WO 2012/05968/ 551 bigEREd+/067668 1 Laminate with a color layer, a%?%%q;g@mng same
' iC subs

The present invention relates to a laminate comprising at least one thermoplas rate and at
least one colour layer. The invention further describes a process for 5 production of this laminate.
Laminates with a colour layer, especially printed films, are frequently used for production of decorated
.plastic components with exceptional surface quality. In general, 10 the colour layer is provided with a -
reinforcement layer, such that a three-layer structure is obtained, with the colour laver arranged

between the printed pubsirrifeaRiting é@ﬁpragmﬁwaw%tma PpIoUa Y ahiReplastic

components, the printed film being crucial for the 15 durability. However, only polycarbonate-based

substrates arg kgown toe%aée.i'{lhe Iq%r‘iabili% 8{ ggl cagbgngti% which is based es ,eciall%gon chemical
and mechanical stability and on 20 weathering stability Is “thotgh. felativeR fimit&d Eortistance, a
requirement Rasirscently arisempfop érample muthetmetors vehitlestsectars foraehensicalsesistances

which cannot%t%%ggle%%%witg \9311%0;95?10'}1%@% Eg:r |gstanc$bthese plastic é)artsffrequently come into

) . SCL a8 ro S iy :
contact with oils or 25 oil-water or water-oil emu SIOI’]S?I’OIT] cosmeﬁcgor FOOdSS, W(FIICh can contain

relativelyPaggpesshve tomponéntshThersforehigh-quality plastic surfaces for motor vehicles are
subjected to tests with sun cream, sun oil or lotions which, in combination with UV irradiation, lead to
30 significant stress on the surfaces. These tests show that polycarbonates, for example, readily form
stress crackslavel 8gé premiatufely. Qolour layer, especially printed films,

are frequently used for production of decorated plastic
components with exceptional surface quality. In general,

10 the colour layer is provided with a reinforcement layer,
such that a three-layer structure is obtained, with the
colour layer arranged between the printed substrate and the
reinforcement layer. This affords very durable plastic
components, the printed film being crucial for the

15 durability.

However, only polycarbonate-based substrates are known to
date. The durability of polvcarbonates, which ig based
especially on chemical and mechanical stability and on

20 weathering stability, is, though, relatively limited. For
instance, a requirement has recently arisen, for example in
the motor vehicles sector, for chemical resistances which
cannot be achieved with polycarbonates. For instance, these
plastic parts frequently come into contact with olls or

25 oil-water or water-oil emulsions from cosmetics or foods,
which ¢an contain relatiﬁely aggressive components.
Therefore, high-guality plastic surfaces for motor vehicles
are subjected to tests with sun cream, sun oil or lotions
which, in combination with UV irradiation, lead to

30 significant stress on the surfaces. These tests show that
polycarbonates, for example, readily form stress cracks and

age prematurely.



In‘view of theypidpbailz i iag2biect of the present invention to provide I@@ﬂg&gﬁﬁfﬁéﬁ@? least

one thermoplastic substrate and at least one colour layer, which have an outstan

properties. For 5 instance, the laminate should have exceptional durability. More particularly, the
laminate should exhibit chemical resistance which meets very high demands, as have recently been
-made, for example, in the motor vehicles sector. For instance, the laminate should have a high
resistance 10 especially toward water-oil or oil-water emulsions such as cosmetics, for example sun
cream. In additfory, iR¥ |arhinaie shadldheastableito mechkanical stress ahdthavephigh aveathering

stability, a longservice 15 lifs, gnd especially a high stability with.respect to UV radiation. It was a
further object of the present jnvﬁention to provide a Iaminat@éwj”’hll(I:Sqﬁwe1 hi%cﬁs%%%sét'pt?(%?quality,
especially 20 {H FETBA6R &6 streales e gl bodies antiesther inmmurities olmradditien; the laminate was

fo be produciple:pexpensively wil g aRd.unilom aualty, 25 was appiher gblect of the presen:
invention_to provide a laminate with a colour layer, which can bé re rmed in a simple manner and
without StgnificARtRSEs of Bfalit 3aFurhehnbrd iastebe possiblestd [hovideidl printed laminate

wih a reinforegmentiayes wilnaut e qualiyighine golourlayer balng upaccegiagly ippaired. 3 These
e aeri

objects, and further objects which are not stated explicitly but can immediately ved or discerned
from the conrettions Hscséba Ferdif By waiEstintbaliciareniiem the deseeptiorewhichyfollows, are

achieved by a6daminate haying @{,{@@gﬂr@ o{lgl%iﬁblmgggr@p{,i@}il(pgggicgggtg%p thlgdgminate are
protected in d,elg)endent claims. The present invention accordingly provides a laminate
instance, the laminate should have a high resistance
10  especially toward water-oil or oil-water emulsionsg such as

cosmetics, for example sun cream.

In addition, the laminate should be stable to mechanical
stress and have high weathering stability, a long service
16 1life, and especially a high stability with respect to UV

radiation.

It was a further object of the present invention to provide
a laminate which exhibits high optical quality, especially
20  in relation to streaks, strips, gel bodies and other

impurities.

In addition, the laminate was to be producible
inexpensively with high and uniform guality.

25 |
It was another object of the present invention to provide a
iaminate with a colour laver, which can be reformed in a

simple manner and without significant losses of quality.

30 Furthermore, it was to be possible to provide a printed
laminate with a reinforcement layer without the guality of

the colour layer being unacceptably impaired.



16 comprisingag|9agbanesgwsmoplastic substrate and at least one COIOWd%’/EF’%W%ﬂ}??
C

characterized in that at least one thermoplastic substrate comprises polyamide, to whi a??égast one
colour layer comprising polyurethane crosslinking has been applied. 15 The laminate of the present
invention exhibits an extremely good profile of properies. For instance, the laminate has excellent
.durability. More particularly, the laminate exhibits chemical resistance which meets very high
demands, 20 as recently made, for example, in the motor vehicles sector. In addition, the laminate has
a surprisingly g% Stability With respéctivwirdteroibol it veatehemlsions such as easmietics, for

example sun ggﬁg}.&%h@a@jgo% the Jaminate js.stabje to ggg%rﬁc%l Stress and has high

weathering sta a long service life, more particularly a high stability wit rggr?ergtl?o UV fAdiation.
30 Furthermofélearrpive e RitfindteSexsbitshighropticabyuatity, espetiatly inirelatiomtoostreaks,

sirps, ool bodiesandsaurersmpuies. WORY1A0SSEQTRCTIER0IIA67EGR fp adciton, a laminate

of the present invention can be produced inexpensively with high and uniform qu&flty. Moreover, an
inventivedamin3ie-iith % EGBHRRyer sarf B8 BreRsmedd fiasimple Mamermntakithout significant

losses of qualitya ; 41 additions apsintectlaninate.can be provided with 2 teinfgicement layer without

unacceptable impairment of the 10 quality of the colour layer. The present invention provides a
laminate. Thetefm™Bminate” essentially describes a structure whose thickness is much less than the
length or width thereof. 15 Accordingly, this term includes films and thin mouldings. The laminate
comprises at |least one thermaplastic substrate and at least one colour layer. The thermoplastic

subsUaKacoH?‘%é%ﬁﬁﬁﬁa%kﬂgventlon accordingly provides a laminate
10  comprising at least one thermoplastic substrate and at

least one colour layer, which is characterized in that art
least one thermoplastic substrate comprises polvamide, to
which at least one colour laYer comprising polyurethane
crosslinking has been applied.
16
The laminate of the present invention exhibits an extremely
good profile of properties. For instance, the laminate has
excellent durability. More particularly, the laminare
exhibits chemical resistance which meets very high demands,
20  as recently made, for example, in the motor vehicles
sector. In addition, the laminate has a surprisingly high
stability with respect to water-oil or oil-water emulsionsg

such as cosmetics, for example sun cream.

25 In addition, the laminate is stable to mechanical stress
and has high weathering stability, a long service life,
more particularly a high stability with respect to UV

radiation.

30 PFurthermore, an inventive laminate exhibits high optical
guality, especially in relation to streazks, strips, gel

bodies and other impurities,



26 Polyamideg theoanierbef the present invention are thermoplastic WW@WMQ
ibited by

units are connected via an amide group (-CO-NH-). Surprising advantages are ex

polyamides which have been prepared 25 essentially from aromatic, aliphatic or cycloaliphatic
dicarboxylic acids and cycloaliphatic diamines. Alternatively, the polyamides may also be of the AB
type, preparable from aminocarboxylic acids. However, polyamides usable with preference are of the
AA/BB type, formed from 30 dicarboxylic acids and diamines. More particularly, the polyamides may
be PA PACM12 G E MisOM12. kraddifids ii5 pdasibhs esesd PAIueRAlQ refemingdo the

customary nopaenglature. : 5 Thepalyamidgs,usable inaccordange;with the jnveation and hence the

substrates produced, especially polyamide mouldings or polyamide films, are preferably prepared by 5
polycondensation essentially from aromatic, cycloaliphatic or aliphatic dicarboxylic acids, preferably

from aromatiger-aliphatic dicarbaxdic-acids aad cyelealiphatic @a@%ﬁ%@g@%ee%s that up
to 40% by weight of, preferably up to a maximum of 10% by weight of, and more 10 preferably no
further cOmpdrientE Stich 48 afniRbIRdEt N SE d ARBnBRUARABEalsIIR I0F fuakér diearexylic acids
and/or diamines raay be igcorporated. Alternatively, the polyamides may also be of the AB type,
preparable from aminocarboxylic acids. Preferably, however, polyamides of 15 the AA/BB type can be
prepared from dicarboxylic acids and diamines. The cycloaliphatic or aliphatic dicarboxylic acids used

are cycloaliphatic agiarily cyslic-aliphatic: 4aeal-aribranehed 20slicarbaxylisacids: baving 4 to 20 and
preferably ha\éigg to 16 carbon atoms. Particular preference islegci)ven to a dicarboxylic acid having 12

8
carbon atoms: V&R PArticUaR preferdiice 't dbdetalBaioRREa thormilP el pnent of the

10 quality of the colour layer.

