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Description

TECHNICAL FIELD

[0001] The present invention relates to micro-scale heterogeneous emulsions.

BACKGROUND

[0002] Expanding product variety and increasing the efficiency of operations are often challenging issues for manu-
factures. In this regard, the expansion of product variety and/or increase in the efficiency of operations may have to
account for variables such as consumer preference, economic considerations, product performance requirements, as
well as technical hurdles that may be associated with producing a product, such as those that may occur when attempting
to produce complex, multiphase substances.
[0003] One method used to manufacturer consumer products that contain complex, multiphase substance, such as
emulsions, is the batch process. Emulsions produced using the batch process frequently contain a water-immiscible
phase and an aqueous phase. Often, a first step in the production of such emulsions involves separately preparing the
aqueous phase and the water-immiscible phase. The final product may be an emulsion produced by shearing the aqueous
and water-immiscible phases in large vessels. Although batch processing may offer some advantages like a variability
in the production rate, batch processing may present disadvantages like long processing times and difficulties in scaling
up to larger batches. In this regard, a manufacturer may experience surpluses and/or stock-outs of certain consumer
products directly or indirectly because of the relatively long processing times for batch processing and difficulties in
scaling up. Furthermore, these disadvantages may also impact the variety of products a manufacturer may offer.
[0004] One approach for expanding product variety and increasing the efficiency of producing end products is to
prolong the point of product differentiation (i.e. defer when the end-product acquires its unique identities). However,
such strategies for reducing the lead-time for redesigning products often present unique challenges that must be solved
and may vary on the type of end-product desired. For example, with respect to the production of complex, multiphase
substances, the unpredictability of such substances may present technical hurdles like instability when attempting to
prolong the point of product differentiation. Thus, there is exists a need for developing new processes for producing
consumer products that contain complex, multiphase substances than can expand product variety and increase the
efficiency of producing end products without some or all of the drawbacks associated with other manufacturing methods
like batch processing.
[0005] Emulsion technologies and/or surfactant evaluation techniques are known from DE 10247086 A1; from the
article D. Clausse et al., "Mass transfers within emulsions studied by differential scanning calorimetry (DSC) - Application
to composition ripening and solid ripening", Mass Transfer - Advanced Aspects, 7th July 2011, pages 742-778 ; and
from US2011/305649.

SUMMARY

[0006] A consumer product comprising a micro-scale heterogeneous emulsion is disclosed herein, the micro-scale
heterogeneous emulsion comprising: a first internal phase; a second internal phase; an external phase; wherein the first
internal phase and the second internal phase are each stabilized within the external phase; and wherein the second
internal phase differs from the first internal phase in chemical makeup.
[0007] The present invention is according to the claims 1 to 13. Particularly, the present invention relates to a consumer
product comprising a micro-scale heterogeneous emulsion which comprises droplets having at least one linear dimension
approximately between 0.001 microns and 100 microns, the micro-scale heterogeneous emulsion comprising:

a first aqueous internal phase;
a second non-aqueous internal phase;
a silicone external phase;
wherein the first internal phase and the second internal phase are each stabilized within the external phase;
wherein the second internal phase differs from the first internal phase in chemical makeup;
wherein the first internal phase comprises water as polar solvent;
wherein the second internal phase comprises a non-aqueous polar solvent;
wherein the external phase comprises a silicone; and
wherein the micro-scale heterogeneous emulsion includes one or more stabilizers to stabilize the internal phases
within the external phase.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the specification concludes with claims, it is believed that the same will be better understood from the
following description taken in conjunction with the accompanying drawings in which:

FIG. 1 is a schematic representation of a batch process;
FIG. 2 is a graphic depiction of an emulsion made by the batch process;
FIG. 3 is a schematic representation of an embodiment of a process to produce a micro-scale heterogeneous
emulsion;
FIG. 4 is a graphic depiction of a micro-scale heterogeneous emulsion;
FIG. 5 is a graphic depiction of a micro-scale heterogeneous emulsion;
FIG. 6 is a portion of a micro-scale heterogeneous emulsion;
FIG. 7 is an enlargement of a portion of the micro-scale heterogeneous emulsion shown in FIG. 6; and
FIG. 8 is a graph illustrating the niacinamide penetration of three different emulsions.

