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
descri be core/shell particles with alnean external diameter of less than 1
m cronmeter. 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 subm cron core/shel
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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 liguid 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 (O/W) or water-in-oil (W/Q) 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 dianmeter < 5000 nm (:5
5 pnm). 5 The term "suspoenul sion” is used for m xtures exhibiting dispersed
solid particles in an enulsion and correspondi ng as "m ni suspoemul si on" a
“mnienmulsion with dispersed solid particles therein. 10 A m nienul sion can
be prepared, for exanple, by supplying nmechanical energy, for exanple in
the formof stirring energy, turbulent kinetic energy, ultrasound waves,
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35 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 liguid 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
same way, and which nmakes it possible to essentially retain the given 5
“pol ydi spersity of the submicron starii ng suspensi on of one or nore solids
formng the core of the subm cron core/shell particles and to nake

.avail abl e submi cron core/shell particles on an industrial scale in a
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“subgi cron particles of a solid Cformng the core” is also 25 understood
to mean submicron particles of one or nore solids C forming the core. By
anal ogy,Therrbjackisrachigved by arpsesess iersthe praparsionsif arrnigisyspaemulsiensel ofed i n

nol ecul %Eﬁensﬂinscﬁ%Dﬁnﬁmfd?fé’ﬂr?/bﬁelﬁﬂa?ﬁblég‘%b%rﬁ’o‘j to mean several precursor

subst ances PS for shel [ "di ssolved 1 n nol ecul arly disperse formand the
term"a precursor substance PC for the core dissolved in nolecularly
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that’ it is S§ENIBrRtinyeusligridphgse lowhightirst 1 qui d phase | conprising both
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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 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 dissoived 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 I, 4 because of their small size (a

m ni suspoemul si on and, accordingly, as defined at the start, nean dropl et
“dianmeters of the disperse phase < 5 pm are concerned), operate as

m nireactors which guarantee that the given pol ydi spersity of the subm cron
.starting suspension of the solids formng the core is essentially retained.
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in asfirst enbodi ment, be prepared by 15 - starting froma suspension of the
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20 provi n an ve suspoenul sion is
pr epar eé&hglldissoivedrin malpculegihdispseego®hul si on of submicron particles of a
solyg C formng the core 25 in the first liquid phase I, as disperse phase,
in the second |iquid phase Il, as continuous phase, - |ntrodu0|ng t he
precur s 8t ong erabegimentptier ahove aspaee)uisiomadditionafiy ?anﬂ’ﬂﬁ?ﬁlade%ﬁ@éql Il which is
m scible with the first |IC]UId phase | but is immscible with the second

liquid hase 1], and 30 - form ng an enul si on fromthe third Iiquid phase
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which is mscible wwth the second
15 - 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 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 |l
which is miscible with the first liquid phase | but is immiscible with the second liquid
phase Il, and

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

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

35 Il to coalescence by supplying energy.



liquid phase Il but inmscible 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 IIl 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 phgse, is accordingly brought to forced
coal escence with the di sperse phase of a second enulsion conprising the

_ precursor substance PS for the shell in the drops of the 5 disperse phase.
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phase | In aandddiiidriat sesbadithent! e @aboyes saspdenmuidiom 56 nladepevsieble qdiiah phase |
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supplyi ng ener same - are brought to f or ced
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- after which a reactant R either is added to the second continuous liquid phase |l
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 I,

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 suspoenul 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 |, wgth the second |iquid phase Il as

conti nuous phase, can take place anal ogously to the abovedescri bed
_preparation 6 process for the suspoemnul sion conprising, in the drops of the
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1 "and di s I nt ops o Iquid phase | or - is added
to athird liquid phase |11 mhlch is mscible with the first |liquid phase |
but 204 gn batisHal BmBodiieht, t he second Iiquid phase I, and - an emulsion is
formed fromthe third I'i qui'd phase Il1, conprising the reactant RR, with a

fourth l'iquid phase IV which is msci ble with the second | i quid phase Il but
i mmi sci bl etmg &tanhbanétbratfoaﬂmb Ish@ rﬁnh]éhdlsldn%dnﬁbrl%h@sﬁpréﬁmdo? sEbdtihes ng

i o8y se T Psulon tm 398 foroacBhore eciie Grecth lgnd o0sE hiibe SeeSTor t he
sol i d f or miggd phaseib being #deartih@sus pHaseh
- after which the reactant R either is added to the second continuous liquid phase |l
and diffuses into the drops of the first liquid phase | or
- is added to a third liquid phase I which is miscible with the first liquid phase | but
20 is immiscible with the second liquid phase li, and
- an emulsion is formed from the third liquid phase lll, comprising the reactant R,
with a fourth liquid phase IV which is miscible with the second fiquid phase Il 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 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



