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automobile, for example during production.

For improving the scratch resistance and for colour
matching, the mouldings described above can be provided
with finish coats. However, the classical application

of reactive finishes is relatively complicated and
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The document JP 2005074896 (Toyota Motor Corp.;
Dainippon Toryo Co.) likewise describes an RIM process.
In a first conventional injection moulding step, a
plastic, in particular polycarbonate (PC), is processed
to give a sheet-like shaped article. The mould then
opens to form a small gap and, within a few seconds, a
‘reactive solution of acrylate-functionalized urethane
oligomers, acrylate crosslinking agents, inhibitors and
an organic peroxide initiator is injected and cured. At
95°C, the curing is complete after a few seconds and
the composite body is removed from the mould after 90
s. It has good scratch resistance, adhesion of the
composite, thermal shock resistance and resistance to
warm water cycling. The presence of a urethane oligomer

which is composed of isophorone diisocyanate or
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coating mouldings by means of a reaction injection
moulding, which mixture leads to a coating having
particularly high scratch resistance and high adhesive

strength on a moulding.

A further object of the invention was to provide a
reactive mixture which can be completely cured

particularly easily and in a short time.

In addition, it was an object of the present invention
to provide processes for the production of coated
mouldings which can be carried out easily and
economically. ‘The moulding should be obtained thereby
with cycle times as short as possible and, as a whole,

with little energy consumption.

The provision of  mouldings having outstanding
mechanical properties was furthermore an object of the

present invention. In particular, the mouldings should



mechani cal properties was furthernore an object of the
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which is characterlzed. in that the reactive mixture

comprises at least one photoinitiator and at least one

thermal initiator.

It is possible thereby in an unforeseeable manner to
provide a coated moulding which has outstanding scratch
resistance and can be obtained very economically.
Surprisingly, the coating shows a very high adhesive
strength in the moulding. In addition, the coatings
obtained with the reactive mixture according to the
invention show high stability to weathering.
Furthermore, the coated mouldings have good mechanical
properties and may exhibit both particularly great

hardness and good impact strength.

Furthermore, the reactive mixture according to the
invention permits the production of a coating resistant

to chemicals and to heat on a moulding.
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two. (Meth)acrylates having at least two double bonds
are also known as crosslinking monomers. These include
in particular (meth)acrylates having two double bonds
such as, for example, (meth)acrylates which are derived
from unsaturated alcohols, such as, for example,
2-propynyl (meth)acrylate, allyl (meth)acrylate or
vinyl (meth)acrylate, and (meth)acrylates which are
derived from diols or higher hydric alcohols, such as,
for example, glycol di(meth)acrylates, such as ethylene
glycol di(meth)acrylate, diethylene glycol di(meth)-
acrylate, triethylene glycol di(meth)acrylate, tetra-
and polyethylene glycol di(meth)acrylate, 1,3-butane-
diol (meth)acrylate, 1,4-butanediol (meth)acrylate,
1,6-hexanediol di(meth)acrylate, glyceryl di(meth)-
acrylate and diurethane dimethacrylate; (meth)acrylates
having three or more double bonds, such as, for
example, glyceryl tri(meth)acrylate, trimethylolpropane
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bonds are furthermore of particular interest.

According to a particular embodiment, the reactive
mixture preferably comprise 1,6-hexanediol diacrylate,
trimethylolpropane triacrylate and/or pentaerythrityl
tetraacrylate. In particular, reactive mixtures which
comprise trimethylolpropane triacrylate and penta-
erythrityl tetraacrylate are of particular interest, it
being possible for the weight ratio of trimethylol-
propane triacrylate to pentaerythrityl tetraacrylate to
be preferably in the range of 10:1 to 1:10, preferably
in the range of 5:1 to 1:5, particularly preferably in
~the &range of 3:1 to 1:3 and very particularly
preferably in the range of 2:1 to 1:2.



be preferably in the range of 10:1 to 1:10, preferably
in the range of 5:1 to 1:5, particularly preferably in
t he range of 3:1to 1:3 and very particularly

preferably in the range of 2:1 to 1:2. WD 2008/ 155149
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Reactive mixtures which comprise pentaerythrityl
tetraacrylate and/or trimethylolpropane triacrylate
surprisingly show particularly high scratch resistance
which increases in particular with the proportion of
pentaerythrityl tetraacrylate. Reactive mixtures which
comprise 1,6-hexanediol diacrylate and/or trimethylol-
propane triacrylate show particularly high UV stability
which can be determined in particular by the xenon arc
test. Thus, mixtures having a high proportion of 1,6-
hexanediol diacrylate retain high scratch resistance
according to the abrasive disc test even after xenon

arc exposure.

The scratch resistance of the coating is dependent,
inter alia, on the number of polymerizable double
bonds, based on the weight of the mixture. The higher
this proportion, the higher is the scratch resistance

which the coating can achieve. Preferably, the reactive
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initiators which form free radicals by the action of
heat or photoinitiators which initiate free radical
polymerization on irradiation with electromagnetic
waves can be wused here. Surprisingly, particular
advantages can be achieved by using reactive mixtures
which comprise both thermal initiators and photo-
initiators. These advantages include in particular
short c¢ycle times in the production of the coated
mouldings, particularly high stability to weathering,
scratch resistance and adhesive strength of the

coating.

Suitable thermal initiators are, inter alia, azo
compounds, peroxy compounds, persulphate compounds or
azoamidines. Nonlimiting examples are dibenzoyl
peroxide, dicumene peroxide, cumene hydroperoxide,
diisopropyl peroxydicarbonate, bis(4-tert-butylcyclo-
hexyl) peroxydicarbonate, dipotassium  persulphate,

~ammonium peroxydisulphate, 2,2'-azobis(2-methylpropio-



coating. Suitable thermal initiators are, inter alia,
azo conpounds, peroxy conpounds, persul phate
conmpounds or azoami dines. Nonlimting exanples are
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|%ﬁq ed on the weight of the reactive
m xt ure. The preferred photoinitiators include, inter

%ﬁﬁ%df@ﬁ%ly, the reactive mixture may comprise 0.01% by
weight to 3% by weight, preferably 0.1% by weight to
2.5% by weight and particularly preferably 0.5% by
weight to 1.5% by weight of thermal initiator, based on

the weight of the reactive mixture.

The preferred photoinitiators include, inter alia, «,a-
diethoxyacetophenone (DEAP, Upjon Corp.), n-butyl-
benzoin ether (®Triganol-14, AKZO) and 2,2-dimethoxy-2-
phenylacetophenone (®Igacure 651) and 1l-benzoylcyclo-
hexanol (®Irgacure 184), bis(2,4,6-trimethylbenzoyl) -
phenylphospine oxide (®Irgacure 819) and 1-[4-(2-
hydroxyethoxy) phenyl] -2-hydroxy-2-phenylpropan-1-one

(®Irgacure 2959), which in each case are commercially

available from Ciba Geigy Corp.

The proportion of photoinitiator is not critical per

se. Preferably, the reactive mixture has 0.01% by



di et hoxyacet ophenone (DEAP, Upjon Corp.), n-butyl-
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@rcﬁ_wthaﬁ(l{g less than C,p, preferably Ci;s to Cig, carbon

atoms or the saturated fatty alcohols having less than
Cz0, preferably Ci¢ to C;3 carbon atoms may be present as
auxiliaries. Small proportions of not more than 0.25,
e.g. 0.05 to 0.2, % by weight, based on the weight of
the reactive mixture, are preferably present. For
example, stearic acid, palmitic acid and industrial
mixtures of stearic and palmitic acid are suitable. In
addition, polysiloxanes which are acrylated, such as,
for example, 13/6/aw2-hexylacryloylsiloxane are
expedient, it being possible to obtain this compound,
for example, under the  tradename RC 725 from
Goldschmidt GmbH. Polysiloxanes can also be used in
large amounts. For example, proportions of not more
than 10% by weight, preferably of not more than 1% by
weight and very particularly preferably of not more
than 0.5% by weight are expedient. For example, n-
hexadecanol, n-octadecancl and industrial mixtures of

n-hexadecanol and n-octadecanol are furthermore



exanpl e, stearic acid, palmtic acid and industria
m xtures of stearic and palmtic acid are suitable. In
addi tion, polysiloxanes which are acryl ated, such as,
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particularly preferably 0.1 to 5% by weight. The

reactive m.xture provided by.the present invention .
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| P GEREE Bbn the-oBEbMi RGuiaiggbal is injected into an
i'njection nmould and cooled to give a noulding. The

noul di ng thus obtained can then be
Injection moulding processes have long been known and

are widely used. In general, the moulding material is
injected into an injection mould and cooled to give a
moulding. The moulding thus obtained can then be

provided with a coating.

