NANOSTRUCTURED FORMS AND LAYERS AND METHOD FOR PRODUCI NG TEEM USI NG

STABLE WATER- SOLUBLE PRECURSQORS | The present invention relates to
nanostructured 5 nouldings and |ayers and to their preparation via
stabl e wat er-sol uble precursors, and in particular to nanost ruct ur ed
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free- radlcallqptrcmbs¢mr¢@sqﬁ acryl ate-based 25 nononers dispersed in
an aqueous medium and from organically nodified silanes, the
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contai ned in désdrDFed ey doutidly purpdekem wherein the silane
conponent possesses cationically crosslinking radicals.

15 In particular, JP-A-53-6339 describes the synthesis of
a composite starting from a reactively organically
modified silane and an inertly organically modified
silane and conducting hydrolysis in the presence of
aqueous silica sol and phoshoric acid as hydrolysis

20 catalyst. The alcohol formed in the condensation
reaction is not removed.

JP-A-63-37168 describes the synthesis of a composite
from free-radically crosslinking, acrylate-based

25 monomers dispersed in an aqueous medium and from
organically modified silanes, the organic radical of
these silanes likewise constituting a free-radically
crosslinking system, in the presence of colloidal
silica and nonionic surfactants. 'Hydrolysis and

30 condensation reactions are conducted in a separate
process step. Here again, the alcohol formed in the
condensation reaction is not removed.

A similar description is contained in JP-A-63-37167 for
35 a system wherein the silane component possesses
cationically crosslinking radicals.

US-A-5411787 describes the synthesis of a composite
from polymeric binders dispersed in water, at least one
40 aminosilane component and colloidal particles having a



US- A- 5411787 describes the synthesis of a conposite from pol yneric
bi nders dispersed in water, at |east one 40 ami nosilane conponent and

col |l oidal particles having a - 2-
size of less than 20 nm In this case too, the al cohol formed by the
hydrol ysis of the silane is not renoved.2 - US- A- 4799963 descri bes the
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On the Dbasis of the prior art as described, an
investigation was carried out into the extent to which
a reduction in the water sensitivity, i.e., in the

20 progress of the hydrolysis and condensation reaction,

' is achievable through controlled coating of colloidal
systems with functional silanes, and into the extent to
which such systems may be used to prepare stable
systems for the production of mouldings and layers

25 which are suitable, inter alia, for industrial
application. '

The object of the present invention, therefore, was to
provide a process for preparing nanostructured

30 mouldings and layers, preferably those suitable for
optical purposes, via stable water-soluble
intermediates.

In accordance with the invention it has been found that
35 aqueous, electrostatically stabilized (and  hence
extremely concentration-sensitive) colloidal
suspensions with reactive monomeric or oligomeric
components (silanes or precondensates thereof) may be
applied by coating and as a consequence do not display,



| n" accordance with the invention it has been found . that 35 aqueous,

el ectrostatically stabilized (Aand hence extrenely
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By virtue of the <reversibility of the surface
modifier/particle bonding ({e.g. hydrogen bonding or
metal-oxygen bonding (-Al-0-Si-, -Ti-0-Si-, etc., see
e.g. Chem., Mat. 7 (1995), 1050-52)) the process
described above may be reversed when heat is supplied,
so that the particles are able to <crosslink,
accompanied by solidification. Further reaction may
also take place by way of appropriétely ‘selected
organic groups on the surface modifier (e.g. reaction
of these groups with one another).

In this way it is possible to react, for example,
aqueous sols, such as boehmite, TiO;, Zr0O; or SiO; sols,
but also other aqueous sols of compounds of metals of
the main groups and transition groups of the Periodic
Table, with organically modified alkoxysilanes in such
a way that stripping of the solvent and, if desired,
subsequent dispersal of the 1liquid residue in water
produces clear solutions which are stable over a
relatively long period of time. This stripping of the
solvent (alcohol) is necessary in order to take the
reaction of the coating of the particles with the

then t K0$ wdyy i twebsglpossable tim react,

e



but al so other aqueous sols of conpounds of netals of the mai n groups

and transition groups of the;Perigdic Table, wth organically nodified
al koxysi |l anes in such a way that stripping of the solvent and, if
desired, 35 subsequent dispersal of the liquid residue in water
produces clear solutions which are stabl® over a relatively | ong period
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silicon and neteysexhibat tda:e;dmadhegimrpSt@nd eyt r BABG | almBeeURsE Of the
Peri odi ¢ TabI peci R sessi.n rq bl e koxy groups and
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contacting an aqueous and/or alcoholic sol of a

20 compound of an element selected from silicon and metals
of the main groups and the transition groups of the
Periodic Table with species possessing hydrolysable
alkoxy groups and comprising at least one organically
modified alkoxysilane or a precondensate derived

25 therefrom, under conditions which lead to (further)
hydrolj;sis of the species, and subsequént removal of
the alcohol formed and any alcohol already present
originally, and is characterized in that the alcohol is
removed in an amount such that the residual alcohol

30 content of the composition is not more than 20% by
weight, preferably not more than 15% by weight and, in
particular, not more than 10% by weight.

The present invention also provides the compositions

35 obtainable by the above process and for their use for
producing nanostructured mouldings and substrates
provided with nanostructured layers.



wei ght ; preferably not nmore than 15% by wei ght and, in particul ar, not

nore than 10% by wei ght. ., The present invention also provides the
conposi tions 35 obtainable by the above process and for their use for
produci ng nanostructured nouldings and substrates provi ded with
nanostructured | ayers. -5 - - 5- The
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pr econdensat esg Usegh gy a s, 1hsis gensvelly 3 ciensyA4 ithat 10- 80%
(preferably 20-5 of "all esent condensabl e (gydrolysed) roups of
the silane urRfeFHorePcer &b t§%Gh e eligt, and Livs
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40[err]C shod g, ol RRaeXCcefdedor3@sponding amount of alcohol is
removed 100%), but does include the amount of alcohol
already formed during the preparation of any
precondensates used. As a result, it is generally
20 ensured that 10-80% (preferably 20-50%} of all present
condensable (hydrolysed) groups of the silane undergo a
condensation reaction.

The alcohel 1is removed from the reaction system
25 preferably under reduced pressure, in order to permit
excessive thermal lbading of the system to be avoided.
In general, when removing the alcohol from the system,
a temperature of 60°C, in particular 50°C and with
particular preference 40°C, should not be exceeded.
30
In the text below, the starting materials used in the
process of the invention are described in more detail.

The sol which is used may be an aqueous sol, an
35 alcoholic sol or an aqueous/alcoholic sol. Preference
is given to wusing simple aqueous sols. If a sol
containing alcohol is wused, the alcohol in question
preferably has 1 to 4 carbon atoms, i.e. is methanol,
ethanol, propanol, isopropanocl or one of the butanols.



Inthe-text below, the starting materials used in the process of the
invention are described in mpre detail. The sol which is used may be
an aqueous sol, an 35 alcoholic sol or an aqueous/al coholic sol.
Preference Is given to using sinple aqueous sols. 1f a sol

cont ai ni ng al cohol is used, the al cohot & guestion preferably has 1 to
4 carbon atons, i.e. is nethanol, et hanol , propanol | sopropanol or one
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(especially boehm te m Xt ures I
used in the p?%%é%%m%ﬂ &he invention generally has a solids con;ent of
from5 to 50% by wei ght, 25 preferably from10 to 40 and with particul ar

' 0,
preference Théré%%%ééééh f%@téﬁ é% compounds preferably comprise

15 oxides, oxide hydrates, sulphides, selenides or
phosphates, particular preference being given to oxides
and oxide hydrates. Accordingly, the compounds present
in the sol used in accordance with the invention
comprise in particular (and preferably) 8Si0O, Al;0s,

20 AlOOH (especially boehmite), TiO,, Zr0O, and mixtures
thereof.

The sol used in the process of the invention generally
has a solids content of from 5 to 50% by weight,

25 preferably from 10 to 40 and with particular preference
from 15 to 30% by weight.