DETAILED DESCRIPTION

[0009] All percentages are weight percentages based on the weight of the composition, unless otherwise specified.
All ratios are weight ratios, unless specifically stated otherwise. All numeric ranges are inclusive of narrower ranges;
delineated upper and lower range limits are interchangeable to create further ranges not explicitly delineated. The number
of significant digits conveys neither limitation on the indicated amounts nor on the accuracy of the measurements. All
measurements are understood to be made at about 25° C and at ambient conditions, where "ambient conditions" means
conditions under about one atmosphere of pressure and at about 50% relative humidity.
[0010] "Combining" refers to a mixing process where the common external phases are liquid-liquid blended thereby
dispersing the individual dispersed phases into a composite emulsion.
[0011] "Composition" means a mixture of different constituent chemicals.
[0012] "Constant internal phase" means that the chemical make-up of the droplets which make up the internal phase
of an emulsion is such that the chemical makeup is uniform with the droplets. Said differently, the droplets suspended
within the external phase typically contain the same ingredients at similar concentrations
[0013] "Consumer product" includes, but is not limited, to diapers; bibs; wipes; products for and/or methods relating
to treating hair (human, dog, and/or cat), including, bleaching, coloring, dyeing, conditioning, shampooing, styling; de-
odorants and antiperspirants; personal cleansing; cosmetics; skin care products including application of creams, lotions,
and other topically applied products for consumer use; shaving products; products for and/or methods relating to treating
fabrics, hard surfaces and any other surfaces in the area of fabric and home care, including air care, car care, dishwashing,
fabric conditioning (including softening), laundry detergent, laundry and rinse additive and/or care, hard surface cleaning
and/or treatment, and other cleaning for consumer or institutional use; products and/or methods relating to bath tissue,
facial tissue, paper handkerchiefs, and/or paper towels; tampons, feminine napkins; products and/or methods relating
to oral care including toothpastes, tooth gels, tooth rinses, denture adhesives, tooth whitening; over-the-counter health
care including cough and cold remedies, pain relievers, RX pharmaceuticals, pet health and nutrition, and water purifi-
cation; processed food products intended primarily for consumption between customary meals or as a meal accompa-
niment (non-limiting examples include potato chips, tortilla chips, popcorn, pretzels, corn chips, cereal bars, vegetable
chips or crisps, snack mixes, party mixes, multigrain chips, snack crackers, cheese snacks, pork rinds, corn snacks,
pellet snacks, extruded snacks and bagel chips); and coffee.
[0014] "Cosmetic composition" means a composition suitable for topical application on mammalian keratinous tissue.
Non-limiting examples of cosmetic compositions include foundations, powders, concealers, blushes, make-up removers,
hair removers, facial hair removers, bronzers, mascaras, eye shadows, eye liners, lip glosses, lip colors, lip liners, nail
polishes, skin creams, facial creams, facial cleansers, sunscreen lotions, body lotions, shaving gels, shaving foams,
shaving creams, conditioners, and aftershaves.
[0015] "Derivatives" include, but are not limited to, amide, ether, ester, amino, carboxyl, acetyl, and/or alcohol deriv-
atives of a given chemical.
[0016] "Dispersion" refers to a suspension of solid particles within a continuous phase.
[0017] "Droplet coalescence" refers to a process where at least two discrete emulsion droplets aggregate and eventually
rupture to form a single emulsion droplet.
[0018] "Emulsion" refers to a colloidal suspension of at least two immiscible (non-soluble) liquid phases.
[0019] "External phase" refers to the continuous component of an emulsion in which at least one other dispersed
component is suspended within.
[0020] "Extract" means material that may be obtained by the following procedure: Place the indicated portion of dried
plant material (stem, bark, leaves, etc.) in a conical glass percolator. Add the indicated percentage of extraction solvent
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in a w/w ratio of 1 part plant material to 2 parts extraction solvent. When the indicated percentage of extraction solvent
is less than 100%, the remaining solvent is water (e.g., 95% ethanol with 5% water, 50% ethanol with 50% water, etc.).
Allow the extraction to proceed for about 16 to about 24 hours. Collect the percolate, and repeat the above process until
the resulting percolate is substantially free from plant additional extract. Combine the percolates, evaporate to dryness
under reduced pressure, and store the resulting extract under nitrogen at less than 4 degrees Celsius.
[0021] "Fabric care composition" includes, unless otherwise indicated, fabric softening compositions, fabric enhancing
compositions, fabric freshening compositions, and combinations thereof.
[0022] "Free of’ means that the stated ingredient has not been added to the composition. However, the stated ingredient
may incidentally form as a byproduct or a reaction product of the other components of the personal care composition.
[0023] "Functionally modified polymer" refers to a polymer that has select functional groups polymerized into a molecule
in order to alter its chemical properties.
[0024] "Glycerol" means a tri-hydroxyl alcohol.
[0025] "Heterogeneous" means consisting of non-uniform ingredients or dissimilar constituents.
[0026] "High internal phase emulsion" refers to an emulsion in which the internal phase volume fraction exceeds the
0.74 close packing limit for monodisperse phases.
[0027] "High shear mixing" refers to a regime of turbulent mixing where the regime has a Reynolds number of about
10,000 or greater.
[0028] "Homogeneous" means consisting of uniform ingredients or similar constituents.
[0029] "Hyperpigmentation" refers to an area of skin wherein the pigmentation is greater than that of an adjacent area
of skin (e.g., a pigment spot, an age spot, and the like).
[0030] "Improve skin condition" or "improving skin condition" means effecting a visually and/or tactilely perceptible
positive change, or benefit, in skin appearance and feel. Benefits that may be provided include, but are not limited to,
one or more of the following: Reducing the appearance of wrinkles and coarse deep lines, fine lines, crevices, bumps,
and large pores; thickening of keratinous tissue (e.g., building the epidermis and/or dermis and/or sub-dermal layers of
the skin, and where applicable the keratinous layers of the nail and hair shaft, to reduce skin, hair, or nail atrophy);
increasing the convolution of the dermal-epidermal border (also known as the rete ridges); skin lightening; preventing
loss of skin or hair elasticity, for example, due to loss, damage and/or inactivation of functional skin elastin, resulting in
such conditions as elastosis, sagging, loss of skin or hair recoil from deformation; reduction in cellulite; change in
coloration to the skin, hair, or nails, for example, under-eye circles, blotchiness (e.g., uneven red coloration due to, for
example, rosacea), sallowness, discoloration caused by hyperpigmentation, etc.
[0031] "Internal phase" refers to the dispersed component of an emulsion.
[0032] "Keratinous tissue" refers to keratin-containing layers disposed as the outermost protective covering of mammals
which includes, but is not limited to, skin, hair, nails, cuticles, etc.
[0033] "Low shear mixing" refers to a regime of laminar mixing where the regime has a Reynolds number of about
2000 or less.
[0034] "Micro-scale" means having at least one linear dimension approximately between 0.001 microns and 100
microns.
[0035] "Pickering emulsion" refers to an emulsion where two immiscible liquids are stabilized by solid particles that
absorb at the interface of the two phases.
[0036] "Polar solvent" refers to a molecule which has an electric dipole or multipole moment, the strength of the electric
dipole or multipole moment dependent on the difference in electronegativity between atoms and structure of the molecule.
[0037] "Salts" include, but are not limited to, sodium, potassium, calcium, ammonium, manganese, copper, and/or
magnesium salts of a compound.
[0038] "Signs of skin aging" include but are not limited to, all outward visibly and tactilely perceptible manifestations,
as well as any macro- or micro-effects due to the aging of keratinous tissue. These signs may result from processes
that include, but are not limited to, the development of textural discontinuities such as wrinkles and coarse deep wrinkles,
fine lines, skin lines, crevices, bumps, large pores, unevenness or roughness; loss of skin elasticity; discoloration (in-
cluding undereye circles); blotchiness; sallowness; hyperpigmented skin regions such as age spots and freckles; kera-
toses; abnormal differentiation; hyperkeratinization; elastosis; collagen breakdown, and other histological changes in
the stratum corneum, dermis, epidermis, vascular system (e.g., telangiectasia or spider vessels), and underlying tissues
(e.g., fat and/or muscle), especially those proximate to the skin.
[0039] "Silicone" refers to a silicone oil.
[0040] "Skin care active" means a substance that, when applied to the skin, provides a benefit or improves the skin’s
condition. It is to be understood that skin care actives are useful not only for application to skin, but also to hair, nails
and other mammalian keratinous tissue.
[0041] "Stabilize" means to make or prepare a colloidal structure that does not separate into its individual component
separate phases when the colloidal structure is subject to 40° C and 1 atm for 30 days.
[0042] "Stable" means a colloidal structure that does not separate into its individual component separate phases when
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the colloidal structure is subject to 40° C and 1 atm for 30 days.
[0043] "Substantially free"" means an amount of a material that is less than 1%, 0.5%, 0.25%, 0.1%, 0.05%, 0.01%,
or 0.001% by weight of a composition.
[0044] "Surfactant" refers to surface active ingredients than can lower the interfacial tension between two chemical
interfaces. Surfactants may act as emulsifying agents for two immiscible liquid phases by lowering the interfacial tension
between the two phases. A surfactant may have amphiphilic properties due to its chemical structure.
[0045] In these specifications, the following non-SI units are used, which may be converted to the respective SI or
metric unit according to the following conversion : 1 centistoke = 1 cst = 0,1 x 10-5m2/s.
[0046] It has been surprisingly discovered that micro-scale heterogeneous emulsions may deliver consistent end user
experiences and similar efficacy with respect to the delivery of actives as compared to emulsions produced by conven-
tional processes. Additionally, the process for producing micro-scale heterogeneous emulsions may be used to prolong
the point of product differentiation, which in turn may expand product varieties and increase the efficiency of production.
Micro-scale heterogeneous emulsions may also be used to provide consumers with customizable, stable cosmetic
compositions.
[0047] It has been found that the use of micro-scale heterogeneous emulsions may provide several advantages over
conventional batch processes in the production of consumer products. For example, it has been found that the use of
micro-scale heterogeneous emulsions can result in a ∼500% to ∼600% increase in total batch output, an ∼80% reduction
in batch cycle time for making consumer products, an ∼80% reduction in the amount of cleaning & sanitization required
during the production of consumer products, and about a 68% reduction in the number of weighings (of ingredients)
required, as compared to a conventional batch process.
[0048] The micro-scale heterogeneous emulsions described herein may differ from conventional emulsions, such as
those made by a batch process or other emulsification technique such as continuous process, in several respects. As
illustrated in FIG. 1, some conventional emulsions are made by emulsifying a water phase with a silicone phase to form
a final product. As shown in FIG. 2, the process of FIG. 1 typically results in a homogeneous emulsion 20 where there
is a constant internal phase made up of droplets that may vary in size. Referring to FIG. 2, the droplets 10 12 and 14,
while they may vary in size, do not usually vary in chemical makeup.
[0049] In contrast, micro-scale heterogeneous emulsions may be made by a variety of process, one of which is
illustrated in FIG. 3. Referring to FIG. 3, a final product that includes a micro-scale heterogeneous emulsion may be
made by combining a base emulsion that may be prepared by emulsifying a water phase containing preservatives and
electrolytes with a silicone phase containing silicones and a surfactant, at least one dispersion that may contain mass
balance ingredients, with at least one functional emulsion that may be prepared by emulsifying a polar phase including
a polar solvent and one or more functional ingredients with a silicone phase containing silicone, a surfactant, and one
or more functional ingredients.
[0050] As shown in FIG. 4, the process of FIG. 3 may result in a micro-scale heterogeneous emulsion 70. Referring
to FIG. 4, droplet 30, droplet 40, droplet 50, and droplet 60 each represent droplets with a different chemical makeup
from the other. These distinct droplets in turn may form a microstructure where there is more than one unique internal
phase within the continuous phase. The micro-scale heterogeneous emulsion 80 thus may contain several internal
phases as shown in FIG. 5. Referring to FIG. 5, the plurality of droplets 90 represents one unique internal phase, the
plurality of droplets 100 represents a second unique internal phase, the plurality of droplets 110 represents a third unique
internal phase, and the plurality of droplets 120 represents a fourth unique internal phase, that together with the external
phase make up the micro-scale heterogeneous emulsion 80. Thus in contrast to conventional emulsions, the internal
phase droplet composition of a micro-scale heterogeneous emulsion may be varied intentionally and systemically de-
pending on the final product desired.
[0051] To illustrate that micro-scale heterogeneous emulsions may comprise more than one internal phase, a micro-
scale heterogeneous emulsion was prepared by combining a base emulsion with two different functional emulsions.
One functional emulsion included a fluorescein dye in the polar phase and the second functional emulsion included a
nile-red dye in the polar phase. As can be observed from FIG. 6 and FIG. 7, after combination of the base emulsion and
the functional emulsions, the two different dyes do not appear to co-localize to the same droplets. In fact, the red droplets
and green droplets appear distinct throughout the continuous phase. These data suggest that micro-scale heterogeneous
emulsions may comprise at least two internal phases.
[0052] Micro-scale heterogeneous emulsions were also evaluated for their ability to deliver a skin care active. For
comparison, a conventional emulsion made by a batch process was included in the study. In Example 2, a series of in
vitro skin penetration studies were conducted over a 6 hr time period to assess the penetration of radiolabeled niacinamide
from micro-scale heterogeneous emulsions and from an emulsion made by the batch process (i.e. batch emulsion). The
emulsions were topically applied to split-thickness human cadaver skin. A Franz diffusion cell system was used to
measure the amount of penetration of the radiolabeled niacinamide thru the cadaver skin.
[0053] Referring to FIG. 8, the individual and total percentage dose of niacinamide recovered from the epidermis,
dermis, and the Franz Cell Receptor after application of the emulsions from Example 2 are plotted. No significant
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difference was observed between the either of the micro-scale heterogeneous emulsions and the batch emulsion eval-
uated with respect to niacinamide penetration into either the epidermal or dermal layers of the skin. Moreover, no
significant difference was observed between the micro-scale heterogeneous emulsions and the batch emulsion with
respect to niacinamide penetration into the Franz Cell Receptor or in the total amount of niacinamide recovered. The
data suggests that micro-scale heterogeneous emulsions may deliver skin care actives with similar efficacy as compared
to certain conventional emulsions.
[0054] Micro-scale heterogeneous emulsions were also evaluated for their consumer acceptance. A number of pan-
elists were provided a foundation made from an emulsion that was made by a conventional batch process (denoted as
"Conventional Foundation") and a foundation made from a micro-scale heterogeneous emulsion (denoted as "Inventive
Foundation"). Individuals were instructed to use each foundation normally for a period of 5 days. Half of the panelists
were instructed to use the Conventional Foundation for 5 days and then to switch to the Inventive Foundation for 5 days.
The other half of the panelists were instructed to use the Inventive Foundation for 5 days and then to switch to the
Conventional Foundation for the next 5 days. Panelists were not informed which of the foundations were new (i.e. made
from a micro-scale heterogeneous emulsion) or conventional. Panelists were asked to complete a questionnaire at day
5 and day 10 during the test period. The questionnaire instructed the panelists to rate the two different foundations on
metrics such as how much consistency was provided, ease of application, shade acceptance, and ability to moisturize
the skin. On these metrics, there was no significant difference in the response of panelists suggesting that some con-
sumers may view cosmetic compositions comprising micro-scale heterogeneous emulsions as acceptable or equivalent
to cosmetic compositions comprising conventional emulsions.
[0055] A micro-scale heterogeneous emulsion may be prepared by combining two or more preliminary emulsions
using either low shear mixing or high shear mixing by any method known in the art. Preliminary emulsions may be
prepared by high or low shearing by any method known in the art. Base emulsions, structural emulsions, and functional
emulsions may be non-limiting examples of preliminary emulsions. Whether a preliminary emulsion used is a base
emulsion, structural emulsion, functional emulsion, or some other form of an emulsion is based on the desired function
or rationale for including that emulsion within the micro-scale heterogeneous emulsion. In some examples, a base
emulsion may represent an emulsion that is free of an active and a structurant or substantially free of an active and a
structurant. In some examples, a structural emulsion may include one or more structurants. In some examples, a functional
emulsion may include one or more functional ingredients. A functional ingredient is an ingredient included to provide a
function non-structural in nature, such that provided by an active. In some examples, it may be desirable to prepare at
least one preliminary emulsion that is free of water or substantially free of water in order to limit microbial growth and
allow for long term storage. One or more dispersions may also be combined with the one or more preliminary emulsions
when preparing the micro-scale heterogeneous emulsion. In some examples, it may be desirable to combine at least
two preliminary emulsions by low shear mixing. In some examples, it may be desirable to combine at least one dispersion
with the preliminary emulsions by low shear mixing. In some examples, a solution may combined with the one or more
preliminary emulsions. In some examples, the micro-scale heterogeneous emulsion may comprise at least one high
internal phase emulsion. Preliminary emulsions include water-in-silicone emulsions.
[0056] When designing a micro-scale heterogeneous emulsion, the external phase solvents should be miscible/soluble
at the final relative ratios with each other such that there are no significant thermodynamic energy drivers preventing
the dissolution into the final external phase. Without being limited by theory, it has been observed that droplet coalescence
may promote instability within micro-scale heterogeneous emulsions. Thus, droplet coalescence should be minimized.
This can be accomplished by reducing or eliminating the quantity of destabilizing constituents within a preliminary
emulsion. Destabilizing constituents are generally classes of ingredients that may partition at the interface of a multi-
phase system. Non-limiting examples of destabilizing constituents include benzyl alcohol, ethyl alcohol, and phenoxy-
alcohol. Thus, in some examples, the preliminary emulsions may be free of benzyl alcohol, ethyl alcohol, phenoxyalcohol,
and combinations thereof.
[0057] In some examples, the micro-scale heterogeneous emulsion may include two or more internal phases and an
external phase. In some examples, the micro-scale heterogeneous emulsion may include three internal phases and an
external phase. In some examples, the micro-scale heterogeneous emulsion may include four internal phases and an
external phase. In other examples, the micro-scale heterogeneous emulsion may include more than four internal phases
and an external phase. In some examples, the one or more internal phases are each stabilized within the external phase
of the micro-scale heterogeneous emulsion. In some examples, at least one of the internal phases is structural such
that the internal phase comprises at least one structurant. In some examples, at least one of the internal phases is
functional such that the internal phase comprises at least one functional ingredient.
[0058] The average droplet size of an internal phase within the micro-scale heterogeneous emulsion may range, for
example, from 0.5 microns to 3 microns, from to 0.5 microns to 5 microns, from 0.5 microns to 10 microns, or from 0.5
microns to 100 microns. In certain examples, the average droplet size may be smaller than 0.5 microns. The average
droplet size of the micro-scale heterogeneous emulsion may vary depending on the method used to combine the one
or more preliminary emulsions with the optional one or more dispersions.



