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Description

[0001] This invention is directed to an emulsifier and to a method for manufacturing a silicone oil emulsion or a
crosslinked silicone particle suspension. More particularly, it relates to (i) an emulsifier with which the particle size of
an emulsion or a suspension can be continuously adjusted, (ii) a method for manufacturing a silicone oil emulsion with
which the particle size of the emulsion can be continuously adjusted, and (iii) a method for manufacturing a crosslinked
silicone particle suspension with which the particle size of the suspension can be continuously adjusted.

[0002] Methods in which an emulsion or suspension is manufactured by using an emulsifier having a rotor that is
rotated by a motor and a stator and produces an emulsification action by shear force with the rotor are known. Also
known are (i) methods for manufacturing an emulsion of a silicone oil by emulsifying a silicone oil, an emulsifying agent,
and water in this emulsifier, as well as (ii) methods for manufacturing a suspension of crosslinked silicone particles by
emulsifying a liquid crosslinkable silicone composition, an emulsifying agent, and water in this emulsifier, to obtain an
emulsion of a liquid crosslinkable silicone composition, and then crosslinking this composition that is emulsified in water.
[0003] Accordingtosuch methods, the particle size of an emulsion or suspension is adjusted generally by (i) adjusting
the clearance between the rotor and stator, (ii) changing the type of emulsifying agent, or (iii) increasing or decreasing
the amount in which the emulsifying agent is employed.

[0004] However, in these methods for continuously adjusting the particle size of an emulsion or suspension, it was
found to be difficult to suitably adjust the clearance between the rotor and stator, and it was also difficult to change the
type of emulsifying agent. Furthermore, the problem with increasing or decreasing the emulsifying agent content was
that it decreased the stability of the resulting emulsion or suspension.

[0005] It is therefore an object of the present invention to provide an emulsifier device in which the particle size of
an emulsion or a suspension can be continuously adjusted. It is also an object of the present invention to provide (i)
a method for manufacturing a silicone oil emulsion with which the particle size of the emulsion can be continuously
adjusted, and (ii) a method for manufacturing a crosslinked silicone particle suspension with which the particle size of
the suspension can be continuously adjusted.

[0006] The present invention is directed to an emulsifier having a rotor that is rotated by a motor and a stator that
produces an emulsification action by shear force with the rotor, characterized by having an apparatus for modulating
the frequency of the input current to the motor in order to vary the rotational speed of the rotor.

[0007] The presentinventionis also directed to a method for manufacturing an emulsion of a silicone oil by emulsifying
a silicone oil, an emulsifying agent, and water, in an emulsifier having a rotor that is rotated by a motor and a stator,
that produces an emulsification action by shear force with the rotor, characterized in that the particle size of the emulsion
is adjusted by varying the rotational speed of the rotor.

[0008] The present invention is further directed to a method for manufacturing a suspension of crosslinked silicone
particles by emulsifying a liquid crosslinkable silicone composition, an emulsifying agent, and water, in an emulsifier
having a rotor that is rotated by a motor and a stator, that produces an emulsification action by shear force with the
rotor, thereby obtaining an emulsion of a liquid crosslinkable silicone composition, and then crosslinking the composition
that is emulsified in water, characterized in that the particle size of the suspension is adjusted by varying the rotational
speed of the rotor.

[0009] These and other features, objects, and advantages of the invention will become apparent from a consideration
of the detailed description.

[0010] The accompanying Figure is a pictorial representation shown partly in cross section, and a schematic diagram
of the emulsifier device of the present invention. In the single figure, 1 represents the emulsifier device generally, 2 is
the raw material supply port, 3 is a rotor, 4 is the stator, 5 is the motor, 6 is an inverter, and 7 is the finished product
discharge port.

[0011] The emulsifier device of the present invention has a rotor that is rotated by a motor and a stator that produces
an emulsification action by shear force with the rotor. The device is characterized by having an apparatus for modulating
the frequency of the input current to the motor, in order to vary the rotational speed of the rotor.

