CHEMOMECHANI CAL PRODUCTI ON OF FUNCTI ONAL COLLO DS Thi s
invention relates to functional colloids and a nethod
for their manufacture. Colloids have been known for a
long tine. They can arise, _for exanple, via sol-ge
techni que, or in natural pﬁocesses such as in bodies
of water and during condensation processes in the gas
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corresponding zeta potential, i.e., the formation of a dual

charge cloud around the colleid. This can be caused by a
varying electron affinity, or a charging of particles with
ions or electrons, e.g., by setting the pH value. However,
it can also take place via the agglomeraticon of specific
molecules on the surface, e.g., via the agglomeration of
humic acid in natural bodies of water. However, all of
these processes assume that the c¢olloids have been
generated by a preceding reaction, and that conditions
leading to such a stabilization have been established in

the environment of the colloid.

While other methods for manufacturing small particles,
e.g., high-energy milling, shatter the crystalline
structure down to nanoscale proportions, they cannot
prevent subsequent aggregation. Such aggregated particles,

which are in part also manufactured wvia targeted



- 2 condensation from gas phases, can only be

deaggregated under specific conditions. For exanple,

netal particles have been successfully dispersed in

oil, since the oil can shift_between weakly

interacting netal surfaces. However, weakly

interacting netal surfaces are only obtained if the
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Commercially available milling aggregates commonly only
make it possible to obtain particles in the submicrometer
range, and even that only with so-called milling aids,
which prevent freshly generated fractured surfaces from
recombining again. Comminution to colloidal dimensions, in
particular to a range of 0.002 to 0.05 um, is generally not

possible.

The object according to the invention was now to fabricate
colleoids that exhibit an outstanding stability relative to
aggregation, wherein the colloid particles can be extremely
small (preferably under 0.2 pm, in particular under 0.05

pm}, and the properties or functions of the colloid or



smal | (preferably under 0.2 m in particular under

0.05 m, and the properties or functions of the

colloid or - 3 <colloid particles can be adjusted to

the respective reqU|renent§ Surprisingly, the object

according to the invention”could be achieved by using

a chenonechani cal reactive conmm nution process to
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modifying agent rigidly bound with the surface of the
particles as functional groups, wherein the average
smallest dimension of the functionalized particles can
extend as far down to 0.01 and even 0.002 pum, if needed.
The method according to the invention makes it possible to
obtain stable colloids with average smallest dimensions
preferably not exceeding 0.2 um from coarse-grained
particles. Modifving the colloid particles with
comparatively small molecules that can rapidly diffuse on
the newly formed surfaces prevents or inhibits an
aggregation, while at the same time resulting in a
functionalization of the colloid or colloid particles

taileored to the respective requirements.

The used particles are golid particles made out of any
suitable material. For example, they can be organic (or

polymer) or inorganic particles, wherein inorganic



tailored to the respective requirenents. The used

particles are solid particles nade out of any

suitable material. For exanple, they can be organic

(or polynmer) or inorganic particles, wherein
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or WO:;, corresponding mixed oxides, e.g., indium tin oxide

(ITO}), antimony-tin oxide (ATO), fluorine-doped tine oxide
(FTO) and those with a perowskite structure, such as BaTiO;
and PbTiC;, chalcogenides, for example sulfides (e.g., Cds,
ZnS, PbS and Ag2S), selenides (e.g., GaSe, CdSe and ZnSe)
and tellurides (e.g., ZnTe or <CdTe), halogenides, such as
AgCl, AgBr, Agl, CuCl, CuBr, Cdl; and Pkl,, carbides, such
as CdC2 or S8iC, silicides, such as MoSi,, arsenides, such
as AlAs, GaAs and GeAs, antimonides, guch as InSb,
nitrides, such as BN, AlN, Si;N, and Ti;N;, phosphides, such
as GaP, InP, ZmP; and Cd;P,, as well as carbonates,
sulfates, phogsphates, silicates, zirconates, aluminates and
stannates of elements, in particular of metals or 8i.,
e.g., carbonates of calcium and/or magnesium, silicates,
such as alkali silicates, talcum, clays(kaclin}) or mica,

and sulfates of barium or calcium. Other examples of
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Mixtures of these particles can also be used. Especially
preferred materials for the particles are metal oxides,
silicon oxides and silicates, in particular talcum, ZrO,,

Al,0;, TiQ, and Si0, or mixtures thereof.

The particles used according to the invention can be
manufactured in a conventional manner, e.g., via flame
pyrolysis, plasma  procedures, gas-phase condensation
procedures, colloid techniques, precipitation procedures,
sol-gel processes, controlled nucleation and growth
processes, MOCVD processes and (micro)emulsion procedures.
These methods are extensively described in the literature.

In particular, use can be made of metals (e.g., after the



A1203, Ti02 and Si02 or m xtures thereof. The
particles used according to the invention can be
manufactured in a conventional nmanner, e.g., via flame
pyrol ysis, plasma procedureg _gas- phase condensati on
procedures, colloid techniqdes, precipitation
procedures, sol-gel processes, controlled nucleation
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of the used particles can be selected as desired, particles
with an average particle diameter of 1less than 100 um,
preferably 1less than 10 pum, and an average particle
diameter exceeding 0.001 um, preferably exceeding 0.01 um,

are expedient.

The dispersant can be any solvent desired, provided it does
not or essentially does not dissolve the particles to be
treated, and is also inert or essentially inert relative to
the used modifying agent. The suitable dispersant is
preferably selected form water or organic solvents,
depending on the particles to be treated, but inorganic

solvents are also possible, such as carbon digulfide.

One particularly preferred dispersant is water, e.g.,
deionized water. Suitable organic dispersants include both

polar and nonpolar and aprotic solvents. Examples include
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dispersants can also be used.

Preferably used organic dispersants include aliphatic and
alicyclic alcohols, such as n- and i-propanol, glycols,
such as ethylene glycol, and aliphatic, alicyclic and
aromatic hydrocarbons, such as hexane, heptane, toluene and
o-, m- and p-xylene. Particularly preferred dispersants are
ethanol and toluene.

The particles are subjected to mechanical reactive
comminution in the dispersant in the presence of a
modifying agent, i.e., mechanical comminution is
accompanied by a chemical binding of the modifying agent to
the particles or comminuted particles in a chemical

reaction. Such a reaction under a mechanical load is also



Preferably used organic dispersants include aliphatic

and alicyclic alcohols, such as n- and i-propanol,
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of the modifying agent and the particles.

