from Shin Etsa;
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3146} Fornutdattons 203, 2E, and 2F were applied (o glass shdes and volatles were
atfowed o evaporate 1o give a thin film. The contact angles of each Hibm with g drop of water
were measured using a Kruss Drop Shape Analvsts System DSA 10 MEKZ2, The contact anple

was calculated via the mstrament software usig the curcle It method. The water volume

(2E), and 142 8° (2F),

{147} As with the perfluorcatkvisilane-treated iron oxide pigments of Example 1, the
ratio ST mean (ratio of percent surlace treatment 1o mean particle S1ze M MICTONS )} Was
strongly correlgted with hyrophobictty of the resultant films with the highest ST:mean
plgment providing the most hydrophobic {ilm, Although in this case the percent surface
treatment (ST) alone and the mean particle size (mean) alone produced greater &y, and ©°
values than the ratio ST mean. the Stgm ficance of thus Inding s discounted, i part because
of the limited data set and in part because pigment Sample E {(Covalumine black AS from
Senstent) comprises T9% by weight alununa and 209 by weight iron oxide, whereas the
prements of Samples D and F comprise only sron oxide as the metal oxide component.

[0148] Nevertheless, it is established that atkylsilane-treated iron oxide pigments

having a ratio of percent surface treatment to mean particle size in microns {STimean) greater

£

than about 2.5 are capable of providing a superhydrophobic {ilm

f

Example 3

{0149] This exampie provides a conposition fow imparting a superhydrophobic film

vehicle, The composition has the formulation provided in Table 6.
(0150}
Table 6.

.

INCI name/description | Sample 3

isododecane™” | 64

| isododecane and acrylatesidimethicone copolymer™” K

isododecane and ethvlene/propylene/stvrene copolymer
| and butvlene/ethylene/styrens copolyvmer’™

g
o
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| D&C Black # 2% 10

total | 100

Permethvl A from Presperse; “KP 350 from Shin Eisu; "Versagel MD 1600 from Penreco;

“Unipure black LC 902 from Sensient.

151§ A film was prepared by depositing the compositton of Table 6 on a glass shide
and permitting the volatiles to avaporate. The contact angle with a drop of water was
measurad (o be 82
Example 4
[0152] This examiple demonsirgtes the s;}f-%;n.ergi&siic tmprovement in
superhydrophobicity obiainable using a mixture of carbon black pigment and alkylsilane-
treated won oxide pigment. Formudations having varving ratios of carbon biack pigment to
iron axide pigment were prepared according to Table 7.
LERRS

Table 7.

:5 Exampie No.
: INCH name .‘d&Sﬁflpn oh 0 p— e U .

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

isododecang’

- isododecans and acrylates/dimethicons
- copolymer”

- wodedecane and
ethviene/propyleneistyrene copolymer
and butylene/ethylene/styrene copolymer’

- Pizment {Sample D)

....................................................................................................................................................................................................................

- D& Black # P

- {otal

‘Permethyl A from Presperse; “KP 350 from Shin Etsu; "Versagel MD 1600 from Peureco;
“Unipure black L.C 902 from Sensient.
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FO1 54 As ciscussed in Example 2, the contact angle with water for the sample
compnsing [0% by weight alkvisilane~tregted won oxade (Sample 2D} was found {o be
113.2°. The sample comprisiag 1% by weight carbon black (D&C Black # 2) was shown in
Example 3 to have a contact angle with water of 14827 These values were used to predici
the contact angle of samples having 7.3% by weight pig gment Sample D and 2.5% by weight
D& Black # 27 5% by wetzht pig gment Sample D and 8% "i:sx weight D&C Black # 2; and
2.5% by weight pigment Sample D ang 7.5% by weight D&C Black # 2, assuming that the
contrtbution of each pigment o the contact angie s additywve. The results are plotted m Figure
I as indicated by the dashed bine and marker svimbol (<: ).
[0 155] Films were prepared from '_S:am;::'i-es- 4H, 41, and 47 as discussed above, and the
coniact &I’i“ltﬁ of each filmy was measured as above {o be 144,59 (4H), 147 {41: {43 8% (4.
These measured values are plotted 1n Figure 1 as indwcated by the sol id line and marker
svmbol (11}, In each case, the measured contact angle is substantially greater than the
predicied vahliue, mdweating a synergy between carbon black and alkyvisdane-trealed won oxade
with respect (o the superbvdrophobicity of the fiims,
Exangsle 3
{156 This example demonstrates the synergistic mprovement in
superhydrophobicity obtamable using a suxture of carbon black pragment and
perfluovoalkvlsilane-treated ron oxide pigment. Formulations having varying ratws of

carbon black pigment to won oxide pigment were prepared according to Table &

Table 8.

Example No.

isododecane’

isodod ecane and acrylates/dimethicone
- copolym er”

isododecane and
- ethylene/propylene/styrene copoliymer
- and butyvlene/ethylene/styrene copolymer”

- Pigment {Sample A)

30
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D&C Black # 219 125 |50 |75
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Permiethyl A from Presperse; “K P 530 fromy Shin Elsu; “ Versagel MD {600 from Penreco;

*Unipure black LC 902 from Sensient.