For example, the shaped article thus obtained can be
finally cooled and removed from the mould. In a second,
downstream separate injection moulding step, for
example, this preform is then placed in or transferred
to another mould having a c¢reated cavity and the
reactive mixture is injected into the mould and thus
injected onto the preform. This process is known as the
insert or transfer process. For the subsequently
achievable adhesion, it is particularly advantageous i1f

the preformed shaped article is preheated.

According to a preferred embodiment, the coating is

advantageously effected in particular by changing the



provided with a coating. For exanple, the shaped
article thus obtained can be finally cooled and
renoved fromthe nmould. In a second, downstream
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pol ymers as an obligatory conponent. The preferred

pol yners include, for exanple, poly(neth)acrglates, .
iMepetincuragerials for the production of the moulding

to be coated are known per se, these moulding materials
containing thermoplastically processable polymers as an
obligatory component. The preferred polymers include,
for example, poly(meth)acrylates, in particular
polymethyl methacrylate (PMMA), poly(meth)acrylamides,
polyacrylonitriles, polystyrenes, polyethers,
polyesters, polycarbonates and polyvinyl chlorides.
Poly(meth)acrylates and poly (meth)acrylimides are
preferred here. These polymers can be used individually
or as mixture. Furthermore, these polymers may also be
present in the form of copolymers. Preferred copolymers
are, inter alia, styrene-acrylonitrile copolymers,
styrene-maleic acid copolymers and polymethyl
methacrylate copolymers, in particular polymethyl
methacrylate-poly (meth)acrylimide copolymers.

Particularly preferred moulding materials have at least
15% by weight, preferably at least 50% by weight and
particularly preferably at least 80% by weight of



pol ymet hyl net hacryl ate (PMVR), poly(neth)acryl am des,
pol yacrylonitriles, polystyrenes, polyethers,
pol yesters, polycarbonates and pol yvinyl chlorides.
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acrylates which are derived from unsaturated alcohols,

such as, for example, oleyl (meth)acrylate, 2-propynyl

(meth)acrylate, allyl (meth)acrylate, vinyl

(meth)acrylate, etc;

amides and nitriles of (meth)acrylic acid, such as

N- (3-dimethylaminopropyl) (meth)acrylamide,

N- (diethylphosphono) (meth)acrylamide,

l-methacryloylamido-2-methyl-2-propanol; cycloalkyl
(meth)acrylates, such as

3-vinylcyclohexyl (meth)acrylate, bornyl (meth) -
acrylate; : we

hydroxyalkyl (meth)acrylates, such as

3-hydroxypropyl (meth)acrylate,

3,4-dihydroxybutyl (meth)acrylate,

2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)-

acrylate;
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diisobutylene, 4-methyl-1l-pentene;

vinyl esters, such as vinyl acetate;

styrene, substituted styrenes having an alkyl
substituent in the side chain, such as, for example,
a-methylstyrene and o-ethylstyrene, substituted
styrenes having an alkyl substituent on the ring, such
as vinyltoluene and p-methylstyrene, halogenated
styrenes such as, for example, monochlorostyrenes,
dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes;

heterocyclic vinyl compounds, such as 2-vinylpyridine,
3-vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-
vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazcle, 4-vinylcarbazole, 1-vinylimidazole,
2-methyl-1-vinylimidazole, N-vinylpyrrolidone, 2-vinyl-
pyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane,

vinylfuran, vinylthiophene, vinylthiolane, vinyl-
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The preparation of the (meth)acrylate homo- and/or
copolymers from the monomers described above by the
various free radical polymerization processes is known
per se. Thus, the polymers can be prepared by mass,
solution, suspension or emulsion polymerization. The
mass polymerization is described by way of example in
Houben-Weyl, volume E20, part 2 (1987), page 1145 et
seq. Information regarding the solution polymerization
is also to be found there on page 1156 et seq.
Explanations of the suspension polymerization technigque
are also to be found there on page 1149 et seq., while
. the emulsion polymerization is also elaborated on and

explained there on page 1150 et seq.

Furthermore, preferred moulding materials may comprise
poly (meth)acrylimides. Poly(meth)acrylimides have
repeating units which can be represented by the formula

(T)



the present invention, these polyners are referred to
as polynethyl nethacrylates. Preferred noul ding
materials may contain different poly(neth)acryl ates

j.C iffer, for exanple, in the nolecular weight or
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(met h)acryl ate hono- and/or copolynmers fromthe
mononer s described abgve-hy the various free radica
pol yneri zat if oR processes ijs known per se. Thus, the
pol ymers ca red by mass, solution
suspensi on ll'ymeri zation. The m
pol ynmeri zat i op/i ri bed by way of exanple in
Houben- eyl | Qrol ujre E20, part 2 (1987), page 1145 et
seq. Infor tionl?%gardigg t he sol ution polynerization
is also to be found there on page 1156 et seq.

Expl anati ons of the suspension pol ynerization
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while the enulsion polynerization
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conprise poly(nmeth)acrylimdes. Poly(neth)acrylimdes
have repeating units which can be represented by the
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aby | wé Bgh€abs Nk NGo P (her RPa 24 PoR; gk oms. Units of
the structure (I) preferably formnore than 30% by
wei ght, particularly preferably nore than 50% by

vehghprapdreeniynpast i polla( g cp) akeraby gerr e d haRo®B%per

se and 1is disclosed, for example, in British Patent
1 078 425, British Patent 1 045 229, German Patent
1 817 156 (= US Patent 3 627 711) or German Patent
27 26 259 (= US Patent 4 139 685).

In addition, these copolymers may contain further
monomer units which arise, for example, from esters of
acrylic or methacrylic acid, in particular with lower
alcohols having 1-4 carbon atoms, styrene, maleic acid
or the anhydride thereof, itaconic acid or the
anhydride thereof, vinylpyrrolidone, vinyl chloride or
vinylidene chloride. The proportion of the comonomers,
which cannot be cyclized or can be cyclized only with
very great difficulty, should not exceed 30% by weight,
preferably 20% by weight and particularly preferably
10% by weight, based on the weight of the monomers.

Moulding materials which can preferably be used are
those which comprise  poly(N-methylmethacrylimides)
(PMMI) and/or polymethyl methacrylates (PMMA). Poly(N-
methylmethacrylimides) (PMMI), polymethyl methacrylates
(PMMA) and/or PMMI-PMMA copolymers are preferably



by wei ght of the poly(nmeth)acrylimde. The preparation
of poly(nmeth)acrylimdes is known per se and is
di scl osed, for exanple, in British Patent 1 078 425,

Briti P t 1 045 229, Cerman Patent _1 817 156 (=
oP&?’@ﬁlﬁ%%gf? 711) or Gefmad Pat ent ?052@%90?&8%678

