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articles which inhibit water droplet formation and
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produce antifogging coatings conposed of crosslinked
hydrophilic polyners on water-repellent plastics
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Numerous attempts have been made to produce antifogging
coatings composed of crosslinked hydrophilic polymers

on water-repellent plastics surfaces.

According to DE-A 21 61 645, a coating of this type is
p.roduced from a copolymer composed of alkyl esters,
hydroxyalkyl esters, and quaternary aminoalkyl esters
of acrylic or methacrylic acid, and methylol ethers of
methacrylamide, as crosslinking agent. They initially
absorb water, with swelling, whereupon they gradually
convert into a form which inhibits water droplet
formation. However, the swelling makes the coating soft

and perceptible to mechanical damage.

EP-A-0 149 182 also discloses articles which inhibit
water droplet formation. These plastics articles

comprise an inorganic coating based on SiO,.



2 However, a disadvantage of the plastics articles
which are disclosed in EP-A-0 149 182 and whi ch
inhibit water droplet fornmati is that this plastics
article conpletely loses its property of inhibiting
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present invention was therefore to provide plastics
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ar tAgbesesholdjedm oparhiec wmasdrg: t hogenvboai nalsl etlyrefore

ext g usi I nj u r el by iGasi;

o ocbas Beo g A R8T BbIEn Y B, water

condrepedti formadiient | Whﬁﬁ&sﬁQﬁ?#ﬂQ|Qhﬁ%;Nﬁﬁkﬁﬂts water

20 nhﬁ?bﬁwlat @5rmelvc%hehafso '1@@1&&dyh%\i%rﬁ)‘eﬁiﬂ{ésﬁmn to the
T F e o Rt a8 T Y OPEE et 8y PALOT A (oe e

1mpa1red by moisture.

Another object of the invention was that the plastics
25 articles are to have high durability, in particular

high resistance to UV radiation or weathering.

Another object on which the invention was based was to
provide plastics articles which inhibit water droplet

30 formation and which can be produced in a particularly
simple manner. For example, the substrates which can be
used to produce the plastics articles should in
particular be those obtainable by extrusion or
injection moulding, or else by casting processes.

35 |
Another object of the present invention consisted in
indicating ©plastics articles which inhibit water
droplet formation and Thave excellent mechanical

properties. This property is particularly important for



3 applications in which the plastics article is

intended to have high resistance to inpact. In

addition, the plastics articles should have 5

p?rtihcul arly good optical properties. Another object
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measures are, inter alia, the following: The coatings
which inhibit water droplet formation on the plastics
ar Cilelies 2dc cachli erges othheunderpyangi odpjlepke with regard to

20 Paptialanloyn igadhesion to the

Plastics articles  which inhibit water droplet
formé.tion, and which can be thermoformed without any
resultant adverse effect on the property of inhibiting
25 water droplet formation, and without any occurrence of
cloudiness, can be obtained if the adhesion—promoting
intermediate layer (b) located between a plastics
substrate and an inorganic coating (a) which inhibits
water droplet formation encompasses two polymers (A)
- 30 and (B), where water forms a contact angle smaller than
or equal to 73° on a layer of the polymer (A) at 20°C,
and water forms a contact angle greater than or equal
to 75° on a layer of the polymer (B) at 20°C.

'35 Particular advantages achieved by the inventive

measures are, inter alia, the following:

. The coatings which inhibit water droplet formation

on the plastics articles according to the



pl astics substrates, this property al so renaining

uni npai red on exposure to noisture. 5 The plastics
articles of the invention exhibit high resistance to

W radiation. The plastics arthi 1 es of the invention
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poly(neth)acrylates 35 Pol ycarbonates are known t
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conpoundd® °Bf ? ST e easily obtainable by 5 reacting
di gl ycol s or bisphenols with phosgene or
20 . The plastics articles of the present invention

have good mechanical properties.

The plastics articles of the invention are obtainable
by coating plastics substrates. Plastics substrate
25 suitable for the purposes of the present invention are
known per se. These substrates encompass 1in particular
polycarbonates, polystyfenes, polyesters, such as
polyethylene terephthalate (PET), which may also have
been glycol-modified, and polybutylene terephthalate

30 (PBT) , . cycloolefinic polymers (COCs) and/or
poly (meth)acrylates. Preference 1is given here to
polycarbonates, cycloolefinic polymers and poly-

(meth)acrylates, particular preference being given to
poly (meth)acrylates.

35 '
Polycarbonates are known to personé skilled in the art.
Polycarbonates may be formally regarded as polyesters
composed of carbonic acid and of aliphatic or aromatic
dihydroxy compounds. They are easily obtainable by
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carbonic diesters in polycondensation or
transesterification reactions. 5 Preference is given
here to pol ycarbonates which derive from bisphenols.
Particul ar bi sphenol s anong these are
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The Tesultant polyners are soluble in the organic
solvents used. 30 The properties of the polyners may
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ol ef i ns enconpass, for exanple, nonocyclic olefins,
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of *PhBse® kR rEhav? Ny FoOmet
inert organic solvents, such as methylene chloride,
chlorobenzene or tetrahydrofuran, and reacted with
phosgene in a reaction involving stages. Amines are
used as catalysts, and phase-transfer catalysts are
used in the case of sterically hindered bisphenols. The
resultant polymers are soluble in the organic solvents

used.

The properties of the polymers may be varied widely via
the selection of the bisphenols. If different
bisphenols are used together, block polymers can also

be constructed in multistage polycondensations.

Cycloolefinic polymers are polymers obtainable by using
cyclic olefins, in particular by using .polycyclic

olefins.



5 to-3 carbon atons, exanples being nethyl, ethyl or
propyl, e.g. nethylcycl ohexene or dinethyl cycl ohexene,
and al so acrylate and/or nethacryl ate derivatives of
t hese nonocyclic conpounds. Furthernore, cycloal kanes
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09, 14 4-hept adecene, 7 _ di net hyl hexacycl o[ 6.6. 1.
13,6 110,13 02,7 09,14 4-hept adecene,

Without any intended resultant restriction, examples of
polycyclic compounds are bicyclo{2.2.1]lhept-2-ene
(norbornene), bicyclo[2.2.1llhept-2,5-diene

25 (2,5~-norbornadiene), ethylbicyclo[2.2.l1l]lhept-2-ene _
(ethylnorbornene), ethylidenebicyclo[2.2.1llhept-2-ene
(ethylidene-2-norbornene), phenylbicyclo[2.2.1l]lhept-
2-ene, bicyclo[4.3.0]lnona-3,8-diene,
tricyclo[4.3.0.1%2°1-3-decene, tricyclo[4.3.0.1%°]-

30 3,8-decene- (3, 8-dihydrodicyclopentadiene),
tricyclo[4.4.0.lms]—3—undecene,
tetracyclo[4.4.0. 12:3,171%1 -3 -dodecene,
ethylidenetetracyclo[4.4.0.1%°.17"*%]-3-dodecene,
methyloxycarbonyltetracyc1o[4.4.0.125,1710] 3- dodecene,

35 ethylidene-9-ethyltetracyclo[4.4.0.1%°,17%%]-
3-dodecene, pentacyclo[4.7.0.1%%,0,0%%3,61°%1%]~
3-pentadecene, pentacyclo[6.1.1%*°.0%7.0%1]-
4-pentadecene, hexacyclo[6.6.1.1&6.1w'“.02”.09J4]—

4 -heptadecene,



bi s(al | yl oxycarboxy)tricyclo[4.3.0.12' 5] decane,

bi s(met hacryl oxy)tricycl o[ 4.3.0.12' 5] decane, 5

bi s(acryloxy)tricyclo[4.3 . O 5 12,5 ] decane. The
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972 43412/1983 /1986, and . 197 7 and
| n ‘Wet eatnes%éll?’f%]f ent® %%P Pl i c‘g? be
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15 Therigyaloheadidi ¢ pol yners may, for exanple, be
pol ynerized in a solvent, using al um nium conpounds,
vanadi um conpounds, tungsten conmpounds or boron
Com@ﬁundsfashaﬂa%q&émeﬁﬁhdmedSoasﬁmned1dmﬂ in particular
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ri r@r@pﬁe‘mlrmlbf V\MﬁnYopémhgcofarxc‘hep@bn@mll@or@de@ns are

20 moreover obtainable by Diels-Alder addition reactions.
The cycloolefiﬁic polymers may be prepared in a known
manner, as set out inter alia in the Japanese Patent
Specifications 11818/1972, 43412/1983, 1442/1986 and
19761/1987 and in the published Japanese Patent

25 Applications Nos. 75700/1975, 129434/1980, 127728/1983,
168708/1985, 271308/1986, 221118/1988 and 180976/1990
and in the European Patent Applications
EP-A-0 6 610 851, EP-A-0 6 485 893, EP-A-0 6 407 870
and EP-A-0 6 688 801.

