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Coati ng conpositions based on epoxy group-dontaining silanes

The present invention relates to coating conpositions based on epoxy group-
5 cont ai ni ng hydrol ysabl e silanes, articles coated therewith and their
use. Materials which are suitable as coatings can be prepared
from al koxi des,Céating compoesiticiisbastd on lepbky) ptotipedonpdiningadilanes al umi ni um

but anol ate, with use of nodified al koxy silanes, using the sol-ge
met hod. These sol -gel processes are substantially 10 characterised in
that a mxture of the starting conponents reacts to forma viscous

| i quid phase as a result of a process of hydrolysis and condensation. This
synt hesi s The \Aﬁmemdinventgjm/eaat?é e dﬁﬂtil?’l cotgositicns| basedmnhihépmh 'gruupfgani c
parent strycture whose syurface hardness is greater than that o
convent i onal or$PREAIRING bydiolysable spapesearticles coated therewithand their 8&ivant age i s
that the high reactivity of the alum niumcontaining 15 conmponent is a
barrier to achieving good stability in storage (pot life). The |ayers

obt ai ned are stMateriaBl whicliedry suithblebas connipgy icaw rbevpriepared de@analkoxiddserfonl s.
The reason I s that although the inorganic constituents in é%ﬁﬁ}

syst em produce S8l AYIHRIgEY propanolate or| lyRinign dutanelate, ; With usg of
) t o] . | I
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har dness and abrasi‘on resistance m Ing an e 20
filled poll§mer schafdcteristdhin that & niiktate éfothe fstartingeoumhpointats ireactsab foime afvascous abl e
mechani cal pﬁopert i es_of the inorganic con;t ituents, caus

particle sizes HgWdRnase @s gretiltf 4 process of hydrolysis apd sendgnsatiop. E'g’x?éy hesis
m cronetres. Y&hobdiutdbfed ?ﬁ@ td Eﬁ&%@ﬂ%ﬁg{ %ﬁed’ino&é‘%l;]cg arent smﬁE{rg rw‘l'%]é 'S

| ost, and appli‘cations™in e optic are no I possi Ile
it is possible suofaces bardness|is Sre@lr izt that efScdniventionsbonghric Aetymdrs.sHewevex, t o
produce 25 transpatr.ent | ayers having.increased gbrasion_ resistance, the
abr asi on resi staal‘fﬁqé’lﬂ disadvan ﬂﬁaéhaécth? gggbﬁgacgf’ Ity FFE 1 VAL HEWR oG ITRE

whi ch canibe usggy L g t i 1% i tyh

system The upper pl%lhﬁ%tfié tg‘(yat eer tg&%%t@?l% gg?d ﬁaﬁl@{ lmﬁrggg@gﬁ‘lﬁ‘@)n 'I'h@'lﬁ‘;%és used
is dictated by dbfwndd arh skl rélatively sxchy comparisén with isorgadic prateriatsl #he vdasarh
results . i.h aqggl omeration or unacceptably increased viscosity. 30
WO 95/ 13326  dedt e claugl BiEcoraepic GORSLUPs I H6 BiFIeD PLAGuSs garonR e

nodi fi ed linking effect, their very small size prevents such mechanical properties as, for

example, their hardness and abrasion resistance from having an effect. So-called
20 filled polymers offer the potential for full exploitation of the favourable mechanical
properties of the inorganic constituents, because particle sizes which are present in
this case are of several micrometres. Yet in this case the transparency of the
materials is lost, and applications in the optical field are no longer possible. While
it is possible to use small SiO, particles (for example Aerosils®) to produce
25 transparent layers having increased abrasion resistance, the abrasion resistance
values achievable at the low concentrations which can be used are similar to those
of the above-mentioned system. The upper limit to the quantity of filler which can
be used is dictated by the high surface reactivity of the small particles which results
in agglomeration or unacceptably increased viscosity.
30
WO 95/13326 describes a process for the preparation of an organically modified

inorganic system which has markedly greater hardness than that of the systems
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descri bed above, and a high degree of opti@al transparency. It also

descri bes organically nodified inorganic systens suitable for
protecting netal surfaces from corrosion as well as correspondi ng
systens for hydrophilic coatings. The conpositions are obtained by a
process whi ch cdsgibedeabdvieg aaddi thighh degree aif dptizal transparency. Itpalse Hdeshribleysed
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contai ni ng an epoxy group; ereint mol ar ratio of water to
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DE-40 20 316-A1 describes a lacquer based on hydrolysable silanes which affords
20 abrasion-resistant, flexible coatings after curing. It is obtainable by reacting with
water one or more silicon compounds containing an epoxy group, wherein the molar
ratio of water to hydrolysable groups which are present is from 1:1 to 0.4:1. Further
hydrolysable compounds of, for example, aluminium, titanium, zirconium, vanadium,
tin, lead and boron, may also be used in addition to the silicon compound. Tertiary
25 amines which bring about cross-linking of the epoxy groups at temperatures above

60°C are particularly suitable as catalysts for curing the composition.

DE-OS 30 21 018 discloses a coating composition which contains a partialty
hydrolysed condensation product of alkyl trialkoxysilanes, an organic carboxylic acid
30 and an anionic fluorocarbon surface-active agent. The silanes used contain no epoxy

groups. The composition affords surface coatings having an abrasion-resistant surface



hydr ol ysed condensati on product of alkyl trial koxysilanes, an_organic
carboxylic aci dY9117Hd an ani oni ¢ fluorocarbon surface-act PYHERSAS The

sil anes used contain no epoxy groupd. The conposition affords
surface coatings having an abrasi on-resi stant surface

3 and good transparency, heat resistance and adhesion to the
base material, as well as wat er - r esi st ance. US-5 134 191

di scl oses a har dnd gedd trgnsparenas htatassisthtice ané adiiediono #ie iRise Matdgia s wellcas
cont ai ni ng organi ¢ silicon conpound and inorgani c submicron particles, such

as silica wateggpsistaitg. i s curabl e using a mnimal anount of an antinony
conpound as the curing catalyst. It is usable as a coating filmfor
pl astics-nmaterial optical articles. The conposition nmay optionally
al so contain anIES siBail 9rdizcloe uithrd coatidg comﬂ'bkiucﬁbévﬁleh coiitaink an ppoxyegrdup-
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be separat ed hy §P8Positionmay opfienatly Mse; %ta&ha’éﬂ’é‘??nlﬁwpoan%art icul ate

material (B) which is selected from anong oxi des, oxide hydrates, nitrides

and carbides of Si, Al and B and of transition net al s and has a
particle siize wThbidbjéch@f2fle presemn@entionois1@0promidead clibpostiion Baving3scidtchor V
conmpound (C) and at |east one hydr ol ysabl e Ti, und
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compositions.

15 This object is achieved by a coating composition comprising at least one silicon
compound (A) which has at least one radical which is bonded directly to Si, is not
able to be separated hydrolytically and contains an epoxy group, a particulate
material (B) which is selected from among oxides, oxide hydrates, nitrides and
carbides of Si, Al and B and of transition metals and has a particle size within the

20 range 1 to 100 nm, an Si, Ti, Zr, B, Sn or V compound (C) and at least one
hydrolysable Ti, Zr or Al compound (D), characterised in that it comprises the

following ratio

1.0 mol of the silicon compound (A),

25 0.27 to 0.49 mol of the particulate material (B),
0.36 to 0.90 mol of the compound (C) and
0.14 to 0.22 mol of the compound (D)

The compositions according to the invention characterised by certain quantitative
30 ratios of the components used afford highly scratch-resistant coatings which have
particularly good adhesion to the coated material and a markedly increased pot life.
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0.22 nol of the conpound (D) Thé conpositions according to the
i nvention characterised by certain quantitative 30 rati os of the
conponents used afford highly scratch-resi stant coatings which have
particularly good adhesion to the coated material and a markedly increased
pot life. A Lewis base (E) may be used additionally as a catalyst in order to achigve a more

A Lewi s base ( e used diitionallly. order to achieve
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enduring hydr opétoinscThy veeoft suels 2 fluodihated ailaneriorpatts bydroplyablic gnd saikrepelirat t o

achi eve corrosion-inhi blﬁk? 8n_g g‘f}t ies,(increased resistance to
condensat i on) . Properties fo theg ﬁ’t‘?ﬁ BGOMR) to (H) are explained in greater

detail below 15 Silicon corrpound (A The silicon
conmpound (A) is a silicon conpound which has avail abl e or 3

hydr ol ysalDe r adi prafesably mehimnahburfz8tanti(d) amy also demsed m;ld:rhonglb'am grder to
radicals, achieve enduring hydrophilic properties, and/or an aromatic polyol (H) in order to

achieve corrosion-inhibiting properties (increased resistance to condensation).