"The present invention provides a laminate. The term
“laminate” essentially describes a structure whoge
thickness is much less than the length or width thereof.

15 Accordingly, this term includes f£ilms and thin mouldings.

The laminate comprises at least one thermoplastic substrate
and at least one colour layer. The thermoplastic substrate
comprises polyvamide.

20
Polyamides in the context of the present invention are
thermoplastic polymers whose repeating units are connected
via an amide group (-CO-NH-). Surprising advantages are
exhibited by polyvamides which have been prepared

25 essentially from aromatic, aliphatic or éycloaliphatic
dicarboxylic acids and cycloaliphatic diamines.
Alternatively, the polyamides may also be of the AB type,
preparable from aminocarboxylic acids. However, polyamides
usable with preference are of the AA/BB type, formed from

30 dicarboxylic acids and diamines. More particularly, the
polyamides may be PA PACMI2 or PA MACMI12. In addition, it
ig possible to use PAll or PAl2, referring to the customary

nomenclature.



OH 250 W6 agyadisshearboxylic acids used are dicarboxylic acidsﬁq%g&iﬁé%%g(ﬁromaﬂc

rings. Examples are phthalic acid, isophthalic acid or terephthalic acid. e cyC amines
are aliphatic diamines which have one to three aliphatic rings composed of 5 to 8 and preferably 6
carbon atoms. They are preferably diamino- 5 dicyclahexylmethane (formula 2) or _
.3,3-dimethyl-p-diaminocyclohexylmethane (formula 3): 10 In a preferred aspect, itis p055|ble_ touse a
polyamide which has been prepared essentially from an aliphatic or cycloaliphatic dicarboxylic acid
and a cycloaliphatic diamine, and an end group content of less than 170 mmol/kg, preferably less than

100 mmol/kgMarepreferableth®sabie in accordance with the invention and

hence the substrates produced, especially polyamide
mouldings or polyamide films, are preferably prepared by
S5 polycondensation essentially from aromatic, cycloaliphatic
or aliphatic dicarboxylic acids, preferably from aromatic
or aliphatic dicarboxylic acids and cycloaliphatic
diamines. “Egsentially” means that up to 40% by weight of,
preferably up to a maximum of 10% by weight of, and more
10 preferably no further components such as aminoundecanoic
acid, monofunctional units or further dicarboxylic acids
and/or diamines may be incorporated. Alternatively, the
polyamides may also be of the AB type, preparable from
aminocarboxylic acids. Preferably, however, polyamides of

15 the AA/BB type can be prepared from dicarboxylic acids and

diamines.

The cycloaliphatic or aliphatic dicarboxylic acids used are
cycloaliphatic, partly cyclic-aliphatic, linear or branched
20 dicarboxylic acids having 4 to 20 and preferably having 8
to 16 carbon atoms. Particular preference is given to a
dicarboxylic acid having 12 carbon atoms, very particular

preference to dodecanedioic acid (formula 1):

HO
OH

25 0 i
The aromatic dicarboxylic acids used are dicarboxylic acids

having one or more arcmatic rings. Examples are phthalic

acid, isophthalic acid or terephthalic acid.



15 carboxy! 3RO B8 £EHIroup content, preferably the amino end g"&"i‘?&??ﬂéeﬂtld% than 100
t, the polyamide p

mmol/kg, more preferably less than 35 mmol/kg. In a particular embodimen resent in
the 20 substrate is preferably PA PACM12 or PA MACM12. These polyamides can be obtained
especially in the form of moulding materials from Evgnik Degussa GmbH under the TROGAMID(r)
.tfrade name, and these polyamides include, for example, TROGAMID(r) CX7323.
W020121055697PCT/EP2011/067668 7 Another preferred embodiment involves polyamides based on
aromatic dicarboxylic acids. In addition to polyamide, the substrate may comprise 5 further additives,

processing alsdot, (len pratistianor (ethiet plastics. M hesednduge stallifests plagliciaers. filers
such as fibres, and dyes. In general, however, the polyamide content in the substrate is at least 50%
by weight, préfeYablgae |3t BDUSBy aveightanormbiaae preferalsipat foast 90% By weilht, without

any intentionghatdbis.showld inpose.a rg%%@qn-wﬂaﬁ%r%gemmg Ralamide is, like the
laminate, a shaped body whose thickness is much less than the length or 15 width, and so the

polyamide-compising Labatrate 1S aeRertliyamdariedodenifidisRedprbauctoASdGraialy; the

substrate may-preferably bedathe forpxgf-afiinm, thpugh this is not intended to imply that the substrate
can be wound. 20 The substrate to be provided with a colour layer can preferably be used in a

thickness of 25 to 5000 km, especially 50 to 2000 pm, more preferably 100 to 1000 um.

H3C CHIS

10 In a preferred aspect, it is possible to use a polyvamide
which has been prepared essentially from an aliphatic or
cycloaliphatic dicarboxylic acid and a cycloaliphatic
diamine, and an end group content of lesg than 170 mmol/kg,
preferably less than 100 mmol/kyg. More preferably, the

15 carboxyl and/or amino end group content, preferably the
amino end group content, is lese than 100 mmol/kg, more

preferably less than 35 mmol/kg.

In a particular embodiment, the polyamide present in the
20 substrate is preferably PA PACM12 or PA MACM12. These |
polyamides can be obtained especially in the form of
moulding materials from Evonik Degussa CGmbH under the
TROGAMID® trade name, and these polyamides include, for
example, TROGAMID® CX7323.
25



The side of theyeUPeisisseaysaged for coating and the 25 other side of m‘%ﬁ?ﬁ!@?@ T:rgrooth

or have a surface structure, preference being given to a matt surface of the si
aesthetic reasons, a smooth surface of the uncoated side of the substrate may be preferred. 30 The
polyamide-containing mouldings or films used as substrates may, alternatively to an untreated,
.transparent and clear film or a corresponding moulding, also be modified during the extrusion process.
For instance, the 8 films or mouldings can be coloured by addition of colorants such as pigments
and/or dyes. if'addigan paclisorr efs itdbhel sugitives ean improvedninfhigtee Saatef resistance, IR

or UV absorpfien ok the tactile, properties. S.Addjtion of microparticles can also alter the light scattering.
Scratch resistance, antisoiling performance or altered tactile properties can also be brought about by

appropriate coatings. The expression "polyamide mouldings" hereinafter may also be synonymous for

polyamide fims. 10xi1;addjiondo e shstiale, aniovepiive lamBale.compfises ateast one colour
ing.

layer which has polyurethane crosslin Accordingly, the colour layer comprises a binder which can

be crossfinked ¥ 188Ey 4rkte5 175 T he REafiRG haErialgse dFRrobiAR the tolbir tayst may; for

example, be & printiag iRk whichds elastomerie n- thesdried/cured state.and,gan therefore be deformed
with the film in the course of deforrg{ga% without crack formation or 20 deterioration in the optical

properties. Ad a biidetr, B EolBtr iy tREref6rR DTS ably Consisiera tell IOSEBRA celidiose

derivative, forexapapleciitreceliudase, arpalylrethans; a-palyesier @ palycarbgnate,a polyamide or a
poly(meth)acrylate, These palymers can be used 25 individually or as a mixture. Preferably, the binder

used in the ci5aPMay Fave & WRYhf-fReradé olédifarWei§Rt Mthe ¥8Ag&FHf 1000 to

10  preferably at least 9%0% by weight, without any intention

that this should impoge a restriction.

The substrate comprisihg polyamide is, like the laminate, a
shaped body whose thickness is much less than the length or

15 width, and so the polyamide-comprising substrate is
generally an extruded semifinished product. Accordingly,
the substrate may preferably be in the form of a film,
though this is not intended to imply that the substrate can
be wound.

20
The substrate to be provided with a colour layer can
preferably be used in a thickness of 25 to 5000 um,
especially 50 to 2000 um, more preferably 100 to 1000 pm.
The side of the substrate envisaged for coating and the

25 other side of the substrate may be smooth or have a surface
structure, preference being given to a matt surface of the
side to be coated. For aesthetic reasons, a smooth surface

of the uncoated side of the substrate may be preferred.

30 The polyamide-containing mouldings or films used as
substrates may, alternatively to an untreated, transparent
and clear f£ilm or a corresponding moulding, also be

modified during the extrusion process. For instance, the



50 000 g/molyipersRigiryadhyin the range from 2000 to 30 20 000 g/m%gt}?gggqpﬁﬁ grape
0 g/mol,

molecular weight of the binder used is preferably in the range from 1000 t more
preferably in the range from 2000 to 20 000 g/mol. The number-average and weight-average 9
molecular weights can be determined by known procgsses, for example gel permeation
.chromatography (GPC), preferably using a PA standard. 5 The functionality needed for curing in the
binder present in the colour is achieved by means of hydroxyl groups, which can be crosslinked with
isocyanates of IS8ty apratedeAdHives 1o dormPpolyatethands ISurprsing auvantageslaanare-achieved

especially with,pinders whigh.befare.the 19 .crasslinking, haye:a hydroxylnumber in the range from
0.1 to 50 mg KOH/qg, mgze[%%e.ferlably 0.5to 3(59%19 KOH/g. Thé’%‘lyéroky%{rcgu&r%rgérggar?ge determined,
for example, &EcdrainboTINLENVISO 26729 LB KPEEdifien i6 thelsinder whichtias polyurethane

crosslinking, the-Galeurlayer eemprises/atisast one galosant, A colorant is,a %Sgﬁ]gtge[)sm 55943,
e SOlu

the collective term for all colouring substances. The colouring substances inciud e dyes and
inorganiCor chGAHIE DO pigdmt<s RS Chicraht<éah Beé $Red individtlly diasa mixture of two or

more. For instancec itis gspecialyupessibledo ysenixtures of organic, colour pigments with soluble
organic dyes. In addition, it is possible to use mixtures which comprise inorganic and organic colour 25

pigments. FURREFEGTR, fIS podSibRIBRREE MBRuS’ WIicE SinklditiePiielthe dstganiexcolour

pigments, compriseseliibie:Organic dyes. Additianally apprepriate a1e, MIXIYELS,cOMRNSigg soluble
dyes and inorganic,and organic pigments. The colorants detailed above are described, inter 30 alia, in
Kirk, Othmer BRESBPEdE 0 R ficaPTEShIIGG  FIRRPE difion Rt YERisH 155 78and in Ullmann's
Encyclofiedia of Industrial Chemistry 5th Edition on CD-ROM. 10 The type of colorant depends on the

processing ofIthe I%Elnkate, for which a high thermal stability may be required. Accordingly, it is
possible with prefé riLc‘elt%EUS%OvéC%}e(hg Ay Gable FGmERtESheN thatdReyabsot

comprises at least one colour layer which has polyurethane
crogslinking. Accordingly, the colour laver comprises a
binder which can be crosslinked via isocyanates.