30
The cycloolefinic polymers may, for example, be
polymerized in a solvent, using aluminium compounds,
vanadium compounds, tungsten compounds or boron
compounds as catalyst.

35
It is assumed that, depending on the conditions, in
particular on the catalyst used, the polymerization can
proceed with ring-opening or with opening of the double
bond.



It is also possible to obtain cycl ool efinic polyners

by free-radical polynerization, using |ight or an
initiator as free-radical generator. This applies in 5
particular to the acryloyl derivvatives of the

cycl ool efins and/or cycl oal kanes. This type of
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me te S | gycC e
155 me%ﬁ)}ggéglégt egngoFH%%O ]?l;t ?%rg’ alttieag W]gr oxyal kyl

(meth)acrylates, such as 3- hydroxypr-opyl '
(nETHéQérydoaio@nersﬁ Ardi mémoxuﬁawl @%ﬂﬁi’ﬂ@)a@lﬁé’ﬂiab%e, inter

2 s g1 Uy LTBLR LY L ey 2 MO QU ORYL 85, oo
1 4ebat anedk iyl d| ((metth) @cryllattes, (methyacr ylmed es) ) afrylate,
ZOethﬁfoﬁ&th@ﬁéth§HGny§tg, n-butyl (meth)acrylate, tert-
butyl (meth)acrylate,  pentyl (meth)acrylate and
2-ethylhexyl (meth)acrylate; (meth)acrylates derived
from unsaturated alcohols, e.g. oleyl (meth)acrylate,
2-propynyl (meth)acrylate, allyl (meth)acrylate, wvinyl
25_ (meth)acrylate; aryl (meth)acrylates, such as benzyl -
(meth)acrylate or phenyl (meth)acrylate, where each of
the aryl radicals may be unsubstituted or have up to
four substituents;
cycloalkyl (meth)acrylates, such as 3-vinylcyclohexyl
30 (meth)acrylate,'bornyl (meth)acrylate;
hydroxyalkyl (meth)acrylates, such as
3-hydroxypropyl (meth)acrylate,
3,4-dihydroxybutyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
35 (meth)acrylate;
glycol di(meth)acrylates, such as 1,4-butanediol
di (meth)acrylate, ’ |
(meth)acrylates of ether alcohols, such as



tetrahydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl
(nmeth)acrylate; amdes and nitriles of (neth)acrylic
acid, e.g. N—(3-dinethylaninggropyl)(neth)acrylanide,
5 N—(diethylphosphono)(neth)h yl am de,

suI % %géﬁPﬁPﬁi dgﬂétﬁg} F&%@gr panﬁlg¥loxyethoxyethyl
et Hykshl) phagtléeehyl (neth)acryl ate,

ethﬁF %aﬁﬁhpFHE%&l%%ﬁ%?%?%%%&ﬁ%%xy&QC acid, e.g.

t hNod)3aﬁlam@ @mlﬂwm@parér wrr@ttél) acrylamide,

5nEthh§eka9ubﬁb@§hBﬁb %@%ﬁ»%%&&h@h@de,

bi h) ac yl qQ eth ) .sul phide; nultifunctiona
nif%f&%?ﬁFX 8 @%‘gs hﬁﬂlﬁEPﬁ?PéﬁPﬁropane
trs@mphhracbnta&&;ngpm@taebyyhamb@L such as

| FHERLTRMEAS R BB S BNRENARL D or e

préséh@ocmaentpbntyﬂhé@@thzacwwia@ees conprise at

10'eéﬁhyi@ﬁ@ﬁﬁoﬂ?ﬂ%ﬂhylpr%E%h@%%!y@%teleaSt 60% by

articu % referably at |east 80% by
gHPCYGFaEQPﬁ§PY%etW§ PyPgrylakgsed on the wei ght
ofmﬁnn9m3ﬁ$ph25yla&mﬂga t(hethrathyaacyl at es set out

abgy ions i zed may al so
CO%DFI gPﬁP&FGHlﬁDﬁgggﬁggﬁhlch are
cop@&yménnzabbea&ntmethéahyylaﬁehacsybatesand with the

15abe¥§ﬂE9hyqe9@pr65§h@)@%&xh@%%§ac§%1§£@"p'es of these

are 1-al kenes, such hexene t ene; branched

al RERESSTEGBR 158y ERFFaBEShRERE 1ate Bnd

3, BefltABERYhrh tpropeRgmedhyBLERYlakedi i SObuUt yl ene,
4-met hyl -1 -pentene; 35 acrylonitrile; vinyl esters,

such as vinyl acetate; styrene, substituted styrenes
hainngneneralfleylreds assteicttuert the theessirde iohagm;ien g. these

20 a'H?kEMkéEyE%RErQEQ at least 40% by weight, preferably at

25

30

35

least 60% by weight, and particularly preferably at
least 80% by weight, of methyl methacrylate, based on
"the weight of monomers.

Besides the (meth)acrylates set out above, the
compositions to be polymerized may also comprise other
unsaturated monomers which are copolymerizable Wlth
methyl methacrylate and with the abovementioned

(meth)acrylates.

Examples of these are 1l-alkenes, such as 1l-hexene,
l1-heptene; branched alkenes, such as vinylcyclohéxane,
3,3-dimethyl-1-propene, 3-methyl-1-diisobutylene,
4-methyl-l-pentene;

acrylonitrile; wvinyl esters, such as vinyl acetate;

styrene, substituted styrenes having one alkyl
substituent in the side chain, e.g. o-methylstyrene and
o-ethylstyrene, substituted styrenes having one alkyl



a-et hyl styrene, substituted styrenes having one al kyl
10 substituent on the ring, e.g. vinyltoluene and

p- met hyl styrene, hal ogenated_s ¥renes, such as
nonochl or ost yr enes, dichlorost; enes

tri es,__and.tetr nost yr enes;
hetgégggg gggg (Fl %hghndg?n§00h as 2- vPﬁ?V%ﬁPF&eng, and

3- anVPE?VﬂéFMéenzwnetmﬁlqganaﬁﬂ¢wrlatmeenesethybuch as

4- VMBMb@MEbeﬂeyrgnésd'@@Hﬁﬂofééﬁyﬁéﬁgg'c¥f¥bro ostyrenes,
vin yrimd Vi n peri di ne, "9- V|nylcarbazIP
3-v HglEﬁFBQEBP@OSE %PE?Fcarbazole 1-vi nyl i m dazol e,

5%0 Retret bylelivi wmﬁ C&ﬁ@b@nc&\é Vi gubayrarsolzd@jlf}gzlpymdlne,
v one i idin

pyr%o £§¥£89Lﬁ§lPﬁylcaéro 5%&' 2 ﬁﬁ deﬁé'acté%iethyl_
vi n§tekoyangridingl f uran, V|ny313ﬁdxmmnkyl -vinylpyridine,

Vi Wiﬁjﬁlﬁ&ﬁﬂﬁlth@yl t h'vq}l Qhes &gqih%r rogenat gfg/féarbazole,

vin I 'azol es, vinyl oxazagl és an 0g enat &¢
viniT%k%X%Fé§ a%Pﬁ?P aﬁdvﬂ§§ﬂﬂ@ﬁ'33@ﬂﬁers 11 inddagole,
1oder2v:aétu~_¢$ 1SUQHy§§mméEb$eanhyd“ de 3}%@@1@0%,
dride % nethylnalel f.&
suc %&n%%9¥ﬁ§9 éﬂ?ﬁﬁe Théné%ﬁﬁﬁ Rt Lf15e used of vinyl-

t hesercohbdbner s MSvhmgﬁnaprbda&m%mby wehgitylbutyrolactam,

pr 0 to 40% 25 and
pare{?ﬁ%lfgz}ré?%g%?ef erably oVlﬁllr‘\ﬁ\i% ?%520% by wei glﬁ'iyltbhloepc}'l ene.
on YHey heh§piane t he ﬁ%ﬂbhﬁhsazghQSthe compoundwdimgenated

lSWHYVﬂ@yyﬁﬁﬂatBQégldua|bin?&oﬁéz@l@bXtur%ndThe hydrogenated
is generally initiated by known 30

%éatloi
fre AP EAFCTRfii ators. Exanpl es of preferred
initiators are tthe azo initiators well known to

per§3§%%légal#§gpk ggeegﬁ% e.g. AIBN and

scyc necar onltrlle and al so peroxy
corfmlmﬁ@, agy@hdasivaeivigs, eshgh ketméep@r arhvéride,

OaCQﬁdﬁ@&ﬁ%&ﬁ@l@eéﬁﬁﬁgﬁld§5 Hhl 8tk yhe PehOXhdmaleimide; and
ter but% ger 2-et % exanoate, Kketone peroxi de,
obTEGP REt D %1B%}%§ma%ne cycl ohexanone

per oxi de, dlbenzoyl per oxi de, tert-butyl
The amount generally used of these comonomers is from 0
to 60% by weight, preferably from 0 to 40% by weight,
25 and particularly preferably from 0 to 20% by weight,
based on the weight of the monomers, and the compoﬁnds

here may be used individually or as a mixture.

