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& prising a plurality of organic, inorganic or morganic-organic particles, and an alkyl ketal ester having the structure (I) wherein a 1s
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with up to 5 hydroxyl g

0 or an integer of 1 to 12, specifically 1 to 6, more specifically 1 to 4; b is 0 or 1; R* is a divalent C,s group optionally substituted
roups; and R' is Ci¢ alkyl, and wherein at least a portion of the alkyl ketal ester is present in the continu-
ous phase, on a surface of at least some of the dispersed particles, or a combination thereof.
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ALKYL KETAL ESTERS AS DISPERSANTS AND SLIP AGENTS FOR PARTICULATE
SOLIDS, METHODS OF MANUFACTURE, AND USES THEREOF

FIELD OF INVENTION
|0001] This invention relates to dispersions of solid particles in a continuous phase,

methods of their manufacture, and their uses.

BACKGROUND

|0002] A large number of products include particulate solids dispersed 1n a liquid,
solid, or semi-solid continuous phase. Pigments are a very common example of solids that
are dispersed 1n such a manner. Pigments are widely used 1n paints, inks, toners, colored
pencil leads, cosmetics, and a number of other applications.

|0003] A large number of additives can be used to aid dispersion of the solid particles
in the continuous phase, tor example certain cosolvents, surfactants slip additives, block
copolymer dispersants, and thickeners. These are generally selected for their atfinity to the
particle surface, which allows them to at least partially attach to the particle surface and 1n
that way render the surface more compatible with the dispersing medium. Some, 1n particular
slip agents, also tend to lubricate the particles so that they do not stick to each other.
Thickeners, which reside mainly or exclusively 1n the continuous phase, increase the
viscosity of the continuous phase so there 1s a kinematic barrier to particle settling,
Determination of the most appropriate dispersant, slip additives, or thickener for a given
formulation therefore, can be time-consuming. Further, despite the large number of
dispersants slip additives, and thickeners available, there remains a need 1n the art for
materials that can be used 1n a wide variety ot different systems, including liquid and semi-

solid systems.

SUMMARY
|0004] Disclosed herein 1s a dispersion comprising a liquid or semi-solid continuous
phase, a dispersed solid phase comprising a plurality of organic, inorganic or 1norganic-

organic particles, and an alkyl ketal ester having the structure
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wherein a 1s O or an integer of 1 to 12, specifically 1 to 6, more specifically 1 to 4; b 1s O or 1;

R” is a divalent C,_g group optionally substituted with up to 5 hydroxyl groups; and R' is C;.
alkyl, and wherein at least a portion of the alkyl ketal ester 1s present 1in the continuous phase,
on a surface of at least some of the dispersed particles, or a combination thereof.

[0005] A method of forming the foregoing dispersion comprises combining the
continuous phase, plurality of solid particles, and alkyl ketal ester to form the dispersion.

|0006] Further disclosed are coating compositions and cosmetics comprising the
foregoing dispersions.

|0007] A particulate solid, comprises a plurality ot solid particles; and an alkyl ketal
ester at least partially coating at least some of the particles, the alkyl ketal ester having the

structure:

O

HZC/
CHa| _

ol I

wherein a 1s 0 or an integer of 1 to 12, specifically 1 to 6, more specifically 1 to 4; b 1s O or 1;

R” is a divalent Cy_g group optionally substituted with up to 5 hydroxyl groups; and R' is C;
alkyl.

[0008] Further disclosed are coating compositions and cosmetics comprising the
foregoing particulate solids.

[0009] The invention is further illustrated by the following Detailed Description,

Examples, and Claims.

DETAILED DESCRIPTION

[0010] Applicants have found that alkyl ketal esters having the general formula I are
excellent dispersants and slip agents for a variety of organic, inorganic and 1inorganic-organic
particles. As such, the alkyl ketal esters are usetul additives 1n a variety of dispersions of
particles 1into a variety of liquid and semi-solid dispersing media (continuous phases).

Examples of these dispersions are paints and other coatings, inks, toners, pencil leads, and

2
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various types of cosmetic products, as well as many others. The alkyl ketal esters are also
useful 1n solid formulations containing the organic, inorganic, and 1norganic-organic
particles. In a particularly advantageous feature, the alkyl ketal esters can be bio-based, that
1S derived at least 1n part from a natural source.

|0011] The alkyl ketal esters useful herein include those having the general structure I

wherein

a1s O or an integer of 1 to 12, specifically 1 to 6, more specitically 1 to 4;

bisOor 1;

R’ is a divalent C;_g group optionally substituted with up to 5 hydroxyl groups,
specifically methylene, ethylidene (>CH-CH3), >CH-CH,OH, >C(CH3)CH,OH,
>C(C,Hs)CH,OH, >C(CH,0OH),, >CH-CH(OH)-CH,OH, or >CH-(CHOH);-CH,OH; and

R' is C,¢ alkyl, specifically a C; alkyl, more specifically a C_, alkyl.

[0012] Some compounds within the scope of Structure I contain one or more chiral
carbon atoms; structure I does not distinguish among those possible stereoisomers and 18
intended to include all such stereoisomers. In a specific embodiment, a1s 1 to4,b1s O or 1,
and R” is >CH-CH3, >CH-CH,OH, >C(CH3)CH,OH, >C(C,Hs)CH,OH, >C(CH,0OH),, >CH-
CH(OH)-CH,OH, or >CH-(CHOH );-CH,OH. In a specific embodiment, a1s 1 to4,b1s O or
1, and R is >CH-CH3, >CH-CH,OH, >C(CH3)CH,OH, >C(C,Hs)CH,OH, >C(CH,OH),,
>CH-CH(OH)-CH,0H, or >CH-(CHOH);-CH,OH.

[0013] When b 1s O, the alkyl ketal ester includes a five-membered ring; when b is 1,
it includes a six-member ring. In a specific embodiment, b 1s 0.

[0014] In some embodiments, b is 0 and R is one of methylene, ethylidene or >CH-
CH->0OH. In other embodiments, b1s 1 and R” is methylene.

[0015] In one embodiment, R* contains 1 or 2 carbon atoms.

|0016] Specitic alkyl ketal esters include those corresponding to the reaction
formulations of 1,2-ethylene glycol with the methyl, ethyl, n-propyl or n-butyl ester of
levulinic acid; of 1,2-propylene glycol with the methyl, ethyl, n-propyl or n-butyl ester of
levulinic acid; ot 1,3-propane diol with the methyl, ethyl, n-propyl or n-butyl ester ot

levulinic acid; of glycerine with the methyl, ethyl, n-propyl, or n-butyl ester of levulinic acid;
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of trimethylolethane with the methyl, ethyl, n-propyl, or n-butyl ester ot levulinic acid; ot
trimethylolpropane with the methyl, ethyl, n-propyl, or n-butyl ester ot levulinic acid; of
pentaerythritol with the methyl, ethyl, n-propyl, or n-butyl ester of levulinic acid; ot erythritol
with the methyl, ethyl, n-propyl, or n-butyl ester of levulinic acid; of sorbitol with the methyl,
ethyl, n-propyl, or n-butyl ester ot levulinic acid; of 1,2-ethylene glycol with methyl, ethyl, n-
propyl, or n-butyl acetoacetate; of 1,2-propylene glycol with methyl, ethyl, n-propyl, or n-
butyl acetoacetate; of 1,3-propane diol with methyl, ethyl, n-propyl, or n-butyl acetoacetate,
of glycerine with methyl, ethyl, n-propyl, or n-butyl acetoacetate; of trimethylolethane with
methyl, ethyl, n-propyl or n-butyl acetoacetate; of trimethylolpropane with methyl, ethyl, n-
propyl, or n-butyl acetoacetate, or erythritol with methyl, ethyl, n-propyl, or n-butyl
acetoacetate; of pentaerythritol with methyl, ethyl, n-propyl, or n-butyl acetoacetate; or of
sorbitol with methyl, ethyl, n-propyl, or n-butyl acetoacetate.

|0017] Specific alkyl ketal esters include those having the following structures I1I-VI.

An embodiment includes alkyl ketal esters of structure 11

></\[(OR1
HO 3

O (1I)

wherein R' is methyl, ethyl, n-propyl, or n-butyl. When R' is methyl, this structure is
referred to herein as “methyl-LGK,” and corresponds to the reaction formulation of methyl
levulinate with glycerine. Methyl-LGK 1s miscible with water 1n all proportions.

[0018] When R' in structure II is ethyl, this structure is referred to herein as “ethyl-
LGK,” or “Et-LGK” and corresponds to the reaction formulation of ethyl levulinate with
glycerine. Ethyl-LGK 1s miscible 1n water 1n all proportions. Ethyl-LLGK also dissolves or 1s
miscible with a large number of hydrophobic and hydrophilic organic compounds to the
extent of at least 20 parts of the organic compound 1n 80 parts of ethyl-LLGK. Examples of
such organic compounds include methanol, ethanol, tetrahydrofuran, acetone, ethyl acetate,
ethyl laurate, lauric acid, methylene chloride, toluene, acetic acid, low molecular weight
poly(propylene glycol), and castor oil.

[0019] When R' in structure IT is n-propyl, this structure 1s referred to herein as “n-
propyl-LGK,” and corresponds to the reaction formulation of n-propyl levulinate with
glycerine. n-Propyl-LLGK 1s miscible with water to the extent of about 1 part per 99 parts

water,



CA 02797158 2012-10-19
WO 2011/143255 PCT/US2011/035974

[0020] When R in structure II is n-butyl, this structure 1s referred to herein as “n-
butyl-LGK” or “Bu-LGK,” and represents the reaction formulation of n-butyl levulinate with
glycerine. n-Butyl-LGK 1s miscible in water to the extent of about 1 part per 99 parts of
water. It dissolves or 1s miscible with various organic compounds to the extent of at least 20
parts of the organic compound 1n 80 parts of N-butyl-LGK. Examples of such organic
compounds 1nclude alcohols (1ncluding ethanol and 1,2-butylene glycol), organic esters (such
as Cio-14 alkyl benzoates, 1sopropyl myristate and octyl palmitate), and many vegetable oils
(including castor, corn, soy and sattlower oils).

|0021] Another embodiment includes alkyl ketal esters of structure I1I

O. CHa,
J
H,cl O O

wherein R' is methyl, ethyl, n-propyl, or n-butyl. When R' is methyl, the structure is referred

(111

to herein as “methyl-LPK” and corresponds to the reaction formulation of methyl levulinate
with 1,2-propylene glycol.

[0022] When R’ in structure III is ethyl, this structure 1s referred to herein as “ethyl-
[LLPK” or “Et-LPK,” and corresponds to the reaction formulation of ethyl levulinate with 1,2-
propylene glycol. Ethyl-LPK 1s miscible in water to the extent of 2.5 parts 1n 97.35 parts of
water. Ethyl-LPK dissolves or 1s miscible with a variety of organic compounds of varying
hydrophilicity, to the extent of at least 20 parts ot the organic compound 1n 80 parts of ethyl-
LPK. These organic compounds include, for example, methanol, ethanol, tetrahydrofuran,
acetone, ethyl acetate, methylene chloride, toluene, cyclohexane, acetic acid, low molecular
welght poly(propylene glycol), mineral o1l, castor o1l, canola o1l, corn o1l, and sunflower oil.

[0023] When R' in structure IIT is n-butyl, this structure 1s referred to herein as “n-
butyl-LPK” or “Bu-LPK,” and represents the reaction formulation of n-butyl levulinate with
1,2-ethylene glycol. n-butyl-LPK dissolves or 1s miscible [what about water? 1 part in 99
parts of water?] with various organic compounds to the extent of at least 20 parts of the
organic compound 1n 80 parts of N-butyl-LPK. Examples of such organic compounds
include alcohols (1including ethanol and 1,2-butylene glycol), organic esters (such as Cir-14
alkyl benzoates, 1sopropyl myristate and octyl palmitate), and many vegetable oils (including
castor, corn, soy and safflower oils).

10024 ] Another embodiment includes alkyl ketal esters of structure IV
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O. CHs,
E ></\H/OR1
O

O (1V)
wherein R' is methyl, ethyl, n-propyl, or n-butyl. When R’ is ethyl, this structure is referred
to herein as “ethyl-LEK,” and corresponds to the reaction formulation of ethyl levulinate with
1,2-ethylene glycol. Ethyl-LEK 1s miscible in water to the extent of 5 parts per 95 parts of
walter.
[0025] Another embodiment includes alkyl ketal esters of structure V

o~ CH3
O

HO\/\O OR! (V)

wherein R’ is methyl, ethyl, n-propyl, or n-butyl. When R' is methyl, this structure 1s

referred to herein as “Me-AcAcGK,” and represents the reaction formulation of methyl
acetoacetate with glycerine. When R’ is ethyl, this structure is referred to herein as “Ft-
AcAcGK,” and represents the reaction formulation of ethyl acetoacetate with glycerine. Me-
AcAcGK and Et-AcAcGK each are miscible with water in all proportions.