Patent 4 139 685). In addition, these copol yners may

coppailgmeust hef BMMIDrreatncﬂmiEmAz\hiV&fnc&fi&&,e f @repared by

e r acr yI c ci
éggglrltgll culc§}E %Sjt%rﬁ oz\/\eiletrlonal cohol gM | ng {Mj ca"?}B
apﬁﬁﬁarﬁiyrb]ﬁe Paat it abiiddizatide ahydidde uheresﬁally

| baegRi-egadif hg y e_ther N
v?néﬁpyrrol | doéh)%CEw nyvl?arw o%?dgblgr n‘?c%}{eny‘;h%n 83% of the

| d¥Sefhe 3giCopdiicHrast- t HE e orpnwkr 519 V\wr@%uct is
caspetrba G:;tclagednvmrl Cigie beteyekiizeds R{er&”ﬂs T ¥MMI -

di ffi |t t d. 30% b
Db, Q5PHOIHTED)  me R arM iy Gl Y proF of B - PHOA
1@@@byymerghtarbase@mm&ﬂdﬂahmygﬂﬁvd%ﬁdﬂﬂ%rﬂﬂ&mmfsexample
t can ra e u
{\{Eﬂégk\?\% h%ﬁ kgfoérrr%!} ?géﬂpol v(RE rrelti et hggF‘Vl i rsﬁnde >5emplary
(PR} yaed/ diP Leeliywist H3y8037)et haer )BIBe%t est (ANWAunits, 54.4%
ROE Y A BEd meﬁ h@“)ﬁk' M%c?@l t8Ylang 1.29

nmet hacryl at es MVA) and copo ymers are

P ef eRrEBRY 1D 21@985/915% prqq?uctpcﬁnépzt@@wromratlon
COPO| WIRFwh of HEMM Rnd MUkt ShE ar grapleRAkedobY Polymer
rtial ¢ di zat i of P &PM\/I which is
p$ SRt % EQF & B Bf "BRARLI DekkeE) Ifpc- New
ce:plaredBaslels ue hHang/ay(ohbat plagta PeRe eIth &nac_ﬁ?;%H)fG telias,
T ul t| uct i
% rredp?%ﬂg% %%gg?legﬁll% pea g% Hé]l\‘?lﬁlg und
F"M@fcob@ﬁ?ﬂmr o) &ﬁﬂdeﬁmgand- PM%Wor Y@WM, PM®$A Patents

COPPLY MRS S e £omMereya) |y available, for exanple
under the brand name Plexinmid from Rohm An exenplary

copol ymer (Pl eximd 8803) has 33%of MM units, 54.4%
afn MMigantién, 2. €Heof mmihBciy| | gaeetdausi t§1a§'nd domgise

styrene-acrylonitrile polymers (SAN) . Particularly
preferred styrene-acrylonitrile polymers can be
obtained by polymerization of mixtures which consist of
70 to 92% by weight of styrene,

8 to 30% by weight of acrylonitrile and

0 to 22% by weight of further comonomers, based in
each case on the total weight of the monomers to be

polymerized.

For improving the impact strength values, silicone
rubber graft copolymers can be mixed with the moulding
materials, which graft copolymers are composed of

0.05 to 95% by weight, based on the total weight of the
copolymer, of a core a) of an organosilicon polymer
which corresponds to the general formula
(R2S10,/2) x= (RS1032) y=(S104/2) , where x = 0 to 99.5 molg,
y = 0.5 to 100 mol% and z = 0 to 50 mol%, R denoting
identical or different alkyl or alkenyl radicals having



of anhydride units. The products and their preparation
are known (Hans R Krichel dorf, Handbook of Pol yner
Synthesis Part A, published by Marcel Dekker Inc. New

Hong Kong, e 223 et seq.: H. G
E% 300%%§§P&ﬁ8|eku|e [throﬁﬁlecules], EEB(F338886954678
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%Qﬁcgﬁample, the modulus of "elasticity or the Vicat

softening temperature, are maintained at a very high
level. If an attempt is made to achieve similar notched
impact strength behaviour at room temperature only by
the use of acrylate rubber modifier or silicone rubber

graft copolymer, these values decrease substantially.

Such acrylate rubber modifiers are known per se. They
are copolymers which have a core-shell structure, the
core and the shell having a high proportion of the

(meth)acrylates described above.

Preferred acrylate rubber modifiers here have a
structure comprising two shells which differ in their

composition.

Particularly preferred acrylate rubber modifiers have, .

inter alia, the following composition: .



pol yneri zation of a m xture which conprises acryl ates
and net hacryl ates. The noul ding materials according to
the invention can furthernore contain acrylate rubber

nodi fiers. Surprisingly, outstanding inpact strength
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- 19 - PCT/ EP2008/ 054678 Core: Polyner having a
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methacrylate (1.3% by weight)

S2: Copolymer of methyl methacrylate (96% by
weight) and ethyl acrylate (4% by weight)

The ratio of core to shell(s) of the acrylate rubber
modifier may vary within wide ranges. Preferably, the
weight ratio of core to shell C/S is in the range of
20:80 to 80:20, preferably of 30:70 to 70:30, to
modifiers having one shell or the ratio of core to
shell 1 to shell 2 C/S1/S2 is in the range of 10:80:10
to 40:20:40, particularly preferably of 20:60:20 to

30:40:30, in the case of modifiers having two shells.

The particle size of the acrylate rubber modifiers is
usually in the range of 50 to 1000 nm, preferably 100
to 500 nm and particularly preferably 150 to 450 nm,

without any limitation being intended thereby.

According to a particular aspect of the present

invention, the weight ratio of silicone rubber graft



For exanple, a preferred acrylate rubber nodifier may
have the foll ow ng conposition: Core: Copolyner of

nmet hyI nmet hacryl ate (95.7% by weight), ethyl acrylate
(4% ht) and allyl methacrylate (0.3%

\/\Epgﬁg?séﬂ S&8Bol ymer of but$P acrylate R@H/BB /31%98/054678
wei ght), styrene (17.5% by weight) and allyl
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of 1:10 to 10: 1, referably of 4:6 to 6:4. Particular
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Gﬁ%hylrvgm glb,ttewﬁalllspad:cqsm@lmgert@ belsed imivention or the
mouldings obtainable therefrom may contain further
widely known additives. These additives include, inter
alia, molecular weight regulators, release agents,
antistatic agents, antioxidants, demoulding agents,
flameproofing agents, lubricants, dyes, flow improvers,
fillers, 1light stabilizers, pigments, antiweathering

agents and plasticizers.

The additives are used in customary amounts, i.e. up to
80% by weight, preferably up to 30% by weight, based on
the total mass. If the amount is greater than 80% by
weight, based on the total mass, properties of the
plastics, such as, for example, the processability, may
be disturbed.

The Weight average molecular weight M, of the homo-
and/or copolymers to be used according to the invention
as matrix polymers may vary within wide ranges, the
molecular weight usually being tailored to the intended
use and the method of processing of the moulding

material. In general, however, it 1s in the range



acryl ate rubber, based in each case on the wei ght of
the conponents fl to f4, and customary additives and
compoundi ng materials. In addition, the conpositions
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very. thick coatings ,
moulding which 1s to be coated and the inner surface of

the injection mould.

The temperature at which the moulding material is
injected into the injection mould depends in particular
on the type of polymer and of the additives. These
processing temperatures are known to the person skilled
in the art. In general, the moulding material 1is
injected into the injection mould at a temperature in
the range of 150 to 350°C, preferably 220 to 330°C.

The temperature of the mould can also be adjusted to
the temperature customary for the respective moulding
material. The moulding material . can preferably be
cooled to a temperature in the range of 40 to 160°C,
particularly preferably 70 to 150°C and very
particularly preferably 60 to 80°C before the reactive

mixture is injected into the space.



frequently have a strong tendency to cracking, the
adhesi ve strength decreasing in sone cases. Coated
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Tilcﬁq%ﬁ Rl 55&1#&&%%b40 130C, in particular

pre era range 85 to 120C and
very partlcularly preferably in the range 90 to 110C

ARy eqd on mﬂ&f%f@ﬁiéy embodiment, the reactive
mixture can be effected, for example, at a temperature
in the range of 70 to 85°C, preferably in the range of
75 to 80°C. This embodiment is particularly
advantageous 1if the reactive mixture comprises a
particularly high proportion of compounds having at
least four double bonds, for example of pentaerythrityl
tetra(meth)acrylate. According to a further development
of the process according to the invention, the reactive
mixture can be cured at a temperature in the range of
85°C to 120°C, preferably in the range of 90°C to
110°C. This embodiment is particularly advantageous if
the reactive " mixture comprises a particularly high
proportion of compounds having two or three double
bonds, such as, for example, 1,6-hexanediol di(meth) -

acrylate.