- 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 submicron particles of the solid C formng

_the core and also the precursor substance PS for the shell dissolved in
nol ecul arly di sperse form by physi caly conversi on of the precursor substance
PS for the shell, the physical conversion can be triggered in particular by

.the 35 change in one or nore processing paranmeters, preferably the
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of >05r} %B&? urt eﬁo ferab % nmz%n&s 30 nm in
par t i culP&'eRs ﬁﬁ%&@ Fol G0 Ny me%W‘PfecPr@feé?g Zdl E'Enrq 8RN be

Iol_et er m matticular & ey dﬁmomormf 131? , thicRfieseXdinfd ehellustithg smbmucmt d:mevsnéu static

ig scattering or m c t scat or

ul 5o erhRRIcRo B SuefSHE 18,0 etk ohes RO Ak ond) By e Ry o, 185
(1984), prefagbly 2 0B and &3H) nmbintpasticaiar Ermﬁmei arel £ 00 nm.cr ogr aphs. The

subm cron suspension conprises the solid or solids C form ng the core

preferably in a proportion of 0.01 to 40% by weight, in particular in a
pr oport iTe prtidle size dititiition 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, TiO,, Zn0O, SiO,, BixO;, Fe,03, CeO,, MFe,0,,



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 sgbstances for cosnetics, pesticides,
animal nutritional agents or food supplenents. Preference is given in this
.connection to one or nore netals chosen fromthe followng 35 list: Au, Ag,

N, Pd, jf ﬁhlcﬁ'ﬂd |sZ§traﬁ§?t1onQHetaBbra%ln éf'ou%r}ﬂet ZrQf, SH® SHOMALS, Tidies Chosen
fromthefol OWE%?ISt | ayered silicates, 1i 2, ZnQO_ S 2, Bi 203, Fe203,
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es an Se

chosen from fi ilic taI salts
Chosen Ehifaes et acofiios als of crganiariat, SUelrs HOReS AL raBonBeSe: ot b
ﬁaljts Obatbbglana&dQ,CihddroxﬁLEﬁr’]ds’ﬁ)rl ?@lymém cabse;rarfthylrm efpolylh?tcrvbnlnﬂiel,l c aci ds,
ydroxy acids or ners chosen  fr onitri pol yst yr ene,
AR At Sy T R TP R (A
pr ef er allsg isvpebésralalg manlleeamhmrdcyiady sisperse ppecacsor Sabstandesant thelslidSS t he sol i d

R e R

core, ganic I'n salts,
Zi nc salot more ergamin grainorganicrsaits,1io mﬂlcmqu tlmsa_dia,nzimmslsa, ceriuhisaisititonsal t s or
COPRBr Sahd grc&rﬂur’n %thgﬂn?utﬁ%%ﬁé oPQSBé’J%Fe {%ﬁf id hietd @bmBburldst @i um

nononer s aﬁ one or nore Ssilicon react ant can be a base

sol ubl e paricgiagafiiitenie® nenemers and/osgne P(:l:ﬂoa?r snmnan@mp@un@& a water-soluble
base, such as an aqueous sodi um hydroxi de or potassium hydroxide 15
solution, or also a gas such as. carbon di oxi de or ammbni a, a reduci ng agent

(H2, NABRASacta can jogiahang seibiR in qraanic gprBPQUNdS, BURAFISUIE N AMIBR Ba

| on- exc hardresaludld Base, @ueh Gis érh% hé\&]snwddﬁh' HydidXeS 61 bcbtﬁsélurﬂbhy@ﬁo)dldé
hydr 3ph||g: and the ot her g 0 Preferabl first @1 sperse
i qd Rytn.) or; &lsq, @, gasy $ug c’i‘st LLHig! ec,‘Brﬁ“T"HBB'Bs ’PE]'EH"EE ageUsE2 | is an
or gani c Nﬂmcﬁ)a agioRidixatg acgnt, aditi/torsah lbafer sofutian Bt Whtexehafgeakkianes, a vegetable
oil or a mxture of vegetable oils, a silicone oil or a mxture of silicone
oils, or a mxture of the |isted substances).

