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PCT/ EP98/ OWOPP/1BHAt i ng conposi tions based on epoxy group-cont ai rﬁqTéEré(’Mo%%s
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 coatilngs can be prepared from

al koxi des, for exanple alum nium propanol ate or al um nium butanolate, with
use of nodified @bé’@%c&h#@siﬁ&ls Bibd on lepox SlougetomaEnhpcilaieese sol - gel
processes are substantially characterised in 10 that a m xture of the
starting conmponents reacts to forma viscous |iquid phase as a result of a
process of hydrol ysis and condensation. This synthesis procedure gives rise
to an organically nodified i norganic parent structure whose surface
hardness is greafks pediedt invehticl relgey eptdoated compesifienspbdsydreons epdiywgroap; a
cruci al disadvantage is that the high reactivity of the .

al um ni um cént ai ¢ & iy diobrseble silanepaarticles CQW%@CrCMtha?éﬂit%‘?}T H¥" good
stability in storage (pot life). The layers obtained are still relatively
soft by conparison with inorganic materials. The reason is that although
the inorgani c confidrialéatich are shifbleasToatings catibe prepared fromaalicoxides; for evkdnmple
effect, their very snmall size prevents such nechani cal a{%o ?Ij&é]l gs as, for
exanpl e, their halbminiees pseranelste:0s plyminias bytanolate, Wi Hse ?65 15halkpryesilanes,
So-called filled I f ' . dedtid ON
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particle silpes Whath nixt@redsfehe starting dohiponerts reaets ¢o fdrmse viscais liguid phast e 5.
Yet in this case the transparency of the materials s |os

, .and .
appl i cations in tendt gheirsetesy phhifralyais 4ad (copgraraionst lslsgémth%ﬁag@cﬂuf? gives
possible to use g o'ansdrg%ﬂ@a%tda;&diﬁéd ﬁ:lfo%na StragieSitose Sdrfdck hafinBdsqsluce

transparent |ayers havin ncreas rasi on resistance, the abrasion
resi stance val uegreaiehihan 8 ef ednvetittonaborgauio pelytrest Howsverha ciuctzhdishdvantagel

are simlar to those of the abqve- tioned system ,The upper. Limt to,the
quantity of fill@rth%ﬁé@&laﬁéasﬁwaéggaresalam é&’_:‘mp@%@fﬁlg&?ﬂ%m%é@“ o
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soft by comparison with inorganic materials. The reason is that although the

inorganic constituents in the system produce a strong cross-linking effect, their very
small size prevents such mechanical properties as, for example, their hardness and
abrasion resistance from having an effect. So-called filled polymers offer the

20 potential for full exploitation of the mechanical properties of the inorganic
constituents, because particle sizes which are present in this case are of several
micrometers. 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 transparent layers having

25 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



unaccepta§g¥ |ncreased viscosity. 30 WD 95/13326 describes a pro&ess

t he .prepa an organically nodified inorganic systen1mh|8 Tﬁ%?m5w7
mar kedl y greater hardness than that of the systens 2 descri bed above,
and a high degree of optical transparency. It al so describes organically
nodi fied inorganic systens suitable for pZotecting netal surfaces from
corrosion as well as correspondi ng systens for hydrophilic coatings. The
conposi tions ar desshibed mbdvd)yard prligle degidei cmopnmﬂ)rttamqmreﬂcy addlsbi describes at

| east one 5 pr e- hydr ol silicon co ving an e
gr oup- cont ai ni n§'&%4 %m‘%‘gef‘%e‘ﬂoﬁra?‘ééﬁ’?t?m @ 1 Pé(%ﬁ%{%.fgﬁ;‘i§“éfaﬁ%?tfé?ma|
which is sel ect gdrbdiGn AR %% d spgﬂr?éﬁghagg 5 part | élpa‘to? hilies ¢ garfe.des

of Si, Al and B or transition neta | ze W|t I'n the
range 1 to 100 nmpqmmdmraadobbtam&hympmcesrvdﬁch carhygrisesithetadditionf toat prastfomeabl y
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silicon conpound W|th a surfactant hydrophilic coatings are tai néd, while
by conbi ni ng t hbygnates, th’ynﬂlemhgckmiblﬂed ochmAl:xmtBunﬁmtidn metalaraodrhes Tpatitlgol
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cross-linking catalys or the addition o drol'ysabl e conpounds.
DE- 40 20 306- Al 1mmvcdbb§; cambming the poabwdtolysedsilicon! opspioied wiith he partitilata
af f ords

material. On the other hand, by combining the pre-hydrolysed silicon compound with
a surfactant hydrophilic coatings are obtained, while by combining the pre-
hydrolysed silicon compound with an aromatic polyol corrosion-inhibiting coatings
can be obtained. The addition of fluorinated silanes may be chosen in the process,
15 in order to prepare hydrophobic or oleophobic coatings, or the addition of Lewis
bases or alcoholates as cross-linking catalysts, or the addition of further hydrolysable

compounds.

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 t0 04 : 1.
Further hydrolysable compounds of, for example, aluminium, titanjum, zirconium,
vanadium, tin, lead and boron, may also be used in addition to the silicon compound.

25 Tertiary 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 partially
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



20 ' abrasion-resistant, flexible coatings after curing. It is _obtainable
by reacti %O%Hcoﬂ“hater one or nore silicon conpounds containi ngP }/97
group, wherein the nolar ratio of water to hydrol ysabl e groups which are

present is froml : 1 to 0.4: 1. Further hydrol ysabl e compounds of, for
exanple, alumnium titanium zirconium ¥anadium tin, |ead and boron, may
al so be used in addition to the silicon conmpound. 25 Tertiary am nes

whi ch bring abouatd gombsarspareneygy hedt résistanep and adhesiopdo éte Hasernaternialj ae wellasve
60VC are particularly suitable as catalysts for curing the conposition.

DE- OS5 30 21 018V@LdP¥yLea coating conposition which contains a partially
hydr ol ysed condensati on product of alkyl trial koxysilanes, an organic
carboxylic acid 30 and an ani oni c fluorocarbon surface-active agent.
The sil anes uselUSeHmd4idl disclosmsayhart coating cdhpositimpwelsich camaiad ameptxy grodpace
coatings having an abrasion-resistant surface . 3 and good transparency,
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contai ns an epoxy group- 5 contal ning organi c sili’con ‘conpou

i norgani ¢ submiatalyst. gtuis usdbies as ausiatiag fidil for gplastibs-material opticat attickesuqhag a
m ni mal anount of an.,antinony.cogpound as.the curing catalyst. It is usable
as a coating fi FPRPWHIN Kay iog Oq?ﬁgérspeﬂonﬁﬁ’c %M‘Pﬁ%ﬂ"é@." e conposition
may optionally also contain an al um ni um conpound. 10 The object of the
present invention is to provide a conposition having scratch resistance,
adhesi on, 10acqudhe wobged of tihe prasem| insentiont i tahprovidarae compositicadhawizg sératch her |

ZP ? 2o|rr1e)3§ie'[ i E)ﬁgqglespa%e,t mé%{o%?lagc?de?%sgor]sit? gl(ljd gllas%%%r Qv%ic%%rng)ﬁ{p?gve egrgn I‘urr]t?lele reor
and a lesser tendency towards gelation and clouding compared with the prior art

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 St, 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 mol of the silicon compound (A),

25 0.42 to 0.68 mol of the particulate material (B),
0.28 to 1.0 mol of the compound (C)
and 0.23 to 0.68 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.