EP 2 994 097 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0059] In some examples, the micro-scale heterogeneous emulsion includes one or more stabilizers to stabilize the
one or more internal phases within the external phase. The stabilizing amount of stabilizer required to stabilize the
internal phases within the external phase may vary. The stabilizer may be present in the internal phases and/or the
external phase of the micro-scale heterogeneous emulsion. Non-limiting examples of stabilizers include surfactants and
functionally modified polymers. Non-limiting examples of surfactants that may be used as stabilizers include silicone
surfactants, non-ionic surfactants, ionic surfactants such as cationic surfactants and anionic surfactants, and combina-
tions thereof.
[0060] Suitable stabilizers include the following classes of ethers and esters: ethers of polyglycols and of fatty alcohols,
esters of polyglycols and of fatty acids, ethers of polyglycols and of fatty alcohols which are glycosylated, esters of
polyglycols and of fatty acids which are glycosylated, ethers of C12-30 alcohols and of glycerol or of polyglycerol, esters
of C12-30 fatty acids and of glycerol or of polyglycerol, ethers of oxyalkylene-modified C12-30 alcohols and of glycerol or
polyglycerol, ethers of C12-30 fatty alcohols comprising and of sucrose or of glucose, esters of sucrose and of C12-30
fatty acids, esters of pentaerythritol and of C12-30 fatty acids, esters of sorbitol and/or of sorbitan and of C12-30 fatty acids,
ethers of sorbitol and/or of sorbitan and of alkoxylated sorbitan, ethers of polyglycols and of cholesterol, esters of C12-30
fatty acids and of alkoxylated ethers of sorbitol and/or sorbitan, and combinations thereof.
[0061] Linear or branched type silicone emulsifiers may also be used as stabilizers. Particularly useful polyether
modified silicones include KF-6011, KF-6012, KF-6013, KF-6015, KF-6015, KF-6017, KF-6043, KF-6028, and KF-6038
from Shin Etsu. Also particularly useful are the polyglycerolated linear or branched siloxane emulsifiers including KF-
6100, KF-6104, and KF-6105 from Shin Etsu.
[0062] Stabilizers may also include emulsifying silicone elastomers. Suitable emulsifying silicone elastomers may
include at least one polyalkyl ether or polyglycerolated unit. Polyoxyalylenated emulsifying silicone elastomers that may
be used include those sold by Shin-Etsu Silicones under the names KSG-21, KSG-20, KSG-30, KSG-31, KSG-32, KSG-
33; KSG-210 (dimethicone/PEG-10/15 crosspolymer dispersed in dimethicone); KSG-310 (PEG- 15 lauryl dimethicone
crosspolymer); KSG-320 (PEG- 15 lauryl dimethicone crosspolymer dispersed in isododecane); KSG-330 (PEG- 15
lauryl dimethicone crosspolymer dispersed in triethylhexanoin), KSG-340 (PEG-10 lauryl dimethicone crosspolymer and
PEG- 15 lauryl dimethicone crosspolymer). Other silicone emulsifying elastomers are supplied by Dow Corning™,
including PEG-12 dimethicone crosspolymers (DC 9010 and 9011). Other suitable silicone emulsifiers sold by Dow
Corning include DC9010 and DC9011. Polyglycerolated emulsifying silicone elastomers are disclosed in PCT/WO
2004/024798. Such elastomers include Shin-Etsu’s KSG series, such as KSG-710 (dimethicone/polyglycerin-3 cross-
polymer dispersed in dimethicone); or lauryl dimethicone/polyglycerin-3 crosspolymer dispersed in a variety of solvent
such as isododecane, dimethicone, triethylhexanoin, available as KSG-810, KSG-820, KSG-830, or KSG-840 from Shin-
Etsu.
[0063] More non-limiting examples of stabilizers are disclosed in U.S. Patent 3,755,560, U.S. Patent 4,421,769, and
McCutcheon’s, Emulsifiers and Detergents, 2010 Annual Ed., published by M. C. Publishing Co. Other suitable stabilizers
are further described in the Personal Care Product Council’s International Cosmetic Ingredient Dictionary and Handbook,
Thirteenth Edition, 2006, under the functional category of "Surfactants - Emulsifying Agents."
[0064] In certain examples, the micro-scale heterogeneous emulsion may also be a Pickering emulsion. The micro-
scale heterogeneous emulsion may be a Pickering emulsion and include at least one functionally modified polymer in
the external phase and/or internal phases. Non-limiting examples of functionally modified polymers include alkyl-modified
silicone polymers; silicone polyethers; silicone quaternary compounds like silicone dialkyl quats, silicone fatty amido
quats, and silicone polyether fatty quats; and silicone amines. Some non-limiting examples of functionally modified
polymers are available from Siltech Corporation (Ontario, Canada) and sold under the tradenames: Silsurf A004, Silfsurf
A008, Siltech OP-12, Silquat 3180, Silquat D2, Silamine A0 EDA, Silamine T-SA, and Silamine DG-50.
[0065] The first aqueous internal phase comprises water as an aqueous polar solvent. The second non-aqueous
internal phase comprises a non-aqueous polar solvent. Non-limiting examples of classes of non-aqueous polar solvents
include monohydroxy alcohols, diols, triols, glycerol esters, and polyglycols. Non-limiting specific examples of non-
aqueous polar solvents include ethanol, methanol, propanol, isopropanol, butanol, ethylene glycol, propylene glycol,
dipropylene glycol, glycerol, glyceryl tripropionate, glyceryl tributyrate, polyethlylene glycol, and mixtures thereof.
[0066] The external phase and internal phases of the micro-scale heterogeneous emulsion may include one or more
preservatives. Non-limiting examples of preservatives include alkyl esters of para-hydroxybenzoic acid. Other useful
preservatives include hydantoin derivatives such as 1,3-bis (hydroxymethyl)-5,5-dimthylhydantoin, propionate salts, and
a variety of quaternary ammonium compounds such as benzalkonium chloride, quaternium 15 (Dowicil 200), benzetho-
nium chloride, and methylbenzethonium chloride. Other examples of suitable preservatives include disodium EDTA,
phenoxyethanol, methyl paraben, propyl paraben, imidazolidinyl urea (commercially available as Germall 1157), sodium
dehydroacetate and benzyl alcohol. The preservatives should be selected having regard for the use of the composition
and possible incompatibilities between the preservatives and other ingredients in the emulsion.
[0067] The external phase and internal phases of the micro-scale heterogeneous emulsion may include one or more
colorants. In some examples, one or more colorants may be included in one or more dispersions and combined with
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the one or more preliminary emulsions to form the micro-scale heterogeneous emulsion. In some examples, one or more
colorants may be included in one or more preliminary emulsions to form the micro-scale heterogeneous emulsion. A
colorant may be in the form of a pigment. As used herein, the term "pigment" means a solid that reflects light of certain
wavelengths while absorbing light of other wavelengths, without providing appreciable luminescence. Useful pigments
include, but are not limited, to those which are extended onto inert mineral(s) (e.g., talk, calcium carbonate, clay) or
treated with silicone or other coatings (e.g., to prevent pigment particles from re-agglomerating or to change the polarity
(hydrophobicity) of the pigment. Pigments may be used to impart opacity and color. Any pigment that is generally
recognized as safe (such as those listed in C.T.F.A. cosmetic Ingredient Handbook, 3rd Ed., cosmetic and Fragrance
Association, Inc., Washington, D.C. (1982)) can be employed in the micro-scale heterogeneous emulsions described
herein. Useful pigments include body pigment, inorganic white pigment, inorganic colored pigment, pearling agent, and
the like. Specific examples are talc, mica, magnesium carbonate, calcium carbonate, magnesium silicate, aluminum
magnesium silicate, silica, titanium dioxide, zinc oxide, red iron oxide, yellow iron oxide, black iron oxide, ultramarine,
polyethylene powder, methacrylate powder, polystyrene powder, silk powder, crystalline cellulose, starch, titanated mica,
iron oxide titanated mica, bismuth oxychloride, and the like. The aforementioned pigments can be used independently
or in combination.
[0068] Additional examples of pigments include, but are not limited to, inorganic powders such as gums, chalk, Fuller’s
earth, kaolin, sericite, muscovite, phlogopite, synthetic mica, lepidolite, biotite, lithia mica, vermiculite, aluminum silicate,
starch, smectite clays, alkyl and/or trialkyl aryl ammonium smectites, chemically modified magnesium aluminum silicate,
organically modified montmorillonite clay, hydrated aluminum silicate, fumed aluminum starch octenyl succinate barium
silicate, calcium silicate, magnesium silicate, strontium silicate, metal tungstate, magnesium, silica alumina, zeolite,
barium sulfate, calcined calcium sulfate (calcined gypsum), calcium phosphate, fluorine apatite, hydroxyapatite, ceramic
powder, metallic soap (zinc stearate, magnesium stearate, zinc myristate, calcium palmitate, and aluminum stearate),
colloidal silicone dioxide, and boron nitride; organic powder such as polyamide resin powder (nylon powder), cyclodextrin,
methyl polymethacrylate powder, copolymer powder of styrene and acrylic acid, benzoguanamine resin powder, po-
ly(ethylene tetrafluoride) powder, and carboxyvinyl polymer, cellulose powder such as hydroxyethyl cellulose and sodium
carboxymethyl cellulose, ethylene glycol monostearate; inorganic white pigments such as magnesium oxide. Other
useful pigments are disclosed in U.S. Patent 5, 688,831, to El-Nokaly et al., issued November 18, 1997. Also useful
herein are pigments such as nanocolorants from BASF and multi-layer interference pigments such as Sicopearls from
BASF. The pigments may be surface treated to provide added stability of color and ease of formulation. In addition, it
may be useful to treat the pigments with a material that is compatible with silicones. Particularly useful treatments include
polysiloxane treatments such as those disclosed in U.S. Patent 5,143,722. Pigments may have a primary average particle
size of from about 5 nm to about 100,000 nm, from about 50 nm to about 5,000 nm, or from about 100 nm to about 1000 nm.
[0069] Other useful colorants include aluminum, barium or calcium salts or lakes. Some other examples of colorants
include Red 3 Aluminum Lake, Red 21 Aluminum Lake, Red 27 Aluminum Lake, Red 28 Aluminum Lake, Red 33
Aluminum Lake, Yellow 5 Aluminum Lake, Yellow 6 Aluminum Lake, Yellow 10 Aluminum Lake, Orange 5 Aluminum
Lake and Blue 1 Aluminum Lake, Red 6 Barium Lake, Red 7 Calcium Lake. A colorant may also be a dye. Suitable
examples include Red 6, Red 21, Brown, Russet and Sienna dyes and mixtures thereof.
[0070] The external phase and internal phases of the micro-scale heterogeneous emulsion may include one or more
structuring agents that can be used to increase viscosity, thicken, solidify, or provide solid or crystalline structure to
micro-scale heterogeneous emulsion. In some examples, a preliminary emulsion may include one or more structuring
agents. Structuring agents are typically grouped based on solubility, dispersibility, or phase compatibility. Examples of
aqueous structuring agents include polymeric agents, natural or synthetic gums, polysaccharides, and the like. Polysac-
charides and gums may be suitable aqueous phase thickening agents. Suitable classes of polymeric structuring agents
include but are not limited to carboxylic acid polymers, polyacrylamide polymers, sulfonated polymers, high molecular
weight polyalkylglycols or polyglycerins, copolymers thereof, hydrophobically modified derivatives thereof, and mixtures
thereof.
[0071] Examples of oil structuring agents include silicone and organic based materials. Suitable oil structuring agents
may be silicone based, such as silicone elastomers, silicone gums, silicone waxes, and linear silicones having a degree
of polymerization allowing the silicone to increase the viscosity. Examples of silicone structuring agents include, but are
not limited to, silicone elastomers, silicone gums, and silicone waxes. Suitable silicone elastomers may be in the powder
form, or dispersed or solubilized in solvents such as volatile or nonvolatile silicones, or silicone compatible vehicles such
as paraffinic hydrocarbons or esters. Examples of silicone elastomer powders include vinyl dimethicone/methicone
silsesquioxane crosspolymers like KSP-100, KSP-101, KSP-102, KSP-103, KSP-104, KSP-105, available from Shin-
Etsu, hybrid silicone powders that contain a fluoroalkyl group like KSP-200, available from Shin-Etsu, which is a fluoro-
silicone elastomer, and hybrid silicone powders that contain a phenyl group such as KSP-300, available from Shin-Etsu,
which is a phenyl substituted silicone elastomer; and DC 9506 available from Dow Corning.
[0072] Examples of silicone elastomer dispersions include dimethicone/vinyl dimethicone crosspolymers supplied by
a variety of suppliers including Dow Corning Corporation under the tradenames DC9040 or DC9041, Momentive under
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the tradename SFE 839, or Shin-Etsu Silicones under the tradenames KSG-15, 16, 18. KSG-15 has the INCI name
cyclopentasiloxane (and) dimethicone/vinyl dimethicone crosspolymer. KSG- 18 has the INCI name diphenylsiloxy phenyl
trimethicone (and) dimethicone/phenyl vinyl dimethicone crossoplymer. Silicone elastomers may also be purchased
from Grant Industries under the Gransil trademark. Other suitable silicone elastomers have long chain alkyl substitutions
such as lauryl dimethicone/vinyl dimethicone crosspolymers supplied by Shin Etsu under the tradenames KSG-41, KSG-
42, KSG-43, and KSG-44, wherein the elastomer is dispersed in solvents including mineral oil, isodocane, triethylhex-
anoin, or squalene, respectively. Other suitable silicone elastomers may have polyglycerine substitutions such as lauryl
dimethicone/polyglycerin-3 crosspolymers supplied by Shin Etsu under the tradenames KSG-810, KSG-820, KSG-830,
and KSG-840, wherein the elastomer is dispersed in solvents including mineral oil, isodocane, triethylhexanoin, or
squalene, respectively. Other suitable silicone elastomers may have polyglycol substitutions such as PEG-15/lauryl
dimethiconecrosspolymers supplied by Shin Etsu under the tradenames KSG-310, KSG-320, KSG-330, and KSG-340,
wherein the elastomer is dispersed in solvents including mineral oil, isodocane, triethylhexanoin, or squalene, respec-
tively. Other suitable silicone elastomers having polyglycol substitutions include Shin Etsu’s KSG-210, a dime-
thicone/PEG-10/15 crosspolymer in dimethicone.
[0073] Silicone gums are another oil structuring agent. The silicone gum typically has a viscosity ranging from about
500,000 to 100 million cst at 25°C, from about 600,000 to 20 million, from about 600,000 to 12 million cst. Suitable
silicone gums include those sold by Wacker-Belsil under the trade names CM3092, Wacker-Belsil 1000, or Wacker-
Belsil DM 3096. A particularly suitable silicone gum is dimethiconol, available from Dow Corning Corporation under the
trade name 1-1254 Fluid, 2-9023 Fluid, and 2-9026 Fluid. Dimethiconol is often sold as a mixture with a volatile or
nonvolatile silicone such as Dow Corning 1401 Fluid, 1403 Fluid, and 1501 Fluid.
[0074] Another type of oil structuring agent includes silicone waxes. Silicone waxes may be referred to as alkyl silicone
waxes and can be semi-solids or solids at room temperature. The term "alkyl silicone wax" means a polydimethylsiloxane
having a substituted long chain alkyl (such as C16 to 30) that confers a semi-solid or solid property to the siloxane.
Examples of such silicone waxes include stearyl dimethicone, which may be purchased from Evonik Goldschmidt GmbH
under the tradename Abil Wax 9800 or from Dow Corning under the tradename 2503. Another example is bis-stearyl
dimethicone (which may be purchased from Gransil Industries under the tradename Gransil A-18), behenyl dimethicone,
or behenoxy dimethicone.
[0075] Other suitable viscosity increasing agents include polyamides and polysilicone-polyamide copolymers. Suitable
polysilicone-polyamide copolymers are disclosed in U.S. Patent Application Publication No. 2004/0170586. Other oil
phase structuring agents may be one or more natural or synthetic waxes such as animal, vegetable, or mineral waxes.
Suitable silicone waxes are disclosed in U.S. Patent Nos. 5,413,781 and 5,725,845, and further include alkylmethyl
polysiloxanes, C10 - C60 alkyl dimethicones, and mixtures thereof. Other structuring agents include natural or synthetic
montmorillonite minerals, silicas, silicates, silica silylate, and alkali metal or alkaline earth metal derivatives thereof.
[0076] The external phase and internal phases of the micro-scale heterogeneous emulsion may include one or more
electrolytes. Non-limiting examples of electrolytes include sodium chloride, potassium chloride, magnesium chloride,
and sodium bicarbonate.
[0077] Oils may be used to solubilize, disperse, or carry materials that are not suitable for water or water-soluble
solvents. Suitable oils include silicones, hydrocarbons, esters, amides, ethers, and mixtures thereof. Oils may be fluid
at room temperature. The oils may be volatile or nonvolatile. "Non-volatile" means a material that exhibits a vapor
pressure of no more than about 0.2 mm of mercury at 25°C at one atmosphere and/or a material that has a boiling point
at one atmosphere of at least about 300°C. "Volatile" means that the material exhibits a vapor pressure of at least about
0.2 mm. of mercury at 20°C. Volatile oils may be used to provide a lighter feel when a heavy, greasy film is undesirable.
In some examples, oils may be used as carriers associated with the oil phase of a preliminary emulsion.
[0078] Suitable oils include volatile oils. In certain embodiments, the volatile oils may have a viscosity ranging from
about 0.5 to 5 centistokes at 25°C. Volatile oils may be used to promote more rapid drying after application. Nonvolatile
oils are also suitable for use. Nonvolatile oils are often used for their emolliency and protective properties.
[0079] Suitable silicone oils include polysiloxanes. Polysiloxanes may have a viscosity of from about 0.5 to about
1,000,000 centistokes at 25°C. Such polysiloxanes can be represented by the general chemical formula:

