- 1.- Method for the production of coated noul di ngs The present invention
relates to a process for the production of coated 5 noul dings. The present

i nvention noreover describes a systemfor the conduct of the said process.
Ther nopl asti ¢ moul di ng conpositions which can by way of exanple be based on
pol ymet hyl met hacryl ate (PMVR) are used for a very wide variety of

i napplications. For this, the conpositions are extruded or .

i njection-moul ded to give noul di ngs. The noul di ngs are nowadays w dely used
for the production of high- perfornmance parts, exanples being slidable
parts (automobile interiors and isautdmbile exteriors, casings for

el ectroni c equi pnent, e.g. nobile-tel ephone cases, conputer cases,

organi zer cases, MP3-player cases or teIeV|S|on cases), opaque-col oured

- d te mrrors, columm
gldgdginng?r ﬁnsrﬁgrgtrl %%ng)%%r o‘p aﬁg '8"u %@fdﬁcgﬂ[fg'ﬂl%r articles. The

hi gh perfornmance requirenents placed upon the surface of 20 noul di ngs used
in these ways nmake them susceptible to scratching, which is often visually
unaccept abl e. Wien these noul dings are produced by injection noulding they

are parti clhamrysestizwepidreritéOtoss prcedy ﬂ'cbﬁthe'“pﬁ‘r@&b@fonf@%bgtred' s that econom c

reasons nmake it ve difficult to vary the col our of the noul di ngs
produced, W'%Q%g%@p“??e@?@é?nt{%‘ HereRier dassiibema enstag fof thetpondatiour of the

25add- on paf thetsaid hecegspecti ve autonobile, during the production process.

Thermoplastic moulding compositions which can by way of example be based
on polymethyl methacrylate (PMMA) are used for a very wide variety of
10 applications. For this, the compositions are extruded or injection-moulded to

give mouldings.

The mouldings are nowadays widely used for the production of high-
performance parts, examples being slidable parts (automobile interiors and

15 automobile exteriors, casings for electronic equipment, e.g. mobile-telephone
cases, computer cases, organizer cases, MP3-player cases or television
cases), opaque-coloured add-on parts (e.g. in the automobile industry: exterior
mirrors, column cladding, mirrortriangles) or opaquely coloured consumer
articles. The high performance requirements placed upon the surface of

20 mouldings used in these ways make them susceptible to scratching, which is
often visually unacceptable. When these mouldings are produced by injection
moulding they are particularly susceptible to scratching. Another factor is that
economic reasons make it very difficult to vary the colour of the mouldings
produced, for example in order to permit easy matching of the colour of the

25 add-on part to the respective automobile, during the production process.

It is moreover possible to alter other properties of the mouldings by modification
of the surface. By way of example, a moulding can be provided with a

hydrophobic or hydrophilic coating in order, for example, to alter wettability with



It is noreover possible to alter other properties of the noul dings by
nodi fi cation of the surface. By way of exanple, a noul ding can be provided
wi th a hydrophobic or hydrophilic coating in order, for exanple, to alter
wettability with 2 water or with other |iquids. The surface of a noul ding
can noreover be rendered reflective or anti-reflective. These noul dings can
nor eover al so have dirt-repellent or antibacterial properties, which are
of ten achi eved by nodification of the surface. 5 The noul di ngs descri bed
above can be provided with [acquer layers to inprove scratch resistance,
for colour matching, to nodify the |evel-of hydrophobic/hydrophilic
properties of the surface, or to nodify reflection properties, or else to
give the surfaces antimcrobial and/or dirt-repellent 10 properties.

However, th A : | ication of. reactive |acquers is relatively
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processes have evi ous). een devel oped. whi ch_can apply a

15scr at ch- rdgg'fegt%g?ﬂt (JIrQQwan?”qJ BI%ErYRS Vglcg,rv]@r%8§?” ?Bh'ﬁYE‘}l%ul di ngs by means
of injecti omodifiatich pothprsagesses. By way of exanple, the publications JP

11300776 and JP 2005074896 descri be injection-noul ding processes which give
a moul dng with a scratch-resistant |ayer. 20 The publication JP 11300776

moul _ ! ) . i s-RI M
(Dai ni ppon TR rSLIdiARARsHB8S bbAScah bIBrotl AR MLAIAGSRTs RIALIESI S

is first used to obtain a nmoul ding from di cycl opent ad ar deni ng,
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in a second RIM process into the sai ap, 25 and is’conposed of
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step the production of mass-produced items.

For this reason, processes have previously been developed which can apply a
15 scratch-resistant layer at relatively low cost to the mouldings by means of

injection-moulding processes. By way of example, the publications

JP 11300776 and JP 2005074896 describe injection-moulding processes

which give a moulding with a scratch-resistant layer.

20 The publication JP 11300776 (Dainippon Toryo, 1998) describes a two-stage
RIM process. Metathesis-RIM is first used to obtain a moulding from
dicyclopentadiene. After hardening, the movable part of the RIM mould is
moved backwards, thus producing a defined gap between moulding and mould.
A coating material is then injected in a second RIM process into the said gap,

25 and is composed of acrylic-functionalized urethane oligomers, styrene, and
diacrylate crosslinking agents, and also, if appropriate, fillers and pigments

(TiO, talc), and is hardened by a free-radical mechanism at 95°C for 2 min.

The document JP 2005074896 (Toyota Motor Corp.; Dainippon Toryo Co.)



processes a plastic, in particular polycarbonate (PC), to give a sheet-1like
nmoul di ng. The noul d then opens around a snmall gap and within a few seconds
a reactive solution conposed of acrylate-functionalized urethane oligoners,
5acryl ate crosslinking agents, inhibitors, and an organi c peroxide
initiator is injected and hardened. The hardening is conplete after a few
seconds at 95C, and the conposite product is denoulded after 90 s. It has
good scratch resistance, adhesion, tenperature-cycle resistance and
war mwat er-cycl e resi stance. An essential factor in all of the clains is
the presence of a urethane io oligonmer3dwhich is conposed of isophorone
dii socyanate units or of bis(isocyanocycl ohexyl)nethane units. The
nmoul di ngs descri bed above intrinsically have good properties. However, the
i the entire process
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resi st anceblamﬁbclyhmcyclohexyl)methane units.

The mouldings described above intrinsically have good properties. However,
the production process is time-consuming, making the entire process

15 expensive. Another problem of the injection-moulding process described in the
publications JP 11300776 and JP 2005074896 is premature polymerization of
the reactive mixture in the injection-moulding apparatus, making it difficult to

achieve short cycle times by these processes in mass production.

20 Problems often arise moreover with the operating times of the system, since
the injection moulds are often not sufficiently leakproof with respect to the
reactive mixtures, and these therefore can come into contact with movable

parts of the system.

25 The long cycle times described above can moreover lead to quality problems
with the mouldings produced. In this connection, it may be stated that the
moulding compositions are subject to thermal stress in the extruders, and this
can lead to degradation of the polymers. The result can be a change by way of

example in the mechanical and optical properties of the moulding compositions,



weat hering resi stance of the resultant noul dings. There is also a need for
S5provi sion of a process for the surface nodification of noul di ngs which can
adapt the surface properties of nouldings to a very wi de variety of _
requi renents. By way of exanple, the process should in particular permt

t he production of hydrophobic or hydrophilic coatings, in order by way of
exanple to alter wettability with water or with other |iquids. The process
shoul d nmoreover 10allow the surface to be rendered reflective or
anti-reflective. It should noreover be possible to equip the noulding with
dirt-repellent or antibacterial properdies. In the light of the prior art,
it was now an object of the present invention to provide a process which
can produce coated noul di ngs, and which can be 15carried out sinply and at

| ow cost. Th [.n ere shoul.d be obtained usin i,.ni num cycle tinmes
and v eh o S SpOUT Sl Raler P RaBue BHBE Prifrib T s BeleeRon o
nor eover be capabl e of giving noul dings with excell ent nmechanical

ties..Jn particular, the nouldings should exhibit high scratch 20
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introduction, are achieved by a process with all of the features of patent
Claim 1. AfSEtFeRsabtuSYaodiaxemps, dte plesesnshontd neapicobepsrait thepr ot ect ed by

the dependgpiqeliah BBnyMb sHELIEE Sy aRHHic!Rafhdd, M drder by way of example
to alter wettability with water or with other liquids. The process should moreover
10 allow the surface to be rendered reflective or anti-reflective. It should moreover

be possible to equip the moulding with dirt-repellent or antibacterial properties.

In the light of the prior art, it was now an object of the present invention to
provide a process which can produce coated mouldings, and which can be
15 carried out simply and at low cost. The moulding here should be obtained using

minimum cycle times and with relatively low total energy consumption.

The process should moreover be capable of giving mouldings with excellent
mechanical properties. In particular, the mouldings should exhibit high scratch
20 resistance and hardness. The coated mouldings should moreover have high
weathering resistance and high chemicals resistance. The process should
moreover be capable of producing mouldings with high precision and

consistently high quality.

25 The process should moreover permit maximization of operating time of an

injection-moulding system.

These objects, and also other objects which, although not explicitly mentioned,

are readily derivable or deducible from the circumstances discussed in the



5 The present invention accordingly provides a process for the production
of coated noul dings, by injecting a noulding conposition into an injection
nmoul.d and cooling the conmposition to obtain a moulding, and altering the
injection moulding in such a way as to produce an internedi ate space o
between a tosurface to be coated of the noulding and the inner surface of
the injection nould, and using injection noulding to charge a reactive

m xture to the resultant internedi ate space, characterized in that the
tenperature of at |least a portion of the injection nould is increased for
the curing of the reactive mxture. This nethod successfully provides, in a
manner whi ch could not have been foreseen, a process for the production of
coat ed noul di ngs which can be carried out sinply and at | ow cost. The
noul di ng here can be obtained with very short cycle times and with
relatively low total energy consunption. 20The inventive process noreover
gi ves noul di mgsdugtion aexamidvetby apcivess \witil alimf tpdedtires of daterpidiincul ar, t he
noul di ngs ca ihj i ' ISt . w.Ihe surface
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- a W de vari eflgpepflentglgiine wheieser btielofildmelss can, for exanple, in particul ar
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by way of exanple to alter wettability with water or with other |iquids.
The surfaée can al so be rendered reflective or anti-reflective. The
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15 This method successfully provides, in a manner which could not have been
foreseen, a process for the production of coated mouldings which can be
carried out simply and at low cost. The moulding here can be obtained with very

short cycle times and with relatively low total energy consumption.

20  The inventive process moreover gives mouldings with excellent mechanical
properties. In particular, the mouldings can exhibit high scratch resistance and
hardness. The surface properties of mouldings can moreover be adapted by
the inventive process to a wide variety of requirements. The process can, for
example, in particular serve for the production of hydrophilic or hydrophobic

25 coatings, in order by way of example to alter wettability with water or with other
liquids. The surface can also be rendered reflective or anti-reflective. The
inventive process can also equip a moulding with dirt-repellent or anti-bacterial
properties. The coated mouldings moreover have high wéathering resistance

and high chemicals resistance. The process can moreover produce mouldings



10 the injection-nmoul ding systemare not inpaired by the curing of the
reactive mxture. This is surprising, particularly because the viscosity of
the reactive mxture usually falls on heating, thus naking the reactive

m xture usually nore flowable at higher tenperatures. The inventive design
can noreover mnimze thernmal degradation of the noul ding conpositions in

t he extruder, thus giving 15noul dings with high and consistent quality.

I nj ection-noul di ng processes have been known for a long tinme and are w dely
used. A noul ding conposition is generally injected here into an injection
moul d and cooled to give a nnulding.*éb‘According to the invention, the
coating process advantageously takes place by virtue of an alteration of
the injection nmould, where an internedi ate space is produced between the

surface to - ; : [ t N I f f the injection
moul d. | nj e\@{tﬁl @@?hﬁgﬁsgnnéﬁsg?@eﬁﬁg%ﬁ{% %’hc(ﬂ%r“{@ﬁgg%’@%égﬁ'ﬁe@ 'm xture to the
i nt er nedi atreowgageoprindblestcoring tettep s1vdeberprbextsaxbipé imessathes i bed i n
nore detail_ ] Jda.in th ublications JP 11300776, and. JP 2005074896,
the discl oscﬂérée%gi S@%’F@Heﬁggtsl ﬁ&%rep'BP@?'é’as i”?ﬂr%o‘ieﬁéx'%{g'ﬁlgééﬂf%ﬁ? -7 -

Moul di ng caepuplitgi ti ons for the production of the noulding to be coated are

known per se, and these noul di ng conpositions conprise thernoplastically
processdbl e pol yners as obligatory conponent. Ampbng the preferred pol yners
S5are by wayhefprexasplcted@r wlows h&;a@Fwa_@hg%melaamaﬁjbtmﬂ-@buua%yrret hyl

nmet hacryl ate gPMVAé)( poly(meth)acrylimdes, polyacrylonitriles

pol yst yr en&¥SCHoPYRIIRBRY; INRAriiadar dyvirtusapiyies pluke ingisias@iferthe chi or i des.

