1 Method for production of a m nisuspoenul sion or suspension of sub-mcron
core/shell particles 5 Description The invention relates to a process for
the preparation of a m nisuspoenul sion or of a suspension of subm cron
core/shell particles. 10 Subm cron core/shell particles are known and
describe core/shell particles with a trean external diameter of less than 1
nm crometer. They are prepared in particular by flanme synthesis,
precipitation, for exanple in the centrifugal field, or by mlling. For
various applications, it is necessary to bring the 15 submicron core/shell
particles into suspension. For this, the subm cron core/shell particles were
hi t hert o Méthed fqppeqstuctin q@cmmuﬂy)wiwr@psmqmémpr%é%morgp%gh%ove and,
inthe c @ds a pul verul ent product, subsequently brought into suspension
by addition of a liquid nedium It is a disadvantage that the subm cron
core/shell particles thus prepared tend to agglonerate, are poorly

red| spgrspégcq wnpd exhibit a lack of long- 20 termstability. The term
"suspensi ons” descrl bes, in a known way, m xtures conprising a disperse
solid phase in a continuous liquid phase. 25 The term "enul si ons” descri bes
| i qui d di ShEeinsentisny sélates tovhipedtesofug itiet proparatiom ofiet wiiigugpoamuisieredtdfer | i qui d
phases, QJ@S 8&‘?onp3?§§§m9 onvt‘%h(?éhe ﬁ@h' b is described as disperse or internal
phase, is™p PESEnt erse orm of fine droplets in the second
phase, described as continuous or honogeneous phase. Dependi ng on the

pol arigy Qubrﬁn@r%n c@@%ﬁ@ﬁp&rﬂﬂb‘é §He@<ﬂ§wﬁﬁ@d dazhibd RRelsRdl panicidsiwithad ear( 01W or
wat er -1 n- ol in the first case an oil phase, consisting

of nonpol @ﬁerﬁgld:]ladnetgrgqq,lpésmmtcrqmpt%rhe formof finely dispersed drops in a

pol ar phase consisting of an aqueous solution or other conpounds imm scible
with the npol ar phase. | C | Si : ar phase
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used for er nodynam cal unst a di sper se
particles wera hitherto ﬁrst prepared accordmg 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

ihus 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 & 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 homogensous phase. Depending on the polarity of the
phases, emulsions are described as oil-in-water (O/W} or water-in-oil (W/O) emulsions,

30 in the first case an cil 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 arange from> 0% to < 100%.



systens (enul sions) stabilized kinetically by steric and/or electrostatic
effects and/or by one or nore surfactants and/or by additional auxiliaries,
t he di sperse phase of which exhibits a nmean droplet dianeter < 5000 nm(: 5
pm. 5 The term "suspoenul sion” is used for m xtures exhibiting dispersed
solid particles in an enulsion and corresponding as "m ni suspoemul si on" a
m niemul sion with dispersed solid particles therein. 10 A m ni enul sion can
be prepared, for exanple, by supplyi®g mechanical energy, for exanple in
the formof stirring energy, turbulent kinetic energy, ultrasound waves,

pressure with subsequent rel axation via a honogeni zi n? val ve, by neans of
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35 disperse and continuous phases, of the surfactant or surfactants and/or of the

auxitiaries 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.
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3 It was an object of the invention to nake avail able a process for the
preparation of a m nisuspoenul sion or of a suspension of subm cron
core/shell particles, according to which the shell can be applied in a
specifically tailored fashion, in particular to all core particles in the
sanme way, and which nmakes it possible to essentially retain the given 5
pol ydi spersity of the subm cron starting suspension of one or nore solids
forming the core of the submicron cote/shell particles and to nake
avai |l abl e submi cron core/shell particles on an industrial scale in a
quality conparable to the |aboratory scale. The shell of the subm cron
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pr ecur sor a cswddiat) alosure Rfdck ¢occtified sinfack/corepattile sprfasdnt case, the term
"subm’iﬁron particles of a solid Cformng the core" is also 25 understood
to nmean submcron particles of one or nore solids C formng the core. By
anal ogy, Theobjestis achiqyed by agrecess fos thareparaionsif ampjaisuspepmuigioa ®bphad in

ol ecul ar kysneAkiSPE stiBmichddord/ehedlpaRicld8 dgiepdipod to nmean several precursor
subst ances IgS for the shell dissolved in nolecularly disperse formand the
term"a precursor substance PC for the core dissolved in nolecularly
diCs!coer sehi or rﬁheis(iﬁarﬁrhgs {mawgiderssa e@@ob?um*leamé sefirel ailsp?cré‘é) |i@n@<puﬁseor igsau bs]'E ancgs
PC for,_.the core dissolved in ec rly disperse form It has been foun
that i is po%%’loﬂ‘i’89'1%%0[{3}4'8”'85@5%9'EfW%ghfi rst liquid phase | conprising both
t he one or t heomspeises,dh tisofiistidisperseriimgd phaseclo sebringnt paetiotaseofar selileC sever al
precursor 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 | of the suspoemulsion by chemical or physical conversion of the precursor
substance PS for the sheall.