[0026] Another embodiment includes alkyl ketal esters of structure VI

Ho_{O )
3 O

wherein R’ is methyl, ethyl, n-propyl, or n-butyl and R’ is methyl or ethyl. Compounds

OR!
o (VD)

according to structure VI correspond to the reaction formulation of trimethylolethane (R’ is
methyl) or trimethylolpropane (R’ is ethyl) and a C; 4 ester of levulinic acid. When R is
ethyl, and R’ is methyl, this structure is referred to herein as “ethyl-L.TMEK,” and when R" is
ethyl, and R’ is ethyl, this structure 1s referred to herein as “ethyl-LTMPK.”

|002°7] The alkyl ketal esters of structures I-VI can be prepared by reacting an alkyl

keto ester of structure VII

R1
O o/
HSC/”\chJ\o
a (VII)

with the appropriate polyol of structure VIII
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wherein a, b, R? and R' are as defined in structure 1. Specific ketoesters include C,-Cy4 alkyl
esters of pyruvic acid, acetoacetic acid, levulinic acid, a-ketobutyric acid, a-ketoisovaleric
acid, S-ketohexanoic acid, a-ketoisocaproic acid, 4-acetylbutyric acid, 2-ketopentanoic acid,
3-ketohexanoic acid, 4-ketohexanoic acid, 2-ketooctanoic acid, 3-ketooctanoic acid, 4-
ketooctanoic acid, 7-ketooctanoic acid, 2-keto-4-pentenoic acid, and 2-0xo0-3-butynoate.
Specific polyols include ethylene glycol, 1,2-propylene glycol, 1,3-propane diol, glycerine,
trimethylolethane, trimethylolpropane, erythritol, pentaerythritol, or sorbitol. This reaction
can be pertormed 1n the presence of an acid catalyst. A preterred process 1s described in WO
09/032905.

[0028] In preferred embodiments, the keto ester 1s a C-Cy4 alkyl ester of levulinic acid
(4-oxopentanoic acid). Levulinic acid 1s an abundant feedstock that 1s prepared on an
industrial scale by acidic degradation of hexoses and hexose-containing polysaccharides such
as cellulose, starch, sucrose, and the like. Other preferred keto esters include C-Cy4 alkyl
esters of pyruvic acid and acetoacetic acid. Especially preferred keto esters include ethyl
levulinate, n-propyl levulinate, and n-butyl levulinate.

10029] The term “muiscible” and 1ts variations (“miscibility”, “compatibility”, and the
like) are used herein as a synonym for “soluble”, 1.e., a mixture of the materials by
themselves form a “true” solution, 1in which one material 1s molecularly dispersed in the
other, or 1n which one material 1s dispersed as droplets which have a longest dimension of
less than 200 nm, such that the mixture 1s optically clear. In an exemplary embodiment, the
longest dimension 1s a “‘radius of gyration.” As used herein, a material that 1s “miscible” or
“fully miscible” 1in another, without turther qualification, 1s miscible with that other material
in all proportions, 1.e., 1n mixtures that contain the two components by themselves 1n all
welght ratios from 99:1 to 1:99. A fully muscible alkyl ketal ester 1s soluble 1n another
material, such as water, at all proportions from 99:1 to 1:99. A partially miscible alkyl ketal
ester 1s immiscible 1n another material 1n proportions from greater than 30 parts of the alkyl
ketal ester 1n 70 parts or less of the other material and miscible 1in other combinations. A
sparingly miscible alkyl ketal ester 1s immiscible 1n another material or miscible 1n another

material to the extent of less than 10 parts 1n 90 parts of the other material. A material 1s

“immiscible” 1n another 1f 1t 1s not soluble by 1tself 1n that material to the extent of at least 1

7
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part per 99 parts of the other. Unless stated otherwise, miscibility is assessed at 25°C. The
foregoing alkyl ketal esters can be classified as fully water-miscible, partially water-miscible,
or sparingly water-miscible. By “macroscopically uniform,” 1t 1s meant that the formulation
1s uniform when viewed at a length scale of at least 10 micrometers.

[0030] The selection of a particular alkyl ketal ester for a particular formulation will
depend at least 1n part upon the function or functions that the alkyl ketal ester 1s expected to
perform 1n the formulation, as well as the other ingredients of the formulation. For example,
when the alkyl ketal ester 1s present to disperse hydrophobic particles into an aqueous
continuous phase, a partially- or fully-water miscible alkyl ketal ester 1s selected. It the
particles are highly hydrophobic, a mixture of a partially- or fully-water miscible alkyl ketal
ester with a sparingly water-miscible alkyl ketal ester can be used. In a coating formulation,
the specitic alkyl ketal ester may be chosen to have a particular volatility protile so that the
coating dries at a desired rate, or because of 1ts ability to carry out additional functions (e.g.,
coalesced latex particles). Similarly, in cosmetic formulations, the specitic alkyl ketal ester
may be chosen for its feel on the skin (1.e., emolliency)

[0031] When the alkyl ketal ester 1s present to disperse particles into an alcoholic
phase or an alcohol/water mixture, the alkyl ketal ester 1s preferably miscible 1n the alcohol,
for example to the extent of 10 parts 1n 90 parts of the alcohol, and can be fully miscible 1in
the alcohol. Alkyl ketal esters that are tully or partially miscible 1n the alcohol can be present
1n a mixture with one or more alkyl ketal esters that are only sparingly soluble 1n the alcohol.
This can allow, for example, the alcohol/miscible alkyl ketal ester mixture to function as a
cosolvent mixture 1n which the sparingly soluble alkyl ketal ester 1s dissolved. The sparingly
soluble alkyl ketal ester can 1n turn compatibilize another material into the formulation. In
some alcoholic systems and alcohol/water systems, the alkyl ketal ester performs a
compatibilization and/or emulsification function, such as to compatibilize or emulsity
aqueous and o1l phases 1n an emulsion. The alcohol 1n such an alcoholic phase or
alcohol/water mixture 1s a lower alcohol , including C,_7 alkanols such as ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, t-butanol, 1-pentanol, 1-hexanol, as well as the various
other 1somers of pentanol and hexanol; alkylene glycols such as ethylene glycol, diethylene
glycol, triethylene glycol, 1,2-propylene glycol, 1,3-propane diol, dipropylene glycol,
tripropylene glycol 1,4-butane diol and 1,2-butane diol; triols such as glycerine, and the like.,
and 1s preferably ethanol, 1,2-propylene glycol, glycerol, or 1,3-propane diol.
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[0032] When the alkyl ketal ester 1s present to disperse particles into an oil phase, the
alkyl ketal ester can be a partially-water miscible type or a sparingly water-miscible type. It
1S also possible 1n some cases to use fully-water-miscible types 1n that instance.

[0033] A wide variety of particles can be used in the particulate solid phase. The
particles are a crystalline or non-crystalline solid under the conditions of manufacture,
storage, and use, and can be organic, 1norganic, or inorganic-organic. “‘Inorganic-organic’ as
used herein means a material that has both 1norganic and organic components, such as an
organic material that 1s precipitated by interaction with an inorganic material precipitated
onto an 1norganic particle (as a lake pigment), or otherwise sorbed onto and/or into the
particle. In some cases, the particles can be surface treated through reaction with the
functional groups on the surface, e.g., by silanation, zirconation, or addition of a cyclic
dimethylsiloxane. Surface treatments can change the wetting or dispersing characteristics or
be used for aesthetic etfect. The particles are insoluble 1n the alkyl ketal ester (although 1t
can absorb the alkyl ketal ester or 1n some cases be swelled by the alky ketal ester), and are
insoluble 1n any other dispersant or the continuous phase 1n which they are contained. The
particles can be malleable. The particles can be pigment particles, or other solids including
for example natural finely divided ores, minerals, sparingly soluble or insoluble salts,
particles of wax or plastic, dyes that are insoluble 1n the alkyl ketal ester or continuous phase,
crop protection and pest control agents, UV absorbers, optical brighteners and polymerization
stabilizers.

10034 ] Organic particles include biological and organic pigments such as
quinacridone, alizarin crimson, gamboge, cochineal red, rose madder, Indian yellow, phthalo
green, phthalo blue, pigment red 170 and the like.

[0035] Inorganic pigments are useful as the solid particulate phase. The pigments can
be white, black, or otherwise colored. Mixtures of pigments can be used. Suitable 1norganic
pigments 1include, for example, cadmium yellow, cadmium red, cadmium green, cadmium
orange, carbon black, 1vory black, 1iron oxide black, chrome yellow, chrome green, cobalt
violet, cobalt blue, cerulean blue, aureolin (cobalt yellow), Han purple, Egyptian blue, Paris
green, verdigris, viridian, sanguine, caput mortuum, 1iron oxide red, red ochre, Venetian red,
Prussian blue, yellow ochre, raw sienna, burnt sienna, raw umber, burnt umber, lead white,
cremnitz white, Naples yellow, red lead, vermilion, titanium yellow, titanium beige, titanium

oxide, titanium black, ultramarine, ultramarine green and the like.
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[0036] Inorganic-organic pigments include the so-called “Lake” pigments such as the
various Red Al Lake, Red Ba Lake, Red Zn [Lake, Red Talc LLake, Blue Al Lake, Yellow Al
Lake pigments, as well as other lake pigments.

|0037] Various other inorganic compounds, minerals, and clays are also of interest as
the solid particulate phase. These include, for example, calcium carbonate, magnesium
aluminum silicate, magnesium trisilicate, attapulgite, bentonite, hectorite, lithium magnesium
silicate, lithium magnesium sodium silicate, montmorillonite, boron nitride, silicon nitride,
titanium carbide, boron carbide, mullite, coreiderite, and the like.

[0038] Metal powders are also usetul as the solid particulate phase. Examples of
these include aluminum, 1ron, steel, silver, bronze, copper, chromium, and the like.

[0039] The particles can have a particle size as small as about 10 nanometers up to

100 micrometers, for example from 10 nanometers to 25 micrometers. A more typical
particle size 1s from 100 nanometers to 25 micrometers.
In an embodiment, a dispersion comprises a liquid or semi-solid continuous phase, at least
one organic, 1norganic, or inorganic-organic particulate dispersed within the continuous
phase, an alkyl ketal ester I present in the continuous phase and/or on the surface of the
dispersed particles. Metallic pigments can be highly elongated in shape and may be as
large as several hundred micrometers in length. (Is it worth mentioning that particle
size may be important in the formulation and product design: using nano-sized TiO2 to
avold leaving a white residue with sunscreen products, for instance?)

10040] A wide variety of materials and formulations can be used as the liquid or semi-
solid phase. Liquid phases are flowable, and can be aqueous, organic, or a combination
thereof, for example a combination of water and a water-miscible alcohol or other organic
solvent. Semi-solid phases can be thixotropic, that 1s, flowable under a force. Semi-solids
include gels, malleable materials such as waxes, wax blends, or wax/o1l blends, amorphous
and semi-crystalline polymers, and combinations thereof. It 1s to be understood that the term
“continuous phase” 1s used 1n contrast to the solid particulate phase. Thus, a continuous
phase can itself have more than one phase, for example an oil-in-water or a water-in-oil
emulsion, a latex, or a semi-crystalline polymer. When the continuous phase 1s an emulsion,
the solid particles will generally be present 1n the continuous phase of the emulsion, although
1t 1s possible tor the particles to be sequestered 1n the discontinuous phase of the emulsion.

|0041] Other adjuvants can be present 1n the dispersions (for example the ink
dispersions described below), depending on the intended use of the dispersion. These other

adjuvants include, for example, other wetting agents that enhance the particle wetting; and
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other dispersants and surfactants that further enhance dispersion and or dispersion stability;
and combinations comprising at least of the foregoing. Anionic, cationic, amphoteric, or
nonionicC surface-active compounds are typically used for these purposes, for example
compounds having one or more Cg or longer hydrocarbyl chains, 1in some 1nstances also
having aromatic ring groups. Specific, nonlimiting examples are alkyl sulfates such as lauryl
sulfate, stearyl sulfate, or octadecyl sulfate, primary alkyl sulfonates such as dodecyl
sulfonate, and secondary alkyl sulfonates, particularly the Cy3-C;7 alkanesulfonate sodium
salt, alkyl phosphates, alkylbenzenesulfonates such as dodecylbenzenesultonic acid, and salts
thereof. Also usetul are soy lecithin and condensation products of fatty acid and turbine or
hydroxyethanesulfonic acid, stmilarly alkoxylation products of alkylphenols, castor o1l resin
esters, fatty alcohols, fatty amines, fatty acids and fatty acid amides, which alkoxylation
products can sumilarly have 1onic end groups, tor example 1n the form of sulfosuccinic
monoesters or else as sultonic, sulfuric and phosphoric esters, and also salts thereof
(sulfonates, sulfates or phosphates). Alkoxylated addition compounds obtained by reaction
of polyepoxides with amines or bisphenol-A or bisphenol-A derivatives with amines can also
be used. Nonmonic alkoxylated styrene phenol condensates can be used, for example those
obtained by addition of optionally substituted styrenes onto optionally substituted phenols
and reaction with ethylene oxide and/or propylene oxide, as well as 1onically modified
derivatives thereof, for example as sulfonic, sulfuric and phosphoric esters, and salts thereot
(sulfonates, sulfates or phosphates). Other usetul surface-active compounds include
lignosulfonates and polycondensates of naphthalinesulfonic acid and formaldehyde, or else of
alkylarylsultonic acids, haloarylsultonic acid, sultonated phenols, or sulfonated naphthols
with formaldehyde.

|0042] Another class of adjuvants includes organic solvents or water-soluble
hydrotropic substances. Hydrotropic substances can also serve as a solvent, and can be
monomeric, oligomeric, or polymeric, for example formamide, urea, tetra-methylurea, &-
caprolactam, ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol,
polyethylene glycol, a-methyl ®-hydroxy polyethylene glycol ether, dimethyl polyethylene
glycol ether, dipropylene glycol, polypropylene glycol, dimethyl polypropylene glycol ether,
copolymers of ethylene glycol and propylene glycol, butyl glycol, methylcellulose, glycerol,
diglycerol, polyglycerol, N-methyl-pyrrolidone, 1,3-diethyl-2-1midazolidinone, thiodiglycol,
sodium benzenesulfonate, sodium xylenesulfonate, sodium toluenesulfonate, sodium
cumenesulfonate, sodium dodecylsulfonate, sodium benzoate, sodium salicylate, sodium

butyl monoglycol sulfate, cellulose derivatives, gelatin derivatives, polyvinylpyrrolidone,
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polyvinyl alcohol, polyvinylimidazole and co- and terpolymers of vinylpyrrolidone, vinyl
acetate and vinylimidazole. Polymers comprising vinyl acetate building blocks may
subsequently be saponified to the vinyl alcohol.