The species containing hydrolysable alkoxy groups for
use in the process of the invention include at least

30 one organically modified alkoxysilane and/or a
precondensate derived therefrom. Organically modified
alkoxysilanes which are preferred in accordance with
the invention are those of the general formula (I):

35 R‘4—-xsi (OR)x (I)
in which the radicals R are identical or different from

one another {(preferably identical} and are
unsubstituted or substituted (preferably unsubstituted)



The speci es contai ni ng hydrol ysabl e al koxy groups for “use in the
process of the invention include at |east 30 one organically nodified

al koxysi | ane and/ or a precondensate derived therefrom Organically
nodi fi ed al koxysi | anes which are preferred in accordance with t he
i nvention are those of the general formufa (1): 35
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to 20 carbon Rieiwgandtx 26 darbbrdlatdms and xEXamles g sadicals R in the
above fornula are al kyl, al kenyl , aryl, aIkyIaryI aryl al kyl,
aryl al kenyl and 10 alkenylaryl radi cal s (preferably haV|ng in each case 1

to 12 and in Ewampled acf lradifalarbonimtihe are formalauding Qwsli,c fornms)

I t t he
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al koxy, al koxycar bonyl met hacryl oy or epoxy groups.
20 Anong thé%‘bﬁ%’-% k&i(fi%lllcané%rr@ﬁ tW@l&BnéF%Y P@rn%ﬂl errupked byhere is

W th particul skygeef esensiend) heesdgeieatoms | dr WhEhgabupeRal QR® radica
R possesses 5 éEoL5£ or Cj;4 alkyl) and may carry one or more
15 substituents from the group of the halogens and of the
unsubstituted or substituted amino, amide, carboxyl,
mercapto, isocyanato, hydroxyl, alkoxy, alkoxycarbonyl,

acryloyloxy, methacryloyloxy or epoxy dgroups.

20 Among the above alkoxysilanes of the general formula
(I), there is with particular preference at least one
in which at least one radical R' possesses a group
which 1is able to undergo an addition-polymerization
{including polyaddition) or condensation-polymerization

25 reaction.

This group capable of addition-polymerization or
condensation-polymerization reaction preferably
comprises an epoxy group or {preferably activated)

30 carbon-carbon multiple bonds (especially double bonds},
a (meth)acrylate group being a particularly preferred
example of the last-mentioned groups.

Accordingly, particularly preferred organically

35 modified alkoxysilanes of the general formula (I) for
use in the present invention are those in which x is 2
or 3, and in particular 3, and one radical {the only
radical) R! is o-~glycidyloxy-Cy¢ alkyl or -
{meth)acryloyloxy-Cz-¢ alkyl.



which ks able to undergo an addition-pol ynerization (1 ncluding

pol yaddi ti on) or condensation-polynmerization 25 reaction. Thi s
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reaction are tetramethoxysilane, tetraethoxysilane,

tetra-n-propoxysilane, tetra-n-butoxysilane, cyclo-
20 hexyltrimethoxysilane, cyclopentyltrimethoxysilane,
ethyltrimethoxysilane, phenylethyltrimethoxysilane,
phenyltrimethoxysilane, n-propyltrimethoxysilane,
cyclohexylmethyldimethoxysilane, dimethyldimethoxy-
silane, diisopropyldimethoxysilane, phenyl-
25 methyldimethoxysilane, phenylethyltriethoxysilane,

phenyltriethoxysilane, phenylmethyldiethoxysilane and
phenyldimethylethoxysilane.

Especially if the nanostructured mouldings and layers
30 of the invention are to be given dirt and water
repellency properties and a low surface energy, it is
possible together with the organically modified
alkoxysilane to use silanes possessing directly
silicon-attached fluorinated alkyl radicals having at
35 least 4 carbon atoms (and preferably at least 3
fluorine atoms), with the carbon atoms positioned a and
B-to the silicon preferably carrying no fluorine atoms,
examples being {(tridecafluoro-1,1,2,2-tetrahydrooctyl)-
methyldiethoxysilane, (tridecafluoro-1,1,2,2-



20' hexyl tri nmet hoxysil ane, cycl opentyl tri met hoxysil ane,

et hyl tri met hoxysi | ane, phenyl et hyl tri met hoxysi | ane,

phenyl tri net hoxysi | ane, n- propyl tri nmet hoxysi | ane, _

cycl ohexyl net hyl di met hoxysi | ane, di met hyl di met hoxy- si | ane,
di i sopropyl di net hoxysi | ane, phenyl 2 25 net hyl di met hoxysi | ane,

phenyl et hyl t r tethakydrbaatyl) triptisowydiliaid)oxysi | dnéptadeca-fluoro-
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but oxi de, ziPeeeride, etFipgarsium t ghhaokide, et hbxitelum  ethoxide,

tantalum butoxide, niobium ethoxide, niobium butoxide,

tin t-butoxide, tungsten{VI) ethoxide, germanium
20 ethoxide, germanium isopropoxide and di-t-

butoxyaluminotriethoxysilane.

Especially in the case of the relatively reactive
alkoxides (e.g. those of Al, Ti, Zr etc.), it may be
25 advisable to use them in complexed form, examples of
suitable complexing agents being, for example,
unsaturated carboxylic acids and B-dicarbonyl
compounds, such as methacrylic acid, acetylacetone and
ethyl acetoacetate, for example. If species containing
30 hydrolysable alkoxy groups, other than the organically
modified alkoxysilanes, are used, then the molar ratio
of the organically modified alkoxysilanes to the other
species is preferably at least 2:1, in particular at
least 5:1 and with particular preference at least 10:1.
35
If use is made in the process of the invention, as is
preferred, of organically modified alkoxysilanes
containing a group capable of addition-polymerization
or condensation-polymerization reaction, then it is



t ant al um but oxi de, ni obi um et hoxi de, ni obi um but oxi de, tin t-butoxide,

tungsten(Vl) et hoxi de, ger.mani ym 20 et hoxi de, ger mani um

| sopr opoxi de and di-t- but oxyal um not ri et hoxysi | ane.

Especially in the case of the relati veI¥L reactive al koxi des (e.g. those
of Al, Ti, Zr etc.) , it may be 25 advi 8able to use themin conpl exed
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acet oacet at e, "R ekafpPe Of| fStazd@Erest T 0T @R FIgIBOUP hgenelrpddll @cdl koxy
groups, otheretdeddide ®ropnmi cally nodi fi ed al koxysil anes, are used,
t hen t he rgol ar ratio of the organically nodified al koxysilanes to the
ot her species is preferably at least 2:1, in particular at  |east
5:1 and with Weete cufar pxehplenceidinéeast tﬁélgeﬁéral folrmugg i(g)made in
t he process oéoﬁ@e.ﬂﬂyent Lan ' ferred, o organical l'y

n

as_ILsS re f
modi fied al KOXYSiT4 CPOXYon g 5P PR g a:%pegr 5859 apibt eakke tart.ers
addi ti on- pol yimelwde, onin paErtdendensat i miqedolney,i zasmbnes pactaicad, t hen
it is anhydrides and Lewis acids. If'fﬁﬁda ol&gegﬁgre%?'%p
i ncorporate 1nto the co[rgasponal ng . COh‘]ﬁ_)OSI%I on, N add?tidn, a
starter &@npokiadd, thamethyhimidazalso f spartéculardygamnefgroed.