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 | 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 |,



substances di ssolved in nolecularly disperse formof the solid formng the
shell, to form35 the shell on the solid cores starting fromthe precursor
substance dissolved in nolecularly disperse forms. In this connection, the
drops of the first liquid phase 1, 4 because of their small size (a

m ni suspoemul si on and, accordingly, as defined at the start, nean dropl et
di aneters of the disperse phase < 5 pmare concerned), operate as

m ni reactors whi ch guarantee that thé’given pol ydi spersity of the subm cron
starting suspension of the solids forning the core is essentially ret ai ned.
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prepar ed $hell dissolegd in mpldoularly disgersptosmul si on of submicron particles of a

solidy§ formng the core 25 in the first liquid phase |, as disperse phase,
in the second liquid phase Il, as continuous phase, - |ntrodu0|ng t he
pr ecur sor N SMbRdiEmep thegbovh suspReipisioR agditipnally Mnnrssa%aepqgme 11 which is

m scible with theflrst |IC]UId phasel but is immscible with the second
liquid p formn mtheth d||C|UId phase

f
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which is mscible with the second
15 - starling from a suspension of the submicron particles of the solid C forming the
core in the first liquid phase |,
adding the precursor substance PS for the shell thereto and dissolving in
molecularly disperse form, and subsequently
- adding the second liquid phase Il and emulsifying with the first liquid phase | 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 |, as disperse phase, in the second liquid phase ll, as
continuous phase,

- introducing the precursor substance PS for the shell into a third liquid phase lil
which is miscible with the first liquid phase | but is immiscible with the second liquid
phase I, and

30 - forming an emulsion from the third liquid phase Hl, comprising the precursor
substance PS, with a fourth liquid phase IV, which is miscible with the second
liguid phase Il but immiscible with the first and the third liquid phase Ill, while
supplying energy, and

- bringing the drops of the first liquid phase | and the drops of the third liquid phase

35 [l to coalescence by supplying energy.



liquid phase Il but inmmscible with the first and the third liquid phase
[11, while supplying energy, and - bringing the drops of the first liquid
phase | and the drops of the third Iiquid phase 35 Il to coal escence by
supplying energy. 5 in this enbodinent, the disperse phase of a first
suspoemnul si on, conprising the submcron particles of the solid formng the
core in the drops of the disperse phase, is accordingly brought to forced
coal escence with the di sperse phase of a second emul sion conprising the
precursor substance PS for the shell in the drops of the 5 disperse phase.
In an addjtional enbodinent, the above suE%oenulsio .1 S made avail abl e which
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- after which a reactant R either is added to the second continuous liquid phase Il
and diffuses into the drops of the first disperse liquid phase | or
- is added to an additional liquid phase V which is miscible with the first disperse
liquid phase | but immiscible with the second continuous liquid phase 11,
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 |
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 [, with the second liquid phase II as
continuous phase, can take place analogously to the abovedescribed preparation



30 coal escence of the drops of a suspoemnul sion, conprising the subm cron
particles of the solid C and the reactant R, with the drops of an
addi ti onal enulsion, conprising, in the drops of the disperse phase, the

precursor substance PS for the shell. The preparation of the suspoemnul sion
conprising the subm cron particles of the solid C 35 formng the core in
the first disperse liquid phase I, with the second liquid phase Il as

conti nuous phase, can take pl ace analsogousl y to the abovedescri bed
preparation 6 process for the suspoemul sion conprising, |n the drops of the

di sperse phase, the subm cron solid particles C for core, the
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I and diffuses into t of t e first liquid phase | or - is added to
athird liquid phase |11 WhICh is mscible wwth the first |liquid phase | but

20 is i MM deidmiondl ebbéimenecond | i quid phase I, and - an enulsion is
formed fromthe third liquid phase Ill, conprising the reactant RR, wth a

fourth liquid phase IV which is mscible with the second liquid phase Il but
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- after which the reactant R either is added to the second continuous liquid phase |1
and diffuses into the drops of the first liquid phase | or
- Is added to a third liquid phase Ifl which is miscible with the first liquid phase | but
20 is immiscible with the second liquid phase Il, and
- an emulsion is formed from the third liquid phase Ill, comprising the reactant R,
with a fourth liquid phase IV which is miscible with the second liquid phase |l 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 |
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 s reacted chemically
with the reactant K.