|0043] Also usetul 1n the dispersions are, for example thickeners, preservatives,
viscosity stabilizers, grinding assistants, fillers, antisettling agents, photoprotectants,
antioxidants, degassers/defilmers, foam-reducing agents, anticaking agents, and viscosity
and rheology improvers. Useful viscosity regulators include polyvinyl alcohol, and cellulose
derivatives, including polysaccharides, associative thickeners, such as hydrophobically
modified nonionic systems (such as hydrophobe modified ethoxylate urethane),
hydrophobically moditied cellulosics (such as hydrophobe moditied hydroxyethyl cellulose),
and hydrophobe modified alkali-swellable latex, attapulgite clays, bentonite clays,
organoclays, synthetic silicas like precipitate silica, fumed silica, organosilica, and synthetic
organic systems such as castor o1l derivatives, modified acrylic copolymers, polyethylene
glycol, polymerized, and the like. Water-soluble or organic solvent-soluble natural or
manufactured resins and polymers may similarly be included as filming or binding agents to
enhance bonding strength and abrasion resistance. Useful pH regulators include organic
bases, for example such as are amines, for example ethanolamine, diethanolamine,
triethanolamine, N,N-dimethylethanolamine, dusopropylamine, aminomethylpropanol or
dimethylaminomethylpropanol; or inorganic bases such as sodium hydroxide, potassium
hydroxide, lithium hydroxide or ammonia; and organic or inorganic acids. The dispersions
can further include fats and oils of vegetable and animal origin, for example beet tallow,
palm kernel fat, coconut fat, rapeseed oil, suntlower o1l, linseed o1l, palm oil, soy oil,
groundnut o1l and whale o1l, cotton seed o1l, maize oil, poppy seed oil, olive o1l, castor o1l,
colza o1l, satflower o1l, soybean oil, thistle oil, sunflower o1l, herring o1l, and sardine oil.
Other o1ls 1include tall o1l, which 1s obtained from sulfate or Kratt pulping of pine and other
softwoods, and tung o1l, which 1s obtained from seeds of certain trees. Common additives
also 1nclude saturated and unsaturated higher fatty acids, for example palmitic acid, caprylic
acid, capric acid, myristic acid, lauryl acid, stearic acid, oleic acid, linoleic acid, linolenic
acid, caproic acid, caprylic acid, arachidic acid, behenic acid, palmitoleic acid, gadoleic acid,
erucic acid and ricinoleic acid, licanic acid, eleostearic acid, as well as salts thereof.

10044 ] The particles can be dispersed into the liquid continuous phase 1n several
ways. They can be wetted with the alkyl ketal ester and optionally one or more other
adjuvants, for example a wetting agent, and then dispersed into the liquid continuous phase.

The alkyl ketal ester can instead (or 1n addition) be incorporated into the liquid continuous
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phase before dispersing the particles. Alternatively, the three components can be
simultaneously combined. Other components of the compositions can be added at any step 1n
the foregoing methods.

|0045] Thus, 1n an embodiment, a method of forming a dispersion comprises wetting
the organic, inorganic or inorganic-inorganic particles with an alkyl ketal ester I and then
mixing the wetted particles with a liquid to form a dispersion in which the liquid forms all or
part of the continuous phase and the particles form a disperse phase. In another embodiment,
a method of forming a dispersion comprises mixing organic, 1norganic, Or 1norganic-
1norganic particles into a continuous liquid phase which contains an alkyl ketal ester I. In
still another embodiment, a method of forming a dispersion comprises simultaneously
combining the organic, inorganic, or inorganic-inorganic particles, the alkyl ketal ester I, and
the liquid of the liquid phase.

|0046] In a specitic embodiment, the solid particles (or materials for comminution
into the solid particles) are predispersed, for example with the alkyl ketal esters I and
optionally other wetting agent or dispersing aid. The predispersion 1s subsequently,
depending on the size and/or shape ot the particles, finely dispersed or finely dissipated, with
or without cooling, using a grinding or dispersing assembly, for example stirrers, dissolvers
(sawtooth stirrers), rotor-stator mills, ball mills, stirred media mills such as sand and bead
mills, high speed mixers, kneaders, roll stands or high performance bead mills. The fine
dispersing or grinding of the solid particles and the ketal ester component 1s carried on to the
desired particle size distribution and can take place at O to 100°C, 10 to 70° C, or 20 to 60°C,
for example. FFollowing the fine-dispersing operation, the particles can be further diluted
with a material of the continuous phase. Concentrates can be formed, for later addition to the
other ingredients of the dispersion. Alternatively, the particles can be reduced to the desired
particle size, and then combined with the alkyl ketal ester 1.

|0047] In an embodiment, a dispersion, in particular a coating composition comprises
a liquid continuous phase and a dispersed phase comprising particles of a solid pigment. The
coating composition further contains an alkyl ketal ester I, which can be present in the
continuous phase and/or on the surface of the dispersed pigment particles. The pigment
particles can be organic, organic-inorganic, or inorganic. In an embodiment, the pigment
particles are inorganic.

|0048] The coating composition can be, for example, a paint, a sealant, an ink, or
other composition containing dispersed pigment particles. Coating compositions of this type

generally contain a continuous liquid phase that can be aqueous (including a mixture of water
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and a water-miscible solvent such as an alcohol), organic, or in the form of an emulsion; a
binder resin; and the pigment. Other adjuvants, for example as described above can be
present as 1s known 1n the art, depending on the intended purpose of the coating composition.
[0049] The coating composition can contain from 20 to 90% by weight of the liquid
continuous phase; from 5 to 80% by weight of the binder resin; from 0.5 to 45% by weight,
or from 0.5 to 35% by weight of one or more organic or inorganic pigments; and from 0.5 to
60% by weight of the alkyl ketal ester I, or from 1 to 25% by weight or from 1 to 10% by
welight, each based on the total weight of the liquid coating composition. In another
embodiment, the alkyl ketal ester can be present 1n an amount effective to function as part ot
the liquid continuous phase. In these embodiments, coating composition can contain from 3
to 90% by weight of the liquid continuous phase; from 5 to 70% by weight of the binder
resin; from 0.5 to 25% by weight, or from 0.5 to 15% by weight of the organic or pigment
particles; and from 0.5 to 89.5% by weight, from 1 to 25% by weight, or from 1 to 10% by
welght of the alkyl ketal ester I, each based on the total weight of the coating composition.
|0050] In a specitic embodiment, the coating composition 1s a paint composition.
Paint compositions can be aqueous (e.g., a latex), organic, or i1n the form of an emulsion (e.g.,
asphalt emulsion coatings for roots, which can contain bentonite clay 1n solid particulate
form). Further uses are the production of wood preservation systems, varnishes, and the like.,
|0051] In another embodiment, the coating composition is a liquid ink, for example
tfor telt tip pens, graphics inks ballpoint pens, and ink jet ink. Inks can be aqueous or organic-
solvent based, microemulsion inks, UV-curable 1nks, and 1nks that operate 1in a the hot melt
process. Further uses are the production of printing colors, for example, flexographic
printing 1nks or intaglio printing inks. In a specific embodiment, the liquid printing inks can
be used 1n any 1nk-jet printers, particularly those using the bubble jet or piezo process. These
liquid printing 1nks can be used to print paper and also natural or synthetic fiber materials,
foils and plastics. Additionally, the coating compositions can be used for printing various
kinds of coated or uncoated substrate materials, for example for printing paper board,
cardboard, wood, and wood-based materials, metallic materials, semiconductor materials,
ceramic materials, glasses, glass and ceramic fibers, inorganic materials of construction,
concrete, leather, comestibles, cosmetics, skin and hair, The substrate material may be two-
dimensionally planar or spatially extended, 1.e., three-dimensionally configured, and may be
printed or coated completely or only 1n parts.
10052] The dispersions comprising a liquid or semi-solid continuous phase, a

particulate phase dispersed within the continuous phase, and alkyl ketal ester I can be used as
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cosmetic formulations and products, for example in wet foundations, skin care products,
eyeliner, mascara, or lip care product. For convenience, the liquid or semi-solid continuous
phases may be referred to herein as a ““carrier.” The dispersed particles can be pigments or
other types of particles, for example silica, mica, or an active agent such as benzoyl peroxide,
or other solids 1n particulate form. Eye care products are products to be applied on the eye
lids, around the eyes, on the eyebrows, or on the eyelashes, and can include eyeshadow,
eyeliner, and mascara. Skin products are products applied on the skin (face or body), and can
include lotions and creams for hand, face, or body, deodorant/anti-perspirant, and facial
cosmetics like toundation, concealer, blush, bronzer, and the like. Lip care products are
products applied to the lips, and can include lipstick, lipgloss, lipbalm, lip liner pencil, lip
liner pencil stick, and the like. Nail products are products applied to a the nails or cuticles (or
both), and can include nail polishes.

[0053] Wet foundations are typically liquids or creams. They typically contain an
aqueous liquid phase and an oi1ly phase, either of which can be continuous. These products
are 1n most cases both dispersions and emulsions, 1n that they often contain a continuous
liquid phase, a dispersed liquid phase, and a dispersed solid phase. The pigment can be
dispersed 1nto either phase, although 1t 1s more typically dispersed into at least the continuous
phase. Water can constitute 30 to 75% ot the weight of a wet toundation product. Pigments
generally constitute from 2 to 25% by weight of a wet foundation. Emollients can constitute
from 1 to 35% by weight of a wet foundation. A surtactant 1s often present in an amount
from 0.1 to 15% by weight. The alkyl ketal ester can constitute from 0.5 to 35% by weight of
a wet foundation. Other ingredients can include, for example, thickeners, preservatives,
cosolvents, and the like.

[0054] A fluid or gel eyeliner typically contains from 25 to 80% by weight of water
and/or one or more volatile organic solvents, from 2 to 35% of a wax, film-forming polymer,
and/or emollient, from 2 to 30% by weight of the pigment, and from 1 to 40% or to 25% by
welight of the alkyl ketal ester. These products are often both emulsions and dispersions.

This type of product can also contain one or more thickeners or gelling agents, one or more
surfactants or cosolvents that can function as a stabilizer for the emulsified wax, film-forming
polymer, and/or emollients. They can also contain other ingredients, such as preservatives.

[0055] A mascara product can be, for example, an oil-in-water emulsion, a water-in-
o1l emulsion, or an anhydrous organic formulation, 1in each case containing dispersed pigment
particles. A mascara product typically contains one or more waxes or film-forming

polymers. They can also contain one or more emollients, thickeners, surfactants, or
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cosolvents (which can serve as stabilizer for the emulsified wax or film-forming polymer),
preservatives, or other ingredients. A mascara product can contain from 1 to 25% by weight
of dispersed pigment particles, from 5 to 50% by weight of a wax and/or tfilm-forming
polymer, from 25 to 75% by weight of water and/or organic solvent, and from 1 to 50%, or
from 1 to 25% by weight of the alkyl ketal ester.

[0056] Lip care product such as lipsticks and lip glosses are typically in stick form or
in the form of a thick liquids or pastes. Many lip care products include a mixture of one or
more waxes with one or more oils and, 1n the case of lipsticks at least, one or more pigments.
It 1s understood that those skilled 1n the art can design the stick formulations to have the
proper stick stability and product delivery (deposition of color on the lips, for instance)
through proper selection of wax blends and other ingredients. These products are normally
characterized as being anhydrous. A lip care product formulation can contain, for example,
from 1 to 25% or 1 to 20% by weight of a wax; from 30% or 50% to 95% by weight of one or
more other hydrophobic materials, of which castor o1l 1s often an important component
especially 1in lipsticks; from 0.051 to25%, or 10% by weight of one or more pigments, more
typically at least 1% 1n the case of lipsticks, and from 1 to 50%, or from 1 to 25% by weight
of the alkyl ketal ester.

|0057] Cosmetic products such as those described, in which the pigment or other
particles are dispersed 1n a carrier (the liquid or semi-solid continuous phase), can be
prepared 1n several ways. The particles can be wetted with the alkyl ketal ester, prior to
dispersing them 1nto the carrier. Alternatively (or 1n addition), the alkyl ketal ester can be
blended 1nto the carrier prior to dispersing the pigment or particles into it, or the components
can be combined simultaneously.

[0058] A wide variety of carriers can be used in the cosmetic formulations and
products, depending on the end use of the cosmetic and the desired characteristics.
Generally, the carrier includes at least one (a) paratfinic, naphthenic or aromatic mineral oil,
(b) nonionic organic compounds which has a melting temperature of less than 45°C, has a
molecular weight ot at least 190, contains at least one amido, or ester group and at least one
alkyl chain containing at least 8 carbon atoms, and has a solubility 1n water of no greater than
1 part 1n 99 parts of water; (¢) nonionic organosilicone compound which has a melting
temperature of less than 45°C and has a solubility 1n water of no greater than 1 part in 99
parts of water; (d) long chain alcohol, (e¢) wax, or (1) film-forming polymer. At least one alkyl
ketal ester 1s present 1n the carrier, or sorbed onto or into the solid pigment particles, or both.

The specific ingredients and relative proportions of the foregoing ingredients will depend on
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the rorm of the specific cosmetic product. An eyeliner, for example, can take the form of a
somewhat viscous fluid or gel, or can be a malleable stick product. An eyeliner generally
contains (1) at least one wax or at least one film-forming polymer or (2) at least one
emollient, or both (1) and (2), together with (3) at least one dispersed pigment. In stick and
pencil products, the wax, film-forming polymer, and/or emollient can constitute, 1n the
aggregate, from 25 to 80% of the total weight of the product, the pigments can constitute
from 5 to 50% of the weight of the product, and the alkyl ketal ester can constitute from 0.1
to 50%, 25%, or 10% of the weight of the product. Stick-type products typically contain no
more than 10% by weight of water.,

[0059] Components (a) include paraffinic, naphthenic, or aromatic mineral oils.
These materials are often present as all or part of an o1l phase 1n emulsion formulations such
as certain lotions and creams. They often function as emollients that soften the skin upon
application.