The reactive mixture can be cured at the same

temperature at which the injection moulding is cooled



particular interest. If the tenperature during the

thermal curing is too high, the formation of cracks

nay occur after UV irradiation. In the case of
enperatures which are too |low, the coating often
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proportion of thermal initiator and by the choice of

thee Mddbdpperaidiieod N Additdan, fhe Leginnng ohovel
coated mouldings which have an outstanding property
profile and can therefore be used for a variety of
applications. The present invention accordingly
furthermore relates to coated mouldings comprising a
moulding which 1is obtainable by injection moulding
processes and comprises at least one polymer selected
from the group consisting of polymethyl methacrylate,
polymethylmethacrylimide, styrene-acrylonitrile
copolymer, styrene-maleic acid copolymer and polymethyl
methacrylate copolymers and a coating which is
obtainable by polymerization of (meth)acrylates having

at least two double bonds.

The moulding is distinguished in particular by high
scratch resistance, which can be determined, for
example, by an abrasive disc test. Especially coated,
transparent mouldings whose haze value after a scratch
resistance test acgording to ASTM 1044 (12/05) (applied



curing can be controlled by the choice of the

pol yfunctional (neth)acrylates present in the reactive

m xture. After the thermal curing, the precured

reactive m.xture can be cured by irradiation at a
BneP BB (TE5o ne ange of 6C 1o 1200, EptErRsaRfqose6Ts
10C to 40C. Custonary radiation sources can be used
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éy@ﬁén §b¥re sr Eﬁiﬁrﬁg %r%?@? H?“%ot more than

pol ymet h crylate copofyners an a-coating
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wei ght 500 g, number of cycles = 100) increases by not
nore than 10% particularly preferably by not nore

tHanad@is apn. véhie paeel dimes | Roseerdiiabl §° bihRotl nsndion
thadw Batstanding adhesive strength of the coating which

can be investigated according to the cross hatch test.
For this purpose, the coating is scored crosswise and
thus divided into chessboard-like individual segments.
In general, at least 20 individual segments, preferably
at least 25 individual segments, are formed thereby.
Here, the spacing between the lines is about 1 mm. A
25 mm wide adhesive tape 1is then stuck on and peeled
off again. The force required to release the adhesive
tape per cm?, measured according to DIN EN ISO 2409, is
about 10 N per 25 mm width. For carrying out the test,
for example, an adhesive tape which is obtainable under
the trade name type 4104 from Tesa can be used. The
coated mouldings preferably achieve a rating according
to the cross hatch test of not more than 1,
particularly preferably of 0. The coated mouldings
achieve a rating of 1 if not substantially more than 5%

of the individual segments are detached. If none of the



are of particular interest. The scratch resistance
according to ASTM 1044 (12/05) (applied weight 500 g,
nunber of cycles = 100) can noreover be neasured by
the decrease in gloss at 20. Here, preferred coated

Q1 30084 19Rd#%a decrease of 2§l oss at 20P&F{EBP2§08/054678
scratch resistance test according to ASTM 1044 (12/05)
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In general, at |east 20 individual segnents,
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preferably of 0. The coated noul dings achieve a
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to 60, according to DIN 53 455-1-3 (at 1 mm/min), can
be produced, which plasticsg have excellent scratch

resistance.

It 1is particularly surprising that this scratch-
resistant moulding may have a transmittance 1Tpss = 88%,
preferably = 90%, according to DIN 5036 Part 3. No
limitation of the invention 1s intended by the
abovementioned mechanical and/or optical properties of
the moulding. Rather, these data serve for illustrating
the particularly outstanding properties of the moulding
which can be achieved in combination with good scratch

resistance.

Furthermore, the mouldings of the present invention may
show excellent stability to weathering. Thus, the
stability to weathering according to the xenon arc test

is preferably at least 1000 hours, particularly



i ndi vi dual segnents (0% is detached, the coated
nmoul di ngs achieve a rating of 0. In addition,

preferred coatings are free of cracks and show high

resi C hem cal s. Thus, the coatipgs, resist in
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is

preferably at |east 1000 hours, particularly ,
o8 RPS51a8tero@ - SpERLEPo iR DEURYEE test "according to

ASTM 1044 (12/05) (applied weight 500 g, number of
cycles = 100) of not more than 25%, particularly
preferably by not more than 20% and very particularly
preferably by not more than 15% after exposure to a

xenon arc for 2000 hours.

In addition, preferred coatings which were obtained
using a coating material according to the invention
show high resistance in an alternating climate test,
only slight cracking occurring in spite of deformation
of the base body. The loading programme shown in
Figure 1 can preferably be used for carrying out the
alternating climate test (BMW PR 303 - part d4d).

Below, the present invention is to be explained with
reference to examples and comparative examples without

any limitation being intended thereby.

Comparative Example 1



preferably at |east 2000 hours. This stability can be
determ ned, for exanple, by a slight decrease of the
transmttance or by a slight decrease of the scratch
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hours decreases by not nore than 10% particularly
preferably by not nore than 5% based on the
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for carryi ng out the alternating climate test (BMNV PR
303 - part . Below, the present inventionis to be

Eﬂﬁrﬁaﬁt@m t KafEgFer R TS Eatil es O4nd Ebfpardisssion
| awmhe@ wepRouto alwute®)t,atiop kel Bg | RéLAEiRde mixture

1c%.ycompr1sed 68.60% by weight of 1,6-hexanediol
diacrylate, 29.40% by weight of trimethylolpropane
triacrylate, 1% by weight of bis(4-tert-butylcyclo-
hexyl) peroxydicarbonate (thermal initiator) and 1% by
weight of 1-benzoylcyclohexanol (®Irgacure 184) was
added to the injection moulding and the reaction
solution was weighted (pressed) immediately with a
small metal cylinder at 85°C. The coating was then
allowed to cure for 60 sec, the reaction beginning
about 15 geconds after the small metal cylinder had
been placed on top. This could be measured on the basis
of emerging reaction solution. A crack-free coating was

obtained.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, a scale of 0
(very high scratch resistance) to 7 (very low scratch

resistance) being used. The coating thus obtained



Conparative Exanple 1 WD 2008/ 155149 - 27 -
PCT/ EP2008/ 054678 I n a small-scal e experinent, the
efficiency of the present reactive m xtures was

investigated. For this purpose an injecti nou
(5@0290%865§1§9nn) was firs€8produced f?%ﬁ? %ﬂﬂ%?°5g678
moul ding material (8N, comrercially available from
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(thermal jnitiator) and 1% by weight of
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the |nJection nmoul di ng and the reaction solution was

St LR SRR MToGL A, Blbobbl 81 13RI ARY, bue a

fmacsr)u@cmltcnereea@lu@hn lm@glpmmsregi ahoBo% 1Pysewendst of

ftern, éﬁgﬁ ac

qb6§ Thi's cou % ESL%%% ure on t %a5|s}£%f gﬁ%ggl ng of
r@d&awwmqme ALetaekyinge, céét inyy Wasghbbodi i (4-
Hhe-sahaheryesdmdamoe of thasaatigmemidvest | Gaibnal

initiator) and 2% by weight of benzoylcyclohexanol

(®Irgacure 184) was used.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, the coating
thus obtained achieving a scratch resistance of 6 (low

scratch resistance).
Example 2

Comparative Example 2 was substantially repeated, but
curing by UV irradiation was effected after the thermal
curing of the coated injection moulding. The coating
remained free of cracks. The scratch resistance of the
coating was investigated in a small-scale test using
steel wool, the coating thus obtained achieving a

scratch resistance of 3 (good scratch resistance).



in a small-scale test using steel wool, a scale of 0O
(very high scratch resistance) to 7 (very |ow scratch
resi stance) being used. The coating thus obtained WO
2008/ 155149 - 28 - PCT/ EP2008/ 054678 achi eve
sWPaflR8/ésPdfdnce of 6 (I owlécratch re%?gfgﬁ%%98/°54678

