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PEROXIDE DISPERSIONS
FIELD OF INVENTION

The present invention relates to aqueous dispersions of normally solid organic
peroxides. The dispersions are pastes or liquids which contain high concentrations of
the peroxide, wherein the peroxide is present in the form of small particles (e.g., less
than 10 um diameter on average). The pastes are shear thinning or sufficiently

flowable so as to be pumpable/pourable, which makes their handling and use easier.

BACKGROUND

Peroxides have, as a general property, a tendency to be flammable and
explosive with some peroxides exhibiting such properties to a greater extent than
others. For example, benzoyl peroxide may decompose when dry due to shock,
friction, or static electricity. This property carries with it the hazards to the users of
these materials as well as to the manufacturers and intermediate handlers thereof.
Accordingly, it has long been an object to provide flame resistant organic peroxide

compositions.

The safety and end-use advantage provided by water-soluble or water-
dispersible peroxides has been recognized. However, many peroxides of commercial
interest are water insoluble. Moreover, dispersions containing relatively high
concentrations of water insoluble, solid peroxides are typically quite viscous and
therefore difficult to handle and process. This problem is particularly aggravated as
the particle size of the peroxide is reduced. Por example, when milling a peroxide in
water to reduce its particle size below 10 um, the aqueous dispersion often forms a
very thick paste. Further milling becomes quite difficult unless milling is
discontinued for a period of time to permit the dispersion to “relax” and soften to an
extent where milling again becomes feasible. These difficulties significantly lengthen
the period of time necessary to achieve a desired small particle size. As there are
many end use applications for water insoluble peroxides where smaller particle size
will be advantageous, there remains a need for highly concentrated aqueous
dispersions of small particle size peroxides which are capable of being handled by
pumping and/or pouring as well as methods by which such aqueous dispersions may

be conveniently and efficiently prepared.
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BRIEF SUMMARY OF THE INVENTION

The present invention provides an aqueous dispersion comprising a) about
40% by weight or more of a water-insoluble, solid organic peroxide having an
average particle size of less than 10 um and b) a surfactant which is a polyglyceryl
ester of one or more C6-C18 fatty acids. In another aspect, the invention provides a
process for making such an aqueous dispersion, comprising milling an organic
peroxide having an average particle size of greater than 10 um in water in the
presence of a surfactant which is a polyglyceryl ester of one or more C6-C18 fatty
acids. Using such a surfactant helps to reduce the viscosity of the aqueous dispersion

during processing.
DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INVENTION

Aqueous dispersions of the present invention comprise an organic peroxide

which is normally solid (i.e., a solid at room temperature) and a surfactant.

Exemplary of suitable organic peroxides are aromatic diacyl peroxides, such
as benzoyl peroxide, o-methylbenzoyl peroxide, o-methoxybenzoyl peroxide, o-
ethoxy benzoyl peroxide, o-chlorobenzoyl peroxide and 2, 4-dichlorobenzoyl
peroxide; aliphatic diacyl peroxides, such as decanoyl peroxide, lauroyl peroxide and
myristoyl peroxide; ketone peroxides, such as 1-hydroxy cyclohexyl peroxide and 1-
hydroperoxycyclohexyl peroxide; aldehyde peroxides such as 1-hydroxy heptyl
peroxide; peroxy dicarbonates such as dicetyl peroxydicarbonate, di(4-t-
butylcyclohexyl) peroxydicarbonate and acylperoxy alkylcarbonates, such as acetyl
peroxy stearyl carbonate and the like and mixtures thereof. Other organic peroxides
which are normally solid at room temperature and substantially insoluble in water
may also be employed. The starting organic peroxide may be obtained by any
suitable method and may be in solid (dry) form or in the form of a mixture with water.
As will be described in more detail hereafter, the organic peroxide typically has a
relatively large particle size to begin with (e.g., greater than 10 pm) and then is
reduced in size through any suitable procedure in the presence of the surfactant and