The polymerization 1is generally initiated by known
- 30 free-radical initiators. Examples of preferred
initiators are the azo initiators well known to persons
skilled in the art, e.g. AIBN and 1,l-azobiscyclo-
hexanecarbonitrile, and also peroxy compounds, such as
methyl ethyl ketone peroxide, acetylacetone . peroxide,
35 dilauryl peroxide, tert-butyl per-2-ethylhexanoate,
ketone peroxide, methyl isobutyl ketone peroxide,
cyclohexanone peroxide, dibenzoyl peroxide, tert-butyl
peroxybenzoate, tert-butylperoxy isopropyl carbonate,
2,5-bis(2-ethylhexanoylperoxy) -2, 5-dimethylhexane,



per oxybenzoate, tert-butyl peroxy isopropyl carbonate,
2, 5- bi s(2- et hyl hexanoyl per oxy) - 2, 5-di net hyl hexane, -
11 tert-butyl peroxy 2-ethylh noat e,

tert-butyl peroxy 3,5,5-trinmethyl hexanoate, dicunyl

perOXId ¥fp% %§ter5 g#h%&%% %L%%C|Oh%é§Q§bug¥%§eroxy

per oxy I'met hyl cycl ohex
curﬂ/JSSSthI@@*ehbkh@eanQ@t@ but ﬂldwd?rlopermr%lde, 1,1~

bi s As F@éft gﬁ%?@ﬁ@%&ﬁ@ﬁ%§éioﬂ§§9ﬂ¥d'Carbonatq l-bis(tert-

mxtures of two or_ nore of the abovenenti oned
OAERE TR ohe’ anothErethuhey el QBe¥d @ ur es of t he cumyl

5abq1@&mmx§éﬂ5bemgprrpaéﬁdsmtym ﬁgﬁi&@@%@&xﬁlate memiisoned ert -
whi.ch_c cals. .The anp

of e (Lot ST hoLe. BSABURASeT EoPRoR 0. 01 Fo 308 py to ©F
vweigite pf etéeabibpviamemtidsd ccdipdyndei ghth obasedother,

on the &@éghﬁné%ftutr% AL Sa Sali:?réeﬁgﬁtégﬁé(& ”EBM:BGEQS with

polynmers nay be use i ndivid as m xt ure.
UsCORBPEI3SD et hikpieedt WidiGhousan pdiiyearisenatesm free
1opoly{aetdnacryl ates or cycloolefinic polyners which
differ, for exanple, in nolecular weight 20 or in
monomer conposition. The plastics substrates of the
| NVEn | amonay, ofaen exspl ef baepreodumesburdem iwulfdomg 0.01
co skiipos. of: e pel Eo :
thlmgcs) %segpswgé t(?Ir%al Ip%% gé) %F&%egn%%rggt |1c by weight,
shd%?@d p@%c@%%é&el%@%rpﬁsth%xft@@@m%ﬁs or injection
1shoul d| ng. The vvel ght average nol ar mass Mv of the
ho a d/ or % rs.to be used_ accor

ng t.o.the
' o aene ol R aPRbYBBRROLRY s SPER prodddrgLly or
t heagpl astm‘:stsrtbst Mafeesmany alagy Wiet hhada \hede rcaflgerarious

L DR RSO L pyrpgprecinic

I on and processi n
mowal ymexonposthi dbffebweler, eanpﬁemolmmrl@@dllar weight

20f escggtﬂ@tm({,g&géfcéérgﬁbsigléﬁ generally 35 in the range
from 20 000 to 1 000 000 g/nol, preferably from 50

000 to 500 000 g/nol, and particularly
The plastics substrates of the invention may, for

example, be produced from moulding compositions of the
abovementioned polymers. For this, use is generally
25 made of thermoplastic shaping processes, such as

extrusion or injection moulding.

The weight-average molar mass M, of the homo- and/or
copolymers to be used according to the invention as
30 moulding 'compositions for ©producing the plastics
substrates may vary within a wide range, the molar mass
usually being matched to the application and the method
used for processing the moulding composition. However,
with no intended resultant restriction, it is generally
35 in the range from 20 000 to 1 000 000 g/mol, preferably
from 50 000 to 500 000 g/mol, and particularly
preferably from 80 000 to 300 000 g/mol. An example of
a method for determining this variable is gel

permeation chromatography.



preferably from80 000 to 300 000 g/nol. An exanpl e of

a nethod for determning this variable is gel

permeation chronatography. 12 ,Jhe plastics substrates
- may al so be produced by cell TCasting processes. In

t hese, by way of exanple, suitable (nmeth)acrylic

m xtures are charged to a nould 5 and pol yneri zed.

TheElee ( REAP)tdEsy | FebaEXatres Mgeher bF P y bec orprdgeed hdy cell
(nmethdachy! apesceskelUt aipvesnéde, Pabyi CUbgr Bt NYdyampie,
met hacryl ate. Th met h).acrylic m xtures nmay noreover
corf%‘f’r%%b?ﬁe(ﬁﬁﬁgl)%ﬁgiy l§et“¥16ﬂ'ture§o<ﬁ‘/re‘? SR EPdoLoj it mould
SparandupalyherivedcoThiepel O madjn) sicrentic MEKGHEY ifherally
pol LN tic I th)acryl ates. The .
mi%%g%se%agg%{r?ol a?h%g:ggg%ﬁ&gfg%feﬁe p£o YmePYt preBargd P
by RaFtigasat ng nrtdtesseqathageydegll.y hTigber (nt)harrylic

thqnf@i@fegaﬁ%)fofm@péa«;@fsceﬁggige Py dééyom%]fs set out

conpositions. This ﬁ%ves a, nunber of known a ages.
W tHPRGE r esARAnt #FHERndedt? estRa3ctiBhia% he i@y ghtwiscosity

10avedd@ies bRt , M aRyof @ehpsﬁfelélé p!@a?,iri]r@isby Cg’;ll paSrOtOicular
cast i rocesses_is generally in the range from
OOC#%%Q(IE%HE‘&%%?%%%SQ/ nol . Preferred plastics
substrates prepared by the cell casting process nay
be bt ai ped.ge Laklywhth thesstrade pane
(r)Plexidgl a% Ggg‘?%g?ns oh%\lyIl H &%Sg. %% 92 Tﬁ(}ele polﬁ'/mers
moUPERRRE *OnPYsiCeldnaidand PHPeRRRes t he geasrpddy higher
15subsig@t eshe arr@b:_.eélsolrﬁaﬁgsda%ﬁll lzfolfﬁﬁéxrhs, UBBY alEiX§p Irlloulding
conprise conventignal additives of. any_type. anpl es
of (TR EFeoMt | SPAPI S 5EntS, PR ToxP Bakbev ot RIS -
reldeste agentesuflitame r éhaeddetls, résbricaids, des, weight-
fl i v, f] r [ ahiLizer nd .
or %%p o%)p %?%g %%rgr%oéﬁdg?g_gﬁgﬁgagkghéggﬁi? s.,cell casting .
phd3peRs FrRfes S phosphdldesitor thRospigmt ésom 500 000 to

20pi gnend®o ooead hesing stabilizers and plasticizers.
However, the 35 anmpunt of additives is restricted in

relation to the
Preferred plastics substrates prepared by the cell

casting process may be obtained commercially with the
trade name ®Plexiglas GS from Ré6hm GmbH & Co. KG.
25
The moulding compositidns used to produce the plastics
substrates, and also the acrylic resins, may also
comprise conventional additives of any type. Examples
of these are antistatic agents, antioxidants, mould-
30 release agents, flame retardants, lﬁbricanté, dyes,
flow improvers, filiers, light stabilizers and
organophosphorus compounds, such as phosphites,
phosphorinanes, phospholanes or phosphonates, pigments,
weathering stabilizers and plasticizers. However, the
35 amount of additives 1is restricted in relation to the

application.

Particularly preferred moulding compositions which

encompass poly(meth)acrylates are obtainable with the



application. Particularly preferred noul di ng

conposi tions which enconpass poly(neth)acrylates are
obtai nable with the 13 trade nanme PLEXI GLAS(r) from
t he conpany Degussa AG Pr et érr ed noul di ng

conposj tions which_enconpas cycl ool efinic polyners

na epufl@ﬂ’fseaiﬁﬁlﬁl‘f\ﬁ t%&&@ h8fe ¢oYEYPEs J9Btasa AG.
Ti coref eanceq r ) Zeoukding om dbpposiZeons 5 Walyhar benabapass
no [ NOSi tj akna .

el SRR bOIomEEe Bl i od B b e trace
or NG9 RARPAFoARTGENF PO eeRdi BZeTmexp| fisem c¥ippon Zeon.

