
1  Method for production of a minisuspoemulsion or suspension of sub-micron
core/shell  particles 5 Description The invention relates to a process for
the preparation of a minisuspoemulsion or of a  suspension of submicron
core/shell particles. 10 Submicron core/shell particles are known and
describe core/shell particles with a mean  external diameter of less than 1
micrometer. They are prepared in particular by flame synthesis,
precipitation, for example in the  centrifugal field, or by milling. For
various applications, it is necessary to bring the  15 submicron core/shell
particles into suspension. For this, the submicron core/shell particles were
hitherto first prepared according to one of the processes given above  and,
in the case of a pulverulent product, subsequently brought into suspension
by  addition of a liquid medium. It is a disadvantage that the submicron
core/shell particles  thus prepared tend to agglomerate, are poorly
redispersible and exhibit a lack of long- 20 term stability. The term
"suspensions" describes, in a known way, mixtures comprising a disperse
solid phase in a continuous liquid phase. 25 The term "emulsions" describes
liquid disperse systems which consist of two mutually  immiscible liquid
phases, the one phase of which, which is described as disperse or  internal
phase, is present dispersed in the form of fine droplets in the second
phase,  described as continuous or homogeneous phase. Depending on the
polarity of the  phases, emulsions are described as oil-in-water (01W) or
water-in-oil (WIO) emulsions, 30 in the first case an oil phase, consisting
of nonpolar media, being present in the form of  finely dispersed drops in a
polar phase consisting of an aqueous solution or other  compounds immiscible
with the nonpolar phase. In the case of the W/O emulsion, the  polar phase
is present the other way round in the form of finely dispersed drops in the
oil phase. The proportion of the disperse phase to the whole of the emulsion
can lie in  35 a range from > 0% to < 100%. 2  The term "miniemulsion" is
used for thermodynamically unstable liquid disperse  



systems (emulsions) stabilized kinetically by steric and/or electrostatic
effects and/or by  one or more surfactants and/or by additional auxiliaries,
the disperse phase of which  exhibits a mean droplet diameter < 5000 nm (: 5
pm). 5 The term "suspoemulsion" is used for mixtures exhibiting dispersed
solid particles in an  emulsion and corresponding as "minisuspoemulsion" a
miniemulsion with dispersed  solid particles therein. 10 A miniemulsion can
be prepared, for example, by supplying mechanical energy, for  example in
the form of stirring energy, turbulent kinetic energy, ultrasound waves,
pressure with subsequent relaxation via a homogenizing valve, by means of
static  mixers, micromixers or membranes or generally by impressing laminar
or turbulent  drag and/or extensional flows and cavitation. The type of
emulsion (W/O emulsion or 15 O/W emulsion) produced is determined by the
choice of the material system of the  disperse and continuous phases, of the
surfactant or surfactants and/or of the  auxiliaries used. It is a
precondition for the emulsification that the drops in the miniemulsion or in
the  20 suspoemulsion are sufficiently stable for the duration of the
preparation of core/shell  particles. This can be fulfilled, depending on
material system, by surface charging, thus  electrostatic repulsion, of the
drops per se. Should external stabilizing of the drop  phase by surfactants
be necessary, this can be carried out via electrostatic and/or  steric
effects, caused by suitable stabilizing aids, or Pickering stabilizers
(surface-active 25 particles) present in the liquid continuous phase.
Auxiliaries for stabilizing the particles  and/or the emulsion may also be
present in the liquid disperse phase. Auxiliaries for  stabilizing the
miniemulsion or the submicron suspension also include substances  which
change the rheological properties of the continuous phase in such a way that
creaming or sedimentation of the drops or of the particles of the disperse
phase are  30 prevented or slowed down. The term "liquid" is understood in
the present case to mean phases which, under the  conditions of the
processes described in the present case, are in the liquid physical  state.
35 