water to provide the aqueous dispersions of the invention.
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The present aqueous dispersions comprise about 35 percent or more by weight
of an organic peroxide. One of the features of the present invention is that it enables
the preparation of aqueous dispersions containing about 35 or more percent by weight
of organic peroxide, wherein the dispersions are pumpable or pourable because they
are shear thinning or flowable liquids. Heretofore it has been difficult to make
pumpable dispersions containing about 35 or more percent by weight organic
peroxide. In this description, shear thinning means that viscosity drops as the shear
rate increases. Thus, the viscosity of the peroxide dispersions of the present invention
will drop as the dispersion is stirred or mixed and it becomes pourable or pumpable
easing use. In some embodiments of the invention, the aqueous dispersion is
sufficiently fluid such that it is capable of being poured even without being subjected
to stirring or mixing. The concentration of the peroxide in the aqueous dispersion
may be adjusted as may be desired or needed, but typically the organic peroxide
concentration is at least about 30 weight percent but not greater than about 75 weight
percent, or between about 35 to 60 weight percent, or between about 37 to not greater

than about 53 weight percent, or between about 37 to about 42 weight percent.

Sufficient water is present to provide an aqueous dispersion, with water acting
as a liquid matrix within which particles of the organic peroxide are dispersed.
Typically, the water content of the aqueous dispersion is from about 25 to 70 weight
percent, from about 40 to 65 weight percent, from about 42 to about 63 weight
percent, or from about 53 to about 63 weight percent, or from about 58 weight percent
to about 63 weight percent. The pH of the water may be adjusted as may be desired
or needed by the addition of one or more pH adjusting agents such as bases, acids,

buffers and the like. Soluble species such as salts may also be present.

Besides the water and organic peroxide, the composition of the present
invention also comprises one or more surfactants. In one embodiment, the surfactant
is a pharmaceutically acceptable surfactant. A pharmaceutically acceptable surfactant
refers to a surfactant that does not cause significant irritation to an organism and does
not abrogate the biological activity and properties of an administered compound that
the dispersion of the present invention is combined with. In another embodiment, the
surfactant is a food grade surfactant. A food grade surfactant refers to a surfactant

which is permitted by regulation to be present in a foodstuff, at least up to certain
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levels. The surfactant used may be both a pharmaceutically acceptable surfactant and

a food grade surfactant.

It has now been surprisingly discovered that polyglyceryl esters of one or
more C6-C18 fatty acids, or preferably polyglyceryl esters of one or more C6-C12
fatty acids, or preferably polyglyceryl esters of one or more C8-C12 fatty acids, are
particularly effective in providing dispersions which remain free flowing liquids
during the milling process used to reduce the average particle size of the organic
peroxide to below 10 um and preferably above 2 um. That is, the use of other types
of surfactants leads to the formation of very thick pastes during milling that
significantly increases the time needed to achieve a particular desired small particle
size. The present invention thus provides substantial improvement in processing

efficiency.

Polyglyceryl esters of fatty acids are also referred to in the art as “polyglycerol
esters of fatty acids” and “polyglycerol fatty acid esters.” They may be described as
mixed partial esters formed by reacting polymerized glycerols with edible fats, oil or
fatty acids. Commercial surfactants which are polyglyceryl esters of fatty acids may
include minor amounts of mono-, di- and tri-glycerides, free glycerol and
polyglycerols, free fatty acids and/or salts of free fatty acids. The degree of
polymerization of the polyglyceryl component may vary. In various embodiments of
the present invention, the polyglyceryl segment of the surfactant may contain at least
2,3,4,5,6,7, 8 or 9 and/or not more than 20, 19, 18, 17, 16, 15, 14, 13,12 or 11
glyceryl repeating units on average per molecule. In one particular embodiment,

about 10 glyceryl repeating units per molecule on average are present.