One of the two mutually immiscible liquids is hydrophilic and the other hydrophobic.

20 Preferably, the first disperse liquid phase | is aqueous and the second continuous liquid
phase |l is an organic phase (in particular an alkane or a mixture of alkanes, a
vegetable cil 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 I, 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 1, 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 enbodinment, it is

" possible for two or nore, in particulkar from2 to 1000, of the particles
formng the core to be envel oped together by one shell. "Milticore
.particles"” are thereby obtained. In this connection, the shell does not have

to be gafw eérﬁmae&'.ﬁstﬁg dréps lof thé fﬁ\&ceﬁéyérgglmuia%ﬁééa Rith PfFesdiopedf the
first disperse Iiquid phase |1, to conprise several nulticore particles,
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in the drops of the first disperse liquid phase with sizes in the nanoneter

range than in thesis. I.n an additiona rnatlve emhodinent, it is
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can 19 Ydlid &Bdn Ung n%g%)&ﬁamg@e other to the particles formng the core. 15 In

an advant ageous e ment, the core and the one or the nore shells nmay each
exhibit an identical chem cal conposition but a different nodification, in

parti Culmaﬁtagé%.fsiye e to fénY%FééraEMtHSttH higree Oéhem@%aﬁ%egﬁpﬁéd Bhe tata@vé:or e may

be anor phous and mat er | al he one or the nore shells may be
cryst al |thiegtheplo ‘W 6@”'9‘6?@%”""@)“"9@0% addi ti onal enbodi nent, a
m ni suspoenul si on of subm cron core/shell particl es is prepared in which

t he shell does not co Iete ose t e core, bm cron
o dPordh e et oAt e oG 09 06,008 o6 A Flost sedi boceadh i m

whi ch t hhibrah identgaehehighly campdgtidni laktla/dﬁfemeﬂoduﬂudatnmrnhmwﬂu@nartw

ngpg{]g’ygﬁﬁ%ﬂtﬁg ' %IOlstlrJlEc'tﬁ)rQ 8F tl'(feornga?grlla? of the co?e I%a%sgg V&r#&pﬁougogrllé) e tructure,
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 shelts can preferably be applied to the same.

The special fields of establishment of the core/sheli nanoparticle suspensions or
suspoemuisions 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 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
nanoparti cl 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 fornming the liquid phgge I, the liquid phase Il or the
liquid phases | and Il. Preferred fields of application are as catal ysts, as
.active substance formulation, in particular in cosnetics, pesticides,

ani mal Eyhiblel Pnal agents or food supplements, as pigments, in electronics,
in optical applications or in polyners. 35 The invention is nore fully
expl ai ned below with the aid of exenplary enbodiments. 10 Exanple 1 The
starti ngheatatingmaréial Was tisdIsmpRason obh fistl digirsdiiquie phasd | epmpgtigingase |
conpri si §*|L on _di X|deﬁ£artlghqf,.ﬁgrface-nDﬂLflﬁd mhth it
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Quadsol nidan) dariiote BéigE AG 20 n. ih etwatdry dQoadrplr op® | &bhny | BASET &, née. CAS No.
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o apor Srel? RGP B oRel ¥hd SISHGRE Sibp Yl BARECAR B e by
di ssol visHfagampfg awitterenie mdleaeahasedCemaplyisobytene ailll the 2gerggefmelan(i|)

chl ggi dgnddad FGpsroRi e6o jstirring. Subsequently, 0.75 g of
surface-nodifi g%osi a:ﬂ%%n dq\%@lbde particles was added. 15 The second

continuous |liquid phase was prepared by dissolving 4.5 g of @i ssopal
EM23(r) The #8Odigpétke MindiACHHMBe Wad pidpafdd By disEBRing! 6.35 gdbiSerfffabiafti d phase
and thelﬁecoqﬁ_@con i_nyous. | i ﬁw d ﬁc?a_se wer 20 pr eer_rul&él ed in an

