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COMPOSITIONS FOR IMPARTING
SUPERHYDROPHOBICITY

FIELD OF INVENTION

[oao1} The present invention relites 1o methods and compositions for imparting s
kydrophobic filny on keratin fibers, including hair. More specifically, the invention relates to

methods and compositions for hrming a super-hvdrophobie film on haiwr
BACKGROUND OF THE INVENTION

[6662] The leaf of the lotus plant exhibits remakable water-repeliency and seli-
cleaming properties.  Although lotus plants prefer to grow in muddy rivers snd lakes, the
leaves and flowers remain clean and are essentially non-wettable. The lotus plast achieves
thiy effect by producing leaves and Howers with extremely hydrophobic surfaces. When the
feaves come 1o contact with water, the water droplets contract into substantially spherical
beads wluch roll off the surface, sweeping away any particles of dirt they encounter.

[0683] On extremely hydrophilic surfaces, a water droplet will completely spread and
provide an effective contact angle of essentially {°. This cccurs for surfaces that have a large
affinity for water, mchiding materials that absorb water. Ou many hvdvophilic surfaces,
water droplets will exhibit contact angles of abont 0% o about 30°  In contrast, on
hivdrophobic surfaces, which are mcompatible 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, Teflon™ which is widely regarded as a benchmark of hydrophobic
surfaces, provides a contact angle with water of as high as 120°%-13¢%

[0664] Againgt this background, it 15 remarkable that the lotus leafl tan produce a
contact angle with water of about 1607, which is substanbally mwore hydrophobic than
Teflon™.  The lotus leaf is thus an example of a “super-hydrophobic” surface. For the
prasent muposes, a super-hydrophobic surface may be said to be one which provides a
contact angle with water of greater than about 140°. This effect is believed to arise due to the
three-dimensional sutface structure of the leal wherein wax crystals sell~orgamize to provide
roughness on a nano- of nucro-meter scale. The hydrophobic surface protuberances reduce
the effective surface contact area with water and thus prevent adhesion and spreading of the

water over the leaf
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jOnas] The discovery of the aforementioned properties of the lotus leal and
shacidation of its mechanism has ted to a vavety of engineered super-hydrophobic surfaces.
Such super-hydrophobic surfaces have water contact angles ranging from 1407 to neady
18GY, Such surfaces are extremeby difficult to wel. On these surfaces, water droplets simply
rest on the surface, without actually wetting to any sigmficant extent. Suoperhvdrophobic
surfhces have been obtaised 1o a variety of ways. Some of these very hydrophobic meaterials
are found in nature. Other superhydrophobic materials are made synthetically, sometimes as
minncs of nateral materials,

[006] U8, Patent 6,683,126 describes a coating composition for producing difficult
to wet surfaces comprising a finely divided powder, where the particles are porous and have a
hydrophobic sarface, combined with a film forming binder such that the ratio of the powder
1o the binder is 114,

joa07] U8, Patemt 6832389 describes  the process  of production  of

superhydrophobic materials for self cleaning applications.

[33D8] LS. Patent 6,946,170 describes a self cleaning display device.
(1809 U8, Patent 7,056,845 describes a method for the applicahion of a fimshing

faver which 1s water repeliant for use in finsshung of texuiles, fabrics and tissues,

{0610} LES. Patent 6H1L354 describes process of production of self cleaning
substrates of glass, ceramic, and piastics,

o611} LS. Patent No. 530,216 describes a method of reducing drag through water
by applving a film of rough particles of hvdrophobie metal oxides where the particles have a
distribution of two different size ranges.

{1012} While hydrophobic or super-hvdrophobic matenals have been desenbed
above, there remans a need for hydrophobic or super-hvdrophobic materials in haw care
compositions which impart hvdrophobic films, particularly superhydrophotic films, on hair
fibars. The compositions described in the foregoing patents are not suitable for forming a
superhvdrophobic film on hair because the tactile and aesthetic attributes of such films are
not acceptable. Ian particular, commonly emploved particulates m superhvdrophobic films,
such as hydrophobicallv-modified silica or aluming, impart a chalky feeling whent apphed to
the hair and produce a white appearance and reduction in shine.

[oa13} it s therefore an object of the invention to provide cosmetic compositions for
application to hair (keratin) fibers which form a super-hydrophobic filny thereon, H s a

further object of the invention to provide methods for imparting saperhvdrophobic films on

b2
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hair to achieve water-resistant, self-cleaning andfor long-wear properties. If is also an object
of the mvention to provide superhydrophobic films on hair which have consumer-acceptable

aesthetics, including feel, color, and shine.

SUMMARY OF THE INVENTION

[0614] in accordance with the foregoing objectives and others, the present mvenlion
provides composttions and methods for formng super-hyvdrophobac films on a surface,

preferably a biological integument, and morve preferably a keratin fiber (hair),

j0615] In one aspect of the invention, compositions for rendering a keratin fiber
water-repeliant (and preferably superhydrophobic) are provided comprising: (a) from 0.1 to
3% by weight, and more typically 8.73% to abowt 3% by weight, of a first hydrophobic
particelate material, the first hydrophobic particulate matenal having a coefficient of dynamie
friction of 0.5 or greater; {(b) from 0.1 to 8% by weight of a second hydrophobic particalate
matertal, the second hydrophobic particulate material having a coefficient of dynamic friction
less than 0.5; and {¢) from 90 to 99.8% by weight of a volatile solvent, which mayv be,
without linutation, a volatile silicone, ethanol, or a combination thereof; wherein the weight
ratio of the first hvdrophobic particulate material to the second hydrophobic particulate
material 15 fom about 1110 to about 101, and wheretn the aguregate weighi percentage of alt
non-volatile higouid constiuents in the composition is less than 10%, based on the entire
wetght of the composition.

{06616} The first hydrophobie particulate material s one  which  impats
superhydrophobicity to the surface by providing surface roughsess in the nanometer scale.
The first hydrophobic particulate material may comprise a hydrophobically surfice-modified
oxide, such ax a metsl oxide or a metslioid oxide, including for example, alununum oxide,
sthicon dioxide, sianim dioxide, wron oxtde, tin oxide, zine oxide, zircomum dioxide, or
combinations thereof.  In the preferred practice of the invention, the fust hydrophobie
particulate material comprises hydrophobically-modified alumimum oxide such as that having
the INCI name Trimethoxveaprvivisilane (and) Alununa (International Cosmetic Ingredient
Dictionary and Handbook, {2008} 12" Edition).

0817} The second hydrophobic particulate material is one which, alone typically will
not provide a superhydrophobic surface, but when used in combination with the first material
preferably does not substantially negate the sffect. The second hydrophobic particudate

material provides the desirable tactile attribute of slip and eliminates or veduces the chalky
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feely left by the first hydrophobie particulate material on the hair. In varous embodunents,
the second hydrophobic particulate material may have g coefhcient of dvpamic fiction less
than 0.4, less than 0.3, less than 0.2, or ideally less than 0.1, The second hvdrophobie
particulate material may comprise substantially spherical particles of a polymer selected from
the group consisting of polvethyvlene, polypropylene, polytetratluoroethylene (PTFE),
polyvvinylchlonde {(PVEY, polvvinyledenefluoride {PVDF), polyamide-inmde,
polvmethylmethacrvlate (PMMA]}, polyetheretherketone {(PEEK), polvethylene terephthalate
potyester (PETP), polystyrene, polvdimethvisiloxanes, polvmethylsisesquioxane, polvamide
powder, Vinyl Dimethicone/Methicone Silsesquioxave Crosspolymer, sihicone elastomer,
Polysilicones, and combinations thereof. Polytetralluoroethylene (FTFE), whether or not
spherical, is 3 preferred second hydrophobic particulate material according to the invention,
PTFE typically has a coefficient of dynamic friction of less than 0.05.

j0018] The second hydrophobic particulate material may also compnise laurov fysing,
which may suitably be in the form of plate-shaped hexagoual crystals of N-lsuroyvl-L-lysine,
ideally having a coefficient of dynamic friction of less than (1. Another preferred material is
boron mitride.

[0619] The compostitons may further comprise a shine enhancer, typically m an
amount from Q.03 to 2.5% by weight of the total composition, to combat the matte {inish
produced by the first hyvdrophobic particulate material. I various embodiments, the shine
enhancer s, withont hinutation, a hemi-sphenical methyl methacryiate crosspolymer, or an
aryl-silicone having a refractive index at 25°C of greater than 1.4, Phenylirimethicone is g
non-timiting example of such an aryl stlicone.

(1820} in a related embodiment, a composition for rendering a kershin fiber water-
repellant is provided comprising: {@) from 0.1 to 5% by weight of a first hydrophobic
particuiate material comprising hydrophobically modified alununum oxide; (&) from 0.1 10
$% by weight of a second hvdrophobic particolate material, said second hvdrophobic
particudate matenial having a coefficient of dvoamce fricton less than 0.5; () from 90 1o
99.8% by weight of a volotide solvent; wherein the weight ratio of the first hydrophobic
particalate material o the second hydrophobic particulate matenial is from about 110 to
about 101 and whereln the aggregaite weight percentage of all nown-volatile higuid
constituents n the composition 1s less than 10%, based on the entire weipht of the

composition.
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o021} In another aspect of the mvention, a method for rendering haw water-repeflant
is provided comprising applyving thereto any of the inventive compositions and allowing the
volatile solvents present to evaporate, thereby forming a superhydrophobic surface,

preferably one which is characterized by a contact angle with 8 waler droplet of at least 140°

The composition may be applied to wet hair or dry har.
0622 These and other aspects of the present invention will become apparent to those

skifled mn the art aller 3 reading of the following detailed description of the nvention,

mchsding the [igures and appended claims.
DETAILED DESCRIPTION

023 As used berem, the term “saperhyvdrophobic™ refers generally to any surface
which gives a contact angle with water of greater than about 140°. Superhydrophobicity can
be guantitatively evalugled by measuring the contact angle with water using a contact angle
goniometer or other hike method known in the art or may be gualitatively evaluated by visual
inspection and observation of water vepellency, te., observation of water beads rothng off a
cast film or by observing the weight of g hair sample before snd after immersion in water,
{30241 All references to median or mean particle sizes herem are on a volwmne basis.
Al amomuts provided in terms of weight percentage are relative to the entire composition
unfess otherwise stated. Unless otherwise provided, the term “alky™ 18 intended to embrace
straight-chained, branched. or cyclic hydrocarbons, particularly those having from one to 20
carbon atoms, and more particidarly Cio hydrocarbons.