15 Thi s object is achieved by a coating conmposition conprising at |east
one S|I|cdwnﬁbﬁﬁﬂﬁnd (A) which has at |east one radical which i SPORIERISH5197
directly to Si, is not able to be separated hydrolytically and contains an
epoxy group, a particulate material (B) which is selected from anong
oxi des, oxide hydrates, nitrides and carbigdes of Si, Al and B and of
transition netals and has a particle size within the 20 range | to 100

wn, an Si, Ti, ZA LeRis SiteqB) May GRS SditionaBids AlathBaSh £8& tblééil&l'é’éﬁfﬂee

Ti, Zr or A corrpound (D) charact erised in that it conprises the follow ng
ratio 1 nol of tierephilicceharastmfouthe compositien according to the invention.42 to 0. 68
nol of the particulate material (B), 0.28 to 1.0 nol of the conpound (C)
and 0.23 to 0.68 nol of the conpound (D) The conpositions according to the

i nvention characA ?'dfo?ikablt silfoh Bompea L) tibing Gt 3hst ond Rd- a&sdbh;-eradlca]
conponents used af é scratch-resi stant coatings V\:hl ch” have

particul arl¥ godﬂhl hess? 8?13Q uptiRe @tgras dandegdtdirerthy toagarban am&mb'wddmondlysed

pot life. Al Gt s ) e used additio at al

order to achi eve a m)’rvevlﬂ% r%‘g e btho Log Arg 8‘?93{%%{ %é’f?p@ﬁaﬁl at |ng
to the inventi omtoms. hmru%b)bf%bélﬁa ﬂubhﬁeﬂéﬂ ﬁfbﬁ@%ﬁﬁts(@dr&lﬁl‘ébfé%nﬁtsohﬁ?éﬂcﬁﬂe
non- hydr ol ysabl e radi cal which has 5 to 30 fluorine atons bo

directly to car H5PPestiese thﬁyola@amdlmmathygbe used, wherein the latter
carbon atons are separated fromthe Si by at Ieast 2 atons. The use of such
a fluorinated silane inparts hydrophobic and soil-repellent properties to
the correspbndi My prefatablygnonionic surfactant (G) may also be used additionally in order to

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 fert-butoxy), aryloxy (in
particular Cg (,-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),



10 ‘A preferably nonionic surfactant (G may al so be used additionally in
order to aWRi%eie#denduri ng hydrophilic properties, and/or an aror?éthi“Emf/B%%I
(H) in order to achieve corrosion-inhibiting properties (increased

resi stance to condensation). The compounds (A) to (H) are explained in
greater detail below 15 Silicon conpounds5(A) The silicon conpound (A) is a
silicon conpound which has available 2 or 3 hydrol ysabl e radicals,

preferably 3, angk@®e (B partidalar W;Qfaﬂieﬁﬂ?t%h& ragdfctabxampld) vinyl, frpbperyb)| -
one. The single non-hydrol ysabl e radi cal and, respectively, at |east one of

the two non- hydrmsbperablaad rtadenyl) alking\dn paticnles| G ikio $3chya%H f9T EIHR! es

of the hydrol ysabl g,radi cal s are.hal ogepn .(F a | il td r d
and Br), al koxy W&leﬂgfﬁﬁm%@)eﬂfggﬂﬁé&?@%FI?E“é%, *,O%uc%)%%%e#&ﬂbﬁ,
met hoxy, et hoxy, phenyl?dad napRth§h O¥Nereinthe Siday/justitiniedndyooptionallypedntaiy one or

sec-butoxy and tert-butoxy), aryloxy (in particular Cerr]-ar xy, . for
exanpl e phehoxy)mozec gubstituents nsushr as, for pxampley hplogey | agdyalkaxy. rﬂwgg{ag%r and

exanpl e, acet oxy Qpi I . (4.ar | e acetyl).
Al koxy groups, i g‘?’ﬁ%ﬁ?ﬁ%ﬁr@ﬁ%&%glséiﬁﬁg%nf&ggérdemp%{}tﬁogu g?l y preferred

hydr ol ysabl e radi cal s. 30 Exanpl es of non-hydrol ysabl e radi cal s having no
epoxy group are hydrogen, alkyl, in particular C[err]-alkyl,ésuch @? for
exanpl e, net hyl , Bxammles ofmosdiyirolyseblssedjieals havingzangpegs group iave ip pagticplar those

putenyi . ity Bt AHRER By day e yeiodol 8GR L % 7 ORE) 7
10

Concrete examples of silicon compounds (A) which are usable according to the
invention may be found, for example, on pages 8 and 9 of EP-A-195 493, the

disclosure of which publication is included in the present Application by reference.

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 8-
glycidyloxyethyl-, y-glycidyloxypropyl, 8-glycidyloxybutyl-, e-glycidyloxypentyl-,
@-glycidyloxyhexyl-, o-glycidyloxyoctyl-, o-glycidyloxynonyl-,

25 o-glycidyloxydecyl-, o-glycidyloxydodecyl- and 2-(3,4-epoxycyclohexyl)-ethyl-.

y-glycidyloxypropyl trimethoxysilane (hereinbelow abbreviated to GPTS) is
particularly preferably used according to the invention because it is readily
accessible.

30



acetylenyl_and propargyl) and aryl, in particular Cferr]-aryl, such as
exanpl e, pH&W 8%d napht hyl ), wherein the groups just named mayPCHHR 98/H%1I97y
contain one or 5 nore substituents such as, for exanple, hal ogen and

al koxy. Methacryl- and net hacryl oxy-propyl radicals my also be nmentioned
in this context. Exanples of non-hydrol ys#bl e radicals having an epoxy
group are in particular those such as have avail able a gl ycidyl or

gl yci dyl oxy gr ouPartitilatencatetisl Byanpl es of silicon conpounds (A) which are
usabl e according to the invention may be found, for exanple, on pages 8 and
9 of EP-A-195 493, the di scl osure of whi ch publ i cation I's included in the
present Applicat r
particularly pre?%?gg accor |ng og%éven (%1 aré gesép% B{&he%%gsgnlglr al
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particularly prefe I nventi on because It
readi | y acé@ssi bdbtaindte commercially in the form of powders, and the preparation of (acid-

stabilised) sols therefrom is likewise known in the prior art. For this purpose

reference may furthermore be made to the preparation Examples provided below.

