-1- Transparent plastic conposite Subject matter of the invention The.
subject matter of the invention is a plastics conposite. The conposite is
conposed by way of exanple of three |ayers, where the two external |ayers
are conposed of transparent ponrret_h¥I_ met hacryl ate (PMVA) and the inner

| ayer i s conposed of a thernoplastic” pol yurethane (TPU). The plastics
conposite passes the ECE R43 (Annex 3, 2) falling-ball test and, when
conpared w th standard l|;P_.Jbastics of ioge{_;g cal di nensions, has .inproved
acoustic proptHES R F5%te EP™RC8YY2084 (KRD Coatings GrbH) describes a
pl astics conposite sheet for vehicle glazing with an internal side and with
an externalgsl \qgﬂ hee i r i is conposed of polycarbonate (PC
and the extse@n%c%i e feségfnpeoégdiﬁe%% § nmet h)acryl ate (PMMA). The
intermedi ate |layer, intended to absorb the different -coefficients. of

thermal expansi Qiffedderlidsld cHPCaRd PHGedfiohS £8NMPRSEEh it fes

t her nopl asti1 ¢ pol ydret hane (TPU). No data concernjng nmechanical strength
are st at ed. CONSU 79 0BLe VFEEPPEA oISy i SAPMRRLE r PBe¥aY fhaA YRt ment
c]?rrgmd oLoﬂ_ h*’t@l@‘elea)éjféfeﬁlé, difherentc iy aa;wocsexmglhalonpiyaygr ase corrp]?sed
o] , the inter ate layer is conposed of a ur et hane or o
pol yvi nyl Woa?e{%?/%) ?rﬁlﬁ‘& @I‘f%@%m?g}@éi F‘?Q&'ﬁ%ﬁé’gé&%f(é@g&he
external siades ehet héngéazi gy et enent chaywesedscodt ch- rdsstapiltasioat | ng.
There are ng .dat qncer nj th chanical.. s {Egg_;. r ani cal
properties pc?flqﬁ"n%tg A né%gﬁér'ren l{reeo?gg%ggﬁgn éd% a olnmés)c g%%%rsr (ra%%s]t ance.

- 2 - WO 9GCE31FA3 Dddomex ntder n&)i of@llidesdrdbles tesft aAnd elvdr@mnt which

I's intendedfys i clieseand Lsgaﬁd\él%ch hepddigegl enprt s haug deam
integrated, as i1n the rear w ndows_of vehicles, for exanple. There are no
dat a concePAMeRSHEwanEdl STIHRD 2P TIC IPFPREREIPPe, singl e-1ayer

gl azi ng conposed of PC could conply with the nechanical requirenents of ECE
R43 even without TPU or PMVA | ayer . However, these sheets have to be

provi ded wFERCX &FFat ch-resi stant and UV-resistant |ayer. The production
process here causes very high rejection rates, and this is highly

uneconom c . Fyr r nmr.e, -resi_st.ant. c i.0g ch-resjst: coati ng
are appli e_gpt gg%?ﬁe;&ﬁn E)I%#eﬁjl g:??eafcl?lgst hgl%#—”%? acf]e%qirﬁ.:ﬁ;easti th 3?%{%1 uces the
scrat ch respspasiteofshért syistrenvehisdeutdbar teg cmiilbdd d0r irHierephpri ses
systens in I.C he R i_s fl 'é% 1 a r y CORAS
W—resi'staﬁgllaél\/l%ﬂ?i i”]t%yeaer§1 céo}rErEpose g%lgﬁUng@éI%\g/Btggr \%lé: herg %%%ndi ng

| ayer and if €ovepseched melyvamdomtef (Behernli kjcadrésrarbatid®n PC and

PMVA | ayer ; sFur thgideiee, t ke TPLLBRY Bhet B) 4885 Bas¥St enPuMi@g .t he gfencti on of
conpensating, via_ts high elasticity, for the dlf#erénmj cqoefficients of

| i near exp&ﬁ§?6@eéﬁaf5ﬁe N Fat érr}tﬁ%‘i?‘bcté’ndabﬁm . S dg#@r@ntl ayer

ﬁ' SO _provi dgefancopaekt htm t ¥ hefrmialt e@kpéd hB@oheas f ngﬁw ][plB?é’oicselailrc—vm ndow
eating syst - _Straj ght PMVA sheeis do_.not s the falling-ball test. It
is an obj eEng&Wﬁe ih%eﬁf’f“?ﬁ%%{]p‘? vf"ldetrée’fr?ﬁ?)%?’eﬁt pﬁ’llXé‘tr%é: Shposi te
whi ch passespthe ESE R4ateAnrondriPnd al heécigabhatalt estrandthwhemreconpar ed

W th standa% g#astics conposites of the sane di nensions, has inproved
acoustic p? Er ies. .

WO 02/47908 (VTEC Technologies) describes a glazing
element composed of three layers of different plastics,
" 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 aré no
data concerning the mechanical  strength or other
mechanical properties of the glazing element, other
than data on scratch resistance.