[0625] As used herein, the term “keratin fiber” includes hair of the scalp, evelashes,
gvebrows, facial hair, and body hair such as hair of the arms, legs, ete. Keratin fibers are not
limited (o bumans and also melode any keratin {ibers from a mammal, such as, for example,
pet hair and mammalian for

[(1026] The mventive cosmetic compositions for imparting saperhydrophobicity o
keratin fibers will generally be anhydrous, although water-comtaining fornmilations. such as
water-mn-oil emulsions are within the scope of the invention. As used herein, the water-in-oi
emulsions include water-in~-sihcong emulsion.  When refersnce iz made to the weight % of a
component based on the weight of the total composition, the total weight of the composition
will be understood to include both the agueous and oil phases of the enwilsion. In the context
of the present mvention, water 18 considerad a volatile solvent and will thus be excluded from

the Hmitations on hydrophilic components and liguids described hevein.
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o027} The compositions are preferably capable of providing a film on a keratin fiber,
afier evaporation of volatile solvents, which 1s characterized by 8 contact angle with a water

droplet greater than about 1407, prefevably greater than abouni 145°, and more preferred still,
greater than about 130% The contact angle 15 a measwre of the hydrophobicity of the swtsce
and 1s the angle a1 which a iquidfvapor interface meets a sokid swrface. Contact angles are
suitably mensured using a contact angle goniometer. In various embodiments, the contact
angle with water will be about 140°, about 141°, about 142° about 143%, about 144°, about
145°, about 146°, about 147°, about 148° aboui 149 or about 150°

[(1028] The compositions of the mvention comprise a first particulate material and a
second parpiculate material. The first particulate material comprises at least one hydrophobic
particulate material which has a coefficient of dyvnamic (kinematic) friction, g, greater than
0.5, The second particalate material comprises at least one hydrophobic parbeulate material
which has a coellicient of dynamic friction, g less than 0.5, The first particulate material is
often characterized by a chalky or gritty feel and may have substantially non-spherical
shapes, whereas the second pasticulate material will typically conyprise substantially spherical
particles and will 1mpart a smooth feeling on the hair. Withouwt wishing to be bound by any
theory, 1t is believed that the substantially non-sphernical shape of the high s (e, greater
than 0.5) particles provides nano-scale roughness to the particles wihich 15 necessary for
achieving superhydrophobicity. While not wishing to be bound by theory, it is thought that
the particulate materials provide nano-scale {1 nm to ~1 {300 nny} and/or micro-scale {1 pm to
~200 pm} surface roughness or structwre on the hair surface, which mmparts
saperhydrophobicity by providing protuberances on which water droplets may sit, thereby
minimzing contact of the water with the swiace at lavge. te. reducing surface adhesion.
Surface roughness can be observed or measured by AFM, SEM. and the like. The high drag
of the high wuy particles also increases the substantivity of the particles against the hair, to the
swprising extent that & binder is not essential to keep the particles on the haw. However,
used alone or at high levels, such high g particulate materials are largely mcompatible with
hair care products because they impart a chalky, gritty texture to the hair and provide a matte
aesthetic and whitish color, However, in the inventive compositions, these drawbacks are
surprisingly offset or mitigated by the inchusion of the second particulate msterials baving a
coefficient of dynamic {kinematic) friction, g, less than 0.5, The second powdered material

15 typically one which by iself is not capable, or is less capable, of mparting a

6
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saperhydrophobicity to hair. Linexpectedly, the saperhydrophobicity of yreated hair 15 not lost
by the inchusion of the second particulate matedial in the inventive compositions.

{0829 The coefficient of dynanue fnction may be suitably measured using, for
example, a Friction Tester {(KES-SE} manufactured by Kato Tech Co., LTD using a sthcone
rubber [riction probe to measure a specific amount (e.g., 0.01 g} of sample evenly spread onto
g ground quartz plate at g loaded weight of 30g at 2 mnv'sec.

j0030] The first particulate matenial, te., those hydrophobic particolates having 8
coefficient of dynamic (kinematic} friction, g4, greater than 0.5, are typically, bt not
necessarily, substantially non-spherical 1y shape. These particudates may be based on oxide
particles, such as metal oxide or metalloid oxide particles, which have been surface-treated to
impart hydrophobic character, A preferred high dynamic f{riction particulate material
according o the mvention 15 surface-modified alumisum oxide (ALO). Hydrophobically
modified silica (5104} powder, ncluding fumed silica or pyrogenic silica {e.g., having a
prinary particle sive range from about 7 nm (o about 40 nny and an aggreyate particle sixe
between about 1080 and about 400 nm} 1s also contemplated o be particularty useful. Other
notable particulate materials are hydrophobically modified metal oxides and metallod
oxides, including without limitation, titmsum dioxide (Ti0,), iron oxides (FeQ, Fe 04, or

Few(), un dioxide {Salh), wine oxide (Zn0), zircomam dioxide {(Zr0,), and combinations

thereof
j068311 Hydrophobically mwodified particnlates  and  methods  for  preparing

hydrophobically modified particnlates are well-known 1n the art, as describad in, for example,
U.S, Patent No. 3,393,155 to Schuite et al., U.S. Patent No. 2,705,206 to Wagner et al, LS.
Patent No. 5,500.216 to Wagner et al., ULS. Patent No. 6,683,126 1o Keller et al., and US.
Patent No. 7.083 828 to Miuler et al, UK Patent Pob. No. 2006/4110541 o Russell at al.,
and U8, Patent Pub. No. 2006/0116542 to Dietz et al., the disclosures of which are hereby
incorporated by reference. As used beremn, a hydrophobically-modified particle is one which
is vendered less hydrophilic or more hydrophobie by surface modification as compared to the
particle in the absence of surface modification.

38321 in one embodiment, a hydrophobue particle of the present invention mav be an
oxide particle having its surface covered with {e.g., covalenty bouand to} non-polar radicals,
such as for example alkyl proups, silicones, siloxanes, alkyisiloxanes, orpanosiloxanes,

fluorinated siloxanes, perfluorosiloxanes, orpanosilanes, alkyvisilanes, fluorinated silanes,

~
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perfluorinated sianes andfor distlazanes and the like. The surface treatmient may be anv such
greatment that makes the particles more hydropbobic. The surface of the particles may, for
example, be covalently or wonically bound to an organic molecule or sthicon-based molecule
of may be adsorbed thereto, or the particle mayv be physically coated with & layer of
hyvdrophobic material. There 18 essentinlly no hontation on the nature of the hvdrophobic
ireatment and alkyl, aryl, or slivl silanes, stlicones, dimethicone, {utty acids {e.g., siearates),
polymeric sitanes may be mentioned as well as fluoro and perfluoro denvatives thereol, The
hivdrophobic compound may be attached to the oxide particle throngh any suitable coupling
agent, Hinker group, or functional group (e.g.. silane, ester, ether, etc). The hvdrophobic
compound comprises a hydrophobic portion which may be selected from, for example, alkyl.
aryl, altyl, vinyl, alkyvi-arvl, arvi-alkyl, organosilicone, and fluoro- or perfluoro-derivatives
thereof Hydrophobic polymeric coatings including polyvurethanes, epoxys and the hke, are
also contemplated 1o be useful. ULS. Patent No. 6,315,990 to Farer, et al, the disclosure of
which is hereby incorporated by reference, describes fluorosiane coated particulates which
are formed by reacting a pacticulate having mucleophilic groups, such as oxyvgen or hydroxyl,
with a stheon~comtaining compound having a hydrocarby] group substituted by at least one
fluorine atom and a reactive hydrocarbyloxy group capable of displacement by a nucleophile,
An exampie of such a compound s tridecalluorcoctyliviethoxy stlane, available from Sivento,
Piscataway, NI, under the trade name DYNASHLANE™ F X261, Any of the
hydrophobically modified particulate materials described m UK. Patent No. 6,683,126 to
Keller et al., the disclosure of which is hereby mcorporated by reference herein, are also
contemplated to be useflu], inclodmyg without limitation those obtained by treating an oxide
material (e.g.. S10:, TiO;, etc.} with a {perfluorolatkyl-contaimng compound that contains at
least one reactive fanctional group that undergoes a chenncal reaction with the near-surface -
OH groups of the oxide support particle, imcluding for example hexamethyldisilazane,
octyltrimethogysilane, silicong oil, chlorowimethyisilane, and dichlorodimethyisilane. A
preferred hydrophobic coating according to the invention 1s prepared by treating an oxide, for
example, alumung, with Trimethoxveaprylyl Silane.

j0033] In one particular preferred embodiment, the first particulate material 5 a
finmed aluming or finned sihica which 15 surface-functionalized with alkvlsilyl, fluoro-
atkvisityl, or perfluoro-alkyisiyl groups. Typically, the alkylsilyl groups will comprise Ty
hydrocarbons {more fypically Cis hydrocarbons) which are optionally fluorimated or

perfluorinated.  Such groups may be introduced by reacting at the particle surface silanes
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sach as  Cyyrealbvitrialkonysilanes {eg, Cup-alkyl-ttimethoxysitanes or  Cy-adkyl
triethoxysilanes). In apother embodiment, the oxide particle has been surface treated with o
fluoroalkylsilane, and in particular  a  perfluorcalkylsilane, such as a Clw
perfluorcalkvisilane, or more typically a Cr perfluoroalkyvisilane, including an exemplary
embodiment wherein the iron oxide is surface-treated with 8 Cg perfluoroalkvisilane. The
pigments may be prepared by treating the oxide particle with a trialkoxyfluoroalkylsilane,
such as Perfluorooctyl Triethoxvstlane (INCT). Because the particles are preferably fumed
{pvrogenic), the primary particle size will typically be very small, ie, on the order of S nm to
abogt 30 mm. The specific sarface area of these parbiculate matenals will typically, but not
necessarily, range from about 50 to about 300 m*g, more typically, from sbout 75 1o about
250 w'fy, and preferably from about 100 to ahout 200 nr'/g,

{0634} Suitable hydrophobically modified fumed silica particles imclude, but are not
hmited to AEROSIL™ R 202, AEROSH ™R 805, AEROSIL™ R 812, AFRQSIL™ R 812
S, AEROSIL™ R 972 AEROSIL™ R 974, AERQOSILY™ R 8200, AEROXIDE™ LE-1,
AEROXIDE™ LE-2, and AEROXIDE™ LE-3 from Degussa Corporation of Parsippany,
N.& While siica {Si01) and hydrophobically-modified siheas are comtemplated o be
particularly usefid in some embodiments, in other embodiments the composttions will be
substantially {ree of silica or hvdrophobically-modified silica. By substantially free of silica
or hydrophobicaliy-modified silica means that these components comprise less thap about
2%, preferably less than about 1%, and more preferably less than about 0.5% by weight of
the one or more particulste materials, A suitable hydrophobically modified aluming
particelate 15 ALU C R05 from Evonik. The hydrophobically modified silica matenals
described m ULS. Patent Pob. 2006:0110342 to Dietr et al., mcorporated berewn by reference,
are contemplated to be particularly suitable. In some embodmments, the compositions will be
substantially free of alumina or hydrophobically modified alumina.

[0635] Switable particulate materials having a coefficient of dynamic (kinematic)
friction, g4, greater than 0.3 include the octvlsilanized fomed {(pyrogemc) alumina, obtained
by reacting trimethoxyoctvlsilane with fumed aluming, which 15 sold under the name
AEROXIDE™ ALU (803 by Evontk. That product is believed to have an average primary
particle size of about 13 nm (nanometers) and a specific surface area (S8A) of about 100 = 15
n'f‘:"g. Other commercially available materials include, without Hmitation, AEROXIDE™

LE1, LE2, and LE3 by Evonik which are believed to be hydrophobic fumed silicas, surface-

9
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fumctionalized with alkyvisibvl groups for hydrophobicity and a specific strface area (SSA) of
abont 160 # 30 m™/g, about 220 + 30 m¥/g, and 100 =+ 30 m~g, vespectively.