It has been unexpectedly discovered that using polyglyceryls esterified with
relatively short chain fatty acids as surfactants in a process wherein a relatively large
particle size organic peroxide (e.g., having an average particle size greater than 10
um) is milled in water to a smaller particle size (e.g., less than 10 um or less than 5
um average particle size and in some embodiments preferably greater than 2 um
average particle size) helps to lower viscosity during such a milling process. The
resulting aqueous dispersion is shear thinning. The fatty acids used to esterify the
polyglyceryl thus are predominantly C6-C18 fatty acids, or C6-C12 fatty acids, or C8-

C12 fatty acids (i.e., fatty acids containing 6 to 18, or 6 to 12, or 8 to 12 carbon atoms

4
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per molecule), although minor amounts of shorter and/or longer chain fatty acids may
also be present in the esterified polyglyceryl. For example, in various embodiments
of the invention, at least 50, at least 60, at least 70, at least 80, at least 90 or
essentially all of the fatty acid moieties present in the surfactant are C6-C18 or C6-
C12 fatty acid moieties. Mixtures of different C6-C18, or C6-12, C8-C12, fatty acid
moieties may be present. The fatty acid moieties may be straight chain or branched,
saturated or unsaturated. Typically, the fatty acid moieties are monocarboxylate
moieties corresponding to the general structure —-OC(=0)R, where R is a C5-C11
alkyl group. In one embodiment, the fatty acid moieties present in the surfactant are
predominantly saturated, such that the iodine value of the surfactant is less than 10 or
less than 5. Examples of suitable C6-C18 fatty acids include, but are not limited to,
hexanoic acid (also known as caproic acid), octanoic acid (also known as caprylic
acid), decanoic acid (also known as capric acid) and dodecanoic acid (also known as
lauric acid), tetradecanoic acid (also known as myristic acid) hexadecanoic acid (also
known palmitic), octadecanoic (also known as steraric acid) and mixtures thereof. In
one embodiment, the C6-C12 fatty acid is a mixture of octanoic acid and decanoic

acid (with other fatty acids possibly being present in minor amounts).

Typically, the polyglyceryl is partially esterified with fatty acid moieties, with
one or more hydroxyl groups remaining unesterified. For example, the surfactant may
contain an average of 1 to 3 fatty acid moieties per molecule. In certain
embodiments, from about 25% to about 60%, or from about 30% to about 50%, of the

available hydroxyl groups in the polyglyceryl are esterified with fatty acid moieties.
The surfactant may correspond to the general structure (I):

(I  R“[CH,-CH(OR*-CH,0],-R’
wherein the average value of n is from about 6 to about 14 and Rl, R? and R’ are each
independently a C6-C18 fatty acid moiety or hydrogen, provided that at least one of
Rl, R?orR%is a C6-C18 fatty acid moiety. In one embodiment, at least one of Rl, R®
or R’ is hydrogen. Although structure (I) shows the glyceryl repeating units arranged
in a linear fashion, it is understood that the formula also encompasses polyglyceryls

which are branched.
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Exemplary surfactants useful in the present invention include, but are not
limited to, polyglyceryl-10 caprylate/caprate, polyglyceryl-10 caprylate, polyglyceryl-
10 caprate, polyglyceryl-10 laurate, as well as analogous substances where the
polyglyceryl component contains an average of 8, 9, 11 or 12 glycerol repeating units
per molecule. Polyglyceryl esters of C6-C18 fatty acids and polyglyceryl esters of C6-
C12 fatty acids suitable for use as surfactants in the present invention are available

commercially from various suppliers, such as Lonza.

In various aspects of the invention, the surfactant may have an HLB value of
at least 12, 13, or 14 and/or an HLB value of not more than 18, 17 or 16. For

example, the HLB value of the surfactant may be 12-18 or 14-16.

In one embodiment of the invention, the only type of surfactant present in the
aqueous dispersion is a polyglyceryl ester of C6-C18 or C6-C12 fatty acids or a
mixture of such surfactants. In other embodiments, such polyglyceryl esters represent

at least 50, 60, 70, 80, 90 or 95% by weight of the total amount of surfactant present.