R3SiO[R2SiO]xSiR3

wherein R is independently selected from hydrogen or C1-30 straight or branched chain, saturated or unsaturated alkyl,
phenyl or aryl, trialkylsiloxy; and x is an integer from 0 to about 10,000, chosen to achieve the desired molecular weight.
In certain embodiments, R is hydrogen, methyl, or ethyl. Commercially available polysiloxanes include the polydimeth-
ylsiloxanes, which are also known as dimethicones, examples of which include the DM-Fluid series from Shin-Etsu, the
Vicasil® series sold by Momentive Performance Materials Inc., and the Dow Corning® 200 series sold by Dow Corning
Corporation. Specific examples of suitable polydimethylsiloxanes include Dow Corning® 200 fluids (also sold as Xiam-
eter® PMX-200 Silicone Fluids) having viscosities of 0.65, 1.5, 50, 100, 350, 10,000, 12,500 100,000, and 300,000
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centistokes.
[0080] Suitable dimethicones include those represented by the chemical formula:

R3SiO[R2SiO]x[RR’SiO]ySiR3

wherein R and R’ are each independently hydrogen or C1-30 straight or branched chain, saturated or unsaturated alkyl,
aryl, or trialkylsiloxy; and x and y are each integers of 1 to 1,000,000 selected to achieve the desired molecular weight.
Suitable silicones include phenyl dimethicone (Botansil™ PD-151 from Botanigenics, Inc.), diphenyl dimethicone (KF-
53 and KF-54 from Shin-Etsu), phenyl trimethicone (556 Cosmetic Grade Fluid from Dow Corning), or trimethylsiloxy-
phenyl dimethicone (PDM-20, PDM-200, or PDM-1000 from Wacker-Belsil). Other examples include alkyl dimethicones
wherein at least R’ is a fatty alkyl (e.g., C12-22). A suitable alkyl dimethicone is cetyl dimethicone, wherein R’ is a straight
C16 chain and R is methyl. Cetyl dimethicone, is available as 2502 Cosmetic Fluid from Dow Corning or as Abil Wax
9801 or 9814 from Evonik Goldschmidt GmbH.
[0081] Cyclic silicones are one type of silicone oil that may be used. In certain embodiments, the cyclic silicones may
have the general formula:

wherein R is independently selected from hydrogen or C1-30 straight or branched chain, saturated or unsaturated alkyl,
phenyl or aryl, trialkylsiloxy; and where n=3-8 and mixtures thereof. Commonly, a mixture of cyclomethicones is used
where n is 4, 5, and/or 6. Commercially available cyclomethicones include Dow Corning UP-1001 Ultra Pure Fluid (i.e.
n=4), Dow Corning XIAMETER® PMX-0245 (i.e. n=5), Dow Corning XIAMETER® PMX-0245 (i.e. n=6), Dow Corning
245 fluid (i.e. n=4 and 5), and Dow Corning 345 fluid (i.e. n=4, 5, and 6).
[0082] Suitable hydrocarbon oils include straight, branched, or cyclic alkanes and alkenes. The chain length may be
selected based on desired functional characteristics such as volatility. Suitable volatile hydrocarbons may have between
5-20 carbon atoms or, alternately, between 8-16 carbon atoms.
[0083] Other suitable oils include esters. The suitable esters typically contain at least 10 carbon atoms. These esters
include esters with hydrocarbyl chains derived from fatty acids or alcohols (e.g., monoesters, polyhydric alcohol esters,
and di- and tri-carboxylic acid esters). The hydrocarbyl radicals of the esters hereof may include or have covalently
bonded thereto other compatible functionalities, such as amides and alkoxy moieties (e.g., ethoxy or ether linkages,
etc.). Exemplary esters include, but are not limited to, isopropyl isostearate, hexyl laurate, isohexyl laurate, isohexyl
palmitate, isopropyl palmitate, decyl oleate, isodecyl oleate, hexadecyl stearate, decyl stearate, isopropyl isostearate,
dihexyldecyl adipate, lauryl lactate, myristyl lactate, cetyl lactate, oleyl stearate, oleyl oleate, oleyl myristate, lauryl
acetate, cetyl propionate, C12-15 alkyl benzoate, diisopropyl adipate, dibutyl adipate, and oleyl adipate. Other suitable
esters are further described in the Personal Care Product Council’s International Cosmetic Ingredient Dictionary and
Handbook, Thirteenth Edition, 2010, under the functional category of "Esters." Other esters suitable for use in the
cosmetic composition include those known as polyhydric alcohol esters and glycerides.
[0084] Other suitable oils include amides. Amides include compounds having an amide functional group while being
liquid at 25°C and insoluble in water. Suitable amides include N-acetyl-N-butylaminopropionate, isopropyl N-lauroylsar-
cosinate, and N,N,-diethyltoluamide. Other suitable amides are disclosed in U.S. Patent No. 6,872,401.
[0085] Other suitable oils include ethers. Suitable ethers include saturated and unsaturated fatty ethers of a polyhydric
alcohol, and alkoxylated derivatives thereof. Exemplary ethers include C4-20 alkyl ethers of polypropylene glycols, and
di-C8-30 alkyl ethers. Suitable examples of these materials include PPG-14 butyl ether, PPG-15 stearyl ether, dioctyl
ether, dodecyl octyl ether, and mixtures thereof.
[0086] The micro-scale heterogeneous emulsions may include one or more actives at a safe and effective amount.
Preliminary emulsions may be designed to include different actives allowing for flexibility in the design of the micro-scale
heterogeneous emulsions. Non-limiting examples of actives include biological, chemical, nutraceutical, and pharmaceu-
tical actives. Non-limiting examples of biological actives include prostaglandins, antimicrobials, antibacterials, biocides,
proteins, amino acids, peptides, hormones, growth factors, enzymes (e.g., glutathione sulphydryl oxidase, transglutam-
inase), therapeutics, oligonucleotides, genetic materials (e.g., DNA, RNA), and combinations thereof. Non-limiting ex-
amples of chemical actives include dyes, surfactants, sensates, hair conditioners, hair dyes, hair growth agents, hair
removers, hair growth inhibitors, hair styling gels, and combinations thereof. Non-limiting examples of nutraceutical
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actives may include proteins, vitamins, food-additive materials, and combinations thereof. Non-limiting examples of
pharmaceutical actives may include antibiotics, drugs, hair growth agents, hair removers, hair growth inhibitors, small-
molecule inhibitors, and combinations thereof. Other useful actives include cationic deposition polymers, deodorizing
active ingredients, anti-dandruff agents, film formers, UV actives, antioxidants, insect repellents, antiperspirant actives,
occlusive agents, humectants, emollients, skin care actives, tanning actives like dihydroxyacetone, anti-inflammatory
actives like hydrocortisone, anti-acne actives like benzoyl peroxide, anti-cellulite agents like xanthine compounds (e.g.
caffeine), topical anesthetics like lidocaine, and the like.
[0087] Any known natural or synthetic cationic deposition polymer can be used herein. Examples include those pol-
ymers disclosed in U.S. Patent 6,649,155; U.S. Patent Application 12/103,902; U.S. Patent Publication 2008/0206355;
and U.S. Patent Publication No. 2006/0099167A1. Non-limiting examples of suitable cationic polymers include copoly-
mers of vinyl monomers having cationic protonated amine or quaternary ammonium functionalities with water soluble
spacer monomers such as acrylamide, methacrylamide, alkyl and dialkyl acrylamides, alkyl and dialkyl methacrylamides,
alkyl acrylate, alkyl methacrylate, vinyl caprolactone or vinyl pyrrolidone.
[0088] Non-limiting examples of anti-dandruff agents include pyridinethione salts, azoles, selenium sulfide, particulate
sulfur, keratolytic acid, salicylic acid, octopirox (piroctone olamine), coal tar, and combinations thereof.
[0089] Peptides may contain ten or fewer amino acids where the amino acids includes the derivatives, isomers, and
complexes with other species such as metal ions (e.g., copper, zinc, manganese, magnesium, and the like) of the amino
acides. Peptide refers to both naturally occurring and synthesized peptides.
[0090] Examples of vitamins includes, but are not limited to, water-soluble versions of vitamin B, vitamin B derivatives,
vitamin C, vitamin C derivatives, vitamin K, vitamin K derivatives, vitamin D, vitamin D derivatives, vitamin E, vitamin E
derivatives, provitamins thereof, such as panthenol and mixtures thereof.
[0091] Non-limiting examples of skin care actives include N-undecylenoyl-L-phenylalanine (i.e. undeclenoyl phenyla-
lanine), vitamin B compounds, retinoids, aloe vera, bisabolol, and allantoin. N-undecylenoyl-L-phenylalanine may be
commercially available from SEPPIC and sold under the name of Sepiwhite®. N-undecylenoyl-L-phenylalanine is a
material that belongs to a broad class of N-acyl phenylalanine derivatives and is known as a topical skin tone evening
agent. As used herein, vitamin B compounds include B1 compounds, B2 compounds, B3 compounds such as niacina-
mide, B5 compounds, such as panthenol or "pro-B5", pantothenic acid, pantothenyl, B6 compounds, such as pyroxidine,
pyridoxal, pyridoxamine, carnitine, thiamine, and riboflavin. In some embodiments, the vitamin B compound is a B3
compound having the formula:

