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- WO 2004/ 098857 - 1 PCT/ EP2004/ 002059 Met hod for the

production of light-diffusing noulded itens with
excel | ent opti cal characteristics The present

p%’t 20o) gos’ Susntgg ?ofrlogﬁ‘p]; f82| yﬁefL§$¥?£99004/002059

(meth)acryl ate being given |ight-scattering or

di ffusing properties. This is achieved via adm xture

oMetdal t forngthpar prodastiont hef pllaglitc—si:.rfﬂfhrsimg tieulded
fract e f ter | rti.cl dlfferlng

13 A iR S e B o e e e

M xt ures of th| s type conposed of poI ymnet hyl

(TRh) gorgdale andveRRLbAr! NeRAldd ¢l ey age %Jp' Yeor

suitabl'e for the lighting sector. For exanp

0PESEUSAB A eBEPTBES 1URI f SPHEYLINYS uniTHat é@m@ﬁtrl cEPlymethyl

cqrdueh elciRhates cosppsed ofiaenet hyliqmt —fb%ﬁiﬂ‘déﬁl% or
t.r and of scatterln arthI es e fhéjdepl th eln
O EHET 5t B TSI Tk el bl ek CH EH6 by O RUTe Of
asrqaltjt@rasxtger yametdioes yl t6 esher s pAntSiics engacdire, 20the
0 he_scatter] artcheSJ fro
%%rra% nciea% eanggnpaC nth: witth XHet b S]aes |§1§Fermg

tlf@onrattrhiax thMﬂ@ @rOéyaies:@yllndmtmamsiyé@e@ whi ch
conprise plastics 25 particles as scattering nedia.

For, exanpl e, the docunment JP11179856 descri bes

miieftuggs skhéet s thiiEh atYPPeasEOBRESPAyer Ofhi cholymethyl

er(&i@ﬂbﬁ%i:&%;l&@' aept Bylattarenhgc E)é'r&tl%tl%%:: Iaﬁ@atagggggggny
me a

li.nked I
RIS el T gy N e T
b&xds Beitd® 154 8t h@emangl@eeﬁ romiforhiyo 25%niyharidhbptical
T d t h
'$%dﬁu§%§%£ gagtg%:s%ﬁe %gsC?FbggngﬁFEﬁggge?éehggrylate_
t ma@mecssalzdmﬁf mrzéﬁt@@mcpm s@azames%errwmdghth@reln,

SeahtRisy Beads W@@%%I@n%%d!sﬁg gﬂér6mﬂﬁkﬂ§5m£§e contain

Japanese specification JP--A 6 describes | ght
acrylic esters, methacrylic esters and styrene The

order of size of the scattering particles is from 2 to
20 pm, and they are incompatible with the plastic of
the matrix.

There are also known lampshades which comprise plastics
particles as scattering media. For example, the
document JP11179856 describes multilayer sheets with at
least one lzayer which encompasses a pelymethyl
methacrylate matrix and also encompasses crosslinked
polymethyl methacrylate beads as a scattering/matting
agent, the content of the beads being in the range from
0.5 to 25% by weight. The size of the beads is in the
range from 3 to 30 pm, and the examples here describe
only sheets of thickness 2 mm, which comprise about 3%

by weight of scattering beads whose size is about 6 um.

The Japanese specification JP-A 418346 describes light-
scattering multilayer sheets with a layer composed of -

methyl methacrylate, this layer comprising from 1 to
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scattering nmultilayer sheets with a | ayer conposed of
met hyl nethacrylate, this layer conprising from1l to
WD 2004/ 098857 - 2 - PCT/ EP2004/ 002059 20% by wei ght

of .cr ' tyrene particles whose average size
iswﬁr@%)%%pm The nouT d¥ng conposi ppgﬁggzooﬁoozosg

described are usually further 5 processed via
extrusion to give screens or optical conductor plates.

For the production of conpl ex Toul ded parts, e.g.

spELs abyzedehged| affp aoveskinleadl paktendl tdguriciodidd efhose
oraxpeﬁfefg?é aéié)é]sis tﬂeomexlt rtuod% prnpduct s have to be
f urt her Idl

processed Vvia foorm ng processes. The high 10
costs which arise via the additional operation are a

AIBANAN B I cdibSe P OGRIURES CH L L8 LL 0L Q] 1 EMurener
probl ens stated and di scussed above relating to“the
pRIFCHIS | (ViRas CERTEB/ OBt bP tHEVas5 qmesa® or optical
:!Bﬁﬁﬂddﬂ?%(pxﬁﬂé@!k¥f¥Fﬁﬂ@e%§%%@égfoﬂrqu§8ﬁp?exlmoulded
[ -scattering np i ng an ich is particular )

i %%1&%@‘ asrfge%ﬁujc)r?%gr?ﬁ‘?%lq‘ﬂl%hc‘ﬁ%’a%ct?%@tQQréﬁi yith
praxceissidss 4o mf}ﬂfﬂbicﬁis)ﬂﬂeén@xﬁﬁg%é?ﬂpﬁwuﬁté hhshe to
appar 0 omthe prior art. e intentjon _,
Wa@:[sj,e m%ﬁlggsg? %g%{eos\r%e e ‘égsr ocess hi BhOCgPuEs - the' high
| iggtsscubiehi iy imsul diagshe tadditgloent | cakragiahi tare a
angd shichh s tantiald y.avidls d he occurrence of

opti cal defects and I nhonogeneity, e.g. streaking, 25
cl ouding, and formation of clearly visible weld |ines.

A Trurdther) ojjecd £ ofhd her M ESRHt st MVEAt 4RA WRSch9sed above
pr.o |dce_a pﬁgc s for.the rtoduc ion of a ||]8ht-
sgaet\ﬁtaeﬁ% uldihgPR-PR o5t or T tHTEDNEY CReFGE sl | the
2@ meerdr iofverdurdfrace defectd: dheroowent vohchasradises a
I [t: ide r SsS [ .gi.ves .

o oS aR Ao nPyRRaEEr e i Bl = Bpgripatar Ly
| ADSERENEAVEr, atHe Vhieht pemmias g tireodEctnipul y ngBhis
hae daisgh ipactnst Egpable Weatheh o €SI StANCS @k th the

scratch resi stance. ]
apparatus known from the prior art.

The intention was moreover to provide a process which
gives 1light-scattering mouldings with high optical
quality, and which substantially avoids the occurrence
of optical defects and inhomogeneity, e.g. streaking,

clouding, and formation of clearly visible weld lines.

A further object of the present invention was to
provide a process for the production of a light-
scattering_moulding with no, or with only a very small

number of, surface defects.

The invention was also intended to provide a process
which gives light-scattering mouldings with excellent
properties. In particular, the intention was that the
mouldings have high impact strength, weather resistance

and scratch resistance.
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WO 2004/ 098857 - 3 PCT/ EP2004/ 002059 The intention was
noreover to provide a process which gives

i ght-scattering noul di ngs which show no

di scoloration via |ight-induced chem cal physica
dRANpRRE£P2%Bhen exposed to3ltght over PETHEEREA4EA02059
5 period. A further object of the invention was the

provi sion of a process which gives noul dings with
excel l ent optical properties, e.g. |ight

t res i htanegoandasCatd id e 40 RYWRfideThe PLOEESS which
descrlbedoi{h§%;a|n11 achi eves these objects, and_al so

acht €ves U M ch oW dish theFhar e Shey o

spitsdotatayisent ivdaed, 1 agRtidnobyeaus @ieniReflssaphysical

co es. circunst ances . di.scussed herein
w@%ﬁ%@%?}ﬁét F’g%g oefxlf%seecin%gntlrjv%ht pP8EEs s aPEClonged
preeete@d by the subcl ai ns dependent on Claim1l. 20
Conmpl ex light-scattering noul dings can be produced at

| ow cost and wit7. high optical quality by producing

t HesEurbheai ABseBY PAj d&1E oMyl idimgids obiia Rbovdshgn of
C@pﬁﬁb&é@ﬁ whieh BRcerpagses Ry MPiay! excellent optical
(netzgacrilate and spherical plastics particles whose,
SRS TP he 2F 1 angd¥r o BS54 §0eat 28d  scattering
conoent ration in the range from0.05 to 30% by

wei ght, based on the wei ght of the polynethyl
(meth)acrylate, the refractive index of the spherica
pakhe cl psodesser dagcbybédomi®d 0Lhaind. 21 f renhiéhas othese

tfEbjE&ﬁ@Pthxhd(n%ﬂH%ﬁCfaéﬁiév@EIfb%néﬂ1té%fbéﬁ% which,

process, the noulting conposition is injected into an
apbr o i e TRRY d &FF chneln Beegsédcedlpr ongrEigned, are

Cﬁ;miﬁ?afmgtdhaggsgb@yi fa:\t@l%feicj{%nl%sg SAHF eﬁhéL%@r@%ﬁ%@&ﬁces

t he. f ol | owi adyan es: t 1S possib?e to .

SRS T T S oh et fis2boaRBosBaste goventive

P ER2DD4/0@20600tected by the subclaims dependent on
Claim 1.

Complex light-scattering mouldings can be produced at
low cost and witl. high optical quality by producing
these mouldings by injection moulding from a moulding
composition which cncompasses polymethyl (meth)acrylate
and spherical plastics particles whose size ié in the
range from 1 to 24 pm at a concentration in the range
“from 0.05 to 30% by weight, based on the weight of the
polymethyl (meth)acrylate, the refractive index of the
spherical particles differing by from 0.01 to 0.2 from
that of the polymethyl {meth)acrylate matrix. In this
process, the moulcing composition is injected into an
appropriate mould which can be wused to produce a

complex moulding.

