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WD 2008/ 000528 _1- PCT/ EP2007/052391 Transparent
pl astic conposite Subject matter of the invention 5
The subject matter of the invention is a plastics
GORQYel/R.005RE conposite i;s conposed by peay reboeyamBle 91
of three layers, where the two external |ayers are
conposed of transparent polymethyl methacrylate (PMVA)
d the i nner .l ayer_is co sed of a thernoplastic 10
B TAe B ¢ AREE qilcs conposi te passes the
ECE R43 (Annex 3, 2) falllng bal | test and, when
SRIURO il Qe LA RS Of i dent i cal .
nsi ons, has roved acoustic properties. 15 Prior
art EP 1 577 084 (KRD Coati ngs GnbH) describes a
Rhast 5685 eEPMPAsEEErSheet 18 welj&l e azllgwgavw Fma@%lcs

i nternal side and with an external side, where

CREBPFALes| FROCIPR/HERsel SPTROFEEar oY PPCPxangle

bire @Kt:ééna!a:ﬁé:.d@ Whex@pesed @xﬁropﬂéﬂtﬂé@iﬂ adiagtetse are

i nt ernedi at e I tend bsor
%F?E‘P&Sﬁfie Ent FTBEPRF ERENPS gff“ettﬂ?é( @&% ?PMMA
bhd pthstlxnnéxl larycrPMI/A, ¢smpoapds&ﬂfob.athermoplastlc

?Lr n?f% %35' ¢ ﬁﬁ% ure&‘ﬁ%”%f&} é::rfé)) t:o{%gtoggg:%v\éaasses the

erni |cal str are
BZE47998 (VKE@eXecﬁnolégleé?l&eggrbbéé atgb&azi agd, when

@BEBSQEdconﬁﬂﬁﬂg of sthngerhayer ek idif ferent identical

-plastics, 30 where one layer is conposed of PMVA, the

Phmenfdanas ehﬁayémpr@\f@érrﬁ&@@&téﬁ RYPRSF & hane (PU)
or of pol yvi nyl butyral (PVB), and the further |ayer
E sed of PC. The external sides of the glazing
Féﬁﬁn? ave a scratch-resistant coating. There are no
35 data concerning the nechanical, strength or other

Eﬁcﬁag59a582roﬁ8ﬁ5iSgaegnﬁge(ﬂhﬁﬁingegk§gggg’z?tgfgstics
composite sheet for wvehicle glazing with an internal
side and with an external side, where the internal side
is composed of polycarbonate (PC) and the external side
is composed of poly (meth)acrylate (pPMMA) . The
intermediate layer, intended to absorb the different
coefficients of thermal expansion of the plastics PC

and PMMA, is composed of a thermoplastic polyurethane

(TPU). No data concerning mechanical strength are

stated.

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 1is 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
data concerning the mechanical strength or other
mechanical properties of the glazing element, other

than data on scratchlresistance.
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than data on scratch resistance. WD 2008/ 000528 - 2 -
PCT/ EP2007/ 052391 WO 96/ 13137 (Decoma | nternational)
describes a glazing elenment which is intended for

hi to which h I
R cop STABISRTT n The ear= i Rdows of Jorl Bragt 2391
exanpl e. There are no data 5 concerning mechanica
I
SHESO8 Do PPLEBLechd RELIGhRLR ool 0l Sl Ve d! 87 Mg
rebemernenwhscbf 1ECE11R4@1@®®nfwt el ciRls aandMato which
'lfi‘é(e?{mc_!;"olé’%ﬁéntéh%%esr}?@éé Eﬁ¥§?r59eae %rSOV1rgthw tRar

scratcth-resi stant and UV-r esi st ant ayer
pW%ﬁ@QW$o@ﬁmYﬁ%%§lﬁ%reﬁ%ﬁ5@§ampé?y mhﬁr@eﬁé@tﬂah data

I @4:8Ser@fth thd Shd:$i Fd Dhdyrdgteconom c.  Further nore,
UV-resi stant coating and scratch-resistant coating

are applied together in one layer to the PC, and this
iobjét reduces the scratch resistance of the system

A solution described for this conprises systens in
which the PCis finished with an 20 outer | ayer

chmposauc gfleV- s bsgseabay @VMALa AL hgy epmpesrposéd PEf could

tﬁ&%ﬁiexkg gSmggﬁ§n§§a$o9gﬁggrEﬂ¥ﬁEsaBg ECB R43 even

ess S t e function o ratin hesi on
b@%%@@ﬁlP@?@n@rPMNﬁ@$a}éYerFuﬁPW@Wﬁﬁbe there TREPPRFenave

i these systepsadas thechunchi onsel-aeenpensakicads Vi and
25 its high elist|0|t§%.for the different coefficients

VB bR B G0t IR GARE T PRI S PCRGRG Couses
RMMA) . hibhs typpeoifidayetrazleso pramﬂde$ha|s is highly

SBRPLLUNLY, o LS EALDD, NSRBI AES, [ Uacin
ety pasts- tewl fant ngoagd)nbalaret e@pplwdu stomtéﬁarectn ofne
tNe 4 ventLan e Proyh dends khanapal eSSt ERE scratch
corposi te I ch passes the ECE

resistance of the system. A solutlon described for this
comprises systems in which the PC is finished with an
outer layér composed of UvV-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 ahd, when compared with
standard plastics composites of the same dimensions,

has improved acoustic properties.

