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ABSTRACT

The invention relates to a multilayer film encompassing
at least one upper layer a) and one middle layer D)
composed of (meth)acrylate copolymers, and also a

backing layer c¢) composed of polycarbonate, where the

upper layer a) comprises a light stabilizer and 1s
composed of a (meth)acrylate copolymer which can form
semicompatible mixtures with the polycarbonate of the
backing layer c¢), where a test specimen produced from a
mixture composed of 20% by weight of (meth)acrylate
copolymer and 80% by weight of polycarbonate has a
tensile strain at break of at least 75% (ISO 527-2) at

23°C, the middle lavyer b) comprises a dye and, where

appropriate, a light stabilizer, and 1s composed of an

identical or different (meth)acrylate copolymer which
can form semicompatible mixtures with the polycarbonate
of the backing layer c¢), where a test specimen produced
from a mixture composed of 20% by weight of
(meth)acrylate copolymer and 80% by welght of
polycarbonate has a tensile strain at break of at least
75% (ISO 527-2) at 23°C, and the backing layer c) 1s

composed of polycarbonate which can, where appropriate,

comprise up to 30% by weight of the material of the

layers a) and b). The 1nvention also relates to the

production and uses of the multilayer film, and also to

semlicompatible polymer mixtures composed of

(meth)acryvlate copolymers and polycarbonate.
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Multilayer film composed of (meth)acrylate copolymer

and polycarbonate

The invention relates to a multilayer film composed oOf
(meth)acrylate copolymer and polycarbonate, to
processes for its production, and also to use and tO

semicompatible polymer mixtures composed of

(meth)acrylate copolymers and polycarbonate.
Prior Art
In the article “Folie statt Lackierung” 1in Kunststoffe

8/2003, P . 84-877 (©Carl Hanser Verlag, Munich

(www . kunststoffe.de) volume 93) Grefenstein, A. and

Kaymak, K. describe materials technologies for external
bodywork parts of motor vehicles based on Dbacking
layers composed of ASA (acrylate-styrene-acrylonitrile

graft copolymer), ASA/PC (acrylate-styrene-

acrylonitrile graft copolymer/polycarbonate), ABS
(acrylonitrile-butadiene-styrene) and SAN (multilayer-

structure films with UV-containing outer layer and

colour layers thereunder. The outer layers may De
coextruded from PMMA or SAN (styrene-acrylonitrile
copolymer). The films may be Dback-moulded or back-
foamed with various plastics, e.qg. polybutylene

terephthalates or polyurethanes, examples of possible

systems here being those with glass fibre

reinforcement.

DE 37 19 239 Al describes transparent, thermo-

plastically processable polymer mixtures composed of
(meth)acrylate copolymers and of polycarbonates. These
are compatible polymer mixtures. Mention 1s made of the
fact that, by way of example, methyl methacrylate
copolymers with from 5 to 50% by weight of cyclohexyl
methacrylate and with an nNsgpec/c of from 40 to 45 ml/g
are compatible over the entire alloy range with

bisphenol A polycarbonate, e.g. Makrolon® 1189, whose
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Nepec/C (measured in chloroform) is 43 ml/g. Glass-clear

polymers are obtained.

DE 38 37 589 Al describes a methacrylate protective

layer 1intended for polycarbonate and comprising UV
absorber. Multilaver plastics articles are claimed with

a core layer composed of more than 50% by weight of

aromatic polycarbonate and, applied thereto, a layer
comprising UV absorber and composed of (meth)acrylate
copolymers, which may then have been covered by further
layers. Suitable (meth)acrylate copolymers recommended
comprise those which can form compatible mixtures with

ﬁ

polycarbonate. This achieves, by way of example, good

adhesion of the (meth)acrylate copolymer layers to the
polycarbonate backing. The (meth)acrylate copolymers
compatible with polycarbonate may, by way of example,
be copolymers composed of 80% by weight of methyl
methacrylate and 20% by welght of cyclohexyl

F

methacrylate. The interpretation of polycarbonates, and

also of (meth)acrvlate copolymers, 1s general and very
wide, and the simplified assumption 1s made here that
mixtures of the components in any ratio are compatible

wlth one another.

The methacrylate copolymers selected on the Dbasis of
their good adhesion as protective layers for
polycarbonate plastics form compatible mixtures with
the polycarbonate derived from bisphenol A, as required
by the criteria of the “Transition Temperature Method”
and the “Optical Method” as demanded for compatible
polymer mixtures and described in the chapter

“Compatible Polymers” 1in Polymer Handbook, second

edition, copyright C 1975, by John Wiley & Sons, III,
211. These compatible mixtures can be further

characterized by their LCST Dbehaviour (D.R. Paul,

Polymer Blends and Mixtures, 1985, pp. 1-3; Martinus

Nijhoff Publishers, Dordrecht, Boston Lancaster; Kirk-
Othmer, 3rd Ed. Vol. 18, pg. 443-478, J. Wiley 1982) by
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having a lower demixing poilnt of =2 120°C, particularly

> 150°C. The experimental method here determines the

cloud point (T.1), on a Kofler hot bench (Chem. Ing.-

Technik 1950, p. 289), for example, which characterizes

p—t—
o

the homogeneous-to-heterogeneous phase transition of

the mixture, which is a function of the qualitative and

quantitative composition of the mixture.