}

[G157] As discussed i Example 1] the comtact angle with water for the sample
comprising 10% by weight perfinoroalkylsilane-treated ron oxide (Sample 1A) was found to
be 133°, The sample comprising 10% by wetght carbon black (D& C Black # 2) was shown
mr Example 3 to have a contact angle with water of 148.2°. These values were used (o predict
the contact angle of samples having 7.5% by weight pignient Samiple A and 2.5% by weight
D&C Black # 2; 5% by weight pigment Sample A and 3% by weight D&C Black # 2; and
2.5% by wetght pigment Sample A and 7.5% by weight D&C Black # 2, assuming that the
contribution of each pigment to the contact angle 1s additive. The results ave plotied in Figure
2 as indicated by the dashed line and marker symbol ().

| 0158 Films were prepared fram Samples 5K, 5L, and SM as discussed above, and
the contact angle of each film was measured s above 1o be 148.1° (5K}, 149.6" (51.), 150.3°

(5M). These measured values are platted in Figure 2 as indicated by the sohd line and marker

svimbol (£3). In each case, the measured contact angle s substantially greater than the
predicted value, mdicating a synergy between carbon black and perfluoroalkylsilane-treated
iron oxide with respect to the supethydrophobicity of the filnis,

[01.59] The vention described and ¢latmed heremn 15 not {0 be imited tin scope by the
spectfic embodiments hevein disclosed since these embodiments are intended as illustrations
of several aspects of the invention, Any equivalent embodiments are intended to be within the
scope of this mvention, Indeed, varicas modifications of the invention in addition (o those
shown and described thercin wall becomie apparent (o those skilled m the art from the
foregoing description, Such modtfications ave also intended to {all within the scope of the

appended claims.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A cosmetic composition for imparting a superhydrophobic film on an integument
comprising:
(a) one or more hydrophobic film formers,

(b) carbon black, and
(¢) one or more iron oxide pigments hydrophobically modified with alkylsilane or
perfluoroalkylsilane, '
wherein the weight ratio of said carbon black to said one or more hydrophobically-modified iron
oxide pigments is from about 3:1 to about 1:3;

wherein the weight ratio of said one or more hydrophobic film formers to said carbon black 1is
from about 1:10 to about 10:1;

wherein the aggregate weight percentage of all non-volatile water-soluble or water-dispersible
organic constituents in said composition is less than 15%, based on the entire weight ot the
composition; and

wherein said composition, upon application, forms a film on a surface which, after evaporation

of volatile constituents, is characterized by a contact angle with water greater than 140°.

2. The composition according to claim 1, wherein said one or more hydrophobically-
modified iron oxide pigments comprises a mixture of at least one alkylsilane-treated iron oxide

pigment and at least one perfluoroalkylsilane-treated iron oxide pigment.

3. The composition according to claim 1, wherein said one or more hydrophobically-
modified iron oxide pigments is selected from the group consisting of trialkyoxyalkylsilane
treated iron oxide pigments, perfluoroalkyl trialkyoxysilane-treated iron oxide pigments, and

mixtures thereof.

4, The composition according to claim 3, wherein said trialkyoxyalkylsilane-treated 1ron
oxide pigment is a triethoxycaprylylsilane-treated iron oxide pigment, and said perfluoroalkyl
trialkyoxysilane-treated iron oxide pigment is a perfluorooctyl triethoxysilane-treated iron oxide

pigment.
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J. The composition according to claim 1, wherein said one or more hydrophobic film
formers comprises a copolymer of two or more blocks selected from styrene, alkylstyrene,

ethylene/butylene, ethylene/propylene, butadiene, isoprene, acrylate and methacrylate.

0. The composition according to claim 1, wherein the weight ratio of said one or more

hydrophobic film formers to the hydrophobically modified iron oxide pigments plus the carbon
black 1s from about 1:5 to about 2:1.

7. The composition according to claim 1, wherein the aggregate weight percentage of all

non-volatile water-soluble or water-dispersible organic constituents in said composition is less

than 2%.

8. The composition according to claim 1, wherein said carbon black has a mean particle size

between about 0.1 pm and about 1 um and surface area between about 50 and about 500 m®/g.

9. The composition according to claim 1, wherein the weight ratio of said one or more

hydrophobic film formers to said carbon black 1s from about 1:10 to about 2:1.

10. The composition according to claim 1, wherein the weight percentage of all polyols 1s

collectively below 1%.

11. The composition of claim 1, wherein said one or more iron oxide pigments have a mean
particle size between about 0.25 and about 2.5 microns and wherein said one or more 1ron oxide

pigments 1S surface functionalized with triethoxycaprylylsilane in an amount in the range from

about 0.8% to about 3%.

12.  Use of a composition as defined in any one of claims 1 to 11 to impart a

superhydrophobic film to an integument.
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