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METHODS AND COMPOSMTIONS FOR
PREVENTING OR REDUCING FRIZZY APPEARANCE OF HAIR

FIELD OF INVENTION

{0601} The present wvention refates to methods and compositions for preventing or
reducing frizzy appearance of keratin fibers, m particular bawr of the head, snd reducing the
amownt of flv-away strands of hair, particularly m humud conditions. More specifically, the
mvention refates 1o methods and compositions for forming a coating on hair that 1§ resistant

to lnpnidity and water vapors from the air or surrounding envivonment.
BACKGROUND OF THE INVENTION

o602} Consumers have utilized a pumber of cosmetic and personal care compositions
to enhance the look and feel of keratin fibers, such as the hair. Exposure to humid conditions
can cause hair 1o “poof out,”™ having an excessively expanded volume (ie., “fizz volame™),
or appear frizzy. This frizzy condition of hair often appears waruly and s often characterized
with a multiphoity of flv-away strands of hair. Frizzy haiv is unsightly and makes it difficalt
for consumers (o control and mamtain the hair stvle. This frizey condition is particulardy

propounced in dry, damaged, or curly hair.

j003} A conventional approach to reducing the frizey appearance of hair is by
applyving silicones to the hair.  However, these conventional compositions are oflen
impractical, because the large amounts necessary to effectively reduce frizzy appearance of
hair can also canse the hair {o feel greasy and tacky, thus attracting dirt, and appearmg doll

and dirty. Conventional compositions may alse flake off or leave unsightly residues.

[0664] It is therefore an object of the invention to provide an aesthetically pleasing
compaosition for application o keratin fibers, such as hair, which prevents or reduces frizzy
appearance and reduces the amount of fly-away sirands of hair when the hair 15 exposed o
humid conditions. 1t 1s a further object of the invention to provide methods for preventing or
reducing fnzzy appearance of hair without adversely affecting other aesthetic properties {e.g..

appearance, feel, volume, shine, sofiness) of the hair.
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SUMMARY OF THE INVENTION

[0805] In accordance with the foregoing objectives and others, the present imveniion
provides miethods and compositions for preventing or reducing frizzy appearance of hair.
The compositions of the present invention swprisingly provide protection against hunud
conditions and prevent or reduce frizzy appearance of hair for extended periods of time, eg.,
24 howrs, 4R hoors, or several days, or semi-permanently. which may last through repeated
hair washings. The compositons of the invention may be anhydroas or n the form of

emulsions, particularly water-in-od or water-in-sthicone emulsions.

{0606} i one aspect of the invention, a method s provided for preventing or reducing
frivzy appearance of hair. The method comprises applving to the hatr a composition having
{a) hydrophobic particulate material comprising a  hvdvophobically  surface-modified
alunmnum oxide having & median particle size between about 10 wm and about 20 pm, smd
hvdrophobic particelate matenal comprising from about 0.19% 1o about 2.0% by weight of
satd composition; {b) a sthicone-based hydrophobic filbm former comprising from about 0.01%
to about 20% by weight of swd composition; and (¢) a cosmetically acceptable vehicle
comprising g silicone fhud having a vapor pressure gbove gbout 0.01 mmHg at 20°C. The
aggregate weight percentage of all non-volatile water-soluble or water-dispersible organic
constituents in the composiion is less than 5%, based on the entire weight of the
composition. The composition may form a substantially sniform coating on the shalis of the
hair fibers. Prefersbly, the hydrophobic particulate matenial 1s swrface mwodified with
alkylsilane proups, such as caprvivisifane. More preferably, the hvdrophobic particulate

material comprises finned alumina,

(1007} in a preferred embodiment, the silicone-based hvdrophobic film former may
be selected from dimethicone, amodimethicone, dimethiconol, silicone polyurethane, silicone
acrylate, or a combination thereof, Specifically, the hlm former may be a silicone gorylate
copolymer, such as i3 a copolymer compnsing a polvialkvhacrvlate backbove and a

dimethicone polymer grafied to an alkyl ester side chan,

[00081 The composition may be in the form of a hguid or emulsion. Especially a
product intended to be lefl on the hair and withoul ninsing, and may be distribuied through the
frair wiih a brush, a comb or fingers or spraved onto the hair.  The composition may be

apphed to the hair when the ambient relative humidity 38 85% or above. Alternatively, the
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composttion may be applied to the hair daily. Moreover, the composition when applied to the
hair wmay reduce or prevent the frizey appearance of hair after at least one shampomng or

gven after at least two shampooings.

0069 In certain embodiments, the composttion may provide a contact angle with a

water droplet of between HMF and 150” when applied as a thin film (o a glass shide.

{0010 These and other aspects of the present mvention will beconte apparent to those
skifled W the art after a reading of the following detatled description of the mvention,

including the appended claims.
DETAILED DESCRIPTION

foei} All amounts provided in terms of weight percentage are relative to the entire
composition unless otherwise stated. Unless otherwise provided, the term “atkyl” is intended
io embrace straight-chamned, branched, or eyclic hydrocarbons, particudarly those having from
one to 20 carbon atoms, and more particudarly Ciy: hydrocarbons, The compositions of the
present invention can include, comprise. consist essentially of, or consist of the components
of the present mvention as well as other ingredients described herein.  As used herein,
“consisting essenttally of” means that the composition or component may include additional
ingredients, but only if the additional ingredients do not matenialtu alter the basic and novel
characteristics of the claimed compositions or metheds.

[6612] As used herein, the ferm “keratin fiber™ includes hair of the scalp, evelashes,
eyebrows, facial hair, and body hair such as hair of the anms, legs, ete. Keratin fibers are not
hmited to humans and also include any keratin fibers from a mammal., such as, for example,
pet bair and mammalian far,

0013} The cosmelic compostiions of the present invention will generally be
anhydrous, although water-contatming formulations, such as water-in-01l emulsions are within
the scope of the mvention. As used herein, the water-in-0il emulsions nclode water-in-
sthicone emulsion.  When reference 1s made o the weight % of a component based on the
weight of the total composition, the total weight of the composition will be wnderstood to
include both the aqueous and ol phases of the emulsion. In the context of the present
invention, water is considered a volatile solvent and will thus be excluded from the

{imtations on hyvdrophilic components and hguids deseribed heremn.
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{0614} The inventive cosmetic composittions for reducing or preventing frizzy
appearance of keratin fibers {e.g., hair} comprises a combination of a hydrophobie particulate
material and a silicone-based hydrophobic film former for imparting a coating on Keratin
fibers. This novel combination has been found 1o reduced andfor prevent frizey appearance
of hair and reduce the amount of fv-away strands, pariicularly when the hawr 13 exposad o
humid conditions. By hunmid conditions # is meant that the humidity in the surrounding awr is
at a level that is capable of inducing [rivzy appearance or Dy-away strands of bair. In centain
embodinients, the compositions are effective o prevent or reduce frizz and reduce flv-away
hair at ambient refative humidity (RH) of greater than about 30%, greater than about 40%,
greater than about 0%, greater than about 60%, grester than about 70%, greater than about
R5%, ureater than abowt 95%, or about 100% RH. I has been observed that hair treated with
the inventive combination 18 mwore resistand {o frizzy appearance than hair treated with an
equivalent amount of sihcone alone.  Withoot wistung to be bound by any theory, it is
believed that the reduction or prevention of frizzy appearance of hair reduction in the amount
of fly-away strands of hair is achieved by resisting water vapor from the surrounding air,
which iz more abundant in humud conditions. Tt s also believed that the nventive
combination provides a synergistic effect for reducing or preventing frivzy appearance of
keratin fibers andfor for reducing the amount of fly-away strands of hair. In particular, # i3
believed that the synergistic effect may be observed n har exposed to humid conditions. In
oue embodiment, the synergistic effect may be observed in dry, damaged or carly har,

0015} Moreover, it is believed that the composition of the present invention sy
further prevent or reduce frizzy appearance of hair by mparting hydrophobic properties to
the hatr. Tt is contemplated that the present invention may impart hydrophilic properties. The
contact angle is a measure of the hydrophobicity of the surface and i3 the angle at which a
hquidfvapor interface meets a solid surface. One method for measuning the contact angle is
by applying the composition as a film to glass slides and allowmng the volatiles to evaporate.
The contact angle of the thin {im on the glass slide with a drop of water may be suitably
measured using a contact gangle gomometer. 1t is conternplated that the compositions of the
present invention are capable of providing a (ilm on a surface, after evaporation of volatile
solvents, which, in some embodiments, 18 characierized by a contact angle with a waler
droplet greater than about 70°, about 809, about %0°, or about 100" ap to about 1107, about
1267 about 1307, about {407, or about 150°

8016} A fust component of the cosmetic compositions of the invention comprises

one or more particalate materials which are either hydrophobic by nature or have been



WO 2011/056547 PCT/US2010/054051

hydrophobically modified by surface treatment or the like. While not washing (o be bound by
theory, it is thought that the particulate material provides nano~-seale (1 nm to ~1.000 nmj or
mucre-scale (1 wm to ~200 wm) surface roughness or structure on the filin, which repels
meisture from the surrounding air by providing protuberances on which water droplets may
3if, thereby reducing contact of the waler with the surface af large, 1., reduciny surface
adhesion.

foe17 in one embodiment, the particulate wmaterial may comprise at least one
hydrophobic particulate material which has a coefficient of dvnamic (kinematic) friction, g4,
greater than 0.5, The particulate material may have a chalky or gritty feel and may have
substantially non-spherical shapes. Without wishing o be bound by any theory, it is believed
that the substantially non-spherical shape of the high . (e, preater than 0.5) particles
provides nano-scale roughness {o the particles for repelling moisture. The high drag of the
tugh g particles also increases the substantivity of the particles against the hair,

{0018} Surface roughness can be observed or measured by AFM, SEM, and the like.
The cosflicient of dynamic friction may be suitably measured using, for exanple, a Friction
Tester (KES-SE) manufactured by Kato Tech Co., LTD using a silicone rubber friction probe
to megsure a spectfic amount (e.g., 0.01 g) of sample evenly spread omto a ground quartz
plate at a loaded weight of 50¢ al 2 mm/sec.

0019} A preferred particulate material according o the vention s hydrophobically
modified ahuminum oxide (ALO;), also known as alumina, particudarty famed {or pyrogemc)
atwmina. Hydrophobically modified silica (S10y), including finned (or pyrogenic) silica {e.g..
having a particle size range from about 7 nny to about 40 nm and an aggregate particle size
betyeen abost 100 and abowt 4 nm} 1s also contemplated to be particularly wseful. Other
notable particalate materials are hyvdrophobically modified metal oxades, including without
himitation thaniwm dioxide (Ti0), iron oxides (FeQ), FexQ; or FesQy4). zirconium dioxide
{2103, tin dicside (Sn(h), zing oxide {Z2n(), and combinations thereont.