[0012] Examples of the device include a colloid mill, homomixer, and an inline mixer, with the colloid mill being pre-
ferred. The rotor may supported on the rotary shaft of the motor such that it transmits the rotation of the motor, or the
rotation of the motor may be transmitted by gears, a belt, and a chain. An apparatus termed an inverter is used as a
mechanism for modulating the frequency of the input current to the motor, in order to vary the rotational speed of the
rotor.

[0013] The inverter is able to vary the rotational speed of the motor directly by modulating the frequency of the input
current to the motor, which allows the emulsifier to be more compact. With the emulsifier of the present invention, the
particle size of an emulsion or suspension can be adjusted continuously, so it is possible to continuously prepare an
emulsion or suspension with a large particle size to an emulsion or suspension with a small particle size. In specific
terms, it is preferred for the emulsion or suspension particle diameter to be adjusted within a range of 0.1 to 500 um,
and for the volume average diameter of the particles to be within a range of 1 to 100 um.
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[0014] In the accompanying Figure, the emulsifier device 1 of the present invention includes a raw mate supply port
2 through which the raw material is supplied; a rotor 3 and a stator 4 for emulsifying the raw material; a motor 5 for
rotating the rotor 3; an inverter 6 that functions as the apparatus for modulating the frequency of the input current to
the motor 5, in order to vary the rotational speed of the motor 5; and a finished product discharge port 7 from which
the emulsified finished product is removed.

[0015] While the rotor 3 in the accompanying Figure is shown supported on the rotary shaft of the motor 5, the rotation
of the motor 5 may be transmitted to the rotor 3 by other means as noted above. An emulsifying action is produced by
the shear force in the clearance between the rotor 3 and stator 4, and it is preferred that this clearance be between 1
and 1000 um. Itis also preferred that the rotational speed of the rotor be between 1000 and 20,000 rpm. If the viscosity
of the raw material to be emulsified is over 5000 mPa-s at 25 °C, it is preferred that the rotational speed of the rotor
be between 10,000 and 20,000 rpm. If the viscosity of the raw material is no more than 5000 mPa-s at 25 °C, however,
there are no limitations on the rotational speed of the rotor, and in this case, allows for adjustment to a broader range
of particle size.

[0016] In another aspect of the invention, there is provided a method for manufacturing an emulsion or suspension
of a silicone oil by emulsifying a silicone oil, an emulsifying agent, and water, in an emulsifier having a rotor that is
rotated by a motor and a stator, and which produces an emulsification action by shear force with the rotor. The method
is characterized in that the particle size of the emulsion is adjusted by varying the rotational speed of the rotor. It is
preferred that the emulsion or suspension particle diameter be adjusted to be within a range of 0.1 to 500 um, for
example, and in particular, for the volume average diameter of these particles to be within a range of 1 to 100 um.
Some examples of means for varying the rotational speed of the rotor in the manufacturing method of the invention
include (i) methods involving modulating the frequency of the input current to the motor, in order to vary the rotational
speed of the rotor, and (ii) methods involving using a transmission to vary the speed at which the rotation of the motor
is transmitted, however, the former method (i) is preferred. An inverter can be used as the mechanism for modulating
the frequency of the input current to the motor. The inverter is able to vary the rotational speed of the motor directly by
modulating the frequency of the input current to the motor, and this feature allows the emulsifier to be more compact.
[0017] There are no particular limitations on the silicone oil used in the manufacturing method of the presentinvention.
Some examples include silicone oils with a molecular structure that is cyclic, straight chain, partially branched straight
chain, and branched chain. Particular examples of silicone oils include dimethylpolysiloxanes capped at both ends of
the molecular chain with trimethylsiloxy groups, dimethylpolysiloxanes capped at both ends of the molecular chain with
silanol groups, and cyclic dimethylsiloxanes.

[0018] In these silicone oils, some of the methyl groups may be substituted with phenyl groups, vinyl groups, 3,3,3-tri-
fluoropropyl groups, 3-aminoaryl groups, and 3-glycidoxypropy! groups. There are no particular limitations on the vis-
cosity of the silicone oil, but a range of 5 to 1,000,000 mPa-s at 25 °C is preferred, with a range of 5 to 5000 mPa's
being most preferred.