15
The coating material used to obtain the colour layver may,
Tor example, be a printing ink which is elastomeric in the
dried/cured state and can therefore be deformed with the
film in the course of deforming without crack formation or

20 deterioration in the optical properties. As a binder, the
colour may therefore preferably comprise a cellulose or a
cellulose derivative, for example nitrocellulose, a
polyurethane, a polyester, & polycarbonate, a polvamide or
a poly{meth)acrylate. Thesgse polymers can be used

25 individuzlly or as a mixture.

Preferably, the binder used in the colour may have a

weight-average molecular weight in the range from 1000 to

50 000 g/mol, more preferably in the range from 2000 to
30 20 00C g/mol. The number-average molecular weight of the

binder used ig preferably in the range from 1000 to

50 0C0 g/mel, more preferably in the range from 2000 to

20 000 g/mol. The number-average and weight-average



5 decomposwqmgggg@gﬁge in hue in the course of in- mould coati%.ﬁ%ﬁéﬁﬁqlfocg

temperature which may arise in the course of processing. The pigments present with pre?tégre%ce in the
colour layer 10 may be any pigments. It is possible to use, for example, without any restriction thereto,
“titanium dioxide, zinc sulphide, pigment carbon black; azodiaryl yellow, isoindole yellow, diarylide
_orange, quinacridone magenta, diketopyrrolo red, copper phthalocyanine blue, copper 15
phthalocyanine green, dioxazine violet and diketo metal oxide. A fairly comprehensive list of further
useable pignfeptsiS published #nColotriindex edrmatonadFourti-Editon20 Grdines20@h by the

Society of Dygrs.and go%giri%%%g%@{io&w%g&é%' n &;s;@?i’at'gg Sf Texile Chemists and

Colorists. It is also possible to use effect pigments such as, without 25 any restriction tﬁfereto, metal
oxide-coated #Fi¢B AN MEANicCHiaRERES! The amount of chromatic pigment is usually 1 to 50% by
weight, preferably 3 to 45% by weight, based on the weight of the printing ink, depending on the type
of pigment, the desired hiding power and the printing 30 process selected. 11 pigments are frequently
used in ah amGEht B 20% by WelgRE P e RN oI Sty be dreen s r@romtiressting process

used. Metal oxide-geatedmica and metallis Rigmepts,ate freguentlyused in an-amount of 1 to 20% by
weight, 5 depending on the type and hue, and on the printing process used. In a preferred aspect of

the present ienfibn S4r alife§iBA R omoter Jayér ay BRDBFEVRIEBDHe EofsufaagereThe

derivatives to form polyurethanes. Surprising advantages
can be achieved especially with binders which, before the
10 crosslinking, have a hydroxyl number in the range from 0.1
to 50 mg KOH/g, more preferably 0.5 to 30 mg KOH/g. The
hydroxyl number can be determined, for example, according

to DIN EN IS0 462%.

15  In addition to the binder which has polyurethane
crosslinking, the colour laver comprises at least one
colorant. A colorant ig, according to DIN 55943, the
collective term for all colouring substances. The colouring
substances include soluble dyes and inorganic or organic

20 pigments. These colorants can be used individually or as a
mixture of two or more. For instance, it is especially
possible to use mixtures of organic colour pigments with
soluble organic dyes. In addition, it is possible to use
mixtures which comprise inorganic and organic colour

25 pigments. Furthermore, it is possible to use mixtures
which, in addition to the inorganic colour pigments,
comprise soluble organic dyes. additicnally appropriate are
mixtures comprising soluble dyes and inorganic and organic
pigments. The colorants detailed above are described, inter

30 alia, in Kirk, Othmer Encyclopedia of Chemical Technology,
Third Edition, vol. 19, pp. 1 to 78 and in Ullmann’s

Encyclopedia of Industrial Chemistry Sth Edition on CD-ROM.



10 adhesion wemRieslayeeiygenerally matched to the binder used in thg-g9lopbiRvEhaRedRe

reinforcement layer to be applied to the adhesion promoter layer. The adhesion promoter layer
preferably comprises a cellulose or a cellulose derivative, for example nitrocellulose, a 15
polyurethane, a polyester, a polycarbonate, a polyamide or a poly(meth)acrylate. These polymers can
.be used individually or as a mixture. In a preferred embodiment, an inventive laminate may have a 20
reinforcement layer, the colour layer being provided between the thermoplastic substrate and the
reinforcementiesgeEYFife Aibutding FRatEridRRaRIGT fhstisabE R pr6dadionof the reinforcement

layer described may-especially inglude thermeplastic-halymets. -khe preferred, 25 polymers include
cellulose or cellulose derivatives, ﬁplystyrenels, polystyrene copolymers, for example ABS,

polyurethane$ SFslyéstars, B3, polydimidees polyoRefivis taspacaliBgsstydtniene or
polypropylengcRolynnyl chierides, PolvEN-methyimethasedimides){PMMD 30.ard/grpolymethy!

methacgnlates (PMMA). These polymers can be used individually or as a mixture. In addition, the

reinforcementRYRFRRSFeorfplisd Tifere e SHEtidly fidte8 V22 FhetSibstiate f°b& tiséd Tor production

of the presentlaminate-can peefetablybe obtained by extrusionpreeesses, gspesialysfor production of
semifinished products, and 5 these processes also incjude film extrusion processes. Preferably, an
extruder withHHéfRable di&TanBE 5P asEHonihy Way of example in Figure 1, this extruder
comprising a die body (1) with a die lip (2) and a lip gap 10(3). The die lip (2) is provided with a heater

(4). In a particular configuration of the extrusign process, at least one region_of the film die, preferably
the die lip (2). Fiay AR et B&/ATITE hig e by 0C 16 SO0, 18 préferatiy By 20 KF80C, more

preferaibly 30G=tp 10E dhanthedienhedy (1). U is especiallyspreterted:thaf the temperature of the die
lip (2) is betweenif:lLOCtand 100Cégrefeq:abl 29% to 8tOC, mare preferagli/ 30C.to 70C, higher than the
temperature SFthe e b%&}' (f)(,a and that20'the &E%o%ly (E}E%él %%%mpe?é%?ee hofhdre than 5C

higher sulphide, pigment carbon black, azodiaryl vellow, isoindole
vellow, diarvylide orange, guinacridone magenta,
diketopyrrolo red, copper phthalocvanine blue, copper
15 phthalocvanine green, dioxazlne viclet and diketo metal

oxide.

A fairly comprehensive list of further useasble pigments is

published in Colour Index International, Fourth Edition
20 Online, 2001, bv the Society of Dyers and Colourists in

association with the American Assoclation of Textile

Chemigts and Colorists.

It is also possible to use effect pigments such as, without
25 any restriction thereto, metal oxide-coated mica and
metalilic pigments. The amount of chromatic pigment is
usually 1 to 50% by weight, preferably 3 to 45% by welght,
based on the weight of the printing ink, depending on the
type of pigment, the desired hiding power and the printing

30 process selected.

White pigment ig usually usged in an amount of 20 to 50% by

weight, preferably 25 to 45% by weight. The chromatic



: than, preferam@qgmggggwperature as, the extruder. In a particular vg@m%{éliﬁ Pi9s98agthe die
body (1) may generally have a temperature between 250C and 330C. 25 The die lip (2(2) may at the

same time have a temperature between 290C and 370C. The die lip (2) preferably has an additional
heater (4). The heater can be implemented, for example, by means of inserted heating cartridges or
_flat heating elements. These can be heated, inter alia, 30 electrically or by means of a heated medium,
for example oil. The temperature can be determined, for example, by means of thermocouples,
resistance th&rhsdiRB{ers A8re WO 20191 Db 56 FARCT 1EPRD1 BIBBTE68°E3 toritacléss temperature

measuremeny,meihads m@ﬁmﬂ%%@e@g@%@@%@tyr%%&e,%teéh%reﬂ?%%{ﬁ% at the

inner wall or 5 very close to the inner wall of the extruder barrel, at the inner wall of the die body or
very close to BHEmARP wall ¥ th&l 8l Body- dnart Ré fther il GRiFeTRe fig bt Ve gowatothe inner

wall of the dieylip. 10-lafheregipn.within the gxtrusign.die.d.e. within hefilm dig upsiream of the die
outlet, the melt pressure must be high enough to keep the volatile constituents still dissolved in the
polymer %sucR-8B T8 RSBy mamsmeRs chitpleteyin IUtoR ATt preenetie 15
formation of gasdaubbles. This can be ensured, for example, via the geometry of the extrusion die, the
residual moisture content of the moulding material used, the melt volume flow rate and the processing
temperatures. 20 More particularly, a preferred process for producing the substrate can be performed

in the followingpracess stepseJ hesmeulding material caghe-melodat ademperatueg, between 250C
and 330C in an extr%de_réS - The moulding material can exit from the extruder via a die lip (2) having
a temperatur® belvedH 206:%Rd 370¢.°e provided on the colour layer. The

10  adhesion promoter layer is generally matched to the binder
used in the colour layer and the reinforcement laver to be
applied to the adhesion promoter laver. The adhesion
promoter laver preferably comprises a cellulose or a
cellulose derivative, for example nitrocellulose, a

15 polyurethane, a polyester, a polycarbonate, a polyamide or
a poliy{methlacrylate. These polymers can be used

individually or as a mixture.