-3 The inventive plastics conposite is conposed of at |east three |ayers

~ conposed of plastics, where the two external layers (1) and (2) are

- conposed . of transparent polynethyl nmethacrylate (PMVA) and the inner |ayer

i s conposed of a thernoplastic pol yurethane (TPU) (3) (see Figure 1). Layer
t hi cknesses of (1) and (2) can be in‘tt?e‘range from0.5 to 6 mm preferably
froml Mmto 3 mm and those of (3) can be in the range from0.5 to 5 mm

pr ef er abl-y o] 5 mm_ The | ayer. t hicknesses.pf ( may be
i denti cal o‘%d%?%%%? ](Ptecpg‘%r%%e?%?tél?rﬁaaﬁ(t §358§%§Fﬁalja) s d%z%%&t he

pl asti cs cogbeméne Wwhicheers déstgndddt dche tdhiikkbest bhad timed mwleielal side
of the plas{jcs. I I i ngLple st I cepv roduce a
non-transpa%%%?}ﬁgg%géwee t&apll%% %%Q{Ihé'ntrlr:aeltgsécra?ca 'aﬁé)dé]t ghuglge?tf%éfbodymrk
add- on parteindtrest af exebiaaes| aykes erpmpde-( 2Thesapasedl BP t9afRparent.
pol ymet hyl oBhBackyhat Re&EMYN 2 ¢28tkBnEUAN themsel ves, if appropriate, be
conposed of a conposite conposed of at |east two | ayers conposed of PMVA
Furthernore, the layers-(1) and (2) can be conposed of blends of PMVA and
TPU, of PM\@ppeekstyreneacrylonitrile copolyners (SAN), or of blends
conposed of PA and of inpact-nodified PWA. Pol ynet hyl nethacrylate (PMA),
i npact-nodi fied PMWA (i mfPMVA), bl ends conposed of PMVA or conposed of

i TPVMA and D Hrimecipee pokyneier-leygr pdlpingylcoteosdd wot iRe ¢RVF), where
the mxing ratio betwee L P IS, ?@{g)l rom
10:90 to goq(irsp%\ér‘f%@%ygh\/\g%g Bgn#gg%%gﬁe }e@’ggﬁs eglffs%'r,CEle appérl%eprﬁ'i ate, be
provi ded wiwhtlostr FPEh-oresPMYAnflayeyer Bawevgnh theshesheehst ikaee | ayers.

- 4 - The typ eXﬁ@rna%réZ%%éa (1yiend () cumesed Hediranspar endng

pol ymet hyl nethacryl ate can_have been provided with UV absorbers, with

UV stabili Z&¥srest SR La¥PEct ITRE FHEPRHE S MdPRAEPERVEETS SPYRSE ure
thereof. Theepgvantanes éjébeibNverdtds areahat tiies PMVA/ TRUIGHIWA

COMpostte SUELEmoAPet o Ve JEchentenl LEALLEIRALS of 5CE U3, Uik
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 déscribed for this
comprises systems in which the PC  is finished with an
outer layér 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
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—
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 aﬁd, when compared with -
standard plastics compésiteé of thé same dimensions,

has improved acoustic properties.

Achievement of object



has better acoustic properties when conpared with a single-layer plastics
sheet with conparable dinensions. unlike PC conposite systens, does not
have to be equi pped with a conbined UV- and scratch-resistant | ayer.

unl i ke inpact-resistant PMMA variants, does not become turbid even when

" subjected to a rising or falling terrp’er%\t‘ure. when conpared wth PC has
better nodulus of elasticity (better stiffness) and unlike PC TPU PMVA
conposites, generates no problens with internal stresses (induced via
different coefficients of |inear expansion). Production of conposite:
Vari ant 1: The cdnpesttiveshebastiassproducesivéa ot qumgssiawy off (&F 300 x

300 x 2 mm 0 -Gl ear . ]%%_Oex PU foil
(Krystal fl egggélt%%e) P%Eg%%é’ fﬁljﬂﬁgﬁeaﬁ) Sgngl%tl:% d x)‘" 0 xt%ewg >
PLEXI GLAS(r pxXereatofavene gridsancknphr aie ecomrosedneBotranspaventand t he

heating ti oM 3 80,880 BfivhRe and SthePhassH e aApsy fram 10 to
100 kN andn%gﬁglgpl |9ed for f%m 20 tg_ 60 Ze(?. PLEX(I—:‘GI}ASSXT rades are

mar ket ed by CRERRSEHAL Galfhgimmoplastic polyurethane (TPU) (3) (see
Figure 1).

Layer thicknesses of (1) and (2)> can be in the range
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
composite has been designed to be thicker than the

internal side of the plastics composite.

In principle it is also conceivable to produce a nbn—
transparent, coloured variant of the material and to
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 layvers composed of PMMA.

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
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.

The composite can also, if appropriate, be provided
with a scratch-resistant layer and with further

functional layers.