5SuUls Nl A d &€ Uhahi L i R eLemBBlkY t 148 seNGAUPESEEsndble, by
| east 80% b vvelght, n _particular _at |east 90% by

wei'git | ChasBPBRIEhe Yottal TRE ghtadf tifdte sB&ralon from
of Heote( net ®Rexyhafesn pehycal bbhatesicand/ or

cycl ool efinic polyners. The plastics substrates .are
particularly preferably conposed of polynethyl 15
metfecr yl Rl@stand t hissihsdirgret hylpaet heelgt iy e nayeferably

10 COMRIdhpayBenstonal, Addaps ves, oo, Phef efLed <y1ar at
emhodi nent ., plastics_substrates m ave an i rrpaccf

h
st r&agtth 1% 1 8D rraphter hasedaer 'ﬁze toted feeight of the
pr efigysalrlateat | east 1pok(H8chThershapes, andpahgeatBenates
Si Zg.4 Ofrthec Cl)gftjfi:rsl,.subsgrate are not. inportant fgr ‘
t hé présent? Tnvent T on © SEBsYT'St &8s HEFTy Lo efubstrates
of rate harr timilshnahe dbrefastmely orcam@dsednebf apdlymethyl
15have & 4 gkihess | h g éiﬁ?f[n t LN
parti Cl?lt(_'iayryqfrorﬁ 5 atﬂ}ad SSUET%] E%é%ﬁgét e plgggﬁggrmté may
- subSIMPALES SVVided WA tdvesoati ng, they may be
activated by suitable nethods in 30 order to inprove
adhesion. For this,.by .0of exanp| e, the plastics
subst r 3te r%@e%eerlf‘?’%ategg%éﬁmﬁnghe%i?ﬁtl%ﬁd/ strates may
physiveal apr o¢epactt hetpangtbulew prsmwesls’ her e ofbeianty least
20 de&%n%%zon?ggﬁgeggﬁgt Gf substrake, Jpe The plastics

articles of resent invention are initially
provi ded with an adhesion-pronoting internediate

| ayele (@Hageocaietl dpiyeehe tHe-P) a5t i €8e plastics substrate
are not important for the present invention. Substrates
generally used often have the shape of a sheet or a

25 panel, and have a thickness in the range from 1 mm to

200 mm, in particular from 5 to 30 mm.

Before the plastics substrates are provided with a
coating, they may be activated by suitable methods in
30 order to improve adhesion. For this, by way of example,
the plastics substrate may be treated by a chemical
and/or physical prcceés, the particular process here

being dependent on the plastics substrate.

35 The plastics articles of the present invention are
initially provided with an adhesion-promoting
intermediate layer (b) located between the plastics'
substrate and the inorganic coating which encompasses

two polymers (A) and (B), where water forms a contact



substrate and the inorganic coating which enconpasses
two polyners (A) and (B), where water forns a contact
14 angle snaller than or equal 0 73 on a layer of

the polynmer (A) at 20C, and r fornms a contact
angl re ha 1730 | ayer t he
pol 3?% 14 %‘gh%'ﬁetg%nt ac aﬁu?e |5ts? 37e er ngdqaal Voot the

usi @g?lam&IGémAto@ttac%O%mgl enrﬂea»siltr@rreiﬁbrsystaemcbmbmt angle
Kr (giloser dibusg. e&hgllﬁﬁeﬁshh%ﬁ¥Q§sfa & of the polymer

determ ning the contact angle here is no
si grief)i- carﬂ?e BORtRRE &S | &S| Aeterbared BG AHISC wiesing a

a | ayer cosmpesed Ohnbhe PalEERIrdhtOr  s¥RsReCt FVEhY, Kriss,
%lh !Eol(‘g\r/[ner (B). A layer thickness of 50 pm or

I es erally sufficient. However, the |ayer

shoul d be snmooth to permt correct determ nation

L he bR A ANGLE R Y A S aBL e AR RGNS, (S a\‘ract angle

SUI‘ I'S substanti snoot
of &e¥@Er fheeneft thHignifjrant, kh@\ﬁm ttftﬁtﬁ@t@er den in contact
16ki bheg i fithe artiafdvercipdddd Coent thay§lo1ym (a) or,

t hi ckness, . a srmo%{ surface forns sspont aneousl V\/nen
a f FERPCSEASHY prfoebiei BOGYBEY 46 ) Thed i 1Ak abpickness of
pr opér fan obrt heesslhdsd ogepeemﬂyngsmﬁﬂﬁmlems tlmkné\;te"r the

?gcg%&vﬁ C“J}?%‘hh(i ob%hgl\ﬂg g?lt &t O&F&tquf or rra %t Tiggermlnatlon

gr eaferthdagonkactofandle | ather vagdudswe @Iaslappélzable to a

15Ur £ag@ac\Wi|iei EHER. akeH IUBE DAIS1 F @%b%hpolq»ﬂ@f production
mat eri al s which adhere well to a water-repelle

pl aSfi c2 STFERES Hfeqldte adl®S ohSt OFRAE | atfer thi§i cRerson
i nhekilg edatier wheopet. fcoi\rmtil@nsﬁﬁﬁﬂti@ﬁt paéiréiaul:ﬁickness,

propertjes,,30_Th properties_ar ased.on mers
(A Eav}sﬁ%%ﬁo arsurgf—’lgl?ps%gnalsl oEECE apﬁoflﬁ%y e’g 2ta f.low__
adhesitangr owodeasg [isyersed.t hese pol ymers having | ow
sgolubility and low swellability in water. The

pol arity of the polymers (A)
The “important property of the adhesion-promoting layer

is that its adhesion, both to the plastics surface and
to the layer which inhibits water droplet formation, is
greater than that of the latter to the plastics
25 surface. While there are numerous Aorganic polymer
materials which adhere well to a water-repellent
plastics surface, adequate adhesion to the layer which
inhibits water droplet formation requires particular
properties.
30 _ '
These properties are based on polymers (A)having polar
groups and located vin the adhesion—promoting layer,
these polymers having low solubility and low
swellability in water. The polarity of the polymers (A)
35, is apparent by way of a low contact angle formed by
| watér'on a layer formed from polymers (A). This layer
may comprise negligibly small amounts of additives or
solvent residues, and it is essential here that these
additives do not affect the contact angle. A layer of



35 is apparent by way of a | ow contact angle fornmed by
water on a layer fornmed frompolyners (A). This | ayer
may conprise negligibly small unts of additives or
sol vent residues, and it is essential here that these

add ves. do_no f he c ntact an .
SObbh BELY0RE: (ph) RRkREPERC BRNTRL -0 Bhtach: 'Bie, Tra1er
snathem orhaquoﬂ equal3t art732@fC20&ndantet kententtacingle of

angtﬁeo%olﬁérgo')(@ﬁ F@%f‘eﬁ Ft?f %a?,hlé L AHe £ 00 o

fromb5 and ticu preferably i n the
range’f reﬁdae@rtecvéaﬂy Iﬁ@ﬂﬁiﬁtﬂh]éf ofn t Kee p@ﬁyﬁer femm 65°

5 s pet7sabject to any particular restriction, as |ong

as the polarity is present, this being reflected in

the contact angle 10 forned by water on a surface

conplos echadfureol yfrettheA)polyies pgal)arid ynoay ggasesed | yo any
be [ ups, mhl may  be_ .
cortt Franrady YA PP R TUER e e mapity i
15 greseet ymerhisn) hedyna heqeéﬂ@lceede obt aflped dnntact angle

10P0! yeaebd i g Ua R YSPndensalden rERIds. o EXaBRLeer (a).

here are et hers, polyesters, poqlycarhonates,
pol Yot 2t 1 hoRY e FIREEMH HolBfamdEsevayl  via polar
Pol yvduys @mm@lundasyam afotdeels tdrewm tof oEORPRUNESin  chain

SU|£ ?} ragfpgla Chalnan‘ples of these are
pol'y i ns. SsUch A% polypropylene pol yet hyl ene;

polyaryl conpounds such as pol ystyrene;

15polmtéret PAgmdat egagnd eg@ Yo Rcet atgs. VbiWlined by

gggunds suj table for preparing these polyners
et OB utOTbRRLY NIRRT kit RaRcLe PB yndpgmples

(Al)helsnwe tduee corr_tcalqtetﬁr@l]e Sqiolq;tdstaalifs\/he s arbonates,
po ss. polar__gro Thes oups may
o NORETROTIT e | it Pher SO0 e Ray of

exanple V|a the sel ection of SU|table oopolyners

OThe§§1 ﬂgﬁﬁﬁgerafgs Paﬁkﬁgb compounds

25

30

35

pol y %mf graft co olynerlzatlon
gro%%%t %haﬁayobﬁmﬁﬁntFﬁﬁ@818?e°§5tﬁ§§?oﬁye ééﬂb@%@flnsf

sul phemy! , gar boyam/geoppikhkl e ansblyethylene; polyaryl
compounds, such as polystyrene; poly(meth)acrylates and
polyvinyl acetates. Vinyl compounds suitable for

preparing these polymers have been set out above.