The functional group encompasses the modifying agent, and
preferably involves carbonic acid groups, acid chloride
groups, ester groups, nitrile and isonitrile groups, OH
groups, SH groups, epoxide groups, anhydride groups, acid
amide groups, primary, secondary and tertiary amino groups,
Si-OH groups, hydrolysable residues of silanes (the
following described Si-OR groups) or C-H acid groupings, as

in f-dicarbonyl compounds.

The modifying agent can also encompass more than one such

functional group, e.g., in betaines, aminoc acids, EDTA.



of the nodi fying agent and the particles. The
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While the modifying agents at least in part enter into
covalent, ionic or coordinative chemical bonds with the
surface groups of the particles as indicated above, the
interactions of surfactants are generally 1less specific,

e.g., typically involve adsorption or wetting interactions.

In addition to the at least one functional group that can
enter into a chemical bond with the surface group of the
particle, the modifying agent generally has a molecular
residue, which modifies the properties of the particle
after linking the modifying agent via the functional group.
The molecular residue, or a portion thereof, can be
hydrophobic or hydrophilic, for example, or carry a second
functional group, so as to in this way functionalize the
colloid particles relative to the environment, i.e., e.g.,

stabilize, compatibilize, intertize or reactivate. In this
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as the one also suitable as a functional group for binding
to the particle, reference is made to the examples cited
there. Other examples for a second functional group include
epoxide, acryloxy-, methacryloxy-, acrylate or methacrylate
groups. There can be two or more identical or different

functional groups of this kind.

The modifying agent preferably has a molecular weight not
exceeding 500, more preferably not exceeding 400, and
especially not exceeding 200. The bonds are preferably
liquid under normal conditions. The functional groups that
carry these bonds primarily depend on the surface groups of
the solid particles and the desired interaction with the
environment. The molecular weight also plays an important
role with respect to diffusion on the freshly formed

particle surfaces. Small molecules result in a rapid
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ugsgth surface groups of the partlcles. Particularly
preferred nodifying agents include silanes, carbonic
acids, am no acids and am nes. The carbon chains of ,
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acirde, obesywith dcid 24aleric acid, caproic acid, acrylic
acid, methacrylic acid, crotonic acid, citric acid, adipic
acid, succinic acid, glutaric acid, oxalic acid, maleic
acid, fumaric acid, itoconic acid and stearic acid, as well
as the corresponding acid hydrides, chlorides, esters and
amides, e.g., caprolactam. The aforementioned carbonic
acids also encompass those whose carbon chains are
interrupted by ©-, S- or NH-groups. Especially preferred
are ether carbonic acids, such as mono- and polyether
carbonic acids, as well as the corresponding acid hydrides,
chlorides, esters and amides, e.g., methoxyacetic acid,

3,6-dioxaheptanic acid and 3,6, 9-trioxadecanic acid.

Examples of preferred mono- and polyamines are those with
the general formula Q;.,NHn, wherein n=0, 1 or 2, and the
residues Q independently represent alkyl with 1 to 12, in
particular 1 to 6, and especially preferred 1 to 4 carbon

atoms, e.g., methyl, ethyl, n- and i-propyl and butyl, as



carbon atons, e.g., formc acid, acetic acid,
propionic acid, butyric acid, valeric acid, caproic
acid, acrylic acid, nethacrylic acid, crotonic acid,
citric acid, adipic acid, syccinic acid, glutaric
acid, oxalic acid, maleic @dcid, fumaric acid,
itoconic ac--d and stearic acid, as well as the
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di ret hyl amne, trinméthyl am ne, ethyl "am ne,
agRli%e, N-nmethyl aniline, diphenyl anine, triphenyl
am ne, toluidine, ethylene diamne, diethylene

triam ne._ Preferred, (3-di carponyl .compounds ar.e those,
EATRSLSF O PO SRR Ol 6 8 RRbof LXEdg,  Teline,
aglp |, cabiketorasid, suchicane acet \ilscdeekdne,.

2, 3- hexanedi one, 3, 5-hept anedi one, aceto- acetic acid,

acet o-acetic acid-Cl-C4-al kyl ester, such as
Preferred silanes have at least one non-hydrolizable group

or a hydroxy group, and special preference goes to
hydrolysable organosilanes, which additionally have at
least one non-hydrolyzable residue. Preferred silanes have

the general formula (I)
R<'=lSiX(4—a) (I)

wherein the residues R are the same or different, and
represent non-hydrolyzable groups, the residues X are the
same or different, and represent hydrolysable groups or
hydroxy groups, and a has the value 1, 2 or 3. The wvalue
for a is preferably 1.

In general formula (I), the hydrolysable groups X, which
can be the same or different, e.g., hydrogen or halogen (F,



aceto-acetic acid ethyl ester, diacetyl, and acetonyl
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0 roups .and .ac 0Xy groups articularly
w%ré?@r%dé) %Fdrod}ag;s% ®H-esi dues are Cl_4-al koxy
groups, in particular nethoxy and ethoxy. The
n- hyd Si e 0
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rﬁ)referabl ., such as nethyl’,_ethyl,
., hexyl, octyl or cyclohexyl),” alkenyl' (preferably
Cz_s-alkenyl, e.g., vinyl, 1-propenyl, 2-propenyl and

butenyl), alkinyl (preferably C;.¢-alkinyl, e.g., acetylenyl
and propargyl), aryl (preferably C¢.ip-aryl, e.g., phenyl
and naphthyl) as well as corresponding alkaryls and
aralkyls (e.g., tolyl, benzyl and phenethyl). The residues
R and X can each have one or more conventional
substituents, as needed, e.g., halogen or alkoxy. Alkyl
trialkoxy silanes are preferred. Examples include:

CH,SiCl;, CHSi(OC;Hs);, CH3Si(OCH;);, C:HsSiCl;, C,HsSi (OC.Hs)s,

CoHs51 (OCH;3) 3, C3H;Si (OCyHs) s, (C2Hs0) 3S1iC3HeCL, (CH;) .51C1,,
{CH;) 81 (OCzHs5) 2, (CH3)2S8i{(OH);, CgHsS1i(0OCH;};3, CgHsS1i(OC.Hs) s,
C¢HsCH,CH, 81 (OCH3) 3, (CgHs) 281C1,, {CeHs) 281 (OC3Hs) 5, (i-

Cs;H,)3810H, CH,=CHSi (OOCCH;);, CH,=CHSiCl;, CH,=CH-Si (OC.Hs)s,
CH,=CHS1 (OCzHs)3, CH,=CH-Si (OC,H,OCH,;);, CH,=CH-CH,-Si (0OC.Hs)3,
CH,=CH-CH,-Si (OC3Hs) 3, CHp=CH-CH,-Si (OOCCH;);, n-CeHy3-CHy-Chy-
81 (OC;Hs)3, and n-CgHy,- CH,-CH,-Si (OC:Hs)s.