Ul t ra- THYRH] LR and iy diel i) £higide [oad6 9 - RHrENgoSUlsEAUT sy a uf en,
Cer rrany)0.7%bsme@wqaiﬁeﬁwcsﬁ didRids papResws audetihus prepared was degassed
by ﬁ%t abl i shment of vacuum This crude suspoenul sion was enulsified in a

hi gh~pressure honogeni zer so that a 25 drop size distribution with a Sauter
mean di dinet secord,cdntiriucoi8diqnith phgseawasl 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 continuous liquid phase were

20 preemulsified in an Ultra-Turrax® mixing device from IKA®-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 x;, 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. Subsequently, 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 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 —



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 depositedias 5 nmparticles on the surface of the

silicon dioxide core particles. 35 Al liquids were separated fromthe

. m ni suspoenul si on of subm cron core/shell particles thus obtained in order
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Transmi Ssi on El ecfron M croscopy phot ogr aph ( STEM phot ograph). The

HAADF- S?EWF’B bgraph shows that, in the core-shell particles, the particle
size 5 of the core partlcles and al so the pol ydi spersity of the core

parti cl nt| ed, Exa kew se made,
e cor o TGS e Aot sl At T thers Er sedifrfides i ARfice s iy 1

ani nepr epythé rcdrretpmm land ealbaittheli gdlyatispecsitiy r ofimtrex aore! paticlest heve nen

parti cl S$ n§“ g(g nm In order to prepare the suspension of the first
dlspersg ?3 % of the future 15 suspoermulsion, 1.5 g of tin(ll)
chloride were dlssolved in 64 g of water and subsequently 0.5 g of

surface ﬂl'fe' d silicon dioxide particles with a nmean particle size of 150
nm was ggg'ea—fl he 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

di Sﬁgrsmgh@%e .k%%et.hs éeééoé?ﬁe ?tEI'eQUﬂf‘ﬁluo@ﬁ%ﬁ&ud@ﬁé‘rﬂcﬂé@&ﬁ‘ﬂfﬁc@%b&ﬁbd n an

Utra-Turr m xer rom G (Staufen, Germany).
3ubsequéﬂttmaynm@memdﬁnw@w@u@ae diffesing fram emreraaﬂéut%@eawag@@op

est abl i YpABHHM. 25 of vacuum This crude suspoenul sion was enulsified 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 emulsion was
degassedn kyd@stoahtbparb e tsuspensimutimhe first disperse liquid phase | of the future

15  suspoemulsion, 1.5g 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®
20 EM23 from BASF AG in 133 g of n-decane.

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

Ultra-Turrax® mixer from IKA®-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, 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 particles.



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 suspoemnul 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 1,1all liquids were separated off in order
to be able to take a HAADF- STEM phot ograph. The HAADF- STEM phot ogr aph shows
.that the particle size of the core particles and 5 also the polydispersity
of the agrig eRahpled, af iiQ@MQ wWiRb SBSfatcRSSEM drakl o Kdrapead tike adppiDEat i on of
the shel|. Exanple 3 10 The starting material was the suspension of a first
di sperséTﬁanSOQSﬁ%Pse | conprising silicon dioxide particles,
surface-nodified with am nopropyltrinethoxysilane, with a nean particle
size of _40 i r.and tin(ll) chloride. The s oenul si.op _conpri sed
the r 1+ TS 4P sEEM erndtiraph shove iatiRe pbni e ot TRGHER phERs BFbse o
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zwWi tteriQnic, 0ol I ased on 15 polyisobutene with the average nol ar nass
of appr Sﬁﬁﬁé{'oq Oﬁ%ﬁ@elg/ nol. The first disperse |iquid phase was prepared by
dissolving 0.64 g of tin(ll) chloride in 63 g of water with stirring.
Subsequghtﬂ‘#?é,eé). 2 g of surface-nodified silicon dioxide particles was
added. econd continuous |iquid phase was prepared by dissolving 3 g
of dissopal EM3(r) in 133 g of n-decane with stirring. The first disperse
i qypd ; | | £ -ShUki i | sified
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( St auf efilicen: dinxifp) Pa@GBS‘xeaUg@ﬂel'W?d'f'% Withy geinopeqpyRim eHpsilang; swith épar ed was
degasseghdin RpichdSize BIBRAmah wald Wntin(il) ichiofidlé! dmheSsiBposuIsidh @BmpAseeul si fi ed
in a hi %Qédﬁressure honpgeni zer hat a drolﬁd%hze d]J stributi o&n wth a

; 10T - SOt .30 dr
Saut er shifigRerse liawis prage | i@ 9RO pUdinggus liq ase of n-decane an

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.