The compounds (A) to (H) are explained in greater detail below:
15

Silicon compound (A)

The silicon compound (A) is a silicon compound which has available 2 or 3
hydrolysable radicals, preferably 3, and one or 2 non-hydrolysable radicals,

20 preferably one. The single non-hydrolysable radical and, respectively, at least one of
the two non-hydrolysable radicals, have available an epoxy group.

Examples of the hydrolysable radicals are halogen (F, Cl, Br and I, in particular Cl
and Br), alkoxy (in particular C, ,-alkoxy, such as, for example, methoxy, ethoxy, n-
25 propoxy, i-propoxy and n-butoxy, i-butoxy, sec-butoxy and tert-butoxy), aryloxy (in
particular C, ,-aryloxy, for example phenoxy), acyloxy (in particular C, ;-acyloxy,
such as, for example, acetoxy and propionyloxy) and alkylcarbonyl (for example
acetyl). Alkoxy groups, in particular methoxy and ethoxy, are particularly preferred
hydrolysable radicals.
30
Examples of non-hydrolysable radicals having no epoxy group are hydrogen, alkyl,
in particular C, ,-alkyl (such as, for example, methyl, ethyl, propyl and butyl),



20 ‘preferably one. The si ngl e non- hydrol ysabl e radi cal and

respectively, aVO%®8d{250ne of the two non- hydr ol ysabPET/ERBO30%
have avail abl e an epoxy group. EXanpl es of the hydrol ysabl e

radi cals are halogen (F, d, Br and I, in particular C and Br),

al koxy (in particular d 4-al koxy, such as, for exanple, nethoxy, ethoxy, n-
25 propoxy, i-propoxy and n-butoxy, i-butoxy, sec-butoxy and

tert-butoxy), aalkdnyX\(id iparticular C, - alednii, csublarasCEf@r Exangyly,| oixyl, lfﬁfopelxﬁmz" e
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non- hydr ol ysabl @dnﬁmxma{aphmm)j Wherbin tﬁ@g?@hpgﬁﬁtlﬁmdanﬁw@memy caltiiy lone or
in particular (Jerr-alk %/ (such as, for exanple, nethy et h1\<4 propyl and
butyl ), 5 more substi uents such as, for example, halogen and alkoxy .sMethac

ki 10 st Yo A S B

Cerr]-alkinyl, such as, for exarrple acetyl enyI and propargyl) and
aryl, in partlcul ar C[err -aryl, such_ as, for exanp phenyl and

napht hyL )t rher%*wnlﬁfgwadwgérqlmbleﬁ%@as hmn&ﬁaqpemgl{ogp @Eﬁiﬂﬂ:&hﬁﬂ}?ﬁ 5d
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Exanpl es 40 non- hydrolysable radi cal s havi ng an epoxy group are in

particul ar thos such as. have avail able a, gl ycidyl or glycidyl oxy
group, 10 80“%%@?‘%‘?31% FHicen compendscll) Whieh m dsah %)acm?flea tathe

usabl e accordi ry V% rﬁ%g%fg?’foun%' oY enbh B, gﬁgg%% fSOHﬁHi]? %EPeﬁq +S% thE

pages 8 and 9 o osure o I ch i"¢ation

is included in dikidospresEwhichpoblicatibn dninbpded fnethe pesent A}i;ﬁmatlorsw teferance.

conpounds (A) which are particularly preferred according to the invention
15 Silicon compounds (A) which are particularly preferred according to the invention

are those of the general formula
R,SiR'

20 in which the radicals R are the same or different (preferably identical) and stand for
a hydrolysable group (preferably C, ,-alkoxy and in particular methoxy and ethoxy),
and R' represents a glycidyl- or glycidyloxy-(C,_,,)-alkylene radical, in particular B-
glycidyloxyethyl-, y-glycidyloxypropyl, 8-glycidyloxybutyl-, s-glycidyloxypentyl-,
o-glycidyloxyhexyl- and 2-(3,4-epoxycyclohexyl)-ethyl-.

25
v-Glycidyloxypropyl trimethoxysilane (hereinbelow abbreviated to GPTS) is
particularly preferably used according to the invention because it is readily

accessible.



are those of the general fornula [err] 20 in which the radicals R
are the sane orW@¥fdi%nt (preferably identical) and stand fICT/EP98/0519§
hydrol ysabl e group (preferably CJerr]-alko¥y and in particul ar nethoxy and
et hoxy), and R[err] represents a glycidyl- or

gl ycidyl oxy-(Clerr])-al kylene radical, in particular B-

gl yci dyl oxyet hyl -, y-glycidyl oxypropyl, [err]-glycidyloxybutyl -,
[err]-glycidyl oRysivnlatt material (B) [err]-gl yci dyl oxyhexyl - and

2- (3, 4- epoxycycl ohexyl )-ethyl -. 25 y-d yci dyl oxypr opyl

trimet hoxysil ane (hereinbel ow abbreviated to GPTS) is particularly
pref erably usedra¢ GatHling hiefidl () WENbHAE RERMHn, tnitle FAblde of Si, Al
Particul at e mataid Bl andBf transition metals) @ré¢farablyCT, @reandaCer having B)pattivlasize
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wi thin the rang I . 5 [

preferably 5 20l B el 2h B0 uled’id SRl DOR DAL, il hinkeer
powder, whil e hprefyshly being used jr thecfoiblof ab@n partivsledadid-stabitiséd)rsol. drefarred n
particul ar aci d-st,atii | ised) sol. Preferred articulate materials

are boehnite, CeafigHats majgrialsare poghmptter CePer4rD. anth TiQrand titaRiEN mitride Naggno-
si zed boehmte it . | r The.. [

materials are 1%%(1 bgéc})%tﬁ ge?]%%gﬁgg %ﬂ%@@lﬁ@ﬁ%ﬁﬁ@ﬁi‘r@opﬁn@ E%Oﬁl gﬁél‘,; aé%d

t he prepar@ti onotshingtdeicdmmercially in Shelforn o€ howsletss ahdh el preparation | dfk@vids e
known in the priqr_,art. For this purpose ref erence may furthernore

be nade to the ﬁ?té]é%ﬂbtspgnﬂl%ﬁm & likewise dagwpeinothe prior art. Fai, this, pumose)| e

of stabilising IJI‘gl% ' PaY . Of :
guani di nopr opi o%?égagc%?h&g e%@?&dﬁlﬁ#‘%@ @éég@ e, olﬁnEx&gltprI%rPrggflee%Pelow'
Application P- The prinéigle340f63&aliilising nanoscale titanium nitride by means of

guanidinopropionic acid is described, for example, in German Patent Application P-
15 43 34 639.1.

Bochmite sol having a pH within the range 2.5 to 3.5, preferably 2.8 to 3.2, is
particularly preferably used, and can be obtained, for example, by suspending
boehmite powder in dilute HCI.

20
Variation of the nanoscale particles is generally associated with a variation in the
refractive index of the corresponding materials. Thus, for example, the replacement
of boechmite particles with ZrO, or TiO, particles leads to materials having higher
refractive indices, wherein the refractive index results additively from the volume of
25 the high-refracting component and the matrix, in accordance with the Lorentz-Lorenz

equation.

