1 Copol yner for producing nol ded bodies that are dinensionally stable under
heat from nol di ng conpounds or cast glass The present invention relates to
a copolyner for the production of heat-resistant noul ding conpositions or
cast transparent sheet. Polyal kyl nethacryl ate noul di ng conpositions, in
particul ar pol ynmet hyl nmethacrylate (PM¢A) noul di ng conpositions, are
frequently used for plastics nouldings or plastics sheet where these have
hi gh transparency, excellent optical quality and | ow water absorption. The
heat resistance of the said noul di ng conpositions is conparatively |ow For
PMVA moul di ng conpositions it is, defined by way of the Vicat point, from
105 to 114C, as a function of polynerization tenperature. PMVA noul di ng
conpositions are frequently polynerized in the presence of acryl ates. The
acryl ates cause a change in flow properties, thus leading to an increase in
the thermal stability of the PMVA and to easier processing. However, they
have the di sadvantage of causing a further fall in heat resistance. There
ar e t her ef &opotymsern foc pratucinghmadided bedids dfatzarp! dimansionapy stabie ender

pol yal kyl et hacryl ate_nmoul di n onposi tion in particular PMVA noul di ng
conposi tions. The "serb?@g r‘?'@rfﬁ@@éﬂr&?@“pﬂﬂ?éé PECAhARRR y bel ow t he
softening point, the result being that, in the case of PMVA for exanple,
any tenperature greater than 95C can be assunmed to cause defective

ser vi ceabihe piesent invention yelates toa copotymes farithe prodysiiosnf hedaksesistanthat can
be used her re | rbon with Vica int of about 150C, but here
again thﬁ%@?&l%‘é&ﬁ@ﬁﬁ?%ﬁ Bﬁég%ftr%p%%ﬂ t?%'ﬁ%f‘e does not extend as far as
the Vicat point of the material, 150C, but is |lower by about 20C, therefore

bei ng about 130C. Pol ycarbonate is nmuch nore susceptible to scratching than
PMVA and Prixalkylassthaserlalermaygldingscempasitions.dn danticularpelymielyl r educes t he

conononerae AR ReIENME) ARG <oidhiohs, SPE FedlBn 4S8 rRdiicd, ot s Ynce
of the PWyuldingsicr pasticskahest whapé thesdeaveyhighittgfspaterigyreresianti n t he

pol ymeri zatjon reaction using nethacrylates lead to an increase in heat
resi st an@pticalayglily and o water absprpiien 1heiheatresistanpaabthesaid oposes

copol ymer4 zi ; M j . m i des,
o5 K sopshamd BirmsbeiiRhe RythaNEIY Tl PPERIMIA rhoulifl SFhBRSHNET | Cn
copol ynerit issdefineat! bywag dfthé Micat aojre, from A2 @C114°C,243Ca ffiictiohasfl y, t he
publication EP 1767376 Al describes organic particles for ink-jet nedia,
conpri si MYYNHAIOPHEMRESAYERed of an alicyclic (nmeth)acrylate having from
7 to 19 carbon atons in the ester group and a copol yneri zabl e nononer.

PMMA moulding compositions are frequently polymerized in the presence of
acrylates. The acrylates cause a change in flow properties, thus leading to an
increase in the thermal stability of the PMMA and to easier processing.
However, they have the disadvantage of causing a further fall in heat

resistance.

There are therefore restrictions on the field of application possible for polyalkyl
methacrylate moulding compositions, in particular PMMA moulding
compositions. The “service temperature” here is markedly below the softening
point, the result being that, in the case of PMMA for example, any temperature
greater than 95°C can be assumed to cause defective serviceability of the

polymer.

Other plastics therefore have to be used for applications at higher temperatures.



I>sobornyl nethacrylate is nentioned as preferred alicyclic (nmeth)acryl ate
having from7 to 19 carbon atons in the ester group. Exanples of

copol ynmeri zabl e nmononer nentioned are 2ret hyl net hacryl ate,

Nam noal kyl acryl am des and N-ami noal kyl met hacryl anmides. It is also pointed
out that the conpounds nentioned can be sel ected al one or in conbinations
of two or nore as copol yneri zable nononer. 3 For the purposes of one
particul ar variant, blends of two copolyners are used, and the first

copol ymer here can, for exanple, conprise units of methyl nethacrylate and
of isobornyl nethacrylate while the second copol yner can conprise, for
exanpl e, units of nethyl nethacrylate and of nethacrylam de. Although these
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Finally, t e

(meth)acryl ate. he' conononer s “nee are al so conparatively
expensi venudPaeds s08deptble\talscratabiregs theam BRIMA ani deudly lelssivesgthering-

met hacryl at.e- 2- et hyl hexyl acryl ate-glycidyl nethacrylate-nmethacrylic

aci d- net RGPS hacryl ate copol ymer. EP 716344 Al describes a benzyl

met hacryl at e- N- (phydr oxyphenyl ) net hacryl am de-acrylonitril e-nethyl

nmet hacryl ate-nmethacrylic acid copolyner. It was therefore an object of the
present iAnkrown @tetnativeadeducas thetfraadonaps metionrof the polymertahainsby r esi st ance

of polyal kyl, (et h)a at. | di ng_conpositions,, i articul ar of PMVA
moul di g CEBRNGRTARG SMA U, BTRY EoRRnGRIERe e Fala ardnB et 585, {1 g

mat eri al jydreg8e irpthel hdtassisRmee VSO PMMAL er ns of the favourabl e properties
of polyal kyl (neth)acrylate (transparency, weathering resistance,

processability) but which is superior thereto in terns of heat resistance.

product | OSSR R bR AR ey B bader B BTy 8t
pl asti cs remstiohi UgIng eathacrylates lesldi torarcintrdiselin ¢at fedigtantact ur e noul di ngs
wi th increased heat resistance, in the injection-noulding and/or extrusion

process. The noul di ng conpositions were noreover intended to have

conpar at I r kyel i to
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t hese obpesthyl matichcaylate withh Nemenaostilbstitutel methacngamided, elgiiNd [y i st ed.
Particul arly advant ageous , enpodi nents of the copo|yner are described in the
dependentsoaoamﬂmet lagnide-nl hryolesa thansion: rRaipt théa?smt@atgpaﬁ&ynwst

tr anspar paig e ee iRRE Mailge i 1P Ol 41 ccopol ymer in moul di ng

conpositions, a heat-resistant noul ding conprising a copolyner of the
invention, and its use. Surprisingly, it has been found that heat

(ot ) acoymigias e Ppoction P Azer 2B Loesortbes wSaap rEiioR fohinkaet
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resistance in the terpolymer is significantly nore marKedthan would be
expect edfrom 7 tie 19=zsrbon Aitame inylhessster gnesiptansha sopalymsrizable modometual
copol ynmers.:

Isobornyl methacrylate is mentioned as preferred alicyclic (meth)acrylate having

from 7 to 19 carbon atoms in the ester group.

Examples of copolymerizable monomer mentioned are methyl methacrylate, N-
aminoalkylacrylamides and N-aminoalkylmethacrylamides. It is also pointed out
that the compounds mentioned can be selected alone or in combinations of two

or more as copolymerizable monomer.



Provi sion of a copolynmer obtainable by copolynerization of A) one or nore
ethylenically unsaturated ester conpoupnds of the formula (1) 5 B) one or
nore ethylenically unsaturated ester conmpounds of the fornmula (11) R3 OR4 O
in which R3 is hydrogen or nethyl and R4 is a cyclic noiety having from8 -
to 30 carbon atoms, C) one or nore ethylenically unsaturated amide
conpounds of the fornmula (I11) RS R6 O in which R5 is hydrogen or nethyl
and R6 and R7, respectively independently of one another, are hydrogen or a
| i near or branched noiety having from1 to 40 carbon atons, provides a
conparatively sinple but not readily foreseeable nethod for achieving a
significant inprovenent in the heat resistance of polyal kyl (neth)acryl ate
noul di ng conpositions.

For the purposes of one particular variant, blends of two copolymers are used,
and the first copolymer here can, for example, comprise units of methyl
methacrylate and of isobornyl methacrylate while the second copolymer can

comprise, for example, units of methyl methacrylate and of methacrylamide.

Although these approaches to a solution are in principle a suitable method of
increasing the heat resistance of PMMA moulding compositions, they
nevertheless have a number of disadvantages. Firstly, the use of
(meth)acrylamides markedly increases the water absorption of the resultant
copolymer. Furthermore, because of the nitrogen group of the methacrylamide,
the yellowness index of the copolymers is markedly higher than that of straight
methyl (meth)acrylate. Finally, the comonomers needed are also comparatively

expensive.

JP2008-024843 A discloses an acrylamide-cyclohexyl methacrylate-2-
ethylhexyl acrylate-glycidyl methacrylate-methacrylic acid-methyl methacrylate

copolymer.

EP 716344 A1 describes a benzyl methacrylate-N-(p-
hydroxyphenyl)methacrylamide-acrylonitrile-methyl methacrylate-methacrylic

acid copolymer.

