Method for producing coated molded bodies The present invention relates to a process for producing
coated mouldings with fully or partly 5 structured surfaces. The present invention additionally
describes a system for performing this process. Thermoplastic polymer moulding materials, which may
he based, for example, on polymethyl metha‘cr)}lat_e (PMMA), 10 are used for a wide variety of different
applications. For this purpose, the materials are extruded or injection-moulded to give mouldings.
Mouldings are nowadays ¥ettaddélgrfoppeductiag of patedublettidibbdiress, for example
movable parts (automobile interiors and exteriors, covers for electronic devices such as covers for
mobile phones,ﬁ%nputers, organizers, MP3 glayers of televisions), opaquely coloured installable
components (for examBIreeﬁﬁntthe :éa%%r]lcgt%\/erJindurs?ry?E%.%riortr%irro?%, pmﬁpﬁﬁ,%irréﬂﬁangles), or
opaquely colourSePe\rEtiagy itepas: BWing 1o highistess, the Surfadeudflthe mouldings:tiisused tends
to form scratches; whieh inemasy cases are unaccgptahie, for visuah raasons gw;this25-gongext,
mouldings whic heen produced by means of injection mqulding are particularly
scratch-sensitiv%%?gﬁ l%e)ren%.;r%e, %jl}/rt%?e?%rc%grtigg o ﬁi%n rlr%%ldtl%lglss anr beHitered by a modification of
the surface. For example, a moulding can be provided with a hydrophobic or hydro- 30 philic coating in
order, for examples tmaftérawettability Witharatenar dthe liquids: +n @dditionrthersusface afa moulding

can be configurgd o8 te b reflective.or taeduse yrflastion. Euthermare. these maidings may

also have soil-repellent or antibacterial, 35 properties, which are in many cases achieved by a

modificatibh of feSSUPREE. SFEf&ctiBh Propeties Bhddb pfovide B SurfiRs it ditiifcrobial
and/or soil-repeflemt properies pthempmewldings Idetailed above tan begwrovided withapaint tayers.

However, the copventionghapplicatien of § reactiveRaintsiigdelatively complex and therefore costly.
For this reason, there has already been development of processes by which a scratch-resistant layer

can be 10 applied to the mouldings relatively inexpensively by means of injection moulding processes.
For example, pifislichoRgIP 21800776 adel3P 200507 4898descrilverinjectichu moudding pfocesses in

which a mouldipg with assasatehcresistantdayes is-ebtainethr example movable parts
(automobile interiors and exteriors, covers for elec-
tronic devices such as covers for mobile phones,
computers, organizers, MP3 players or televisions),
opaquely coloured installable components (for example

20 in the automotive industry: exterior mirrors, pillar
trim, mirror triangles), or opaquely coloured everyday
items. Owing to high stress, the surface of the mould-
ings thus used tends to form scratches, which in many
cases are unacceptable for wvisual reasons. In this

25 context, mouldings which have been produced by means of
injection moulding are particularly scratch-sensitive.
Furthermore, further properties of the mouldings can be
altered by a modification of the surface. For example,

a moulding can be provided with a hydrophobic or hydro-

30 philic coating in order, for example, to alter wett-
ability with water or other liquids. In addition, the
surface of a moulding can be configured so as to be
reflective or to reduce reflection. Furthermore, these
mouldings may also have soil-repellent or antibacterial

35 properties, which are in many cases achieved by a modi-

fication of the surface.

To improve scratch resistance, to modify the

hydrophobicity/hydrophilicity of the surface and the



15 Publication JP11300776(Dainippon Toryo,1998) describes a two-stage RIM process. First,
metathesis RIM of dicyclopentadiene gives a moulding. After hardening, the moving part of the Rim
mould is 20 retracted, so as to give rise to a defined gap between moulding and mould. In a second
RIM process, a coating material is injected into this gap, consisting of acrylic-fubctionalized urethane
oligomers, styrene, diacrvlate crosslinkers and optionally fillers and 25 pigments (Ti02, talc), and cured
by free-radical M@ah§ &t HSE BF ORFAT DBEuMRREIPE 2005074856 (TieyoRUMbEEsHSorpi Dainipoon
Toryo Co.) likewise desctibed ah RIMharocess. $ib a130-fist coanentignab iiectionsmoulding step, a

polymer, espedially Rel¥fatbopate(Plals Bragresed dise 2 fanmedlding,, Jhg mauld gybseduently
opens up to form a narrow gap, and a reactive solution composed of acrylate- unptlo%allze urethane

oligomers, acryldt¥ 35%rossiERE Shhibitdraaind SRBFGETE PerdxidedRmiAicTas irffected ithin a few
seconds and cured cAtL9%C, parmg s complete &Hter adew secondseanddhel conpasite is-demoulded
after 90 s. It has gged-, .

For this reason, there has already been development of
processes by which a scratch-resistant layer can be
10  applied to the mouldings relatively inexpensively by
means of injection moulding processes. For example,
publications JP 11300776 and JP 2005074896 describe
injection moulding processes in which a moulding with a
scratch-resistant layer is obtained.
15
Publication JP 11300776 {(Dainippon Torvo, 1998)
describes a two-stage RIM process. First, metathesis
RIM of dicyclopentadiene gives a moulding. After
hardening, the moving part of the RIM mould is
20 retracted, so as to give rise to a defined gap between
moulding and mould. In a second RIM process, a coating
material 1is injected into this gap, consisting of
acrylic-functionalized urethane oligomers, styrene,
diacrylate «crosslinkers and optionally fillers and
25 pigments (Ti0,, talc), and cured by free-radical means
at 95°C for 2 min.

Document JP 2005074896 (Toyota Motor Corp.; Dainippon
Toryo Co.) likewise describes an RIM process. In a
30 first, conventional injection moulding step, a polymer,
especially polycarbonate (PC), is processed to give a
flat moulding. The mould subseqguently opens up to form
a narrow gap, and a reactive solution composed of
acrylate-functionalized wurethane oligomers, acrylate
35 crosslinkers, inhibitors and an organic peroxide
initiator is injected within a few seconds and cured.
At 95°C, curing i1s complete after a few seconds, and

the composite 1is demoulded after 90 s. It has good



- 3 - scratch resistance, bond strength, and thermal cycling and warm water cycling stability. Obligatory
in all cases is the presence of a urethane oligomer which is formed from isophorone diisocyanate or
bis(isocyanocyclohexyl)methane units. The mouldings detailed above already have good proper- ties.
However, the production is time-consuming, and so the process is costly overall. Premature
polymerization 10 of the reactive mixture in the injection moulding apparatus constitutes a further

problem with tH&fection ToudihgHricesS Yl crifecP G iublicatiths TPEITs0b 778 ahd B9
2005074896, sueh thatitis basalp possibie tmgchievalshbiteycle timessay: meansiof thasa 15

processes in massdyoduction.d-usthernare, prablems,ocaur in magy casges with the-service lives of

the system, since theyjegtri%?nmoulds are in many.cases not sufficiently impervious to the 20 reaction

mixtures, such that they can-coma St COntAc with hiViNG Barts of e systeht SHeBRE cycle times
detailed aboveanladtiiona pesdadrequality problems with the mouldings produced. 25 In this
regard, it should be noted that the moulding materials are subject to thermal stress in the injection

moulding app tus, v @ggfgnslea to qLeigergdaé@n of thigol%ger%a'lgfhls can ﬁlter, for example, the

mechanical and optical properties oFttFlae mouldlng(.)%s niateria sYfor exg”mgl%% e BofgHShnd as a

result also thode-6Fthe FREAERGs. Fop&tOTEEappRtations, iFis wevantaytous wied v surface is
structured. Theproduetioreebstiuctured33,surfacesby. meaes et injectios mewdingsechnelogy is

100 of the reactive mixture in the injection moulding
apparatus constitutes a further problem with the
injection moulding process described in publications JP
11300776 and JP 2005074896, such that it is barely
possible to achieve short cycle times by means of these

15 processes in mass production.

Furthermore, problems occur in many cases with the
service lives of the system, since the injection moulds
are 1in many cases not sufficiently impervious to the
20 reaction mixtures, such that they can come into contact

with moving parts of the system.

The long cycle times detailed above can additionally
lead to quality problems with the mouldings produced.
25 In this regard, it should be noted that the moulding
materials are subject to thermal stress in the injec-
tion moulding apparatus, which can lead to degradation
of the polymers. This can alter, for example, the
mechanical and optical properties of the moulding
30 materials, for example the colour, and as a result also

those of the mouldings.

For particular applications, it is advantageous when
the surface is structured. The production of structured
35 surfaces by means of injection moulding technology is
known. In this context, 1in the injection embossing
technique, a mould provided with the appropriate

structure reproduces the structure in the polymeric



known. In this context, in the injection embossing technique, a mould provided with the appropriate

~ structure reproduces the structure in the polymeric - 4 - carrier material. A disadvantage is the wear
on the structures embossed in the polymer material during use, or during cleaning operations. 5 As
described above, these structured mouldings can ‘éuése’quently be provided, for example, with a
scratch-resistant coating. However, the coating applied subseauently lead to loss of the structure. In
order to countef&et Hi§Ithé'dtrGaturel can’be DEHGESseddAto Hte sehatchesistanticoating in a

downstream emtossing step. Ehesesadditional precess sieps-considerably ingrease thegqnanufacturing

costs. 15 Furth ej f rove the scratch resistance and the weathering
e igke (3 SanlininG SOl {9 fpare

stability of the mouldings thus obtained. In"addition, there is a need to specify a process for surface
modification of mouldings, by means of which the surface properties of 20 mouldings can be matched
to a wide varietyof ditfesentifeqdiremients: For thstarce, the pracessshantd especially enable the

production of hydrgphebic,or hydiophilic coatings in Qrder,for example, fo alter vettability with water or

other liquids. Furthermore, the 25 process should enable reflective coating or a reduction in reflection
of the surface. MG it shOBITBE podiTBIE 16 Tonfigiffe FRAMOURIMPRIH S6il-fapefsht or
antibacterial propegties.30LPrsblém | adew of thehpriertart; dtowas thus an object of the present

invention to proyide & prgessder pregcing seatedmouldings, which cap beperformed ina simple 33

and inexg siv% manner, tthgtsame ime, tg%paotulgjgg should b(?: obtained with minimum cycle

times and. Viewad overair with refatively Tow 8nargyconstimption - coating in a
downstream embossing step.