Hydrolysable compounds (C)

30 In addition to the silicon compounds (A), use is also made of other hydrolysable
compounds of elements from the group consisting of Si, Ti, Zr, Al, B, Sn and V,



Boehnmite sol haying a pHwi thin the range 2.5 to 3.5, preferably 2.8 to
3.2, is awﬁ’aqgt'lillﬁl arly preferably used, and can be obt é’quyws’ﬂﬂrgs
exanpl e, by suspendi ng boehrmite powWder in dilute HCO. 20

Vari ation of the nanoscale particles is generally associated with a
variation in the refractive index of the corresponding materials.
Thus, for exanple, the repl acenent of boehmte particles with

Zr err] or Ti Gubich prepreferablyeltydreigstel with thebititomddingoand(@p(A)iis bler to prepare
refractive indiges, wherein the refractive index results additively from
the vol ume of 2&¢ comppgtipnsaccordingtetthe ipvestigfonent and the matrix, in
accordance with the Lorentz-Lorenz equat i on. Hydr ol ysabl e
conmpounds (O 30 In addition to the silicon conpounds (A), use is

al so made of otHes cdmysbund{ExiE an Si, Ti, Zr, B; Saraadsompounl ifeld gedefd forinfida

gr oup consijsti ng of Si, Ti, Zr, A, B, Sn and V,

7 which are preferably hydrolysed with the silicon conpound(s)

(A) in order to prepare #p cgnpositions according to the
i nventi on. The conmpound isan Si, Ti, Zr, B, Sn and V
conpound of the general formIRMR]err] wherein Mrepresents

a) [err]represents

wherein M represents a) Si*, Ti*, Zr*, Sn*, or b) AP*, B¥ or (VO)*, R represents
10 a hydrolysable radical, R' represents a non-hydrolysable radical, and x can be from

1 to 4 in the case of quadrivalent metal atoms M (case a)) and from 1 to 3 in the

case of trivalent metal atoms M (case b)). If a plurality of radicals R and/or R’ are

present in a compound (C), these may in each case be the same or different.

Preferably x is greater than 1. That is to say the compound (C) has at least one
15 hydrolysable radical, preferably a plurality thereof.

Examples of the hydrolysable radicals are halogen (F, Cl, Br and I, in particular CI
and Br), alkoxy (in particular C,_,-alkoxy, such as, for example, methoxy, ethoxy, n-
propoxy, i-propoxy and n-butoxy, i-butoxy, sec-butoxy or tert-butoxy), aryloxy (in

20 particular C, ,-aryloxy, for example phenoxy), acyloxy (in particular C, ,-acyloxy,
such as, for example, acetoxy and propionyloxy) and alkylcarbonyl (for example
acetyl). Alkoxy groups, in particular methoxy and ethoxy, are particularly preferred
hydrolysable radicals.

25 Examples of non-hydrolysable radicals are hydrogen, alkyl, in particular C, ,-alkyl
(such as, for example, methyl, ethyl, propyl and n-butyl, i-butyl, sec-butyl and zert-
butyl), alkenyl (in particular C, ,-alkenyl, such as, for example, vinyl, 1-propenyl, 2-
propenyl and butenyl), alkinyl (in particular C, ,-alkinyl, such as, for example,
acetylenyl and propargyl) and aryl, in particular Cg ,-aryl, such as, for example,
30 phenyl and naphthyl), wherein the groups just named may optionally contain one or
more substituents such as, for example, halogen and alkoxy. Methacryl- and

methacryloxy-propyl radicals may also be mentioned in this context.
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atons M (case a)) and from1l to 3 in the 8 case of trivalent netal
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present in a conmpound (C), these may in each case be the sanme or different.
Preferably x is greater than 1. That is to say the conpound (C) has at
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for exanple, ¥ Yar eﬁélﬂ propoxy, i-propoxy and n-butoxy,

i - but oxy, sec- bu oxy ofr atert but oxy), aryloxy (in 20 parti cul ar
Clerr]-aryloxy, for exanple phenoxy), acyl oxy (in particular Cerr]acyl oxy,

such as, for ex acet and propionyl oxy) and al kyl carbonyl (for
exanpl e g’éngpﬂs Slﬁ@%&i’) 1(3)‘501'1r ﬁw dticular methoxy and et hoxy,

are parti cuI ar | psabl e radical s. 25 Exanpl es
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propenyl and bu ltkig@yl (in particular C24-al ki nyI such as, for
exanpl e, éﬁgﬁ&fhe%ﬂlf g%d propargyl) and aryl, in particular

Clerr]-aryp, su@@HSiCH,aCIRXSI(PICEH;),3(CH,),Si(CHEHY)), and napht hyl ), wherein the
groups just na ti I o] in.. r nore substituents
such as, for ex i t’(fggﬁs)aﬁgﬁa{&cﬁx)ﬁf&éﬁgacr yl - and

met hacryl oxy- pr A0 S i be nentioned in this context.

8 Concrg{%teqL)é%;(1 rrg%gszz’ (glf bg?)Hrrpounds (O which may be used are

gi ven bel ow, CH,~Ci+S(Q0CEEgg shoul d not, however, represent any
restriction of &pl &plrga&u,n&gl (&)I S1(OCH3\$\;{,“C$—P—8f{ 1?882%5% [ err ]
15 CH,=CH-Si(OC,H,0CH,);, CH,=CH-CH,-Si(OCH,),,
CH,=CH-CH,-Si(OC,Hy),,
CH,=CH-CH,-Si(OOCCH,),,
CH,=C(CH,)-COO-C,H-Si(OCH,),,
CH,=C(CH,)-COO0-C,H,-Si(0OC,H,),,
20
AI(OCH,);, AlI(OC,Hy),, A(O-n-C;H,),,
Al(0-1-CH,),, AI(OC H,);, Al(O-i-CH,),,
Al(O-sec-C H,),, AICl,, AICI{OH),, Al(OC,H,0C Hy),,

25  TiCl, Ti(OC,H,), Ti(OCH,),
Ti(0-i-C,H,),, Ti(OC,H,),, Ti(2-ethylhexoxy),;

ZrCl,, Zr(OC,Hy)y, Zr(OC3H,),, Zr(0-i-C;H;),, Zr(OCH,),,
ZrOCl,, Zr(2-ethylhexoxy),, and Zr compounds which have complexing radicals such

30 as, for example, B-diketone radicals and methacrylic radicals,

BCl;, B(OCH,),, B(OC,Hy)s,



[err] 5 Si R4 conpounds are particularly preferably used,
wherei n the radi%RPY11R2%my be t he sane or different, aRETERPWIor a
hydrol ysabl e group, preferably an al koxy gr®up having 1 to 4 carbon
atons, in particular methoxy, ethoxy, n-propoxy, i-propoxy, n-

but oxy, i-butoxy, sec-butoxy or tert-butoxy. 10 As may be seen,

t hese conpounds (C) (in particular the silicon conpounds) al so have
avai | abl e non- h8aCH| BaebCH,);,adi cal s whi ch have a C-C double or triple bond.
| f such coqgounds are used together with (or even in place of) the
silicon conpoun $8(0CH;),, (A), nononers (preferably containing epoxy or

hydr oxyl groups) such as, for 15 exanpl e, neth(acrylates), can al so be

i ncor por at ed additionally in the conposition (these nononers nay of
course al so hav&/Q@ki VapdDeHLw or nore functional groups of the sane
type, such as, for exanple, poly(nmeth)acrylates of organic polyols; the

use of orgahic polyepoxides I's equal ly possible). Wien curing of the

correspondi ng
phot ocheni cal man ner nﬁ{z}h @szh%gg%hﬁflgg’%&fﬁf}%w Lﬂ E@ﬁﬁ-&?ﬁh &rgay be the
construction of sithe opdifferenmtahnd/ stamﬂ £dri eblydrolgshden gmuﬁB{irefexablﬁ an alkoxy group

pol yneri sation g t he organi c species, resulting in an increased
cross-linking deAdngy to 4% carbonafons, én E@’F?‘é?p@?ﬂi?’ﬁg oKy HBOPaRH lmoaédl‘

bodi es, and con g g ased har dness. 25
Conmpound (D) %ﬁ%@’n’%‘}eﬁo d%%%hﬁ‘&"-‘(BS telr{sblﬂgi ‘erably a Ti, Zr or Al conpound

of the follbw ng general formul a

As may be seen, these compounds (C) (in particular the silicon compounds) also
have available non-hydrolysable radicals which have a C-C double or triple bond. If
such compounds are used together with (or even in place of) the silicon compounds
(A), monomers (preferably containing epoxy or hydroxyl groups) such as, for
15 example, meth(acrylates), can also be incorporated additionally in the composition
(these monomers may of course also have available two or more functional groups
of the same type, such as, for example, poly(meth)acrylates of organic polyols; the
use of organic polyepoxides is equally possible). When curing of the corresponding
composition is then induced in a thermal or photochemical manner, there takes place,
20 in addition to the construction of the organically modified inorganic matrix, a
polymerisation of the organic species, resulting in an increased cross-linking density
of the corresponding coatings and moulded bodies, and consequently also in

increased hardness.