3  It was an object of the invention to make available a process for the
preparation of a  minisuspoemulsion or of a suspension of submicron
core/shell particles, according to  which the shell can be applied in a
specifically tailored fashion, in particular to all core  particles in the
same way, and which makes it possible to essentially retain the given 5
polydispersity of the submicron starting suspension of one or more solids
forming the  core of the submicron core/shell particles and to make
available submicron core/shell  particles on an industrial scale in a
quality comparable to the laboratory scale. The  shell of the submicron
core/shell particles can be open or closed, which is expressed in  a
covering closure index (occupied surface/core particle surface). 10 The
object is achieved by a process for the preparation of a minisuspoemulsion
or of a  suspension of submicron core/shell particles, wherein - the
starting material is a suspoemulsion of a first disperse liquid phase I in a
15 second continuous liquid phase II, which - comprises, in the first
disperse liquid phase I, submicron particles of a solid C  forming the core,
and - a precursor substance PS for the shell dissolved in molecularly
disperse form  and, if appropriate, a reactant R, and wherein 20 - the
submicron core/shell particles CS are prepared in the first disperse liquid
phase I of the suspoemulsion by chemical or physical conversion of the
precursor  substance PS for the shell. In the present case, the term
"submicron particles of a solid C forming the core" is also  25 understood
to mean submicron particles of one or more solids C forming the core. By
analogy, the term "a precursor substance PS for the shell dissolved in
molecularly  disperse form" is also understood to mean several precursor
substances PS for the  shell dissolved in molecularly disperse form and the
term "a precursor substance PC  for the core dissolved in molecularly
disperse form" is also understood to mean several  30 precursor substances
PC for the core dissolved in molecularly disperse form. It has been found
that it is possible, in the drops of a first liquid phase I comprising both
the one or the several solids forming the core and the one or the several
precursor  



substances dissolved in molecularly disperse form of the solid forming the
shell, to form 35 the shell on the solid cores starting from the precursor
substance dissolved in  molecularly disperse forms. In this connection, the
drops of the first liquid phase 1, 4  because of their small size (a
minisuspoemulsion and, accordingly, as defined at the  start, mean droplet
diameters of the disperse phase < 5 pm are concerned), operate  as
minireactors which guarantee that the given polydispersity of the submicron
starting  suspension of the solids forming the core is essentially retained.
5 The starting material for this is a suspoemulsion of a first disperse
liquid phase I in a  second continuous liquid phase II which comprises, in
the first disperse liquid phase I,  submicron particles of a solid C forming
the core and a precursor substance PS for the  shell dissolved in
molecularly disperse form. 10 In one embodiment, the above suspoemulsion
additionally comprises a reactant R.  The abovedescribed suspoemulsion can,
in a first embodiment, be prepared by 15 - starting from a suspension of the
submicron particles of the solid C forming the  core in the first liquid
phase I, adding the precursor substance PS for the shell thereto and
dissolving in  molecularly disperse form, and subsequently adding the second
liquid phase II and emulsifying with the first liquid phase I while  20
providing energy. In an additional embodiment, the above suspoemulsion is
prepared by - starting from a suspoemulsion of submicron particles of a
solid C forming the core  25 in the first liquid phase I, as disperse phase,
in the second liquid phase II, as  continuous phase, - introducing the
precursor substance PS for the shell into a third liquid phase III  which is
miscible with the first liquid phase I but is immiscible with the second
liquid  phase II, and 30 - forming an emulsion from the third liquid phase
III, comprising the precursor  substance PS, with a fourth liquid phase IV,
which is miscible with the second  



liquid phase II but immiscible with the first and the third liquid phase
III, while  supplying energy, and - bringing the drops of the first liquid
phase I and the drops of the third liquid phase  35 III to coalescence by
supplying energy. 5  in this embodiment, the disperse phase of a first
suspoemulsion, comprising the  submicron particles of the solid forming the
core in the drops of the disperse phase, is  accordingly brought to forced
coalescence with the disperse phase of a second  emulsion comprising the
precursor substance PS for the shell in the drops of the  5 disperse phase.
In an additional embodiment, the above suspoemulsion is made available which
comprises, in the drops of the disperse phase, in addition to the submicron
particles of  the solid C forming the core and the precursor substance PS
for the shell dissolved in  10 molecularly disperse form, a reactant R. For
this, - the starting material is a suspoemulsion of submicron particles of a
solid C forming  the core and also a precursor substance PS for the shell
dissolved in molecularly  disperse form in the first liquid phase I, as
disperse phase, in the second liquid  15 phase II, as continuous phase, -
after which a reactant R either is added to the second continuous liquid
phase II  and diffuses into the drops of the first disperse liquid phase I
or - is added to an additional liquid phase V which is miscible with the
first disperse  liquid phase I but immiscible with the second continuous
liquid phase II, 20 - an emulsion is formed from the additional liquid phase
V, comprising the reactant  R, with an additional liquid phase VI, while
supplying energy, and the drops of the  same - are brought to forced
coalescence with the drops of the first disperse liquid phase I  comprising
the solid C forming the core and also the precursor substance PS for  25 the
shell. In an additional embodiment, the above suspoemulsion, comprising, in
addition to the  submicron particles of the solid C forming the core and the
precursor substance PS for  the shell dissolved in microdisperse form, the
reactant R, is prepared by forced 