It was therefore an object of the present invention to indicate better ways of
increasing the heat resistance of polyalkyl (meth)acrylate moulding
compositions, in particular of PMMA moulding compositions. The intention was
to cite a polymeric starting material which is at least equivalent in terms of the
favourable properties of polyalkyl (meth)acrylate (transparency, weathering
resistance, processability) but which is superior thereto in terms of heat
resistance. The novel plastics material should moreover be suitable for the



Thi s copol yner, thus obtainable, has a significantly inproved property
profile. Firstly, it is at |east equivglent to pol yal kyl (nmeth)acrylate in
terms of its favourable properties (transparency, weathering resistance,
processability), and secondly it has significantly higher heat resistance.
It is particularly suitable for the production of nouldings in the casting
process, or for processing in plastics noul ding conpositions which can be
used to manufacture noul dings with i ncreased heat resistance, in the

i nj ection-noul ding and/ or extrusion process. In conparison with blends, the
anount of (meth)acryl am des needed in the conbination of conponents B) and
C) in a copolynmer in order to achieve a 6 desired heat resistance is |ess,
agd t he npmk:ld'gtir? oanMin?@by therwafr@[]mobay? drd?ipprro@éésiagy'n btzw}]im@t er
absorption a ave significant i gher, col ourfastness. For the purposes
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particularly preferred enbodi ment, erefore, are net hyl. For
t he pur pobles mefulding eoompbsiimisiveereanbreovee frtendet tenthand camparaBielyR8wand R5
are hydrogen. ' R2 of the ester conpounds of the fornula (1) is a linear or
br anched ‘g?ti?\}labﬁﬁ'i'pg'f)? and o f‘?lﬁ)tfﬁrgiy tes! a'atatrotfgﬁccﬁ?r(%'ﬁ’,”- particularly
preferably having from1l to 4 carbon atons, in particular nethyl. Exanples
of ester compounds of the fornmula (1) are (neth)acrylates derived from

sat ur at edA gbpolyoies with gll ofiherfeaturesohClaimy! ackieves thdse(ohiedts aand bbsce,

- | h late, .| v h 1 - but vl h | at e,
ert bot yioqiess tibgt Shiets SATRGMAL ALY R By Phiicdlany A ntdancyfac v ot o -
heptyl (rgrhbodiffertabethebptiynibr Areddéscrbenintife dBfeerit RRiMs! FheCompounds

of the formula (I1) is a cyclic noiety having from8 to 30 carbon atons,
pr ef er ablrgmainiagiciaiais protaad adeatisesisiant cast tranapanentsheet pedust.\that | east

(ot by acr gt ane SBp8lnfa R TR R ekt ol falte stk dtiing; ne
2- decal i reoptigrisingarcopatymerdof tHe @dldntiohnahd itaeise! at e,

2,4,5-tri-tert-butyl -3-vinyl cycl ohexyl (neth)acrylate,
2,3,4,5-tetra-tert-butyl cycl ohexyl (neth)acrylate, bornyl (meth)acryl ate,

(et hy aerSHERERAR: ioHeR et S AU AMoat rpifSlheR oo Bbs pafielBRRC o ¢ ne

present imarketlyowhen short-chain alkyl (meth)acrylates, e.g. methyl methacrylate, are
copolymerized with (meth)acrylamides and with cyclic (meth)acrylates. The
increase in heat resistance in the terpolymer is significantly more marked than
would be expected on the basis of the glass transition point of the individual

copolymers.

Provision of a copolymer obtainable by copolymerization of

A) one or more ethylenically unsaturated ester compounds of the formula (1)

R1

/S(ORZ (),

)

in which R is hydrogen or methyl and R? is a linear or branched alkyl
moiety having from 1 to 8 carbon atoms,



'R6 and R7 of the am de conpounds of the forrmula (I111) are, respectively
i ndependently of one anot her, hydrogensor a linear or branched noiety,
preferably an aliphatic noiety, having“from1l to 40 carbon atons,
particularly preferably having from1 to 20 carbon atoms, in particular
having from1 to 8 carbon atons. For the purposes of a first preferred
enbodi ment of the present invention, R6 and R7 are identical, being
particularly preferably hydrogen. For the purposes of a second preferred
enbodi nent of the present invention, R6 is hydrogen and R7 is a hydrocarbon
nmoi ety having from1l to 20 carbon atons, particularly preferably having
froml to 8 carbon atons, in particular having from1l to 4 carbon atons.
Exanpl es Bf ameder morgpethytenicHllytunsaturatad estél tbmpeurdg ofthle)farmylaaii)de,
met hyl (nmet h) acryl am de, di net hyl (net h)acryl am de, ethyl (nmeth)acryl am de,
di ethyl (met h)acryl am de, n-propyl (nggh)acryl am de,

di - npropyl (net h) acryl am de, isopropyl (neth)acryl am de,

di i sopropyl (net h)acryl am de, n-but met@RA4cr yl am de, (1,

di - nbutyl (net h)acryl am de, sec-butyl (et h) acryl am de,

di -secbutyl (neth)acryl am de, tert-buty (neth)acrylam de, di-tert-

butyl (et h) acryl am de, benzyl (net h)acryl am de, N-(3-
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in the copol yor80 catbon diomgst o t he invention are relatively uninportant.
However, they can be utiljzed in order to influence the property profile of
t he copoI%L/)r’reP"Prpre{"g%?tmfhn&?l'Mﬁ'ﬂﬁ@?“.raﬁeﬁ Mide cERPRWIGSHS the derandlaer s whi ch
have proved mgti cularly successful are those obtai nabl e by

copol yneri zati on of A) from 40.0% by wei ght to 92. 0% by wei ght of one or
nore ethylenically unsaturated ester congounds of the formula (1), B) from
4. 0% by weight to 30.0% by wei ght oneor nore ethylenically unsaturated
ester conpounds of the formula (I1) andNC) from4.0% by wei ght E'ﬂ 30. 0% by
wei ght of one or nore ethyl enica atyg/at ed am de conpounds ? t he
formula (111), where the proportions Iof conponents A), B) and C) are based
on the wei ght of the nononer conposit®on and preferably give a total of
100. 0% by wei ght. The copolyner of the present i.nvention can, if

appr opri at e, ircwhishi Beisthydragen pemeshyl @nd B and &, trapiegtively om ot her

et hyl eni cal | I i i ith the
compounds. o Ngberehfly GEofi? aRGRier SRR Sacth b ATREATSH beeREhBl sl onor
t he conononehaving fromfietoadd garbontdiemsange from 0 to 40% by weight, in
particular from1l to 35% wei ght and particul arl g preferably from5 to

. /o0 b :
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producin ; ] i At | %% j r ey iit.abl e cononomers
here for g‘?h@bﬁé’%“ﬁmnb@&i. orllrFI g@ég%? | n%isgéoH%h(g pﬁr?%gs!lgﬂt i nvention
cor r espofmetiyachdateonouiding ddrhpositions.

This copolymer, thus obtainable, has a significantly improved property profile.
Firstly, it is at least equivalent to polyalkyl (meth)acrylate in terms of its
favourable properties (transparency, weathering resistance; processability), and
secondly it has significantly higher heat resistance. It is particularly suitable for
the production of mouldings in the casting process, or for processing in plastics
-moulding compositions which can be used to manufacture mouldings with
increased heat resistance, in the injection-moulding and/or extrusion process. In
comparison with blends, the amount of (meth)acrylamides needed in the
combination of components B) and C) in a copolymer in order to achieve a



9 ~in which R1* and R2* have been i ndependently selected fromthe group
consi sting of hydrogen, hal ogens, blnear or branched al kyl groups
having from1 to 20, preferably fron11 to 6, and particularly preferably
from1l to 4, carbon atons, which can have from1l to (2n+1) hal ogen atons as
substituents, where n is the number of carbon atoms of the al kyl group (an
exanpl e being CF3), a, -unsaturated |linear or branched al kenyl or al kynyl
groups having from2 to 10, preferably from2 to 6, and particularly
preferably from2 to 4, carbon atons, which can have from1l to (2n-1)

hal ogen atons, preferably chlorine, as substituents, where n is the nunber
of carbon atons of the al kyl group, an exanple being CH2=CCl -, cycl oal kyl
groups hadesitpd lneﬂhrBsistar&eaaidmnaadd)hs mouidiag compdsitionsfthersfdret ifave?n- 1)

hal ogen at ons q chlorine, as substituent where n is the nunber
of carbon® QJPB%"R' Yt ﬂ\é{"ﬁ%&@fa pPIiof ahdhaver signifeantychigher ng from 6 to 24
car bon at@iiBurfidtheds.can have from1l to (2n-1) hal ogen atoms, preferably
chl orine, and/or al kyl groups having from1l to 6 carbon atons, as
substituents, where n is the nunber of carbon atons of the aryl group;

=Y*) R5* =Y*) NR6* R7.* SO2R5* R5*, NeS02R5*,
ICD:(RS* 2) P(F(V%ﬁﬂ%powghf pr% %’@%@”2 W@VGM@#@UTZ{ WccsaShve been

quat er ni zpcalédthh@maigtid RORY anE@’Rs%%nd ﬁt"déh E5aHR (E?\%seé% group,
where Y* can be NR6*, S or 0, preferably 8 b* 1S ay ? rouphhaw ng

from 1 t darticWarly prefarresembodimientitheteforeniR's RSamu Roal‘EOneﬁrychroretherrs OR15

car bon atie0sy f 83580 pAMcRltfiarofiial crmpBalifenta? i) dnd KB ncion 1y

hydr ogen lydregeral kyl group having from1 to 20 carbon atons, or R6* and R7*
can together forman al kyl ene group having from2 to 7, preferably from2
to 5, carbon atom; where they forma 3- to 8-nenbered, preferably 3- to