ORn el ouh ¥Rt Dekfinblps e, e o e carg s o
the deneral (LR {1 daono SO SNL0g, PPRAY AL AP AL Uocd 5UlLa
anhydri des arstdevdrs atieis. thé igtr:od@zai&?terﬁ g%icﬂmbﬁy,loﬁelrd@ﬁ?g?gr ragg
Ll ey P LERAEY, Pl R Bl
2- phenyl L&i dadiet thy IBreatptisaniofe ,t hériethglemetetsrdmion t hd ,grdiamihothe
Dbt oo S 1% 3¢ BByt ams 88 Befope ik opeti-
1, 6-di ani no- ethylrnegiaminey g pj BN Nty Minnrotsaedty ldiethaleaset hyl -
tiramine, 1,4-diazabicyclo[2.2.2]octane, cyclohexane-
1,2-diamine, 2~ (aminomethyl}~3, 3,5-trimethylcyclo-
20 pentylamine, 4,4'-diaminocyclohexylmethane, 1,3~
bis (aminomethyl)cyclohexane, bis{4-amino-3-methyl-
cyclohexyl)methane, 1,8-diamino~p-menthane, 3-
(aminoethyl)-3,3,5-trimethylcyclohexylamine {iso-
phoronediamine), piperazine, piperidine, urotropine,
25 Dbis(4-aminophenyl)methane and bis {4-aminophenyl)
sulphone. The amines used as starters may also be
functionalized with silanes. Examples are N-(2-
amincethyl)-3-aminopropyltriethoxysilane, N-(2-
aminoethyl)-3-aminopropyltrimethoxysilane, amino~-
30 propyltrimethoxysilane and aminopropyltriethoxysilane.
In addition, boron trifluoride adducts of amines, such
as BF3-ethylamine, for example, may Dbe used.
Furthermore, organic crosslinking may be brought about
with the aid of acid anhydrides {preferably in
35 combination with tertiary amines), such as
ethylbicyclo[2.2.1]heptene-2,3-dicarboxylic anhydride,
hexahydronaphthalenedicarboxylic anhydride, phthalic
anhydride, 1,2-cyclohexanedicarboxylic anhydride, and
also [3-{triethoxysilyl)propyl]succinic anhydride.



et hyl enedi ami ne, N, N, N, N', N'- pent anet hyl di et hyl ene- _ tiram ne,
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bi' s 4- am nophabg S metfodes ¥ Py Presghe’, CRe oy | 1Pt Lo hone,
The ani nes usk¥el¥dsekysedls mekattisiesbeof aluminiumal |tziﬁuanm h arsi | anes.
T e

N ( 2- am noget hyl ) - 3-am nopr opyltrine 30
propyl tri et %Y1 h AR RERHSIHSp A e ERBX §3AMBAE : In addition,
boron trifluoride adducts of am nes, such as BF3-et hlyl alr<n_ ne, fgr
exanpl e, may. sed, Furt her.mor,e, organi ¢.crosslinkjng may be
br ought  about ™2 Pﬁ?\/i F%S?hgfaitaeoflsgcloé gﬁﬁ?&??d@% %&Fefai’r% y'J'CP%‘ué@
conbi nati on (W twhichipos$esy (methjes)ylate grodups, as conventional

et hyl bi cycl of ep - = di bo | nhydride, . _
hexahydronaph’leha en]gdi %gj;g%xﬁff%éf%\hyéﬁ%feﬁ@ p%ghagl C convemmlde’
1, 2- cycl dRexpReliereiosenizatdmnydréatelyatd may alls® added to the

[3-(triethoxysdydd ¥y | Eﬂﬁﬁhﬂ'}élg o@nglrfgﬂn'&if- catallystsl i%?(ed wifth

- 11 - Catall%/sts addi tiona suitable for the cross Ing o

epoxy groups FIetHeEHre sttt %%%%%’W’ﬁo@ﬁ-&rll}er digcay mestopdsley

al koxi des of @& g ni uﬂbeﬁiéja:]ni Ufﬂeﬂﬁﬂided athO_@iLlﬁhrgygl- | _p'e'rog.ide_) . ch
Al err]H rr ] H err err nd _Qrgani.c carbo | I ds, su
as( ;?g)pi o]ni E:%?aéc‘%%gcflocr ré(o%e)é, Sliyf I r?etrﬁ%%(%?e o?efg%t?ﬂg%' o@ag‘iyﬂanes of
t he abovésforemlaryl peuoxiweisch kedosespetnritipacayd ahpdgopepssides.
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phot opol yneri zation catalyst nmay be added to the conposi tion.
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20 (I) and so are able to bring about further crosslinking

in the course of curing. For example, in the case of
the wuse of silanes containing (meth)acrylate group,
specific examples of useful crosslinking agents are
bisphenol A bisacrylate, bisphenol A bismethacrylate,
25 trimethylolpropane triacrylate, trimethylolpropane
trimethacrylate, neopentyl glycol dimethacrylate,
neopentyl glycol diacrylate, diethylene glycol
diacrylate, diethylene glycol " dimethacrylate,
triethylene glycol diacrylate, triethylene glycol
30 dimethacrylate, tetraethylene glycol diacrylate,
tetraethylene glycol dimethacrylate, polyethylene
glycol diacrylate, polyethylene glycol dimethacrylate,
2,2,3,3-tetrafluoro-1, 4-butanediol diacrylate and
dimethacrylate, 1,1,5,5-tetrahydroperfluoropentyl-1, 5-
35 diacrylate and dimethacrylate, hexafluorobisphenol A
diacrylate and dimethacrylate, octafluoro-1, 6-
hexanediol diacrylate and dimethacrylate, 1,3-bis(3-
methacryloyloxypropyl)tetrakis (trimethylsiloxy) -
disiloxane, 1,3-bis(3-acryloyloxypropyl)tetrakis (tri-



It-i5 of course also possible to incorporate into the conposition
purely organi c components which react with reactive groups on the
silanes of the general formul'a 20 (1) and so are able to bring about
further crosslinking in the course of curing. For exanple, in the case
of the use of silanes containing (nmdhyacryl ate group, specific
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A haor et NGEX AL e propd Al VU s purdBRRRNY SR e and
met hacr y18y| oxyprepycpmponekts( tovakehylgi borgigble todithiel dremrganic

1, 3 bi s(3- acrﬁfi@i/i}QXXQr zpyla?tg&ﬁﬁ’&ecr(ﬁrhlt% 2 ]E;&e Kdroxiy group,

- met hyl si | oxy)di si | oxane acr
propyl)tetraﬁﬂ#ﬂ%lﬂ?s?r Yﬁﬁ@XXﬁHhXi3iﬁﬁ§b§39§Y¥¢%?l@Xya hydrophlllc
propyl )t et r anediydrebisd |wndde is f1§ael| movad1@S il Gtndr e + 1Teul @ Bgs 5 and

| ayers havi n ro h|||c r.op rtles are desired, it |s pOSSIb|e for
exanple, to |sh ap%t}a&{tg dPt PEnthE Fvie- i nvention,
addi ti ondhl vy, conponents mhlch | ead to such hydr ophilic properties. For

this purpose S 1 t nponents co aIentI SOn ble to
t he inorgani c’fﬁe oq}odsl%xl% s 9:0 8 §rs1ént W t ha%cc?l?%aél%%/dr up,
such as 2- hydiwsgreting, (rﬁeﬂ&ém yltacte (rurxtheydr oflyidriod ysis cofpordet whi ch

Is freely movghleidd Batd8hihy (BydroBysable alkoxy groups and/or
the corresponding precondensates, preferably comprise
20 the presence of ‘at least 0.5 mol of H,0 per
hydrolysable alkoxy group. This amount of water is
generally already present by virtue of the water in the
sol. If this is not the case, the corresponding amount

of water should be added separately.

25
It is more preferable if a catalyst for the hydrolysis
{(and condensation) of the alkoxy groups i1s present.
Preferred catalysté for this purpose are acidic
catalyts, e.g. aqueous (mineral) acids such as HCl, for
30 example.