[0836] The first particulate material will typically comprise a material having a g
value of 0.5 or above and will ivpically be up to abowt .6, about (1.7, about 0.8, or abow 0.9
While 1t is believed that the octvisilanized fumed {pyrogenic) alumina sold under the trade
name AEROXIDE™ ALU (803, referenced above, falls within these ranges, it will be

widerstood that AEROXIDE™ ALU C8G3 ix usedsl w the practive of the mvention regardless

‘‘‘‘‘

of it s coefficient of dynamic fiction. Accordingly, i one embodiment, the mvenlion
gmbraces a composition comprising AEROXIDE™ ALU €883 in combination with a second
particulate material having a coefficient of dynamic friction of less than 0.5,

{06837} The first particulate matenials will typically be n the form of a powder having
a median particle size between about 1 nm {nanometers) and about SO0 pm (micrometer),
move typically between about § nm and about 200 um, prefevably between about 7 om and
agbout 1 pm, 5 wm, 20w, 30 pon, or abouwt 108 wm.  Whers the particulate nwtenal s
employed is fumed (.., modified alumina and modified silica), the median particle size of
the primary particles will typically be between about 5 an and about 50 nm.

[0638] The first hydrophobic particulate material will compnise from about 0.0 10
about 10% by weight of the composition, including volatile solvent, and more typically will
comprise from about {1.1% to about 7.5%, and preferably from abouat (1.2% to abowt 5%, and
more preferably, from about 0.53% 1o about 3%, and more preferved sull from about 0.753% to
about 1.5% by weight of the composition.  In preferred embodiments, it has been found
destrable not to exceed 3% by weight for the first hyvdrophobic particulate material, based op
the entire weight of the composition (Le., inclading solvent), for “normal” hair i ovder to
prevent gt excessively chalky look. By “nornmsl” hair is meant hair that bay sot been
damaged by chemical bleaching. For normatl haiwr, 1t has been found optimal to mchude from
.75 10 1.3% by weight of the first particulate material. However, for bleached or damaged
hair, which is move hydropinlic than normal hair, it is possible, and desirable, to increase the
agmount of first particulate material above 3%, since more hydrophobic particulate material 15
aceded o render the surface of the bleached hair superhvdrophobic. Although increased
hvdrophobic particulate may reader the hair hghter 18 appearance, on bleached hair this is not
an issue because the effect 1s not noticeable as the hair 1s already very light in color.

[0639] The second particulate material is also hydrophobic in nature and is

Taow

10



WO 2009/140008 PCT/US2009/040496

imparts a tacttle feeling of “slip™ to the hair which counteracts or eliminates the chalky, gritty
feehing of the first particalate material. The second parbiculate material will tvpically have s
coefficient of dvoamic fricthion less than 0.5, Such parbiculates often compnse sebstantially
spherical or platesshaped particles, whereas Tumpy shaped particles fend o have higher u
vilues.

j06401 The second particulate matenial may conmprise, for example, a hydrophobic
orgamic powder, Suitable organic powders include, but are not limued, to spherical or
sobstantially  spherical  pelymeric particles of  polyvethylene,  polypropylene,
polyvietraftuoroethylene (PTFE), polvvinylchloride (PVQ), polyvinvledenefluonde (PVDF),
polvamide imiide, polymethylmethacrylate (PMMA),  polyetheretherketone (PEEK).
polyethylene terephthalate  polyester (PETP)  polysiyrene, polydimethyvisdoxanes,
Polymethylsisesquioxane, polyamide (Nylon) powder. Vinyl Dimethicone/Metlncone
Silsesquioxane Crosspolymer, Polysilicones, snd silicone elastomers, to name a few
Inorganic spherical particles include alumina and sifica. By “substantially™ spherical is
meant that the shape of each particle i sufficiently spherical to provide a g value less than
(1.5, Sihicone elastomers and PTFE may have a coefficient of dynamuc friction less than 0.5
whether they are spherical or not.  Other useful powders include fatty acid derivatives of
lysine, notably N-lagrovl lysine (mcluding L-lysine and D-lvsine). N-lawroyl lysine is both
water and oil insohible and bhas a flat, hexagonal crystalline shape which provides a
coefficient of dynamic friction of less than 0.1, Other useful platelet-shaped materials
include tale, sericite, mica, and boron nitride.

o041} Commercially  available organic powders mchude, without limitation,
methyisiisesquioxane resin nucrospheres, for example, TOSPEARL™ 1434, (Toshiba
Silicone}; particles of Polymethvisilsesquioxane sold under the name TOSPEARL™ 150 KA
(Kobo), micvospheres of polvmethylmethacrylates, for example, MICROPEARL™ M 100
{Seppicy spherical particles of polvmethylmethacrylate, such ay those sold wnder the nams
TECHPOLYMER™  MB-8CA (KOBQO). pamicles of  VinylDimethicone/Methicone
Sitsesquioxane Crosspolymer sold under the name KSP*™ [4S (Shinkisu). the spherncal
particies of crosshinked polvdimethyisiloxanes, for example, TREFIL™ E 506C or TREFIL™
E SOSC (Dow Cormning Toray Silicone); spherical particles of polvanude, for example, nylon-
12, and ORGASOL™ 2002D Nat €05 {Atochem); polystyrene microspheres, for example

Dyno Particles, sold ender the name DYNOSPHERES™ and ethylene acrylate copolynser,
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sold under the name FLOBEAD™ EA209 (Kobo), shuninum starch octenylsuceinate, for
example DRY FLO™ {(National Sitarch) microspheres of polvethviene, for example
MICROTHENE™ FNSIOWH (Bquistary, spherical particles of PTFE, avalable wunder the
aagme FLUQROPURE™ 100 C (Shanwock) or MICROSLIP™ 514 {Presperse}; silicone
resin, polvinethylsilsesquioxane silicone polymer, Polvsilicones, including without limitation,
Polysilicone-1, Polysilicong-2, Polvsilicone-3, Polysilicone-4, Polysilicone-8, Polysilicone-6,
Polysihicone-7,  Polysilicone-8,  Polysilicone-2,  Polysilicone-10,  Polysilicone-11,
Polesiicone~12, Polysilicone-13,  Polysilicone-14.  Polysiheone-13,  Polvsilicone-16,
Polysilicone~17, Polysilicone~1 8, and Polysilicone-19,
Dimethicone/Dhivinvidimethicone/Silsesquioxane Crosspolynter {available under the trade
name GRANSIL EPSQ from Grant Industries): dimethicone/silsesquioxane copolvmer
{available under the trade name SILDERM EPSQ from Active Concepis); platelet shaped
powder made from N-lauroyl lysine, available under the name AMIHOPE™ LL (Ajinomoto),
and mixtures thereof, to name a few.  Other saitable partdeulates include the particudate
silicon wax sold under the trade name TEGOTOP™ 165 {Degussa/Goldschnidt Chemical
Corporation) and the particulate vinyl polymer sold under the name MINCOR™ 300
{BASF} Boron nitride s also conternplated to be suitable as a low coefficient of dynamic
friction powder according to the invention.

08421 in various embodiments of the invention, the second hydrophobic particulate
material will have a coeflicient of dynamuc frichion less than 0.5, less than 0.45, less than 0.4,
less than 035, less than 0.3, loss than .25, less than 0.2, less than .15, or less than 0.1, In
some embodiments, the second hydrophobic particulate material will be spherical, and @
particular spherical or substantially spherical particles of sificone. The preferred silicones are
elastomeric, such as the silicone elastomer sold under the trade name K8P-105 (ShinFisu).
j0643] The second particulate materials wall typically be in the form of a powder
having & median particle size between about 6.1 wm and about 300 pm, more typically
batween about 1 pm and aboul 200 gm {mucrometer), praferably between about 1 pm and
aboat § gm, 20 am, 30 pm, 50 am, or about 100 pmy

joadd] in other embodiments, either the first andfor second particulaie matenals
according to the invention may be carbon, such as carbon black or graphiie, provided that the
coefficient of dynamic friction of the powder 1y appropriately selected. Suitable carbon black
powders will typically have a mean particle swe of about 0.41 pm to about 3 um, more

typically between about 0.01 and about 1 pm, and preferably between about 0.01 and about
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.1 wm (e, aboul 1} to about 100 panometers). The carbon black powder may have a
surface area between about 50 and abont 300 meters {m)fgram, more typically between
about 100 and about 350 nr'/gram, and more typically between about 150 and about 300
n1/gran as measured by nitrogen BET. A suitable carbon black is D&C Black No. 2 which
is formed by the combustion of aromatic pewroleum oil feadstock and consists essentially of
pure carbon, formed as aggregated fine particles with a surface grea range of 200 o 260
meters {m)fgram by nitrogen BET. D&C Black No. 2 is available from Sensient under the
tradename Unipure black LC 902, This material bas a wean particle size of about .04 ym.
[0045] The weight ratios of the first particulate material to the second particudate
material in the compositions according to the invention are congrolled fo produce
compositions with the desired balance befween superhydrophobic effect and aesthetics. The
first particolate material will typically be present at a weight rabo to the second parheulate
matertal of aboat 110 o gbout 131, or from about 135 to abowm 5:1, or from shout 1:2 to
about 2:1, mcluding the ratio of about 122, about 1:1.75, about 1:1.5, about 1:1.25, about 1:1,
about 1.23:1, about 1.5:1, aboul 1.75:1, and about 2:1. Pasticudarly good results have been
obtamed where the weight ratio of the first particulate matenal to the second particulate
material 1s about 1:1.

[0646] The first and second hydrophobic particulate matenals will collectively
conyprise between about (1.01% to about 149 by weight of the composition, including
volatile solvent, and more typically will comprise from about 0.1% 1o abouwt 7.5%, and
preferably from abowt (1.25% {0 about 5%, and mwore preferred sull, from about £.75% to
aboat 2.3% by weight of the composition. Of course, it will be possible to prepare sprays and
the hike having a very low sobids contents {e.g., between about 0.01% by weight and about
0.1% by weight}, however, the composition will necessarily be spraved or applied to the hair
several times, allowing solvent to evaporate each time, i order to assure adequats coverage
of the hair. Thas, the more preferred compositions will have ldgher solids contents in the
range of, for example, $.3% to abont 10% by weight.

06471 In vartous embodiments, the first hydrophobic particulate matertal will
typically comprise from about 8.01% (o about 10% by weight of the conyposition, including
volatile solvent.  In representative embodiments; the first bydrophobic parbealate will
comprise from about 0.1%, about 0.23%, about 8.5%, about 0.75%%, about %, about 1.5%,
about 2%, about 2.5%, about 3%, about 3.5%, about 4%, about 4.5%, or about 3% by weight

of the total composttions {imchuding volatile solvent).
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jO048] The second hydrophobic particulate msterial will typically comprise from
about 0.01% 1o about 109 by weight of the composition, iacluding volatile solvent, and more
typieally will comprise from about 0.1% to about 7.5%, and preferably from about 0.2% w0
abowt 3%, and more preferably from about 0.5 to about 3% by weight of the composition. In
varrous embodiments, the second hydrophobic particulate materials will compnse about
(1%, about 0.25%, abowt 0.8%, about 0.75%, about 194, about 1.3%%, about 2%, about 2.5%,
about 3%, about 3.5%, abowt 4%, about 4.5%, or about 3% by weight of the total
compositions (including volatife solvent).