Achievement of object
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(Annex 3, 2) falling-ball test and, when conpared mnth

35 standard plastics conposites of the sane

di mensi ons, has inproved acoustic properties.

Achi eyenent of object WO 2008/ 000528 - 3 -

P@?/%@g 9%8%%%91 The i nvénti ve pl asti ¢ Comrodi 1234391

conposed of at |east three | ayers conposed of

pl astics, where the two external layers (1) and (2)

are conposed of transparent 5 polynethyl nethacryl ate

( PhER) innentiree i merstiayer danposgrigosed ofomposed of at

tﬁsangE%§%'Cﬂ%y@eg*%éﬁgﬁgéﬁT%% §§£s£§8§ QYEee the two
er thicknesses of can I n the range

1©XFIE§PH3(].) tayers nw grléf éﬁa\bwef rcmppaﬁﬁ tF FHRRSREEnt

t59§9meth§§)n@%&d@%yyaﬂéweﬁmmmﬁ EhEMthed {Onédr Meyer is
preferabl from he | ayer thlckness s

ofompeFeg n8 (3t g&ﬁm!?@lia&éﬁﬁ EQ- Yo et (see
preferablie.t hat the external side of the plastlcs 15
conposite has been designed to be thicker than the
internal side of the plastics conposite. In principle

i Laysraltdo ckorseiesabd®e (o) produce2h nen- de ampahenthange
c r varjia t I ang,t 0 e
bg%8§bqﬁ55 gb rg:n{zﬁtS,BJ('E%EEI?QH@externa ?é é#i %m §nd

(Qyoéénﬁd%ed3bf<¥¥hn§9aﬂéhttbélyﬁﬁﬁﬁylfrﬁ@tﬁhé%yFﬁté mm,

- (PMVBLr§BIy I BréMr 0. 5hepsel vesm. I&heamwyayWﬁﬂﬁakd@%ses of

conposed. o conposite conposed_of at t two ,
Zgg %%np%%edngg'P : %ggﬁaF?ﬁerﬂBr f : B Payerstt 1S

(ﬁu}eﬁéflab?é cambe tlosposecenial blends O:ff PMWe andastics

(gL YA Sy o0 BE0 0Ll 0 RORPLY ™ e
i iphernabdéidedoPMite PbiyhethytoBOosktdacryl ate

(PMMVA), inpact-nodified PVWA (i nPMVA),

In principle it is also conceivable to produce a nbn—
transparent, coloured variant of the material and to
use it as Dbodywork 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.

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 lavers.



10

15

20

25

30

35

bl ends conposed of PMVA or conposed of i nPMVA and of
fluorine polyners, e.g. polyvinylidene fluoride
(PVDF) where the mxing ratio between PMVA or i mPMVA

for exanple, from 10:90 to 90; 10
Vomépaﬁ{oo§§2$he conposi t & &am al so, i fP&pF Qﬁﬁb%ﬂQ§239l

be provided wth a scratch-resistant |ayer and with

~further functional |ayers. WO 2008/000528 - 4 -

PCT/ EP2007/ 052391 The two external layers (1) and (2)
cohposedoof exteanspar éayeps| yrfgt hylandet Haor ylatmposed  of

t
USSR PR For PRS0 P D PRt Tt CRRREDC, b tbve
Adepni weovadesd niitur BV talbéroeréfersrhema@vamfa@etsamﬂ:tzhas:s,
IM@Ht t@nr@&@et:la%et B oMUY TRIH PAAM @%@Sbkeasmtﬁmre

neets the nechanical requirenents of ECE R43
p%??F%ﬂfar the falling-ball test, without a
pol ycarbonate | ayer. has better acoustic properties

en conpared with 5 a S|ngle | ayer Iastlcs eet
a??ﬁ cd%%ﬁ?iﬁﬁQ§s di ffEnsi oAS. %ﬁﬁQ%%% 03|$Q?
SHSNERNEPU (PEMA nodmibaw et ¢ ospeterequi pped MAth a conblned
UV- and scratch-resistant layer. 20 unlike

I mpact -resi stant PMVA vari ants, does not becone '
t ur Bi dnegen when madijaasiaed tbequxr@mﬁzgt@r off #JE ng43, in

t enpergs #f fou1 P en cgpar eth W ho PG h%%sQetteﬁlthout a
modul us of elasticity (better stiffness) and

unl i kePPEY PAVEE oI t es, generates no
e has better acoustic properties when compared with

a single-layer plastics sheet with comparable
dimensions.

e unlike PC composite systems, does not have to be
equipped with a combined UV- and scratch-resistant
layer.