The proportion of the starting materials used (sol and
species containing hydrolysable alkoxy groups) is
preferably chosen such that in the final moulding or in

35 the final 1layer (after curing) the solids content
originating from the sol makes up from 1 to 50% by
weight and in particular from 5 to 30% by weight of the
moulding or layer, respectively.



surfactant) or a conbination of the two. 15 The conditions to be used

I n accordance with the I nvention, |leading to (further) hydrolysis of

t he speci es contai ni ng hydrol ysabl e al koxy groups and/ or t he
correspondi ng precondensates, preferably_conprise 20 the presence of at
least 0.5 nmol of Herr]O per “hydr 6l ysabl e al koxy group. This
anmount of wat®rei sethodgerferadhyact irepdyher egaabuby anid/iowe adfcdHel Mat er i n
t he sol . 51 thisSH StF&%t §8c£é‘§e’ccfnhc%l%%resﬂ?&ﬁbgfe CULPS RS é;f vat er

shoul d be added separate S nore era a ca st for

t he hydr ol ysi §roups (%@ezéoﬁmlsmrtﬁw)wmch Hee mngim;pms qft e:mwt

Preferred caspbysss doitaining RUEPOPEgralps ars d'f%mllla?cat Yighe ©
aqueous ( nergl#a?@ ds s ch as HC , for 30 exanp e roportlon

of the startifg ri 4pPE %Eedaflgol lﬁndel‘mlgﬁée%s f@éﬁPSFnl H@ h))-'d’reol ysabl e

al koxy groups¢xamp1es begber. atn“qamsgn sm@hrfea@kralunddfletﬁenaéomaﬁtdl ng or
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in 35 the fi af ing). th ent
ori gi nating £ Qfé B2 soql‘crﬁ{élket < c?“?%‘?ﬁﬁgjtoél ng/}?b genﬁéﬁgﬁxé! JFR55h
particul ar frt)m‘é foom02e blyOV\%@%grand)firt hrarticuimd dinogn @0 Itayéro% of

respectively.ip tial hvdrol 1 1k h met hod of
contacting the eqt%%)ulsa andyolio ay%%%ﬁ i oxY o100 hatJV% usnﬁléaé:lgé)s%cght ai ni ng

hydrol ysdi¥ e ePReggsationyrerartinler J@omx ipgIPyentic pe etyardagedusl ysi s of
the Speci £6r COMdHHH ) alduPpbs@s0UPEoi S A@qmhds ar Ekﬁéth‘?cesi\ shirld ed

wor ker and is_elucidated further in the exanpl es below. F OWI ng the
removal of thEOERPIAMOD  £Q al FhABPHIRFhAIe THREESIHtYon Dpwhiadidigener al | y
means t havateom P(ietferaﬁi@and:hen ﬂaébbgﬂtw Jff 08n@0 domp¥tafon, the

Irgiatf:lt ?lon;]ydr éér/‘gé@iael%kfo bé g%"%aq'lt ag oune%e’r gongjreq_oger%o(;%nd%nsg'ﬁ Iﬂ%’ges to
adj ust  1he P#%ﬁ&ﬁukﬂﬂ below @aPdsimPiasn to an appropriate viscosity by
addi ng water. Preferably, the viscosity of the conposition,
To produce nanostructured mouldings and substrates
pxovided.rhith nanostructured layers, with the aid of
the composition of the invention, this composition is
20 either introduced into a mould or applied to a
substrate and subsequently - if desired after drying
beforehand at room temperature or at slightly elevated
temperature, especially in the case of the production
of layers - thermal (and additionally, if desired,
25 photochemical) curing is conducted. In the case of the
production of layezrs, all conventional coating
techniques may be used, e.g. dipping, flowcoating,
rolling, spraying, knife coating, spincoating or screen
printing.
30 ,
The curing temperature is generally in the range from
90°C to 300°C, in particular from 110°C to 200°C, and
in the case of layer production is also dependent, in
particular, on the temperature stability of the
35 substrate to be coated.

As already mentioned at the outset, the composition of
the invention is suitable for coating a very wide
variety of substrates and on those substrates, even



especially for coating purposes, is below 5000 nPas, in 15 particular
bel ow 3000 nPas. To prqduce_ nanostructured nDuIdlngs and substrates
provi ded with nanostructured Iayers with the aid of t he conposition of
the invention, this conpositionis 20 either introduced into a nould
or applied to a substrate and suﬂ&equently - if desired after drying
bef or ehand alwithmmteapefatarereatmEnsL|ghthmnglemahedd;spﬂayﬁxﬁéﬁywe

el el 1 oo s lon Nend! Akihy ni gl LRYEES,” SR dand
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techni ques mayrbe gisadh, etQanQbQPéﬂg atAd)Wﬁ%ﬁLtegns areh®! 4Gt /Y ay1 ng,
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particul ar frpm;ld@f}@dsmalﬁé,to ZOQa[oﬁ.ryr hethandrylates, t he @if ﬂéséer

production is ende par a on the re
stability of g%%y ubst %fﬁgf'be Cgaﬁgagkyién qé q'oned at
t he outset, tp&lmmleme)mm polydttteylienmntwhdlie | qutdfaMred atetadat i ng a
very w de sifsiiAlgs and on those substrates, even

- 14 - MAt ut surface trea nent, in many cases dlsplays very good
adhesi on 1&nd extrenely high scratch r esi st ance. Particularly preferred

substrates fQKcé@W@EnéIP UﬁﬁéOﬁomposﬁﬁﬁoﬁga%BtaEﬁ§B§Qawﬂnaéﬁgidance
non- transparentlglastl and™ netals. of sul tabl e

plastics areit EBFy&&WﬁBﬁ&PE are[ﬁﬂ%ﬁﬁh&ﬁﬂ§&§y¢aié§ge numbgry $fyr ene,

pol yvi nyl aﬁﬁlﬁ¢aﬁnonspOEﬁ%hblbeneof swirephpbaliakeions £604 yprigpyl ene
and polyethylen r,red net al substrate is alum nium 10

r
Accor di ngl y, Q% o‘?’r‘pao%’ }g ego A%%61 e i n accordance

Coating to increase scratch and abrasion resistance:

- topcoats of household articles and means of
transport

20 - transparent and non-transparent polymer components
- metallic substrates
- ceramic and glass substrates

Coating to improve the abrasion and corrosion
25 resistance of precious and non-precious metals:

- Mg: engine blocks, spectacle frames, sports
equipment, wheel rims, transmission casings
- Al: Dbodywork of means of transport, wheel rims,
30 facing elements, furniture, heat exchangers
- Steel: compression moulds for producing
components, sanitary fittings
- Zn: roof constructions, firearms, airbag
accelerometer masses
35 - Cu: door fittings, heat exchangers, washbasins

Coatings for improving cleaning behaviour:



with the invention are suitable for a |arge number of appl i cations.

Exanpl es of such applications are, in particular, the follow ng: 15
Coating to increase scratch and abrasion resistance: - t opcoat s
of household articles and neans of transport 20 - t ransparent
and non-transparent pol yner conponents 15 -- metal lic substrates -

cerani ¢ and gtossesnbrgrek@fples fo£IEﬁi§Ehp%flcaﬂﬂﬁﬂﬁﬂﬁéfeﬂéﬁtﬁ @y asion
and  corrosion 25.resistance cious and non-precious netals:
My:  engine %?o%“il(%‘? éos%@%gjcge‘l& Ames,  sports equi prent ,

wheel rinms, transm ssion casings Al : bodyrork of neans of
transport, s L 04 | S, njLrure eat

exchaﬁger S V@S&lﬁ(b%fg%?: lmp%%%éigésrli%n&éf&@mﬁ%@s of ‘JToét}p °ﬁe“%rso§dlé% ng
conponent ®, sEarteegueing igdfesions zn: r oof constructions,
firearns, ai rbag accel eroneter nasses 35 - Cu: door
fittings, heat exchaqgfrs, washbasi ns Coatings for inproving cleaning
behavi our - - Met and polymer conveyor belts _ 15 . Concer ni ng

exanpl es for this Rapls Bt PolymrirdzerienT@eactiols made to DE- A- 19544763.