Surfactant may be combined with water and the organic peroxide in an amount
effective to reduce the viscosity of the aqueous dispersion during milling of the
organic peroxide. Typically, the concentration of surfactant in the aqueous dispersion

is at least 0.1 weight % but no greater than 2.0 weight %.

Other components may be present in the aqueous dispersion in addition to
water, surfactant and organic peroxide. For example, to assist in maintaining the
product as a stable, homogeneous dispersion and inhibit settling out of the particles of
organic peroxide, one or more gelling agents may be incorporated in the aqueous
dispersion. A gelling agent is a substance capable of forming a gel when placed in
water. Macromolecular gelling agents are particularly useful in the present invention,
especially macromolecular gelling agents of natural origin such as certain
polysaccharides. Suitable macromolecular gelling agents include, but are not limited
to, alginates (salts of alginic acid), carrageenans, gellan gum, guar gum pectic
substances (e.g., pectic acid, pectin, pectate), and xanthan gum. The gelling agent
may be selected such that it is suitable for inclusion in a food or pharmaceutical
product. In one embodiment, the gelling agent is capable of being further gelled

through crosslinking. For example, a macromolecular gelling agent may contain one
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or more different types of functional groups along its backbone or pendent to the
backbone which are capable of interacting or reacting with a crosslinking agent. Such
functional groups may be carboxylic acid groups, sulfonic acid groups or salts thereof
(carboxylates, sulfates), for example. Suitable crosslinking agents may include
species providing polyvalent cations (e.g., divalent and trivalent cations). Exemplary
polyvalent cations include aluminum(3+), barium(2+), calcium(2+), copper(2+),
iron(2+), strontium(2+), and zinc(2+). The cations may be supplied in the form of
food-safe and/or pharmaceutical-safe salts. Specific examples of suitable salts useful
as crosslinking agents include the following, including their hydrates, and mixtures
thereof: calcium carbonate, calcium chloride, calcium disodium edetate, calcium
lactate, calcium nitrate, calcium oxalate, calcium sulfate, dicalcium phosphate,
tricalcium citrate, tricalcium phosphate, and the corresponding barium, copper,
strontium, and zinc analogues thereof. The amounts of macromolecular gelling agent
and crosslinking agent may be varied as desired. The gelling agent may be utilized in
an amount effective to reduce the tendency of the particulate organic peroxide to

settle out of the aqueous dispersion over time.

In various embodiments, the aqueous dispersion contains at least 0.25 weight
% or at least 0.4 weight % macromolecular gelling agent. In other embodiments, the
aqueous dispersion contains not more than 1.5 weight % or not more than .75 weight
% macromolecular gelling agent. For example, the aqueous dispersion may comprise
0.25 to 1.5 weight % macromolecular gelling agent. The amount of crosslinking
agent, if used, may generally be varied in accordance with how much macromolecular
gelling agent is present. For example, if the concentration of macromolecular gelling
agent is relatively low, the concentration of crosslinking agent may also be relatively

low.

In various embodiments, the aqueous dispersion contains at least 0.1 to 3
weight % or preferably at least about .25 to 1 weight % base or stabilizer or buffer.
Examples of suitable bases/stabilizers/buffers include sodium hydroxide, calcium
hydroxide, magnesium hydroxide, sodium bicarbonate, potassium phosphate ( mono

and dibasic salts), sodium citrate and the like.

