
WO 2008/000528 _1- PCT/EP2007/052391  Transparent
plastic composite Subject matter of the invention 5
The subject matter of the invention is a plastics
composite. The composite is composed by way of example
of three layers, where the two external layers are
composed of transparent polymethyl methacrylate (PMMA)
and the inner layer is composed of a thermoplastic 10
polyurethane (TPU). The plastics composite passes the
ECE R43 (Annex 3, 2) falling-ball test and, when
compared with standard plastics of identical
dimensions, has improved acoustic properties. 15 Prior
art EP 1 577 084 (KRD Coatings GmbH) describes a
plastics  composite sheet for vehicle glazing with an
internal  side and with an external side, where the
internal side 20 is composed of polycarbonate (PC) and
the external side  is composed of poly(meth)acrylate
(PMMA). The  intermediate layer, intended to absorb
the different  coefficients of thermal expansion of
the plastics PC  and PMMA, is composed of a
thermoplastic polyurethane 25 (TPU). No data
concerning mechanical strength are  stated. WO
02/47908 (VTEC Technologies) describes a glazing
element composed of three layers of different
plastics,  30 where one layer is composed of PMMA, the
intermediate layer is composed of a polyurethane (PU)
or of  polyvinyl butyral (PVB), and the further layer
is  composed of PC. The external sides of the glazing
element have a scratch-resistant coating. There are no
35 data concerning the mechanical, strength or other
mechanical properties of the glazing element, other  



than data on scratch resistance. WO 2008/000528 - 2 -
PCT/EP2007/052391  WO 96/13137 (Decoma International)
describes a glazing  element which is intended for
vehicles and into which  heating elements have been
integrated, as in the rear  windows of vehicles, for
example. There are no data  5 concerning mechanical
strength. Object  In principle, single-layer glazing
composed of PC could  10 comply with the mechanical
requirements of ECE R43 even without TPU or PMMA
layer. However, these sheets have  to be provided with
a scratch-resistant and  UV-resistant layer. The
production process here causes  very high rejection
rates, and this is highly 15 uneconomic. Furthermore,
UV-resistant coating and  scratch-resistant coating
are applied together in one  layer to the PC, and this
in turn reduces the scratch  resistance of the system.
A solution described for this  comprises systems in
which the PC is finished with an 20 outer layer
composed of UV-resistant PMMA. A layer  composed of
TPU or PVB serves here as bonding layer and  in
essence has the function of generating adhesion
between PC and PMMA layer. Furthermore, the TPU layer
in these systems has the function of compensating, via
25 its high elasticity, for the different coefficients
of  linear expansion of the two materials (PC and
PMMA).  This type of layer also provides an
opportunity of  integrating heating wires for
rear-window heating  systems. Straight PMMA sheets do
not pass the falling- 30 ball test. it is an object of
the invention to provide a  transparent plastics
composite which passes the ECE R43  



(Annex 3, 2) falling-ball test and, when compared with
35 standard plastics composites of the same
dimensions,  has improved acoustic properties.
Achievement of object WO 2008/000528 - 3 -
PCT/EP2007/052391  The inventive plastics composite is
composed of at  least three layers composed of
plastics, where the two  external layers (1) and (2)
are composed of transparent 5 polymethyl methacrylate
(PMMA) and the inner layer is  composed of a
thermoplastic polyurethane (TPU) (3) (see  Figure 1).
Layer thicknesses of (1) and (2) can be in the range
10 from 0.5 to 6 mm, preferably from 1 mm to 3 mm, and
those of (3) can be in the range from 0.5 to 5 mm,
preferably from 0.5 to 1.5 mm. The layer thicknesses
of  (1) and (2) may be identical or different. It is
preferable that the external side of the plastics 15
composite has been designed to be thicker than the
internal side of the plastics composite. In principle
it is also conceivable to produce a non- transparent,
coloured variant of the material and to  20 use it as
bodywork add-on parts. The two external layers (1) and
(2) composed of transparent polymethyl  methacrylate
(PMMA) can in turn themselves, if  appropriate, be
composed of a composite composed of at  least two
layers composed of PMMA. 25 Furthermore, the layers
(1) and (2) can be composed of  blends of PMMA and
TPU, of PMMA and styrene- acrylonitrile copolymers
(SAN), or of blends composed  of PMMA and of
impact-modified PMMA. Polymethyl 30 methacrylate
(PMMA), impact-modified PMMA (imPMMA),  