Coatings for inpraving the denoul di of . conponents,and 5 for reducing
adhesi on: - ébWﬁk%ﬁs%mh ngVhag c&ﬁV%yoPrBaF?§ng polystyrene

10 components

- Anti-graffiti coatings on topcoats and facings
Coatings for anti-condensation effect:

5 - Glasswork of means of transport
- Spectacle lenses
- Mirrors (e.g. bathroom, automotive rearview and
cosmetic mirrors)
- Optical components (e.g. spectroscopy mirrors and
20 laser prisms)
- Elements for encapsulation (e.g. housings for
meteorological instruments)

Coatings for anti-reflection properties:

25
- Polymer or glass covers of display elements (e.qg.
automotive dashboards, display window glazing)
Coatings for food-related applications:
30

- Diffusion barrier layers {preventing the diffusion
of, for example, gases, acetaldehyde, lead ions or
alkali metal ions, odorants and flavours)

35 Coating of hollow glass articles:

- Coatings of beverage bottles for increasing the
bursting pressure



- - Rolls for polynerization reactions - Conpr essi on  noul ds for
pr oduci ng pol ystyrene 10 conponents - Anti-graffiti coatings on
topcoats and faci ngs Coatings for anti-condensation effect: 15 -
G asswor k of means of transport - Spectacl e | enses - Mrrors
(e.g. bathroom autonotive rearview l#nd cosnetic mrrors) -
Opti cal conponent sColeugingpestr os6DpyrIddd orglayyl 2y lmsdis présma -
El ements for encgggglation (e.g. housings for _ nmet eor ol ogi ca
I nstruments) f?ﬂgs for anti-reflection properties: 25 _

Pol ymer or gl ass covers of display elenents (e.qg. aut onoti ve

dashboards, dj . ndoy gl 87 i ngs ;f o od-1 el at ed
applications:bgghaxFiba aﬁjféﬁﬁégﬁq bg$P%g%B§§yeg§d(p%%%gng?gﬁféﬁﬁ?g

di f f usi on f8imstor exanple, gases, acetal dehyde, |ead ions or

al kali metal ions, odorants and flavours) 35 Coating of hollow gl ass

articles: Coatings of beverage bottles for increasing the
bursting presSure Nanocomposite spectacle lenses - 16 -

Col ouring of~- col surdesh- gldssbrdyionadis steht @ackaging £e0aki Ng

10 The examples which follow serve to elucidate further
the present invention. In all of these examples, the
solvent formed by the hydrolysis (ethanol) was removed
to an extent of at least approximately 95%. .

15 Example 1

27.8 g (0.1 mol) of {3-glycidyloxy-
propyl)triethoxysilane {GLYEO) were admixed with 27.8 g
of silica sol (30% strength by weight aqueous solution

20 of 8i0,;, Levasil® 200S from Bayer). The mixture was
subsequently stirred at room temperature for 5 hours.
Thereafter, the ethanol formed by hydrolysis was
removed by distillation (rotary evaporator, maximum
bath temperature 40°C). The residue was ‘admixed with

25 1.11 g {0.0005 mol) of N-{2-aminoethyl}-3-
aminopropyltrimethoxysilane (DIAMO) and stirred at room
temperature for one hour.

The resultant system was used to coat polycarbonate and

30 aluminium sheets and also CR-39 lenses. The
polycarbonate sheets had been pretreated by corona
discharge. The coated polycarbonate and aluminium
sheets were stored at room temperature for 30 minutes
and then cured at 130°C for 4 hours. The CR-39 lenses

35 were stored at room temperature for 30 minutes and then
cured at 90°C for 4 hours.



Production of optical noul dings and sel f-supporting 5 films:

Nanoconposite spectacle | enses Scratch- and abrasi on-resi st ant
packagi ng fil ns 10 The exarrpl es which follow serve to elucidate further
the present invention. In all of these exanples, the sol vent formed by
the hydrolysis (ethanol) was renmobved - 17t6 an extent of at |east

approxi mat el yEXsfple 25 Exanple 1 27.8 g (0.1 ol ) of
(3-glycidyl oxy- propyl)triethoxysilane (GLYEQ were admi xed with 27.8 ¢

of silica sol (30% strength by wei ght aqueous solution 20 of S Q2,
Levasi | [err] EXmeke oln Bagerpreatte@ hukt uséngasd.05 gsuldsefiemplly sifirred at

rOO”‘te”peratP3£(Ef5eéh$§§§fiyl prdEyQ]%%EEQ%lctheaﬁh B9l OF MREBY

hydr ol ysi renoved b tirlflation (rot porator maxi num

bath tenp athFP%tQF’éﬂ er PEC) DTHYO - esinNeas &g td erifvm theos abragion g

(0.0005 nol ) resﬁtancé\k(o%aﬁbmyeabybﬁaée sheed neséeeal tyhd et Q@més' | ane
(D AMO) and stirred, erature for one hour.

resul tant systém s tjtfgb'dq?% %% ’%gq ARG taf éo'he&llum%e&ﬁaal sheet s
and al so ©R-IOF, l@msezsycleé',havheel rﬂaﬂa&e&dmora_;ategﬁlv@etasdﬁ(iu@@en o
pretreated by, g |7§kcharge The coated pol ycarbonate and. al um ni um
sheets were st éﬁ rﬁ% roomterrperature for 30 m nutes and then cured at
130[ err] &0for 4 hours. The CR-39 lenses 35 were stored at room tenperature
for 30 m nut egfRshd hen cured at 90[err]C for 4 hours.

Example 1 was repeated but using a boehmite suépension
(2.78 g of Disperal® P3 in 25 g of distilled water)
15 instead of the silica sol.

Example 4

Example 3 was repeated but using 3.78 g (0.01 mol) of
20 Al(OEtOBu)sz as the catalyst instead of DIAMO.

Example 5

27.8 g (0.1 mol) of GLYEO were admixed with 27.8 g of

25 the silica sol described in Example 1. The mixture was
subsequently stirred at room temperature for 5 hours,
followed by removal of the ethanol formed by
hydrolysis, as described in Example 1. The residue was
admixed with 2.84 g (0.0l mol) of TiO; sol, prepared as

30 described below, and stirred at room temperature for
one hour.

The TiO; sol was prepared by dissolving 28.42 g (0.1
mol) of tetraisopropyl orthotitanate (Ti(OiPr}s) in 60

35 ml of isopropanol and adding concentrated hydrochloric
acid to the solution in a molar ratio of 1:1. After 2
hours of stirring at room temperature, the volatile
constituents were removed by a rotary evaporator and
the residue was taken up in 70 ml of water.



- 17 - Exanpl e 2 Exanple 1 was repeated but using 3.05 g (0.001

nol ) of [3-(triethoxysilyl)propyl]succinic anhydri de (GF20) 5

i nstead of DIAMO. Investigation of the abrasion resi stance of

pol ycar bonat e sheets coated with this conposition, by the Taber
abrasion test (wheel material CS l’OIg“ 1000 cycles, wheel |oad 500 g),
gave a diffusExample| fght | oss of 7% 10 Exanpl e 3 Exanpl e 1 was
repeat ed but using a boehm te suspension (2.78 g of D speral [err] P3 in
25 g of dIStI||ed water) 15 _instead of the silica sol. nple 4

Exanpl e 3 waslP@pRaledOblt Mgd) ngE3 GIFES werelmisey ohtko 62a14 @Ett%u?S as
the catal yst mB$§e®¢(Heﬂﬁa@ﬂﬁoxy31lan5XQTEb% 2 The redlctidh (Ridledmd) of

GLYEO wer e. adni xed_wi t h of 25 he si I i ca sol described I n Exanple
1. The nix} ur #3fas2dmixg bs“é’q ntdy &G rPGéldéF r BBRPRERPer iR F RN 5
hour s, fol{lewed goyof r aangatale Oboehhtteetdondelr id oLPBO20DY of

hydrol ysis, a esc le 1 The resjdue dmxe Wi th
2y84 gy(O 01 B ? R ?{b? %L%QFFxﬁgpan%re%Ja?Iéo‘ia%t 3’600%\6%%?9 T and
stirred at roénh@@nper Fher etftamol farmedody . hydroly$he Wa@? Jsmhowm

repared by dpgsol yi (O tetrais s -
grt Iﬁot i t anat eb glgrgéfg?fégog aé de%lr}?glhs trlgl anag{ Qt% addi n

concent r at%d ﬁgﬂa?%ﬂ? 7z§C| | t(ﬁt% BoLdt i |A’l &Eﬁ's@IBalr)sraﬁJZﬁ of 1:1.