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



- the precursor substance PC for the solid Cformng the core is reacted

chemcally wth the reactant R 30 In the enbodi nent in which the subm cron
core/shell particles are prepared fromthe suspoenulsion conprising, in the
drops of the disperse phase, the submi cron particles of the solid C formng

the core and al so the precursor substance PS for the shell dissolved in
nol ecul arly di sperse form by physi cal conversion of the precursor substance
PS for the shell, the physical conversion can be triggered in particular by

the 35 change in one or nore processi‘ng paraneters, preferably the
tenperature and/or t he pressure or also by the addition of a solvent or a
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connection be nanoparticl es having a nean external dianeter in the nanoneter
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el ectron Rieerelly aPnmend Ss:iPdFﬂ‘sd? Bﬁ"' B8ingrandF PP Nes the solid or solids
C formng the core preferabl y in a proportion of 0.01 to 40% by weight, in
particul al:l‘hcle rp]Jar@["lr:IFe):rs(i) eocglétrtgumon can beode}eg%ngg 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, pestficides, 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, TiO,, ZnO, Si0,, Bi;0;, Fe 05, CeO,, MFe,Q,,



25 wei ght, based on the total weight of the subm cron suspension. The solid
C formng the core or the solid S formng the shell can in particular be a
substance or a m xture of substances chosen fromthe following list: netals,
oxi des, sem conductors, carbon blacks, netal salts, sulfur, sulfur
conpounds, silicon 30 conpounds, polyners, inorganic or organic pignents or
solid inorganic or organic active substances for cosnetics, pesticides,
animal nutritional agents or food sdbplenents. Preference is given in this
connection to one or nDre netals chosen fromthe follomﬁng 35 list: Au, Ag,

Ni, Pd, Fe, Sn, Zn, Zr and Ti e re des chosen
from the PINEMig? Mﬁgﬁiﬂon @9@ %roa EYain grayRetal I%S"@aag’g B@% Fe2CB,
CeQ., MreC@D arfi CaCO\bi arie dvl mare deinicanduictorochosert &bm&uliidemdsayam:lep, met al ,
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salts gf | S 1 Soly il@ni ¢ aci ds
hydr ox€ a%rg@mo%cgg rrog*]cqb(l)ds%eﬁl mmﬁTﬁﬁgﬁwﬁl l?c; ﬂégﬁ&ﬁpoi ystyrene,

pol yket on@OIVS&@%B?'M'&%%PO'W"aﬁJPMM%E E!'t‘té enq eresbielde-ate.  Use i s
preferabl Msérﬁciﬁeferasl rmdd%cad Ableyulahiysdisete: mémwrsomstm?.:tsamﬁe 8%de the solid
S formn t he s ﬁ{?ﬁ ﬁrecubso gﬁ iﬂ’@ ngof thﬁesolld C formng the
core, HB"Q(BQG & 8?' Brfﬁ OlubFiRDFS AP © foymi QAL W¥ n salts,

zi nc sal t er, morer érgamics at insrganic salty, On paiticdar tin sadie,nzmmsaiml tarjunbsaltsuirdn salts or
coppenrasa ni um
ronomiys. 5 AFbnUA e s iR sits 1RO Male, gt horfic e Almitlnde K Pase
sol ubl e i Rardewansf titapigimpBaReBersand/gRens Qfmoae siigpnLRIMPEUNdSr a  wat er - sol ubl e
base, such as an aqueous sodi um hydroxi de or potassium hydroxide 15

sol ution, al so a gas,, such .carbon di oxi d r a reduci ng agent
(e Rong roRs R e bR it iR sPBPOUNS. B peREPRLE: TGSt

I on-exch awgm—s@sblm dasémichiast dre aquanusnsbdiaml rwdroxidesmri fodtassiuny hj;djexmes

hydro d, t I f | sperse

i qui QE g@%ﬂa QEO% gué Sg%@ E’gﬂ@hcdmg]%conﬁﬁéﬁgsé/ reéd%ﬁ'& é%ﬂ{ é Il is an
organi c pNﬁB@; (arrwﬁmg agdnh initigtors) Bisfter ﬁﬁlut@"@if)@@tﬁxéhmeaﬁi%ﬁnes a vegetable
oil or a mxture of vegetable oils, a silicone oil or a mxture of silicone

oils, or a mxture of the liste
One of the two mutually tmmlsmble ﬁiquu S iIs }wdropﬁui?c and the other hydrophobic.

20 Preferably, the first disperse liquid phase | is aqueous and the second continuous liquid
phase Il 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 | or the
second continuous liquid phase Il, fo 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 |t is accordingly possible, per drop of the first disperse liquid phase |, to comprise
several multicore particles, depending on the precipitation conditions, which can be



25 In an alternative enbodinent, it is possible, starting fromthe

m ni suspoemnmul si on of the subm cron core/shell particles, by drawing off the
first disperse liquid phase | or the second continuous liquid phase II, to
obtain a suspension of subm cron core/shell particles in the other liquid
phase each tinme. 30 In an advantageous alternative embodinent, it is
possible for two or nore, in particular from2 to 1000, of the particles
forming the core to be envel oped togefher by one shell. "Milticore
particles" are thereby obtained. In this connection, the shell does not have
to be conpletely closed. 35 It is accordingl 055|ble per drop of the
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an advant ageous e e core and the one or the nore shells nmay each
exhibit an identical chem cal conposition but a different nodification, in

par ti cul amggantglebiiy, aWb 16 tehS b@ferﬁﬁlf Wed wtﬁreeognénbeaﬁ%%rpﬁwéd &Ho dddge cOre may
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crystal [ i ffig oo’ tQ/‘“@@W'@PﬁP’% & CYR additional enbodi ment, a

m ni suspoenul si on of subm cron cor e/ shel|l particles is prepared in which
the s does no n 0 ubm cron
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and subsequent |
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 corefshell 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 |, the liquid phase Il or the
liquid phases | and Il. 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.