The oprinciple of stabilising nano-sized titanium nitride by means of

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

Boehmite 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
boechmite powder in dilute HCL.
20
Variation of the nano-sized particles is generally associated with a variation in the
refractive index of the corresponding materials. Thus, for example, the replacement
of boehmite 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 comprising Si, Ti, Zr, Al, B, Sn and V,



Particul ate material (B) The particulate material (B) is an oxide, oxide
hydrate: MQ?8&4r carbide of Si, Al and B and of transition nR¢KFR8/05197
preferably Ti, Zr and Ce, having a particle size 5 within the range 1
to 100 nm preferably 2 to 50 nmand particularly preferably 5 to 20 nm
This material may be used in the formof A powder, while however preferably
being used in the formof a (in particular acid-stabilised) sol. Preferred
particul ate mat whichlase preferdtdehydrolgsed weith the sitidon cdmpbundish(A)yindeder Nepreparsi zed
boehm te particles areéigart i cul arI%/ tgref erred. The particulate materials
are 10 obt afh§AoMPosiHaREacErEding o the inentigh-m of powders, and the
preparation of (acid- stabilised) sols therefromis |ikewi se known in the
prior art. For this purpose reference nmay furthernore be nmade to the
preparati on Exafht esmpound ((3ds freS)Wi, Z1) B, (Sni andi P cempdunkt aflthé gaera formula
nano-si zed titaniumnitride by neans of guani di nopropionic acid is

descri bed, 5t or exanple, in German Patent Application P- 15 4334639. 1.
Boehm te sol having a pH wath tyhe range 2.5 to 3.5, preferably 2.8 to
3.2, is particularly prefetably*used, and can be obtained, for exanple, by
suspendi ng boehnite powdeRMHARYj | ute HC . 20 Variation of the nano-sized
particles is generally associated with a variation in the refractive index
of the corresponding materials. Thus, for exanple, the replacenent of
boehm te partic ] QR P I gl L] +8 +0g
hi gher refractitvgéﬁeﬁfdyggge%ﬁsg@e%{n’t é%?e’f%(f?)f\lll)gg??l’d%x r sﬁt’gia di twiltgel y
from t he M@l unea bjyd@lysable radicahi Rihrepresentsca nohydrojysabdetadivat] ane caatbeifromi n

e My S A ) ¥ B e RS R
hydrolysabl e  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 Cl
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 ters-butoxy), aryloxy (in

20 particular Cg,,-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 tert-
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 pheny] 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.



corrpounds nts fromthe group conprising Si, Ti, Zr

VvV, . %‘P\Séﬂog%preferabl y hydrolysed with the silicon comoun@?@g’l@?
or der to prepare the conpositions according to the invention. The conpound
(© is an Si, Ti, Zr, B, Sn and V conpound of the general formula 5 [err]
wherein Mrepresents a) [err], R represent8 10 a hydrol ysabl e radical,
R represents a non-hydrol ysable radical, and x can be from1l1l to 4 in the
case of quadri valCentreteeexdmpi¢soots the! domgmands) {Clawtiichrmay be tused arengivie belowe of

trival ent t al pl | it f di cal.s R and/
e cent™ o o ST e BRS bck bt ek ot S SRS
different. Pr efe%hyargdﬁa%égreater than 1. That is to say the conmpound (C)

has at | east one rol ysabl e radical, preferably a plurality
t hereof . Exanpl es of the hydrol ysabl e radl cal s are halogen (F, d, Br and

I, in particular I ko cuI ar (Jerr]-al koxy, such as,
for exanpl eC5u t§§wﬁ'ﬂg‘t g&@ﬁ é opoxy and n- but oxy, i -butoxy,
sec- but oxy or tegig(lj@uﬂg}éyqlma @xysl@(ijcéf@?’ q particular Cerr]0-aryl oxy,

for exanpl e phenoxy) oxXy (1 n’patticu err]-acyl oxy, such as, for

exanpl e, acet oxy CiheSiBl pFHSYIOC ), 08kl CHIHOQC,HJ.or exanpl e acetyl).

Al koxy groups, re particularly preferred
hydr ol ysabl e rad%ﬂfél(bg:ﬁ)b Cg%&ﬁé&@ wcﬂ‘:ﬁtmgi el ysabl e radicals are

ggﬂrlogen al IkyI (CH (@arstl IQ:HL@E) C[err] -?I kyl (such as, _for exanpl e, methyl,
yl, propyl and n- utyl, sec-butyl and tert
10 (CH3)2S1C12, (CH3)281(OCH3)2, (CH;),Si(0C,Hy),,
(CH,),Si(OH),, (CeHs),SiCL, (C4Hs),Si(OCH,),,
(CeHy),Si(OC,Hy),, (i-C;H,),SiOH,
CH,=CH-Si(OOCCH,),,
CH,=CH-SiCl,, CH,=CH-Si(OCHj,),, CH,=CH-Si(OC,H;),,
15 CH,=CH-Si(OC,H,0CH,),, CH,~CH-CH,-Si(OCH,),,
CH,=CH-CH,-Si(OC,H)s,
CH,=CH-CH,-Si(OOCCH,),,
CH,=C(CH,)-CO0-C,H,-Si(OCH,),,
CH,=C(CH,)-COO-C,H,-Si(OC,H,),,
20
Al(OCH,)s, Al(OC,Hy);, A(O-n-C,H,),,
Al(0-i-G;H,),, AI(OCH,);, Al(0-i-CHy)s,
Al(O-sec-CH,),, AICL,, AICI(OH),, Al(OC,H,OC,H,),,

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

ZrCl,, Zr(0C,Hy),, Zr(OCH,),, Zr(0-i-CiH,),, Zr(OCH,),,
ZrOCl,, Zr(2-ethylhexoxy),,
30
and Zr compounds which have complexing radicals such as, for example, -diketone
radicals and methacrylic radicals,



butyl), al kgyvd1oqqn particular Clerr]-al kenyl, such as, for exanptBEPISI0SIN,
1- propenyl, 2- propenyl and butenyl), alkinyl (in particular
Cerr],-alkinyl, such as, for exanple, acetylenyl and propargyl) and awl,
in particular CJerr]-aryl, such as, for exanple, 30 phenyl and

napht hyl ), wherein the groups just nanmed n%y optionally contain one or nore
substituents such as, for exanple, hal ogen and al koxy. Methacryl- and

met hacryl oxy-proBﬂs, ;Bé@CHa]ssBé&z}é)zso be mentioned in this context. 8
Concrete exanpl es of the conpounds (C) which may be used are given bel ow,
wherein these should not, however, represent any restriction of the
conpounds (C) \/\hgﬁglbasﬂg(;mme. [err] 30 and Zr conpounds whi ch have
conpl exi ng radical s 'such as, for exanple, [err]-di ketone radicals and

met hacrylic radi 8afQC,Hs), 9 [err] SiR4 conpounds are particularly preferably
used, wherein the radicals R nmay be the sane or different, and stand for a
hydr ol ysabl e group, preferably an al koxy group 10 having 1 to 4 carbon

atons, in parti cylg. REH _ethoxy, n-propoxy, i-propoxy, n- butoxy,
i - but oxy, sec- butoxy”or ,{erti’-)aout oXy.
SiR, compounds are particularly preferably used, wherein the radicals R may be the
same or different, and stand for a hydrolysable group, preferably an alkoxy group
10 having 1 to 4 carbon atoms, in particular methoxy, ethoxy, n-propoxy, i-propoxy, n-
butoxy, i-butoxy, sec-butoxy or tert-butoxy.

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
15 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
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
20 use of organic polyepoxides is equally possible). When curing of the corresponding
composition is then induced in thermal or photochemical manner, there takes place,
in addition to the construction of the orgamically 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

25 increased hardness.



As may be 5%89/104(&:% conmpounds (C) (in particular the silicon cgﬁy@l}%"é}”

al so. have avail abl e non- hydrol ysabl e radi cals which have a C C double or
triple bond. If 15 such conmpounds are used together with (or even in

pl ace of) the silicon conmpounds (A), nononers (preferably containing epoxy
or hydroxyl groups) such as, for exanple, Weth(acryl ates), can also be

I ncorporated additionally in the conposition (these nononers may of course
al so have avai | aflempommdo@)nor e functional groups of the sane type, such
as, for exanple, poly(nmeth)acrylates of organic polyols; the 20 use of
organi ¢ pol yepoxides is equally possible). Wen curing of the correspondi ng

el s e D

i norganic natrlxﬁmanmnlynerlsatlon of the organic species, resulting in an
I ncreased cross-1linking density of the correspondi ng coatings and noul ded
bodi es, and -consequently also in 25 I ncreased hardness. 10 Conpound
(D) The conpound (D) is preferaﬁkﬁr? Zr or Al compound of the follow ng
general formula 5 [err] in whic Fands for Ti, Zr or Al, and the
radicals R"' may be the sane or different, and stand for a hydrol ysabl e

O ot i Th a0 B 2 o B, By i some o

different, and stand for a hydrolysable group, and n is 4 (M =Ti, Zr) or 3 (M = Al).

