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In general, colloid stabilization takes place via a
corresponding zeta potential, i.e., the formation of a dual
charge cloud around the colloid. 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 agglomeration 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 colloids 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 wmwethods 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 via targeted
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structure down to nanoscal e proportions, they cannot
prevent subsequent aggregation. Such aggregated
particles, which are in part also manufactured via
targeted *@00002* condensation from gas phases, can
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particles during manufacture. For example, it would be
possible to stabilize, compatibilize, intertize or
reactivate the colloid particles relative to  the

environment.

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
colloids 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

pum), and the properties or functions of the colloid or



particular to a range of 0.002 to 0.05 m is generally
not possible. The object according to the invention
was now to fabricate colloids that exhibit an
outstanding stability relatiyve to aggregation,
wherein the colloid particTé% can be extrenely snal
(preferably under 0.2 m in particular under 0.05 nj,
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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 pm, if needed.
The method according to the invention makes it possible to
obtain stable colloids with average smallest dimensions
preferably not exceeding 0.2 pm from coarse-grained
particles. Modifying 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 c¢olloid or colloid particles

tailored to the respective requirements.

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

polymer) or inorganic particles, wherein inorganic



particles. Mdifying the colloid particles with
conparatively small nolecules that can rapidly diffuse
on the newly formed surfaces prevents or inhibits an
aggregation, while at the sape tinme resulting in a
functionalization of the colfToid or colloid particles
tailored to the respective requirenents. The used
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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 PbTiO;, chalcogenides, for example sulfides (e.g., Cds,
Zns, PbS and Ag2S), selenides (e.g., GaSe, CdSe and ZnSe)
and tellurides (e.g., 2ZnTe or CdTe), halogenides, such as
AgCl, AgBr, Agl, CuCl, CuBr, Cdl; and Pbl,, carbides, such
as CdC2 or 8iC, silicides, such as MoSi,, arsenides, such
as .AlAs, GaAs and GeAs, antimonides, such as InSb,
nitrides, such as BN, AlN, Si;N, and Ti;N,, phosphides, such
as GaP, InP, Zn;P, and Cd;P,, as well as carbonates,
sulfates, phosphates, silicates, zirconates, aluminates and
stannates of elements, in particular of metals or Si.,
e.g., carbonates of calcium and/or magnesium, silicates,
such as alkali silicates, talcum, clays(kaolin) or mica,
and sulfates of barium or calcium. Other examples of



and tellurides (e.g., ZnTe or CdTe), hal ogeni des, such
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spar and heavy spar, iron mica, glasses, aluminum

hydroxides, aluminum oxides and titanium dioxide.

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;, TiO, 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,
gol-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
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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 disulfide.

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, il.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
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esterification can take place between the functional groups

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 Bf-dicarbonyl compounds.

The modifying agent can also encompass more than one such

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



according to Bronsted or Lewis, conplex formation or
esterification can take place between the functiona
groups of the nodifying agent and the particles. The
functional group enconpasses_the nodifying agent, and
preferably invol ves car boni ¢ aci d groups, acid
chloride groups, ester groups, nitrile and isonitrile
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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 less 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



VWil e the nodifying agents at least in part enter into
coval ent, ionic or coordinative chem cal bonds wth
the surface groups of the particles as indicated
above, the interactions of surfactants are generally
| ess specific, e.g., typlcélly i nvol ve adsorption or
wetting interactions. In addition to the at | east one

w wnﬁt%r%‘ealscu%%tro r@@?fnt@étaméda &Jtaﬁaraﬂh ]?oes the
0 e, partic e npdi y|
oA TSP 8l S-SR nBVeci e | Measciar vrsaraue” ith a
foﬁE&ifcbrgS?{:h%uﬁ'rf@l@%r tﬂlﬁ‘ﬁcﬁfoﬂ%ﬁwidr&{ eInaftdrs ISerrkstm,g the
| nt e functiqna
HA TN ar G G 6P19%d « PBR Cardor TCRARLA Bith che
md@mﬁpmhpblagenthydnnphshmﬁacbortemanbYengorenamny ainvolve
f@%n afu%%hﬁ%q%! gr?# 'Hak@bs yay 0831ble to

ctional irzéthe partlc es relative to t
okfpAn onfupELipngl, eC<<2,;1101<5§€ abiteiizereconpt®i bithieze, desired

fﬁéﬂf@hC”Déééﬁﬁiﬂ tén tie t Stem 10cov@Yent NBonds, 1on1c
%gE|OId arti es oﬁ?alned ac%%rdln o the invent