25 Compound (D)

The compound (D) is preferably a Ti, Zr or Al compound of the following general

formula

30 M(R'")n



[err] = 10 in
which M stands f@P 911728 or A, and the radicals R err] may BET{EFA8QHAR or
different, and stand for a hydrol ysable grolfh, and nis 4 (M= Ti, Zr) or 3

(M= Al). Exanpl es of the hydrol ysabl e groups are hal ogen (F, d,
Br and |, in particular d 5 and Br), al koxy (in particular
C err]-al koxy, such as, for exanple, nethoxy, ethoxy, n- pr opoxy,

| - propoxy and n-iauwhicH, M stBktsofoy , Tis &% -UAD XahdOthe treditald W'Oxay be Hentanoxsy

n- hexyl oxy), aryloxy (in particular Clerr]-aryloxy, for exanple :Phenoxis) ,
acyl oxy (in differeph and stgnd for@ hydralysableyerewms and:s is 4 G %Ia%) er 7Y

and propi onyl oxy) and al kyl carbonyl (for exanple acetyl), or a
Cerr]-al koxy-Cferr]-al kyl group, that is to say 10 a group derived from
Clerr]-al kyl et hyEgimepled ftht h?ﬂro‘l&&éﬁl@)ghﬁ@@ afd Ndl6den (BOE1, Brarddl Ik i particular Cl
denotes the _same as is nentioned herei nabove. Particularly

pref erably, SM i sandi Bk a¥kaxy, (inpratieyla G je-alkoxy: svgh 65, forcexample, pethony) ethexy, A=

propanol ate or n: I oD Lew ) The
Lewi s base (E) i%‘%‘?&é‘%@&%‘?ﬁ’tb é&r@n"‘%‘%ﬂ’{%’o&%‘ﬁ&@‘iﬁ‘s‘%f tgbr%})%"é’nn SIS
may be sel ect ed, n-hefylexdatoxy tihwwﬁ_%m@,%ysﬂme BiBnbLy), acyloxy (in

y

group-cont ai ni ng 20 phenol s, polycyclic am nes and ammoni a (preferably
as an aqueous sdragtigudar) Ci-acyloxy sugn@efe example.c8cetaxyt ad rapignyloxy) and

246 tri (o SRS HE PR BRIACH £\ 1oy Y ERBly at e gp say
undecene. @ thesgroapdpdusddBond Oyphikyletliylehazayod] os-phspylane ghyrbl, whteir slkoed.

denotes the same as is mentioned hereinabove.

Particularly preferably, M is aluminium, and R™ is ethanolate, sec-butanolate, n-
propanolate or n-butoxyethanolate.

15
Lewis base (E)

The Lewis base (E) is preferably a nitrogen compound. Such nitrogen compounds
may be selected, for example, from among N-heterocycles, amino group-containing
20 phenols, polycyclic amines and ammonia (preferably as an aqueous solution).
Concrete examples of these are 1-methylimidazole, 2-(N,N-dimethylaminomethyl)
phenol, 2,4,6-tris(N,N-dimethylaminomethyl) phenol and 1,8-diazabicyclo[5.4.0]-7-

undecene. Of these compounds 1-methylimidazole is particularly preferred.

25 A further class of nitrogen-containing Lewis bases which may be used according to
the invention are hydrolysable silanes which have available at least one non-
hydrolysable radical which comprises at least one primary, secondary or tertiary
amino group. Such silanes may be hydrolysed together with the silicon compound
(A), and then represent a Lewis base incorporated into the organically modified

30 inorganic network. Preferred nitrogen-containing silicon compounds are those of the

general formula



25~ A further class of nitrogen-containing Lewis bases which be used
11%{9%198

according to WO 99/HIRS | nvention are hydrol ysabl e sil anes

avai l abl e at | east one non- hydr ol yékbl e radi cal which conpri ses at
| east one primary, secondary or tertiary am no group. Such sil anes
may be hydrol ysed together with the silicon conpound (A), and then

represent a Lew s base incorporated into the organically nodified 30
inorgani c network. Preferred nigjspgren-containing silicon conpounds are
t hose of the general fornula

11 [err] in V\,hichthe radicals R are the sane or different

(Dr e or oty G or g PR Rk S s cn R AT e o o fox
Rlerr] stands fofhpdroReatwy gfop YsreRhdly ef]-grbxpaiida paitRul metiixg and ethipky)s es

at | east one prinary, secondary oOr terti ardy ami no group. Concrete
exanpl es of Ssuchans Raﬁé@s or a non-hydrolysehie radinabbended to §b (B eqmprifes at least

| hopysi |
am no6thyl ) 3- ardORTRY PRRARD 2 €705 amieq RovRLongtits SRPS oLogh net .

]-3- are 3 ammopropyl trimethoxysilane, 3- ammo ropyl tnethox silane, N-(2-
am nopropyl tri met hoxysi | aneandN-[ 3-(tri et hoxyS| ﬁpro @13 5 - di hydr ol m da
Y

zole. 10 - amisoethy))S- mepnopylgmh@zmsx}arwé% és%ﬁa?thg}] -3-
cpoxy oroup. of "t REEPPUiEbasisee i3 Crctiod Bl 2 B Binfaehls

within theipange 0.02 to 0.3 and in particular 0.05 to 0.1 nol e of
the Lew s base per nole of epoxy group Fl uori ne-cont ai ni
silicon conpoundTelewis base is geregallyy Wﬁ@? Q@mrréswn@@gpﬂ@p@ﬂﬂ@smﬁégmgy
whi ch may additi I t hgse c I

| east one non-h 1ggr;%l gé}agﬁe rgg?lg e ﬁﬁgﬁ’f PR g{é&f)?,gf% Qﬁ&ﬁ g%ﬁ#ér’]lgﬂa

bonded to car bonQaémﬂi&sufvprefeadbey Sethay thketngder O 10163 And iy paiticliaa $105 to 01
two atons. Such silanes are described in detail in DE-OS 41 18 184. The
fol | owi ng mole of the Lewis base per mole of epoxy group.