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 L 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
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problems with internal stresses (induced via
different coefficients of |inear expansion).
Production of conposite: 30 Variant 1. The conposite

sheet was produced via hot pressing of 1) 300 0

x W9 ﬁﬁpﬁﬁﬁﬁpéﬁﬁS(r) XT20700 g éSs-cIear,éC%éE?%ﬁgzéhééﬁgl
300 x 1 mm TPU foil (Krystalflex PE 429 or PE 501,

Hunt sman) and (2) 3 3 nm PLEXI GLAS(.r

2876651 eWSFeggo eﬂ’gse;%éjt Sl%ed(vég afnrég%w%égpoﬁjl%ég trom
afd tHoe deatdqg PLEEIGEAST¥ONyBedes 60eseerkaned fny \HPhm
2%9?&900528 - 5 - PCT/EP2007/ 052391 pressure was from

1 0 100 kN and was applied for from 20 to 60 sec.

PLEXI GLAS(r) XT grades are marketed by Rohm GrbH 5
Vagkaphe22lt s al so conceivabl e that the conposite is
produced via a 3-conponent injection-noulding

process. A possible nmethod here uses a decorative

eftedts tOL 45 | Bbnd0ioAbacPLRXIFCLARE I Yofipbki tBhiigh groduced
then reverse-coated with, TP and PMVA by an A
i K 8ct i Dn- Mol B FHocedBI SGEA RO TA TR f (PTRSFSS -
ppssisbblet yephodudesrd hesesventiecerpkasei esfentultd nyrint
D US] BIRYMRAGCE) 100 T GYGLEE 1800 i Ake-coared with
i nj ection-noul di ng process on'a |am nate conposed of a
PRREA aodl PEMAPRNAaBheBT e¢ i) oandorldPRof Brpcesy: 20
Materials used PMVA A preferred plastic for the

pl astics conposite 25 enconpasses

pBREEABENYacryl ates. These polymers are general |y

obtai ned via free-radical polynerization of mxtures

“ﬁi%ﬁf%ﬁg¥i5§s Egifl€§r%&%%%%éé”%hgxgﬁggﬁkgge 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).

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. They 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
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(et h) acryl ates enconpasses net hacryl ates and
acrylates and m xtures of the two. 30 These nononers
are well known. They include (neth)acrylates derived

om sat urat ed al cohol f I th
eWﬂy?%PﬁgPﬂ9§g?ylate ;ropg{ ?ﬁggﬁ):crs?%#ZthéQQéﬁﬁa39l
Eneth)acrylate tgr; b?LyI 35 fneth)acrylate pent yl

t an acr te;
(K&?E%g %@?ES de?’n(/g eh:%x)yac Q)( HUT a% ‘ed"al” %oho’?s benzyl
fOmeehaaprglateybr(mménxkrymeth acgypaopynyhere in each
DR800 % T et BE BT o et By ser Tl E P
ak9| fowat mx&mw%@ttssu@hcéga%h%yl<me(t#é1a|¢)ré(é|a>t|e§tle such

ogsphenyh _GAg gﬁ):%‘l}bhétx?l wher e(nléi:lﬁ%&ﬁ“yl%afee the agopnyl
radi cal s ma e unsubstituted or, haye up

siBsEM aerY sateycIvangryaheth) d P€§Yl§l‘}@ﬁos gech as
33\/}19{91}?6)(9%)@892#% ((j n&h@ﬁllﬁlﬁicyfﬁl&ebor nyjI 4- dlhydrohxybutyl
te; I OX net.h)acr at

%8%2 %Ygﬁg?' (%/ret h)%aﬁ‘%‘?{’é?’éy A %ydr@gl(%/tbh & ;‘fryalate'
(2ebhflackybatveyl2- hy@mbhmadngdU&nh)agﬁybaﬁe di (meth) -
ag¥ i%§¥9r0py11IFEtg%acryl@tﬁutgﬁ%ﬁggﬁd'( {H é%%ylate,
acry suc but aned
( fmehl)laécyyh@égs ofofet pelren| edlkoholsf o rf%&aﬁﬁﬁ@pﬂ@t rgptra-

hygeob e f sk 1 (et hyehy bate atkeny! oxxﬁitrmwéaﬁoxyethyl
(meth)acrylate; amdes and njtriles._of gf acE¥I|c
p

a&ﬁ’“ﬁt %%?r%%%hﬁf e FYERRi RPGhyPaRFASHEPo yacrylic

(aeid) acryl aed de, Naxa(rﬁtbﬁ hyl pl’m—scrﬂ'}-(ln@ﬁet(hyéﬁal'mlnopropyl) -

a

e Rar = C Bk d W ng e Hatrpl g P Rt gt R i e,

elhwéSMaphthybamyﬁo 2reebhatrytarepanol; sulphur-
Ccr e,

etﬁgF on§$§g%gﬁgJﬁgéﬁ$$ac%$?§teastiﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁthyl

2@\%%%%%&%% e, Wy e A et hy| (meth)acrylate,
(@@ﬁ@i@@lﬁﬁ@ﬁﬁlethyl (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 least 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 1l-hexene, Il-heptene;

branched alkenes, such as vinylcyclohexane, 3,3-di-
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bi s( (et h)acryl oyl oxyet hyl) sul phi de; pol yfunctional
(nmeth)acryl ates, such as trinmethyl oyl propane
tri(meth)acrylate. 25 According to a preferred aspect

of the pr n i nvention, these nrxtur ri
I%%s%oqg@§§§5£%E|ght prefergbly at Iea %g&&y /5?2391
wei ght, and particularly preferably at | east 80% by

ht. o net h hac wei ght
t$ﬁﬁh b %ﬁ%%%% Beér@es d e a ov§§gﬁgpé %’ Aeilya-
(h@ér)raemqr ataesylpnetradmposvxmwhs estebe, payateragedinyl

?%é& cg éﬁg Okﬁﬁktl d%@d”é%#?%ﬂ@{ate $ng an alkyl

merizable W th methyl 35 net and the
aﬁ&%%‘ﬁlﬂ?%ﬁe@l(ﬁ%{fh‘faé?ypéﬁé§r e‘FHeyO‘i ﬁ@t@éréstyrene and

g 2k kigPESTyBAEH, a%tﬁsshﬁ)@[&d 13&9@%@1@3@ hQ{z@ﬂgheﬁl alkyl

al kenes, such as \Y cl ohexan

R8T DoTLIRE - fﬁ% Ebh7) 1asrret‘r+§1 EHHSRén e 214

%@Mlétyﬁréﬁ@but}ﬁ]&i@n&bd&t Bylyrehepent eoeh as mono-
oni tri e ster such. as_vin e

e gl | PR Py e Aoc By mo SEPEANES ana

Sudstalbenes tyremes si Hetelmaicycle cg.viamynet hgﬂnswn@ﬁe such

a%il ? ?’SS‘%H%#’%%[ 19RE §U9§£y119§§g%§1}2<¥ renegha) 1”93—%ny1—

fuent on the ring, as vrnyl | uene
armrlcblrm hy| styatenel - 4rarisyeliated itsr ened, Bs@eﬁleéélyl 5=

1S pInsd yr eneszlrwlgﬂ}xorn@ﬁﬂﬁeenes vinylpiperidine,
trlbronDst renes. abr

Bébbi Q@%@H%1 gnﬁbﬁﬁ gar ﬁéﬂ&¥ren§ -vinylcarbazole,
2&Aﬁiﬁ&l¢Midhimﬂe3 VR Apkplyil di Aeinglhet Bykebeyi nyi-vinyl-

ri di 3-eth 4- Vi
Jy [%%?o ine, é%nﬁﬁ%ﬁﬁ§é2§lfHOQﬁnylprpegsggyrgélldlne’
%wnyﬂmr:txazbicém@r viNmytigurlyeastclactan ny Ne aiibaddugyro-

Irvd g | m dazol €1 ARL DY - blﬁymfhkghdazobgnywtﬁh%ﬁhene,
15 pyrr'ol i done, 2-viny sgrro I done,

NIV FB18 i ne, ViBYIERYRB9EESI | di ABd  hydrogenated
N My icaE Sl aet am i Ny DYkREE YES- and hydrogenated

vinyloxazoles; vinyl and isoprenyl ethers; maleic acid
derivatives, such as maleic anhydride, methylmaleic
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 PEeroxy
compounds, such as methyl ethyl ketone peroxide,

acetylacetone‘peroxide, dilauroyl peroxide, tert-butyl
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| actam vinyl oxol ane, vinylfuran, vinylthiophene,
vi nyl t hi ol ane, vinylthiazol es and hydrogenat ed
vi nyl t hi azol es, vinyl oxazol es and hydrogenat ed 20

Py 40P 7800528cn s mml ef o Bnnyar i de, rEXTYRHA G AI5E391
anhydrlde mal ei m de, nethyl mal ei m de; and di enes,
DS bR BRLE s Bt e R SR AR #89her
pketenabl pefrroocmd@,t 0 493 blyexmnghe, p@m@mdret,r culidgrdryzoyl
V\%§£‘ﬁ£§g%y frem %Jt‘?ylzoﬁ‘égéx?ﬁbggbatebas@éjr@rblI peroxy—

t he nononers ese ounds may
use@prﬁaw. dUERTRORAtE N t e FTvYE OF- %\thksﬁ'l%é}ﬁqu]@erﬁ?éf

PR| ¥ DB k& 8k PﬁekéngeneféfiybﬁEWIlEﬁfék 'ﬂékéﬁyhﬁkanoate,

free-radic ? initiators t he referred

i REEF a]PBF¥ are>’ Imert Hp?iéhyfﬂ’i%r%‘i@‘?ﬁ?‘?%’f%r s dicumyl

V\péirokn@wiw Bt oL Iigeaiiéltperrsa@uslklﬂréﬁ@bcy )“lcjr@fe%laéi?né or 1,1-
a - azobi scycl ohexanecar boni tr