({16491 in some embodimenis, #t has been found desivable to mclade one or more
agents that enhance the shine of hair treated with the conpositions of the invention. The first
hydrophobic particulate materials, particularly the hydrophobically-modified huned oxides
such as aluming and silica, impart 8 matte finish W the hair which may be undesirable from a
conswmers perspective. It has been discoverad that shine can be restored to the hair, sithout
sacrificing the water-repellency, by including one of more agents which modify the shine of
hair. The shine-ephancing agent is preferably hydrophobic and is also preferably solid at
room temperature such that the particalate matental, particolarly the first particalate matenial,
does not become covered when the composition is applied to the baw. For example, lens-
shaped partictes such as hemu-spherical PMMA have been found suitable for imparting shine,
One such commercially availabde maferial s a hemi-spherical methyl methacrylate
crosspolymer sold under the trade name 3D Tech PW {Plain) XP (Kobo),

jo050] Sthcone fluids, such as arvi-substituted stloxanes having high refractive
indices are also useful as shive enhancers. Particular mention may be made of
Phenyhnimethicone, which is available under the trade names SCI-TEC PTM 100 (ISP) and
PDM20 (Wacker-Belsil). The PDM20 material has g vefractive index of 1437 g1 258°C. In
general, any aryl-substituted silicone having a refractive index of greater than 1.4 a1 23°C &5
condemplated 10 be suitable for restoring shine to hair treated with the inventive
superhydropbobic materials.  Apother spitable sihcone fluid that enhances shine i3
amodimethicone,

jo051] The shine enhancer is typically present from about 0.01% to about 3% by
weight of the composition (nchuding solvent). More typically, the shine enhancer component
will comprise from about 0.05% to about 2.5% by weight of the composition. Preferably, the

shine enhancer will comprise from abowt 0.1% to about 1.3% by weight of the composition,
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inchuding embodiments wherein the shine enbancer is present at abowt 0.1%, 0.3%, 0.5%,

ght of the compostion.

L
s

(1.75%, 1%, 1.25%, or 1.5% by wei
{0052} A film former 15 not necessary w the compositions because the first particulate
muterial has been found (o adequately adhere o the hair through static interactions alone.
Thus, m some embodiments, the compositions will be free of Blm formers, such as polymeric
film formers, waxes, oils, ete., or will be substantigily free of film formers, by which is meant
that the composition will comprise less than about 1% by weight Gim former, and preferably

fess than about (.5% by weight film former, and more preferred still, less than about 0.1%% by

wetght.
[0053] in other embodiments, a film-former may be inchuded in the composihions.

The {ilm former preferably comprises g hydrophobic material. The hydrophobic film former
may be any hydrophobic film former suitable for use in a cosmetic composition wcluding,
but not limited to, hydrophobic film-forming polymers. The term film~-foraung polymer may
he understood to indicate a polymer which is capable, by Hself or m the pressnce of at least
one ausiliary Rlm-forming agent, of forming a continwous filn which adheres to a surface
and functions as a binder for the particulate material.  The term “hydrophobic™ Alm-forming
polymer will typically refer to a polymer with a solubthity in water at 25°C of less than about
1% by weight or one in which the monomeric units of the polymer mdividually have a
safubility i water of less than about 1% by weight at 23°C. Alternatively, a “hydrophobic”™
film forming polymer may be said to be one which partitions preponderantly into the octano!
phase when shaken with a mixture of equal volumes of water and octanol. By predominately
is meant more the S0% by weight, bat preferably move than 73%6 by weight, more preferably
more than 95% by weight will partition 1nto the octanol phase.

[0054] The film formers can be either natural or svathetie, polvmenc or non
polymeric, resins, hinders, with low or high molar mass. Polvmeric film fonmers can be
either wnatoral or syuthetic, addition or condensation, homochain or heterocham,
monodispersed or polydispersed, organic or inorganic. homopelymers or copolymers, hnear
or branched or crosslinked, charged or uncharged, thermoplastic or thermeoset, elastomenic,
crystalline or amorphous or both, isotactic or syndictactic or atactic.

foass] Polymeric film  formers include polyolefins, polyvinvis, polvacrylates,
polywrethanes, silicones, polyamides, polyvesters, Huoropolymers. polyethers, polvacetates.
polycarbonates, polyimides, rubbers, epoxies, formaldehvde resing, and homopolymers and

copolymers of and of the foregoing.

,...,.
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U Suitable hydropbobic {hipophilic) film-forming polymers inchude, without
limtation, those described m USRS, Patent Nos. 7037515 1o Kalafsky, et al; 6,685,952 to Ma

ef al; 6 464 96% 1o De La Poterie. et al; 6,264 933 (o Bodelin, et al.; 6,683,126 to Keller o1

al.; and 5911950 to Samowr, et al, the disclosures of which are hereby mcorporated by

reference.
06571 Copolvmers comprising one or more blocks selected from styrene (8),

alkylstyrene {AS}, ethylene/butylene (EB), ethylene/propylene (EP), butadiene {(B), isoprene
{13, acrviate {A} and methacrylate (MA}, or a combination thereof, are contemplated to be
suitable  hydvophobic  film  formers. Particuler  mention 18 made of
Ethvlene/Propylene/Styrene and Butylene/Ethylene/Styrene copolymer ncluding those sold
under the frade name Versagel MD 1600 from Penreco as Gellants in 1DD.

{0658} Special mention may be made of polvalkylenes, and i particular Co-Cu
atkene copolymers, such as polvbutene; atkyleelluloses with a linear ov branched, saturated or
unsatarated ()-Cy alkyl radical, such as ethyleellulose and propylcellulose; copolymers of
vinylpyvrrolidone (VP) and in particelar copolymers of vinvipyvrrolidone and of C; to Cyp and
better stll Gy to Cy alkene, wehuding the copolymers of vinyl pyrollidone with eicosene or
dodecane monomers sold under the tradenmmes Ganex V 220 and Ganex V 216 Polvmers
(ISP Inc. of Wavne, NJ); sihicone polvimers and polvorganosiloxanes, inclading without
limitations, polvalkyl siloxane, polvaryl siloxane, ov a polvalkvlaryl sifoxane, with special
mention being made of polydimethylsiloxanes; polvanhydride resins such as those available
from Chevron under the trade name PA-18; copolymers derived frony maleic anhydnide and
Cs to Cyp alkenes such as octadecene-1; polywethane polymers, such as Performa V 82§
{(New Phase Technologies) and those disclosed i ULS. Patent No. 7,150,878 1o Gonzalez, et
al., mcorporated by reference herein; and polymers and copolymers made from esters of
vinvhic acid monomers, including without imiutation (meth)acrvlic acid esters (also raferred 1o
as {meth)acrylates), for example, alkyl (methiacrylates, wherein the alkyvl group s chosen
from linear, branched and cyclic (Cy ~Ci) alkyls, such as, for example, (Ci-Csp) alkvl
(methjacrylaies, and further sull (Ci-Cyp) alkyl (methlacrvlates.  Among the alkyl
(methjacryiates which may be mentioned are those chosen from methy! methacrylate, ethyl
methacryvlate, butyl methacrvlate, 1sobutyl methacrylate, 2-ethylhexyl methacryiate, lawryl
methacrviate, and the like. Among the aryl (meth)acrylates which may be mentioned are
those chosen from benzyl acrylates, phenyl acrylate, and the like. The alkyl group of the

foregoing esters may be chosen, for example, from Ruonnated and perfluorinated alkyl



WO 2009/140008 PCT/US2009/040496

groups, that is to say that some or all of the hydvogen atoms of the alky! group ave replaced
with floorine atoms. Mention may alse be made of anudes of the acid monomers such as
(methacrviomides, for example, Nealkvliimethlacrvlamides, such as {C-Cyw) alkds,
inclading withowt Hnutation, Neethviacrylamide, Ne-t-butviacrvlamide, Net-ociviacrviamide
and N-undecylacrylapude. Vinyl polymers for the hydrophobic film-forming polymer may
also result from the homopolymerization or copolyvmerization of at least one mononer chosen
from vinyl esters, olefing {including fluorcolefing), vinyl ethers, and styrene monomers. For
example, these monomers may be copolymerized with at least one of acid monomers, esters
thereof, and anudes thereof, snch as those mentioned above. Non-liniting examples of vinyl
esters which may be mentioned are chosen from vinyl acetate, vinyl neodecancate, vinyl
pivalate, vinyl benzoate and vinyl t-butyibenzoate. Among the olefins which may be
mentioned are those chosen, for example, from ethylene, propylene. butene, iscbutene,
octene,  octadecene,  and  polyfluorinated  olefing  chosen, for  example,  fom
tetrafluoroethylens, vinylidene fluoride, hexafluoropropene and chiorotriflunroethvlens.
Styvrene monomers which may be mentioned are chosen, for example, from styrene and
alpha~-methylstyrene. The list of monomers given is not hmiting, and it is possible to use any
monomer known to those skilled in the art which falls within the categories of gerylic and
vinyl monomers (including monomers modified with a silicone chain) which result m
hydrophobic films. In this regard, particular mention may be niade of the commercially
available film formers Cyclopentasiloxane (and) Acrylates/Dimethicone Copolmer (KP-345,
Shinetsu Chemical Co., Lid),

EHENY Other film formers known i the art can be used advanmtageously in the
composition. These inclode acrvlate copolymers, ascrvlates Ciaa alkyl methacrylate
copolymer, acrvlatefoctylacrylanude copolymers, ascrylate/VA copolymer, amodimetincone,
AMP/acrvlate copolymers, behenvlisostearvl, butylated PVP, buiyl ester of PVM/MA
copolvimers, calciumSodium PYMMA copolymers, dimethicone, dimetlucone copolviners,
dimethicone/mercaptopropyvl  methicone  copolymer, dimethicone  propylethylenediamine
hehenate, dimethicolnol ethyleellulose, ethylene/acrvlic acid copolymer, ethylene/MA
copolymer, ethviene/VA copolvmer, fluoro Coy alkyldimethicone, Cipar olefin/isopropyl
maleate/MA  copolymer,  hydrogensted  styrene/butadiene  copolymer,  hydroxyethyl
ethvicellulose.  isobutyvlene/MA  copolymer, wethyl methacrvlate  crosspolymer,
methylacrvloyl  ethyl  betaine/aservlates  copolymer,  octadecene/MA  copolymer,

octadecene/maleic aphydnde  copolymer,  octylacrylamide/acrylate/butyvlaminoethyl
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methacrviate  copolymer, oxidived polyethylene,  perflucropolvmethylisopropyl  ether,
polyethylene, polvmethyl methacrylate, polypropyvlene, PVM/MA decadiene crosspolymer,
PYMMA  copolvmer, PVE,  BVPidecene copolymer, PVPleicosene  copolymer,
PVPhexadecene  copolymer, PVP/MA copolvmer, BVE/VA  copolvimer.  sodinm
acrylate/vinvl alcohol copolymer, steavoxy dimethicone, stearoxyirimethylsilane, stearvl
agleohol, stearviviny! ether/MA copolyner, styrene/DVE copolymer, styrene/MA copolyvmer,
tetramethy! tetraphenyl trisiloxane, fricontanyl PVP, trimethyvl pemtaphenyl tnisiloxane,
frimethyisiloxysiticate,  VAdorotonates  copolvmer,  VAicrotonatesivinyl  propriopate
copolyvmer, VADutyl maleatedsobornyl acrvlate copolymer, vinyl
caprolactam/PVPidimethylaminoethy! methacrylate copolymer, and vinyldimethicone.