[0019] There are no particular limitations on the type of emulsifying agent used in the manufacturing method of the
present invention. Examples of cationic surfactants which can be used include primary to tertiary aliphatic amine salts,
alkyltrimethyl ammonium salts, dialkyldimethyl ammonium salts, tetraalkyl ammonium salts, trialkylbenzyl ammonium
salts, alkyl pyridinium salts, and polyethylene polyamine fatty acid amide salts.

[0020] Examples of anionic surfactants which can be used include fatty acid salts, alkylbenzene sulfonates, alkyl
sulfonates, alkyl naphthalene sulfonates, a-olefin sulfonates, dialkyl sulfosuccinates, a-sulfonated fatty acid salts,
N-acyl-N-methyllaurate, alkylsulfates, sulfated lipids, polyoxyethylene alkyl ether sulfates, polyoxyethylene alkylphenyl
ether sulfates, polyoxyethylene styrenated phenyl ether sulfates, alkylphosphates, polyoxyethylene alkyl ether phos-
phates, polyoxyethylene alkylphenyl ether phosphates, and naphthalene sulfonate formaldehyde condensates.
[0021] Examples of amphoteric surfactants which can be used include

N,N-dimethyl-N-alkyl-N-carboxymethyl ammonium betaines,

N,N-dialkylaminoalkylene carboxylates,

N,N,N-trialkyl-N-sulfoalkylene ammonium betaines,

N,N-dialkyl-N,N-bispolyoxyethylene ammonium sulfate ester betaines, and 2-alkyl-1-carboxymethyl-1-hydroxye-
thyl imidizolinium betaines.

[0022] Examples of nonionic surfactants which can be used include polyoxyethylene alkyl ethers, polyoxyethylene
alkenyl ethers, polyoxyethylene alkylphenyl ethers, polyoxyethylene polystyrylphenyl ethers, polyoxyethylene polyox-
ypropylene glycols, polyoxyethylene polyoxypropylene alkyl ethers, sorbitan fatty acid esters, glycerol fatty acid esters,
deca-glycerol fatty acid esters, polyglycerol fatty acid esters, propylene glycol pentaerythritol fatty acid esters, polyhy-
dric alcohol fatty acid partial esters, polyoxyethylene sorbitan fatty acid esters, polyoxyethylene glycerol fatty acid
esters, polyoxyethylene polyhydric alcohol fatty acid partial esters, polyoxyethylene fatty acid esters, polyglycerol fatty
acid esters, polyoxyethylenated castor oil, fatty acid diethanolamides, polyoxyethylene alkylamines, triethanolamine
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fatty acid partial esters, trialkylamine oxides, and polyoxyalkylene group containing organopolysiloxanes.

[0023] Mixtures of two or more types of these surfactants can also be employed.

[0024] The water used in the manufacturing method of the present invention can be any of a variety of types of water
including ion exchanged water.

[0025] In the manufacturing method of the present invention, the silicone oil, the emulsifying agent, and water can
each be put into the emulsifier individually, or they can first be mixed and then put into the emulsifier. In emulsifying
these components, the particle size of a continuously obtained emulsion can be adjusted by varying the rotational
speed of the rotor. As stated above, the preferred method of varying the rotational speed of the rotor is to modulate
the frequency of the input current to the motor.

[0026] There are no particular limitations on the composition of the silicone oil emulsion obtained by the manufac-
turing method of the present invention. However, it is preferred that the emulsifying agent be used in an amount of
0.05 to 100 weight parts, and that the water be used in an amount of 20 to 1000 weight parts, each based on 100
weight parts of silicone oil. In these proportions, the stability of the emulsion will be better,

More preferably, the amount of the emulsifying agent to be used should be in an amount of 0.1 to 50 weight parts, and
the water in an amount of 20 to 1000 weight parts, again each being based on 100 weight parts of silicone oil. This is
for the reason that the stability of the emulsion will be poor if the emulsifying agent content is below the above range,
and applications of the emulsion will be limited if the above range is exceeded. Also, preparation of a uniform emulsion
will be difficult if the water content is below the above range, and the stability of the emulsion will decrease if the above
range is exceeded.