In order that these polymers (A) have the contact angle
set out above, these polymers may encompass polar
groups. These groups may' be incorporated into the
polymer (A), by way of example, via the selection of
bsuitable copolymers. These groups may moreover also be

grafted onto a polymer by graft copolymerization.

Particular polar groups which may be mentioned are
hydroxy, carboxy, sulphonyl, carboxamide, nitrile and
silanol groups. They are preferably a constituent of a
macromolecular compound which also contains non-polar
groups, such as alkyl, alkylene, aryl 'or arylene

groups.



silanol groups. They are preferably a constituent of a
macr onol ecul ar conpound whi ch al so contai ns non- pol ar
groups, such as al kyl, alkylene, aryl or aryl ene

groups. 16 The ratio of polar(%o non- pol ar groups in

the polynmers (A) has to be selected so as to achi eve
adhesion both to the water-repellent, i.e. non-polar,
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pol ymer material. 25 Polar groups differ. in their
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material are used In the case of arlty
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of the adhesion-promoting layer contains from 0.4 to
100 millieguivalents of polar groups in 100 g of the

polymer material.

Polar groups differ in their“polarizing' action. This
increases in the sequence nitrile, hydroxy, prim.
carboxamide, carboxy, sulphonyl, silanol. The stronger
the polarizing action, the lower the content required
in the polymer material. Whereas from 4 - to
100 milliequivalents of polar groups in 100 g of
polymer material are used in the case of the Ilow-
polarity groups, from 0.4 to 20 milliequivalents/100 g
.0of the high-polarity groups 1is sufficient. If the
selected content of polar .groups is too low, the layer
which inhibits water droplet formation does not have
sufficient adhesion. In contrast, if the content of

polar groups is too high, the water-swellability



of the high-polarity groups is sufficient. If the 35
sel ected content of polar groups is too |ow, the |ayer
whi ch inhibits water droplet formati on does not have
sufficient adhesion. In contrast, if the content of

pol ar groups is_too hi t he nat er 5 smellablllt 17 |
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CH2=CH C2- C3H7- Si  (OCH3) 3, CH2=C (CHB) - C02- C3H7- Si
(OCrB¢ 3polymers which can be obtained by free-radical

polymerization of vinyl compounds may also be modified,
like the polymers which can be obtained by

25 polycondensation or polyaddition.

To modify these polyvinyl compounds, use may in
particular be made of silanes which encompass vinyl
groups which are not hydrolysable. Examples of the

30 particularly suitable vinylic silane compounds are
CH,=CH-Si (OCH3)3, CH,=CH-Si(0OC;Hs)3, CH;=CH-SiClj,
CH,=CH-S1i(CH3) (OCH3),, CH,=CH-CO,-C3H;-Si(OCH;3)3,
CH,=CH-CO,-C3H;-Si (OCH3)3, CH,=C (CH3)-CO,-C3H,-Si (OCHj) 3,
CH,=C (CH3) -C0O2-C3H7-S1 (0OCHs) 3 and

35 CH,=C (CH3) -CO,-C3H;-SiC1;.

Preference 1is also given to polymers (A) which have
groups which lead to crosslinking during and/or after
the formation of the intermediate layer (b). Silanes



CH2=C (CH3) -C2-C3H7-Si (0C2H5) 3 and 35 CH2=C (CH3)
-C02-C3H7-Si A 3. Preference is also given to polyners
(A) which have groups which | gd to crosslinking

duri ng and/or after the forﬁa on of the intermsdi ate
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preferably from40 to 90% by weight, and particularly
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notWeat9iet Of héheorirdarmadtiate ThHavesollhbi | Puj g0 resultant

pol yeetr {B}ibn Nt ehresduery small. It is generally

smal ler than 1 g/1. 30 The nature of the polynmer (B)

IS subject to no particular restriction, as long as
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on a surtace conposed meric

Conﬁ%hn@’}@lﬁht abRe Fon- polar propertles ThlS property 1is

reflected in the contact angle formed by water on a
-surface composed of polymers (B).A This layer may
comprise negligibly small amounts of additives or

25 solvent residues, but it is essential that these
additives do not affect the contact angle. The
solubility of polymer (B) in water is very small. It is
generally smaller than 1 g/l1.

30 The nature of the polymer (B) is subject to no
particular restriction, as long as the high level of
hydrophobic properties is present, [lacunal] by way of
the contact angle formed by water on a surface composed
of polymer (B). A polymeric compound - suitable as

35 polymer (B) therefore has a high proportion of non-

polar groups.

The hydrophobic properties of the polymers (B) are
apparent by way of a large contact angle formed by



35 polynmer (B) therefore has a high proportion of non-
pol ar groups. The hydrophobic properties of the

polymers (B) are apparent by way of a | arge contact
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To some extent, the abovementioned polymers encompass
polar groups. This is non-critical, as long as the
result of their polarity is not that the contact angle
formed by water with a layer composed of polymer (B)
25. lies outside the range given. It should be stated here
that the polarity of these polymers can be reduced by
hydrophobic side chains, such as alkyl chains, in such’

a way that the abovementioned contact angle values are

achieved.
30
Preferred polymers (B) may be obtained by free-radical
polymerization of mixtures which comprise the following
constituents
(meth)acrylate 50 - 100% by weight
35 methyl (meth)acrylate 0 - 60% by weight
preferably 0 - 50% by weight
ethyl (meth)acrylate 0 - 60% by weight
preferably 0 - 50% by weight
0

C3-Cs (meth)acrylate

100% by weight



(nmeth)acrylate 50 - 100% by wei ght 35 net hyl
(meth)acrylate 0 - 60% by weight preferably 0 - 50%
by weight ethyl (meth)acrylate, 0 - 60% by wei ght
preferably 0 - 50% by wei ght -C6 (neth)acrylate 0 -

100% by th) acrylate 0 - 0%
pol yf uncifve ﬁ@t}?’nﬁ%acr lates 0 - 5% by vvel gﬁoéﬂ%}g weight
comonapetgignct50oaby m@t@hﬁcvb’ﬁ}yltaswmt is- 0 -5V09% byeight

vveug(mon&nézfgyl esters 0 - 30% by weight g basethon,Jheighe
wei ght of the vinyl conpounds. The non-polar polyners
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wei ght of the internediate layer (b), with no intended

20 resultant restriction. The internediate | ayer (b)
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weight of the intermediate layer (b), w1th no intended

20 resultant restriction.

The intermediate layer (b) may moreover comprise

conventional additives. Particular examples of these
are surfactants and flow control agents.
25 ' '
An example of a method for producing the intermediate
layer (b) uses mixing of polymer (A) and polymer (B) in
a suitable solvent or diépefsion medium to produce a
coating mixture which may comprise the additives set
30 out above. The wuse of solvent mixtures may be
necessary, since the polymers (A) and (B) have

differing polarity.

The coating mixtures set out above may be applied to
35 the plastics substrates by aﬂy known method. Examples
-0f these are immersion methods, spraying methods,
doctoring, flow-coating methods, and application by

rollers or by rolls.



The coating m xtures set out above may be applied to
35 the plastics substrates by any known net hod.
Exanpl es of these are inmersipon nethods, spraying
met hods, doctoring, flow coating nethods, and
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foFH%ﬁ9ﬁ¥% dbﬁﬂped thereto. The expression "which

inhibits water droplet fornation"

In one particular aspect of the present invention, the
contact angle formed by water on an intermediate layer
25 (b) at 20°C is in the range from 63° to 80°, in
particular in the range from 65° to 78° and
particularly preferably in the range from 68° to 77°,

with no resultant intended restriction.

30 After the drying of the adhesion-promoting intermediate
layer (b), an inorganic coating (a) which inhibits

water droplet formation is applied thereto.

The expression “which inhibits water droplet formation”

35 means that a water droplet forms a contact angle of at
most 20°, preferably at most 10°, on the surface. This
variable is determined at 20°C, wusing a G40 contact
angle measurement system from the company Kruss,
Hamburg.



35 neans that a water droplet fornms a contact angle of

at nost 20, preferably at nost 10, on the surface.

This variable is determ ned-a$,20C, using a 40

contact angl e neasurenent system from the conmpany

Kr(err)ss, Hanburg. 22 For the purposes of the
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, Where Rl is a group having from1l to 20 carbon
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9r adRse AKBWd cocondensates may be obtained, inter alia,
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compounds of the general formula (I)

25 ngSng_n (1),

where R! is a group having from 1 to 20 carbon atoms, X

is an alkoxy radical having from 1 to 20 carbon atoms,

or a halogen, and n 1is an integer from 0 to 3,
30 preferably 0 or 1, and where the various radicals X or -

R' may in each case be identical or different.