AT St Ser g 2200, SEYEL RUERRTERBISRIIARL ) © cuny

Keydneppeonkidde, tearetphayét ohivelrpeemoxdee. di lkEiwr@Htert-

%%%%%%%’%%gy s ]}% erlﬁ%gggn%ate ot Qhe Tnitiators

pEReki a8, ln@rﬁypheeméu@yﬁ dké\e@ﬁexyerteﬁmee, mixtures of

Cied Obexanone Ber axidleandi/BRBARY bnePelidinds with one
tert- butyl eroxyhenzoate, tert-butylp oxy- isoprQ yl
CHPOREE €, gné bi et HEs&HoyPhe 82’3‘?) mbovenientioned
%&n@@@d@yrﬁhﬁb&ﬁn@ontp@mdwt ybt2- ﬁéhyhpﬁédxyﬁleb(aﬂﬁad@zise
tert tyl hyl pero exanoate, dicunyl

rﬁﬁ aﬁT Oﬁ ﬁo%| %ée é%u¥gﬁ e%%gy)cyclohexane 1, 1-
bls(tert butylperoxy) 3, 3 trlnethylcyclohexane

- opiay | amBMHEOI%%rt@ﬁ' q?se ?&;éé' YEOREIEX1 88, from é) 01
exy

bis(4-tert 10 butyl cyc er oxydi car bonat e,
W9 nif? abyr veighch @geferably rom 0.5 to 3% by welght

IhZs & phenyhe 2vet gt ed hoxyet Reneners M xtures of

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
abovementioned 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,
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two or nore of the abovenentioned conpounds w th one
anot her, and al so m xtures of the abovenenti oned
compounds with conmpounds not nentioned but |ikew se

15 ¢ formng free radicals. The_a
uygdggggfﬁgggz onpounds is Trom0.01 tof qggg%%o§5}052391
wei ght, preferably from0.5 to 396by wei ght, based on
thechelght 0f bhg TROgARLS, 20.The abgyementioned

P

of'yners can duarl or as a mxture.
The inventive plastics sheets can by way of exanple be

2§a9£9éﬂ§§gl§ro@fg¥gfyé§ Cﬂ&@?&?ﬁéon%dﬁ?&gT%lons which

abovenent i oned polyners. Thernopl astic shapi ng
pPBEEBBASS suchp&éYémert@é@GﬁYé@tueﬁj ecti irsmoul diakpilable

agemmesdabh yyusegh-dier ersBeh Themmei ghii-aver age mMiddemark
of et he hono- and/or copolyners to be used.

nass
a%%ggg%ﬁﬁstoXThe i nvention as noul di ng conpositions
for produ0|ng the plastics sheets may vary within a

| h N bei hed
Iyfe, (EMS JogMELRL TSR MMLLG, DELBRIRLENed Gace
the &eabmlﬂyathoweigbn, Hmma&ﬂthulam aigeherakl Yoitn by
tﬁ@l&ﬁgge éfonﬁgg%gﬁQ%ﬁP?érfPQtQQO gﬁggéd ef@ﬂé“”@btal

om 50 000 t g and " particul ar g/ _
pW%%@lfifabW £henrBeeto0 Ito 130@ag0d cyylaslly wWoyeferable that

2@1@5/ 0@0%2% icd - sREELEP200/E 05233 boeid h 88 | BERARd- hyl
[tant_restricti.on. Partlc%larl¥%ﬁ{eferred ul di ng

RFTYbRES whi B ehBbipad® t& o Can
amanﬁab@e cbnoemepakedl laddirdmdohnTisdé wilbBttihke sheets

%gr arI@¥E§|§§éi%ﬁ%len%gtﬁgggyegglcs §$e§%%m§rClally
vaev@hlabl@ patercallala airdnedmmeogmlb@ with the trademark
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.
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10 wei ght, of poly(nmeth)acryl ates, based on the total

wei ght of the sheet. It is particularly preferable

that the plastics sheets are conposed of pol ynethyl

net hacr nd this poly hyl methacryl ate can

c@ﬂp 9%/@éﬁ§%§tlonal addlfl%é These ﬁ@@gbg%péﬁﬁﬁﬁ%§9l
15 conposed of pol ynet hyl nethacrylate are

cormmercially available inter alia from Rohm GrbH w th
the trademark PLEXIGLAS(r) XT. The plastics sheets
cineser et shecpnodoeednAressmratdnt 20rcastiogred sheets.
PEQEESSESy HoF € ey vg%eg XAl ey syLlabbe ALMIE pe

resin mxtures are | ac I n am)u and polyrrerlze
Shelet eveRugipr @maéeérapéga@m@r c»Aaaqogfdlawém algry fdesmred