[0060] Useful component (b) materials include a wide range of vegetable oils and
animal oils. Oils which have a required HLLB of at least 6, or at least 7, tend to dissolve more
casily 1n the alkyl ketal esters and are preterred 1n cases 1in which the alkyl ketal ester 1s to
reside at least partially 1n an o1ly phase, or in which the alkyl ketal ester 1s to dissolve or be
dissolved 1nto the o1l.

[0061] Other useful component (b) materials include, for example, Cg.p4 linear or
branched alkyl esters of Cg.»4 fatty acids, di-Cg.»4 esters of dicarboxylic acids, Cg.o4 fatty acid
esters of Cg.o4 linear or branched alkanoic acids, Cg.o4, especially Ci,.15 alkyl benzoates,
poly(propylene oxide) esters of Cgoy fatty acids, di-Cgoy linear or branched alkyl esters of
aromatic diacids, di-Cg.o4 fatty acid esters of aromatic diacids, and the like. Other usetul
component (b) materials include, for example, Cg.o4 linear or branched alkyl amides of Cg.o4
fatty acids, di-Cg,4 amides of dicarboxylic acids, Cg.o4 fatty acid amides of Cgoy linear or
branched alkanoic acids, poly(propylene oxide) amides of C8-24 fatty acids, di1-Cg»4 linear or
branched alkyl amides of aromatic diacids, di-Cg.4 fatty acid amides of aromatic diacids, and
the like.

[0062] Examples of the component (¢) materials are dimethicone and
cyclopentasiloxane.

[0063] The component (d) materials are long chain (eight or more carbon atoms)
alcohols such as 1-octanol, 1-decanol, 1-docecanol, cetyl alcohol, and the like.

10064 ] Suitable waxes include synthetic or mineral waxes such as ceresin, montan,

ozocerite, peat, paraffin, microcrystalline, polypropylene and other polymerized poly-a-olefin
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waxes, substituted amide, petroleum jelly, esterified or saponified waxes, and the like; and
waxes of plant or animal origin including beeswax, chinese wax, lanolin, shellac wax,
spermaceti, bayberry, candelilla, carnauba, castor, esparto, Japan, ouricury, rice bran or soy
waxes.

[0065] Among the useful film-forming polymers (component (1)) are corn starch
(moditied), acrylates/octylacrylamide copolymer, polyurethane-14 and AMP-acrylates
copolymer, hydrolyzed wheat protein, polyvinylpyridine (PVP), hydrolyzed wheat
protein/PVP crosspolymer, vinyl acetate/crotonates/vinyl neodecanoate copolymers,
potassium butyl ester of PVM/MA copolymer, polyurethane-14 & AMP-acrylates copolymer,
1sobutylene/ethyl maleimide/hydroxylethylmaleimide copolymer, polyvinylpyrrolidone/vinyl
acetate polymers, acrylates/hydroxyesters acrylates copolymer, polyurethanes, polyvinyl
methyl ester/maleate, octylacrylamide/acrylates/butylaminoethyl methacrylate copolymer,
nitrocellulose, cellulose acetate propionate, cellulose acetate butyrate, styrene/acrylates
copolymers, acrylates copolymers and polyethylene terepthalate and the like.

|0066] A composition can include a surfactant, which can include 10nic (cationic,
anionic, or zwitterionic) compounds that contain a hydrocarbon group of at least 8 carbon
atoms. The hydrocarbon group preferably includes at least one alkyl group having at least &
carbon atoms. The 1onic surfactants include, for example, anionic surfactants which include
one or more sulfate, sulfonate or phosphate groups, which are 1n the neutralized (or “salt™)
form; cationic surfactants which include one or more quaternary ammonium Or quaternary
phosphonium groups, which are 1n the neutralized (or *“‘salt™) form; one or more zwitterionic
groups which can, depending on the pH of the product, assume either an anionic or cationic
form (as with the betaines, for example), or can assume a cationic or nonionic form (as with
the amine oxide surfactants, for example). The emulsifier may be generated in-situ, for
example, when stearic acid is added to the oil phase, and triethanol amine 1s added to
the water phase and the TEA-stearate salt forms when the o1l and water phases are
mixed.

|0067] The cosmetics can, of course, contain any of a wide range of other ingredients
as needed or desired for a particular end-use application,

[0068] In another aspect, this invention is a particulate organic, inorganic, or
1norganic-organic solid in which the particles are at least partially coated with an alkyl ketal
ester I. The alkyl ketal ester can, 1n this aspect, function as a slip agent (by lubricating the
particles) and/or as a dispersing aid. The alkyl ketal ester 1s present 1n an amount etfective to

perform the desired function, for example from 0.1 to 100%, from 0.1 to 50%, from 1 to
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30%, or from 1 to 10% by weight of the particulate solid. It is to be understood that the term
“coated” as used herein includes embodiments where the alkyl ketal ester 1s at least partially
absorbed 1nto the particles.

|0069] The at least partially coated particles can be used 1n the dispersions described
above, 1.€., as the particulate phase dispersed 1n a liquid or semi-solid continuous phase. The
at least partially coated particles can be easily dispersed into a variety of tluids due to the
presence of the alkyl ketal esters, which renders the surface ot the particles compatible with
those tluids. In other embodiments, the at least partially coated particles are used 1n the
manufacture of dry compositions, for example 1n the form of a dry or nearly dry powder, an
o1ly powder, or a paste, depending on the amount of alkyl ketal ester present. As used herein
“dry” compositions are distinguished from the above-described dispersions by the lack of a
liquid or semi-solid continuous phase.

|0070] A variety of solids as described above can be used as the particulates 1n these
embodiments. In an aspect, the solid particulate 1s a solid pigment as described above. A
solid 1norganic pigment can be particularly mentioned. As described above, the at least
partially coated solid pigment can be easily dispersed into a variety of liquid and semi-solid,
aqueous and non-aqueous systems, and thus can be easily incorporated into various products
such as paints, inks and cosmetics of the type described betore. The cosmetics contain the
particulate solids at least partially coated with alkyl ketal ester I and an ingredient (a)-(1) or a
combination thereof.

|0071] In other embodiments, the at least partially coated pigments are used 1n the
manufacture of dry compositions, for example 1n the form of a dry or nearly dry powder, an
o1ly powder, or a paste, depending on the amount of alkyl ketal ester present. The at least
partially coated pigments can be usetul as, for example, a dry pigment, toner, or powder
coating. The alkyl ketal ester I can constitute from 0.1 to 100%, from 0.1 to 50%, from 1 to
30%, or from 1 to 10% by weight of the particulate pigment.

|0072] The at least partially coated pigment particles, 1in particular at least partially
coated 1norganic pigment particles, can be usetul 1in dry cosmetic formulations and products.
(Of course, other solid particulates at least partially coated with alkyl ketal ester I, such as
silica, can also be used). In an embodiment, a powder cosmetic comprises a solid pigment
and an alkyl ketal ester I. Such a cosmetic can be, for example, a powder color cosmetic
product, a powder cream cosmetic product, a pressed powder color cosmetic product, a blush,

or an eye shadow.
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[0073] In another aspect, a solid pigment having at least one alkyl ketal ester sorbed
onto or 1nto the solid pigment particles 1s described. Blushes, pressed powder eye shadows,
and dry foundations are examples of such pigment compositions. Blushes, pressed powder
eye shadows, and dry foundations are typically powders, which can be free-tlowing or
somewhat caked. In these powder products, the pigment(s) typically constitute from S0 to
95% by weight of the product. The alkyl ketal ester can constitute from 0.1 to 15%, from 1 to
12%, or from 1 to 10% by weight of the product. Other filler particles can be present in
amounts from 1 to 95% by weight of the product. In a powder cream, the alkyl ketal ester
can constitute from 0.1 to 40%, from 1 to 30%, or from 1 to 20% by weight ot the product,
optionally together with other filler particles, which can be present in amounts from 1 to 95%
by weight of the powder cream product. The alkyl ketal esters I can function in these
products as a slip agent that allows the particles to adhere slightly yet spread easily upon
application. Emollients can be present in an amount, for example, of from 1 to 25% by
welght of the product. Preservative, film-forming polymer and other optional ingredients can
be present. These products typically contain no more than 1% by weight of water, and can
contain water scavengers to prevent caking.

[0074] The solid particulates at least partially coated with alkyl ketal ester I also can
be 1incorporated 1nto various organic polymers, to produce, for example, pigmented polymers
and/or filled or reinforced polymers. . The at least partially coated solid particulates can also
be used as colorants for color filters for flat panels displays, not only for additive but also for
subtractive color production; coloration of macro-molecular materials of any kind, for
example natural and synthetic fiber materials, for example cellulose fibers; tor paper pulp
coloration; laminate coloration; textile printing colors; wallpaper colors, viscose dope dyeing
systems; powder coatings; sausage casings; coloration ot seed, fertilizers, glass, particularly
glass bottles, roof shingles, renders, concrete, wood stains, colored pencil leads, chalks,
waxes, paratfins, shoe care agents, latex products, abrasives, photoresists, floor and car
waxes, crayons, coatings for foods (such as wax coatings for cheeses), leather polishes, nail
polishes, and as colorants for *“‘electronic 1nks™ (“e-1nks™) and “electronic paper” (“‘e-paper”).

[0075] The solid particulates at least partially coated with alkyl ketal ester I are also
useful as a colorant 1n electrophotographic toners and developers, for example 1n one- or two-
component powder toners (also called one- or two-component developers), magnet toners,
liquid toners, latex toners, polymerization toners and also specialty toners. Typical toner
binders 1n this context are addition polymerization resins, polyaddition resins and

polycondensation resins, such as styrene, styrene-acrylate, styrene-butadiene, acrylate,
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polyester, phenol-epoxy resins, polysulfones, polyurethanes, individually or 1in combination,
and also polyethylene and polypropylene, which may each contain further ingredients, such
as charge control agents, waxes or flow assistants, or are subsequently modified with these
adjuvants.

|0076] Use of the alkyl ketal esters allows excellent dispersion of solid particles 1n
liquid and semi-solid phases. The performance of the products containing the dispersions can
have enhanced performance due to the characteristics of the dispersion, e.g., the targeted
viscosity, and the unitormity of the dispersion. The dispersions can be stable over time (€.g.,
one week, one month, six months, one year, or even longer).

|0077] Use of the alkyl ketal esters can also improve the ability to form the
dispersions, as well as the stability of those dispersions. These characteristics are intluenced
by tactors such as the atfinity of the particle surfaces to the dispersing medium and the
density of the particles relative to the density ot the dispersing medium. In general, particles
become harder to disperse and harder to maintain in dispersion as their surtaces become less
compatible with the dispersing medium and as the ditfference in density between particles and
dispersing medium becomes greater. Without being bound by theory, 1t 1s believed that the
alkyl ketal esters described herein can function as a compatibilizer between the particles and
the dispersing medium. The differing solubilities of the alkyl ketal esters allows selection of
the appropriate ester depending on the particular solid and dispersing medium. Formulation
of various dispersions 1s therefore sumplified, as the number of dispersants to be tested 1s
decreased for a given formulation. In cases where a fully water-miscible ketal or a partially
water-miscible 1s used to make the pigmented compositions or concentrates, the equipment
can be quickly or easily cleaned with water, which has the advantage of being low-odor and
environmentally friendly. In the case where a tully alcohol miscible ketal or a partially
alcohol-miscible ketal 1s used, the equipment can be quickly or easily cleaned with alcohol,
avolding or minimizing the use of malodorous hydrocarbon solvents. The alkyl ketal ester
has the additional advantage of being bio-based, and may serve additional functions 1n the
formulation, such as an emollient, a coalescent, or a cosolvent.

[0078] The following examples are being provided to illustrate the invention but not
to limut the scope thereof. All parts and percentages are by weight unless otherwise
indicated.

EXAMPLES
Example 1a — Titammum dioxide particles dispersed 1n ethyl-LGK
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[0079] Titanium dioxide particles (T-Lite SF from BASF, containing titanium
dioxide, aluminum hydroxide, and Dimethicone/Methicone Copolymer) were separately
dispersed 1n ethyl-LGK and 1n caprylic/capric triglyceride at a 37/63 weight ratio, using a
Silverson high shear mixer until the dispersion was no longer tlowable. The dispersions were
held for 24 hours, and their viscosities then measured on a Brookfield viscometer model RV'T
at 5 rpm with a 'TD spindle. The viscosity of the caprylic/capric triglyceride dispersion was
1.20 X 105 cP; whereas that of the ethyl-LGK dispersion was 1.88 X 105 ¢P. The similar
viscosities of these dispersions show that ethyl-1LGK 1s approximately as effective a
dispersant as the conventional triglyceride pigment dispersant.

Example 1b — Zinc oxide particles dispersed 1n ethyl-LGK

[0080] In the same manner, 40 parts of zinc oxide (Z-Cote HP1 from BASF,
containing zinc oxide triethoxycaprylylsilane) are separately dispersed into each of the same
two dispersants. The viscosity of the caprylic/capric triglyceride dispersion 1s 0.44 X 105 cP;
whereas that ot the ethyl-LGK dispersion 1s 1.4 X 105 cP. The sumilar viscosities of these
dispersions again indicate that ethyl-LGK 1s approximately as effective a dispersant as the
conventional triglyceride pigment dispersant.

Example 2 — Carbon black absorption

[0081] The ability of carbon black to absorb ethyl- LGK, ethyl-ILPK, and diisobutyl
phthalate was determined according to ASTM D1483. Carbon black absorbed about 151 g of
ethyl-LGK and 169 g of ethyl-LPK per 100 grams of pigment; this was comparable to 180 g
of dioctyl phthalate which was absorbed by an equivalent weight of carbon black.