After 2 hegasd otoSthér hilgtdte | OBM IGFRENS) Ul ehoweof/ql,@ltffﬁl
constituents were {_)ermved b}_{ a rotary evaporator and he re5| ue was

taken up in 78°%F bFTREFITY

Polycarbonate plates pietreated by corona discharge and

15 plasma-pretreated CR-39 lenses were coated with the
composition'thus prepared and cured thermally at 130
and, respectively, 90°C for one hour.

Example 7
20
29.0 g (0.1 mol) of 3-methacryloyloxypropyltri-
ethoxysilane were admixed with 29.0 g of the silica sol
described in Example 1 and stirred at room temperature
for 16 hours. The mixture was subsequently admixed with
25 13.0 g (0.1 mol) of 2-hydroxyethyl methacrylate (as
hydrophilic component) and stirred at room temperature
for 30 minutes. This was followed by distillative
removal (as described in Example 1) of the alcochol
formed by hydrolysis from the reaction mixture. 0.48 g
30 of dibenzoyl peroxide (1 mol% based on double bonds
present) was added to the concentrated reaction

mixture.

The composition thus prepared was applied to polymethyl
35 methacrylate sheets pretreated by corona discharge, and
was cured thermally at 95°C for 4 hours.



- 18 -- Exanpl e 6 139.0 g (0.5 nmol) of GLYEO were mixed with 62.4
g (0.3 nol ) of tetraethoxysilane (TECS). The reaction mxture 5 was
admixed with an HCl-acidic boehmite suspension (12.82 g of
nanoscal e boehmte powder in 128.20 g thL 0.1 N HC1 sol ution) and
stirred at roomtenperature for gurs The et hanol forned by

hydr ol ysi s naex B by distillation as descri bed I n
Exanpl e 1. 10 Subsequently, 3.78 g (0.01 nol) of Al (OEtQOBu)[err]
wer e addeglstg the m xture, followed by 1 hour of stirring at room

t enperat ure. Kbl y€ rb031aﬁleyciﬂdé’tlééiylﬁrépb’ééf-'éGtBS?XHéibﬁ’aed| JteT® ge and
15 pl asma- pratmesééd CRild | e0s®s gwer e ofcoat eeh abddr1ddi—-1,1,80mR0si tion

t hus prepay edtagd cured tt_Pg Eﬁle%%%&%éla@ean?anéesPﬁ?%lltélee y, 9’0[err] C

for one hour.
3- et hacryl oyrmbtaplylmxture wad heginyisiddand thend .8dmigxed Wi.tth N Rd) g of

h il ' o] erat ure
for 16 hours. 'G5 mﬁﬁhﬂwﬁM%%M%g<m
mol) of 2- hyfél%xyébﬁyl hyfaHasdyg atef (hbe alﬂ:petwp&anee)eorrmﬁtem) and

stirred at rogmﬁﬂwraturx% tdife B JRNUESS 21“'1:%%5 fod
distilla S e in Exarrpl e uof the a hoI

escrlbed
f or ned b;tloxsd?lb‘? yEngDFForﬁ(Og'h T3hssh Hx@ﬁ?@p 8. 48 LUagsii) aggieg, 13z oy |
peroxi de (1 tié %nbiagetreonwdsubsei boeds at r@bmseaéﬂlp@@&t@ﬁl@ledfdlo tghe

r was
2ppl 1ed to pdiSie nyinesa  Rebhbcforare BrevetRTURTaarad BrTOTRIES
di scharge, ardescrihed twr Edamhéendl lon aa 95[:&1:}7] €vhpordtbhaour(@mount
removed 26.4 g). Subsequently, 2.22 g of DIAMO were
15 added and the mixture was stirred at room temperature
for a further hour.

Example 9

20 278.42 g of GLYEO was cohydrolysed with 10 g of a
reaction product of 3-isocyanatopropyltriethoxysilane
and polyethylene glycol 600, together with 54 g of 0.1
N HCl, with stirring at room temperature for 5 hours.
The ethanol formed in the prehydrolysis was stripped

25 off on a rotary evaporator (bath temperature 25°C, 30-
40 mbar). Subsequently, 926 g of the silica sol
described in Example 1 were incorporated into this
mixture with stirring, after which the mixture was
stirred at room temperature for 16 hours. Thereafter,

30 11.12 g of DIAMO were added as starter and the mixture
was stirred at room temperature for a further hour.
Then 20 g of a silicone-based nonionic surfactant were
added with wvigorous stirring.

35 Float glass substrates coated with the resultant
composition were cured in a drying oven at 130°C for 4
hours.



- 19 - Exanpl e 8 55.6 g of 3-glycidyloxypropyltriethoxysilane

wer e adm xed wth 0.51 g , of tridecafluoro-1,1,2,2- 5
tetrahydrooctyl -1-triethoxysil ane and stirred. The resul t ant

m xture was adm xed with 10.85 g of 0.1_N HC (corresponding to the
stoi chionetric amount of water for ?ﬁe'hydrolysis of the

al koxysi | anesExamplerl0 stirring at roomtenperature for 24 hours, 55.6 ¢
of 10 the silica sol described in Exanple 1 were added and the m xture
was stirred at roomtenperature for 4 hours. The al cohol forned by

hydrol ysi s waBX#Bpbged ¥3s repgaseri bul usingadpPeé © dif.205otmedly evfapor at or

(amount repDMechdRy i DY 1 p ¥BPRAUEHY enet r4dndnelf DI AMO weierably) added

and the m xture was st%rred at room tenperature for a further hour.

Exanpl e 9° 2875993449 DIAMY VEO was cohydrol ysed with 10 g of a

reacti on product of 3-isocyanatopropyltriethoxysilane and pol yet hyl ene

gl ycol 600, tﬁggég L fith 54 g of 0.1 N HCO, with stirring at room

tenperature for OuT's. The ethanol forned in the prehydrol ysis was

stripped 25 off on a rotary evaporator (bath tenperature 25 err]C, 30-

40 mbar). Subpeamisil! ¥, w325 Qarkle sl Iedimplo. 74 gesgibReRon R@mple 1
mXxture wt after

I
0
stirring,

were incorporatea into this > W Whi'ch™'t he

m xture propieoniedraid rabrtadiny dnsteatdopf18IAMArs. Thereafter, 30
11.12 g of DI AMO were added as starter and the m xture was stirred at
roon1tenperat§%e ffr further hour. Then 20 g of a silicone-based
noni oni ¢ surf e e added with vigorous stirring. 35 Fl oat

gl ass substrates coated wth the resultant conposition were cured

in adrying Oﬁ§£h5&el§okggrk%p%%Eeé butiﬁggﬁﬁ 3.87 g (0.01 mol) of
15 Al(OEtOBu}); as starter instead of DIAMO.

Example 13

Example 1 was repeated but using 0.41 g {0.005 mol) of
20 1l-methylimidazole as starter instead of DIAMO.

Example 14

Example 1 was repeated but using, instead of DIAMO,

25 5.27 g (0.01 mol) of a mixture obtained by purifying 3~
aminopropyltriethoxysilane (AMEO) with GF20 in a molar
ratio of 1:1 with ice cooling.

Example 15

30
Example 6 was repeated but using 95.5 g of the silica
sol described in Example 1 instead of the HCl-acidic
boehmite suspension, and increasing fivefold the amount
of catalyst.