Rt Gibd Wehbet e EéﬁdeﬁérkcoRbEﬁb@LA§ﬁ%b.G@mm25another

Addi tives The noul ding conpgsitions to be used fo
PROTeEdteh 6P R PraAsEPesOihddts REFSHBY eg,pgfentégn By
aksp 68nekhrpB8, ageykisc pb%&lll’bi,e CoIoneA reo R iaInE® XT

addi t

Aeerar r e R AR o vl Sedibias® os
a@@aess Whaherﬂmemmﬁs;SZI@beetanasd/dye§LENL@NAS LSW
'éﬁ?éé’&@r%mt '@ﬁé)&Gﬂ.A@mt TSt%%jéﬂgersénénq.t is gossable

organophosphor us conpounds hosphite
presphdieat é@mbangnem <o lmut res n@heﬁtabWIlF erd &edoured

phiasdd ChZEES. cHaMeMEr twbhecamauntsaf shaddist ibvesd Tombine

_ sugéect tor strlctlon relevant to the intended use.

gheqls Wi e 0p7P 882891 These sheets

can be transparent or col oured sheets. Colouring of

t may of exanple be achieved via dyes
PR SPEe f%%ﬁgcor ; : .

or~ pi gren dingly, any desired 5 plastics
sheets can be conbi ned with one anot her

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 £luorine-containing monomers are inter alia
chlorotrifluoroethylene, fluorovinylsulphonic acid,
hexafluorcisobutylene, hexafluoropropylene,
perfluorinated vinyl methyl ether, tetrafluoroethylene,
vinyl fluoride and vinylidene 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.
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according to the process of the present invention. By
way of exanple, it is possible to conbine PLEXI GLAS(r)
XT sheets with PLEXI GLAS(r) GS sheets and/or

PLEX sheets with PLEXI GLAS(r) SZ she

afd/ é%ﬁ%&%ﬁg ry LSW 10 s%gefs Wi t h #{%@fﬁg@e}r/&%@r”l
sheets, and it is possible here to conbine a

cqlour e sheet th ol red she r i n
P EERrEeE  Rls 180 e hReCL S A s
shaees Mnﬁameoan@hleerreaéatﬂ umrtﬁe piad yneeshioe tgheaups

PUTRO8ESOf t%‘\ﬁ%ﬁé@k@é%ééw Qféo%eﬁéfﬂii‘e okPé%l S via
are mers ich can be obtained via free-
p@@%{ﬂ@@%kﬁ%@%n &roml efdim ca@¥y DAsERVAALEd @écﬁﬁlﬁéﬁer $nd

WhESB haN et al&aBliRgecbl uorine substituent at their
doubl e bond. Copol yners are also included here. These

cpolyarer s eedEReoRtEFITO al ongsi de one or nore

fl uori ne-contai nithhg nononers, further nononmers which
are copolynerizahle with these fluorine- 25 containing
nmononer s. Anong B[WE}FH f+wm@w&g§nl ng nononers are
inter alia chlorjotrifl uproethyl eog,

f1 uorovi nylsul phoni c acid,,;; hexafl uoroi sobutyl ene,

hexaf | uoropropyl ene, 30 perfluorinated vinyl nethyl
eRhergnd eReaf heoe oatdhy| dre, lovirpnglethliorideight or even

Vﬁ@l’yrhgz_ef@ fduYHA8 ¢ A@ngaigﬁéglc F{f’f&iﬁéﬂ alndustrially

pref'erence is given to vinylidene fluorid
'Hﬁﬁ?%ﬁﬁ%%tP@SmﬁﬁﬂwEFﬁ§H€e§5fﬁﬂ?tﬁ@?ﬁ%ﬁFﬁ%@Fels and/or

pﬁéyy@ﬁmweda@@nprw@s axprpduct thaviiege 2,4- or

bbbl L b T S 1y 0 SOl MR-

(Emséng&fs¢my@n&ﬁs ) whoséMbRer onoRécul es  hagedd-iOrkagets) ,
P‘Io 4h%%%%€énéﬁﬁé§cléﬁe>w€t g%‘?%; %HQS (D, CR2 O cgnyo-

1 yur S are “gener a !
CH,-CgH19) or hexamethylene diisocyanate [HDI, R =

(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
polyvaddition 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.:

MNH&?‘"——‘G

MNERCEED 4 WeNHe GO el "
. 1 . , wvwmﬁ—OWv

Q

allophanate structure
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pol yaddi tion fromdi- or polyhydric alcohols and 5
i socyanates according to Ito-WOH a o-c=u-R -r*c=0 |
(I {-OR-OGhIHRZMIFJ-C-10Q IR Rl and R2

her e nol ecul ar - wej ght or eve
aWPpﬁgggéggpggggnatlc groupsiglndustrlal fgﬁ%ﬁﬁ’é§ﬁ239l
PUs are produced from pol yesterdi ol s and/ or
pol yet herdi ol s and, for exawpd-e tolylene 2, 4 or
2 MB=EFP socy BTt TDr—R2 = S6H3mGH3) |
4, 4' - et hyl enedi - (phenyllsocydhate) (MD, R2 =
C6H4 CH2-C6H4), 4,4' -nethyl enedic cIohexyI I socyanat e
(HVDI, R2 = C6H o- CH2- CoHREYr B ﬁé&‘éﬁ%?ﬁ?l ene
diisocyanate [HDI, Rz = 15 (CH2)6]. The PUs can