[0027] An emulsion with a particle size ranging from large to extremely small can be continuously prepared by the
manufacturing method of the present invention. The silicone oil emulsion can be used as a raw material for matting
agents, defoaming agents, fiber treatment agents, and in cosmetics.

[0028] In another embodiment, the present invention includes a method for manufacturing a suspension of
crosslinked silicone particles by (i) emulsifying a liquid crosslinkable silicone composition, an emulsifying agent, and
water, in an emulsifier having a rotor that is rotated by a motor and a stator; (ii) producing an emulsification action by
shear force with the rotor; (iii) obtaining an emulsion of a liquid crosslinkable silicone composition; and (iv) crosslinking
the composition that is emulsified in water. This embodiment is also characterized in that the particle size of the sus-
pension is adjusted by varying the rotational speed of the rotor.

[0029] In this alternate embodiment, it is preferred that the suspension particle diameter be adjusted to within a range
of 0.1 to 500 um, and that the volume average diameter of the particles be within a range of 1 to 100 um. Two examples
of the means of varying the rotational speed of the rotor include (i) modulating the frequency of the input current to the
motor to vary the rotational speed of the rotor, and (ii) using a transmission to vary the speed at which the rotation of
the motor is transmitted. The former means (i) is preferred. An inverter can be used as the mechanism for modulating
the frequency of the input current to the motor. The inverter is able to vary the rotational speed of the motor directly by
modulating the frequency of the input current to the motor, and this feature allows the emulsifier to be more compact.
[0030] There are no particular limitations on the liquid crosslinkable silicone composition used in the manufacturing
method of this embodiment of the present invention. Some examples include liquid crosslinkable silicone compositions
crosslinked by a hydrosilylation reaction, liquid crosslinkable silicone compositions crosslinked by a condensation re-
action, liquid crosslinkable silicone compositions crosslinked by ultraviolet irradiation, and liquid crosslinkable silicone
compositions crosslinked by an organic peroxide. Liquid crosslinkable silicone compositions crosslinked by a hydros-
ilylation reaction or by a condensation reaction are most preferred. While there are no particular limitations on the
viscosity of the liquid crosslinkable silicone composition, it is preferred it be in the range of 5 to 1,000,000 mPa-s at 25
°C , most preferably in the range of 5 to 5000 mPa-s.

[0031] An example of a silicone composition that can be crosslinked by a hydrosilylation reaction and used in the
manufacturing method of the present invention is one composed of at least one (i) organopolysiloxane having two or
more alkenyl groups per molecule, an (ii) organopolysiloxane having two or more silicon atom bonded hydrogen atoms
per molecule, and (iii) a hydrosilylation reaction catalyst. Alkenyl groups in organopolysiloxane (i) include the vinyl
group, allyl group, pentenyl group, and hexenyl group, with the vinyl group being preferred. Organopolysiloxane (i)
may contain groups bonded to silicon atoms other than the alkenyl groups such as the methyl group, ethyl group,
propyl group, butyl group, or other alkyl group; the cyclopentyl group, cyclohexyl group, or other cycloalkyl group; the
phenyl group, tolyl group, xylyl group, or other aryl group; the benzyl group, phenethyl group, 3-phenylpropyl group,
or other aralkyl group; the 3-chloropropyl group, 3,3,3-trifluoropropyl group, or other halogen substituted hydrocarbon
group; and other monovalent hydrocarbon groups. Its molecular structure includes linear, cyclic, reticulated, and par-
tially branched linear structures, but to form elastomeric crosslinked silicone particles, the linear or partially branched
linear structure is preferred. There are no particular limitations on the viscosity of organopolysiloxane (i) provided it
allows the crosslinkable silicone composition to be dispersed in water. A range of 20 to 100,000 mPa's at 25 °C is
preferred, with a range of 20 to 10,000 mPa-s being most preferred.