00201 Advantageously, the particulate material may be one which provides
additional funcuionality to the compositions, incloding for example, uliravioler {UV) hght
absorption or scattering, in the case of, for example. ttanmm dioxide and xinc oxide
particutates, or provide assthetic charactenistics, such as color {e.g., pigments), pearlesance
{e.g. mica), or the ike. The partculate material may be based, for example, on organic or
merganic particulate pigments. Examples of orpanic particulate pigments include lakes,
gspecially aluminum lakes, strontium lakes, banum lakes, and the hike. Examples of the

morganic particulate pigments are won oxide, especially red, yellow and black iron oxides,
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titanium dioxide, zine oxide, potassium ferricyamde {(KiFe{CN)), potassinn ferrocvankde
{KFe{CN)q), potassium ferrocyamde trihvdrate (KiFe(CN)e3H0), and mixtures thereof
The particulate material mayv also be based on morganic fillers such as tale, mics, silica, and
mixtures thereol, or any of the clays disclosed m EP 1 040 419, the disclosure of which is
hereby incorposated by reference.

o021} in one embodiment, particulate materials are surface-trested to imparnt a
hydrophobic coating thereon. Hydrophobically modified particulates and methods for
preparing hydrophobically meodified particulates are described in, for example, US. Patent
No. 3,393,155 to Schutte et al., U.S. Patent No. 2,705206 to Wagner et al., U.S. Patent No.
3,500,216 to Wagner et al,, US. Patent No. 6,683,126 to Keller et al., and U.S. Patent No.
7,083,828 to Miiller et al., U5, Patent Pub. No. 2006/01 10341 to Russell at al., and U8,
Patent Pub. No. 2006/0110542 o Distz et al, the disclosures of which ave hereby
ncorporated by reference. As used herein, a hydrophobically-modified particle s one which
15 rendered less hvdrophilic or more hydrophobic by surface modification as compared to the
particie in the absence of swrface modification.

[0822] In one embodiment, a hydrophobic particle 1 accordance with an embodiment
of the present wvention may be formed from an oxide particle {e.g., ¢ metal oxide, silicon
dioxide, eic.} having i#s surface covered with {e.g., covalently bonded to} non-polar radicals,
such as for example allyl groups, silicones, sdoxanes, alkvisiloxanes, organosiloxanes,
floorinated siloxanes, perfluovositoxanes. organosilanes, alkyisilanes, Duonnated silanes,
perfluorinated silanes andfor disilazanes and the like. The surface treatment may be any such
ireatment that makes the particles more hvdrophobic, The surface of the particles may, for
example, be covalentv or ionically bound to an organic molecale or silicon-based molecule
or may be adsorbed thereto, or the particle may be physically costed with a laver of
hydrophobic matenial. There 15 essentially no linntation on the nature of the hydrophobic
weatment and alkyl, aryl, or alivl silanes, silicones, dimethicong, fatty acids {e.g., stearates),
potymeric stlanes may be mentioned as well as Juoro and perfluore derivatives thereof. The
hvdrophobic compounnd nuay be attached to the oxide panticle dwough any suitable coupling
apent, Hoker group, or functional group {(e.g., silane, ester, sther, efc). The hyvdrophobic
compound comprises a hydrophobic portion which may be selected from, for example, alkyl,
aryl, allyl, vinyl, alkylaryl, arvlalkyl, organosilicone, and fluoro- or perfluoro-derivatives
thereef. Hydrophobic polymeric coatings including polyurethanes, epoxvs and the hke, are
also contemipiated to be useful, LS. Patent No. 6,315,990 to Farer, et al,, the disclosure of

which 1s hereby meorporated by reference, described suitable flyorosilane coated particulates
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which are formed by reacting a particulate having a nucleophilic groups, such as oxygen o
hydroxyl, with a silicon-containing compound having a hyvdrocarbyl group sabstituted by at
least one fluorine atom and a reactive hvdrocarbyloxy group capable of displacement by a
nucleoplule. An example of such a compound is ridecafluoroociylinigthoxy silans, available
from Sivento, Piscataway, N1, under the trade name DYNASILANE™ F 8261, A preferred
hydrophobic coating according to the invention Is prepared by treating an oxide, for example,
ahumina, with Trimethoxycaprylyvl Silane.

{0623} Any of the hydrophobically modified particulate materials described in UK,
Patent No. 6,683,126 1o Keller et al, the disclosure of which is hereby mcorporated by
reference hevein, are also contemplated to be useful, mcluding withont hinditation those
obtained by treating an oxide materwal {e.g., S0 Tk, ete) with a {perfluorcoiatkyvi-
containing compound thal contains at least one reactive functional group that undergoes a
chemical reaction with the near-surface OH groups of the oxide support particle, including
for example hexamethyldisilazane, octyltrimethoxysilane, silicone oil, chlorotrimethylsilane,
andd dichlorodimethyisiians.

[0824] In one particutar preferred embodimentd, the particulate material 1s 2 fed {or
pyrogenie) alumina or g fumed {ov pyrogemic) silica which is surface-functionslized with
alkylsilyl, fluoro-alkylsilyl, or perfluerc-alkvisilyl groups, preferably with alkyisibvl groups
{1.e.. surface (reated with alkvlsilanes. Typivally, the alkylsilyl groups will comprize Cige
hivdrocarbons  (more typically T hydrocarbons) which are optionally fuonnsted or
perfluoringted. Such groups may be mtroduced by reacting at the particle surface with
silanes such as Ci.-alkyl-trialkoxysilanes (e.g., Cy.-alkyl-inimethoxysilanes or Ciy-alkyl-
inethoxvsilanes}. Preferably, the particle surface is funcuonalized with alkylsilyl groups (1.e.,
surfice treated with alkvisitanes). More preferably, the particle surface 1 funchonalized and
surfiace modified with octylsilyl groups, alse known as caprylylsilyl groups, introdoced by
reacting  the particles  with, ocivisilanes  {or caprvivisilanes), for  example,
trimethoxveaprvivlsilane or triethoxyeaprvivisilane. Such particles are commonly referred o
as octylsitane treated.  In another embodiment, the oxide particle has been surface treated
with a flooroalkvlsilane, and i particular a pevfluorcalkyisdane, such as a Gl
perfluaorcalkylsilane, or more typically a Gy perfluoroalkyisidane, mcluding an exemplary
embodiment wheren the oxide particle is surface-treated with a Cs perfluoroalkyisilane. The
pigments may be prepared by treating the oxide particle with a trialkoxyfluorcalkylsilane,
such as Perfluorooctyl Triethoxysilane (INCI. Because the particles are preferably fumed

{or pyrogenic), the primary particle size will typically be very small, Le., on the order of $ nm
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to about 3¢ mm. The specific surface area of these particulate materials will typically, but not
necessarily, range from about 50 to about 300 /g, more typically, from about 75 to about
250 m¥/g, and preferably from about 100 to shout 200 mYg. A suitable hydrophobically
modified alumma particulates inchude fumed aluminum oxide treated with octvlsilane
{obtained by reacting wrimethoxyvoctyisiane with fumed aleming), such as AEROXIDE®R Alu
and AERQXIDE™ ALU C80S from Evomk Industries. That product is believed 1o have an
average prunary particle size of about 13 nim (nanometers) and a specific surface area {SSA)
of about 100+ 15 m’/g. Typically, the alumina or hydrophobically-modified alumina has not
been calomed, by which is meant that the alumina has not been beated o a high temperature,
for example, at a temperature above 1000°C 0 expel volatile mypurities in the crude metal
oxide. Preferably, the particulate material is substantially free of calcined alumina, by which
is meant that calcined alomina 15 not deliberately added 1o the particulate material and the
ammounts are so Jow as to not have a measureable tupact on the performance, fook or feel of
the composition. More preferably, the particulate material s free of caleined aluming, In
other embodiments, the compositions may be substantially free of alumina or
hvdrophobically modified aluming. By substantially free of alumina or hydrophobicatly-
modified alumina means that these components comprise fess than about 2%, preferably less
than about 194, and more preferably fess than about 0.5% by weight of the one or more
particulate materials.

00251 Addiional particles may be included, such as hydrophobically modified
finned silica.  When present, sutiable hydrophobically mwodified finmed silica particles
include, but are not limited to AEROSIL™ R 202, AEROSILIM R 805, AEROSH.™M R 812,
AEROXIDE™ LE-1, AEROXIDE™ LE-2, and AEROXIDE™ LE-3 from Evomk/Degussa
Corporation of Parsippany, NI, which are believed to be hydrophobic fumed silicas, swrface-
functionalized with atkylsilyl groups for hvdrophobicity and a specific surface area (SSA) of
about 160 = 30 m'/g, about 220 & 30 mYg, snd 100 = 30 m'/g, vespectively, The
hydrophobically modified silica matenials described 1 ULS, Patent Pub. 2006/0110342 to
etz e al, incorporated herein by reference, are also contemplated (0 be particularly
spitable. Other optional particulates mclude the particalate stheone wax sold under the wrade
name Tegotopt™ 1035 (Degussa’Goldschunidt Chemical Corporation) and the particulate vinyl
polvmer sold under the name Mincor™ 300 (BASFE). While silica {810 and

hydrophobically-modified silicas are contemplated to be useful i some embodiments,
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other embodiments the compostiions will be substantially free of silica or hydrophobically-
modified sithea. By sobstantially free of silica or hydrophobically-modified silica means that
these componenis comprise fess than about 2%, preferably less than about 1%, and more
preferably less than about §.5% by weight of the one or more particulate materials. In other
ambodiments the compositions will be free of silica or hvdrophobically modified sihea. By
“free of” 15 meant that none is deliberately added and sny amounts present will be so low as
to not impact the look, feel or performance of the composition,

[0626] The one or more particalate materials may also comprise particulate organic
polvmers such as polvtetrafluoroethylene, polvethylene, polvpropviene, nylon, polyvinyi
chiloride, and the like which have been formed imto fine powders. Altermnatively, the
particalale material may be 3 microcapsule comprising any of the shell materials described m
U.S. Patent Pub. 2005/0000331, the disclosure of which is hereby mcorporated by reference
berein.

0627} The one or move particulate materials will typically be in the form of a powder
having a median particle size beiween about | nm {nanometers) and about 1 mm
{millimeters}, more typically betwean aboul 5 nm and aboutl 300 gm {mucrometar), prefarably
hetween about 7 nm and gbout 1 wm, more preferably between gbout 10 nm and about § pm,
about 20 wm, about 30 wm or about 100 um. Where more than one particulate material is
amploved {eg.. modified TiO: andior modified S10q), the median particle sirg of each
powder 1s preferably within the foregoing ranges.

[0028] Particulate materials having median particle sizes above about 1 mm may be
oo large, unless the particle itself contains surface roughness in the appropriaie size range.
For example, surface treatment of a larger particle with a polymer chain in the 20 nm range
may provide acceptable surface roughness. Roughness of the resulting flms may be
characterized by the size of the primary particle, by the size of sgglomerated particles in the
aggregate, or by the distnibution of particle sizes.

{10291 Typically, the one or more particalate material will typically compnise from
about 0.01% to about 10% by weight of the total composition, wmore typically from abow
0.1%% to about 3%, preferably from about 8.1% 1o about 2.0%:, more preferably from about
(.253% 1o about 2.0% by weipht of the composttion, and most preferably from abowt 0.4% 0
about 1.53%. In certain embodiments, the one or more particulate material may comprise
about 0.4%., abowt §.5%, about 0.6%, shout §.67%, shout §.7%, about §.75%, about .89,

about 0.9%, about 1.0%, about 1.25% and about 1.5% by weight of the composition.

9
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{0630} in some embodiments, the particulate material may conmprise more than about
3%, wmore than about 1%, more than about 15%, more than about 20%, more than about
25%, more than about 30%, more than about 35%, more than abowt 40%, more than about
43%, more than about 3¥%%, more than about 33%., more than about 60%, more than about
63%, more than about 709, more than abowt 73%, more than abowt 80%, more than about
85%. more than about 0%, or more than about 95% by weight of octylsilyl-functionalized
fumed alomina.