%ﬁ%?p?ﬁ@l&@@ﬂ&?ﬁiﬁ??%%lEEHIQFr@%? EwPth RFincip &s' for
clWCinpncOr ther pageituaet i ehdlliez atidrogdm hidgsebseds are
the collaoids fromthe colloid particles nodified with
21§ SUdATiF ng agent or surface nodifying agent

i nvol ve functional colloids. The invention nakes it

H}tpcﬁts c}gcgl?léomoqg(ﬁl'&rf upgLi; gRak C@é.ﬁo'lq'ﬁ:ftﬁiéo @L‘]iytlo aryl,

sited cation. Depending on the system
aJé@a«Jaeremanbﬂiﬁs <P¥)nﬂeu°’éb1h%isc%‘élab%h%9e%lbb?idgr@‘dﬁsbeWhlch

cdM e3eRl aso P nReRH oS theh SPURIRG tidrd hgipant iscl eGitable

ARSI BRI Sr rEot oUBLCER Y hbF ue argy)  would  be
I

hyadwdxy- Al Ieaﬂgdxy-ar ah:kypobyethenrigueemgaﬂrﬁ n@ralsleyllt the

@é%&sfu%&g §aRdead 49 Ep&e@a&ﬁy%oggéﬁtegaw%e an

Iven a sl envier onmen
a¢tyili.r ophbiski cogr @@p&c\/vcmﬂr@ume Iltyd¢@1$!y31sél kbgy-2a ofunctional

ng%%ekﬁﬁk Qﬁ%ypﬁorlQip%%%%ﬁbalthﬁea§€§eﬂdx&Hﬂthpnéélected
e nodi fyi ng agent cap be_an
reactant Since the second functional group can be the same

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



acid, base or ionic group. It can also be a functional
group suitable for a chemcal reaction wth a sel ected
reactant. Since the second functional group can be the
same as the one also suitable as a functional group
for binding to the particlél reference is nade to the
exanples cited there. Other exanples for a second
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whi ch have a functional group that can interact with

the surface groups of the particles. Particularly
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acid, butyric acid, valeric 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 O-, 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



Preferred saturated or unsaturated nono- and

pol ycarbonic acids (preferably nonocarbonic acids)
are ones with 1 to 24 carbon atons, e.g., formc
acid, acetic acid, proplonlc acid, butyric acid,

val eric acid, caproic acid, écryllc aci d, nethacrylic
acid, crotonic acid, citric acid, adipic acid,
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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)
RaSiX(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,



acetyl acetone, 2, 3-hexanedi one, 3, 5-heptanedi one,
aceto- acetic acid, aceto-acetic acid-Cl-C4-alkyl
ester, such as aceto-acetic acid ethyl ester,