These additional process steps considerably increase

the manufacturing costs.

15 Furthermore, there is continuing effort to improve the
scratch resistance and the weathering stability of the
mouldings thus obtained. In addition, there is a need
to specify a process for surface modification of mould-
ings, by means of which the surface properties of

20  mouldings can be matched to a wide variety of different
requirements. For instance, the process should espe-
cially enable the production of hydrophobic or hydro-
philic coatings in order, for example, to alter wett-
ability with water or other liguids. Furthermore, the

25 process should enable reflective coating or a reduction
in reflection of the surface. In addition, it should be
possible to configure the moulding with soil-repellent

or antibacterial properties.

30 Problem

In view of the prior art, it was thus an object of the
present invention to provide a process for producing
coated mouldings, which can be performed in a simple
35 and inexpensive manner. At the same time, the moulding
should be obtained with minimum cycle times and, viewed

overall, with relatively low energy consumption.



-5 It was a further object to provide a process with which the moulding surface can be configured very
variably both with regard to technical aspects and with regard to the visual appearance. Furthermore, it
should be possible by virtue of the process to obtqingnguldings with outstanding mechanical
properties. More particularly, the mouldings should exhibit a high scratch resistance and hardness. 10
Furthermore, the coated mouldings should have a high weathering and chemical resistance.

Furthermore, the pr&tes§ shodiaberatt® 18 produc ek SHdMEsilF L Agheprétisibrdrtidhiform high
auality. Furtherpitte, tlea peocess sholfld emabler very longseryicedive ofatyinjestidrataoulding

system. Solution20, The ehiecisyuerg achieved By, anovelprocess, bxzﬁ%%%ﬁ‘iWP!&%&%ted

mouldings can Qg Rr duceldswit structured and multifunctional surfaces alongside high-gloss
surfaces. More partlcuﬁaﬁy, its poasg%%{oaﬁ%%me mouldings which have multifunctional
nahostructured 25 surfaces and multifunctional high-gloss surfaces- The process according to the
invention is notablerindhabit is, perfermeddn xnlyene glosed meuldsPne form, af the-pradyction
process is the ination of an injection moulding process step and of .a subsequent, 30
expansion-floo%%rg-gegrr% Qsts(%)ngot%l%écgsls @%%?%lgﬁlcmérg eaﬁ}lrgso he JﬁPo%erélg el 8&&%@3’[0 the
invention is tha? ¥ peftdffied Withbat cREAGIAG tHembald. Ihlike coatekéonthe prebentidvention,
multi- 35 functiemal isuifacessdesnribe: thegnuliplyrvariatle configurationsafthe gaating. for example
with addifiyes. Ageqnding,to the invention ings are Qbtained with outstanding mechanical
properties by the 6 process according toﬁﬁgﬁeﬁ%ﬂ. ﬁoréé%paéé%:% a’rfg, t%g%aou dinglsl,%/ virtue of

the coating appiied iR SEcBarftewith R8 irfehtioh e mibRA%Migh JeratEh PE8ISERce ardhardness.
Furthermore, thiersurdace propettiesoef maldldings candwuadjusted byitoasmuitittdesofidifferent

requirements. Brdpstanss, thePreaess maysesye gspaaially for production of hydrophobic or
hydrophilic coatings, in order, for example, to alter wettability with water or other 10 liquids.

Furthermore, reflective coating or a reduction in reflection of the surface can be achieved. In addition,
a mouldir§ carfbe ebafigared with beil-ropelfens or antibadiériabpmpettiesby e processaccording to

the invention. RLsthermere,ithe coateth injection moulding system.

Solution

20 The objects were achieved by a novel process, by means
of which coated mouldings can be produced with struc-
tured and multifunctional surfaces alongside high-gloss
surfaces. More particularly, it is possible to produce
mouldings which have multifunctional nanostructured

25 surfaces and multifunctional high-gloss surfaces. The
process according to the invention is notable in that
it is performed in only one closed mould. One form of
the production process 1s the combination of an
injection moulding process step and of a subsequent

30 expansion-flooding-embossing process step. A particular
feature of the process according to the invention is

that it is performed without changing the mould.

In the context of the present invention, multi-
35 functional surfaces describe the multiply variable
configuration of the coating, for example with
additives. According to the invention, mouldings are

obtained with outstanding mechanical properties by the



15 mouldings have a high weathering and chemical resistance. Moreover, the process can produce
mouldings with a high precision and uniform high quality. For instance, mouldings obtainable by the
process according to the invention exhibit essentially no cracks or 20 similar defects. In addition, these
mouldings have a high surface quality. The process according to the invention specifically comprises
the following process steps: 251%){? moulding material is injected at a tempera- ture between 220 and

330C into an infRERSTERIOURF A AF0RY GFpaltistrutiFeliftfler Sirfate Ritd-dddidd tothe
demoulding tenmipegature wf iearouldipg nraterialeprederabitynto 70c¢te 90EQy to3fwbtaid a moulding. 2.)

The injection mewldds-alieres spias-{o give risgJeaniptermediate,spacg havigg adhickness between 2
mm and 500 kmfgégfsegablxgetweneg 5 rgr%Snggd 80 L;Ln between gurfgce_ f the moulding to t?e _
coated and the inner surface of the injection moald: - 7 39 THe festlting im&rmediaté 3p&ce is filled
fully or partly wiiF aPeactivesmixtlire Bydigheti iectionad.) Tise modidisteidsedoayaitt and heated to a

temperature betweeri 8daad 340G iretarahly betwean 10@and 1406y withinmot ;ore thas 20 od
seconds, preferahly in a_peri etw and 8 seconds. 10 5.) The mould is subsequently coole
again and opengg,é/ gr%(?tshe q%%fzd m%%%l&?ﬁg is%rpn%%afl%yan. o%%gnal Er%%oldfr%é‘r?t?befo?g the liquid
injection 15 of pProCBSERAER B9, tRF caliy 38 TepIhtad by FPaifersHt cavity: THIS Gsans thatthe liquid
injection of the rewatdirdigein process steprl.) aadwoithia cagtingwatprocess step 35 are peréarmed with

mﬁe“”“Q@Wﬂe%{aﬁﬁ@@Ph%&ﬂ%ﬁg@ﬁgyg?dFgﬁ@%g@ﬁ@gs%gating or a reduction
in reflection of the surface can be achieved. In
addition, a moulding can be configured with soil-
repellent or antibacterial properties by the process
according to the invention. Furthermore, the coated

15 mouldings have a high weathering and chemical resis-
tance. Moreover, the process can produce mouldings with

a high precision and uniform high quality. For
instance, mouldings obtainable by the process according

to the invention exhibit essentially no cracks or

20 similar defects. In addition, these mouldings have a

high surface quality.

The process according to the invention specifically
comprises the following process steps:

25 1.) A moulding material is injected at a tempera-
ture between 220 and 330°C into an injection mould
with a fully or partly structured inner surface,
and cooled to the demoulding temperature of the
moulding material, preferably to 70 to 90°C, to

30 obtain a moulding.

2.) The injection mould is altered so as to give
rise to an intermediate space having a thickness
between 2 um and 500 um, preferably between 5 um
35 and 80 um, between surface of the moulding to be
coated and the inner surface of the injection

mould.



20 are preferably replaced by means of a sliding table. The reactive mixture of process step 3.) is a
formula- tion comprising at least 40% by weight of a di(meth)- acrylate, at least 10% by weight of a tri-,
tetra- or 25 penta(meth)acrylate, and 0.01 to 3.0% by weight of a thermal initiator. Optionally, it is also
possible for 0.05% by weight to 0.2% by weight of a lubricant to be present. However, the process
according to the invention is preferably 30 performed without lubricant. It has been found that,
surprisingly, wall adhesioh afterthe %’?&é&'ﬁ%%ﬁ is SUFTEIRR B eveR #ftRout Ribrichhtsgstesent in
the reactive mixture antdwitiout:maedd rélgasel agerds. teigsthis possibieus eermgvel theuraulding
without 35 residues. - grweightpreferably at least 60% by weight, of cross-linking (meth)acrylates
with two double bonds, based on the total weight of the reactive mixture. The term "double bond"
refers especially to carbon-carbon double 5 bonds which are free-radically polymerizable. These
include especially (meth)acrylgiées isich derive frofrrgashturatetralcohdls, Herexampteo2-propynyi

(meth)- acrylate, allyl (netiecrdatee vinydmeathjacrylate, angymeth)acrylates, which dgxye from diols
or higher 10 polyhydri%%lggvg Ig, fqr am Clle g{y g{?i(meth%-hacrylate , such as etg lene_glycol
%[ dQ %r?(ne 1%ac I%CE%, g % g gf

di(meth)acrylate, diethylene glycol di r . ﬁetﬁ“ﬁene glyc%? i(rﬁné)tﬁ?acry até, tetra- and
polyethylene glycol di(ﬁ%ﬂ%gﬁ/laté%3[%ﬁﬁﬁﬁhzﬁiol{@etﬁ)aﬁﬁﬂéﬁlSbEﬂv{ﬂﬂ’é}ne@ioE(fM%th@acrylate,
1,6-hexanediol di(mettyeacrytate, glycervl dilmeth)acrylate and diurethane dimethacrylate.
Particularlyspreferred (meth)acrylates having at least 20 two double bonds are especially 1,6-hexandiol
diacrylate, trimethylolpropane triacrylate, pentaerythritol tetraacrylate and dipentaerythritol

pentaacrylate. 25 In adtitlon, THE reBed mixfureCHRGRE 4t 1¥ast6Re GhetRERiylatemsling three
or more double bonds.chiweproportich oh@methgacrylatesihaling threecsimeredlouble bonds is
preferably at least 10% by weight, more preferably at least 25% by weight, based on the weight
In an optional embodiment, before the ligquid injection
15 of process step 3.), the cavity 1is replaced by a
different cavity. This means that the liquid injection
of the moulding in process step 1.) and of the coating
of process step 3.) are performed with different
cavities. The machine parts required for that purpose

20 are preferably replaced by means of a sliding table.