In a preferred embodiment, an inventive laminate may have a
20 reinforcement layer, the colour layer being provided |
between the thermoplastic substrate and the reinforcement
layer. The moulding materials and/or filmg usable for
production of the reinforcement layer described may
especially include thermoplastic polymers. The preferred
25 polymers include cellulose or cellulose derivatives,
polystyrenes, polystyrene copolymers, for example ABS,
pelyurethanes, polyesters, polycarbonates, polyamides,
polyolefins, especlally polyethylene or polypropylene,
polyvinyl chlorides, poly{N-methylmethacrylimides) (PMMI}
30 and/or polymethyl methacrylates (PMMA). These polymers can
be used individually or ag a mixture. In addition, the
reinforcement layer may comprise fillers, espécially

fibres.



The mouldingapstsgips gk BgAdrawn off ih a thickness between 10 um ap%ﬁépgbp;”mof at
u

least one roller or at least one belt. 30 - The moulding material can be conveyed tfurther to cool it. 14
These extruders may be configured with or without, preferably without, vents. The extruders may have
several temperature zones or a homogeneous temperature in the region of the extruder barrel. 5
_Additionally preferably, the polyamide moulding material has a maximum water content of 0.1% by
weight, preferably of 0.02% by weight. The low water content improves the optical quality, especially in
relation to bubble formation 10 and/or opacity, which is to be prevented. After leaving the extruder, the

moulding material is.go0tedh dhecopaling progess)is wpicallymaishegtodhe requirements on the

laminate. 15 Thin laminates, for example films having a thickness of at most 250 urn, preferably at
most 100 pm;-E&H-Bé prodifcedPRéFaRR 15y the CPRErHREcEss, SHeremithe malbwebssiaid onto a

chill roll, suchdbgtthe-ather side of the: 20 film.at dhisaamentis it in contact with atoll, i.e. there is

no opposite roll or a polishing nip. To produce thicker laminates, which'may have, for example, a
thicknes® of dtIESS 50751 ChieterabhS4t [eBSLEORp: preféreieess givartiniessiado polishing
processes, 25 without any intention that this should impose a restriction. The polishing process

enables a particularly good thickness distribution of the films over the extrusion
Preferably, an extruder with a heatable die can be used, as

shown by way of example in Figure 1, this extruder
comprising a die body (1) with a die lip (2) and a lip gap
10 (3). The die lip (2) is provided with a heater (4).

In a particular configuration of the extrusion process, at
least one region of the film die, preferably the die lip
(2}, may have a temperature higher by 10°C to 100°C,

156 preferably by 20°C to 80°C, more preferably 30°C to 70°C,
than the die body (1). It is especially preferred that the
temperature of the die lip (2) is between 10°C and 100°C,
preferably 20°C to 80°C, more preferably 30°C to 70°C,
higher than the temperature of the die body (1), and that

20 the die body (1) has a temperature not more than 5°C higher

than, preferably the same temperature as, the extruder.

In a particular variant of the process, the die body (1)
may generally have a tCemperature between 250°C and 330°C.

25 The die lip (2) may at the same time have a temperature
between 290°C and 370°C. The die lip (2) preferably has an
additional heater (4}. The heater can be implemented, for
example, by means of inserted heating cartridges or flat
heating elements. These can be heated, inter alia,

30 electrically or by means of a heated medium, for example
0il. The temperature can be determined, for example, by

means Of thermocouples, resistance thermometers, or



width and pagjeyiashoapekesface qualities, which in turn depend on tm@f*@iﬁé@i Neg&ohsyirface. 30

In the polishing process, the plasticized polymer material which exits from the die, preferably slot die,
is supplied to a polishing system, which comprises several rotating 15 rolls connected in series,
around which the polymer material can be conducted; and at least two rolls are arranged such that
_there is an adjustable nip between this adjacent roll pair, by means of which the thickness of the
polymer material can be influenced. Especially for production of films with particularly good thickness
distribution overthecdxtfisior-wite rihb ettt obtveasgrusioretdrditorsiaithadirstioll nip, which
directly follows, the melt.exit from the die, is selected so as to 10 form a melt reservoir/bulge, with
which the very fine differences in thickness in film can be balanced out in a site-dependent manner.
Quite generally, it is possible to differently configure the number, arrangement and position of the rolls

and the num@g@ofﬂ%@@gg@@gi@%%@ canbeised to-afiust a shaping Hip.ydthput any

intention that this should impose a restriction. Among others, |, F, L and Z arrangements of rolls of the
polishing systéaré kas@nt all FoIR BeRGarfimbeddh okt Singss slegsdsrant ardkgément. In the

other arrangemeats, akleashene 2A rall is aganued-oyiside a lingPreferably, aplishipgisystem

comprising at least three rolls A, B and C can be used, in which case the melt can first be applied to a
nip 1 betweeRroli$A &HeEBPOTER 25 Tt BmERTedENBl D fbrifed Ffiid Cas sRovit by way of

example in FHgire 2- Thedol arrangement of thelpolishinghsystera in fHigure 2 corresponds here to the
configuration in a horizontal position. The polishing system comprising three rolls A, B and C may be

followed 30 downstream by a cooling zone (E) which can remove the residual heat from the film. 16
Before tloe applicatien pkthe-eolaur mhich-san alsorhe: refarrad 49 as psinting ink.the substrate, for
example a fi% can gtionaI%/ be pretreated. Typical fgreérreatme ts include cleaning with solvents or
aqueous cle '&@aé) Fts“BAchY nOan Sans St flafe frbatnidit, DY irradion €6t it treatment,
plasma treatimenhagtreatmeaniwithdorized gase forcaxanifle ienized aifniarordek to reduce incidence of
dust. 10 The inventiye I%[ninat%gompﬂﬁgs a_colour Igyeﬂr which can be obtained, by the application of
colour. In additiSi to e components detalied’ above, niore Parficuldly #&Eoiorant and the binder, the
colour comprisescatdeast onergririmgedgent or erdsstihkingzagent imhichcecampbrngabotihe

15 formation of gas bubbles. This can be ensured, for example,
via the geometry of the extrusion die, the residual
moisture content of the moulding material used, the melt

volume flow rate and the processing temperatures.

20 More particularly, a preferred process for producing the

gubsgtrate can be performed in the following process steps:

- The moulding material can be melted at a temperature
between 250°C and 230°C in an extruder.
25 -~ The moulding material can exit from the extruder via a
die lip (2} having a temperature between 290 and 370°C.
- The moulding material can be drawn off in a thickness
between 10 pm and 10 mm by means of at l=ast one roller
or at least one belt.

30 - The moulding material can be conveyed further to cool it.

The extruder used may be any single-screw, twin-screw or

multiscrew extruder suitable for processing of polyvamides.



15_ polyurethageycsasslipkkish+T he preferred crosslinking agents include psﬁz 'g%p‘pmﬁgggnates or

compounds which release polyisocyanates. Polyisocyanates are compou aving at least 2
isocyanate 20 groups. The polyisocyanates usable in accordance with the invention may comprise any
aromatic, aliphatic and/or cycloaliphatic polyisocyanages. 25 The preferred aromatic polyisocyanates
_include phenylene 1,3- and 1,4-diisocyanate, naphthylene 1,5-diisocyanate, toluidine diisocyanate,
tolylene 2,6-diisocyanate, tolylene 2,4-diisocyanate (2,4-TDI), diphenylmethane 30 2,4'-diisocyanate
(2,4'-MDI), diphésgmetianel s -dispcyatenhemixadew of nonomériddiphenylmethane
diisocyanates,(MbL.and gligomeyig dipheaylmethane. W0201 20556978 CIIER2QLL/067668 17
diisocyanates (polymer ), xylylene diisocyanate, tetramethylxylylene diisocyanate an
triisocyanatotbRigrel Prafefredaliphafié pdlyisotyanareiavesRrTe Esfonis atdias, preferably 4 to
12 carbon atqrgg,iigﬁhg{ingg@oregy@ggg%q alkylene radical, and suitable cycloaliphatic or
(cyclo)alg)hatic lisocyanates advantageously 4 to 18 carbon atoms, preferably 6 to 15 carbon atoms,
in the cyeloalkylene radical. (Cyclo)aliphatic diisocyanates are 10 understood sufficiently by the person

skilled in the agde meanNCO gralns-honded both gyslically:and aliphatcally, asds thegase, for

example in isophorone diisocyanate. In contrast, cycloalibhatic diisocyanates are understood to mean

those which & GhiFNES GrolFs BondSParBENPEN 454 Fe ByclvgisRYtic mig ferakiiple H12MDI.

Examples are;gyclohexans,diisecyanatermethyicy clahexanediiseayanatgethyleyelobexane
diisocyanate, propylcyclohexane diisocyanate, methyldiethylcyclohexane diisocyanate, propane
n

diisocyanate, it diiSbtanate, SRR 30 tifsacyahate: ieXané disodahatd

diisocydiate, Qetana-digecyanate, Wanane disecyanatemopanedtdisocyanate such as
4-isocyanatomethyl-1,8-octane diisocyanate (TIN), decane di- and triisocyanate, undecane

After leaving the extruder, the moulding material is

)

ooled. The cooling process is typically matched to the
reguirements on the laminate. |

15
Thin laminates, for example films having a thickness of at
most 250 um, preferably at most 100 um, can be produced,
inter alia, by the chill-roll process, wherein the melt web
is laid onto a chiil roll, such that the other side of the

20 film at this moment is not in contact with a roll, i.e.
there is no opposgsite roll or a pelishing nip.

To produce thicker laminates, which may have, for example,
a thickness of at least 50 um, preferably at least 100 um,
preference is given inter alia to polishing processes,

25 without any intention that this should impose a
restriction. The polishing process enables a particularly
good thicknegss digtribution of the films over the axtrusion
width and particularly good surface gqualities, which in
turn depend on the guality of the roll surface.