di acetyl, and acetonyl acetone. Exanples of am no
ai des include (3-al anine, “gtycine, valine, anino
caproic acid, Ieucine and i sol eucine. Preferred
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pentyl, hexyl, octyl or cyclohexyl), alkenyl (preferably
Cz-¢-alkenyl, e.g., vinyl, l-propenyl, 2-propenyl and
butenyl), alkinyl (preferably C,.¢-alkinyl, e.g., acetylenyl
and propargyl), aryl (preferably Cs.10-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 (OC3Hs)i, CH3Si (OCHj)s, C,H5SiCls, CyHsSi (OC;Hs) 3,
C,HsS1 (OCH;) 3, C3H;S1i (OCyHs) 3, (CyHs0) 3S1C3HgCL, (CH3) ,8iC1,,
(CH;) 281 (OCyHs) 2, (CH3)2Si(OH)z, CeHsSi(OCH3)3, CsHsS1(OCzHs)s,
C¢HsCH,CH,S1 (OCH;) 3, (CgHs) 281iC1l,, (CeHsg) 281 (OCyHs) 2, (i-
C3H,)3S1i0H, CH,=CHSi (OOCCH;),, CH,=CHSiCl;, CH,=CH-Si (OC;Hs) 3,
CH,=CHSi (OC,Hs) 3, CHp=CH-Si (OC,H4OCH;) 3, CH,=CH-CH,-S1i (OC,Hs) 3,
CH,=CH-CH,-Si (OCyHs) 3, CH,=CH-CH,-S1 (OOCCH;) 3, n-CgH;3-CHy-Cha-
Si (0OC,H:);, and n-CgHi;- CHp-CH,-Si(OCyHs) 3.



The non-hydrol yzabl e residue R without a functiona

group can be alkyl (preferably O _6-al kyl, such as

methyl, ethyl, n-propyl, isopropyl, n- butyl

sec.-butyl and tert. -butyl pentyl, hexyl, octyl or
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glycidyloxypropyl, ©6-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 v-glycidyloxypropyl and (meth)acryloxypropyl.
((Meth)acryl stands for methacryl or acryl).

Specific examples for corresponding silanes include Y-

glycidyloxypropyl trimethoxy silane (GPTS) , Y-
glycidyloxypropyl dimethyl chlorosilane, 3-aminopropyl
trimethoxy silane (APTS), 3-aminopropyl triethoxy silane

(APTES), N-(2-aminoethyl)-3-aminopropyl trimethoxy silane,



The nenti oned bival ent bridge groups and any present
substituents, as in the alkyl am no groups, are
derived fromthe aforenentioned unival ent al kyl,
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nmet hoxy polyethylenoxy)propyl]tr|nethoxy silane, bis-

(hydroxyet hyl ) - 3-ami nopr opyl triethoxy silane, N-
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al?rgé‘é?éﬁ £EGS! duehs W?r‘élieéra%l%u%{ idtHebrvd tdroup, and b is
| uorine. WO 92/ 217298 describes such silanes in
0 dethij |oxr 2. In partlcular, R 1s 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 CF3;CH;CH;,
C,FsCH,CH,, n-CgF13CH,CH,, 1-C3F;0CH,CH;CHz, n-CgF17CH2CH2 and n-
C1oFp1-CH,CH, .

Examples for usable fluorosilanes include
CF3;CH,CH,SiCl, (CH;) ,

CF;CH,CH,S8iCl1 (CH;) , CF3;CH,CH,Si (CHj3) (OCH,;) 2, C3FsCH,CH,-SiZ;, n-
CgF13CH,CH,S17,, n-CgF17,CH,CH,S812Z,, n-CyoF,1-CH,CH,S17, with
(Z=0OCH;, OC3Hs or Ccl), i-C3F,0CH,CH,CH,S1C1, (CH;) , n-
C¢F13CH,CH,S1 (OCH,CH;) 2, n-CgF,3CH,CH,S1Cl, (CH;) , and n-
Ce¢F13CH,CH,SiCL (CH;3) .



These can be hydrol ysable silanes with at |east one
non- hydrol yzabl e resi due having the general fornula
Rf (R bSiX(3_b) (Il) wherein X and R are as defined in
formula (1), Rf is a non- hydrolyzable group having 1
to 30 fluorine atons bound { “carbon atons, which are
preferably separated fromthe Si by at Ieast t wo

rngé arfg§fces[r?kﬂé/ Al S W BREs H QPd o i Bnown We®liods ;

nparticular, Ris a residue without a functional
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vestig -chidiei Orawns, Rie 1ed ai ol dgeconifd n(dde) 25, an
din "~ particul ar 3 to 18, fluorine atoms, which are

bound to carbon atons. Rf is preferably a fluorinated
Exadngylegr bop methh IdmpcRMrdE dtivats, hawe h aexanpiteionssi ngroup
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pefé e by tabhensdasbembntscidompounds of A, Ti or Zr
are preferred. Exanples include RGW4 c (NtTl or Zr
and c=1, 2, 3), wherein X and R are defined as above
Then épmm@c@)used\mcewdm@ o otheeimyentfon ¢an be mixed

tSPHOCT AN £A0 Al3Retl@Ndesired. Mixing can take place
directly in the comminution machine, or 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 least 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
rheological 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.