wherein R is - CONH2 (i.e., niacinamide), - COOH (i.e., nicotinic acid) or - CH2OH (i.e., nicotinyl alcohol); derivatives
thereof; and salts of any of the foregoing. "Retinoid" as used herein means natural and synthetic analogs of Vitamin A,
or retinol-like compounds which possess the biological activity of Vitamin A in the skin, as well as the geometric isomers
and stereoisomers of these compounds. The retinoid may be selected from retinol, retinol esters (e.g., C2-C22 alkyl
esters of retinol, including retinyl palmitate, retinyl acetate, retinyl propionate), retinal, and/or retinoic acid (including all-
trans retinoic acid and/or 13-cis-retinoic acid), or mixtures thereof.
[0092] As used herein, "UV active" includes both sunscreen agents and physical sunblocks. Suitable UV actives may
be organic or inorganic. Suitable UV actives are listed in the functional category of "Sunscreen Agents" in the Personal
Care Product Council’s International Cosmetic Ingredient Dictionary and Handbook, Thirteenth Edition, 2010. Suitable
UV actives include those defined or proposed by regulatory agencies in the US (e.g., 21 CFR part 352, 68 Federal
Register 41386, 70 Federal Register 72449, or 71 Federal Register 42405), Europe (Regulation No 1223/2009 of the
EU Parliament; Annex VI), Japan, China, Australia, New Zealand, or Canada. For example, the micro-scale heteroge-
neous emulsion may comprise from about 0.01% to about 20%, by weight of the cosmetic composition, of a UV active.
The micro-scale heterogeneous emulsion may also comprise a sufficient amount of UV active to yield a Sun Protection
Factor of at least about 15, 30 45, or 50. SPF testing is conventional and well understood in the art. A suitable SPF test
is prescribed in 21 C.F.R. 352, Subpart D.
[0093] Suitable UV actives include dibenzoylmethane derivatives including 2-methyldibenzoylmethane, 4-methyld-
ibenzoylmethane, 4-isopropyldibenzoylmethane, 4-tert-butyldibenzoylmethane, 2,4- dimethyldibenzoylmethane, 2,5-
dimethyldibenzoylmethane, 4,4’-diisopropyldibenzoylmethane, 4,4’-dimethoxy dibenzoylmethane, 4-tert-butyl-4’-meth-
oxy dibenzoylmethane (i.e., butyl methoxydibenzoylmethane or avobenzone)(commercially available as PARSOL® 1789
from DSM), 2-methyl-5-isopropyl-4’-methoxy dibenzoylmethane, 2-methyl-5-tert-butyl-4’-methoxydibenzoylmethane,
2,4-dimethyl-4’-methoxy dibenzoylmethane, and 2,6-dimethyl-4-tert-butyl-4’-methoxy dibenzoylmethane. Other suitable
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UV actives include 2-ethylhexyl-p-methoxycinnamate (commercially available as PARSOL® MCX from DSM), 2-hydroxy-
4-methoxybenzophenone, benzonphenone-3 (i.e. oxybeznone), octyldimethyl-p-aminobenzoic acid, digalloyltrioleate,
2,2-dihydroxy-4-methoxybenzophenone, ethyl-4-(bis(hydroxypropyl))aminobenzoate, 2-ethylhexyl-2-cyano-3,3-diphe-
nylacrylate, 2-ethylhexyl-salicylate, glyceryl-p-aminobenzoate, 3,3,5-tri-methylcyclohexylsalicylate, methylanthranilate,
p-dimethylaminobenzoic acid or aminobenzoate, 2-ethylhexyl-p-dimethyl-amino-benzoate, 2-phenylbenzimidazole-5-
sulfonic acid, 2-(p-dimethylaminophenyl)-5-sulfonicbenzoxazoic acid, octocrylene, zinc oxide, titanium dioxide, and mix-
tures thereof.
[0094] Particularly suitable UV actives are 2-ethylhexyl-p-methoxycinnamate, 4-tert-butyl-4’-methoxy dibenzoylmeth-
ane, 2-hydroxy-4-methoxybenzo-phenone, 2-phenylbenzimidazole-5-sulfonic acid, octocrylene, zinc oxide, titanium di-
oxide, and mixtures thereof.
[0095] Other suitable UV actives include 4-methylbenzylidene camphor (commercially available as PARSOL® 5000
from DSM or Eusolex 6300 from Merck), methylene bis-benzotriazolyl tetramethylbutylphenol (i.e., bisoctrizole, com-
mercially available as Tinosorb® M from BASF), bis-ethylhexyloxyphenol methoxyphenol triazine (i.e., bemotrizinol,com-
mercially available as Tinosorb® S from BASF), disodium phenyl dibenzimidazole tetrasulfonate (i.e., Bisdisulizole
disodium, commercially available as Neo Heliopan® AP from Symrise), Ethylhexyl triazone (commercially available as
Uvinul® T 150 from BASF), Drometrizole trisiloxane (marketed as Mexoryl XL by L’Oreal), Sodium Dihydroxy Dimethoxy
Disulfobenzophenone (i.e., benzophenone-9, commercially available as Uvinul® DS 49 from BASF), Diethylamino Hy-
droxybenzoyl Hexyl Benzoate (commercially available as Uvinul® A Plus from BASF), diethylhexyl butamido triazone
(i.e., Iscotrizinol, commercially available as Uvasorb® HEB by 3V Sigma), Polysilicone-15 (i.e., commercially available
as PARSOL® SLX from DSM), and Isoamyl p-Methoxycinnamate (i.e., amiloxate, commercially available as Neo Heli-
opan® E 1000 from Symrise).
[0096] Non-limiting examples of antiperspirant actives include aluminum/zirconium astringent complexes including
aluminum halides, aluminum hydroxy-halides, zirconyl oxyhalides, zirconyl hydroxy-halides; and ZAG complexes such
as aluminium zirconium trichlorohydrex gly.
[0097] Non-limiting examples of occlusive agents include petrolatum, mineral oil, lanolin, paraffin, beeswax, and cocoa
butter. Non-limiting examples of humectants include urea, glycerin, sorbitol, honey, and hyaluronic acid. Non-limiting
examples of emollients include octyl dodecanol, oleyl alcohol, and myristyl myristate. Other examples of actives include
guanidine; urea; glycolic acid and glycolate salts (e.g. ammonium and quaternary alkyl ammonium); salicylic acid; lactic
acid and lactate salts (e.g., ammonium and quaternary alkyl ammonium); aloe vera in any of its variety of forms (e.g.,
aloe vera gel); polyhydroxy alcohols such as sorbitol, mannitol, xylitol, erythritol, glycerol, hexanetriol, butanetriol, pro-
pylene glycol, butylene glycol, hexylene glycol and the like; polyethylene glycols; sugars (e.g., melibiose) and starches;
sugar and starch derivatives (e.g., alkoxylated glucose, fucose); hyaluronic acid; lactamide monoethanolamine; aceta-
mide monoethanolamine; panthenol; allantoin; and mixtures thereof. Also useful herein are the propoxylated glycerols
described in U.S. Pat. No. 4,976,953. Also useful are various C1-C30 monoesters and polyesters of sugars and related
materials. These esters are derived from a sugar or polyol moiety and one or more carboxylic acid moieties.
[0098] Other non-limiting examples of actives also include extracts such as Laminaria Saccharina extract and Ficus
Bengalensis extract, sugar amines, phytosterols, salicylic acid compounds, hexamidines, dialkanoylhydroxyproline com-
pounds, botanicals, N-acyl amino acid compounds, their derivatives, and combinations thereof. Exemplary sugar amines
suitable for use herein are described in PCT Publication No. WO 02/076423 and U.S. Pat. No. 6,159,485.. Sugar amines
can be synthetic or natural in origin and can be used as pure compounds or mixtures of compounds (e.g., extracts from
natural sources or mixtures of synthetic materials). A particularly suitable example of a sugar amine is glucosamine and
its salts, which may be found in certain shellfish or derived from fungal sources. Other examples of sugar amines include
N-acetyl glucosamine, mannosamine, N-acetyl mannosamine, galactosamine, N-acetyl galactosamine, their isomers
(e.g., stereoisomers), and their salts (e.g., HCl salt). Flavonoids are broadly disclosed in U.S. Pat. Nos. 5,686,082 and
5,686,367. Examples of some flavonoids are one or more flavones, one or more isoflavones, one or more coumarins,
one or more chromones, one or more dicoumarols, one or more chromanones, one or more chromanols, isomers (e.g.,
cis/trans isomers) thereof, and mixtures thereof. Some examples include flavones and isoflavones, such as daidzein
(7,4’-dihydroxy isoflavone), genistein (5,7,4’-trihydroxy isoflavone), equol (7,4’-dihydroxy isoflavan), 5,7-dihydroxy-4’-
methoxy isoflavone, soy isoflavones (a mixture extracted from soy), and mixtures thereof. Flavonoid compounds useful
herein are commercially available from a number of sources, e.g., Indofine Chemical Company, Inc., Steraloids, Inc.,
and Aldrich Chemical Company, Inc.
[0099] The micro-scale heterogeneous emulsions may also include a chelating agent such as furildioxime and its
derivatives. In addition to the previously described ingredients, the micro-scale heterogeneous emulsions described
herein may also comprise one or more other ingredients as described in U.S. Publications Nos. US2002/0022040;
US2003/0049212; US2007/0196344; US2008/0181956; US2010/00092408; US2008/0206373; US 2010/0239510;
US2010/0189669; US2011/0262025; US2011/0097286; US2012/0197016; US2012/0128683; US2012/0148515;
US2012/0156146; and US2013/0022557 and U.S. Pat. Nos. 5,939,082; 5,872,112; 6,492,326; 6,696,049; 6,524,598;
5,972,359; and 6,174,533.
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[0100] The micro-scale heterogeneous emulsion may also include one or more fragrances. As used herein, "fragrance"
is used to indicate any odoriferous material. In some examples, fragrances that are cosmetically acceptable may be
used. A wide variety of chemicals are known as fragrances, including aldehydes, ketones, and esters. More commonly,
naturally occurring plant and animal oils and exudates comprising complex mixtures of various chemical components
are known for use as fragrances. Non-limiting examples of the fragrances useful herein include pro-fragrances such as
acetal pro-fragrances, ketal pro-fragrances, ester pro-fragrances, hydrolyzable inorganic-organic pro-fragrances, and
mixtures thereof. The fragrances may be released from the pro-fragrances in a number of ways. For example, the
fragrance may be released as a result of simple hydrolysis, or by a shift in an equilibrium reaction, or by a pH-change,
or by enzymatic release. The fragrances herein may be relatively simple in their chemical make-up, comprising a single
chemical, or may comprise highly sophisticated complex mixtures of natural and synthetic chemical components, all
chosen to provide any desired odor.
[0101] The fragrances may have a boiling point (BP) of about 500°C or lower, about 400°C or lower, or about 350°C
or lower. The BP of many fragrances are disclosed in Perfume and Flavor Chemicals (Aroma Chemicals), Steffen
Arctander (1969). The ClogP value of the fragrances may be about 0.1 or greater, about 0.5 or greater, about 1.0 or
greater, and about 1.2 or greater. As used herein, "ClogP" means the logarithm to the base 10 of the octanol/water
partition coefficient. The ClogP can be readily calculated from a program called "CLOGP" which is available from Daylight
Chemical Information Systems Inc., Irvine Calif., USA. Octanol/water partition coefficients are described in more detail
in U.S. Pat. No. 5,578,563.
[0102] Suitable fragrances are also disclosed in U.S. Pat. No. 4,145,184, U.S. Pat. No. 4,209,417, U.S. Pat. No.
4,515,705, and U.S. Pat. No. 4,152,272. Non-limiting examples of fragrances include animal fragrances such as musk
oil, civet, castoreum, ambergris, plant fragrances such as nutmeg extract, cardomon extract, ginger extract, cinnamon
extract, patchouli oil, geranium oil, orange oil, mandarin oil, orange flower extract, cedarwood, vetyver, lavandin, ylang
extract, tuberose extract, sandalwood oil, bergamot oil, rosemary oil, spearmint oil, peppermint oil, lemon oil, lavender
oil, citronella oil, chamomille oil, clove oil, sage oil, neroli oil, labdanum oil, eucalyptus oil, verbena oil, mimosa extract,
narcissus extract, carrot seed extract, jasmine extract, olibanum extract, rose extract, and mixtures thereof.
[0103] Other examples of suitable fragrances include, but are not limited to, chemical substances such as acetophe-
none, adoxal, aldehyde C-12, aldehyde C-14, aldehyde C-18, allyl caprylate, ambroxan, amyl acetate, dimethylindane
derivatives, α-amylcinnamic aldehyde, anethole, anisaldehyde, benzaldehyde, benzyl acetate, benzyl alcohol and ester
derivatives, benzyl propionate, benzyl salicylate, borneol, butyl acetate, camphor, carbitol, cinnamaldehyde, cinnamyl
acetate, cinnamyl alcohol, cis-3-hexanol and ester derivatives, cis-3-hexenyl methyl carbonate, citral, citronnellol and
ester derivatives, cumin aldehyde, cyclamen aldehyde, cyclo galbanate, damascones, decalactone, decanol, estragole,
dihydromyrcenol, dimethyl benzyl carbinol, 6,8-dimethyl-2-nonanol, dimethyl benzyl carbinyl butyrate, ethyl acetate,
ethyl isobutyrate, ethyl butyrate, ethyl propionate, ethyl caprylate, ethyl cinnamate, ethyl hexanoate, ethyl valerate, ethyl
vanillin, eugenol, exaltolide, fenchone, fruity esters such as ethyl 2-methyl butyrate, galaxolide, geraniol and ester de-
rivatives, helional, 2-heptonone, hexenol, α-hexylcinnamic aldehyde, hydroxycitrolnellal, indole, isoamyl acetate, iso-
eugenol acetate, ionones, isoeugenol, isoamyl iso-valerate, iso E super, limonene, linalool, lilial, linalyl acetate, lyral,
majantol, mayol, melonal, menthol, p-methylacetophenone, methyl anthranilate, methyl cedrylone, methyl dihydrojas-
monate, methyl eugenol, methyl ionone, methyl-α-naphthyl ketone, methylphenylcarbinyl acetate, mugetanol, γ-nona-
lactone, octanal, phenyl ethyl acetate, phenyl-acetaldehyde dimethyl acetate, phenoxyethyl isobutyrate, phenyl ethyl
alcohol, pinenes, sandalore, santalol, stemone, thymol, terpenes, triplal, triethyl citrate, 3,3,5-trimethylcyclohexanol, γ-
undecalactone, undecenal, vanillin, veloutone, verdox, and mixtures thereof.

