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The present invention relates to a method for
the preparation of a powder mixture that is com-
posed of cured silicone microparticles and inor-
ganic microparticles (hereinafter also referred to as
a CSM/IM powder mixture).

s
Cured silicone microparticles are used, for ex-

ample, as surface lubricants for organic resin films
and as internal stress-relieving agents for ther-
mosetting resins. In one method known for the
preparation of cured silicone microparticles, a w
water-based suspension of cured silicone micropar-
ticles is prepared by curing a curable liquid silicone
composition while said composition is emulsified in
water (refer to Japanese Patent Application Laid
Open Number Sho 63-77942 (77,942/1988), Japa- ;5
nese Patent Application Laid Open Number Sho
64-70558 (70.558/1989), and Japanese Patent Ap-
plication Laid Open Number Sho 63-309565
(309,565/1988)). In this method, however, there is a
strong tendency for the cured silicone micropar- 20
tides to aggregate or agglomerate during removal
of the water from the water-based suspension of
the cured silicone microparticles. As a result a
drawback to this method is the formation of ag-
gregates among the primary cured silicone micro- 25
particles. This type of cured silicone micropowder
has heretofore been blended into organic resins by
for example, the following methods:

(a) the cured silicone microparticles are re-com-
minuted and blended into the organic resin; 30
(b) a homogeneous powder mixture is first pre-
pared by mixing the cured silicone micropar-
ticles with inorganic microparticles that are also
to be blended into the organic resin, and this
powder mixture is subsequently blended into the 35
organic resin.

These methods for blending the prior cured sili-
cone micropowders into organic resins have re-
quired either a device for re-comminuting the cured
silicone microparticles or a mixing device for the «
purpose of preliminarily mixing the cured silicone
microparticles and inorganic microparticles More-
over, substantial time and labor inputs have been
required in order to obtain a homogeneous mixture
of the cured silicone microparticles and inorganic 45
microparticles.

The present patent applicant has already pro-
posed a method for preparing a cured silicone
microparticle whose surface is coated with inor-
ganic microparticles (refer to.Japanese Patent Ap- so
plication Number Hei 3-151099. The cured silicone
microparticles afforded by the preparative method
proposed in Japanese Patent Application Number
He. 3-151099 do in fact have an excellent flowabil-
ity. However, because inorganic microparticles ss
blanket the surface of this cured silicone micropar-
ticle, the blends of such a product with organic
resins can suffer from an attenuated interaction

between the cured silicone and organic resin.
The present invention takes as its object the

introduction of a highly productive method for the
preparation of a uniform powder mixture composed
of cured silicone microparticles and inorganic
microparticles wherein the powder mixture obtained
thereby is highly dispersible in organic resins
Thus, the present invention relates to a method for
the preparation of a powder mixture composed of
cured silicone microparticles and inorganic micro-
particles wherein said method is characterized by
removing the water from a water-based suspension
of a powder mixture that is composed of

(A) cured silicone microparticles having an aver-
age particle diameter of 0.1 to 200 micrometers-
(B) inorganic microparticles having an average
particle diameter of 0.1 to 200 micrometers; and
optionally,

(C) surfactant.

The cured silicone microparticles constituting
the component (A) of the preparative method of the
present invention comprise the microparticles of a
cured silicone gel, rubber, or resin having an aver-
age particle diameter of 0.1 to 200 micrometers
preferably 0.1 to 100 micrometers. For the pur-
poses of the present invention, the average particle
diameter or size is a number average which may
be obtained, e.g., with a computerized image pro-
cessor. The physical properties of component (A)
are not specifically restricted, and they should be
selected as appropriate for the particular applica-
tion. The content of component (A) in the water-
based suspension used in the preparative method
of the present invention is not specifically restricted
as long as the water-based suspension of the pow-
der mixture retains fluidity. In specific terms, the
component (A) content will be 0.1 to 90 weight%
and preferably is 0.1 to 50 weight%.