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 suspoemulsion thus prepared was
degassed by establishment of vacuum.

This crude suspoemulsion was emuisified in a high-pressure homogenizer so that a
30 drop size distribution with a Sauter mean diameter x5, of 580 nm appeared.
Subsequently, this fine emulsion was degassed by establishment of vacuum.

2.05g 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 suspoemrul sion.
Subsequently, heating was 35 carried out to 130C and this tenperature was
~maintained for 4 hours. 13 |In this way, it was possible for core/shel
particles with a nmulticore/shell strygture to be prepared. Tin nonoxide was
deposited as shell on the surface of several silicon dioxide particles. It
.was possible, froman EDX anal ysis (energy dispersive X-ray analysis), to
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mul t Bcorapprixinhdtelp @rdilicoh exjdegpeaicts. all lie in the sane order of magnitude.
In the depiction: 15 Figure 1 shows in detail a HAADF- STEM i mage of the
core/ shell nanoparticles obtained according to exenplary enbodi nent 1,

Fi gur e Alldiquigs werne depaxaledffHrohDEeSTHEUspegaulsibn oheulroicwhghdtitore/ahelpart i cl es
20 obt ai j ' Fi ; in detail
= Tem bRy Sbfel tn SKRPR BEXoRRAdTE Hankmlon'Qotioh mcRBY. o/ ohel
st r uct upbotsigraph{@EMehoteaiapty, meresspenibrallyya E&d@aghﬁrﬂd iB1agep5 Constituents of
hi ghgr order and conparatively thicker sites on the specinmen are nmarked out
darker in the TEM bright field inmages (figure 3) and brighter in the HAADF-
STEM i ndldesT BM bgmté@d%rr@ea ipfigure Beshoa tipat B'ﬁ%’te@@%ﬁﬁg'c'ieﬁ PfeRgR®E 1 and
figure Z3BamheameCatsr sihgddnitu®) nanoparticles were obtained with a nmean
particle dianeter in the sanme order of nagnitude as the core particles used

as starting material in the preparation. The bright regions highlighted with
t he arr qmshd depidtighr € 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
muiticore/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 proggiced beforehand takes place very
uniformy and each individual core particle carries a shell wth

. approxi mately the sanme thickness. The process can be scaled up in a sinple
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first disperse l'iquid phase I, the subm cron particles of the solid C
formng the core and also the precursor substance PS, for the shel

di ssolved in nol ecularly



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 liquid phase Il and enulsifyity with the first liquid phase | 25
whi |l e providing energy. 3. The process according to claim1, wherein the
suspoenul sion of the first disperse |iquid phase | in the second continuous
.liquid peatés gigimeddsiprising, in the first disperse liquid phase I, the
submi cron particles of the solid C formng the core 30 and al so the
precursor substance PS for the shell dissolved in nnlecularky di sperse

form id- pr8peeeepshipr the PEaParaign; o AnTINISUADGERMNIE: BhnsSmIeTen oF/ghellbar ti cl es
of a soli d fiekeB] vageréine core in the first liquid phase |, as disperse
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formng the corgyg rbaﬁ.s&rs@,gg{aﬁgé pgq@,sth@gﬁén PS for the shell dissolved in
nol ecul arly di sperse 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
liguid phase | in the second continuous liquid phase |l, 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 Il and emulsifying with the first liquid phase |
25 while providing energy.