15

Fluorine-containing silicon compound (F)

The hydrolysable fluorinated silanes (F) which may additionally be used are those
such as have available at least one non-hydrolysable radical which has 5 to 30
20 fluorine atoms bonded to carbon atoms which are separated from the Si by at least
two atoms. Such silanes are described in detail in DE-OS 41 18 184. The following

are concrete examples:

C,F,CH,-CH,-Si¥,

25  n-CF,,CH,CH,-SiY,
n-CyF,,CH,CH,-SiY,
n-C,oF,, CH,CH,-SiY,

(Y = OCH,, OC,H; or Cl)
i-C;F,0-(CH,),-SiC,(CH,)

30  n-CgF,;CH,CH,SiCl,(CH,)

~ n-CiF,;CH,CH,SICI(CH),



are’ concrete exanpl es: [err]

12 ThEOMURSr i nat ed sil anes are general |y used i nP&TEFE$P5P8 of
0.1 to 15 wt. % preferably 0.2 to 1w .% and particularly
preferably 0.5 to 5 w.% inrelation to t he conposition. 5
Surfactant (G The surfactant (G which may be used in order to
achi eve an enduring anti-cl oudi ng ef fect and an increased

hydrophi |i ¢ charpgserfhekinhie@ Saads ﬁugs%én%ramszeﬁs@aahlw_q@mwimb.q to 15 wt.%,
surfactant. Nonionic surfactants which are present in liquid format room

tenperature 10 Ppreferably 872 tockf wh Yoy apd paticnlady preferablyQ/5 fos 5wt Ypomarelstion t

use these surfac .l e the conpositions are being prepared by
t he process accd%gghéwﬁgﬁ#ﬁe i nvention, but they may al so

(preferably in aqueous solution) be incorporated subsequently by thernal
di ffusion at approxi matelal 50 to 60[err]C. Preferred surfactants are
pol yoxyet hyfene Surfactant (G)

The surfactant (G) which may be used in order to achieve an enduring anti-clouding
effect and an increased hydrophilic character of the coatings is preferably a nonionic
surfactant. Nonionic surfactants which are present in liquid form at room temperature
10 are particularly preferred. Not only is it possible to use these surfactants while the
compositions are being prepared by the process according to the invention, but they
may also (preferably in aqueous solution) be incorporated subsequently by thermal
diffusion at approximately 50 to 60°C. Preferred surfactants are polyoxyethylene
oleyl ethers of different chain lengths (for example Brij® 92, 96 or 98 from ICI),
15 polyoxyethylene cetyl ethers of different chain lengths (for example Malipal® 24/30
to 24/100 from Hiils and Disponil® 05 from Henkel), sodium lauryl sulphate (for
example Sulfopon® 101 Spezial from Henkel), lauryl pyridinium chloride (for
example Dehydquad C Christ® from Henkel) and polyoxyethylene sorbitan

monooleate (for example Tween® from Riedel de Haen).

20
The surfactant is generally used in quantities of from 0.1 to 35 wt.%, in relation to
the coating composition.
Aromatic polyol (H)

25

The aromatic polyol used according to the invention has a maximum average
molecular weight of 1000, Examples of such polyols are, for example, polyphenylene
ethers which carry hydroxy groups on at least 2 of the phenyl rings, and oligomers
in which aromatic rings are bonded to one another by a single bond, -O-, -CO-, -
30 SO,- or similar, and have at least (and preferably) 2 hydroxy groups bonded to

aromatic groups.



oleyl ethers of different chain | engths (for exanple Brij 8}?& %ﬁ from
1Cl), 15 pol WELRY| ene cetyl ethers of different chain F’g% 22/0 Br

exanpl e Malipal 24/30 to 24/100 fr&m Huls and Di sponi | S 05 from
Henkel ), sodium |l auryl sul phate (for exanpl e Sul fopon 101 Spezi al
from Henkel ), lauryl pyridiniumchloride (for exanpl e Dehydquad C
Christ from Henkel) and pol yoxyet hyl ene sorbitan nonool eate (for

exanpl e Tweent Afomintidi pudydls ehidtogs )partlarly preferred lage sronatic tdivls. C@nmmé$ ally
used in quantities of from0.1 to 35 wt.% in relation_t

coating conposihaving the following gemrah@rme aﬁé‘F‘iIB‘Fm%‘llﬁf Brefem’d repre%atgpﬁ fktic
pol yol used acc rq#tg% to the invention has a nmaxi mum aver age

nol ecul ar wei gh 000. Exanpl es of such polyols are, for exanple,

pol yphenyl ene ethers which carry hydroxy groups on at |east 2 of

t he phenyl rings, and oligoner I n ch ar ons I ngs are bonded
to one anofher by a single bo O‘h
and have at |east (and prefera 2 hydro roups -l_,w-=

- or simlar,
o]
aromati c groups. OH OH 13
Aromatic polyols which are parti cuI arly preferred are aromatic diols.
Conpounds havi ng the foll owi ng general formulae are particularly
preferred representatives of the latter:  f[err] wherein
E(C[S;?P]ds C][c g; . ?) &rg%r%{ [k sgrﬁ'é fh 2 LK EdiRy18te o ldffiideR Padicalli £ at,-CP-arylene

10 rad1ca1 -O- -S-, -CO- or -SO,-, and n is 0 or 1. X is preferably C,-C,-alkylene or -

alkylidene, in particular -C(CH,),-, and -SO,-. The aromatic rings of the compounds

may additionally carry as well as the OH groups up to 3 or 4 further substituents
such as, for example, halogen, alkyl and alkoxy.

15 Concrete examples of aromatic polyols (H) which are usable according to the
invention are bisphenol A, bisphenol S and 1,5-dihydroxynaphthalene, with bisphenol
A preferred.

The polyol (H) is generally used in quantities such that per mol of epoxy ring of the

20 silicon compound (A) there are present from 0.2 to 1.5 mol, preferably from 0.3 to
1.2 mol, and particularly preferably from 0.6 to 1.0 mol of hydroxy groups of the
aromatic polyol (H).

The use, in the compositions according to the invention, of silicon compounds (A)
25 which have available at least two epoxy groups leads to coatings and moulded bodies

having improved stability when exposed to condensation,

The compositions according to the invention are preferably obtained by a process
described in greater detail hereinbelow, in which a sol of the material (B) baving a
30 pH within the range 2.5 to 3.5, preferably 2.8 to 3.2, is reacted with a mixture of the

other components.



10 radi cal, - -CO or -SJerr]-, and nis 0 or 1.

preferably Cer r‘Yoz?P’RWZéne or - al kyli dene, in parti cu?ﬁTlesmsms
-C(CH err])[err]-, and -SO err]-. The aromat4 ¢ rings of the conpounds

may additionally carry as well as the OH groups up to 3 or 4 further
substituents such as, for exanple, halogen, alkyl and al koxy. 15
Concrete exanples of aromatic polyols (H which are usable according to the
i nvention are blmhﬁafdpréferdbﬂssmbsmfdpré‘pmbﬁa ﬁwcehshyidemmmmmﬁhed mngreated t h
bi sphenol preferred. S erally used in
quantities such Qeﬁ?élt hesginbelw, i W@H@x‘}w rSPth 6?ﬁfteﬁél%nab°"% i P@?ﬁ

12 o, and partriar e i EPue ) BTG, SR gt R ek xifefga%vups

of t he abeereed, anfl Giheptin (i) addition of (D) taleasq)lmewtwsentﬂimtvmpmsns obns
according to the_inyention, of silicon conpounds (A) 25 whi ch have
avail able a | ea@ﬂ kWWﬁ?@Wbéb%W%ﬁemRﬁ%Wﬁtl ngs and noul ded bodi es
havi ng i nproved stability when exposed to condensati on. The
conpositions according to the invention are preferably obtained by a
process descerudialdfor thegyodosition @écdrding) & thieiidvesntivn that thetguaiitities b itheof

the material (B) having a 30 Hwthin the range 2.5 to 3.5 referably
2.8t0 3.2, is lcompoBeRtyReA showld Sl ihin fhe dggned ranges. Ité@h@flers%ﬁl@ﬁ

14 StorbdonfiRofl BAAHGIRA YwhEY VoA SpR¥ed RER %&lg[mag,h i's

al so defined in-greater her ei e so

defined het@i nakdhesiorng laddedvisdosityygelatioh times, cloudippard elasticity chdnbe wbtainede of
(A) and (C), wherein certain tenperatures are preferably observed,
and wherein the addition of (D) takes place between the two portions of 5

(B), likew se prgfafyafliysable Sidoh doftpBuddBRFha) YE Bre-hydrolysed optionally together
with the compound (C) with the use of an acid catalyst (preferably at room
temperature) in aqueous solution, wherein preferably approximately 1/2 mole of

15 water is used per mole of hydrolysable group. Hydrochloric acid is preferably used
as the catalyst for the pre-hydrolysis.