Example 3 - Method of forming a dispersion with Ethyl-LLPK and Butyl-LGK

|0082] Using an overhead mixer with a Cowles blade, Ti-pure R960 titanium dioxide
(E.I. Du Pont de Nemours) was slowly added to the solvent shown 1n Table 1, mixing
between additions until the viscosity was unitorm. After additional mixing for the reported
period of time, the dispersion quality was measured on a Hegman grind block. Additional
solvent was added to obtain a mixture of a pourable viscosity (total amount of solvent

reported 1n the table).

Table 1.
Mix Dispersion
Pigment |Solvent |Mix Speed |Time |Quality 24 Hour
EX. Solvent (Wt.%) (Wt.%) (rpm) (min) |(microns) Observation
Hydroxyl solvents
Butyl
3A Cellosolve' 50 50 600 2 0 separation
3B Ethyl LGK 50 50 600 2 0 homogeneous
3C Butyl LGK 50 50 600 3 0 homogeneous
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The Dow Chemical Company

The results in Table 1 shown that after allowing the dispersions were stored overnight
without stirring, the Ethyl-LGK and Butyl-LGK pigment dispersions were stable and
homogeneous, while the Butyl Cellosolvc mixture had separated. The Ethyl LPK and the
DPM acetate mixtures both separated, but the DPM acetate had separated to a greater extent.
Example 4 - Method of forming a dispersion with Ethyl-LGK
[0083] Using an overhead mixer with a Cowles blade, Heliogen L6S05F Blue (BASF)
or SR730 Carbon Black (Sid Richardson) as shown in Table 2 were slowly added to Ethyl-
LGK solvent, mixing between additions until the viscosity was uniform. A measured amount
of media sand was added and the mixture was further dispersed using the overhead mixer
with a disc blade at the specified RPM until] an acceptable dispersion level on the Hegman
grind block was met. Additional solvent was added to achieve a pourable viscosity (total
solvent used shown in tabie 2),, and the mixture was poured through a 100 micron filter 10
remove the sand. The dispersions were then stored overnight.
Table 2.

Dispersion

TR e T

: 4 : : : (rpm) (min) (microns Observation
r b | 2 | w0 | o le] a0 | & | 0 |sigwepsion
4A | Black 4 eht separat
ol ool 20 | w | o los| 00 | m | 30 |

Blue 75 il seDx
| o | s | o [os | o0 | 15 | w0 loigwsouion
4C | Blue 75 21t separat

After storing the dispersions overnight without stirring, the dispersions with SR730 Carbon
black and Heliogen Blue L690SF showed slight separation. Addition of Duramac HS-207-
2012 resin to the pigment dispersion (Ex. 7C) yielded no improvement in dispersion stability.
Example 5 - Method of forming a dispersion with Ethyl-LGK

(0084] Using an overhead mixer with a Cowles blade, Iron Oxide Red HR-1203
(Hoover Color) was slowly added to Ethyl LGK solvent, mixing between additions until the
viscosity was uniform. A measured amount of media sand was added and the mixture was
further dispersed using the overhead mixer with a disc blade at the specified RPM until an
acceptable dispersion level on the Hegman grind block was met. Additional solvent was
added to achieve a pourable viscosity as shown in Table 3, and the mixture was poured
throogh 2 100 micron filter to remove the sand.
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Table 3.
Mix Mix Dispersion
Pigment | Solvent Sand Speed Time Quality 24 Hour
EX. (2) (2) (2) (rpm) (min) (microns) Observation
5A 300 300 300 3000 5 0 homogeneous

After allowing the dispersions to sit overnight, the dispersion with HR-1203 Iron Oxide Red
HR-1203 showed no settling.

[0085] The final dispersion of SA was then further dispersed into different resin

systems as shown 1n Table 4 using a paddle blade on an overhead mixer (Ex. 5SB-E) and

viscosities were measured with a Brookfield viscometer. Results are shown 1n Table 4. A *°-

7 1ndicates that the compostion was not turther processed.

Table 4.
Mix | Viscosity 1.5 Dispersion
Amount T1ime rpm Quality 24 Hour

Ex. |of 5A (g) Resin Resin (g) | (min) (spindle) (microns) Observation
SA - - - - 16833 (5) - -

8B 170 Joncryl 500 42.5 5 5067 (3) 7.5 -

8C 170 Joncryl 500 113.3 5 2133 (3) 7.5 slight separation
8D 170 Duramac HS207-2012 42.5 5 3867 (3) 7.5 -

SE 170 Duramac HS207-2012 113.3 5 2133 (3) 7.5 slight separation

These results showed that the pre-dispersion can be used to turther disperse the pigment into

different resin systems.

Example 6 - Method of forming a dispersion with Ethyl-LPK

|0086] Using an overhead mixer with a Cowles blade, Ti-pure R960 titanium dioxide

(DuPont) was slowly added to solvent as shown 1n Table 5, mixing between additions until

the viscosity was uniform. After additional mixing tor the reported period of time, the

dispersion quality was measured on a Hegman grind block. Additional solvent (amount not

reported) was added to achieve a pourable viscosity, and the viscosity of the dispersion was

measured on a Brooktield viscometer.

Table 5.
Pigment | Solvent | Mix Speed | Mix Time Dispersion 24 Hour
Ex. Solvent (2) (2) (rpm) (min) Quality Observation
6A | DPM Acetate 200 300 300 3 7.5 heavy separation
6B Ethyl LPK 200 300 800 3 7.5 slight separation

After allowing the dispersions to store overnight, the Ethyl-LLPK pigment dispersion had

slight separation while the DPM acetate mixture had heavy separation.

[0087] The final dispersions 6 A-B were further dispersed into different resin systems

and the viscosity was measured as shown 1n Tables 6, respectively.
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Table 6
Amount of Resin | Mix Time | Viscosity 1.5 rpm | Dispersion 24 Hour
Ex. 6A (g) Resin (2) (min) (spindle) Quality Observation
6A1 - - - - 50667 (5) - -
6A2 170 Joncryl 500 42.5 5 400 (3) 7.5 -
heavy
6A3 170 Joncryl 500 113.3 5 200 (3) 7.5 separation
Duramac HS207-
6A4 170 2012 42.5 5 67 (3) 7.5 -
Duramac HS207- slight
6A5 170 2012 113.3 5 67 (3) 7.5 separation
6B1 - - - - 49867 (5) - -
6B2 170 Joncryl 500 42.5 5 467 (3) 7.5 -
6B3 170 Joncryl 500 113.3 5 267 (3) 7.5 separation
Duramac HS207-
6B4 170 2012 42.5 5 67 (3) 7.5 :
Duramac HS207- slight
6B3 170 2012 113.3 5 133 (3) 7.5 separation

After allowing the dispersions to sit overnight, the Ethyl LPK pigment dispersion had slight
to moderate separation while the DPM acetate mixture had slight to heavy separation.
Examples 7-9 - Preparation of pigment concentrate

[0088] Example 7-9 used an 80% NV acrylic resin dispersant often used with carbon
black, and a solvent commonly used to assist 1n viscosity reduction of the grind base and to
facilitate 1n pigment wetting. The solvent chosen to serve as a Standard for comparison
(Comparative Example 7) was PM Acetate.

[0089] To prepare Examples 10-12, all ingredients of each pigment concentrate were
blended together with light mixing and then loaded 1nto a steel ball mill, Table 11. After 30
minutes of milling, the viscosity of the pigment concentrates of Examples 8 and 9 were too
high to disperse the lamp black. To lower the viscosity of these concentrates, 1t was
necessary to increase the PM acetate of the Standard by 16.7 % to achieve pigment
concentrates that would allow for sufficient milling to disperse the lamp black pigment. The

adjusted mill bases were then dispersed 1n the steel ball mulls for 12 hours. Results are shown

in Table 7.

Table 7.
Ingredient 7 8 9
Joncryl 920 acrylic resin:
Solids 27 27 27
Volatile (MAK) 6.7 6.7 6.7
BYK 108 pigment dispersant 2.2 2.2 2.2
[.LB1011 lamp black 21.5 21.5 21.5
PM acetate 42.6 0 0
Et-LGK 0 42.6 0
Et-LPK 0 0 42.6
Test Results
Total solids content (wt. %)
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Theoretical 50.69 46.70 46.70
Actual (ASTM D2369) 51.00 55.56 47.13

Total volatile content (wt.%)
Theoretical 49.31 53.30 53.30
Actual (ASTM D2369) 49.00 44.44 52.86
Viscosity (Kreb units) 100 140 103
Shear Thinning Profile (cps):
10 RPM 17,000 48,400 16,880
20 RPM 9,600 25,000 9,820
50 RPM 4,688 13,680 4,888
100 RPM 2,800 8,960 3,012
Hegman Fineess of Grind 3 N.S. 3 N.S. 3 N.S.

TAssumes that the Segetis solvent 1s 100% volatile

After each mixture was milled tor 12 hours, the Hegman fineness of grind was checked on all
samples. All were found to be ground to an 8 N.S. At this point, each was evaluated for the
base viscosity and shear-thinning characteristics. The alkyl ketal esters tested were sutficient
to act as a replacement for the PM acetate and to achieve the expected Hegman grind of 7-8
N.S. However, as noted, 1t was necessary to increase the solvent level with these green
solvents to reduce the mill base viscosity. This 1s due to the lower solubility of the
acrylic/pigment mixture 1n the green solvents relative to the PM acetate. The viscosity of the
Et-LGK green solvent containing pigment concentrate yielded a dispersed mixture that was
significantly higher than the Standard. However, the Et-LLPK produced low and high shear
viscosities very comparable with that of the PM acetate-containing Standard.

[0090] When a thin film was cast using the Standard pigment concentrate dried, 1t
dried down to a tlat black within 15 minutes. The Et-LLGK did not dry, but remained mobile,
glossy film even after 4 days at room temperature. The Et-LPK-containing concentrate did
eventually dry down to a flat black with 24-36 hours.

|0091] Determination of the actual VOC of each of these pigment concentrates
showed that the only concentrate to retain any significant amount of the solvent was prepared
with the Et-LLGK. This coating retained 18.81% of this green solvent. In contrast, the
concentrate containing the Et-LPK retained only 0.6% of this solvent. However, with the use
of the Et-LPK, the VOC of the concentrate was 522.82 g/1, while the Standard concentrate
had a VOC of 537.43 g/l as per ASTM D3960. The actual VOC of the concentrate with SG-
22000D was 593.86 g/1.

10092] The impact of slow dry or lack of dry of the green solvent in the pigment
concentrate should not be expected to have an serious impact on the speed of dry of the tinted
coating given the low level at which such concentrates are typically used.

Example 10 - Solvent-based inkjet ink
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[0093] A pigment dispersion as shown in Table 8 is prepared by introducing a
pigment and a dispersant into a solvent, stirring the mixture with a high-speed mixer until the
mixture became homogeneous, and then dispersing the resulting mill base with a horizontal
sand mill for about two hours. The inkjet ink is then prepared by mixing the pigment
dispersion with the remaining resin, a surface conditioning agent, and a solvent. The final
mixture is filtered through a polypropylene 1 micrometer filter to produce the final ink.

Table 8.
ngredient

p d1 i ' « b - LI
Liono! Blue RG-7400-Q (Toyo Ir
Ajisper PB821 (Ajinomoto Flne-

g
1

Ethyl LGK
‘ “IRINCIN ISP

BYK-36IN
Ethyl LPK

1
||iii

Example 11 - Water based latex interior paint

[0094] The pigment grind as shown in Table 9 is prepared by introducing the
ingredients in the order listed and stirring the mixture with a high-speed mixer until the
mixture became homogeneous. Once all ingredients are added, the homogenous mixture is
then dispersed with a horizontal sand mill for about twelve hours. The paint is prepared by
mixing the pigment grind with the Letdown mixture containing a resin, coalescent, and other
additives with a high-speed mixer until homogeneous.

Table 9.
Ingrediem | Function i Pwubywt.
Water 0 IDilvem 11840
Triton X405 (Dow
Rhodoline 643 (Rhodia  Antifoam |15
AMP-95 (Dow/Ang
Ti-Pure R-900 (Dupoc Pigmen 1000
‘Letdowm 1
UCAR latex 379G (Arkema Resin  |2540
‘EthllPK 0 00 JCoslescemt = ]160
Rhodoline 643 (Rhodia)  Amtifoam  ]2§
‘Water |Dilvem 1603 |
UCAR Polyphobe 102 (Arkema) Thickener (125 |
Waer  |Digest 192
Examples 12-18 — Lipsticks containing water
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[0095] A lipstick was prepared from the ingredients of Table 10. The ingredients
designated as “A” were combined and heated to 80-85 °C until melted and clear. The
ingredients designated as “B” were mixed and ground together and then mixed into the
melted phase “A” materials. When the mixture appears unitorm, the temperature was
dropped to 75 °C. The ingredients designated as “C” were mixed together and then added to
the melted phase “A” and “B” materials until homogenous. This lipstick contained 1% by

welght water, yet remained stable upon storage.

Table 10
[ngredients wt. %

Part A

Caprylic/capric triglyceride 3.56
Octyldodecyl stearoyl stearate 13.37
Triisostearyl citrate 4,035
Pentaerythrityl citrate 5.60
Jojoba esters 1.72
Ianolin oil 1.62
Bis-diglyceryl polyacryladipate-2 1.02
Castor oil 30.50
Carnauba wax 2.30
Candelilla wax 5.24
Beeswax 2.09
Ozokerite wax 1.80
Microcrystalline wax 1.13
Phenoxyethanol 1.00
Polyethylene 1.00
Octyl methoxy cinnamate 0.60
Tocopheryl acetate 0.05
Part B

Castor oil 10.00
D&C red no. 6 6.25
[ron oxide 0.10
Part C

50% mixture of Et-LGK & purified water 2.00

[0096] Lipsticks were prepared from the ingredients in Table 11.