The reactive mixture of process step 3.) is a formula-
tion comprising at least 40% by weight of a di(meth)-
acrylate, at least 10% by weight of a tri-, tetra- or
25 penta(meth)acrylate, and 0.01 to 3.0% by weight of a
thermal initiator.
Optionally, it is also possible for 0.05% by weight to
0.2% by weight of a lubricant to be present. However,
the process according to the invention is preferably
30 performed without Ilubricant. It has been found that,
surprisingly, wall adhesion after the crosslinking is
sufficiently low even without lubricants present in the
reactive mixture and without mould release agents. It
is thus possible to remove the moulding without
35 residues.

Particular advantages are achieved especially with

reactive mixtures which comprise at least 40% by



30 of the reactive mixture. In a particular embodiment, the reactive mixture comprises preferably
1,6-hexanediol diacrylate, trimethylolpropane triacrylate and/or pentaerythritol 35 tetraacrylate. Of
particular interest are especially reactive mixtures which comprise trimethylolpropane triacrylate and
pentaerythritol tetraacrylate, where the weight ratio of trimethylolpropane triacrylate to - 9 -
pentaerythritol tetraacrylate may preferably be in the range from 10:1 to 1:10, more preferably in the
range from 5:1 %ef:%?gSpe%%?g%?@@Xblfiﬁ thePilge (FgrQ)F‘n P t0"E3HHd mSst pref& sty in the
range from 52:Ltovk2nin A fugther zonfigaration wthelreaetivedunixtire domptisesipretedabln
trimethylolpropanedtriaciylate apd 1.6-hexanediol diacrylate,;where the weight raig.of 10, .,
trimethylolpropa,ng trigtfgl%te t% ;,G-h%xanediol diacr% eis refera%% in the range from 10:1 to 1:10,
more preferably in the rangs from 5:T 10155, Sapeciafly pref&rabiyinihe TG FontS e £:3 and

most preferablydATENE range ffBm 21q0 1£2E5 Redctive mixtures pfsarticalal intereEhare<also those
which preferably sempiise peypaenihrityl tetraaenylateand: . Eshexanediol diacryate. Fheweight ratio
of pentaerythrito] t ate to 1,6-hexanediol 20 diacrylate may appropriately be in the range from
10:1to 1:10, pr%%%%%%ghée%ran%lec r§r%%5€:1 to%fg, egﬁ{é)’{é?gﬁyepréfega%?§ %nﬁﬁe%: raﬁrﬁéeg?r%?n_&l to 1:3
and most preferbly¥ihthe rangé fion 21%6 112 I5/Rea6tve Wiktdtes (WHcHcGapHdepentaerythritol
tetraacrylate andfat trimethylolpropane éiacwiatersutpsisingly exhibit aiparticulady highseratch
resistance,gwhich.increases espegially with the groportion. of pentaepythritol tetrgacrylate. Reactive
mixtures which OI(Z%mprise 1,6-hexanediol diacrylate anda/o%g(?imetf?ﬁlél(é%pangjirﬁe%eﬁﬁ%a}t)e exhibit a

particularly higHG6ta5if: whidkrBande d@fé?ﬁﬂﬁétﬁesﬁééﬁﬁﬂilbygﬁé 8RN FEStYRGrifstance,
mixtures with a @igktpropertion of d¢6>hexain edit discrylaieatetain athigh seradehe35gregistance

according to thesfrigtiapyheeliastreven aftersienon ir%@@tio%olyethylene glycol

di (meth)acrylate, 1,3-butanediol (meth)acrylate,

15 1,4-butanediol (meth)acrylate, 1,6-hexanediol di(meth)-
acrylate, glyceryl di(meth)acrylate and diurethane
dimethacrylate.

Particularly preferred (meth)acrylates having at least

20 two double bonds are especially 1,6-hexandiol
diacrylate, trimethylolpropane triacrylate, penta-
erythritol tetraacrylate and dipentaerythritol penta-
acrylate.

25 In addition, the reactive mixture comprises at least
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, more
preferably at least 25% by weight, based on the weight

30 of the reactive mixture.

In a particular embodiment, the reactive mixture
comprises preferably 1, 6-hexanediol diacrylate,
trimethylolpropane triacrylate and/or pentaerythritol
35 tetraacrylate. Of particular interest are especially
reactive mixtures which comprise trimethylolpropane
triacrylate and pentaerythritol tetraacrylate, where

the weight ratio of trimethylolpropane triacrylate to



- 10 - One factor effecting the scratch resistance of the coating is the number of polymerizable double
bonds, based on the weight of the mixture. The higher this proportion, the higher the scratch
resistance that the coating can achieve. The react_iv% mixture may accordingly comprise preferably at
least 1 mol of double bond per 120 g of reactive mixture, more preferably at least 1 mol of double bond
per 105 g of reactive mixture. In this context, scraich resistance can be enhanced 10 especially by the

use of (meth)a&YAES hYViRG e o TdraHouhiE bEnd & EoPESHIg Hhe Yeadfive MixiurE comprises
at least one initkaBEBY Whith thé monomels: éah benfree-radiedlisrESpolyiverizdte Inthisgontext,

thermal initiatorsrwhichsform free ragicalsdyghe action offieat arg ysed. Suitable thermal initiators
include azo co Pg%ndzs, peroxy ¢o pgur%dsmgggul Pg%ee%gragounds or.azoamidines, 20 Non-limiting

! n in th
examples are dibenzoyl peroxide, dicumyl peroxide; cumene %roperoxﬁe,ﬂﬁ?gﬁro om

peroxydicarboraté, BiS(4lteft-butylcyclohexyl) peroxydicarbonate, dipotassium persulphate,
ammonium peroxydisulphate, 2,2'-azobis(2-methylpropionitrile) (ATBN), 2,2'- 25
azobis(isobutyrapidine) hydraghloride,, gg?@@g%%?b%ibenz% gerivraetg/ggi@gthyl ‘_?EEQXISQ% ketone
peroxide, 1,1-azobiscyclohexanecarbonitrile, methyl ethyl ketone peroxide, acetyfgcetone peroxide,
dilauroyl peroxid8 BidEEaRo PereXiad tér byl o 8y herreRiiatd SoA@ione peroRiae, methy
isobutyl ketonelperekidesoyciohaxambrecperbxide, dibérzoyl petexidesiertrbutylatioc of

peroxyb%oatggg%—@g}x}pgiﬁ%)%g}?g{gpylcag}qgaggyl ate to 1, 6-hexanediol

2,5-bis(2-ethylhexanoylperoxy)-2,5-dimethylhexane, tert-butyl 2-ethylperoxyhexanoate, tert-butyl 3,5,5-
35 trimethylperge Céélﬁ%té?e, tit-bEy PHEORGisEbutytate 1Ert-Bad e roxyatitate ditumyeroxide,
1,1-bis(tert-butyinéfoxy)yopelehexané axlahis (fert: butyiperoxyrgdd, Sdrinrethylcyclaexdne;cumyl
hydroperoxide,testbutythydyoperedidesply in the range from 3:1 to 1:3 and
most preferably in the range from 2:1 to 1:2.
15
Reactive mixtures of particular interest are also those
which preferably comprise pentaerythrityl tetraacrylate
and 1,6-hexanediol diacrylate. The weight ratio of
pentaerythritol tetraacrylate to 1, 6-hexanediol
20 diacrylate may appropriately be in the range from 10:1
to 1:10, preferably in the range from 5:1 to 1:5,
especially preferably in the range from 3:1 to 1:3 and
most preferably in the range from 2:1 to 1:2.

25 Reactive mixtures which comprise pentaerythritol tetra-
acrylate and/or trimethylolpropane triacrylate surpris-
ingly exhibit a particularly high scratch resistance,
which increases especially with the proportion of
pentaerythritol tetraacrylate. Reactive mixtures which

30 comprise 1,6-hexanediol diacrylate and/or trimethylol-
propane triacrylate exhibit a particularly high UV
stability, which can be determined especially by the
xenon test. For instance, mixtures with a high propor-
tion of 1,6-hexanediol diacrylate retain a high scratch

35 resistance according to the friction wheel test, even

after xenon irradiation.



bis(4-tert-butylcyclohexyl) peroxydicarbonate, and also the free-radical generators obtainable from
DuPont under the C)Vazo name, examples being OVazo V50 and 5 Wiazo WS. The reactive mixture
may appropriately comprise 0.01% by weight to 3% hy weight, preferably 0.1% by weight to 2.5% by
weight and especially preferably 0.5% by weight 10 to (1.5% by weight, of thermal initiator, based on
the weight of the reactive mixture. As already explained, the reactive mixture may optionally comprise

a lubricant. Accordifig tH3fi& 15 compPEStidn hisTRSUCTESEEFR inftovingARe Bentduldabifty of the
coated mouldings esthdutreducingithe adhesive striength tomdticadalalues dauxiliaries thatimay be

present accordingsiogluds, Uit e hose selggiedframine aroup.of i foly- 2D slaxanes, o
the saturated fatt raci%% I%rilving fet\?/}er tgan %O carhon atomsh%leferably 16 to 18 carbon atoms, or of
the saturated faty al80H0IS Raving Tewer than 20 CaTboH afoms: preterbh 16 fo t8earbdi Gtoms. Itis

preferable that sz proporteas arelpresent, &lrsost 28 0:25% byiveighte based oncthe waight of the

reactive mixture ifagexamptecd:-0840 9296 byameight Suitable-examples gre sigare acidpaimitic acid,
and industrial mixture mpo of stearic and palmitic acid. Acrylated polysiloxanes are additionally
appropriate, 30 oligr?;e&t eéagrﬁplg b%e%grfgl% a vlez-ﬁ\e@#élcrrﬁby@ﬁgfanéf%gé% ésl%nﬁip%us%g 28 be
obtained, for exampleluitfer #eRES7 3 hrdd@ AEMEFory GofdseERATGGRMbIL Lakye? ambunts of

polysiloxanes cantalso be tsed:By way of exampler peopottions-of atsost $8% hynneightare
appropriate 35 preferebly at mos, 6 hy weight gpd mostpreferably aLmost .89 by weight.
Examples of other suitable compounds are n-hexadecancl and n-octadecanol, and-also industrial
mixtures compos$&d BPT-ReRadetandPaRds- 12 - n-octadecanoal. Stearyl alcohol is a particularly
preferred lubricant. The reactive mixture may also include conventional additives, such as colourants,

pigments, e.g. metallic-pigments, Y\ stabilizers, dillgs.Qr nanqmatetials, in partiswarTo,

nanoparticles. Tg%ggqpogtion ditives depends on the intended application and can

f these.a .
therefore be within a v%i%e?gng;géYTW?g]p? porfisn Mgyomers can be free-radically
15 polymerized. In this context, thermal initiators which

form free radicals by the action of heat are used.