S, ETher 98 ofh Bt abmpEE of e MENANTD 0 IneBE pRlpcld ALty

i ndependdraving ireinettceﬂ chrtson afoensypairicutams besfersdlyohaving froaen to3al ogen
(preferabl% fl u% ine or chlorine), alkyl groups having from1l to 6 carbon

atons and ms.{n RRrtigylatgmethyl. ‘hydrogen, an alkali netal or an al kyl
group having from1l to 40 carbon atons, or R3* and R4* together can forma
group of the formula (CH2),, which can have from1l to 2n' hal ogen atons or
C - C4- al isdamples pf ester sobpounds af $he formufla (Ihard (meth)acrdaté dofivée =0) , where
i Y* is defined as above; and where

n' |sfr m2 t pr.ef er abl

at | east rgn?nsa{)qg@fe]%qlgthg% ?ié "]éhyl%ﬁ?%séﬁﬁ"ﬁﬁ* etve(metivagiater hal ogen.
Anong th &QYR l..ghl ori de,
Vi nyIg fl ﬁo@:bggp(nb/?lml I deﬁﬁ%ﬁo??ﬁgﬁ’ éat% "?%%ﬁ q’?ﬂgﬁw ?&'g'b{%lnt%@ esters,
such as buly(metiastyiate, pentybimeethdadrylate, Hexyl EhgthjarrglabeHeptylan al ky!
substitu n_th met hyl styrene and a-ethyl styrene,
substitu @8*’9?9%%8 q‘i’:?ﬁctﬁg"ﬁh%%?{aesubsti tuent on the ring, e.g.

vi nyl t ol uene and p-nethyl styrene, hal ogenated styrenes, e.g.

nmonochl orgstyrenes, dichlorostyrenes, tribronostyrenes and

t et r abr ofo S he gster compaunds sifithe farmula ¢bnip aueyiiic moigty avingfropy 8itdi ne,

2. 3. of r nePisgr i ol fbleamby SrUAREl P e i Bk e,

9- vi nyl cpréfgzaﬂlyeat Ragt bicyel. bazol e, 4-vinyl carbazol e, 1-vinylim dazole,
2-met hyl - 1- vi nyl i m dazol e,
Examples of ester compounds of the formula (Il) are 1-naphthyl (meth)acrylate,
2-naphthyl (meth)acrylate, 1-decalin (meth)acrylate, 2-decalin (meth)acrylate, 3-
decalin (meth)acrylate, 2,4,5-tri-tert-butyl-3-vinylcyclohexyl (meth)acrylate,
2,3,4,5-tetra-tert-butylcyclohexyl (meth)acrylate, bornyl (meth)acrylate, isdbornyl
(meth)acrylate and adamantyl (meth)acrylate.



N-vi nyl pyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine,

3-vinyl pyrrolidine, Nvinylcaprol acta N-vi nyl but yr ol actam vi nyl oxol ane,
vi nyl furan, vinyl oxazol es, and hydrogenated vi nyl oxazol es; vinyl and

i soprenyl ethers; maleic acid and nmaleic acid derivatives, e.g. maleic
anhydride, nmethyl maleic 11 anhydri de,
mal ei m de, nethylmal eimde; fumaric acid and fumaric acid derivatives;
acrylic acid and nethacrylic acid; dienes, such as divinyl benzene; aryl
(meth)acryl ates, e.g. benzyl nethacrylate or phenyl nethacrylate, where the
aryl noieties can respectively be unsubstituted or have up to four
substituents; nethacryl ates of hal ogenated al cohols, e.g.

2, 3- di br olsopoopy (meti)hentateas partitularymreferably usedifecthd mirposes of the

1, 3-di chl oro- 2: propyl nethacryl ate, 2-bronoethyl nethacrylate, 2-iodoethyl
net hacr yl Bﬁeé,enEﬁ\VSBﬁ%t hyl methacryl ate; hydroxyal kyl (neth)acrylates, e.g.
3- hydr oxypropyl nethacryl ate, 3,4-di hydroxybutyl nethacryl ate,

2- hydr oxyet hyl t hacryl ate, 2-hydroxypropyl nethacryl ate,

2, 5- di met Ryand R-ofdhemeidelcompcundsrof ith éorniuld OHIglecs respedtivelt h) acr yl at e;

b | - taini th t .q. 2- b t h th | at e,
car boxymelRgPende Rl g endtRt et pEe Apanes madked i, o
ﬁ (et hacpigferabRan BRsHERE MBiet? frofed ‘E@%%‘afédg': atoms, particularly

met hacryl oyl nor pholi ne, N-nethacryl oyl -2-pyrrolidi none,

N- ( 2- met hRief§rbly hajrg frpm 1 2o B0raashoniaterns, in aftBsulan hendmg frogl Xy Br opy! ) - 2-
pyrroli di&ﬁBS a’ﬂ?rég nmet hacr yl oyl oxypent adecyl ) - 2- pyrrol i di none,

N ( 3- et hacry?oy XYhept adecyl ) - 2-pyrrolidinone; glycol dinethacryl ates,
e.g. 4-butanediol nethacrylate, 2-butoxyethyl nethacrylate,

2- et hoxyet hoxynet hyl nethacryl ate, 2-ethoxyethyl nethacryl ate;

met hacr y| kerdbegurpesas of-a e preferred gmbedimeny of tteupresent inventicrg R at e,

1 Dt oyt anty e HerfBal BEIG rfowdfly BREERO BNyt mot nocr vl at e,

cycl ohexyl oxynmet hyl met hacryl ate, nethoxynmet hoxyet hyl nethacryl ate,
For the purposes of a second preferred embodiment of the present invention, R®
is hydrogen and R’ is a hydrocarbon moiety having from 1 to 20 carbon atoms,
particularly preferably having from 1 to 8 carbon atoms, in particular having from
1 to 4 carbon atoms.

Examples of amide compounds of the formula (lil) are (meth)acrylamide,
methyl(meth)acrylamide, dimethyl(meth)acrylamide, ethyl(meth)acrylamide,
diethyl(meth)acrylamide, n-propyl(meth)acrylamide, di-n-
propyl(meth)acrylamide, isopropyl(meth)acrylamide,
diisopropyl(meth)acrylamide, n-butyl(meth)acrylamide, di-n-
butyl(meth)acrylamide, sec-butyl(meth)acrylamide, di-sec-
butyl(meth)acrylamide, tert-butyl(meth)acrylamide, di-tert-
butyl(meth)acrylamide, benzyl(meth)acrylamide, N-(3-
dimethylaminopropyl)(meth)acrylamide, hexyl(meth)acrylamide and
dihexyl(meth)acrylamide.

Isopropyl(meth)acrylamide is particularly preferably used for the purposes of the |
present invention.



12 benzyl oxynet hyl methacrylate, furfuryl nethacrylate, 2-butoxyethyl

net hacryl ate, 2-ethoxyet hoxynet hyl netRacryl ate, 2-ethoxyethyl

nmet hacryl ate, allyloxynethyl nethacrylate, 1-ethoxybutyl nethacryl ate,

met hoxynet hyl nethacryl ate, 1-ethoxyethyl nethacryl ate, ethoxynethyl

met hacryl ate and et hoxyl ated (nmeth)acryl ates, these preferably having from
1to 20, in particular from2 to 8, ethoxy groups; am noal kyl

(et h)acryl ates, e.g. dinethylam nopropyl nethacryl ate,

3-di et hyl am nopentyl nethacryl ate, 3-dibutyl am nohexadecyl (neth)acryl ate;
nitriles of (nmeth)acrylic acid; other nitrogen-containing nethacryl ates,
e.g. N (nethacryl oyl oxyethyl)diisobutyl ketim ne,

N- (et hacryl oyl oxyet hyl ) di hexadecyl keti m ne,

Cyanonet MHTe PR PEIPAMENs efine Softancdiariutiy B cabelmer 2gE0raig to
2- (1-1 mi dhgahydntRhnhare rerRivB)AsTiNpaHENt. HdWevEr My damvhe gmfyt 6l iﬁ%}?&@? acrylate

and 1-(2-net hacryl oyl oxyet hyl ) -2-pyrrolidone; oxirany acryl ates, e.g.
2, 3- epoxyiBunuenes theqroperty prcfile obihexsanaymenint & gontydliedemanner. In this

10, 11-ep I te, 2 3-epoxycycl ohexyl methacryl ate,

10, 11-ep %g )% g@%’cﬁh&ﬁ%’%\&ﬁpﬁt@y edqr 9@?% §?%wfﬁ{§(c¥‘&ﬁcﬁ§@ﬁﬁ‘fﬁye@8 SGononer s
can be ussdainablevbyoebhdlymerizatiorn 68 form of a m xture. The pol ynerization to
obtain the copolyners can take place in a manner known per se. Processes of

f r ee- r adiATOTPAGPEr by, weidht to 320 % by werightiet ereipamoye sthydenieally |
particul ar I%ngrgtfr&oé&gp%ﬁ‘ighﬁas opﬁlley@a@waa {on in a solvent, suspension
pol ymeri zat1 on and enul'sron’polynheri zati on, @ nerally using a

pol yner i Bjtfram 4.0% byaweigha el 30.0% dyrwéighnef efie 86RTre etthdere@ng t he
initiators tha% can be used are the azo initiators well known to persons
skilled i nU4ngatgated estgr compruagsiofthe fasmplasdh) @ehexanecar bonitrile, and

al so per tday | i . yl acet one
per oxi def@()ﬁlr atr?r? oy r15%‘&6 g%!?a%gatdg)ﬁtby S&%‘éht &%’?%9[ g@?ﬁé&@ﬁ%’ﬁ%‘w ket one
per oxi de, wasaturated amisleocimpoendsiefthglformolaully) ket one per oxi de,

cycl ohexanone per oxi de, di penzoyl peraqxide, tert-butyl peroxybenzoate,

¢ )e/r t - but th%? 6!3? pf@gﬂgﬁgﬁ,pp E%{pgéﬁ%rgtg ,Acs, b(; and C) are bas%d cl)on the \Ay/eight of