3.  The process according to claim 1, wherein the suspoemulsion of the first disperse
liquid phase | in the second continuous liquid phase 1l, 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 molecuiarly
disperse form, is prepared by
- starting from a suspoemulsion of submicron particles of a solid C forming the
core in the first liquid phase |, as disperse phase, in the second liquid phase |,
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

~Reither is added to the second cont1éhuous liquid phase Il and diffuses
into the drops of the first disperse liquid phase | or - is added to an

addi tional liquid phase V which is miscible with the first disperse |Iiquid
. phase | but i imtrogding thewiredursdisubgtansedP S fnvttherslaligntoiagibird liqygd abesa lll, 25 - an
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reactant R, wth an a t1onal phase VI, wnhile supplying energy, and
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first disperse llyu%i d Bhas |, the subm cron particles of the solid C

forming the cBYRPYIECRHBY:AEcursor substance PS for the shell dissolved in
nmol ecul arl y dbsamgng ¢hef diops ohuttte firss tiquidch ehassak tiach theRdrops b itk Hiireldiqoid 17

starting fro ' f fii. Lsperse liquid phase | in a second
conti nuous | {TB sf?qﬁﬁggé%lﬁéeﬁg%%; ?@Rprl)}dﬁgsl&ﬁ&{;ﬁe first disperse |liquid phase I,
subificron particles of a solid C, introducing a reactant Rinto a third
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phase | and t drops of the third | d phase to coal escence while
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either is addgdisbahd RAcRAERNE 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 |l, 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 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 li,

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 | 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 suspoemuision of the first disperse
liquid phase { in the second continuous liquid phase Il, comprising, in the first
disperse liquid phase |, 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



continuous liquid phase Il and diffuses into the drops of the first disperse
liquid 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

~emul sion being miscible with the firlst disperse |iquid phase | but

i mm scible with the continuous liquid phase Il and the continuous phase of
the additional emulsion being mscible with the first continuous phase |

. and after whi chstartingérogy agyspslemutsior ofra firstitlisperse dquid ghaee piveaseeqongdnd t he
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liquid phase Il as. c ntlnHous IIartlngfroma
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m ni emul si on conprisin ecur sor stance the soli orm ng the
core in the fi rL‘ﬂUldJIPMﬁ@rlSJé liquid phase |, the second liquid phase |l being
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second continuous liquid diffuses into the drops of the
first 1iquid phadstancgPy Eoréféﬂj@'éf"t'%"@ @"ﬁP? af me(ﬂﬁﬂ?r%%equ the\PABS, i s
m sggble with tfh@ dns a¥de phabd 6F the Ragmiohal Mmulsien bemyShisEibe witt thetfitet second
lTquid phase 1 dlsperse liquid phase | but immiscible with the continuous liquid phase I
and the continuous phase of the additional emulsion being miscible with the
first continuous phase Il, and after which
- the drops 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 suspoemulsion
comprising the submicron particles of the solid C forming the core in the first
disperse liquid phase |, with the second liquid phase |l 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 |, the second liguid
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 liquid phase |l 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 |iquid phase,
whi | e supplying energy, and the drops thereof are brought to forced

~coal escence wth the drops of the fli8 st disperse 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
. chenical | 'y wi t hstattieg frerrca aminieRulsin qineprisingce grecdson sdbsignaeoP@rgr e cl ains 1
to 7, wherein, At i o) : Y off LGHON
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aims 1 to 8, wherei
from2 to 1000, Pl&s eg e thegiraph gf thadrst liawd phasediffel oped by one
fshel I 2?h10. Tib%d@\tzgqah%twnt{ui& PBaded IIF ik i&mfféh?fe&irv}ﬂ; athdt fizs!ﬂﬂiiq(ﬁart i Ic! es |
orm ng the cor ich.are present in a dro i rs i sperse |iqui
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any of clains lat endflsiomhierfeimed flom 1k tirceliguidbphasg Ko codfprisingsthel | s are
appl i ed one above the,other to. the.particles,fprmng.the. e, 12. The
process accor dirr?SCtFBteghvn%P f81“$ﬁ‘ F&uuﬁfp[w%sel)fwmﬁgsem&{qi%wgﬁ%e 3?1°d)n9he one or
t hel®ror e shel | sliguixcphasseH| buttimanisdilde mithdbé ficshand the thod hipaidiphass vihie a
different nodificatio | Rt i qul ar | I re, or
wherein the mat éedrplfﬁﬂgo(%heé@ﬁtaﬁg t&%?@#@%ﬁ%ﬁ%&%@hﬁ?ft\éﬁctee%r%? Eeerl:':‘|&";ra]tcgof t he one
or the nore shewitlsthesdrops pbthel firsindispasse iquie phases hecomrisingsthe Thecysacess
according to anyqu{an%@id%r ﬂwe@&&&?ormﬁﬁ%ﬁ%&e%ﬁ%&ﬁ%ﬁﬁ&?w' sion of subm cron