{0631} A second component of the composition of the invention comprises one or
more film formers. The {ilm former preferably comprises a hydrophobic matenial.  The
hydrophobic film former may be any hydrophobic film former suntable for nse i a cosmetic
composition inclading, but not limited to, hydrophobic film-forming polymers. The term
film-forming polvimer may be undersiood {0 mdicate a polvmer which s capable, by iseif or
i the presence of at least one auxibary Him-forming agent, of forming a continuows film
which adheres to a surface and functions as a hinder for the particulate material. The term
“hydeophobic” film-forming polymer will typically refer to a polymer with a solubility o
water at 25°C of less than aboul 1% by weight or one in which the monomeric units of the
polvimer individually have a solobility in water of less than about 1% by weight at 23°C.
Alternatively, a “hydrophobic” fhm forming polymer mav be said to be one which partitions
predominately mto the octanol phase when shaken with a mixture of equal volumes of water
and octanol. By predonungiely 1s meant more the 50% by weight, but preferably more than
75% by weight, more preferably more than 95% by weight will partition into the octanol
phase. The film former is preferably silicone based. By silicone based is meant that the
hydrophobic film former comprises at least one silicone modety, sach as, for example,
dimethicone, amodimethicone, dimethiconol, silicone polyurethane, silicone acevlate or
combinations thereof. Without wishing to be bound by any theory, it is believed that the
reduction or prevention of {rizzy appearance of hair and for reducing the amount of fyv-away
strands of hair 18 achieved by the hvdropbobic flm former binding the hydrophobic
particalate matertal in an aggregate structure, analogous to a brick and wmornar wall, and
thereby mproving the water vapor resistance properties of hair freated with the inventive
composition.

{0632} The film forners can be either natural or synthetic, polyvmeric or non
polvineric, resing, binders, with low or high molar mass. Polymene film formers can be
gither natural or synthetic, addition or condensation, homochain or heterochain,

monodispersed or polvdispersed, organic or inorganic, homopolymers or copobyvimers, hinear
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or branched or crosslinked, charged or uncharged, thermoplastic or thermoset, elastomaric,

crystalline or amovphous or both, isotactic or syndiotactic or atactic,
j00331 Polymeric film formers include polyolefins, polyvinyls, polacrvlates,

poivurethangs, sihcones, silicone acrylates, polvamides, polvesters, fluoropolvimers,
poivethers, polvacetates, polvearbonaies, polyvimides, rubbers, epoxies, formaldebvde resins,
and homopolymers and copolymers of and of the foregoing.

0034} Suitable hvdrophobic {(lipophilic) film-forming polymers include, without
limitation, those described i U.S. Patent Nos. 7,037 315 1o Kalafsky, et al.; 6,683,952 to Ma
et al.; 6,464,969 to De La Poterie, et al; 6,264,933 1o Bodelin, ef al; 6,683,126 1o Keller et

al.; and 5911980 to Samour, et al,, the disclosures of which are hereby incorporated by

reference.
UGS Copolymers comprising one or more blocks selected from styrene ({S),

(1), acrylate (A) and methacrylate (MA), or a combination thereof, are contemplated to be
suitable  hydrophobic  fhn  formers. Particular mienfion I8 made of
Ethyvlene/Propylene/Styrene and Butviene/EthvleneStyrene copolymer including those sold
under the trade name Versagel MD 1600 from Penreco as Gellants in isododecane (IDD).

j0036] Spectal mention may be made of polvalkylenes, and i particular Co-Cy
alkene copolvmers, such as polybatene; alkvicelluloses with a linear or branched, saturated or
wnsaturated C-Cy alkyl radical, such as ethyleellalose and propyleellulose; copolymers of
vinyipyrrolidone (VP} and in particular copolymers of vinyipyrrolidone and of C; to Cy and
better still (5 1o Cyp alkene, including the copolvmers of vinyl pyrollidone with eicosene or
dodecane monomers sold under the tradenames Ganex V 220 and Ganex V 216 Polymers
(ISP Inc. of Wayne, NI). polvanhvdnide resins such as those available from Chevron under
the trade name PA-18; copolymers derived from malete snhydrde and Cs to Cy alkenes such
as octadecens-1; polvurethane polvmers, such as Performia V 825 (New Phase Technologies)
and those disclosed in U.S. Patent No. 7,150,878 to Gonzalex, et al, incorporated by
reference herein; and polymers and copolymers made from esters of vinylic acid monomers,
including without hnutation (meth)acrylic acid esters {also referred to as (nethjacrylatss), for
example, alkyvl (methdacryvlates, wherein the alkyvl group is chosen from hinear, branched and
eyvelic (O -Ca) alkyls, such as, for example, {C-Cho) alkyl (meth)acrvlates, and further still
{(Ce-Cipy altkyl Gmethiacrviates. Among the alkyl {(methjacrvlates which may be mentioned
are those chosen from methvl methacrylate, ethyl methacryiate, butyl methacrylate, sobutyl

methacrylate, 2-ethythexyl methacrviate, laoryl methacrylate, and the like. Among the aryl

i
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{methiacrylates which may be mentioned are those chosen from benzyl acrvlates, phenyl
acrylate, and the hke. The alky! group of the foregomng esters may be chosen, for example,
from fluorinated and perfluorinated alkyl groups. that is o sy that some or all of the
hydrogen atoms of the alky! group are replaced with fluorine atmms. Mention may alsc be
made of amudes of the acid monomers such as {methlacrviamides, for example, N-
alkvlimethlacrylamides, such as (Ci-Cae)  alkyls, including  withoat  houtation, N-
ethylacryvlomide, N-t-butylacryvlanude, N-t-octylacrylamide and N-undecylacrvlanude. Vinyl
polymers for the hydrophobic flm-forming pelymer may also result from  the
homopolymerization or copolymerization of at least one monomer chosen from viny] esters,
olefins Gncluding Buoroolefing), vinyl ethers, and styrene monomers.  For example. these
monomers may be copolvmerized with at least one of acid mononters, esters thereof, and
amudes thereof, such as those mentioned above. Non-limiting examples of vinyl esters which
may be mentioned are chosen from vinl acetate, vinyl neodecanoate, vinvl pivalate, vinyl
benzoate and vinyl t-butvlbenzoate. Among the olefins which may be mentioned are those
chosen, for example, from ethylene, propviens, butene, iscobulene, oclene, octadecene, and
polviluorinated olefins chosen, for example, from tetrafluoroethylene, vinvlidene fluonide,
hexafluoropropene and chlorotrifluorccthylene, Styrene monomers which may be mentioned
are chosen, for example, from stvrene and alpha-methyistyrene. The Hst of monomers given
1s hot fimting, and # 13 possible to use any monomer known to those skilled i the arl which
falls within the categories of acryhe and vinyl monomers which result in hydrophobic films.
In this regard, particular mention may be made of the silicone acryvlate copolymers, in
particular copolvmers comprising a polv(alkvilacrylate backbone and a dimethicone polymer
grafted to an alkyl ester side chain, such as the commercially available film former
Cyclopentastioxane (and) Acrviates/Dimethicone Copelvmer (KP-545, Shin-Etsu Chenucal
Co., Lidy and Methyl Trimethicone {and) Acrylates/dimethicone Copolymer {KP-549, Shin-
Eisa Chemical Co., Lid)

[aB3T} Other film formers known in the avt can be used advantageously in the
composition. These include acrviate copolymers, acrvlates Cinp alkyl methacnylate
copolymer, acrylatefoctviacryvlamude copolymers, acrylate/VA copolymer, amodimethicone,
AMPiacrvlate copolymers, behenvlasostearvl, buiviated PVP, byl ester of PVM/MA
copolymers, calciumd@odiom PVM/MA copolymers, dimethicone, dimethicone copolymers,
dimethicone/mercapiopropyl  methicone  copolymer, dimethicone propylethylenediamine
hehenate, dimethiconol ethyleellulose, ethyvlene/acrylic acid copolvmer, ethylene/MA

copolymer, ethviene/VA copolymer, fluoro Cos alkyldimethivone, Cipae olefinfisopropyl
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maleate/MA  copolvmer, hydrogenated  styrene'butadiene  copolymer, hydroxvethyl
ethyleellulose,  sobutyvlene™MA  copolymer,  methyl  methacrylate  crosspolyviner,
methviacrvloyl  ethyl  betaine/acrvlates  copolymer.  octadecene/MA  copolyvmer,
octadecene’maleic  anhvdnde  copolvmer,  ociviacryvlamide/acrylatebutylaminoethyi
methacrviate  copolymer, oxidized polvethvlene, perfluoropolvmethylisopropyl  sther,
polyvethylene, polymethyl methacrylate, polvpropylene, PVM/MA decadiene crosspolymer,
PYM/MA  copolyvmer, PVP, PVPidecene copolymer, PVPieicosene  copolymer,
PVPihexadecene  copolymer, PVPMA  copolvmer, PVP/VA copolvmer,  sodinnt
acrylatesvinyl alcohol copolymer, stearoxy dimetlicone, stearoxytrimethylsilane, stearyl
alcchol, stearviviny! ether/MA copolymer, styrene/DVB copolymer, styrene/MA copolvimer,
wricontanyl PYP, mimethyvistoxysilicate, VAdcrotonates copolymer, VA/crotonatesivinyi
proprionate  copolvimer,  VA/butyl  maleate/isobornyl  acrvilate  copolvimer,  wviyd
caprolactam/PV P dimethvlaninoethyl methacrvlate copolymer, and vinyldimethicone.

{0038} Additional non-Himiting representatives of hydrophobic film-forming polymers
include at least one polveondensate chosen from polvurethanes, polvurethane-acrylics,
polviwethane-polyvinvipyrrolidones,  polvester-polvurethanes,  polyether-polvurethanes,
pobvurcas and polyurea/polyurethanes, The polyurethanes may be for exaniple, at fegst one
chosen from aliphatic, cvcloaliphatic, and aromatic polvurethanes, polyureaursthanes, and
podyvarea copolymers comprising at least one ofr at least one sequence of at least one aliphatic
polyester origin, cycloahiphatic polyester onigin, and sromatic polyester origin at least one
branched and unbranched silicone sequence. for example, from polydimethylsiloxane and
polymethviphenvisiloxane, and at least one sequence comprising fluoninated groups.
Addittonal non-limiting representatives of polvcondensates may be chosen from polvesters,
polvesteranides,  fatty-chain  polvesters,  polvamides  resing.  cpoxyvesier  resins,
arvlsulphonamide~-epoxy resins, and resins resulting from the condensation of formaldehyde
with an arvlselphonamide.

00391 The hvdrophobic film may also be formed in site by emploving a resin which
cures afler gpplication 1o the skin, nails, or bhair, including for example, 8
polydimethyisifoxane film formed by in sifi hydrosilation of a hydrosilane and an olefinic-

subrstituted sdoxane or by i s7iu polveondensation of atkoxy-functionaltized siloxanes.