2, 5-bi s ( 2hé DA OSHIGH Uhe ' b

2- et hyl per oxyhexanoat e'!,) tért- 3%{/&6%%F§h¥r$?%ttaﬂ§ﬁ %%(ﬁg%yﬁ%&éﬁ%% e, dicunyl
peroxide, 1,1-bis(tert-butyl peroxy)cycl ohexane,

1,1-bis rt-butyl per -3,3,.5- trjnethylcycl ohexane, cunyl dr oper oxi de,
tert- bug I eh%?(ﬂoi\égg%‘%ﬁﬁé?prﬁlﬁ@?tdn‘(@tm 'd%ﬂfﬂe%ﬁe) Cﬁ@Pﬂ%é‘i‘%%oﬁat e,
m Xt ur es rgpedtWniterwiieh defile o Bty RIEhieBRF uRSBPHEI Sndidriedne anot her,

and m xtures of the abovenentioned conpounds vmg{lmcorrpoungﬂnot nment i oned
but | i ke@PBablexgimopelysienzationijt theeccanapourdssof thefotrablee (Dreidfort @iBnsf er

t | hur - t ai ni whi ch k
ey I
11 101 ol il o BTy R B one

cyc: Oﬁl i BFﬁi%TﬂP')éffat@h R 30% by weight, baSQ(bOpiﬂn%s\{eiglﬁrqiitlplﬁ)gmnomf- "
Lene. 1. 4-di , : , 2,5-
i hyar of CoBBStioBs for brddbAAAR AR er drafia RNt Bh, £ Y o pr of er ence

bei ng given to dinmeric a-nethylstyrene. Anong the sul phur-containing
conpounds are, for exanple, and wi thout any intended resultant restriction,
t hi ogl yc&l i SF&‘?C? d, .2-mercapt oet hanol ,  2-et hyl hexyl thioglycolate, n-butyl
mer capt ah@rtigiarty sh : FARONANELS 8817 fq'féhe&slyam@n%aélpnd@aé%qn aerarding an,

met hyl  3td"ihieGSHRSERY iIRDERESH Eorrespond to the formula (1V)




14 also be prepared in a manner known to a person skilled in the art. By
way of exanple, the Patent DE 966 375 gescribes the preparation of dineric
a-met hyl styrene. Enol ethers of aliphatic and/or of cycloaliphatic
al dehydes are disclosed in the Patent DE 3 030 373. EP 80 405 explains the
preparation of terpenes. The | aid-open specifications JP 78/121 891 and JP
78/ 121 890 explain the preparation of a-terpines, terpinols,
1, 4- cycl ohexadi ene, 1, 4- dihydronapht hal ene, 1, 4,5, 8-tetrahydronapht hal ene.
The | ai d-open specification DE 2 502 283 describes the preparation of
2, 5-di hydrofuran, 2,5-dinmethylfuran and 3, 6-di hydro-2H pyran. The nononers
can be polynerized at atnospheric pressure, or at subatnospheric or
super at nospheric pressure. Th l yme bzation tenperature is al so
non-critical. However, it is S%n ral lA*“in the range from-20C to 200C,
preferably fromOC to 160C and p ularly preferably from 7% o 130C
The pol ynerization reaction caggsal so gg+carried out in a solvent or w thout
solvent. The termsolvent is to be interpreted widely here. Further
information on free-radical polynerization can be found in the technical
literature, for exanple in Ul mnn's Encycl opedia of Industrial Chemstry,
Si xt h Ediinivdrich Bdednd R niiavetbeérn indepehdbhtipséleori feerhithe geaup be found by
way of exanple in Fbeen- yl Vol . Eﬁ?, Part 2 (1987), page 1145 ff. Useful
i nf or mat i‘i%‘sb'ﬁngﬁﬁ‘é( EQQ?HY\%G qaeds; Ght lipgar ar brasshed atkyl groupshayimg i cat i on
Houben- I / i he
Wadm 1M8l 20, erﬁf\ ?T%o& ﬁ.]tg%,)anfjg?agﬁcu %Q%ﬁpéﬁ?ré?%ﬂgﬁsg?%h

constitution of the copo its no ale sone

Si ggi fi _ce(mle?n ﬁtom&ewhigbsaqmave f%rpdelss(anm))halbg?nmnbl)awwstiMethlﬂed
t - t ant . , t,
Dro0uCt Shhgh T R B S st Bl AT oS BB
possi bl e GrSgaUGNatiREFASEAIbr brincfFaReAS! & dikini BrddBdndifg fbgpe of the

i nvention, 1 e actual copol ynmerization process I"'ecul ar
wei ght s Qutof 1G; ipzefergblizifipm 240t6) apdepaeticulany pesferstiy fram 2 e dearbepul di ng

B0 st o A hish Bt (st GrlagPRGRIBMBITaRIRUPIO @S n O
further isnBEfABNR, MHRPS BSs tl%ﬁﬁh’fﬂe? oF EX:E?dQ;atBH?s ofthe rétllg@@rdtjfpéz at the

i
conononers of the invention be processe extrusion or ¥ n I on
moul di ng.exampie heingeChl+GGI-moycloalkysgrotps havingerom3etosd cabohatohise

CPol Vet kil DY KB SRR kR 000 ool L
can in peuBshtDEAtsbVherOWas tirsinbnbaeat bé\%oh@t@n%ec%fgﬁ%%gglhﬁgy @?%J et hods

processable nelt. The nol ecul ar wei ght can be
By way oRndgienpshayag fiss fdatddoecarbon atemegwhisincandmdje fram béo (2red) Anot her

t hod t T h I ights J try,
For examriooel e Bidetebyl BHRER ndF alyLGRuE el Gt T € Gescr ! e
by way otamomatoms, s sabétituen€, WwherEm i8Ghe Inef Bt JfeLIBH afehfybiihey” Cor nel |
Uni versity Press 519‘;33 g Chapter M|, 266-316, and ' I\/acr%m)I ecul es, an

| nt r oduc@NARreYp; (D INRYRE, X *ChsYERArSOR HS QRS IGSO-RA) t or s,
Academ gk * 2 sV \Wa x J i rk d d D.D. Bl
MNbdern M SR R B R e B R gy By IR 5N BB HERE SR new

York, 19Héve Bebnprataraizediwithanmriditvnap Ry group! ahebrsib bPRetéfd&/ajini ng t he
nol ecul ar- wei ght s g t he pol yners presented herein. The standards used

shoul d pP&UP 3f18/e Be G301 BabIFhact 9r & ereferahly (v issar alivharaupdwavimae
Che. shapron 28 BHESFElo<) IR naaRo ork , BAFeRHB AORE, BRTCY oy
product i ewhere RBus Hiydggeni drtan ajkabvestal)eatkoxebagingiesm 1 to 20 carbon

atoms, aryloxy or heterocyclyloxy; R® and R” are independently hydrogen or an

alkyl group having from 1 to 20 carbon atoms, or R® and R”" can together form

an alkylene group having from 2 to 7, preferably from 2 to 5, carbon atoms,

where they form a 3- to 8-membered, preferably 3- to 6-membered, ring, and



16 Copolynmers according to the invention can be processed advant ageously
to give plastics noul di ng conpositionﬁ in pellet form These

nmoul di ng- conposition pellets are then Barticularly suitable for further
processi ng by extrusion or injection noul ding. The noul di ng- conposition
pell ets are produced, for exanple, by extrusion and pelletization of the

pl astics which have been produced in the formof polynmer syrup or in the
form of beads, while renoving | ow nol ecul ar-wei ght m nor constituents from
t he polyners through devolatilization in the extruder. This type of process
i s described by way of exanple in Handbuch der Kunst st of f-Extrusionstechnik
[ Handbook of Pl asti cs Extrusion Technology], Vol. | and Il (Eds.: F.