The particulate material (B) is preferably suspended in water and the pH adjusted to
2.5 to 3, preferably 2.8 to 3.2. Hydrochloric acid is preferably used for acidification.
20 If boehmite is used as the particulate material (B), a clear sol is formed under these

conditions.

The compound (C) is mixed with the compound (A). The first part portion of the
suspended particulate material (B) as described hereinabove is then added. The

25 quantity is preferably selected such that the water contained therein is sufficient for
the semi-stoichiometric hydrolysis of the compounds (A) and (C). This quantity is
from 10 to 70 wt.% of the total quantity, preferably from 20 to 50 wt.%.

A few minutes after the addition the temperature of the sol rises to approximately 28
30 to 30°C, and the sol is clear after approximately 20 minutes. The mixture is then
stirred for approximately 0.5 to 3 hours, preferably 1 to 2 hours. The batch
temperature is then lowered to approximately 0°C. The compound (D) is then added,



It is crucial for the conposition according to the invention that the
quantities of tHEO9/11725 conponents used should fall within PRE/EFESPHE
ranges. It has energed that under this 15 precondition conpositions
whi ch have markedly inproved scratch resistance, 10 adhesi on, |acquer
viscosity, gelation tines, clouding and elasticity can be obtai ned.

The hydrol ysable silicon conpound (A) may be pre-hydrol ysed optionally

t oget her witdréil 4 Bgnpegdtide Ustappiaximbiely 31 shindd @bt Bé) erededed: Ahiel 308 tis
(preferably at room _tenperature) in aqueous solution, wherein
pref erabl y appr dhiriedtatapproximately °6ffon g further\(hd & 3ihoutss prefgrablyofoe2 dpurs,

hydr ol ysabl e gro rrachl gra c aci d i refe I . ?_‘_E?
catalyst for t he&%}‘ %‘%3‘8@ 8Py°(s}iﬂge. 00%11’ ofind ?D)Olsfﬁlél{)%%r’ ?P%ﬁ%gatl%deﬁao{tehreipgﬁlc ®is
preferably suspenstedali (B)Viatthén adidd Wheinl e temp&atutedshould not exde&d 58C.3The

preferably 2.8 to 3.2 Hydrochloric acid is preferably used for .
aci di ficati®dn. xgactor tepperagen s then; adjustedfo20°€HB o5dertt dyingt the pamppsition fop) |

Compound (0 1 "SrRoa iRt A€ mpetion b AR gty 4°C i Bepor

suspended particulate material (B) as described herei nabove is then added.
The 25 quantity is preferably selected such that the water contai ned

therein is suffiEiesompogpd (D) and optiopalythplewisdrash{tdeaneipseipgahlvadded dowly t he
conpounds (A) a LS. Lty . 7 Wt 1:19 e
total quantity, nagtreéﬁ}el?a gltﬁ}nr %?ﬁn%) 18{ %@rt\l\ff’%on Bf%@ JnQatérXalf @v?f r%lkr{%%sw
after the 30lditiapprdxieatelyn@r€r ature of the sol rises to approximately 28 30
to 30[err]C, and the sol is clear after approximately 20 m nutes. The

m xture is then stirred for approximately 0.5 to 3 hours,

f bly 1t : ' 2] I dt
pref erably 1 10 Rk i 8Bt o be a SEIREG0 & dben | overed (o
15

In order to adjust the rheological properties of the compositions, inert solvents may
15 optionally be added at any stage of the preparation. These solvents are preferably
alcohols which are liquid at room temperature and which furthermore arise from the
hydrolysis of the alkoxides which are preferably used. Alcohols which are
particularly preferred are C,; alcohols, in particular methanol, ethanol, n-propanol,
i-propanol, n butanol, i-butanol, fert-butanol, n-pentanol, i-pentanol, n-hexanol, n-
20 octanol and n butoxyethanol. C, (-glycol ethers, in particular n-butoxyethanol, are

likewise preferred.

The compositions according to the invention may furthermore contain conventional
additives such as, for example, colorants, flow promoters, UV stabilisers,
25 photoinitiators, photosensitisers (where photochemical curing of the composition is

intended) and thermal polymerisation catalysts.

Application to the substrate is by standard coating methods such as, for example,
dipping, painting, brushing, knife application, rolling, spraying, curtain-coating, spin-
30 coating and centrifugal coating.



wherein'a tenperature of approximately 3[err]C should not be exceeded. The

sol is VP25t approximately O[err]C for a further PETAPPYO 5§98
hours, preferably 1 to 2 hours, aft¥ the addition of the conpound
(D) is conplete. The remai nder of the particulate material (B) is

t hen added, wherein the tenperature should not exceed 5[err]C. The 5
reactor tenperature is then adjusted to 20[err]C in order to bring the
conposi tion to Optionally afienfiEaeematgsutfaceldrg acmasnﬁtsenipemure sthstcmtc&kisuhstrate
approxi mately 4[err§g|narefr| ger at or The conpound (D)

optional Iy the Ligfigdyauéng tekes @?cgr%efsﬁabbépébqrylab@mr &t {gmpgratures Wlthmm er
the addition of Jaﬂgﬁ Eb 13 t3083¢ t uPB{ghhﬁQr 96 15 MWosRL &4 ﬁim(éjxﬁﬁrg gkég&ﬁbﬁr%o% 10

approximately O[e mtenperature Is be a
tenmperature of 2IBOPG, atjcmally @t reduced pressurd Thertaetening tad¢ usdert theserdoaditions cal

properties of the c 05|t|on i nert solve S, my 1 . optionally be
added at amg/) aﬁ‘@“@f ¢ Kges %%%99 SUPYES: PT‘FfE"é’g IGFS\/%‘I"W gogpgnga%fa@ &W9¢4, more
al cohol s mhich &i [ r &Se
fromthe rplorioB e o GO RTHMET L M ickREL W8 oLkl I DA 180
Al cohol s whi ch atoelOO um, prcfemhiy |1ctuI29r;,lny apd é&d partieglan? ¢o P eu.] al cohol's, in

particul ar nmethanol, ethanol, n-propanol, i - propanol, n but anol ,
i -butanol, tert-butanol, n-pentanol, i-pentanol, n-hexanol, n-

octanol and n bL!‘fﬂﬁé’a?ﬁrQ@ﬂ %mpﬂrﬁ% ra]ug EH&an tRkdis gr%prééan%ﬁlg%’%ﬁﬂso take place

n- but oxyet hanol , are pre erre conpositions
according 10 t hebyl mradratippnfolfawed optidratlybyaheromnt post-caomgient i onal
additives such as, for exanple, colorants, flow pronoters, UV stabilisers,

25 photoinitiators, photosensitisers (where photochem cal curing of the
conposi tion is The choicd YreaisEte ARstefAIET fOR! cobfley T8 unBAite@N THE! E)?ions
Application to the substrate 1s by standard coatlng nethods such , for
exanpl e, acdordjmigrtg, thepmvmmqngare iprafeablygitihie far apiing waod dw;tﬂeso iphpeng,

spraying, curtai ston%%%%el, pn%tals 2 ass, cerarmcs ang pfjlt tllcré(i’na(%enalscgl'11 of tLg &%le Ca?t(i%ullanr '

15 for coating thermoplastics such as are described in Becker/Braun,
Kunststofftaschenbuch {Handbook of Plastics], Carl Hanser Verlag, Munich, Vienna
1992. The compositions are quite particularly suitable for coating transparent
thermoplastics, and preferably polycarbonates, or for coating metals or metallised
surfaces. In particular spectacle glasses, optical lenses, automotive windows and
20 thermal heads may be coated with the compositions obtained according to the

invention.