[0032] Examples of groups bonded to silicon atoms other than hydrogen in organopolysiloxane (ii) include the same
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monovalent hydrocarbon groups as listed above. Examples of the molecular structure of organopolysiloxane (ii) include
linear, cyclic, reticulated, and partially branched linear structures. There are no particular limitations on the viscosity
of organopolysiloxane (ii) provided it allows the crosslinkable silicone composition to be dispersed in water. A range
of 1 to 10,000 mPa-s at 25 °C is preferred however.

[0033] The amount of organopolysiloxane (ii) used to prepare the crosslinkable silicone composition should be suf-
ficient to crosslink the composition, and is preferably between 0.3 and 200 weight parts per 100 weight parts of orga-
nopolysiloxane (i).

[0034] A catalyst is required in the hydrosilylation reaction, and the catalyst serves to promote the crosslinking re-
action of the crosslinkable silicone composition. Preferably, the catalyst is platinum-based, and some examples include
chloroplatinic acid, an alcohol solution of chloroplatinic acid, an olefin complex of platinum, an alkenylsiloxane complex
of platinum, platinum black, and platinum carried on silica. In the manufacturing method of the invention, the crosslink-
able silicone composition into which the hdrosilylation reaction catalyst has been added can be dispersed in water, or
the crosslinkable silicone composition excluding the catalyst may be dispersed in water and then added to the water,
which in either case allows the crosslinkable silicone composition containing the catalyst to be prepared in water.
[0035] Inthisregard, itis preferred to use an aqueous dispersion containing the hydrosilylation reaction catalyst with
an average particle diameter of 1 um or less. The amount of catalyst used in the crosslinkable silicone composition
should be sufficient to promote the crosslinking reaction of the crosslinkable silicone composition. For a platinum-based
catalyst, the amount of platinum metal in the catalyst should be between 1 x 107 and 1 x 10-3 weight parts per 100
weight parts of organopolysiloxane (i).

[0036] Itis also possible to employ silicone compositions that can be crosslinked by a condensation reaction, and a
suitable composition that can be used in the manufacturing method of the invention is one composed of (i) at least one
organopolysiloxane having two or more hydroxyl groups, alkoxy groups, oxime groups, acetoxy groups, aminooxy
groups, or other such hydrolyzable groups, which are bonded to silicon atoms in the molecule, (ii) a silane based
crosslinking agent having three or more alkoxy groups, oxime groups, acetoxy groups, aminooxy groups, or other such
hydrolyzable groups, bonded to silicon atoms in the molecule, and (iii) a condensation reaction catalyst such as an
organotin or organotitanium compound.

[0037] Examples of alkoxy groups in organopolysiloxane (i) include the methoxy group, ethoxy group, and methox-
yethoxy group. Examples of oxime groups include the dimethyl ketoxime group and the methyl ethyl ketoxime group.
Examples of some other types of groups which can be bonded to silicon atoms in organopolysiloxane (i) include the
methyl group, ethyl group, propyl group, butyl group, and other alkyl groups; the cyclopentyl group, cyclohexyl group,
and other cycloalkyl groups; the vinyl group, allyl group, butenyl group, pentenyl group, and hexenyl group; the phenyl
group, tolyl group, xylyl group, and other aryl groups; the benzyl group, phenethyl group, 3-phenylpropyl group, and
other aralkyl groups; the 3-chloropropyl group, 3,3,3-trifluoropropyl group, and other halogen substituted hydrocarbon
groups.

[0038] The molecular structure of organopolysiloxane (i) can be linear, cyclic, reticulated, or it can be partially
branched linear. However, to form elastomeric crosslinked silicone particles, a linear or partially branched linear struc-
ture is preferred. There are no particular limitations on the viscosity of organopolysiloxane (i) provided it allows the
crosslinkable silicone composition to be dispersed in water. A range of 20 to 100,000 mPa-s at 25 °C is preferred, while
a range of 20 to 10,000 mPa-s is most preferred.

[0039] The alkoxy groups and the oxime groups in the silane based crosslinking agent (ii) are the same as the groups
noted above. Some examples of suitable silane based crosslinking agents (ii) are methyltrimethoxysilane, vinyltrimeth-
oxysilane, methyltrioximesilane, and vinyltrioximesilane. The amount of silane based crosslinking agent (ii) in the
crosslinkable silicone composition should be sufficient to crosslink the composition, and is preferably between 0.3 and
200 weight parts per 100 weight parts of organopolysiloxane (i).