Exanpl e 1 Conparative Exanple 1 was substantially

r epemped, 3but  curing was effected by UV irradiation
after the thermal curing of the coated injection
nmoul di ng. The coating remained free of cracks. The
sEKampheréBiwaanmamﬁtammiabbptr&@ewaedinWestigatEdatnlve

a%§ﬂﬁhk scal,f; LGSt %%h%QFa Eﬁ sy th%afoai é%ﬁﬁ@“s

tained achi'eving a reS|stance
seramehhyéelpranesy. Coaparatife .  ExAmalc& 2k00memealwe of

Eﬁﬁgmhetérﬂﬁﬁuﬁybéyéméhéng)reﬁ@?&fﬁdl@é?bénafgactEH@rmal
thure ri sed

ch t
11%11:1%%5%51 i &6r yPat éﬂelz?é'ltlo?f byt \?@‘?Wyjﬁydommml
t(®[mtgb¢b&rlep|1tapane:atsr uaeyl ate, 11 by wei ght of bis(4-
tert-butyl cycl ohexyl) peroxydi carbonate (thermal
initiator) and 21 by wei ght of benzoyl cycl ohexano
(Tin¢ | r gavemmen 11 84 )cumEisiqus eareafitg ogicr abeganesi sfaace adbout

t:b@ gé’@éﬁ&? m@%teqvetcﬂé gé{le%ufl gra cra Gkalf%eteesc!oatlng

usi ng steel wool, the coating thus obtained achieving
aW]%Je?lét BRdr asitdtighaesst & (2ROME s2P atiBh (pEsirggenci@lue of

Exs@PB| en@i COARAT ahd ¥ SuEXASRE ) ZwdBSostlshantial Iy
repeated, but curing by W |rrad|at|on was effected

after the thermal curing of the coated injection
nrhit dbogatdhe reedisicagicer i tigdl toaeial &;ra@ckmveTshﬁlgated
scratch_resi coat i i ated in,

h
e 1 20ER SLEREE ndtg uelBl AT iR Totisn
cﬂhuﬂrm%tammﬁévanglavlsgratshrEESthaﬁastahC3 (cdodd (very

Sgcc%acﬁ C&faeéé.l’?tfé]&:l.egtance ).

Example 4

Example 3 was substantially repeated, but the reaction

temperature was reduced from 85°C to 80°C.

The thermal curing reaction began after about
25 seconds. After the UV curing, a crack-free coating
which had a thickness of about 25 pum (average value of

four individual measurements) was obtained.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, the coating
thus obtained achieving a iscratch resistance of 1 (very

good scratch resistance).
Example 5

Example 4 was substantially repeated, but a reactive

mixture which comprised 97.50% by weight of



WD 2008/ 155149 - 29 - PCT/ EP2008/ 054678 Exanple 3
Exanple 1 was substantially repeated, but a reactive

m xture which conprised 97. 75% by wei ght of

trimethyl ol propane triacrylate, 0.25% by wei ght of
bWQ(ZOPé/FSE&€ | cycl ohexyl ) B@roxydlcarbBﬁ%ng%?ﬁ%fﬁﬁﬁ578
initiator) and 2% by wei ght of 1-benzoyl cycl ohexanol
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usi ng steel wool, the coating thus obtained achieving
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m (average value of four individual neasurenents) was
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| net hé/lé)l propane triacrylate, 0.50% by wei ght of
satnipjt but yl cycl ohexyl ) peroxydi carbonate (thernal
| nitiator) and 2% by wei ght of 1-benzoyl cycl ohexanol

Example 4 was substantially repeated, but a reactive
mixture which comprised 97.00% by weight of
trimethylolpropane triacrylate, 1.00% by weight of
bis({4-tert-butylcyclohexyl) peroxydicarbonate (thermal
initiator) and 2% by weight of 1-benzoylcyclohexanol

(®RIrgacure 184) was used.

The thermal curing reaction began after about
8 seconds. After the UV curing, a crack-free coating
which had a thickness of about 13 um (average value of

four individual measurements) was obtained.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, the coating
thus :.obtained having a scratch resistance of 1 (very

good scratch resistance) .
Example 7

Example 4 was substantially repeated, but a reactive

mixture which comprised 9 g of trimethylolpropane



((Dirgacure 184) was used. The thermal curing reaction
began after about 15 seconds. After the Wcuring, a
crack-free coating which had a thickness of about 12

a e of four ingdjvidual
%éa?ﬁég?fﬁgkgcratch resi stance of thea%%%&@e(ov?&n
investigated in a small-scale test using steel wool,
theigonylage, t hls gbt aifnegemibaenty thhrsigrydt crtartesa',a&txa/ril@a:e
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was substanti epea active
. m(&ltlﬁméaimmhte@ﬁ@r séadw @@fy@b;@mgqﬂnz(ﬁylcyclohexanol

trorRERYLeLPR BRANGLT LBekY| ate, 1.001 by weight of
bi s(4-tert-butyl cycl ohexyl) peroxydicarbonate (thermal

initiator) and 2% by wei ght of 1-benzoyl cycl ohexanol

z(ft)éfgangr ewi8élarmgs Uée@ra?Ehl:eftﬂé%(rj maiaAt?lu{g n@l'rl]lch had a
act.ion beg er._a seconds ter the
FHEaE crBE TPhERECoal! nb™ WIRCRERES aVeHPEkneSs drur
ai:milivn@iaﬁ (eevas agenenat sle wis dlotainedi vi dual
nmeasurenents) was obtai ned. The scratch resistance of
the coating was investigated in a small-scale test
UBhengserakthwiebsisthaceomt righe t postindt ARAed aEtigaded

SiGt a%Chsrﬁﬁﬁlséé‘é‘fg Q:fesjc (M@iﬁg AL BCELRLEN the coating
resi st ance) Exanp 7 Exanpl @ 4 was, substantially

r"é}:}é%l QR abped hF‘@éEﬁl Fe SGR3&M &W%"Fﬁ%‘iﬁm@ﬁsé&ogt 0.5
ofvd fy @iidw|§&ﬁtﬁtﬂﬁn1.€eé/i@t2a&£l:8é 155149 - 31 -

PCT/ EP2008/ 054678 triacrylate, 1 g of pentaerythrityl
tetraacrylate, 0.05 g of bis(4-tert-butyl cycl ohexyl)
pgereonp/idi car bonate (thermal initiator) and 0.20 g of

1- benzoyl cycl ohexanol ((r)lrgacure 184) was used.

After the Wcuring, a crack-free coating which had a
tHieekHes s 7 ofwaghogtibgtapt L adévageerea ted of bbigura reactive

mixture which comprised 8 g of trimethylolpropane
triacrylate, 2 g of pentaerythrityl tetraacrylate,
0.05 g of bis(4-tert-butylcyclohexyl) peroxydicarbonate
(thermal initiator) and 0.20 g of 1l-benzoylcyclohexanol

(®Irgacure 184) was used.

After the UV curing, a crack-free coating which had a
thickness of about 14 um (average ‘value of four

individual measurements) was obtained.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, the coating
thus obtained having a scratch resistance of about 0
(excellent scratch resistance; no scratches could be

produced by muscle power).
Example 9
Example 7 was substantially repeated, but a reactive

mixture which comprised 5 g of trimethylolpropane

triacrylate, 5 g of pentaerythrityl tetraacrylate,



i ndi vi dual neasurenents) was obtai ned. The scratch
resi stance of the coating was investigated in a
smal | -scal e test using steel wool, the coating thus
obt ai ned havi ng a scratch resi stance of about

t
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t hi ckness of about 16 m (average val ue of four
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triacrylate, 7 g of pentaerythrltyl tetraacrylate,
0.025 g of bis(4-tert-butylcyclohexyl) peroxy-
dicarbonate (thermal initiator) and 0.20 g of

1-benzoylcyclohexanol (®Irgacure 184) was used.

The thermal curing was effected at 85°C, a curing time
of about 30 seconds being sufficient. After the UV

curing, a crack-free coating was obtained.