The cured silicone microparticles comprising
component (A) can be prepared by the micropar-
ticulation of a curable liquid silicone (preferably
polydimethylsiloxane) composition in water or air
followed by curing of the composition in this state.
Curable liquid silicone compositions operable for
this purpose are specifically but nonexhaustivelv
exemplified as follows:

(i) organoperoxide-curing liquid silicone compo-
sitions composed of (a) alkenyl-containing or-
ganopolysiloxane and (b) organoperoxide;
(it) addition reaction-curing liquid silicone com-
positions composed of (a

1

) organopolysiloxane
having at least 2 alkenyl groups in each mol-
ecule, (b') organopolysiloxane having at least 2
silicon-bonded hydrogen atoms in each mol-
ecule, and (c') platinum group metal compound-
On) condensation reaction-curing liquid silicone
compositions composed of (a") silanol-endbloc-
ked diorganopolysiloxane, (b") organopolysilox-
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ane having at least 2 silicon-bonded hydrogen

atoms in each molecule, and (c") organotin

compound; and

(iv) condensation reaction-curing liquid silicone

compositions composed of (a"
1

) silanol-endbloc-

ked diorganopolysiloxane, (b'") hydrolyzable or-

ganosilane, and (c"') organotin compound or

titanate ester.

These compositions may optionally contain rein-

forcing filler, extender filler, pigments, plasticizers,

thermal stabilizers, and so forth.

The inorganic microparticle comprising the

component (B) in the preparative method of the

present invention should have an average particle

diameter of 0.1 to 200 micrometers and preferably

has an average particle diameter in the range of

0.1 to 100 micrometers. In a particularly preferred

embodiment, the average particle diameter of com-
ponent (B) is approximately equal to the average

particle diameter of component (A), i.e., average

particle diameter of component (B)/average particle

diameter of component (A) = 0.1 to 10. This

condition affords a powder mixture with a particu-

larly good flowability. Component (B) generally en-

compasses the inorganic microparticles known for

addition to organic resins as fillers, but is not

otherwise restricted in scope. Component (B) is

specifically, but nonexhaustively, exemplified by

the microparticulate forms of metal salts, such as

precipitated calcium carbonate, heavy calcium car-

bonate, barium carbonate, magnesium carbonate,

etc.; metal hydroxides, such as aluminum hydrox-

ide, magnesium hydroxide, etc.; metal oxides, such

as zirconium oxide, rutile titanium oxide, anatase

titanium oxide, lead oxide (litharge, etc.), zinc ox-

ide, zinc white, magnesium oxide, iron oxide

(ferrite, iron oxide red, etc.), antimony oxide, etc.;

natural silicic acids and silicates, such as aluminum

silicate (zeolites, kaolinite, calcined clay, pyrophyl-

lite, sericite, etc.), magnesium silicate, talc, calcium

silicate (wollastonite, etc.), silicic acid

(diatomaceous earth, silica sand, quartzite powder,

etc.), etc.; synthetic anhydrous silicic acids and

silicates, such as hydrated calcium silicate, hy-

drated aluminum silicate, anhydrous silicic acid

(fumed silica, wet-method silica, etc.), etc.; nitrides,

such as carbon nitride, boron nitride, silicon nitride,

etc.; titanates, such as barium titanate, potassium

titanate, etc.; as well as gypsum, slag, asbestos,

carbon black, glass balloons, shirasu (i.e., volcanic

ash) balloons, fly ash balloons, molybdenum disul-

fide, etc. The content of component (B) in the

preparative method of the present invention is not

specifically restricted as long as the water-based

suspension of the powder mixture retains fluidity. In

specific terms, the component (B) content should

be 0.05 to 500 weight parts and preferably is 0.1 to

100 weight parts per 100 weight parts component

(A).

The procedure for producing the water-based

suspension of the CSM/IM powder mixture accord-

ing to the present invention is nonexhaustively ex-

5 emplified as follows:

(i) a water-based emulsion of a curable liquid

silicone composition is first prepared, the in-

organic micropowder is added, and the com-
position is then cured;

70 (ii) a water-based emulsion of a curable liquid

silicone composition is first prepared, the com-
position is then Gured, and the inorganic micro-

powder is subsequently added;

(iii) a water-based suspension of the inorganic

15 micropowder is first prepared, a curable liquid

silicone composition is then added, and this

composition is subsequently dispersed and then

cured;

(iv) a water-based emulsion of a curable liquid

20 silicone composition and an inorganic micro-

powder is first prepared and the composition is

then cured.