Object and Achievement

The object was to provide a multilayer film intended to

meet the type of stringent requirements 1in particular

prevailing for applications 1n exterior Dbodywork parts

of motor vehicles. In particular, the intention 1s to
achieve good mechanical properties of the material with
high values for the modulus of elasticity (ISO 527-2)
at 23 and 100°C and tensile strain at break (ISO 527-2)
at 23°C and 100°C. Further requirements are high

weathering resistance and high chemical resistance, and
also high heat resistance. A further 1intention,
however, was that waste film material should also Dbe
recyclable. This 1is not only desirable 1in order to
protect the environment but is also intended to permit

efficient utilization of the waste film material

arising as cut material during processing.

The object is achieved via a

multilayer film, encompassing at least one upper layer
a) and one middle laver b) composed of (meth)acrylate
copolymers, and also a backing layer c¢) composed oOf

polycarbonate, characterized 1n that

a) the upper layer comprises a 1light stabilizer
and 1is composed of a (meth)acrylate copolymer
which can form semicompatible mixtures with the
polycarbonate of the backing layer c¢), where a

test specimen produced from a mlixture composed
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of 20% Dby weight of (meth)acrylate copolymer
and 80% by welght of polycarbonate has a

tensile strain at break of at least 75% (IS0

527-2) at 23°C,

b) the middle layer comprises a dye and, where

appropriate, a light stabilizer, and 1s
composed of an identical or different
(meth)acrylate copolymer which can form

semicompatible mixtures with the polycarbonate
of the backing layer c¢), where a test specimen
produced from a mixture composed of 20% Dby
weight of (meth)acrylate copolymer and 80% Dby
weight of polycarbonate has a tensile strain at
break of at least 75% (ISO 527-2) at 23°C,

c) the backing layer 1is composed of polycarbonate
which can, where appropriate, comprise up TO

30% by weight of the material of the layers a)
and b) .

The invention starts from compatible polymer mixtures
composed of (meth)acrylate copolymers and polycarbonate
and described in DE 38 37 589 Al and DE 37 19 239 Al.

However, it has been found that the compatible polymer

mixtures described in more detail in those publications
are not suitable for providing multilayer films whose
material meets the desired stringent requirements, 1n

particular for the mechanical properties of modulus of

elasticity and tensile strain at break. It has now been
found that the set objectives can be achieved when,
according to the <c¢laims, the polymer components are
adjusted 1n such a way that the (meth)acrylate
copolymers can form semicompatible mixtures with the
polycarbonate of the backing layer C) . The

semicompatibility of the polymers here 1s still

sufficient to ensure adequately good adhesion of the

(meth)acrylate copolymers to the polycarbonate backing
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layer. The loss of transparency associated with the

semicompatibility can be accepted, because 1n all cases

the desired application sector can only use coloured
multilayer films. The invention further provides a

process for producing the multilayer films, and their

uses.

(Meth)acrylate copolymer and polycarbonate here have
been matched to one another in such a way that the

tensile strain at break (ISO 527-2) at 23°C of a test

specimen produced from a mixture composed of 20% by
weight of (meth)acrylate copolymer and 80% by weight of

polycarbonate 1s at least 75%.

The tensile strain at break thus defined (ISO 527-2) at
23°C of at least 75% 1s a relatively high Dbase

requirement for the capability of the multilayer film

to withstand mechanical stress.

The backing layer c¢) may, where appropriate, comprise
up to 30% by weight of the material of the layers a)

and b). The semicompatibility of the mixtures here 1s

the decisive precondition permitting recycling of film

waste without any excessive assocliated 1mpalirment oOr

alteration of physico-chemical or mechanica.

properties.

The i1invention also provides semicompatible polymer

mixtures composed of (meth)acrylate copolymers and
polycarbonate, and these, of course, make an 1mportant

contribution to the achievement of the objects

discussed 1in the i1ntroduction.

Description of the invention

The invention provides a multilayer film, encompassing
at least one upper layer a) and one middle layer D)

composed of (meth)acrylate copolymers, and also a
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backing layer c) composed of polycarbonate. The layers

a), b) and c) may comprise conventional additives and

auxililiaries.

Upper layer a)

The upper layer a) comprises at least one 1light

gr—

stabilizer and 1s composed  of a (meth) acrylate

copolymer which can form semicompatible mixtures with
the polycarbonate of the backing layer c¢), where the
tensile strain at break (ISO 527-2) at 23°C of a test

specimen produced from a mixture composed of 20% Dy
weight of (meth)acrylate copolymer and 80% by welght of

polycarbonate 1is at least /5%.

Semicompatible mixtures

Semicompatible polymer mixture composed of a

(meth)acrylate copolymer and of a polycarbonate,

characterized in that a test specimen produced from the
polymer mixture 1is not transparent but 1s translucent

as a conseqgquence of the semicompatibility of the

polymers, and the tensile strain at break (ISO 527-2)

at 100°C, calculated as a relative value, of a test

specimen produced from a mixture composed of 20% Dby
weight of (meth)acrylate copolymer and 80% by weight of

polycarbonate 1is at least 90% of the wvalue for the

polycarbonate present.