25 additional shell or several additional shells can preferably be applied
to the sane. The special fields of establishnent of the core/shel
nanoparticl e suspensions or suspoenul sions obtained according to the
process according to the invention depend on the chem cal conposition of
the subm cron core/shell particles, on the stabilizing 30 aids used and on
the substances formng the liquid phase I, the |iquid phase Il or the
liquid phases | and Il. Preferred fields of application are as catal ysts, as
active substance fornulation, in parPicuIar in cosnetics, pesticides,
animal nutritional agents or food supplenents, as pignents, in electronics,
in opticaE aﬁgl%cations or in polyners. 35 The invention is nore fully

expl ai ne with the aid of exenplary enbodi ments. 10 Exanple 1 The
starting material was the suspension of a first disperse |liquid phase |
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sur f agg- ”%Eébﬁéﬁgﬁixlnﬁ&&%é@dﬁ‘lhﬂﬁ particles was added. 15 The second

continuous |1 quird phase was prepared by dissolving 4.5 g of dissopal
EM23(r) in 199 g of n-decane with stirring. The first disperse liquid phase

and the sgr@mebt RPLisBURUR pHagsliwhsPiragRedvBy QlissdRingr eIy los itfid €drdcmanan

u -T f | KA - H & K fen,
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by est abl D6 surtdcevaadifiedhsilién dioxidephetidesywassatgedi on was enulsified in a

hi gh-ﬂgessure honogeni zer so that a 25 drop size distribution with a Sauter
[

mean aneter x3,2 of 530 nm appear ed. . _ )
The second continuous liquid phase was prepared by dissolving 4.5 g of Glissopal

EM23® in 199 g of n-decane with stirring.

The first disperse liquid phase and the second continucus fiquid phase were

20 preemulsified in an Ultra-Turrax® mixing device from 1KA®-Werke GmbH & Co. KG
(Staufen, Germany). Subsequently, the crude suspoemuision 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 x;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 suspoemuision. Subsequenily, heating was carried out to
30 120°C 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 Al liguids were separated from the minisuspoemulsion of submicron core/sheli
particles thus obtained in order to be able to take a High Angle Annular Dark Field —



Subsequently, this fine enul sion was degassed by establishnent of vacuum
5.63 g of pyridine were added to this fine enulsion so that the pyridine

di ssolved in the continuous phase of the suspoemnul sion. Subsequently,
heating was carried out to 30 120C and this tenperature was nai ntai ned for
4 hours. In this way, particles with a core-shell structure could be
prepared. Tin dioxide was dep05|ted as 5 nmparticles on the surface of the
silicon dioxide core particles. 35 Alit | i qui ds were separated fromthe

m ni suspoenul si on of subnicron core/ shel | particles t hus obtained in order
to be able to_ take a H gh, An e Ann

|ar Dark Field anni
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HAADF- STEpdqb@asrgr aph shows that in the core-shell partlcles the particle
size 5 of the core particles and al so the pol ydispersity of the core
particles have not essentially changed. Exanple 2 10 Use was |i kew se nade,
as core pahe HARBE;STEM slndttngraph dlowsnhm ipdbe care-sbeloparticiese theortiridlessize wi t h
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parti c e Size prepare the suspension of the first
di sperse pssgiiialygharged) 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- rrgdi fi eg silicon dioxide particles with a mean particle size of 150
nm was ad : e second continuous |iquid phase was prepared by dissol ving
3 g of Gissopal(r) 20 EM3 from BASF AGin 133 g of n-decane. The first
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establ i shgpo nme> of vacuum This crude suspoenul sion was enmulsified in a

hi gh- pressure honogeni zer so that a drop size distribution with a Sauter
mean di ameter x3.2 of 350 nm appeared. Subsequently, this fine emul sion was
degassed Iy orist abbicsphreht subparsmawhthe first disperse liquid phase | of the future

15  suspoemulsion, 1.5g of tin(ll) chloride were dissolved in 64g of water and
subsequently 0.5 ¢ 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®
20 EM23 from BASF AG in 133 g of n-decane.

The first disperse phase and the second continuous phase were preemulsified in an

Ulira-Turrax® mixer from IKA®Werke GmbH & Co. KG (Staufen, Gemmany).

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 xs;» 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
130°C 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 paricles.