{06404 Preferred polymeric fiim formers include silicone polymers, acrylates, alkyl
acrylates, polyurethanes, flworopolyiners such as Fluomer

{polyperfluoroperhvdrophenanthrene) or Flulee PP3 available from F2 chenucals, and

silicone acrylates such as acrylates/dimethicone copolvmers sold under the trade names KP-

oo
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345 or KP 350 (Shin-Etsu). Suitable film formers include, but are uot himited to, Amino
Bispropvl Dimethicone, Aminopropyl Dimethicone, Amodimethicone, Amodimethicone
Hydroxystearate, Behenoxy Dimethicone, Cioss  Alkyl Dimethicone, Cuay  Alkyl
Dimetlucone, Cigas Alkyl Methicone, Cetearvl Methicone, Cetyl DHmethicone, Dimethicone,
Dimethoxysivl Hibvienediaminopropyl Dimethicone, Hexvl Methicone,
Hydroxypropyldimethicone, Stearamidopropyl Dimethicone, Stearoxy Dimethicone, Stearvl
Methicone, Stearyl Dimethicone and Vinyl Dimethicone, Pasticularly preferred are silicone
polvmers, including Methicone {as described by CTFA Monograph No. 1581, which is
incorporated herein by reference}, Dimethicones (as described by CTFA Monograph No. 840,
which is incorporated herein by reference) snd Amodimethicones as described by CTFA
Monograph No. 189, which 15 incorporated herein by reference). All CTFA Monographs
provided herein are found in the Internatiopal Cosmetic Ingredient Dictionary and Handbook,
12% Edition (2008), and are hereby incorporated by reference.

o041} in one embodiment of the invention, the compositions nclude a silicone gum.
Suitable sificong gums will tvpically have a moelecular weight of from about 200,000 to about
600000, Specifie  examples  imolude  polydimeihvisiloxane,  (polvdimethvisiloxane)
(methvlvinyisioxane) copolvmer, polvidimethyisiloxane) {dipheny!) {(methylvinylsitoxane)
copolvimer, dimethiconol, fluoresilicone, dimethicone, or mixtures thereof. In a preferred
embodiment, the film lornung stheone g i3 a high molecular waight Dimethicone. The
figh molecular weight Dimethicones have high viscosities and are conunonly referred to as
dimethicone gums. The viscosity of the silicone gum may be, without Ianitation, form about
300,000 centistokes o about 100 million centistokes measured at 23°C. The high molecular
weight Dimethicones are commercially available in combination with lower molecular
weight sthcones or with volatle silicones, which makes the high molecular weight
Dimetlicones gaster to handle. A suitable mixture contaimng high molecular weight
Drimetluncone (MW approx 500,080 is conunercially available from Momentive under the
trade name SF 1214,

[0042] in another preferved embodiment, the film forming polyvmer s a silicone
acrviate, such as that baving the CTFA Monograph Noo 10082 and the INCI name
AcviatesDimethicone.  This polvmer 13 commercially available from Shin-Etsa Chamical
Co., Lid. ander the trade name KP-344 and comprises grafted copolymers with an acrylic
poiymer backbone and dimethyipolysiloxane side chains. The smme polymer is commercially

available i a vanety of different solvenis mchuding Isopropyl Alcohol (KP-3413, Butyl
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j00431 In another embodiment, the {ilm forming polymer may be a silicone urethane,
such as that having the INCI Name Bis-Hydroxypropyl Dimethicone/SMDI Copolvimer and
the INCI Monograph 1D No. 22006, This polvmer is commercially available from Siliech
Corp. under the trade name SILMER UR-5050, which comprises the polvmer in
isododecane.

[0644] Other film formers that may be employed mclude, without fimitation, natural,
suneral and/or synthetic waxes. Natural waxes ave those of animal origin, incloding without
himitation beeswax, spermaceti, lanolin, and shellac wax, and those of vegetable origin,
including without imitation carnaubg, candelilla, bayvberry, and sugarcane wax, and the like.
Mineral waxes contemplated to be aseful include, withowt Hmitation ozokerite, ceresin,
momtan, pavaffin, microorystaliine, petrolenm, and petrolatam waxes.  Svnthetic waxes
include, for example, Fischer Tropsch (F1) waxes and polyolefin waxes, such as ethylene
homopolymers, ethylene-propviene  copolvmaers, and  ethylene-hexene copolymers.
Representative gthvlene homopolvimer waxes ave commercially avatlable under the
tradename POLYWAX® Polyethylene (Baker Hughes Incorporated).  Commercially
available ethylene-w-olefin copolvimer waxes include those sold under the twadename
PETROLITE® Copolymers {Baker Hughes Incorporated). Another wax that iy suilable s
dimethiconol beesway avatlable from Noveon as ULTRABEE™ dimethiconod ester.

j0045] In some smbodiments, # may be desirable to add a hvdrophilic or water-
soluble film former {eg. cellulosics, polysaccharides, polyquaternimms {such as
polyguatermum-37 (INC, etc.) to the composition fo improve spreading, emalsion stability,
aesthetic look and feel, etc. While less preferred, it is within the scope of the invention to
include such hydrophilic or water-soluble [l formers. There is no restriction on the amount
of hydrophilic or water-soluble film former, although ot high levels (e.g., greater than 20% by
weight based on the total weight of film former} it may be necessary 0 mcrease the ratio of
hydrophobic particulate to film former to counter the reduction in surface hydrophobucity. In
some embodiments, the collective weight percentage of hyvdrophilic or water-soluble film
formers will be less than about 20%, preferably less than about 15%, more preferably less
than about 10%, and more preferved still, less than about 3% by weight based on the total
weisght of all film formers. I a preferred embodiment, hyvdvophific flm {ormers will

comprise less than about 2% by weight of the total weight of Glm formers in the copposition.

s
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In one embodiment, the composition is substantially free of water-sohuble [Hm formers by
which ts meant that the composition comprise less than 2% by weight, preferably, less than
1% by weight, and more preferred still. less than 0.5% by weight of the one or more film
formers. in one embodiment the composition does not contain a hvdroplulic film former.
[RLELY Combinations of any of the foregoing film formers are also contemplated o be
suitable, mcluding combinations or polvmeric and non-polymenc film formers.

{0647} The film former will comprise frony about (.01% to about 20% by weight of
the composition, and more typically will comprise from about 0.25% to about 15%, and
preferably from about 1 to 12%, wore preferably from 1.5% to sbouwt 10%, and more
preferred sull about 3% to about 8% by weight of the composition.  Generally, the weight
ratio of the one or mote hydrophobic particulate material to one or more film formers will be
fromm abowut 1:1 to about 1: 1M about 1:1.25 to about 1:75, about 1:1.5 {0 gbout 1:530, aboul
F:1.75 to aboot 1:25, or about 1:2 to about 1110, Mention may be made of the following
ratios of one or more hydrophobic particulate matenal to one or move filin formers: about
1224, about 1015, about 1:10, about 1:9, about 1:8, about 1;7, about 1:6, about 15, about 14,
about 13, about 112, about 1:1.5 and abowt 111

06481 in certain embodiments, the composition will comprise a silicone acrylate film
former i addiion to a silicone gumn film former. The silicong aciviate film fonmer and the
sificone @man {Hm former may each independently comprise from about 0.01% to about 20%
by welght of the composition, and more typicatly will comprise from about 0.25% to about
15%, and preferably from about 1.0% to about 10%, and more preferably, from 1.5% to about
&%, and more preferred still about 3% to about 5% by weight of the composition.

[6049] The inventive compositions will typically comprise a cosmetically acceptable
vehicle. By “cosmetically acceptable™ 15 meant that the velucle is safe for contact with a
hoaman integument.  The vehbicle may comprise 8 Hgquid, comprising a single phase, a dual-
phase svstem, or an emwlsion. Emudsions include od-in-water, silicone-in-water, water-in-
oil, water-in-silicone, and the like. Where the product is intended as a spray, it may be
desirable 1o employ a single phase vehicle, or a dual phase vehicle comprising an agueous
phase and an o1l phase, the oil phase comprising a sihicone oil. When formulated as an
emulsion, an emulsifier 1s (ypically included. In other embodiments, the composition i3
substantially free or free of an emalsifier. By sabstantially free of an emndsifier is meant that
no ennlsifier is deliberately added 1o the composition and the amounts present, if any, are so

low as to not have a measureable impact on the stability of an emulsion.
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LHEH i one embodiment, the vehicle may conymise a volatile solvent. Tvpically, a
volatite solvent may have a vapor pressare of above about .07 punHe at 20°C. Volatile
solvents may include volatile Cs.y hydrocarbons {e.g., isododecane), aromatic hydrocarbons
{e.2., xvlenes, tolusne, eic.), ketones {e.g., actetove, methviethyl ketone, elc.), sthers {eg.,
diethyl ether, methylethyl ether, etc.), perflaorohvdrocarbons, hvdrofluoroathers, Freons,
volatile silicones (e.g.. cyclopentasiloxane), lower alcobols {e.g., ethanol, isopropyl alcohal,
etc. ), esters of geetic acid (e.g., ethvlacetate, butylacetate, etc.) and the like. Preferred volatile
solvents will be cosmetically accepiable.

{0651} Volatile silicones are a preferred volatile solvent. By volatile silicone i1s meant
that the oif readily evaporates at ambient temperatures.  Typically, volaule silicone oils will
exhibit 8 vapor pressure ranging from about 1 Pa to abowt 2 kPa at 25°C; will preferably have
a viscosity of from about 0.1 to aboul 10 centistokes, preferably about § centistokes or less,
more prelerably about 2 centistokes or tess, at 25°C; and will boil at atmospheric pressure at
from about 35°C 10 about 230°C.  Volatle silicones include cyche and linear volatile
dimethvistloxane silicones, including .3 ¢st dimethicone, 0.65 cst dimethicone, 1 ¢st
dimethicone, and 1.5 ost dunethicone. In one smbodunent, the volatile silicones may include
cyclodimethicones,  ncluding  tetramer  (D4),  pentamer (D35}, and  hexamer (D6)
cvelmnethicones, or mixtures thergof.  Suiable dimethicongs are available from Dow
Corning wder the name Dow Corning 2000 Flaid and have viscosities ranging from 0.65 {o
5 centistokes.  Suitable non-polar, volatile liquid silicone oils are disclosed i U.S. Pat. No.
4,781,917, herein incorporated by reference in Hs entirety.  Additional volstile silicones
maierials are described m Todd et al., “Volatile Silicone Fhuds for Cosmetics.” Cosmaetics
and Toiletries, 91:27.32 (1976}, herein incorporated by veference in s entirety. Linear
volatife silicones generally have a viscosity of {ess than about 5 centistokes at 25°C, whereas
the cvelic siheones have viscosities of less than about 10 centistokes at 25°C, Examples of
volatile silicones of varving viscosities inclade Dow Corning 200, Dow Corning 244, Dow
Corning 245, Dow Corming 344, and Dow Corming 345, (Dow Coming Corp.}; SF-1304 and
SF-1202 Silicone Fluids (G.E. Silicones), GE 7207 and 7158 {General Electric Co.); and
SWE-03314 (SWS Silicones Corp.). Linear, volatule siliconss mclude low molecular waight
polviimethyisifoxane compouds such  as methyitrumethicone, trisifoxane,
hexamethyidisiloxane, octamethyiristloxane, decamethylietrasiloxane, and
dodecamethylipentasiloxane fo name a few. Particularly preferred volatile silicones of the
prasent  mvention  include  cyclomethicone  tetramer,  oyclomethicone  peniamer,

cyclomethicone hexamer, trisifonane, methyl inimethicone or combinations thereofl
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[0052] fLower alcohol solvents, including methanol, sthancl (also known as ethyl
alcohol), propanol, and isopropanol, are also contemplated to be wseful.  Fthanol is
particutarly preferred due to 1ts high volatility and low toxicity. Preferably, the ethanol is
anhydrous ethanel, such as SD Alcohol 48 from Exxon. In other embodiments, the
compositions comprises less than about 50%, lesy than about 44%%, less than about 30%, lass
than about 20%, less than about 10%, or less than about 5% by weight ethanol. In some
embodiments, the compositions comprises less than about 2.5%, less than about 1%, or less
than about ¢.5% by weight ethanol. In other embodiments, the compositions are substantially
free of ethanol, by which is meant that no ethanol is deliberately added and the amounts
present, i any, are so low as o not have a measureable 1mpact on the look, feel, or
performance of the product. In another embeodiment, the composition is {ree of ethanol.
053] Among the volatile Ceyy hyvdrocarbons, special mention may be made of
isododecane which is avalable onder the wtade name PermethyvB99A (Presperse Inc).
Suitable fluovinated solvents include, without linntation, perfluoroethers, perfluorodecalin,
perfluoromethyldecalin, perfluorchexane, perflucromethyleyclohexane,
perfluorodimethyloveloberxane, perfluorcheptane, perfuorooctane, perfluorononane, and
perflooromethylcycopentang, for example.

j00S4 in a preferred embodiment, the solvent will comprise a combmation of a
volatile silicone, preferably oyvclomethicone peniamer, and anhydrous ethanel.  Preferably,
the volatile silicone {cyclomethicone pentamer) will comprise from about 1% fo about 99%
and the ethanol will comprise from about 1% to about ¥9% by weight of the solvent system.
Meore particularly, the volatile silicone (cvelomethicone pentamer} will comprise from about
S0% to about 99% and the ethanol will comprise from about 1% to about 50% by weight of
the solvent system. In a preferred embodiment, volatile silicone (cyclomethicone pentamer)
will comprise from zhout 70% to about 90% and ethanol will comprise fron: about 1% to
about 30% by weighi of the solvent system.