METHODS OF USE

[0104] The micro-scale heterogeneous emulsions may be used, for example, in consumer products. For example, the
micro-scale heterogeneous emulsion may be a consumer product provided in a package sized to store a sufficient
amount of the micro-scale heterogeneous emulsion. The size, shape, and design of the package may vary widely.
Certain package examples are described in USPNs D570,707; D391, 162; D516,436; D535,191; D542,660; D547,193;
D547,661; D558,591; D563,221; 2009/0017080; 2007/0205226; and 2007/0040306.
[0105] In some examples, the micro-scale heterogeneous emulsion may be provided as a consumer product intended
to be used or consumed in the form in which it is sold, and not intended for subsequent commercial manufacture or
modification.
[0106] In some examples, the micro-scale heterogeneous emulsion may be used in a method for providing a stable,
custom cosmetic composition. By "custom" it is meant that the consumer product is made-to-order. In some examples,
a consumer may be provided a list of active options, a list of fragrance options, a list of color options, and combinations
thereof. In some examples, the consumer may also be provided options of packages for packaging the micro-scale
heterogeneous emulsion. In some examples, a consumer may receive an instruction that may encompass more than
one option that may be included in a micro-scale heterogeneous emulsion. In some examples, the consumer may be
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instructed by any known method of instructing. Non-limiting examples of the potential ways for instructing include involving
a salesperson or other individual, involving a sign, involving the internet, involving an advertisement, word of mouth,
involving a catalog, involving printed material, involving non-verbal communication, etc. In some examples, the consumer
may be instructed to select at least one active, a fragrance, a color, a package, and combinations thereof. In some
examples, the micro-scale heterogeneous emulsion is prepared based on the consumer’s selections. In some examples,
the different emulsions used to make the micro-scale heterogeneous emulsion are combined in the consumer’s vicinity.
In some examples, only the dispersions used in making the micro-scale heterogeneous emulsion are combined in the
consumer’s vicinity. In some examples, the combining occurs within the consumer’s vicinity when the combining occurs
within the store or location where the consumer is located. In some examples, the different emulsions used to make the
micro-scale heterogeneous emulsion are combined remotely (i.e. not within the consumer’s vicinity). In some examples,
the consumer combines the emulsions and optionally the dispersions to form the final micro-scale heterogeneous emul-
sion. In some examples, the consumer combines the dispersion(s) with a micro-scale heterogeneous emulsion. In some
examples, the consumer performs the step of combining to form the micro-scale heterogeneous emulsion.

EXAMPLES

[0107] The following examples are given solely for the purpose of illustration
[0108] In the examples, all concentrations are listed as weight percent, unless otherwise specified and may exclude
minor materials such as diluents, filler, and so forth. The listed formulations, therefore, comprise the listed components
and any minor materials associated with such components. As is apparent to one of ordinary skill in the art, the selection
of these minor materials will vary depending on the physical and chemical characteristics of the particular ingredients
selected to make the present invention as described herein.

EXAMPLE 1 -MICRO-SCALE HETEROGENEOUS EMULSION

[0109]

TABLE 1

Preliminary Emulsion 1

Component Amount

Water QS

Cyclopentasiloxane 18.234%

PEG/PPG 18/18 Dimethicone and Cyclopentasiloxane 4%

Sodium Chloride 3.766%

Hexanediol and Caprylyl Glycol 0.5%

Phenoxyethanol 0.250%

Benzyl Alcohol 0.250%

Total 100%

TABLE 2

Preliminary Emulsion 2

Component Amount

Cyclopentasiloxane and Dimethicone Crosspoylmer QS

Glycerin 18.568%

Niacinamide 5.305%

Diethylhexyl Carbonate 5.305%

Panthenol 1.326%

Tocopheryl Acetate 1.326%
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[0110] To make Preliminary Emulsion 1, begin by preparing a water-premix by propeller mixing the water, sodium
chloride, phenoxyethanol, benzyl alcohol, hexanediol, and caprylyl glycol in a pre-mix tank until all the solids are fully
dissolved and liquids fully blended. Next, add the cyclopentasiloxane and the PEG/PPG-18/18 dimethicone and cy-
clopentasiloxane directly to a Giusti main-mix tank. Begin scrapewall mixing at 49 RPMs and inner agitator mixing at 69
RPM the contents in the Giusti main-mix tank. Turn on the homogenizer and set to 1500 RPM. Transfer the water-premix
using a Waukesha positive displacement transfer pump such that the transfer time takes greater than 10 minutes. During
water transfer, slowly increase the homogenizer speed 250 RPMs every 2 minutes until the homogenizer speed is 3000
RPM. After the transfer is complete, turn the recirculation on at 62 RPM. Continue mixing at 3000 RPM with the scrapewall
mixing at 49 RPM and the inner agitator mixing at 69 RPM for an additional 15 minutes. After about 15 minutes, turn off
all mixing. Pump out the material at 62 RPM into an approved fiber drum and store in an appropriate fiber drum.
[0111] To make Preliminary Emulsion 2, first mix the glycerin, niacinamide, panthenol, and allantoin in a tank with a
lightnin’ mixer until the solids are dispersed and homogeneous. Heat the mixture as necessary to dissolve the solid
ingredients. Next in a plastic 5 gallon bucket, mix the diethylhexyl carbonate, totpheryl acetate, and dimethicone and
dimethicone copolyol crosspolymer with a spatula until the liquids are well blended and homogeneous. This step should
last about 1-2 minutes. Next, mix the mixture of diethylhexyl carbonate, tocopheryl acetate, and dimethicone and dime-
thicone copolyol crosspolymer with the cyclopentasiloxe and dimethicone crosspolymer-DC9040 in the Giusti vessel
and turn on the inner and outer agitators to 49 RPM and 39RPM, respectively. After 5 minutes, turn on the homogenizer
at 3000 RPM and turn on the cooling water to maintain temperature at less than 35° C. Adjust the mix speeds and times
as necessary. Transfer the mixture of glycerin, niacinamide, panthenol, and allantoin into the Giusti vessel while continuing
to mix. Continue mixing for 10-15 minutes until the product is homogeneous then store the product in an appropriate

(continued)

Preliminary Emulsion 2

Component Amount

Dimethicone and PEG 10 Dimethicone Crosspolymer 1.326%

Allantoin 0.531 %

Total 100%

TABLE 3

Preliminary Emulsion 3

Component Amount

Cyclopentasiloxane QS

PEG/PPG 18/18 Dimethicone and Cyclopentasiloxane 5.436%

DIMETHICONE 350CS 7.373%

DIMETHICONE 50CS 11.060%

Arachidyl Behenate 1.106%

Synthetic Wax 0.369%

Trihydroxystearin 1.106%

Silica 0.369%

Talc,Ethylene/Methacrylate Copolymer and Isopropyl Titanium Triisostearate 1.843%