The translucency 1s apparent, by way of example, 1n a
markedly reduced level of transmittance when comparison

is made with clear mouldings.

The light transmittance for daylight (standard

illuminant D65, 10°) 1pgs, see, for example, DIN

5033/5036, of a test specimen composed of a mixture of

equal proportions of semicompatible (meth)acrylate
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copolymers and polycarbonate may be in the range from

25 to 65%, for example.

The semicompatible mixture in turn differs optically
from an incompatible mixture composed of polymethyl
methacrylate and polycarbonate 1n that the latter are
non-transparent and opaque, with a pearly lustre (light

transmittance < 25%).

(Meth) acrylate copolymers

(Meth)acrylate copolymers which can form semicompatible
mixtures with the polycarbonate of the backing layer c)

may be composed of the followlng units:

a) from 95 to 5% by weight, preferably from 93 to 50%
by weight, in particular from 90 to 70% by weight,

of methyl methacrylate units and, where

appropriate, from 0 to 40% by weight, preferably

from 0 to 10% Dby weight, but particularly
preferably 0% by weight, of other vinylic monomer

units and

o) from 5 to 95% by weight, preferably from 7 to 50%
by weight, in particular from 10 to 30% by weight,

*

of esters of (meth)acrylic acid, which may have

the following radicals 1n the ester group:

cycloalkyl or a multiple-alkyl-substituted cycloalkyl
radical having from 5 to 12 carbon atoms, where the
radicals mentioned may have bonding to the
(meth)acrylic acid carboxyl radical by way of alkylene

groups having from 1 to 6 carbon atoms, which may also

have branching, or oxyalkylene groups having from 2 to

4 carbon atoms.

Examples of suitable monomers b) are
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cyclopentyl methacrylate,

cyclohexyl acrylate, cyclohexyl methacrylate,
3,3,5-trimethylcyclohexyl methacrylate,
4-tert-butylcyclohexyl acrylate, 4-tert-butylcyclohexyl
methacrylate,

3-cyclohexylpropyl methacrylate.

Preference is given to (meth)acrylate copolymers which

are composed of from 60 to 95% by weight, particularly

preferably from 70 to 90% by weight, of methyl
methacrylate and from 40 to 5% by weight, particularly

gr—

preferably from 30 to 10% by weight, of cyclohexyl

methacrylate.

Preference 1is glven to (meth)acrylate copolymers whose
solution viscosity in chloroform at 25°C (ISO 1628 -
Part ©0) is in the range from 50 to 80 ml/g,
particularly preferably from 55 to 70 ml/g.

The Vicat softening point VSP (ISO 306-B50) of the
(meth)acrylate copolymers is preferably at least 105°C,
particularly preferably at least 106°C, 1in particular
at least 107°C.

The MVR value for the (meth)acrylate copolymers 1s

preferably identical with, and particularly preferably
higher than, that of the melt of the layer c¢), and 1in
particular the MVR wvalue of the (meth)acrylate
copolymers may be 1in the range from 0.8 to 2.0,

preferably from 1.0 to 1.8.

Light stabilizers

Light stabilizers are UV absorbers, UV stabilizers and

free-radical scavengers.

Examples of UV stabilizers optionally present are

derivatives of benzophenone, whose substituents, such
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as hydroxyl and/or alkoxy groups, are mostly 1in the 2-

and/or 4-position. Among these are Z2-hydroxy-4-n-

octoxybenzophenone, 2,4-di1hydroxybenzophenone, 2,27 -
dihydroxy-4-methoxybenzophenone, 2,2",4,4" —tetra-
hydroxybenzophenone, 2,2'-dihydroxy-4, 4’ -dimethoxy-
benzophenone, ?2-hydroxy-4-methoxybenzophenone. Other

very suitable UV stabilizer additives are substituted
benzotriazoles, among which are 1in particular 2-(2-
hydroxy-5-methylphenyl)benzotriazole, 2-[2-hydroxy-3,5-
di (alpha,alpha-dimethylbenzyl)phenyl]benzotriazole,

2- (2-hydroxy-3,5-di-tert-butylphenyl)benzotriazole,

2- (2-hydroxy-3-5-butyl-5-methylphenyl) -5-chlorobenzo-
triazole, ?2—(2-hydroxy-3,5-di-tert-butylphenyl)-5-
chlorobenzotriazole, 2-(2-hydroxy-3, 5-di-tert-amyl-
phenyl)benzotriazole, 2-(2-hydroxy-5-tert-butylphenyl)-
benzotriazole, 2-(2-hydroxy-3—-sec-butyl-5-tert-
butylphenyl)benzotriazole and 2—(2-hydroxy-5-tert-
octylphenyl)benzotriazole; phenol, 2,2’ -methylenebis[b6b-
(2ZH-benzo-triazol-2-yl1)-4-(1,1,3,3-tetramethylbutyl) ].