Pol y( et h) agring &ttes réﬁwvéﬁﬂi%&r@e?@h@é}rir)ﬁ*aéméiz%ﬁitféﬁh@E%téﬁwrc%‘ﬂ here. These
pol yners can be used individualTy or else as a mixture. These pol yners can

mor eover aP4eregsiily bhachiorask m gnitiepblagiashere iorteatdhe awveblgaiayisefs are inter
ali a styrefngsiaebidrRRbhididgSystem are not impaired by the curing of the reactive

mixture. This is surprising, particularly because the viscosity of the reactive
mixture usually falls on heating, thus making the reactive mixture usually more
flowable at higher temperatures. The inventive design can moreover minimize
thermal degradation of the moulding compositions in the extruder, thus giving

15 mouldings with high and consistent quality.

Injection-moulding processes have been known for a long time and are widely
used. A moulding composition is generally injected here into an injection mould
and cooled to give a moulding.

20
According to the invention, the coating process advantageously takes place by
virtue of an alteration of the injection mould, where an intermediate space is
produced between the surface to be coated of the moulding and the inner
surface of the injection mould. Injection moulding can be used to charge a

25 reactive mixture to the intermediate space produced.

The steps described above are described in more detail inter alia in the
publications JP 11300776 and JP 2005074896, the disclosure of which is

incorporated into the application.



copol ynmers, styrene-maleic acid copolynmers and pol ynet hyl nethacryl ate
copal yners, in particul ar polynethyl nethacryl ate-poly(neth)acrylimde
copol ymers. 15Particul arly preferred noul ding conpositions have at | east
15% by wei ght, preferably at |east 50% by wei ght and particularly
preferably at |east 80% by wei ght, of polynmethyl methacrylate, of

pol ynmet hacryl net hyl i m de and/ or of pol ynet hyl nethacryl ate copol yners,
based on the total weight of the noul ding conposition. 20 The noul di ng
conpositions of the present invention can preferably conprise

pol y(nmet h)acryl ates. The expressi on {net-h)acryl ates conprises nethacryl ates
and acryl ates, and al so m xtures conposed of both. Poly(neth)acrylates are
pol ymers obt ai nabl e by pol ynerization of a nononer 25 m xture which has at
| east 60% by weight, preferably at |east 80% by weight, of (neth)acrylates,
based on thé wei ght of the nononmers. These nononers are well known to

per sons sklMdub:dng nomb@snams fanitie ared RYen bﬁbﬂe&n@tﬂﬂﬁgw bakbited Befrom
sat ur at ed | coho met h) acryl ate, et hXF (rmeth)acryl ate,
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(met h)acryl ates which derive fromunsaturated alcohol s,
5( et h) acr 9[%%%&0% PENAS POl raethlaseratpatia pagickiar D@W@@H}%cr yl at e vi nyl
(met h) acr y hittigacr@hte- <Pmm>ds&y@mhﬁ'c%m, B&yéér@bmrﬁ&g Yolyanpehds, € 9-

N- ( 3- di net hyl am nopr o rne acr
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individually or else as a mixture. These p'olymers can moreover also take the
10 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.

15 Particularly preferred moulding compositions have at least 15% by weight,
preferably at least 50% by weight and particularly preferably at least 80% by
weight, of polymethyl methacrylate, of polymethacrylmethylimide and/or of
polymethyl methacrylate copolymers, based on the total weight of the moulding
composition.

20
The moulding compositions of the present invention can preferably comprise
poly(meth)acrylates. The expression (meth)acrylates comprises methacrylates

and acrylates, and also mixtures composed of both.

Poly(meth)acrylates are polymers obtainable by polymerization of a monomer
25 mixture which has at least 60% by weight, preferably at least 80% by weight, of
(meth)acrylates, based on the weight of the monomers. These monomers are

well known to persons skilled in the art and are available commercially.

Among these are, inter alia, (meth)acrylic acid and (meth)acrylates which derive



3-vinyl cycl ohexyl (meth)acrylate, bonyl (meth)acrylate; hydroxyalkyl
(meth)acryl ates, such as 3-hydroxypropyl (nmeth)acrylate, 3,4-dihydroxybutyl
(meth)acrylate, 152-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
“(meth)acrylate; glycol di(neth)acrylates, such as 1, 4-butanedi ol _
(meth)acrylate, (meth)acrylates of ether alcohols, e.g. tetrahydrofurfuryl
(meth)acryl ate, vinyloxyethoxyethyl (neth)acrylate; and pol yfunctional
(meth)acrylates, such as 20trimethyl ol propane tri(neth)acrylate. The
preparation of the poly(meth)acrylates can al so use, al ongside the

(met h)acryl ates descri bed above, other8unsaturated nononers copol yneri zabl e

with the abovenenti oned nethacryl ates. The anmount 25 generally used of

t hese conpounds based on the meight of the nonomers, is fromO to 40% by
nononers here can be
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such as 1- flm&fﬁ)acryléteh%Dtﬁﬁﬁeth%’cﬁnﬁbeﬁerﬁylzﬁﬁ%ac@é@@ Hegylvi nyl cycl ohexane
3, 3-di met h% e’gh)gcgr(;lateen% -ethylhexyl ?/meth)acrylate t|1e|p>st)(/)l rlfﬂt ¥h)ggr$late4 methyl - 1-pent ene;
(meth)acrylates which derive from unsaturated alcohols, e.g. oleyl
5  (meth)acrylate, 2-propynyl (meth)acry!ate allyl (meth)acrylate, vinyl
(meth)acrylate, etc.;
amides and nitriles of (meth)acrylic acid, e.g.
N-(3-dimethylaminopropyl)(meth)acrylamide,
N-(diethylphosphono)(meth)acrylamide,
10 1-methacryloylamido-2-methyl-2-propanol; cycloalkyl (meth)acrylates, such as
3-vinylcyclohexyl (meth)acrylate, bornyl (meth)acrylate;
hydroxyalkyl (meth)acrylates, such as
3-hydroxypropyl (meth)acrylate,
3,4-dihydroxybutyl (meth)acrylate,
15 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate;
glycol di(meth)acrylates, such as 1,4-butanediol (meth)acrylate,
(meth)acrylates of ether alcohols, e.g.
tetrahydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl (meth)acrylate; and
polyfunctional (meth)acrylates, such as
20  trimethylolpropane tri(meth)acrylate.

The preparation of the poly(meth)acrylates can also use, alongside the
(meth)acrylates described above, other unsaturated monomers
copolymerizable with the abovementioned methacrylates. The amount

25 generally used of these compounds, based on the weight of the monomers, is
from 0 to 40% by weight, preferably from 0 to 20% by weight, and the
comonomers here can be used individually or as a mixture.
Among these are inter alia 1-alkenes, such as 1-hexene, 1-heptene; branched

alkenes, such as vinylcyclohexane, 3,3-dimethyl-1-propene, 3-methyl-1-



vinyl esters, such as vinyl acetate; styrene, substituted styrenes having
an al kyl substituent in the side chain, e.g. a-nethylstyrene and

a-et hyl styrene, substituted styrenes having an al kyl 5substituent on the
‘ring, e.g. vinyltoluene and p-nethyl styrene, hal ogenated styrenes, such as
nonochl or ostyrenes, dichlorostyrenes, tribronostyrenes and o
tetrabronostyrenes; heterocyclic vinyl conpounds, such as 2-vinylpyridine,
3-vinyl pyridine, 2-nethyl5-vinylpyridine, 3-ethyl-4-vinylpyridine,

2, 3-di met hyl - 5-vi nyl pyri di ne, 10vi nyl pyri m di ne, vi nyl pi peri dine,

9-vi nyl car bazol e, 3-vinyl carbazol e, A-Qiﬂylcarbazole,l-V|ny!lnldazol

2-met hyl - 1-vi nyli m dazol, N-vinylpyrrolidone, 2-vinylpyrrolidone,

N-vinyl pyrrolidine, 3-vinylpyrrolidine, N-vinylcaprolactam

N-vi nyl but )H;lgé)b%(i %g%,t%vhgﬁ]gﬁi%leg%& hV| nyl furan, vinylthiophene,

vi nyl t hi ol ane; ydrogenated vi nyl t hi azol es,

vi nyl oxazolvesl es‘tdrshyntfrowmayleﬁeﬂe&yl nyl oxazol es; vinyl and isoprenyl ethers;
mal ei ¢ aci d, derivatiyes, such %§ mal ei c_anh drlde met hyl mal ei ¢ anhydri de,

nal ei ni de, H‘é‘?'?ﬁ/ls PR ghre Hinghs alkyl s S%er&uww'%ﬁ&%@ 920

Preferred 1 b nof m Xt ures
W:nech haveag?ggqg?s){?é%é/?dse@m@g@ng éﬁsgﬁ%ﬁﬁ?‘%nggwﬁﬁ%%%&% Yo by wei ght and

part i cubar Bybsiiteand eaphs riag, ¢- @aemylt@wwnd@r@hthytstyrm inplogaeatedcryl ate, in
each styrenes, such as monochlorostyrenes, dichlorostyrenes, tribromostyrenes and

tetrabromostyrenes;
heterocyclic vinyl compounds, such as 2-vinylpyridine, 3-vinylpyridine, 2-methyl-
S-vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine,

10 vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole,
4-vinylcarbazole, 1-vinylimidazol, 2-methyl-1-vinylimidazol, N-vinylpyrrolidone,
2-vinylpyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine, N-vinylcaprolactam,
N-vinylbutyrolactam, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane,
vinylthiazoles and hydrogenated vinylthiazoles, vinyloxazoles and hydrogenated

15 vinyloxazoles; |
vinyl and isoprenyl ethers;
maleic acid derivatives, such as maleic anhydride, méthylmaleic anhydride,
maleimide, methylmaleimide; and '
dienes, such as divinylbenzene.

20
Preferred poly(meth)acrylates are obtainable by polymerization of mixtures
which have at least 20% by weight, in particular at least 60% by weight and
particularly preferably at least 80% by weight of methyl methacrylate, in each
case based on the total weight of the monomers to be polymerized. For the

25 purposes of the present invention, these polymers are termed polymethy!
methacrylates. Preferred moulding compositions can comprise various
poly(meth)acrylates which differ from one another by way of example in

molecular weight or in monomer constitution.



case based on the total weight of the nononmers to be pol ynerized. For the
25 purposes of the present invention, these polyners are ternmed pol ynet hyl
met hacryl ates. Preferred noul di ng conpositions can conprise various

pol y(nmet h)acryl ates which differ fromone another by way of exanple in

mol ecul ar wei ght or in nmononmer constitution. - 10 - The preparation of the
(met h)acryl ate hono- and/or copolyners fromthe nononers descri bed above by
t he various processes of free-radical polynerization is known per se. For
exanpl e, the polyners can be prepared by bul k polynerization, solution

pol yneri zation, suspension polynerizatjson or Senul sion polynerization. Bul k
pol yneri zation is descri bed by way of exanple in Houben-Weyl, Volune E20,
‘Part 2 (1987), pp. 1145 et seq. Useful information with regard to solution
pol ynmeri zation is found on page 1156 et seq. in the sanme reference.

Expl anat i orheofreparafiemsi e (pety)aeyiatahorao- dregdmopogiheds Bomitkew se found on

I t
oscri bed AP TP AREIbeG HpNGEY LSEH G sSEepesors PHESRNE of e ence.
Preferred rml;lnﬁhrﬁgh@oﬁp@@%l SeCRd dXahfRRY &fe ERa3P be prepared b
pol y( nmet h) | i m des.. Pol 3{ fr?ﬁet h) acryl i.m des gd;@g r epeat Fl)JnPtS V\HI ch can be
Y .