n- propyl, isopropyl, n-butyl, sec.-butyl and

tert.-butyl, pentyl, hexyl, octyl or cycl ohexyl),

al kenyl (preferably C2_6-al kenyl, e.g., vinyl,

1- propenyl, 2-propenyl and utenyl ), al ki nyl

(preferably C2_6-alkinyl, e.g., acetylenyl and

propargyl ), aryl (preferably C6_lo-aryl, e.g., phenyl
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enconpass a functional group in the form of an epoxide

e.qg., .alycidyl .or _glycidyl, roxy t her
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IEMRer rupt ed by oxygen or NH groups. The bridge groups
preferably contain 1 to 18, preferably 1 to 8, and
1 to 6_.carbaon mention
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alkylene residue, such as B-glycidyloxyethyl, Y-
glycidyloxypropyl, &8-glycidyloxybutyl, e-glycidyloxypentyl,
w-glycidyloxyhexyl, and 2-(3,4-epoxycyclohexyl)ethyl, a
{meth)acryloxy- (Ci.¢) ~alkylene residue, e.g.,
{meth)acryloxymethyl, (meth)acryloxyethyl,
{meth})acryloxypropyl or (meth)acryloxybutyl, and a 3-
isocyanatopropyl residue. Particularly preferred residues
are y-alycidyloxypropyl and (meth) acryloxypropyl.
{{Meth}acryl stands for methacryl or acryl}.

Specific examples for corresponding silanes include y-
glyecidyloxypropyl trimethoxy silane (GPTS) , V-
glycidyloxypropyl dimethyl chlorosilane, 3-aminopropyl
trimethoxy silane (APTS), 3-aminopropyl triethoxy silane
(APTES), N-(2-aminoethyl)-3-aminopropyl trimethoxy silane,



fromthe aforenentioned unival ent al kyl, al kenyl,

aryl, alkaryl or aral kyl residues, for exanple.
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Oforlnulo§, RE(Rirps'ﬁgr?tak?:L{llaﬁ), R is a residue without a

functional group, preferably an alkyl group such as methyl

or ethyl. The groups Rf preferably contain 3 to 25, an din
particular 3 to 18, fluorine atoms, which are bound to
carbon atoms. Rf is preferably a fluorinated alkyl group
with 3 to 20 C atoms, with examples being CF;CH;CH,,
C,FsCH,CH;, n-CgF13CH,CH,, 1-C3F;0CH,CH3CH,, n-CgF17,CH,CH, and n-
C10F21-CH:CH,.

Examples for usable fluorosilanes include
CFyCH,CH,51C1, (CH,y) ,
CF,CH,CH,8iC1 (CH3} , CF3CH,CH,S1i (CH;) (OCH3) s, C,FsCH,CH.-8iZ:, n-

C5F13CH2CHQSiZ3 ; n—CBF]_",'CHgCHzSing ' n—Clonl—CH2CH28iZ3 with
(Z:OCHg, 5 OC,5Hj or Cl) ’ 1—C3F—;OCH2CH2CH281C12 (CHg) ' n-
C¢F13CH,CH,S1 (OCH,CH,) 5, n-CgF;3CH,CH,S1C1, (CHs ), and n-

CeF13CH,CH,S1iC1 (CH,) .



wherein X and R are as defined in fornula (1), Rf is a
non- hydrol yzable group having 1 to 30 fluorine atons
bound to carbon atons, which are preferably separated
fromthe Si by at Ieast twp atons, preferably an
ethylene group, and bis 0, 1 or 2. In particular, R
is a residue without a functional group, preferably
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t f t i, ar [
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ttpﬁerakiﬂmytg\N@@fh@as ehepn sreghapedndy af capl¥Exkipg Zgent,
e Zg%e ef ?’ rcﬁ.d:ar@é@l%' escén‘ft%&ﬁ? REMX4 0 (MedbhoRlc Zr acid,

, Wwhérein X'and R are defined as above
Plf‘?ﬁefliﬁ'}i’ﬁ}faa mnocm%a&ﬁ@ R or several Rs in
conj unctl on can also stand for a corrpl exi ng agent,

5 ot I et SPFadrUGRoT Rr oS g e mixed
t¢g&¢h¢neﬁermmy sagubncéd hEesgoed.onMofing can take place
directly in the comminution machine, oxr beforehand in a
separate container, e.g., a mixer. Otherwise, no further
additives are preferably added, i.e., the mixture to be
subjected to reactive comminution consists of at least one
dispersant, at 1least one modifying agent, which can
coincide with the dispersant in special instances, and the
particles, which preferably are particles consisting of
only a single material. Examples of additives that can be
added as desired include antifoaming agent, pressing aid,
organic binders, photocatalysts, preservatives and
rheoclogical additives. Additives need only be supplied if
required for further processing. Therefore, these additives
can also be supplied after processing according to the
invention. One advantage to prior addition may lie in the

homogeneous mixture obtained by milling.



t he al koxy groups has been replaced by a conpl exi ng

agent, e.g., a (3-dicarbonyl conmpound or a carbonic

acid, preferably a nonocarbonic acid. The substances

used according to the invenfjon can be mxed together

I n any sequence desired. MXing can take place

directly in the comm nution nmachine, or beforehand in
Dwrirseparisd e ecantedimer , of. g.thea mexdéod Oskeowdieg nto the

NS, Al LY. A ©opr SLEL A0 Yo 89080nal - feayl B on the
m Xture to be su1ected O reactive €O nuti on
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di spersant I n speci al |nstancZ§, and the, particles,
co
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TSHEPLI haq il 150, 2 Mo THEBTSE  PLAPEREL Ghar 1p0:2 to
14t otfes Sty sRRESHd Y Ry efierrednd@ft:koke dRE:38vant age
to prior addition may lie in the honogeneous m xture
obtai ned. b ”iLliE%f - 17 _During the execuytion of the

ThetHET Hdcbrdihn (B B THGheEn oM A& e SHERRTtEf Present
iparie alidsl idependsnideaa\id )imittlaealy} kdléerfiﬁrfedﬁ&ﬁrbinc kae solid
but general measures_up ta W/lv of .the.
e in, CHEr aRTRETSHET ng Bt W8n Soednd b AFFEL Of
mipkleifrer diF W hetrnieerhe3udikd dersaifty, ofn thar miiddiag balls.
between 25 and 2.5 %/v of the dispersion. The
remai ni ng suspensi on consists_of dispersants and

MORRATIHy SQEMLAULERS WEPBAEALIY! | BABRE neRiRqthe 10 mills,
ki dd6d escenthd®eihyl g agentsrhekgmpyenehal high-velocity
qireasur es 10%:1 tg 100: 35 .|q%part|cuiar 100; 2 to {cal
NS S d BAFRET Sl |PPHM Idy 166PneE 1607 2B chREic
coprainutjorn atine loflepahtncyesizers) | [tundelanErtors, mills
W#’%%ﬁ?{%ge;o iltlg.e.erQ P9 G0R00ET dn Neyi Lakhy desd Vel yy,
cone, tube, autogenous, planetary, vibration and agitating
mills, heavy roller kneader, mortar mills, colloid mills
and cylinder mills. Comminution, which can involve milling
and homogenizing, preferably takes place at room
temperature. The duration depends on the type of mixing,

and the used comminution machine.