The 1inventive mecsures also achieve the following
advantages:

. It is possiblie to produce mouldings in which the
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anount of optical defects and inhonpgeneity, such as
clouding, streaking and weld lines, is very small.
Cl oudi ng and streaking are ternms used to describe

cl.oud [ Lthin the nmoulding, at 5 which the
tr@#s%ggé%@§§%¥$the part is”l18&ss than tK&/ER20Q4/002059
ot her regions, and which are detrinental both to

i deal scattering action and to appearance. 10 The
nmoul di ngs produced according to the invention have

fewer saméace def eptscalFuddferimrendt hansRubehB8gsy, such

produced_a rdi. to_.the invention have excellent
opticajg%rg%g?%*é%f 18EESFE g™ r&ﬁgﬁltiéﬂﬁéf i1s very
yel | ownnwszll ndéx oanld ngs cand esitngafdwer .ardheéerms used to

nmechani ertyi ul i dyce re
Iikemﬁgggg%ggﬁ?eﬁ?fﬁ§% hgqﬁgng#gggggro J%e%93¥§%Q%i at
or onl YRSy tBRi ghtansharnar apforfhs apafyhtisi nbesed than

IChehm cathator @hys:@aé g%%@_@ogi% @rﬂ eéegﬁgggﬁﬁg are
i ght Ver, a pr nge eri od. ese [

naEe t H eﬁﬁﬂ%ﬂﬁﬁg%qﬁg5%ug%dldﬁﬁ%oﬁaﬁﬁﬁe¥énghéCtlon.and to
i nvent iagrpgardricoal arly suitable for applications in

the lighting sector. 30 The inventive process also

features inproved flow properties of the noul ding
conpositieormouifengnj preodoredo wationglitnec ol olgy  taeention

in the ipresent,d Manttan f@redig processing of 35
t her nopl astic nmoul di ng conpositions is known to the

person skilled in the art. Exanples OZ ovgayiems can
be fourr:dthe MB2004£08888:rd ohgs PeFLER20 %ﬁ% to

M nk, Q?undzu%g Eer Sq{itzgie1t§§hnfg hfun%énenta §¥¥
injegF?oﬁ9 8| aPﬂg ave "excellent optical properties,
e.g. light transmittance, vyellcwness index and

scattering power.

. The mechanical properties of the mouldings
produced are likewise excellent.

J The mouldings produced show no, or only very
siight, discoloration via 1light-induced chemical
or physical decomposition on exposure to light
over a prolonged period.

. These properties make the mouldings produced
according to the invention particularly suitable
for applications in the lighting sector.

. The inventive process also features improved flow

properties of the moulding composition.

. The injection-moulding technology used in the
present invention for the ©processing of
thermoplastic moulding compositions is known to
the person skilled in the art. Examples of

overviews can be found in:
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technol ogy], 1st edition, Zechner & Huthig Verl ag,
Speyer, 1966; and 5 Saechtling, Kunststofftaschenbuch
[ Pl asti cs handbook], 26th editi.on, Carl Hanser

Vewbago04906ss&t her hot -runngr _t echnol ogymipy 004002059
col d-runner technology may be used to carry out the

i njection nmoul ding of the 10 noul di ngs. Hot-runner
technol ogy has sone advantages over col d-runner

technol ogy, e.g.. the inplenentation of long flow .
pat hs, so Fhat g‘iﬂh’ékgat ;PWWEP dedldy dipnidtzed.eBtechnik

no- | oss opeFaﬁa@mefl«t@:Lgvoi Iolgncgfof smgqnjﬁtsi%lnaﬁ%gjrlding
ossibility of a | ng ho ressure for T
Seriod, si%% E?%gg%%ieri PLdoBE1héPnf r eé2EhPRT t e Hiithig
gate, and Yaelappodpepety 1@6$npéﬁmmwr shoLter cyfge

ti t [ tages are.t i gher pou
co%t?éc? esul 'in3%{‘%[5%%%?2ag%ﬁsﬁ%gg{led%j;aﬁ%gstﬁ@ndbook],
hi ghieh ediselonq Bidnk HansdmiVarimgaribahe greater 20
difficulty of maintenance. The noul di ng conposition

| ymet hyl nmet h) acrylate (PMMVA), which
fe ﬁﬁ?ﬁaﬁiﬁﬁat@ﬁvﬁn% %ﬁicéll(ﬁlﬂpﬁé' SPhefdtdatrphasti tschnology

pardy cdbesubadetbeearepbeddedne2S e iy |I§OM§£§§ akYine
enconpasses at, | east 309@b% wej ght, based on the
tofgﬁpmef%%ﬁ 6P S AETRSTI dF RGN ebRpBsitaDn Sagre  advantages
pot¥aretdndd{neitacredtat @l odie,c o dy gt he iﬁﬁ@(terﬁentation of
rdd £ ulsar,,As of the ent, i nvention, )
oot R Aer DTar8e. of 't he Rt NI ofédife. TG aPfg 3geally
G ﬁﬂ&nlH%Véoﬁsreppééﬁﬁi@nindém i avblidanaegeofr osprue

1. I:tedt, pEBAsKH Bfk § 06t B Byl at
Zéﬂg.&ﬁgl ynet hy| (et h) a}zre;/;fat ggmg%gggg%gréﬁ?%ggbqraﬁ e E
vira 958 fl?%lé%%/%di Eal ol Yhrer Mgherdalofdamst opes fmtete in

cduer | setart hyhd ( netid) aﬁfgﬂrailg}&otyge?t% nh.?rﬁl %ﬁrég%:er% %ter
[y rise at | east. 0 wel P .
e RS 004 B 18 ST heas epbonar B0 Zsh. 0% byioner
WEIOGRE, carsd sparesivddiiand yf rpmefrerab| gorml 4 @asdd 882 i gn, the
higher susceptibility to failure, and the greater
difficulty of maintenance.

The moulding composition encompasses polymethyl
(meth)acrylate (PMMA), which forms the matrix in which
the spherical plastics particles have been émbedded.
The matrix preferably encompasses at least 30% by

~weight, based on the total weight of the moulding
composition, of polymethyl (meth)acrylate. According to
cne particular aspect of the present invention, the
poly(meth)acrylates of the matrix of the moulding
compcsition have a refractive index in the range from
1.46 to 1.54, measured for the Na D line (589 nm) at
20°C.

Polymethyl (meth)acrylates are generally obtained wia
free-radical polymerization of mixtures which conmprise
methyl (meth)acrylate. These mixtures generally
comprise at least 40% by weight, preferably at least



by wei ght, of nethyl (neth)acrylate, based on the

wei ght of the nononers. 5 Alongside this, these
m xtures for preparing polynethyl (neth)acrylates nay

OB S8 blgRed TE ) SerYl aleg i oh 21 S oesngagoozoss

copol yner e'with nethyl ™
(met h) acryl at es enconpasses net hacryl ates and
acrylates, and also m xtures of the two. 10 These

- nononers are well known. They include (neth)acrylates
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depP¥edyf rehaybht uratiegaakdohdbs ] yf pirefexabple aretikylst 80%

| : hyl | opv{
e G I T R e e e ——
(et hyakr9f atlee pemeydrg met h) acryl ate and 2- et hyl hexyl

(nmeth)acrylate; (meth)acrylates derived from
al cohols, for  exanple ol eyl

unsat ur at ed ,

( n%}a%fj%%+§? at 1S p- pFeRynPLxtHEER) LfodcPyrRpsingl Pplymethyl
TSRttt s b Lt oL 61140 S scoyiates
NEhYTE (HEC ny BB § VA b aREE o} FPeleh Aot Re CapRte - The
r ackoal s (meyhbecuglabesi t Lﬂrecobn;;:rastmal&t umetﬁaéﬁyﬂlates and
s | S; C ryl ates, such as
3?%?%§%%§%%bﬁgﬁ%lAﬂ%%Kﬁ%%§ﬂ§%%r€%;1%f E%ﬁhyl

(meth)acrylate; hydroxyal kyl (meth)acrylates, such as
3-TWEB OXY PhORYhe ré MEt A}aCT Y818, Spfdadhhydrexybutyly g, 40

(nmeth)acrylate, 2-hydroxyethyl (neth)acryl ate;
2%‘2%@@#‘3? né’t@ﬁ)l-vegﬁrﬂfSWe;S@bugﬂ/% | alcohols, for
((jieéxmnﬂsﬂ)@c m¢|ta§f&?,a<t51ﬁﬁba‘@é,l 1{3%‘11@% altﬁ@tt h. 19} aclzrylhatl:e, ropyl
C met h)agryl ate et her, al cohol's, for
e@n%%@ %%%ﬁaa%%fydr of urq‘%}y I (%ﬁ%’%lﬁt&' tert-butyl
vi fiye gxyattiobajes hybent it hipedh)lateyl 3% ammdeg-antlylhexyl

ni {dd19s: Of (e h)acrylic acid, for exanple
N- 3-dinethylanfnopropyl)(neth)acrylanide,
|¢{Qﬁ?ﬁ}%ﬁﬁﬁ%@ﬁﬁ%n@§{hﬁﬁﬁ)éépm;ﬂﬁ&ﬁ;urated alcohols, for

example oleyl (meth)acrylate, Z2-propynyl {meth) -
acrylate, allyl (meth)acrylate, vinyl (meth)acrylate;
aryl (meth)acrylates, such as benzyl (meth})acrylate or
'phenyl (meth)acrylate, where in each case the aryl
radicals may be unsubstituted or have up to four
substituents;

cyclecalkyl (meth)acrylates, such as 3-vinylcyclohexyl
(meth)acrylate, bornyl (meth)acrylate;