30 coalescence of the drops of a suspoemulsion, comprising the submicron
particles of  the solid C and the reactant R, with the drops of an
additional emulsion, comprising, in  the drops of the disperse phase, the
precursor substance PS for the shell. The preparation of the suspoemulsion
comprising the submicron particles of the solid C  35 forming the core in
the first disperse liquid phase I, with the second liquid phase II as
continuous phase, can take place analogously to the abovedescribed
preparation 6  process for the suspoemulsion comprising, in the drops of the
disperse phase, the  submicron solid particles C forming the core, the
precursor substance PS for the shell  dissolved in molecularly disperse form
and, if appropriate, the reactant R. In a first  embodiment, 5 - the
starting material for this is a miniemulsion comprising a precursor
substance  PC for the solid forming the core in the first disperse liquid
phase I, the second  liquid phase 11 being the continuous phase, and the
minisuspoemulsion of the solid  C forming the core in the first disperse
liquid phase I, with the second liquid phase  11 as continuous phase, being
formed therefrom by physical or chemical conversion  10 of the precursor
substance PC of the solid forming the core. In an additional embodiment, -
the starting material for this is a miniemulsion comprising a precursor
substance  15 PC for the solid forming the core in the first disperse liquid
phase I, the second  liquid phase II being the continuous phase, - after
which the reactant R either is added to the second continuous liquid phase
II  and diffuses into the drops of the first liquid phase I or - is added to
a third liquid phase III which is miscible with the first liquid phase I but
20 is immiscible with the second liquid phase II, and - an emulsion is
formed from the third liquid phase III, comprising the reactant R,  with a
fourth liquid phase IV which is miscible with the second liquid phase II but
immiscible with the first and the third liquid phase, while supplying
energy, and is  brought to forced coalescence with the drops of the first
disperse liquid phase 1 25 comprising the precursor substance PC for the
solid forming the core, and after  which 



- the precursor substance PC for the solid C forming the core is reacted
chemically  with the reactant R. 30 In the embodiment in which the submicron
core/shell particles are prepared from the  suspoemulsion comprising, in the
drops of the disperse phase, the submicron particles  of the solid C forming
the core and also the precursor substance PS for the shell  dissolved in
molecularly disperse form by physical conversion of the precursor  substance
PS for the shell, the physical conversion can be triggered in particular by
the 35 change in one or more processing parameters, preferably the
temperature and/or the  pressure, or also by the addition of a solvent or a
salt analogously to the 7  abovedescribed addition of a reactant R. The
physical conversion can in particular take  place by cooling or by
evaporation of the solvent of the dissolved solid or solids of the  shell or
of the core or through addition of an additional solvent analogously to the
abovedescribed addition of a reactant R, which reduces the solubility of the
dissolved 5 solid or solids of the shell or of the core, or through addition
of one or more additional  salts analogously to the abovedescribed addition
of a reactant R, which reduce the  solubility of the dissolved solid or
solids of the shell or of the core. The term "submicron particles"
describes, in a known way, solid particles having a  10 mean external
diameter of less than one micrometer. In particular, they can in this
connection be nanoparticles having a mean external diameter in the nanometer
range,  in particular of less than 100 nm. The mean external diameter of the
nanoparticles can  preferably be > 1 nm and < 1000 nm, furthermore
preferably ? 1 nm and < 100 nm, in  particular >_ 1 nm and < 20 nm. The
thickness of the shell of the submicron core/shell 15 particles can
preferably lie in a range of >- 0.5 nm and < 100 nm, furthermore  preferably
? 0.5 nm and < 30 nm, in particular > 0.5 nm and < 10 nm. The particle size
distribution can be determined in a way known per se, for example  using the
method of static light scattering or dynamic light scattering or an
analytical  20 ultracentrifuge (see, for example, W. Machtle,
Makromolekulare Chemie, 185 (1984),  pages 1025 to 1039), but also from
electron micrographs. The submicron suspension comprises the solid or solids
C forming the core preferably  in a proportion of 0.01 to 40% by weight, in
particular in a proportion of 1 to 10% by  