Aluminum Starch Octenylsuccinate 9.217%

Ethylene Brassylate 0.184%

Polyglyceryl-4 isostearate and Cetyl dimethicone 0.737%

Propylene Glycol 29.494%

PVP-K-17 3.687%

Total 100%
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container.
[0112] To make Preliminary Emulsion 3, first combine trihydroxystearin and approximately 2% of the cyclopentasi-
loxane in a small container. Mix with a propeller mixer or by hand with a spatula to fully disperse the trihydroxystearin
and create a thixcin pre-mix. Next, combine the remaining cyclopentasiloxane, PEG/PPG 18/18 Dimethicone and Cy-
clopentasiloxane, Dimethicone 350CS, and Dimethicone 50CS ingredients in a main mix tank (Giusti). Begin mixing
with the inner and outer agitators at 49 and 69 RPM. Add ingredients Arachidyl Behenate and Synthetic Wax to the main
mix tank and begin heating to 90C +/- 5C. While heating, mix the batch with the inner and outer agitators at 49 and 69
RPM and homogenizer at 3000 RPM. Once the target temperature range is reached, continue mixing for 5 minutes.
After 5 minutes, discontinue the high shear mixing and start cooling to 55 C +/- 5C. With the main mix tank at 55 C +/-
5C, add the Thixcin pre-mix and begin high shear mixing with the homogenizer overnight at 3000 RPM. Cool the silicone
phase down to 25C +/- 5C while continuing to high shear mix with the homogenizer overnight. Add the final silicone
phase ingredients Silica, Talc, Ethylene/Methacrylate Copolymer and Isopropyl Titanium Triisostearate, Aluminum Starch
Octenylsuccinate, and Ethylene brassylate. Continue mixing for 5 minutes with the homogenizer ON at 3000 RPM,
agitator and scrapewall overnight at 69 and 49 RPM respectively.
[0113] In a separate pre-mix vessel, add ingredients Polyglyceryl-4 isostearate and Cetyl dimethicone copolyol and
hexyl laurate, and Propylene glycol and begin agitation with a propeller mixer. Slowly add PVP-K-17 to the water pre-
mix tank. Continue mixing until the PVP-K-17 is fully dispersed. Heat may be used to facilitate the process if needed.
Record the maximum temperature. Once the polymer solution is homogeneous, begin cooling to 25C +/- 5C. Transfer
the propylene glycol phase using a waukesha positive displacement transfer pump such that the transfer time takes
greater than 5 minutes. During transfer, mix with the homogenizer ON at 3000 RPM, the outer agitator overnight at 49
RPM and the inner agitator overnight (ON) at 69 RPM. After transfer is complete, continue mixing with the homogenizer
ON at 3000 RPM, the outer agitator ON at 49 RPM and the inner agitator ON at 69 RPM for an additional 15 minutes.
After 15 minutes, turn off all mixing. Pump out the material at 62 RPM into an approved fiber drum.
[0114] To prepare the micro-heterogeneous emulsion, combine an amount of Preliminary Emulsion 1, Preliminary
Emulsion 2, and Preliminary Emulsion 3 by low shear mixing. The amount of premix will depend on the desired amount
of the ingredients to be included in the final micro-scale heterogeneous emulsion. The low shear mixing may be performed
by using a lightnin’ mixer with a pitched blade turbine mixer geometry.

EXAMPLE 2 -NIACINAMIDE MEASUREMENTS

[0115] The emulsions set forth in FIG. 8 were prepared from the ingredients described in TABLES 4, 6, and 7 below.
A batch process emulsion (denoted as Batch Emulsion in FIG. 8) was prepared from the ingredients listed in TABLE 4.
Briefly, in a 1000 ml stainless steel beaker, combine Part A ingredients and mix with a Lightnin’ mixer until the solids
are dispersed and homogeneous. In a 1000 ml jacketed vessel, mix the Part B ingredients with a lightnin’ mixer until the
liquids are well blended and homogeneous. Next, in a 1000 ml jacketed vessel, mix the Part B ingredients with the Part
C ingredient with a large circle Silverson attachment at 2500 RPM for 5 minutes until homogeneous. Transfer the two
separate phases into individual containers. Aliquots of Table 4 part A were then spiked with 14C-niacinamide with
approximately 3 mCi per 300 mg product aliquot and mixed with a spatula to disperse the active in the polar phase. Part
A with the radiotagged niacinamide and B/C were then emulsified together utilizing a micro-mixer from Sigma Aldrich
(Wig-L-Bug mixer) at the specified ratios shown in TABLE 5.

TABLE 4

Part A Ingredient Wt%

Water 30.234

Sodium Chloride 1.399

Phenoxyethanol 0.373

Benzyl Alcohol 0.373

Sodium Benzoate 0.047

Glycerin 9.929

Niacinamide 2.837

Dexpanthenol 0.709

Allantoin 0.284
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[0116] Micro-Scale Heterogeneous Emulsion I was prepared from the ingredients listed in TABLES 6 and 7 at the
ratios specified in Table 8. To prepare Micro-Scale Heterogeneous Emulsion I, prepare a mix of the Part A ingredients
from TABLE 6 by mixing the ingredients with a lightnin’ mixer in a 1000 ml stainless steel beaker until the solids are
dispersed and homogeneous. Next, mix the Part B ingredients from TABLE 6 with a lightnin’ mixer in a 1000 ml jacketed
vessel until the liquids are well blended and homogeneous. Next, combine the mixture of the Part B ingredients with the
Part C ingredients from TABLE 6 using a large circle silverson attachment at 2500 RPM for 5 minutes in the 1000 ml
jacketed vessel. Transfer the two separate phases into individual containers. Aliquots of the Part A from Table 6 were
then spiked with 14C-niacinamide with approximately 3 mCi per 300 mg product aliquot and mixed with a spatula to
disperse the active in the polar phase. Part A with the radiotagged niacinamide and Part B/C were then emulsified
together utilizing a micro-mixer from Sigma Aldrich (Wig-L-Bug mixer).

[0117] Next make a water-premix from the ingredients listed in TABLE 7. Begin by preparing a water-premix by propeller
mixing Parts 1-5 in a pre-mix tank until all the solids are fully dissolved and liquids fully blended. Next, add the cyclopen-

(continued)

Part B

Cyclopentasiloxane 11.774

PEG/PPG 18/18 Dimethicone and Cyclopentasiloxane 2.326

Dimethicone and PEG 10 Dimethicone Crosspolymer 0.709

Diethyl Hexyl Carbonate 2.837

Tocopherol Acetate 0.709

Part C

Cyclopentasiloxane and Dimethicone Crosspoylmer 35.460

Total 100%

TABLE 5

Batch Wt % Parts

Table4 Part A 46.18% 32.56

Table 6 Part B/C 53.82% 37.94

100.00% 70.5

TABLE 6

Part A Ingredient % Weight

Glycerin 18.568

Niacinamide 5.305

Dexpanthenol 1.326

Allantoin 0.531

Part B

Dimethicone and PEG 10 Dimethicone Crosspolymer 1.326

Diethyl Hexyl Carbonate 5.305

Tocopherol Acetate 1.326

Part C

Cyclopentasiloxane and Dimethicone Crosspoylmer 66.313

Total 100
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tasiloxane and the PEG/PPG-18/18 dimethicone and cyclopentasiloxane directly to a Giusti main-mix tank. Begin scrap-
ewall mixing at 49 RPMs and inner agitator mixing at 69 RPM the contents in the Giusti main-mix tank. Turn on the
homogenizer and set to 1500 RPM. Transfer the water-premix using a Waukesha positive displacement transfer pump
such that the transfer time takes greater than 10 minutes. During water transfer, slowly increase the homogenizer speed
250 RPMs every 2 minutes until the homogenizer speed is 3000 RPM. After the transfer is complete, turn the recirculation
on at 62 RPM. Continue mixing at 3000 RPM with the scrapewall mixing at 49 RPM and the inner agitator mixing at 69
RPM for an additional 15 minutes. After about 15 minutes, turn off all mixing. Pump out the material at 62 RPM into a
storage container.

[0118] The active and radio tagged containing preliminary emulsion was then combined with the non-active containing
preliminary emulsion shown in TABLE 7 to form micro-heterogeneous emulsion at the specified ratios in TABLE 8. The
mixing was completed by using a spatula.

[0119] Micro-Scale Heterogeneous Emulsion II was prepared from the ingredients listed in TABLES 6 and 7. To
prepare Micro-Scale Heterogeneous Emulsion II, prepare a mix of the Part A ingredients from TABLE 6 by mixing the
ingredients with a lightnin’ mixer in a 1000 ml stainless steel beaker until the solids are dispersed and homogeneous.
Next, mix the Part B ingredients from TABLE 6 with a lightnin’ mixer in a 1000 ml jacketed vessel until the liquids are
well blended and homogeneous. Next, in a 3000 ml jacketed vessel, mix the Part B premix of ingredients from TABLE
6 with Part C of TABLE 6 and mix with the large circle silverson attachment at 2500 RPM for 5 minutes. Next, emulsify
Table 6 part A into Table 6 part B/C utilizing a silverson mixer at 6000 RPM in the 3000 mL jacketed vessel until the
sample is fully homogenous. Store Table 6 combined product in a container. Aliquots of product from Table 6 were then
spiked with 14C-niacinamide with approximately 3 mCi per 300 mg product aliquot and mixed with a spatula to disperse
the active in the product. The resultant radiotagged niacinamide formulation was then combined with product from Table
7 at the ratios specified in Table 9. The mixing was completed using a spatula.

TABLE 7

Part Ingredient % Weight

1 Deionized Water 65

2 Sodium Chloride 3

3 Phenoxyethanol 0.8

4 Sodium Benzoate 0.8

5 Benzyl Alcohol 0.1

6 Cyclopentasiloxane 25.30

7 PEG/PPG 18/18 Dimethicone and Cyclopentasiloxane 5

Total 100

TABLE 8

Micro-Scale Heterogeneous Emulsion I Wt % Parts

Table 6 - Part A 13.76% 9.7

Table 6 - Part B/C 39.72% 28

Table 7 46.52% 32.8

100.00% 70.5

TABLE 9

Micro-Scale Heterogeneous Emulsion II Wt % Parts

Table 6 - Combined 53.48% 37.7

Table 7 46.52% 32.8

100.00% 70.5
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[0120] Split thickness cadaver skin was obtained from AlloSource (Englewood, CO). Tritiated water was from Perk-
inElmer (Boston, MA) while 14C niacinamide was obtained from American Radiochemicals (St. Louis, MO). For all studies,
split-thickness human cadaver skin was maintained at -70°C until thawed at ambient conditions, rinsed with distilled
water, cut into appropriately sized sections, and mounted in standard Franz-type diffusion cells (0.79 cm2) which were
placed in heating/stirring blocks thermostatted to maintain a skin surface temperature of about 34°C. The receptors [∼
5 mL] were filled with a solution of 1% polysorbate 20 (VWR International, West Chester, PA) in Dulbecco’s Phosphate
Buffered Saline [PBS] (Sigma-Aldrich, Inc., St. Louis, MO) with agitation provided by magnetic stir bars, and the skin
allowed to equilibrate for at least two hours.
[0121] Next, human cadaver skin samples were mounted in standard Franz-type diffusion cells (0.79 cm2 surface
area) maintained at about 37°C. Six replicates for each compositional leg were prepared. The receptor compartments
were filled with 5 mL phosphate buffered saline (PBS - pH 7.4) that included 1% polysorbate-20 and 0.02% sodium
azide, and the skin allowed to equilibrate for two hours. The cells were randomized to treatment group based upon 3H2O
flux through the mounted skin (150 mL of 3H20 applied for five minutes, removed and followed by collection of receptor
fluid after 60 minutes). Diffusion cells were randomized by ranking each cell according to water flux and distributing cells
across treatment legs such that each group included cells across the range of observed water flux. Each treatment group
typically had 6 replicates.
[0122] Aliquots of the batch emulsion and micro-scale heterogeneous emulsions I & II which were previously spiked
with 14C-niacinamide, approximately 3 mCi per 300 mg product aliquot, were mixed and assayed for total radioactivity
in triplicate using Ultima Gold (available from Perkin-Elmer) liquid scintillation cocktail (LSC) and liquid scintillation
counting (Tri-Carb 2500 TR Liquid Scintillation Analyzer, PerkinElmer, Boston, MA). The skin samples were topically
dosed with 5 mL of the radiolabeled niacinamide emulsion using a positive displacement pipette. The emulsions was
gently spread over the surface of the skin samples (0.79 cm2) using the pipet tip. The receptor solution was collected
and replaced at 6 hours following application with a final collection at 24 hrs. After the final receptor collection, each skin
sample was wiped two times with Whatman filter paper soaked with PBS/Tween 20 and once with 70%/30% ethanol/water
to remove unabsorbed (residual) product. The epidermis was separated from the residual dermis by dissection. The
skin sections were dissolved in 0.50 - 1.25 mL Soluene-350 (Perkin Elmer, Boston, MA) at 60°C overnight, and all
receptor collections, filter paper wipes, and solubilized tissue sections were counted using liquid scintillation counting.
Disintegrations-per-minute (DPM) for each compartment of each cell were blank corrected and summed to obtain a total
recovered radiolabel value for a given cell. The DPM of each compartment were then normalized to the total recovered
radiolabel value to obtain a "percent recovered radiolabel" parameter for each compartment (individual receptor collec-
tions, epidermis, dermis, and wipes for mass balance). Cumulative receptor values to each collection time point were
calculated as the sum of the individual collections to that time point, with the total receptor value as the sum of all
individual collections. The total recovered percentage value was the sum of the epidermis (including stratum corneum)
and dermis values, and the total permeated value the sum of total skin and cumulative receptor values. Fig. 8 summarizes
the total percentage values of radiolabeled niacinamide recovered.