[0660] Additional non-limiting representatives of hydrophobie film-forming polymers
include at least one polycondensate chosen from polyurethanes, polyurethane-acrylics,
polvurethane-polyvinvlpyrrolidones,  polyester-polvarethanes,  polyether-polyurethanes,
polvureas and polyweapolyurethanes. The polyurethanes may be for example, at least one
chosen from aliphatic, cycloaliphatic, and aromatic polvurethanes, polyurealurethanes, and
polvurea copolvmers compnising at east one of” at least one sequence of at least one aliphatic
polyvester ongin, cycloaliphatic polyester ongin, and aromatic polvester origin at least one
braniched and unbranched silicone sequence, for example, from polydimethylsiloxane and
polvmethviphenvisiloxane, and at least one sequence comprising fluorinated groups.
Additional non-limiting representatives of polycondensates may be chosen from polvesters,
polvesteramides,  fatty-chain  polyesters, polvamides resins,  epoxyester  resins,
arvlsalphonamide-gpoxy resis, and resing resalting from the condensation of formaldehyde
with an arvlsalphonamde.

0061 The hydrophobic film may also be formed i siw by emploving a resin which
curgs after application to the skin, nails, or bhawr, including for example, a
pobvdimethyisitoxane film formed by in sine hydrosilation of a hvdrostlang and an olefinic-
substituted stloxane or by in sife polyeondensation of alkoxy~functionalized siosanes.

00621 Preferred polymenic f{ilm  formers mchude acrvlates, alkyl acrvlates,
polvarethanes, fuoropolymers such as Fluomer {polyperfluoroperhydrophenanthirene) and
silicone polymers. Particularly preferved are silicone acrylates such as scrvlates/dimethicone
copolymers sold under the trade names KP-545 or KP 550 (Shin-Etsu).

{0663} Other film formers that may be enyployed include, without fimuation, natural,

suneral andfor synthetic waxes. Nafwral wanes are those of animal origin, inclading without



WO 2009/140008 PCT/US2009/040496

limitation beeswax, spermaceti, lanolin, and shellac wax, and those of vegetable origm,
inchading withowt {imitation carnauba, candelila, bayberry, and sugarcane wax, and the like.
Mineral waxes contemplated to be uselul include, withowt limitation ozokerite, ceresin,
moutan, paraffin, microcrvstatiing, petroleum, and pefrolatiom waxes.  Synthetic waxes
incluade, for example, Fischer Tropsch (FT) waxes and polvolefin waxes, such as ethylene
homopolymers, ethyvlene-propylene copolymers, and ethylene-hexene  copolymers.

Represemtative ethvlens homopolymer waxes are commercially available under the

radename POLYWANX® Polvethylene {Baker Hughes Incorporated).  Comumercially
avaifable ethylene-c-olefin copolymer waxes include those sold under the tadename
PETROLITE®R Copolymers (Baker Hughes Incorporated). Another wax that is sunable is
dimethiconol beeswax avatlable from Noveon as ULTRABEE™ dimethiconol ester,

[06064] Combinations of any of the foregoing film formers are also conteraplated to be
suitable, including combinations or podvmeric and non-polymene (ilm formers.

[0665] The collective weight of the hydrophobic film formers, i present, will
tvpicatly be between about 0.1% and abont 3% by weight, more typically between about
0. 1% and about 2.5%, or between about 0.5% and about 1.5% by weight, based on the total
wetght of the composition.

366} The compositions of the invention are typically, bt not necessarily, provided
as anhydrous or substantially anhydrous formulations, By “substanbially anhydrous™ 15 mean
that the weight percentage of water in the composiiton 13 less than about 1%, preferably less
than 0.5%, and most preferably less than about 0,19 by weight. Typically, the anhvdrous
compositions are substantially free of water by which is meant that water is not deliberately
added to the compositions and the level of water is no more than would be expected based on
the absorption of water from the air.

jon67| The compositions will typically comprise a volatile solvent. Veolatile sobvents
may include volatile Cs.y» hyvdrocarbons, aromatic hydrocarbons {e.g., xylenes, ohuene, ete.).
ketones (2., actetone, methyvlethyl ketone, etc), ethers {e.g., diethyl ether, methyiethyl ether,
ete.}. perfluorohvdrocarbons, hydrofluorcethers, freons, volatide sihicones, lower alcohols,
esters of acetic acid {e.g., ethyvlacetate, butylacetate, etc.} and the hke. Preferred volatile
solvents will be cosmetically acceptable, by which is weant that they are safe and non-
irriating when applied to the body under conditions of normal use.

[3368] Volatile silicones are a preferred volatile solvent. By volatile sithicone is meant

that the oil readily evaporates at amblent temperatures.  Typically, volatile siheone oils will

9
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exhibit a vapor pressure ranging from about 1 Pa to about 3 kP a1 25°C; will preferably have
a viscosity of from about 0.1 o about 10 centisiokes, preferably about § centistokes or less,
more preferably about 2 centistokes or less, ai 23°C; and will boil at atmospheric pressure at
from abouwt 33°C to gbout ZXPC.  Volatile silicones inchude ovelic and hwear volatile
dimethyvistioxane sihcones, mcluding 0.5 cst dimethicone, 0.65 st dimethicone, 1 st
dimethicone, and 1.5 cst dimethicone. In one embodiment, the volatile sihicones may inchude
cyvclodimethicones,  including  tetramer (D43, pentamer (D33, and hexamer (D6}
cyclomethicones, or mixiures thereof Suilable dimethicones are available from Dow
Corping under the name Dow Coming 2008 Fluid and bave viscosities ranging from 8.65 o
§ centistokes.  Suitable non-polar, volatile liquid silicone oils are disclosed i U8, Pat. No,
4,781,917, herein tcorporated by reference in iis entirety. Additional volatile silicones
materials are deseribed in Todd et al., *Volatile Silicone Fluids for Cosmetics,” Cosmetics
and Toiletries, 91:27-32 (1976}, herein mcorporated by reference in s entivety.  Linear

o~

volatile sthicones generally have a viscosity of less than about 3 centistokes at 25°C, whereas
the cvelie silicones have viscosities of {ess than about 10 ceniistokes at 25°C. Examples of
volatile sihcones of varving viscosities include Dow Corning 206, Dow Comng 244, Dow
Corning 248, Dow Corming 344, and Dow Corming 3435, (Dow Coraing Corp.); SF-1204 and
SF-1202 Stlicone Fhads (G.E. Silicones), GE 7207 and 7138 (General Electric Co.); and
SWS-03314 (SWS Silicones Corp.}). Linear, volatile silicones inclade low molecular weight
polydimethyvistoxane  compounds  such  as  methylinmethicone,  insioxane,
hexamethyvidisiloxane, octamethyhirisiloxane, decamethylietrasiloxane, and
dodecamethyipentasiloxane to name a few.

(1869 Lower alcohol solvents, including methanol, ethanel, propanol, and
isopropanol, are also contemplated to be wseful. Ethanol s particularly preferred doe to its
high volatility and low toxicity. Preferably, the ethanol is anhydrous ethanol, such as SD
Alcohol 40 from Exxon.

[0876 Among the volatile Csyy hydrocarbons, special mention may be wmade of
isododecane which 1s available under the wade name Permethvl-99A (Presperse Inc.).
Suitable fluorinated solvents include, without im#ation, perfluorcethers, perfluorodecalin,
perfluoromethyldecalin, perflaorchexane, perffuoromethyloyclohexane,
perfluorodimethyleyclohexane, perfluorcheptane, perfluornoctane, perfluorononane, and

perfluoromethyleycopentane, for example,

20
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3871} in a preferred embodiment, the solvent will comprise a combination of a
volatile silicone, preferably cyclomethicone pentamer, and anhydrous ethanel.  Preferably,
the volatile silicone {cyclomethicone pentamer) will comprise from about 1% to sbout 99%
and the ethanol will comprise from about 19% o about 59% by weight of the solvent sysiem.
More particularly, the volatile silicone (cyvclomethicone pentamer) will compnse from about
30% to gbout 99% and the ethanol will comprise from abowt 194 1o about 509% by weight of
the solvent system. In a preferred embodiment, volatile silicone {cyclomethicone pentamer)
wifl comprise from about 70% to about %1% and ethanol will comprise from about 1% to
abogt 30% by weight of the solvent system.

{0672} in a further embodiment, the compositions according to the mvention will
comprise ethanol, preferably anhydrous, in combination with one or more solvents having a
vapor pressure at 253°C which s less than the vapor pressure of ethanol.  In another
gmbodiment, the compositions according to the invention will compnise ethanol, preferably
anhydrous, i combination with one of more solvents having a vapor pressure at 25°C which
is greater than the vapor pressure of ethanol.

{10673} in addition to the foregoing, the compositions according to the myventon may
comprise additional pigments, pearlescents, andfor colorants combat the white appearance of
famed aluming or fumed silica or otherwise (o impart a desired color to the hair, provided
that such components do not undesirably detract from the superhvdrophobic effect.
Inorganic pigments include without limitation ttanium dioxide, zinc oxide, iron oxides,
chromium oxide, ferric blue, and mica; organic pigments include bartum, strontium, calchum
or shaninium lakes, ultramarines, and carbon black: coloraniy mclude withowt hmstation
D&C Green #3, D&C Yellow #5, and D&C Bloe #1. Pigments andior coloranis may be
coated or surface treated with one or more compatibilizers to aid in dispersion in the solvent.
Preferrad pigmenis andior colorants are those surface treated to render tham hydrophobic.
[0674] Preferred colorants include Tron Oxides, Black Oxide of Iron, Browsn lron
Omide, CH 77489, C1 77491, C1 77492, C1 774949, Iron Oxide Red 1-34-PC-2045, Pigment
Black 11, Pigment Brown 6, Pigment Brown 7, Pigment Red 101, Pigment Red 102, Pigment
Yellow 42, Pigment Yellow 43, Red Iron Oxide, Svnthetic Iron Oxide, and Yellow Iron
Oxide.

[0675] Various fillers and additional components may be added. Sustable fillers
include without limutation silica, trested siica, tale, sinc stegrate, mica, kaohn, Nylon

powders such as Ovgasol™, polvethvlene powder, Teflon™, boron mitride, copolymer
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microspheres such as Expancel™ {(Nobel Industries), Polytvap™ (Dow Corning) and silicone

resin pycrobeads {Tospeart™ from Toshba), and the Iike.

{0876} Additional pigment/powder fillers mclude, but are not hnuted {o, wmorganc
powders sach as mums, chalk, Fuller's earth, kaolin, sericite, muscovite, phlogopite, svathetic

muca, lepidolite, biotte, lithia mica, vermiculite, alanmnam sibicate, starch, smectite clavs,
alkyl andfor trialkyl aryl ammoniom smectites, chemically modified magnesiumn ahnminunm
silicate, organically modified montmoriliontte clay, hydrated alwmiman silicate, alumbnam
starch octenyl succinate barium silicate, calcium silicate, magnesiam silicate, strontium
silicate, metal tungstate, magnesiam, silica alumng, zeolite, bartum sulfate, calcined caloium
sulfate {calcined gypsum), calcium phosphate, fluorine apatite, hydroxvapatite, ceramic
powder, metallic soap (zinc stearate, magnesinn stearate, zine mytistate, calcum palmitate,
and ahanimaon stearate), collowdal sihicone dioxide, and boron mitride; organic powder such ag
polvanude resin powder (nvlen powder), cyclodextrin, methyl polvmethacryiate powder,
copolymer powder of styrene and acrvlic acid, benzoguanamine resim powdsr, poly{ethylene
tetrafluoride) powder, and carboxyvinyl polynser, celludose powder such as hvdronvethyld
celtulose and sodinm carboxymethyi cellulose, ethylene glveol monostearate] inovganic white
pigments such gs magnesmum oxide; and stabilizers! rheology modifiers, for example,
Bentone Gel and Rheopear] TT2.  Other useful powders are disclosed i US. Pat. No.
3,688 831, the disclosure of which is hereby incorporated by reference.