25 weight, based on the total weight of the submicron suspension. The solid
C forming the core or the solid S forming the shell can in particular be a
substance or a mixture of substances chosen from the following list: metals,
oxides,  semiconductors, carbon blacks, metal salts, sulfur, sulfur
compounds, silicon 30 compounds, polymers, inorganic or organic pigments or
solid inorganic or organic  active substances for cosmetics, pesticides,
animal nutritional agents or food  supplements. Preference is given in this
connection to one or more metals chosen from the following  35 list: Au, Ag,
Ni, Pd, Fe, Sn, Zn, Co, Cu, Bi, Ce, Zr and Ti, or one or more oxides chosen
from the following list: layered silicates, TiO2, ZnO, S102, Bi2O3, Fe2O3,
CeO., MFe,OY, 8  in which M is a transition metal or a main group metal,
ZrO2, SnO, SnO2, AI"Oy, CuO,  Cu20 and CaCO3, or one or more semiconductors
chosen from sulfides and selenides,  or silicon compounds, or metal salts
chosen from nitrates, carbides, carbonates,  sulfates, halides, acetates,
salts of organic acids, such as lactates or carboxylates, 5 carbonic acids,
hydroxy acids or polymers chosen from PET, polyacrylonitrile,  polystyrene,
polyketone, polycarbonate, PMMA, PU or polybutadiene terephthalate.  Use is
preferably made, as molecularly disperse precursor substance PS of the solid
S  forming the shell or as precursor substance PC of the solid C forming the
core, of one  or more organic or inorganic salts, in particular tin salts,
zinc salts, cerium salts, iron 10 salts, zirconium salts, bismuth salts or
copper salts, or inorganic metal compounds, in  particular of titanium,
monomers and/or one or more silicon compounds. The reactant can be a base
soluble in organic compounds, in particular an amine, or a  water-soluble
base, such as an aqueous sodium hydroxide or potassium hydroxide  15
solution, or also a gas, such as carbon dioxide or ammonia, a reducing agent
(H2,  NaBH4), an oxidizing agent, initiators, a buffer solution or
ion-exchange resins. One of the two mutually immiscible liquids is
hydrophilic and the other hydrophobic. 20 Preferably, the first disperse
liquid phase I is aqueous and the second continuous liquid  phase II is an
organic phase (in particular an alkane or a mixture of alkanes, a  vegetable
oil or a mixture of vegetable oils, a silicone oil or a mixture of silicone
oils, or  a mixture of the listed substances). 



25 In an alternative embodiment, it is possible, starting from the
minisuspoemulsion of the  submicron core/shell particles, by drawing off the
first disperse liquid phase I or the  second continuous liquid phase II, to
obtain a suspension of submicron core/shell  particles in the other liquid
phase each time. 30 In an advantageous alternative embodiment, it is
possible for two or more, in particular  from 2 to 1000, of the particles
forming the core to be enveloped together by one shell.  "Multicore
particles" are thereby obtained. In this connection, the shell does not have
to  be completely closed. 35 It is accordingly possible, per drop of the
first disperse liquid phase I, to comprise  several multicore particles,
depending on the precipitation conditions, which can be 9  better controlled
in the drops of the first disperse liquid phase with sizes in the  nanometer
range than in bulk synthesis. In an additional alternative embodiment, it is
possible for all the particles forming the  5 core, which are present in a
drop of the first disperse liquid phase I, to be enveloped  together by one
shell. Since all drops have essentially the same size and comprise
essentially the same concentration of core particles, it is possible in this
embodiment to  definitively adjust, via the concentration of the core
particles and the size of the drops,  the size of the multicore particles
obtained, and multicore particles with a very uniform  10 distribution width
are obtained. Advantageously, two to ten, preferably two to three, shells
can be applied one above  the other to the particles forming the core. 15 In
an advantageous embodiment, the core and the one or the more shells may each
exhibit an identical chemical composition but a different modification, in
particular a  different crystal structure, or the material of the core may
be amorphous and the  material of the one or the more shells may be
crystalline, or vice versa. 20 In an additional embodiment, a
minisuspoemulsion of submicron core/shell particles is  prepared in which
the shell does not completely enclose the core, after which the  submicron
core/shell particles are subjected to a downstream processing stage in
which the core is completely or partially removed, in particular by
evaporation,  dissolution or corrosion, while preserving a hollow structure,
and subsequently an 



25 additional shell or several additional shells can preferably be applied
to the same. The special fields of establishment of the core/shell
nanoparticle suspensions or  suspoemulsions obtained according to the
process according to the invention depend  on the chemical composition of
the submicron core/shell particles, on the stabilizing 30 aids used and on
the substances forming the liquid phase I, the liquid phase II or the
liquid phases I and II. Preferred fields of application are as catalysts, as
active  substance formulation, in particular in cosmetics, pesticides,
animal nutritional agents  or food supplements, as pigments, in electronics,
in optical applications or in polymers. 35 The invention is more fully
explained below with the aid of exemplary embodiments. 10  Example 1 The
starting material was the suspension of a first disperse liquid phase I
comprising  silicon dioxide particles, surface-modified with
aminopropyltrimethoxysilane, with a  5 mean particle size of 20 nm in water,
Quadrol L(r) from BASF AG, i.e. tetrahydroxypropylethylenediamine, CAS No.
102-60-3, as surfactant and tin(II)  chloride. The suspoemulsion comprised
the first disperse liquid phase I in a second  continuous liquid phase of
n-decane and Glissopal EM23(r) from BASF AG and a  surfactant of a
zwitterionic molecule based on polyisobutene with the average molar  10 mass
of approximately 1000 g/mol. The first disperse liquid phase was prepared by
dissolving 0.75 g of the surfactant  Quadrol L(r) and 2.25 g of tin(II)
chloride in 96 g of water with stirring. Subsequently,  0.75 g of
surface-modified silicon dioxide particles was added. 15 The second
continuous liquid phase was prepared by dissolving 4.5 g of Glissopal
EM23(r) in 199 g of n-decane with stirring. The first disperse liquid phase
and the second continuous liquid phase were  20 preemulsified in an
Ultra-Turrax(r) mixing device from IKA(r)-Werke GmbH & Co. KG  (Staufen,
Germany). Subsequently, the crude suspoemulsion thus prepared was  degassed
by establishment of vacuum. This crude suspoemulsion was emulsified in a
high-pressure homogenizer so that a  25 drop size distribution with a Sauter
mean diameter x3,2 of 530 nm appeared.  