30
In the polishing process, the plasticized polymer material
which exits from the die, preferably slot die, is supplied

to a polighing system, which comprises several rotating



di- and triisoc W di- and triisocyanate. 25 Preference is gi L i‘l 0
diisocyanate g%%%?ﬁgxamet ylene diisocyanate (HDI), diisocyanatodic3%(:?:(?ﬁgi!f?‘?;??lD ?ﬁéﬁ]é%(@ﬁZMDl),
2-methylpentane diisocyanate (MPDI), 2,2,4-trimethylhexamethylene diisocyanate/2,4,4-trimethyl- 30
hexamethylene diisocyanate (TI-WI), norbornane dii§ cyanate (NBDI). Very particular preference is
_given to using IPDI, HDI, TI-WI and HI2MDI, and it is also possible to use the isocyanurates. 18
Likewise suitable are 4-methylcyclohexane 1,3-diisocyanate, 2-butyl-2-ethylpentamethylene
diisocyanate, 3t4)- s ocyanetotrethyl:-nsethyleyclohexylisocyanate, Zrisogydanatepropylcyclohexyl

isocyanate, 2.4.- hylenebis(eycl lisgcyanate,_1,4-diisocyanato-4-methylpentane. Preferred
M%Q&tbxlf oRE ?ﬁ@ %%XQ&(E% né ?]t 3 %ic%gﬁ)sorc?/lgr%te%ra?e described, 10

aliphatic, cycloaliphatic and araliphatic, 1.e. aryl-substituted aheﬁsa
for example, RIFGESEE Weyt Methodehtderorganischen Chensid [Methiod siof QrganictGhemistry],

volume 14/2, g@ggg@&i %ﬁ%@i@? a}g' I%QX%I. §§?fk§ﬁ{‘%QHSE%eLi%?f?é;@ﬁ"nale%‘%ert hemie 562,

pages 75 - 136, 15 It will be appreciated that it is also possible to usé mix ures%??_he polyi %cyanate_s.
In additich, pleferenes i§givenie usitiroliyo- brbblyisoryanaisneich tap becprepared from the di-

or 20 polyisogyanates.mentigred armixiures thereot, by linkage by means of yrethane, allophanate,
urea, biuret, uretdione, amide, isocyanurate, carbodiimide, uretonimine, oxadiazinetrione or
iminooxadiazirediohe stiittired? The §& prefeirsn Tigusegiol polyiddeyanatesicam b prepared by 25

dimerization, grimetization, aliophanatizatien, Riucetization angd/or urgthanization of simple |
diisocyanates. These compounds having more than two isocyanate groups per molecule in%lude, for

example, the FEAcHR#EproAE e sifBikldicbeyariatts o exampie3@ Bl TADEHDicand/or
HI2MDH avith pelyhydrig aleohels: de-g. glyeerol eimethylolprapane, pentasrythrital), or polyfunctional
polyamines, or triisocyanurates which are ] _

differences in thickness in f£film can be balanced out in a

site-dependent manner. Quite generally, it is possible to

differently configure the number, arrangement and position

of the rolls and the number of adjacent roll pairs which

15 can be used to adjust a shaping nip, without any intention

that this sheould impose a restriction. Among others, I, F,
L and 7 arrangements of rolls of the polishing system are
known, all rolls being arranged in one line in the case of
an I arrangement. In the other arrangements, at least one

20 roll is arranged outside a line.

Preferably, a polishing system comprising at least three
rolls A, B and C can be used, in which case the melt can
first be applied to a nip 1 between rolls A and B, such

25 that a melt reservoir D is formed in nip 1, as shown by way
of example in Figure 2. The roll arrangement of the
polishing system in Figure 2 corresponds here to the T
configuration in a horizontal position. The polishing
system comprising three rolls 2, B and C maylbe fellowed

30 downstream by a cooling zone (E) which can remove the

residual heat from the f£ilm.



obtained by tRgperz:il éé ypple diisocyanates, for 19 example IPDI, %gk?}?g#ﬁ%l articular
preference be‘ﬂggggé?@o @I?biuret. Of particular interest are therefore %ﬁ?gﬁu 5
preferably 0.5 to 20% by weight, more preferably 2 to 10% by weight, of crosslinking agent, based on
the total weight of the colour. In the case of use of p Igisocyanates as crosslinking 10 agents, the
_reaction of the hydroxyl groups present in the binder with the organic polyisocyanates can be
performed here, according to the end use of the reaction products, with 0.5 to 1.1 NCO groups per

hydroxyl groupeThe eeadtoreispréferablyrpecformed inslioma, way:that thesameuats efl5 the organic

polyisocyanatg ggﬁ%gné?e t roxyl content of the components present in the reaction mixture,
are present in éelan amount 0 Of—%%t %%%sg&é%njé{le% gr(c)%ﬁ%epg’rlh%d%%g%rou PR RIGUFmay
comprise furtiericustemanpsdivents ] dnditiee pard/oe preckssingdids, lang-these components are

typically matchgd 10 He printing fechn a d quirements. 25 For instance, customary solvents,
additives and/or processing aids :ér:e dié%ed%ngégl%%%%%?@gﬁ%%% tﬁ(%%g Is%f\l/%n%?%]aaﬁ‘wes,
processify aid§ bic’ ard picdrporaged.inte this hpplicdtiorsfomthecpuipvsés ok diselosure. 30 The further

properties of the,colourdepand.on the printing progess, and these properties are detailed inter alia in
Kipphan, Handbuch der Printmedien ﬁalandbook of the Printin%J‘eM%elgfa{%gSﬁlr?gé@\?grlag, Berlin, 2000,

ISBN-10 35406694383 W01 A55687PCIFE PROLHE67668 20 andthése prapertics:are
incorporated into-this.application for the purposes of disclosure. Particularly suitable printing inks are
obtainable, for 5 example, from Broil KG, Weissenburg, Bavaria, Germany, under the NoriAmid(r)
name.

10  The inventive laminate comprises a colour layver which can
be obtained by the application of colour. In addition to
the components detailed above, more particularly the
colorant and the binder, the colour comprises at least cne
curing agent or crosslinking agent which can bring about

15 polyurethane crosslinking.

The preferred crosslinking agents include especially
polyisocyanates or compounds which release polyisocyanates.

Polyisocyanates are compounds having at least 2 isocyanate

20 groups.

The pelyisocyanates usable in accordance with the invention
may comprise any aromatic, aliphatic and/or cycloaliphatic
polyisocyanates. |

25
The preferred aromatic polyisocyanates include phenylene
1,32- and 1,4-diisocyanate, naphthylene 1,5-diisocyanate,
toluidine diisocyvanate, tolylene 2,6-diisocyanate, tolylene
2,4-diisocyanate (2,4-TDI}, diphenylmethane

30 2,4'-diisocyanate (2,4'-MDI)}, diphenyimethane
4,4’ -diisocyanate, the mixtures of monomeric diphenyl-

methane diisocyanates (MDI) and oligomeric diphenylmethane



The colour defaieshaanyesear be applied to the substrate by known pro %sﬁgpféqtﬁ@@%ggnting

processes. Suitable 10 printing processes for application of printing ink layers are known; in principle,
all printing processes such as relief printing, intaglio printing, flexographic printing, offset printing,
screen printing, pad printing, digital printing, especially inkjet printing and laser printing are 15 suitable.
Preference is given to intaglio printing, flexographic printing and screen printing, particular preference
to screen printing. With regard to screen printing, preference is given to flat bed screen printing. These
printing procebses afy explaired pedvalzrin 2O Kipphdahy Hanebgch decRenmistien, Springer-Verlag,

serlin, 2000, [3BN-H0. 3549589418, ADddese pracesses AfnComarBIadinia this agaligation for the

purposes of disclosure. 2 he printing, the coating is cured by customary processes, and dried in
the case of use of solvents. The curing or drying time can vary according to the type and amount of the

solvent and the degree.of crosslinking. ThequringQrdryingdime.ispreferablyselgetgd,such that the

30 colour layer retains an elasticity sufficient for a possible reforming process, but is crosslinked to a
sufficienPdegré@at the edetrer hasQ Stterigth ROHiGIET6ra possiBRe reférafig and further

treatment. 2%, AGnyingpr-curipgdime of at least SApiguies; mare preferably a1 laast 10 yjputes and
most preferably at least 20 minutes at temperatures of approx. 50C or, according to the dryer, 90C

leads in many E¥§e<thPd SEfRiertly high BSEER BT tRECBILRESRLSET the ¥Baddhs mentioned, the

drying time sheuld net he dae long-since hittleness of the ealodrlaygr eal otherwise.occur, which
complicates reformir%%. In this case,_the curinég depends_on the temperature. At 50C, it is therefore

possible to adRiEVE o SHlSTs G advaitages fFihe QWG Bt s At TS P8RS SFreférably at most
10 hourr) A highies terpemturergan aseglerate fhe- Heying: operation: suchathat thedrying:timeg at 90C is

preferably at Qeoa?;lSB%)ng r%rrgggespr]'aeé%rggg/ %tonggStcéggg[:sélly and aliphatically,

as is the case, for example in isophorone diisocyanate. In
contrast, cycloaliphatic diisocyanates are understood to
mearn those which have only NCO groups bonded directly on

15 the cycloaliphatic ring, for example H;MDI. Examples are
cyclohexane diisocyanate, methylcyclohexane diisocyvanate,
ethylcyclohexane diisocyanate, propylcyclohexane
diigocyanate, methyldiethyloyclohexane diisocyvanate,
propane diisocyanate, butane diisocyanate, pentane

20 diisocyanate, hexane diigocyanate, heptane diisocyanate,
octane diisocyanate, nonane diilsocyanate, nonane
triisocyanate such as 4-igocyanatomethyl-1l, 8-octane
diisocyanate {TIN), decane di- and triisocyanate, undecane
di~ and triisocyanate, dodecane di-~ and triisocyanate.