for a conplexing agent, e.g., a (3-dicarbonyl conpound
or a (nono)carbonic acid. Zirconiumand titani um
tetraal cohol ates are here preferred, in which ha
portion of the al koxy grougs has been replaced by a
conpl exi ng agent, e.g. 7di"car bonyl conpound or a
carbonic acid, preferably a nonocarbonic acid. The
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need only be supplied if required for further

processing. Therefore, these additives can also be
Trsupplaredi taf tweat jor ook ssa gl clbeor de myl 1 bingeelénerhs i pnesent
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careenixe@ft | GHeof SLERERELRBA %%or"eﬁfhg ysed p&ill  level of

mi VAN 119 14 hehEoiEtuDE darid i €) est depends] heayi by1oa.
the Type of particle, but generally nmeasures up to 60

%/ v of the suspension, normally rangi ng between 50
Me’:lﬂ:darQL&.DV/GOmmmeﬁj‘ﬁrﬁblg)eriwta\BEq/lﬂ 3G kamd Dl¥wev, inn mills,
|cuI and 2..5_0v he, di ]|
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c&ﬁﬁfﬂﬂ%f@naQQdﬂﬂﬁéy%ﬂﬁm@%%ﬂ%%r@ﬁretugﬁﬂeéghh&tors mills
neasures 100;1 to 100: 35 articul ar f t

with loose milling 1mp1ements, such l rod drum,
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.



100: 25, and especially preferred 100:4 to 100: 20. The
guantity ratio of particles to mlling el enents
present in the milling chanber is inevitably derived
fromthe solid content of the suspension and the used
fill level of nilling barl&8and the bulk density of
the mlling balls. Mechanical conm nution generally
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Zi &ﬁﬁxﬂ |y referrgdy dddes; are agitating ball mlls

a noving agitator and mlling balls as the
mlling bodies. - 18 MIls with very small mlling

chediff e Ref £190! Yaksediacuhigh t%abirei‘mdﬂ‘te stages For
application of snmall -di nensi onal aear

SHAHRAG d|3§peF§‘Fh91§F’8 VPs PBrPEFED §7n%er$‘8?‘ Ia“gb& ng?pre'
cdﬂrﬁiﬂu’tglfdiﬂdlbalﬁﬁi heaub gy e ek aﬁ‘ﬂa‘teasrt Mmmcmeleﬂmmg @hérein the
refera not_ excee I ;
LA, PRSI S T AU, eSRRGLAILY i at
ledwmn ofle 0Staye, pesber.abihe nba$©senehaﬁ‘0@? @K&ﬁﬁl%’ndmllllng
wﬁﬁ‘F Jbodll&gcﬂgérgg nNBel peecthan ®y0% MR11Hey step with

es norm consi st of Steel, plastic
cqﬁy%pm@maﬂllpg2@@d¥&&uEo achieve the optimal, eff1c1ent

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, f£fill levels of 50 to 100% are used
for milling bodies, for example, wherein £fill levels
preferably measure 60 to 98%, especially preferably 70 to
95%.