Claims

1. A consumer product comprising a micro-scale heterogeneous emulsion which comprises droplets having at least
one linear dimension approximately between 0.001 microns and 100 microns, the micro-scale heterogeneous emul-
sion comprising:

a first aqueous internal phase;
a second non-aqueous internal phase;
a silicone external phase;
wherein the first internal phase and the second internal phase are each stabilized within the external phase;
wherein the second internal phase differs from the first internal phase in chemical makeup;
wherein the first internal phase comprises water as polar solvent;
wherein the second internal phase comprises a non-aqueous polar solvent;
wherein the external phase comprises a silicone; and
wherein the micro-scale heterogeneous emulsion includes one or more stabilizers to stabilize the internal phases
within the external phase.

2. The consumer product of any preceding claim, wherein the micro-scale heterogeneous emulsion is a high internal
phase emulsion in which the internal phase volume fraction exceeds 0.74 close packing limit for monodisperse
phases.
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3. The consumer product of any preceding claim, wherein the first internal phase is formed from droplets having an
overall size of 0.5 microns to 100 microns, preferably from 0.5 microns to 10 microns.

4. The consumer product of any preceding claim, wherein the first internal phase and the second internal phase are
substantially free of benzyl alcohol, ethyl alcohol, phenoxyalcohol, and combinations thereof.

5. The consumer product of any preceding claim, wherein the first internal phase is structural and the second internal
phase is functional; wherein the first internal phase comprises at least one structurant.

6. The consumer product of any preceding claim, wherein the first internal phase comprises a first active.

7. The consumer product of any preceding claim, wherein the second internal phase comprises a second active that
is different from the first active in chemical makeup; wherein the first internal phase does not comprise the second
active and the second internal phase does not comprise the first active.

8. The consumer product of any preceding claim, wherein the first internal phase and the second internal phase are
each stabilized within the external phase by using at least one surfactant.

9. The consumer product of any preceding claim, wherein the micro-scale heterogeneous emulsion is a Pickering
emulsion; and wherein the first internal phase and the second internal phase are each stabilized within the external
phase by using at least one functionally modified polymer selected from alkyl-modified silicone polymers; silicone
polyethers; silicone quaternary compounds like silicone dialkyl quats, silicone fatty amido quats, and silicone poly-
ether fatty quats; and silicone amines.

10. The consumer product of any preceding claim, further comprising:
a third internal phase; wherein the third internal phase differs from the first and second internal phases in chemical
makeup; and wherein the first internal phase, second internal phase, and third internal phase are each stabilized
within the external phase.

11. The consumer product of any preceding claim, wherein the stabilizer is present in the internal phases and/or the
external phase.

12. The consumer product of any preceding claim, wherein the external phase and internal phases of the micro-scale
heterogeneous emulsion include at least an agent selected from the group consisting in one or more preservatives;
one or more colorants; one or more structuring agents that can be used to increase viscosity, thicken, solidify, or
provide solid or crystalline structure to micro-scale heterogeneous emulsion; or one or more electrolytes.

13. The consumer product of any preceding claim, wherein the micro-scale heterogeneous emulsion includes at least
an agent selected from the group consisting in one or more actives; a chelating agent; or one or more fragrances.

Patentansprüche

1. Verbraucherprodukt, umfassend eine heterogene Emulsion im Mikromaßstab, die Tröpfchen mit zumindest einer
linearen Abmessung von ungefähr zwischen 0,001 Mikron und 100 Mikron umfasst, die heterogene Emulsion im
Mikromaßstab umfassend:

eine erste wässrige interne Phase;
eine zweite nicht-wässrige interne Phase;
eine externe Silikonphase;
wobei die erste interne Phase und die zweite interne Phase jeweils innerhalb der externen Phase stabilisiert sind;
wobei sich die zweite interne Phase von der ersten internen Phase in der chemischen Zusammensetzung
unterscheidet;
wobei die erste interne Phase Wasser als polares Lösungsmittel umfasst;
wobei die zweite interne Phase ein nicht-wässriges polares Lösungsmittel umfasst;
wobei die externe Phase ein Silikon umfasst; und
wobei die heterogene Emulsion im Mikromaßstab eine oder mehrere Stabilisatoren beinhaltet, um die internen
Phasen innerhalb der externen Phase zu stabilisieren.



EP 2 994 097 B1

21

5

10

15

20

25

30

35

40

45

50

55

2. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die heterogene Emulsion im Mikromaßstab
eine Emulsion mit hoher interner Phase ist, in der der Volumenanteil der internen Phase 0,74 nahe der Packungs-
grenze für monodisperse Phasen überschreitet.

3. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die erste interne Phase aus Tröpfchen mit
einer Gesamtgröße von 0,5 Mikron bis 100 Mikron, bevorzugt von 0,5 Mikron bis 10 Mikron, gebildet wird.

4. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die erste interne Phase und die zweite
interne Phase im Wesentlichen frei von Benzylalkohol, Ethylalkohol, Phenoxyalkohol und Kombinationen davon sind.

5. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die erste interne Phase strukturell und die
zweite interne Phase funktionell ist; wobei die erste interne Phase zumindest ein Strukturierungsmittel umfasst.

6. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die erste interne Phase einen ersten Wirk-
stoff umfasst.

7. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die zweite interne Phase einen zweiten
Wirkstoff umfasst, der sich vom ersten Wirkstoff in der chemischen Zusammensetzung unterscheidet; wobei die
erste interne Phase den zweiten Wirkstoff nicht umfasst und die zweite interne Phase den ersten Wirkstoff nicht
umfasst.

8. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die erste interne Phase und die zweite
interne Phase jeweils innerhalb der externen Phase durch Verwendung zumindest eines Tensids stabilisiert sind.

9. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die heterogene Emulsion im Mikromaßstab
eine Pickering-Emulsion ist; und wobei die erste interne Phase und die zweite externe Phase jeweils innerhalb der
externen Phase unter Verwendung zumindest eines funktionell modifizierten Polymers stabilisiert sind, ausgewählt
aus alkylmodifizierten Siliconpolymeren; Siliconpolyethern; quaternären Siliconverbindungen wie Silicondialkyl-
QAVs, Siliconfettamido-QAVs und Siliconpolyetherfett-QAVs; und Siliconaminen.

10. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, ferner umfassend:
eine dritte interne Phase; wobei sich die dritte interne Phase von der ersten und zweiten internen Phase in der
chemischen Zusammensetzung unterscheidet; und wobei die erste interne Phase, die zweite interne Phase und
die dritte interne Phase jeweils innerhalb der externen Phase stabilisiert sind.

11. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei der Stabilisator in den internen Phasen
und/oder der externen Phase vorhanden ist.

12. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die externe Phase und die internen Phasen
der heterogenen Emulsion im Mikromaßstab zumindest ein Mittel beinhalten, das aus der Gruppe ausgewählt ist,
die aus einem oder mehreren Konservierungsmitteln; einem oder mehreren Farbstoffen; einem oder mehreren
Strukturierungsmitteln, die verwendet werden können, um die Viskosität zu erhöhen, zu verdicken, zu verfestigen
oder der heterogenen Emulsion im Mikromaßstab eine feste oder kristalline Struktur zu verleihen; oder einem oder
mehreren Elektrolyten besteht.

13. Verbraucherprodukt nach einem der vorhergehenden Ansprüche, wobei die heterogene Emulsion im Mikromaßstab
zumindest ein Mittel beinhaltet, das aus der Gruppe ausgewählt ist, die aus einem oder mehreren Wirkstoffen; einem
Chelatbildner; oder einem oder mehreren Duftstoffen besteht.

Revendications

1. Produit de consommation comprenant une émulsion hétérogène à micro-échelle qui comprend des gouttelettes
ayant au moins une dimension linéaire approximativement comprise entre 0,001 micron et 100 microns, l’émulsion
hétérogène à micro-échelle comprenant :

une première phase interne aqueuse ;
une deuxième phase interne non aqueuse ;
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une phase externe en silicone ;
dans lequel la première phase interne et la deuxième phase interne sont chacune stabilisées au cours de la
phase externe ;
dans lequel la deuxième phase interne diffère de la première phase interne dans la composition chimique ;
dans lequel la première phase interne comprend de l’eau comme solvant polaire ;
dans lequel la deuxième phase interne comprend un solvant polaire non aqueux ;
dans lequel la phase externe comprend un silicone ; et
dans lequel l’émulsion hétérogène à micro-échelle comprend un ou plusieurs stabilisateurs pour stabiliser les
phases internes au cours de la phase externe.

2. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel l’émulsion hétéro-
gène à micro-échelle est une émulsion à phase interne élevée dans laquelle la fraction volumique de phase interne
dépasse 0,74 limite de tassement proche pour les phases monodisperses.

3. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la première phase
interne est formée à partir de gouttelettes ayant une taille globale de 0,5 micron à 100 microns, de préférence de
0,5 micron à 10 microns.

4. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la première phase
interne et la deuxième phase interne sont sensiblement exemptes d’alcool benzylique, d’alcool éthylique, de phé-
noxyalcool et de combinaisons de ceux-ci.

5. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la première phase
interne est structurelle et la deuxième phase interne est fonctionnelle ; dans lequel la première phase interne com-
prend au moins un structurant.

6. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la première phase
interne comprend un premier actif.

7. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la deuxième phase
interne comprend un deuxième actif qui est différent du premier actif dans la composition chimique ; dans lequel la
première phase interne ne comprend pas le deuxième actif et la deuxième phase interne ne comprend pas le premier
actif.

8. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la première phase
interne et la deuxième phase interne sont chacune stabilisées au cours de la phase externe à l’aide d’au moins un
surfactant.

9. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel l’émulsion hétéro-
gène à micro-échelle est une émulsion de Pickering ; et dans laquelle la première phase interne et la deuxième
phase interne sont chacune stabilisées au cours de la phase externe à l’aide d’au moins un polymère fonctionnel-
lement modifié sélectionné parmi des polymères de silicone modifiés par un alkyle ; des polyéthers de silicone ;
des composés quaternaires de silicone tels que les quaternaires dialkyle de silicone, les quaternaires d’amidons
gras de silicone, et les quaternaires gras de polyéther de silicone ; et des amines de silicone.

10. Produit de consommation selon l’une quelconque des revendications précédentes, comprenant en outre :
une troisième phase interne, dans laquelle la troisième phase interne diffère des première et deuxième phases
internes dans le maquillage chimique ; et dans lequel la première phase interne, la deuxième phase interne, et la
troisième phase interne sont chacune stabilisées au cours de la phase externe.

11. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel le stabilisateur est
présent dans les phases internes et/ ou la phase externe.

12. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel la phase externe et
les phases internes de l’émulsion hétérogène à micro-échelle comprennent au moins un agent sélectionné parmi
le groupe constitué d’un ou plusieurs conservateurs ; d’un ou plusieurs colorants ; d’un ou plusieurs agents struc-
turants qui peuvent être utilisés pour augmenter la viscosité, épaissir, solidifier ou fournir une structure solide ou
cristalline à une émulsion hétérogène à micro-échelle ; ou un ou plusieurs électrolytes.
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13. Produit de consommation selon l’une quelconque des revendications précédentes, dans lequel l’émulsion hétéro-
gène à micro-échelle comprend au moins un agent sélectionné parmi le groupe constitué d’un ou plusieurs actifs ;
d’un agent chélatant ; ou d’un ou plusieurs parfums.
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