15r epr esent él quﬂ%rﬁﬁypa ion polymerlzatlon suspension polymerization or
s  emulsion polymerization. Bulk polymerization is described by way of example in

Houben-Weyl, Volume E20, Part 2 (1987), pp. 1145 et seq. Useful information
with regard to solution polymerization is found on page 1156 et seq. in the
same reference. Explanations of suspension polymerization technology are
likewise found on page 1149 et seq. of the same reference, while emulsion

10 polymerization is described and explained on page 1150 et seq. of the same

reference.

Preferred moulding compositions can moreover encompass
poly(meth)acrylimides. Poly(meth)acrylimides have repeat units which can be

15 represented by formula (1)

R R

o’ N7 o

R

in which R" and R? are identical or different and are hydrogen or a methyl

group, and R® is hydrogen or an alkyl or aryl radical having up to 20 carbon

atoms.

20 ltis preferable that units of the structure (1) form more than 30% by weight,
particularly preferably more than 50% by weight and very particularly preferably
more than 80% by weight, of the poly(meth)acrylimide.

The preparation of poly(meth)acrylimides is known per se and described by
25 way of example in GB Patent 1 078 425, GB Patent 1 045 229, DE Patent



i s hydrogen or an al kyl . ture (1) formnore

group, and R3 is hyt hat units of the structu )

. s preferable tha ht and
Cﬁr bogooa/(': ggsmeleH | paPt icularly preferably nore t E?n g?‘%; E)é Vel g
;[/é?; particularly preferabl ¥hrm[)(raetp2?2t ?g(r)f) lo)%/ \Sﬁ: 3( et h)acrylimdes is -
R . - de, e . 8 4251
PO y(rmte?) 2grglnljmdescri bed by 25 way of exanple in G![B gagggtﬁl;ﬁor DE
l;’g?\émntpl 045 229, DE Patent 1 817 )156T§]-= Ugoggltgpmrs oor [A) o

’ Patent 4 139 685): These ters

Pg;;agit n2f7ur2?h(’23r59rrgﬁorrer units which derive by 5Sway of exanple from es
(o]

[ i havi ng
[ [ [ ular with | ower al cohols (
of acrylic or nethacrylic acid, in partic g g arnd

| ei : ,
from1l to 4 e8MBABEAE UBPamhys BHEy Epf i 2€ A6 8P e Ust Patieny | i dene
acid or its %qgggéé}fl oxl (r)\%ll ?K(rargcrjlrrg)%o{?irs ﬂi ch cannot be cyclized or

. 0,
\(/:\hh: gl’hl gf-e Igry difficult to cyclize i 0s i nt enideﬁttgngepgst imglrjleaﬁ Ih;’:/m 30% 10
by wei ght, eferably no nore than 20/o.by wei g h i ght. of the monomers.
referably n %rcep@lpi@ﬁrslw%mgrewergiﬁntal@m@rr gﬁg%a%( yﬁ#%\géugh\gﬁp%by
R)/bul di ng ﬁorm%ftéxgr‘?yﬁletfpoar;i eSS gfe acl#ﬁi(ca:dor?nre%he?crylic acid, in particular with
lower alcohols having from 1 to 4 carbon atoms, styrene, maleic acid or its
anhydride, itaconic acid or its anhydride, vinylpyrrolidone, vinyl chloride or
vinylidene chioride. The proportion of the comonomers which cannot be
cyclized or which are very difficult to cyclize is intended to be no more than 30%
10 by weight, preferably no more than 20% by weight and particularly preferably no

more than 10% by weight, based on the weight of the monomers.

Moulding compositions that can be used are preferably those which
encompass poly(N-methylmethacrylimides) (PMMI) and/or encompass
15 polymethy} methacrylates (PMMA). Poly(N-methylmethaorylimides) (PMMI),
polymethyl methacrylates (PMMA) and/or PMMI-PMMA copolymers are
preferably copolymers of PMMI and PMMA which are prepared by to some
extent cycloimidizing the PMMA.. (PMMI prepared by partial imidization of
PMMA is usually prepared in such a way that at most 83% of the PMMA used
20 are imidized. The resultant product is termed PMMI, but strictly is a PMM|-
PMMA copolymer.) PMMA, and also PMMI or PMMI-PMMA copolymers, are
commercially available, e.g. with the trade mark Pleximid from R6hm. An
example of a copolymer (Pleximid 8803) has 33% of MMI units, 54.4% of MMA
units, 2.6% of methacrylic acid units and 1.2% of anhydride units. The products
25 are known, as also is thejr preparation (Hans R. Kricheldorf, Handbook of
Polymer Synthesis, Part A, Verlag Marcel Dekker Inc. New York - Basel -
Hongkong, pp. 223 et Seq.; H. G. Elias, Makromolekiile [Macromolecules],
Huthig and Wepf Verlag Basle - Heidelberg - New York; US Patents 2 146 209,
4 246 374).



nconpass pol y(N-rnethyl methacrylim des) (PMML) and/or enconpass 15

Sol yrxt hyl pme%lglacryl ates (PMVA). Pol y(N-net hyl net hacryl i m des) (PM\/:C), o
pol ynmet hyl net hacryl ates (PMVA) and/ or PVWMM - PMMA copol yners are preferably
copol ynmers of PMML and PMVA which are prepared by to sone extentf VA
cycloi midizing the PMMA. (PMM prepared by partial inidization o 4

is usually prepared in such a way that at nost 83%of the PMVA used aare

i mdized. The resultant product is termed PMM, but strictly is a PW -
PMVA copol yner.) PMMA, and al so PVWM or PMM - PMWVA copol yners, are

. . . o) hm AN
|y available, e.g. with the tpade nmark PIemmdfromRtl
ey (Pl gxi m d 8803) has 33% of MM wunits, 54.4% of MVA

exanpl e of a copol yner . . ;

uni{rg 2. 6% of ﬁet hacrylic acid units and 1.2% of anhydride units. The f

produé:ts. 25 are known, as also is their preparation (Hans R Krichel dorf,
Part A, Verlag Marcel Dekker Inc. New York -

Handbook of Pol yner Synthesis, _ el
1 : | ekiil.e
Basel - Hongkengbuldify c@RBodfiors4n mdbie g%%ggﬁgag@ﬁgﬁﬁgragg@ugn%w York: US

| es], HO hig and Wepf Ver
l[:,g/?g:]? rsm lzeclzggly@]ggg (Sﬂ\@gféar@quy preferred styrene-acrylonitrile polymers can be

obtained by polymerization of mixtures composed of
5 from 70 to 92% by weight of styrene
from 8 to 30% by weight of acrylonitrile and
from 0 to 22% by weight of other comonomers, in each case based on the total

weight of the monomers to be polymerized.

10 Inorder to improve impact resistance values, silicone rubber graft copolymers
can be admixed with the moulding compositions and are composed of
from 0.05 to 95% by weight, based on the total weight of the copolymer, of a
core a) composed of an organosilicon polymer whose general formula is
(R2Si022)x (RSi032),(SiOup),, where x = from 0 to 99.5 mol%, y = from 0.5 to

15 100 mol%, z = from 0 to 50 mol%, where R are identical or different alkyl or
alkenyl radicals having from 1 to 6 carboh atoms, aryl radicals or substituted
hydrocarbon radicals,
from 0 to 94.5% by weight, based on the total weight of the copolymer, of a
polydialkylsiloxane layer b) and '

20 from 5 to 95% by weight, based on the total weight of the copolymer, of an
envelope ¢) composed of organic polymers, which comprises vinyl groups prior
to the grafting process, and the envelope c) is obtainable by free-radical

polymerization of a mixture which comprises acrylic esters and methacrylates.

25 The inventive moulding compositions can moreover comprise acrylate rubber
modifiers. Surprisingly, this can achieve excellent imbact resistance behaviour
at room temperature (about 23°C) of the mouldings produced from the
moulding compositions. A particular significant factor is that the mechanical and

thermal properties, for example the modulus of elasticity or the Vicat softening



- 12 - The noul ding conpositions can noreover enconpass
styrene-acrylonitrile polynmers (SAN). Particularly preferred
styrene-acrylonitrile polynmers can be obtai ned by pol ynerization of

m xtures conposed of 5 from 70 to 92% by wei ght of styrene from8 to 30% by
melght of acrylonitrile and fromO to 22% by wei ght of other conononers,
in each case based on the total weight of the nononers to be polynerized.
ioln order to inprove inpact resistance val ues, siliconesubber graft

copol ynmers can be adm xed with the noul di ng conpositions and are conposed
of fromO0.05 to 95% by wei ght, based & the total weight of the copol yner,
of a core a) conposed of an organosilicon pol yner whose general fornula is
(R2Si 02/ 2)x. (RSIi B, 2)y-(Si A4, 2),, where x = fromO0 to 99.5 nmoP/D, y = from
0.5 to 15100. IW .z .=1ro to nmo|, % . identjcal or

di ff erent gg‘l? BPINFL YR W\ggd‘?‘@éqga’hﬁb?%@'Fr”%ﬁﬂeltpt?cg‘%%?% Fatoms, aryl
radi cal s Oho’&bbﬁtmmaﬁe&‘bmmﬁhmaeréﬁ@oﬁﬁﬂeﬁqpefrétgf@ rﬁeﬁeqsy Bfusiig by wei ght,
based on the taI @8Qt of the cog al 'ky IS|onane | ayer
b) and 20 P?’éﬂ Ubhegmesiifier Qsiiiane r %%Péc@r%fhcqn%/m@ft ﬁler%\/é@f@ﬂatwﬁlyt he
copolyner,n@ﬁg@ﬁg@@ﬁ@hQ@gugga@ngg§ed of organic polyners, which conprises
vinyl groups prior to the grafting process, and the envelope c) is
obt ai nabl e by free-radical polynmerization of a m xture which conprises

acryl ¢ eStRis AMRELIBEHOAES ord B dlP pbRYE T bY S B HATRRS [ Ons

can noreover corrprl se acrylate ru g er's, is can
achi eve ex@épleeqiid-engine ﬁ@@t@@m@e@@mmﬂ the enm}«ma anser Bigbr e (about

23CQ) of the AoMbAIRER (Prfe‘?ﬁ)légﬁlﬂatég R &BEd above.

10 Preferred acrylate rubber modifiers here have a structure having two shells of

different constitution.

Particularly preferred acrylate rubber modifiers have inter alia the following

structure:
15 Core: Polymer whose proportion of methyl methacrylate is at least 90%
by weight, based on the weight of the core.
Shell 1: Polymer whose proportion of butyl acrylate is at least 80% by
weight, based on the weight of the first shell. '
Shell 2: Polymer whose proportion of methyl methacrylate is at least 90%
20 by weight, based on the weight of the second shell.

By way of example, a preferred acrylate rubber modifier can have the following

structure:

25 Core: Copolymer composed of methyl methacrylate (95.7% by weight), ethy!
‘ acrylate (4% by weight) and allyl methacrylate (0.3% by weight)
S1:  Copolymer composed of butyl acrylate (81.2% by weight), styrene
(17.5% by weight) and allyl methacrylate (1.3% by weight)
S2: Copblymer composed of methyl methacrylate (96% by weight) and ethyl



moul di ng conpositions. A particular significant factor is that the
mechani cal and thermal properties, for exanple the nodulus of elasticity or
the Vicat softening - 13 - point, remain at a very high level. If an
attenpt is made to achieve simlar notched inpact resistance behavi our at
roomtenperature nerely by using acrylate rubber nodifier or silicone
rubber graft copolyner, there is a relatively marked reduction in the said
val ues. 5 These acrylate rubber nodifiers are known per se. They are

copol ymers having a core-and-envel ope structure, where the core and the
envel ope have a high proportion of thd4(reth)acryl ates described above.

i oPreferred acrylate rubber nodifiers here have a structure having two
shells of different constitution. Particularly preferred acrylate rubber

nodi fiers have inter &}QE the follow ng structure: 15 Core: Pol yner whose
proportion of n@?WG‘Fe PRYMEANY e i s at | east 90% by wei ght, based on the
wei ght of the core. Shell 1:Polynmer whose proportion of butyl acrylate is
at | east 8Q% by weight, based on the weight of the first shell. Shell

2: Pol ymer WHGIEIDPITBE {9 Shells) 'mrﬁterﬂﬂrylﬁ@trhawyn%feerﬁ sapvaiyeddely 90w 20by
wei ght, basggh Bpwbidst ¥kicthito Henlld)s i BREbISHetHe range from 20:80 to
5  80:20, with preference from 30:70 to 70:30 in the case of modifiers with one
shell, and the ratio of core to shell 1 to shell 2 C/S1/S2 is preferably in the
range from 10:80:10 to 40:20:40, particularly preferably from 20:60:20 to

30:40:30 for maodifiers having two shells.