Suitable thermal initiators include azo compounds,
peroxy compounds, persulphate compounds or azoamidines.
20 Non-limiting examples are dibenzoyl peroxide, dicumyl
peroxide, cumene hydroperoxide, diisopropyl peroxydi-
carbonate, bis(4-tert-butylcyclohexyl) peroxydicarbo-
nate, dipotassium persulphate, ammonium peroxydisul-
phate, 2,2 -azobis(2-methylpropionitrile) (AIBN), 2,2 -
25 azobis(isobutyramidine) hydrochloride, benzopinacol,
dibenzyl derivatives, methyl ethylene ketone peroxide,
1,1-azobiscyclohexanecarbonitrile, methyl ethyl ketone
peroxide, acetylacetone peroxide, dilauroyl peroxide,
didecanoyl peroxide, tert-butyl 2-ethylperhexanocate,
30 ketone peroxide, methyl isobutyl ketone peroxide,
cyclohexanone peroxide, dibenzoyl peroxide, tert-butyl
peroxybenzoate, tert-butyl peroxyisopropylcarbonate,
2,5-bis(2-ethylhexanoylperoxy) -2, 5-dimethylhexane,
tert-butyl 2-ethylperoxyhexanoate, tert-butyl 3,5,5-
35 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



10 preferably be 0 to 30% by weight, more preferably 0.1 to 5% by weight, if additives are present.
Furthermore, the process enables a long service life of an injection moulding system. It is surprisingly
possi- 15 ble, especially by virtue of the temperatyrel 'inc[ease for curing of the reactive mixture, to
achieve a higher imperviosity of the system. It is essential here that the moving parts of the injection
moulding system are not impaired by the curing of the reactive mixture. 20 This is surprising especially

because the visB6Siy BRI TERR tive mixture tyicdilyecréases in the ddUREEBEREAfE Ssuch that the
reactive mixtur@isstypicatly mdre freesflainigeathighep ¢emperaturesbbughermaradbyavirtike of the

inventive configyration; thermal 25 degradation afthe mouylding materials in the injegtian moulding

system can be minimized, such that mouldings are obtained with a high, uniform quality. Injection
moulding proce%%§§ﬁav HeePVRGWN BFESme St &Td arg tBEd WideRP In YeRerdtmoulding

mate-rial i$inje@t&didserédnto an injection mould and cooled to obtain a moulding. According to the
invention, the coating is advanta- 35 geously effected by an alteration of the injection mould to give
rise to an interr@ diate sggg&gtween surface of the moulding to be coated and the inner surface of

the injection mou q. Tﬂ% |ntermedilél%exstﬁlarc€3e .-mfé( - fotmedrdarhe ii’fedci/(\:/)ﬁﬁ)ﬁlrggcti & hixture by
injection mouldify. TRéSiepstetaitedPdbairs: afetdistrsseatapioreletsil by weight to
2.5% by weight and especially preferably 0.5% by weight
10 to 1.5% by weight, of thermal initiator, based on the

weight of the reactive mixture.

As already explained, the reactive mixture may option-
ally comprise a lubricant. According to the
15 composition, this 1is successful in improving the
demouldability of the coated moulding, without reducing
the adhesive strength to critical wvalues. Auxiliaries
that may Dbe present accordingly include lubricants,
e.g. those selected from the group of the poly-
20 siloxanes, of the saturated fatty acids having fewer
than 20 carbon atoms, preferably 16 to 18 carbon atoms,
or of the saturated fatty alcohols having fewer than 20
carbon atoms, preferably 16 to 18 carbon atoms. It is
preferable that small proportions are present, at most
25 0.25% by weight, based on the weight of the reactive
mixture, for example 0.05 to 0.2% by weight. Suitable
examples are stearic acid, palmitic acid, and indus-
trial mixtures composed of stearic and palmitic acid.
Acrylated polysiloxanes are additionally appropriate,
30 one example being 13/6/aw2-hexylacryloylsiloxane, and
this compound can be obtained, for example, under the RC
725 trade name from Goldschmidt GmbH. Larger amounts of
polysiloxanes can also be used. By way of example,
proportions of at most 10% by weight are appropriate,
35 preferably at most 1% by weight and most preferably at
most 0.5% Dby weight. Examples of other suitable
compounds are n-hexadecanol and n-octadecanol, and also

industrial mixtures composed of n-hexadecanol and



5 inter alia in publications JP 11300776 and JP 2005074896, which are incorporated into the
application for the purposes of disclosure. By means of the process according to the invention, it 10 is
possible in an unforeseeable manner to perform a pyecess for producing coated mouldings, which can
be performed in a simple and inexpensive manner. At the same time, the moulding can be obtained
with very short cycle times and,.viewed overall, with relatively low 15 energy consumption. It has been
found th{;\t, surﬁ}?’/'s?ncg%%%g%r%gééss acgc?r%lrﬁ’gqto tﬁe{fﬁ%}éﬁzon chf provide Sy orParfy suctured
mouldings withBHedRaPEoafittyst 7k the 70 first time, it is possible in a process to reproduce
structures of any configuration in a functional layer. It has been found that structured mouldings with a

scratch-resistar&tlgé)atiggacggik{peprorgu}ggd. The mould_iggg ([j)_roc:ILucefj |% accordance with thf invention

after 25 the coating preferably have s m;}l g&rfaénea?églons with “&cratchoresistant sUFacs coated

coating aﬁa S &%Wes, such as colourants, pigments, e.g. metallic
pigments, UV stabilizers, fillers or nanomaterials, in

particular ITO nanoparticles. The proportion of these

additives depends on the intended application and can

therefore be within a wide range. This proportion may

10 preferably be 0 to 30% by weight, more preferably 0.1

to 5% by weight, if additives are present.

Furthermore, the process enables a long service life of
an injection moulding system. It is surprisingly possi-
15 Dble, especially by virtue of the temperature increase
for curing of the reactive mixture, to achieve a higher
imperviosity of the system. It is essential here that
the moving parts of the injection moulding system are
not impaired by the curing of the reactive mixture.
20 This is surprising especially because the viscosity of
the reactive mixture typically decreases in the course
of heating, such that the reactive mixture is typically
more free-flowing at higher temperatures. Furthermore,
by virtue of the inventive configuration, thermal
25 degradation of the moulding materials in the injection
moulding system can be minimized, such that mouldings

are obtained with a high, uniform gquality.

Injection moulding processes have been known for some
30 time and are used widely. In general, a moulding mate-
rial 1s 1injected here into an injection mould and

cooled to obtain a moulding.

According to the invention, the coating is advanta-
35 geously effected by an alteration of the injection
mould to give rise to an intermediate space between
surface of the moulding to be coated and the inner

surface of the injection mould. The intermediate space



non-shiny The and  structured regions on the surface. The thickness of the 30 coatings is in the
range from 1 pm to 200 Pm, preferably between 5 pm and 80 pm. Moulding materials for production of
the mouldings to be coated are known per se, and thgse moulding mate- 35 rials comprise
thermoplastically processable polymers as an obligatory component. The preferred polymers include,

for example, poly(meth)acrylates, e ially polymethyl methacrylate, (PMMA) ooly(meth)eilc_rylimides,
-14 - poiyacrylééﬁwgg p%%y%;y%reenefs,{,)%%@%th\%}gggo?yeg?e%,tﬁé’i cé?ﬁgﬁifé‘fé?, GBlyvinyd Efarides.
Preference is givePrhéte4e poli¥meth)acrylates and poly(meth)- acrylimides. These polymers may be

used individually or 5 else as a mixture. In addition, these polymers may also be in the form of

copolymers. Preferre ly Enf e styrene-acrylonitrile copolymers, styrenemaleic acid
copolymers anc? %ély%ét%%% mgélt %:rylél%g cag%% y%e?sﬁ%s%é&gﬁf %38 ymé{hyfnﬁ‘éﬁ'naé%\ca?é-llo

poly(meth)acryfifidercopiyriers. The inveRtveé motifiisy materials £dRIbISe at last 50%Fby weight
of polymethyl nisthacrylete folymettiacetmethytimide-and/es polymethyl anethaarylate-copolymers. 15
The moulding materials.may, cgmptise customary additives and admixtures. In particular, the moulding

materials may comprise silicone rubber graft copolymers or acrylate rubber modifiers to improve the
impact
By means of the process according to the invention, it

10 is possible in an unforeseeable manner to perform a
process for producing coated mouldings, which can be
performed in a simple and inexpensive manner. At the
same time, the moulding can be obtained with very short
cycle times and, viewed overall, with relatively low

15 energy consumption.

It has Dbeen found that, surprisingly, the process
according to the invention can provide fully or partly
structured mouldings with functional coatings. For the

20 first time, it is possible in a process to reproduce
structures of any configuration in a functional layer.
It has been found that structured mouldings with a
scratch-resistant coating can be produced. The mould-
ings produced in accordance with the invention after

25 the coating preferably have shiny surface regions with
scratch-resistant coating and/or structured, non-shiny
surface regions with scratch-resistant coating. The
coated moulding preferably has both shiny and
structured regions on the surface. The thickness of the

30 coatings 1s in the range from 1 pm to 200 um,
preferably between 5 um and 80 um.