Subsequently, this fine emulsion was degassed by establishment of vacuum.
5.63 g of pyridine were added to this fine emulsion so that the pyridine
dissolved in the  continuous phase of the suspoemulsion. Subsequently,
heating was carried out to  30 120C and this temperature was maintained for
4 hours. In this way, particles with a core-shell structure could be
prepared. Tin dioxide was  deposited as 5 nm particles on the surface of the
silicon dioxide core particles. 35 All liquids were separated from the
minisuspoemulsion of submicron core/shell  particles thus obtained in order
to be able to take a High Angle Annular Dark Field  11  Scanning -
Transmission Electron Microscopy photograph (HAADF - STEM  photograph). The
HAADF-STEM photograph shows that, in the core-shell particles, the particle
size  5 of the core particles and also the polydispersity of the core
particles have not  essentially changed. Example 2 10 Use was likewise made,
as core particles, of silicon dioxide particles surface-modified  with
aminopropyltrimethoxysilane but differing from example 1 with a mean
particle size  of 150 nm. In order to prepare the suspension of the first
disperse liquid phase I of the future  15 suspoemulsion, 1.5 g of tin(ll)
chloride were dissolved in 64 g of water and  subsequently 0.5 g of
surface-modified silicon dioxide particles with a mean particle  size of 150
nm was added. The second continuous liquid phase was prepared by dissolving
3 g of Glissopal(r)  20 EM23 from BASF AG in 133 g of n-decane. The first
disperse phase and the second continuous phase were preemulsifled in an
Ultra-Turrax(r) mixer from IKA(r)-Werke GmbH & Co. KG (Staufen, Germany).
Subsequently, the crude suspoemulsion thus prepared was degassed by
establishment  25 of vacuum. This crude suspoemulsion was emulsified in a
high-pressure homogenizer so that a  drop size distribution with a Sauter
mean diameter x3.2 of 350 nm appeared.  Subsequently, this fine emulsion was
degassed by establishment of vacuum. 



30 4.8 g of triethylamine were added to the fine emulsion so that this base
dissolved in the  continuous phase of the suspoemulsion. Subsequently,
heating was carried out to  130C and this temperature was maintained for 4
hours. 35 Particles with a core/shell structure were obtained, tin dioxide
being deposited as 5 nm  particles on the surface of the silicon dioxide
core particles. 12  As in example 1, all liquids were separated off in order
to be able to take a HAADF- STEM photograph. The HAADF-STEM photograph shows
that the particle size of the core particles and  5 also the polydispersity
of the core particles have not been essentially changed by  application of
the shell. Example 3 10 The starting material was the suspension of a first
disperse liquid phase I comprising  silicon dioxide particles,
surface-modified with aminopropyltrimethoxysilane, with a  mean particle
size of 40 nm in water and tin(II) chloride. The suspoemulsion comprised
the first disperse liquid phase I in a second continuous liquid phase of
n-decane and  Glissopal EM23(r) from BASF AG and a surfactant of a
zwitterionic molecule based on  15 polyisobutene with the average molar mass
of approximately 1000 g/mol. The first disperse liquid phase was prepared by
dissolving 0.64 g of tin(fl) chloride in  63 g of water with stirring.
Subsequently, 0.2 g of surface-modified silicon dioxide  particles was
added. 20 The second continuous liquid phase was prepared by dissolving 3 g
of Glissopal  EM23(r) in 133 g of n-decane with stirring. The first disperse
liquid phase and the second continuous liquid phase were  25 preemulsified
in an Ultra-Turrax(r) mixing device from IKAO-Werke GmbH & Co. KG  (Staufen,
Germany). Subsequently, the crude suspoemulsion thus prepared was  degassed
by establishment of vacuum. This crude suspoemulsion was emulsified in a
high-pressure homogenizer so that a  30 drop size distribution with a Sauter
mean diameter x3.2 of 580 nm appeared.  