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

to 450 nm, with no intention of any resultant restriction.
According to one particular aspect of the present invention, the ratio by weight
15 of silicone rubber graft copolymer to acrylate rubber modifier is in the range

from 1:10 to 10:1, preferably from 4:6 to 6:4.

Particular moulding compositions are preferably composed of

1) from 20 to 95% by weight of poly(meth)acrylates,

20 f2) from 0 to 45% by weight of styrene-acrylonitrile polymers,
3) from 5 to 60% by weight of silicone rubber graft copolymers,
f4) from 0 to 60% by weight of acrylate-rubber-based impact

modifiers, based in each case on the weight of components 1 to 4,
and of conventional additives.

25
The compositions to be polymerized, the moulding compositions, and the
mouldings obtainable therefrom can moreover comprise further well-known
additives. Among these additives are inter alia molecular weight regulators,

release agents, antistatic agents, antioxidants, mould-release agents, flame



By way of exanple, a preferred acrylate rubber nodifier can have the
follow ng structure: 25 Core: -Copol yner conposed of nethyl nethacryl ate
(95. 7% by weight), ethyl acrylate (4% by weight) and ally] methacryl ate
(0.3% by weight) Si: Copolyner conposed of butyl acrylate (81.2%by

wei ght), styrene (17.5% by weight) and ally! nmethacrylate (1.3% by wei ght)
S2: Copol yner conposed of nethyl nethacrylate (96% by wei ght) and ethyl -
14 - acrylate (4% by weight) The ratio of core to shell(s) in the acrylate
rubber nodifiers can vary widely. The ratio by weight of core to shell TS
is preferably in the range from 20: 801%0-5 80:20, with preference from
30:70 to 70:30 in the case of nodifiers wwth one shell, and the ratio of
core to shell 1 to shell 2 CS1/S2 is preferably in the range from 10: 80: 10

to 40: 20: 40 rticylarly preferabl fro 0:20 to 30:40:30 for
I’T’gdl fiers Hﬁ@?%d‘gﬁ m’”gﬂ% A QY?rF‘cI'“ér%?%@ SAOIZRES: RIGMANER-e r ubber

nodi fiers |vseaﬂ%mbIsyau||ﬂetmd@§g@,zfef§m 50 to 1000 nm preferably from 100
to 500 nmand particularly preferably from 150 to 450 nm with no intention

of any resultant restriction. According to one particul ar aspect of the
present | nvigRtndflnt LS §ahb Gabiny 4Ek WBhvehBBhalStd. \EABBOTBPREIGHE A t copol ymer
to acrylate rubber nodifier is in the range

5  preferably up to 30% by weight, based on the entire composition. If the amount
is greater than 80% by weight, based on the entire composition, properties of

the plastics can be adversely affected, an example being processability.

The weight-average molar mass Mw of the homo- and/or copolymers to be

1.0 used according to the invention as matrix polymers can vary widely, and the
molar mass here is usually matched to the intended application and to the
processing method used for the moulding composition. However, it is generally
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, with no

15 intention of any resultant restriction.

For the purposes of the present invention, reactive mixtures are compositions
which can be cured by free-radical polymerization. Under injection-moulding
conditions, these cdmpositions can be injected into the injection mould, and

20 these compositions are therefore at least temporarily flowable under the said
conditions. Reactive mixtures which can be used for the coating process are
described inter alia in the publications JP 11300776 and JP 2005074896. The
disclosure of the said publications is incorporated by way of reference, and
the compositions described in the said publications are incorporated here

25 into the present application.

Particular advantages can in particular be achieved with reactive mixtures
which have at least 40% by weight, preferably at least 60% by weight and
particularly preferably at least 90% by weight, of (meth)acrylates having at



from1:10 to 10:1, preferably from4:6 to 6:4. Particular noulding

conmposi tions are preferably conposed of fl )from20 to 95% by weight of
poly(neth)acrylates, 20 f2)fromO to 45% by wei ght of styrene-acrylonitrile
polymers, f3) from5 to 60% by weight of silicone rubber graft copolyners,
f4) fromO to 60% by wei ght of acryl ate-rubber-based inpact nodifiers,
based in each case on the weight of conponents fl to f4, and of .
conventional additives. 25 The conpositions to be polynerized, the noul di ng
conposi tions, and the noul di ngs obtai nabl e therefrom can noreover conprise
further well-known additives. Among these additives are inter alio

nol ecul ar wei ght regul ators, release agents, antistatic agents, .

ant i oxi dants, noul d- release agents flame I- 15 - retar?ants {Ebrlﬁants,
dyes, flow pvers, lers, light stabilizers, pignents, weathering
s%/abi li zer s‘ea?‘ﬁfj %%%‘?'%PEB% bapgd oariparietaliwetshd ol theereagtiva midere. s

convent i onafrhei fterﬂw (R ol aMRlRl oI E 5 AL ABITAIRY Vel ONt

based on the entire conposition. t he anpunt rea
wei ght, bas&¥Pahfe Pﬁ@e%ﬁnf{*)d@@ R@@fm@'taaﬁlDOnTh®e&mssweé(roétht)d:rarylptestst ics can be .

adversel y afbegd %E,'ryla%ﬁ rﬁéﬁ%h}é}?tgféﬁ'@ag %&aﬁg{@cg@é&eﬁ?b%' ght-average
nol ar mass Mwv of COpolyners
5 (Meth)acrylates having at least two double bonds are also known as
crosslinking monomers. Among these are in particular (meth)acrylates
having two double bonds such as (meth)acrylates which derive from
unsaturated alcohols, e.g. 2-propynyl (meth)acrylate, allyl (meth)acrylate,
vinyl (meth)acrylate, and also (meth)acrylates which derive from diols or
10 from alcohols of higher funbtionality, e.g. glycol di{lmeth)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-butan.ed'iol (meth)acrylate, 1,4-butanediol
(meth)acrylate, 1,6-hexanediol di(meth)acrylate, glycerol di(meth)acrylate
15 and diurethane dimethacrylate; (meth)acrylates having three or more double
bonds, e.g. glycerol triimeth)acrylate, trimethylolpropane tri(meth)acrylate,
pentaerythritol tetra(meth)acrylate and dipentaerythritol

penta(meth)acrylate.

20  Particularly preferred (meth)acrylates having at least two double bonds are 1,6-
hexanediol diacrylate, trimethylolpropane triacrylate, pentaerythritol
tetraacrylate and dipentaerythritol pentaacrylate.

According to one particular embodiment, the reactive mixture can encompass

25 atleast one (meth)acrylate having three or more double bonds. The proportion
of (meth)acrylates having three or more double bonds is preferably at least 10%
by weight, particularly preferably at least 25% by weight, with particular
preference at least 50% by weight and very particularly preferably at least 90%
by weight, based on the weight of the reactive mixture.



10used according to the invention as matri x polynmers can vary w dely, and
the nolar mass here is usually matched to the intended application and to

t he processing nethod used for the nmoul ding conposition. However, it is
generally in the range from20 000 to 1 000 000 g/nol, preferably from 50
000 to 500 000 g/ ol and particularly preferably from80 000 to 300 000
g/mol, with no 15intention of any resultant restriction. For the purposes
of the present invention, reactive mxtures are conpositions which can be
cured by free-radical polynerization. Under injection-noulding conditions,

t hese conpositions can be injected inti@ the injection nould, and 20t hese
conpositions are therefore at |least tenporarily flowable under the said
conditions. Reactive m xtures which can be used for the coating process are
described inter alia in the publications JP 11300776 and JP 2005074896. The
di scl osure of the said publications is incorporated by way of reference,
and the cormagtivé ADGULETE bhRRUIal itdrB& 38 inthrBdRI 15! iHich Bh&nhSHRQrRor at ed

here 25into the present application. Particular advantages can in
parti cul ar BRSOk e, waioh Particaiady ipveferabin atmeest MRchy weaigbt, athl east 40% by

wei ght, pr % i i ferably at

| east 90% g{? &c@%ﬁé&rg&@?%&ﬁ%ﬁ%@%lbﬂ%g@?ﬁ/gﬂi}%ér{@}%@;l_)r)éfe]‘?éetggg{tWO doubl e
bonds, Baseushid% heweightlof meinghterohavihgtweardfeveedmible boreds. The t er m " doubl e
bond” in particular nmeans carbon-carbon doubl e bonds capabl e of

free-radical polynerization. The expression "(nmeth)acryl ate" neans
acryl ate, rettvdorgytbatne, pastitdicaleshoniinéntr e reactive seigtucd pleédrhbly 5

(Net h) acr yl 31,85 1y 19, 86 GRS, BOVRL SoPRSR o Hirfbi g s

pentaerythritol tetraacrylate. Reactive mixtures of particular interest are those

10 which encompass trimethylolpropane triacrylate and pentaerythritol
tetraacrylate, where the ratio. by weight of trimethylolpropane triacrylate to
pentaerythritol tetraacrylate can preferably be in the range from 10:1 to 1:10,
with preference in the range from 5:1 to 1:5, with particular preference in the
range from 3:1 to 1:3 and very particularly preferably in the range from 2:1 to

15 1.2,

According to another embodiment, the reactive mixture preferably comprises
trimethylolpropane triacrylate and 1,6-hexanediol diacrylate, where the ratio by
wefght of trimethylolpropane triacrylate to 1,6-hexanediol diacrylate can

20  preferably be in the range from 10:1 to 1:10, with preference in the range from
5:1 to 1:5, with particular preference in the range from 3:1 to 1:3 and very

particularly preferably in the range from 2:1 to 1:2.

Reactive mixtures of particular interest are moreover those which preferably

25 encompass pentaerythritol tetraacrylate and 1,6-hexanediol diacrylate. The
ratio by weight of pentaerythritol tetraacrylate to 1,6-hexanediol diacrylate can
advantageously be in the range from 10:1 to 1:10, with preference in the range
from 5:1 to 1.5, with particular preference in the range from 3:1 to 1:3 and very

particularly preferably in the range from 2:1 to 1:2.



crosslinking nononmers. Anpong these are in particular (nmeth)acryl ates having
two doubl e bonds such as (meth)acrylates which derive from unsaturated

‘al cohol's, e.g. 2-propynyl (nmeth)acrylate, ally( (neth)acrylate, vinyl
(meth)acrylate, and also (nmeth)acryl ates which derive fromdiols or iofrom
al cohol's of higher functionality, e.g. glycol di(neth)acrylates, such as

et hyl ene glycol di(nmeth)acrylate, diethylene glycol di(nmeth)acryl ate,
triethylene glycol di(meth)acrylate, tetra- and pol yethylene glycol

di (reth)acrylate, 1,3-butanediol (neth)acrylate, 1,4-butanediol
(meth)acrylate, 1,6-hexanediol di(meth)@&acrylate, glyderol di(neth)acrylate
15and di urethane di nethacrylate; (nmeth)acrylates having three or nore
doubl e bonds, e.g. glycerol tri(neth)acrylate, trinethylol propane
tri(meth)acrylate, pentaerythritol tetra(nmeth)acrylate and

di pentaerythritol penta(neth)acrylate. 20Particularly preferred

(meth)acryl Sbﬁﬁlsfh@}y‘ Rhcabe H@@%smhdéﬁéghﬁ%agé) é’rﬁae ¥, E]ol ?etrgla Wr pedi ol

di acrylate, trinmethyl ol propane triacrylate, penta aacryl ate
and di pent a@?%/?hﬁ”meémyl@@rr@paa@ trjpcatate erbibib paitinglaty highscradett iesistamce,

embodi nent , whigg lﬁc‘?@é\stés‘fﬁ PQHI&JIHF ity 82 J%Bgmﬁgﬁﬁ %hh%‘?‘?ettra%{:ry@ge ‘of

(met h)acryl ate havi ng ee or nore r opor
(met h) ac¥ yl Eeé@lvaawtu@wmle@emommse 1d@}bb>k&ﬂeb@ﬂ1dscry§at@eacﬂ/er ably at I east

(y
par 11 oul ar s BRI LEH AU LoRiE B BR LY BlgT RS (A EPai®, PG sy
pref erabl y iatpartsatr be @R dypninveei ighthe xbasretbsom/llkﬂll&s\nmtrgdnhlgﬁfﬁréﬂtﬁncﬁreaﬁt Ive
i t t nt eres are noreover
Those vini o el dact Gty RlaslGier fsianch ey ng ot abi y  a
nmost 75% byfristinghihcel wést eveabftécignan 1rrudaét©hence at nost 50% by wei ght and

very partlcul arly preferably at 5 nost 7% by weight, of nmonomers having two
or fewef® doubl e bonds. Accor di ng to one particul ar enbodi nent, the reactive

m xture prefherstbdtyh resistance of the coating depends inter alia on the number of
polymerizable double bonds, based on the weight of the mixture. The higher
the said proportion, the higher the scratch resistance achievable by the coating.
The reactive mixture can accordingly preferably have at least 1 mol of double

15 bond per 120 g of reactive mixture, particularly preferably at least 1 mol of
double bond per 105 g of reactive mixture. The scratch resistance here can in
particular be raised by using (meth)acrylates having three or more double

bonds.