10
Examples of the hydrolysable groups are halogen (F, Cl, Br and I, in particular Cl
and Br), alkoxy (in particular C, c-alkoxy, such as, for example, methoxy, ethoxy, n-
propoxy, i-propoxy and n-butoxy, i-butoxy, sec-butoxy or tert-butoxy, n-pentyloxy,
n-hexyloxy), aryloxy (in particular Cg ,-aryloxy, for example phenoxy), acyloxy (in

15 particular C,_,-acyloxy such as, for example, acetoxy and propionyloxy) and
alkylcarbonyl (for example acetyl), or a C,s-alkoxy-C, s-alkyl group, that is to say
a group derived from C,_¢-alkylethylene glycol or -propylene glycol, wherein alkoxy

denotes the same as is mentioned hereinabove.

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

Lewis base (E)

25 The Lewis base (E) is preferably a nitrogen compound. Such nitrogen compounds
may be selected, for example, from among N-heterocycles, amino group-containing
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-

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



and Br), al kox In particular C[err]alLkoxy, such as, for exanpl ,
et hoxy, n- %63%% | - propoxy and n-but oxy, i-butoxy, sec-but oxyFST’E%smﬁ%
tert-butoxy, n-pentyloxy, n-hexyloxy), aryloxy (in particular Cerr]
10-aryl oxy, for exanple phenoxy), acyloxy (in 15 particul ar Cl4-acyl oxy
such as, for exanple, acetoxy and propionylloxy) and al kyl carbonyl (for
exanpl e acetyl), or a (Jerr] ,-al koxy-CJerr]-alkyl group, that is to say a
group derived frdnfucher ¢lhssadflpraehycontaming Lewik bases whichoybke be ugddyaccdrding to
wherei n al koxy denotes the sanme as i.s nenti oned h}}er ei naQaove. 20

Particul arly pr et Hyegtionyares hydrolysshle, filangsgwhich haye vadshle -t deast one non-

sec- but anol ate, g . 40~ -m]glf?w' Qﬂﬁ@, r@aﬁy
The Lewi s base (Eydlﬁ@ggﬁggé(rﬂgﬁlvg&gmﬁ%ﬁ’ggﬁéﬁ{tggﬁnﬁéﬁéﬁn (th%(r;ntr géllr?e

conpounds nay beaméncegioapl, Sichrsilexssrmaiyebe hydrolysediogethehwith i ititens conapaund
group- cont ai ni ng phenql s, polycyclic am nes,  and amoni a _( pr ef er gpl n
agueous sol ot i onf‘g)’ G‘?ﬁc‘f’@% EeTsssshiop dEWay basqeigeorperated it Mg ‘i’rﬁf“&i&ajgl é‘?gﬁ‘leg

pnenol and. L. % ol SRR oS PERged finicdohlsihe dich BRSO IRRCH e

1- met hyl i m dazol genesalfarnuigul arly preferred. A further class of
nitrogen-containing Lew s bases which may be used according to the

i nvention are hydrol ysabl e silanes which have avail abl e at | east one non-
hydrol ysabl e radi cal which conppiggs at |east one prinmary, secondary or
tertiary amno group. Such silang€s nmay be hydrol ysed together with the
silicon corfound 5 (A), and then represent a Lewi s base incorporated

into the organically, podified inorganic network. Preferre .
ni t rogen- cont ai n%@&ﬂ%ﬂ‘b@ﬁ‘@é%@ﬁ SaCOT G entdpr ‘Fféé@ég@lﬂﬁiﬂ)ﬁ%ﬂﬁﬂ?dafor

a hydrolysable group (preferably C,,-alkoxy and in particular methoxy and ethoxy),

and R’ stands for a non-hydrolysable radical bonded to Si, which comprises at least
one primary, secondary or tertiary amino group. Concrete examples of such silanes
15 are 3-aminopropyl trimethoxysilane, 3-aminopropyl triethoxysilane, N-(2-
aminoethyl)-3-aminopropyltrimethoxysilane,N-[N’-(2’-aminoethyl)-2-aminoethyl]3-
aminopropyl trimethoxysilaneandN-[3-(triethoxysilyl)propyl]-4,5-dihydroimidazole.

The Lewis base is generally used in the corresponding compositions in a quantity of
20 from 0.01 to 0.5 mol per mol of epoxy group of the silicon compound (A).
Quantities are preferably within the range 0.02 to 0.3 and in particular 0.05 to 0.1

mol of the Lewis base per mol of epoxy group.

Fluorine-containing silicon compound (F)

25
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
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

30 are concrete examples:



[err] 10, i ' he radicals R are the same or different (pref

I denti cal) %@’g@gﬁ]d for a hydrol ysable group (preferably (err] ?g?@k%(s{/%%’d
in particular nmethoxy and ethoxy), and R' stands for a non-hydrol ysabl e
radi cal bonded to Si, which conprises at |east one primary, secondary or
tertiary amino group. Concrete exanpl es ofl2such sil anes 15 are

3-am nopropyl trinethoxysil ane, 3-am nopropyl triethoxysilane, N-(2-

am noet hyl ) - 3- anClaeihylils-BiYaet hoxysi | ane, N-[ N - (2

' -am noet hyl ) - 2- am og: i\ﬁ ]%—. am nopropyl tri met hoxysi | aneandN-
[3-(triethoxysil 993)'6&3 %Q *{f ,1%*- di hydroi m dazol e. The Lewi s base is
general ly used i B_@gﬁr%(ggcfle_gppndi ng conpositions in a quantity of 20
fromO0.01 to 0.5 nol “per bl o epoxy group of the silicon conpound (A).
Quantities are pnefgf,dBCHSiM,n the range 0.02 to 0.3 and in particular

0.05to 0.1 I _ Lewi.s base per nol of epoxy group.
Fl uori ne-cor?ggi n&ﬁbgﬁ?ﬂi @mﬁ-‘c?‘f und (F) 25 The hydrol ysabl e fluorinated

silanes (F) whichqm _f(gﬁzi)tgmgt}m be used are those such as have avail abl e
at | east one non-hydro ysa%l e Tadi'cal which has 5 to 30 fluorine atons
bonded to car bonndtHxE€HMEHSICh(@geparated fromthe Si by at |east two

atons. Such sil an a e | in detail in DE-CS 41 18 184. The
foll owi ng 30 &?@%@ﬁe&@fﬁ@@%@ es: 12 [err] 10 These fl uorinated
silanes are generally used in a quantity of 0.1 to 15 wt. %

10 These fluorinated silanes are generally used in a quantity of 0.1 to 15 wt.%,
preferably 0.2 to 10 wt.%, and particularly preferably 0.5 to 5 wt.%, in relation to

the composition.