Heusen, \R® isbydrogen oPtinear er; bidached alyt bagryl@ﬁ:ﬁ,lmﬁia\il@ﬁbm 1o pbe act ual
pol ymer i zatgaé)n B)r"(‘)cedure has set a nol ecul ar weight which is sufficiently
hi gh t hat®d" Siownst ream thernmal processing is difficult, care has to

be taken &l s pl ace,
preferabl?%:éﬁagasgﬁ @gbgaﬂgge{@léﬂeggpg@ﬂ 8Mr| za?tmgﬁ proce@gﬁ’e is
conpl et e.halogemeprefecdldy rﬂadneabodhlwne) aailqcblgdmums havihy érorm¢ €018 earbohhe
copol yner, f t he i.on i.s ced by po rization in solution, e.g.
in a sol V& rps(ﬁnd ?Bm? rfﬂr‘(mjr‘é'? BWQ 9%’5 “a%ge" metal qr L alkyorerpt he
i nt ended hasmgdfromMeta40 Eﬁﬂfonséin% of R3U§Nd)l=<a't t gbﬁf‘é? caﬁggrrﬁlés@%ﬁ '

pol ymeri zation, too, is a very accessible rout@ to productio he
copol yreithe farmula 5z whiskseamhave fopr bdw2e’ halegenlagoras or |€1t®eaﬂ<qr m of

ol ymer - Syoans e sEaREe, Bt Bl BB bt D R IS Boptet ve y.

gl ass pl & peeferdity Biovanbhdny abdefined esHbtuky aRd WHHE Bt Rt *z%f'tﬁé' y
heat - resi st ant mul di 2%% conpgsi tions, conprising A)one or nore

et hyl eni @ielesiRsaRin cand & ﬂf%bﬁfﬁgﬁﬂ@bﬁlqgﬁ?@ fornula (1) 17 in which
R1 is hydrogen or nethyl and R2 is a linear or branched al kyl noiety having
from1l to 8 carbon atons, B) one or nore ethylenically unsaturated ester

corrpoundsé\nmcbngﬂmﬁrefemécﬁeéhbhorr%rﬂ; areMinghhdtldss stistieggen or methyl and R4
is acyclic noiety having from8 to 30 carbon atons,

vinyl chloride, vinyl fluoride, vinylidene chloride and vinylidene fluoride;
vinyl esters, such as vinyl acetate;

styrene, substituted styrenes having an alkyl substituent in the side chain, e.g.
a-methylstyrene and a-ethylstyrene, substituted styrenes having an alkyl
substituent on the ring, e.g. vinyltoluene and p-methylstyrene, halogenated
styrenes, e.g. monochlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes; |

heterocyclic vinyl compounds, e.g. 2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-
vinylpyridine, 3-ethyl-4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine,
vinylpyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole,
4-vinylcarbazole, 1-vinylimidazole, 2-methyl-1-vinylimidazole,
N-vinylpyrrolidone, 2-vinylpyrrolidone, N-vinyipyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane, vinylfuran,
vinyloxazoles, and hydrogenated vinyloxazoles;

vinyl and isoprenyl ethers;

maleic acid and maleic acid derivatives, e.g. maleic anhydride, methyl maleic



C) one or nore ethylenically unsaturated am de conpounds of the formula
(I'1'1) RS R6 in which R5 is hydrogen of4 nmet hyl and R6 and R7, respectively
i ndependently of one another, are hydrogen or a linear or branched noiety
having from1 to 40 carbon atonms. In one preferred enbodi nent, the noul di ng
conposition takes the formof cast transparent sheet product, preferably
havi ng an average nolar nass Mvin the range from 500 000 g/nol to 5 000
000 g/rmol. 18 The viscosity nunber of the noulding is preferably in the
range from30 m/g to 90 m /g, neasured to | SO 1628-6. The Vicat point of
the moulding is preferably above 112C, in particul ar above 115C, neasured
to 1 SO 306. The noul dings according to the invention can in particul ar be
used as panmhylridie, malairtide,dndthyimaleimide; comuni cati on devi ces, of hobby

equi pnment or of sports equi pnment, or as bodywork parts or parts of bodywork

parts in famarivoddid anddostrigeicidderividtiveui | ding or aircraft construction, or
as parts for illumnants, signs or synbols, retail outlets or cosnetics

count er s, adr9ig g&iaqna,ma%ghgléhdi,ecorati on itenms or office-decoration
itenms, furniture applications, shower doors and office doors, or else as

parts, iry; i LR~the construction industry, or as a walls,
rHlPﬁéé, s‘?}éhgd_'s dcii{?@gfb%nzbﬁe

in particular 'soun adening walls, or as w ndow franmes, bench seats, |lanp -

covers, di (o) nses. ,LED badi e r L sem conduct or

cover, o?érplfndﬁ%&arg&ﬁggeu% 83(5 b%gFIQyLrﬁgﬁ'}a&MB%%r ‘ﬂb’?ﬂ?’? hﬁ?%crggt?’é’ﬁ'%‘?rer efl ector,
hol der orthe@rirmoieties eaf PessaBtvER, bedféubistitited drhavekip ® fali@zi ng. Exanpl es
of typical exterior autonobile parts are spoilers, panels, roof nodul es or

ext er i or -SHPsHBEetSus;| ngs. The invention is explained in nore detail bel ow,
usi ng exanples, w thout any intended resultant restriction of the concepts
under | yi ngethaerylates of helogeniatad alicohblsr ed. 213-ditsomsprbgyb methasymtees i n t he

vt SR RO SRR o RS BSOS
methacrylate, 2-iodoethyl methacrylate, chloromethyl methacrylate;
hydroxyalkyl (meth)acrylates, e.g. 3-hydroxypropyl methacrylate,
3,4-dihydroxybutyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
methacrylate, 2,5-dimethyl-1,6-hexanediol(meth)acrylate,
1,10-decanediol(meth)acrylate;

carbonyi-containing methacrylates, e.g. 2-carboxyethyl methacrylate,
carboxymethyl methacrylate, oxazolidinylethyl methacryiate,
N-(methacryloyloxy)formamide, acetonyl methacrylate,
N-methacryloylmorpholine, N-methacryloyl-2-pyrrolidinone,
N-(2-methacryloyloxyethyl)-2-pyrrolidinone, N-(3-methacryloyloxypropyl)-2-
pyrrolidinone, N-(2-methacryloyloxypentadecyl)-2-pyrrolidinone,
N-(3-methacryloyloxyheptadecyl)-2-pyrrolidinone;

glycol dimethacrylates, e.g. 4-butanediol methacrylate, 2-butoxyethyl
methacrylate, 2-ethoxyethoxymethyl methacrylate, 2-ethoxyethyl methacrylate;

methacrylates of ether alcohols, e.g. tetrahydrofurfuryl methacrylate,
vinyloxyethoxyethyl methacrylate, methoxyethoxyethyl methacrylate,
1-butoxypropyl methacrylate, 1-methyl-(2-vinyloxy)ethyl methacrylate,
cyclohexyloxymethyl methacrylate, methoxymethoxyethyl methacrylate,



NI PMA: N- | sopr opyl nmet hacryl am de 19 TBPND: tert-butyl peroxyneodecanoate
TBPEH: t ert - but yl 2-ethy|peroxyhexanoat§ DDM n- dodecyl nercaptan MVP: net hyl
3- mer capt opr opi onat e Unl ess ot her deté'ls are given, percentages and parts
are al ways percentages by weight and parts by weight. The follow ng

anal ytical methods were used to determ ne the properties used for
characterization of the polymers in the text exanples and tables bel ow,

whi ch show a sunmary of the conditions for the copol ynerization reaction: -
MniVicat to | SO 306 - Viscosity nunber to |1SO 1628-6 - Thernostability by
means of thermal gravinetric neasurenents (2% wei ght |oss, heating rate 5
K/'mn; nitrogen atnosphere) 1) Production of an MW/ | BOVA copol yner 80% of

t he m)norharaywxdm’ethmmeihbcnylateafmmwumthauwmiea?-ﬁut%xggaiylcha{ ggoicn_ a .
[ d . P i zati [ out. for mn a in e
o esence TRTEEN ek 2SR alie ARy TEIATAE: RestapRIaiay hoibaFLI. of N
deg e netered in,
mononer éll?qugitﬁtbe{)g REthaXyae e%%@bgtygﬂgetﬁg@r&é, rﬁe{hwggqgw

as stated in 1 and 2. Fol low’n ring proc he reaction
was al | owaethasrydatet il refeoxXysthyd niethabrytate 26thokymethyd @thadrilate addi ti on of

tert-butyl, 2- ethyl peroxyhexanpate. The final.conversjon was 93% The

pol ymer v%gg)wétﬁgi(ggq?%géﬂ?etﬁsa&\?éﬁtpéﬁ egakly hag¥ing W“e&{org%t"i‘ RTioMars ol vent
at 250C 4nsin 2o athoxiGroupscosi ty nunber of the resultant pol yner was
determ ned, as were its thermal stability and MniVicat. Table 3 lists the

properties of the product.
aminoalkyl (meth)acrylates, e.g. dimethylaminopropyl methacrylate,

3-diethylaminopentyl methacrylate, 3-dibutylaminohexadecyl (meth)acrylate;

nitriles of (meth)acrylic acid;

other nitrogen-containing methacrylates, e.g. N-(methacryloyloxyethyl)diisobutyl
ketimine, N-(methacryloyloxyethyl)dihexadecyl ketimi'ne,
methacryloylamidoacetonitrile, 2-methacryloyloxyethylmethylcyanamide,
cyanomethyl methacrylate; heterocyclic (meth)acrylates, e.g.
2-(1-imidazolyl)ethyl (meth)acrylate, 2-(4-morpholiny|)ethyl (meth)acrylate and
1-(2-methacryloyloxyethyl)-2-pyrrolidone;

oxiranyl methacrylates, e.g. 2,3-epoxybutyl methacrylate, 3,4-epoxybutyl
methacrylate, 10,11-epoxyundecyl methacrylate, 2,3-epoxycyclohexyl
methacrylate, 10,11-epoxyhexadecyl methacrylate; glycidyl methacrylate.

These monomers can be used individually or in the form of a mixture.

The polymerization to obtain the copolymers can take place in a manner known
per se. Processes of free-radical polymerization have proved particularly
successful, particularly bulk polymerization, polymerization in a solvent,
suspension polymerization and emulsion polymerization, generally using a
polymerization initiator and a chain-transfer agent.