The scratch resistance of the coating was investigated
in a small-scale test using steel wool, the coating
thus obtained achieving a scratch resistance of 0

(excellent scratch resistance).
Example 11

In a small-scale experiment, the efficiency of the
present reactive mixtures was investigated. For this
purpose, an injection moulding (200 x 100 x 3 mm) was
first produced from a PMMA moulding material (8N,



(excellent scratch resistance; no scratches could be
produced by nuscle power). Exanple 10 Exanple 7 was
substantially repeated, but a reactive mxture which
conp 3 of trinmethyl ol propane triacrylate
owop@HP§2F§§ﬁ#Ptyl tetraacryPate, O. 025P§T6FP2°b8/°g4678
bi s(4-tert-butyl cycl ohexyl) peroxy- dicarbonate
(bbamﬁablam&ylahanna@n@ &ﬁﬂ%(Rde GmbH) and preheated to
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V@mﬁo@tZQeggﬁf|hgbenzoylcyclohexanol (®Irgacure 184) was
added to the injection moulding and the reaction
solution was immediately weighted (pressed) with a
small metal cylinder at 85°C and a metal block weighing
3 kg. The coating was then allowed to cure for

30 seconds. A crack-free coating was obtained.

After the thermal curing, the coated injection moulding
was cured by UV irradiation. Here, the cooled coating
was exposed to UV light for about 1 minute without
nitrogen. A crack-free, 20 upum thick coating was
obtained. The gcratch resistance of the coating was
investigated in a small-scale test using steel wool,
the coating thus .~ obtained achieving a scratch

resistance of 0 (excellent scratch resistance).

Example 12

Example 11 was substantially repeated, but a layer
thickness of 80 um was produced. For this purpose, the



Thereafter (after thernostating the injection noulding
for 10 mnutes), 1.5 g of a reactive m xture which
conprised 5 g of trinethylol propane triacrylate, 5 g

of thrltyl tetraacryl ate, 0.025 f

b %%t%@? Pyl cycl ohexyl ) 3feroxydi car B%H‘ZF@2008/054678
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coating was then allowed to cure for 30 seconds. A
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2008/ 155149 - 34 - PCT/ EP2008/ 054678 injection
nexbepng was covered with a polyester film which had
been cut out in annular formand had a thickness of
about 80 m After the thermal curing, an initially
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commercially available from ROhm

mbH and preheated to
85°C. For the preheating, the injection moulding was
placed between two metal blocks (having high gloss),
which had a size of 170-170-27 mm. In order to prevent
excessive cooling of the upper metal block, the latter,
was taken down after thermostating of the injection
moulding for about 5 minutes, placed alongside the
hotplate and further heated (thermostated at 85°C). In
the meantime, the injection moulding remained lying
flat on the lower metal block and was further heated

again for 5 minutes without weighting.

Thereafter (after thermostating the injection moulding
. for 10 minutes), 1.5 g of a reactive mixture which
comprised 5 g of trimethylolpropane triacrylate, 5 g of
pentaerythrityl tetraacrylate, 0.05 g of bis(4-tert-
butylcyclohexyl) peroxydicarbonate (thermal initiator)
and 0.20 g of 1l-benzoylcyclohexanol (®Irgacure 184) was
added to the injection moulding and the reaction

solution was immediately pressed with the upper metal



In a smal | -scal e experinent, the efficiency of the
present reactive m xtures was investigated. For this
pur pose, an injection noulding (200 x 100 x 3 nm was
first rod %ed froma PMVA mpul di ng materia
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Example 14

Example 13 was substantially repeated, but a reactive
mixture which comprised 10 g of trimethylolpropane
triacrylate, 0.05 g of Dbis(4-tert-butylcyclohexyl)
peroxydicarbonate (thermal initiator) and 0.20 g of

1-benzoylcyclohexanol (®Irgacure 184) was used.

The scratch resistance of the coating was investigated
by an abrasive disc test according to ASTM 1044 (12/05)
(applied weight 500 g, number of cycles = 100). The
haze of the moulding increased to 5.4% thereby.
Furthermore, the adhesive strength of the coating was
determined by means of a cross hatch test. For this
purpose, the coating was scored crosswise and thus

divided into chessboard-like individual segments. The



coating was determ ned by nmeans of a cross hatch test.
For this purpose, the coating was scored crossw se and
thus divided into chessboard-1ike individual segnents.
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the moulding increased from 5.4% to 22.3%.
Example 15

Example 13 was substantially repeated, but a reactive
mixture which comprised 5 g of trimethylolpropane
triacrylate, 5 g of 1,6-hexanediol diacrylate, 0.05 g
of bis (4-tert-butylcyclohexyl) peroxydicarbonate
(thermal initiator) and 0.20 g of 1l-benzoylcyclohexanol

(®Irgacure 184) was used.

The scratch resistance of the coating was investigated
by an abrasive disc test according to ASTM 1044 (12/05)
(applied weight 500 g, number of cycles = 100). The
haze of the moulding increased to 5.8% thereby.
Furthermore, the adhesive strength of the coating was
determined by means of a cross hatch test. For this

purpose, the coating was scored crosswise and thus



coating showed only very slight cracking. In addition,
a noul di ng thus produced was irradiated wth xenon
arc light for 2000 hours (according to DIN EN I SO
4892, part 2, xenon arc tester: Atlas/ Hera_%}J
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Lesistance of the coating was likewise slightly
adversely affected by the xenon arc test. The haze of

the moulding increased from 5.8% to 13.5%.
Example 16

Example 13 was substantially repeated, but a reactive
mixture which comprised 7.2 g of trimethylolpropane
triacrylate, 1.8 g of 1,6-hexanediol diacrylate, 1.0 g
of polysiloxane (lubricant; RC 725, commercially
available from Goldschmidt GmbH), 0.1 g of bis(4-tert-
butylcyclohexyl) peroxydicarbonate (thermal initiator)
and 0.20 g of 1l-benzoylcyclohexanol (®Irgacure 184) was
used. In addition, a PMMA moulding material coloured
black (8N black 90084, commercially available from R&hm

GmbH) was used.



The noul ding was greatly deformed by this test, but

the coating showed no cracking. In addition, a

nDuIding t hus produced was irradiated wth xenon arc
hours (according to DIN
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effected at 90C, a curing tine of about 60 seconds
being sufficient. After the W curing, a crack-free
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2813 of 5.3% was obtained thereby.
Example 18

Example 15 was substantially repeated, but a reactive
mixture which comprised 5 g of trimethylolpropane
triacrylate, 5 g of 1,6-hexanediol diacrylate, 0.1 g of
bis (4-tert-butylcyclohexyl) peroxydicarbonate (thermal
initiator) and 0.20 g of 1l-benzoylcyclohexanol
(®Irgacure 184) was used. In addition, a PMMA moulding
material coloured black (8N black 90084, commercially

available from Rdhm GmbH) was used.

The thermal curing was effected at 90°C, a curing time
of about 30 seconds being -sufficient. After the UV

curing, a crack-free coating was obtained.

The scratch resistance of the coating was investigated

by an abrasive disc test according to ASTM 1044 (12/05)



by an abrasive disc test according to ASTM 1044
(12/05) (applied weight 500 g, nunber of cycles =
100) A decrease in the gloss at 20 according to DIN

EN 1SO 2813 of 5.3% was obtai ned thereg%¥ n&
E¥arpPe8{ 55344 9subst ant i al Fy3? epeat ed, %?(Q%ﬁ678
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1zaeazoﬁleya%ohasaobtalﬁed)thgaehye 184) was used. In
addition, a PMVA nmoul ding naterial coloured black (8N

bl ack 90084, commercially available from Rohm GibH)
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cycles = 100) A decrease in the gloss at 200
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ere urthernore, a noul ding thus produced was
subjected to an alternating climte test according to
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The thermal curing was effected at 90°C, a curing time
of about 60 sgeconds being sufficient. After the UV

curing, a crack-free coating was obtained.

The scratch resistance of the coating was investigated
by an abrasive disc test according to ASTM 1044 (12/05)
(applied weight 500 g, number of cycles = 100). A
decrease 1in the gloss at 20° according to DIN EN ISO
2813 of 1.8% was obtained thereby.

Furthermore, a moulding thus produced was subjected to
an alternating climate test according to (BMW PR 303 -
part d), the loading programme being shown in Figure 1.
The moulding was greatly deformed by this test, but the

coating showed no cracking.