hydroxyalkyl (meth)acrylates, such as 3-hydroxypropyl
(meth)acrylate, 3,4-dihydroxybutyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)-
acryvlate;

glycol di {meth)acrylates, such as 1,4-butanediocl
(meth}acrylate,

(meth)acrylates of ether alcohols, for example tetra-
hydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl
(meth)acrylate;

amides and nitriles of (meth)acrylic acid, for example
N- (3~dimethylaminopropyl) (meth)acrylamide,
N-({diethylphosphono) (meth)acrylamide,
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WD 2004/ 098857 - 7 PCT/ EP2004/ 002059
| - met hacryl oyl am do- 2- net hyl - 2- pr opanol ;
sul phur - containing net hacryl ates, such as ethyl -
suI hin t hyl neth)acrylate 4-t hi ocyanat obut y
%&X}FZ %¥%5 5 et hyl sul phoytet hyl (n@f:wyaeesapavaozosg
thlocyanatonethyl (met h)acryl at e,
nmet hyl sul phi nyl met hyl (rmeth)acryl ate,
bi s( (et h)acryl oyl oxyet hyl) sul phi de; pol yfunctional
(nﬁtrh\é@l%(yfﬂ@larﬁmh%éiﬂ)ﬂ?i P andO; propane

tri | at e, Besi de abovenentloned
‘wf)%%\%%‘ B0 HE m%@“aqw 5501 ymetiched @@y aksbyl-
comw&pﬁﬁnyﬂémﬁylnwmﬁthEﬁ@x&l&m@pners copol yneri zabl e

vv| 4 ht%fgi}?gg{@m&}gﬂg%e énejgge%%cr yl ates. They

nclu enes 1- hept ene;
kﬂ%ﬁhﬁﬁﬁﬂkﬁmﬁw&iﬁtﬁﬂkh asthhytcytbbhexam@;o&yandtomethyl

inlspEepene, 3-nethyl-1-diisobutylene, 4-nethyl-
20‘1 pe%?ene acrylonitrile; vinyl esters, such as

ViR N wket bkt n kgl @mﬁ§MaﬂﬁK&ﬁEﬂwrenes havi.ng an

alikyd ( Erhbeh)sd dd sy d by d d&lﬁﬁ}ﬁlc{é e.g.
a- h | styrene and X styrene, substituted
stytefed H anmgﬁ%Q@Cf SG6Sti t HRAR G t hElFekgyloyl-

smﬁbpﬁmentmdtmﬁuhﬂ&tﬁymhtd)nethylstyrene hal ogenat ed
styrenes, such as nono- chl orostyrenes,

di chl crostyrenes, tribronostyrenes and

t esibternshyr exlesvengnt orowd| i(nethipkrgdapesndsthsuahizes

as 2- BeNYAYlediNR 3ayspyY! e,
2- nethyl¥%gé{ﬁyﬁpyrlr%%é aY?Etﬁ&%wfi%%rﬁ h%?lansaturatEd

2, RNty | - SRALYAGEE I,  ild - ﬁyﬁuwnébnﬁementloned

Vi (i g )ped 4 di s s 9- vi nyl car bazol e, 3-vinyl- carbazol e,
4-vi nyl carbazol e, 1-vinylim dazol e,

2-met hyl -1 -vinylimdazol e, Nvinylpyrrolidone, 2-vinyl
35wy r ahicdode, N-alksteyr r glicti nes 1-hexene, 1-heptene;

3?@&3@H@6¢*§fﬂ@ﬂ¥%, such as vinylcyclohexane, 3,3-di-
methyl-l-propene, 3-methyl-1l-diiscbutylene, 4-methyl-
l-pentene; acrylonitrile;
vinyl esters, such as vinyl acetate;
styrene, substituted styrenes having an alkyl sub-
stituent in the side chain, e.g. o-methylstyrene and
o-ethylstyrene, substituted styrenes having én alkyl
substituent on the ring, such as vinyltoluene and
p-methylstyrene, halogenated styrenes, such as mono-

'chlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes; '
heterocyclic vinyl compounds, such as 2-vinylpyridine,
3-vinyipyridine, Z2-methyl-5-vinylpyridine, 3-ethyl-
4~vinylpyridine, 2,3-dimethyl-5-vinylpyridine, wvinyl-
pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazole, 4-vinylcarbazole, l-vinylimidazocle,
2-methyl-l-vinylimidazole, N-vinylpyrrolidone, 2-vinyl-
pyrrolidone, N-vinyipyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane,

vinylfuran, vinylthiophene, vinylthiolane, vinyl-



10

15

20

25

30

35

.hy@9

'N-vi nyl caprol actam N-vi nyl butyrol actam vi nyl oxol ane,

vi nyl furan, vinylthiophene, vinylthiolane, vinyl WO

2004/ 098857 - 8 PCT/ EP2004/ 002059 t hi azol es and

hydr ogenat ed vi nyl t hi azol es, vinyl- oxazol es and
o%%ﬁﬁ(@% 8§ Ayl oxazol es; “vBnyl and i sEGTLEF2004/002059

ethers; maleic acid derivatives, such as maleic

anhydride, 5 met hyl mal ei c anhydride, nmal ei m de,

met hyl mal ei mi de; and dienes, such as divinyl benzene.

Thean@nésger@{cal | Yiydse cahitbhese,c Q%Pt:f’k?f‘ﬁiﬁ/léé freny1-
0 o b

to 60% b ref er ab) rom

WP ERES 0 SR BERESeRar Ty Brr LERGIeTom 0 to 20%
byvineyghand basedeopl tdehaes ght of the nononers, and '
t 0 ds € used i ndi.vi dual | r.in the , .

hﬁng%g ”Q@E@ ngyﬁ% The ol et i f§i|3%ﬂ1§ibeﬁgpﬁq;&de'
|nmﬁtbrb@aLSlﬁgakhydnldéremaﬂadmcdb,lmetbaﬂmaieiﬁﬁdeg and
th@l@ﬁgéerégghlQét&f@fﬁi?bég and Nter alia, the azo

e

initiators well-known t person skilled in the
art, for exanple AlIBN and

1 ﬂh@z@ﬁbﬁﬁﬁcbéhé%éﬂﬁya{zQ@al bEl kﬁesén@oﬁbﬁeme%%g 4%om 0

such, met h et one peroxid
ad% ygg etdné’ %Hk gﬁ? i%yfrﬁ@ré&{ﬁ% 4Qerbybﬁpﬁﬁhtr
2- mdhybp&ltliemalamatye pm@mojp,er 6xbme,0 mebhyloy SB?Uﬁw)éhght

k peLgxi cycl. e erOX|de di benzo
pg%%%%%e ergggut§% roxngnfgé e, "PRPPE Bﬁtylﬁégox§hese
25-¢rappindy | mexr benatsed 1nd1v1dually or in the form of a
2, prhisfL- et hyl hexanoyl peroxy) - 2, 5-di nmet hyl hexane,
tert-butyl 2-ethyl peroxyhexanoate, tert-butyl

3,5, 5-trinmet hyl peroxyhexanoate, dicunyl peroxide,

1, hdi §6U9fnterbdb]t|1©ﬁr 0Xy) gyﬁé@agmn@nﬂm%rte@ Susing known

tert - but | oh

(LertsDudlpeong) o3, SehLhaetN Chebohonane,  ocors
b|$idrtenterbwﬂybcydﬂmheayb)1mamam¢®m@anb£mmﬁknown to the
(g%fg§§ Oy 1 P QT iﬂnrﬁhgf Lhe abfggneg§ es JPIEN, and

ounds wt one anot and al'so mx
Povkrisinh ored kdipeureiasiatiitrile, and  also  peroxy

compounds, such as methyl ethyl %ketone peroxide,
acetylacetone peroxide, dilauroyl peroxide, tert-butyl
2-ethylperhexancate, ketone peroxide, methyl isobutyl
ketone peroxide, cyclohexanone peroxide, dibenzoyl
peroxide, tert-butyl peroxybenzoate, tert-butylperoxy
isopropyl carbonate, 2,5—bis(2—ethylhexanoylperoxy)-
2,5-dimethylhexane, tert-butyl 2-ethylperoxyhexanoate,
tert-butyl 3,5, 5-trimethylperoxyhexanocate, dicumyl
peroxide, 1,1-bis{tert-butyliperoxy)cyclohexane, 1,1~
bis(tert—butylperoxy)—3,3,5—trimethylcyclohexane, cumyl
hydroperoxide, tert-butyl hydroperoxide, bis(4-tert-
butylcyclohexyl) peroxydicarbonate, mixtures of two or
more of the abovementicned compounds with one another,
and also mixtures of the abovementioned compounds with
compounds not mentioned but likewise capable of forming

free radicals.