2) Production of an MWW MAA copol yner All of the nononers and

n- dodecyl nmer capt an were used as initigl charge in a 20 stirred reactor.
Pol yneri zation was carried out for 36 qﬁ n at 80C in the presence of
solvent, and during this tinme tert-butyl peroxyneodecanoate and further
solvent were netered in, as stated in Tables 1 and 2. Follow ng the
nmetering process, the reaction was allowed to continue for a further 120
mn at 87C, after addition of tert-butyl 2-ethyl peroxyhexanoate. The fi nal
conversion was 99% The polynmer was then isolated in a vented extruder, by
extracting the solvent at 270C and 20 nbar. The viscosity nunber of the
resul tant polynmer was determned, as were its thermal stability and

M ni Vi catAmbayltke hitiatersthah eapbenesdd are thé arbénifiatodts eiell Khowrr educt i on of an

MVA/ MAA/ | BOVA 0l 70% of and hyl
T Y T e T
Pol ymer i zgkh BRrod§Scomipourkes, @4, rﬁgtrhlygélﬂ%/mé’coﬁé P%P&i{i@, ddyiBE&RRAce of

solvent, and duri'ng this tinet mai ni ng proporti’on of nonorner,
t ert - but yerpxidexdilmuod@qeeroside, tertibbityt 24ethylpethezanoate:; ketoriegrerdxide, as

tated in_Tabl 1 and, 2. Fol | owj teri , th Gt i
 Towed tgraunriedPate. metbi REbUHbkelRnR Parondd Sicfheschate pesmoge,
tert - but Wibénzdil Béid@(ﬁé?%éﬁ@@ﬂ%tr@xybgﬁ%oéﬂeﬁ‘?ért%ﬁ@)()}%r‘ék? ﬁbo}@ﬁ%ﬁ% The

d a extractl

pol ymer was then isolated in vent'ed extruder, t he sol vent
at 260C aabomatandb-bistZeethythaxenoylpatonyd2, Bilinéthyhexahe atert-dyly mer was

or oper 11 eseiiatBfeshhon® JmB 3 bulihe e R BRSSO Her 0056 of

t he monomgrsxidadt Mesisitért HuBRpERIXY RIYCRPERARE,©1 1&i téﬁ%t?géerbfe' 3alscharge in
a stirred reactor. Pg?tyrrer?ggtiogmv{/as carri ed oufg for 360 m'#a’t'BOC in the

pr esence tamedyiexsinhexang, eumyhiaydraperoxides terbutyd iytropegoxide pis(4-tert-of

nononer , [y oai. rther. solvent were netered in,
as stat ema‘i&i@ﬁ%’é")?‘?ééﬁgy@s&g’?ﬁ?g‘?ﬁ'guﬁﬁg°fr§'Y%PFH5’rBr‘%?é s, the reaction
was al | owbdvementiohed ¢onfpounds witH &ies addBeri dhdini@afes éffther addi tion of
tert-butyl 2- ethyl peroxyhexanoate. The final conversion was 89% The

pol yner RROVEmERtionad cpriposndy with corpeunds reimeaationedbuidikemder i ng t he
sol vent 4 gg%cbf%ﬁni%g fpg%alra i%eﬂg vi scosity nunber of the resultant polyner
mDne , el sq )

was deter as we ermal stability and MniVicat. Table 3 lists
the properties of the product. 5) Production of an MVA/ N PMA | BOVA
copol yre %of t.h ner s and net%}gyis-nercapt opropi onate were used as

r. 609 . ? nDFq(-)l’ )N _
initial CHAERE shaintansierageants ate,sulpbi-fiae And sulRireentaiaing ed out for 360
mn at 8 ' : n | tehd ' mai ni ng
proporti gﬁtﬁoq‘bumﬁﬁéf&?gf%g?%ﬂ? %:r\égé}r)@@r@ﬂg%ggjmétf@e;%éfhﬁﬁ%#}i?regoI vent
wer e net dyevay of exampleaard witholhbhy inténdediresultant tesitictiprt, dimend er i ng

, th ti _al | oned t ti f ther 120 min at 95C
B ter s TeaNar g2 Gaipenst Faneiprs PeriAElcRRli el HPREIC conver si on

was 98% aﬁﬁﬁbrﬂﬂbhbgﬁc?gér(!gﬁazlgamééQéﬁieﬂ@,s,i ALtérph iy, ?%rgﬁibtlé udgr, by extracting

the sol vent at "250 . r. The viscosity nunber of ‘the resul tant
pol yrer @&ielobexadiene.cti4-dikydronaphthaleneed #a5,8stelriahlydtonaphthadiéms,\2,6at . Tabl e

3 11sts HiRAPSAREH, Y SiRbenyGrdd S6H 3,618RYGror2H P Thn, Srrsrends B

given to dimeric a-methylstyrene.

Among the sulphur-containing compounds are, for example, and without any
intended resultant restriction, thioglycolic acid, 2-mercaptoethanol, 2-ethylhexyl
thioglycolate, n-butyl mercaptan, octyl mercaptan, n-dodecyl mercaptan, tert-
dodecyl mercaptan, methyl 3-mercaptopropionate.

These chain-transfer agents are commercially available. However, they can
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also be prepared in a manner known to a person skilled in the art. By way of
example, the Patent DE 966 375 describes the preparation of dimeric
a-methylstyrene. Enol ethers of aliphatic and/or of cycloaliphatic aldehydes are
disclosed in the Patent DE 3 030 373. EP 80 405 explains the preparation of
terpenes. The laid-open specifications JP 78/121 891 and JP 78/121 890
explain the preparation of a-terpines, terpinols, 1,4-cyclohexadiene, 1,4-
dihydronaphthalene, 1,4,5,8-tetrahydronaphthalene. The laid-open specification
DE 2 502 283 describes the preparation of 2,5-dihydrofuran, 2,5-dimethylfuran
and 3,6-dihydro-2H-pyran.

The monomers can be polymerized at atmospheric pressure, or at
subatmospheric or superatmospheric pressure. The polymerization temperature
is also non-critical. However, it is generally in the range from -20°C to 200°C,
preferably from 0°C to 160°C and particularly preferably from 70°C to 130°C.

The polymerization reaction can also be carried out in a solvent or without

solvent. The term solvent is to be interpreted widely here.

Further information on free-radical polymerization can be found in the technical
literature, for example in Ulimann’s Encyclopedia of Industrial Chemistry, Sixth
Edition. Useful information on bulk polymerization can be found by way of
example in Houben-Weyl Vol. E20, Part 2 (1987), page 1145 ff. Useful
information on suspension polymerization is also given in the publication
Houben-Weyl, Vol. E20, Part 2 (1987), page 1149 ff.

Alongside the constitution of the copolymer, its molecular weight can also have
some significance for the subsequent processing of the copolymers for the
production of heat-resistant mouldings. By way of example, controlled
adjustment of molecular weight can be advantageous for some types of

possible subsequent processing.
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One possibility within the scope of the invention, in the actual copolymerization
process, is to set molecular weights sufficiently high as to prevent any
downstream thermal moulding process. Another possibility is to select a
relatively low molecular weight so as to obtain a copolymer which can undergo

downstream moulding in further thermal processes.

Specifically, if the intention is that the comonomers of the invention be

processed by extrusion or injection moulding, a relatively low molar mass My, is
- then preferred for the copolymers of the invention, from 30 000 g/mol to

250 000 g/mol, advantageously from 60 000 g/mol to 200 000 g/mol.

Copolymers of this type can in principle be converted by heating into a

thermoplastically processable melt.

The molecular weight can be determined by known methods. By way of
example, gel permeation chromatography (GPC) can be used. Another method
that can be used to determine the molecular weights is osmometry, for example
“vapour phase osmometry”. The methods mentioned are described by way of
example in: P.J. Flory, “Principles of Polymer Chemistry” Cornell University
Press (1953), Chapter Vil, 266-316, and “Macromolecules, an Introduction to
Polymer Science”, F.A. Bovey and F.H. Winslow, Editors, Academic Press
(1979), 296-312, and W.W. Yau, J.J. Kirkland and D.D. Bly, “Modern Size _
Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1979. Gel
permeation chromatography is preferred for determining the molecular weights
of the polymers presented herein. The standards used should preferably be
polymethacrylate or polyacrylate standards.

The copolymers of the present invention can in principle be adapted to any of
the shaping processes familiar to a person skilled in the art, for the production

of mouldings with improved heat resistance.
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Copolymers according to the invention can be processed advantageously to
give plastics moulding compositions in pellet form. These moulding-composition
pellets are then particularly suitable for further processing by extrusion or
injection moulding. The moulding-composition pellets are produced, for
example, by extrusion and pelletization of the plastics which have been
produced in the form of polymer syrup or in the form of beads, while removing
low-molecular-weight minor constituents from the polymers through
devolatilization in the extruder. This type of process is described by way of
example in Handbuch der Kunststoff-Extrusionstechnik [Handbook of Plastics
Extrusion Technology], Vol. | and 1l (Eds.: F. Heusen, W. Kappe, H. Potente;
Hauser Verlag 1986 and 1989).

If the actual polymerization procedure has set a molecular weight which is
sufficiently high that further downstream thermal processing is difficult, care has
to be taken according to the invention that the moulding process takes place,

preferably in a suitable mould, before the polymerization procedure is complete.

In one preferred embodiment according to the invention, the copolymer of the
invention is produced by polymerization in solution, e.g. in a solvent or in the
monomers themselves, and, as a function of the intended use of the polymer
syrup, is devolatilized. The suspension polymerization, too, is a very accessible
route to production of the copolymer. It is equally possible to produce the
polymer in the form of cast transparent sheets. In the production of cast
transparent sheet, a polymer syrup is polymerized between one or two metal

and, respectively, glass plates.