Table 11.

Ingredient 13 | 14 15 16 17 | 18
Part A
Caprylic/Capric ‘Triglyceride 8.56 8.56 8.56 8.56 8.56 8.56
Octyldodecyl Stearoyl Stearate 13.37 13.37 13.37 13.37 | 13.37 | 13.37
Triisostearyl Citrate 4.05 4.05 4.05 4.05 4.05 4.05
Pentaerythrityl Tetraisostearate 5.60 5.60 5.60 5.60 5.60 5.60
Jojoba Esters 1.72 1.72 1.72 1.72 1.72 1.72
L.anolin Oil 1.62 1.62 1.62 1.62 1.62 1.62
Bis-Diglyceryl Polyacyladipate-2 1.02 1.02 1.02 1.02 1.02 1.02
Copernicia Cerifera (Carnauba) Wax 2.30 2.30 2.30 2.30 2.30 2.30
Euphorbia Cerifera (Candelilla) Wax 5.24 5.24 5.24 5.24 5.24 5.24
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Ricinus Communis (Castor) Seed Oil 10.50 10.50 10.50 10.50 | 10.50 | 10.50
Cera Alba (Beeswax) 2.09 2.09 2.09 2.09 2.09 2.09
Ozokerite Wax 1.80 1.80 1.80 1.80 1.80 1.80
Microcrystalline Wax 1.13 1.13 1.13 1.13 1.13 1.13
Phenoxyethanol 1.00 1.00 1.00 1.00 1.00 1.00
Polyethylene 1.00 1.00 1.00 1.00 1.00 1.00
Octyl Methoxycinnamate 0.60 0.60 0.60 0.60 0.60 0.60
Tocopheryl Acetate 0.05 0.05 0.05 0.05 0.05 0.05
Part B
Ricinus Communis (Castor) Seed Oil 18.00 ‘ 16.00 14.00 12.00 | 10.00 | 2.00
Part C
Ricinus Communis (Castor) Seed Oil 10.00 10.00 10.00 10.00 | 10.00 | 10.00
D&C Red No. 6 Barium Lake 6.25 6.25 6.25 6.25 6.25 6.25
[ron Oxide 0.10 0.10 0.10 0.10 0.10 0.10
Part D
50% mixture of Et-1.GK and Purified Water 4.00 | 6.00 8.00 10.00 | 12.00 | 20.00

[0097] To prepare the lipsticks, Part A was heated at 80-85 °C with mixing. When
Part A was completely melted and clear, Part B was added to Part A while mixing. Part C
was pre-ground. When Part A/B was completely melted and clear, Part C color grind was
added to the combined Parts A and B. When all the color was dispersed and the batch was
uniform, the batch temperature was dropped to 75 °C and the Part D solution was slowly
added to the batch with mixing. The batch was mixed until completely homogeneous. When
the batch was uniform, 1t was poured 1into molds to cool.

[0098] Alternatively, Part D can be added to combined Parts A and B before addition
of Part C, though care should be taken to avoid or minimize water l1oss.

[0099] The lipstick structure was good 1n each of Examples 16-22. Samples were
aged at 45 °C for 4 weeks to determine stability, and 1t was found that none of the sticks
sweated, showed signs of condensation, or softened when returned to room temperature.,
There were further no signs ot color bleed or color change.

[0100] Water content was verified for Examples 13-18 as follows. Lipsticks were
dried 1n a vacuum oven at 35 °C for 24 hours and the weight loss was monitored. The
observed mass loss was consistent with the weight loss expected from evaporation of the

charged mass of water in the lipstick. Results are shown 1n Table 12,

Table 12.
Lipstick Example Charged water (wt.%) Mass LLoss (wt.%) % of expected
13 2 1.16 57.9
14 3 3.1 103
15 4 3.4 84.9
16 5 4.9 97.9
17 6 6.6 110
18 10 10.6 106

Examples 19-23 — Preparation of candles with natural waxes
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|0101] Candles with natural waxes were prepared from the ingredients in Table 13.

Table 13.

19 20 21 22 23

Ingredient wt.% | wt.% | wt.% | wt.% | wt.%
Part A
Nature wax P-1 0 O 0 O 0
Nature wax C-1 2993 | 29.93 |1 2993 | 29.93 | 31.50
Nature wax C-3 2993 | 29.93 | 2993 | 2993 | 31.50
Beeswax 2993 | 2993 | 29.93 | 29.93 | 31.50
Part B
Cingasia red B RT-195-1 0.23 0.23 0.23 0.23 0.24
Et-LGK 0 0 0 0 5.25
Part C
Et-LGK 4.99 0 0 0 0
Bu-LGK 0 0 4.99 4.99 0
Et-LPK 0 4.99 0 0 0
Bergamot (Citrus bergamia) essential oil 0 0 0 0 0
Grapefruit essential oil 0 0 0 0 0
Lavender (LLavendula angustifolium) essential oil 0 0 0 0 0
[L.emon essential oil 4.99 4.99 4.99 4.99 0

|0102] To prepare the candles of Examples 19-22, Part A ingredients were weighed
into a vessel and heated at 80 "C until the mixture was liquid. Part B was added to Part A and
mixed for 2 minutes. Part A/B was removed tfrom the heat and Part C was added. While the
mixture was still liquid, the candle was poured 1into a container and a wick with a metal tab
base was 1nserted 1nto the center of the mixture. The completed candle was allowed to cool
to room temperature. Formulation 26 was allowed to cool to 65 °C before pouring into the
candle mold. Candles 23-26 were poured 1nto small tea light candle sizes.

[0103] To prepare the candle of Example 23, Part B was mixed by hand and set aside.
Part A ingredients were weighed into a vessel and heated at 80 °C until the mixture was
liquid. The pre-mix ot Part B was added to Part A and mixed together for 2 minutes. Part
A/B was removed from the heat and Part C was added. The mixture was cooled to 65 °C and
then poured 1nto a container and a wick with a metal tab base was inserted into the center of
the mixture. The completed candle was allowed to cool to room temperature.

|0104] Dipped taper candles can be prepared by repeatedly dipping a wick into
molten candle formulation to build up a thick wax coating on the wick.

|0105] All poured candles developed a single crack near the wick upon cooling,
except for candle 25, which showed no signs of cracking. Cracking 1s a known problem 1n
the art, particularly with vegetable o1l based waxes (see, for example, US 6503285) and can
generally be mitigated with wax choice, wax blends, cooling rate, additives, and other
formulation aspects known 1n the art. All of the colored candles showed signs of pigment

settling on the bottom of the container candle. Candle 27 exhibited a deeper red color
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indicative of better pigment incorporation by premixing the pigment with the ketal. The
method of candle 27 can be used 1n conjunction with a fragrance to make a scented candle.
Example 24 — Coating formulations

[0106] Coating formulations were made using a Cowles blade on an overhead mixer
as shown 1n the Tables below. The formulas below were made by adding the ingredients in
order. The grind paste portion was made and put under shear until the proper dispersion was
achieved of 7 + Hegman. Then the remaining ingredients were added to complete the
formulation. The ingredients were loaded into the vessel and the Dupont Ti-pure R960
Titanium Dioxide was loaded into the mixture slowly until the viscosity was uniform and the
mixing solution made a donut upon mixing. After mixing for a period of tume, an amount of
the mixture was deposited on a Hegman grind block and a measurement of the dispersion was
read. All of the systems had Hegman readings of 7.5 or better. Then the remaining
ingredients were added to complete the formula.

Formula 24-1A-C- Polyester Melamine

Comparative Example 24-1A* 24-1B 24-1C
Ingredient Formula Formula
Saturated Polyester resin Polymac 57-5789 45.73 45.73 45.73
Melamine resin Cymel 300 7.53 7.53 7.53
Titanium Dioxide Ti-pure R960 28.79 28.79 28.79
grind paste 82.05 82.05
Solvent DPM acetate 3.91 3.91 0
Solvent DBE 3.91 0 0
Et-LPK 0 3.91 7.82
Hydrocarbon Solvent BAS 150 7.73 7.73 7.73
Catalyst Nacure 1051 0.40 0.40 0.40
Solvent Optifilm 300 2.00 2.00 2.00
100.00 100.00 100.00

*Comparative Example

Formula 24-2A-B — 1K Polyester urethane

Comparative 24-2A% 24-2B
Example [ngredient Formula
Polyester resin Polymac HS57-5789 43.772 43.772
Rheology additive Aerosil 200 0.29 0.29
Titanium Dioxide Ti-pure R960 19.28 19.28
grind paste 63.29 63.29
Blocked isocyanate Desmodur BLL3175 1.95 1.95
tin catalyst Dabco T12 1.08 1.08
€pOXY resin Epon 323 1.31 1.31
Solvent BAS 150 10.76 10.76
Solvent DBE 8.37 0
Solvent Et-LPK 0 3.37
Solvent Diacetone alcohol 4.78 4.78
Total 91.54 91.54
*Comparative
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Formula 24-3A-B — 2K Polyester Urethane
Comparative 24-3A% 24-3BB
Example [ngredient Formula Formula
PART A
Acrylic resin Joncryl 500 200.00 200.00
Leveling agent BYK 320 2.00 2.00
Solvent MAK 40.00 0
Solvent Et-LPK 0 40.00
Pigment Ti-Pure R-960 329.00 329.00
Grind paste
Acrylic resin Joncryl 500 199.60 199.60
Solvent MAK 116.10 116.10
tin catalyst Dabco T12 0.23 0.23
Subtotal 886.93 886.93
PART B 3B 3B
Aliphatic isocyanate esmodiir N33 152.60 152.60
Solvent MAK 29.20 29.20
Total 1068.73 1068.73
*Comparative

|0107] After allowing the formulations to set overnight, observations were made

regarding the material stability. All formulas showed minimal separation that was easy to

mix to uniformity. Using a drawdown bar over steel Q-panels, film thicknesses of 1 and 3

mils were made using each of the formulations. The panels were put into a 175°C oven for

30 minutes. The final film was evaluated for appearance, cross-hatch adhesion, and Methyl

Ethyl Ketone double rubs. The cross-hatch adhesion was carried out per ASTM D3359 and
the MEK double rubs was carried out per ASTM method D5402-06. The double rubs were

performed using a rag that was soaked with MEK and then the number of double rubs was

counted to see the etfects on the coating. If the coating was worn away to the substrate, the

testing was discontinued and number was reported. The cross-hatch adhesion test used

Staples clear packing tape versus the type specified in ASTMD3359.

1 mil 3 mil
et Visual Cross- Visual Cross-
LPK A MEK DR hatch A MEK DR hatch
Ex. (%) PPEATANEE Adhesion ppearante Adhesion

24-1A 0 High gloss/ grainy | 40 breakthrough 5B High gloss/ grainy | 100 no mar 5B
24-1B | 3.91 | High gloss/ grainy | 60 breakthrough 5B High gloss/ grainy | 100 no mar 5B
24-1C | 7.82 | High gloss/ grainy 100 no mar 5B High gloss/ grainy | 100 no mar 5B
24-2A 0 dull gloss/ smooth | 3 breakthrough 5B dull gloss/ smooth | 6 breakthrough 5B
24-2B | 9.14 | dull gloss/ smooth | 3 breakthrough 5B dull gloss/ smooth | 6 breakthrough 5B
24-3A 0 |High gloss/ smooth| 100 no mar 5B High gloss/ smooth| 100 no mar 5B
24-3B | 3.74 |High gloss/ smooth| 100 no mar 5B High gloss/ smooth| 100 no mar 5B

|0108] Results showed that the Et-1.LPK showed increased cure/ solvent resistance 1n

the polyester melamine system. All other systems showed comparable results to the control

solvent.
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|0109] The tollowing Formulation Examples 1llustrate specitic possible formulations

for the manufacture of cosmetic and other personal care formulations using the alkyl ketal

esters of structure I. In particular, the alkyl ketal ester 1s methyl-LGK, ethyl-LGK, n-propyl-
LGK, n-butyl-LGK, ethyl-LLPK, n-butyl-LLPK, ethyl-LEK, methyl-AcAcGK, ethyl-AcAcGK,
ethyl-LTMEK, and ethyl-LTMPK. In a specific embodiment, the alkyl ketal ester 1s ethyl-

LGK, ethyl-LLPK, n-butyl-LGK, or a combination comprising at least one of the foregoing

alkyl ketal esters.

Table 14 — Lipstick.
Ingredient weight %

Part A Caprylic/Capric Triglyceride 8.56
Octyldodecyl Stearoyl Stearate 13.37
Triisostearyl Citrate 4.05
Pentaerythrityl Tetraisostearate 5.60
Jojoba Esters 1.72
Lanolin Oil 1.62
Bis-Diglyceryl Polyacyladipate-2 1.02
Ricinus Communis (Castor) Seed Oil 20.50
Copernicia Cerifera (Carnauba) Wax 2.30
Euphorbia Cerifera (Candelilla) Wax 5.24
Cera Alba (Beeswax) 2.09
Ozokerite Wax 1.80
Microcrystalline Wax 1.13
Phenoxyethanol 1.00
Polyethylene 1.00
Octyl Methoxycinnamate 0.60
Tocopheryl Acetate 0.05

Part B Ricinus Communis (Castor) Seed Oil 10.00
D&C Red No. 6 Barium Lake 6.25
[ron Oxide 0.10
Alkyl ketal ester* 12

*Alkyl ketal ester examples:

Ex. A, methyl-LGK
Ex. D, n-butyl-LGK
Ex. G, ethyl-LEK

Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

[0110] To manufacture the lipstick, weigh Part A and begin heating to 80-85°C with

mixing. Pregrind Part B. When Part A 1s completely melted and clear, add Part B color

orind to Part a wax/o1l mixture. When all the color 1s dispersed and the batch 1s uniform,

pour 1nto molds.