Surfactant (G)

15
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
are particularly preferred. Not only is it possibie to use these surfactants while the

20 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),
polyoxyethylene cetyl ethers of different chain lengths (for example Malipal® 24/30

25 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).

30 The surfactant is generally used in quantities of from 0.1 to 35 wt.%, in relation to

the coating composition.



pr'eferéb_l y8‘9.2 0 10 wt.% and particularly preferably 0.5 to 5 wm
relation t ?ﬁ%’l‘k‘é]rrposmlon Surfactant (G 15 The surfactant (G}’CW%’WPSHHy

be used in order to achieve an enduring anti-clouding effect and an

i ncreased hydrophilic character of the coatings is preferably a nonionic
surfactant. Nonionic surfactants which ard3present in liquid format room
tenperature are particularly preferred. Not only is it possible to use

these surfact ant Arehiakie gdiyol {H) conpositions are being prepared by the
process according to the invention, but they may also (preferably in
aqueous sol ution) be incorporated subsequently by thermal diffusion at

i mately 50 .
ooyl “etners of  dvFrAuiic oyl vFef abdtaiRy ub L InhPuBh bl PLRUELA 1RRGe oo
from1C), polyoxytéduidr eréghtef YO00EE iesadf sadt fobyteire copexaniple) pblyphdriylune
exanpl e Malipal 24/30 25 to 24/100 fromH ils and D sponjilt 05 from

Henkel ), sodi um Ethgrsywhi %Pﬁ%llﬁdf(ﬁbgméﬁﬁﬁ%lable&ﬂ%@fﬁbﬁPb‘i‘ﬂ’}'} 18, aBﬂé’kqg&Pel‘Fr om
Henkel | |
nkel), laury yhﬂﬁr%:%&p grgl;oméd &{épén%l?gwdaqﬂ Feoﬁebs-t-é(ﬁ

Henkel ) and pol yoxye ene " sor n rmno eate r’exa en’ from

Ri edel de Haen). S8Q or sibfitarsand Befeastt lehst (@ﬁf\pfeférhblyyselﬂ/drdkngt@ﬂps boled ab
from0.1to 35 wt.% in relation to the coating conposition. 13 Aronmatic

polyol (H) The awgwsyol used according to the invention has a
maxi num aver age nol ecul ar wei ght of 1000. Exanples of such polyols are, for
exanpl e, pol yphenyl ene

10 Aromatic polyols which are particularly preferred are aromatic diols. Compounds

having the following general formulae are particularly preferred representatives of

the latter:
HO HO HO HO

wherein X stands for a (C,-C,)-alkylene or -alkylidene radical, a (C4-C,,)-arylene
radical, -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

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

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

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

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
30 aromatic polyol (H).



55 et hers whi ch carry hydroxy groups on at |east 2 of the phepyl ri
“ ByTEblglittr

and ol ogi H4hi ch aromatic ri ngs are bonded to one another
bond, -0-, -CO, - S02- or simlar, and have at |east (and preferably) 2
hydr oxy groups bonded to aromatic groups. 10 Aromatic polyols which are

particularly preferred are aromatic di ol s.14Conpounds having the foll ow ng
general fornulae are particularly preferred representatives of the latter:
wher ei n X st ands Thewseq if ftier cdopositiont acverding tathk ihvertdore ofaliconalcompounds (A)
([err])-arylene radical, -o-,. -s-, -CO or -SO2-, and n.is 0 or 1. S
preferabl y [ err] ¥2iehhaypavailable ahJeestitwa epRxy sreuRsd¢ads quq:ogpngs[@,drr?qujquﬁodles
aromatic rings ot t:he:c 10 HR¥ | L) L carry as well as

t he OH groups uph?%lﬂgltg‘?@%]%%égw}sl% &t %‘ig%?és&tsl%{(%ﬁﬁ%ng, for exanpl e,

hal ogen, al kyl and al koxy. Concrete exanples of aromatic polyols (H which
are usabl e according to the invention are bi sphenol qubﬁ)i sgh_en Il S and

1, 5- di hydr 0y naphhfZPwResitions: accerdiigierfbe ipvsntion arepreterabli gbtaipsd by process )

is generally used.d Nt .t :
silicon corrpoundqu,&?b%glr %Je%t?]g&%fﬁggge}ﬁ%ﬂgaﬁ)g?nﬁgwgﬁbg%fﬂ §P%¥?ﬁ%§%f@§ g%‘fl@g ? rom
0.3 to 1.2 nol, aHdwittdn theotahge 2.9 t¢B Sf prefdpibly D18as3®, G teactdd @ithalmiafurdipfithexy
groups of the 30 aromati c pol yol (H). 14 The use, in the conpositions
accordi ng to theOthsyEMPARDOf silicon conpounds (A) which have avail abl e
at | east two epoxy groups |eads to coatings and noul ded bodi es havi ng
| nproved stability when exposed to condensati on.

10 Still more preferably they are prepared by a process which is also defined in greater

detail hereinbelow, in which the sol as defined hereinabove is added in two part

portions to the mixture of (A) and (C), wherein certain temperatures are preferably
observed, and wherein the addition of (D) takes place between the two portions of

(B), likewise preferably at a certain temperature.

15
It is crucial for the composition according to the invention that the quantities of the
components used should fall within the defined ranges. It has emerged that under this
precondition compositions which have markedly improved scratch resistance,
adhesion, lacquer viscosity, gelation times, clouding and elasticity can be obtained.
20

The hydrolysable silicon compound (A) may be pre-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

water is used per mole of hydrolysable group. Hydrochloric acid is preferably used
25 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.

If boehmite is used as the particulate material (B), a clear sol is formed under these
30 conditions.



5 The conpositions according to the invention are preferabl y obt ai ned
by a proceé’%o %‘W’i bed in greater detail hereinbelow, in which a PCHEPFHOS1H e
material (B) having a pHwthin the range 2.5 to 3.5, preferably 2.8 to
3.2, is reacted with a m xture of the other conponents. 10 Still nore
preferably they are prepared by a process 1shich is also defined in greater
detail hereinbelow, in which the sol as defined herei nabove is added in two
part portions toThbeomipsind €C)ok mikdd it th&kom; y&mﬂe(IA? TEEE ﬁastrpattqmpmmﬁmhes
are preferably observed, and wherein the addition o 3

bet ween t he two pespendsdspasticylaty m?’tpllkfﬂv@easpﬁl‘@?@eébh%fm&@boé’edértb%ﬂ ﬁd ed. The

t emperat ure. hgaﬂé%%‘ ?18[ ?fe?dbbt ?Jl?c#zlesugﬂ R FHelw AR & &&?ﬂl OUP%"%'HF % ent for

i nvention that t I €S 0 € conponent s use I n the

defined ranges. ke doad-serighigaetric ﬂ@ﬂrolmik%f thBicempoede (A ahd (Cx dﬂmmquahuqrns
whi ch have markedly inproved scratch resistance, adhesion, |acq

vi scosity, gel at fi§m W b0 W% o thedtotah quantisy treferbly tiempd f@bstoa‘i"h%d 20 The

hydr ol ysabl e silicon conpound (A) may be pre-hydrol ysed optionally together
with the conpound (C) with the use of an acid catalyst (preferably at room

tenperature) in Theeedttios edke iphite reddély ch rexpiheinsic aivnyien ke xhérfitst|exothe@niovl e
of water is used per nple of hydrol ysable group. Hydrochloric acid is
preferably used Peaction hag ﬂ?ﬁ@eéeﬁ“ézl ﬁaéttemmramwpa@u%% by | tyrwperatutg, gontrol to