I zed_ W t hout =S

ener al yn h | v . i
Saan udoroent B "Ehrr SFndahings 38 Sigasoropet:i ¥ atio
c:@frpotthwls safae:ﬂmmbel yatteedads, caPHIsysWSth&orvém Al fferent

p0|gﬁg 8t OQS %%S ggogggi %Fes tb%in fused as
FUnc |ona ol S~ afid"i §6cyanat és i near
PU@nStiteeet$|ng ﬁéheSLEEs ehdhbgh@pa&umeﬁldmaﬂwwyemhene

used; 9Ly el ses i f; Jhefsd, s a8 e%ﬁeeﬁoeiag§9&y@e¥é%lal for

branc ed and crosslinkéd products afre produced, where
JdBeREHRY anRBLEr oupel F8BEL WEYRSEhe @8R8t haRel§r ougddor as

UéE@s@ér@é'ﬁé? be RIwiald ophadaees Sthuct 15:85 8brm (elastlc
ectivel bi .ur et tru res,

BB Fopn e SR CERr c FRBTS00 6005 47 These elasCane
RﬁT/Eﬁﬁﬁﬂié@SZBﬂireQWﬂ=@G=Ca£ 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, 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
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 Dbeen

coated therewith.

The following pigments can be used, for example:
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a 0 Dbiuret structure As a function of the selection
and stoichionetric ratio 5 of the starting materi al s,
PUs with very different mechanical properties are

r.od bei ng used constitu f
§M§e§§€€é0@Q§§§f coati ngs ( yhrethane%Q$§§&@$P7/§§239l
i ononers, as thernoplastic nmaterial for bearing
parts, roIIers tyres, and roIIs and as 10 elastoners

£ g gt ooy H
Ul valr yr ity II IUIICDD LI IIUIC IUI III\CI Clbl IIUI CD,

FEAS eumleer he Caldbor ®AME i on f‘be t H@lgeb%#‘ as@hﬁelc%# name

S@@i‘ﬁ@xﬁ'é’”@ of %xr%‘ﬁ'tye @ef - Piz PP YESEBETE it
ur et hane rubber ('t he “abbrevi atl on to DN I1SO 1 629l anite
Grgean@O respactively, AU),| $5CeRhetRERSt

1981-10 being

I3 e@sig ng resd ns (P'l@?fle‘r'l@' nGI:thOSﬁm ch @hfomium oxide
gl ass-fi bre- rel nforced) gtc., and al so as foam
plastics: seaCIESH Rnlvurpthanp rubbers paol yurethane

m4mso4—_2 pel. )Iur@tl@@'ié%treSi ns. PUs haviechBs®oweriron
been descri b(% i nt l alialin Kunststoffle 85, 1616
(1095)  Bat z6PT8WLE158 140 Bat zer 3 USFHIR.

(R8T 81 1ghalis | €51)., PRomeht4( C af. SEEQL Encyedn Rotomite

.SEL,\J,EE% ,}.f) 243 3@% ﬂmﬂ:en- eyl E 20/b2r WlnS6slplln7 1.

o OFE. P\
T ar-cot—T1=1 CL;LIVC pPTyrrerts r=xv I_)y UIQIIU Va1 OUS

i G Hr-elbef | €cli.v@igmeotggrd L Ol pidenels dron

PMVA moul di ngggrposigtions |it is possiblie.,t 9 USE p1ack
t hese noul di hg conpositiong to produce dar}ﬁ ol oure

plastics mouldings and to doat other pl sREe L0

@Lﬂ di BgﬁeWthEthB% a@@&ﬁ”%l&ﬂﬁdlﬁﬁ%é Moph i Rbciety of
conposi tions, these g a mar kedly ower rate of :

HEStT S §6h q‘ﬂﬁﬂ%ﬁ moul di ngs which are

conposed of conventi onaIIy dar k- col oured PMVA or have

kﬁ%ﬂhiéﬁ”ﬁﬁ“&ﬂéﬁ%ﬂ%ﬂérl

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.
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35 The follow ng pignments can be used, for exanple: WO
2008/ 000528 - 13 - PCT/ EP2007/ 052391 CAS nunber C. |

nane C.|I. nunber Chenical nanme 68186-85-6 C. I

Pigment C. 1. 77377 Cobalt titanite Green 50 qgreen
SHPne008{888588 0 C. 1. Pi gheht T.1. 77268 BHFOR UM 052301
oxide Geen 17 109414-04-2 C. 1. Pignment Chrom umiron
B?ogg %9 éLdg 68187-09-7 C.I. Pigment C. 1. 77501

| F8r-Chr Snfte-Brown 35 brown spinel 71631-15-7 C. 1.
Pignent C. 1. 77504 Nickel iron Black 30 chromte

bl ack ' G mencl ature from Col our | ndex, The
S%éiet%gégﬁkﬁﬁeﬁémgﬁg gI'ourists (SDC) 5 Studies on

speci mens Sanpl es produced from Variant 1 successfully
passedcthe; ,EGE; R4graANNex 3, paragraph 2.1 and Annex