Mills with loose milling implements are preferably used.
The milling implements or milling bodies can be balls, rods
or short cylindrical pieces, for example. The container
performs a rotating, planetary or agitating motion, for

example, or the milling bodies are moved with an agitator.

Especially preferred mills are agitating ball mills with a
moving agitator and milling balls as the milling bodies.



content of the suspension and the used fill |evel of
mlling balls and the bulk density of the mlling
bal | s. Mechani cal conm nution generally takes place in
mlls, kneaders, cylinder ggljs or, for exanple, in
hi gh- veI00|ty dlspersers ui tabl e comm nuti on
machi nes for nmechani cal comm nution include
Mildmogehtz everyt smhdlagiitldtions bodildss awe t prébesebly used,
i i ' nt [ d s n
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z aradal asn tdid iapld eaid eriteefl .smal | - di mensi onal shearing
forces. The finest dispersing step is preferably
performed wusing mlling bodies having a dianmeter not
Ccmm‘eramircgi @& o praferpbige nbt eXeeedi mgrée. 5tppes. For

fspedial lkyn p&ﬁ(rS!’L{rSd QOtpf‘é@&Pﬂ{gng chnfhiMle i3 (pre-
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Zl'rconi um oxi
initial particle size for the finest comminution step.

The preferred particle size (average diameter or average
smallest dimension) for the finest comminution step
measures 30 to 1,000 nm, preferably 50 to 500 nm, and
especially preferred 60 to 150 nm.

Depending on the design of the used comminution machine, in
particular of a mill, £fill levels of 50 to 100% are used
for milling bodies, for example, wherein £ill 1levels
preferably measure 60 to 98%, especially preferably 70 to
95%.

The comminution process in agitating ball mills takes place
at agitator speeds of %00 to 5,000 RPM, for example, with



zirconiumsilicate and steel. Conm nution can al so

take place in two or nore stages. For exanple, it can

i nvol ve a precedi ng conm nution (pre- conm nution) and

subsequent finest comm nutipyn, wherein the nodifying

agents can be present in each stage or in at | east

one stage, e.g., the last one. For exanple, mlling

spﬂddsldﬂlﬂﬁupdxmﬁ e35©@anM pedagdedeiyraed, | hhdgsgptefds of

[ [ 0 [ the opti mal,

V%r ci'ent %ﬁﬂiﬂr ngﬁ% EJ%%I%SI% SQ%?e%zé%g finest

comm nution step. The preferred particle size (average
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finest conmm nution step . measurés 30 to 1,000 nm
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e 1. 1500 ninkependbng @aytshe pledicgafly thwwisad 1 hour and

f nnnputlon machine, in particular of a mll, fill
Vel of 50 to 100% are used for mlling bodles, for
exanpl e, wherein fill Ievels preferably neasure 60 to

Régkérﬁ§p88hﬁiﬁﬂt95§f%ﬁgplﬂ uﬁ%or%@%ﬁ t%¥5ﬁqh addltlonal

comm nution process in ag 'Y bal’l
erfinge SURP LY fmmlrsqr%e‘@stleftlg@omeehen@e@l Remergﬁr e.g.,

mER e WMd by I rShaeds, OWhéréEK)Eﬁb§e5QQoRﬂQkH§&§gcan
preferred and Sfeeds of 2 000- 4, 200 RPM bei n

]é§bé§?aT$ p?P e ?%Eﬁoﬁ%%yn1¥rrhﬁ ﬁﬁPﬁFrﬁﬁlﬂeBEﬁE§rFﬁd to
sqpynycuhergpntkhethgpﬁumpamﬁe@.mm%¢é&§sdlaedtagnln the

everal i nutes,_up .days .0.,,.10 mnutes to .
cafip T Hathill PR ER1E%Kan, S e ohiebE ollaiae
ofRddwt iamntigmtiimut irerrhdae be shgperoddcthraoughlation.
addi ti onal energy supply (conbined with the

nechanlcal ener ., mcrowave and/ or
QQ1 Ry eREiRsdd scRrefgrablyecarried

ourtseﬂrl;sa:%ht m@@éaﬁuﬂdé [ SpeEdeci abby) pt@f &g e@'hé Oboiling
Su y_gner t the d| spersiqQn process e

OTHE et Wi of SHESRT MY DUESTHRS cSRLERE0S: akbmpraREuTe
magidrsatdieon (cooling) of the milling chamber of the mill
makes it possible to set these corresponding operating

temperatures.

The method can be used both continuously in the single-pass
mode, multi-pass mode (oscillating process) or circular

process, as well as continuously in the batch mode.

Reactive comminution according to the invention chemically
binds the modifying agent to the comminuted particles. At
least a portion of the used modifying agent molecules are
here bound to the particles. The percentage that becomes
chemically bound depends on the type of particles, the used
quantity in relation to the particles, the obtained size,

and hence the available particle surface.

Combining the use of modifying agents and mechanical

comminution according to the invention makes it possible to



of the conmm nution machine in the product circulation.
The met hod according to the invention is preferably
carried out at roomtenperature (approx. 20C) up to
the boiling point of the_dﬁﬁpgrsing medi um Sui tabl e
tenperature noderation (cooling) of the mlling
chanmber of the mll nmakes it possible to set these
gatraspohdnayglapel atphfgoitemideat thaess dhembedhodomapunds
he. d nt,j,nuo i [ e-
=R a0eha 58 ff PPiEpld BRESIEINRE, Wit fifStes che
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chemcally binds the nodifying agent to the
conm nuted particles. At least a portion of the used
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have chem cal conpounds, . ri bound to the colloid

i d
O &t it év%i@%me@é%%-ﬁg r#®ation of colloid

particles of a smallest dinmension extending even as

r 0. .0 ~|l.m. The .avera | e .
TR 00082 Defarafal DHreliole AHE] MG B! PR icle
digimatRr péeri cipdeniwadfl deankiedlds tard rrtehoaiverzes dhrdght
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PR 0988MeL Ry | ¥S neededstesrni Frat ien BBA en WAaldla of

v@aiid chestwibliit adnavenrgecspatt esls BWERAS| 0F Ndthods for
S, oblse S EVED e, exceec 9,0, 002, LM o1hg .
ralianietertd othsphene tabdpar Exahpses afidrt beiaublageeasuring
pggﬂégures include dynamic laser light scattering (e.g.,
with an ultrafine particle analyzer (UPA)), X-ray disk
centrifuging or quantitative image analysis of electron
microscopic photographs.