particul ate mate
0 ust ed o 2.5 ppiBlely 2836855 Tt RARGiaIch, MTAE 32 T8 hphl rcfebotion
preferably Wsed btarts and dn intedkl @mpedaturé defeatted vﬂﬁchJﬁelﬂgm thdmeZ55€r preferblily e
material (B), a clear sol is formed under these ondi tign
higher than 30°C, and even more preferably hlgher than 35°C After the addmon of
the first portion of the material (B) has been terminated, the temperature is held for

a further 0.5 to 3 hours, preferably 1.5 to 2.5 hours, and is then lowered to

approximately 0°C. The remaining material (B) is added slowly, preferably at a
15 temperature of 0°C. The compound (D) is added slowly at approximately 0°C, and
optionally the Lewis base (E), likewise preferably after the addition of the first part
portion of the material (B). The temperature is then held at approximately 0°C for
0.5 to 3 hours, preferably for 1.5 to 2.5 hours, before the addition of the second
portion of the material (B). The remaining material (B) is then added slowly at a
20 temperature of approximately 0°C. The solution which is added dropwise is here pre-
cooled to approximately 10°C preferably immediately before addition into the

reactor.

Following the slow addition of the second part portion of the compound (B) at
25 approximately 0°C, the cooling is preferably removed such that the temperature of
the reaction mixture rises slowly, without additional temperature control, to above

15°C (up to room temperature).

All temperatures indicated are + 2°C. Room temperature is understood to be a
30 temperature of 20 to 23°C.



15 The conpound (C) is mixed with the conpound (A). The first part portion
of the s'ugsmawfp“#articul ate material (B) as described herei naboVET/EB¥ 5L
added. The quantity is preferably sel ected such that the water contai ned
therein is sufficient for the sem-stoichionetric hydrolysis of the
conpounds (A) and (C). This quantity is 516 from10 to 70 w. % of the
total quantity, preferably from20 to 50 wt.% The reaction takes pl ace
readily in exot hei oider tpadjest the'fhieslogichleprbpertiés ¢hd barnpasitions aaért oolvérts may
flattened out, the tenperature is adjusted by tenperature control t

appr oxi mat el y 28°péombyde asided et ami stageoph Gwinvenagatipn3 dhess sabigats %Prq?ereblﬁ

reaction 10 S t-nt.ar | R P/éh.iﬁ '
hi gher than 25[e%ﬁ)&ﬁs pre Zdr?% 1%8ﬁ?§&rﬁ’é‘{réﬁﬁ§‘%ﬂ%f“§dr?”?‘&,[‘ an ?Igl\(;en ngrﬁjgﬁlthe
preferably hi ghehydrolygis3of ethé | dlkoxAddse whidhe afed dréferablyotisddheAlcohislé whbichi e of

the material_ (B) has been termnated, the tenperature is held for a further
0.5 to 3 hodrs, préiceladppyelared arg G 3loebolssin paFfiruias mafagol, sihapaly nipgopanol,

approxi mately Of ¢l T . R ki ( I dd )
preferably at a i@fdp&ngléﬂgoggag@grle%h 0 ogFée'r?r% }'@ko%ﬁ)@eé@nﬁ%bgﬁ%@ﬁ?%éeﬁa&%dl
slowy at approxiomhdsl and0f Butokfethamoll Q\Riglyvoblethyrs) BE partichlar hduagdxfEthanol, are

| i kewi se preferably after the addition of the first part portion of the
material (B). Th&kewkperedermade i s then hel d at approximately OC for 0.5 to 3
hours, preferably for 1.5 to 2.5 hours, before the addition of the second
portion of the material (B). The remaining material (B) is then added
slowmy at a020 Thteompositicnsescedrdimgo the ipémioy niyefurthégmofd eorfigih Wbhventivdel ¢ h
i s added dropwi se i.s here pre- cooled to approxinmately 10[err] C preferably

i mredi at el y bef oPEIIH¥H P& asnifer ¢ sramplsa c celprantso) flowi By s Hakilisersn
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reaction
mxture rises sl mténdedparidhthetmal galymepisation eaghgstat ure control, to above

-

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

Optionally after first becoming surface dry at room temperature, the coated substrate
20 is cured. Curing takes place preferably in thermal manner at temperatures within the

range 50 to 300°C, in particular 70 to 200°C, and particularly preferably 90 to

180°C, optionally at reduced pressure. The hardening time under these conditions

should be less than 200 minutes, preferably less than 100 minutes, and even more

preferably less than 60 minutes. The layer thickness of the cured layer should be 0.5
25 to 100 pm, preferably 1 to 20 um and in particular 2 to 10 pm.

If unsaturated compounds and photoinitiators are present curing may also take place

by irradiation, followed optionally by thermal post-curing.

30 The choice of substrate materials for coating is unlimited. The compositions
according to the invention are preferably suitable for coating wood, textiles, paper,

stoneware, metals, glass, ceramics and plastics materials, and of the latter particularly



15[err]C ( o roomtenperature). Al tenperatures indicated are +
2[err]C. SY%?r? Wferature is understood to be a 30 t enper at ur BCHEPEPSIY
23[err] C 16 In order to adjust the Theol ogi cal properties of the
conpositions, inert solvents may optionally be added at any stage of the
preparation. These solvents are preferablyl7al cohols which are |iquid at
roomtenperature and which furthernore arise fromthe hydrol ysis of the

al koxi des whi ch #gre pdsatingr afeymepsigatics Alsactholas vrechdestrtbed in  [Beckér@Brbar, | y
preferred are Clegrr] alcohols, in particular methanol, ethanol, n- prg?%%nol

i -propanol , n buianstofitasechenhudy [Handhookiof Plasties], Garbﬁmsah‘é{ ag,l\@gm

n- hexanol, n- oc I h I t

parti cul ar n-but tég%t an%Io{ihpét}lérﬁel((;)Ifi““yElt aﬁ% a%errlkdgﬁ%@g for %{lﬁ% ﬁ%%ar?mons
according to thetlienmeplasties, amypléf&mmpmb&bmabﬂ forosvating inreedd oﬁdréteﬂﬁlseés
such as, for_exanple, colorants, flow pronoters, UV stabilisers,

phot oi ni ti ator s, SHERSED@nRaTHEWa; @eeﬁﬁﬂérgiasé%toﬁﬁ??é ensss, RRmoHyeowindgws and
conposi tion is iplende r [ a

Application to tﬁ{e su %rdg?{ehl} @gbéﬁefigﬁ%;{gé 3 ?ér}ﬁm& lﬁjaég& %%%éing tof or
exanpl e, di ppi nginvesatisi.i ng, brushing, knife appl i catl on, rolling, spraying,
curtain-coating, spin- coating and centrifugal coating. Optionally after
first becom ng surface dry at roomtenperature, the coated substrate 20