HkSS In a further embodiment, the compositions according to the investion will
comprise ethanol, preferably anhydrous, in combination with one or more solvents having &
vapor pressure at 25°C which s less than the vapor pressure of ethanol  In another
embodiment, the composttions according {0 the invention will comprise ethanol, preferably
anhyvdrous, in combination with one or more solvents having a vapor pressure at 25°C which

is gregter than the vapor pressure of ethanol.

j0056] Anbydrous Formulations
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[0057] The compositions of the invention mayv be provided as anhvdrous or
substantially anhydrous fornusdations. By “substantally anhydrowus™ is mean that the weight
percentage of water in the composition is less than about 0.5%, preferably less than 0.23%,
and most preferably less than about 0.1% by weighi. Typically, the anhydrous compositions
are sabstantially free of water by which s meanl that water i1s not deliberaiely added (o the
compositions and the level of water is no wore than would be expected based on the
absorption of wuater from the air. The anhydrous composition will typically comprise a

volatile hydrophobic solvent, such as volatile hydrocarbons, volatile silicones, and the hike.

{0658} Water-in-O1l Emuldsions
0659} The compositions according to the invention may be formulated as water-ip-

oil emulsions. These emulsions comyprise an oil-contaning continuous phase and an aqueous

discontinuous phase.

(3064 The oil-contaning phase will typically comyprise from about 10% to about
999, from about 20% to about 85%, or from about 30% to abouat 75% by weight, based on
the total weight of the composition, and the aqueous phase will typically comprise from about
1% to about P0%:, from about 3% to about 0%, frone about 10%: to about 0%, or from about
15% 1o about 609 by weight of the composition. In one embodiment, the oil containing
phase and the aqueons phase may comprise approximately equal percemtages of the total
weight of the enmulsion.

joBe1] The oil-containing phase may be composed of a single oil or mixtures of
different oils. Essentially any oil is contemplated lo be useful, afthough highly hydrophobic
oils are preferred. Suvitable non-limiting examples inclode vegetable oils; esters such ag octyl
palmitate, sopropyl myristate and isopropyl pabmitate; ethers such as dicapryl ether; fatty
alcohols such as ceivl alcohol, stearyl alcohol and behenyl alcohol, soparatfins such as
isooctane, isododecane and ischexadecane: silicone oils such as dimethicones, c¢yclic
sihicones, and polvsiloxanes; hydrocarbon oils such as mineral o1, petrolatum, isoeicosane
and polyisobutene; natural or syathetic waxes; and the like.

062} Suitable hydrophobic hvdrocarbon oils may be saturated or ansaturated, have
an aliphatic character and be straight or branched chained or contain alicyche or aromatie
vings. Hydrocarhon oils include those having 6-20 carbon atoms, more preferably 10-16
cartbon atoms.  Representative hyvdrocarbons  include decane, dodecane, ietradecane,
iridecane, and Cy.p 1soparaffing. Parallinie bydrocarbons are available from Exxon under the

ISOPARS wrademark, and from the Permethyl Corporation.  In addition, Cyp paraffinic
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.....

Corporation having the tradename Permethyl 99A™ are also contemplated to be suitable.
Various commercially available (¢ isoparaffins, such ag isohexadecane (having the
radename Permethyl Rﬁ"{) are also suitable. Examples of preferred volatile hydrocarbons
wclude polvdecanes such as isododecane and isodecane, inclading for exampla, Permethyvi-
99A {Presperse Inc.) and the C+-Cyg through C-Cis isoparaffing such as the Isopar Series
available from Exxon Chemicals. A representative hydrocarbon solvent is isododecane.
{0663} Critically, the emuisions have litle or no non-volatile hydrophilic constituents,
inclading some conventional bumectants.  Components sach as glycerin and polyols,
including propylene glycol, ethoxydiglyeol, glveerin, butvlene glyeol. pentylene ghycol and
hexylene glyeol should be eliminated or should be kept at fevels such that the non-volatile
hvdrophilic constituents, such as nop-volatile water soluble or water-dispersible organic
constituents, i the aggerepate, do not exceed 153% by weight and preferably will be less than
FO%, less than 5%, less than 296, or less than 1% by weight, based on the entire weight of the
conposition. (lycerin has been found to be particularly detrimental and should therefore be
maimtaingd at levels below 2% by weight, or below 1% by weighi, or eliminated altogether,
0664 it has been found that the selection and amount of emulsifier is important for
obtaining {ilms which provide water vapor resistant properties. Because the emulsibier itself
may be deleterious to the formation of a water vapor resistant film or adversely affect the
durability of the performance throngh repeated hair washings, the compositions preferably
have the lowest level of emulsifier capable of producing a stable emulsion. The amount of
emulsifier will typically be from about {1.001 to about 10 % by weight, but preferably will
range from about 4.01 to abowt 3% by weight, more preferably from 8.1 to 3%, and mwost
preferably about 025 to abont 1% by weight, based upon the total weight of the composition.
in other embodinents, the emulsifier may be absent. In compositions where the emulsifier is
exiramely low or absent, the compesttion may be of the “shake well” type such that the
composition forms a transient emulsion when i is vigorously mixed or shaken, and separates
intoe two distinet phases when left undisturbed over g period of time in g contsner,

[0865] For water i oif emulsions, the emulsifier itself should be of fow Hydrophilic-
Lipophilic Balance (HLB), preferably below 10, more preferably below X3 Wihile
combinations of more than one emulsifier are conterplated to be within the scope of the
imveniion, each such emulsifier, individually, should be of low HLB. Therefore. the use of
high and fow HLB emulsifiers, which m combination give low HLB {e.g.. less than §.3), 15

fess desrable because even if the combined HLB of the system is below 8.5, the contribution

20



WO 2011/056547 PCT/US2010/054051

of the higher HLB emulsifier will be detrimental to the formaticnr of a water vapor resistant
film. I present, the amount of enndsifier having an HLB above 10 will be less than 1% by
weight, move preferably less than 0.3% by weight, and more preferred sull, less than 0.2% by
weight.

[1D66] Where the emulsifier s of the polvethoxylaled type {e.g. polvoxyethyvlene
ethers or esters} compnsing chains of the form ~(CHCHyO)—, it 15 preferred that n be less
than 20, more preferably less than 10, most preferably less than 5. Propoxylated enwlsifiers
are also contemplated to be suitable. Propoxylated emulsifiers also preferably having less
than 24}, more preferably less than 19, most preferably less than 5 propylene oxide repeat
units.

0067} Ewmulsifters that can be used in the composition of the present invention
mclude, bat are not lmuted {o, one or more of the following: sorbitan esters; polvglyceryi-3-
diisostearate; sorbuan monostearate, sorbitan tristesrate, sorbitan sesguioleate, sorbitan
monocleste; glveerol esters such as glveerol monostearate and glyveerol monooleate:
polvoxvethviens phenols such as polyoxvethylene octvl phenol and polvoxyethvlene nonyl
phenol; polvoxyethylene ethers such as polyoxvethylene cetyl ether and polvoxvethvlene
stearyl cther; polyoxvethviene glveol esters; polyoxyethylene sorbitan esters; dimethicone
copolvols: polvglyceryl esters such as polvelveervi-3-diisostearate; glyveerv! laurate; Steareth-
2. Steareth-10, and Steareth-20, 10 name a few. Additional emulsifiers are provided in the
INCY Ingredient Dictionary and Handbook 11th Edition 2006, the disclosure of which is
hereby incorporated by reference.

{0668} An example of a very low HLB enmulsifier contemplated o be suitable
according to the invention is Span 83, a sesquiester of monooleate and dioleate at a 2:1 molar
ratio which has an HLB of 3.7, Sorbian monostearate {INCI) is another suitable emulsifier,
having an HLB value of 4.7.

| 00691 The agueous phase may include one or more additional solvents, preferably
volatile solvents, including lower aleohols, such as ethanol, isopropanol, and the ke, The
volatile solvents, when present in the agueous phase, will typrcally comprise from about 0.1%
to about 75% by weight of the aquecus phase, more typically up to about 35% by weight, and
preferably up to abowt 13% by weight. The water and optiomal volatile solvenis are
conternplated 0 enhance the fornmton of a water vapor resistant film because the

particulates will tend to be pushed to the sarface of the film as the solvents evaporaie.

06704 Water-m-Silicone Emulsion
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(0671} One type of water-in-oil enulsion that has been found to be useful is a water-
in-silicone emalsions having a silicone oil-containing contimsous phase and an aqueous
discontinuous phase.

{372 Typicallv, water is tncorporated mio the composition fo form a water-mn-
sificone emulsion for the pupose of dissolving waler soluble ingredients o the
composition.  The water soluble may Include water soluble polymer amongst other that
impart additional gesthetic benefits, ey, look and/or feel 1o the bair. Preferably, the smount
of water added to the composttion will be at a minimum that is required or necessary to
dissolve the desired water soluble myredient. Alternatively, water may be incorporated into
the composition for the purpose of fornung a water-in-silicone emulsion and increasing the
viscosity of the composition. Preferably, the amoumnt of waler introduced i3 8t a minimum
amowest necessary {0 achieve the desired viscosity.

68731 The stheone-contaiming phase will typically comprise from about 109 1o
about 99%, from about 20% to about §5%, or from about 30% 1o sbout 75% by weight, based
on the total weight of the composition, and the agqueous phase will typically comprise from
about 1% {0 about 9095, from about 3% o about BO%, from abowt 10% o about 70%, or from
about 15% to about 60% by weight of the composition. In ose embodiment, the sihicone
condaining phase and the agueous phase may conyprise approximately equal percentages of
the total weight of the emulsion.

0674} Preferably, only the munimum amoupnt of water necessary to achieve the
desired functions, such as dissolving water soluble ingredients or increasing viscosity of the
composition, should be mtroduced. For example, if a lotion consistency is desirad, and the
composition mcludes low amounts of water soluble polvmers in 1ts formula, between 19
and 253% of water will usually suffice. In another example, if a creme consistency s desired
for the composition, or if large amounts of water soluble Ingredients (eg.,
actives’polvmersiete.} are desirad, between about 23% and about 30% of waler may be
necessary.  The silicone-containing or oil-containing phase may vary depending on the
amount of gqueons phase present in the composition.

[0875] The silicone o1l phase may mchude volaiile silicone oils, non-volatide silicone
oils. and combmations thereof By volatile silicone oil is meant thoat the ol readidy
evaporates at ambient temperatures.  Typically, volatile stheone oifls will exhibit a vapor
pressure vanging fromt about 1 Pa to about 2 kPa at 25°C; will preferably have a viscosity of

from about 0.1 to abouwt 10 centistokes, preferably about 3 centistokes or less, more
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preferably about 2 centistokes or fess, at 253°C; and will boil at atmospheric pressure at from
abowt 35°C to about 250°C.