The thermal curing was effected at 90C, a curing tine
of about 60 seconds being sufficient. After the W
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(applied weight 500 g, nunber of cycles = 100) A
deereaseCilaitnbe gl oss at 20 according to DIN EN | SO

2813 of 1.8% was obtained thereby. Furthernore, a
nmoul di ng t hus produced was subjected to an

alt er nBepagivei makéures tfcar cmadiimy oY IBMIWPRR 1g03neans of

part d 0 r 9 re
hogiongon oo s 270 S 1o G e

but théooc@a{ﬂﬁalgh%m@é nONRF ARG gL 2 WA 2bpBiag5 pAy least
40 - PEILEPHRZ1@5467$hafat eaha%ataﬁliedRea@tlwﬁuat the

m xture for.coatin uldlngs by means of n
ot FORCRbTEd! g AEoS | o) RaMEE et hob BFARH ghtone
of (mephpaciylatesohasndgasat 1keast onewohdoubleihdhdsator.
characterized in that the reactive mxture conprises

at |least one photoinitiator and at |east one thernal

i Ak t | aRepct2veReadtiniaiyg xt urecedondi ng t® d §leim 1,

charactgpi-zede-RzEBat 1he reanli venli Xt UEg-+ QAP iRLSture
at | east 606 by weight of (neth)acrylates having at

| east FABPYOEBFe botds. 3S3REacti ¢¥8%ni xtUr e at€dPBfng ©f
to J aifeen) aghpraceer haedngnathatatberweagbilvte bonds.
m xture conprises at |east 906 by wei ght of
(nmeth)acryl ates having at | east two doubl e bonds. 4.
React i Reaot Xter e acicandieng tacabrﬂéagt ons of Cheim 2,
Py ecedlng-CLEL By o gNa AF! SIER0 | Brkhal LDge; 18actinerure
m xture conprises at |east one (neth)acrylate havin

t hr ee ePnpprecdoublat bondsass. Re2@%i ve by xt uweight of

accor dipgchPalt-fi M és having at least two double bonds.

4. Reactive mixture according to at least one of the
preceding claims, characterized in that the
reactive mixture comprises at least one

(meth)acrylate having three or more double bonds.

5. Reactive mixture according to Claim 4,
characterized in that the proportion of
(meth)acrylates having three or more double bonds
is at least 25% by weight, based on the weight of

the reactive mixture.

6. Reactive mixture according to Claim 5,
characterized in that the proportion of
(meth)acrylates having three or more double bonds
is at least 50% by weight, based on the weight of

the reactive mixture.

7. Reactive mixture according to at least one of the

preceding claims, characterized in that the



characterized in that the proportion of
(meth)acryl ates having three or nore double bonds is
at | east 256 by weight, based on the weight of the

reactive m xture. 6. Reactive mxture accqr¢in 0

i #P88/12Rdtact erized in" that "the propd {%ﬁébé8/°54678
(meth)acryl ates having three or nore double bonds is

at | easeab0%wby miritgite baspdienst heotwemghe dfhart h@5% by
reactive.mxture. 7, R Y } Xt ur ccoy di 0

| east %ﬁég%F tﬁg %?%%@%?%g @?g}ﬁ%, c(gré%{erﬁg%% iéguble
t hat then®®. 2008/ 155149 - 41 - PCT/ EP2008/ 054678

reactive mxture conprises not nore than 75% by

wei ght _of nononers having two or |ess double bonds.
88 - ReaRERGBIVIE xMiKEUAEC GICHORG I tC | *Bstedfb ofet Ipf the

precedbp8cEbdhgs, Chanact er trgdatBethabdt hein reasbtve the
m xture has.,a dynam c viscosity.in the range of 1.to
200 MPRERGELB8CIS SRR T e A SWHRE Gc ORI o AP the
| east paegefof he terecednpy- el atnss°characterized in

that the reactive mxture conprises 0.01% by wei ght

to 3% by weight of photoinitiator, based on the

wei ghtReaftinhe méattiree agicomdiay I Reatease engt ¢fe the

accor%?&«;é&ﬁ | eastip@ne ofnibg-cprecedi NG £l atABe  the

characterize n that the reactive m xture copprises .
0. 03% ByaGei ght MLELEYE RONRTHIRS of - PhEr Ml Yoidhlt &P, 3%
based p tBeghweidht pRbrbhgiteaebiye YigHUrén the weight
React|Vﬁ m xture agccor to at | east one of the

din
preced? gt%?aF%%?t%ﬁ%r%k¥g?¥§ed in that the weight

ratio of photoinitiator to thermal initiator is in
t% r e of 20:1 1l:5. 2..5 [ V ' e
, h
a (gor ?%%C%Jév%t mﬁ}éggf:eo%gcéffdtl gaccté & n!l.é%é'\g one of the
preceding claims, characterized 1in that the
reactive mixture comprises 0.03% by weight to 5%
by weight of thermal initiator, based on the

weight of the reactive mixture.

11. Reactive mixture according to at least one of the
preceding claims, characterized in that the weight
ratio of photoinitiator to thermal initiator is in
the range of 20:1 to 1:5.

12. Reactive mixture according to at least one of the
preceding claims, characterized in that the
reactive mixture comprises 1, 6-hexanediol
diacrylate, trimethylolpropane triacrylate and/or

pentaerythrityl tetraacrylate.

13. Reactive mixture according to Claim 12,
characterized in  that the reactive mixture
comprises trimethylolpropane triacrylate and 1,6-
hexanediol diacrylate, the weilght ratio of
trimethylolpropane triacrylate to 1,6-hexanediol

diacrylate being in the range of 5:1 to 1:5.



preceding clains, characterized in that the reactive

m xture conprises 1, 6-hexanedi ol diacrylate,

trimethyl ol propane triacrylate and/ or pentaerythrityl
tetraacrylate. 13. Reactive m xture according to Caim
WO 2008/ 48BeEPzed in that-the Teactive FRUAERP08/054678
conprises trinethyl ol propane triacrylate and 1, 6-

hexanedi ol diacrylate, the weight ratio of

trimethyl ol propane triacrylate to 1,6-hexanedi

dtacr yR ?%tg‘é?ngm}’ﬁt‘ﬂ]ﬁ% r BME: £ o%)fi.a%m V\%5 or 13,
2008/ 15hdA48cted2zed PCTHEP2@0B/t054618 l1deafRedavtéi venixture
m xture according to. ' [ ch ter) in
That ‘112 P EEEtrve FalePuliodpgbpate CNUAABYIRL 11 ana
tri methghohepryphnetyii betypaceyantde, péheasiejiht tyatio of
tetraaciylatgyl L gbt +atd f rLget PR 1
triacr Jf:at e fﬁ% égﬁfﬁgégtghrt{tyﬁ&@cﬁﬁéaaggel%%%ﬁ ng_in Y
the rahgera®coyiate Rebngiin Fﬂé%c%’iivgem’ztﬁfé to 1+5.

according to at |least one of Cains 12 to 14,
characterized in that the reagtive m'xtﬁre cogErises

pent adif FRAT 1YY TEETHES adSA%HE Hhd T, 6%hexafigdiol ©1°  ©F
di acr ytBaemst he2weitght 14 at i chafapeatasedt hint ylthat  the

tetraa tQ. - he ' di I ' [ _
the r ot Te, Bikgtive AR o CLACEKLILERITEN Iebera
accor ciegylatat ahdadt 6ohexshethel ghlecadilageol &ihes weight
characterigedy} n shatadhgens £act | Viee il ad MheLLQIPIESESL, 6 -
a Iub?%cant. 17. EBRgaacatli]it;&ztrrij>‘e<tt@3:):,;lre accor di n}glto at '

| east kpraredink dbrerBlnhy BEaRds INchEfadPdEe &F il to
that thes reactive m xture conprises col orants,

nmetallic pignments, Wstabilizers, fillers or
nanomaterials. 18. Process for the production of

coal ecRemttt traigaixtobar acteridded ito taat lehst nouvlediafy the
naterlﬁ%eééﬁing claims, characterized 1in that the

reactive mixture comprises a lubricant.