blends composed of PMMA or composed of imPMMA and of
fluorine polymers, e.g. polyvinylidene fluoride
(PVDF),  where the mixing ratio between PMMA or imPMMA
and PVDF  is, for example, from 10:90 to 90:10 parts
by weight. 35 The composite can also, if appropriate,
be provided  with a scratch-resistant layer and with
further  functional layers. WO 2008/000528 - 4 -
PCT/EP2007/052391  The two external layers (1) and (2)
composed of  transparent polymethyl methacrylate
(PMMA) can have  been provided with UV absorbers, with
UV stabilizers, 5 with IR-reflective pigments and
additives or a mixture  thereof. The advantages of the
invention are that the  PMMA/TPU/PMMA composite system
10  meets the mechanical requirements of ECE R43, in
particular the falling-ball test, without a
polycarbonate layer.  has better acoustic properties
when compared with  15 a single-layer plastics sheet
with comparable  dimensions.  unlike PC composite
systems, does not have to be  equipped with a combined
UV- and scratch-resistant  layer. 20  unlike
impact-resistant PMMA variants, does not  become
turbid even when subjected to a rising or  falling
temperature.  when compared with PC, has better
modulus of  elasticity (better stiffness) and 25
unlike PC/TPU/PMMA composites, generates no  



problems with internal stresses (induced via
different coefficients of linear expansion).
Production of composite: 30 Variant 1: The composite
sheet was produced via hot pressing of  (1) 300 x 300
x 2 mm PLEXIGLAS(r) XT20700 glass-clear,  35 (3) 300 x
300 x 1 mm TPU foil (Krystalflex PE 429 or PE 501,
Huntsman) and (2) 300 x 300 x 2 mm PLEXIGLAS(r)  XT
20700. The press temperature was from 80C to 140C,
and the heating time was from 30 to 60 sec, and the WO
2008/000528 - 5 - PCT/EP2007/052391  pressure was from
10 to 100 kN and was applied for from  20 to 60 sec.
PLEXIGLAS(r)XT grades are marketed by Rohm  GmbH. 5
Variant 2 It is also conceivable that the composite is
produced  via a 3-component injection-moulding
process. A  possible method here uses a decorative
effect to print 10 on a PLEXIGLAS(r) foil, which is
then reverse-coated with  TPU and PMMA by an
injection-moulding process. Variant 3 15 A further
possibility produces the inventive plastics  moulding
by using PMMA (2) for reverse coating by an
injection-moulding process on a laminate composed of a
PMMA foil or PMMA sheet (1) and a TPU foil (3). 20
Materials used  PMMA A preferred plastic for the
plastics composite  25 encompasses
poly(meth)acrylates. These polymers are  generally
obtained via free-radical polymerization of  mixtures
which comprise (meth)acrylates. The expression  