Table 15 - Solid Lip Gloss.

Ingredient weight %
Part A Castor oil 36.4

Ketal * 10

Polyisobutene 250 30

Bees wax 10

Candelila wax 9
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Mica ggment 3
Part B Vitamin E acetate 1
BHT 0.2
Food flavoring 0.4

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK

Ex. G, ethyl-LEK

Ex. J, ethyl- LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

[0111] To manufacture the lip gloss, add Part A into a vessel and heat to 75°C to melt

wax, mixing until uniform. Remove from heat and add Part B, stirring well. While still

liquid, pour 1nto cosmetic container.

Table 16 - Lip Balm.

Ingredient weight %
Part A Fractionated coconut oil 13
Ketal 10
Castor oil 15
Triglyceride 23
Shea butter 12
Bees wax 17
Iecithin 1
Part B Titanium dioxide (optional: nano-sized) 2
Alkyl ketal ester® 4.8
Part C Provitamin B5 1
Vitamin E acetate 0.1
Vitamin E Tocopherol 0.1
Allantoin 0.2
Paraben-DU** 0.5
Food flavoring 0.3

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK
Ex. G, ethyl-LEK
Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

**Paraben-DU - premixed broad-spectrum preservative blend (3 wt.% propylparaben, 11 wt.% methylparaben,

30 wt.% diazolidinyl urea, 56 wt.% propylene glycol).

|0112] To manufacture the lip balm, pre-grind or pre-mix the ingredients ot Part C.

Add Part A to vessel and heat to 65 C until wax and butter are melted. Slowly add 1n Part C

with mixing and mix until well dispersed. Remove from heat. Add ingredients of Part C to

Parts A/B one by one and make sure the formulation 1s well mixed. Fill into molds while the

formulation 1s still liquid. Allow to cool.

Table 17 - Pressed Powder Eye Shadow "Nude Glitter”

Ingredient weight %
Part A Alkyl ketal ester* 4
Cyclodimethicone 3
Polyglyceryl oleate 0.75
Vitamin E acetate 1
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Part B Pearl white mica 31

Mica spheres (powder base) 20

Talc powder (powder base) 20

Beige mica 5

Magnesium stearate 5

Bismuth oxychloride (powder base) 5

Titanium dioxide 5

*Alkyl ketal ester examples:

Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

|0113] To manufacture the eyeshadow, combine the titanium dioxide and the pearl
white mica in a mortar, stir very well and thoroughly with the pestle until the color 1s
uniform. Add then the other ingredients of Part B, one after another, mixing well after each
addition. Then add Part A to the mortar and blend well, for several minutes or until the
ingredients are mixed and the color looks uniform. Fill the eye shadow 1nto an eye shadow

jar and press 1t with a suitable tool into eye shadow containers.

Table 18 - Poured Velvet Eyeshadow

Ingredient weight %
Part A | Isostearyl neopentanoate 25
Alkyl ketal ester* 25
[sononyl isononanoate, polybutene, pentaerythrityl tetraisostearate, and isostearyl 4
alcohol
Ethylhexyl hydroxysteareate, triethylhexyl trimellitates, and C30-435 olefin 11
Part B | Methyl methacrylate crosspolymer 14
Part C | CI 77491, mica, and triethoxycaprylylsilane 20
*Alkyl ketal ester examples:
Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

|0114] To manufacture the eyeshadow, heat Part A to 70 C until melted. Add Part B
to Part A with stirring at 70°C. Add Part C to the combined Part A/B with stirring at 70°C.

Pour 1nto molds.

Table 19 - Black Mascara.

Ingredient weight %
Part A Distilled Water 68.4 %
Xanthan Gum 0.2 %
Provitamin B5 0.5 %
Sorbitol or Glycerin 2 %
Gum Arabic 2 %
Part B Stearic Acid 5 %
Candelilla Wax 1.5 %
Ceteareth-20 1.7 %
Bees Wax 4.5 %
Carnauba Wax 2.7 %
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Part C [ron Oxide Black 10 %

Alkyl ketal ester* 0.5 %
Part D Paraben-DU ** 1 %

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK

Ex. G, ethyl-LEK

Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

**Paraben-DU - premixed broad-spectrum preservative blend (3 wt.% propylparaben, 11 wt.% methylparaben,
30 wt.% diazolidinyl urea, 56 wt.% propylene glycol).

|0115] To manufacture the mascara, add Part A 1nto a disinfected glass beaker and

mix well until everything 1s dissolved. Add Part B into another disinfected glass beaker and

heat to 75°C. Mix Part C well with mortar and pestle. When Part B 1s melted, add Part C and

stir until the pigment 1s well dispersed. Heat Part A to the same temperature as Part B. Add

the hot Part A slowly while stirring to hot Part B maintaining a temperature of 70°C until the

two ingredients are fully mixed. When the temperature has dropped below 60°C add Part D

and stir. While still hot and liquid, fill into mascara containers by using a pipette.

Table 20 - Anhydrous Mascara

Ingredient weight %
Part A Alkyl ketal ester* 30.95
AC polyethylene 6a wax 11
Candelilla wax 4.5
Hydroxylated lanolin 0.25
Part B ~ pentaerythrityl rosinate 2
C9-11 1soparaffin 2
Part C methylparaben 0.2
propylparaben 0.1
Part D Zinc stearate 1
Part E silica silylate 1
Part F Petroleum distillates, quaternium-18 hectorite, propylene carbonate 35
Part G black iron oxide 12

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK

Ex. G, ethyl-LEK

Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

|0116] To manufacture the mascara, prepare Part B in advance by stirring 1n a sealed

vessel until dissolved. In a separate closed vessel, combine the ingredients ot Part A and heat

to 90-95°C with stirring. When Part A is clear and well-mixed, add Part B and Part C,

stirring until dissolved. Add Parts D through IF in sequential order, mixing well with high

shear after each addition.
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Table 21- Gel Eyeliner

Ingredient weight %
Part A Distilled Water 70 %
Part B Alkyl Ketal Ester* 7 %

Candelilla Wax 5 %

Polyglucose 1 %

[ron Oxide Black 11 %

Microcrystalline Wax 2 %

GelMaker EMU** 3 %
Part C Phenoxyethanol-SA 1 %
*Alkyl ketal ester examples:
Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

**Gelmaker EMU -pre-mixed gelling system (Sodium acrylate/acryloyldimethyl taurate copolymer /
isohexadecane/ polysorbate 80).

|0117] To manufacture the eyeliner, add Part A into a heat resistant vessels and heat

to 167°F (75°C). Add Part B to a heat resistant glass jar and heat to the same temperature.

When Part B 1s tully melted, add Part A to Part B, while stirring well. Remove from the heat
but continue stirring until the mixture 1s a homogenous gel. If more thickness 1s needed, add
more GelMaker EMU. Add Part C to Part A/B and stir again well. Package 1into small jars or

into lip liner applicators by using a syringe

Table 22- Long Wearing Eyeliner/Eye Shadow Stick

Ingredient weight %

Carnauba wax 4.5

Ceresin 12

Ethyl hexyl palmitate 6.5

Alkyl ketal ester* 5
Polygylceryl-3-diisostearate 0.5

Methylparaben 0.2

Propylparaben 0.1

Manganese violet 5.5

Ultramarine blue 5.5

Bismuth oxychloride 20

Silica silylate 1

Cyclomethicone 39.2

*Alkyl ketal ester examples:

Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl- LTMEK Ex. K, ethyl-LTMPK

|0118] To manufacture the eyeliner/eyeshadow, combine the waxes and o1ls 1n a

sealed high speed mixer. Heat to 85-90°C until waxes are dissolved. Add pigments. Agitate

until no undispersed pigments remain. Fill at 70-75°C using hermetically sealed equipment.
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Ingredient weight %

Part A Ethyl cellulose 1.5
[sostearyl alcohol 5.9
Stearyl alcohol 5.9

Part B Hydrogenated vegetable oil 6.7
Paraffin 6.7

Part C Colorants 33.3
Alkyl ketal ester* 5

Part D Cyclomethicone 35

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK
Ex. G, ethyl-LEK
Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK

Ex. I, Et-AcAcGK

[0119] To manufacture the pencil, mix Part A and heat at 65-90°C with stirring until

everything dissolves. Maintain temperature of Part A. In a separate vessel, mix Part B and

melt. Add molten Part B to hot Part A. Mix Part C and add to Parts A/B. Homogenize

mixture and then mix in Part D. Pour mixture into a mold to cool. Remove the pencil from

mold when solidified and cooled.

Table 24 - Cream Blush

Ingredient Weight %
Part A Triglyceride (emollient) 22.8%
Alkyl ketal ester*® 15 %
Meadowfoam seed oil (emollient) 10 %
Shea butter (emollient) 3%
Polyglyceryl oleate (emulsifier) 2 %
Stearyl palmitate (thickener) 3%
Carnauba wax (thickener) 2 %
Vitamin E tocopherol (antioxidant) 0.2 %
Part B Kaolin (texturizer) 7 Y%
Corn Starch AS (texturizer) 10 %
Mica Spheres (texturizer) 12 %
Pearl white Mica (color) 4 %
Part C Mica Red (color) 8 Y%
Phenoxyethanol/SA (preservative) 1 %

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK

Ex. G, ethyl-LEK

Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK

Ex. I, Et-AcAcGK

|0120] To manufacture the blush, add Part A into a disintected glass beaker and heat
to 176°F/80°C to melt the ingredients. Add Part B to Part A and stir well. Then add Part C

to Part A/B and stir again well. Remove trom the heat and pour into a compact case or small

pot containers and let cool. Color can be adjusted through the pigment choice and level.

Consistency can be adjusted by changing stearyl palmitate and ketal levels.
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Table 25 - Powder Cream Blush

Ingredient \ weight %
Part A PPG-3 benzyl ether myristate 38
Tribehenin 6
C18-36 acid triglyceride 1
Sorbitan isostearate 1
Methyl paraben 0.2
Propyl paraben 0.1
Part B D& C Red #6 Lake 0.1
D& C Red #7 Lake 0.1
AS 5126 Red Iron oxide color techniques 0.9
AS 5146 Black Iron oxide color techniques 0.2
Alkyl ketal ester* 2
Part C AS Duan Talc 50707 Color techniques 20.4
Mica AS Sericite 5061 Color techniques 14
Bismuth oxychloride 16

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK
Ex. G, ethyl-LEK
Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK
Ex. E, ethyl-LPK
Ex. H, Me-AcAcGK
Ex. K, ethyl-LTMPK

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

[0121] To manufacture the blush, add part A to vessel and heat at 75-80°C with

stirring until clear. In a separate vessel, blend part B and pass over a 3 roll-mill until particle

size 18 20 micrometers. Add Part B to Part A and stir until smooth and pigments are wetted.

Maintain temperature at 75-80°C. Add Part C and mix at high speed until homogeneous.

Allow to de-air while hot and then pour 1into pans.

Table 26 - O1l in Water Foundation

Ingredient weight % Function
Part A DI water 50.92 Diluents
tromethamine 0.8 alkali (soap)
PEG-12 dimethicone 0.1 wetting agent
80% T102/talc extender 8 Pigment
80% vyellow iron oxide/talc ext. 0.95 Pigment
80% red iron oxide/talc ext 0.75 Pigment
80% black iron oxide/talc ext. 0.07 Pigment
talc, average 4 micron 4.23 Filler
Part B butylene glycol 4 Humectants
magnesium aluminum silicate 1 Thickener
Part C butylene glycol 2 Humectants
cellulose gum 0.15 Thickener
Part D sucrose cocate 1 Emulsifier
methyl paraben 0.2 Preservative
disodium EDTA 0.05 preservative aid
Part E stearic acid 1.5 acid portion of soap
isostearic acid 0.5 Soap
dicaprylyl maleate 10 Emollient
Alkyl ketal ester*® 6 Emollient
sorbitol monolaurate 3 Emulsifier
cetyl alcohol 0.5 Stabilizer
propyl paraben 1 Preservative
Part F cyclomethicone 2 volatile emollient
Part G DI water 2 Diluents
DMDM hydantoin 0.1 Preservative
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*Alkyl ketal ester examples:

Ex. A, methyl-LGK Ex. B, ethyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

homogenizing. Combine and add Part B. Heat to 85-90°C for 15 minutes and then cool to
75°C. Combine and add Part C. Add Part D ingredients in order. Combine ingredients of
Part E and heat to 75-80°C with stirring. Just prior to emulsification, add Part I and readjust

temperature to 75-80°C. Add o1l phase (combined Parts E and IF) to water phase (combined

Parts A-D) while homogenizing. Maintain temperature and agitation for at least 15 minutes.
Cool to 55°C and check tor water loss. Cool to 45°C with paddle mixer. Combine

ingredients of Part G and add to the formulation. Cool to 30°C and remove from heat.

Table 28 - Foundation

Ex. C, n-propyl-LGK
Ex. F, n-butyl-LPK
Ex. I, Et-AcAcGK

|0122] To manufacture the foundation, combine Part A ingredients in order while

Ingredient weight %
Part A DI water 50
Potassium hydroxide (10% aq. solution) 1.3
Polysorbate 80 0.1
Alkyl ketal ester* 4.33
Part B Titanium dioxide 7
Talc 3.76
Yellow iron oxide 0.8
Red iron oxide 0.36
Black iron oxide 0.09
Part C Propylene glycol 2
Magnesium aluminum silicate 1
Part D Propylene glycol 4
Cellulose gum 0.12
Part E Di-ppg-3 Myristyl ether adipate 12
Alkyl ketal ester™® 4
Cetearyl alcohol, ceteth-20 phosphate, dicetyl 3
 phosphate
Steareth-10 2
Cetyl alcohol 0.62
Steareth-2 0.50
Part F Paraben-DU** 1

*Alkyl ketal ester examples:

Ex. A, methyl-LGK Ex. B, ethyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

**Paraben-DU - premixed broad-spectrum preservative blend (3 wt.% propylparaben, 11 wt.% methylparaben,

30 wt.% diazolidinyl urea, 56 wt.% propylene glycol).