35

Polycarbonate sheets pretreated by corona discharge and
plasma-pretreated CR-39 1lenses were coated with the
resultant composition and cured thermally at 130°C and
90°C, respectively, for one hour. '



- 20 - Exanpl e 10 Exanple 1 was repeated but using 1.32 g (0.005

nol ) of tri met hoxysilyl propyl di et hyl enetri am ne (TRRAMD) 5

i nstead of DI AMO Exanmpl e 11 Exanpl e 1 was repeated but using
0.74 g (0.01 nol) of 10 propionic aci_d2 s_starter instead of DI AMO
Exanpl e 12 Exanple 1 was repeated“but using 3.87 g (0.01 nol) of 15
Al (OCEtOBu) 3 as starter instead of DIANC?) f ZOEXinplehlﬁ' - annple 1
was repeat ed pxdmpitd 0.41 g (0.005 no o] -nmet hyl i m dazol e as
starteP i nstead of [Jegﬁl Exanpl e 14 Exanpl e 1 was repeated but

using, instead of DIAMO, 25 5.27 g (0.01 nol) of a mixture obtained by
purifying 3- 27.8agl qORLORMAINT it heneEd | wékee 4dMBEdd Wi fh CE30si g ¢l ar
ratio of %:1 &éthiﬁEInghiggirred atE§%gR!%e%%erature for 2 hours.
27.8 g of organosol (30% by weight SiO, in isopropanol,
Bayer PPL 6454-6456) were added to this prehydrolysate,
and the mixture was stirred at room temperature for
5 hours. Subsequently, the ethanol formed by hydrolysis
10 and the isopropanol solvent were removed by
distillation. The residue was admixed with 18.9 g of
H, 0 (pH 3.2). Subsequently, 1.11 g (0.0005 mol) of
DIAMO were added with vigorous stirring and the mixture
was stirred at room temperature for 1 hour.
15
The resﬁltant composition was used to coat
polycarbonate and aluminium sheets and also CR-39
lenses. The polycarbonate sheets had been pretreated by
corona discharge. The coated polycarbonate and
20 aluminium sheets were stored at room temperature for 30
minutes and then cured at 130°C for 4 hours. The CR-39
lenses were stored at room temperature for 30 minutes
and then cured at 90°C for 4 hours. '

25 Example 17

139.0 g (0.5 mol) of GLYEQ were mixed with 62.4 g (0.3
mol) of TEOS and admixed stoichiometrically with 0.1 N
hydrochloric acid. The reaction mixture was stirred at

30 room temperature for 16 hours. Subsequently, the
ethanol formed by hydrolysis and condensation was
removed by distillation. The concentrated reaction
mixture was then admixed with an HCl-acidic boehmite
suspension (12.82 g of boehmite powder in 128.8 g of

35 0.1 N HCl solution) and stirred at room temperature for
3 hours. 3.78 g (0.01 mol) of Al{OEtOBu)s; were then
added dropwise to the mixture. The coating material
thus prepared was stirred at room temperature for
approximately 4 hours.



300 ° - Exanple 6 was repeated but using 95.5 g of the silica sol
described in Exanple 1 instead of the HCO -acidic boehm te suspensi on,
and increasing fivefold the anount of catalyst. 35 Pol ycar bonat e
sheets pretreated by corona di scharge and pl asma- pretreated CR-39

| enses were coated with the resul tad2 conposition and cured thermally
at 130[err] C and 90[err] C, respectively, for one hour.

- - 7.8 0. EO wer I xed with
13.2é g of 5Eég?g§£§r%t5‘ﬁﬁt%%i rP@gyé?ré8g$dl‘%e Eﬁﬁgﬁre ~
27.8 g of orgnnetskrat8diLBy3deilghsesi @Rre ncbabspnicq[mmod:ured tlﬂamﬁlRPL
6454-6456) wepe adged Lpgt hk? gégw@%urs o%@.dh5ﬂ§ m xture was

stirred at roomtenperature sequently, t he et hanol
formed by Ehydrol ysis 10 and the |sopropan_ol solvent were renoved
by di sti| ERkimple IBe residue was adm xed with 18.9 g of Herr] O (pH
3.2). Subsequently, 1.11 g (0.0005 nol) of DI AMO were added with
vigorous stirring and the m xture was stirred at roomtenperature for 1
hour. 15 I88.0 gedOl.Banbl) oENMEIYED eerewadxedusddh €204 960@0 3

ol ycarbonat e ;3 u laU S0, CR- ense

Bol §car bonat e slgeetgg % S gg?%%@r%%?egzwhlomeggﬁgﬁ&& %ﬁar gg' N The
coated pdl ychrvédopahtorignacd. Ehamrﬁaamghemustmeewsa1sorsa:ctxa1edQnm
tenperature fepoR0 temp g!rﬂk'ﬁfé apd,t hen cyed At %sgéfdegg és4 dijQurs. The

CR- 39 | enses were store at roomtenperature f and
then cured at®5ppReet] cEPHred nHayr shydrobysiscamfid 1gondensation was

removed by distillation. The coéncentrated reaction
mixture was then admixed with a 30% by weight acidified
15 silica sol solution (see Example 1) and stirred at room
temperature for 3 hours. 18.9 g {0.05 mol) of
Al (OEtOBu}; were then added dropwise to the mixture.
The coating material thus prepared was stirred at room
temperature for approximately 4 hours.
20
Corona-pretreated polycarbonate sheets and plasma-
pretreated CR-39 lenses were coated and cured thermally
at 130°C and, respectively, 90°C for one hour.

25 Example 19

27.8 g (0.1 mol) of GLYEO were admixed with 0.51 g of
fluorosilane (see Example 8; 1 mol% with respect to
GLYEQO) and the mixture was stirred. The mixture was

30 admixed with 5.46 g of 0.1 N HCI1, corresponding to the
stoichiometric amount of water for the hydrolysis. The
mixture was subsequently stirred at room temperature
for 24 hours. Subsequently, the alcohol formed by
hydrolysis and condensation was removed on a rotary

35 evaporator. The residue was admixed with 3.87 g (0.01
mol)} of Al(OEtOBu); and 27.8 g of acidified silica sol
(see Example 1) and stirred at room temperature for 3
hours.



139.0 g (0.5 nol) of GLYEO were mixed with 62.4 g (0.3 nol ) of TEGCS and
adm xed stoichionmetrically with 0,1 N hydrochl oric acid. The reaction

m xture was stirred at 30 room tenperature for 16 hours.

Subsequently, the et hanol forned bé&hydr ol ysis and condensati on was
removed by distillation. The concentrat reaction m xture was then
admi xed with Bxamplea2Pdi c boehnite suspension (12.82 g of boehnite
powder in 128.8 g of 35 0.1 N HCO solution) and stirred at roomtenperature
for 3 hours. 3.78 g (0.01 nol) of AI(CEtOBu)[err] were then added
dropwi se to tRé-&i gt dpel T0d ) c Ot (GAYERn weriealadmi xedh v tir éh@55d gvast st i rred

at room tenpegatidEBsiPane sé@pr}i&é&n@'fee@/ 40"5)%?1% with h_Fespect to

- 22 - prefre ted carbonate eets

pretreat ed CRgggEPg ?é‘é} % éﬁéité‘&ean‘ﬂa%uﬁé&rtrﬁérrrﬁhey mixthre13Herr] C

and, respectiudhyxe@Oheth] €.406r gov€ Qur N Hrl, c &mﬂl&_? to tlﬂ@gdo g g
E adm xe

(0.5 nol) of vvere m xed w

st oi chi onetri cagg WrRtHHq ﬁf“ﬁ\'}nghﬁgr H@ﬁfzgr |f8ra(§h§%‘?lé’a°tﬁq "0 xt ur e
was stirred amlxtureooms t sinjperext ua’e room tdémpdmaingre Sobsequenddns the
et hanol forned,Jy r [ %5]9 tion remved b
distillation. nﬁetg'%ﬁcgrﬁé?a%e eac @& 139 h\)?%%OlySl 15N %ede(ﬁg(eeoh wth a
30% by V\éli(bht OBci dffi e8OEBTYS| I?E@P@mt%J ut |’Hrle(se%n®(tmml ereln)omtd stirred

at room e6RikELe1ON3 B BOHESsp oncﬂsB @oga tp(:%x@ﬁla%%'l%g
Al (Oet CBu)[er,E, wer e .t hen adde drog e to.the m xture he coatl ng
material thus®pfef&Sédifas¥ai i Atapesse &ﬁth a1 OPsbrdtar eSygRension

appr oxi mat el y (2. 7®ugsof 2Disper£€ardres piret2atlechf p) y Qaribpdedchl &hieet s and

PLSTIn  anBEESIR LOREOS il e

respective
Al (OEtOBu)3 and stirred at room temperature for one

hour.