[0040] The condensation reaction catalyst, i.e., the organotin or organotitanium compound, promotes the crosslinking
reaction of the crosslinkable silicone composition, and some representative examples include dibutyltin dilaurate, dib-
utyltin diacetate, tin octenoate, dibutyltin dioctoate, tin laurate, tetrabutyl titanate, tetrapropyl titanate, and dibutoxybis-
ethyl acetate. The amount of condensation reaction catalyst used in the crosslinkable silicone composition should be
sufficient to crosslink the composition, and is preferably between 0.01 and 5 weight parts per 100 weight parts of
organopolysiloxane (i), with a range of 0.05 to 2 weight parts being most preferred.

[0041] A filler may be included in the crosslinkable silicone composition as an optional component for adjusting the
fluidity of the composition or for increasing the mechanical strength of the crosslinked silicone particles obtained. Some
examples of fillers include precipitated silica, fumed silica, baked silica, fumed titanium oxide, and other such reinforcing
fillers; pulverized quartz, diatomaceous earth, aluminosilicic acid, iron oxide, zinc oxide, calcium carbonate, and other
such non-reinforcing fillers. If desired, the filler can be one which has been surface treated with hexamethylsilazane,
trimethylchlorosilane, polydimethylsiloxane, polymethylhydrogensiloxane, or other organosilicon compound.

[0042] There are no particular limitations on the emulsifying agent used in the manufacturing method provided it
does not hinder the crosslinking reaction of the liquid crosslinkable silicone composition. Nonionic surfactants which
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can be used include polyoxyethylene alkyl ethers, polyoxyethylene polyoxypropylene alkyl ethers, polyoxyethylene
alkylphenyl ethers, polyethylene glycol fatty acid esters, sorbitan fatty acid esters, polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene sorbitol fatty acid esters, glycerol fatty acid esters, polyoxyethylene glycerol fatty acid esters,
polyglycerol fatty acid esters, propylene glycol fatty acid esters, polyethylene glycol, polypropylene glycol, and ethylene
oxide adducts of diethylene glycol trimethylnonanol.

[0043] Some examples of anionic surfactants which can be used are hexylbenzene sulfonic acid, octylbenzene sul-
fonic acid, decylbenzene sulfonic acid, dodecylbenzene sulfonic acid, cetylbenzene sulfonic acid, myristylbenzene
sulfonic acid, and the sodium salts of such anionic surfactants. Suitable cationic surfactants include octyltrimethyl
ammonium hydroxide, dodecyltrimethyl ammonium hydroxide, hexadecyltrimethyl ammonium hydroxide, octyldimeth-
ylbenzyl ammonium hydroxide, decyldimethylbenzyl ammonium hydroxide, dioctadecyldimethyl ammonium hydroxide,
tallow trimethyl ammonium hydroxide, and palm oil trimethyl ammonium hydroxide. Mixtures of two or more of these
types of surfactants can also be employed. Nonionic surfactants are the most preferred.

[0044] Again, the water used can be any of a variety of types of water including ion exchanged water.

[0045] According to this embodiment of the invention, the liquid crosslinkable silicone composition, the emulsifying
agent, and water can each be placed in the emulsifier individually, or the components can first be mixed and then
placed in the device. It is preferred that the liquid crosslinkable silicone composition first be cooled to 5 °C or less to
suppress the crosslinking reaction until the composition is emulsified. More preferred ranges are between -60 °C and
+5 °C or between -30 °C and 0 °C.

[0046] If the silicone composition is crosslinked by a hydrosilylation reaction, the crosslinkable silicone composition
excluding the hydrosilylation reaction catalyst may be emulsified, and the hydrosilylation reaction catalyst can then be
added to the emulsion, in which case, the hydrosilylation reaction catalyst should be added as a dispersion with an
average particle size of 1 um or less.