The expression “a group having from 1 to 20 carbon
atoms” characterizes radicals of organic compounds
35 having from 1 to 20 carbon atoms. It encompasses alkyl
groups, cycloalkyl groups, aromatic groups, alkenyl
groups and alkynyl groups having from 1 to 20 carbon
atoms, and also heterocaliphatic and heteroaromatic

groups which have in particular oxygen atoms, nitrogen



groups and al kynyl groups having from1l to 20 carbon
atons, and al so heteroaliphatic and heteroaromatic
groups which have in particul oxygen atons, nitrogen
23 atons, sul phur atons and osphorus atons, besides
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haviafjsulsdtidm-ut i on, where appropriate, by branched or
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al kox r s are the ne et hox 0pox
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abovenentloned preferred cycl oal kyl groups.

20 Examples of preferred cycloalkyl groups are the
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl group, and the cyclooctyl group, these
having substitution, where appropriate, by branched or
unbranched alkyl groups.

25
Examples of preferred alkoxy groups are the methoxy,
ethoxy, Propoxy, butoxy, tert-butoxy, hexyloxy,
2—methylhekyloxy and decyloxy group, or dodecyloxy
group.

30
Examples of preferred cycloalkoxy groups are

cycloalkoxy groups whose hydrocarbon radical is one of
- the abovementioned preferred cycloalkyl groups.

35 The radical R' is very particularly preferably a methyl
or ethyl group.

With respect to the definition of the group X in
formula (I) in relation to the alkoxy group having from



35 The radical R is very particularly preferably a
met hyl or ethyl group. Wth respect to the definition
of the group Xin formula (L) ,i,n relation to the

al koxy group having from24 1 to 20 carbon atons, and
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10 et paetﬁb@amel g dAth lensstpadd wit aﬁe:agskpneptl@fp&helcaﬂar at
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based on the weight of the silane conpounds used. 25

I n anot her aspect of the present invention, use nay :
al séehEcARHEXYFdN@Se conBBASEPASS WA cht%ﬁ@me%oxysﬂanef

130l ketdaktyostyspeased S @etal-td-Gpohheseasd| ut i earaiso-
may_be obtalged b%%th %ol-§§L Eroces in particular
cond&REPHY °teff'ga 8&$§iF§ﬁ SPHhGFSE 18R S hal osi | anes.
30 Aqueous coating conpositions are usually prepared
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hydro ysi ng anosilicon co s Wth an ano
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preferred tetraalkoxysilanes is at least 80% by weight,
in particular at least 90% by weight, based on the

weight of the silane compounds used.

25 In another. aspect of the present invention, use may
also be made of silane condensates which comprise
colloidally dispersed SiO; particles. These solutions
may be obtained by the sol-gel process, in particular
condensing tetraalkoxysilanes and/or tetrahalosilanes.
30

Aqueous coating compositions are usually prepared from
the abovementioned silane compounds by hydrolysing
organosilicon compounds with an amount of = water
sufficient for the hydrolysis process, i.e. >, 0.5 mol
35 of water ©per mole of the - groups intended for
hydrolysis, e.g. alkoxy groups, preferably with acid
catalysis. Examples of acids which may be added are
inorganic acids, such as hydrochloric acid, sulphuric
acid, phosphoric acid, nitric ‘acid, etc., or organic
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hydrol ysis, e.g. al koxy groups, preferably wth acid
catal ysis. Exanples of acids which my be added are
i norgani ¢ acids, such as hydrochl oric acid, sulphuric
acid, phosphoric acid, nitric id, etc., or organic -

25 _acids, such as carhoxylic. acids, . organi c_sul phoni :
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sexternal heat in order to start the reaction, for
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ex le by heating the 1Q mi xture to 40-50C._ Care i s }
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SUiﬁ}?eP' §i?§§85co§¢e&6ﬁna§ ?séyork%‘rki:&n@é‘ﬁ%d €09giaH Bdymers
al kali netal hydroxides or_ alkaline earth nefal

hy dfRBG He¥S1ERF "RUFFRSF BPerat IS Yonk® (feRpeally in the
watEdrgd cohom 100X tur @ cand 0ofg tel vobaéféealsly dsro@y 200 to

be r d fro 30 the reactjon, m xtur.e r exanpl

oy WTIREIGURET, Fhd et SRR Ketilrabll AP £a0 to
useb dtafrb hg A exdmplaveht fonetthpdc dopr dstecminngg this
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and/ or of other 35 netal conpounds, e.g. cobalt
conpounds, copper

Examples of ways of terminating the condensation
reaction are cooling to temperatures Dbelow 0°C, or
increasing the pH, using suitable bases, such as
organic bases, .e.g. amines, alkali metal hydroxides or

alkaline earth metal hydroxides.

For further operations, some of the water/alcohol
mixture and of the volatile acids may be removed from

the reaction mixture, for example by distillation.

The silane cocondensates which can be used according to
the invention may comprise curing catalysts, for
example in the form of zinc compounds and/or of other
metal compounds, e.g. cobalt compounds, copper
compounds or calcium compounds, and in particular their
octoates or naphthenates. Without any intended
resultant restriction, the content of the curing

catalysts is generally from 0.1 to 2.5% by weight,



conmpounds or cal ci um conpounds, and in particul ar
their octoates or naphthenates. Wthout any intended
resultant restriction, the cgnﬁgng of the curing
catalysts is generallyfrom0.1 To 2.5% by wei ght, 26
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par T | €Rg o SRR R Yl FpERR e 208" shdtna,  for
pr ebxaamabley, abe rimslowBD(D)O(mnmg/h garéfer&]alylhaehowange ug/l.
from1l to 200 nm preferably from1 to 50 nm 30 The

coating conpositions described above may be obtained
corfRe s aPkydeft Mahe foradexampde( r Peudmpl(ifgbmint ke form
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compoun ese c lloi solutions are c‘llsclosed by

way of example in EP-A-0 149 182, EP-A-0 826 663,

EP-A-0 850 203 and EP-1 022 318.

25 The particle size of these oxide particles is not
critical, but transparency is dépendent on the particle -
size. The size of the particles is preferably at most
300 nm, in particular in a range from 1 to 200 nm,
preferably from 1 to 50 nm.

30
The coating compositions described = above may be
obtained commercially with the trade name ®Ludox (from
the company Grace, Worms); ®Levasil (from the company
Baver, Leverkusen) ; ®Klebosol (from the cdmpany

35 Clariant).

The coating compositions for producing the inorganic

coating (a) may moreover comprise conventional



35 Cariant). The coating conpositions for producing
the inorganic coating (a) may noreover conprise
conventional 27 additives and,processing aids.

Exanpl es of these are in particular surfactants and
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resul tant adverse effect on their coating that
i nHI‘IbEEt davwat ethilchopées fa neheoninciwarfior nicpgtpngceés) is

JEéEFE(EI 0 € n 0] S,:
the p as%‘l?’%%& raltr)?lg gltlhggﬁeat 05\’%% 5 fo‘?irl&e%o gﬁg of a tended
sui ¥eBtECarenpret e igkkerenpeiha urelate wafch ttlﬁé Yariable

20f ora&i@? prReessirdakesy phoceesepesdgcarriahaysofd efh8g range
p0| t o
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parand uparticetafby pheferably from 0.05 mm to 0.5 um. The
layer thickness of the coatings (a) and (b) is
preferably in the range from 0.1 to 3 um.
25 ‘
The plastics articles of the present invention can be
thermoformed with excellent results, without any
resultant adverse effect on their coating that inhibits
water droplet formation. The forming process 1is known
30 to the skilled worker. In this process, the plastics
article is heated and formed by way of a suitable
template. The temperature at which the forming process
takes place depends on the softening point of the
substrate from which the plastics article was produced.
35 These processes are 1in particular wused for the

processing of cast transparent sheets.

The plastics articles of the present invention,

provided with a coating which inhibits water droplet



processing of cast transparent sheets. The plastics

articles of the present invention, provided with a

coating which inhibits water d%opl et 28 formation,
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presend i (wemti;pp may be used in the construction
sector, for exanple, in 30 particular for the

productlon of greenhouses or conservatories, or may
sermes a@l&sﬁtqlc%e datitees B tﬂéeritzinﬁhtjlfbd I hﬁét rgﬂirﬁéi’ally

in.mor.e detail .below b wa i nventive exanpl es.and
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exaipl &5 s Ay eRLiye. Exanple 1 29

Without any intended resultant restriction, the
vellowness index to DIN 6167 (D65/10) of preferred
plastics articles remains smaller than or equal to 8,
preferably smaller than or equal to 5, even after

prolonged UV irradiation for more than 5000 hours.