Besides the benzotriazoles, 1t 1s also possible to use

a UV absorber of the class represented by the 2-(2'-

hydroxyphenyl)-1,3,5-triazines, such as phenol, 2-(4,06-

diphenyl-1,2,5-triazin-2-xy)-5-(hexyloxy), for example.

Other UV stabilizers which may be used are ethyl
2-cyano-3, 3—diphenylacrylate, 2—ethoxy—-2’—-ethyl-

oxanilide, 2-ethoxy-5-tert-butyl-2’'-ethyloxanilide and
substituted phenyl benzoates.

The light stabilizers or UV stabilizers may be present

in the form of low-molecular-weight compounds as given
above 1n the polymethacrylate compositions to Dbe
stabilized. However, there may also be UV-absorbing
groups covalently bonded within the matrix polymer
molecules after copolymerization with polymerizable UV-
absorption compounds, e.g. acrylic, methacrylic or

allyl derivatives of benzophenone derivatives or of
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benzotriazole derivatives. The proportion of uv
stabilizers, which may also be mixtures of chemically

different UV stabilizers, 1is generally from 0.01 to 10%

by weight, especially from 0.01 to 5% by weilght, 1n
particular from 0.02 to 2% by weight, based on the

(meth) acrylate copolymer of the layer a).

Examples which may be mentioned here of free-radical

scavengers/UV stabillizers are sterically hindered

amines, known as HALS (Hindered Amine Light

Stabilizers). They may be used for 1inhibiting ageing
processes 1n paints and 1in plastics, especially 1in
polyolefins (Kunststoffe, 74 (1984) 10, pp. 620-023;
Farbe + Lack, Volume 96, 9/1990, pp. ©89-693). The
tetramethylpiperidine group present 1n the HALS

compounds 1s responsible for thelr stabilizing action.

This class of compound may have no substitution on the
piperidine nitrogen, or else have alkyl or acyl
substitution thereon. The sterically hindered amines do
not absorb 1in the UV range. They scavenge 1Iree
radicals, this Dbeing a function of which the UV
absorbers are 1n turn not capable.

Examples of stabilizing HALS compounds whilch can also

be used in the form of mixtures are:

Bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate, 8—-ace-

tyl-3-dodecyl-7,7,9, 9-tetramethyl-1,3,8-triazasplro-
(4.5]decane—-2, 5-dione, bis(2,2,6,0-tetramethyl-4-pipe-
ridyl) succinate, the polymer of the succinic ester of
N-B-hydroxyethyl-2,2, 6, 6-tetramethyl-4-hydroxypiperil-
dine, or bis(N-methyl-2,2,6,6-tetramethyl-4-piperidyl)

sebacate.

The amounts of the free-radical scavengers/UV

stabilizers used in the i1nventive polymer mixtures are

from 0.01 to 15% by weight, especially from 0.02 to 10%
by weight, in particular from 0.02 to 5% by weight,

based on the {(meth)acrylate copolymer of the layer a).
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Middle layer b)

The middle layer comprises a dye and optionally 1light

stabilizers, and 1s composed of a (meth)acrylate

copolymer identical with or different from that of the
layer a) and able to form semicompatible mixtures with
the polycarbonate of the backing layer c¢), where the
tensile strain at break (ISO 527-2) at 23°C of a test
specimen produced from a mixture composed of 20% Dby
weight of (meth)acrylate copolymer and 80% by weight of

polycarbonate is at least 75%.

The middle layer preferably has opaque coloration, e.d.
1s black or grey. Suitable dyes or pigments are Kknown

to the person skilled 1n the art.

(Meth)acrylate copolymers which are sultable for the

layer a) are therefore also suitable for the layer D).

Backing layer c)

The backing layer c) 1is composed of polycarbonate. The
MVR value (ISO 1133, 230°C/3.8 kg) of the polycarbonate

of the backing layer c) 1s preferably not more than 30%

*

higher, or 1is 1lower, than that of the melts of the

layers a) or b) which are 1in essence composed of the

(meth) acrylate copolymers but which, where appropriate,

may also comprise MVR-influencing additives or MVR-

influencing auxiliaries. This requirement means that
the only polycarbonates suitable for the purposes of
the invention are those of comparatively high molecular
weight or at least having a relatively high level of
branching, these being materials which, when compared
with low-molecular-weight polycarbonates known from
many sStandard applications, generally meet relatively

high mechanical requirements.
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The preferred ratio between the MVR values for the

(meth)acrylate copolymer and for the polycarbonate

moreover favours production by the coextrusion process,
because the MVR differences from the melts a) and Db)
are restricted by excluding polycarbonates whose melt

1s excessively free-flowling.

Where appropriate, the backing layer c¢) may comprise up

to 30% by weight of the material of the layers a) and
b) .

The MVR value for the polycarbonate 1s preferably the

same as, and particularly preferably lower than, that

of the melts of the layers a) or b). In particular, the
MVR wvalue for the polycarbonate may be 1n the range
from 0.2 to 2.0, preferably from 0.5 to 1.8.