W thin the rangs 5o ramBsar ] RISH e Sl WETs= R AShyEh: ) S ora o

particul arly preferably 90 to 180[err]C, optionally at reduced pressure.
The hardening time under these conditions




shoul d be |l ess than 200 m nutes, preferably I ess than 100 m nutes, and even
more pref eMBPYIMESs than 60 ninutes. The |ayer thickness of t hePETEREO5197
| ayer should be 0.5 25 to 100 [err]m preferably 1 to 20 [err]mand in
particular 2 to 10 [err]m If unsaturated conpounds and photoinitiators are
present curing nmay al so take place by irrd@iation, followed optionally by

t hermal post-curing. 30 The choi ce of substrate materials for coating
is unlimted. ThExamplasi ti ons according to the invention are preferably
suitable for coating wod, textiles, paper, stoneware, netals, glass,

cerami cs and plastics materials, and of the latter particularly 17 for

coati ng therrmpnh%ﬁjigi}?i?}:‘asuch as are described in Becker/Braun,
Kunst st of f t asche ndbook of Pl astics], Carl Hanser Verlag, Minich,

Vi enna 1992. The conpositions are quite particularly suitable for coating

transparent ther | asgics, and preferably polycaybonates, or for coaling
metals or netall gggé 35{3'0 moglé}fnagggxyemqnglé\mrp@g&eé{ggg\q@f59;[Zgé.eﬂg Hewo of
optical |enses, Bﬂié%fﬂ s BHRUSIaR_N dyi P h : 9‘%&2 | t he
conposi tions obt g#’ne ac\é{gr%% ﬁg toa%hgmwn\e/sre%gén%%le %%ﬁﬂgs ?c#éf r(;‘f)l ow
further explai n apgropinesey 5T \Afidri cooling, thd Blulmisatebetstidoamnytl be stored sealed.

123.9 g (1.92 mol) of bochmite Disperal Sol P3® were added, with stirring, to 1239
10 g 0.1N HCI. Stirring then took place for 1 hour at room temperature. The solution
was filtered through a deep-bed filter to separate solid impurities.

787.8 g (3.33 mol) of GPTS (y-glycidyloxypropy! trimethoxysilane) and 608.3 g
(2.92 mol) of TEOS (tetracthoxysilane) were mixed and stirred for 10 minutes. 214.6

15 g of the boehmite sol were added to this mixture within approximately 2 minutes.
A few minutes after the addition the temperature of the sol rose to approximately 28
to 30°C, and the sol was clear after approximately 20 minutes. The mixture was then
stirred at 35°C for approximately 2 hours, and the temperature was then lowered to
approximately 0°C.

20
At 0°C + 2°C the addition then took place of 600.8 g of the AI(OEtOBu), solution
in sec-butanol prepared as described hereinabove, containing 1.0 mol of
Al(OEtOBu),. After the addition had been terminated stirring continued for a further
2 hours at approximately 0°C, and the remaining boehmite sol was then added, also

25 at 0°C + 2°C. The temperature of the reaction mixture obtained then rose to room
temperature in approximately 3 hours, without temperature control. Byk 306® was
added as a flow promoter. The mixture was filtered, and the lacquer obtained was
stored at + 4°C.

30 Purther 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.



354 58‘? 0 nol) of n-butoxyethanol were added dropwi se to 246.3
(1 0 nol’) &0 /i%#1ni um tri-sec-butanolate, with stirring, wherei RCTHRI8/05197
tenperature rose to approxi mately 45[err]C. After cooling, the alumnate
solution must be stored sealed. 123.9 g (1.92 nol) of boehmte Disperal Sol
P3 were added, with stiring, to 1239 10 199 0. 1IN HC1. Stirring then took
pl ace for | hour at roomtenperature. The solution was filtered through a

deep-bed filter mtqﬂm&weﬁesahmédwmwwlﬁﬁlgtﬂéfacgu@s 6&aﬁadrml) of GPTS
([err]-glycidyl oxypropi/é trimet hoxysilane) and 608.3 g (2.92 nol)
phene

(t et raet hoxysi | ahis brsgd polzend @Iater(lgbds ff@ﬂSltm temperetige =144°G %27500@ of

A Tew i nut os. at PR TR@O0E D055 107 o™ Hg B Vbl A EORE GPRLS l priff by o
appr oxi mat el y 28dippingOined Hdikiurerprépdrbe fival 3WA)Cdnﬁﬁ<Bpr6§3ﬂﬁ:ﬁnﬁﬂibkﬁsﬂaﬂabﬂci 9720

m nut es. The m xture was then stirred at 35[err]C for approxi mately

hours, and the t@ﬁffebt&yhglamla&)ﬂpwe@by Svidraug of heah prpateyentnattl 80SC- d[hérplqt@ werg At
0 C+ 2 6

A ?EJE% Gouy forr] ) BB i 2020 JEF HeBBe BBCh, Bonttile & 8, BhohRes oL Yo7
containing 1.0 npbo ofn/rAin( D Eolihe Fir]10 riihines aﬁrb@nwﬂbdratm thégbabedialates were

termnated stirring continued for a further hours at approxi mately OC,

and the renaini nén%éhﬂﬁ"?"é: £ 1 \hgur. t’lﬁ’@rﬂamid@d?kn@ﬁﬁf the lacquers afiter Aryiog wese

tenperature of t react re
i appr oxi mat el y PREAERS BT (alld sMpEH e tied BBoltelBB FR Y Bl
added as a 1ol ow pftafm&mngmﬁd mentumﬁerMSﬂfeltbit@defﬁxed&mﬂwi he | acquer
obtained was stored at + 4[err]C. 30 Furt her Exanpl es and Conparative
Exanpl es were carried out in accordance with this process, wherein the
quantities of thencoURANENt St HE' GaliRE bhiEfled Wil BRESHRGEr e WRr¥ALYSS
shown in Table 1.

follows:

15 cross-hatch (gt) adhesion test: EN ISO 2409:1994

cross-hatch adhesion test following storage in water: 65°C, tt (tape test) =

0/1. The lacquered plates are cross-hatched to EN ISO 2409:1994 and are

stored in water held at 65°C. The result recorded is the storage time (in days)
20 after which the first loss of adhesion of 0 to 1 takes place in the tape test.

sand trickling test: DIN 52 348
Taber abrader test: wear test DIN 52 347, (1000 cycles, CS10F, 500 g)

25

The evaluation results are shown in the following Table:



19 Test pi eces were obtained as follows using the | acquers obt a'%&:[msml
bi sphenbl WOI984e441 pol ycar bonate (glass transition tenperature = ﬁ 8

Merr] 27500) plates neasuring 105 x 150 x 4 mmwere cleaned with

i sopropanol and prined by dipping in a mxture prepared from3 w.%

am nopropyl trinethoxysilane and 97 5 20 . % butyl glycol, followed by
0.5 hour of heat treatnent at 130[err]C The plates were then coated with a
20 [err]mlacquer |ayer in each case at a dipping rate of V = 100 cm m n.
After cooling for 10 mnutes at roomtenperature the coated plates were
dried at 130[err]C for 1 hour. The | ayer thickness of the |acquers after
drying was approximately 7 [err]m The coated plates were stored at room

tenperature for 2 days 10 after hardeni ng, and then underwent the tests
defined bel ow. The properties of the coatings obtained with these | acquers
were determ ned as follows: 15 cross-hatch (gt) adhesion test: EN
| SO 2409: 1994 cross-hatch adhesion test following stgrage in water:
65[err]C, tt (tape test) 0/ 1.] THe ljacquer|ed pletej arle dross-hatched to EN
| SO 2409: 1994 and gtgred i n watjer f(helld 4t Q5[ grr]|{C. |The result recorded
is the storage tim= (i aays) 20 gftgqr vhigqh tthe first |oss of
adhesion of 0 to 1 'Eakzes pl acle i|n the[itape tlest]. gand trjickling test: DI N
52 348 Taber abradvﬁ tés‘a welar |tedt N Ni52 {347%; (11040 dycles, CS1COF, 500
g) 25 The eval uatl(@ rgs@t ar e sqown i the flol Ijowilng |Tabl e:
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Table 1