06761 Volatile sihcones useful for the siicone oil phase of the water-in-siheone
gulsion inciude cvclic and linear volatile dimethyisdoxane silicones. In one embodiment,
the volatile silicones may nchude oyclodimethicones, mcluding teivmner (D4), pentamer
(D35), and hexamer (D) cyclomethicones, or mixtures thereof. Particular mention may be
made of the volanle coyclomethicone-hexamethyl  covcloinsdoxane,  ocltamethyl-
cycloteirasiloxane, and decamethvi-cvelopentasttoxane.  Suitable volatile dimethicones are
avatlable from Dow Coming under the name Dow Coming 200® Flaid and have viscosities
ranging from about .63 1o about 3 centistokes. Suitable non-polar, volatile hquid sihicone
oils are disclosed i U8, Pat. No. 4,781,917, herein incorporated by reference in its entirety.
Additional volatile silicones materials are described i Todd et al, “Volatde Silicone Flaids
for Cosmetics”™, Cosmetics and Toiletries, 91:27-32 (1976}, herein incorporated by reference
in Hs entirety.  Linear volatile silicones generaily have a viscosity of less than about 5
centistokes at 23°C., whereas the oyclic silicones have viscosities of less than about 10
centistokes at 23°C.  Examples of volatile sibicones of varving viscosities include Dow
Corning 200, Dow Cormung 244, Dow Corning 245, Dow Coming 344, and Dow Corning
345, {Dow Coming Corp.);, SF-1204 and SF-1202 Silicone Fluids (G.E. Silicones), GE 7207
and 7138 {General Electtic Co.); and SWS-03314 (SWS Sihicones Corp). Linear, volalile
silicones  nclade low melecolar weight polvdimethylsiloxane compounds soch  as
hexamethyldisiloxane, octamethyhinsiloxang, decamethyltetrasiloxane, and
dodecamethvipentasiloxane to name a few.,

[6677] Non-volatile  sdicone oils  will tvpically comprise  polvalkvisifoxanes,
polvarylsiloxanes, polyalkylarvisiloxanes, or mixtwes thereof  Polydimethylsiloxanes are
preferred non~volatile silicone oils.  The non-volatile silicone oils will typcally have a
viscosity from about 10 {0 about 60,000 centistokes at 25°C, ypreferably between about 10 and
about 10,000 centistokes, and more preferved stifl between about 10 and sbout 500
centistokes; and a bothing point greater than 250°C at atmospheric pressare. Non Hmiting
examnples inchlude dimethyl polvsiloxane (dimethicone}, phenyl {frimathicone, and
diphenyldimethicone.

[0678] The volatile and non-volatile silicone ofls may optionally be substituted will
various functional groups such as alkyl, aryl, amine groups, vinyl, hydroxyl, haloalkyl

groups, alkylaryl groups, and acrylate groups, to name a few.
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(0679 The water-in-silicone emulsion is emulsified with a nonionic swiactant
{emulsifier).  Swiable emmilsifiers include polvdiorganosiioxane-polvoxyaltkvlens block
copolymers, including those described in US. Patent No. 4,122,029, the disclosure of which
is hereby incorporated by reference. These emulsifiers generally comprise a
podvdiorganosiloxane  backbone, typically  polyvdimethyisdloxane, having  side  chains
comprising ~{EO),~ andior PO}~ groups, where EO is ethyleneoxy and PO s 12-
propyleneoxy, the side chams being typically capped or terminated with hydrogen or lower
alkyl groups (e.g., Cis typically Cis). The side chams will preferably comprise 50 EO
andfor PO units or less (e.g., m + n =<50), preferably 20 or less, and more preferably 1) or
less. In addition io the alkoxyiated side chain, the silicone emulsifier may also comprise
atky! chains pendant from the silicone backbone. Other suitable water-in-silicone emulsifiers
are disclosed i LLS. Patent No. 6,685,952, the disclosure of which i3 hereby incorporated by
reference herein.  Commercially  avatlable water<in-silicone  emulsifiers include those
available from Dow Coming under the trade designations 3225C and 3223C
FORMULATION AID: SILICONE SF-1528 available from General Elecinic; ABIL EM 90
and EM 97, available from Goldschoudt Chemiical Corporation (Hopewell, VA), and the
SHWET™ serves of emulsifiers sold by O3] Specialties {Danbury, CT).

[6086 Examples of water-in-sibcone emulsifiers mclude, without  limitation,
PEG/PPG-18/18 dimethicone  {trade wame 35225C, Dow Coming), PEGPPG-1¥1D
dimethicone {trade name BY25-337, Dow Cormng}l, Cetyl PEG/PPG-1) 1 dimethicone (trade
name Abi EM-90, Goldschmidt Chemical Corporation, PEG-12 dimethicone {irade name
SF 1288, General Electric), lauryl PEGPPG-I&I8 methicone (frade name 3200
FORMULATION AID, Dow Corning}, PEG-12 dimethicone crosspolvimer (trade name 9010
and 9011 silicone elastomer blend, Dow Corning), PEG-10 dimethicone crosspolymer {frade
aame K5G-20, Shin-Eisu), and dumethicone PEG-10415 crosspolymer {rade name KSG-
210, Shin-Fisa).

0681 it has been found that the selection and amount of emulsifier is ymportant for
obtamming films which provide waler vapor resistani properties. Becaunse the emulsifier nself
may be deleterious to the formation of a water vapor resistant fibm or adversely affect the
durability of the performance throngh repeated hare washings, the compositions preferably
have the lowest level of enwlsilier capable of producing a stable emulsion. The water-in-
sithicone emulsifiers typically will be present m the composition m an amount from about

0.001% to about 10% by weight, in particular in an amount from about 0.01% to about 3% by
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weight, and more preferably, below 19 by weight. In other emboduments, the emulsifier may
be absent. In compositions where the emalsifier is extremely low or absent, the composition
may be of the “shake well” type such that the composition forms a wansient emulsion when it
is vigorousty mixed or shaken, and separaling into two distingt phases when left undisturbed
over a period of time.

0082} in one embodiment of the mvention, the one or more hydrophobic particulate
material and the film former are first dispersed or dissolved in the oil or silicone phase ol a
water-in-oil or water-in-siticone enwylsion. The oif or silicone 15 subsequently mixed with the
aqueous phase to form the emolsion. The emulsions will typically have the hydrophobic film
formers and any hydrophobic pignents dispersed or dissolved predominantly in the oil or
silicone phase.

083 in some embodiments, it has been found desirable {o inclade one or more
agents that enhance the shine of haw freated with the compositions of the invention. The
hvdrophobic particulate materials, particularly the hydrophobically-modified fumed oxides
such as alumina and silica, tmpart o matte finish (o the hair which may be undesirable from a
consumers perspective. 1t has been discovered that shine can be restored to the hair, without
sacrificing the water-resistance, by including one of wore agents which modify the shine of
hair. The shine-enhancing agent is preferably hydrophobic and iy also preferably solid at
romm temperature such that the particulate material does not become covered when the
composition is applied to the hair. For example, lens-shaped particles such as hemi-spherical
PMMA have been found suitable for imparting shine. One such conunercially avalable
maierial 15 a hemi-spherical methyl methacrviate crosspolymer sold under the irade name 3D
Tech PW  (Plam) XP  {kobol Other  suitable  shine  enhancers nclude
phenvipropyidimethyvlsitoxysilicate, polvbutene, polyvisobutene, hydrogenated polyisobutene.
[00844 Silicone fhuds, such as arylbsubsutnied siloxanes having high refractive
indices are also useful as shine enbancers. Particular mention may be made of
Phenyhrimethicone, which is avatlable under the trade names SCI-TEC PTM 100 {(ISP) and
POM20 (Wacker-Belaly, and Trimethylsiloxyphenyl Dimethicone {(INCI name), which 15
available under the trade name PDM 1000 {Wacker-Belsil). The PDM20 material has a3
refractive mdex of 1437 ai 25°C. The PDM 1000 material has a refractory index of 1.461 at
25°C. Another suitable silicone fluid is trimethyisiloxypheny! dimethicone. In general, any
arvl-substituted silicone having a refractive index of greater than 1.4 at 25°C is contemplated
1o be suitable for restoring shine to hair treated with the nventive compositions.  Phenyi

silicones such as pentaphenvl tnmethyl trisffoxane or tetraphenvl tetramethyl wisiloxane,
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conunercially avatlable as HRI fluids from Dow coming HRI, are also usefud for enhancing
shine. Certain organic compounds, such as octyl methoxy cinnamate, may also be used to
guhance shine.

[H885] The shine ephancer is tvpically present from about 0.01% to about 5% by
weight of the total composition. More typically, the shine enhancer component will conprise
from about 0.05% o about 2.5% by weight of the composition.  Preferably, the shine
enhancer will comprise from about €.1% to about 1.5% by weight of the composition,
including embodiments wherein the shine enhancer is present at about {.1%, 0.3%, 0.5%,
0.75%, 1%, 1.25%, or 1.5% by weight of the composition.

[0086] In addition to the foregoing. the compositions according to the hrvention may
comprise additional pigments, pearlescents, andfor colorants to combat the white appearance
of fumed alumina or fumed silica or otherwise o impart a desired color to the hair, provided
that such components do not andesirably detract from the product performance.  Inorgame
pignments include without Hmutation tHanium dioxide, zine oxide, won oxides. chronnum
oxide, ferric blue, and muica; organic pigments mclude barium, strontiony, calchum or
aluminiom lakes, sltramarines, and carbon black; colorants mclude without imitation D&C
Green #3, D&C Yellow #5, and D&C Blue #1. Pigments andfor colorants may be coated or
surface ireated with one or more compatibilizers to aid in dispersion in the solvent. Preferred
pigments and/or colorants are those surface freated to render them hydrophobic.

{0087} Preferred colovants inchide Tron Oxides, Black Owide of Iron, Brown Iron
Oxide, CT 77489, CT 77491, CI 77492, CT 77499, Tron Oxide Red 10-34-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, Synthetic lron Oxide, and Yellow lron
Ohide.

0088 Various fillers and additionsl components nwy be added. Suitable fillers
include without himutation silica, treated silica, iale, zinc sigarate, mica, kaolin, Nvilon
powders such as Osgasol™, polvethvlene powder, Teflon™, boron nitnide, copolvmer
microspheres such as Expancel™ (Nobel Industries), Polvirap?™ (Dow Corning) and silicone
resin microbgads (Tospear!™ from Toshiba), and the hike

[6689] Additional pigment/powder fillers mclude, but are not limited to, morganic
powders such as gums, chalk, Fuller’s earth, kaolin, sericite, muscovite, phlogopite, synthetic
nuca, lepidohite, bioute, lithia nuca, vermiculite, alununun sibicate, starch, smectite clays,
alky!l and/or trialkyl aryl ammonium smectites, chemically modified magnesium alumanm

silicate, organically modified montmorillonite clay, hydrated alumiman silicate, alommum
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starch ceotenyl succinate bartum stlicate, calcium silicate, magnesium silicate, strontiun
sihicate, metal tungstate, magnesium, silica shunina, zeolite, barium sulfate, caloed calchum
sulfate {calcined gyvpsum), calciwm phosphate, fluorine apatite, hydroxyapatite, ceramic
powder, metallic soap (zinc stearate, magnesium stearate, zinc myristate, calcium palmitate,
and alununum stearate), colloidal stlicone dioxide, and boron miinide; orgamc powder such as
polvamide resin powder {nylon powder), cyclodextnin, polvmethyvlmethacrylate powder
(PMMA), copolymer powder of styrene and acrylic acid, benzoguanamine resin powder,
poly{ethylene tetrafluoride) powder, and carboxyvinyl polymer, cellulose powder such as
hydroxyethyl cellulose and sodnmm carboxymethy! celtalose, ethylene glycol monostearate;
inorganic white pigments such as magnesium oxide: and stabulizers/ rheology maodifiers, for
example, Bentone Gel and Rheopearl TT2. Other useful powders are disclosed in US, Pat.
No. 5,688 831, the disclosure of which s hereby incorporated by reference.