The comminution process in agitating ball mills takes place
at agitator speeds of 900 to 5,000 RPM, for example, with



zirconiumsilicate, Zr02, YZrQ2, Ce-Zr02, glass, SiC
SiN or mxtures of these materials, wherein
especially preferred mlling body materials are
stabilized zirconiumoxides1 zirconiumsilicate and
steel . Comminution can al So-fake place in two or nore
stages. For exanple, it can involve a preceding

SpeHy r@f{ 100 dPrees zp,cmotn'hmm qm;_)ifr@cpmmﬁmmmaﬁdé ngséeds of
comm nutl on ereln e | | 1 N
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odi q i1l .
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1 4MH5Fut i on step neasures 30 to 1,000 nm preferably
50 to 500 nm and especially preferred 60 to 150 nm
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-1 speedS of 1,000 to 4,500 RP ein referred, .
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on the type of used particles, and can | ast severa
mnutes up to days, e.d., 10 mnutes to 5 days,
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mdBRIAGSfalcooling) 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



al so be used sinultaneously. It is especially
preferred to supply energy to the dispersion process
directly in the commnution nmachine, but this can

al so take place outside of the comm nution nmachine in
the product circulation. Thé%method according to the
invention is preferably carried out at room
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functional colloids that have chem cal conpounds
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procedures 1nclude 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 colloid
particles has the chemically bound modifying 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,




0.01, and even one exceeding 0.002 pm The average
smal | est di nension the average particle dianeter for
spherical particles, and the average height for
plate-like particles. In this description, average
particle dianeter is undersdod to be the d50 val ue of
vol unme distribution. The expert is aware of nethods
w C?cireirpeif{ﬂ.@' B9 tLhess JdtGl St #eSs BhLand, Wish that the
etails "relating to these nethods. Exanples for,
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light scattering (e.g., wth an ultrafine particle

anal yzer, (UPA)), X-r dis centrifugi 0 .
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used to. control th ticle properties. The colloid
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anot her dispersant, - 21 wherein little or no

E fgat irgn tgkes ylefcsr Suddtloddle caueade partihét eonal
I aneter can essentially be retai ned. The functigna
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coatings with 1low-energy surfaces 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
1, agitator, milling chamber cladding and milling body
separation (sieve 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. '



Such m xtures, preparations or the functional colloids
or the very functional colloid particles according to
the invention can be used to nanufacture coatings or
in other applications, for exanple. Exanples for the
use of functional colloids, 2Punctional colloid
particles or mxtures enconpassing these functional
Egﬂﬂﬂéﬁcf or functional colloid particles include the
nmanutacture of ceramc noldings, filnms, nenbranes and
coatings, or of polymer matrix conmpounds. The coatings
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Zi rconi um oxid e, | e owe mal n 1LV

(i hRRpeetP bR dr B m%bﬁl?@l\ﬁ)ogafefatlsrggﬁmédat 130°C

f&?024l U FRPMin- 22va&ANPldryli i) Ocabinétt olarehehas80 &y BET
of _tal cu ef, (<10 mcrons, BET surface 14 nR/

S oéﬂiéﬁfhl ‘tri methoxy silane are placed ingé
reacti on vessel and m xed for 30 m nutes while

B [ The obtained m xture is filled into an

~agitating ball mlIl containing 1,300 g of mlling
balls (zirconium silicate, ball dianmeter 0.6-1.0 M) .

60\ lthi n@fta&s@aeﬁbacsoatg of G20 RERMpawdelr hoer &. mTbeons, BET

o Bhihe1 DS B T 0 2 ot Lol %11 ame are
placed in a reaction vessel and mlxed 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 194 m?/g.
EXAMPLE 3

600 ml of toluene, 50 g of talcum powder (<10 microns, BET
surface 14 mw?/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



(4,000 RPM 15 min). The remaining powder is dried at
130C for 24 hours in a vacuumdryi ng cabi net, and has
a BET surface of 200 n2/g. EXAMPLE 2 600 ni of

tol uene, 50 g of tal cum powder (<10 m crons, BET
surface 14 nm2/g) and 7.2 g &F phenyl trimethoxy silane
are placed in a reaction vessel and mxed for 30

nyt eg uhil e mpd i fsiing. 1Ehetﬁgﬁa'é‘\%jc153t¥é&r Gith 2 1 of
ill'ed Tnto an agitating ball _mll containin 300:9
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ours,. e i