(meth)acrylates encompasses methacrylates and
acrylates  and mixtures of the two. 30 These monomers
are well known. They include  (meth)acrylates derived
from saturated alcohols, for  example methyl acrylate,
ethyl (meth)acrylate, propyl  (meth)acrylate, n-butyl
(meth)acrylate, tert-butyl 35 (meth)acrylate, pentyl
(meth)acrylate and 2-ethylhexyl  (meth)acrylate;
(meth)acrylates derived from  unsaturated alcohols,
for example oleyl (meth)acrylate,  2-propynyl
(meth)acrylate, allyl (meth)acrylate, vinyl WO
2008/000528 - 6 - PCT/EP2007/052391  (meth)acrylate;
aryl (meth)acrylates, such as benzyl  (meth)acrylate
or phenyl (meth)acrylate, where in each  case the aryl
radicals may be unsubstituted or have up  to four
substituents; cycloalkyl (meth)acrylates, such 5 as
3-vinylcyclohexyl (meth)acrylate, bornyl
(meth)acrylate; hydroxyalkyl (meth)acrylates, such as
3-hydroxypropyl (meth)acrylate, 3,4-dihydroxybutyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate; glycol di(meth) 10
acrylates, such as 1,4-butanediol (meth)acrylate,
(meth)acrylates of ether alcohols, for example tetra-
hydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl
(meth)acrylate; amides and nitriles of (meth)acrylic
acid, for example N-(3-dimethylaminopropyl) 15
(meth)acrylamide, N- (diethylphosphono) (meth)
acrylamide,  1-methacryloylamido-2-methyl-2-propanol;
sulphur- containing methacrylates, such as
ethylsulphinylethyl  (meth)acrylate,
4-thiocyanatobutyl (meth)acrylate,
ethylsulphonylethyl (meth)acrylate, thiocyanatomethyl
20 (meth)acrylate, methylsulphinylmethyl
(meth)acrylate,  



bis((meth)acryloyloxyethyl) sulphide; polyfunctional
(meth)acrylates, such as trimethyloylpropane
tri(meth)acrylate. 25 According to a preferred aspect
of the present  invention, these mixtures comprise at
least 40% by  weight, preferably at least 60% by
weight, and  particularly preferably at least 80% by
weight of  methyl methacrylate, based on the weight of
the  30 monomers. Besides the abovementioned
(meth)acrylates, the  compositions to be polymerized
may also comprise other  unsaturated monomers
copolymerizable with methyl 35 methacrylate and the
abovementioned (meth)acrylates.  They include
1-alkenes, such as 1-hexene, 1-heptene;  branched
alkenes, such as vinylcyclohexane, 3,3-di WO
2008/000528 - 7 - PCT/EP2007/052391  methyl-l-propene,
3-methyl-l-diisobutylene, 4-methyl- 1-pentene;
acrylonitrile; vinyl esters, such as vinyl  acetate;
styrene, substituted styrenes having an alkyl
substituent in the side chain, e.g. a-methylstyrene
and 5 a-ethylstyrene, substituted styrenes having an
alkyl  substituent on the ring, such as vinyltoluene
and  p-methylstyrene, halogenated styrenes, such as
mono- chlorostyrenes, dichlorostyrenes,
tribromostyrenes. and  tetrabromostyrenes;
heterocyclic vinyl compounds, such 10 as
2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinyl-
pyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-
vinylpyridine, vinylpyrimidine, vinylpiperidine,
9-vinylcarbazole, 3-vinylcarbazole, 4-vinylcarbazole,
1-vinylimidazole, 2-methyl-l-vinylimidazole, N-vinyl
15 pyrrolidone, 2-vinylpyrrolidone,
N-vinylpyrrolidine,  3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyro- 



lactam, vinyloxolane, vinylfuran, vinylthiophene,
vinylthiolane, vinylthiazoles and hydrogenated
vinylthiazoles, vinyloxazoles and hydrogenated 20
vinyloxazoles; vinyl and isoprenyl ethers; maleic acid
derivatives, such as maleic anhydride, methylmaleic
anhydride, maleimide, methylmaleimide; and dienes,
such  as divinylbenzene. 25 The amount generally used
of these comonomers is from 0  to 60% by weight,
preferably from 0 to 40% by weight,  and particularly
preferably from 0 to 20% by weight,  based on the
weight of the monomers, and these  compounds may be
used individually or in the form of a  30 mixture. The
polymerization is generally initiated using known
free-radical initiators. Among the preferred
initiators  are, inter alia, the azo initiators
well-known to the 35 person skilled in the art, for
example AIBN and  1,1-azobiscyclohexanecarbonitrile,
and also peroxy  compounds, such as methyl ethyl
ketone peroxide,  acetylacetorie peroxide, dilauroyl
peroxide, tert-butyl WO 2008/000528 - 8 -
PCT/EP2007/052391  2-ethylperhexanoate, ketone
peroxide, methyl isobutyl  ketone peroxide,
cyclohexanone peroxide, dibenzoyl  peroxide,
tert-butyl peroxybenzoate, tert-butylperoxy- isopropyl
carbonate, 2,5-bis(2-ethylhexanoylperoxy) 5
2,5-dimethyihexane, tert-butyl 2-ethylperoxyhexanoate,
tert-butyl 3,5,5-trimethylperoxyhexanoate, dicumyl
peroxide, 1,1-bis(tert-butylperoxy)cyclohexane, 1,1-
bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane,
cumyl  hydroperoxide, tert-butyl hydroperoxide,
bis(4-tert 10 butylcyclohexyl) peroxydicarbonate, and
W initiators  such as
1,2-diphenyl-2,2-dimethoxyethanone, mixtures of  