Subsequently, this fine emulsion was degassed by establishment of vacuum.
2.05 g of triethylamine were added to this fine emulsion so that the
triethylamine  dissolved in the continuous phase of the suspoemulsion.
Subsequently, heating was  35 carried out to 130C and this temperature was
maintained for 4 hours. 13  In this way, it was possible for core/shell
particles with a multicore/shell structure to be  prepared. Tin monoxide was
deposited as shell on the surface of several silicon dioxide  particles. It
was possible, from an EDX analysis (energy dispersive X-ray analysis), to
estimate the mean number of silicon dioxide particles per multicore/shell
structure as  5 approximately 6 silicon dioxide particles. All liquids were
separated off from the minisuspoemulsion of submicron multicore/shell
particles thus obtained in order to be able to take a transmission electron
microscopy  photograph (TEM photograph), more specifically a TEM bright
field image. 10 The TEM bright field image in figure 3 shows that the
multicore/shell particles prepared  all lie in the same order of magnitude.
In the depiction:  15 Figure 1 shows in detail a HAADF-STEM image of the
core/shell nanoparticles  obtained according to exemplary embodiment 1,
Figure 2 shows in detail a HAADF-STEM image of the core/shell nanoparticles
20 obtained according to exemplary embodiment 2 and Figure 3 shows in detail
a TEM bright field image of the core/shell particles with a  multicore/shell
structure obtained according to exemplary embodiment 3.  25 Constituents of
higher order and comparatively thicker sites on the specimen are marked out
darker in the TEM bright field images (figure 3) and brighter in the HAADF-
STEM images (figures 1 and 2). The HAADF-STEM photographs in figure 1 and
figure 2 show that core/shell  30 nanoparticles were obtained with a mean
particle diameter in the same order of  magnitude as the core particles used
as starting material in the preparation. The bright regions highlighted with
the arrows in figure 1 and figure 2 show the tin  



dioxide particles which form the shell of the core/shell nanoparticles. 35
14  The TEM bright field image in figure 3 shows a multitude of core/shell
particles with a  multicore/shell structure, the darker structures in the
TEM bright field image  corresponding to the tin oxide particles forming the
shell. 5 The exemplary embodiments accordingly clearly show that the shell
formation on the  core particles produced beforehand takes place very
uniformly and each individual core  particle carries a shell with
approximately the same thickness. The process can be  scaled up in a simple
way because the mean drop diameter of the disperse phase is  adjustable
independently of the amount of the suspoemulsion in the same size, the 10
mean drop diameter of the disperse phase defining the size of the
minireactors which  guarantee that the given polydispersity of the submicron
starting suspension of the  solids forming the core is essentially retained
in the product, the core/shell particles. 15  Claims as enclosed to IPRP 1.
A process for the preparation of a minisuspoemulsion of submicron core/shell
particles, wherein 5 - the starting material is a minisuspoemulsion of a
first disperse liquid phase I  in a second continuous liquid phase II, which
- comprises, in the first disperse liquid phase I, submicron particles of a
solid  C forming the core, and - a precursor substance PS for the shell
dissolved in molecularly disperse  10 form and, if appropriate, a reactant
R, and wherein - the submicron corelshell particles CS are prepared in the
first disperse  liquid phase I of the suspoemulsion by chemical or physical
conversion of  the precursor substance PS for the shell. 15 2. The process
according to claim 1, wherein the suspoemulsion of the first disperse
liquid phase I in the second continuous liquid phase II, comprising, in the
first  disperse liquid phase I, the submicron particles of the solid C
forming the core  and also the precursor substance PS, for the shell
dissolved in molecularly  



disperse form, is prepared by 20 - starting from a suspension of the
submicron particles of the solid C forming  the core in the first liquid
phase I, adding the precursor substance PS for the shell thereto and
dissolving in  molecularly disperse form, and subsequently adding the second
liquid phase II and emulsifying with the first liquid phase I  25 while
providing energy. 3. The process according to claim 1, wherein the
suspoemulsion of the first disperse  liquid phase I in the second continuous
liquid phase II, comprising, in the first  disperse liquid phase I, the
submicron particles of the solid C forming the core 30 and also the
precursor substance PS for the shell dissolved in molecularly  disperse
form, is prepared by starting from a suspoemulsion of submicron particles of
a solid C forming the  core in the first liquid phase I, as disperse phase,
in the second liquid phase II,  as continuous phase, 16  introducing the
precursor substance PS for the shell into a third liquid phase III  which is
miscible with the first liquid phase I but is immiscible with the second
liquid phase 11, and forming an emulsion from the third liquid phase III,
comprising the precursor  5 substance PS, with a fourth liquid phase IV,
which is miscible with the second  liquid phase II but immiscible with the
first and the third liquid phase III, while  supplying energy, and bringing
the drops of the first liquid phase I and the drops of the third liquid
phase III to coalescence by supplying energy. 10 4. The process according to
claim 1, wherein the suspoemulsion of the first disperse  liquid phase I in
the second continuous liquid phase II, comprising, in the first  disperse
liquid phase 1, the submicron particles of the solid C forming the core,
the precursor substance PS for the shell dissolved in molecularly disperse
form  15 and also the reactant R, is prepared by 