If desired, functional colloid particles usable as powder
can be obtained from the resultant functional colloid by
removing the dispersant. Any method known to the expert can
be used for removal purposes, e.g., evaporation,
centrifugation or filtration. In another separation method,
the expert uses known methods to set the isoelectric point
in order to obtain a flocculation that can then be filtered
out. The surface of the obtained functional c¢olleid
particles has the chemically bound wmodifying agent
molecules, the functionality of which can be used to
control the particle properties. The colloid particles can

then be absorbed again in the same or another dispersant,



for plate-like particles. In this description, average
particle dianeter is understood to be the d50 val ue of
vol une distribution. The expert is aware of nethods
for determ ning these part%éle sizes, along with
details relating to these Tethods. Exanples for
sui tabl e nmeasuring procedures include dynam c | aser
whe giin S:C:BttttBeE i 8g fe. aggredatioan vdkasafplnecparsd ctrat the

anal yzer_ ((UPA) y disk _centri.f
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particl'es can. then be absorbéed again in the sane or
LR Heg df@pePSaifed- tP magHEASG NG 1§93 GrghHoer in other

aFsi €gatdray, tikeseinae. so that the average particle
di aneter can essentially be retained. The functiona
colloids or functional colloid particles can be
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CoHel 14t Ponaf POLYBEds BT 1t YBSHH et TonaFoatings or
1;}@&@ danabki cleesl afwor di vd deo e etynvent pappéassbhee.g.,
sed to nan%Eactfre coatlngs ol in_other .
coatlngs owW-erergy rfaces or abrasion-proof
microbicides, photocatalytic, microstructurable or
microstructured, holographic, conductive, UV-absorbing,

photochromic and/or electrochromic layers.

The following examples serve to further illustrate this

invention.
Examples

Examples 1 to 5 were performed with a mill (Drais Perl Mill
PML-H/V) . Specifications: Milling chamber gross volume: 1.2
l, agitator, milling chamber c¢ladding and milling body
separation (sleve cartridge) made of zirconium oxide,
engine power main drive 4.0 kW, engine speed main drive
3,000 RPM, agitator speed 900-4,100 RPM.



applications, for exanple. Exanples for the use of

functional colloids, functional <colloid particles or

m Xt ures enconpassi ng these functional colloids or

functional colloid particles,include the manufacture

of ceram c noldings, filns, 'menbranes and coati ngs,

or of polynmer matrix conpounds. The coatings or
EX2MPaIEs Ican be used for a wide variety of purposes,

e.g., coatings with | ow energy surfaces or

abr asi on-proof m crobicides, photocatalytic,
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f3%atti P WEssEE And’ 3T REY Y188 mMAres wipd has a BET
sistfigdd nge 20ve mdpgai ned mixture is filled into an

agitating ball mll containing 1,300 g of mlling

balls (zirconium silicate, ball dianeter 0.6-1.0 mm).
EXIMBLE@ t akes place at 4,000 RPM for 4 hours. The

mll is then evacuated with 2 1 of toluene. The

solvent is renoved via centrifugation (4,000 RPM 15
64 ML Fhete bRt Ny pdwaer CRLCHR| BEWABT 186E° MoFroms, BET
sheiH e | T4 anV/aQUWRAArying cabi peényBndrhastBoRBfElsilane are

20 & peeny

pfégééuf%‘g %%gké?gg'vessel and mixed for 30 minutes while
stirring. The obtained mixture is filled into an agitating
ball mill containing 1,300 g of milling balls (zirconium
silicate, ball diameter 0.6-1.0 mm). Milling takes place at
4,000 RPM for 4 hours. The mill is then evacuated with 2 1
of teoluene. The solvent 1is removed wvia centrifugation
(4,000 RPM, 15 min). The remaining powder is dried at 130°C
for 24 hours in a vacuum drying cabkinet, and has a BET

surface of 194 m?/g.
EXAMPLE 3

600 ml of toluene, 50 g of talcum powder (<10 microns, BET
surface 14 m‘/g) and 8.9 g of methylacrylic acid-3-
trimethoxysilylpropyl ester] are placed in a reaction
vessel and mixed for 30 minutes while stirring. The
obtained mixture is filled into an agitating ball mill
containing 1,300 g of milling balls (zirconium silicate,

ball diameter 0.6-1.0 mm). Milling takes place at 4,000 RPM



EXAMPLE 2 600 m of toluene, 50 g of tal cum powder
(<10 mcrons, BET surface 14 nR/g) and 7.2 g of
phenyl trimethoxy silane are placed in a reaction
vessel and mxed for 30 minytes while stirring. The
obtained mixture is filled Thto an agitating bal
mll containing 1,300 g of mlling balls (zirconium
o | i4caheurbal | Tk ameifldr 0s6- tﬂhéh m@vacMaJtIeidngwlLahes2 1 of

tcPlL?é:rﬁe atT QQQEQHM f%rtgﬁ uene e S%H:L‘:utlf ?Lgfgn {4,000

evacuat e ven s renoved
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hdavsleln | $ \Sdéd:@&’ma@dﬂf&% cdBingd, hoRdishds & EE?UH[&face of
drybg cabi net has a BET surface of 194
E 3 600 mM of toluene, 50 g of talcun1pomder
(<10 mcrons, BET surface 14 nR/g) and 8.9 g of
crylic acid-3- trinmethoxysilylpropyl ester] are
placed 1n a reaction vessel and m xed for 30 m nutes
while stirring. The obtained mxture is filled into

s @ RO LAt HDL DR | gr? gé o£0pL bﬁnngoébdéw (91 8f mgbgbhgg BET

bal I's (zi rconj um si at e, | amet er
syrfaGehgltaked 9l aéedatS 49000t REM mezéioxdeOAYﬁébwéeneoxy)

ﬂwlmdﬂlrrte&:ﬂdi@n evestiat ageWigihckd oh at Oi‘é@@@loﬂ_heessel
| vent .is_renoved via centrbfg atlon 4. 000 RPM

nf" e F8Fmi t ng' S FRLYF| RELET e {IGe z@btamed
miurre i s a fudadedm :tdrtyd ngncalglmat,mgndsdiats mi BETcontaining

L SH4 GOl AL R Ed RO, L oLt e
0 ddl B g - gqmrrg)xtyagm yelane exfeoky§00 RPM for 4 hours

THY Qi tifd B0 a3id-2R% dienPbaged s RoAuE8RCt AR solvent
., vessel and m xed for, 30 mnutes while stirring. Th

1HHFEMAZEY ni3@ uCENES IfUEREG PNt 62 a0 giRFakti nyS bdlyn) -  The
remdinicentmiwiely isl,BORQ saf Bd°ti fgrbakl so(izkr eANkUKFacuum

drs}lrnlrllgcacta 1nbe l,l aq'lldarlll%tse% BET surface of 101 m°/g.