The average molar mass M, of the polycarbonate of the

backing layer may be in the range from 35 000 to

70 000 (g/mol). By way of example, the molar mass may

be determined oy the differential scanning

chromatography (DSC) method or by gel chromatography on
the basis of calibration standards or calibration

lines.

Additives and auxiliaries

The lavers a), b) and c¢) may comprise conventional
additives and conventional auxiliaries. Mention may Dbe
made of lubricants, e.g. pentaerythritol stearate or

stearyl alcohol, the light stabilizers mentioned, and

also thermal-oxidation stabilizers or Process
stabilizers. By way of example, Plastics Additives
Handbook, 5th edition, Ed. Hans Zwelifel, Hanser

Publishers Munich, Carl Hanser Verlag Munich, 2001
lists conventional additives and conventional

auxiliaries known to the person skilled 1n the art.

Multilayer film
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The selection of the polycarbonate and of  the
(meth)acrylate copolymers used in the multilayer film
is such that the tensile strain at break (ISO 527-2) at

yr—

100°C, calculated as a relative wvalue, of a test

specimen produced from a mixture composed of 20% Dy
weight of (meth)acrylate copolymer and 80% by weight of
polycarbonate 1s at 1least 90% of the wvalue for the

polycarbonate present.

The selection of the polycarbonate and of  the
(meth)acrylate copolymers used in the multilayer film
is preferably such that the absolute wvalue of the
tensile strain at break (ISO 527-2) at 100°C for a test

specimen produced from a mixture composed of 20% Dby
weight of (meth)acrylate copolymer and 80% by weight ot

a polycarbonate 1s preferably 120% or greater.

The selection of the polycarbonate and of the

(meth)acrylate copolymers used in the multilayer film
is particularly preferably such that a test specimen
produced from a mixture composed of 20% by weight of

(meth)acrylate copolymer and 30% by welght of

polycarbonate has at least four of the following five

further properties:

a Vicat softening poilint VSP (ISO 300-B>50) ot
at least 130°C

a modulus of elasticity (ISO 527-2) at 23°C
of at least 2000 MPa

III. a modulus of elasticity (ISO 527-2) at 100°C
of at least 1800 MPa

IV. a tensile strain at break (ISO 527-2) at 23°C

which 1s at least 70% of the wvalue for the

polycarbonate present
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V. a melt index MVR (ISO 1133, 230°C/3.8 kg) of
from 0.5 to 2.0 cm”’/10 min.

Below the polycarbonate layer c), there may optionally
also be an adhesion-promoting layer (primer layer) and
a layer composed of a plastic, e.g. acrylate-styrene-
acrylonitrile graft copolymer (ASA), polybutylene
terephthalate or polyurethane, and this plastic may
optionally have glass fibre reinforcement, 1n
particular  short fibre reinforcement, long fibre

reinforcement, or else carbon fibre reinforcement.

This 1s preferably a layer composed of optionally
reinforced plastic, the layer having been applied via

back-moulding or back-foaming.

Process

The multilayer film may be produced 1n a manner Known
per se via lacquering, lamination, or preferably via
coextrusion of the layers a), b) and c¢). This 1s

possible 1n particular when the backing layer c¢) 1s

composed of polycarbonate whose MVR value (ISO 1133,
230°C/3.8 kg) 1is not more than 30% higher than,
preferably not more than 20% higher than, particularly
preferably identical with or lower than, that of the
melts of the layers a) or b) with the (meth)acrylate

copolymers. In particular, the MVR wvalue for the
polycarbonate may be 1in the range from 0.2 to 2.0,

preferably from 0.5 to 1.8.

Fach of the layers a) and b) may have a thickness 1n
the range from 5 to 200 um, preferably from 10 to
130 pym. The backing layer may have thicknesses of, Dby
way of example, from 100 to 5000 pm. The width of the
film may be 1n the range, by way of example, from 100
to 2000 mm.
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Recycling

The structure of the inventive multilayer film makes 1t
possible to proceed by comminuting film waste and using
it directly as backing layer c) or admixing 1t 1n the
melt with the material for the backing layer c), e.g.
pure polycarbonate, and coextruding the multilayer film
from the melts a), b) and the melt of the, or for the,
backing layer c¢), and this procedure may take place two
or more times, with the proviso that the backing layer
c) cannot comprise more than 30% by weight of the

material of the layers a) and b).

If the intention 1s to recycle film material, e.d.
cutting waste whose layers a) and b) make up 20% Dby
weight and whose layer <c¢) exclusively composed of
polycarbonate therefore makes up 80% by weight, this
material may be directly used for the melt of a new
backing layer c), which then comprises 20% by weilght of
the material of the layers a) and Db). At this
proportion any impairment of the properties of a
resultant backing layer or of a new multilayer film
remains insignificant. In another method of recycling
the material, 1t 1s admixed 1n relatively small
proportions with a polycarbonate melt 1intended for the

backing laver.

Uses

The i1nventive multilayer film may 1n particular be used
for exterior surfaces of household appliances, of
communication devices, of equipment for hobbiles or for
sports, of bodywork parts or of parts of bodywork parts

in the construction of cars, ships or aircraft.