- starting from a suspoemulsion of submicron particles of a solid C forming
the core and also a precursor substance PS for the shell dissolved in
molecularly disperse form in the first liquid phase I, as disperse phase, in
the second liquid phase II, as continuous phase, 20 - after which a reactant
R either is added to the second continuous liquid  phase lI and diffuses
into the drops of the first disperse liquid phase I or - is added to an
additional liquid phase V which is miscible with the first  disperse liquid
phase I but immiscible with the second continuous liquid  phase II, 25 - an
emulsion is formed from the additional liquid phase V, comprising the
reactant R, with an additional liquid phase VI, while supplying energy, and
the drops of the same - are brought to forced coalescence with the drops of
the first disperse liquid  phase I comprising the solid C forming the core
and also the precursor  30 substance PS for the shell. 5. The process
according to claim 1, wherein the suspoemulsion of the first disperse
liquid phase I in the second continuous liquid phase II, comprising, in the
first  disperse liquid phase I, the submicron particles of the solid C
forming the core, 35 the precursor substance PS for the shell dissolved in
molecularly disperse form  and also the reactant R, is prepared by n
starting from a suspoemulsion of a first disperse liquid phase I in a second
continuous liquid phase II comprising, in the first disperse liquid phase I,
submicron particles of a solid C, introducing a reactant R into a third
liquid phase III which is miscible with  5 the first liquid phase I but
immiscible with the second liquid phase II,  forming an emulsion from the
third liquid phase III, comprising the reactant  R, with a fourth liquid
phase IV, while supplying energy, and bringing the drops of the first liquid
phase I and the drops of the third liquid  phase III to coalescence while
supplying energy, after which 10 - the precursor substance PS for the shell
either is added to the second  



continuous liquid phase II and diffuses into the drops of the first disperse
liquid phase I or - is added in the form of an additional emulsion
comprising the precursor  substance PS for the shell in the drops of the
disperse phase of the same,  15 the disperse phase of the additional
emulsion being miscible with the first disperse liquid phase I but
immiscible with the continuous liquid phase II  and the continuous phase of
the additional emulsion being miscible with the  first continuous phase II,
and after which - the drops of the first disperse liquid phase I and the
drops of the liquid  20 phase of the additional emulsion are brought to
forced coalescence. 6. The process according to any of claims 1 to 5,
wherein the suspoemulsion  comprising the submicron particles of the solid C
forming the core in the first  disperse liquid phase I, with the second
liquid phase II as continuous phase, is  25 prepared by - starting from a
miniemulsion comprising a precursor substance PC for the  solid forming the
core of the first disperse liquid phase I, the second liquid  phase 11 being
the continuous phase, and by forming therefrom the  minisuspoemulsion of the
solid C forming the core in the first disperse liquid 30 phase I, with the
second liquid phase II as continuous phase, by physical or  chemical
conversion of the precursor substance PC forming the core. 7. The process
according to claim 6, wherein the suspoemulsion of the solid C  forming the
core in the first liquid phase I as disperse phase, with the second  35
liquid phase II as continuous phase, is formed by l8  starting from a
miniemulsion comprising a precursor substance PC for the  solid forming the
core in the first disperse liquid phase I, the second liquid  phase II being
the continuous phase, after which the reactant R either is added to the
second continuous liquid  5 phase II and diffuses into the drops of the
first liquid phase I or is added to a third liquid phase III which is
miscible with the first liquid  phase I but is immiscible with the second
liquid phase II, and 