The invention also accordingly provides particularly heat-resistant moulding
compositions, comprising
A) one or more ethylenically unsaturated ester compounds of the formula (1)
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R1

)\(OR2 0}

@)

in which R' is hydrogen or methyl and R? is a linear or branched alkyl
moiety having from 1 to 8 carbon atoms,
B) one or more ethylenically unsaturated ester compounds of the formula (Il)

R3

/k”/OR“ (),

O

in which R® is hydrogen or methyl and R* is a cyclic moiety having from 8
to 30 carbon atoms,
C) one or more ethylenically unsaturated amide compounds of the formula

()
. |
AN an,

in which R® is hydrogen or methyl and R® and R’, respectively
independently of one another, are hydrogen or a linear or branched moiety

having from 1 to 40 carbon atoms.
In one preferred embodiment, the moulding composition takes the form of cast
transparent sheet product, preferably having an average molar mass My in the

range from 500 000 g/mol to 5 000 000 g/mol.

The mouldings thus obtainable preferably feature the following properties:



-t- MW --- 0.22 0.16 0.16 n-Butyl acetate [ 50 --- --- 30 30
1- Propanol /water 4:1 PA]
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The viscosity number of the moulding is preferably in the range from 30 ml/g to
90 ml/g, measured to ISO 1628-6.

The Vicat point of the moulding is preferably above 112°C, in particular above
115°C, measured to ISO 306.

The mouldings according to the invention can in particular be used as parts of
household devices, of communication devices, of hobby equipment or of sports
equipment, or as bodywork parts or parts of bodywork parts in automobile
construction, shipbuilding or aircraft construction, or as parts for illuminants,
signs or symbols, retail outlets or cosmetics counters, containers, household-
decoration items or office-decoration items, furniture applications, shower doors
and office doors, or else as parts, in particular sheets, in the construction
industry, or as a walls, in particular sound-deadening walls, or as window
frames, bench seats, lamp covers, diffuser sheets, or LED lenses, LED bodies,
or LED semiconduc_:tor cover, or in solar modules, or in automobile headlights
as lens, reflector, holder or cover, or sensor covers, and/or for automobile
glazing. Examples of typical exterior automobile parts are spoilers, panels, roof

modules or exterior-mirror housings.

The invention is explained in more detail below, using examples, without any

intended resultant restriction of the concepts underlying the invention.

List of abbreviations used for substances in the inventive examples and
comparative examples:

MMA: Methyl methacrylate

MAA: Methacrylamide

IBOMA: Isobornyl methacrylate

NIPMA: N-Isopropylmethacrylamide
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TBPND: tert-butyl peroxyneodecanoate
TBPEH: tert-butyl 2-ethylperoxyhexanoate
DDM:' n-dodecyl mercaptan

MMP: methyl 3-mercaptopropionate

Unless other details are given, percentages and parts are always percentages

by weight and parts by weight.

The following analytical methods were used to determine the properties used
for characterization of the polymers in the text examples and tables below,
which show a summary of the conditions for the copolymerization reaction:

- MiniVicat to ISO 306

- Viscosity number to ISO 1628-6

- Thermostability by means of thermal gravimetric measurements (2%

weight loss, heating rate 5 K/min; nitrogen atmosphere)

1) Production of an MMA/IBOMA copolymer

80% of the monomers and n-dodecyl mercaptan were used as initial charge in a
stirred reactor. Polymerization was carried out for 300 min at 80°C in the
presence of solvent, and during this time the remaining proportion of monomer,
tert-butyl peroxyneodecanoate and further solvent were metered in, as stated in
Tables 1 and 2. Following the metering process, the reaction was allowed to
continue for a further 120 min at 95°C, after addition of tert-butyl 2-
ethylperoxyhexanoate. The final conversion was 93%. The polymer was then
isolated in a vented extruder, by extracting the solvent at 250°C and 20 mbar.
The viscosity number of the resultant polymer was determined, as were its
thermal stability and MiniVicat. Table 3 lists the properties of the product.

2) Production of an MMA/MAA copolymer

- All of the monomers and n-dodecylmercaptan were used as initial charge in a



VSP [ (]

116 132 139 121 129 115 V.N. [m/g] 53 55 53 63 45 52
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stirred reactor. Polymerization was carried out for 360 min at 80°C in the
presence of solvent, and during this time tert-butyl peroxyneodecanoate and
further solvent were metered in, as stated in Tables 1 and 2. Following the
metering process, the reaction was allowed to continue for a further 120 min at
87°C, after addition of tert-butyl 2-ethylperoxyhexanoate. The final conversion
was 99%. The polymer was then isolated in a vented extruder, by extracting the
solvent at 270°C and 20 mbar. The viscosity number of the resultant polymer
was determined, as were its thermal stability and MiniVicat. Table 3 lists the

properties of the product.

3) Production of an MMA/MAA/IBOMA copolymer

70% of the monomers and methyl 3-mercaptopropionate were used as initial
charge in a stirred reactor. Polymerization was carried out for 360 min at 80°C
in the presence of solvent, and during this time the remaining proportion of
monomer, tert-butyl peroxyneodecanoate and further solvent were metered in,
as stated in Tables 1 and 2. Following the metering process, the reaction was
allowed to continue for a further 120 min at 85°C, after addition of tert-butyl 2-
ethylperoxyhexanoate. The final conversion was 95%. The polymer was then
isolated in a vented extruder, by extracting the solvent at 260°C and 20 mbar.
The viscosity number of the resultant polymer was determined, as were its
thermal stability and MiniVicat. Table 3 lists the properties of the product.

4) Production of an MMA/NIPMA copolymer

60% of the monomers and methyl 3-mercaptopropionate were used as initial
charge in a stirred reactor. Polymerization was carried out for 360 min at 80°C
in the presence of solvent, and during this time the remaining proportion of
monomer, tert-butyl peroxyneodecanoate and further solvent were metered in,
as stated in Tables 1 and 2. Following the metering process, the reaction was
allowed to continue for a further 120 min at 95°C, after addition of tert-butyl 2-

ethylperoxyhexanoate. The final conversion was 89%. The polymer was then



Td [C] 286 287 286 276 n.d. n.d. 6) Production of an MVA/ NI PMY | BOVA bl end
For conparison with polyner 5) produced by way of copol ynerization, a blend
with the sane constitution was studie@1 This was obtai ned by bl endi ng equal
proportions of a copol ynmer conposed of MVA and | BOVA (75-25) and one
conposed of MVA and NI PVMA (75-25) in a kneader. The resultant polyner
contrasts with the terpolyner 5) in that its VSP is only 123C. Patent
ctaims 1. Copolyner for the production of noul ding conpositions or cast

t ranspar ent

isolated in a vented extruder, by extracting the solvent at 270°C and 20 mbar.
The viscosity number of the resultant polymer was determined, as were its
thermal stability and MiniVicat. Table 3 lists the properties of the product.

5) Production of an MMA/NIPMA/IBOMA copolymer

60% of the monomers and methyl 3-mercaptopropionate were used as initial
charge in a stirred reactor. Polymerization was carried out for 360 min at 80°C
in the presence of solvent, and during this time the remaining proportion of
monomer, tert-butyl peroxyneodecanoate and further solvent were metered in,
as stated in Tables 1 and 2. Following the metering process, the reaction was
allowed to continue for a further 120 min at 95°C, after addition of tert-butyl 2-
ethylperoxyhexanoate. The final conversion was 98%. The polymer was then
isolated in a vented extruder, by extracting the solvent at 250°C and 20 mbar.
The viscosity number of the resultant polymer was determined, as were its
thermal stability and MiniVicat. Table 3 lists the properties of the product.

Table 1: Overview of monomer constitutions

Exp.# 1 2 3 4 5

MMA 85 - 190 80 85 76
MAA - 10 10 --- --
IBOMA 15 - 10 -—- 12
NIPMA -— - - 15 12




sheet with increased heat resistance, obtainable by copolynerization of A)
one or nore ethylenically unsaturated ester conpounds of the fornmula (1) Rl
in which RL is hydrogen or nethyl and22 is a linear or branched al kyl

noi ety having from1l to 8 carbon atons, B) one or nore ethylenically

unsat urated ester conpounds of the fornula (I11) R3 oRt, O in which R3 is
hydrogen or nethyl and R4 is a cyclic noiety having from8 to 30 carbon

at ons,

Table 2: Concentrations and auxiliaries

Exp.# 1 2 3 4 5
TBPND 0.38 |0.30 0.30 0.30 0.30
TBPEH 0.05 |0.10 0.10 0.10 0.10
DDM 0.40 |0.30 --- - -—-
MMP - - 0.22 0.16 0.16
n-Butyl acetate [%] 50 - - 30 30
1-Propanol/water 4:1 | --- 20 20 -—- -
[%]

Table 3: Overview of polymer properties

Exp.# 1 2 3 4 5 PMMA
VSP[°C] | 116 132 139 121 129 115
V.N. 53 55 53 63 45 52
[ml/g] |

T4[°C] |[286 287 286 276 n.d. n.d.

6) Production of an MMA/NIPMA/IBOMA blend

For comparison with polymer 5) produced by way of copolymerization, a blend
with the same constitution was studied. This was obtained by blending equal
proportions of a copolymer composed of MMA and IBOMA (75-25) and one
composed of MMA and NIPMA (75-25) in a kneader.

The resultant polymer contrasts with the terpolymer 5) in that its VSP is only
123°C.