06774 The aggeregate amount of all such additional pigments, colorants, and fillers is
not particelarly restricted provided that the superbydrophobicity of treated hair 15 not
compromised.  Tvpicallv, all additional pigments, colorants, fillers, ete., #f present, will
collectively comprise from about 0.1% to about §% of the composition (ncluding volatile
sodvent), but more typically will comprise from about 9.1% 10 gbout 1% or about 2% by
weight of the composition.

[0678] The compositions of the invention may optionally comprise other active and
imactive mgredients typically associated with cosmetic and personal care products, inclading,
but not limited to, excipients, fillers, emulsifving agents, antioxidants, surfactanis, fils
formers, chelating agents, gelling agents, thickeners, emollients, unectants, moisturizers,
vitmming, minerals,  viscosty  andfor vheology  modifiers,  sunscreens,  kewtolyucs,
depigmenting agents, retinoids, bormonal compounds, alpha-hydroxy acids, alpha-keto acids,
anti-miveobacterial agents, antifungal agents, antimicrobials, antivirals, analgesics, hpidic

compoands, anti-allergenic agents, H1 or H2 antihistamines, anti-inflammatory agents, anti-
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iriants, antineoplastics, immung system boosting agents, nmunupe systent suppressing
agents, anti-acne agents, anesthetics, antiseptics, insect repellents, skin coohng compounds,
skin protectanis, skin peneiration enhancers, exfollients, lubricants, fragrances, colorants,
staining agents, depigmenting agents, hypopigmenting agents, preservatives, stabilizers,
pharmacentical agents, photostabilizing agents, and nuxtores theveof. If present, the levels of
such additional components should be judiciously selected so as not to adversely unpact the
ability of the emulsions to form superhydrophic films. Collectively, all such additional
components saitably will comprise less than 3% by weight of the composition, but will
typically comprise less than about 2% by weight, and will preferably will comprise less than
1% by weight, more preferably less than 0.5% by weight, and ideallv less than 0.1% by
weight of the total composition,

0879 The compositions according to the invention will preferably comprise less
than 10% by weight ligud components, other than volatile solvents, as it is believed that
liquid components may cover the hvdrophobically-modifiad oxides and consequently impawr
the hvdrophobicity of the weated habr.  In various embodiments, such components will
comprise less than 5%, less than 4%, less than 39, less than 2%, or less than 1% by weight,
based on the total weight ol the composition. In preferred embodiments, the compositions
will comprise less than 0.5% by weight Hguid components {other than volatle solvents),
preferably less than 0.25% by weight, and more preferably less than {.1%% by weight liguid
components. In other embodiments, the compositions will be free of hquid components other
than volatile solvents,

0080} in one embodiment, the composition will be free or substantially free of
cattonic hair conditioning agents. By substantially free of catiomie haiv conditioning agents is
meant that the conpositions comprise less than 0.53% by weight, prefevably, less than 0.25%
by weight, and more preferred still, less than 0.1%6 by weight catinnic conditioning agents.
[6681] In other embodiments the compositions may contain an amount of cationic

{guaternium) myredients that ave anhydrous or have very low level of water, e g, less than

1% by weight Suitable quaternium  compounds iaclude, withont |hmutation,
Cyclopentastioxane and Silicone Ouatermum-18 (INCT3, PEG-2

Dimeadowloamanudoethylmontam Methosulfate  and  Hexylene Glyecol (INCI,  and
Cetrmonizm Chloride (INC1), to name a few, Such quatermium compounds, 1f present, will
typically comprise from about 0.05% to about 1.53% by weight of the total compuosition, and

more typically, from about 0.1% to about 1% by weight.
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00821 Particularly deleterions to the realizanion of superhydrophobicily are non-
volatile water-soluble or water-dispersible components which may coat or mask the
particulates on the surlace of the hawr, Preferably, the collective amount of such non-velatile
water-soluble or water-dispersible components in the composition will be below about 10%,
below abowut 3%, below about 2.5%, below about 134, balow about 0.5%, below about §.25%,
helow about 0.1%, or below about (L.03%, based on the total weight of the composition
{including volatile solvent}. In some embodiments, the compostiions are free of non-volatile
water-soluble or water-dispersible components, and in particular, free of liquid water-seluble
ov water-dispersible components,

[0083] The first particolate material may comprise, consist essentially of, or consist of
a particular hydrophobically modified oxide, such as for example, octyvlsilyl-functionslized
fomed aluming. By “consist essentially of a particular hydrophobcally modified oxide (e g,
octylsibyl-functionalized fumed aluming) is meant that the presence of additional hvdrophobic
particulates having a coefficient of dvnamic friction greater than 0.3 is sxcluded to the extent
that the presence of such addivonal hvdrophobic particudates would have 8 measurable
mmpact on superhvdrophobicity or aesthetic (color, feel, shine, etc.) when applied to the hair.
In some ermboduments, the first particulate component may comprise more than about §%,
more than about 11¥4%, more than about 15%, more than about 20%, more than about 25%,
more than about 3o, more than abouwt 35%, more than abowut 40%, more than about 45%,
move than abouwt 30%. more than about 35%, more than about 60%, more than about 63%,

more than about 70%, more than about 73%, more than about 8%, more than about 83%,

more than abowt %%, or more than aboat 93% by weight of a particalar hydrophobically-
modified oxide, such as octyvlsiivl-functonalized fumed slumina.

[0084] The compositions are ideally mtended for pump or serosol delivery to the hair.
When formulated for aerosol delivery, a propellant will be mcluded which is suitable for
delivery of the composition onto the hair. Suitable propellants include, withow lindiation, o~
batane, isobutane, and isobutane/propane, nitrogen, carbon dioxade, compressed aiv, nitrous
oxide, 1 2~-difluorcethane, | 1-difluorcethane, 1,1, 1.2-tetrafluoroethane, dimethyl ether, and
mixtyres thereof. When reference s made o the total weigld of the inventive compositions
herein, such weight will be undersiood w exclude the weight of the propellant.

[0O8S] in one embodiment, a product is provided comprising an aerosol device
inctuding a contamer fitted with an dispenser, such as a dispensing valve, for dispensing the

agrosol composition from the container. The container is charged with the composition
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according to the invention {e.g., comprising 8 first particulate matenial, a second particudate
material, and volatile solvent). A suitable propellant may be included in the container with
the wventive composiion or may be wcluded in a second container i a dual-chamber-type
acrosod device. When the propellant is incladed 1 the container with the other mgredients, 1t
will typically be present from about 20% 1o about 50%. by weight of the composition
including propeliant.

j086] The compositions of the invention may suitably be prepared by mixing the
sobvent {e.g., ethanol and cyclomethicone pentamer) with the particulate materials and, if
present, the shine enhancer and optional igredients. Therve is essentially no restriction on the
order of addition or manner of mixing these components. The composition may be mixed or
homogenized at room temperature. It hay been found useful but not necessary to mill the
mixed ngredients which can be carried out using any suitable technigue in the ant. For
exanple, a Silversen LART nuxer operating at 4000 RPM for about 4 minutes has been found
suitable and 1s the method used to prepare compositions according to the Examples. Once
complete, the compostiion can be packaged, for example o a pump spray, or an agrosel
sprav which 1s then charged with propelient.

{0087} The compositions according to the invention are preferably apphed to the baw
{hair of the body, scalp, beard. mustache, evelashes, sic.} o provide resistance against
wetting. Thus, for example, the composiiion may be applied to the hair before swinuning
such that the hair does not become wet, or becomes only mimmally wet, aller submersion in
water. By nunimally wet is meant that the weight of the hair afler sylunersion is increased by
20%% or less, preferably by 15% or less, more preferably by 10% or less, and more preferred
still by 7.5% or less, as compared to the weight of the hair prior to submersion i water.
Further, afier one or two vigorous shakes of the hair, the hair will be essentially drv. By
essentially drv 1s meant that the weight of the hair will be increased by less than abont 3% or
less than about 2.3% as compared to the weight of the hair before sudunersion. The foregoing
may be tested using hair swatches treated with the mventive compositions.  Likewise, the
compasitions may be applied to the batr of a pet, such as a dog, before swinuning such that
the pet is substantially dry immediately after swimming without the need for toweling off,
ele., or o lvestock so they are not wetted by snov, ratn or mud.

{0088} The inveniive compasiiton nwy be apphed, preferably sprayed, onio dry bawr
ot wet hatr, It has surprisingly been found the superhydrophobicity may be achieved even in

the case where the composition 1s applied to wet bair.

by
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0089 it has sarprisingly been foond that the compositions may provide the dual
benefits of increasing water vepellency and mmproving the volome of the haiv when apphed
substantzally uniformly o the hair of the head. The volume may be moreased by at least
abowt 20%, at least about 30%, at least abowt 75%%, or even at least about 100%. The increase
in volame may suitably be determined on hair tresses using the techmgue described by C.R.
Robbins and R.J Crawlord in the article A Method to Evaluate Hair Body,” 4 Suc. Cosmet,

Chem., 38, pp. 369-377 {1984), the disclosure of which is hereby incorporated by reference

fherein.
0090} Additional components may be incorporated as fillers or for vanoas fanctional

purposes as is customary in the art. However, while additional componenis consisient to
fornuilate the above cosmetic compeostions may be included, the nclusion of additional
ingredients 1s limited to those mgredients which do not interfere with the formation of a
superhvdrophobic surface on the hair.
EXAMPLES

0091} The examples below ilastrate the effects on water-repellency, feel, and shine
of hair from apphcation of vanous compositions comprising high dynamic fuction
hydrophobic particulate materials snd low dynamic friction hvdrophobic particulate

materials, individually or i combmation.

[0692] The high dyvnamic friction (e.g., » (.5) particulate materials in the examples

provided below are (i) AEROXIDE™  ALU CROS by Evomik, which
Trimethoxveaprvivisilane {and) Alumina (INCI, an ocotyvisilanized fumed {pyrogenic)
alumipa obtamed by reacting trimethoxyoctylsilane with fumed sluming and (i1} a utanium
droxide ¢ slunynum hvdvoxide / methicone / hydrated sitica sold under the designation SMT-
100SAS.

[0093] The low dynamic friction {e.g., < .5) in the following examples is either () a
vinv! dimethicone / methicone silsesquioxane crosspobymer sold under the designation KSP-
105 by Shin-Etsu Chemucal Co., Lid., (1} a powdered polytetrailuoroethviene (PTFE) sold
under the designation FLUOROPLRE 109C by Shamrock Technologies Inc., or (i) a
lauroy! lysine powder sold under the designation AMIHOPE™ LL by Ajinomoto.