{00901 The aggregate amowt of all such additional prgments, colorants, and fillers is
not parpicularly restricted provided that the water vapor resistance snd reduction of frizzy
appearance of treated hair is not compromised. Typically, all additional pigmenis, coloranis,
fillers, ete., i present, will collectively comprise from about 0.1% to about 5% of the total
compaosition, bit more typically will comprise from about 0.1% to about 2% by weight of the
composition.

o091} The compositions of the invention may optiomally comprise other active and
mactive ingredients typically associated with hair care products. The natwre of these other
ingredients and their amounts should preferably be suitable for fonmulating a stable hawr care
product which forms a hydrophobic film on keratin fibers, Preferably, these other mgradients
inclede at Jeast one bioactive ingredient for mproving the keratin fiber. It is within the skill
in the art to choose additional active andfor inactive ingredients for a hair care product.
Suitable other mgredients include, but are not limited to, amine acids, antoxidants, chelating
agents, colorants, emoilients, emulsifiers, exciptents, fillers, fragrances, gelling agents,
humectants,  minerals, moisturizers, photostabiliving  agents  {eg. UV absorbers),
preservatives, stabilizers, staining agents, surlactants, viscosity andior rheology modifiers,
vitanuns, wanes and mixtures thergof, It is contemplated that the inventive hair care product
of the present inveniion can alse include anti-dandeafl, deodorast, sumscreen andfor
antiperspivant ingredients.  If present, the levels of such additional components should be
judiciously selected so as not to adversely inpact the ability of the compositions to reduce or
pravemt frizzy appearance of hair. Collectively, all such additional components suitably will

comprise fess than 5% by weight of the composition, but will typically comprise less thap
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36921 in ong embodiment, the composilion will be free or substantially free of
cationic hair conditioning agents. By substantially free of cationie hair conditioning agents is
meant that the compositions comprise less than 0.5% by weight, preferably, less than 0.25%
by weight, and more preferred still, less than 0.1%% by weight cationic conditioning agents.
{0693} in other embodiments the compositions niay contain an amount of cationic
{quatermium} mgredients that are anhydrous or have very low level of water, e g, less than
1% by weight. Suitable quaternium compounds nclude, without imtation, Polyquaterniwm-
37 {NCH, Cyclopentasiloxane  and  Siicone  Quatemiym-18  (INCH,  PEG-2
Dimeadowfoamamidoethyvimoniom  Methosulfate and  Hexylene Glveol (INCI),  and
Cetrimonium Chloride (INCI), to name a few. Such gquaternium compounds, if present, will
typically comprise from about (.05% to about 1.5% by weight of the total composition, and
more typically, from abowut (1% to about %% by weaight.

[6684] The composition of the present mvention may be formulated in any sutable
form, including various rinse-off and leave-in formulations, such as but not hnuted 1o
shampoos, conditioners, serums, creams, sprays, eimisions, gels, balms, hquids, dispersions,
and the hike.

j0095] in one embodiment, the compositions may be formulated for pump or aerosel
delivery to the hair. When formulated for gerosol delivery, a propeliant will be included
which is suttable for delivery of the composition onio the hair. Suitable propellants inclhude,
without limitation, n-butane, isobuiane, and isobutane/propane, nittogen, carbon dioxide,
compressed  air, nifrous  oxide, | 2-diffuorcethane, 1 1-difluoroethane, 1,112
tetraflnoroethane, dimethy! ether, and mixtures thereof. When reference is made o the total
weight of the inventive compositions herein, such weight will be understood to exclude the
weight of the propellant.

0696} in one embodiment, a product 18 provided comprising an aerosol device
including a contamer fitted with an dispenser, such as a dispensing valve, for dispensing the
agrosed composition from the contaner. The container i3 charged with the composition
according (o the invention (e.g., comprising one or more particulate materials, one or more
film formers, and volatile solvent). A suilable propellant may be included mn the container
with the inventive compaosition or may be included i a second container m a dual-chamber-

type acrosol device. When the propellant s included in the container with the other
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mpredients, it will typically be present from aboul 208 1o about 308, by weight of the
composition inchiding propeltant.

[00971 Particularly deleterious to the prevention and reduction of frizzy appearance in
hair and the reduction of fly-away strands of hair are nou-volatile water-soluble or water-
dispersible components which may coat or mask the particulates on the surface of the haw, or
which may attract or bind water, such as propylene glvcol or glycerin.  Preferably, the
collective amount of such non-volatile water-soluble or water-dispersible components i the
composition will be below about 15%, below about 10%, below about 5%, below about
2.5%, below about 1%, below about €.3%, below about 0.23%, below about ¢.1%, or below
about 0.05%, based on the total weight of the composition. In some embodiments, the
compaositions are free of non-volatile water-soluble or water-dispersible componets, and i
particular, free of lquid water-soluble or water-dispersible components.

[0098] Other optional ingredients inclade, withowt limitation, sibicone eclastomers
which may be incorporated to provide conditioning properties (o the hair or improve the
tactile properties of the flm. Silicone elastomers are crosshinked flexible silicones that can
andergo large reversible deformations.  Such elastomers may be formed, for example, by
plativum metal catalyzed reactions between SiH containing diorganopolysiloxanes and
oruanopolvsifoxanes having silicon bonded vinyl groups.  Suiiable silicons slastamers
mclude  dimethiconefvinyl  dimethivone  crosspolymers, vinyl  dimethicone/methicone
silsesquioxane crosspolymers, and dimethicone/phenyl vinyl dimethicone crosspolymers.
Examples include Dow Corning 9040, 9041, and 93500, and Shin-Etsu K8G-135, 16, and 17,
and Shin-Fisa KSP-100, 101, 102, 103, 104, 105, 200 and 300. The elastomers are
preferably present at a concentration of .61% to 10%, more preferably at a concentration of
1% 1o 5%, and most preferably at a concentration of 1% to 3 %. Silicone elastomers do not
formt good films, and are not included i the calculation of the powder to film former ratio.
Vinvl dimethicone £ Methicong / Silsesquioxane crosspolymer is one such silicons elastomer
that has been found particelarly useful.  Other ingredients that can eptionally be present
nclude, withowt lmuation, condutioners (e.g., Polyquaternium-37/PG Dicaprylate/Trideceth
blend), aesthetic modifiers {e.g., Polvmethyl Methaciviate spherical powder having a
diameter of 4-8um}, sthicone resms {such as trimethyistloxysiticate), thickeners {e.g.. PEG-
130/decy] atcobiol/ SMDI copolymier), sunscreens, presevvatives, fragrances, elc.

{06991 Additional components may be mcorporated as fillers or for various functional
pwrposes as is customary m the cosmetic aris. However, while additional components

consistent to forpnglate the above cosmetic compositions may be incladed, the inclasion of
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additional ingredients is limited to those ingredients which do not mterference with the
reduction or prevemtion of frizzy appearance of haty and the formation of a water vapor
resistant film.

31 64 Anhydrous compositions of the Invention may suitably be prepared by mixing
the solvent (e.g., ethanol and cyclomethicone pentamer) with the particulate materials and the
film former, and, if present, the shine enhancer and optional mgredients. There is essentially
wo restriction on the order of addition or monner of mixing these components. The
composttion may be niixed or homogenized at room temperatwre. It has been found useful
bat not necessary to milt the mixed myredients which can be carried ot using any suitable
technique i the art. For example, a Silversen L4RT muxer operating &t 4000 RPM for about
4 nunutes has been found suttable. Once compleie, the composition can be packaped, for
example o a pump spray, or an aerosol spray which is then charged with propelfant. In
certain embodiments where the compositions are endsions prepaved from different phases,
each prepared separately, the phases are combined and the emulsion may be formed by
mixmg or muling at room temperature, or by any other suitable means m the art.

{0161} The present invention provides 8 method for preventing or redacing frizay
appearance and fly away strands of hair comprising applying to a keratin fiber a hawr care
composition having a combination of a hvdrophobic particulate material and a silicone-based
hvdrophobie film fTormer, in partiendar, m dry, damaged, or awrly hair,  As used hergm
damaged hair any type of hair Obers that suffer from deleterions effects to appearance, feel or
strength of the hair, including color treated hair as the dying process frequently resulis in
damage o feel and strength of the hawr f{ibers. However, the mvention 15 not hnuisd to
application dry, damaged, or carly hair. The methods and compositions may be applied to
any haw, inclading fine hair, 1o reduce or prevent frizzy appearance and mpart a waler-
resistant film on the keratin fiber.

[3162] The inventive composition mayv be apphed onte dry hair or wet hair. The
compositions according to the mvention are preferably applied to the bair (hair of the scalp,
beard, mustache, ete.) to provide resistance against frizzy appearance, Morve preferably, the
inventive compostiion may be distributed across strands of the hair formumg a substantially
giiform coating on the shafls of the haw fbers. The substantially uniform distribution may
be achieved by spraying the compositon across the hair and depositing the composition
throughout the hair. The substantsally uniform distribution may sisc be atiained by applving
the composition to the hair by hand and rubbing and spreading with fingers the composition

across the hair.  The composition may also be distributed in a substantially wniform manner



WO 2011/056547 PCT/US2010/054051

throughout the hair using a brush or a comb. The composition may be applied 1o the hair and
allowed to renain on the hair. Alternatively, hatr treated with the composition may be rinsed
with water after application of the composition to the hair. The composition can be ve-
applied at anyv time, as the consumer desives. o one embodiment, the composition may be
applied daly, every other day, weekly or bi-weekly,

0103} it has been found that the mventive compositions, when apphed 1o the hair,
particularly the haiv of the scalp, may reduce andfor prevent fizzy appearance of hair, reduce
sawanted volume, improve consumer’s ability (o controf and maintain halr style (e, leaving
hair more manageable or easier to style), reduce the amoant of fly-away strands of hair,
improve consumer’s ability to obtain well-aligned hair (e.g., tames and smoothes uwaruly,
frizzy, or flyvaway hair), impart a desirable feel {e.g.. soft or smooth) to hair, or improve
consumer’s ability to relam or exiend the hairstyle, or change the vohuwe of hair when
apphied to the hair, pavticularly the hair of the scalp.  Particularly, the present invention
miparts these properties to hair and protects from aesthetically undesirable changes to the hair
particularly in humid conditions.

[6164] Volume of hair refers to the siructural body and space occupied i defimed
regions of hair tresses gnd relates to the appavent thickness of hair by sight and touch, which
also relates to the body of the hawr. Body can be defined by feel, weight and hair set. Lack of
body results in hair feeling Hmp, having less manageability.  In some embodiments, the
nventive compositions nry reduce the volume of hatr.  For example, the inventive
compositions may reduce the volume of hair by at least about 50%, at least about 60%, at
least about T0%, at least about 73%, at least about 80%. at least 90%6, or even al least about
106%:. In other embodiments, the iventive compositions reduce the volume of hair by about
30% 1o aboul 100%, about 65% to about 95%, about 70% to abowt 90%, or about 753% to
about $5%.