It is also conceivable that the conposite is produced via a 3-conponent

i njection-nmoul ding process. A possible nethod here uses a decorative effect
to print on a PLEXIGAS@foil, which is then reverse-coated with TPU and PA
by an injection-noulding process. Variant 3 A further possibility produces
" the inventive plastics noulding by usiryy PA (2) for reverse coating by an

i njection-noul ding process on a | am nate conposed of a PWA foil or PMVA

. sheet (1) and a TPU foil (3). Materials used PMVA A preferred plastic for
the plastics conposite enconpasses pol y(nmeth)acryl ates. These polyners are
general | y ofthei netrovi exftreeeraladileaterzol yiter i zadd on(df ntadpoesdwhbeh
conprise (net rylates. Th essi net h)acr e npasses
nethacrylargggégéaégﬁéla 8sy§ﬁ§ﬁ§|xtﬁF§§aéFy§ éetMX%ﬂ¥§ZseQ%§noﬁ%Y§ are

wel | known. b&hsy pxwotigtsl (wikth) 86T ydlasasbeles | vwd thr 3 satabal édeakcohol s,

for exanpl ewﬂ)%h —@gfi'e%%%veetéyﬁm% E%ﬁ&rgba&%iverso % éﬁ% %&Eéy' ate,

n-butyl (nmeth)acrylate, tert-b acrylate, pent acryl ate
and 2-et hyl BBR¥EOErmet h)acryl ate; (neth)acryl ates derived from unsat urat ed
al cohols, for exanple oleyl (nmeth)acrylate, 2-propynyl (neth)acrylate,

allyl (meth)acrylate, vinyl met h)acry| ate; aryl (nmeth)acrylates, such as
‘benzyl (rretrhlﬁ“acry?éa‘faé“iﬂg en)ﬂ(f ( mEPR) ac:i"i‘/‘t’%?‘é%o%heraé’q n El&éﬁ cakB®t he aryl
radi cal s meyMiaR/DRSVDMMAL bRPositBaggsupmt 0 four substituents; cycl oal kyl
(meth)acryl ates, such as 3-vinylcycl ohexyl (neth)acrylate, bornyl

(meth)acryl ate; hydroxyal kyl (neth)acrylates, such as 3-hydroxypropyl
(et h) acryl at @, Bedtdi ltheér opgdhaylcal requirements of ECE R43, in

(meth)acryl ate, -ng{géygghyl thk%ﬁ;iﬁglﬁal - hy, ggypr%g¥hgggﬁh)§crylate;
as 1, 14-

gl ycol di (et h) - ;acrylates, suc tanedi ol (neth)acrylate,
(et h) acryl at es BPl¥eepongedhbh¥erfor exanpl e tetrahydrofurfuryl

(meth)acryl ate, wiaaybexyerh@emwidtile (pESHeAE] ¥ alyBenaBoiu it witKil es of
(meth)acrylic acid, for_ex | e N-gs-dunethy anlnop%ggyl)-

(et h) acryl ani de? W%ﬂ?%?ﬁ?gg%spn ASFLAEL h)° aMiidd? ‘comparable

1- net hacryl oyl andifine@staidy| - 2- propanol ; sul phur - cont ai ni ng nmet hacryl at es,
such as ethyl gul phi nyl ephyl (et h)acryl ate. 4-thiocyanatobutyl

(et h) acryl at o BUHAS GPEnG PRI (ERFue sy Tare. Ty oRy ERaC ety
(et h) acryl at e, emtingpediphihydneohpinedelUiraemd stasatch-resistant

bi s((neth)acryl oyl ethyl) sul phi de; polyfunctional
(met h) acryl at es, suchastr i net hyl oyl propane

e unlike impact-resistant PMMA wvariants, does not
become turbid even when subjected to a rising or
falling temperature. '

e when compared with PC, has better modulus of

' elasticity (better stiffness) and

e unlike PC/TPU/PMMA composites, generates no
problems with internal stresses (induced via

different coefficients of linear expansion).
Production of composite:
Variant 1:

The composite sheet was produced via hot pressing of
(1) 300 x 300 x 2 mm PLEXIGLAS® XT20700 glass-clear,
(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®
XT 20700. The press temperature was from 80°C to 140°C,
and the heating time was from 30 to 60 sec, and the