The water-based emulsion of a curable liquid

silicone composition can be prepared by methods

25 already known in the art. A specific example in this

regard consists of preparation using an emulsifying

device such as an homogenizer, colloid mill, etc.

j In the preparative method according to the

present invention, a surfactant (C) is preferably

30 added during preparation of the water-based emul-

sion of the curable liquid silicone composition since

this imparts an excellent stability to the water-

based emulsion of the curable liquid silicone com-
position and also makes possible smaller particle

35 sizes for the curable liquid silicone composition in

the emulsion. Operable surfactants comprising

component (C) are specifically exemplified by non-

ionic surfactants, such as polyoxyaikylene alkyl

ethers, polyoxyaikylene alkylphenyl ethers, polyox-

40 yalkylene alkyl esters, polyoxyaikylene sorbitan es-

ters, polyethylene glycols, polypropylene glycols,

diethylene glycol, ethylene oxide adducts of

trimethylnonanol, etc.; anionic surfactants such as

hexylbenzenesuifonic acid, octylbenzenesulfonic

45 acid, decylbenzenesulfonic acid, dodecylben-

zenesulfonic acid, cetylbenzenesulfonic acid,

myristylbenzenesulfonic acid, sodium salts of the

preceding, etc.; and cation ic surfactants, such as

octyltrimethylammonium hydroxide, dodecyl-

50 trimethylammonium hydroxide, hexadecyl-

trimethylammonium hydroxide, octyldimethylben-

zylammonium hydroxide, decyldimethylbenzyl-am-

monium hydroxide, dioctadecyldimethylammonium

hydroxide, beef tallow trimethylammonium hydrox-

55 ide, cocotrimethylammonium hydroxide, etc. These
may be used individually or in combinations of two

or more. A particularly preferred component (C)

consists of the combination of two nonionic surfac-

3
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tants in which the HLB value of one of the nonionic
surfactants is less than 10 while the HLB value of
the other is at least 10 and the difference in their
HLB values is at least 5. The use of such a
component (C) makes possible even further reduc- 5
tions in the average particle diameter of the cured
silicone microparticles.

The preparative method of the present inven-
tion is characterized by the production of a homo-
geneous CSM/IM powder mixture through the re- 10
moval of the water from the water-based suspen-
sion of the CSM/IM powder mixture. The actual
technique for removing the water from the water-
based suspension of the CSM/IM powder mixture
is specifically but nonexhaustively exemplified by 15
(») drying the water-based suspension of the
CSM/IM powder mixture in an oven, (ii) drying the
suspension in a spray drier, etc.

Contemplated applications for the homoge-
neous CSM/IM powder mixture afforded by the 20
preparative method of the present invention are as
a powder for addition to paints and coatings and as
a powder for use in cosmetics.

Examples

The present invention will be explained in
greater detail through illustrative examples. The
viscosity values reported in the examples were
measured at25'C.

Example 1

A curable liquid silicone composition was pre-
pared by mixing the following to homogeneity: 50
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 cen-
tipoise, 1.5 weight parts trimethylsiloxy-endblocked
methylhydrogenpolysiloxane with a viscosity of 20
centipoise, 7.5 x 10"3 weight parts tetramethyl-
tetravinylcyclotetrasiloxane, and sufficient
isopropanolic chloroplatinic acid solution to give
120 ppm platinum metal based on the total silox-
ane weight. To this curable liquid silicone composi-
tion was added 0.5 weight parts polyoxyethylene
nonylphenyl ether (HLB value = 5.7). Into the
resulting mixture was dripped an aqueous solution
prepared from 2 weight parts polyoxyethylene oc-
tylphenyl ether (HLB value = 18.1) and 10 weight
parts pure water. This aqueous solution was
dripped into the mixture over approximately 5 min-
utes with stirring. After then stirring at 600 rpm for
approximately 1 hour, the product was passed
through a colloid mill to give an emulsion This
emulsion was subsequently introduced into pure
water to obtain 15 weight% solids in the emulsion
thereby affording a homogeneous water-based
emulsion of the curable liquid silicone composition

A water-based suspension of silicone micropar-
ticles was prepared by heating the emulsion for 20
minutes at 70 -C in order to cure the curable liquid
silicone composition. A sample was taken from this
water-based silicone microparticle suspension, and
the water was removed from this sample at room
temperature. The silicone microparticles had a
maximum particle diameter of 5 micrometers and
an average particle diameter of 1 micrometer.