two or more of the abovementioned compounds with one
another, and also mixtures of the abovementioned
compounds with compounds not mentioned but likewise
15 capable of forming free radicals. The amount often
used of these compounds is from 0.01  to 10% by
weight, preferably from 0.5 to 3% by weight,  based on
the weight of the monomers. 20 The abovementioned
polymers can be used individually or  as a mixture.
The inventive plastics sheets can by way of example be
25 produced from moulding compositions of the
abovementioned polymers. Thermoplastic shaping
processes, such as extrusion or injection moulding,
are  usually used here. 30 The weight-average molar
mass M, of the homo- and/or  copolymers to be used.
according to the invention as  moulding compositions
for producing the plastics sheets  may vary within a
wide range, the molar mass usually  being matched to
the intended use and to the mode of 35 processing of
the moulding composition. However, it is  generally in
the range from 20 000 to 1 000 000 g/mol,  preferably
from 50 000 to 500 000 g/mol and  particularly
preferably from 80 000 to 300 000 g/mol, WO
2008/000528 - 9 - PCT/EP2007/052391  with no intended
resultant restriction. Particularly preferred moulding
compositions which  encompass poly(meth)acrylates are
available  5 commercially from Rohm GmbH with the
trademark  PLEXIGLAS(r) XT. The plastics sheets
particularly preferable encompass  at least 80% by
weight, in particular at least 90% by  



10 weight, of poly(meth)acrylates, based on the total
weight of the sheet. It is particularly preferable
that  the plastics sheets are composed of polymethyl
methacrylate, and this polymethyl methacrylate can
comprise conventional additives. These plastics sheets
15 composed of polymethyl methacrylate are
commercially  available inter alia from Rohm GmbH with
the trademark  PLEXIGLAS(r) XT. The plastics sheets
can moreover be produced via cell  20 casting
processes. Here, by way of example, suitable  acrylic
resin mixtures are placed in a mould and  polymerized.
Sheets thus produced are commercially  available from
Rohm GmbH with the trademark  PLEXIGLAS(r) GS. 25
Additives  The moulding compositions to be used for
production of  the plastics sheets can moreover, as
also can the 30 acrylic resins, comprise conventional
additives of any  type. Among these are inter alia
antistatic agents,  antioxidants, mould-release
agents, flame retardants,  lubricants, dyes, flow
improvers, fillers, light  stabilizers and
organophosphorus compounds, such as 35 phosphites or
phosphonates, pigments, weathering  stabilizers and
plasticizers. However, the amount of  additives is
subject to restriction relevant to the  intended use.
WO 2008/000528 - 10 - PCT/EP2007/052391  These sheets
can be transparent or coloured sheets.  Colouring of
the sheets can by way of example be  achieved via dyes
or pigments. Accordingly, any desired 5 plastics
sheets can be combined with one another  