14, paragraph 5) falling-ball test. 10 The drop

hei ght of the ball was 4.37 m the weight of the bal

was 225 geafifosés dbaneder WesssS8 twe IgblsaGietitatty ate
speci nens re tested_at 23 _degrees Cel sius_and dfivef
SD¥PRENS (dre tEok od™aE - 8 dyr b el s EbO3Ed | ©
Resakieplantnonpodfutrbehtest éd) sanpl es did t he bal
penetrate the material, and no splintering of
fragments occurred. The test was passed. 20 In
cdnpar Psaatifs hcompogbhsupeapndsnat tai gherm 1,
tenperature, an exploratory experinment at m nus

a

characterized in that

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

the preceding claims for glazing purposes.

4. Use of the plastics composite according to any of

the preceding claims as component for noise barriers.

5. Non-transparent plastics composite according to
Claim 1,

characterized in that

it 1s 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

according to Claim 1,

characterized in that
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40 degrees specinmen tenperature gave markedly shorter
cracks in the test specinen. W 2008/ 000528 - 14 -
PCT/ EP2007/ 052391 Patent clainms 1. Plastics

osite 5 characterized jn that it is co
éWOI%%Qg/@QB P8l y(neth)acryl st e | ayers 5, lgﬁﬂéiﬁ¢$239l
of a |ayer conposed of a thernoplastic polyurethane

( 0 2. Plast 05|te ccqardin i
ch%ra%?er?%%&P?% t Ha 1 a <% cﬁ:resng§%Pﬁ%h e Hagte
bbeyeasraﬂged 68) onevloere betth éxaetnahm5|deyecflmhe been

%f&ég)a%EXE?t%ﬂ&ay%ﬁsre%&gctQ%E é%g#éﬁﬁﬁfaﬁae with

ICS CO osi t e accordi ng to an
pa@@eai*ﬂgsm arms Wish g|aazumgxw@os@§mpqse®seo§f & Lous

PLRSELEBLOIPOSHI SmaSEOT 8hHJ881 8yed! the preceding
cl ai ns as conponent for noise barriers. 25 5.

Non-transparent plastics conposite according to Caim
17 . charpgh €pd 7€ | Brt hainaﬂfaxtspeﬁr@mppsadto&s atcdmpastite

net h) ers (1) , (2), where at
I%%%&r%%églﬁﬁ ?f%égaéé%ﬁ %?%uéed 6. Transparent or
non-transparent plastics conposite 35 according to
g!?%%%éﬂ%%?%%% %ﬁ gg in that WO 2008/ 000528 - 15 -

3 i s conposed of at |east two

pol y(met h)acryl ate Iayers (1), (2), where at |east
one | ayerchgs,gen oMr ol dedadd h ai | BoiefhReh)verylate
pi gment and with
layers (1), (2), where at least one layer has been
provided with a UV absorber or with a mixture composed

of various UV absorbers.

8. Transparent or non-transparent plastics composite

according to Claim 1 or Claim 5,

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.

9. Use of the plastics composite according to any of

the preceding claims for bodywork construction
purposes.

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,

characterized in that



additives or wwth a m xture conposed of various 5

IR-reflective pignents and additives. 7. Transparent

or non- transparent pl astics conposite according to
10 characéerized inthat it

Cﬂﬁpgé@%/B@OQFSIeast two pol %% met h) acr yI &t ?%8&?@952391

(1), (2), where at |east one layer has been provided

th a. UV absorber or with osgd, ~ 15 of o
mg ?o&&aﬁ5ﬁﬁiuﬁ °F%° 8ToTR ?ég%ée%? gﬁﬁ? §oc 12o%"140°c
n@ndtaaasmmaaﬁe4ﬂﬁﬁwlésomoﬂpo§u1e60ase©rd|nglng Cramm 10

6? 5, 20 characterized in that it is conposed
o? a% easf two poly(neth)acrylate layers (1), (2),
where at | east one | ayer has been provided with an
i npact nodifier. 25 9. Use of the plastics conposite
according to any of the preceding clains for bodywork
construction purposes. 30 10. A bodywork conponent,
equi pped with a plastics conposite according to any
of the preceding clainms. 11. Process for production of
a plastics conposite according to CCaimlto 8, 35
characterized in that WD 2008/ 000528 - 16 -
PCT/ EP2007/ 052391 the plastics sheets are heated to
from80C to 140C and are pressed for from20 to 60
sec., using from10 to 100 kN