20 The reactive mixture can in particular be used in reactive injection-moulding
processes. Accordingly, the viscosity of the mixture permits this type of use.
The dynamic viscosity of the reactive mixture is preferably in the range from 1
to 200 mPa*s at 25°C, particularly preferably in the range from 5 to 50 mPa*s at
25°C, and a possible method here for determining the dynamic viscosity is the

25 Brookfield method (using UL adapter).

For curing, the reactive mixture comprises at least one initiator, which can give
free-radical polymerization of the monomers. Thermal initiators are used here,

and form free radicals by exposure to heat.



conprises 1, 6- hexanedi ol diacrylate, trimethylol propane triacrylate and/or
pentaerythritol tetraacrylate. Reactive m xtures of particular interest are
t hose 10whi ch enconpass trinethyl ol propane triacrylate and pentaerythritol
tetraacrylate, where the rati oS by wei ght of trinethylol propane triacryl ate
to pentaerythritol tetraacrylate can preferably be in the range from10:1
to 1:10, with preference in the range fromb5:1 to 1:5, with particular
preference in the range from3:1 to 1:3 and very particularly preferably in
the range from2:1 to 151:2. According to another enbodi nent, the reactive
m xture preferably conprises trimethyli8l propane triacryl ate and

1, 6- hexanedi ol diacrylate, where the ratio by wei ght of trinmethyl ol propane
triacrylate to 1, 6-hexanedi ol diacrylate can 20preferably be in the range
from10:1 to 1:10, with preference in the range fromb5:1 to 1:5, with
‘particular preference in the range from3:1 to 1:3 and very particularly

preferably satdhetheanaeniliser #e ntbPaik Zo ch«@p%hhMQ d@r&y{:;oﬂgjo‘&tndgar ticul ar

interest are nmoreover those which preferably 25enconpass pentaerythritol

t et r aacr yl SRESYRRPE coMpelrafee aroadidizgsy Nendimitingeexaniles &y diksngoyl of

pent aer yt hridigliqd efid ARG Lol 4:di | ate can

advant ageoubslry Ibe’ In thgxi@%%eﬁw%ﬁggﬁ?@g%ggﬁgbgﬁ% preference in the
range f riom Braxydisaibopatasbistd-text-bitylaydohqxy bercawidieaibonateedipatagsiufir om 3: 1 to

1: 3 and ver j : [ i I fr 2:1 to.1-2. - 18 -
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tetraacryl dté ) 812 arobigidvplivrpnidpenbydrottdendd, dleazepidol, ikeatyii cul arly

hi gh scratch resistance ich increases, in particular wiith the proportion
of pent aeryO[éH&i?t 8?’ 'ﬁ%@yg%twﬁP%F%t?n%ﬂgf%{dieve mi xt ures which enconpass

1, 6- hexanedi, bhzahismyriphatameaadbonltrie | inewihathglketorpangotids, aeewiaberxhi bi t

particul arly high resi stance, which can jin particular be determ ned by
the xenBn tpégqx.'d!}lvfjhj%/ﬁ?)gfe\?ﬁ”? ’Q'q‘ﬁC@'Ployf)PSrﬁép@i P?l‘i&?}ftyllz,‘_fs- hexanedi ol
di acryl at e ethieriielanbatehk@Bns perixkiR, FRH\SIsaPEY! IRGEH Pbragdbo the
friction-wheel test even after xenon irradiation.
cyclohexanone peroxide, dibenzoyl peroxide, tert-butyl peroxybenzoate, tert-
butylperoxy isopropyl carbonate, 2,5-bis(2-ethylhexanoylperoxy)-2,5-
dimethylhexane, tert-butyl 2-ethylperoxyhexanoate, tert-butyl 3,5,5-
15 trimethylperoxyhexanoate, tert-butyl peroxyisobutyrate, tert-butyl peroxyacetate,
dicumyl peroxide, 1,1-bis(tert-butylperoxy)cyclohexane,
- 1,1-bis(tert-butylperoxy)3,3,5-trimethylcyclohexane, cumyl hydroperoxide, tert-
butyl hydroperoxide, bis(4-tert-butylcyclohexyl) peroxydicarbonate, and also the -
free radical generators obtainable from DuPont with the name ®Vazo,

20  examples being ®Vazo V50 and ®Vazo WS.

The reactive mixture can advantageously comprise from 0.01% by weight to 3%

by weight, preferably from 0.1% by weight to 2.5% by weight and particularly

preferably from 0.5% by weight to 1.5% by weight, of thermal initiator, based on
25 the weight of the reactive mixture.

A reactive mixture can encompass, in addition to the thermal initiators, photo-
initiators, which initiate a free-radical polymerization reaction on irradiation with

electromagnetic waves. Surprisingly, the use of reactive mixtures which



10 The scratch resistance of the coating depends inter alia on the nunber
of pol ynerizabl e doubl e bonds, based on the weight of the m xture. The

hi gher the said proportion, the higher the scratch resistance achi evabl e by
the coating. The reactive m xture can accordingly preferably have at | east
1 nol of double 15bond per 120 g of reactive mxture, particularly
preferably at least 1 nol of double bond per 105 g of reactive m xture. The
scratch resistance here can in particular be raised by using

(meth)acryl ates having three or nore doubl e bonds. 20The reactive m xture
can in particular be used in reactiwve2gnjection-noulding processes.
Accordingly, the viscosity of the mxture permts this type of use. The
dynam c viscosity of the reactive mxture is preferably in the range from1l
to 200 nPa*s at 25C, particularly preferably in the range from5 to 50
mPa*s at 2@@90@9@33&“%%%"6?@1%'%@fSMé'SPd?hoﬂbméhafﬁrﬁiCﬂg achievelynami c
viscosity inaricllr aavaAtaps! AHO%PWégéOQd\EHgﬁBQ.a%in FAshoRQcgur i ng,  the
reactive m xture conprises at Feast one 1nitiator, Ich can’glive

free-radi cimepdl hegirpduatioowf dfe cdatechmooitings, amthelsoparticniarly &ighr s are used
here, and mﬁme;iﬁg esrisef?ﬂ\&?lsérapéﬁ r%élg%%gé,eantcoacnwee%}oh of'théLg%étin ui table thermal
initiators are inter alia’azo conpounds, peroXy compounds, “per sul phate
conpounds or azoam dines. Non-limting exanpl es are di benzoyl peroxide,

di cuny! i d i de, di| | 5 di car bonat e,
bi S t et MG EHEHE PR S et b AR S GNRerul phat o
anoni um pEvENT FEhPOBKE), g)zoﬁylb@z.@ah%&r%rr(@trhg&rpan.qp! RRED) LR €) (CA 1BN),

2, 2"-azobi s(i sobutyram hydr ochl ori de, bénzopi nacol, di benzyl
deri vat i ved2-gimetpky-@trhengacetophemmne@ wacde, 651) and
1-benzoylcyclohexanol (®lrgacure 184), bis(2,4,6-trimethylbenzoyl)phenyl-
10 phosphine oxide (®Irgacure 819) and 1-[4-(2-hydroxyethoxy)phenyl}-2-hydroxy-
2-phenylpropan-1-one (®Irgacure 2959), each being commercially available

from Ciba Geigy Corp.

The proportion of photo-initiator is not per se critical. The reactive mixture

15 preferably has from 0% by weight to 10% by weight, particularly preferably from
0.3% by weight to 5% by weight and particularly preferably from 0.7% by weight
to 2.3% by weight, of photo-initiator, based on the weight of the reactive

mixture.

20 According to one preferred embodiment, the ratio by weight of photo-initiator to
thermal initiator can be in the range from 20:1 to 1:5, preferably in the range

from 15:1 to 1:1 and particularly preferably in the range from 10:1 to 2:1.

The reactive mixture can encompass a lubricant, alongside the

25 abovementioned constituents. Surprisingly, this is successful in giving an
improvement in the demouldability of the coated moulding, without reducing the
adhesion to critical values. Auxiliaries that can be present therefore comprise
lubricants, e.g. those selected from the group of the polysiloxanes, of the

saturated fatty acids having fewer than 20 carbon atoms, preferably from 16 to



1, 1- azobi scycl ohexanecarbonitrile, nethyl ethyl ketone peroxide,

acetyl acet one 10peroxi de, dilauroyl peroxide, didecanoyl peroxide,
tert-butyl 2- ethyl perhexanoate, ketone peroxide, nethyl isobutyl ketone
per oxi de, cycl ohexanone peroxi de, di benzoyl peroxide, tert-butyl

per oxybenzoate, tertbutyl peroxy isopropyl carbonate,

2, 5- bi s(2-et hyl hexanoyl per oxy) -2, 5- di net hyl hexane, tert-butyl

2- et hyl per oxyhexanoate, tert-butyl 3,5,5- 15trinethyl peroxyhexanoat e,
tert-butyl peroxyisobutyrate, tert-butyl peroxyacetate, dicunyl peroxide,
1, 1-bis(tert-butyl peroxy)cycl ohexane, 21 -
1,1-bis(tert-butyl peroxy)3, 3,5-trinmethyl cycl ohexane, cunyl hydroperoxide,
tertbutyl hydroperoxide, bis(4-tert-butylcyclohexyl) peroxydi carbonate, and
al so the free radical generators obtainable from DuPont with the nane

Ovazo, 20 X&RBIBLIBEFNY WV Brtymtediriy cleeraisieyingreweidhat R)ariont ure can
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from 0. 1% by Ve ght tbgﬁ 5% by wei ght and alrsté}(e:u{/ y preterably fromO0.5%

by wei ght ﬂéarﬂ't%fwwoml@fmarecnreeeaﬂéramnostﬁ;aﬁ"/abmwelgbawde@nnm he wei ght of
the reacti ygign BFtHé‘?e%c?ivé%%PeV‘?or'Eié vﬁi fr&AM. @@food?@‘sn}\?/él pddition to the

thernmal initiators oto-initrators ch 1ni -radi cal
pol yner b zabhiable émplﬁﬁ admstleantadmdt i ajimitigi ackd, ehémduemgmmmures waves.
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t her mal |n|t| ors  but also oto ul ar
advantagesadWWmﬂ@ouhaaeenmmaaba@gg3&ﬂew2mmpﬁamymmkame&hdnmscycle tines in

e A R A I T R
Armong t he lmrgéreafm@dwt@bmdbysnmdneatcah%!s@rt% usRHEBy kY @féb@mﬁbl@t hoxyacet ophenone
(DEA. P S0 B0 DI REZSE D, et (OTL gopal 14, Q) and
by weight and very particularly preferably at most 0.5% by weight. Examples of
other suitable compounds are n-hexadecanol and n-octadecanol, and also
industrial mixtures composed of n-hexadecanol and n-octadecanol. Stearyl
alcohol is one particularly preferred lubricant or mould-release agent.
15
The reactive mixture can moreover encompass conventional additives, such as
colorants, pigments, e.g. metallic pigments, UV stabilizers, fillers or nano-
materials, in particular ITO nanoparticles. The proportion of these additives
depends on the intended application and can therefore be within a wide range.
20 This proportion can preferably be from 0 to 30% by weight, particularly
preferably from 0.1 to 5% by weight, if additives are present.