Moulding materials for production of the mouldings to
be coated are known per se, and these moulding mate-
35 rials comprise thermoplastically processable polymers
as an obligatory component. The preferred polymers
include, for example, poly(meth)acrylates, especially
polymethyl methacrylate (PMMA), poly(meth)acrylimides,



20 resistant values to the moulding. materials. These additives additionally include molecular weight
regulators, release agents, antistats, antioxidants, demoulding agents, flame retardants, lubricants,
dyes, flow immrovers, fillers, light stabilizers, pigments, weathering 25 stabilizers and plasticizers. The
additives are used in a customary amount, i.e. up to 80% by weight, preferably up to 30% by weight,
based on the oveéilll comp sition. When the aml(:unt is greater than 80% by weight, based on the

e

overall composfion: properties of 30 e polyRisrs Sfo¥ ExEfmiple préCessabiitF tnay BaMsfupted. In
the context of tIREREENt IAYSNIHH beacthesmixareyvefer lo cdmpasitierss wiich tandsecured by 35

free-radical polyerizatiem Underconditiansiaf injeentjer:mpeuiding, these compositians.gan be
injected into the_injectio uld, such that these compositions are at least temporarily free-flowing
under these cor?cﬁ-&eﬁl -Jr':;l]i(())en%; Rs‘[é%%ﬁ\?e %?x%?é%%v%hixéﬁ%an %euuséee%i for' g&eiftilncé)uﬁrﬁe tafiéd inter alia
in publicatiéns JP-££36G67 76 dHd 3P 2005874896 Thieae publiestiorecdrzefetratat forlreasons of

disclosure, anditke compasitionstdescrinetl 5 dvthesempiblicationsate-tnearparatash iptethe present
application. Par_tLiﬁlgg_aﬂ)ﬁéuitagngggﬁgv~ea@P§g@r§iq{gjgki%se dgglogﬁglg\ré PSE 102(5)%;/028601. The
AT ) e e :

reactive mixture can be used especially in réactive 10 injection moulding processe i%frzloe?aingly, the

mixture has a VISOSiFwhith EhabfERQUCHICESe. THE dy il vRiebsily oftheltegstveanixture is
preferably in the rarmgeyirems], to 20@s1Ra's at 25C, mare pyeferably in thenarigedrom Stte 50 mPats at

25C, the dynamie, 15 Miscosify being;detgeminghle; ageording to Brookfield (with a UL adapter). The
temperature of the first process step, in which the moulding material is injected into the injection

mould, 20 depends especially on the type of polymer and of the additives. These processing
temperatures afeinowivterthoge skifled fhithe arg fregéneml, toemoudding mateiad is ifjeéted into the

injection mould g¢-a teaipgraturg in the Taage-from 150 £0.350C; preferably, 22040.330C. 1
methylimide and/or polymethyl methacrylate copolymers.
15
The moulding materials may comprise customary additives
and admixtures. In particular, the moulding materials
may comprise silicone rubber graft copolymers or
acrylate rubber modifiers to improve the impact
20 resistant values to the moulding materials. These addi-
tives additionally include molecular weight regulators,
release agents, antistats, antioxidants, demoulding
agents, flame retardants, lubricants, dyes, flow impro-
vers, fillers, light stabilizers, pigments, weathering
25 stabilizers and plasticizers. The additives are used in
a customary amount, i.e. up to 80% by weight,
preferably up to 30% by weight, based on the overall
composition. When the amount 1is greater than 80% by
weight, based on the overall composition, properties of
30 the polymers, for example ©processability, may be
disrupted.

In the context of the present invention, reactive
mixtures refer to compositions which can be cured by
35 free-radical polymerization. Under conditions of injec-
tion moulding, these compositions can be injected into
the injection mould, such that these compositions are

at least temporarily free-flowing under these condi-



The subsequent cooling temperature of the mould in the first process step can likewise be set to the
tempera- ture customary for the particular moulding material. 30 The moulding material can preferably
be cooled to a temperature in the range from 40 to 160C, more preferably 60 to 120C and most
preferably 70 to 90C, before the reaction mixture is injected into the intermediate space. 35 The
temperature at which the %Qermal curing, of the reactive mixture is effected in process step 4 depends

on the type of therar initiator OF partituisr = £6 - ieralt &2k sPecifPProt8sseSIA Whith the
thermal curing i €fecied préfefably aea terhparatureninithe carigeofromIBd ol B80T, Theferably 70 to

160C and most preferablyin 4lse sangeraf &9 t@%ﬂ@@di'(a%h%zimecg%ﬁfﬁ:%gr'éé;eésm%étlurf in the
course of thermal_curing is top high, formation of cr ay occur. In the case of excessively low
temperatures, th?eegosraotf%sg in ﬁaﬁ% (Szgggssgfﬁbitsaé%ezcsg\]/ee e%ﬁ%%?&%t%%ﬂ@%e So(f‘YHet%ﬁféctiqn
mould, and>scratéh reRtande ddn §R6 1 e AefeaseddnRoRRcaselby a higher termperature in the
course of thermakgilringa Acearding to-thecdnvartion, the reagsinn mixtureds-cured by ingreasing the

temperature of af least;pne payt of the injection %%%Z%HL%I%% 'it is thus 15 possible to cure the

coating without any adverse effect on the moul obtaine Particularly_ad\(antageously, the
injection mould is heated only partly to cure the coating. In an appropriate modification, a part of the
injection mould Whichris#T contactwitlt 204he seadtive uaixture isadvaitageously-heaied,-and a part of

the injectign mouldwhichds neldn contact with the reaction MixEs 150 heated. 1+ v re
has a viscosity which enables such a use. The dynamic
viscosity of the reactive mixture is preferably in the
range from 1 to 200 mPa’s at 25°C, more preferably in
the range from 5 to 50 mPa’s at 25°C, the dynamic
15 wviscosity being determinable according to Brookfield
(with a UL adapter).

The temperature of the first process step, in which the

moulding material is injected into the injection mould,
20 depends especially on the type of polymer and of the

additives. These processing temperatures are known to

those skilled in the art. In general, the moulding

material is injected into the injection mould at a

temperature in the range from 150 to 350°C, preferably
25 220 to 330°cC.

The subsequent cooling temperature of the mould in the
first process step can likewise be set to the tempera-
ture customary for the particular moulding material.
30 The moulding material can preferably be cooled to a
temperature in the range from 40 to 160°C, more prefer-
ably 60 to 120°C and most preferably 70 to 90°C, before
the reaction mixture is injected into the intermediate
space.
35
The temperature at which the thermal curing of the
reactive mixture is effected in process step 4 depends

on the type of thermal initiator. Of particular



In this context, it should be specified that the term 25 "injection mould" used herein is known in the
specialist field. This is generally understood to mean the part of an injection moulding system which is
needed for shaping. This part forms a cavity which ca be filled with moulding material. After the
cooling of 30 the moulding material, the injection mould can be opened without destruction, such that
the resulting mould ng can be removed fr,on“g,e injﬁction mould. The injection mould therefore

typically compri%élsé%o?/?ng (Hrs WITIRR Shable’suRh Bpetitiy: For shERInG, thé'3s fiiedtiBa mould
typically has a reetalpart which cbarsssidtasontastakithythe mouldirgroaterial randiso this@art or the
surface of this pastig®f erugial significange fer, the.shaping, Fer the nvenive - g most
preferably in the range of 80 to 140°C in the injection
5 mould. If the temperature in the course of thermal
curing is too high, formation of cracks may occur. In
the case of excessively low temperatures, the coating
in many cases exhibits excessive adhesion to the metal
of the injection mould, and scratch resistance can also
10 be increased in some case by a higher temperature in
the course of thermal curing.
According to the invention, the reaction mixture is
cured by increasing the temperature of at least one
part of the injection mould. Surprisingly, it is thus
15 possible to cure the coating without any adverse effect
on the moulding obtained at first. Particularly advan-
tageously, the injection mould is heated only partly to
cure the coating. In an appropriate modification, a
part of the injection mould which is in contact with
20 the reactive mixture is advantageously heated, and a
part of the injection mould which is not in contact

with the reaction mixture is not heated.

In this context, it should be specified that the term
25 "injection mould" used Therein is known in the
specialist field. This 1is generally understood to mean
the part of an injection moulding system which 1is
needed for shaping. This part forms a cavity which can
be filled with moulding material. After the cooling of
30 the moulding material, the injection mould can be
opened without destruction, such that the resulting
moulding can be removed from the injection mould. The
injection mould therefore typically comprises moving
parts which enable such opening. For shaping, the
35 injection mould typically has a metal part which comes
into contact with the moulding material, and so this
part or the surface of this part is of crucial

significance for the shaping. For the inventive



induction, by current flow or by means of heating elements which are in contact with this part of the
~injection mould. The fact that other parts of the 10 injection mould may likewise be heated by this
heating as a result of heat transfer is unimportantjorltl;is_purpose, since a heat gradient is generally
obtained, with the surface of the injection mould in contact with the reactive mixture having a higher
temperature than the surface of the injection mould not in contact with the reactive mixture. The

temperature of &1ERSSSHe part OF the-MjdttionMe6iatis Prefefsbly fhcredsed BRAERaESE more 20
preferably by até¢sastd0Cl and ntost preferablyisy asleast 80C. trathe, casehdfdieatimg,by means of an

indirect heating elerperi-these figures ase basgd-espesially op the lemperatyre passessedby a
heating element which is %1 or}ag:t with at Iea§t one part af 25 the injection mould and heats it. In the
< 5 clrrentp k{‘B

ns asdty fHroadh thBTHjeltio m6Gia “hESe figures

case of heating rP)?/ameans Stin uc‘ﬁoﬁ? or a curren
are based 6n th&riaximuie teriparitdréepossessed dy the injectiorvmbuld. 138ThiS termperature
increase can preferally be«<achievedmithin ashort tifae spaeddhistempesaiure Increase gan

preferably be effe %Wit!%? 1 nﬂ)inute more preferably within 30 seconds and most preferably within 5
seconds. 35 Parﬁgﬁ‘arly shott times adrlelrdrei‘rllr%d k%é%:’yaltﬁgug%ﬁ}es%egr%ﬁimﬁég b%?pﬁlet te'¢Hnical

circumstances. S1E e he PartichIady Prefétred SnSGHmaHttihe t&hperamiFé of et leastone part of
the injection moitdijiscaitesed byanare.thankkOC féithin 1oninute & eompareditg the prior-ag, the
coated mqudings, praduced inaceordance _W'E@qg%ﬁ'§¥e@@”ﬂ@’§e@v8{; improve ggq%%rltées.
According to the invention, at the time of injection of the reactive mixture, the moulding has a
temperature of 8tledst 76€ e RACRRET0 rib@ite i&hartened forroE R thBATL nfiRifmore
preferably 5 s, afterimjeetionsatactemperatsre obatléasht00C:s These highitemperaidres,dn particular

of the mouldinga bg coateds leadita-payticylady stigng adhgsion.of the goating.on-the mqylding. This

effect is . . . :
the reactive mixture having a higher temperature than

15 the surface of the injection mould not in contact with

the reactive mixture.