The water-based suspension of a powder mix-
ture was prepared by the addition of 15 weight
parts talc micropowder (average particle diameter
= 1.8 micrometers) to 100 weight parts of the
above water-based silicone microparticle suspen-
sion with stirring at 300 rpm for approximately 30
minutes. This water-based powder mixture suspen-
sion was dried using a spray drier to yield a highly
flowable silicone microparticle/talc microparticle
powder mixture. Scanning electron micrographs of
this powder mixture demonstrated that silicone
microparticle aggregates were absent and that the
silicone microparticles and talc microparticles were
homogeneously mixed.

25 Application Example 1

A liquid epoxy resin composition was prepared
by mixing 10 weight parts of the powder mixture
prepared in Example 1 with 90 weight parts of a

so liquid epoxy resin composition that was curable by
heating for 1 hour at 150-C. It was observed that
the powder mixture could be very easily mixed into
the liquid epoxy resin composition and that the
powder mixture became very intimately and ho-

35 mogeneously dispersed into the liquid epoxy resin
composition. The resulting liquid epoxy resin com-
position was coated on an aluminum plate and
cured by heating for 1 hour at 150'C. The post-
cure film thickness was 80 micrometers, and the

40 surface of this film was uniform and smooth

Comparison Example 1

A curable liquid silicone composition was pro-
's pared by mixing the following to homogeneity: 50

weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 cen-
tipoise, 1.5 weight parts trimethylsiloxy-endblocked
methylhydrogenpolysiloxane with a viscosity of 20

so centipoise, 7.5 x 10-3 weight parts tetramethyl-
tetravinylcyclotetrasiloxane, and sufficient
isopropanolic chloroplatinic acid solution to give
120 ppm platinum metal based on the total silox-
ane weight. To this curable liquid silicone composi-

55 tion was added 0.5 weight parts polyoxyethylene
nonylphenyl ether (HLB value = 5.7). Into the
resulting mixture was dripped an aqueous solution
prepared from 2 weight parts polyoxyethylene oc-

4
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tylphenyl ether (HLB value = 18.1) and 10 weight

parts pure water. This aqueous solution was
dripped into the mixture over approximately 5 min-

utes with stirring. After stirring at 600 rpm for

approximately 1 hour, the product was passed

through a colloid mill to give an emulsion. This

emulsion was subsequently introduced into pure

water to obtain 15 weight% solids in the emulsion,

thereby affording a homogeneous water-based

emulsion of the curable liquid silicone composition.

A water-based suspension of silicone micropar-

ticles was prepared by heating the emulsion for 20

minutes at 70 ' C in order to cure the curable liquid

silicone composition.

This water-based silicone microparticle suspen-

sion was dried using a spray drier. The resulting

silicone microparticles had a maximum particle di-

ameter of 5 micrometers and an average particle

diameter of 1 micrometer and were partially ag-

gregated. Fifteen weight parts of this silicone

micropowder and 15 weight parts talc micropowder

(average particle diameter = 1.8 micrometers)

were mixed for 12 hours using a motorized orbiting

mortar-and-pestle mixer to yield a silicone

microparticle/talc microparticle powder mixture.

Scanning electron micrographs of this powder mix-

ture demonstrated that the silicone microparticles

were partially aggregated and that the silicone

microparticles and talc microparticles were not uni-

formly mixed.

A liquid epoxy resin composition was prepared

by mixing 10 weight parts of this powder mixture

with 90 weight parts of a liquid epoxy resin com-
position that was curable by heating for 1 hour at

150°C. This powder mixture was very difficult to

mix into the liquid epoxy resin composition and,

moreover, became only coarsely dispersed in the

liquid epoxy resin composition. The resulting liquid

epoxy resin composition was coated on an alu-

minum plate and cured by heating for 1 hour at

150*C. The post-cure film thickness was 80 mi-

crometers. Inspection of this film revealed the pres-

ence of silicone microparticle aggregates on the

surface of the film.