The thickness of the coating often depends on the nature of the reactive
mixture and of the moulding. The production of very thin coatings is often

25 technically very demanding. On the other hand, very thick coatings frequently
have a severe tendency towards cracking, decreasing adhesion to some extent.
Coated mouldings of particular interest are therefore those whose preferred
thickness of coating is in the range from 1 zm to 100 um, preferably from 5 um
to 75 um, particularly preferably from 8 um to 50 um, in particular from 10 ym to



1- benzoyl cycl ohexanol (d rgacure 184), bis(2,4,6-trimethyl benzoyl)phenyl -

i ophosphi ne oxide (A rgacure 819) and

144- ( 2- hydr oxyet hoxy) phenyl] - 2- hydr oxy- 2-phenyl propan- 1-one (0Ol rgacure
2959), each being commercially available from C ba Geigy Corp. The
proportion of photo-initiator is not per se critical. The reactive m xture
15 preferably has from 0% by wei ght to 10% by wei ght, particularly
preferably from0.3% by weight to 5% by weight and particularly preferably
fromO. 7% by weight to 2.3% by weight, of photo-initiator, based on the

wei ght of the reactive mxture. 20 Acgdrding to one preferred enbodi nent,
the ratio by weight of photo-initiator to thermal initiator can be in the
range fromz20:1 to 1:5, preferably in the range from15:1 to 1:1 and
particul arl referably in the range from10:1 to 2:1. The reactive m xture
can encorrpé"g)s"pr%af‘gﬂﬁy culaglydigs il e e tlRe3mab b hidiheemeidhe 6aating uent s.
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| ubricants, e.g. those selected fromthe group of the polysiloxanes, of the
saturated fatty acids having fewer than 20 carbon atons, preferably from 16
to - 23 - Theterapeefurasbwbich dre ooulding catposiiceds ngctad iatoctbbdljsctivavi ng f ewer

than 20 ca - er from16.t0 18 carbon atons. It is
pr ef er abl e%& @és&rgéﬁF ”ﬁéﬁ{&f@g‘%rlng n%%rﬁ&fheo%o yrg?reaBg gggrﬂq?heat nost 0. 25%
by wei ght, afidifezh. Ghesdpronessiidg teafpetdteresame khoven 1o theweesonfsiilleeanpl e from
0.05 to 0.2% i,ght. 5Suitable exanples are stearic. acid, palmtic acid,
and i ndust r?hlea‘lf)r{r]r?@%tt%?q%rag%ﬁﬁ&)g’g&%é?e g}og!&qu:coi%osbtgnd% W%C?%‘gi”&? N&eryl at ed
pol ysi | oxaimistian enomitt R@eeeratigirethb ageniBom aB0ex 36D1CS dasfeRBIy from 220
13/ 6/ aw2- h xﬁﬂagryl sil oxane, and this conpound is by way of exanple
mar ket €8 b schm dt GrbH as RC 725. Larger anounts of polysil oxanes can
al so be used. By way of exanple, 10 proportions of at nost 10% by wei ght
are advant?]geous, gref erably at nost 1% by wei ght and very particularly
pref er abl y '3 lGvyaraigrasoh the mpsiyean likewisabeadigsted in e comvertiingl conpounds are
n- hexadecaggpepitdrd YoP Head85m04 mﬁ%@é&ﬁpés{ﬁ%ﬁfﬁé%odﬂi%ﬁures conposed of

y

n- hexari ecanol and n-oct aﬁecanol . Stear al cohol is one particularly
preferred FAIBRGSHIRCABPrafsALEY berecled tag tataperature in the range from 40 to

15 160°C, particularly preferably from 70 to 150°C and very particularly preferably
from 60 to 80°C, before the reactive mixture is injected into the intermediate

space.

The temperature at which the thermal curing of the reactive mixture takes place

20 depends on the nature of the thermal initiator. Processes of pahicular interest
are those in which the thermal curing preferably takes place at a temperature in
the range from 95 to 180°C, with preference from 100 to 140°C and very
particularly preferably in the range from 105 to 130°C, in the injection mould. If
the temperature during the thermal curing is too high, cracking can occur. If

25 temperatures are too low, the coating often exhibits excessive adhesion to the
metal of the injection mould, and to some extent it is also possible here to
improve scratch resistance by using a relatively high temperature during the
thermal curing. The ranges described above have proven to be particularly

advantageous, but there is no intention of any resultant restriction.



15 The reactive m xture can noreover enconpass conventional additives, such
as colorants, pignents, e.g. netallic pignents, UV stabilizers, fillers or
nano- materials, in particular |ITO nanoparticles. The proportion of these
addi ti ves depends on the intended application and can therefore be within a
wi de range 20 This proportion can preferably be fromO to 30% by wei ght,
particularly preferably fromO0.1 to 5% by weight, if additives are present.
The thickness of the coating often depends on the nature of the reactive

m xture and of the noul ding. The production of very thin coatings is often
25 technically very demandi ng. On the2dt-her hand, very thick coatings
frequently have a severe tendency towards cracking, decreasing adhesion to
sonme extent. Coated noul dings of particular interest are Therefore those
whose preferred thickness of coating is in the range from1 pmto 100 pm
preferably from5 pmto 75 pm particularly preferably from8 ,umto 50 pm

| part i CUlBEoAT 1 AN 1nedlmpoflBBrANLaYSie BRG] Ghar 1y from 15 pm

to 30 gm The thickness of the coating can be adjuste way of the size
of the i nt 8YeRtian Maldisdearearadieetheslsing Phthe reactive roistre dwprisingly.noul di ng

and the in ; the 10 ! : r r t which the
moul ding oarbseLrras 3 oG ISt haRoRRNE din oy AR o T
parti cubar thenmodingdiben ebteinet hEheinjegtien moaitis plgmutsily thieartdgidisiies. These

processi ng tur I .t ersagn skilled in the art. The
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i nj ecti on sdwntagesugendodinkgnt ond freticraoigide fifjectiohS0oulo isSidled pretfserably from
220 10to 330C. . The. erature. of the mould .can. ]ikew se be adjusted to the
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moul di ng chegies ahd Bnatanceitedterinbthy résticoaligdrd 0 a tenperature in the range
from40 to 15160C, particularly preferably from70 to 150C and very

particdlarly preferably
In this connection it may be stated that the term “injection mould” used herein is

known to persons skilled in the art. It generally means that portion of an
injection-moulding system which is needed for the shaping process. The said
portion forms a cavity to which moulding composition can be charged. After

15 cooling of the moulding composition, the injection mould can be opened intact
in such a way that the resultant moulding can be removed from the injection
mould. The injection mould therefore comprises conventional movable parts
which permit opening in this way. For the shaping process, the injection mould
conventionally has a metal portion which is in contact with the moulding

20 composition, and the said portion or the surface of the said portion is therefore
of decisive importance for the shaping process. For the purposes of the
invention, the term injection mould in particular means the shaping portion,
which can be composed of a plurality of portions. The heating described above
means that very selective active heating acts on that portion of the injection

25 mould in contact with the reactive mixture. This can in particular take place by
induction, by passage of current or with heating elements, which are in contact
with the said portion of the injection mould. The fact that other portions of the
injection mould can likewise be heated by heat transfer by the said heating

process is of no significance here, since a heat gradient is generally produced,



from60 to 80C, before the reactive mxture is injected into the

i nternedi ate space. The tenperature at which the thermal curing of the
reactive m xture takes place 20depends on the nature of the thernal
initiator. Processes of particular interest are those in which the therm
curing preferably takes place at a tenperature in the range from95 to
180C, with preference from 100 to 140C and very particularly preferably in
the range from 105 to 130C, in the injection nmould. If the tenperature
during the thermal curing is too high, cracking can occur. If 25
tenperatures are too | ow, the coating2#4ften exhibits excessive adhesion to
the nmetal of the injection nmould, and to sone extent it is also possible
here to i nprove scratch resistance by using a relatively high tenperature
during the thermal curing. The ranges descri bed above have proven to be
part|cuIarM@e§ﬂ99ﬁ¥B@@6U§e05ﬁ@'ﬂﬁ@W§‘W@thﬂVﬁﬁéﬁiﬁbﬁa%WW@ﬁberesultant
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| east one portion of e I njection noul S I ncrease or the curing of the
reactive nwith theereasliviepnixgiragly, this is successful in giving curing of the
coating, wthout any adverse effect on.5the noul di ng then obtained. The
injection nould is particularly advantageously only heated to sone extent
for thes cultisgretsrablaéhat dize tengneratocooidit hepst oneperti@dmniteaigjmﬂm enbodi nent ,

one portio ) a ntact with the

reactive m'q]gﬁlgréé%%ré g‘egg’& agg atrTPg Cfi&a%{chxga \tyﬁ)yeag hﬁ%cﬂ??f?}’%rynot heat ed and

i s not in patitdaty lwatheehshaor(éal@ntthyeam e(fthHaang b9 naanshif andmirection it may

be stated that t r i nject on. nou). d" rein is known to persons
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i nj ecti on-tpalhditirg aysbervMbh @iniconeedril af kastdiR fdradi oBheNHsars. The said
10 mould and heats the said portion. In the case of heating by means of induction

or by means of a current conducted through the injection mould, these data

relate to the maximum temperature possessed by the injection mould.

This temperature increase can preferably be achieved within a short period.

15 This temperature increase can preferably take place within one minute,
particularly preferably within 30 seconds and very particularly preferably within
5 seconds. Particularly short times are desirable here, but these are delimited

by the prevailing technical circumstances.

20 The injection mould can be heated prior to, during or after injection of the
reactive mixture. In particular, advantages can be particularly achieved if
heating of the injection mould is started prior to or during the injection of the
reactive mixture. The maximum of the heating power which heats that surface
of the injection mould that faces towards the moulding can preferably lie within

25 a period which begins at the juncture of the minimum temperature of the
uncoated moulding and ends less than 3 seconds, preferably less than 1
second, after injection of the reactive mixture. According to one particular
aspect of the present invention, the maximum of the heating power which heats

that surface of the injection mould that faces towards the moulding can be



portion fornms a cavity to which noul ding conposition can be charged. After
15coo0l i ng of the noul di ng conposition, the injection nould can be opened
intact in such a way that the resultant noul ding can be renoved fromthe
injection nmould. The injection nould therefore conprises conventional
novabl e parts which permt opening in this way. For the shaping process,
the injection nould conventionally has a netal portion which is in contact
wi th the noul di ng 20conposition, and the said portion or the surface of the
said portion is therefore of decisive inportance for the shaping process.
For the purposes of the invention, th@terminjection nould in particul ar
nmeans the shaping portion, which can be conposed of a plurality of
portions. The heating described above neans that very selective active

heating acts,on that portion of the [njection 25nmuld in contact. with the
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produced, - 24 - where the tenperature of the injection-nmould surface in
cont act swi tThe skt ofeard fheaata &f theepdlynérizghien redetieon {dyangodf theeeactive

i nj ection- r j R i ] re. 5It is

pr ef er abl eﬂﬁsg{é f#e$?%§%%?%% %@g&%?%%ft h?é%%tg t'éo'ﬂgf tég?‘? ﬁé%g%@ﬁ’?g i njection
moul d i s i pEapedadiltye thermhaldsitial®C, andaalsad daltter $slediipnatf theemsti!ld20C and very

R e R e L S
t enper at ur eelpcimeay e pblyfuactea (methidoeyiaet prdseahinitbe renctiomtrivdtirewi t h at
| east ope portion of the injection

According to an advantageous embodiment of the inventive process, a pre-

cured reactive mixture can, after thermal curing, be cured by irradiation at a

temperature in the range from 0°C to 120°C, preferably from 10°C to 40°C.

Conventional radiation sources can be used for this purpose, as a function of

15 the nature of the initiator. The curing can particularly preferably take place by
UV radiation, where the wavelength of the radiation source used can be in

particular in the range from 100 nm to 500 nm, preferably from 200 to 400 nm.

Systems which in principle permit coating with a reactive mixture are described

20 inter alia in the documents described above: JP 11300776 and JP
2005074896. The disclosure of the said publications is incorporated into this
application. However, the said publications do not describe these systems in
which the temperature at least of one portion of the injection mould can be
altered by more than 10°C within one minute. Systems of this type are novel

25 and therefore likewise provided by the present invention. The system preferably
permits a change of the temperature of at least one portion of the injection
mould by more than 10°C, particularly preferably more than 20°C, within 5

seconds.