The temperature of at least one part of the injection
mould is preferably increased by at least 5°C, more
20 preferably by at least 10°C and most preferably by at
least 30°C. In the case of heating by means of an
indirect heating element, these figures are based
especially on the temperature possessed by a heating
element which is in contact with at least one part of
25 the injection mould and heats it. In the case of
heating by means of induction or a current passed
through the injection mould, these figures are based on
the maximum temperature possessed by the injection
mould.
30
This temperature increase can preferably be achieved
within a short time span. This temperature increase can
preferably be effected within 1 minute, more preferably
within 30 seconds and most preferably within 5 seconds.
35 Particularly short times are desired here, although

these are limited by the technical circumstances.



15 enhanced by the fact that the moulding, after production thereof from the moulding material, has at
no time been cooled below a temperature of 70C and thus - according to the moulding material -
formation of fine structures such as crystals is suppr gse_d or delayed_ 20 These effects give rise to
the possibility of achieving improved adhesion compared to the prior art at the interface between
moulding and coating. It has been found that, surprisingly, this particular property of the mouldings

produced in accordance viththé § ioh 28158 BRhEVbIEBR B Fiue of fe rERRS& Eccording to
the invention withiiie cliaihge in meetsinerpriEhepajettionimadiite;, ot thieesurface ofithe idjection mould,

can be heated befere; daring orafter the,30 injectiop;ofithe reagtive ypixture. Particular advan- tages
can be achieved especially by commencing the heating of the injection mould actually before or dur-
ing the injection of the reactive mixture. Preferably the maximum of the heating power by which the
surface 35 df theGAfeefiGi motifl faéifg themicvidingristheatédhmay prefeeably hewithirayrange which
begins at the tirpe ofithesminimura tevperaidre of thenunceatedeulding-and-ends Jessdhan 3

seconds, prefer - .second, after_the injectign of the reactive mixture. In a particular
aspect of the prgggr%%%%gnggﬂ? %Pr%%%(?srﬁurgcﬁ?ﬁed ﬁrelgtin%op%v%lgr t])}l/’l Which the 'suffice ofthe

injection mould fadifg fie MBARITIGES s Réattl thaiEBE aitimeBseiorecor dutingthe Iiféction of the
reactive mixturéxr8y vigue *oémi&nenﬁ@gatioﬁ, it 'tstsu_rpésjﬁgly passible tqg@tai&gg&@c@&émith a
particularlyjow jevel af-eracking an the mavldings, which can be demoulded particularly |,

preferably 5 s, after injection at a temperature of at
least 100°C. These high temperatures, in particular of
the moulding to be coated, lead to particularly strong
adhesion of the coating on the moulding. This effect is
15 enhanced by the fact that the moulding, after produc-
tion thereof from the moulding material, has at no time
been cooled below a temperature of 70°C and thus -
according to the moulding material - formation of fine
structures such as crystals 1is suppressed or delavyed.
20 These effects give rise to the possibility of achieving
improved adhesion compared to the prior art at the
interface between moulding and coating. It has been
found that, surprisingly, this particular property of
the mouldings produced in accordance with the invention
25 is achievable only by virtue of the process according

to the invention with no change in machinery.

The injection mould, or the surface of the injection
mould, can be heated before, during or after the
30 injection of the reactive mixture. Particular advan-
tages can be achieved especially by commencing the
heating of the injection mould actually before or dur-
ing the injection of the reactive mixture. Preferably
the maximum of the heating power by which the surface
35 of the injection mould facing the moulding is heated
may preferably be within a range which begins at the
time of the minimum temperature of the uncoated

moulding and ends less than 3 seconds, preferably less



10 readily. In addition, the commencement and the rate of polymerization (curing) of the reactive
mixture can be adjusted by the selection of the type and of the proportion of 15 the thermal initiator,
and by the selection of the mould temperature. In_adﬁ]' ion, the commencement of curing can be
controlled by the selection of the poly-functional (me %acrylates present in the reaction mixture. 20
Systems which in principle enable coating with a reactive mixture are detailed inter alia in documents
JP 11300776 ahdIB 2005674858 des abbV& Fordigeibsare pafpodeis thesapislieations are
incorpo- 25 ratetiintoithis. application. Howeverstiese publications dofot describe aay efthese

systems in which{thedemperatuyrg of atleast apepart,of theynjection m gkge(‘ian@ altered;by more
than 10C within ]hgﬁnute.fSuch S fte s are disclosed in DE 102007051482, The system 30
preferably enable& an Aiteration Sf th&temparatire oF at TSt Oné PALHF tHe mjdbBh ot by more

than 10C, morelgtefefaisiy atbretiaan 20€, within Siserdnddiivese configurdtionsigre achieved inter
alia by the 35 pessjbitityiefrheatingratdeastane par ofthednies- tian mquld by elegtricalcugrent.

Injection moulding systems with an electrically heatable injection mould are detailed jnter alia in
EP-A-1 065 os#%ﬁ%lé%%%éé) 0 and 03 %?i%%éf?‘}llﬁ;lﬁ{h &1&Rd6 %Srat’éa rorictioRure
purposes. The FestiyGh Beléffectedifars biretay by heatihglthe surfade wittrelettrizityoor indirectly
by induction or alheatingelementconnaciethto thershaping Bsurface of thesinjectionmauld.
Preferencgyis gi_yggcﬁ‘nﬂ%'go indirect processes. Especially suitable is a ceramic heating element Or a
Peltier element. It is possible here to heat the injection mould by means of one or more of the
processes detailed above. 10 The heating of an injection mould by induction is detailed inter alia in
publication DE 201 28F77idn Forthe purposes efidisclosure, this publication ismcerperated into the

present applicaighi on (curing) of the reactive mixture can be adjusted
by the selection of the type and of the proportion of
15 the thermal initiator, and by the selection of the
mould temperature. In addition, the commencement of
curing can be controlled by the selection of the poly-
functional (meth)acrylates present in the reaction
mixture.
20
Systems which in principle enable coating with a reac-
tive mixture are detailed inter alia in documents JP
11300776 and JP 2005074896 described above. For
disclosure purposes, these publications are incorpo-
25 rated into this application. However, these publica-
tions do not describe any of these systems in which the
temperature of at least one part of the injection mould
can be altered by more than 10°C within 1 minute. Such
systems are disclosed in DE 102007051482. The system
30 preferably enables an alteration of the temperature of
at least one part of the injection mould by more than

10°C, more preferably more than 20°C, within 5 seconds.

These configurations are achieved inter alia by the
35 possibility of heating at least one part of the injec-
tion mould by electrical current. Injection moulding
systems with an electrically heatable injection mould
are detailed inter alia in EP-A-1 065 037, WO 96,/29188



R Peltier elements are electrothermal transducers which generate a temperature difference in the
event of current flow, or current flow in the event of a temperature difference. A customary
abbreviation for 20 Peltier elements and Peltier cooleks is TEC (thermoelectric coolers). These
elements can be obtained commercially. Ceramic heating elements comprise a ceramic which can 25
be heated by electyicity. In this context, ceramic refers to inorganic materials which may include
oxides, nitrio)llesaann% séﬂlgr‘ Et%ls‘t récefs, ‘é{?}h% Sthérst BRAMpRLSSlichthatetis s 48 Hiér alia in WO
00/34205, DE 38:12488sDER5191437 and D87 B4 274 £¢héesel 30 publications ale/intorporated

into this applicatieadentheqnupesesref discipsure. dn ajparticulay.empediment .the injectign nozzle
through which tlhe Eggti\éenmci)xrturg i?ﬂg}i%%_tgd into the 35 |rgject|on m%Id be equipped with a
ves

ma
geTWi o tHe Sy ST TESe

Peltier element. " 1his achieves slrprising advantages with Sevice
especially by vitite Gt the side ofvegatd i6 el achieved WozzlPfaefimy ei2de thiesinjectivrmould being
heated, and thexside otthe noazledacingaway Foaxthe }h}ig@mmpyldlgﬁhﬂgam%edié'“ Qrefef”eﬁ. )
system for perfarming.the pr ccQrdi the inventign has a cooling system by means of whic
a¥|east oneppar'gtgc?f%?e:L Pnje%tél)c%r? ?n%%ld%%ﬁ%eﬁ%oo%erd, 'Iahe c%_gﬁﬁ'ée ganegeeqél%‘cttéd e?s}épecﬁly by
means of knowRXODIEHS, f8EERantsle Bfavateh6r SirnilgF £ pRedRe T dovlanersreferably passed
through channels svhich morelosé tathe beateddnjestieremwuidkdn dhe¢ase of heating of the injection
mould by,igduction, the cooling channels may run directly through the injection mould or be provided at

the surface arranged , . . . . :
Tﬁ% heating of an injection mould by induction is

detailed inter alia in publication DE 201 21 777 UL.
For the purposes of disclosure, this publication is
incorporated into the present application.
15
Peltier elements are electrothermal transducers which
generate a temperature difference in the event of
current flow, or current flow in the event of a
temperature difference. A customary abbreviation for
20 Ppeltier elements and Peltier coolers is TEC (thermo-
electric coolers). These elements can be obtained

commercially.