tri(meth)acrylate. According to a preferred aspect of the present
_invention, these m xtures conprise at |east 40% by wei ght, preferably at
- | east 60% by weight, and particularly preferably at | east 80% by wei ght of
met hyl nethacryl ate, based on the weight of the nononers. Besidesthe
" abovenenti oned(net h)acryl ates, t he coﬁp%sftions to be polynerized may al so
conpri se ot her unsaturated nononers copol ynerizable wth nethyl
. met hacryl ate _and the _abov, nent ned acry | at es.
net hyl - | - pr SFEFETE. Mt cﬂ?s%%uﬁ@? ﬁ% n@?ﬁy?@pééégefor trom
acrylonitrie; ta ngo se¢er§LE§mGhAs legmadasﬂan&em@1h¢eaé bgubshint ut ed
styrenes ha an al kyl substituent in the side chain, e.g.
a- net hyl styrene ‘and a-et hyl styrene, substituted styrenes having an al kyl
substituent on the ring, such as vinyltoluene and p-nethyl styrene,
hal ogenat edygtyLepes, such as nonochl orostyrenes, dichlorostyrenes,
tribronostyrenes and tetrabronostyrenes; heterocyclic vinyl conpounds, such
as 2-vinylpyridine, 3-vinylpyridine, 2-nethyl-5-vinylpyridine,
3-ethyl -4- Vk'ﬂY'WFéﬂéﬁecoﬁc%1@iamfehyah£t vhayldidoding & npkpyaceddi ne,
vi nyl pi peri di.ne, vinyl car bazol e, vi nyl carba Q%V? 4-vin Icarbalee,
1-vi nyl i mi d¥28 e, a2 nﬂtcf‘fiﬂ‘ RPIHRy | ﬁﬂ:‘cfég%l SDyr 54 (?5 e,
2- Vi nyl pyrrpbedabée Meuhqd[hﬂraludeaea Ekmandqnmewﬁiﬁbmm to print
N-vi nyl capr Ia t L roI X v r
V|nylth|oph§ne<Ci %ﬁEX#Fh|@¥L§%>éiny I'azo eQ%% 3 ?%E%%a%g%kégngPtﬁlazoles,
V|nyIoxazol@?Uanddh?MMégbﬁaﬁ@dlMUﬁ?ﬁ@@@nMQ§idhngnﬂrQ9ﬂfﬁ -soprenyl ethers;
mal ei ¢ aci d derivatives, such as nal ei c anhydride, nethyl nmal eic anhydri de,
mal ei m de, nethylnalelnlde and di enes, such as divinyl benzene. The anount
general |y u¥8¥isnttRese conononers is fromo to 60% by weight, preferably
fromO to 40% by weight, and particularly preferably fromO to 20@6by
wei ght, based he weight. 0 e _nononers, d .t hes conpo may be
used i ndivi zﬁﬁﬁﬁhﬁfuﬂo ﬁébng#Y1pE§ S&r & TH@“EE%V ﬁch
general |y imotldied Usi ngsingwrPMMreet? adifoal rewers&ocsatAngngnthen
referred ipjt] e I t z t to the
P pﬁ%éé&??ﬁeﬁéﬁgdhgg bf%de <§f % Qa@&h%k% Uctnpttlda kyewy

person skil exanp

1, 1- azobi sch¥MBhERaheonr BYHAL sheet éﬁd ahslo ap&PEx foddngddnds, such as
nethyl et hyl ketone peroxide, acetyl acetone peroxide, dilauroyl peroxide,
tert-butyl '

Materials used
PMMA

A preferred plastic for the plastics composite
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.

These monomers are well known. Theyb include
(meth)acrylates derived £from saturated alcohols, for
example methyl acrylate, ethyl (meth)acrylate, propyl
(meth)acrylate, n-butyl (meth)acrylate, tert-butyl
(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



-8 2-et hyl perhexanoat e, ketone peroxide, nethyl isobutyl ketone peroxide,

~cycl.ohexanone peroxide, dibenzoyl peroxide, tert-butyl peroxybenzoate,
tert-butyl peroxyi sopropyl carbonate, 2,5-his(2-ethyl hexanoyl peroxy)-

2, 5-di et hyl hexane, tert-butyl 2-ethy|g§roxyhexanoate, tert-butyl

- 3,5,5-trinmet hyl peroxyhexanoat e, di cunyl® péroxide,

1,1-bis(tert-butyl peroxy)cycl ohexane, 1, 1-

bi s(tert-butyl -3,3,.5-trj met hyl h h i de,
Cert-butyl HYOTBRBrBVias o SEHTt ol VA VT oott aresy ) ket obyd BSPAStat e, and
WV initi at ofmeshghcaylat?- diphengdy R, 2mdithe ahoyyetkanoterean i@ ueashof two

or more of LOgLARACIEAH 0ped; SOIDOMAYS Y Ih AR AN 0 Madl SApMM XI LT e

of the abovenentioned conpounds w t mpounds not mentioned but |1 kew se
capabl e of terrfiovy fewesthEpents; Thelomsdmtl ofmeihiasdy HitehesE8UEBnpounds

is fromO.04gsto 10% by MAiGht1oHa&fer abl y(heom deby1o8% by webghi1 based
on the wei ght of the nononérs. Thé abovenenti qu :éignﬁrs can_ be used :
i ndi vi dual | ym8FRASCEYARERr Y ATPREY R HNB AL i {}%‘e'%f HP et SUSHodBEedf r om

nmoul di ng abgvayaRbikopedpolly er smephpaesgaresuch asdedihvdrorybauglly used

here. (meth)acrylate, | 2~-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate; glycol di (meth) -
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) -
(meth)acrylamide, N-(diethylphosphono) (meth)acrylamide,
l—methacryldylamido—z—methyl-z—propanol;‘ sulphur-
containing methacrylates, such as ethylsulphinylethyl
(meth)acrylate, 4-thiocyanatobutyl (meth)acrylate,

ethylsulphonylethyl (meth)acrylate, thiocyanatomethyl
(meth)acrylate, methylsulphinylmethyl (meth)acrylate,
bis ( (meth)acryloyloxyethyl) sulphide; polyfunctional
(meth)acrylates, such as trimethyloylpropane

tri (meth)acrylate.