20 21 Clains: 1. Coati ng conposition conprising at |east one silicon
conpound (Womoéﬂ has at |east one radical which is bonded direRETFPIEPSHT

is not able to be separated 5 hydr ol yWs an
epoxy group, a particulate material (B) which is cted fro
oxi des, oxide hydrates, nitrides and carbi2des of Si %ﬁw
m nm an
d

transition netals and has a particle size within th

Si, Ti, Zr, B, SQlgmsV¥ conpound (C) and at | east on roTysabIe Ti, Zr or
Al compound (D), characterised in that it conprises 10 the
following ratio 1 nol of the silicon conpound (A), 0.42 to 0.68 nol of the
particul ate mategi al .. 0 0

Bnd 0.23 1o 0. 68l §53t%“°5§>°51§8%891?ﬁ?41% k léagg%n%%ggﬁ# ?g’r‘#"g)c“é%@ Which has

A aim 1, characteri seg lesst bhetad{cd) whithds Mﬂdﬁ@dﬁ@b@ftotslnas getubledo HecuemthtadZO
R3SIR in which the radicals R are the sane or different and stan? for

hydr ol ysat?l e group, phetelvtplly axdegoptaingarepgxy Eioupre PartgHae satenal (B) Whlicﬁyl
or glycidyloxy- (Cer {s]s%fegﬂehwoﬁpﬁn&?gddx?@s, ofide hydrates, nitrides and carbides of Si, Al

and B and of transition metals and has a particle size within the 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
10 the following ratio

1 mol of the silicon compound (A),
0.42 to 0.68 mol of the particulate material (B),
0.28 to 1.0 mol of the compound (C)

15 and 0.23 to 0.68 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,20)-alkylene radical,

25

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

(C) is a compound of the general formula

30 SiR,



(B) is an gxide or oxide hydrate of aluminium (C is a conpound of th
gener al "f oMYRIP4L044 ”um,ml" Si R4 22 wherein the rad?gypg”ﬁsb"ﬂe
the sane or di fferent J"”Im“m hydr ol ysabl e group, preferably
Clerr]-al koxy, and (D)*i s a‘coftpound of the formula 5 [err] wherein the
radicals R are the sanme or different and 2Rand for a hydrol ysabl e group,
preferably a CJerr]-al koxy group, a (err]-al koxypropanol ate group or a
Clerr]. 10 wherein the mmmMe s@heogdifferzat hd standJorp hydtolysable
according to Caim1l or 2, wher i s y-glycidyloxypropyl silane, (B)
is a sol prepared froE’iOBBePFﬁfeF@’?Ylgw %%Y»;?&ﬂtlcl e size within the range 1
to 100 nm (C) is tetraethoxysilane, and (D) is Al (butoxyethanol ate)3. 15
4, Conposi tion according to one of Cains 1 to 3, which conprises
additionally a Lew s (kB a dompondd of tlet folraglat one hydrol ysabl e silicon

conpound (F) having at | east one non-hydrol ysable radical which has 5 to 30
fluorine a ons bonded directly to carbon atons which are separated fromthe

Si by at |east 20 AIR, 2 atons, and/or a surfactant (G and/or an
aromatic polyol (H) having an average nol ecul ar wei ght not exceedi ng 1000.
5. Conposition according to one of Clains 1 to 4, which is obtainabl e by

wherein the radicals R are the same or different and stand for a hydrolysable
group, preferably a C, (-alkoxy group, a C, s-alkoxypropanolate group or a C,.
10 «-alkoxyethanolate group.

3. Composition according to Claim 1 or 2, wherein (A) is y-glycidyloxypropyl
silane, (B) is a sol prepared from boehmite having a particle size within the
range 1 to 100 nm, (C) is tetracthoxysilane, and (D) is Al(butoxyethanolate),.

15

4. Composition according to one of Claims 1 to 3, which comprises additionally
a Lewis base (B) and/or at least one hydrolysable silicon compound (F)
having at least one non-hydrolysable radical which has 5 to 30 fluorine atoms
bonded directly to carbon atoms which are separated from the Si by at least

20 2 atoms, and/or a surfactant (G) and/or an aromatic polyol (H) having an

average molecular weight not exceeding 1000.

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

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



reacting a_sol of the particulate material (B) having a pH within the range
2.5, 25 WO 99710441 ¢ ﬂlmmullum”mnme prepared fromthe sili ®CAEPS$PRAANd
(A) and the conpound ( ' e conmpound (D) and optionally the
further conponents (E) fo fH): 8. $ Tonposition according to Caimb5,

whi ch is obtainable by pre-mxing the 30 23 silicon conpound (A)
and the conpound (C), followed by the addition of 23 a) a first part

portion of from 10 ta)70 wifirSopakt gdrtort Qﬁﬁbmql@&ﬂtmtw’t%fofftﬁ@tow| quiitity B the
material (B) having a pHof 2.5 to 3,5 followed % ecorrpound(D)
and followed in turn by tAd @dmma&ﬂﬁlab{B)shay}ngapHrﬁ% t,QJB\é, falloweddut i on of
the sol of material (B). 7. Conposi tion according to Caim§6,
characterised in that the addition in stage a) takes place at a tenperature
exceeding 25[err]C, ahd tﬂm@mbohn@(lD) rand tfellk8vdd) in tfm by the addition ofand in
stage c) takes place at 0 + 2[err]C. 8. Conposition according to Caimé6
or 7, wherein the conpound (A) is pre- hydr ol ysed optlonally together with

the conpound (C) wit the I bly HC1. 15 9.
Conposi tion accordi ng to g#al &@@gﬁ{l&gp rséliséf fcgfﬁe(%ydr ochloric acid

I's used to adjust the pH. 10. Use of the conposition according to one or
nore of O ains } %Pfor .coating substrate material s of
any type, preferably CREPHEM é"sCPFQ’,%E to Glajsm 61 charactprised in that the addition in stage

a) takes place at a temperature exceeding 25°C, and the addition in stage b)
10 and in stage c) takes place at 0 + 2°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 HC.

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 coating
20 substrate materials of any type, preferably thermoplastics, in particular
polycarbonates.

1. 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, alcohol and/or a monoalkyl glycol ether, in
particular n-butoxyethanol, is applied to the substrate surface and is () 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



poI ycar bo Use according to Caim10, characterised in that,
optional | 3’%%1({4&% puJ'ﬂﬂH"ﬂﬂ'ﬂﬂﬂH’s g the rheol ogi cal propert PEI/EPSS/05197
conposition containin solvent, preferably a
Cerr] alcohol and/or a monoal kyI egcoI ether, in particular

n- but oxyet hanol , i.s applied to the substr2te surface and is (a) cured in

t hermal manner, preferably at tenperatures of 90 to 18[err]C, or is (b)
cured i n phot ocherii cAeadspwhish aé teeated tweithpa icompesitién obtained ascqtiagab okt or
and is optionally post C“ﬁ‘ﬁga'” t hermal manner. 30 12. Articles, in
particul ar | enses, ?8 fdde s, autonotive w ndows nmade of gI ass or
pl astics material s, pr ef erably pol yearbonates, and netal thernal 24
heads, which are coated with a conposition obtained according to one or
nore of Clains 1 to 9.