The amount often used of these compounds is from 0.01
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conpounds not nmentioned but |ikew se capabl e of
formng 35 free radicals. The anmount often used of
t hese conpounds is from0.01 WO 2004/098857 - 9 -

P 9 to 10% by |ght preferably from
OS@S @8?@9&3 {ght, based” 2§ the wei ght” s 04/002059
nononers. Use nay be nade here of various
poly(nmeth)acrylates 5 which differ, for exanple in

their nolecular weight or in their nononeric
CdnstlﬂatbgnweIHbtanh@ﬁﬁgamﬂﬁpdﬁkﬁm0@ fayo NMBEEBYClyeight,

UL 9 BGL L DOLYTRLS 0L Qhdler, Lo, modi Ty Tts

propertles ese 10 are, {hter alia,
polyacrylonltrlles pol ystyrenes, pol yethers,

PohyEStRS, b@ohﬁﬁﬁfb%%@%ﬁsofndv§¥&33% ?kﬂﬁpnk%kg%%§ylates

These ol¥ners may be used I ndivi duall
foftt ot A1RERFur EOraRdamples it sohpbssiplechbrre weoght or

usin cepel y s sorhi i s ieivadl e fromthe 15
abovenenti oned pol yners. The wei ght-average nol ar nmass

Mv of the honmp- and/or copolynmers to be used in the
nmotheli mguddiposi d:cbmlomiozvamay/vi tbiraogew dﬁorﬁ;ﬂﬂ% other

t ' 20, mat ched
| enIea Lo aHEh The RAREY of tpPGRBEEIAG 0l ATRRY these
rnﬂﬂﬁm nglééﬁﬁos@ﬂu@n H@méy@¢IYl®nlsrlgemerapbyyBMymbees,

0 f er.abl
50 oo’lge%nﬁ&gnd pg%ai@lﬁn{? s % §8ﬁ§8%y1

%‘bl t’B 29D DG YHLHS ,map5bg tqﬁsen% mrﬂ@n:d@@ally or

r asul tlaat fd.‘)ﬁlst bEchi @ﬂxtb&e@n%rﬁﬁriﬂ CL$ aa1§8b?95§‘2191e05ere
tn§ prggg |nv ntlon t.he .noul di ng conpo ion

q eas 70&09 Wit er 4Py ACTWAReg00f ¥R the
\Mﬁhﬂﬁ@manﬂiqnﬂd|pmﬂymdnﬁ 30 preferably at |east 90% by
meight of polynethyl (neth)acrylate, based on the

ght of the nmoulding conposition. Particularly
pr%?eerW@a%’ér%%F%%ofnoéraépamaﬁ@ e oB5theulldimy and/or
COMMASifcans 8 epe ORBRILH 24 | ¥nabtalnaple fi&ﬁ%éé‘ftlon may

producer quO Indu tries with_ the traderar
vary wit

in a w1 ¢ range, the molar mass usually being
matched to the intended wuse and to the mode of
processing of the moulding composition. However, it is
generally in the range from 20 000 te 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,

with no intended resultant restriction.

In one particular embodiment of the present invention,
the moulding composition has at least 70% by weight,
preferably at least 80% by weight, and particularly
preferably at least 90% by weight, of polymethyl
(meth)acrylate, based on the weight of the moulding
composition.

Particularly preferred polymers for preparing the
rmoulding compositions are commercially obtainable from
the producer CYRO 1Industries with the trademark
ACRYLITE®.
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ACRYLI TE(r). WD 2004/098857 -- 10 - PCT/ EP2004/ 002059
Al ongside the matrix described above, conposed of poly
(et h) acr yI ate, the noul di ng conposition enconpasses

S rg cs particles 5 The si ze 5,

pﬁgtgtl CS partl c-{ es (average di%reter - 8 K%‘nggﬁéﬁg)?%g
isinthe range froml to 24 pm preferably in the

range from2 to 15 pm and still nore preferably in

the range from3 to 14 pm 10 The particles

advant ageousl y have maxi mum narrowness of size

diStddtdONhé ﬁb%?lgf s fﬁ%%td ]al:ﬁﬂ)rl Cacf&'ﬁ]&% g poly

possessed by at | east 60% o he s
pa@qg§neﬁ§ﬁﬁ%%ﬁQTtER?QHNNQﬁLﬁ}n@Owﬁ@@@pﬁ@ﬁl@gedemﬁompasses

t epHawierdll el JHt0cas padikie sl ze of nore than 15 pm
is preferably possessed by at nost 30% of the
spherical plastics particles. The proportion by

welihghts ofe t bE phas@hﬁfuﬂﬁﬂIpHﬁﬁiclﬁﬁ%kﬁﬁ%ﬁh%@ &b@me%er _
I a ro
eg%%?tg; a%%a%% y:T?]Lt oﬁe p?g bar rlead}/ eenti%’tﬂnher:l“( tf’he8 um,

pmqﬁaé?rhbylmveﬁl‘ghtrmgg pfreori c2l to plﬁsmmpSapar btel®Smore
| oA 10 GRIMARIDd G dnd of kM Oyh 10 2506 bY

wei ght. 25 The spheric parti cl es preferably have
uniform distribution within the pol ynethyl

(ﬂ&khk&&ﬁﬂdﬁé% dﬁﬁiﬂ@bé&oﬁsﬁyrE%@é“ﬁ%kf@ﬁpoﬁéifgﬁm?ss of
wi_t.h no s %glflcant ag re ation or a%gl oneration o

tI’]SeLzbeartl O 2 m 16 | Rt i oRtmeadfeSthatl the  is

c@ﬁ@@ﬁﬂ&ﬁﬂynpmﬂseﬁﬂédCbgsaﬂMIdHittBe°ﬁwmwﬁhéSspheﬁlcal
%1%@& isal eM:t%Qﬁ%t %hll'l’legl ie I{l‘%l Iﬁf?gﬁ: rmtfgls:{(tloxtz used

e p ast| S part|
céﬁ‘p ddiet oy aRtriiote |Esrqm,| reitdhea %lzmvcelﬁtmmee than 15 pm

| Ajse @lric@R-mu i SUQCRs S Praf efahl ysqﬁkéf R 365N YL Bean
mxing.in the nelt, by nmeans of a sin
plastics particles.

The proportion by weight of the plastics particles,
based on the weight of the polymethyl (meth)acrylate,
is from 0.05 to 30% by weight. In one preferred
embodiment, the proportion by weight of spherical
plastics particles in the moulding composition is from
0.1 to 25% by weight.

The spherical particies preferably have uniform
distribution within the polymethyl (meth)acrylate
matrix of the moulding composition, with no significant
aggregation or agglomeration of the particles. Uniform
distribution means that the concentration of particles

within the matrix is substantially constant.

The mixing of the matrix with the plastics particles to
give the moulding composition which is used in the
inventive injection-moulding process preferably takes
place via mixing in the melt, by means of a singie- or

twin-screw extruder, with no intended resultant
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‘twin-screw extruder, with no i ntended resultant WO

2004/ 098857 - 11 - PCT/ EP2004/ 002059 limtation. For
t he purposes of the present invention, the term

‘spherical that the plastics particles preferably:
5 ﬂ§v€8§4égﬁ§$$h shape, butldt=is cl eaPHTdEPRH04/002059

person skilled in the-art that, as a consequence of

the methods of production, is al so possible that
plastics particles with sonme other shape may be ,
presehtatbont hat the shape of the plastics particles

may deviate from 10 the ideal spherical shape. The

term spherical therefore nmeans that the ratio of the

| aFgestthd nensponresf dfhetpkastiesepar intleesibd,t hehe term
S ' skLan kS N 4 ef er abl ot
o o Fhan 2 a oty THeoeLat HEnSi BREChETRg PEeterably
medRVe ed SEhesigRlt Hharent rieudf 1gr A tgladfr the the person

plagiited Padtiwglesafased en the nymber, %%.pér?é%' S the
Sp )

n
part| clq?s, at | east 70% are pr e?er ably rica
paPE Futar Py &roquedsiorgoos s 26 17Re Rrariitle that, rdagtics
alsort helparyich essh@eotHi st EhBpei ARy BRYpResent, oL that

de m_ned by s of. a l.aser extinction method. To
th%kgé erslg,ape Ofegﬂﬁe Bgdd 161° P2 ELE S8 @9 19@niatRe from

use ha
conpanyddealD Spha@nidyl tdteepeet hod of 25 neasurenent for
particle size determ nation being found in the user
manual . The plastics particles which can be used

acts? ditRgmt FPhave Galvehbionfare mstarsubfeat theanyatio of

pariéd Cyﬂ;@d}f}]egr@ Bepbhkebhons The natiue; of Lh P%féé“&o the
I oduced 1s

fromwhic he | asti,cs particles are pr
thsé?ae]fv%“set éb%‘%?gh??alllsy THN-BPTRi AR Hin Peeferahbn not

ofmdieghthahakes phake oit thesphdsechbeupsar VodBiyeRBasured

th&l% iC beads .and the matri X, Iastic.éqS ,

Accor dj?%l y?’h?heacreerﬁraect i \92 i r%%&vjoﬁyt h&%pl dst§ csPlastics
particles. Based on the number of plastics particles,
at least 70% are preferably spherical, particularly at
least 90%.

The particle size, and also the particle size
‘distribution, may be determined by means of a laser
extinction method. T¢ this end, use may be made of a
Galai-CIS-1 from the ccmpany L.O.T. GmbH, the method of
measurement for particle size determination being”found

in the user manual.

The plastics particles which can be used accerding to
the invention are not subject to any particular
restriction. The nature of the plastic from which the
plastics rarticles are produced is therefore
substantially non-critical, but refraction of light
takes place at the phise boundary between the plastics
beads and the matrix piastic.