6094 The volatle sobvents comprise anhvdrous ethyl alcobol (Alcohol SD 40B
Anhydrous) and cyclopentasiloxane {cvelomethicone pentamer), which is available uader the

designation Dow Comning 2458 Flaid

26
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EXAMPLE L
{095} The effect of addmp a hgh dynamic frichion pamhiculate material in
combingtion with a second particulate material was investigated i relation to the
hydrophobicity, tactile feel and appearance of treated hair.  Eleven samples (3-11) of &
cosmetic composition were prepared according to Table 4 below. The hvdrophobicity, tactile
feel and appearance of hair samples treated with the cosmetic compositions of Table 4 were

examiped. The testing protocol is described below.

jo096| Hydrophocity, Tactile Feel and Appearance Test Method
(1097} The composition t0 be evaluated was spraved onto 8 hair swath weighing

approximately 5-12 g The volatile solvents from the cosmetic composition were allowed to
evaporate until dry. An initial weight of the treated hair sample is obtained and the tactile
feel and appearance of the cosmetic composition is assessed on the basis of a scale shown
helow in Table 1.

Table 1.

Scale - Assessment of Tactile Feel and Appearance
|  Soft, nanwal feel, no residue or gritty feel, and
' 1o white residues on the haix
o Soft, but some residue or gritty feel, and
- no white residues on the hair
3 Soft, but some residue or gritty feel, and
) some while residues on the haw
4 Some drag, lots of residue or gritty feel, and
no white residues on the hair
< A lot of drag, gritty, dry, and
) ne white residues on the haix
6 A lotof drag, ‘gritty, dry and
some white vestdues on the haiv
- | Worst feel, gritty, dvv, and
e R _Ssubstanuial amount of white residugs on the hair,
[0098] The treated hair sample is also visually evaluated for us shine. The shine of

the treated hair sample is quantilied on the basis of the Star Grading System as shows below

in Table 2.

o
B
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Table 2.
Star Grading System

Scale Visual Assessment of Shine

* {1} Matte

DY Nog Shine
FAF L3} Soall Amounts of Percetvable Shine
HkA Mediwm Shine

High Shine

[0699] The tregted hair sample is then immersed in water and subsequently removed
from the water. The hydrophobicity of the sample 15 visually assessed and the weight of
iested hair sample 1s oblamed. The hyvdrophobicity of the lested smmple is visually evaluated
by observing whether water droplets remain on the hair sample, and if so, whether the water
can be removed with or without shaking the bawr sample. The result 15 recorded using a

Letter Grading System as shown below in Table 3.

Table 3.
]

Letter Grading System
Scale Yisugl Assessment of Hydrophobicity
A Excellent Waterproofing,
1o shaking requured.

B Good Hydrophobicity,

ondy g few drops on sample
C Good Hydrophobicity, only a few drops on sample,

but requires some shaking

D Needs excessive shaking

in order for water to roll off.
E Poor Hydrophobicity

o100} The resalts of these tests for Samples 1-11 mcluding 8 goantitabive

determination of the amount of water remaining on the hair, are shown below in Table 4,
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Table 4,
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0101} The results indicate that, AEROXIDE™ ALU 305 (Sample 1)
anparts superior swater repellency (having a Letter Grading of A) as compared 1o
samples having only low dynamic friction particulste materials (Samples 2-4).
However, AEROXIDE™ ALLN U803 zlone in 2 cosmetfic comyposition {Samyple 1)
unparts undesirable drag and lack of shine {o the hair.  Although the low dynamic
friction particulate materials (Samples 2-4)} provide poor hydrophobic properties,
these matertals tpant soft tactile properties, a natural appearance, and acceptable
shing to the hair,

{0192} it was observed that the combination of a ligh dvnanuc friction
particulate material such as AEROXIDEM™ ALL €805 with a low coefficient of
dyianue friction hyvdrophobie particulate material (Smmples 6-8) nmparts balanced
properties suitable for application to the hailr. In contrast, a cosmetic composition
having a combination of two high coefficient of dynamic friction particidate materials
(Sample §) exhibited unacceptable drag and undesirable residue or gntty feel, whereas
combinations of two low coefficient of dyvnamic friction particulate matenals
(Samples 9-11) provided a sofi tactile feel and superior shine, but were significantly

uferior in water repeliency.

EXAMPLE I
[0103} Samples 12 through 18, as shown in Table § below, were prepared to

mvestigate the effect of different ratios of AEROXIDE™ ALU CROS (ugh ) and
KSP-1035 (low ) on the hydrophobicity, tactile fesl and appearance of ireaizd haw
swaths using the method described in Example 1. The results of these lests are

provided in Table 5.
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Table 5,

wple Number: 12 i3 4 bR 16 17 ix
Conmpanent Weaght %
AFROXIE™ AL C80S N 8.75 i .75 0,73 .75 0.7s
KEP-1s 1 0.73 0.5 0 0.8 (.78 |
Alvohol S1 408 Anbydrous 22 23 22 jried 32 22 22
Dow Coming 2458 Fluid .8 4.5, 4.8, RS q.5. .8, Q.5

Total; 100 P00 100 1a 100 106 HiY

weight 8% vatey remaining 1550 573 1OR 138 {134} 712 404
Wader repeliency B B A A A I3 B
Feel and Appearancs 2 2 2 4 2 2 2
Shine NS 3 EYrY A% Yy o P
{0104} As the ratio of AEROXIDE™ ALU C805 1o KSP-10S5 varied from 1:2

{Sample 12} to 2:1 {Sample 14), the hydrophobicity improved fromr a “D” ratmg at 3
vatio of 112 to an "A™ rating at a ratio of 2.1, Consistent with the results for Samyples
12 through 14, as the amount of KSP-105 mcreased fom 0 1o 1 weight % at a
constant weight of AEROXIDE®™ ALU CR035 (Samples 15-18), water repellency
diminished. This 15 bikely due to the fact that the Vinyl Dimethicone / Mathicone
Silsesquioxane Crosspolvmer (INCE material begins to coat the alwmina particles at
higher loadings and thereby reduce the nano-structured surface gvatlable for
mteraction with water droplets. However, in Samples 12-14 and 16-18 the presence of
KSP-103 significantly improved the tactle feel and appearance of the cosmelic
composition as compared 1o Samiple 15,

[0105} Notably, Sample 16 exiubits excellent water repeliency, achieving a

grade of "A" and provides a suitable tactile feel and appearance prading of 2.

EXAMPLE I
{0106} Samples 19 through 23 were prepared to imvestigate the effect of
ifferent loadimgs of the combination of AEROXIDE™ ALU CBOS and KSP-105 (the
smme high and low coefficient of dvnanuc friction hydrophobic particulate materals
emploved in Example I} on the hydrophobicity, tactile feel and appesrance of har

treated with the compostion.  Samples 19 throogh 23 were prepaved according o

taw
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Table ¢ and the byvdrophobicity, tactile feel and sppearance, and shine were

determined using the wethod described i Exanple ©
Table 6.

Loraponent Weight 5%
AERCNIDE™ ALY CRQ3 073 i3 3 3 18
KSP.103 0.75 HI 3 3 16
Aldcohol 813 40B Anhvydrous 22 2 2 22 2
Pow Coming 2459 Flaad NS g% 5. 4.5, 3.8
Totak: 1430 103 FExy 104 1)
wibght % waler remaiing S £.88 027 0.0 Q.88
Waater repalfency Y B A A A
Feel aml Appesomes 2 4 3 & &
Shine b ok * » ¢
[0187} The results indicaie thai as the (otal amount of the AERONIDE™ ALY

CB4S and KSP-105 combination increased, the water repellency improved from a “B
to an “A" However, as the hydrophobic properiv wmproved, the look and feel
atiributes were compromised.  Specifically, where AEROXIDE® ALU 8038 and
KSP-103 sach comprise at least 3 weight % of the cosmetic composttion {Samples 21
to 233, the cosmetic composition was matte and a white residaes was visible. Below 3
weight % for each compounent, water repellency was acceptable and the shine was
improved. Sample 19, which comprises 0.75 weight % of AERQXIDE™ ALY CRO5
and .75 weight %% of KSP-103, demonsirated excellent balance betwesn waler
repellency, teule feel, appearance, and shine.

EXAMPLE IV
[0108] This example provides a compostiion according o the mvention which
ts suted for appheation to bleached or damaged hair.  The composition has the

mgredients shown m Table 7.

[N
[
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Table 7.

Ingredient weight %
cvclomethicone pentamer 728
anhydrous ethanel 20
Trimethoxyeapryivisilane {(and) o 5
Alumina .
Polvimethyl Methacrylate Spherical {11
Mathyl Methacrvlate Crosspolymer {11
VinyIDimettucone/Methicone 45
Silsesquioxane Crosspolviner
Water repellency A
Feel and Appearance 2
Shine BEEE

{01089} The low coefficient of dynamuc friction particulate material osed in this

example includes (1) the VinviDimethicone/Methicone Silsesquioxane Crosspolvmer
sold as KSP 103 by Kobe, and (31) a spherical polymethyl methacrvlate which is
commercially avatdable from Kobo under the designation Techpolymer MB-8CAL
The Methyl Methacrvlate Crosspolymer 15 a shine enbancing ingredient which has a
hemaspherical shape. It is available from Presperse under the designation 3D Tech
PW (Plaimy XP.

{0118} The nvention described and claimed heredn 15 not to be himited in
scope by the specific embodiments herein disclosed since these embodiments are
mtended as illustrations of several aspects of the mvention. Any eguivalent
embodiments are wmtended 1o be within the scope of Huy wvention. Indeed, various
modifications of the invention 1n addition to those shown and desceribed therein wall
become apparent to those skilled in the art from the foregoing description. Such
modifications are also intended o Bl within the scope of the appended claims. Al

publications cited herein are incorporated by reference in their entirety.
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Clams:

1. A composition for rendering a kevatin fiber water-repeHant comprising:

(a} a first bydrophobie particulate matenal, sard first hydrophobic particalate

material having a coefficient of dynamuc friction of 0.5 or greater.

{b} a second hydrophobic particulate matertsl, sard second hydrophobic

particutate matenial having a coefficient of dynamie friction less than 0.5, and
() from B0 to 99.8% by weight of a volatile solveny;

said st and second hydrophobic particudate materials collectively comprising from
about 0.01% o about 10% by weight, based on the entire weight of the composition;
amd whergm the weight ratio of smd first hydrophobiv particulate matenial o said
second hydrophobic particolate material s from sbout 1110 to sbouwt Hh1; and
wherein the ageregate weight percentage of all non-volatile hiquud constituents in said

composition 1§ less than 0%, based on the entire weight of the composition.

2. The composition according to claim 1, wherein said first bydrophobic
particulate material comprises a hvdrophobically swrface-modified oxide selected
from aluminum oxide, silicon diowide, titanium dioxide, fin oxide, zinc oxide,

rirconium dioxide, or a combinanion thereol

a3

The composition according o clamm 2, wherein said first hvdrophobic

particulate matenal comprises hydrophobicallv-modified ahominum oxide.