Typical concentrations of crosslinking agent may be, for example, from 0.01

to 0.075 weight %.
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In one embodiment, the composition of the aqueous dispersion is as follows:

a) 37.5 to 42 weight % benzoyl peroxide having an average particle size of
less than 5 pm;

b) 53.5 to 62 weight % water;

¢) 0.25to 1.5 weight % macromolecular gelling agent;

d) 0.1 to 2.0 weight % polyglyceryl ester which contains a polyglycerol
moiety having 8§ to 12 glycerol repeating units on average which is
partially esterified with a mixture of octanoic acid and decanoic acid and
has an HLLB value of 12-18 (e.g., polyglyceryl-10 caprylate/caprate);

e) 0.01 to 0.05 weight % salt/crosslinking agent ; and

) 0.25to 1.0 weight % base/stabilizer/buffer.

The aqueous dispersion may be prepared using any process. For example, the
aqueous dispersion may be prepared by milling/grinding an organic peroxide in the
presence of water and surfactant until the desired particle size of the organic peroxide
is achieved (e.g., less than 20 um, or less than 15 um, or less than 10 um, or less than
5 um, or between 3 to 5 um, or 2 to 5 um, or 1 to 5 um, or between 3 to 10 um, or 2
to 10 pm, or 1 to 10 um). Particle size may be determined using ASTM UQOP 856-07,
Particle Size Distribution of Powder by Laser Light Scattering and are reported D50

by percent volume.

Milling may be carried out by any suitable equipment known in the art such as
a rotor/stator mill, a horizontal ball mill, or, most preferably, a vertical basket mill
(such as those supplied by the Hockmeyer Company). The temperature during
milling should be controlled so as to avoid decomposition of the organic peroxide.
Typically, the milling is conducted at temperatures of 40°C or less. If a
macromolecular gelling agent is to be included in the aqueous dispersion, it may be
preferred to add it to the aqueous dispersion after the milling step. The aqueous
dispersion also may be prepared using the methods known to those skilled in the art
such as those disclosed in U.S. Patent No. 4,039,475, 4,092,470, 4,734,135, and
4,440,885, the disclosures of which are incorporated herein in their entireties.

Sonication and ultrasound applications/processes known in the art also are suitable.

Aqueous dispersions in accordance with the present invention are useful in a

wide variety of end use applications where it is desired to utilize organic peroxides,

8
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including the food industry as well as the pharmaceutical industry. For example, the
aqueous dispersion may be used as a food bleach or as a component of an anti-acne

medication.

EXAMPLES

Example 1 (Comparative)

An aqueous dispersion is prepared having the following target composition

(amounts listed are weight %):

Benzoyl Peroxide 533
Water 44.15
Gelling agent 0.5

Decaglycerol Monooleate 1.5
Crosslinking agent 0.05
Base 0.5

The surfactant used is Polyaldo 10-1-O decaglycerol monooleate (a
polyglyceryl esterified with oleic acid), supplied by Lonza. The benzoyl peroxide
used is a benzoyl peroxide/water mixture containing 75 weight % benzoyl peroxide
(thus, the actual benzoyl peroxide content of the formulation is 40 weight %). During
milling of the benzoyl peroxide to reduce the average particle size to 2 um, the
material forms a very thick paste that significantly slows the milling process. Milling
must be interrupted periodically to allow the paste to “rest” and soften sufficiently so
that milling can be resumed. This leads to very long milling times in order to mill the

benzoyl peroxide to a 2 um average particle size.

Example 2 (In accordance with the invention)

An aqueous dispersion is prepared having the following target composition

(amounts listed are weight %):

Benzoyl Peroxide 533
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Water 45.325