According to a preferred aspect of the present
invention, these mixtures comprise at least 40% by
weight, preferably at 1least 60% by weight, and
particularly preferably at least 80% by weight of
methyl methacrylate,‘ based on the weight of the

monomers.

Besides the abovementioned (meth)acrylates, the
compositions to be polymerized may also comprise other
unsaturated monomers copolymerizable with methyl
methacrylate and the abovementioned (meth)acrylates.

They include l-alkenes, such as l-hexene, l-heptene;
branched alkenes, such as vinylcyclohexane, 3,3-di-



The wei ght -average nolar mass M of the hono- and/or copolyners to be used
~according to the invention as noul ding conpositions for producing the

pl astics sheets may vary within a wi de range, the nolar nmass usually being
mat ched to the intended use and to the node of processing of the noul ding
conposition. However, it is generally'f% The range from 20 000 to 1 000 000
g/nmol, preferably from50 000 to 500 000 g/ nol and particularly preferably

from80 000 to, 300,000 g/mol, -9 wit 0 i.ntended resultant teriction.

Particul arl ’)‘/‘eB]F@?é}LF Baogﬁﬁﬁdi n&'&%ﬁ&'"ﬁi‘o %ﬁ%ug_ﬁ’leer{lceo’rrpag-smégﬁyi_

pol y(net h) atrpeatenear eaydidraile lommeioyal lestfersm RehehGasH winkilt he

trademark PLEX GOPC Kl ronllle UGS GO ShOELS-LALL HUNALLY Jf CLekgp! o
east ' 80% ght, 1n par

enconpass a by Wei . rticutar at [east "90% by wel ght, of
pol y(met h) asvbkhibuenbasad the Shidea G‘{hilmveiﬁgm- A-ngghghelerreng agd
particularly_pegfecablenthat stber plaskhcssshesiss anvaepoand ikpel ymet hyl

met hacryl ate, and this polymet hy[ npethacrylate can COITfI’I e conven%i onal

addi tives. TAeskipnesti casheBes EHRPoseTIGR pfynEtRYH EAEEFREr yRRHe are
conmer ci al Lg.ﬂé@jﬂ,@.@{-_?rgﬂégr 121 dgénifrrdoaadrday t udhe Apadesmbk
PLEXI GLAS XT._ The pl astics sheets carlmrmr eover _be Er odug:ed via cell, casting
processes. FRt@TOBFYHEYSBI WOWIHET Y akFyPrOTPESYR SRR (7RY are
pl aced i n atsbvhltrands porgnesi z ekt cSoestcl itdusipy bdwosgcamesconseecki al | y
avai |l abl e from,Rohm Hw.th th : Xl _Afﬁ& _Additives The
moul di ng coar'r%o%'tvilcr)lﬁs glbeln%s’edgfgéﬁgﬁggggf#ég'of%t e 1'g‘}as?id‘gjélt% eets can
mor eover , - asyaidinean t he-eithyl+4-viryhoayridipei se convedimerayladditives
of any typ%imiéﬁ?g, are '@iﬁh@{fﬁnmiﬁéraﬂ C AgeptSipaRtdoxs dant s,

a n

noul d-r el ease "agent s, me retarda

: ) s, lubricants, dyes, flow ipprovers,
fillers, |iyitinyherrPaapseand3oVdaNdSRESRHTOLSs ¢ —Wawﬁl
plhOSp_hi tes prv:p;tasaﬁHo ﬂhﬂ@ﬁiﬁ@e, pi gm@ttfbylwﬁamwm@iﬁa&mb:ﬂd,zerN;-xandy.1_— .
pl ast.i ci zers. weyer, the anpunf_ o tives i.s subject _to restriction
rel evant t('}°¥1Fﬂé°3rh‘¥%Iﬁ%ed L?s"e‘.’lnﬁ@bm?gf 2% shé\z'f‘él%%lrep%rerc?lrla Js%éa‘r ent or
col oured sheerinyloyovelhdiné, t Me-sheel caparlaytavay f-—examddetymeoachi eved
via dyes or, pi nts. ] , any._ . i | ast s be
conbi ned V\Ii]f%c%' anOYﬁgﬁﬁ?é%%(ﬁ;gélgﬁg t')(g’l e%lr%%élgss o‘%ﬁ‘%e pfée%%één&'?@'.
i nventi on. Bynwkthidlaxanpl e, vinyilshpsgsilbe t o a86hbi nd YOI ANPXT sheet s

with PLEXI QAR GS, 80881 8s and/ of; RLEXLGLASES Shasie Wty Rldadass SZ
sheets and/ or "PLEXI GLAS ?_'SWshe:étg W th PEEXI GLAS XT sr#ga s,, and j% i's

possi bl e heFEYP%FDI 97 aVeBY dudnes st ISP t RERSESF 0P E Shedt1dr to

conbi ne t wiHol ik dRss, shaedis Qfs t anLsthd neardiwadiddoUr esktdfieiisladd h one
anot her. anhydride, maleimide, methylmaleimide; and dienes, such

as divinylbenzene.