The Examples which follow further explain the present invention:



16-- ' Optionally after first becoming surface dry at room
tenperature, thevooaeERSsubstrate is cured. Curing taRET/EFPEQHI8
preferably in thernmal manner at tenperaturelk/ within the range 50 to
3000C, in particular 70 to 200[err]C, and particularly preferably 90 to
180[err]C, optionally at reduced pressure. The hardening time under these

conditions 5 shoul d be I ess than 200 m nutes, preferably |ess than 100
m nutes, and evq&ﬂ% preferably less than 60 mnutes. The |ayer

t hi ckness of thé cured |ayer should be 0.5 to 100 [err]m
preferably 1 to 20 [err]mand in particular 2 to 10 [err]m | f

aae 10 % ChyTIEs SbisRoal S Pantg sodd iR s tocitelrd e iNHE
The choice of sufstEpbas a&g&e&%é Wik coR@hiragd IHC1URliiHgt @en tddkeplace for 14

conpositions according to the invention are preferably suitable for
coati ng wool, t éwurd @gpompapmperature, and thestb measuthen, chaekied lagaingSepasately et 1®diTc s

d pl [ i al s, f I lgularly 15 f X '
e, P o115 o7 e SBRs S 80550 BBl 185 mESFAT
Kunst st of f t aschegbidg forl Mﬁﬁ@é&ﬁ%a&i‘i@%ﬁ% IIISI’%%I 268 Bk B dehite Mlailnihgag I

Vi enna 1992. The conpositions a articularly suitable
coati ng transpartbatmixture at a tflogr rasplodi<20i ganinadd few aiontablaftep they addibom shees,

f ' I |Jised . f I i cul
Spect acl o gl acsAEmPERRRLAA B Seidase b pppemimrtsl 45 Ae adBoso! wasdier afe

heads may bg CoahsehxhitBlyt JP mERIRO Tk BRBurd WaR | tREAstRFFIOA HobE fehipbRifure for
i nventi on. The Exanpl es which follow further explain the present
i nventi on: approximately 2 hours, and the temperature was then lowered to approximdtely 0°C.

At 0°C + 2°C the addition then took place of 378.54 g (1 mol) of Al(OEtOBu), at
a dispensing rate of approximately 3 ml/min. After the addition had been terminated
stirring continued for a further 2 hours at approximately 0°C, and the remaining
15 boehmite sol was then added, likewise at approximately 0°C and at a dispensing rate
of approximately 13 ml/min. The temperature of the reaction mixture obtained then
rose to room temperature, without temperature control. Byk 306® was added as a

flow promoter, and the lacquer obtained was stored at + 4°C.

20 Further Examples and Comparative Examples were carried out in accordance with
this process, wherein the quantities of the components were modified in accordance

with the values shown in Table 1.

Test pieces were obtained as follows using the lacquers obtained:

25 bisphenol A-based polycarbonate (glass transition temperature = 147°C, M,, 27500)
plates measuring 105 x 150 x 4 mm were cleaned with isopropanol and primed by
dipping in a mixture prepared from 3 wt.% aminopropyl trimethoxysilane and 97
wt.% butyl glycol, followed by 0.5 hour of heat treatment at 130°C. The plates were
then coated with a 20 pm lacquer layer in each case at a dipping rate of V =

30 100 cm/min. After cooling for 10 minutes at room temperature the coated plates were
dried at 130°C for 1 hour. The layer thickness of the lacquers after drying was



Exanpl es 129.04 g of Disperal Sol P3 were added, with stirri 8g
to "1290. 40 g 0. IROWM1725nd the pH was adjusted to 3 wWPEHR/EPIB/O519
concentrated HCL. Stirring then took place ¥or 14 5 hours at room
tenperature, and the pH was then checked again. Separately, 1181.7

g (5 nmol) of GPTS and 625.0 g (3 nol) of TEGCS (tetraethoxysilane) were

m xed and . stirred for 10 mnutes. A netering punp dispensed 267.3 g
of the boehm t e apfloximitely 7 pitn, The thitéd plates Weee §tbred at kevin Ecdiperafiredor gidaysn. A
few mnutes after the addltlon t he enperature of the sol rose to

approxi mat el y 2&fiep hadpring) ad themundeewgmthmtmeﬁa«?d balewr 10
approximately 20 m nutes. The m xture was then stirred at roomtenperature

for approximately 2 hours, and the tenperature was then |lowered to
appr oxi nmat el y O[EHef pfoperties of the ebarmgrdbia%ea witerthdse ladiertdderei duteritiged a0k
(OCEtOBu)[err] at a dispensing rate

pl ace of 378.54 g (1 nol) of Al
of appr oxi n@telyt% Bows:/min. After the addition had been terninated
stirring continued for a further 2 hours at approxinmately O[err]C, and the

remai ni ng 15 boehm te sol was then added, |ikew se at approximtely
Oferr]C and at a di spessibaghr(gt)@dhesion test; BN FOpRens:199el y 13 i /min. The
tenperature of the reaction m xture obtained then rose to room

tenperature, without tenperature control. Byk 306 was added as a

flow promoter, and t Qg%sls%gi&ﬂ ardhgé?@tegfeﬁ)ll\é@aggtgf g iy rater %ﬁd W(tape %Qt%ce

Furt her Exanpl es and arat rr| &d ina

with 10 this pragesFhe %@Ie@&d’l latee a€dlevobs-hateied ab mmesommenem andveree
nodi fied in accordance % t he val ues shown_in. Tabl e
Test pieces were obt éi?qii@ﬁma‘gat%hqm)@@%g Hep repult lrea@réa@%séh%ﬁpragﬁ@aw (inxdays)

bi sphenol A-based po'aﬁ%ﬁ%&ﬂ%@d&'l@%?t’%ﬁ@%@ 6to(f‘tot £IReL gg#%glnggjt\g#[tﬁgg] C

Mv 27500) neasuring nm wer e

i sopropanol and prlned by di pping in a mxture prepared from3 w. %
am nopropyl trinmethoxysilane an . % butyl glycol, followed by
0.5 hour of heat tredtRbHick Hﬁgi@b[@NﬂfM&'he pl ates were t hen
coated withsa 20 [err]mlacquer layer in each case at a dipping rate of V =
30 100 crﬂmn After cooling for 10 m nutes at roomtenperature the

coated plates were Taber abrader aest:aveat 3&f BIN] 2 34%; (1000caycles, TGS (R 60 g)
t hi ckness of the |acquers after drying was
18

The evaluation results are shown in the following Table:



approximately 7 [err]m The coated plates were stored at roow
S fol ne

for 2 days WO 9941925r har deni ng, and t hen underwent the t
bel ow. The properties of the coall?ngs obtained with these
| acquers were determned as 5 fol |l ows: cross-hatch
(gt) adhesion test: EN | SO 2409: 1994 cross-hatch adhesi on
test follow ng storage in water: 650C, tt (tape test) 10 0/ 1.
The | acquered plates are crass-hatche 0 EN | SO 2409: 1994 and are
stored in waten_held at @5[err|]]C{ Thejrepult recorded is the storage tine
(i n days) 8 after ich tthejfirst |oss of adhesion of 0 to 1
takes place in §h§dtape tiest . sand trickling test: DI N 52
348 15 & 3 Talher ab#rader tgst|{ wear test DIN 52 347; (1000
cycles, CS1CF, ‘5003 g) The| eqal pation results are shown in the
fol lowing Tablgg & [err]
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1.~ Ceating conposition conprising at |east one silicon co und /Pgl%
0

whi th has WO 99/11725 at | east one radical which is bonded F'ﬂ‘i!’é
Si, is not able to be separated 5 20  hydrol ytical | i ns
an epoxy group, a particulate material (B) which |s sel ected

from anong oxi des, oxide hydrates, nitrides and carbi mu u“L
Al and B and of transition netals and has a particle g‘mu ﬁl“i”ml l nge
I Claémd:00 nm an Si, Ti, Zr, B, Sn or V conpourd {C)° and at

| east one hydr ol ysabl e Ti, Zr or Al conpound (D),
characteri sed i n that it conprises 10 the followng ratio

1.0 of t N4, ‘ys . to
0 49 ol of t he Ipar i I(g&ﬂuﬁg gb@ﬁ{)‘%@ D% f.lm(g'%)c least one silicon compound (Abwglézﬂ ?1357