The plastics articles of the present invention may be
used in the construction sector, for example, in
particular for the production of greenhouses or

conservatories, or may serve as a noise barrier.

The invention is illustrated in more detail below by
way of inventive examples and comparative examples, but
there is no intention that the invention be restricted

to these inventive examples.

Inventive Example 1



Production of the adhesion-pronoting internedi ate
| ayer A first copol yner conposed of 88% of nethyl
met hacryl ate and 12% of ganmma- %gat hacryl oyl oxypr opyl -
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25% of an anionic silica sol (solids content 30%), with

0.1% of the potassium salt of the 3-sulphopropyl ester
of O—ethyldithiocarbonic acid and 0.4% of an
25 ethoxylated fatty alcohol are made up to 100 parts with
deionized water and coated by flow coating in a thin
layer onto the sheet provided with the adhesion-

promoting layer.

30 In order to inhibit or suppress foaming in the coating
ligquid, a commercially available antifoam may be added

if required.

The layer thickness of the adhesion-promoting layer and
35 of the active ingredient layer may, if required, be set
as desired. by way of dilution with deionized water,
where appropriate with addition of further surfactant.
In particular in the case of relatively long sheets, it

is advantageous to increase the dilution in order to
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30 ensure that the layer thickness at the | ower end
does not becone too high, and in order to mnimze
the layer thickness gradient omthe top to the
bottom The |ayer thickness of the extrenely thin
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pl asticjzing conononmers, e.g. acrylates, and has a
I oeécfr r#quer%%?ar' weight, even a relatively |ow 25

tenperature is sufficient. In the case of cast PMVA
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sheets have 30 softened, they are curved over a

sef T e moul d with a prescribed bending radi us,

and allowed to cool. After formng with a bending

rad%ﬂ‘é of pi%s?&%‘ th&rtggfsts Rf-ducedh as in‘.t@émlf?rmed.
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caht%ﬂ?ﬁr (ATR ol ?Qe?é%a. e eat resistance of the
substrate. In the case of extruded PMMA, which unlike
cast PMMA has plasticizing comonomers, e.g. acrylates,
and has a lower molecular weight, even a relatively low
temperature is sufficient. In the case of cast PMMA,
which has molecular weights from above 1 million to two
or more million, and is frequently composed of pure MMA
homopolymer with, where appropriate, weak crosslinking,
a higher temperature is used. Once the sheets have
softened, they are curved over a semicircular mould

with a prescribed bending radius, and allowed to cool.

After forming with a bending radius of 47.5 mm, the
sheets produced as in Example 1 show no cloudiness or
cracks in the coating, and show good inhibition of

water droplet formation, with low contact angles.

The assessment of inhibition of water droplet formation

by the contoured substrates can only be visual, because



the gonioneter is not capable of taking neasurenents
from cont oured speci nens. Inhibition of water droplet
formati on was assessed here qualitatively as good. 5
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formati on 20 was poor. Inventive Exanple 2 Exanple 1
is repeated, but the copol yner conposed of 25 88% of
metGopiparetttiacy Examepbadl 12% of gamma-

1oMet hacryl oyl propyl tri met hoxysil ane and the second ,
copol ymer conposed of 20% of nethyl nethacrylate and
80%HAR vyl neRBactyptart ik ssrpeated a Pati of second
8: kdgbBpient aespaked antl 2ppl ietl mBtaythimetlkyerylate and

30 heets.by flow cqating. The contact_ anpgle for .
theésd\%Mr?férﬁ\é%V%t \é‘elt SFYRES S6 ™S B Sty nrggfstaéi%lgg on
i s 2PN0ingy cletsermédbate hbayer . f Bheai agntabe sheée ifor the

tr ansparen; £l eLtyel ¢go 35 inhibits water droplet
le o?lrratl on. K npar a}%%e %’ianpl e 2 32 Exanple 1 was
substantially repeated, but the adhesion- pronoting

i ntﬁ@egh@%lgg/ég?sea{lﬁé: s&dst als.@;@lwat@e ng}od)(?ﬂercycles. On
(040 ose J70 0 nme acr at e (o) ;

i fr g LSS5 GBS b Ra P UPaFantThEhen the
contianialngl #sfesséfeinnikivkdhabE wayer Waspbét Aormation

20 was poor.
Inventive Example 2

Example 1 is repeated, but the copolymer composed of
25 88% of methyl methacrylate and 12% of gamma -
methacryloylpropyltrimethoxysilane and the second
copolymer composed of 20% of methyl methacrylate and
80% of butyl methacrylate is dissolved in a ratio of
8:1 in butyl acetate, and applied in a thin layer to
30 PMMA sheets by flow coating. The contact angle for the

intermediate layer was 69.5°.
The scrub resistance is 20 000 cycles. After thermo-
forming, the sheet is transparent and effectively

35 inhibits water droplet formation.

Comparative Example 2



internedi ate | ayer conposed of the second copol yner
gave a contact angle of about 55 at 200. On

t her nof ormi ng, severe cloudi ng;yas apparent, and the
10 visually assessed |nh|b|t|on of water dropl et

forﬂﬁ&fa e Waﬁra@o%rubs\égrﬁqgﬂ/l%@é%?e %'mpﬁ;%ﬁ Ins%?‘%?k?ession—

atent C ai s astics arti .
mat@?OEPBBP@t IRtEedhrBRd Heyer pl £#9MPEs-segbst pat esecond

at J:@]_@élméroegmpﬂgé@a@fc 1©<%atdmgae(@%ylﬂha@iham}lbe\éé 1% of
wat er drog t formation, gs aqﬁgdhe5| tlng
| nUBP AR RY L ayii o bFi% e AP g cthrgeviese. The
Ssubstnatetanrthgle foor gand c:.nﬁerme@;atehara@(ﬁrerwa@d 6l . An
t ha dj I nc es
por RerEm e Ry LR A ey S ORE 5ot g coporymer
angQQVGnﬁlF@ntﬁﬁéna@gléqeélab@uVSSSSnaa R&yer of the
polymer (A) at 20C and water forns a contact angle
reater t han _or eq ual to 75 n a layer of the poly
(B) Ot CBBEMOFETBINRY 4 SEVEE SarloN e Nt s TP 4 A the
101, vikanatyenczedsed thatbtildop ast e subBid@lle: formation
encg ggaé cycloolefin copol ymers, pol yet hyl ene
tere alates, polycarbonates and/or 20
poly(neth)acrylates. 3. Plastics article according to
Claim2, characterized in that the plastics substrate
is  conposed of polynethyl nethacrylate. 25 4.
Pl astics article according to one or nore of the
preceding clains, characterized in that the plastics
substrate has an inpact strength of at [|east 10 kJ/nR
to 1SO 179/1. 30 5. Plastics article according to one
or nore of the
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preceding clains, characterized in that the plastics
substrate has a thickness in the range from1 mnto

200 mm_35 6. Plastics article according {

no '@ 3P°t4l‘fé’5561°@cedi ng cl ai ns, charact e?i E@E?‘Eﬁz{?ﬁa(“ls“
the 34 solubility of polyner (A in water is smaller

than 1 g/l. 7. Plastics ar#Pcte according to one or

noke +@htt I 5 imepr ecedi ng cl ai s, characterized in that

the solubility of polymer (B) in water is smaller

than 1 g/l. 8. Plastics article according to one or

mﬁﬂe oLPﬂrae;tiJ:@; preacediliegy offaiats, Thatlacteriwadern droplet
that t [ es f e.a Lpn- pr [

i nter ne%ioé:%“% t%%glye%é)b?glgs g glﬁfﬁéeeir?%% %ﬁg)%ltg%g'anadt least
2.0 dunon® Phasokpécarepeténgcctrdi ndrich oABhépifmsr ewater

81; o|to gft id%%pq;e%ceﬁkagmsk%bﬂté, tcim agtﬁ%r ! Zgghéﬁibﬁflbrbﬂﬁgting
on of pal ymer i n the adhesi on-. promotin
i nt er mediPAEEMEYEES b) LR¥SEN t KR r anfE2%5Dm %@tf"’(?eg%% the

béhWE‘i ghtladhdsed euddiwe-ams ghindf tlide inorganic coating,
adhesi on- pronpt i ng intermedi | ayer (J Q0
ch%ura.rggzle1:J%éad1 Fﬁ&% %)fle mlﬁbr}et%x%%%leate layer

Plastics article cordl|rhg, 0 Onhe Of
pr ecedi mgpcoimpiamsesc taracpetvredsi AA) handt hé) . where water

propor tifof PAMNEI{ BindTe thRaBONESHIY: HF 088LADTto 730
internmediate |ayer (b) isin the range 25 froms to
70% by W& ght 12B8Ee PontRRe PREVERE ofr) tak 20°C and water

gﬁhesio&dmmgn%iduhdauﬁwaﬁgﬂéugrééw@x t¥n dd.equal to 75°
astics_arti.cle accordi ng t.Q _one reQf. the
pr ecedi ﬁ’él & éi%ér artg%et gjrollffénoerl n&[)hﬁ ?IQeC'SO

polymer (A) is a vinyl polynmer nodified using polar

groups. phZ Rlasticsaridel e accordifgdo ong,or MeAgin 1,

of the preceding clains, characterized jn that the
characterized in that the plastics substrate
encompasses cycloolefin copolymers, polyethylene
terephthalates, polycarbonates and/or

poly(meth)acrylates.