i n Wii ch thé shel

core/shell particles I's prepare . _ oes not corrgl etely
encl ose t he- cor Beapfacyiper sybstance Rubas heosrlidlof doarieg (the £ote (s @aciede

subjgcted to askioMBAkMARTHhEtQEEMERNY Stage in which the core is conpletely
or partially 5 renoved, in particular by evaporation, dissolution or

corrosion, while preserving a hollow structure, and one or nore additional
shel I s gan prefrocdskyadrordumpltb eshyt 6f 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 I, 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 |, are enveloped
together by one shell.

11. The process accordihg 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 compesition 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.



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 accordid§ to any of clains 1 to 14, wherein the
subm cron core/shell 15 particles exhibit a nean external dlaneter in the
range of ? 1 nmand <_ 1000 nm preferably > 1 nmand 5 100 nm

. particut@rl Theppretessedricprding 1o any of ethiras 120 18nwherein a minisuspremyisionfoft he shel |
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10% _by wei 17. grocess according to any tq 16, wherein
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subst ance Okotewdtiictire, #fd Gnesit MBALSIdININRE Siells rdam préferdby) bewppigdl tost
net al s, omgles sem conductors, carbon blacks, netal salts, sulfur, sulfur

conpounds, PI5PE%n conpounds, polyners, inorganic or organic pignments or
solid inorganic or organic active substances for cosnetics, pesticides,

ani mal trifl I I 0,18,,. T accordi ng

fo any oF oftt AResf 8GRanGlo AB7 r SHER: Y © K2 FrandB B IEFRGN g the

cor &0 or thecwbr%brﬁsf@rmmguttlbwomel in ayle onmo prooessingeparlametdiesion  from

thefollovm i , f Bl and Ti,
one. or PRI tne MimppBnoandlS thd Brossiim, o by ittt of 2 solelt of B, 22 e,

T| 2, ZnO %NEIMOUSVE@@G gaglition of theagactamtdxOY, in which M is atransition

rretal or a main group netal, ZrA2, SnO Sn02, Al xOY, CuO, Cu20 and CaCOB,
or one or nore 20 sem conductors chosen from sul fides and sel eni des or

si | i conleonpbRiRtesesHaccordingio any|of slaimpd do 14, Wharainthe sdamicoRerefehell

car pgnat es, pémclfa@bﬂ‘ibn B daesternATRIABSIn tﬁ@lrér@eqff >0f §ARInG ARiodsim,such as
| act ates or box | at es, car boni c aci ﬂ l {y oxy aci ds, or poI yrrers chosen
f rom PET, pB'iey%{E yeohpangs 1001 shafticily preferably = 1nm and < 20'nm,’and

a thickness of the shell in the range of > 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 foliowing list: layered silicates, TiO,, ZnO,
35 Si0,, BiOs, Fe0; CeO,, MFe,0,, in which M is a transition metal or a main
group metal, ZrQ,, SnO, SnO,, ALO,, CuQ, Cu,0 and CaCQ;, 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 formng the core, of one or

. hore 10 organic or inorganic salts, 20n particular tin salts, zinc salts,
ceriumsalts, iron salts, Z|rcon|un1salts bi smuth salts or copper salts,
or inorganic netal conpounds, in particular of titanium nononers and/or

. one or nor esaiconshintors ghesendkom Zpifideh eangr satenidesace @iligpm gompornds. of cl ai ns 1
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subn? cron ceY¥rEle, PO'V??JP?'?"&? é’@AMﬁeBHr"éHoﬁyhuﬁd‘ﬁpg%%htﬁ%lﬁr@rd| ng to any of
clainms 1 to 20 as catalyst, as active substance formnulation, in particular
in cos i C pesti ci des mal utritional, agents or food suppl enents, as
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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 | 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 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.