Pre-mull Part B until pigments are well blended. Add Part B to Part A and homogenize until

pigments are evenly dispersed. Begin heating A/B. Prepare a slurry of Part C and add to
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|0123] To manufacture the foundation, combine Part A and begin homogenizing.
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Parts A/B and heat to 85°C, maintaining temperature in the 85-90°C range for 10 minutes.

Remove from heat and prepare a second slurry of the ingredients in Part D. Add the slurried

of Part D to A/B/C at 77°C. Homogenize until uniform and smooth. Check weight and add

water to compensate for any loss, plus another 20 g/kg of formulation. Continue mixing and

increase temperature to 77 C. Combine Part E ingredients separately and heat to 77°C. Add

to main mixture and maintain temperature at 77-80°C for 10 minutes. Remove from heat.

Add Part FF when the mixture has cooled to 50°C. Check for water loss and adjust

formulation accordingly. Adjust pH to 7.5 1if necessary. Homogenize until temperature

reaches 35°C.

ketal ester of Exs. B-K.

Table 29 - Concealer Stick

|0124] In a variation, one of the alkyl ketal esters 1s a blend of Et-LGK and an alkyl

Ingredient weight %
Part A Titanium dioxide (A-8112) 20
Red iron oxide (A-1301) 1.4
Red Iron Oxide (A-1226) 0.65
Black iron oxide (A-7133) 0.1
Alkyl ketal ester™® 15.85
Di-PPG-3 Myristyl Ether Adipate 4.25
Sorbitan Isostearate 4.25
Part B Sericite AS 10
Talc 5
Di-PPG-3 Myristyl ether adipate 2.5
Kaolin 4
Part C Squalane 3.5
Candelilla wax 5
Ozokerite wax 2.5
Propyl paraben 0.1
Methyl paraben 0.2
Carnauba wax 1.75
C18-36 acid glycol ester 2.25
C18-36 Acid Triglyceride 1.1
Di-PPG-3 Myristyl ether Adipate 14.6
DERMAXYYL (from Croda) 1

*Alkyl ketal ester examples:
Ex. A, methyl-LGK

Ex. D, n-butyl-LGK
Ex. G, ethyl-LEK
Ex. J, ethyl-LTMEK

Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. K, ethyl-LTMPK

|0125] To manufacture the concealer, grind the ingredients of Part A and homogenize
for at least 15 minutes. Add the ingredients of Part B to Part A and mix tor at least 10
minutes. Combine all of the ingredients of Part C 1n a separate vessel and begin heating

while mixing. Continue heating until batch becomes clear. Begin cooling while mixing and
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add Parts A/B to the batch. Pre-warm the stick molds and pour the batch into molds while

the batch 1s still pourable. Allow molds to cool.
Table 30 - Pressed Mineral Powder

Ingredient weight %
Part A Pigment blend (color of choice) 3

Titanium dioxide 3

Talc 26

Bismuth oxychloride 15

Magnesium stearate 12

Micronized titanium dioxide 6

Kaolin 5.5

Zinc oxide 2
Part B Alkyl ketal ester* 3.5

Grapeseed oil 2

Triglycerides 2
Part C Mica spheres 20
*Alkyl ketal ester examples:
Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

|0126] To manufacture the powder, mill Part A until it turns a uniform color. Add

part B to Part A and mill again. Add Part C and blend for only a short time. Fill container

and compress to form a solid.

Table 31 - LL.oose Mineral Powder

Ingredient weight %
Part A Pigment blend (color of choice) 3

Titanium dioxide 5

Talc 26

Bismuth oxychloride 15

Magnesium stearate 12

Micronized titanium dioxide 7

Kaolin 5.5

Zinc oxide 3
Part B Alkyl ketal ester* 3.5
Part C Mica spheres 20
*Alkyl ketal ester examples:
Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

|0127] To manufacture the powder, mill Part A until it turns a uniform color. Add

part B to Part A and mill again. Add Part C and blend for only a short time. Fill container.

Do not compress.
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Table 32- Baby Soft Diaper Rash Cream

Ingredient weight %
Part A Squalane 30
Alkyl Ketal Ester* 5
Zinc oxide 12
CRODAFOS CES (cetearyl alcohol, dicetyl phosphate, and ceteth-10 phosphate) 6
Part B Deionized water 44.10
Methylparaben, butylparaben, ethylparaben, and propylparaben 0.3
Part C Dimethicone 0.6
*Alkyl ketal ester examples:
Ex. A, methyl-LGK Ex. B, ethyl-LGK Ex. C, n-propyl-LGK
Ex. D, n-butyl-LGK Ex. E, ethyl-LPK Ex. F, n-butyl-LPK
Ex. G, ethyl-LEK Ex. H, Me-AcAcGK Ex. I, Et-AcAcGK
Ex. J, ethyl-LTMEK Ex. K, ethyl-LTMPK

|0128] The terminology used herein 1s for the purpose of describing particular
embodiments only and 1s not intended to be limiting. As used herein, the singular forms *a,”
“an,” and “‘the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms “comprises™ and/or
“comprising,” or “includes” and/or “including” when used 1n this specification, specity the
presence of stated features, regions, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups thereof. The endpoints of all ranges
directed to the same component or property are inclusive of the endpoint and independently
combinable.

|0129] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs.

|0130] The -described compounds have, 1n embodiments, one or more 1somers.
Where an 1somer can exist, it should be understood that the invention embodies methods that
form any 1somer thereotf, including any stereoisomer, any conformational 1somer, and any cis,
trans 1somer; 1solated 1somers thereof; and mixtures thereof.

|0131] Compounds are described using standard nomenclature. For example, any
position not substituted by any indicated group 1s understood to have its valency filled by a
bond as indicated, or a hydrogen atom. A dash ("-") that 1s not between two letters or
symbols 1s used to indicate a point of attachment for a substituent. For example, -CHO 1s

attached through carbon ot the carbonyl group. Alkyl groups can be straight-chained or
branched. Hydroxyl groups have the formula —OH.
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|0132] As used herein, a “formulation” refers to both a composition that can be used
to manufacture a product, and the product itself, 1.e., 1n the form provided to the user.
Compositions can be used to manufacture a product by addition of one or more additional
ingredients and/or subjecting the formulation to one or more processing steps, including in
some embodiments simply packaging the composition.

|0133] Further as used herein, unless indicated otherwise by context, an “alcohol”
means a C1-7 alkanol such as methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-
butanol, t-butanol, 1-pentanol, and 1-hexanol, as well as the various other 1somers of pentanol
and hexanol; alkylene glycols such as ethylene glycol, diethylene glycol, triethylene glycol,
1,2-propylene glycol, 1,3-propane diol, dipropylene glycol, tripropylene glycol 1,4-butane
diol and 1,2-butane diol; triols such as glycerine, and the like. In an embodiment, an alcohol
1s methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, t-butanol, 1-pentanol, 1-
hexanol, ethylene glycol, 1,2-propylene glycol, and 1,3-propane diol.

|0134] All cited patents, patent applications, and other references are incorporated
herein by reference 1n their entirety.

[0135] The various embodiments described are provided by way of illustration only
and should not be construed to limit the claims attached hereto. The present invention can
suitably comprise, consist of, or consist essentially of, any of the disclosed or recited
clements. Thus, the invention illustratively disclosed herein can be suitably practiced in the
absence of any element, which 1s not specifically disclosed herein. Various moditications
and changes will be recognized that can be made without tollowing the example
embodiments and applications 1llustrated and described herein, and without departing from

the true spirit and scope of the tollowing claims.

[0136] What 1s claimed 1s:
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CLAIMS
1. A dispersion comprising

a liquid or semi-solid continuous phase,
a dispersed solid phase comprising a plurality of organic, inorganic or 1norganic-
organic particles, and

an alkyl ketal ester having the structure

R‘I
CHa, O
O

HQC/
| CHy| = O
a

R% O
\PC Hjb [

wherein
a1s O or an 1integer of 1 to 12, specifically 1 to 6, more specitically 1 to 4;
bisOor 1;
R” is a divalent C_g group optionally substituted with up to 5 hydroxyl groups; and
R' is C; alkyl, and
wherein at least a portion of the alkyl ketal ester 1s present 1n the continuous phase, on a

surface of at least some of the dispersed particles, or a combination thereot.

2. The dispersion of claim 1, wherein R” is >CH-CH;, >CH-CH,OH,
>C(CH3)CHQOH, >C(C2H5)CHQOH, >C(CH20H)2, >CH-CH(OH)-CHQOH, or >(CH-
(CHOH);-CH,OH.

3. The dispersion of claims 1-2, wherein the alkyl ketal ester 1s selected from

ethyl-LGK, ethyl-LPK, n-butyl-LGK, n-butyl-LLPK, and combinations thereof.
-+, A coating composition comprising the dispersion of claims 1-3, wherein
the continuous phase 1s a liquid continuous phase, and

the plurality ot solid particles comprises solid pigment particles.

J. The coating composition of claim 4 wherein the alkyl ketal ester 1s present 1n

the dispersion in an amount from 1 to 400% by weight of plurality ot solid particles.
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0. The coating composition of claim 4 wherein the dispersed pigment particles

have an average D30 particle size from 100 nanometers to 25 micrometers.

7. The coating composition of claim 4, comprising, based on the total weight of
the coating composition,

from 20 to 90% by weight of the liquid continuous phase,

from 0.5 to 45% by weight of the solid pigment particles,

from 0.5 to 60% by weight of the alkyl ketal ester, and

from 5 to 80% by weight of an organic binder composition.

3. The dispersion of claims 1-7, wherein the continuous phase 1s a semi-solid.
9. The dispersion of claim 8, wherein the semi-solid 1s a wax.
10. A cosmetic comprising the dispersion of claims 1-9, wherein

the continuous phase comprises a cosmetically acceptable wax, film-forming
polymer, emollient, or a combination thereof, and
the plurality of solid particles comprises cosmetically acceptable solid pigment

particles.

11. The cosmetic of claim 10 1n the form of a semi-solid, comprising, based on the
total weight of the cosmetic,

from 25 to 80% by weight of the continuous phase,

from 5 to 50% by weight of the solid pigment particles, and

from 0.1 to 50% of the weight of the alkyl ketal ester.

12. The cosmetic of claim 11, wherein the cosmetic 1s an eye product, skin

product, or lip product.

13. The cosmetic of claim 10, 1n the form of a fluid or gel, comprising, based on
the total weight of the cosmetic,

from 25-80% by weight of water, a volatile organic solvent, or a combination thereof,

from 2 to 35% of the cosmetically acceptable wax, film-forming polymer, emollient,

or combination thereof,
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from 2 to 30% by weight of the solid pigment particles, and
from 1 to 40% by weight of the alkyl ketal ester.

14. The cosmetic of claim 13, wherein the cosmetic 1s an eye product, lip product,

skin product or nail product.

13. The cosmetic of claim 10, 1n the form of a wet foundation comprising, based
on the total weight ot the cosmetic,

from 30-75% by weight water,

from 1 to 35% by weight of the cosmetically acceptable emollient, from 2 to 25% by
welght of the solid pigment particles, and

from 0.5 to 35% by weight of the alkyl ketal ester,

wherein the continuous phase 1s an aqueous phase or an oily phase.

16. The cosmetic of claim 10, 1n the form of a lip product comprising, based on
the total weight ot the cosmetic,

from 1 to 25% by weight of the cosmetically acceptable wax;

from 30 to 95% by weight of one or more other hydrophobic materials; and

from 0.05 to 25% by weight of the solid pigment particles.

17. A particulate solid, comprising
a plurality of solid particles; and
an alkyl ketal ester at least partially coating at least some of the particles, the alkyl

ketal ester having the structure:

R1
o SHs o~
HQC/
| CHy| = O
R"’\P /IO :
CH
2b I

wherein

a1s O or an 1integer of 1 to 12, specifically 1 to 6, more specitically 1 to 4;

bisOor 1;

R’ is a divalent C;_g group optionally substituted with up to 5 hydroxyl groups; and
R' is Cy alkyl.
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18.  The particulate solid of claim 17, wherein R* is >CH-CH3, >CH-CH,OH,
>C(CH3)CHQOH, >C(C2H5)CHQOH, >C(CH20H)23 >CH-CH(OH)-CHQOH, or >(CH-
(CHOH);-CH,OH.

19. The particulate solid of claims 17-18, wherein the alkyl ketal ester 1s selected
from ethyl-LGK, ethyl-LPK, n-butyl-LGK, n-butyl-LLPK, and combinations thereotf.

20. The particulate solid of claims 17-19 wherein the alkyl ketal ester 1s present in
an amount from 1 to 100% by weight of the plurality of solid particles.

21. The particulate solid of claims 17-20, wherein the plurality of solid particles
comprise pigment particles, and the alkyl ketal ester 1s sorbed onto at least a portion of a

surface of at least a portion of the pigment particles.

22. A powder cosmetic comprising the particulate solid of claims 17-21 and
comprising, based on the total weight of the powder cosmetic,

from 50 to 95% by weight of the solid pigment particles, and

from 1 to 15% by weight of the alkyl ketal ester.

23. A method of forming the dispersion of claims 1-16, comprising
combining the continuous phase, plurality of solid particles, and alkyl ketal ester to form the

dispersion.

24, The method of claim 23, wherein the combining comprises wetting the
plurality of solid particles with the alkyl ketal ester; then combining the wetted particles with

the continuous phase.
25. The method of claim 23, wherein the combining comprises combining the

continuous phase and the alkyl ketal ester; and adding the plurality of solid particles to the

combination of the continuous phase and the alkyl ketal ester.
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