25
Preference ig given to igophorone diisocyanate (IPDI),
hexamethylene diisocyanate (HDI), diisocyanatodicyclohexyl-
methane (EoMDI), 2-methylpentane diisgocyanate {MPDI),
2,2, 4-trimethylhexamethylene diisocyanate/2,4,4-trimethyl-

30 Thexamethylene diigocyanate (TMDI), norbornane diisocvanate
(NBDI) . Very particular preference isg given to using IPDI,
EDI, TMDI and HiMDL, and it is also possible to use the

isocyanurates.



15 If an adheginh ppaIpiesdayer is applied to the substrate provided witpgﬁc%l%oégiqﬁé%ﬁ?n

promoter layer can be dried together with the colour, in which case the co ring the
drying of the adhesion promoter 20 layer. The adhesion promoter layer can be applied to the substrate
by the same processes as the colour layer, particulay preference being given to applying the colour
layer and the adhesion promoter layer by screen printing, especially flat bed screen printing. 25
Printed laminates produced in accordance with the invention, preferably polyamide films, more
preferably flexible polyamide films, can be used inter alia for lamination onto moulding materials,

wood, glass qrmetals, 30 preferably mo |dh”gn ials, The lamination can be effected, for example,
by adhesion b&nding on a surface of E[%e%amin;gt]gﬁ %%SEC(%%{ the 3'2’ I%rr%ﬁé‘t%ooncggnnéé: Bffected on
the printed ordmptikydd side tFurthermteomns thy hetlanmiiatiorcetkthe film chté anbtter film or onto a

sheet is also possible.fheinventive filmscan alse be lami ith.one ar more 5 carrier films. The
substrate prov%%d Wi?h a crgesislinkeq c@%uﬁuayer cgn@e rgg%r%g%%g;} Eho%nlpsfgggsaé%gkt%e type of
reforming proeES®HAE NS provess paramsters depeddihyoretievdrd abe 4 0andltheergperties of the

laminate. Surgrisigly, iheinentive laminats can, be shaned by, deep drawing, thermoforming or

high-pressure deforming. As a guide, for example for a deformation depth up to 1.2 mm with a film
thickness of 250 um, the following 15 parameters can be established: heat above and below: 270 to

300C, preferabh:2804+@399¢€: phatic, cycloaliphatic and araliphatic, i.e.
aryl-gsubstituted aliphatic, diisocyanates are described,
10  for example, in Houben-Weyl, Methoden der organischen
Chemie [Methods of Organic Chemistry], volume 14/2,
pages 61 - 70, and in the article by W. Siefken, Justus

Liebigs Annalen der Chemie 562, pages 75 - 136.

15 It will be sppreciated that it is also possible to use

mixtures of the polyisocyanates.

In addition, preference is given to using oligo- or
polyisocyanates which can be prepared from the di- or

20 polyisocyanates mentioned, or mixtures thereof, by linkage
by means of urethané, allophanate, urea, biuret, uretdione,
amide, isocyanurate, carbodiimide, uretonimine,
oxadiazinetrione or iminooxadiazinedione structures. These
preferred classes of polyisocyanates can be prepared by

25  dimerization, trimerization, allophanatization,
biuretization and/or urethanization of simple
diisocyanates. These compounds having more than two
isocyanate groups per molecule include, for example, the
reaction products of simple diisocyanates, for example

30 IPDI, TMDI, HDI and/or HpMDI, with polvhydric alcohols

' (e.g. glycerol, trimethylolpropane, pentaerythritol) or
pelyfunctional polyamines, or triisocyvanurates which are

obtained by trimerization of simple diisocyanates, for



26 heating tinggc® 9 15§5688¢S, preferably 8 to 10 seconds; air heating ﬁé@[@ﬁfboﬁyq%@b'y 300
to 320C; mould heating 90 to 130C, preferably 100 to 110C; 25 high pressure approx. 100 to 200 bar,

preferably 140 to 160 bar;  high pressure time approx. 2 to 8 seconds, preferably 30 approx. 3to 5
seconds. 23 material. This may especially follow a reforming. Alternatively, it is of course possible to
_adhesive bond mouldings obtainable from the moulding material and the laminate, which may
optionally be reformed, to one another. 5 The optionally reformed laminate can be coated in the mould
by customarysiijEeaés nidiidingiPrécessé s Eompsortinfection row fmgemateriadsiwbich can be
used for in-mggl@&pa&igg}%ﬁ%@@g&e comprising a crosslinked colour 10 layer are particularly, but
not exclusively, polyamides, polyesters, polycarbonates, polystyrenes, polystyrene copolymers, for
example ABS, poly(N-methylmethacrylimides) (PMMI) and/or polymethyl mechacrylates (PMMA).

Preferred matgrialsfor in-mould coating.are polyamides-arpalymethyl 15 methacrylates. In addition,
the laminates can be subjected to one or more of the following processing steps before or After the

applicatiGn of ¥ Riiforcenert 18y & reféfming Witk 8F 2o \itdioat heatfing ebiie fint eufidd to size.
The processing of thefilm, isgiot restdcted-tRthe precasses waentionsd. The p{gg%ﬁir&geq]&%ods can

be used in a different sequence from that specified. It is likewise also possible to repeat processing
steps once ofthof& fhar driier 25

In the case of use of polylsocyanates as crosslinking

10  agents, the reaction of the hydroxyl groups present in the
binder with the organic polyisocyanates can be performed
here, accoréing toc the end use of the reaction products,
with 0.5 to 1.1 NCO groups per hydroxyl group. The reaction
is preferably performed in such a way that the amounts of

15 the organic polyisocyanate, based on the total hydroxyl
content of the components present in the reaction mixture,
are present in an amount of 0.7 to 1.0 isocyanate group per

hyvdroxyl group.

20 The colour may comprise further customary solvents,
additives and/or processing aids, and these components are
typically matched to the printing technigue and use

reguirements.

25 For instance, customary solvents, additives and/or
processing aids are detailed in EP ( 688 839 Bl, and these
solvents, additives, processing aids etc. are incorporated

into this application for the purposes of disclosure.

30 The further properties of the colour depend on the printing
process, and these properties are detailed inter alia in
Kipphan, Handbuch der Printmedien [Handbook of the Printing
Media], Springer-Verlag, Berlin, 2000, ISBN-10 3540669418,



The present \Au§ 3P LYWE 4y flustrated in detail hereinafter with referenmlE%Qﬁﬁﬁygagut any

intention that this should impose a restriction. 30 Production examples Production of the polyamide
film WO 201 2/055697PCT/EP2011/067668 24 The water content was determined according to Karl
Fischer. The end groups were determined by means, gf titration. Production of the polyamide films or
_mouldings 5 10 The polyamide film was produced for example extrusion through a flat film extrusion,
blown film casting. by methods known per se, slot die, as in the case of extrusion, or by solution The
polymer moufiity shsoptionaibcalse de configlretbirnmuhitas@r forhmby adhesionlbonaingyextrusion

coating or langination in further process sieps.,15, The examples were produced on a conventional flat

film plant from Collin. This involved introducing the polyamide, preferably in pellet form, into a funnel,
from which it is conveyed into the extruder. The extruder consisted of a typically metallic barrel, which

was heated fiom fhe. 20 ouiside. Andhehan gxtjudaraprevhichduiied.ahayhis oy axis in the

extruder and hence conveyed the polymer from the intake region beyond the unnel o(?ff:lce through the
extruder®In aREAERIVE erfBb6EINRRtS. It K@isdipossiBRIB IGe tRiizaeren ofmiseyow extruders. As

- a 25 result of the heating frgms-theQuisids-and the shearing of the polymer in the extruder, the polymer
melted and passed beyond the tip of the extruder screw into the extrusion die in the form of the film die

(or generally: slot die). Here, the polyamide melt was converted to a flat shape and exited
The colour detalled above can be applied to the substrate

by known processes, preferably printing processes. Suitable

10 printing processes for application of printing ink layers
are known; in principle, all printing processes such as
relief printing, intaglio printing, flexographic printing,
offset printing, screen printing, pad printing, digital
printing, especially inkjet printing and laser printing are

15 suitable. Preference is given to intaglic printing,
flexographic printing and screen printing, particular
preference to screen printing. With regard to screen
printing, preference is given to flat bed screen printing.
These printing processes are explained inter alia in

20 XKipphan, Handbuch der Printmedien, Springer-Verlag, Berlin,
2000, ISBN-10 3540669418, and these processes are
incorporated into this application for the purposes of

disclosure.

25 After the printing, the coating is cured by customary
processes, and dried in the case of use of solvents. The
curing or drying time can vary according to the type and
amount of the solvent and the degree of crosslinking. The
curing or drying time is preferably selected guch that the

30 colour layer retains an elasticity sufficient for a
possible reforming process, but is crosslinked to a
sufficient degree that the colour layer has a strength

sufficient for a possible reforming and further treatment.



30 from the fWUj@"l'Qf@éé%@? through the die nip. The film die can alsogefgebyiRIRse6e8 several

extruders, so as to form multilayer films. Subsequently, the polymer sheet was cooled on at least one
roll and then wound. 25 The extruder used for the tests, which had a closed barrel and two separately
heatable extruder zones and did not have vents, had a screw diameter of 35 mm at an LID ratio
_5(length of the screw/diameter of the screw) of 25. A commercial three-zone screw was used. For the
tests, the following temperature settings on the extrusion plant were made: 10 Intake (zone beyond the
funnel): 240 EREFYdETzoe TRBOEE Gilifer ¥bne2: 298€ Transiion F&gionRODE Film die:290C 15

Lip heating:350€ frogess, varantdy s chill soll progess Thesfiimsawersredpced in the teghsatup in

single-layer 20 minutes at temperatures of approx. B0°C or, acéording to

the drver, %0°C leads in many cases to a sufficiently high

5 stability of the colour layer. For the reasons mentioned,
the dryving time should not be too iong gince brittleness of
the colour layver can otherwise occur, which complicates
refozming. In this case, the curing depends on the
temperature. At 50°C, it is therefore possible to achieve

10  surprising advantages if the drying time is at most
20 hours, preferably at most 10 hours. A higher temperature
can accelerate the drying operatiomn, such that the drving
time at 90°C is preferably at most b hours, more preferably
at most 4 hours.