4, The compostizon according to clasm 3, wheresn said hvdrophobically modified
it 8 ¥Qrop )

alumunuam oxide is Trimethoxyeaprylyvisilane (and) Aloming (INCT),

5. The composition according to claim 1, wherein said second hydrophobic

particulate material bas a coellicient of dynamic friction less than 0.4,

6. The compositon according to clabim |, wherein said second hydrophobic

particulate material has a coeflicient of dynamic fiiction less than 0.3

7. The composition according to claim 1, wherein said second hydrophobic

particutate material has a coefficient of dynamic friction less than 0.2,

8. The compositton according © clamm 1, wherein sad second hvdrophobic

particulate material has a coefficient of dynamic friction less than (0.1,

taw
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9, The composition according to claim 1, wherein said second hydrophobic
particulate voaterial comprises substantially spherical particles of a polymer selected
from the proup consisting of polvethvlene, polypropylene, polvtetrailuovoethyiene

{(PTFE), polvvinvlchloride (PVOY, polvvimyledeneflvonde (PVDE), polvamide-1nude,

polvmethyimethacrvlate  (PMMA),  polvetheretherketone (PEEK), polvethylene
terephthalate polvester {(PETP), polystyrene, polydimethylsiloxanes,

polymethyisilsesquioxane, polvamide  powder. Vinyl Dumethicone/Methicone
Silsesquioxane {rosspolymer, silicone elastomer, Polysilicones, and combinations
thereotf.

1. The composition according 1o claim 9, wherein said polymer s

polyvtetrafivoroethylene (PTFE)

11, The composiion sccordmng to olaim 9, whereln said polvimer s

potvinethy imethacrvlate (PMMAL

12, The composition according to clum 9, wherein said polymer is Viayl

Dhimethicone/Methicone Silsesquioxane Crosspolymer.

13, The composition according fo clmm 9, wherein said polymer is a silicone

polviner.

14, The composition according to claim 1, wherein samd second hydrophobic
particulate material comprises lawroy! ysine,

15, The composition according to clatm 14, wherein said laurovl hvsine conprises
plate-shaped hexagonal erystals of N-laurovi-L-lysine having a coefficient of dynamie

friction of less than L1

16, The compositon according to claim 1, wherein said second hydrophobie
particulate material comprises boron nitride.

17, The composition according to clmm 1, forther comprising from 0,08 10 2.3%
by weight of a shine enhancer.

18.  The composition according to clam 17, wherain said shine enhancer i3 a
hemi-spherical methy] methacrylate crosspolymer.

19, The composition according to claim 17, wherein said shine enhancer s a

sthicone fluid.

L)
L¥ 3



WO 2009/140008 PCT/US2009/040496

20, The composttion according o claim 19, wherein said shine enhancer is

Phenvltrimethicone.

21, The composttion according o clanm 19, wherein said shine enhancer is

amodimethicons.

22, The composition according to olaim 1, wherein said volatle sobvent comprises

a volattle silicone.

23, The composttion according to claim 22, wherein the volatile silicone is
selected from a group consisting of methylinmesthicone, tuistloxane, 05 ¢st
dimpethicone, 0.65 ¢st dimethicone, 1 cst dimethicone, 1.5 ost dimethicone,
cvelomethicone tetramer, ovolomethicone pentamer, and ovelometiucone hexamer

and combinations thereof

24, The composition according io clasm 23, wherein the volatle silicone is

cyclomethicone pentamer,

25, The composition according {o claim 1, wherein said volatile solvent comprises

athanol.
26, The composition according to clavm 1| whevein said volatile solvent comprises

a volatile silicone and ethanol.
27, The composition according © olam 1, whersimm said first and second
hvdrophobic particidate materials collectively comprises {rom about (1% to about
S% of said composition.
28, The composition according to claim 1, wherem the weight ratio of the first
hvdrophobie particulate material to the second hydrophobic particulate material is
from about 1:2 to about 2:1.
28 The compositon according to claim 28, wherein the weight ratio of the first
hydrophobic particolate material o the second hydrophobic particnlate matenal is
from about 2:1 to about 1:1.
34 A compostiion for rendering a keratin [iber water-tepeliant comprising:

{a} a first hydrophobic particulate material comprising  hydrophobically

modified absmimam oxide;
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(b a second hvdrophobit particulate material, zaid second hydrophobic

particniate material having a coefficient of dynamic friction less than 0.5;
{c} from 90 o 99 8% by weight of a volatile solvent;

smid first and second hydrophobic particulate materials collectively compnising from
about .01% to about 1% by weight, based on the entive weight of the composition;
wherem the weight ratio of sawd first hydrophobie particulate material to said second
hydrophobic particulate matersal 15 from about 1710 to abowt Hn1; and wherein the
aggregate weight percentage of all non-volatile hguid constituents in said compostion

i5 less than 10%;, based on the entive weight of the compaosition.

31 The composition according to clam 30, wherein said second hydrophobic

particulate material has a coefficient of dynamic Iriction less than 0.4

32, The composttion according to claim 30, wherein said second hyvdrophobic

particulate material has a coefficient of dynamie friction less than 0.3,

33, The composition according to claim 30, wherein said second hydrophobic

particulate wterial bas a coefficient of dynanwc friction less than 0.2

3. The composition according to claim 30, wherein said second hydrophobic

particulate material has a coefficient of dynanuic friction less than 0.1,

35, The composition according to clatm 30, wherein said second hydrophaobic
particulate matenial comprises substantially gpherical particles or a polvimer selected
from the group consisting of polyethylene, polypropylene, polvtetrafluorocthyviene

{(PTFE), polyvinvichloride (PVC), polyvinyledensfluoride (PVDF), polvamidenude,

polymethyimethacrylate  (PMMA),  polvetheratherketone (PEEK), polvethyvlene
terephthalate polyester (PETH), polystyrene, polydimethylsitoxanes,

polvmeihyvisilsesquioxane, polvamide  powder, Vimyl Dnnethicone/Methicone
Silsesquioxane {rosspolymer, silicone elasiomer, Polysilicones, and combinatious
thereof

36, The composttion according 1o clam 35, wherein said polymer s
polytetrafiuoroethylene (PTFE).

37, The composition according to clum 33, wherem said polymer s

potvinethy imethacrvlate (PMMAL

taw
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38, The compostion secording to claimy 35, whareinn said polymer is Vinyl

Dimethncons/Methicoue Silsesquiogane Crosspolyner.

39, The composition according to claim 35, wherein said polymer 15 a silicone

polymer,

4. The composition according fo claim 30, wherein said second hydrophobic

particulate material copprises lanrovl bvsine.

41, The composition according to claym 30, wherein said lawroyl lysine comprises
plate-shaped hexagonal crystals of N-lauroyt-L-lysine having a coefficient of dynantic

friction of less than 0.1,

42, The composition according to olam 30, whereln said second hydrophobic

particulate matenal comprises boron minde.

43 The composigon according to clam 30, whereln smd first hvdrophobic

particulate matenal is Trimethoxyeaprylvisilane {and) Alununa (INCT.

44, The composition sccording to claim 30, further compnismg from .05 10 2.5%

by weight of a shine enhancer.

45, The composition according to clarn 44, wherein said shine enhancer 18 a

hemi~spherical methyl methacrylate crosspolymer.

46, The composition according to claim 44, wheram said shing enhancer 18 a

sthicone Thud.

47, The composition according to claim 44, wherein said shine enhancer is

Phenylirimethicone.

48, The composibion according fo clam 44, wherein said shine enhancer s

amadimethicone.

49, The composition according to colaim 30, wherein said volatidle solvent

comprises a volatile stheone.

50, The composition according to claim 49, wherein the volatile silicone is
selected from a group consisting of methylinmethicone, trisiloxane, 0.5 ot
dimethicone, 0.65 c¢st domethicone, 1 cst dimethicone, 1.5 ¢st dimethicone,
cvclomethicone tetramer, cyclomethicone pentamer, snd cvclomethicone hexamer

and combinations thereof

taew
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51.  The composition according to claim 49, wherein the volatile silicone is

cyclomethicone pentamer.

52.  The composition according to claim 30, wherein said volatile solvent

comprises ethanol.

53.  The composition according to claim 30, wherein said volatile solvent

comprises a volatile silicone and ethanol.

54.  The composition according to claim 30, wherein said first and second
hydrophobic particulate materials collectively comprises from about 0.1% to about

5% of said composition.

55.  The composition according to claim 30, wherein the weight ratio of the first
hydrophobic particulate material to the second hydrophobic particulate material is

from about 1:2 1o about 2:1.

S6.  The composition according to claim 55, wherein the weight ratio of the first
hydrophobic particulate material to the second hydrophobic particulate material is

from about 2:1 to about 1:1.
57. A composition for rendering a keratin fiber water-repellant comprising;

(a) a first hydrophobic particulate material comprising hydrophobically

modified aluminum oxide;

(b) a second hydrophobic particulate material comprising substantially
spherical particles of a silicone polymer having a coefficient of dynamic

friction less than 0.5; and
(c) from 90 to 99.8% by weight of a volatile solvent:

said first and second hydrophobic particulate materials collectively comprising from
about 0.01% 10 about 10% by weight, based on the entire weight of the composition:
wherein the weight ratio of said first hydrophobic particulate material to said second
hydrophobic particulate material is from about 1:10 to about 10:1; and wherein the
aggregate weight percentage of all non-volatile liquid constituents in said composition

is less than 10%, based on the entire weight of the composition.

58.  The composition according to claim 58, wherein said first hydrophobic

particulate material is Trimethoxycaprylylsilane (and) Alumina (INCI).
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59.  The composition according to claim 58, wherein said second hydrophobic
particulate material is VinylDimethicone/Methicone Silsesquioxane Crosspolymer
(INCD).

60.  The composition according to claim 58, further comprising from 0.05 to 2.5%

by weight of a shine enhancer.

61.  The composition according to claim 58, wherein said shine enhancer is a

hemi-spherical methyl methacrylate crosspolymer.

62.  The composition according to claim 61, wherein said shine enhancer is a

silicone fluid.

63.  The composition according to claim 61, wherein said shine enhancer is

Phenyltrimethicone.

64.  The composition according to claim 61, wherein said shine enhancer is

amodimethicone.

65. The composition according to claim 58, wherein said volatile solvent

comprises a volatile silicone.

66.  The composition according to claim 66, wherein the volatile silicone is
selected from a group consisting of methyltrimethicone, trisiloxane, 0.5 cst
dimethicone, 0.65 cst dimethicone, | cst dimethicone, 1.5 cst dimethicone,
cyclomethicone tetramer, cyclomethicone pentamer, and cyclomethicone hexamer

and combinations thereof.

67.  The composition according to claim 66, wherein the volatile silicone is

cyclomethicone pentamer.

68.  The composition according to claim 58 wherein said volatile solvent is
selected from the group consisting of ethanol, cyclomethicone, and combinations

thereof.

69.  The composition according to claim 58, wherein said volatile solvent

comprises ethanol.

70.  The composition according lo claim 58, wherein said volatile solvent

comprises a volatile silicone and ethanol.
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71. The composition according to claim 58, wherein said first and second
hydrophobic particulate materials collectively comprises from about 0.1% to about

5% of said composition.

72.  The composition according to claim 58, wherein the weight ratio of the first
hydrophobic particulate material to the second hydrophobic particulate material is

from about 1:2 to about 2:1.

73, The composition according to claim 73, wherein the weight ratio of the first
hydrophobic particulate material to the second hydrophobic particulate matenal 1s

from about 1:1 to about 2:1.

74, A method for rendering hair water-repellant comprising applying thereto the
composition according to claims 1, 24 or 58 and allowing the volatile solvents present

to evaporate.

75. A method for rendering keratin fibers on a mammal water-repellant
comprising applying thereto the composition according to claims 1, 24 or 58 and

allowing the volatile solvents present to evaporate.

76.  The method according to claim 76, wherein the keratin fibers comprise pet

hair.

77.  The method according to claim 76, wherein the keratin fibers comprise

mammalian fur,
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