TOmul d and heats the said portion. In the case of heating by neans of

i nduction or by neans of a current conducted through the injection nould,
these data relate to the maxi mum tenperature possessed by the injection
nmoul d. This tenperature increase can preferably be achieved within a short
period. 15 This tenperature increase can preferably take place wi thin one
m nute, particularly preferably within 30 seconds and very particularly
preferably within 5 seconds. Particularly short tinmes are desirable here,
but these are delimted by the prevalllng techni cal circunstances. 20The
injection nmould can be heated prior-té® during or after injection of the
reactive mxture. In particular, advantages can be particularly achieved if
heating of the injection nould is started prior to or during the injection

surface of TESTBRISE: AR e v ed Fullal BetB HetrtPgecan.
preferably IrhjeﬁIOM mmm cabba hpetelddy eMutitdal begemsinRictibhequioned syseerpé t he
mninumte rat re.of the coat ed nmoul di n ess n 3 seconds,
pr ef er abl yr‘T”Pfg’ ﬁ‘gﬂca”Vth%‘@H%dmeﬁW’b?‘oP'Hj%@gf*’ %85 d‘ﬁ%a' cétphge m xture.
Accor di ng HeFE M OO6/RY B8 ARPESts, B4, d1Ve tHY @568durk BY RAIchgd, the maxi num of
the heating power which heats that surface of the i njection nould that

faces t GwalfORHERICHOYIVGYIR) refgrense. The beatingdiers @%@kﬁrpia@ﬁ dirgCiht D¥ur i ng

injection efect@I h&ARY oY hreurbE Sor lﬂml‘e%tlﬁﬁfﬂghmor‘vﬁtfﬁé’ﬁ@éﬂn@' ngly
successful in giving Surfaces wth particu little cracking on the

noul di ngs, Sl caprectrst foitee shaning éla?y?et(lf ﬂéﬁam@ll@n "ok Ingtirgek of , and the
rate of, theunolyAre ghgfértrécp erreeﬁccteié}ﬂnc%%'algﬁg{‘ﬁlém%t 6@PEI‘E%F%!F%?H':@‘ xture can

nor eover be adjusted via the selection o e nature an e proportion
of the thepgadicuiary siitedts. T harjectlononeild hereecareaeledten by one loe mene bd

t enperatur g, al;gga, ?%%écr% talag é:url ng process can noreover be controlled via
the selection o e po unc i'onal (neth)acrylates present in the reaction
m xture. 10 Accordi ng to an advant ageous enbodi nent of the inventive

process, Lve mxture c atter. (g curi ng, be cured
by irradiat F%%e@? ga(% n@g?téﬁwgmér?yt' %U ?%bsedefslpgﬁ? Egetrc?"i preferably
from 10C tputél[@@t;orCDE\Q@ntmom Ut .axheadis s Lse of thesatthpuliieatitseid for this
purpose, as a ?

mcorpora e into the present application.

15

Peltier elements are electrothermal converters which produce a temperature

difference when a current passes or cause a current to flow when there is a

temperature difference. TEC (from thermoelectric cooler in English) is a

conventional abbreviation for Peltier elements and Peltier coolers. These

20 elements can be obtained commercially.

Ceramic heating elements encompass a ceramic which can be heated by

current. Ceramic here is the term for inorganic materials which can encompass

inter alia oxides, nitrides and similar substances. WO 00/34205, DE 35 12 483
25 DE 3519 437 and DE 37 34 274 have examples of materials of this type. The

disclosure of the said publications is incorporated into this application.

3

According to one particular embodiment, the injection nozzle by way of which

the reactive mixture is injected into the injection mould can be equipped with a



15t he nature of the initiator. The curing can particularly preferably take
pl ace by UV radiation, where the wavel ength of the radiation source used
can be in particular in the range from 100 nmto 500 nm preferably from
200 to 400 nm Systens which in principle permt coating with a reactive
m xture are described 20 inter alia in the docunents descri bed above: JP
11300776 and JP 2005074896. The di scl osure of the said publications is
incorporated into this application. However, the said publications do not
descri be these systens in which the tenperature at | east of one portion of
the injection mould can be altered by2hore than 10C wi thin one m nute,
Systens of this type are novel 25and therefore |ikew se provided by the

pr esent invention The system preferably permts a change of the

terrperatur | e ortlon of the jnjection mould by nore than
10C, part| 5”9 "bqlﬁs]té'lj eﬁ} YRSy RITRTIFHI9 %‘gém%{eﬂﬁ' rgga:fgé%ﬁtfs - 26 - These
enbodi nment $paira@ng fires oatheasy%féim eM%@elcanﬁmaéma&laJ BA8ENIONR PPt ke of the
i njection gﬁlg\gd can be heated el ectrical current. |njection-noulding

systens W rpoéfl@d‘??’?%&}"‘f%fd%g&'élﬁﬁém mpuletis Beates @nd t'&@"é'dﬁe@dh@ bed i nter
alia in EPnfzzd Q% Q@{Yf@mg@( %%E@@n e dIS Borka4, 627, the disclosure of

which is 5 incorporated by way of reference. The heatlng here can take
pl ace dfrectly by electrical heating of the surface, or indirectly by

i nduction @rneVMaH%u?arQ Sk & rﬁg}g%f tﬁQ {\?éjprégﬁégqﬁass%ilgélmg surface of the

i njection nmoul'd. | ndi ect met are erre ere cerdm c heating
el ement or systealhyiveay aflvaneimat leestpaemdmrmﬂﬂye idctiablmeuldiben baj ect i on noul d

here can b@ &&@tﬁ% ({ﬁ%n@‘@aﬁ) aggg{aece‘?ﬁaé&chﬂ?m%ﬁ8ﬂﬁ g&%c n§LécS1 %{bio\éei. nT'[]ﬁe

heati ng of an 1'njec ion 1S deseric
publ i cat i oair.DEt20dr mllaﬂfmxdﬂTh@ leeoldintsis Ippsfarablygfasshe tieaugh pludﬁneﬁ}ati on is
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the lnjec‘uon mould by induction, the cooling channels can run directly through
the injection mould, or have been provided at the surface opposite to the
injection-mould surface that moulds the plastics moulding. In the case of
indirect heating of the injection mould, for example by ceramic elements or by

15 Peltier elements, coolant channels can have been provided between the
heating element and the injection-mould surface that moulds the plastics
moulding. If the injection mould is directly heated by current, the coolant
channels can run directly through the injection mould or can have been
provided at the surface opposite to the injection-mould surface that moulds the

20 plastics moulding.

The present invention in particular provides coated mouldings which have an

excellent property profile and are therefore versatile.

25 The moulding in particular features high scratch resistance which can, for
example, be determined by a friction-wheel test. Mouldings of panfoular'interest
are coated, transparent mouldings whose haze value in an ASTM 1044 (12/05)
scratch-resistance test (applied weight 500 g, number of cycles = 100)

increases by at most 10%, particularly preferably by at most 6% and very



di fference when a current passes or cause a current to flow when there is a
tenperature difference. TEC (fromthernoelectric cooler in English) is a
conventional abbreviation for Peltier elenents and Peltier coolers. These
20el enents can be obtained commercially. Ceram c heating el enents enconpass
a ceram c which can be heated by current. Ceranmic here is the termfor

i norganic materials which can enconpass inter alia oxides, nitrides and
sim |l ar substances. WD 00/ 34205, DE 35 12 483, 25 DE 35 19 437 and DE 37 34
274 have exanples of materials of this type. The disclosure of the said
publications is incorporated into thi application. - 27 - Peltier

el ement. This achi eves surprising advantages with regard to the operating
times of the system These can in particular be achieved if that side of

t he nozzle faci t owar the injegtign | d i ed and that side of

t he nozzl epﬁﬁ'&lﬁ yQOégragfyot_ﬁi ?tﬂo%t%}écﬁedggmdloéii(&e@ _Cé%f.ChS One particul ar
system f or regusd ceaif mbRRVENYE Mda¥BrelYARF iy Aa2icoreaofl MBs$Sysicem by way of
whi ch at | east one portion of the injection nould can be cooled. The

cool i ng cakPRPIR® W5igaE 809 A PamPeeel Fledit HWORnbwdewseAsenn gloss@éR0as air,
wat er or speibitdd mére!bqﬁare%h%d;‘c@tg{hegnﬁomg;ngéﬁfsrméirm ﬂﬁﬁs(lﬁig/o%Pr ough channel s

10which run in the vicinity o eated injection nould. In the case of

heat i ngs of S¢REhiRpisENTe teshoaprdiedyvaigd $0 ido Aymbarofsyeles gl hémtel s can run

directly t t Ll i 0 ; i the surface
opposite tg{otgﬁgéb{oh eé%ﬁﬂ%ﬁf%ﬁ%}aﬁgu@r’c?&sgé(@ﬁ%ﬁﬁ%@&?lﬁéy g%a%'?lglgsé?rmul di ng.
I n the cas&ost3%ondhe decreneain gigsoét 2B eanjeedrtiéroninetbiol IN ENIS@2&1Bl e by
ceram c el [.£ n nnel.s can have been
provi ded bg \Ae%ﬁ]alg éggﬁ%lég i E}gé@eeér%ﬁﬁg% E)fts(?1)(ea(';]?p(r?f% gg%’?%%?on@%?%“rg $ace that
noul ds t hesghfabtresistanorblicolguret imdidingsnpreatdoburebedatings. di rectly heated by
current, the coolant channels can run directly through the injection nould
or can 'have been provi ded at the surface opposite to the injection-nould
surface t hilte moshtile mhbaddgpinasbovs axnibitdixogienThéhagsicrssiithe coal i on in

part 1 oul ar, provldes conterl [oul dings Wil e ave an sxcsLlent. pioperty

coating which is thus divided into individual segments in the manner of a chess
board. This generally forms at least 20 individual segments, preferably at least

15 25 individual segments. The distance between the lines here is about 1 mm. An
adhesive tape of width 25 mm is then applied and in turn peeled away. The
peel force of the adhesive tape per cm?, measured to DIN EN ISO 2409, is
about 10N for each 25 mm of width. An example of an adhesive tape that can
be used to carry out the test is the type marketed by Tesa as 4104. The cross-

20 cut test value achieved by the coated mouldings is preferably at most 1,
particularly preferably 0. A value of 1 is achieved by the coated mouldings if the
proportion of individual segments peeled is not substantially more than 5%. If
none of the individual segments is peeled (0%), the value achieved by the
coated mouldings is 0.

25
Preferred coatings are moreover free from cracks and exhibit high chemicals
resistance. The coatings therefore in particular resist ethanol, ethanol/water
(70/30), petroleum spirit, pancreatin, and sulphuric acid (1% strength), and no

stress cracks are formed here through contact with the said compounds.



25The moul ding in particular features high scratch resistance which can

for exanple, be determned by a friction-wheel test. Muldings of
particular interest are coated, transparent noul di ngs whose haze value in
an ASTM 1044 (12/05) scratch-resistance test (applied weight 500 g, nunber
of cycles = 100) increases by at nost 10% particularly preferably by at
nost 6% and very - 28 - particularly preferably by at nost 3% The ASTM
1044 (12/05) scratch resistance can noreover be neasured by using the
decrease in gloss at 20 (applied weight 500 g, nunber of cycles = 100). The
decrease in gloss at 20 exhibited her@%by preferred coated noul dings in an
ASTM 1044 (12/05) 5 scratch-resistance test (applied weight 500 g, nunber
of cycles = 100) is at nost 10% particularly preferably at nost 6% and
very particularly preferably at nost 3% The decrease in gloss at 20 can be
determned to DIN EN | SO 2813. Determ nation of gl oss change can by way of

exanpl e be pisREretiIndBARYY Carl RiveSE dtGs LE SlaSlich) ¢ReNér iah @HEQER i®UI di ngs or
of col oured coatings. 10 The inventive noul nor eover_exhi bit excel | ent

di ngs
adhesi on of! 2PRMRRr¢fRGRPNEEEIeT Ean Beayahiai'880 Mpa HulX& 836(&tut test. For

thiss, cross-GHYsimIRyaMYE mdlidifg SHRNLRSVMN AR 4 Enidysmgiyi ded into
i ndi vi dual segnments in the manner of a chess board. This generally forns at
| east 20 i mefivPOCRYesks) famn @, equakiPeOapl )’ arefeehit grestep hanfuiegialial

segnents. TBe distapesRetween the lines here is about 1 nm An adhesive
tape of width gg’rrmm then applied and in turn peel ed away. The peel force
of the adhesive tape per cn2, neasured to DIN EN | SO 2409, is about 10N for

cacn 2ol i dhar pOSX BRI 0L pARIAAIARIYEId AR M ARNRR di5e T0

carry out the € nmar kete esa e Cross-

t est val ueegediitebedpreferatiiy goamdtradamouealiahizs60,30 Pl B8r4dbE 3 #48t nmost 1,
particul arly preferably 0. A value of i s. achieved by the coated noul di ngs
if the 1r3ro66?‘5(%'5‘?’égeﬁgnrmvmgd?}gﬁ,[%'gaﬁ@m%sreﬁ'é "§% is not substantially nore
than 5% If none of the individual segnments is peeled (0%, the val ue

achi eved bﬁrithe coat ed moul d .25 Preferred cotaCLi ngs, are noreover

ings is O.
free from GraBRECHAY SXANHNY ”}ﬁ?éfhe EMSMidaNcs e’ infdaChTREsEBAt i ngs
therefore RuRMd ESHDAE 8BESIfeRlb 6%, iR devabars. (rr@/ 30) . petrol eum
spirit, pancrueat_%} n, and s%’ﬁﬁéu?i cng%_lgdy.( 1% strength), and no stress cracks
are f or medmieshanicdireodph opticr! poipenicstistatealmak dordbepmutiding are not
15 intended to bring about any restriction of the invention. Instead, the said data
serve to describe the particularly excellent properties of the moulding, which

can be achieved together with good scratch resistance.