30 4.8 g of triethylam ne were added to the fine enmulsion so that this base
di ssolved in the continuous phase of the suspoenul sion. Subsequently,
heating was carried out to 130C and this tenperature was maintai ned for 4
hours. 35 Particles with a core/shell structure were obtained, tin dioxide
bei ng deposited as 5 nm particles on the surface of the silicon dioxide
core particles. 12 As in exanple 1, all liquids were separated off in order
to be able to take a HAADF- STEM phoﬂ%graph. The HAADF- STEM phot ogr aph shows
that the particle size of the core particles and 5 also the pol ydispersity
of the core particles have not been essentiglly ch d pcation of
the shel |As BEARPE B aﬂ@qqiﬁgwgfea?qqafpdeigfgwra?r %/?/atée %ﬂg?%l?géé"n@ggih#of a first
di sperse $TEMpHotpgrapie | conprising silicon dioxide particles,
surface-nodified with am nopropyltrinethoxysilane, with a nean particle
size of 40 nmin water and tin(ll) chloride. The suspoemnul si on conpri sed

t he firstThi HAAPESTEM phalogyhpts shawsi thatathe pedicle sizenefi thesare parigedagshase of
n-decagie gdl e 61&?};%41%%% ebrd p&HRIE Rive Fotetbnlestdhtiah( ([cABAgeR! by
zwitterioni ¢ npolecul'e based on 15 polyisobutene wth the average nol ar nmass
of appr ox#Reieaticy ohtheshelk nol . The first disperse Iiquid phase was prepared by
dissolving 0.64 g of tin(fl) chloride in 63 g of water with stirring.
Subsequen&l I0 2 g of surface-nodified silicon dioxide particles was
added. 20—&%@5%%cond continuous liquid phase was prepared by dissolving 3 g
of dissopal EM3(r) in 133 g of n-decane with stirring. The first disperse
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Glissopal EM23® from BASF AG and a surfactant of a zwitterionic molecule based on
15  polyisobutene with the average molar mass of approximately 1000 g/mol.

O

ecanec an

The first disperse liquid phase was prepared by dissolving 0.64 g of tin(ll) chioride 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® 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® mixing device from IKA®-Werke GmbH & Co. KG
(Staufen, Germany). Subsequently, the crude suspoemuision 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, of 580 nm appeared.
Subsequently, this fine emulsion was degassed by establishment of vacuum.

2.05¢ 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 130°C and this temperature was maintained for 4 hours.



Subsequently, this fine enul sion was degassed by establishnent of vacuum
2.05 g of triethylam ne were added to this fine enulsion so that the
triethylam ne dissolved in the continuous phase of the suspoemnul sion.
Subsequently, heating was 35 carried out to 130C and this tenperature was
mai ntai ned for 4 hours. 13 In this way, it was possible for core/shell
particles with a nmulticore/shell structure to be prepared. Tin nonoxide was
deposited as shell on the surface of t8everal silicon dioxide particles. It
was possible, froman EDX anal ysi s (energy disper si ve X-ray analysis), to
estimate the nean nunber of_si di oxi de_part core/shell
st ruct ur elnd8is V@dew%mﬁ%&?@ei%%eéhal REHCIES Wﬁﬁ Y S\?r fs@?igglrucmr? 95%%ui ds were
separ at edpiepared.MTmmbhexids wassdeppsitxiissholhorothe sultateaf eeveral Islhccnmuh@(i@el I

particles t bt ai ne el ectron
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mul ticgre e diieb& Sioki all lie in the sane order of nagnitude.
In thegdeéﬁgﬁ’%ﬁtgeéél%l g’gr Fejg Qﬁ'ﬁg\sms in detail a HAADF- STEM i mage of the
core/shel | nanoparticles obtained according to exenplary enbodinent 1,
Figure 2 af WchﬁdsJ werd @tagarhtea otﬂ%BFthSFﬁh(bmspswau@bn bheuberatren stutticbrersheibpar t i cl es

20 obt ai ned r di exe me Fi in detail
2 TEM br i GRS VS oPiinsd 15 PREblo el pi B ek S arbn R0 BT mo ST cor o) shel i
struct ur ephmogamﬂ&tmwra@)tmrexpeqﬂlcaﬂm'EEM(bdgfrrtélntd i@age.25 Constituents of
hi gher,yorder and conparatively thicker sites on the specinen are marked out
darker 'in the TEM bright field inages (figure 3) and brighter in the HAADF-
STEM i nagdBe TEMduighldie Imemflgm%swt&ﬁwwﬁ@ﬁféa% lgsprepaed e 1 and
figure 2 ginpntadanteOsr@bsd fdgnidid. nanoparticles were obtained with a nmean
particle diameter in the sane order of nmgnitude as the core particles used
as starting material in the preparation. The bright regions highlighted with
t he arrowsn thadépigione 1 and figure 2 show the tin '