an emulsion is formed from the third liquid phase III, comprising the
reactant R, with a fourth liquid phase IV which is miscible with the second
10 liquid phase II but immiscible with the first and the third liquid phase,
while supplying energy, and the drops thereof are brought to forced
coalescence  with the drops of the first disperse liquid phase I comprising
the precursor  substance PC for the solid forming the core, and after which
the precursor substance PC for the solid C forming the core is reacted  15
chemically with the reactant R. 8. The process according to any of claims 1
to 7, wherein, starting from the  minisuspoemulsion of the submicron
core/shell particles, by drawing off the first  disperse liquid phase I or
the second continuous liquid phase II, a suspension of 20 submicron
core/shell particles in the other liquid phase each time is obtained. 9. The
process according to any of claims 1 to 8, wherein 2 or more, in particular
from 2 to 1000, of the particles forming the core are enveloped by one
shell. 25 10. The process according to claim 9, wherein all the particles
forming the core,  which are present in a drop of the first disperse liquid
phase I, are enveloped  together by one shell. 11. The process according to
any of claims 1 to 10, wherein 2 to 10, preferably 2 to  30 3, shells are
applied one above the other to the particles forming the core. 12. The
process according to any of claims 1 to 11, wherein the core and the one or
the more shells each exhibit an identical chemical composition but a
different  modification, in particular a different crystal structure, or
wherein the material of 35 the core is amorphous and the material of the one
or the more shells is  crystalline, or vice versa. 19  13. The process
according to any of claims 1 to 12, wherein a minisuspoemulsion of submicron
core/shell particles is prepared in which the shell does not completely
enclose the core and wherein the submicron core/shell particles are
subjected to  a downstream processing stage in which the core is completely
or partially 5 removed, in particular by evaporation, dissolution or
corrosion, while preserving a  hollow structure, and one or more additional
shells can preferably be applied to  



the same. 14. The process according to any of claims 1 to 3 or 6 to 13,
wherein the physical  10 conversion is carried out by change in one or more
processing parameters, in  particular the temperature and/or the pressure,
or by addition of a solvent or a  salt analogously to the addition of the
reactant R. 15. The process according to any of claims 1 to 14, wherein the
submicron core/shell  15 particles exhibit a mean external diameter in the
range of >_ 1 nm and <_ 1000 nm,  preferably >_ 1 nm and <_ 100 nm,
particularly preferably >_ 1 nm and <_ 20 nm, and  a thickness of the shell
in the range of Z 0.5 nm and <_ 100 nm, preferably  0.5 nm and <_ 30 nm,
particularly preferably >_ 0.5 nm and <_ 10 nm. 20 16. The process according
to any of claims 1 to 15, wherein the solids content in the
minisuspoemulsion ranges from 0.01 to 40% by weight, preferably from 1 to
10%  by weight. 17. The process according to any of claims 1 to 16, wherein
the solid C forming the  25 core or the solid S forming the shell is a
substance or a mixture of substances  chosen from the following list:
metals, oxides, semiconductors, carbon blacks,  metal salts, sulfur, sulfur
compounds, silicon compounds, polymers, inorganic or  organic pigments or
solid inorganic or organic active substances for cosmetics,  pesticides,
animal nutritional agents or food supplements. 30 18. The process according
to any of claims 1 to 17, wherein use is made, as the solid  C forming the
core or the solid S forming the shell, of one or more metals chosen  from
the following list: Au, Ag, Ni, Pd, Fe, Sn, Zn, Co, Cu, Bi, Ce, Zr and Ti,
or  one or more oxides chosen from the following list: layered silicates,
1102, ZnO, 35 SiO2, Bi2O3, Fe2O3, Ce0, MFe0Oy, in which M is a transition
metal or a main  group metal, ZrO2, SnO, SnO2, AI,OY, CuO, Cu2O and CaCO3,
or one or more 20  semiconductors chosen from sulfides and selenides, or
silicon compounds, or  metal salts chosen from nitrates, carbides,
carbonates, sulfates, halides,  acetates, salts of organic acids, such as
lactates or carboxylates, carbonic acids,  hydroxy acids or polymers chosen
from PET, polyacrylonitrile, polystyrene, 



5 polyketone, polycarbonate, PMMA, PU or polybutadiene terephthalate. 19.
The process according to any of claims 1 to 18, wherein use is made, as
molecularly disperse precursor substance PS of the solid S forming the shell
or  as precursor substance PC of the solid C forming the core, of one or
more 10 organic or inorganic salts, in particular tin salts, zinc salts,
cerium salts, iron salts,  zirconium salts, bismuth salts or copper salts,
or inorganic metal compounds, in  particular of titanium, monomers and/or
one or more silicon compounds. 20. The process according to any of claims 1
to 19, wherein the first disperse liquid  15 phase I is aqueous and the
second continuous liquid phase II is an organic  phase, in particular an
alkane or a mixture of alkanes, a vegetable oil or a mixture  of vegetable
oils, a silicone oil or a mixture of silicone oils, or a mixture of the
listed substances. 20 21. The use of the minisuspoemulsion or suspension of
submicron core/shell  particles prepared in a process according to any of
claims 1 to 20 as catalyst, as  active substance formulation, in particular
in cosmetics, pesticides, animal  nutritional agents or food supplements, as
pigment, in electronics, in optical  applications or in polymers. 