E

COMPARATIVE EXAMPLE

600 ml of toluene and 50 g of talcum powder (<10 microns,
BET surface 14 m°/g) are placed in a reaction vessel and
mixed for 30 minutes while stirring. The obtained mixture
is filled into an agitating ball mill containing 1,300 g of
milling balls (zirconium silicate, ball diameter 0.6-1.0
mm) . Milling takes place at 4,000 RPM for 4 hours. The mill
is then evacuated with 2 1 of toluene. The solvent is
removed via centrifugation (4,000 RPM, 15 min). The
remaining powder is dried at 130°C for 24 hours in a vacuum

drying cabinet, and has a BET surface of 18 m?/g.
EXAMPLE 5

1,350 ml of toluene, 150 g of talcum powder (<10 microns,
BET surface 14 m°/g) and 15 g of methacrylic acid[3-



0.6-1.0 m). MIling takes place at 4,000 RPM for 4

hours. The mll is then evacuated with 2 1 of

toluene. The solvent is renoved via centrifugation

(4,000 RPM 15 min). The _rgpaining powder is dried at

130C for 24 hours in a vacuum drying cabinet, and has

a BET surface of 101 n2/g. COVPARATI VE EXAVPLE 600
tofmetdiorersl lanid Poopydf ¢stenin powdeplécéd nimr @ensreaction

vl SUREE ik JER/ o2l 8 P! GHCRCER aua3et ! Q1 YEI88L  the

m xed for m nutes while stirri
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il]icate, ba i aneter Q. i ng takes

bl s Ve OB 185 4 Bl s S aMBERF! |04 ey Milling
taker upladewiath 2, doof RPl ukne. 2T|’lﬁnﬁ:@d Vernhei millenyedhen

r| a ng PM The, remining.. .

e\y%& er 1S %‘%?e% gt &%qr“ 5 24 ou.rsso S V]a%uﬁﬁ]moveg via
ce;nthrfglqaetbuqmtm 0P R, a LIBEDigur.f Sbe @"ﬁemaanmggpowder is
dﬁ@@ﬁ%ﬂ%Ei%dbc3%%r”b4050hgkugﬂe %ggugmoﬁryﬁhg g?ﬂ?ﬁgﬁr and

(<10 mcrons, BET surfacge 14
h%t%eﬁﬁ@lﬁlgf’é’&ed[@ 189, ¢ @i met hoxysi |yl propyl ester]
are placed in a reaction vessel and m xed for 30

while stirring. The obtained mxture is
E%Eﬁ ously punped by an agitating ball mll

(Netzsch LabStar LS1) 901 filled with mlling balls

L 4S8 el areigh 8 8 bl g oo
subaamt 220w @ hm2/d) oandoblese. ofTha, §oPvenicksdeeapiedacid

ard apl&@é@r hhugatie o 0Pe &EM  daaMiiked & €581 RiRdtes
wkgucr)wd i,s Jdried at 130C for .24 hours in a vacuum

Vi ngtdaBimer, dRG RBSAANBET BiXFAER ofS 180 e in an
ad XAy ﬁndlDO:ﬂlm. abrdigstridured Mmttaars ﬂ@ﬁlgm@il PML-H/V,

%% conlun10 %?glggsgkka Bt o0 déngén 911ng Bhimber

l{ ri oxa ng
volume gross 1.2 1, 4,100 RPM, 1,700 g milling balls,

zirconium silicate, ball diameter 0.3-0.4 mm, continuous
operation in circular mode). The colloid obtained in this
way contains particles with an average particle diameter of
dse=0.0118 um (UPA) .

EXAMPLE 7

880 ml of distilled water, 800 g of =zirconium oxide (BET
surface 150+10 m?/g) and 120 g of 3,6,9-trioxadecanic acid
are placed in a reaction vessel and mixed for 30 minutes
while stirring. The obtained mixture is milled in an
agitating ball mill for 4.5 hours (Drais Perl Mill PML-H/V,
zirconium oxide milling chamber cladding, milling chamber
volume gross 1.2 1, 4,100 RPM, 1,700 g milling balls,
zirconium silicate, ball diameter 0.3-0.4 mm, continuous

operation in circular mode). The colloid obtained in this



are placed in a reaction vessel and m xed for 30

mnutes while stirring. The obtained m xture is

mlled in an agitating ball mll for 4 hours (Drais

Perl MII PM.-H'V, zirconiyg oxide mlling chanber

cl adding, mlling chanber volunme gross 1.2 1, 4,100

RPM 1,700 g mlling balls, 2|rcon|umS|I|cate bal |
Wédzf armttering @a@td.crims oGt puovyerager aironcile dirmetar of

nDgley 123 hgm Wﬂ, obtained in this way contains

partl cles w an average particle diameter of

d50=0. 0118 m (UPA). EXAWMPLE 7 880 m of distilled
Exvtmre 800 g of zirconium oxide (BET surface 15010

n2/g) and 120 g of 3,6,9-trioxadecanic acid are

placed in a reaction vessel and m xed for 30 m nutes
15thithke sfi dli'snglléﬂiewabem nad swiox mlr eoff si Aproéeshdh, aBO0 mg

oS o PSRBT Lol g 5 o
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baldr tniclleE s tsh samcaMes a@eapar peglle vditampier quv z:l.rconlum

d50=0. 0123 m ( UPA EXAMPLE.8 150 ni. .of dISI
ARlor MR8 o BROP pr OhARM M s00 I | HPPEBRry pyoLume
guna el (BET, sur,flade RIBO101n200) game M0irgy Olballs zirconium

si?ﬂzl Cegcér'kﬁﬁ]ﬁd%%mecte%c' dBa%d 3§1m6 %oﬁft BGQC le:.%g.ti in
acid ar'e aced I n a reaction vessel and m xe or 88.
CIRLkass ¢l Ther epAdoigthebspiaieded mibtig ewpy contains

a[!}tllce.l.dasl nwﬂahaaht alJd¥hgdabhridief a&aéneﬁeh}mafs &fxX8i. 8110
““blé%?d’t PML-H V, zirconium oxide mlling chanber

rTg m|1ing chanber volune gross 1.2 1, 4,100
RPM 1,700 g milling balls, zirconium silicate, ball