Accerdingly, the refractive index of the plastics
particles, measured for the Na-D line (589 nm) at 20°C



particles, neasured for the Na-D line (589 nm at 20C
WO 2004/ 098857 - 12 - PCT/ EP2004/ 002059 differs from
the refractive index no of the matrix plastic by from

is partjcularl referabl e t
Ségép%ggg(ﬁggggﬁtlcles SDthg%'heatyr23|§FHF@@°°4/002059
extends to at |east 200C, in particular at |east 250C,
with no intended resultant restriction. The term
heat-resi stant here neans that the particles are not
su@iéﬁer$o:@mynsmhstanéfahctihernﬁﬁd%ﬁg&ﬁda&foﬂﬂuiomatrix

' C be term ne a
! %%%g%%5|§%?%$@ @ qﬂ% Wt o ofydetern1nat|on
|s famliar to the person skilled in the art. V%en the

prpeess b§rH§@gla£Dg ﬁ@é@@&ab?éstgf EQGQ@%%%E gﬁgtlcles

speci men . to be 'S not nore _
S W%?ﬁ%aﬁﬁi}téeﬁh%téﬁﬁﬁeﬁﬁuﬁmﬁﬁathGNUndeaSMMQQO C, in

anrﬁ"h@JBéf ugturieQft prepecr e%lralhasﬁd C§n9éﬁ&é&' ?‘%s}pltant
rom 25 .to 99. 9 parts b

bl
n%l%’?gs%%h T%?ive CSFBEtG At groiipd A sﬁsﬂe. RS, that

foth@xap@t91cséyremﬁe ant®t hgliB¥EeNero any substantial
rings % £ yrenes and hal ogenated styrenes,
enyi 5rm§ §§ acr aTe benzyl (neth)acryl ate,
10 2 phenyl et hyl 25 (neth)acrylate 3- phenyl propyl
(Medd) agfed@at e ;Qs i M AWde berllnza teg,and lt%?: q%)e r 0%1 B

to 60 parts by weight of an yI|c an
%H?%Vjé%%fé’rl%avl?ﬁ@c’ﬂi toTTZL@z gaibod aft%wslemrmtthetlon

a1i$hﬂ$m£l£§fetor&HEC@brsbhe%%ahﬁb%gJ§p the art. When the
CUPLATE | bl SN, L TRaTErS B o0g IO e
i5 rreﬁpgdln(emst hpadrey| atefedt iy foet hﬁo—reac?yhézat ey by weight
B e e e B gt e e S
tert-butyl (meth)acrylate, cyclo-
The structure of preferred plastics particies
comprises:

20 bl) from 25 to $9.9 parts by weight of monomers which
have aromatic groups as substituents, for exanple
styrene, o-methylstyrene, ring-substituted
styrenes and halogenated styrenes, phenyl (meth)-
acrylate, benzyl (meth)acrylate, Z-phenylethyl

25 {meth)acrylate, 3-phenylpropyl (meth)acrylate or
vinyl benzoate; and also

b2) from 0 to 60 parts by weight of an acrylic and/or
methacrylic ester having 1 to 12 carbon atoms in
the aliphatic ester radical, these being

30 copolymerizable with the moncmers bl), and mention
may be made here of the following by way of
example: methyl {meth)acrylate, ethyl (meth) -
acrylate, n-propyl (meth)acrylate, isopropyl
(meth)acrylate, n-butyl (meth)acrylate, iscbutyl

35 (meth)acrylate, tert-butyl {meth)acrylate, cyclo-
hexyl (meth)acrylate, 3,3,5-trimethyleyclohexyl
{meth)acrvlate, Z2-ethylhexyl (meth)acrylate,
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~hexyl (nmeth)acrylate, 3,3,5-trinethylcycl ohexyl

(meth)acryl ate, 2-ethyl hexyl (neth)acrylate, WO
2004/ 098857 - 13 b3) norbornyl (meth) acryl ate or
fromO0.1 to 15 parts b

i sob I th)- acrylate; y
QZV?%%%#/@%%% i nki ngy comoidmer s whi ch PREVEPZP0REQ9R059

two ethylenically 5 unsaturated groups copol yneri zabl e

by a free- radical route with bl) and, where
appropriate, wth b2), exanples being divinylbenzene,

gl ycol nélindrmyh) aseyhaberyibtal | bicyansEss enydi alingkn) -
acrylate, polyethylene glycol dinmetaerythritol tetra

(met h) %ﬁﬁ%ﬁ%%%’or trimethyl ol propane tri -

(nEdh) atrorh atte,l wher €3 hpaatpundys abithe COMORFREI inking

bl), b ' t,ot al 00 15 parts )

me?ght%LE%Q%X%%%Sgké§8§sc%F%%sg%h S5 stg%% s&gﬁﬁsPé§allY
descrimmﬁatumﬁwﬁdan@r@mg$diﬂgp@bm@@sitabhe whiycha free-
conpri sg,dfiese rQﬂg%tchg%han 1{meliyl) Rt ac%%%?é%riate,

pol ynmer. 20 The pr ction of crosslinked plas
parti clesth s PRnowR*EBPERE peetem skivirstlbenadres ar glycol

Eor exg@t@th)taf&mé,teri ng gar,td%@%ﬂ@di@gepggggg%@m-
emul si o ol ymerization, for exanple as des
Th 25 BRI ‘%rzss RALYESIN 1580% 3241Y50d veFymethacrylate,

parti cullarytly (meeheaabyyavfa Q&Qﬁﬂﬂ@ﬂpgﬁgﬁpura%e, diallyl
ol yner,] ' for ,.e e as _described in e .
gbrﬁan a é%%ﬂfapliégfﬁggﬂ'P 3P NRER 1. ?ﬁEEaerythrlt°1
| ast - merftti Ionbek ol aameriatat | onr t echimeuey lppMesopane tri-
parti cul@rdy Naryowdartigle.size30 di gtrlhuti ONBEO: the

in other words, "particularly smal devi ations of
parti clCRATIRAET sPH omHe aV@r Rde Para i@l gotal of 100
di amet graridRamdy crdafHty. preferred plastics particles

enconpass
EP 0 656 548 describes the plastics particles described
above, and moulding compositions which comprise these

particles and (methyl) methacrylate polymer.

The production of cresslinked plastics particles is
known to the person skilled in the art. For example,

the scattering particles may be produced by emulsion

polymerization, for example as described in
EP-A 342 283 or EP-A 269 324, and very particularly
preferably via organic-phase polymerization, for

example as described in the German Patent Application
P 43 27 464.1. The last-menticned polymerization
technique gives particularly narrow particle size
distributions or, in other words, particularly small
deviations of the particle diameters from the average
particle diameter.

Particularly preferred plastics particles encompass
crosslinked polystyrenes. Particles of this type may be
obtained wvia suspension polymerization of a styrene

monomer, as listed above in bl), and of a crosslinking
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35 crosslinked polystyrenes. Particles of this type

may be obtai ned via suspension polynerization of a

styrene nononer, as |isted above in bl), and of a

cr, 2004/ 098857 - 14 - PCT/ EP2004/ 002059
Fa%?%EMvég?%@Zted above in ﬁS) partchF EP9°°4?°°2°59

preference bei ng given to styrene and di vi nyl benzene.

It is also possible to use a m xture of two or nore

styrene nononers frombl). The proportion by weight

ofmarkmndr st §s ehespetly abovien :mhebrx)a,r tpetescudar preference

pr b om.8 59 ht ... The pr.op tion
I o R s kg B i EeBrar dranty aleo

erﬂﬁ%l & 20% Pﬁe oﬁdemlli‘eur%keofécdmmt oacf moicEor At yyene

Ofmdrghdr i s op1) andpppf ?)Q‘%?%rrgg%t?xl C})g vﬁ'rl%kht of  the

preferable to use poI styrene

m%ﬁﬁﬁﬁﬁ? n%?o% p@P%ﬁéFﬁ?éﬂ%ﬁwP%ﬁf@ﬁﬁh#Yb@ﬂmn 80
i Lol P964 25§ ]x:?elglrﬂtP 17i46 BE0podPidh72442 andihiP- &  the
4%%{} qt A 418 §46 al so _descri bes noul di ng

COTPOSI t ong]g(/\hlfl%lﬁ Ig%léor’rﬁas}%xeg%lf?/}%h{/r éﬁﬁmpa?t fel L%, In

am:c(emtml yaket hacoyhat ef 1511pf(dryrfmj’y dFarligt agkyfusion
@ﬁ?nﬁfdaﬁﬁé£r§$§§ coppgege %fer SSllndﬁgabyglyegﬁrene

pol ystyrene are moreoveér ¢o e
Seﬁﬁﬁﬂchﬂ%wtlﬁgl@@ Mﬁiethhr©ﬂecaa t r &gemar ksspension

SNRRMTRI A1 )onSBX- 4aSTecMé/ﬂEge( ) S@ﬁ 6, “ﬁ 6 %66 17,
T;&,qplqgfr(r BX-8 and Tech olg % SBX- él
t br e¥errled Hghett phast®cdi6padbrdl 88 346
whiloho arsesusereas mgﬁﬂdfﬁg{KtéM#ﬁHﬁtraﬁ@prgﬁeﬁ%S encompass
anp artic this
? g%Qg%hegyvrg%h%'rgfﬁ%lsagﬁg %%%ﬁ%sat?%hh%grylate

oPgadyseri-al koxysi | anes and/ or tetraalkoxysrlanes,

these being described by the formulae 30 RISi (OR2) 3
and Si, (OR2). 4 where Rl is, by way of exanple, a
sGBSEACHEd 1o - uRsaESEFEdt ed BRKVECEEBUD, apmpbkedyl of

gh@@&SQﬁn&e@henyblygﬁﬁﬂ@neananhe ra3d¢eedbrR2 Ofnhde ially
draly ﬁbl alkox 35 gro%g is an al kyl group suc%

é ﬁ% d¥ kisui las tics Co., . with the
trademarks Techpolymer@ SBX 4, Techpolymer® SBX-6,
Techpolymer® SBX-8 and Techpolymer® SBX-12.