en ev ed WI
hquyselfe. a'l’ﬁ%c‘é%‘f‘vaﬁyl’?g F@ % E’r?%rljafugaql%%rface ot
154.0306.RPM 15 nin). The rerral ni ng povvder is dried at
130C for 24 hours in a vacuumdryi ng cabi net, and has
a BET surface of 194 nR2/g. EXAMPLE 3 600 ni of
EX’dRighel 50 g of tal cum powder (<10 m crons, BET
surface 14 n2/g) and 8.9 g of nmethylacrylic acid-3-

tri met hoxysil yl propyl ester | d t
SQbgel Rt hIFRR. T8 500 KEICEMUAMELSH | [T thg s, BET

s@daﬂatai@edclm wte badfisl @d bﬂtozfsan@lghcb:ay(mlja@thyhehéoxy)
cont.ai ni n n zircon
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AR, 1R o ) e AR i
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o H¥i NY wApPi neiil BaRres Eﬂcéuelftaqe oefo RER8 fdd ¢ hours.
I\/PLE 4 600 m tol u of _tal

The 1ot b c]r%nl'sl?erBé"’a%‘Eﬁ'? 31t4h n?Z/ )0%n50§ %f vghe solvent
id n@*ehl@)v)éﬁpoiryet ft}érﬁnﬁi_oﬁt}t_jatnmmp)(lﬂ 1or0|0meRhmxy | avi@) . The
remalrplr?g?epdodré]exa {sea&{’ie?(ﬁ] X@Sffb% for 24 hours in a vacuum

drying cabinet, and has a BET surface of 101 m?/g.
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
ig 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 1is
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-



and m xed for 30 minutes while stirring. The obtained
mxture is filled into an agitating ball ml]l

containing 1,300 g of milling balls (zirconium
silicate, ball diameter 0.6-1.0 mm). MIIling takes
pl ace at 4,000 RPM for 4 hodfs- The mill is then

evacuat ed \f/vith 2 1 of toluene. The solvent 1is renpved
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cum powder. (< rons, Lfa 4. R/, ,
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n agitating . ball Akl ntaj.nisng, 1,300 bl
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cdrittd Qvasiatedy g thew, 11 9fni9) Uefige F&ﬁaf@iﬁ@%odvéer is
removed via centri fug;gl on (4,000 RPM 15 mn). e
drieathi i nkp PEWFEAT i QW atn B0 FRD sCpaet. and
haR G WRT Gy & abf nedo wiyd.has a BET surface of 18
n2/g. EXAMPLE 5 1,350 ml of toluene, 150 g of tal cum
powder (<10 mcrons, BET surface 14 n2/g) and 15 g of
EXRMPEEre/lic acid [3 - 24 trinethoxysilyl propyl
ester] are placed in a reaction vessel and mxed for
30 minutes while stirring. The obtained mxture is
1 oM imloaf| ¢iptiipeéddbyasrragitdt gL Ftyceriym oxide (BET
suNetZschsbabst ﬁi’z/é‘gl)an%o_%(“ | o¢ W td) gudtidihddddsc acid
(zirconium,oxide, ball dianmeter 0.4 n’n}Ir M| .
agekpsaprdcdnatd 3THROLRPM M&SS21h AR, M¥Kedntar 0 pputes
wieVEs uateikmiddn. 2 Theof difdierel Wixtsoleveds | midéedvedn an
via, centrifugatiqon (4, 000, RP L n) . e i Birpg
e
z Urgomiurc abkhde, mwidd inmschamsar sglhdddngf, T80l kg chamber
volume gross 1.2 1, 4,100 RPM, 1,700 g milling balls,
zirconium sgilicate, 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

ds0=0.0118 um (UPA) .
EXAMPLE 7

880 ml of distilled water, 800 g of =zirconium oxide (BET
surface 150410 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