17. Reactive mixture according to at least one of the
preceding claims, characterized 1in that the
reactive mixture comprises colorants, metallic
pigments, uv stabilizers, fillers or

nanomaterials.

18. Process for the production of coated mouldings,
characterized in that the moulding material is
injected into an injection mould and cooled to
give a moulding, the injection mould is changed so
that a space forms between that surface of the
moulding which is to be coated and the inner
surface of the injection mould, the resulting
space is filled by injection moulding with a
reactive mixture according to at least one of
Claims 1 to 17, and the reactive mixture is first
thermally cured and, after the thermal curing,

cured by irradiation.



injected into an injection nould and cooled to give a
nmoul ding, the injection nould is changed so that a
space fornms between that surface of the noulding

which is to be coated and the inner surface of the

i HPe@PPB8ALABUEA, the resul tifg -space i sSPET/ERAOHY/054678
injection noulding with a reactive m xture according

to at least one of Clains 1 to 17, and the reactive

mxture is first thermally cured and, after the | ,
t hér meFTeERF Ay, 2CUH TR Dy Tor r Q4R AR orf . WohsEasressred in

- 43 - tRed/ ER20GRH NSNS mdQer P DCEsBpateeEdiang Tenst one
Claim18, characterized ip that _the nmoul ding nmaterial
Conpr | BYIFT | o4ST°GRET poFiter CUEI Bt &P f reriTHec Lo Of
group pohgnsthpy ofthearyiettsyl peljtecrlyyltethacrylimide,
pol ynme h iLmde;,_ sty | oni gy - :
copol y%r‘gg%glg%ygg%ﬂ%g%leaci%I&g%%%ﬁé}f(rér a%}%yi&e malelc
pol ymed @y mefRREAymate @opol ymslymethylpr odeeghacrylate
accor dkpgoiPm&tai m 19, characterized in that the

moul di ng neterial conprises at | east 50% by wei ght of
pol ynmet hyl net hacryl ate, polynethyl nethacrylimde

and/ orppetyset kydcomiharr ybatelatopaly,reechardtterized in

Process, accordin at | east o of Jains 18 to 0,cne
char ac’f%?ti:zgg‘ei ﬁ]%t“‘ltﬁL r’t%é“%her‘%{#:sgo%?rfﬁgs 8§at]1eﬁ’1§2f‘| 35%
i n t heby amge gbit 50fn tow 1ZmmahhyZ?2. mPrbeesylateor ddaigymathyl
at le ; L 2 ri i

t hat ?ﬁ%t*?r%ﬁ%‘gi%t er%ﬁ?} §x i]%?@cltﬁée%%}%t oz“tﬁ%ﬁkeﬂ“:l[brylate
i nj ect¢epekiiigBSat a tenperature in the range of 220

to 330C. 23. Process according to at | east one of

Clains 18 to 22, characterized in that th ul.di n

et er | BFOFSSS c36reddtBIa treMler@aiite ‘Plﬁetﬂg %Sfﬁéé‘sogs to

70 to 2d50GHeLeRtited eaat | vieatl Xdhy e thd cknjeeet edf the

Into coating is in the range of 5 pum to 75 um.

22. Process according to at least one of Claims 18 to
21, characterized in that the moulding material is
injected into the injection mould at a temperature
in the range of 220 to 330°C.

23. Process according to at least one of Claims 18 to
22, characterized in that the moulding material is
cooled to a temperature in the range of 70 ¢to
150°C before the reactive mixture is injected into

the space.

24. Process according to at least one of Claims 18 to
23, characterized in that the reactive mixture is
thermally cured at a temperature in the range of

80 to 130°C in the injection mould.

25. Process according to at least one of Claims 18 to
24, characterized in that the thermally cured



the space. 24. Process according to at | east one of
Clainms 18 to 23, characterized in that the reactive
mxture is thermally cured at a tenperature in the

020884288788 ng 1o a | eastibne of O aPiE/EE2008/954678

characterized in that the thermally cured WO

2008/ 156448ive44mix BCHé EPRO0RISAB 7Dy r eactidiationt ure a
is cur ' i aLi a t ature.L,Rh the range

of 10 ForperthRe' Ehofhetkalas Bna ot sURar R 2s.
characterized in that the thernally cured reactive

¥t ur?rbéeggr %cd&%ﬂ%wt%adtﬁéiﬁn 227 HRdbederized in
nDuIdlng rising a_noulding which is obtainable b

y
i nj ect FBACmBORILRGIPAGEYs SR SShdFeaTriphy Jeisctdtre ebgtclred
one pohyieg s¢l estiedcieam the group consisting of
pol ynmet hyl net hacryl ate, pol ynmet hyl net hacryl i m de,
styrene-acrylonitrile copolymer, styrene-naleic acid
capol yoeatadd mgol §ived hydommet hesicry | @t emoopdiywer shiahd is
a coat i S.,0b
(ot ny SEP5 i AERES By not H SRS YRl iRy BEAGEefte  ana
char actenpzedesn atthaleawé coat m@mesr apehghbefvdrom the
str eng%f‘ou | NG i NO{ndTOr @£t hags1yReenydi ngné@haéﬂ[?late,

Cross atc test and a decrease in gloss at
a scrapehyPethyiuakRace¥l 1HLEsr di ng Ty rASTM denitrile
g-(l)gg 05%0&@%43@;1 V\@Q}Her@(}nag];ell"&lbn’logbl‘df e&pbh‘iﬁmer and
0 ul din accor ing t
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tenperg?%?%}gﬁr %é?% haggpb %gpnfégégctggd%ouble bonds,
t her nethyractedized. 1Wbmh@4tng:keﬁ:c©®@|twggt bagl @irmadhegive

28, strength rating of not more than 1 according to

coatlng

the cross hatch test and a decrease in gloss at
20°C after a scratch resistance test according to
ASTM 1044 (12/05) (applied weight 500 g, number of
cycles = 100) of not more than 10%.

28. Moulding according to Claim 27, characterized in
that the «coating 1is obtainable by curing a
reactive mixture which is applied to the surface
of the moulding at a temperature in the range of

75 to 120°C and is thermally cured.

29. Moulding according to Claim 27 or 28,
characterized in that the coating has a thickness

in the range of 5 um to 75 pm.

30. Moulding according to Claim 29, characterized in
that the coating has a thickness in the range of

10 pm to 40 pm.



characterized in that the coating has a thickness in
the range of 5 mto 75 m 30. Mul ding according to
Claim?29, characterized in that the coating has a

BocidBghahls e oL 8PS0 Bes g osesns

according to at |east one of Clains 27 to 30,
char acdtenldinlg i actbatiihpe tdeattedsasitn diee ofgl@ssingf 27 to

t he di r .a scratch,_.resj te
accor |éﬁ’g %Mﬁéflﬁqu%h%t ﬁgte ngéé?tgﬁgﬁ 6"55}<:l the
32. Trakepar aft bl dinagldéner dithg AP Gt alfégst dneswfatch

d ai M8y Zdi 02 3de EE@Ea%t&fdréel%gi ned hagriihe o4BoUhdi MG) is
shows an increase in the haze value after a scratch

resi st e"?eRt AR 0P i ng to ASTM 1044 (12/05) to not
nore than 25% after exposure to a xenon arc for 2000

ours._33. Mulding according to at | east_ one of

4 e hanprast "Balrachg; Kokt 0 148 Tearrngnsr of
the nCldihsg Showsocan Xdhescharattenptadr atnng tdlat) the
accor dj h ross. h t .. 34, lnjecti

moul d%%glrr%lc n%,l&é%aggc? Iél‘réP(zatgggi At %'gte @{alewzfeé nechine - oF
conpr iz escrarehctiasd gianqas etastopdionyding afo| 8&§3M 1044

one of (3 add® Lot ok’ -more than 25% after exposure to a

xenon arc for 2000 hours.

33. Moulding according to at least one of Claims 27 to
32, characterized 1in that the coating of the
moulding shows an adhesive strength rating of 0

according to the cross hatch test.

34. Injection moulding machine, characterized in that
the machine comprises a reactive mixture according

to at least one of Claims 1 to 17.