Other particularly preferred spherical plastics
particles which are used as scattering agents comprise
silicones. By way of example, particles of this type
are obtained via hydrolysis and polycondensation of
organcotrialkoxysilanes and/or tetraalkoxysilanes, these
being described by the formulae '

R'S1i (OR?) 4 and Si (OR?)

where R! 1is, by way of example, a substituted or
unsubstituted alkyl group, an alkenyl group or a phenyl
group, and the radical R® of the hydrolysable alkoxy
group is an alkyl group, such as methyl, ethyl or
butyl, or an alkoxy-substituted hydrocarbon group, €.d.
2-methoxyethyl or 3-ethoxyethyl. Examples of organotri-
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butyl, or an al koxy-substituted hydrocarbon group,
e.g. 2-nethoxyethyl or 3-ethoxyethyl. Exanples of
organotri WD 2004/098857 - 15 - PCT/ EP2004/ 002059

alh@xygbh§aggsgﬁe nethyltrl ?OXySIlaneﬁ%ﬁ%ﬂpgi§§/°02°59

et hoxysi [ ane, nethyl - n- propoxysi| ane

propoxysi |l ane and nethyltris(2-nethoxyet hoxy)silane. 5
The abovenentioned sil ane conpounds, and processes for

t he production of spherical silicone particles
thé?g@¥ﬁﬁ¥1aﬁéskn@Wﬁ t@eﬁm@lﬁeagemhskwbhédnen t e tArtltri-

andtgapybhe1 feund i peth lSBe 8§ eR3 EP 1 %&th%%rllso—
Fire
JP 63-077940 and JP 2000- 18

scBF PRP¥HE hglht gn%amﬂ}émww %ﬁ@@@@bﬂr@t@eﬂ) sikande
present invention are obtainable fromthe conpany GE

licones.with the trademarks TOSPEARL(r) 120
and%%cébEX§E?P§l§T§g SﬁgaﬂﬁaQRRHQHW%Fmoﬁ%@sPFP@ﬁ§Sﬁ§rfor
prbleici ngr edectnboh di ngf  meypleonprdlse eGNMVedriconalparticles

addifjyes éﬁdjH¥8nﬁ%d%k.?§¥Itﬁgaggﬁ?ggngﬂFﬁgfghghgsthe art

inter a dyes, antis
Mo ei ﬁ@nreb%ai@ualg?ems thieanep@Qiftattems SEP 1 116 741,

| ubp i 057940 oMk d Nps Oz’@déﬂhééiaié‘v‘rs i ght
stabilizers and organophosphorus conmpounds, such as

phosphi tes or phosphonates, pignents, agents providing

\Mﬁﬁlﬁﬁ®m@ sest s apee @@Qn@ba§bk€hé§ﬂ§rl§bﬁ@¥95rabﬁg used
addltlv S LS i inrelation to

|ﬁ%endedeus%rei%? exéﬂﬁ?gtlﬂgltﬁﬁ? tﬁ@talnable from the
| i ghnpacat t 68 ngBapeoperdiilesofed hewtodl ditte  trademarks

should be
COFROSH ARIGH 1Y éﬁégc&gﬁﬁ%t 10,

excessively i npaire 30 In one
particul ar aspect of the present invention, the

mot&li RGUCERBES| &40 HBY: Higs Tifwen %%&gs\f%lq%ne&ﬁkﬁnhgﬁlldlng
reS|stance Rrop erties via an i
| HCt SHOGEEEE SCPBTBb JHt heti S e pleaiTEwe e of any
vvetlypdcnom;:mgndt]eaaﬁ'pla&&‘e of ideseriptiONs Bfed,h€antistatic
agents, antioxidants, moulding-release agents, flame
retardants, lubricants, flow improvers, fillers, light
stabilizers and organophosphorus compounds, such as
“phosphites or phosphonates, pigments, agents providing
| weathering resistance and plasticizers. However, the
amount of additives is limited in relation to the
intended use. For example, neither the light-scattering
properties of the moulding composition nor its
transparency should be excessively impaired by
additives.

In one particular aspect of the present invention, the
moulding composition may be given improved mechanical
resistance properties via an impact modifier. These
impact modifiers for polymethacrylate plastics are
well~known, and examples of descriptions of the
preparation and constitution of impact-medified
polymethacrylate moulding compositions are found in
EP-A 0 113 924, EP-A 0 522 351, EP-A 0 465 049 and
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35 preparation and constitution of inpact-nodified
pol ynet hacryl ate noul di ng conpositions are found in
EP-A O 113 924, EP-A 0 522 351, EP-A 0 465 049 and WD

2006/ 09835 69g8kG - PCT/ EP2004{ 902059 EP&%&%0024/002059

inter alia. Preferred inpact-reésistant
conpositions have from 70 to 99% by wei ght of
pol ymet hyl (meth)acrylates. 5 These pol ynet hyl

h) a tes have been described above. In one
pgg% % ﬁa% BéBt drtereapidsent invention, the

polynethyl (neth)acrylates used to prepare inpact 10
9%&% ul di ng conpositions are obtained via free-
radr caf na a§gcatt %Jo?ta}ﬂ’%(t nired Aifidc hcenpoapassens have
fr@n@mSGOtbolee%bby weughﬁ ogrﬁkg@ﬂg??gYWyﬁé%% 2B %tes .
b hyI acrylate an
aﬁ%?%%%?ﬁolﬂ%{%} 5509 Ei(/ LfkEgnt Napretheem| Pescambed
2 ¥C19% by 15 m5|ght of ot her conononers capabl e of
free-radical polynerization, these |ikew se having

be nlisted above. Particularly preferred conononers
PREePariirylacl acpegitkydf (et hpaesghat éavenBion, the

EpdlyméfﬂyDEthﬁéthﬁ§éﬁ|fﬁ€éseth¥édacﬁ¥l3&%egaFEUt¥mpact—

(ﬁg te Hig The average nol ar mass

Iﬁﬁ l{% ? me ﬁ?gcﬁﬁWHQE$?%ﬂn%wQEQHQH}qymadcwn@rﬁyee-

I rﬁ%ttcal ezswsymlmgcgg 3@f CaipostébORRi kA @B%E%QQEV from

h 0 to N

L;quu g‘j’l 21?@(?& Er:r)& “ 006 tgfoefsig’qdoofﬁ?%l% to 98% by

Prefigitited ?ﬁpﬁ@FhYéSM§¢@@EIWd@k@Ingum?nnnérélap§r0prlate,
119, 6 wei er

ccﬂﬁtrm se ftbornol% 193( Q%6 RV gg:lre%fer %Q,fro 0421)

50% t, particularly
%ﬁﬁﬁﬁm g%ﬁ PE %ért?%T@%ﬁmﬁi%anﬁHaiﬂ¢29&ﬂy ﬁeeghtadlcal
ofpcdwmaﬂmmlonndl filesse t i sxbeing an £l %Hg;f e rphafl.t;ted
Qse f crosslinked %I ner. particle
nogg?le rtbe gﬁféynegr? rﬁanéPmQHQWﬁrSBSaper sénter
v@dlﬁeadhpéhyﬁbkylaﬂmenh@acwyaaeﬁﬁlsugﬂ particular methyl
acrylate, ethyl acrylate or butyl methacrylate.

The average molar mass Mw of the polymethyl
(meth)acrylates for preparing particularly impact-
resistant moulding compositions is preferably in the
range from 90 000 to 200 000 g/mol in particﬁlar from
100 000 to 150 000 g/mol.

Preferred impact-resistant moulding compositions

comprise from 1 to 60% by weight, preferably from 2 to
50% by weight, particularly preferably from 3 to 45% by
weight, in particular from 5 to 42% by weight, of an
impact modifier, this being an elastomer phase composed
of crosslinked polymer particles.

The impact modifier may be attained in a manner known
per se via bead polymerization .or via emulsion
polymerization.
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pol ymeri zati on. WO 2004/098857 - 17 -
PCT/ EP2004/ 002059 Preferred inpact nodifiers are
crosslinked particles whose average particle size is

[ 60 -
{07206 BT BIR RN i cul ar |y - prbrbr ably | FOR/E820044602059

nm 5 By way of exanple, these particles my be

obtained via free-radical polynerization of m xtures
whi ch generally conprise at |east 40% by wei ght,
prefefabtyd f riemaa tmodKQ%EQﬁ M@t@htcrdgsIEHﬂBﬂ. particles

50% 1Q b r ef er abl
ronase vBthags LBALERGIE 20Fe da o rrg | b ue apmom 59 to
frb@rﬁ)@ nmg OPQ%byambygt&D:om ptefes ab0y fimoand. patr® it¥larly
b?f\@ffgfléblﬁffﬁor&fﬁﬁséé ”&%6‘% monomer, &8 2

yfuncti onal )acryl at e, aIIyI .
net hacryl at e, and whi ch conprlse connnoners whi ch 15

camy beagopel )éﬂfafnpé@gi WiHels o hen abqyerentd ongd ¥bE¥%ned via
co ound th referred conpnoners are, I'n

CeT d’ia%&FArﬁ PE% %’g%m%ﬂc?fw af eB1xEHERS aghéFhypenerally
znnqmpmxsewabulgbs£04netmﬁcmﬁﬁﬁnt F%ﬁ%fﬁﬁ&ﬁ netdw! so to

h i nyl
aCf@/A aﬁ?opgagolﬁlyﬁerl zr%? gﬁagf:ﬁgﬁv fﬁ@g‘m%gqu% 50%
fd@y preédgéitng pmée:aai@bpneimnonéa pas t |4<5|~e3byrayﬁe1ght of

r abl as. frg 0% i ght, th
SIS el SESomestal IR0 R0 B ) o
c GNSHETARLY Palray cQﬂ%r L9 Priefsr rewl dhipacef n@dctossilnklng

ame rRaHEr e @artbC|®%lWEb%Qtﬁ%%%la tﬁ@th?%ﬁ% &gge, e.g.

rt| uIarI ee- e cor e-shel

s G df et 1 6R cCHREET P beBORARERS 1S AvDich

11c:3ar924be E@p&l@?ﬂ@iﬂ.z&ﬁl wiERhA @h4652049eRBHtERPNAG0 vinyl

ﬂg@% dnter alia. Particularly preferred inpact

ngg) lers based on 35 acryl ate rubber have the

followi ng structure, inter alia:
Among the preferred comonomers are, inter alia, C;-C4-
alkyl (meth)acrylates, such as ethyl acrylate or butyl
methacrylate, preferably methyl acrylate, or other
monomers including vinyl groups capable of

~polymerization, e.g. styrene. The mixture for producing
the abovementioned particles may preferably encompass
from 0 to 30% by weight, with preference from 0.5 to
15% by weight, of comonomers.