[0047] In emulsifying these components, the particle size of the emulsion of the liquid crosslinkable silicone compo-
sition can continuously be adjusted by varying the rotational speed of the rotor, and this in turn allows the particle size
of a suspension of crosslinked silicone particles to be adjusted. As explained above, modulating the frequency of the
input current to the motor is the preferred method of varying the rotational speed of the rotor. A suspension of crosslinked
silicone particles can then be prepared by simply leaving the resulting emulsion of liquid crosslinkable silicone com-
position at room temperature, heating the suspension, or placing it in a hot water bath, to crosslink the liquid crosslink-
able silicone composition emulsified in water. The resulting crosslinked silicone particles should have an elastomeric
form such as rubber or gel.

[0048] There are no particular limitations on the composition of the crosslinked silicone particle suspension, but
because the stability of the emulsion is better, it is preferred that the emulsifying agent be used in an amount of 0.05
to 100 weight parts, and water in an amount of 20 to 1000 weight parts, each per 100 weight parts of silicone oil. More
preferred ranges are 0.1 to 50 weight parts and 20 to 1000 weight parts, respectively. These ranges should be employed
because the stability of the suspension will be poor if the emulsifying agent content is below these ranges, and the use
of the suspension will be limited if the ranges are exceeded. In addition, preparation of a uniform suspension is difficult
if the water content is below the ranges, and the stability of the suspension decreases if the ranges are exceeded.
[0049] An emulsion with particle size ranging from large to extremely small can be continuously prepared by the
method according to this invention. It can be used as a raw material for matting agents, defoaming agents, fiber treating
agents, and in cosmetic applications.

WORKING EXAMPLES

[0050] The following working examples are set forth to illustrate the emulsifier device and method of manufacturing
a silicone oil emulsions or crosslinked silicone particle suspensions according to this invention. In the examples, vis-
cosity is the value determined at 25 °C, and the emulsifier device was a type 2F Colloid Mill manufactured by Manton
Gaulin in which an inverter, i.e., current frequency modulator, was added to the motor. The rotational speed in revolu-
tions per minute (rpm) of the rotor of the Colloid Mill is the equivalent of about 330 times the frequency of the input
current to the motor. The clearance between the rotor and the stator was in graduations of 25.4 um (0.001 inch).

Volume Average Particle Size of Emulsion or Suspension

[0051] The particle size of the silicone oil emulsion and the particle size of the crosslinked silicone particle suspension
were measured using a laser diffraction particle size distribution meter Model LA-500 manufactured by Horiba. A median
diameter was obtained which was is a particle diameter corresponding to 50 % of the cumulative distribution, and this
value was used as the volume average particle size.
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Gel Proportion of Aqueous Dispersion

[0052] 200 g of the crosslinked silicone particle suspension was passed through a 200 mesh screen, and the pro-
portion of crosslinked silicone particles remaining on the screen with respect to the total crosslinked silicone particles
was used as the weight percentage.

Working Example 1

[0053] 96 weight parts of a dimethylvinylsiloxy terminated polydimethylsiloxane with a viscosity of 400 mPa-s, 4
weight parts of a trimethylsiloxy terminated polydimethylhydrogen siloxane with a silicon atom bonded hydrogen atom
content of 1.5 weight percent and viscosity of 20 mPa-s, and 7 weight parts of a trimethylsiloxy terminated polydimeth-
ylsiloxane with a viscosity of 20 mPa-s, were mixed and cooled to -5 °C. A liquid silicone rubber composition with a
viscosity of 300 mPa-s. was prepared by uniformly mixing into this mixture an isopropyl alcohol solution of chloroplatinic
acid. It was added in an amount such that platinum metal atoms in the alcohol solution accounted for 20 ppm weight
units with respect to the dimethylvinylsiloxy terminated polydimethylsiloxane.

[0054] The liquid silicone rubber composition was allowed to stand at room temperature for 1 day. The Type A Du-
rometer Hardness of the silicone rubber was measured according to Japanese Industrial Standard JIS K 6253 and
determined to be 29.