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
compoﬁnds may be used individually'or in the form of a

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
person skilled in the art, for example AIBN -and
1,l~azobiscyclohexanecarbonitrile, and also peroxy
compounds, such as methyl ethyl ketone peroxide,
acetylacetone'peroxide, dilauroyl peroxide, tert—butyl



Fl uorine pol yners For the purposes of the present invention, fluorine

. polynmers are polyners which can be obtained via free-radical polynerization
of olefinically unsaturated nononers which have at | east one fluorine
substituent at their double bond. Copolyners are also included here. These
- copol yners can contain, alongside one” Trore fluorine-containing nononers,
further nononers which are copolynerizable with these fluorine-containing

nonomers. Aggng t he fhporine-cont igin nononers are inter algg’t

chl orotri f | GoFSEYAPEE S?PP&@FSVingF APBhART TRt B hEE ¥ dor 5PE8BE Y1 ene,
hexaf | uor opkepyphene,peertidms i nayedohernghomet hypemitiatg, dibenzoyl
tetrafl uoro , Vi _ [ | i.dene Of.] _these,
parti cul ar g%g&e(?g%ée lf'ésy%i%eﬁ o%\%lﬁ)gﬁbﬁélr%?af dor}:%ggofmgf%%%?gg?i C

pol yur et hanésoPsbpiiet hadrboppte) are. pobysé?sethvibenarpvhBeEerYes have

linkage of bhe_pepeah,iBkkank @ HEEEDBRGYAN OYPSthPlbeatEkFhexBRbYHEST hanes
are general ly obtained via polyaddition ¥r0n1d|- or pol yhydri¢ al cohols and
i socyanat est85EoPBENd t o Ho° RROHEAMethYiperogvReRpRRANAL n | $+CRIYANd R2

- here canI bgpéﬁh‘,\kﬂla{eec!ﬂ@[1%i§bte9t—5ﬁ@§*lpgkw{gb chabhpilaahéc O(Fjlaln_omat'ij /c
groups. Industrially. i rtant r r.odu rom pol yesterdi ol s and/ or
pol yet her di F§(ﬁﬁHF"PBEBEQ§ﬁﬁF¥?9§O$ySéﬁgl?? %yngfgéB&F¥§8cyaﬂﬁT%f(TDI, R2
= C6H3- CH3) hydrdédpepekhikene diefhényyils o dyadwadpss  dvbll d -2 Calblds CH2E €584
4, 4" - met hyl gnedi i e - CBHLO- i or
hexanethyleﬁ%gﬁ#§%§%§§§%¥g)[ﬁﬁ%*gggéﬁgéﬁﬁg%atg? Eng? b fﬁ?t§§tg9g
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

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.

The abovementioned polymers can be used individually or

as a mixture.

The inventive plastics sheets can by way of example be
produced from moulding compositions of the
aboveﬁentioned polymers. Thermoplastic shaping
processes, such as extrusion or injection moulding, are

usually used here.

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
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,



(CH2)6]. The PUs can generally be synthesized w thout solvent or in inert
.organi c solvents. Certain am nes or organotin conpounds are w dely used as
catal ysts for the polyaddition reaction. Use of equinolar ratios of '
~difunctional alcohols and isocyanates |gads to |inear PUs. |If starting

materials of higher functionality are used or else if there is an excess of
i socyanate, branched and crosslinked products are produced, where

i socyanate LQUDS T eaq_'te et(f teh% Lgaer;t hq:nee rouns or urea groups to form
al | ophanat e ST USUrEs oSG & ecltl T Y, Furet-Structures, e. g.:
al l ophanate structure - 12 - woNl+-C =0 4+1)1=0=0 + aNAN14--C-N13+0 ft O

. l . / . . : .
biuret stru n he I n g&ﬂ% metyi:c.ratio of
the starti ng&%?gﬁﬁg?%?upéf%ﬁ? ?/%_rymgﬁfl?g%%ﬁt nmec iénﬁjg %r(_)&’ghglh_es are
produced, tRBSOMPEISREg usedPHy @eitiiacntated adhed8¥9es andvetlabaei ngs

(pol yur et hapgmh@stAal1yaS FPBRANMEIEshneS Eheunmopkashi ¢ vl er kahabRarReari ng
parts, rollers tI{re@, and rolls, and as el astoners of varying hardness in
fibre form FEFZLELASE| Bles, PUE being the abbreviation for these el astane
or spandex fibres) or as polyether- or polyester-urethane rubber (the

fhermoset oRBE| MLARCITR CARSAd: FE T HOSLRAY R SR e gids  PREPEPARRT or cod).

etc., and ahso lamsitoB0%Pl bgt wedghsee ial spapoigutathane Iradsier$0s by

Geser bed | AEGPREr | a0fn Rongi BrERTaergTTar, " DagBy” HE CEHES BGEQL .

Bat zer 3, 188igkD; obofhsi wilests (B )is mparuiaoiarlyaerefeneyte. thaktym Sci .

Eng. 13, 248nd03;pHaubenVeyLheetdy 2, 31861-dofddosed of polymethyl
methacrylate, and this polymethyl methacrylate can
comprise conventional additives. These plastics sheets
"composed of polymethyl methacrylate are commercially
available inter alia from RS6hm GmbH with the trademérk
PLEXIGLAS® XT.