E ' & 0.3-0.4 mm continuous operation in circular
node) .” The colloid obtained in this way contains

800 ml of distilled water, 400 g of =zirconium oxide
(Degussa, Zr0,-VP, BET surface 40410 m?/g (per
manufacturer) , washed powder) and 60 g of 3,6,9-
trioxadecanic acid are placed in a reaction vessel and
mixed for 30 minutes while stirring. The obtained mixture
is milled in an agitating ball mill for 4.5 hours (Drais
Perl Mill ©PML-H/V, zirconium oxide milling chamber
cladding, milling chamber volume gross 1.2 1, 4,100 RPM,
1,700 g milling balls, zirconium silicate, ball diameter
0.3-0.4 mm, continuous operation in circular mode). The
colloid obtained in this way contains particles with an
average particle diameter of dg=0.023 pm (UPA), BET
surface 75 m’/g.

EXAMPLE 10



particles with an average particle dianeter of

d50=0. 0110 m (UPA). EXAMPLE 9 800 m of distilled

wat er, 400 g of zirconium oxide (Degussa, Zr02-VP,

BET surface 4010 nR/ g (per nufacturer), washed

powder) and 60 g of 3, %rloxadecanic acid are

pl aced in a reaction vessel and m xed for 30 m nutes
sohithe ft idirs gl 1ethaevatdstrgi med rgf >ctfurzarcioslimhﬂ logd. dien (a‘ﬁ:soh,

t|ng I of,4.5 rs._(Dx er |
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nmm contl nuous operation in C|rcular
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a4 £ P hhe o FRaBE Ty LTS CoHoti dxPck ( TOSBRC REM.
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0% 60 g Of oy 1 é %gg%g@% ?E%u%éc%dé‘) a
reacti on "vesse m nu i'le
cetie¥d n@btath@edobltrau ﬁba&‘»mmr@om%amlw ®articdgs with an

avaitdd | Ngh PRl d1dn | &5 ddX@dss  Berlabl oPM- BV, (upa), BET

zirconiumoxide mlling chanber cl adding, mlling '
S%Wéar&% dfe gross 1.2 1, 4,100 RPM 1, 700 g

mlling balls, zirconiumsilicate, ball dianeter
E%#ﬁ% 4%nn] conti nuous operation in circular node).
0|d obtained in this way contains particles
with an average particle dianeter of d50=0.073 m

1 (458 m1BEL s S&ié@?flé@ rwgébr E%lloé %%ﬁh{ﬂndﬁ oxide

distilled water, al un1nun1o um { ono,
( SRpEOMBET saKPaée 9 M/gsz-lﬁéace 9- 15 m /9 (per
manufacturer)}, and 60 g of 3,6,9-trioxadecanic acid are

placed in a reaction wvessel and mixed for 14 hours while
stirring. The obtained mixture is milled in an agitating
ball mill for 12 hours (Drais Perl Mill PML-H/V, zirconium
oxide milling chamber <¢ladding, milling chamber volume
gross 1.2 1, 4,100 RPM, 1,700 g milling balls, =zirconium
silicate, ball diameter 0.3-0.4 mm, continuous operation in
circular mode}. 20 g of 3,6,9-trioxadecanic acid are added
after 4 and 5.5 hours, respectively. The colloid obtained
in this way has a BET surface of 54 m’/g, ds=0.044 pum (X-
ray disk centrifuge).

EXAMPLE 12

1,035 ml of ethanol, 201 g of titanium dioxide {Sachtleben,
Hombitec RM300, BET surface 60 m2/g (per manufacturer),
washed powder), 20.16 g of APTES and 4.8 ml of distilled
water are placed in a reaction vessel and mixed for 5
minutes while stirring. The obtained mixture is milled in

an agitating ball mill for 4 hours (Drais Perl Mill PML-



manuf acturer)), and 60 g of 3,6,9-tri oxadecanic acid

are placed in a reaction vessel and m xed for 14

hours while stirring. The obtained m xture is mlled

in an agitating ball mll for_ 12 hours (Drais Perl

MIIlI PM.-HV, zirconium oxide mlling chanber

cladding, mlIling chanber volunme gross 1.2 1, 4,100
HARPM ziré@@igmm bkidg balldingi ratembes silladekitng, balillling

e 0. opt i;nuoys er on,i i rcular .
Cﬂn%{%? 38911%8 %Jg% ?raoxladegéﬁﬁg argf:;b&d ar é%g e‘% Hlﬁ&lng
bagfksor 4ZJa1fﬁpr5n5n hom-’slcazt‘eesxpeclvﬂ/bl ydigpetesl | 6 g-0.4 wm,
ct ARG dbtdd Sorvein hasrén BET ﬁélaéﬁcesﬁf)sééugﬁégsolvent

d50=0.044 m (X- ra dISk centrifuge
reRlagengitangia B bFU9a R u oR‘i"%O%‘éad'fﬂ%@H% with
d Handi teat RA/BQQ @Elﬁﬁuri:ﬁ@Bd@Oaﬂ%@lI@ﬁi with an average

nuf.act Ler : of TES
e o RSt AT ol At e s
HFVessaEt&mdrﬁﬂxepetenoﬁ 1n1wates mhtheth4r$1ng The

obtained mxture is mlled in an agitating ball mll
for 4 hours (Drais Perl MII PM. - 27 HV, zirconium
oxide mlling chanber cladding, mlling chanber
volume gross 1.2 1, 4,100 RPM 1,700 g mlling balls,
zirconiumsilicate, ball dianmeter 0.3-0.4 mm
conti nuous operation in circular node). Subsequent
sol vent replacenment via centrifugation and twofold
washing with distilled water (pH=7) yields a colloid
Wi th an average particle dianmeter of d50=0.063 m
(UPA), BET surface 99 nR/g, after redispersion in
water with pH 4.5, - 28 - CLAIM5S 1. A nethod for the
chenmonmechani cal manufacture of a functional colloid,
in which particles are subjected to nechanica
reactive conmnution in a dispersant in the presence
of a nodi fying agent, wherein the



nodi fying agent is at |least partially chem cally bound
to the comm nuted colloid particles. 2. The nethod for
t he chenmonmechani cal manufacture of a functiona
colloid according to claim characterized in that a
mll with loose mlling bodies is used for reactive
comm nution. 3. The nethod for the chenonechani ca
manufacture of a functi o8BAIMSI| | 0id according to
claim 2, characterized in that the mlling bodies
with a diameter not to exceed 2.5 nmare used. 4. The