Particularly preferred impact modifiers are polymer
particles which have a two-layer, or particularly a
three-layer, core-shell structure. These core-shell
polymers are described in EpP-a 0 113 924,
EP-A 0 522 351, EP-A 0 465 049 znd EP-A (0 683 028,
inter alia.

Particularly preferred impact modifiers based on
acrylate rubber have the following structure, inter

alia:
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WD 2004/098857 - 18 - PCT/ EP2004/ 002059 Core: Pol ymer
with at | east 90% by wei ght nethyl nethacryl ate
content, based on the weight of the core. 5 Shell 1:

P ' | east 80% by i ght butyl cr
c%‘?ﬁ?%@&@%n t he wei ght 1%? the fi rEFTzﬁE#SEiBM%Q
15 20 Shell 2: Polymer with at | east 90% by wei ght

nmet hyl methacryl ate content, based on the wei ght of

the second shell. The core may conprise not only the
nohoner s nerkolomexk bithalso dkhet nONBES,waisgHBYmethyl
each of the wa f example, .a preferred.

acryl ate rub@%ﬁurrcts)rd\f]f%/teer é(?rl%/e %a(l’vgg?ﬁ%dfc?ﬁjl g‘i/ﬁehgwelght of
structure: GCdre:caxpol ymer conposed of net hyl

met hacrylate (95.7% by weight) ethyl acrylate (4% by

wei ght) and allyl nethacrylate (0.3% by weight) Si:

coftt P cHROERE o 1t yRT acdidAHt e 8081. 29 Wsight butyl
vei ght), styiene{de. 8% byntei Bhtdqand dmalkyight of the
nmet hacryl ate_ (1. 3% by weight) S2: copol yner conposed

of net hyl ne?ﬁa%trﬁ}ééﬁel- (96% by wei ght) and et hyl
acrylate (4% by weight). 30 The core:shell(s) ratio

of e Tyl bet..nmodi fiers va w thin a
vvisd{a&rla%'e. I%lgﬂ{cedl&? eggﬁlell Iadc r% F%td% i sg\gr ev%ee:.rgg& yPRRYL
the range frmorhlEg0ate Mzt bhspdefoar drice feopht of

30:70 to 70:3Q idrddgs casa of nodifiers with one
shell, or in the case of 35 nodifiers with two shells

the core:shell 1l:shell 2 ratio CS1/S2 is preferably
| IHehecs ad gaafyr adnd: 8% 18ot t end¢: 28A0noRahd§UhahtYoned

prb%fteraalbslc}/ cftrhoerg 2moo:n6c>cr)n:ezzfos,t %s may each of the shells,
By way of example, a preferred acrylate rubber modifier

may have the following structure:

Core: copolymer composed of methyl methacryléte
(95.7% by weight)
ethyl acrylate (4% by weight) and allyl
methacrylate (0.3% by weight)

S51: copolymer composed of butyl acrylate (81.2%
by weight), styrene (17.5% Dby weight) and
allyl methacrylate (1.3% by weight)

- 82: copolymer composed of methyl methacrylate
(96% by weight) and ethyl acrylate (4% by
weight) . '

The core:shell (s) ratio of the acrylate rubber

modifiers may vary within a wide range. The core:shell
ratio C/S 1is preferably in the range from 20:80 to
80:20, with preference from 30:70 to 70:30 in the case
of medifiers with one shell, or in the case of
modifiers with two shells the core:shell 1:shell 2
ratioc C/S81/82 is preferably in the range from 10:80:10
to 40:20:40, particularly preferably from 20:60:20 to
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WD 2004/ 098857 - 19 - PCT/ EP2004/ 002059 30: 40: 30. The
particle size of the core-shell nodifier is usually
in the range from50 to 1000 nm preferably fron1100

' particularly preferably from 150
45‘58 %Bg4aﬁ%ﬁgg3 i nt ended restd tant restPQﬁﬁE§3°04/°02°59

| npact nodifiers of this type are commercially

obt ai nable fromthe conpany M tsubishi with the 10
trademark METABLEN(r) IR 441. It is also possible to

obBat a0t Apact - nodi fi ed noul di ng conpositions. Anmong

these are, inter alia, ACRYLITE PLUS(r) fromthe

producer GYRO Industries. 15 The inventive

i nfleet Pent ol dehgeprbcebs forepsbeldi mpdiddepl @ usually

i ght a n ukdi ngs hi.gh i-cal ual ity
S L s Lo B
20°GhenR eApEr HEdte cofl sy meﬁﬁrahﬁMcﬁr@mcbﬁ%otptﬁﬁ@ nm,

dugifig hbeihPuentd Veedni €54t Ofs R b Ng, process is
preferably from210 to 270C, and still nore preferably

from?240 to 250C, with no i ntended resultant
resmpé@ti(Nmodﬁfm%r@6ﬁpefatuﬂﬁu9f tRpe are commercially

23T SR LR note oFEMERBN| y TrGERA o stk the

an@raﬁ@mehpéfﬂtﬂl&l@b@ IRhe4 4 hj ecltt onsrmuﬁ.dol sposmble to
pr@%@&f@lyl££98£4@0&9fg%§ a@ﬁulégngtlkbm FlPRS Among

preferably fromb5 eratu

i nFRe¢ Rt frouldb ey @yF@ndé?RﬁélTEr8&65@bﬁy0ﬁr@hﬁ22@0ﬁ@0er
260fr@nthStstt+ismre preferably from 230 to 250C. 35

In the inventive process, the noul ding conposition is
injected with a pressure in the range from50 to WO

200k 098857 t ive 20 n] REE/ORPZ/A050 A& basri Breoducing

th%ﬁE&%Q f?&h@agéégyég enbﬁghﬂggEngrgf high optical
quality i1s preferably carried ocut in the manner
‘described below:

The temperature of the molten moulding composition
during the inventive injecticn-moulding process is
preferably from 210 to 270°C, and still more preferably
from 240 to 250°C, with no intended resultant

restriction.

A temperature of the injection-moulding nozzle is
mereover  preferably from 230 to 270°C, still more
preferably from 240 to 250°C, and the temperature of
the injection mould is preferably from 40 to 80°C and
still more preferably from 50 to 60°C.

The temperature of the injection-moulding cylinder is
preferably from 220 to 260°C and still more preferably
from 230 to 250°C.

In the inventive process, the moulding composition is

injected with a pressure in the range from 50 to
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applies the pressure in stages, the pressure being 50

bar in the first stage and 400 bar in the second
stage. 5 The injection rate may al so be staged, being

> npfdﬂQooﬁ?@?%Bffhom 0.01 n1$_1t 0.1 ni's i%@gﬁ#éé%eqomw

stage and romO0.1 ms to s in the :
and in the range from0.05 nm's to 0.5 r_ﬂsma .
possible third 10 stage. The netering stroke here is
preferably froml to 4 times the screw di aneter.
sutBPPsPRgl yntpt thes meednl .f Gured ptdlail?ﬂlaxﬁ&lnbodldmev\rét dhere
ei sfylg_tg I S [ an
Inapgmg@@ cg%ebe el %nj?rné;\tg e%%e%%gvel %ﬁ%n 9%?%35@ being
apdglﬁs i FH%y @rregtpr 68a6ed ad t AB0I haentiivethe second
proetege. |f an injection-noulding process uses _
spherical 20 plastics particles whose average size is

from1l to 24 pm in a matri x conposed of pol ynethyl

( n8hh) -irgerodiate, ratei SnaQDSSB_BgeHeO gf‘?gggel qgm{gexm the
f tlclarlygo opt.i ca al i

nomginarrst G S Ay o8R0/ & thoding B bg 2tece and

st fE@Ri Ag 1aﬁ1d5vv€t|0d banf$ nes. tﬁbemamtd Cﬂta@@,f esh8 6aN the

berghyai natgd W' bl partigul@rg %F&ei?lni(édu%s?e$$]§6ﬂ%s third

of scattering ents based on crossl
orSB?\g%roy%‘Fllﬁ‘R BEipsl gstgkenbewpt hsapraferapéy from 1 to

pad tt thes stize ofrdw oM &nd@er 15 pmin a matrix conposed
of polynmethyl 30 (meth) acrylate . Optical defects,
such as clouding, streaking and weld Ilines, normally

ocew¥ppbsingtarl yit eadidsy i meeanpl gﬁ;@uﬂmul @ih@g:s S¥ehcal
as ar e . thi S an r

pelré or atl%ﬁésﬂ%'hl%‘ggﬂéssgdlcﬁ?)er ances r}cﬁ Jée‘w(lng and weld
cor¥&pondFag i rﬂ@ect??éhmim@tad a@cffem:tpaneﬂlyculzam complex

and rdti@ns, i f ethé %&% ar{&L&!&H; V0.
2004/ 0988% -121 - EPZOO /oozoéé,‘%H i nj cte W| tlﬁ‘ preLve
t e WOU%, have a mar ked effect on the