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



di oxi de particles which formthe shell of the core/shell nanoparticles. 35
14 The TEM bright field image in figure 3 shows a nultitude of core/shel
particles with a nulticore/shell structure, the darker structures in the
TEM bright field image corresponding to the tin oxide particles formng the
shell. 5 The exenpl ary enbodi ments accordingly clearly show that the shel
formation on the core particles produced beforehand takes place very

uni formy and each individual core pérticle carries a shell wth
approximately the same thickness. The process can be scaled up in a sinple
way because the nmean drop di apeter of the djsperse phase is adjustable
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di sperse form is prepared by 20 - starting froma suspension of the

subm cron particles of the solid Cformng the core in the first liquid
phase |, adding the precursor substance PS for the shell thereto and
dissolving in nolecularly disperse form and subsequently adding the second
l'iquid phase I'l and emulsifying with fhe first liquid phase | 25 while
provi ding energy. 3. The process according to claim1l, wherein the

suspoemnul sion of the first disperse liquid phase | in the second continuous

l'iquid phé&%éés?&%@(yoﬁhﬁg’ inthe first disperse liquid phase |, the

subm cron particles o e solid Cformng the core 30 and al so the
precursor substance PS for the shell dissolved in nolecularly disperse

form is prepappsteby fitaé hidpardion s @ RirsNgREHuBIoNofofubidIon coershaiRr ti cl es of
a solid C form'qp thﬁ core in the first liquid phase I, as disperse phase,
in the second®d ’%(ﬁﬂ PRlse 11, as continuous phase, 16 introducing the
precur 3or subst artbesteding oratériabis smaihisuspoemulaion lof a firsk digeree fiuitseghasé !  which i s
m scible with th [ | J- Al tus:S, | MM scible with the second
liquid phase 11,q%%ég‘f%é‘rdn‘?ﬁ%“‘fg‘r’ﬁéﬁﬁps'!?%%“*r'?’%ﬁthe third |iquid phase I11,
conpri sing the presgwrises: in the §ishdisparesliquid Phase b sybmisten pariglepat @ Selithse 1V,
which is mscibl e wrhidgliecse@mad | iquid phase Il but immscible with the
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form 15 and also the reactant R, is prepared by
15 2. The process according to claim 1, wherein the suspoemulsion of the first disperse
liquid phase | in the second continuous fiquid phase i, comprising, in the first
disperse liquid 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, is prepared by
20 - starting from a suspension of the submicron particles of the solid C forming
the core in the first liquid phase |,
- adding the precursor substance PS for the shell thereto and dissolving in
molecularly disperse form, and subsequently
- adding the second liquid phase I} and emulsifying with the first liquid phase |
25 while providing energy.

3. The process according to claim 1, wherein the suspoemuision of the first disperse
liquid phase 1 in the second continuous liquid phase I, comprising, in the first
disperse liquid phase |, 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 sotid C forming the
core in the first liquid phase |, as disperse phase, in the second liquid phase I,
as continuous phase,



- starting froma suspoenul sion of subm cron particles of a solid C form ng
the core and al so a precursor substance PS for the shell dissolved in

nol ecul arly disperse formin the first liquid phase |, as disperse phase, in
the second |liquid phase Il, as continuous phase, 20 - after which a reactant
R-either is added to the second continuous liquid phase Il and diffuses
into the drops of the first disperse |jquid phase | or - is added to an
additional liquid phase V which is mscible with the first disperse liquid
phase | but immscible with the second continuous liquid phase Il, 25 - an
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submi cron partitcles of a so g a reactant Rinto a third
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either is add
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 |, as disperse phase, in
the second liquid phase I, as continuous phase,

20 - after which a reactant R either is added to the second continuous liguid
phase 1l and diffuses into the drops of the first disperse liguid phase | or

- is added to an additional liquid phase V which is miscible with the first
disperse liquid phase | but immiscible with the second continuous liquid
phase I,

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 fiquid
phase | 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 | in the second continuous liquid phase Il, 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 sheil dissolved in molecularly disperse form
and also the reactant R, is prepared by



continuous liquid phase Il and diffuses into the drops of the first disperse
| iquid phase | or - is added in the formof an additional emulsion
conprising the precursor substance PS for the shell in the drops of the
di.sperse phase of the sane, 15 the disperse phase of the additional

enul sion being mscible with the firsf di sperse liquid phase | but

I mm scible with the continuous quuid-bhase Il and the continuous phase of
t he additional emulsion being miscible with the first continuous phase I

and after which 'st;%{hﬁgzg&ﬂ%sssugﬁ%e?ﬁﬁ 51“5 flrgﬂ @%’Ps%%q'uidcﬂﬁage Pfhaasé‘ecbn@”d the

drops of the Ti tional enul sion arﬁg rought to
forced coal escenc@mlwouﬁ’wgu'ﬂrﬂﬁ‘é%%ﬂ C&E@B?'Eﬂ iy thepfirgh fisparse: figh c?Lset'c) 5,
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second |iqui d.phag, In'g tﬁédﬁfagbf me@mum@iﬁhasemanemésd@aé ofCthe tmrheiqm@al
conver si on of them)r \‘.,J\Wsor su staE CW{E‘ 9 ft ﬁ 7. The process
according to cl ai Phage ipspalercanre WalRSHBRMIE SPE9Y ¢ efW lCEol i d forming the