{11 65] The benefits of the present ivention may be imparted to the haw immediately
after apphcation of the compositions to the hatr and may endure for a period of time
following application of the compostiions to the hatr. The benefits may endure for a period
of at least 6 hours, at least 8 hours, at least 12 hours or af least 18 hours, Preferably, the
benafits mav endure for an extended pervod of ime. For example, i some embodiments, the
beneflis endure for at least 24 hours. at least 48 hours, at least 3 days, at feast 5 davs, or at
least | week. In other embodiments, the benefits endure senu-permanently, by which is
meant that the benefits endure for more than 1 week. In a preferred embodiment, hair treated

with the mventive combination may retain some or all of the benefils identified above,
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particularly resistance to frizzy appearance, after ai least ong shampooing of the hai, by
which is meant a single cycle of wetting, applying shampoo thereto, and rinsing of haiv. In a
move preferred embodiment, hair reated with the inventive combination may retain some or
all of the bengfits identifiad above, particularly resistance to frizzy appearance, after at least
two, three, or more shampooings of the hair,
o106} The foregoing may be tested using hair swatches treated with the mventive
compositions. Likewise, the compositions may be applied to the hair of a pet, such as z dog.
ot fur materials, such as a fur coat, to improve the aesthetics of the hair.
[6167] Changes in volume of the hair may be determined on hair tresses using vanous
techniques, inclading the technique described by C.R. Robbins and RJ. Crawford in the
article “A Method o Evaluate Haw Body,” 3 Soc. Cosmer. Chem., 335, pp. 369-377 {1984),
the disclosure of which i3 hereby incorporated by reference heretn, and modified versions
thereof. Other soitable means for evaloating change in volwme of hair wvolves taking a
digital photograph of hair tresses and analyzing the photographs using an image analysis
program, which is a conunercially availalde festing service known as the Imagse Analvsis
Method from MarTech Personal Care.  Another suitable means for evaluatimg change
vohune of hair nvelves pulling 8 tress of hair through rings of different radial dimensions
and relating the force required for pulling to a measure of volume or body., An examplary
method of this alternative test 1s performed using a Dia-Siron Mintaure Tensil Tesier 173 and
available as a commercially available testing service known as the Radial Compression/Ring
Method from MarTech Personal Care. Preferably, the change in volume of hair may be
examined using the testing protocot described below.

HAIR VOLUME TEST METHOD
{0168} The method consists of preparing fine virgi Furopean brown hair 1 the form
of swatches sutiable 1o attach to a hair holder and a 2 cm ring. Each hair swatch is configured
o appropriate weight and length for ring attachment and may be pre-ireated by washing the
tresses 2 to 3 times. Each of the washed virgin bair swatch s combed 5 times with a large
end control comb prior 1o obiaining any measurements,
[6169] To test the volume of g hair fress, the hair swaich is pulled through the 2 om
ring at a constant rate. The forces apphied to the tresses while the hair swatch i pulled
through the 2 om ring is measured using a Dig-Stron Miniature Tensil Tester 170, The
amount of work for pulling each of the hair swatches twough the ring is obtamed by
caloulating the area under a curve of the measured forces applied to the hair ivess over the

fength of the hair tress. All such measurements are obtained from dried han.
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(6114} Five to six measurement runs {curves} are taken of the washed virgin hair
tresses belore analysis. A basehine value 15 determined asing the mean amount of work
calcuated from the measurements taken from the virgin wresses. The same hair tresses may
then treated with a composition of the present invention. The treated hair tresses are allowed
to dried and subsequently tested in the same mumer. The percentage increase in volume is
determined by comparing the mean amount of work measured from the treated hair tresses to
the baseline mean work values obtained from the virgin tresses. An mcrease in work is

indicative of an increase in hatr volume.

EXAMPLES
Example |
ja111} This Example provides compositions for preventing or reducing Hiary

appearsnce of hatr. Formulations 1A and 1B were prepared according to Table 1.

Table 1.

INCI name/description 1A 18
Fumed Alumina {Aeroxide Ala € 803 fumed 100 {95
Alunzna from Evonik Industries) o -
Dimethicone gum / Cyclopentasiloxane 15/85 2 50 240
(SF1214 from KOBO/Momentive) - -
Amodimethicone 300 " 66
{SF 1708 from KOBO/Momentive) - =0
Perfluorononyl Dimethicone 1 R
Dimethicone { Dimethiconol 8743 034
(1403 Fluid from Dow Corning) il
Polvquaternium-37/PG Dicaprylate'Trideceth | 024
hiend o
PEG-130/decyl alcohol/SMDI copolymer | —- 0.15
Acrviates { Dimethicone copolymaer / Methyl
Trimethicone 40/60 (KP-349 from Shin- - 3.00
Flsu}
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Alcohot SD 408 anhvdrous 22.00 9.70

Water b e 2329

Methyl Methacrylate crosspolyvmer

34 tech PW from KOBO) 0.10 0.10

Polvimethyl Methacrylate spherical powder
having a diameter of 4-8Bum 0.10 0.10
{Ganzpear] GM-0600 from Presperse, Inc.)
Vinyl dimethicone / Methicone /

Silsesquioxane crosspolvimer (KSP-105 from 1.040 1.25
Shin~-Fisu}

Octyimethoxy Cinmnamate 0.80 .33
Fragrance as needed 0.80
Preservatives as needed .80

Cyclopentasiloxane

R . 69,50 8.
(245 finid Fom Dow Cormng) ! 4
TOTAL 13,00 100,00
jo1124 Formulation 1A iy an exemplary embodiment of an anhydroas formulation.

Formulation 1B provides an exemplary embodiment of a shake-well type emulsion.
Emulsifiers may be added to Formulation 1B to provide a longer lasting enmlsion or stable
emulsion. Suitable enwlsifiers including ethoxylated silicone emulsifiers, for example, PEG-
10 dimethicone, PEG/PPG-18/18 dimethicone, PEG/PPG-19/19  dimethicone, ceiyl
PEG/PPG-1(¥1 dimethicone, amongst others,

{3113} The invention described and clammed herein is not o be lunited m scope by the
specific embodiments herein disclosed since these embodiments are intended as iHosirations
of several aspects of the invention. Any equivalent embodiments are intended to be within
the scope of this mvention. Indeed, various modifications of the nvention n addition to

those shown and described theretn will become apparent {o those skilled in the art from the
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foregoing description.  Such modifications are also intended to fall within the scope of the

appended claims. All publications cited herein are incorporated by reference in their entivety.
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What 1s clatmed:

1. A method for preventing or reducing frizzy appesrance of hair comprising applying to

the hair a composition comprising:

{a} a hydrophobic particalate material having a median particle size between about 10
wm and about 20 i, said hydrophobie particulate matevial comprising from abowt 0.1%

about 2.0% by weight of said composition;

{b) a silicone-based hydrophobic film former comprising from about (.5% 1o abowt

20% by weight of said composition; and

{¢} a volatile hydrocarbon or silicone fluid having a vapor pressure above about 0.6

smumHg at 20°C;

wherein the aggregate weight percentage of all non-volatile water-soluble or water-
dispersible organic constituents in said compeosttion is less than 5%, based on the entwre

wetght of the composition.

2. The method according to claim 1, wherein said bydrophobic particulate material
comprises a hydrophobically surface-modilied oxide selected from the group consisting of
alumimum oxide, stficon dioxade, amum doxide, zirconium dioxide, tin dioxide, zine oxade,
iron oxide, and combinations thereof

o)

3. The method according 1o clabm 2, wherein said oxide ts surface modified with

atkylstlane groups.

4. The method according 1o clatms 3, wherein said alkylstlane 15 capryvlylsilane.

5. The method according to claim 4, wherein said oxide 15 ahuning or silica.

6. The method according to claim 2, wherein said alumina is fumed sfomina surface
modified.

7. The method according to claims 6, wherein smid alkylsilane s caprylyiniane.

8. The method according to claim 2, wherein said silica is fumed silica surface modified

with alkyisilane groups.

Q. The method according o claim 8, wherein said alkylsilane 13 caprvivisilane.
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10, The method according (o elaim 1, wherein said silicong-based hydrophobic film
former comprises dimethicone, amodimethicone, dimethiconol, silicone polyarethane,

silicone acrylate, or a combination thereof.

11, The method according 1o clatm 10, wherein said silicone-hased hvdrophobic film

former comprises a silicone acrvilate copolvimer.

12, The method according to claim 11, wherein said silicone acrviate copolymer is a
copelvmer comprising a polvialkyDacrvlate backbone and a dimethicone polymer grafted to

an alky! ester side chain,

13, The method according to claim 3, wherein the composition apphied {o the hair is an

emulsion further comprising water.

14, The method according to claim 13, wheren the composition further conyprised ethyl

sleohol.

15, The method according to claim 1, wherein the composition is distributed through the
hair with a brash, a comb or fingers o form a substantially uniform coating on the shafis of
the hair fibers.

16, The method according to clam 13, wherein the frivey appearance of said hair is
reduced or prevented following at least one shampooing.

17 The method according fo elaim |, wherein frizz volume of hawr 15 reduced.

18 The method according io elaim 1, wherein said composition is appliad daily to the
hair,

19, The method according to claim 1, wherein said composition is applied to the haw
when the ambient refative humidiy i1s 3% or above,

24, The method according to claim |, wherein the composition comprises said silicons
fluid having a vapor pressure above abowut .01 mmlg at 20°C.

21, A composition for preventing or veducing frizzy appeavance of hair comprising:

{a} a hydrophobic particulate material having a median particle size between about 10
am and about 20 pm comprising a hydrophobically surface-modified oxide selected from the
group consisting of alumimum oxide, silicon dioxide, titantam dioxide, wircontam dioxide, tin
dioxide, zinc oxide, iron oxide and combmnations thereof, said hydrophobic particulate

material comprises from about 0.1% to about 2.0% by weight of smd composition;
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{b) a silicone acryviate film former comprising from about 0.1% 1o about 20% by

weight of said composition; and

{c} a sihcone film former comprising from about 0.1% to about 20% by weight of

satd compaosition; and

{d) a cosmetically acceptable vehicle comprising a silicone fluid having a vapor

pressure above 0.01 mmHg at 200

wherein the aggregate weight percentage of all non-volatile water-soluble or water-
dispersible organic constituents in said composition is less than 3% based on the entire
weizht of the composiiion,

22 The composition according to clam 21, wherain the silicone film former 15 selected
from the group consisting of dimethicone, amodimethicone, dimethiconol, silicone
polvurethanes, and combinations thereof.

23, The composition according to claim 22, wherein the volatile silicone is selected from
the group comprising cyclomethicone tetramer, cyclomethicone pentamer, cyclomethicone
hexamer, wistloxane, methyl trimethicone, or combinations thereof.

24, The composition according to claim 21, wherein said oxide s surface modified with
alkylistiane groups.

25, The composition according to claim 24, wherein sard oxide is fumed alumina or
fumed sitica.

26, The composition of claim 25, wherein said oxide is fumed ahumnina and wherein said

alkylsilane is caprylylsilane.

27, The composition according to claim 21, wherein the vehicle further comprises athyl

alcohol
28, The composition according to claim 21, wherein the vehicle further comprises water.
29, The composition according to claim 28, wherein the composition is in the form of a

water-in silicone emulsion further comprising an emulsifier.

30 The composition according to claim 29, further comprising ethyl alcohod

31, Thecomposition according to claim 29, wherein said emudsifier compnises an
organostloxane polymer having side chains comprising —(EQ )y andior — (PO )~ groups,
where the sum of n and m 13 about 30 or less, the side chains baing tenminated with hvdrogen

ov Ui alkyl groups.
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32, The composition according to claim 31, wherein said emudsifier comprises an
emalsifier selected from the group consisting of pee-16 dimethicone, peg/ppe-18/18

dimethicone, peg/ppe~19/19 dimethicone, and cetyl peg/ppe-10/1 dimethicone.

33, The composition according to claum 21, further comprising a water soluble film
former.
34, The composition according to claim 33, wherein the water solable film former is a

quaternium or polvguaterniom.
35, The composition according to claim 31, wherein said silicone acryiate copolvmeris a
copolymer comprising a poly{alkyhacrylate backbone and a dimethicone polymer grafted to

an alkvi ester side chain.
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