1 et Hod "eéhodheferertdifec RASMOEEChRaRaradt urengfagture of a

f unctiran@lorzal | @bt aLgor dhngtienc| # e o1 Lhag 26t @hbedted
in that a .di spersant accordléﬁhto the jet nozzle .

pri rﬁf?d?%CkF%n ¥R Rt TR PRt $3n? 81SpRgsant 1in
met hdee f gsrddenahenmfrechanncdl fybngf aggene, of whAerein the

functional. col]loid accqrdi-ng to_one.of .clains.l 4

char et 70 Adh h 3 Bic THaT oy idgaf Splhibatly bound
covdierthe cammirgdlddy aorl lodot ghamatiiodelsy bound to the
colloid particles via hydrogen bridges. 6. The nethod

for the chenomechani cal manufacture of a functiona
2 col I'Gid BEEBPEI F®1t ot mechememaFhanicey anufacture of a

Chlafﬂﬁ}cﬁﬁiclrﬂil._ :']dbltlhﬁtd @&dﬂﬂiélfg\éit@g c?.@.@._fli}:] 1|’}a$:hﬁ.rgcfterized
mol ecul ar_wei ght _not . xceed 50Q., 7. . net hod for

e EherHboRaRiELl it Rurstes: dgh 18 G praf used for
col lratt@icmraimginuricmins 1 to 6, - 29

characterized in that the fornmed colloid particles

have an average snal | est di nmension not to exceed 0.2
3m dherheerBefod fortihechrenprebanaradl mamwipacumee of a

of  apuddticddonalo10Q)ilPid RAHE RS 1Qa00€ 20f fhdbiBelized
to 7, characterized_in that_the nodlfyln%_agent in
t he 1%i §PBFsatc eRALBERE RPEHT abihht 3r BpePetreg. not to

exceed 2.5 mm are used.

4, The method for the chemomechanical manufacture of a
functional colloid according to claim 1, characterized
in that a dispersant according to the jet nozzle

principle is used for reactive comminution.

5. The method for the chemomechanical manufacture of a
functional colloid according to one of claims 1 to 4,
characterized in that the modifying agent is
covalently, ionically or coordinatively bound to the

colloid particles via hydrogen bridges.

6. The method for the chemomechanical manufacture of a
functional colloid according to one of claims 1 to 5,
characterized in that the modifying agent has a
molecular weight not to exceed 500.

7. The method for the chemomechanical manufacture of a

functional colleoid according to claims 1 to &6,



9. The nethod for the chenonechani cal manufacture of a
functional colloid according to one of clains 1 to 8,
characterized in that the nodifying agent is a silane,

a carbonic acid, an am nocaghponic acid or an am ne.

10. The net hod for t he chenonmechani cal manufacture of

a functional colloid according to one of clains 1 to

9, Wearianizest in tthzatt kdeno@biywedg eyedmid spalrsdcles

usedhaaS dheafLeRgESaRh11dle Hiﬁe'ﬁ%unﬁd A E@eﬁcceed 0.2

chenmonechani cal nanufact ure of ctiona

accdf™ing to one of clains 1 to 10, characterized in
that reactive commnution is supported by an

add| i onal _supply of_.ener to the per n,

8 wherdth ?‘ﬁtéﬁggdi Fondre eﬁg¥8§mf‘§g§ﬁb i % ASEIEE (9 @
t he oot imuta lo e aiteledii dhes aaromalitrsy deo tdres @ﬁnnimﬂm$on to 7,

o ket TRNOINAE! LHE SRSIPIPENA TR in che

acture o unct1onal coll
cl aithSPErsadHarcxdtidiiitiea surhactens @@f@pﬁmnas ener gy
supply takes place via uItrasound and/ or m crowaves,

mhereln addi ti onal energg can al so take place
9 si mARGNBBEEPY Fi°X UHRS ak aﬁamsﬁ apierbnapERfacturenof a

met hichdtaroridie ccz:l’narmnzec&tammngwrafwf@@é Upe ©fadms 1 to 8,
functlonal col | %id ara &FYIZ in that a _function
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renmoved. 14. A functional colloid that can be obtained
according to the nethod of one of clains 1 to 12. 15.
10x f Fh& i BRBRodolfios dthrar ehememeghantgal baashitgichede of a

acconidtdidral hﬁ)l'@l@chdﬁoﬁﬁignt@ ond. ofJS@lQ:f.ms 1 to 9,
functional collo ds a ordlng to.claim1l

f uncH1hi P 013t ¢ hdM Gt F88 Beddtding F‘SEE‘I"—ar’-F’n §gSoppsed
of mxtilreeditdpatrszoipri se t hese functional colloids or

11. The method for the chemomechanical manufacture of a
functicnal colleid according to one of claims 1 to 10,
characterized in that reactive comminution is
supported by an additional supply of energy to the
dispersion, wherein the additional energy is supplied
directly in the comminution machine or outside the

comminution machine.

12. The method for the chemomechanical manufacture of a
functional colloid according to ¢laim 11,
characterized in that the additional energy supply
takes place via ultrasound and/or microwaves, wherein
additional energy supply can also take place

simultaneously via ultrasound and microwaves.

13. The method for the chemomechanical manufacture of a

functional c¢olloid, characterized in that a functional



functional colloid particles, for ceram c noldings,
films and nmenbranes, abrasion-resistant coatings,
coatings with | owenergy surfaces, mcrobicide
coatings, photocatal ytic Eﬁg&ipgs, m crostructurabl e,

hol ogr aphi ¢, conducti ve,

absor bi ng, photochrom c

and/ or electrochromc |ayers or polynmer matrix
conpmeiniidsid is manufactured according to the method of one

14.

15.

16.

of claims 1 to 12, and the dispersant is removed.

A functional colloid that can be obtained according to
the method of one of claims 1 to 12.

A functional colloid particle that can be obtained
according to the method of claim 13.

Use o©of functional colloids according to claim 14, or
functional ceolloid particles according to claim 15, or
of mixtures that comprise these functional colloids or
functional colloid particles, for ceramic moldings,
films and membranes, abrasion-resistant coatings,
coatings with low-energy surfaces, microbicide
coatings, photocatalytic coatings, microstructurable,
helographic, conductive, UV-absorbing, photochromic
and/or electrochromic layers or polymer matrix

compounds .