core i1p the firstinkigatulsgysbstahceaBSdos fher shell Eithereis added o hiee smdd 35
liqui d phase 11 ?cfngﬁggdsmﬁﬁ"ds HAB&R%ng! @ﬁl{sgé W@B%y?rér 151rh§rf|tréi ggllfs@m a

m ni emul si on conp a ‘precursor ance sol 'l orm ng the
core in the fi rstllqnldsrphasséon i quid phase |, the second I|qU| d phase Il being

the continuous phasgidedfit e v&;«mc& atnhé‘dd‘t%ﬁﬁltékﬁ\ﬁlsﬁh ebinP@ding teasteadlsdro t he
second continuous liq s of the

first liquid phasé‘-‘QSta@Fg s faa@eah?lbnéh% %PP%IOItFﬁﬁ'ISBerﬁﬁQEQSq 9 t{‘?/\)ﬁ?rﬁeh is

m sci bjge wi th t hettsl disderdel Shaisd of pleasgitibndl wimuilsion beimg midelbée with thetfhet second
lquid phase I, %Qgerse liquid phase | but immiscible with the continuous liquid phase Il
and the continuous phase of the additional emulsion being miscible with the
first continuous phase I, and after which

. the draps of the first disperse liquid phase | 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 suspoemuision
comprising the submicron particles of the solid C forming the core in the first
disperse liquid phase |, with the second liquid phase Il as continuous phase, is

25 prepared by
- starting from a miniemulsion comptising a precursor substance PC for the
solid forming the core of the first disperse liquid phase |, the second liquid
phase Il being the continuous phase, and by forming therefrom the
minisuspoemulsion of the solid C forming the core in the first disperse liquid
30 phase |, with the second liquid phase Il 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 | as disperse phase, with the second
35 fiquid phase Il as continuous phase, is formed by



an enulsion is fornmed fromthe third Iiquid phase 11, conprising the
reactant R, with a fourth liquid phase IV which is mscible with the second
10 liquid phase Il but inmscible with the first and the third |liquid phase,
whi | e supplying energy, and the drops thereof are brought to forced

coal escence wth the drops of the fi r?t di sperse liquid phase | conprising
the precursor substance PC for the solid formng the core, and after which
the precursor substance PC for the solid C formng the core is reacted 15

chemically with t%iﬁgﬁﬁ&?%m@mtﬁmonﬁlﬁnﬂ?@ﬁﬁ%Sp?eélﬁgd?rs@b&gnéeoP@W e clainms 1

to 7 whereln starti romt m ni suspoenul si L ﬁ?mcr
core/ shel | parti c3olid fO”BV‘QdP%ﬁPrﬁd" Hieff'rﬁtﬁ@pfafﬁeé'ﬂ“'d(ﬂ gk e 55907 d0hase 1 or
t he second conti m&@%lﬂbbﬂﬁlﬂ%dﬂhﬂﬁlﬁ:uhbha@ suspensi on of 20 subm cron

core/shell particle e ot ui.d _nha h t| ed. 9. The
process accordi nd fFB W tB?f C?P{TE ?r |s§8d%9§§)rt§?% r‘rﬁuoggﬁﬁ“%artlcul ar
from 25t 0 1000, qfhashl apddiffusesesioﬂfmdmpﬂ;;ofttlhaeﬁrstjlqefdmheseehml oped by one
shel I. 25 10._Theg Rl mg&&%éa%ﬁ@rgm%hs& fil @g.ep.% RIS ahd rihGqRar i cl es

forming the core, In a first disperse liquid
phase I, are envdetﬂE%blbUtﬂ%'gﬁfﬂlﬁé'?'ewh B\*‘r‘é*%‘l’ﬂ?l"lqu'dl’faseﬂﬁémﬂrocess according to

any of claims.1l tg %Qwuisvd?\ersefdﬁné’d tidmléhe B mq"u&blppias% iR coMpridingsthel | s are

appl i ed one above the o p ng_ .t he 12, The
process accor di ng”-"f‘“f)ta’éfrf5 "Hﬁ" %f%é}pﬂiqwgtpha%lﬁswﬁ} '8%'%'?1'8 w:ﬁ%e 88 %he one or
the nome shel s elruid habe bitut lmisclieia twitbdhe firkeandctae ikl thase vhile a

d frerent Ml S3bhAGenbRyPad kY @gtﬁergaffa}g&ta,%ngmgaﬁ&ﬂw%tery&fcere or

wherein the naterl € core 1I's anor mat er | of the one
or the nore shel | with the dregssefdhe flﬁﬁédlsmf'se/h prassd comprising theTecyi$dbcess

according to any Qfysahéd ﬁéf&rtﬁ@soﬁ@,for\m@rtﬁéaora éﬁd@ﬁ&ﬂﬁﬁi@ﬁ?w' sion of submicron
core/shell particles 1s prepared %ﬁ@ gé es_ not con§Ieter

encl ose the core @ﬁ&’%%ﬁﬁ‘bgﬁ@%ﬁﬁ CFErsey f%'ﬂ‘éﬂglt YT & e

subj ectsed to a denwnsdalg asth fHeoedgati®) stage in which the core is conpletely
or partially 5 renmoved, in particular by evaporation, dissolution or

corrosion, while preserving a hollow structure, and one or nore additional
shel | s cars. pr &hermbdegs baecadingi odany of claims 1 to 7, wherein, starting from the

minisuspoemulsion of the submicron core/shell particles, by drawing off the first
disperse liquid phase | or the second continuous liquid phase 1, 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 o 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 8, wherein all the particles forming the core,
which are present in a drop of the first disperse liquid phase |, are enveloped
together by one sheil.