0.90 nol of the conpaiiehsidae radidallﬁlch is bonded directly to Si, inot hBletto b separdred .
of the conpound (D) Conposi tion accord| ng to Caim1,

characterised in thathydrlytically ag@, APrSeiAg an epoxy group, a particyjate mategiahd) avhich

formula 20 t he
radicals R are the salsrréel?ﬁte%lﬁp P ene 3N o a%r(lla hydrates nitrides and ca*&déMché?

hydr ol ysabl e group, p&ledtﬁrl&hh&oﬁr&ﬁﬁﬁmﬂinkﬁlswmamd alﬂantc%)slﬁ@wﬁthﬁl the ghnpei y| -

gl ychm%l oxXy- err],)-allkylene radi cal
(B) is an oxide or oXP h%réﬂ ipfTig| mBn|$I}rPT V' compound (C) and af dgast gng,

conpound of the genengly fioLBl A, Zr3? Al compound (D), characteriseli B that it comprises
10 the following ratio

[

1.0 mol of the silicon compound (A),
0.27 to 0.49 mol of the particulate material (B),
0.36 to 0.90 mol of the compound (C) and

15 0.14 to 0.22 mol of the compound (D)

2. Composition according to Claim 1, characterised in that (A) is a compound

of the general formula

20 R,SiR'

in which the radicals R are the same or different and stand for a
hydrolysable group, preferably C, ,-alkoxy, and R' represents a glycidyl- or
glycidyloxy-(C, ,o)-alkylene radical,

25

(B) is an oxide or oxide hydrate of aluminium,

(C) is a compound of the general formula

30 SiR,



wherein“the radicals R are the sane or_different and stand for
hydrol ysable ~ WO% J—ZL’—grﬁﬁﬁ—’pref erablzy C[ err] al koxy, anHCT/EP%/05198

(D) is a conmpound of t \“ﬁrr] wherein the
radicals R are the sa ﬁ*“l \ d stand for a hydrol ysable

group, preferably a C[ ca Lkomy group, a ([err]-al koxypropanol ate group
or a 10 ( err]-al koxyet hanol at e group. 3. Conposi tion
according to O ai m 1 wherdn thehadieals R(# thessasne@ir Wiffetgrit any stang §or a hydrolysable
silane, (B) is a sol Igg@pared from boehm te having a particle size within

t he Py PYGferably Gnalk@dy, aBd ¢ et r aet hoxysi | ane, and (D) is
15 Al (but oxyet hanol at e) 3. 4, Conposition according to
one of Clainms 1 to 3, which conprises additionally a Lew s
base (E) and/or at | &B}tis acempyurdcdfithelforenudd | i con conpound

(F) having at |east one non-hydrol ysabl e radical which has 5 to 20

30 fluorine’ atons bonded directly to carbon atons which are separated from
the Si by at least 2 atonggand/or a surfactant (G and/or an aromatic

pol yol (H) havi ?19 an average nol ecul ar wei ght not exceeding
1000. 5. Composition according to one of Clains 1 to 4, which

I s obtainable by 25 ) reacting a sol t he I cul at.e ter]al
(B) having a pH wit h.“ﬁlef%ﬂ}eam@eﬁ R are the Same orglffpr?rg aggstav\ﬁ ﬁ‘fna ﬁ#’
prepared fromthe si I BHI”?C Ak yglioﬂg Er,ﬁalkoxypmpan%%&)gl‘bﬂg 9

as well as the corrpound (B) and opt$ her
conponent sl E) to (HYC,salkoxyethanolate group

3, Composition according to Claim 1 or 2, wherein (A) is y-glycidyloxypropyl
silane, (B) is a sol prepared from boechmite having a particle size within the
range 1 to 100 mnm, (C) is tetraethoxysilane, and (D) is

15 Al(butoxyethanolate),.

4. Composition according to one of Claims 1 to 3, which comprises
additionally a Lewis base (E) and/or at least one hydrolysable silicon
compound (F) having at least one non-hydrolysable radical which has 5 to

20 30 fluorine atoms bonded directly to carbon atoms which are separated from
the Si by at least 2 atoms, and/or a surfactant (G) and/or an aromatic polyol

(H) having an average molecular weight not exceeding 1000.

5. Composition according to one of Claims 1 to 4, which is obtainable by
25 reacting a sol of the particulate material (B) having a pH within the range
2.5 to 3.5 with a mixture prepared from the silicon compound (A) and the
compound (C), as well as the compound (D) and optionally the further
components (E) to (H).

30 6. Composition according to Claim 5, which is obtainable by pre-mixing the
silicon compound (A) and the compound (C), followed by the addition of



30--  6¢ Conposi tion according to Caim5, which is obtainable b
pre-mxing the WO 99/11725.._———314’1’6‘0"'c0rrp0und (A) and t he conpBUREPPEH5198

T 0 L NI oy 2
#

sol of the materi al (B) pH of* 2.5 to 3.5, followed by
b) t he conmpound (D), andfollowedlnturn by the addition of 5

c) the second par t) por tal fr: pirt pdifios 6f fréin 1RdETD Wi, %(Dthe total quantity of the
Conposition according to Caim6, characterised in that the addition in

st age a) t arkef fhe aaterial (B) hasringa pHuef2.8xte 3eli feljowsd By r | C,
and the addition in stage b) 10 takes place at 0 to 3[err]C and
in stage ¢c) at 0 to 5[err]C 8. Conposition according to Caim

6 or 7, wherein the gynpoyRélcdnipound (P Cand followed in turn by they siduiorser
optlonally together with the corrpound (C) W|th the use of an

acid catal y5t, preferably HO . Conposition according to
Caim6, 7 or 8, whergin t dro ri is used to
adj ust the pH. ? %Ayecgﬁgéa%i’g{a?g °é§%§°éq’?| ﬁerg c(,B)rdl ng to one or
nore of Clains 1 to 9 for coating substrate materials of any
type, preferably thernopl ast Ics, in parti cul ar

pol ycarbonates. 7.  Composition accqndmgé@élwmmghargc@l@ﬂm that theagddision &t $taged i n
that, optionally for 0s N
Theol ogi cal properti 3& tﬁ(ﬁg %%p aa Eep’é)ﬁraggﬁteﬁ?eﬁfhﬂéaén '%rgdf{h 48aiti0f in stage b)

10 takes place at 0 to 3°C and in stage c) at 0 to 5°C.

8. Composition according to Claim 6 or 7, wherein the compound (A) is pre-
hydrolysed optionally together with the compound (C) with the use of an
acid catalyst, preferably HCl.

15
9, Composition according to Claim 6, 7 or 8, wherein dilute hydrochloric acid

is used to adjust the pH.

10.  Use of the composition according to one or more of Claims 1 to 9 for
20 coating substrate materials of any type, preferably thermoplastics, in
particular polycarbonates.

11.  Use according to Claim 10, characterised in that, optionally for the purpose
of adjusting the rheological properties, a composition containing an inert
25 solvent, preferably a C,-C; alcobol and/or a monoalkyl glycol ether, in
particular n-butoxyethanol, is applied to the substrate surface and is (a) cured
in thermal manner, preferably at temperatures of 90 to 180°C, or is (b)
cured in photochemical manner after the prior addition of a photoinitiator,
and is optionally post-cured in thermal manner.
30
12.  Articles, in particular lenses, spectacle glasses, automotive windows made

of glass or plastics materials, preferably polycarbonates, and metal thermal



25. solvent, preferably a (Jerr]-(err] al cohol a@gtil'ﬁﬁ’ﬁ@ 5198
nonoal kyl gl ycoW0a9ﬁé12L|—ﬁ—"-*” artl cul ar n-but ox ano

applied to the substr is (a cured |nthermal
manner, preferably ME mgﬁ} f 90 to 180[err]C, or is (b)
cured in photochem er the prior addition of a photoinitiator,
and is optionally post cured in thermal manner. 30 12. Articles,
in particular |ensespesgpewhieh!afe 8bASE Qhth A usrapasitioncobtainetb aecordiog to one or

of glass or plastics materials, preferably pol ycarbonates, and netal

t her mal heaniore ohClim&ido doated with a conposi tion obt ai ned
according to one or nore of Clains 1 to 9.