according to the process of the present invention. By
way of example, it is possible to combine PLEXIGLAS(r)
XT  sheets with PLEXIGLAS(r) GS sheets and/or
PLEXIGLAS(r) GS  sheets with PLEXIGLAS(r) SZ sheets
and/or PLEXIGLAS(r) LSW 10 sheets with PLEXIGLAS(r) XT
sheets, and it is possible  here to combine a
colourless sheet with a coloured  sheet or to combine
two colourless sheets or to combine  two coloured
sheets with one another. 15 Fluorine polymers For the
purposes of the present invention, fluorine  polymers
are polymers which can be obtained via free- radical
polymerization of olefinically unsaturated 20 monomers
which have at least one fluorine substituent  at their
double bond. Copolymers are also included  here. These
copolymers can contain, alongside one or  more
fluorine-containing monomers, further monomers  which
are copolymerizable with these fluorine- 25 containing
monomers. Among the fluorine-containing monomers are
inter alia  chlorotrifluoroethylene,
fluorovinylsulphonic acid,  hexafluoroisobutylene,
hexafluoropropylene, 30 perfluorinated vinyl methyl
ether, tetrafluoroethylene,  vinyl fluoride and
vinylidene fluoride. Among these,  particular
preference is given to vinylidene fluoride.
Thermoplastic polyurethane 35 The thermoplastic
polyurethane used comprises a product  having
aliphatic or aromatic units within the compound. WO
2008/000528 - 11 - PCT/EP2007/052391  Polyurethanes
(PUs) are polymers whose macromolecules  have linkage
of the repeat units via urethane groups  -NH-CO-O-.
Polyurethanes are generally obtained via  



polyaddition from di- or polyhydric alcohols and  5
isocyanates according to Ito-W-OH a o-c=u-R -r^c=o  I
(I  {-O-R~-O-G-hIH-RZ-M1IFd-C~ 1 0 Ot  IR  R1 and R2
here can be low-molecular-weight or even  polymeric
aliphatic or aromatic groups. Industrially  important
PUs are produced from polyesterdiols and/or 10
polyetherdiols and, for example, tolylene 2,4- or
2,6-diisocyanate (TDI, R2 = C6H3-CH3),
4,4'-methylenedi- (phenylisocyanate) (MIDI, R2 =
C6H4-CH2-C6H4),  4,4'-methylenedicyclohexyl isocyanate
(HMDI, R2 = C6Hlo- CH2-C6H10) or hexamethylene
diisocyanate [HDI, R2 =  15 (CH2)6]. The PUs can
generally be synthesized without solvent or  in inert
organic solvents. Certain amines or organotin
compounds are widely used as catalysts for the 20
polyaddition reaction. Use of equimolar ratios of
difunctional alcohols and isocyanates leads to linear
PUs. If starting materials of higher functionality are
used or else if there is an excess of isocyanate,
branched and crosslinked products are produced, where
25 isocyanate groups react with the urethane groups or
urea groups to form allophanate structures or,
respectively, biuret structures, e.g.: .+-~]=C=AD + O
30 allophanate structure WO 2008/000528 - 12 -
PCT/EP2007/052391  wP]=C=C + 



a 0  biuret structure As a function of the selection
and stoichiometric ratio  5 of the starting materials,
PUs with very different  mechanical properties are
produced, these being used as  constituents of
adhesives and of coatings (polyurethane  resins), as
ionomers, as thermoplastic material for  bearing
parts, rollers, tyres, and rolls, and as 10 elastomers
of varying hardness in fibre form (elastic  fibres,
PUE being the abbreviation for these elastane  or
spandex fibres) or as polyether- or polyester-
urethane rubber (the abbreviation to DIN ISO 1629:
1981-10 being EU and, respectively, AU), as thermoset
15 casting resins (including those which are
glass-fibre- reinforced), etc., and also as foam
plastics; see also  polyurethane rubbers, polyurethane
coatings,.  polyurethane resins. PUs have moreover
been described  inter alia in Kunststoffe 85, 1616
(1995), Batzer 3, 20 158-170 Batzer 3, 158-170;
Domininghaus (5.), pp. 1140  et seq.; Encycl. Polym.
Sci. Eng. 13, 243-303; Houben- Weyl E 20/2, 1561-1721.
Infrared-reflective pigments  25 By using various
infrared-reflective, inorganic colour  pigments in
PMMA moulding compositions it is possible  to use
these moulding compositions to produce dark- coloured
plastics mouldings and to coat other plastics 30
mouldings with the abovementioned PMMA moulding
compositions, these having a markedly lower rate of
heating on insolation than mouldings which are
composed  of conventionally dark-coloured PMMA or have
been  coated therewith. 