Ceramic heating elements comprise a ceramic which can

25 Dbe heated by electricity. In this context, ceramic
refers to inorganic materials which may include oxides,
nitrides and similar substances, among others. Examples
of such materials are inter alia in WO 00/34205, DE 35
12483, DE 35 19 437 and DE 37 34 274. These

30 publications are incorporated into this application for
the purposes of disclosure.

In a particular embodiment, the injection nozzle
through which the reactive mixture is injected into the
35 injection mould may be equipped with a Peltier element.
This achieves surprising advantages with regard to the
service lives of the system. These can be achieved

especially by virtue of the side of the nozzle facing



15 opposite the surface of the injection mould with which the polymer moulding is shaped. In the case
of indirect heating of the injection mould, for example by means of ceramic elements or by means of
Peltier elements, coolant channels may be provided ?ftvyeen the heating 20 element and the surface
of the injection mould with which the polymer moulding is shaped. If the injection mould is heated

directly by electricity, the.coolant channels may. run c%rectly through_the_injection mould or be provided
at the surface argr%%ygeld1 IpPositEthE %%?s%r%é%gth Sfijection Motid With WWHigk tietpolyiter
moulding is shapedzARer thedhitdmediigtey sparebetwden therheerhabsurfasedfthelirgactiopn mould
and the surface®fthed0 moulding has been filled with a reactive mixture, the mould is closed with
reduced pressure, in order to impress the fully or partly structured surface of the inner surface of the
injection mould on the coating which forms. The reduced pressure is normally below the 35
machinery-telat®d RIG iRy force. She-coatingTis BRISRIBI: BMbbbsedbiromahe reactivediirture with a

pressure between 20rendit08:har norequeterally between, 20 andi8 batan22-tThgmeulding is
notable especially. fra,ighseratgh fesistange. whigh cap be detsrmined. for sxample, wih a ficton
wheel test. Of particular interest are 5 especially coated transparent mouﬁgirrl\gs, the haze value of
which for the unqéﬁﬁctlﬁ%alréﬁ%ns?éﬁcoﬁﬁngeig Desraeh re3Rtarice tedt tPASTIMED24 (25/05)
(applied weight 500w, nuntlseraof tycles f0100)kircnedses by at most 16%, mere preferably by at most

6% and mast preferably byt most-3%, Seratch; resisiance 1o ASTM 1%%&3@%{05)@%@@%@9“ 500
g, number of cycg)as = 1%2) call?rlma ditionall¥t1be measured by the decrease in gloss at 20. In this
context, preferréd coate dingseXRibit & G&cre8sd Hgdse b %o by HoEs seratdiiasRtance test to

ASTM 1044 (12]05){applictbweight 580 ginambér oheyclesi=d00pof abmbst 18%i mare-preferably
by at most 6% andmostpreferablyibatmash3%s The decraase i gloss.at 29,canhe determined to

DIN EN ISO 2813..The determinatign of a.change in. loss can be used, for example, to measure
% jciincHyciams o?qf)%) go%oﬁrgédac%aﬁﬁﬁs.gl’ﬁlﬁ aition She IREntve

the scratch resistance 9%80 oured mouldings Irec {
mouldings exhilsiPRR 25tsutstaRdify boRE StreAgthlet thedestingy whithdah bel éxarmihédby the

cross-cut test. Ranghis plyvpese, theitaating isetehediam crossed patem-ansrthus divided-

heating of the injection mould, for example by means of

ceramic elements or by means of Peltier elements,

coolant channels may be provided between the heating

20 element and the surface of the injection mould with

which the polymer moulding is shaped. If the injection

mould is heated directly by electricity, the coolant

channels may run directly through the injection mould

or be provided at the surface arranged opposite the

25 surface of the injection mould with which the polymer
moulding is shaped.

After the intermediate space between the internal
surface of the injection mould and the surface of the

30 moulding has been filled with a reactive mixture, the
mould 1is closed with reduced pressure, in order to
impress the fully or partly structured surface of the
inner surface of the injection mould on the coating
which forms. The reduced pressure is normally below the

35 machinery-related closing force. The ceoating is
preferably embossed from the reactive mixture with a
pressure between 20 and 100 bar, more preferably
between 20 and 80 bar.



into individual segments in the manner of a chess board. In general, at least 20 individual segments
are 30 formed here, preferably at least 25 individual segments. The separation of the lines here is
about 1 mm. Then an adhesive tape of width 25 mn%g stuck on and pulled off again. The detaching
power of the adhesive tape per cm2, measured to DIN EN ISO 2409, is 35 approx. 10 N per 25 mm of
width. To perform the test, it is possible, for example, to use an adhesive tape obtainable under the
trade name 4104 from Tesa. The coated mouldings preferably achieve a rating by the - 23 - cross-cut
test of at most Thmoreopreferaply be 014 ratingeof dsisachievied bydhe eoatedrmosidirgs dfmot

significantly mare dhan 5% of therindividual segments-are detacheds if:nope of the indiyidual segments
(0%) 5 are detache]gl the coated r&oul%ings achieve afratingf of 0. Il:urther,more, referred coatings are
a test @) AL

free of cracks and exhibit aHigh Chem {anc8: fhe 1085 Swithstand

_ emical resistance, For _ _
especially ethafidR etHaholiiafety 7680} IssrziTe Pancreatihdstiphuric heid(@%s, contact with these
compounds nobtesuttingin @wrstigss ctackSructured regions, according to a

scratch resistance test to ASTM 1044 (12/05) (applied
weight 500 g, number of cycles = 100), increases by at
most 10%, more preferably by at most 6% and most
10 preferably by at most 3%. Scratch resistance to ASTM
1044 (12/05) (applied weight 500 g, number of cycles =
100) can additionally be measured by the decrease in
gloss at 20°. In this context, preferred coated
mouldings exhibit a decrease in gloss at 20° by a
15 scratch resistance test to ASTM 1044 (12/05) (applied
weight 500 g, number of cycles = 100) of at most 10%,
more preferably by at most 6% and most preferably by at
most 3%. The decrease in gloss at 20° can be determined
to DIN EN ISO 2813. The determination of a change in
20 gloss can be used, for example, to measure the scratch
resistance of coloured mouldings or of coloured coat-

ings.

In addition, the inventive mouldings exhibit an
25 outstanding bond strength of the coating, which can be
examined by the cross-cut test. For this purpose, the
coating is etched in a crossed pattern and thus divided
into individual segments in the manner of a chess
board. In general, at least 20 individual segments are
30 formed  There, preferably at least 25 individual
segments. The separation of the 1lines here is about
1 mm. Then an adhesive tape of width 25 mm is stuck on
and pulled off again. The detaching power of the
adhesive tape per cm’, measured to DIN EN ISO 2409, is
35 approx. 10 N per 25 mm of width. To perform the test,
it 1is possible, for example, to use an adhesive tape
obtainable under the trade name 4104 from Tesa. The

coated mouldings preferably achieve a rating by the



15 Preferred mouldings may have a modulus of elasticity greater than or equal to 1200 MPa,
preferably greater than or equal to 1600 MPa, to ISO 527 (at 1 (rim/min). In addition, inventive
mouldings may have a Charpy impact resistance greater than or equal to 10 kJ/m2, preferably 20 .
greater than or equal to 15 kJ/m2, to ISO 179. In addition, it is possible to obtain polymers with tensile
strengths greater than or equal. to 55, prefer- ably greater than or equal to.60, to DIN 53 455-1-3 (at
25 1 mm/min), \%ﬁ% Shé:v%ecexﬁgﬁgcnt gg?aﬁ:% réns(?s%%tgnce'. I &dditidH, %%rn%gl.}l%inﬁglofgme present _
invention may éxhiitgutstandingSverthe e stabitityt Fer instdree, heukedtering Stabifity according
to the xenon testiig30fdrefetably aimteast H30thhosiEs, Hﬂ)re:n@feiﬁaly\aitch%ﬁﬂ ZQ%H@ﬂﬁsThl_S
stability can be fleleraineg f exagple by virie of asmalderepss in iansmittance gr,by virtue of
a small decrease in scratch resistance. Of particular interest are especially coated mouldings 35
whose tramsmitfdrice e 2666 holbiRCofSRMbRGTaNH L i H8crag8é S HEMBS IR L%, ridre
preferably by abmost 5%, based on the transmission value at the start of irradiation. In addition,
preferred mouldings may

Furthermore, preferred coatings are free of cracks and

exhibit a high chemical resistance. For instance, the

10 coatings withstand especially ethanol, ethanol/water
(70/30), Dbenzine, pancreatin, sulphuric acid (1%),
contact with these compounds not resulting in any

stress cracks.

15 Preferred mouldings may have a modulus of elasticity
greater than or equal to 1200 MPa, preferably greater
than or equal to 1600 MPa, to ISO 527 (at 1 mm/min). In
addition, inventive mouldings may have a Charpy impact
resistance greater than or equal to 10 kJ/m?, preferably

20 greater than or equal to 15 kJ/m?, to ISO 179.

In addition, it 1is possible to obtain polymers with
tensile strengths greater than or equal to 55, prefer-
ably greater than or equal to 60, to DIN 53 455-1-3 (at

25 1 mm/min), which have excellent scratch resistance.