C) one or nore ethylenically unsaturated am de conpounds of the formula
(I''1) R6 R6 0 in which R5 is hydrogen or nethyl and R6 and R7, respectively
i ndependently of one another, are hydm23gen or a |linear or branched 24

noi ety having from1l to 40 carbon atons. 2. Copol ynmer according to Claim1l,
characterized in that Rl, R3 and R5 are nethyl. 3. Copolynmer according to
Claiml, characterized in that Rl, R3 and R5 are hydrogen. 4. Copol yner
according to at | east one of the preceding clains, characterized in that R2
is a linear or branched al kyl noiety having from1l to 4 carbon atons. 5.
Copol yner according to Caim4, characterized in that R2 is nethyl. 6.

Copol ynmer according to at |east one of the preceding clains, characterized

in that %atieﬁt &Qirﬁéi cyclic hydrocarbon noiety.

1. Copolymer for the production of moulding compositions or cast transparent
sheet with increased heat resistance, obtainable by copolymerization of

A) one or more ethylenically unsaturated ester compounds of the formula

0]
R1

/HrORZ (),

o)

in which R is hydrogen or methyl and R? is a linear or branched alkyl
moiety having from 1 to 8 carbon atoms,

B) one or more ethylenically unsaturated ester compounds of the formula

()
R3
/KH/OR“ am,
o) |

in which R? is hydrogen or methyl and R* is a cyclic moiety having from
8 to 30 carbon atoms,

C) one or more ethylenically unsaturated amide compounds of the formula

(1)
I .
/k”/N\R? (i,

in which R® is hydrogen or methyl and R® and R’, respectively

independently of one another, are hydrogen or a linear or branched



7. Copol yner according to Claim6, characterized in that R4 is an at | east
bicyclic noiety. 8. Copolynmer according to Claim7, characterized in that
R4 is isobornyl. 9. Copolyner accordi@#to at | east one of the preceding
clainms, characterized in that R6 and R7 are hydrogen. 10. Copol yner
according to at least one of Clains 1 to 8, characterized in that R6 is
hydrogen and R7 is a hydrocarbon noiety having from1l to 20 carbon atons.
11. Copol ymer according to Caim 10, characterized in that R7 is a 25

hydr ocar bon noi ety having from1 to 4 carbon atons. 12. Copol yner accordi ng
to Caim1l, characterized in that R7 is isopropyl. 13. Copol ymer according
to at | east one of the preceding clains, characterized in that it is

obt ai nabl e by Crﬂegtyyﬁﬁﬁh Effd'nq_q tBHOAQarBBHer&QSO% by wei ght to 92. 0% by

wei ght of one or nore ethylenically unsaturated ester conpounds of the
formula (1), B) from4.0% by weight to 30.0% by wei ght of one or nore

et hyl eni cal | y.unsat urat ed ester_conpounds of .the formulg {11) _gnd C) from
4. 0% by v@i ghCEOE’@V'@GF GoE YT ﬁog(l:il@"Bﬁﬁﬁ@@fﬁerﬁﬁdgmetgﬁgkeﬂ? c%ﬂ“i R @<at ur at ed
ester conpounggt®f. the fornula (I111). 14. Heat-resistant noul ding
conpositions or Cast transparent sheet products, conprising

3.  Copolymer according to Claim 1, characterized in that R!, R® and R® are

hydrogen.

4. Copolymer according to at least one of the preceding claims,
characterized in that R? is a linear or branched alkyl moiety having from 1
to 4 carbon atoms.

5.  Copolymer according to Claim 4, characterized in that R? is methyl.

6. Copolymer according to at least one of the preceding claims,

characterized in that R* is an alicyclic hydrocarbon moiety.

7. Copolymer according to Claim 6, characterized in that R* is an at least

bicyclic moiety.
8.  Copolymer according to Claim 7, characterized in that R* is isobornyl.

9. Copolymer according to at least one of the preceding claims,

characterized in that R® and R” are hydrogen.
10. Copolymer according to at least one of Claims 1 to 8, characterized in that
R® is hydrogen and R is a hydrocarbon moiety having from 1 to 20 carbon

atoms.

11. Copolymer according to Claim 10, characterized in that R” is a



‘A) one or nore ethylenically unsaturated ester conpounds of the forrmula (I)
R1 in which RL is hydrogen or nethyl and R2 is a |linear or branched

al kyl moiety having from1l to 8 carborpsat ons, B) one or nore ethylenically
unsaturated ester conpounds of the formula (I1) 26 0 in which R31is
hydrogen or nethyl and R4 is a cyclic noiety having from8 to 30 carbon
atons, C) one or nore ethylenically unsaturated am de conpounds of the
formula (111)

hydrocarbon moiety having from 1 to 4 carbon atoms.
12. Copolymer according to Claim 11, characterized in that R’ is isopropyl.

13. Copolymer according to at least one of the preceding claims,
characterized in that it is obtainable by copolymerization of
A) from 40.0% by weight to 92.0% by weight of one or more ethylenically
unsaturated ester compounds of the formula (1),
B) from 4.0% by weight to 30.0% by weight of one or more ethylenically
unsaturated ester compounds of the formula (Il) and
C) from 4.0% by weight to 30.0% by weight of one or more ethylenically

unsaturated ester compounds of the formula (ill).

14. Heat-resistant moulding compositions or cast transparent sheet products,
comprising
A) one or more ethylenically unsaturated ester compounds of the formula

)
R1

/K[(ORZ (),

o)

in which R is hydrogen or methyl and R? is a linear or branched alkyl
moiety having from 1 to 8 carbon atoms,
B) one or more ethylenically unsaturated ester compounds of the formula

(1



0"in which R6 is hydrogen or methyl and R6 and R7, respectively

i ndependently of one another, are hydrogen or a linear or branched noiety
having from1 to 40 carbon atoms. 15. 2bul di ng conpositions according to
Claim 14, characterized in that their weight-average nolar mass Mvis from
30 000 g/nmol to 250 000 g/nol. 16. Cast transparent sheet product according
to Caim114, characterized in that its weight-average nolar mass Mvis in
the range from 500 000 g/nmol to 5 000 000 g/nmol. 17. Copol yner according to
at least one of Clainms 1 to 13, characterized in that its weight-average
nolar mass Mvis in the range from 30 000 g/nol to 250 000 g/nol. 18. Use
of the copol yner according to Claim17 in noulding conpositions for the
production of noul dings by the extrusion or injection-nmoulding process.

19. Heat-resistant noul di ng, conpriR3ng a copol ymer according to at | east
one of Clains 1 to 13 or 18. 20. M Idiqg gccording to Claiml9,
characterized in that its viscosi R" neasured to 150 162&HUp, is in
the range from30 m/g to 90 m/g. 21.} Moul ding according to Caim19 or

20, characterized in that its Vicat p@nt, neasured to | SO 306, is above
112C. 22. Use of a noulding according to at |east one of Clains 19 to 21 as
part of househdhavidelv REés hydrogearorunetgt aed Riey hagslic AloidtgMaviRobRTENt OF
of sports equigfgﬂ% or as a bodywork part or a part of bodywork parts in
aut onobi | e con QPBH¥”§NPBEuiIding or aircraft construction, or as a

Count ers,  contaRevemehs S gl Hicalorditd g UhBhinds of fREha

itens, furnitur#lapplications, shower doors and office doors, or else as a

part in the construction industry, or as a wall, or as a w ndow frane,
bench seat, |anp cover, diffuser s t, s.8r LED | enses, LED bodies, or LED
sem conduct or cover, or in solar ul e§, or in autonobile headlights as

| ens, reflector, holder or cover, seNsor_ covers, and/or for guyonobile
gl azi ng. = R’ |

O
in which R® is hydrogen or methyl and R® and R, respectively
independently of one another, are hydrogen or a linear or branched
moiety having from 1 to 40 carbon atoms.

15. Moulding compositions according to Claim 14, characterized in that their
weight-average molar mass My is from 30 000 g/mol to 250 000 g/mol.

16. Cast transparent sheet product according to Claim 14, characterized in
that its weight-average molar mass My is in the range from 500 000 g/mol
to 5 000 000 g/mol.

17. Copolymer according to at least one of Claims 1 to 13, characterized in
that its weight-average molar mass My is in the range from 30 000 g/mol
to 250 000 g/mol.

18. Use of the copolymer according to Claim 17 in moulding compositions for

the production of mouldings by the extrusion or injection-moulding



19.

20.

21.

22.

27

process.

Heat-resistant moulding, comprising a copolymer according to at least one
of Claims 1 to 13 or 18.

Moulding according to Claim 19, characterized in that its viscosity number,
measured to ISO 1628-6, is in the range from 30 ml/g to 90 ml/g.

Moulding according to Claim 19 or 20, characterized in that its Vicat point,
measured to ISO 306, is above 112°C.

Use of a moulding according to at least one of Claims 19 to 21 as part of
household devices, of communication devices, of hobby equipment or of
sports equipment, or as a bodywork part or a part of bodywork parts in
automobile construction, shipbuilding or aircraft construction, or as a part
for illuminants, signs or symbols, retail outlets or cosmetics counters,
containers, household-decoration items or office-decoration items,
furniture applications, shower doors and office doors, or else as a part in
the construction industry, or as a wall, or as a window frame, bench seat,
lamp cover, diffuser sheet, or LED lenses, LED bodies, or LED
semiconductor cover, or in solar modules, or in automobile headlights as
lens, reflector, holder or cover, or sensor covers, and/or for automobile

glazing.