The mouldings of the present invention can moreover exhibit exceptionai

20  weathering resistance. Weathering resistance in the xenon test is therefore
preferably at least 1000 hours, particularly preferably at least 2000 hours. This
resistance can by way of example be determined through a small decrease in
transmittance or through a small decrease in scratch resistance. In particular,
coated mouldings of particular interest are those whose transmittance

25 decreases at most by 10%, particularly preferably by at most 5%, based on the
transmittance value at the start of irradiation, after 2000 hours of xenon
irradiation. Preferred mouldings can moreover exhibit an increase in haze value
to at most 25%, particularly preferably to at most 15%, in an ASTM 1044
(12/05) scratch-resistance test (applied weight 500 g, number of cycles = 100),



- 29 - Preferred noul di ngs can have a nodulus of elasticity greater than or
equal to 1200 MPa, preferably greater than or equal to 1600 Mpa, to | SO 527
(at 1 mMmmin). Inventive noul dings can noreover have a Charpy i npact

5resi stance greater than or equal to 10 kJ/nR2, preferably greater than or
equal to 15 kJ/nR2, to 1S0179. It is noreover possible to produce plastics
with tensile strengths greater than or equal to 55, preferably greater than
or equal to 60, to DIN 53 455-1-3 (at 101 mmimin), these having excellent
scratch resistance. It is particularly surprising that the transmttance
T065 of the scratch-resistant noul di-ng0can be 88% preferably .> 90% to
DI N 5036, Part 3. The nechanical and/or optical properties |isted above for
the noulding are not 15 intended to bring about any restriction of the

el | ent BRI OB TS AV ACRORARCS SR Bt di6het et v th

good scr at ¢dsistesdesifan&enor RdMdidh @ym@@ Athd decrpsRsia @uostsnp@%ﬂrw can
nor eover exhi bit exceptional 20weathering resistance. Wathering resistance

in the xenGAAPESIOYENGHRRTBRENON BrEacETass iy glges PEA 1O EIOPShERYes, particul arly
preferablyp Qﬁlcb@ﬁﬁbre:g@@@!?/@@%o%{ 209 shd RV §é@8&%lm&e%lmm9§t £ampl e be

determ ned th roug a sma decrease in transmttance or through a snall

decreasé i i ¥tfa Mh1q4és£1%@éhé@?tchrfeﬁa’fraﬂp%tﬁséfappb%Wé@hh’éQQ eli MyBbeyT
particul ar 4 gsesqocgra%pg?)@@ M}Q%?xéﬁcﬁﬂgrgwaf)@ﬁ'ce 25decreases at nost by
f y B %)

10% particularly préfera y at nost ased on the transmittance
value at the start of irradiation, after 2000 hours of xenon irradiation.

Rt R L S VR
scr at ch- r eskisbibhige resisttndeaip tiestrephidaginyg cb8fyigg clivoamiverondftiooy,cliese= 100)
10 only slight cracking occurs despite deformation of the substrate. The test
replicating changing climatic conditions can preferably be carried out by using
the load program described in the document “BMW PR 303 — Part d”.



- 30 - after 2000 hours of xenon irradiation. It is also possible to
determ ne scratch resistance after xenon irradiation by way of the decrease
in gloss. Preferred coated noul dings here exhibit a decrease in gloss at 20
of at nost 25% particularly preferably at nost 20% and very particuarly
preferably at nost 15% 5in an ASTM 10443g;2/05) scratch-resi stance test
(applied wei ght 5009, nunber of cycles =100) after 2000 hours of xenon
irradiation. Preferred coatings obtained using an inventive coating
conposi ti gpijp®reover exhibit high resistance in a test replicating changing
climatic conditions, where inonly slight cracking occurs despite
deformation of the substrate. The test replicating changing climatic

conditiongs ca f, : ! ST Rk ram
$. CalbRE sef&atlﬂle%braﬁxc?i@ﬁ bt @d%\t&}'ﬁ'\o?%élrg;%: Bﬂlrﬁé?}ffpb%@qptﬁlﬂfhg

descri bed in the docunent "BMW PR 303- Pa ains Process for

the product i oreosfposiian éto mpumiestipganowy andjceelinaige £OMPAFHPAEC EBIFEL3I t i on
Into an inj ectﬁ&%ﬂp%& AinG A InBGLOM AT bWaf & R BLlcPafroUl ding,
and altering the 1 nfection ul'd Tn such a way as to produce an

i nt er nedi at e Spavecdiatevewene detwehacairiase be be cadied dbtha meulgingd 2hichieand t he

charge a r oactiva i ktrERb o TEHER S PR I e e R R 50" ©
char act eri zed reactivhaixtuheta teapesuibot ieteniediatd gase, ehgyecteiizet ipfthatibe

injection nmould is increased for the ri.ng of the reactiyv ] re,

wher el n the t SHBEFEIUPE of oapt 4 e shbe dPe g fiif Relda e e ou d i s

i ncreased by alurihgastheS€astivemhirtute,m nute. 2. Process according to Caiml1,
characterized in that one portio f the injectign nmould is heated and is
in contact wi t"}‘f‘etrﬁ'ﬁ%?eeg?é‘i"? A Q{]ﬂ?’éa}st‘ eS| p8h'8“|c?5ﬂﬁ 'BiFcden Wé’lﬂf'ﬁj ection
moul d is not heateskamdatiisafiatCivithGoNtagitew th the reactive m xture. 3.
Process according to at | east one of the preceding clainms, characterized in

that the tenperature of at |east one portion of the injection nould is
i ncreasedy by atroé@aSdccding to Claim 1, characterized in that one portion of the injection

mould is heated and is in contact with the reactive mixture, and one portion of
the injection mould is not heated and is not in contact with the reactive

mixture.

3. Process according to at least one of the preceding claims, characterized in
that the temperature of at least one portion of the injection mould is increased

by at least 30°C.

4. Process according to at least one of the preceding claims, characterized in
that the moulding composition comprises at least 50% by weight of polymethyl
methacrylate, of poly(meth)acrylimide and/or of polymethyl methacrylate

copolymers.

5. Process according to Claim 8, characterized in that the reactive mixture
comprises at least 40%, preferably at least 60% by weight of (meth)acrylates

having at least two double bonds.

6. Process according to at least one of the preceding claims, characterized in

that the reactive mixture comprises at least one (meth)acrylate having three or

oo



4. Process according to at | east one of the preceding clains, characterized
in that the noul ding conposition conprises at | east 50% by wei ght of

pol ynmet hyl met hacryl ate, of poly(nmeth)acrylim de and/ or of pol ynethyl

nmet hacryl ate copolynmers. 5. Process according to Claim8, characterized in
that the reactive m xture conprises at Igast 40% preferably at |east 60%
by wei ght of (neth)acrylates having at I'éast two doubl e bonds. Process
according to at | east one of the preceding clains, characterized in that

the reactive mhorkWoRbeBHRUE SAE tRdt thepDpoRdA dfr(rﬂats{w)@&yu{eatr@vh@wm@ érhree or
0. - 32 - nore double bonds and that the proportion of (neth)acrylates

havi ng t hree @POTRBICHPIERMHPE irieRsti2e Yaby Y"é@@f bé‘S%‘ By ﬂi}%i"’ﬁfﬁ?ﬂ“o H&€ed on the

wei ght of the fgagkivgyd Xture. 7. Process according to at |east one of the
preceding clains, characterized in that the dynam c viscosity of the
reactive mxture is in the range from1l to 200 nPa"s at 25C. 8. Process

accordingy t 0 g ol&ast.ORhdb attIféeaspﬁﬁé:gfjﬂh@%r&&é@lr{lj‘scla|WE%@&%;E§@m' n that

the reactive mxture conprises fromO % by weight to 5% by wei ght of
thermal initi dbatheddiasnicivisoasity. @1b6 byaovm gtituteds othisyangs tim oo 200

phot oi ni ti at or,,each,based on the weight of the reactive mxture. 9.
Process accordl ng to at |least one of the preceding clains, characterized in
that the thickness of the coating |s in the range from5 pmto 75 pm 10.

Process agcor gircﬁ%s%%an%érd: at at?east ne o{]t%gppr?ec?ee r'iggcgaﬁ;n ﬁrgraofél?g%%ﬁ'wt erized in

that the ul j ecte eracur e in € range
from 220 t o] 33!6)@thmtemctnbmmmmeoddnmlsmﬂbdv, 0.a8% mmmghh‘@ 596 bly dveight of

o el orabl y 1 K0 PO Qe s mh el R e B SRERIE P o (e

i nternedi at e wPakeasddlon Preoneight c&f&ﬁ@réhclﬂge troxtate. | east one of t he preceding
clains, characterized in that the reactive mxture is thermally cured at a
tenperature in the range from95 to 180C, preferably from 100 to 140C in

the injecdion pypsdsd.acddrdiry 0GR fasR66ObHINBDréediig tignsd, chaRcrfizéde precedi ng
clainms, characterized in that the thermally cured reactive mxture is cured

at a tenper at (7% hethigkeesaagiBercrsiia s 't SEEIBY O HT 1odf Ak TMon.

10.  Process according to at least one of the preceding claims, characterized in
that the moulding composition is injected at a temperature in the range from
220 to 330°C into the injection mould, and that the moulding composition is
cooled to a temperature in the range from 70 to 150°C, preferably from 70 to

90°C before the reactive mixture is injected into the intermediate space.

11.  Process according to at least one of the preceding claims, characterized in
that the reactive mixture is thermally cured at a temperature in the range from

95 to 180°C, preferably from 100 to 140°C in the injection mould.

12.  Process according to at least one of the preceding claims, characterized in
that the thermally cured reactive mixture is cured at a temperature in the

range from 10 to 40°C by UV irradiation.

13.  Process according to at least one of the preceding claims, characterized in

that at least a portion of the injection mould is heated by electrical current.

oo



13. Process according to at | east one of the preceding clains,
characterized in that at least a portion of the injection nmould is heated
by electrical current. - 33 - 14. Process according to at | east one of the
precedi ng clains, characterized in that the maxi mum of the heating power
which heats the injection-nmould surfaceghacing towards the noulding lies
within a period which begins at the juncture of the m ninmumtenperature of
t he uncoated noul ding and ends | ess than one second after injection of the
rlea_cti ve Lu‘.xt Lnrscgs‘sSzachfm%&s a@ﬁé‘e&lt @h_@g)ftme?iredheﬁa:sg,h cl@!mes,thatdwer\[,zﬁ_edﬁdih ng
clainms, characterized in that the maxi mumof t eati awer i C eats
the injecti on®ulg BER¥E PlalishGerdidargyet H@“‘ﬁbtﬂeﬁﬁ 9 E”J%%tm”ém‘é‘& prior

to or during tiFatdfReld Bvplis tHEEMaRG] N Withih W BeridkPwhidl BeRfRsf Arthkhe
conduct of a process according to at least one of Clains 1 to 15, where the

system has anl@dtgeabitee pYpieem Brresitee ofdharacedpt Farylding eRAENERESsS

tenperature ofyf oh&8sdond PRF IHj@MioRlof iftEehBIVRGhixARe MOUl d can be al tered by
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of the reactive mixture.

18.  System for the conduct of a process according to at least one of Claims 1 to
15, where the system has an alterable injection mould, characterized in that
the temperature of at least a portion of the injection mould can be altered by

more than 10°C within one minute.

17.  System according to Claim 16, characterized in that the injection nozzle by
way of which the reactive mixture is injected into the injection mould has been

equipped with a Peltier element.
18.  System according to Claim 16, characterized in that the injection mould can

be heated by induction, a ceramic heating element or a Peltier element, and

that at least a portion of the injection mould can be cooled.
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