The plastics sheets can moreover be'produced via cell
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 R&hm GmbH with the trademark
PLEXIGLAS® GS.

Additives

The moulding compositions to be used for production of
the plastics sheets can moreover, as also can the
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
phosphites oxr phosphonates, pigments, weathering
stabilizers and plasticizers. However, the amount of
additives is subject to restriction relevant to the

"intended use.



Infrared-reflective pignents By using various infrared-reflective,

. Inorgani c colour pignents in PA noul ding conpositions it is possible to use
t hese noul di ng conpositions to produce dark-col oured pl astics noul di ngs and
to coat other plastics nouldings with the abovenenti oned PA noul di ng
conpositions, these having a markedly tOwer rate of heati ng on insol ation

t han noul di ngs whi ch are conposed of conventionally dark-col oured PMVA or
have been coated therewith. - 13 - CAS nunber C I. nane C. |. nunber

Chem cal nanme 68186-85-6 C.I. Pignent Geen 50 C.1.77377 Cobalt titanite
green spi neThese sheets can be transparent or coloured sheets.

Colouring of the sheets can by way of example be
achieved via dyes or pigments. Acdordingly, any desired
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® XT
sheets with PLEXIGLAS® GS sheets and/or PLEXIGLAS® GS
sheets with PLEXIGLAS® Sz sheets and/or PLEXIGLAS® LsSW
sheets with PLEXIGLAS® 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.

Fluorine polymers

For the purposes of the present invention, £fluorine
polymers are polymers which can be obtained via free-
radical polymerization of olefinically unsaturated
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-

containing monomers.

Among the fluorine-containing monomers are inter alia
chlorotrifluoroethylene, fluorovinylsulphonic acid,
hexafluoroisobutylene, hexafluoropropylene,
perfluorinated vinyl methyl ether, tetrafluoroethylene,
vinyl fluoride and wvinylidene fluoride. Among these,

particular preference is given to vinylidene fluoride.
Thermoplastic polyurethane

The:thermoplastic polyurethane used comprises a product
having aliphatic or aromatic units within the compound.



1308-38-9 C.I.

Pigment Green 17 C.1.77288 Chrom um oxi de 109414-04-2 C.|.

~Pigment Brown 29 Chromumiron oxide 68187-09-7 C.|I.Pignent Brown 35

C.1.77501

- 11 -

Polyurethanes (PUs) are polymers whose macromolecules
have linkage of the repeat units via urethane groups
~-NH~-CO-0O-. Polyurethanes are generally obtained via
polyaddition from di- or polyhydric alcohols and

isocyanates according to

HO~RY“OH 4 p O=C=N—~R-N=C=0  ——~

¥

o——n‘—o—g—un—a"’umﬂ—ﬁ-
) Ol,

1]

Rl and R2 here can be low-molecular-weight or even
polymeric aliphatic or aromatic groups. Industrially

important PUs are produced from polyesterdiols and/or
polyetherdiols and, for example, tolylene 2,4- or
2,6-diisocyanate (TDI, R? = CgH3;-CH3), 4,4’'-methylenedi-
(phenylisocyanate) (MDTI, R? = CeHa~CH2-CgHa) ,
4,4'-methylenedicyclohexyl isocyanate (HMDI, R? = CgHio-
CH,~CgHiq) or hexamethylene diisocyanate [HDI, R? =

(CH2) 6] -

The PUs can generally be synthesized without solvent or

in inert drganic solvents. Certain amines or organotin
compounds are widely wused as catalysts for the
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
isocyanate groups react with the urethane groups or:
urea groups to form allophanate structures or,

respectively, biuret structures, e.g.:

P e
MNESCE0 4 WeNHC—Oow e NH' [ :
. i} . ; b GO nae
° i

allophanate structure .



Iron chromte brown spinel 71631-15-7 C. 1. Pignent Black 30 C.|.77504
. Nickel iron chromte black spinel C. 1. nonenclature from Col our | ndex,
The Society of Dyers and Col ourists (SDC) Studies on specinmens Sanples
produced from Variant 1 successfully p% sed the ECE R43 (Annex 3, paragraph
2.1 and Annex 14, paragraph 5) falling: %arl test. The drop height of the
ball was 4.37 m the weight of the ball was 225 g and its dianeter was 38
nm I n each case, 5 specinmens were jaasledsat 23 degrees Cel sius and five
Speci mens weNeCtest eerNate-NE8 degrEes CEhS@Mﬁw Results: In none of the
tested sanples did the bl | penetrate thefmaterial, and no splintering of
. fragnents occurred. The test was passed. In conpari son with the
measurenments at hi gher tenperature, @ﬁuéﬁﬁléﬁéﬁ%ﬁynékperlnent at minus 40
degrees speci nmen tenperature gave nmarkedly shorter cracks in the test

speplnen. _As a function of the selection and stoichiometric ratio
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
elastomers of varying hardness in fibre form (elastic
fibres, PUE being the abbreviation for these elastane
or spandex fibreé) or as polyether- or polyester-
urethane rubber (the abbreviation to DIN ISO 1629:
1981-10 being EU and, respectively, AU), as thermoset
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,
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

By using various infrared-reflective, inorganié 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
mouldings with the abovementioned PMMA moulding
compositions, these having a markedly lower rate of
heating on insolation than mouldings which are composed
of conventionaily dark-coloured PMMA or have Dbeen

coated therewith.