[0055] The total amount of the liquid silicone rubber composition was then mixed with 60 weight parts of an aqueous
solution of 1.5 weight percent of polyoxyethylene nonylphenyl ether with an HLB of 13.1. The mixture was emulsified
in a colloid mill using three graduations of clearance, in which the frequency of the input current to the motor was 20
Hz, 30 Hz, 40 Hz, and 50 Hz, respectively. Accordingly, four different liquid silicone rubber composition emulsions were
prepared. Their characteristics are set forth in Table 1. The emulsions were allowed to stand for 1 day at room tem-
perature to cure the liquid silicone rubber composition and prepare silicone rubber particle suspensions. Their char-
acteristics are also set forth in Table 1.

Comparative Example

[0056] Working Example 1 was repeated in all respects, except that a Colloid Mill without an inverter was used in
which the frequency of input current to the motor remained at 50 Hz. The clearance graduations were also changed
to 10. Characteristics of the emulsion are set forth in Table 1. The emulsion was allowed to stand for 1 day at room
temperature to cure the liquid silicone rubber composition and prepare a silicone rubber particle suspension. Its char-
acteristics are also set forth in Table 1.

TABLE 1

Working Examples Comparative Example
Rotational speed of rotor, rpm 6600 9900 13,200 | 16,500 | 16,500
Volume average particle size, um 12.3 10.5 7.8 3.4 4.1
Emulsion 12.7 11.1 8.0 3.6 4.3
Suspension
200 mesh 0.3 0.2 0.2 0.2 0.3
remainder, wt %

[0057] In Table 1, it can be seen that by using the emulsifier device according to this invention, that the particle size
of an emulsion or a suspension can be adjusted continuously, and that anything from an emulsion or a suspension
with a large particle size to an emulsion or a suspension with an extremely small particle size can be manufactured
continuously.

Claims
1. Anemulsifying device for producing an emulsification action including a rotor (3) rotated by a motor (5) and a stator
(4) for producing the emulsification action by shear force with the rotor, characterised in that the device comprises

means (6) for modulating the frequency of input current to the motor for varying the rotational speed of the rotor.

2. An emulsifying device according to Claim 1 which is a colloid mill.
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A method for manufacturing emulsions of silicone oils comprising (i) emulsifying a silicone oil, an emulsifying agent
and water, in an emulsifier device (1) having a rotor (3) rotated by a motor (5), and a stator (4) for producing an
emulsification action by shear force with the rotor (3), and (ii) continuously adjusting the particle size of the silicone
oil in the emulsion by varying the rotational speed of the rotor during manufacture of the silicone oil emulsion.

A method according to Claim 3 which comprises varying the rotational speed of the rotor by modulating the fre-
quency of the input current to the motor.

A method according to Claim 3 or 4, in which the emulsion comprises 100 weight parts of the silicone oil, 0.05 to
100 weight parts of the emulsifying agent, and 20 to 1000 weight parts of water.

A method for manufacturing a suspension of crosslinked silicone particles comprising (i) emulsifying a liquid
crosslinkable silicone composition, an emulsifying agent and water, in an emulsifier device (1) having a rotor (3)
rotated by a motor (5), and a stator (4) for producing an emulsification action by shear force with the rotor (3), (ii)
first forming an emulsion of the liquid crosslinkable silicone composition, (iii) crosslinking the liquid crosslinkable
silicone composition to form crosslinked silicone particles, and then (iv) forming a suspension of the crosslinked
silicone particles by continuously adjusting the particle size of the crosslinked silicone particles in the suspension
by varying the rotational speed of the rotor (3).

A method according to Claim 6, which comprises varying the rotational speed of the rotor by modulating the fre-
quency of the input current to the motor.

A method according to Claim 6 or 7, in which the emulsion comprises 100 weight parts of the liquid crosslinkable
silicone composition, 0.05 to 100 weight parts of the emulsifying agent, and 20 to 1000 weight parts of water.

A method according to any of Claims 6 to 8, in which the crosslinked silicone particles are crosslinked by hydros-
ilylation or condensation reactions.

10. A method according to any of Claims 6 to 9, in which the crosslinked silicone particles are elastomeric particles.
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