35 The following pigments can be used, for example: WO
2008/000528 - 13 - PCT/EP2007/052391  CAS number C.I.
name C.I. number Chemical name  68186-85-6 C.I.
Pigment C.I. 77377 Cobalt titanite Green 50 green
spinel  1308-38-9 C.I. Pigment C.I. 77288 Chromium
oxide  Green 17 109414-04-2 C.I. Pigment Chromium iron
Brown 29 oxide  68187-09-7 C.I. Pigment C.I. 77501
Iron chromite Brown 35 brown spinel  71631-15-7 C.I.
Pigment C.I. 77504 Nickel iron  Black 30 chromite
black spinel  C.I. nomenclature from Colour Index, The
Society of  Dyers and Colourists (SDC) 5 Studies on
specimens Samples produced from Variant 1 successfully
passed the  ECE R43 (Annex 3, paragraph 2.1 and Annex
14,  paragraph 5) falling-ball test. 10 The drop
height of the ball was 4.37 m, the weight of  the ball
was 225 g and its diameter was 38 mm. In each  case, 5
specimens were tested at 23 degrees Celsius and  five
specimens were tested at -18 degrees Celsius. 15
Results: In none of the tested samples did the ball
penetrate the material, and no splintering of
fragments  occurred. The test was passed. 20 In
comparison with the measurements at higher
temperature, an exploratory experiment at minus  



40 degrees specimen temperature gave markedly shorter
cracks in the test specimen. WO 2008/000528 - 14 -
PCT/EP2007/052391  Patent claims 1. Plastics
composite,  5 characterized in that it is composed of
at least two poly(meth)acrylate  layers (1), (2) and
of a layer composed of a  thermoplastic polyurethane
(3). 10 2. Plastics composite according to Claim 1,
characterized in that 15 a scratch-resistant layer has
been arranged on one or  both external sides of the
poly(meth)acrylate layers  (1), (2).' 3. Use of the
plastics composite according to any of  20 the
preceding claims for glazing purposes. 4. Use of the
plastics composite according to any of  the preceding
claims as component for noise barriers.  25 5.
Non-transparent plastics composite according to  Claim
1, characterized in that 30 it is composed of at least
two poly(meth)acrylate  layers (1) , (2), where at
least one layer has been  coloured. 6. Transparent or
non-transparent plastics composite  35 according to
Claim 1, characterized in that WO 2008/000528 - 15 -
PCT/EP2007/052391  it is composed of at least two
poly(meth)acrylate  layers (1), (2), where at least
one layer has been  provided with an IR-reflective
pigment and with  



additives or with a mixture composed of various  5
IR-reflective pigments and additives. 7. Transparent
or non-transparent plastics composite  according to
Claim 1 or Claim 5, 10 characterized in that it is
composed of at least two poly(meth)acrylate  layers
(1), (2), where at least one layer has been  provided
with a UV absorber or with a mixture composed  15 of
various UV absorbers. 8. Transparent or
non-transparent plastics composite  according to Claim
1 or Claim 5, 20 characterized in that it is composed
of at least two poly(meth)acrylate  layers (1), (2),
where at least one layer has been  provided with an
impact modifier. 25 9. Use of the plastics composite
according to any of  the preceding claims for bodywork
construction  purposes. 30 10. A bodywork component,
equipped with a plastics  composite according to any
of the preceding claims. 11. Process for production of
a plastics composite  according to Claim 1 to 8, 35
characterized in that WO 2008/000528 - 16 -
PCT/EP2007/052391  the plastics sheets are heated to
from 80C to 140C  and are pressed for from 20 to 60
sec., using from 10  to 100 kN. 