The following pigments can be used, for example:



- 14 - Patent clains 1. Plastics conposite, characterized in that
_ at least two poly(neth)acrylate layers (1), (2) and of a |ayer
conposed of a thernopl astic pol yurethane (3) wherein the |ayer thicknesses

conposed of

of (1) and
range from

of the preceding clains for glazing purposes.

(2) is in the range fron10.? to 6 mmand those of (3) is
0.5to 5 M 2. Use of the B

conposi te according to any of the preceding clainms as conponent for
o1t

o r o + Cl m

barriers.

characterlzéaslnumher'|tCJE.cmmp@sed hE . It  humbert \ hpmw¢@ﬁemh¥acny

/| Non_trancnaraont nl act 1 ~c o~ AnnNA
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| ayers (1)
Transparenh

6éi2236 gbege | Spar ezlf %xf?as | pyer _hagsheen | ¢al grte%ta% te

non-trar CS conp05|te dccor ing to
Green 50 green spinel

13O8F38—9 |Cc.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)

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.

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.

Results: In none of the tested samples did the ball

penetrate the material, and no splintering of fragments

occurred. The test was passed.

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.

it is

in the

| astics conposite according to any
3. Use of the plastics

noi se
1,
ate

1,



characterized in that it is conposed of at |east two poly(neth)acryl ate
| ayers (1), (2), where at | east one | ayer has been provided with an

| R-reflective pignent and with additives or with a m xture conposed of
various I R-reflective pigments and additives. - 15 - 6. Transparent or
non-transparent plastics conposite according to Claim1l or Claimd4,
characterized in that it is conposed i? at least two poly(neth)acrylate
| ayers (1) (%%,cghere at | east one |layer has been provided with a U/
absor ber GA&Eh L3NG ur e conposed of various UV absorbers. 7
Transparent or non-transparent plastics conposite according to Claim1l or
Claim4, clhar agt earsi ziecdS iCnO t haé,ti it is conposed of at |east two
pon(neth)acryléte ayersl?%3, R%D, where at | east one | ayer has been
provided with an inpact nodifier. 8. Use of the plastics conposite

accordingdﬁ§fggkéy-gggeﬁqq9§gjng claims for bodywork construction
pur poses. . A bodymnrk conponent, equi pped with a plastics conposite

according to any of the preceding clains.
it is composed of at least two poly(meth)acrylate layers

(1), (2) and of a layer composed of a thermoplastic
polyurethane (3) wherein the layer thicknesses of (1)
and (2) is in the range from 0.5 to 6 mm and those of

(3) is in the range from 0.5 to 5 mm.

2. Use of the plastics composite according to any of

the preceding claims for glazing purposes.

3. Use of the plastics composite according to any of

the preceding claims as component for noise barriers.

4, Non-transparent plastics composite according to
Claim 1,

characterized in that

it is composed of at least two poly(meth)acrylate layers

(1), (2), where at least one layer has been coloured.

5. Transparent or non-transparent plastics composite

according to Claim 1,
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 IR-reflective pigment and with additives or with
a mixture composed of various IR-reflective pigments and

additives.



10. Process for production of a plastics conposite according to CCaimlto
7, characterized in that the plastics sheets are heated to from80C to 140C
and are pressed for from20 to 60 sec., using from10 to 100 kN. - 16 -

11. Transparent or non-transparent plastics conposite according to Claim1l,
characterized in that the |layer thicknesses of (1) and (2) is in the range
from1l to 3 mmand those of (3) is Tnlghé range from0.5to 1.5 nm 12.
Transparent or non-transparent plastics conposite according to Claim1 or
Caim4 or aim1ll, characterized in that the | ayer thicknesses of (1) and

(2) is identicalransparent or non-transparent plastics composite

according to Claim 1 or Claim 4,
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 of various

UV absorbers.

1. Transparent or non-transparent plastics composite

according to Claim 1 or Claim 4,

characterized in that

it is composed of at least two poly{(meth)acrylate layers
(1), (2), where at least one layer has Dbeen provided

with an impact modifier.

8. Use of the plastics composite according to any of

the preceding claims for bodywork construction purposes.

9. A bodywork component, equipped with a plastics

composite according to any of the preceding claims.

10. Process for production of a plastics composite

according to Claim 1 to 7,
characterized in that

the plastics sheets are heated to from 80°C to 140°C and
are pressed for from 20 to 60 sec., using from 10 to
100 kN.



- 16 -

11. Transparent or non-transparent plastics composite

according to Claim 1,
characterized in that

the layer thicknesses of (1) and (2) 1is in the range
from 1 to 3 mm and those of (3) is in the range from 0.5

to 1.5 mm.

12. Transparent or non-transparent plastics composite

according to Claim 1 or Claim 4 or Claim 11,
characterized in that

the layer thicknesses of (1) and (2) is identical.