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 sach exhibit an identical chemica! 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
crystalling, or vice versa.



the sane. 14. The process according to any of clains 1 to 3 or 6 to 13,
wherein the physical 10 conversion is carried out by change in one or nore
processing paranmeters, in particular the tenperature and/or the pressure,
or by addition of a solvent or a salt anal ogously to the addition of the
reactant R 15. The process accordingﬂto any of clainms 1 to 14, wherein the
subm cron core/shell 15 particles exhibit a nean external dianeter in the
range of > 1 nmand <_ 1000 nm preferably > 1 nmand <_ 100 nm

particul afd y fe‘?:figtfg@ggélco?dm%to@ﬂy%gglaﬁs 28 PwhaReh a ﬁuﬁlsmsﬁéféiﬁiﬁ%@&f t he shel |
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nmetal s, oxides, sem condtuctors, carbon b salts, sulfur, sulfur
conpounds sﬂh¢§@ﬂeconpounds pol ymer s, |norgan|c or organic plgnents or
solid inorganic or organic active substances for cosmetics, pesticides,

ani mal nut ritional ents or food pl ene The ess, accordi ng
to any of ‘4l aTrl?sprTC‘?Sg ageording dp épﬁoﬁég'ﬁ‘lsg ‘r?g%Br 61%1%’h‘ﬁh9§8'f'|t59 p@"sf B} i ng t he
core ao the scdnvefsﬁn fi® cariagd ouhiy steeigk in ofe onmom prosessimepabmeepden from

thefollovmn , " | and Ti,
one or ‘%Eﬁrg%regﬁggaenf’?bfarn%rtti pr}gé{& 8 Q?kj;é@v‘ gsg!rg@ S|Za|r| cates,
1102 ZnQ, 3588@3412'09@!82!@'(?1@%@(09“ obg reama@oay in which M is a transition

rretal or a main group netal, zZrA2, SnO Sn2, Al,OY, CuO Cu20 and CaCO3,
or one or nore 20 semn conductors chos Q fro sulfbde and seleg‘%‘gl es, or

si |icon coRpolfftocess acerrding taanyial o fo e WRPTRIN PR FRMICTOR RS
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a thickness of the shell in the range of 2 0.5nm 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 suppiements.
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, ot
one or more oxides chosen from the following list: layered silicates, TiO,, Zn0O,
35 Si0y, BiQs, Fe 05, CeQy, MFe,0,, in which M is a transition metal or a main
group metal, ZrO,, SnO, Sn0,, ALO,, CuC, Cu,0 and CaCO;, or one or more



5 pol yket one, pol ycarbonate, PMMA, PU or pol ybutadi ene terephthal ate. 19.
The process according to any of clains 1 to 18, wherein use is made, as

nol ecul arly di sperse precursor substance PS of the solid S form ng the shel
or as precursor substance PC of the solid C form ng the core, of one or
nore 10 organic or inorganic salts, iy particular tin salts, zinc salts,
ceriumsalts, iron salts, zirconiumsalts, bisnuth salts or copper salts,
ot inorganic netal conpounds, in particular of titanium nononers and/or

one or nore S e a din f clains 1
00 16, wher erRichARAT AN Srorf QupdeiCalll SGERG20E fEHT bl L 1 R
second cont i m&b&JsSaiiSqahQﬁethQ@ nitrates, sarbidegarfatonpleas sulfates, phalidesul ar an

al kane or a rabétmégesaq& o%rbameac.d@ MEVES BRLRs bar%xy@atéa &%ﬁic aglhis veget abl e
oils, asilicone oill . or a mxture of S|I|cone oi | m xture of the

listed subst AM&EYY asigsar pelypessehasen i R SWS@W!‘%'?OHO'M?W@U%penm on of

subm g on corpelykétend, polpedrboriits; PMMA U ercholybuadiph@ esphtiager di ng to any of
claims 1 to 20 as catalyst, as active substance formulation, in particular
in cosnmetics, pesticides, animal nutritional agents or food supplenents, as
pi gnent, 1% é1hecmrncﬂ$'so&:,c0|idingom amalof chapps 1 datiSorvhieoein iusepsl mads, s

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 ar inorganic salts, in particular tin salts, zinc salts, cerium salts, iron saits,
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 | is aqueous and the second continuous liquid phase Hl 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 vils, 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.