Semicompatible polymer mixtures
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The invention therefore provides semicompatible polymer
mixtures composed of a (meth)acrylate copolymer and ot
a polycarbonate, characterized in that a test specimen
produced from the polymer mixture 1s not transparent
but 1S translucent as a consequence of the
semicompatibility of the polymers, and the tensile

straln at break (ISO 527-2) at 100°C, calculated as a

relative wvalue, of a test specimen produced from a
mixture composed of 20% by weight of (meth)acrylate
copolymer and 80% by weight of polycarbonate 1s at

least 90% of the value for the polycarbonate present.

The advantageous properties of the semicompatibility

are clearly apparent when the proportion of one of the
polymers in the mixture 1is at least 5% by weight,
preferably at least 10% by welght or at least 20% by
welght.

The translucency 1s apparent, by way of example, 1n
markedly reduced transmittance when comparison 1s made

with clear mouldings.

By way of example, the light transmittance for daylight

(standard illuminant D65, 10°) 1pe;, see, for example,

DIN 5033/5036, of a test specimen of a mixture of equal
proportions of semicompatible (meth)acrylate copolymers

and polycarbonate may be 1n the range from 25 to 65%.

In the case of mouldings with a layer structure

composed of the two semicompatible polymers, the

location of the semicompatible mixture 1s at the
interface between the polymers, as 1n the 1nventive

multilayer film. The semicompatibility or haze at the

interface 1s mostly not discernible by the naked eye,

but can be detected, by way of example, on observing a

thin section under a light microscope.
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*

In the case of a unitary moulding or of a part of such

a moulding, composed of a mixture of the two
semicompatible polymers, the inventive semicompatible

polymer mixture 1s likewlse present.

In the case of the inventive multilayer film, a

semicompatible polymer mixture 1is present at the
boundary between layer b) and the backling layer c¢) and,
where appropriate, is present 1n the layer c¢), to the
extent that the latter comprises proportions of the

layers a) and b).

EXAMPLES

Tests and measurements

Standard test specimens were 1njection moulded both
from the (meth)acrylate copolymer 1-4 treated with UV
absorber and from the polycarbonate types (PCs) 1-3,

and also from the 20/80 mixtures composed of the

(meth)acrylate copolymer 1-4 with the PCs 1-3.

Vicat softening point VSP (ISO 306-B50)
Modulus of elasticity (ISO 527-2) at 23°C
Modulus of elasticity (ISO 527-2) at 100°C
Tensile strain at break (ISO 527-2) at 23°C
Tensile strain at break (ISO 527-2) at 100°C
Melt index MVR (ISO 1133, 230°C/3.8 kg)
Tensile strength (ISO 527-2) at 23°C

Tensile strength (ISO 527-2) at 100°C

Preparation of (meth)acrylate copolymers 1-4
(Meth)acryvlate copolymer 1

0.035 part by weight of dilauroyl peroxide, 0.01 part
by welght ot 2,2-pbis(tert—-butylperoxy)butane and
0.33 part by weight of dodecyl mercaptan are dissolved
in 90 parts by weight of methyl methacrylate and
10 parts by weight of cyclohexyl methacrylate. The
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resultant mixture 1s charged to a polymerization cell
and devolatilized for 10 minutes. The polymerization 1s

then carried out at 65°C for 5 hours 1in a waterbath,
and then for 24 hours at a waterbath temperature of
55°C. After removal of the polymerization cell from the
waterbath, the polymer is heat-conditioned 1n the
polymerization cell for a further 10 hours at 120°C in
a hot-alr <cabinet. The solution viscosity of the
polymer in chloroform at 25°C (ISO 1628 - Part 6) 1s
60 ml/g (J value). The Vicat softening point VSP (IS0
306-B50) 1s 109.8°C.

(Meth)acrylate copolymer 2
0.035 part by weight of dilauroyl peroxide, 0.01 part

by welght of 2,2-bls (tert-butylperoxy)butane and
0.33 part by weight of dodecyl mercaptan are dissolved
in 80 parts by weight of methyl methacrylate and
20 parts Dby weight of c¢yclohexyl methacrylate. The
resultant mixture 1s charged to a polymerization cell

and devolatilized for 10 minutes. The polymerization 1S

then carried out at 65°C for 5 hours in a waterbath,
and then for 24 hours at a waterbath temperature ot
55°C. After removal of the polymerization cell from the
waterbath, the polymer 1s heat-conditioned 1n the
polymerization cell for a further 10 hours at 120°C in
a hot-air cabinet. The solution wviscosity of the
polymer in chloroform at 25°C (ISO 1628 - Part 6) 1is
60 ml/g (J wvalue). The Vicat softening point VSP (ISO

306-B50) 1is 107.2°C.

(Meth)acrylate copolymer 3

0.035 part by weight of dilauroyl peroxide, 0.01 part
by welght of 2,2-bis(tert-butylperoxy)butane and
0.40 part by weight of dodecyl mercaptan are dissolved
in 90 parts by weight of methyl methacrylate and
10 parts by weight of cyclohexyl methacrylate. The
resultant mixture 1s charged to a polymerization cell

and devolatilized for 10 minutes. The polymerization 1S
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then carried out at 65°C for 5 hours in a waterbath,
and then for 24 hours at a waterbath temperature ot
55°C. After removal of the polymerization cell from the
waterbath, the polymer 1is heat-conditioned 1n the
polymerization cell for a further 10 hours at 120°C in
a hot-air cabinet. The solution viscosity 1n chloroform
at 25°C (ISO 1628 - Part 6) is 50 ml/g (J value).