15
If an adhesion promoter layer 1s applied to the substrate
provided with a colour, the adhesion promoter layver can be
dried together with the colour, in which case the colour
can be cured during the dryving of the adhesion promoter

20  layer. The adhesion promoter layver can be applied to the
substrate by the same processes as the colour layver,
particular preference being given to applying the colour
laver and the adhesion promoter layer by screen printing,
egspecially flat bed screen printing.

25
Printed laminates produced in accordance with the
invention, preferably polyamide films, more preferably
flexible polyvamide filmg, can be used inter alia for
lamination onto moulding materials, wood, glass or metals,

30 preferably moulding materials.

The lamination can be effected, for example, by adhesion

bonding on a surface of the laminate, in which case the



form in what i ill4oll process, and have a 20 thickness of 5 g the films
were assessm%mgeﬁr quality. For this purpose, the films were %grﬁﬁ?ﬁsfﬁ(? §2 §§sed
visually with regard to optical quality compared to a reference specimen in saleable quality. Optical
guality is understood here to mean, inter 25 alia, the. ;?arameters of streaks, surface quality, number of
_gel bodies, number of impurities and number of particles of degraded material. All specimens which
were considered to be saleable received the rating (+). The specimens which were just unsaleable
received the ratimgr{e) and the:80peeihfenstwhichrwerigsclearly:aed very clearty tingaleable received

the ratings (-) (--) i 26 ide PALl was.polyamide. PA PACM 12 from Evonik
Degussa GmB‘EQ,ﬁj%r ei%%&%%ﬁ%%g bngﬁg?g%ngpo%ﬁ%lnﬂmgG%\ﬂ Bj(?) gf@/@Z?ﬁg&yamide PA2 is
a medium-vis@t_)@iWEA FfA@&VI 02, Amino Cadimgt Exampleendend otal MatetialFilm EF water groups
groupsend degignation quality cantent mmalkgmmolkegraups 1,061 S90131 o

5 carrier films.

The substrate provided with a crosslinked colour layer can

be reformed by known processes, the type of reforming

process and the process parameters depending on the end use
10 and the properties of the laminate. Surprisingly, the

inventive laminate can be shaped by deep drawing,

thermoforming or high-pressure deforming.

As a guide, for example for a deformation depth up to

1.2 mm with a film thickness of 250 um, the following

15 parameters can be established:

heat above and below: 270 to 300°C, preferably 280 to
290°cC; '

20 heating time 5 to 15 seconds, preferably 8 to 10 seconds;
air heating 280 to 340°C, preferably 300 to 320°C:
mould heating 90 to 130°C, preferably 100 to 110°C;

25
high pressure approx. 100 to 200 bar, preferably 140 to

160 bar;

high pressure time approx. 2 to 8 seconds, preferably

30 approx. 3 to 5 seconds.

In addition, the polyamide f£film can be coated in the mould

with one or more polymeric materials, such as a moulding
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material. This may especially follow a reforming.
Alternatively, it is of course possible to adhesive bond
mouldings obtainable from the moulding material and the

laminate, which may optionally be reformed, to one another.

The optionally reformed laminate can be coated in the mould
by customary injection moulding processes. The common
injection moulding materials which can be used for in-mould
coating of the laminate comprising a crosslinked colour
layer are particularly, but not exclusively, polvamides,
polyesters, polycarbonates, polystyrenes, polystyrene
copolymers, for example ABS, poly(N-methylmethacrylimides)
{PMMI) and/or ﬁolym@thyi methacrylates (PMMA). Preferred
materials for in-mould coating are polyamides or polymethyl

methacrvlates.

In addition, the laminates can be subjected to one or more
of the following processing steps before or after the
application of a reinforcement layer: reforming with or
without heating of the film; cutting to gize. The
processing of the film is not restricted to the processes
mentioned. The processing methods can be uged in a
different sequence from that specified. It is likewise also

possible to repeat processing steps once or more than once.
The present invention will be illustrated in detail
hereinafter with reference to examples, without any
intention that this should impose a restriction.

Production examples

Production of the polyamide film
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The water content was determined according to Karl Fischer.

The end groups were determined by means of titration.
Production of the polyamide films or mouldings

The polyamide film was produced by methods known per se,
for example extrusion through a slot die, as in the case of
flat film extrusion, blown film extrusion, or by solution

casting.

The polymer moulding can optionally also be configured in
multilayer form by adhesion bonding, extrusion coating or

lamination in further process steps.

The examples were produced on a conventional flat film
plant from Collin. This involved introducing the polyamide,
preferably in pellet form, into a funnel, from which it ig
conveyed into the extruder. The extruder consisted of a
typically metallic barrel, which was heated from the
outgide, and of an extruder screw, which turned about its
own axis in the extruder and hence conveyed the polymer
from the intake region beyond the funnel orifice through
the extruder. In alternative embodiments, it is also
pogsible to use twin-screw or multiscrew extruders. As a
resuit of the heating from the outside and the shearing of
the polymer in the extruder, the polymer melted and passed
beyond the tip of the extruder screw into the extrusion die
in the form of the film die (or generally: slot die). Here,
the polyamide melt was converted to a flat shape and exited
from the film die in flat form through the die nip. The
film die can also be fed with melt from several extruders,
so as to form multilayer films. Subseguently, the polymer

sheet wag cooled on at least cne roll and then wound.
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The extruder used for the tests, which had a closed barrel
and Cwo separately heatable extruder zones and did not have
vents, had a screw diameter of 35 mm at an L/D ratio
{length of the screw/diameter of the screw) of 25. A

commercial three-zone screw was used.

~ For the tests, the following temperature settings on the

extrugsion plant were made:

Intake (zone heyond the funnel): 240°C
Extruder zone 1: 280°C
Ixtruder zone 2: 290°cC
Transition region: 280°C
Film die: 290¢°c¢C
Lip heating: 350°C

Procesgs variant A - chill roll process

The films were produced in the test setup in single-laver
form in what is called the chill roll process, and have a
thickness of 5C um. Subseguently, the films were assessed
visually for their quality. For this purpose, the films
were compared and assessed visually with regard to optical
guality compared to a reference specimen in saleable
guality. Optical gquality is understood here to mean, inter
alia, the parameters of streaks, surface guality, number of
gel bodies, number of impurities and number of particles of
degraded material. All specimens which were congidered to
be saleable received the rating (+). The specimens which
were just unsaleable received the rating (o) and the
specimens which were clearly and very clearly unsaleable

received the ratings (~) and (--) respectively.



5 Process vl tda 1 DeksHgg process A plasticized melt obtained by tkwﬁ ‘53% )Eh W@S cesses
roll nip of whic

- was cooled while being shaped between two adjacent rolls (A + B), the een set
10 to 250 pm, and by means of a further downstream roll (C). The arrangement of the rolls with
respect to one another is shown in detail in Figure 2, Jo produce a particularly good thickness
_distribution, a melt reservoir (D) which was small in size and was homogenous over the extrusion
width 15 was present here in the roll nip 1. The roll arrangement of the polishing system corresponded
here to the | Esnfiguiratitn HHorivontal aligamiedt tRAuGiiils akofowsidle tobse bewmepotishing
systems for Repguction.af the fiip: the pollehind syster.Gapeising, lihedniee @3 gligsA, B and Cis
followed downstream by a cooling zone (E) which removes the residual heat from the film.
Temperaturef falf A: 78CTEmRpERtiR0f 8]l B: BOEL PFEMpertgreldhioR A BBUC D7 . A 250 pm film
was obtained in particularly good optical quality and particularly good thickness distribution. 5
Examples A 250 um-thick film based on TROGANID(r) CX7323, which was obtained by the above
process in process variant B according to the polishing proce@gll\ﬁras prEPRRSFY3r the 10 later
Example
reforming proC&ss %y means of allaser I.? to aﬁg,omr’@odat%“fﬁe centﬁﬁg ins). Thé éﬂared film

was printed with prlntmgdgkg/]@gpogn gﬁ%ge/aggﬁ% gﬁg(sshﬁg onﬁ g %{81 E;[glnable corg?ermally

from Droll KT;‘ZUbI”g a-gereen primting process (Nprimidy—The plll3lilll:j 15tks were nu;\c\éngvvhth an
isocyanate hprdener{Harter-8125;
PAZ + 0.014 20 68 88
3 PAT + 0.024 20 88 108
4 PAl + < (.02 16 75 91
> PAl + 0.019 10 79 89
6 PAL + < 0.02 11 73 84
7 PATL + 0.02 21 69 90
8 PA2 + 0.009 26 64 90

Procegs variant B - polishing process
A plasticized melt obtained by the above extrusion
processes was cooled while being shaped beﬁween two
adjacent rolls (A + B), the roll nip of which had been set
10 to 250 um, and by means of a further downstream roll {(C).
The arrangement of the rolls with respect to one another is
shown in detail in Figure 2. To produce a particularly good
thicknesg distribution, a melt reservoir (D) which was
gmall in size and was homogencus over the extrusion width
15 was present here in the roll nip 1. The roll arrangement of
the polighing system corregponded here to the T
configuration in horizontal alignment, though it is also
possible to use other polisghing systems for production of
the film. The polishing system consisting of the three
20 rollg A, B and C is followed downstream by a coocling zone
(E) which removes the residual heat from the film.
Temperature of roll A: 70°C
Temperature of roll B: g0°cC
Temperature of roll C: 140°C



obtainable frwﬁqg@ﬁgq admixed with a thinner (SMK 090, obtaing@w%%@%ﬁgb in order
I ayer

to adjust the viscosity to the viscosity requirements. Subsequently, an adhesion promoter laye
(NoriAmide APM, obtainable from 20 Frei.' KG) was applied. The decor/layout was implemented as
follows: Inscription colour (logos): Background coloyr; Adhesion promoter: NoriAmid(r) 770 + 10%
‘Harter 8125 + 10% SMK 090 NoriAmidC) 952 + 10% Harter 8125 + 10% SMK 090 NoriAmid(r) APM +
10% SMK 090 30 Print parameters: The printing was effected without preliminary temperature control
using a 100-40y fabric. 28 All layers were dried directly after the printing in a jet dryer. The individual

zones were sgt s e following ngsoeégtyﬁ%éwﬁog%cmea%l_{,sg%%%wcést%@%@i“- This was

followed by the heat treatment of the printed film 5 (including adhesion promoter layer) at 90C for 3 h.
Several daysJ&et e Fitfe® Al wele rfsrHee By e st iettheHRE pidoEsson an SANK 400-42
reforming system, commercially available from Niebling-Junior h :