Example 2

A curable liquid silicone composition was pre-

pared from 50 weight parts hydroxyl-endblocked

dimethylpolysiloxane with a viscosity of 40 cen-

tipoise, 5.0 weight parts trimethylsiloxy-endblocked

methylhydrogenpolysiloxane with a viscosity of 20

centipoise, and 0.25 weight parts dibutyltin dioc-

toate. To this was added 0.5 weight parts polyox-

yethylene nonylphenyl ether with HLB = 5.7. Into

the resulting mixture was dripped an aqueous solu-

tion prepared from 2 weight parts polyoxyethylene

octylphenyl ether (HLB value = 18.1) and 10

weight parts pure water. This aqueous solution was
dripped into the mixture over approximately 5 min-

utes with stirring. After stirring at 600 rpm for

approximately 1 hour, the product was run through

5 a colloid mill and subsequently introduced into

pure water to obtain 15 weight% solids in the

emulsion. The final product was a homogeneous
water-based emulsion of the curable liquid silicone

composition. A water-based suspension of silicone

10 microparticles was prepared by heating the emul-

sion for 20 minutes at 70 °C in order to cure the

curable liquid silicone composition. A sample was
taken from this water-based silicone microparticle

suspension, and the water was removed from this

15 sample at room temperature. The silicone micro-

particles had a maximum particle diameter of 5
micrometers and an average particle diameter of 1

micrometer.

A homogeneous water-based powder mixture

20 suspension was obtained by the addition of 15
weight parts mica microparticles (average particle

diameter = approximately 8 micrometers) to 100
weight parts of this water-based silicone micropar-

ticle suspension with stirring at 300 rpm for ap-

25 proximately 30 minutes. This water-based powder
mixture suspension was dried in a spray drier to

yield a highly flowable silicone microparticie/mica

microparticle powder mixture.

30 Application Example 2

A liquid epoxy resin composition was prepared

by mixing 10 weight parts of the powder mixture

prepared in Example 2 with 90 weight parts of a

35 liquid epoxy resin composition that was curable by
heating for 1 hour at 150°C. It was observed that

this powder mixture could be very easily mixed
into the liquid epoxy resin composition and that the

powder mixture became very intimately and ho-

40 mogeneously dispersed into the liquid epoxy resin

composition. The resulting liquid epoxy resin com-
position was coated on an aluminum plate and

cured by heating for 1 hour at 150*C. The post-

cure film thickness was 80 micrometers, and the

45 surface of this film was uniform and smooth.

Comparison Example 2

A curable liquid silicone composition was pre-

50 pared fron-. 50 weight parts hydroxyl-endblocked

dimethylpolysiloxane with a viscosity of 40 cen-

tipoise, 5.0 weight parts trimethylsiloxy-endblocked

methylhydrogenpolysiloxane with a viscosity of 20
centipoise, and 0.25 weight parts dibutyltin dioc-

55 toate. To this was added 0.5 weight parts polyox-

yethylene nonylphenyl ether (HLB value = 5.7).

Into the resulting mixture was dripped an aqueous
solution prepared from 2 weight parts polyox-

5
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10

yethylene octy[phenyl ether (HLB value = 18.1)
and 10 weight parts pure water. This aqueous
solution was dripped Into the mixture over approxi-
mately 5 minutes with stirring. After stirring at 600
rpm for approximately 1 hour, the product was run s
through a colloid mill and subsequently introduced
into pure water to obtain 15 weight% solids in the
emulsion. The final product was a homogeneous
water-based emulsion of the curable liquid silicone
composition. A water-based suspension of silicone w
microparticles was prepared by heating the emul-
sion for 20 minutes at 70 -C in order to cure the
curable liquid silicone composition. Silicone micro-
particles were obtained by drying this water-based
silicone microparticle suspension using a spray dri- 15
er.