In addition, the mouldings of the present invention may
exhibit outstanding weathering stability. For instance,
the weathering stability according to the xenon test is
30 preferably at least 1000 hours, more preferably at
least 2000 hours. This stability can be determined, for
example, by virtue of a small decrease in transmittance
or by virtue of a small decrease in scratch resistance.
Of particular interest are especially coated mouldings
35 whose transmittance after 2000 hours of xenon irradia-
tion decreases at most by 10%, more preferably by at
most 5%, based on the transmission value at the start

of irradiation. In addition, preferred mouldings may



- 24 - exhibit an increase in the haze value after a scratch resistance test to ASTM 1044 (12/05)
(applied weight 500 g, number of cycles = 100) to at most 25%, more preferably to at most 15%, after
xenon irradiation for 5 2000 hours. In addition, de_teggingtion of the scratch resistance after xenon
irradiation is also possible via the decrease in gloss. In this context, preferred coated mouldings exhibit
a decrease in géo S, tiZtOQiC af:tLer a ggrgtch,resi%tf?nc%test to ASTM 1044 (12/05) 10 %ﬂp lied weight
500 g, number of cyclés = 100y 6t at st 25%, more préferabiy by athhG§t2086 and Mbstpreferably
by at most 159 @#ef kener® irrbdrfior-for 2600 holvd.415 (A addiibn, prefelreeccoat@igsiwhich have
been obtained with af, inventive €oaling epapesitien exibit a-Bigh, stakilitydn am glterpating climate
test, only minor. %rg%i%rgha};iog ocgl rriﬁ% ér%sait% of aa(% fggmg{ti%noof tQ% rsggﬁtarl%tgbgo Qerform the
alternating 20 cﬁ]imate test, it is possible with pre erence o usé the stress programme déscribed in the
document BMWAPPR 308Ul dtfin absrtid@arly plef&Fad mbbeiment, naRBstReTRESDS are
embossed with:tke toating stepf The namestrudturedimeuidings which ese fos examplessia

scratch resistanhglve groalpgvhich s gipssy fo Ng;hurpan.evec BHLIAYE anfigagdle pigperties as a

result of the nano-structuring._ 30, - 25 - Claims 1. Process for producing coated mou drlngs, charac-
terized in that sTORUTEd DR MUHRERCtBRA! B Surfaced e $i6Guced al8hgside Righ-gIBss surfaces in
a closed mouldaf aecontbination oflan injectivnamoeldingprocess stepland 6fa sulisegaent
expansiondloodingemiessingiRyacesssier; and.inthat t@fprg@eig pgrfq@@g without 10changing
the mould. 2. Process zi%c&rdinrgotgeCIaim cha{)alcteriéed in .
%, preferably v at most 20% and most
preferably by at most 15%, after xenon irradiation for

2000 hours.

15 In addition, preferred coatings which have Dbeen
obtained with an inventive coating composition exhibit
a high stability in an alternating climate test, only
minor crack formation occurring in spite of a deforma-
tion of the substrate. To perform the alternating

20 climate test, it is possible with preference to use the
stress programme described in the document "BMW PR 303
- Teil dn.

In a particularly preferred embodiment, nanostructures
25 are embossed with the coating step. The nanostructured
mouldings which are, for example, scratch-resistant
give a coating which is glossy to the human eye, but
have anti-dazzle properties as a result of the nano-
structuring.
30



that the nanostructured surface and the high-gloss surface are multifunctional. 15 3. Process
according to Claim 1, characterized in that the process comprises the following process steps: a
moulding material is injected at a tempera- 20ture bgtween 220 and 330C into an injection mould with
a fully or partly structured inner surface, and cooled to the demoulding temperature of the moulding
material, preferably.to 70 to 90C, to obtain a moulding, 25the injection mould is altered so as to give
rise to an interrﬁg i%\?ésspace having a thickness between 2 RM and 500 pm between surface of the
moulding to be coated and the inner surface of the injection mould, 30- the resulting intermediate

space is filled fally or pargly sdth afeactiye-mixture.by ligyid-niectinn, 1 g fhgmouldis, ¢clgsed aggin and
heated to a temperatug%getwegen ?8 angh%t 0C within not B%nore tgan ZOlseconds the mould is

subsequently cooled again and opened-and thé coated Thoalding s rebvett ¥e- P Bl dcess

according fo Claim 3, ERdraeftized if#fat filiRgAtreR reacthampdde andéloburelob e mould are
followed within 5 to 8 secefklsdy heatiag ta theslemperatare: betweesA90andi 40GH an

injection moulding process step and of a subse-

quent expansion-flooding-embossing process step,

and in that the process 1s performed without
10 changing the mould.

2. Process according to Claim 1, characterized in
that the nanostructured surface and the high-gloss
surface are multifunctional.

15

3. Process according to Claim 1, characterized in
that the process comprises the following process
steps:

- a moulding material is injected at a tempera-

20 ture between 220 and 330°C into an injection
mould with a fully or partly structured inner
surface, and cooled to the demoulding tempera-
ture of the moulding material, preferably to 70
to 90°C, to obtain a moulding,

25 - the injection mould is altered so as to give
rise to an intermediate space having a thick-
ness between 2 um and 500 pm between surface of
the moulding to be coated and the inner surface
of the injection mould,

30 - the resulting intermediate space is filled
fully or partly with a reactive mixture by
ligquid injection,

-  the mould is closed again and heated to a
temperature between 80 and 140°C within not

35 more than 20 seconds,

- the mould 1is subseguently cooled again and

opened, and the coated moulding is removed.



5. Process according to Claim 3, characterized in that, before the liquid injection, the cavity is replaced
by a different cavity, preferably by means of a sliding table. 10 6Process according to Claim 3,
characterized in that the intermediate space betweep surface of the moulding to be coated and the
inner surface of the injection mould has a thickness between 5 pm and 1580 pm. 7. Process according
to at least one %f Claims 1to 6 charact%r' ed in that the_reactive mixture is etlzformulation comprising at
least 40% by wéight of & 20 tiimefh ISy AtE St 1685t T00R B weight BPE TR B Sr 7
penta(meth)acrylate, dHePd.01 18 Bigws bylibightef a tremby mitiator: 8r Preveds atosrding to Claim

7, characterized in 25that e eastiveimixtererdoesonriccompriseany lubrigants apdies meyld release
agents. 9. Process acgrding g at least one gl claims L to,8, characterigecin 13t fhe moulding
material 30comprises at least 30% by weight o po@/melfﬁyl ’
methacryla?e,polymethacxylmethylimideand/or polymethyl methacrylate copolymers. 10. Process
according to at feast one of e precedingidnglaims, characterized inthatdibe seactive mixture has a

dynamic viscosity in th&@@ge H@%}éo %Ql%mﬁ’ﬂiﬁtdZS&] ection, the cavity 1is
replaced by a different cavity, preferably by
means of a sliding table.
10
6. Process according to Claim 3, characterized in
that the intermediate space between surface of the
moulding to be coated and the inner surface of the
injection mould has a thickness between 5 pum and
15 80 um.

7. Process according to at least one of Claims 1 to

6, characterized in that the reactive mixture is a
formulation comprising at least 40% by weight of a

20 di (meth)acrylate, at least 10% by weight of a
tri-, tetra- or penta(meth)acrylate, and 0.01 to

3.0% by weight of a thermal initiator.

8. Process according to Claim 7, characterized in
25 that the reactive mixture does not comprise any

lubricants and/or mould release agents.

9. Process according to at least one of Claims 1 to

8, characterized in that the moulding material

30 comprises at least 50% by weight of polymethyl

methacrylate, polymethacrylmethylimide and/or
polymethyl methacrylate copolymers.

10. Process according to at least one of the preceding
35 claims, characterized in that the reactive mixture
has a dynamic viscosity in the range from 1 to

200 mPa’s at 25°C.



- 27 - 11. Process according to at least one of Claims 1 to 10, characterized in that the maximum of
the heating power by which the surface of the injection mould facing the moulding is heated is 5 within
a period which begins at the time of the minimum temgperature of the uncoated moulding and ends less
than 1 second after the injection of the reactive mixture. 10 12Process according to at least one of
Claims 1 to 10, characterized in that the maximum of the heating power by which the surface of the
injection mould alcing i Ié"ﬁ%ﬁ%m%ﬁ% %Eg%enogis%ﬁaiﬁtgd g&%?ét oroéluerinaﬁlhec' fedlin of the reactive
mixture. 13. System fol BerfoffRfGAEHRELES Accomling et lebbtonaekdtiaims 1oth 12-kaid system
having an alterable injéctionimauld pehesactenized inthiat20 the temperatpse of atdeast enespart of the

injection mould can be gltered by more than 10C WH in inute. 14, Coated moulding, characterized
in that it is 25 producibiLe, ¥\t,he process accorcﬁr?g tog} att:llggst %cf}ﬁél %(#ﬁglmé 1 %i@%iﬁﬁ hat the coated

moulding after the coalitdRAE siinyP&iriae réGibRs with $érichiresisiamt dodting ahd/distructured,
non-shiny surface regionsiwithrscratoheresistants30cdatingcandrindhatat thedinde abinjestion of the

reactive mixture, the maulding bas atgmperatuie-of at least70C, 00 he Leactiye mixturs is hardened

at a temperature of at least 1Q0C. 15. Coated moulding according to Claim 14, characterized in that
the coated moulding aft&Pthe c5atlghasshiny surface regions with scratch- - 28 - resistant coating
and structured,non-shiny surface regions with scratch-resistant coating, each having a thickness of the

coatings hetweerp5 pnrapd 80p-me 16, Goated rapulding ageording 1o afdeast one of Clajms 14 and
15, characterized in th %the sqkrlface structuring is a micrg— or nanostructuring, and in that the flank
charact o

;. cre
angle of the structural T0Units is greater than 95 and les<'than ,maximtm of = the

heating power by which the surface of the
injection mould facing the moulding is heated is
attained before or during the injection of the

15 reactive mixture.

13. System for performing a process according to at
least one of Claims 1 to 12, said system having an
alterable injection mould, characterized in that

20 the temperature of at least one part of the
injection mould can be altered by more than 10°C

within 1 minute.

14. Coated moulding, characterized in that it is
25 producible by the process according to at least
one of Claims 1 to 13, in that the coated moulding
after the coating has shiny surface regions with
scratch-resistant coating and/or structured, non-
shiny surface regions with  scratch-resistant
30 coating, and in that, at the time of injection of
the reactive mixture, the moulding has a
temperature of at least 70°C, and the reactive
mixture 1s hardened at a temperature of at least
100°cC.
35
15. Coated moulding according to Claim 14, charac-
terized in that the coated moulding after the

coating has shiny surface regions with scratch-



10

16.

- 28 -

resistant coating and structured, non-shiny
surface regions with scratch-resistant coating,
each having a thickness of the coatings between
5 um and 80 um.

Coated moulding according to at least one of
Claims 14 and 15, characterized in that the
surface structuring 1s a micro- or nanostructur-
ing, and in that the flank angle of the structural

units is greater than 95° and less than 160°C.