(Meth)acrylate copolymer 4

0.035 part by weight of dilauroyl peroxide, 0.01 part
by welght of 2,2-bis(tert-butylperoxy)butane and
0.40 part by weight of dodecyl mercaptan are dissolved
in 80 parts by weight of methyl methacrylate and
20 parts by weight of c¢yclohexyl methacrylate. The
resultant mixture 1s charged to a polymerization cell
and devolatilized for 10 minutes. The polymerization 153
then carried out at 65°C for 5 hours 1n a waterbath,

and then for 24 hours at a waterbath temperature ot

55°C. After removal of the polymerization cell from the
waterbath, the polymer 1s heat-conditioned 1n the
polymerization cell for a further 10 hours at 120°C in
a hot-air cabinet. The solution viscosity 1n chloroform
at 25°C (ISO 1628 - Part 6) 1s 50 ml/g (J value).

Light stabilizers

Once  the (meth)acrylate copolymers 1-4 had Dbeen

prepared, these were pelletized together with the UV
absorber Tinuvin® 360, Ciba, (0.6% by welght).

For comparison, a standard polymethyl methacrylate

(PMMA) moulding composition (copolymer composed of 96%

by weight of methyl methacrylate and 4% by weight of
methyl acrylate with an average molar mass M, (weight-
average) of about 140 000 (g/mol), 1incompatible with

polycarbonate, 1s also shown.
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The properties of the (meth)acrylate copolymers 1-4 and
of the standard polymethyl methacrylate moulding

composition are shown in Table 1.

Mixtures of the (meth)acrylate copolymers 1-4 with
various polycarbonates

The (meth)acrylate copolymers 1-4 compounded with UV
absorber were compounded in a twin-screw extruder with
three different commerclially available types of
polycarbonate from DOW in a weight ratio of 20:30
((meth)acrylate copolymer to polycarbonate).

The types of PC were:

e type 1 polycarbonate (Calibre® 300-10)

e type 2 polycarbonate (Calibre® 200-10)

e type 3 polycarbonate (Calibre® 200-23)
The properties of types 1-3 polycarbonate and thelr
mixtures with (meth)acrylate copolymers 1-4 are shown
in Table 2.

Chemicals resistance tests

The (meth)acrylate copolymers 1 and 2 treated with UV

absorber, and also a standard polymethyl methacrylate

F

moulding composition (copolymer composed of 96% Dby

weight of methyl methacrylate and 4% by weight of

F

methyl acrylate with an average molar mass M, of about

140 000 (g/mol), 1incompatible with polycarbonate) were
extruded to give sheets, which were subjected to

chemicals resistance tests.

The chemicals resistance of the inventive
(meth)acrylate copolymers 1 and 2 with respect to
acidic or basic aqueous solutions, and also pancreatin

solution and petroleum spirit, 1s comparable with that
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of standard polymethyl methacrylate. In addition, the
stress cracking resistance of extruded sheets composed
of the inventive (meth)acrylate copolymers 1 and 2 on
exposure to ethanol/water solutions 1s markedly better

than that of the sheets produced using standard
polymethyl methacrylate.
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PATENT CLAIMS

1. Multilayer film, encompassing at least one upper
layer a) and one middle layer b) composed of
(meth)acrylate copolymers, and also a backing

layer c¢) composed of polycarbonate,
characterized 1n that

a) the upper layer comprises a light stabilizer
and 1s composed of a (meth)acrylate copolymer
which can form semicompatible mixtures with the
polycarbonate of the backing layer c¢), where a
test'specimen produced from a mixture composed
of 20% by weight of (meth)acrylate copolymer
and 803 by weight of polycarbonate has a
tensile strain at break of at 1least 75% (ISO

527-2) at 23°C,

b) the middle layer comprises a dye and, where

appropriate, a light stablilizer, = and 1S
composed of an identical oY different
(meth)acrylate copolymer which can form

semicompatible mixtures with the polycarbonate
of the backing layer c¢), where a test specimen
produced from a mixture composed of 20% by
weight of (meth)acrylate copolymer and 80% by
welght of polycarbonate has a tensile strain at
break of at least 75% (ISO 527-2) at 23°C,

c) the backing layer 1s composed of polycarbonate
which can, where appropriate, comprise up to

305 by weight of the material of the layers a)

and b).
2. Multilayer f1lm according to Claim 1,
characterized in that . the (meth)acrylate

copolymers are composed of the following units:
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a) from 95 to 5% by weight of methyl methacrylate

units and, where appropriate, from 0 to 40% by

weight of other vinylic monomer units and

p) from 5 to 95% by weight of. esters of

(meth)acrylic acid, which may have the

followling radicals 1n the ester group:

cycloalkyl or a multiple-alkyl-substituted
cycloalkyl radical having from 5 to 12 carbon
atoms, where the radicals mentioned may have
bonding to the (meth)acrylic acid carboxyl radical
by way of alkylene groups having from 1 to 6
carbon atoms, which may also have branching, or
oxyalkylene groups having from 2 to 4 carbon

atoms.