3. Plastics article according to Claim 2,
characterized in that the plastics substrate is

composed of polymethyl methacrylate.

4. Plastics article according to one or more of the
preceding c‘laims, characterized in that the
plastics substrate has an impact strength of at
least 10 kJ/m® to ISO 179/1.

5. Plastics -article according to one or more of the
preceding claims, characterized in that the
plastics substrate has a thickness in the range

from 1 mm to 200 mm.

6. Plastics article according to one or more of the

preceding claims, characterized in that the



35 polymer (B) is an alkyl (meth)acrylate. 13.

Plastics article according to one or nore of the

precedi ng clainms, characterized in that the polyner

(B) are obtained by free-radfcif ‘35 poI ynerization of

m xt ures ch. conpri_se the foI const,i tuent

(net h) ac?mﬂé}%lﬁﬁy Ofoﬁé/’tl Tei 6‘|’)It T 1S Smalsler than
(et h) aclygt;zile 0 - 60% by weight 5 ethyl

(meth)acrylate 0 - 60% by wei ght C3-C6 (neth)acryl ate

0 - 100% by weight C7 (nmeth)acrylate 0 - 50% by

wei ght Pbiytipet pordlclemad)etiyiat 88 One 5% bypore of the

swei ght é@e@@ﬁﬁﬂ&”ﬁrcslﬂms O%:ﬁé(r%tgbized in that the
vinyl aromatics 0% b vinyl esters 0 - 30%
&émﬁﬁt (5

by wei ght® ‘b]a%leatksnOifheo fRe WHtRY 1€ofPsindy, than
15 14. Plagtlics article according to one or nore of

the preceding clains, characterized in that the

carbon content of the inorganic coating (a) is at .

nmos8 . 17BAdytives ghtrtilbdsecharradicgwighbnef dthemore of the

1000at i Ng pf@deq 2y 15 c1Rliast, CScﬁé%!aEE@rﬁ%&&"d' 0 tengee the
or nore of  the precedl ng cl ai ns aracterized in

that thethi®iResmi ©%o&tieng2dBss tam PEOBRE Hidied Hyermediate

curing T&yEeI da) 56l uhi oRE PhngBOL AN 65 aREAOR . 0 pm.
organo- 25 netallic conpounds. 16. Plastics article
according to one or nore of the preceding clains,

cha® act ePlaedics bhaticflee adomrdjary ctcoahkeng apors of the

1500t & naby o bya20adensing, S0 26OMOBLELPOAWNIEN  thac e

enconpasses at | east
al kyltr |%¥%B@<K]§%@%ne§fand9%¥ym@ét r 4&) koxiysi | fhes, adhesion-

based onpthito€DRy eAht@rmeaB@RNSER)}& SIbANGSE in the range
from 30 to 95% by weight, based on the weight of

the adhesion-promoting intermediate layer (b).

20

10. Plastics article according to one or more of the
preceding <claims, characterized in that the
proportion of polymer (B) in the adhesion-
promoting intermediate layer (b) is in the range
25 from 5 to 70% by weight, based on the weight of

the adhesion-promoting intermediate layer (b).

11. Plastics article according to one or more of the
preceding claims, characterized in that  the
30 polymer (A) 'is a vinyl polymer modified using

polar groups.

12. Plastics article according to one or more of the
preceding claims, characterized in that the

35 polymer (B) is an alkyl (meth)acrylate.

13. Plastics article according to one or more of the
preceding claims, characterized 1n that the
polymer (B) are . obtained by free-radical
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35 17. Plastics article according to one or nore of
the preceding clainms, characterized in that the
i norgani ¢ coating a) enconp§s§gs condensabl e

pol ysi | oxanes whose nolar mas3~is in the range from

500 to 1 500 g/.mol .. 36 . Plastics arntigle di ng
to one B’P?W 1P R ﬁafgceml)%élrc Y rrvg,llc ar%@f‘%#ﬁ%d the
i n that fbhé owtiioc kvess isluenlte coatings (a) and (b) is

in the_ _(Qeftﬁf)‘%%rfy&%@eo- 1to 3 um 19. P_g@stiggogrlgi,c‘;\,gight '
according to_one or nore _of the - preceding clains

char act BRth¥d i(Methdpcendaser ub resistafice ofOfhay weight
pl astics amddmsiie edd)MB3M1edds 10 at beastsdd BPOweight

cycles. 20., Plastics article according tg ong,Qf nore_.
of the pr é:éébF ngm%a&ﬁ%?yjc%%?acteri zed ?n tﬁ%§°tﬁg weight
pl astic& art iméehhasralaodul us of el asti@ity 0% 1% weight
| SO 527-2 olg}fdn%.ton]aﬁ.oo MPa. 21. Plastics article

0

accordi ng ne or nore of the preceding clains, .
char act er i Z&@¢Hm adyatlattes plastics arti@le ha8%aby weight

weat her Lpgon@siecsisance to 20 DI N 53 387 of -atsbgasy weight
5000 hours. 22. Plastics article according to?ﬁge

or .
nore of th&IECEMatgds ai ms, character?zed t Fj¢ weight
the pl ast vdswdr tdsearshas a transparencyOte DBBR5D83weight

of 25 at |lea % L Pr s for o] '
pl asti cg)agreﬁ %#‘e’gcgﬁwivéﬁglﬁtn%i%gi% evvg"r gg;ld%%%;pgtgmds'
formati on according to one or nore of Clainms 1 to 23,

C)héﬁact gﬁhéﬁqasn ahh@i{q:le 39c@?£§i El)t%_stdrs?é élsybgtorragt gaf the

a) an adhesi on- pronot.i ng cqatin is appl.ie n

is cur e®TS&FH &% s qq}ﬂfaﬁ%;'r‘é%dc (]Jﬂ’éJ thay f’% carbon

wher e wabereht nsf a thent acdr@gngle csadlihgr (dlanisr at most

equal tq.¢3.on a |ayer of e 35 I r (A _at C :
g.r'/ 5 (}?’yrrsw%l%a%% lg?ség o> thY %rgl} of tlgg cgﬁtlng

and wat tac angl'e greate an of equ
to-75 orlaa .l ayer '

15. Plastics article according to one or more of the
preceding claims, characterized in that the
inorganic coating (a) can be obtained by curing
colloidal solutions of inorganic and/or organo-

metallic compounds.

16. Plastics article according to one or more of the
preceding claims, characterized - in that the
inorganic coating (a) is obtainable by condensing
a composition which encompasses at least 80% by
weight = of alkyltrialkoxysilanes and/or
tetraalkoxysilanes, based on the content of

condensable silanes.

' 17. Plastics article according to one or more of the
preceding claims, characterized 1in that the
inorganic coéting . a) encompasses condensable
polysiloxanes whose molar mass is in the range
from 500 to 1 500 g/mol.
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of the polyner (B) at 20C, and then b) an inorganic
coating (a) which inhibits water droplet formation is
appl i ed and cur ed.

18.

19.

20.

21.

22.

25
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35

23.

- 36 -

Plastics article according to one or more of the
preceding claims, characterized in that the
thickness of the coatings (a) and (b) is in the

range from 0.1 to 3 um.

Plastics article according to one or more of the
preceding claims, characterized in that the scrub
resistance of the plastics article to DIN 53778 is
at least 10 000 cycles.

Plastics article according to one or more of the
preceding claims, characterized in that the
plastics article has a modulus of elasticity to
ISO 527-2 of at least 1500 MPa.

Plastics article according to one or more of the
preceding -claims, characterized in that the
plastics article has a weathering resistance to
DIN 53 387 of at least 5000 hours.

Plastics article according to one or more of the‘
preceding claims, characterized in that the
plastics article has a transparency to DIN 5033 of
at least 70%.

Process for producing plastics articles which

inhibit water droplet formation according to one

or more of Claims 1 to 23, characterized in that,
onto a plastics substrate, ‘

a) an adhesion-promoting coating (b) is applied
and is cured, and encompasses two polymers (A)
and (B), where water forms a contact angle
smaller than or equal to 73° on a layer of the
polymer (A) at 20°C, and water forms a contact
angle greater than or equal to 75° on a layer
of the polymer (B) at 20°C, and then ‘

b) an inorganic coating (a) which inhibits water

droplet formation is applied and cured.