25 Exanple 19 27.8 g (0.1 nol) of GYEO were adm xed with 0.51 g of
fluorosilane (see Exanple 8; 1 nol% w th respect to GYEO and the
m xture was stirred. The m xture was 30 admxed with 5.46 g of 0.1 N HO,

corresponding to the stoi chionetric gnount of a [I m" "u nrol ysi s.
The m xture was subsequently sti rred%t” room tmmleu ﬂ:l ] m H r 24
hours. Subseqfdaimg the al cohol forned by hydr dl y$i stanti condensati on
was renoved on a rotary 35 evaporator. The residue was adm xed with 3.87 g
(0.01 m)li of Al (OEtOBu)tjerr] and 27.8 g of acidified silica sol

(see Exanpl e 1)y anBTSEREPe@®fatP¥eRARthper LOMpPesision for hl@mél.lcmg_

- 23 - Exanpl engRostructdfed ndididly ) aold CLyGE-¥er ecaab xethyv th

0. 255 g of quoroillane (see Exaqyle 8; 2.5 | % wi_t.h respect to 5
GYEOD ami the mi SPRFBCHARY @D r2deCHhe2RLPEr & olic a%‘hix&# vitth 5.43
g of 0.1 N HC, cocomppandi bF tan t&tement Skelebtedefrirbmn aMuUdonofand@t er for
the hydrolysis. Th erature for

] %t s stirred at .roomte 24
hour s and t henﬁ?ﬁgla{%’ghgﬁgféggﬁ%dgﬁgu%id‘?%ﬁly ¥%n%t[srj‘o?rén%¥/%‘§sl(9f on a
rotary evaporat othe ThRericghiount Tablenoweitbh  spappeexi méesgsdihg,
corresponds to app | 59 sidue | r A a
boehm te suspensi oﬁgéw?%%%%%?gg%lfoﬂs%gfus%$$%€#l]0%€&|%§gger§€ gjré(%é{i] N
hydr ochl o¥q ¢ afn8 sAEHaPallddni redifiied 1 @Fkaxvedlens nopy ofa 15
Al (CEtOBu) [err] angretbhdefsate g8 vE&MBeHe¥ren, f IndIIE condiOidns

which lead to (further) hydrolysis of the species,

and subsequent rémoval of the alcohol formed ‘and
any alcohol already present originally,

15 characterized in that the alcohol is removed in an
amount such that the residual alcohol content in
the composition is not more than 20% by weight.

2. Process according to Claim 1, in which the amount

20 of alcohol removed is the amount which, in

addition to the total amount of any alcohol

already present originally, corresponds to at

least 30% by weight and in particular at least 50%

by weight of the alcohol which may be formed

25 theoretically by hydrolysis of all alkoxy groups
originally present.

3. Process according to either of Claims 1 and 2, in

which, following removal of the alcohol, water is

30 added to the composition for the purpose of
adjusting an appropriate viscosity.

4, Process according to any of Claims 1 to 3, in
which an aqueous sol is used.
35
5. Process according to any of Claims 1 to 4, in
which the compounds constituting the sol are

derived from at least one element selected from
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whi ch an aqueous s@kohSseBed. 35 . Process according to any of Cains
l1to4, in whi ch the corrpounds constituting the sol are
derived fromat | east one el ement selected from

15 8. Process according to any of Claims 1 to 7, in

which  the organically modified alkoxysilane
comprises at least one compound of the general
formula (I):

20 R'4-xSi{OR)x (I)

in which the radicals R are unsubstituted or
substituted hydrocarbon groups having 1 to 8
carbon atoms, the radicals R' are identical or
25 different for one another and are each an
unsubstituted or siibstituted hydrocarbon group
having 1 to 20 carbon atoms and x is 1, 2 or 3.

9. Process according to Claim 8, in which the
30 radicals R are Ci4 alkyl groups, especially methyl
and ethyl, x is 2 or 3, especially 3, and the
radical R', or at least one of the radicals R',
possesses a group capable of an addition-
polymerization or condensation-polymerization

35 reaction.

10. Process according to Claim 9, in which the group
capable of an addition-polymerization or
condensation-polymerization reaction is an epoxy
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mai n groups and of the third to fifth transitio ms of the .
Periodic Table, and in particuldr"® are H"IIII/IHI““IIHM%’ Sn, Ti
or Zr. 5 6. Process according to any of Clafnms® T td 57 1Tn

whi ch the conpounds constituting the sol2éconprise at | east one
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1, 2 or 3. 9. Process according to Caim 8, in which the 30
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an addi ti on- pol ypgrigatisipositon.

15 13. Process according to any of Claims 1 to 12, in
which the conditions which lead to (further)
hydrolysis of the species possessing hydrolysable
alkoxy groups comprise the presence of (a) at
least 0.5 mol of H;0 per hydrolysable alkoxy group

20 and ({b) a preferably acidic catalyst for the
hydrolysis reaction.

1l4. Process according to any of Claims 1 to 13, in
which the sol is added in an amount such that in
25 the finished moulding or in the finished layer the
sol solids content makes up from 1 to 50% by
weight and in particular from 5 to 30% by weight

of the moulding or layer, respectively.

30 15. Composition for the provision of nanostructured
mouldings and layers, obtainable by the process
according to any of Claims 1 to 14.

16. Process for producing nanostructured mouldings and

35 substrates provided with nanostructured layers, in

which a composition prepared by the process
according to any of Claims 1 to 14

{a} is introduced into a mould; or
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hydr ol ysi & of 1¥he Bpeeess paccerding Hyelr dtysiabl 616, in  whalddoxytigr oups
conprise the pr esegﬁﬁsﬁ’faéé‘)létof glass, (ﬂlea%?ttlcoo§ pek ?f Herr]O per
hydr ol ysabl e al koxy group 20 a prefera acidic catalyst
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that in 25 tv@letflnlllshgdrm d|n % mtheﬂmsq&iﬁqa t.he

sol solids content Tekes %‘}5 ?;?]6 m{% 50%% t hd §4¢
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nmoul di ngs and Iayers obt ai nabl e by the process according to any
of Clains 1 t¥214. Use of the nanostructured mouldings and substrates

provided with nanostructured layers, according to
Claim 18, for optical purposes.
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16. Process for produci ng nanostructured noul di ngs and 35 _Substrates
provided with nanostructured |ayers, in whi ch a conposition
prepared by the process according to any of Clainms 1 to 14

(a) is introduced into a nould; or 28 -
27 - aﬁé % is applied to a substfate; and ~ subsequently

t hermal and PERBAR 1y, if desired, phot ochenical curing is
conduct ed. 5 17. Process according to Caim 16, in which the

substrate is ‘
noul di ngs andes 3

obt ai nabl e bypnnnucms mnmpursmssmm WiATER-SotuBher PRECOREORE 16 and 17.

19. Use of the nanostructured noul dings and substrates ____ provided

wi th nanostructured | ayers, according to Claim 18, for optica

pur poses. A process for preparing a composition for producing

olastlc or

net al . 18. Nanostructured
AND

nanostructured mouldings and layers comprises
contacting an aqueous and/or alcoholic sol of a
compound of an element selected from silicon and metals
of the main groups and transition groups of the
Periodic Table with species possessing hydrolysable
alkoxy groups and comprising at least one organically
modified alkoxysilane or a precondensate derived
therefrom, wunder conditions which lead to (further)
hydrolysis of the species, and subsequent removal of
the alcohol formed and any alcohol already present
originally. The process is characterized in that the
alcohol is removed in an amount such that the residual
alcohol content of the composition is not more than 20%
by weight.