EXAMPLE 6 1,000 m of distilled water, 400 g of

zi rconi um oxi de (BET surface 15010 nR/g) and 60 g of
3,6,9-trioxadecanic acid are placed in a reaction
vessel and m xed for 30 m nutes while stirring. The
obtained mixture is mlled PR an agitating ball nill
for 4 hours (Drais Perl MII PM.-H'V, zirconium oxide

ag)rlédl{lcga]g{?rg’ﬁft éféjéj'x@ﬂ: rﬂﬂ'é&@r%#@@&ftlc\lpéuﬁﬁameter of

0oss 1 O RPM 1,700 g m ng bal |
dsz+P cOBR i (VBAl e, bal| dianeter 0.3-0.4 mm
conti nuous operation in circular node). The colloid
obtained in this way contains particles with an
égparticle di anmeter of d50=0.0118 m (UPA).
EXAMPLE 7 880 ml of distilled water, 800 g of
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hacrylic acid are C&ﬁscgd inare 0 0110
paesieleandifix ! f 8Ve509Ri Mitdd 1P 36
pRbt@bAed mxture is mlled in an agitating ball mII

for 4.5 hours (Drais Perl MII PM.-H 'V, zirconium

oxide mlling chanber cladding, mlling chanber vol une
EXAMPLE 9

800 ml of distilled water, 400 g of zirconium oxide
(Degussa, Zr0,-VP, BET surface 40+10 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 ds=0.023 pum (urPa), BET

surface 75 m?/g.

EXAMPLE 10



gross 1.2 1, 4,100 RPM 1,700 g mlling balls,
zirconium silicate, ball dianeter 0.3-0.4 mm

conti nuous operation in circular node). The colloid
obtained in this way contains particles with an
average particle dianeter -026d50=0.0110 m (UPA).
EXAMPLE 9 800 ml of distilled water, 400 g of
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vo] une .gqr.oss 4,100 RPM.._ 1, 700 m I
P‘Qz’rﬂicgﬁq F]?[%alf[év bald* T At er 061§g J‘llﬂqﬁ)a chanber
cbm@dingpumldﬂar@tlmimmbenlVoﬂlume rebe)s The lcol40l@0 RPM,

OJ%@I gedmif]f Sbgﬁiscorgﬂ(?@nd:@%ﬁt b‘_:l.ll.eo% ‘ﬁ"et h 1N 1 _<Ii_.1ameter

Lo{d? ade pa anet er 0.023 m (UPA),
0 s3irp ate WG ngpgtlemeL@H@ratW 800 ﬁ%r%‘fll%lrstmqeéd The

cdpiSia maﬁrfgd Zﬁ.ﬁCQiHJHam pxldednkesity pde€2e1ésOwith an
BET surface 14 %%@ggeg nuf act urer) and 60
re

ageraget r PBKhEELENI o alser? ngﬂé?’ r et i (SHgA?f BET

syesseé afdmtiged for 30 minutes while stirring. The
obtained mxture is mlled in an agitating ball mll
(Drais Perl MIlI PM.-HV, zirconiumoxide mlling
EXAMRDBr11cl addi ng, mlling chanber volune gross 1.2 1,
4,100 RPM 1,700 g rriIIing balls, zirconiumsilicate,
ball dianmeter 0.3-0.4 nm continuous operation in

lelBeulmd rﬁfde)dlSt'IlHéedcoWPSIea‘robggpne@ I9F t Rilmigym  oxide
(6QRL 8bRS, Par tAdLs, Wi t REaN  averegee part9|—qjse di mfyed er (per

mggugggtgrQZ§)?]%P%ﬁ)GOBET gurf%C% trloxa%ecanlc acid are
placed in a reaction vessel 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 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). 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, dso=0.044 pm (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-



EXAMPLE 11 1,180 m of distilled water, 800 g of

al um num oxi de (Sum tono, AKP53, BET surface 9-15
n2/g (per manufacturer)), and 60 g of
3,6,9-trioxadecanic acid are placed in a reaction
vessel and nixed for 14 hould while stirring. The
obtai ned m xture is n1||ed in an agitating ball mll

