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Hollow microspheres composed of organic-inorganic hybrid
wall (polyorganosiloxane) have been synthesized as a new
material in a W/O emulsion system from organosilanes. The
average diameter of spheres for a typical run is 1.8 ;um (standard
deviation = 0.84) with a large spherical cavity in them and
thermally stable at least up to 400 °C in air. The polyorganosilox-
ane wall is amorphous and becomes porous by treating at around
400°C in air.

Vast numbers of works have already been accumulated for
the preparation, characterization and application of various kinds
of silica as described by Iler.! Among these studies, mono-
dispersed silica particles” and silica with ordered mesostructures
such as MCM-413 and FSM-16 have had considerable attention
as new materials. In recent years, a lot of efforts have been made
for the preparation of spherical mesoporous silica’ and hollow
silica particles®'” because of their potential uses as confined-
space catalysts, microcapsules, slow drug-release systems,
chromatographic adsorbents and so on. Recently, Yu et al.'
prepared siliceous hollow spheres with ultra large mesopores.

Organic-inorganic hybrid materials such as organosilica are
very interesting as a new material possessing both organic and
inorganic properties and relatively high thermal stability. We!!
showed that aluminum-containing organosilica acts as a solid
acid catalyst. Choi et al.'” prepared spherical organosilica
powders from a organoalkoxysilane-water system. However,
there have been few studies for the preparation of hollow and/or
porous organosilica particles. In the present study, a hollow
microsphere composed of porous organic-silica wall has been
prepared as a new material from organosilanes in a W/O
microemulsion system.

The silanes used here were methyltrichlorosilane (MTCS),
methyltriethoxysilane (MTEOS), and octyltrichlorosilane
(OTCS) purchased from Shin-Etsu Chemical. A typical synthesis
was carried out as follows: A W/O emulsion was prepared by
mixing toluene (100ml), distilled water (1.5ml), and OTCS
(24 mmol) followed by ultrasonic agitation. Then MTCS,
MTEOS or the mixture of them (see Table 1 for the composition

of the mixtures) dissolved in toluene (ca. 20 ml) was poured into
the emulsion under magnetic stirring. The mixture was stirred at
room temperature for more than 24 h. During the reaction, a large
amount of air (ca. 31min~!, relative humidity is ca. 40%) was
supplied continuously at least for 6 h to remove hydrogen chloride
gas evolved from the silanes. The produced solid was separated,
washed thoroughly with toluene and ethanol, and dried at 120 °C.

Thermal treatment of the samples was carried out at 400 or
600°C for 3h in an electric furnace. The samples were
characterized by using FE-SEM (Hitachi, S-4100), N, adsorption
isotherm (Micromeritics, ASAP-2000), XRD (Rigaku, RINT-
2200V), and thermal analysis (Shimadzu, DTG-50HS).

As shown in Figure 1(a), FE-SEM observation revealed that
most of the products are microspheres. The average diameter of
the spheres is 1.8 um (standard deviation = 0.84) for a typical
run. In Figure 1(b) is the inside shape of a microsphere. The
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Figure 1. FE-SEM micrograph of a) the outside and b) the inside
of Mix-1 (prepared from 1 : 1 mixture of MTCS and MTEOS).

Table 1. The amount of starting materials, yield, and shape of prepared particles

Starting materials/mmol

Sample Water/ml OTCS MTEOS MTCS Yield/%* Shape Diameter/pum
MTEOS-1 1.5 24 17 0 10-11 sphere, hollow 1.54
MTCS-1 1.5 24 0 17 16-18 sphere, packed 0.5-6
Mix-1 1.5 24 3 3 16-20 sphere, hollow 1-4
Mix-2 1.5 24 6 6 16-17 sphere, hollow 1-3.5

#The values of yield were calculated based on the amount of MTCS, MTEOS, and OTCS used for each run.
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particle has a cavity (ca. 1 um in diameter). Similar cavity is
observed for the particles prepared from MTEOS or mixtures of
MTCS and MTEOS (see Table 1 for the composition of the
mixtures). On the other hand, the particles prepared from MTCS
tend to form spheres without cavity. The shape and yield of the
particles prepared under several conditions are summarized in
Table 1. The spheres still kept the shape after calcination at 400 or
600 °C for 3h. The low yields suggest that a part of the silanes
added to the system exists as monomer or oligomer.

It was found at the preparation of hollow particles that supply
of dry air passing through a silica gel column, instead of humid
air, caused deformation of particles to the shape of air-removed
rubber ball. The result implies that the water vapor supplied
during reaction plays an important role to avoid deformation of
microspheres.

The specific surface area of the samples estimated by BET
method is shown in Table 2. The surface area of samples dried at
120 °C is extremely small. On the other hand, samples calcined at
400°C for 3h show relatively large surface area (313-—
349m?g~"). Surface area of the samples calcined at 600°C is
quite small compared with that of samples calcined at 400 °C.
These results suggest that the wall of the microspheres is porous
only when the samples are calcined at around 400 °C. Analysis
based on XRD suggested that the samples are amorphous
independent of calcination temperature.

Table 2. Treating temperatures and surface area of samples

specific surface area/m?g~!
Temperature/°C MTEOS-1 MTCS-1 Mix-1
120 ~0 ~0 ~0
400 348 331 313
600 ~0 7 10

Thermal analysis of the samples revealed that exothermic
peaks with decrease in mass are observed at around 250 and 500-
600 °C. On the other hand, IR-spectra of the samples suggested
that both octyl and methyl group exist in as-made samples.
Absorption peaks of octyl and methyl group disappear essentially
by treating the samples at 400 and 600 °C, respectively. These
results show that the wall of as-made samples are composed of
polyorganosiloxane including octyl and methyl group and that the
wall turns to polymethylsiloxane by treating at 400 °C. Thus it is
concluded that the hollow microspheres prepared here is
composed of organic-inorganic hybrid material stable up to
400°C.

Formation of the hollow spheres may be explained as the
mechanism shown in Scheme 1. In the W/O emulsion system,
OTCS aggregates at the water-oil interface and contributes to
stabilize water-microdroplets as a surfactant. The silane mole-
cules (MTCS, MTEOS, or mixture of them) poured into the
emulsion diffuse through oil phase to the interface. Since MTCS
and MTEOS have a methyl group with hydrophobic nature, they
also tend to aggregate at the water-toluene interface and are
hydrolyzed under strong acidic conditions made by a large
amount of hydrogen chloride evolved from the silanes. Then the
hydrolyzed silanes are polymerized to form hollow microsphere
by using water-microdroplets as template.
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Scheme 1.

Consumption of water due to hydrolysis would result
shrinkage of water-microdroplets. According to the shrinkage,
polyorganosiloxane spheres covering water-microdroplets would
transform into the shape of air-removed rubber ball which is
observed for the samples prepared by supplying dry air. Thus a
part of water for the hydrolysis should be supplied as vapor from
outside of the system to avoid deformation of hollow micro-
spheres.

As described above, particles prepared from MTCS tend to
form spheres without cavity. It is implied from the result that
hydrolysis and polymerization of MTCS would proceed rapidly
not only at the interface but also in water-microdroplets due to the
violent reaction of MTCS and water in the absence of MTEOS.

In conclusion, hollow porous microspheres composed of
organic-inorganic hybrid wall were prepared as a new material in
a W/O microemulsion system.
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