5 =Examples

A 25C pm-thick film based on TROGAMID® CX7323, which was
obtained by the zbove process in pfocess variant B
according to the polishing process, was prepared for the
10 later reforming process by means of a laser (holes to
accommodate the centring pins). The prepared film was
printed with printing inks which enable isocyanate |
crosslinking and are obtainable commercially from Préll KG
using a screen printing process (NoriZmid®). The printing
15 inks were mixed with an isocyanate hardener (Hirter 8125,
obtainablie from Prdll KG), and admixed with a thinner
(SMK (90, obtainable from Pr&ll KG), in order to adjust the
viscosity to the viscosity requirements. Subsequently, an
adhesion promoter layer (NoriAmid® APM, obtainable from

20 Proll KG) was applied.

The decor/layout was implemented as follows:

Ingcription colour {(logos): NoriAmid® 770 + 10% Hirter
25 8125 + 10% SMX (90
Background colour: NorlAmid® 952 + 10% Hirter
8125 + 10% SMK 090

Adhegsion promoter: NoriAmid® APM + 10% SMK (90

30 Print parameters:

The printing was effected without preliminary temperature

control using a 100-40y fabric.



10 Kunststoffygenpibiggsadterkzeugbau e K, to give a cover. Process F&?Jﬁéﬁ”ﬁl%?%“'gh

pressure (target/actual): 150 bar/145 bar Total high pressure time:4 s (150 bar, ramp: eating
time:8.s Upper/lower heating:280C Air heating:300C Mould heating:110C 20 The settings resulted in a
film temperature (underside) of approx. 120-125C. The cycle time was 21.1 s. Once the cover of the
_film box had been punched out, the  film inserts were coated in the mould with TROGAMIDO CX 25
7323 and oriented with MakrolonO 2205. Process parameters - in-mould coating operation for
TROGAMIDGYCX 7R28 Barrs tempeiatdre®i3Ee/ 30072901280 030 | mjedtivn time ith6 sed sinjection

pressure:1208 g6 Hold piessuee 598, ba Hold BLeSsUe OIS S6% che £0110wing

temperatures: 85°C/90°C/25°C. The belt speed was 5 m/min.
This was followed by the heat treatment of the printed f£ilm

5 (including adhesion promoter laver) at 90°C for 3 h.

Several days later, the printed films were reformed by
means of the HPF process on an SAMK 400-42 reforming
system, commercially available from Niebling-Junior

10  Xunststoffverarbeitung - Werkzeugbau e. K, tc give a cover,

Process parameters -~ reforming:

High pressure (target/actual): 150 bar/145 bhar

Total high pressure time: 4 5 (150 bar, ramp: 1 s)
15 Heating time: ' 8 s

Upper/lower heating: 280°C

Air heating: 360°C

Mould heating: 110e¢C

20 The settings resulted in a film temperature (underside) of

approx. 120-125°C. The cycle time was 21.1 s.

Once the cover of the film box had been punched out, the
film inserts were coated in the mould with TROGAMID® COX
25 7323 and oriented with Makrolon® 2205.

Process parameters - in-mould coating operation for
TROGAMID® CX 7323
Barrel temperatures;: 310/300/290/280°C

30 Injection time: 0.6 sec.
Injection pressure: 1200 bax
Hold pressure: 500 bar

HOld pressure time: 5 sec.



WO 2012105pR9 9% 3/E3349%1/067668 29 Cooling time:15 sec. Mould {epppipbies/Biergisie: 75C,

ejector side: 35C.  Process parameters - in-mould coating operation for 5 Makrolone 2205 Barrel
temperatures:290/280/275/265C Injection time:0.6 sec. Injection pressure:1500 bar Hold pressure:570
bar 10 Hold pressure time:4 sec. Cooling time:15 segg Mould temperatures:Die side: 75C, ejector side:
35C. A laminate with an excellent profile of properties was 15 obtained, which both satisfied high

aesthetic demands and exhibited excellent resistance to chemical and mechanical stresses. 30
Cooling time: 15 sec.

Mould temperatures: Die side: 75°C, ejector side: 35°C.

Process parameters - in-mould coating operation for
5 Makrolon® 2205
Barrel temperatures:  290/280/275/265°C

Injection time: C.& sec.
Injection pressuré: 1500 bar
Hold pressure: 570 bhar
10  Hold pressure time: 4 sec.
Cooling time: 15 sec.
Mould temperatures: Die gide: 75°C, ejector side: 35°C.

A laminate with an excellent profile of properties was
15 obtained, which both satisfied high aesthetic demands and
exhibited excellent resistance to chemical and mechanical

stregses.



Claims 1. LaW@ﬁ%qgmggg@g at least one therfnoplaétic substrate andg@tigap A6k EgaYer

characterized 5in that at least one thermoplastic substrate comprises polyamide, to which at least one
colour layer comprising polyurethane crosslinking has been applied. 2. Laminate according to Claim
1, characterized in that 10the laminate has an adhesign promoter layer which has been applied to the
_colour layer. 3. Laminate according to Claim 1 or 2, characterized in that the laminate has a
reinforcement layer, the colour layer having been provided between the thermoplastic substrate and
the reinforcetﬁéﬁﬁ-m‘ier. Laminate according to at least one of the preceding claims, characterized in
that the thermoplastic substrate has a thickness in the range from 25 um to 5000 pm. Process for
producing a laminate according to at least one of Claims 1 to 4, characterized in that a flat

thermoplasticisubstiate isprovidaghwith acolaw layers by sresslinkingdhe hinder present in the colour
with polyisocyanates. Process according to Claim 5, characterized in that the binder has a

weight-average mSIBESIEF ey AT R rdritSoriaD 0Bt BH 066G §fifol. SPFasierEdE &Ecording to
Claim 5 gr 6, charagterized-indhat theshindeshasa hydfoyknumbenrthedange drgm- 0=t 50 mg
KOH/g. 5Process according to at least one_of Claims 5 to 7, characterized in that the binder comprises

a cellulose or a celfid¥E BeAFative® afbiviretaneSaSolyiiter & il carBdiiate, a polyamide or a

poly(meth)acrylatecomprising polyurethane crosslinking has been applied.

. 2. Laminate according to Claim 1, characterized in that
10 the laminate has an adhesion promoter layer which has

been epplied to the colour layer.

3. Laminate according to Claim 1 or 2, characterized in
that the laminate has a reinforcement layer, the colour
15 layer having been provided between the thermoplastic

substrate and the reinforcement laver.

4, Laminate according to at least one of the preceding
claims, characterized in that the thermoplastic
20 substrate has a thickness in the range from 25 um to
5000 um.

5. Procegs for producing a laminate accerding to at least
one of Claims 1 to 4, characterirzed in that a flat
25 thermoplastic substrate is provided with a colour
laver, by crosslinking the binder present in the colour

with polvisocyanates.

&. Process according to Claim 5, characterized in that the
30 binder has a weight-average molecular weight in the

range from 1000 to 50 000 g/mol.



109. P t f Claims 5 to 8, characterized | iphatic, .. -
Soyisoorana T G o 0 Proceas ssorim to ot teat GUERA{REr 658,

or crosslinking. 10. Process according to at least on
15characterized in that the colour is printed onto the polyamide film by means of screen printing
processes. 11. Process according to at least one of Claims 5 to 10, characterized in that an adhesion
_promoter layer is 20applied to the colour layer obtained by the printing with colour. 12. Process
according to Claim 11, characterized in that the adhesion promoter comprises cellulose or a
25cellulose dérivatRes agssty wrethangl agpdlyestér anpdlycarbénatehapotyammitieol ain

poly(meth)acrylate,;13. Proge :3GE0 diﬂg 0 CI% 1lorl2 characterized.in that the aghesion
promoter is printed onto the co?i:ﬁr 30layer ya}neg{% (g)jfX %%egr%%ﬁﬁnﬁ” %ro%%%sggn%{? 147 Bocess
according to at least-dne-6f Claimg FIH3] characterized in that the printed polyamide film is
reformed. 5 15. Process according to at least one of Claims 5 to 14, characterized in that the printed

polyamide film is provided with a reinforcement layer.
5 8. Process according to at least one of Claims 5 to 7,

characterized in that the binder comprises a cellulose
or a cellulose derivative, a polyurethane, a polyester,

a polycarbonate, a polyamide or a poly(meth)acrylate.

10 9. Process according to at least one of Claims 5 to g8,
characterized in that an aliphatic polyisccyanate is

uged for crogslinking.

10. Process according to at least one of Claims 5 to 9,
15 characterized in that the colour is printed onto the

polyamide film by means of screen printing processes.

11. Process according to at least one of Claims 5 to 10,
characterized in that an adhesion promoter layer is
20 applied to the colour layer cbtained by the printing

with colour.

12. Process according to Claim 11, characterized in that
the adhesion promoter comprises cellulose or a
25 cellulose derivative, a polyurethane, a polyester, a

polycarbonate, a polyamide or a poly(meth}acrylate.

13. Process according to Claim 11 or 12, characterized in
that the adhesion promoter is printed onto the colour

30 layer by means of screen printing processes.
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i4. Process according to at least one of Claims 5 to 13,
characterized in that the printed polvamide film is

reformed.,

15. Process according to at least one of Claims 5 to 14,
characterized in that the printed polvamide film is

provided with a reinforcement laver.