Fifteen weight parts of this silicone micro-
powder and 15 weight parts mica micropowder
(average particle diameter = approximately 8 mi-
crometers) were mixed for 12 hours using a motor- 20
ized orbiting mortar-and-pestle mixer to yield a
silicone microparticle/mica microparticle powder
mixture. A liquid epoxy resin composition was pre-
pared by mixing 10 weight parts of this powder
mixture with 90 weight parts of a liquid epoxy resin 25
composition that was curable by heating for 1 hour
at 150-C. This powder mixture was very difficult to
mix into the liquid epoxy resin composition and,
moreover, became only coarsely dispersed in the
liquid epoxy resin composition. The resulting liquid 30
epoxy resin composition was coated on an alu-
minum plate and cured by heating for 1 hour at
150°C. The post-cure film thickness was 80 mi-
crometers. Inspection of this film demonstrated the
presence of silicone microparticle aggregates on 35
the surface of the film.

Example 3

A curable liquid silicone composition was pre- 40
pared by mixing the following to homogeneity: 50
weight parts dimethylvinylsiloxy-endblocked
dimethylpolysiloxane with a viscosity of 400 cen-
tipoise, 1.5 weight parts trimethylsiloxy-endblocked
methylhydrogenpolysiloxane with a viscosity of 20 45
centipoise, 7.5 x 10-3 weight parts tetramethyl-
tetravinylcyclotetrasiloxane, and sufficient
isopropanolic chloroplatinic acid solution to give
120 ppm platinum metal based on the total silox-
ane weight. An emulsion was prepared by stirring 50
this curable liquid silicone composition in 100
weight parts pure water at 600 rpm for approxi-
mately 1 hour followed by passage through a col-
loid mill. This emulsion was subsequently intro-
duced into pure water to obtain 15 weight% solids 55
in the emulsion, thereby affording a homogeneous
water-based emulsion of the curable liquid silicone
composition. A water-based suspension of silicone

microparticles was prepared by heating the emul-
sion for 20 minutes at 70 -C in order to cure the
curable liquid silicone composition. A sample was
taken from this water-based silicone microparticle
suspension, and the water was removed from this
sample at room temperature. The silicone micro-
particles afforded thereby had an average particle
diameter of 20 micrometers.

The water-based suspension of a powder mix-
ture was prepared by the addition of 15 weight
parts wet-method silica microparticles (average
particle diameter = 5 micrometers) to 100 weight
parts of this water-based silicone microparticle sus-
pension with stirring at 300 rpm for approximately
30 minutes. This water-based powder mixture sus-
pension was dried using a spray drier to yield a
highly flowable silicone microparticle/wet-method
silica microparticle powder mixture. Scanning elec-
tron micrographs of this powder mixture demon-
strated that silicone microparticle aggregates were
absent and that the silicone microparticles and wet-
method silica microparticles were homogeneonsly
mixed.

Application Example 3

A liquid epoxy resin composition was prepared
by mixing 10 weight parts of the powder mixture
prepared in Example 3 with 90 weight parts of a
liquid epoxy resin composition that was curable by
heating for 1 hour at 150'C. It was observed that
the powder mixture could be very easily mixed into
the liquid epoxy resin composition and that the
powder mixture became homogeneously dispersed
into the liquid epoxy resin composition. The result-
ing liquid epoxy resin composition was coated on
an aluminum plate and cured by heating for 1 hour
at 150 -a The post-cure film thickness was 80
micrometers, and the surface of this film was uni-
form and smooth.

Claims

1. A method for the preparation of a powder
mixture of cured silicone microparticles and
inorganic microparticles comprising

(I) forming a water-based suspension of
(A) a plurality of cured silicone micropar-
ticles having an average diameter of 0.1
to 200 micrometers, aid
(B) a plurality of inorganic microparticles
having an average particle diameter of
0.1 to 200 micrometers; and

(H) removing the water from said water-
based suspension.

2. A method for the preparation of a powder
mixture of cured silicone microparticles and

6
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inorganic microparticles comprising

(I) forming a water-based suspension of

(A) a plurality of cured silicone micropar-

ticles having an average diameter of 0.1

to 200 micrometers, 5

(B) a plurality of inorganic microparticles

having an average particle diameter of

0.1 to 200 micrometers, and

(C) at least one surfactant; and

(II) removing the water from said water- 10

based suspension.
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