H \Pr A fud DR rg[,giepe i1 15'1%; P%a{fﬂagr Zbﬁ.&@ﬁhﬂg‘ milling

Xide mlling chanber ¢ nber “vol u
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With Washed powder),
nﬁggrlg of APTE andigpggasgg#ﬁﬁlstllﬁgﬁ wat er are
placed in a reaction vessel and mxed for 5 mnutes
while stirring. The obtained m xture is mlled in an
agitating ball mlIl for 4 hours (Drais Perl MIIl PM -
27 HV1 zirconiumoxide mlling chanber cl adding,
mlling chanber volume gross 1.2 1, 4,100 RPM 1, 700
gmlling balls, zirconiumsilicate, ball dianeter
0.3-0.4 mm continuous operation in circular node).
Subsequent sol vent replacenent via centrifugation and
twofold washing with distilled water (pH=7) yields a
colloid with an average particle dianmeter of
d50=0. 063 m (UPA), BET surface 99 nR/g, after
redi spersion in water with pH 4.5. - 28 CLAIMS 1. A
nmet hod for the chenonmechani cal manufacture of a




functional colloid, in which particles are subjected

to nechani cal reactive comm nution in a dispersant in

the presence of a nodifying agent, wherein the

nodi fying agent is at |least partially chem cally bound

to the comm nuted coll oi d‘pgrst icles. 2. The nethod for

t he chenonechani cal manufacture of a functiona

colloid according to clai mihrmMgharacterized in that a

mll with loose mlling bodies is used for reactive

comm nution. 3. The method for the chenonmechani cal
1m|an_uz&agxtammh df for funet | eiehomnedt han teat c aadivftpdtoure of a

cl ai char cte it { h I, e

Wi t hEnlémaPa?r%?' g ' exteddr ﬁ %r%%talrcl élrég"se%gé éu‘PHeCted

met hiod mechahecalhemeacecﬁ;ani @@lmwnmun‘m ukre af dijspersant in

func% gnabrggghgéd g%cordlg%él rnggeﬁgaraghggégﬁd the

Int di Sp ersant accor n tot et nozzle
pr|ﬁﬂ@@%%Y1%9u%@@n$o%sr%%c%?%%tcEﬁﬁFhﬁhFBnChSml?ﬁély bound

net hod {0 tbamehervaesbanbeal parputassure of a
functional colloid according to one of clains 1 to 4,

characterized in that the nodifying agent is
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Charfl&%{w@dcbﬁmmaélwe modi fyi ng agent has a
nol ecul ar wei ght not to exceed 500. 7. The nethod for

t he chenonechani cal manufacture of a functiona
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of 3 exceed 2.5 mm are used.

4. The method for the chemémechanical 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 colloid according to claims 1 to 6,



functional colloid according to one of clains 1 to 7,
characterized in that the nodifying agent in the
di spersant exhibits no surfactant properties. 9. The
met hod for the chenonmechani cal manufacture of a
functional colloid according® o one of clains 1 to 8,
characterized in that the nodi fyi ng agent is a silane,

rﬁé’f‘al d 2, Eafé}%" A%l OkoRNodl NSarticles
or enonechanlcal manuf act ure of
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9, aracterized in that the nodifying agent is al so

use as the dispersant. 11. The nethod for the
chenmonechani cal nanufacture of a functional colloid
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colloid is manufactured according to the nethod
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11. The method for the chemomechanical manufacture of a
functional colloid 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 claim 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 colloid, characterized in that a functional



16.

or

15,

Use of functional colloids according to claim 14,
functional colloid particles according to claim
or of mxtures that conprise these functiona

colloids or functional colloid particles, for ceranic
mol di ngs, filnms and nmenbrarés,- abrasion-resistant
coatings, coatings with Iom#energy surfaces,

m cr obi £ 4¢ 1§gﬁ£ﬁ@§% F@PQ ééé%&ihg £9ath8Y%8ethod of one

m crostructura

conaucti1 ve,

UV- a®E o b3 Hes bh@@o%%roﬁﬂ@ g%%d¢b?P%F%%FFobﬁrBﬁ?@ved
| ayers or polynmer matrix conpounds.

14.

15.

16.

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 of functional colloids according to claim 14, or
functional colloid 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,
holographic, conductive, UV-absorbing, photochromic
and/or electrochromic layers or ©polymer matrix

compounds.