Multilayer film according to Claim 1 or 2,
characterized in that the (meth)acrylate

copolymers are composed of from 60 to 95% by

weight of methyl methacrylate and from 40 to 5% by
weight of cyclohexyl methacrvylate.

Multilayer film according to one or more of Claims
1 to 3, characterized 1n that the solution
viscosity of the (meth)acrylate copolymers in
chloroform at 25°C (ISO 1628 - Part 6) is in the
range from 50 to 80 ml/g.

Multilayer film according to one or more of Claims
1 to 4, characterized in that the Vicat softening
point VSP (ISO 306-B50) of the (meth)acrylate

copolymers is at least 105°C.

Multilayer film according to one or more of Claims
1l to 5, characterized in that below the carbonate
layer «c¢) there 1s also an optional adhesion-

promoting layer (primer layer) and a layer
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composed of a plastic, which may optionally have

been fibre-reinforced.

Multilayer film according to Claim 0,
characterized 1n that the layer composed of
plastic has been applied by back-moulding or back-
foaming and the type of plastic encompasses
acrylate-styrene—-acrylonitrile graft copolymer

(ASA), polybutylene terephthalate or polyurethane.

Multilayer film according to one or more of Claims
1 to 6, characterized in that the middle layer has

opaque coloration.

Multilayer film according to one or more of Claims
1 to 8, characterized i1in that the polycarbonate of

the backing layer has an average molar mass My 1n
the range from 35 000 to 70 000.

Multilayer film according to one or more of Claims
1 to 9, characterized i1n that the selection of the
(meth)acrylate copolymers and of the polycarbonate
1s such that the tensile strain at break (ISO 527-

2) at 100°C, calculated as a relative value, for a

test specimen produced from a mixture composed of
20% by weight of (meth)acrylate copolymer and 80%
by weight of polycarbonate 1s at least 90% of the

value for the polycarbonate present.

Multilayer film according to Claim 10,
characterized 1n that the absolute wvalue of the
tensile strain at break (ISO 527-2) at 100°C 1is
120%.

Multilayer film according to Claim 10 or 11,
characterized in that a test specimen produced
trom a mixture composed of 20% by weight of

(meth)acrylate copolymer and 80% by weight of
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polycarbonate has at least four of the following

five further properties:

I. a Vicat softening point VSP (ISO 306-B50) of
at least 130°C

IT. a modulus of elasticity (ISO 527-2) at 23°C
of at least 2000 MPa

III. a modulus of elasticity (ISO 527-2) at 100°C
of at least 1800 MPa

IV. a tensile strain at break (ISO 527-2) at 23°C
which i1s at least 70% of the wvalue for the

polycarbonate present

V. a melt index MVR (ISO 1133, 230°C/3.8 kg) of
from 0.5 to 2.0 cm®/10 min.

Process for producing a multilayer film according
Co one or more of Claims 1 to 11 in a manner known
per se via coextrusion of the layers a), b) and

C) .

Process according to Claim 13, characterized in
that film waste is comminuted and directly used as

backing layer c) or admixed in the melt with the

material for the Dbacking layer «c¢), and the
multilayer film composed of the melts a), b) -and a
melt of the backing layer c¢) 1is coextruded, and
the procedure may take place two or more times,
with the proviso that backing layer «¢) cannot

comprise more than 30% by weight of the material

F

of the layers a) and b).

Use of a multilayer film according to one or more

of Claims 1 to 12 for exterior surfaces of
household appliances, of communication devices, of

equipment for hobbies or for sports, of bodywork
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parts or of parts of Dbodywork parts 1n the

construction of cars, ships or aircraft.

Semicompatible polymer mixture composed of a
(meth)acrylate cr@mdymer and of a polycarbonate,
characterized 1in that a test specimen produced
from the polymer mixture 1s not transparent but 1s
translucent as a consegquence ot the
semicompatibility of the polymers, and the tensile
strain at break (ISO 527-2) at 100°C, calculated

as a relative value, of a test specimen produced
from a mixture composed of 20% by weight of
(meth)acrylate copolymer and 80% by weight of
polycarbonate is at least 90% of the value for the

polycarbonate present.

Semicompatible polymer mixture according to Claim
16, characterized in that 1ts location 1s between
the two semicompatible polymers at the 1interface
between these 1n the case of mouldings with a
layver structure composed thereof, and/or 1in that

P

1t 1s a unitary moulding or a part of such a

moulding, composed entirely of the semicompatible

polymer mixture.

Semicompatible polymer mixture according to Claim
16 or 17, characterized 1in that 1t 1s present i1n a
multilayer film according to Claims 1 to 12 at the
boundary between layer b) and the backing layer c)

and, where appropriate, 1s present 1n the layer

c), to the extent that the latter comprises

proportions of layers a) and b).
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