Gelling agent of Ex. 1 0.25

Polyglyceryl-10 Caprylate/Caprate 0.6

Crosslinking agent of Ex. 1 0.025

Base of Ex. 1 0.5

The surfactant used is Polyaldo 10-1-CC, which is described by its supplier
Lonza as “decanoic acid, mixed monoesters with decaglycerol and octanoic acid.”
The benzoyl peroxide used is a benzoyl peroxide/water mixture containing 75 weight
% benzoyl peroxide (thus, the actual benzoyl peroxide content of the formulation is
40 weight %). Unexpectedly, improved milling efficiency is afforded by the
polyglyceryl-10 caprylate/caprate surfactant as compared to the decaglycerol
monooleate surfactant. The most significant improvements are that three times less
surfactant is needed and the dispersion remains a free flowing liquid during the entire
milling process (i.e., milling does not need to be stopped periodically). Surprisingly,
the use of the polyglyceryl-10 caprylate/caprate surfactant allows a 2.5 um average
particle size to be reached twice as fast compared to when the decaglycerol
monooleate is used as the surfactant, even at the reduced level of surfactant of
Example 2. Since the product remains fluid throughout the entire process,
temperature control is much better and the danger of decomposition significantly
reduced. Due to the lower level of surfactant, less gelling agent (carrageenan) is
needed in order to stabilize the dispersion. Since less carrageenan is needed, it is

much easier to disperse homogeneously into the paste obtained by milling.

10
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What is claimed is:

1.

An aqueous dispersion comprising a) about 35% by weight or more of water-
insoluble, solid organic peroxide having an average particle size of less than
10 um and b) surfactant which is a polyglyceryl ester of one or more C6-C18
fatty acids.

The aqueous dispersion of claim 1, wherein the surfactant has an HLB value

of 12 to 18.

The aqueous dispersion of claim 1, wherein the one or more C6-C18 fatty
acids are selected from the group consisting of octanoic acid, decanoic acid,

and mixtures thereof.

The aqueous dispersion of claim 1, wherein the one or more C6-C18 fatty

acids are saturated.

The aqueous dispersion of claim 1, wherein the polyglyceryl ester of one or
more fatty acids contains a polyglycerol moiety having 8 to 12 glycerol

repeating units on average.

The aqueous dispersion of claim 1, wherein the surfactant is based on a
polyglyceryl having hydroxyl groups with from about 25% to about 60% of
the hydroxyl groups of the polyglyceryl being esterified.

. The aqueous dispersion of claim 1, wherein the surfactant is a polyglyceryl-10

caprylate/caprate.

The aqueous dispersion of claim 1, wherein the surfactant is a food grade

surfactant and/or a pharmaceutically acceptable surfactant.

The aqueous dispersion of claim 1, comprising 0.1 to 2.0 weight percent

surfactant.

11
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10.

11.

12.

13.

14.

15.

16.

17.

The aqueous dispersion of claim 1, additionally comprising a macromolecular

gelling agent.

The aqueous dispersion of claim 10, wherein the macromolecular gelling

agent crosslinks in the presence of polyvalent cations.

The aqueous dispersion of claim 10, additionally comprising base.

The aqueous dispersion of claim10, additionally comprising salt.

The aqueous dispersion of claim 1, wherein the organic peroxide is benzoyl

peroxide.

The aqueous dispersion of claim 1, wherein the organic peroxide has an

average particle size of less than 5 um.
The aqueous dispersion of claim 1, wherein the surfactant has structure (I):

(I)  R'-[CH,-CH(OR?*-CH,0],-R’
wherein the average value of n is from about 6 to about 14 and Rl, R? and R®
are each independently a C6-C18 fatty acid moiety or hydrogen, provided that
at least one of R', R? or R? is a C6-C18 fatty acid moiety.

An aqueous dispersion comprising:

g) 37.5 to 42 weight % benzoyl peroxide having an average particle size of
less than 5 pm;

h) 53.5 to 62 weight % water;

1) 0.25to 1.5 weight % gelling agent;

7 0.1 to 2.0 weight % polyglyceryl ester which contains a polyglycerol
moiety having 8§ to 12 glycerol repeating units on average which is
partially esterified with a mixture of octanoic acid and decanoic acid and
has an HLB value of 12-18;

k) 0.01 to 0.05 weight % crosslinking agent; and

D 0.25to 1.0 weight % base.

12
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18. A method of making the aqueous dispersion of claim 1, wherein the method
comprises milling an organic peroxide having an average particle size of

greater than 10 pm in water in the presence of the surfactant.

13
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