If an injection-moulding process uses spherical
plastics particles whose average size 1is from 1 to
24 pym, in a matrix composed of polymethyl (meth)-
‘acrylate, it is possible to produce complex mouldings
of particularly geod optical quality and homogeneity,
and substantially without cleuding, strezking and weld
lines. These optical defects can be eliminated with
particular success if use is made of scattering zgents
based on «crosslinked silicones or on crosslinked
polystyrene with an average particle size of from 2 to
15 pm in a matrix compcsed of polymethyl
(meth) acrylate. |

Optical defects, such as clouding, streaking and weld
lines, normally occur particularly readily in complex
mouldings, such as those with variable thickness and/or
with perforations. Thickness differences in the
corresponding injection mould, and in particular

perforations, i.e. regions around which the melt is
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rheol ogy of the material as it fills the mould cavity
or cavities. The formation of clouding, streaking and
wel d lines can be pronoted if portions of the nelt

noﬁgt BoRapbiggykarly qUiCklyéﬁ{'PartiCU|a”i9é§§ﬁﬁ£g902059

Fo e purposes of the pres i nvent i orF®

moul ding is a nmoul ding which has one or nore of the
features described below 10 In one enbodi ment of the
inventive process, a conplex noulding has differing _
walnjerteknedssdn The mowldi,ndawbtai nedkea preterabhy the

' 1S | the.r e.froml._to 30,
m@g%@@%ggv‘?gryﬂﬁvﬁ tc‘ﬁ%lﬁé%h%flégnﬁ& d]?:hgfsgB{j s\,agpoblﬂd cavity
ex8hpl@Vithéesvartht i barnatine wd |clohithkpesstmaykbeg and

stated yﬁﬁebh@aﬂiEéeﬁgeﬁStQQt%@eBo %&%ggugga@%e UM e
wal | hicEne s of .t he noul di ng, tﬁls i fference eln&
TP &7 ERGRL 1% 1y st o B aBF yoHDr eu ey 55 haw kg
particularly preferably nﬁrekthan 10tnn1_20 Trgferably

j to-mni num wall thickness ratiois B p
Pﬁfé eqﬁﬁuﬁ§€§°ﬁ?§o°£n&ﬂﬁnBIBPEPEr&mxﬁqﬁ%oqmearéﬁg@lex
> mqulidingndsi sa pmeuildihgr lwhiprtef Beablohe : o: dhorednNdf the

I r DT I I n anot her enbodi nent of the
Fﬁ%%%??%%gp?%%%%g?&%%x%%ﬁ%1ex noul di ng has at | east

one perforation. The wall thickness of the noul ding
iSIﬂebﬁeabmﬂMﬂﬁﬁd#EFﬁfath@eﬁkggﬁggﬁghé%g% é%é?%g%gmplex
co rition,surrounding a per it | Or .
pitisents 9§Fyiq??gg1%£31%93ow%ﬁc@éﬁme@3l%e The moulding
smbmmdéqhgiseg:ir@mﬁrhbeyma:lﬂetﬁﬂé@k@e&%ﬁl{)a@{i%lé@% is in
bei it hi range _stated above. ot her .
eﬁg%gi#EEEbng?ﬁg gToggss§%é§%r| df&veVapY odliddsiry the
c AP Hbul By ngawhipéh ehasipde, | édst onel atoroB5ipl enar wall
suatesid saSUr Hacesi s+ og ef éablt%qe()fcﬁ LPene  petween
concave design. WD 2004/098857 - 22 - T o
PET EPS04 FOR2059 e d s 5héchngsdef ohi tiensmgiatéing,
alitvdes f 0L fAerentp! BXIRBUININRYD ekenMar &y i UstAli NG, o
oﬁjﬂﬁ$f§nﬁgdand particularly preferably more than 10 mm.
The maximum-to-minimum wall thickness ratio is
preferably in the range 2 1:20 and more preferably in
the range > 1:10, and is particularly preferably > 1:4,

and most preferably = 1:2.

In another embodiment of the inventive process, a
complex moulding has at least cne perforation. The wall
thickness of the moulding is =zero at the site of a
perforation. The moulding composition surrounding a
perforation may develop a uniform or varying wall
thickness in the surrounding regicn, the wall thickness
preferably being within the range stated zbove.

Another embodiment of the process described above
produces a complex moulding which has at least one norn-
planar surface. This surface is preferably of convex or
concave design.



products of the inventive process, and these products
are certainly not to be interpreted as restricting the
5 general inventive concept. The noul di ngs produced by

t hgyo t/i ocess preferghly have the properties -
speg%?pgg/géﬁg%p 10 One partigglar enbodi?ﬁigEé§OQ4£;°2°59
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nmoul di ng obtained from the inventive process has a

hal ved-energy angle >_ 5, in particular >_ 14..

Anot her particul ar enbodi nent of the noul di ng obtained

15 TheomdiRenisaeant | wvadpr cedssitdona hajivedr | HikeR& t Yeor a
an 1 i | C 2 ad e particul ar
asgggtp Ef t]ﬂr?grlgrlg]gg%{f% n@/%%tgll%n,}gtlﬁggrrgrg’ﬁ Eéis'né’fC preferred
pr BIGEEGtEC & dibgy dBVEREiVAVaMtdaRBhasahdghhe®@ products

t r apenidelrarde 1gr erfter-4 hBa QntegpaktLg %§%&§§Qricting the
particul ar, reater than or equal "to 40% an
pa?FF%ﬁFgrﬁgvﬁp t8fabPYcGPEat er than or equal to 50%

for a layer of thickness 3 nm 25 The noul di ng

r ce rdjn o the iinventio preferably has a
Se ﬁ%wngggﬁ%ﬁﬁg&igdé%%éﬁ?%%d g dﬂN3616?Ye§ﬁéV?erProceSS
t hBRcéereginl have 12hei propett tat aspesial @ rbé ham, or :
equal to 10, with no intended resultant restriction.
30_The noul di ngs produced according to the invention
al 90 RavEleReer| embofbRRRAI 04l theopertlidésg fobrtained from

exanpl enviehtive pRsSsdd£ £9s0ht aj iyl “%ﬁ > 5°
Chfrggaiggaci s;rf$gth to 1SO 179 is ? §%g§3/ éﬁ%hé >
yi 6l F 8t Fes% ¢b 351 SO 527 may be adjusted to ? 70
MPa. Anot her excellent property is a nomnal tensile
st £ @b break % >-50% 1.SO 527, 2004/ 098857 - 23
- PCT/ EP%O%éf 5 58%89 TR B ER oS s HasBPPOEREn Shsrgned
def &P BReohnveatiesanpbessantdacomparatiede iexanpliey, angle
but there is Mo-tidiention dhat the invention be
restricted to these 5 exanples.
In one particular aspect of the present invention, the
moulding produced according to the invention has light
transmittance greater than or equal to 25%, in
particular greater than or equal to  40%, and
‘particularly preferably greater than or equal to 50%,

for a layer of thickness 3 mm.

The moulding produced according to the invention
preferably has a vyellowness index, determined to
DIN 6167, smaller than or equal to 12, in particular
smaliler than or equal to 10, with no intended resultant
restriction.

The mouldings produced according to the invention also
have excellent mechanical properties, for example, it
is possible to obtain mouldings whose Charpy impact.
strength to ISO 179 is 2 80 kJ/m’. The yield stress to
IS0 527 may be adjusted to > 70 MPa. Another excellent
property is & nominal tensile strain break of > 50% to.
ISC 527.
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A) Test nethods D65/2 transmttance was determ ned to
DI N 5036, using 10 Lanbda 19 fromthe conpany Perkin
El mer. D65/10 yel |l owness i ndex was determned to DI N
usi ng_Lanbda 19 test equi pnent from the conpany

PeW?lﬁooéfﬂg?8515 Scattering Power is detPETHAERSH0M/ 002059
nmeasuri ng the hal ved- energy angle and the
hal ved-intensity angle to DI N 5036, using a GO T-1500
LMl goni oneter test unit fromthe conpany LMI. 20 A
Iaser extinction nmethod is used to deternmine particle

@ and also artlcle S|ze distribution. To this

he WSS GthddS of I PaY Sit gipnestaidonbelew via
Com@annplek QId @ﬂﬁi}haﬁehﬂv@t EQ@m@ﬂe@?aSEﬁﬁmﬂﬁef@r lS no

b bed he
GeLSLDLR, BRIt €15 ol 0,809 UerCLLBEd, LD e 4o .

agenawplsed The scattering agents used in the

‘inventive exanples conprise firstly Techpol yner(r)

SBX- 8 &Eroducer Seki sui 30 Chem cal Co. Ltd., Japan),
TCBPEAREES Y nobha@d®l TOSPEARL(r) 3120 (producer: GE
Bayer Silicones). In another inventive exanple use

ma$ g of a blend conposed of a poly gre par ed
A RO bAsenCSE "BR ERkAEiEd HLEPDINB6S841 ueing
Al Lawibdta al & ofret Ctled | yompBaray | Bt ies. il ng conposi tion

o A) osed of 96% b ht of t hyl
HeTR ST A TS VL naP e e Ao S604F 58887 L0 2RIN 6167,
PCT# EP20041002059 ¢Estretduyyliraemyl afwmastimat cbxpaiike Perkin
cofpaLAati ve exanpl e used was pol ynmer B, conposed of

polyner A with 6% by wei ght content of spherical |ight
5 scattering plastics particles based on

pat g4 et F) e rybed £ QQDQEM@E&§né@OE¥nﬁéaE%rﬂﬂ@s%he halved-

average particle dlﬁ i s, about 50 pm  Tab

sHOWS™® sufgdry’ of 3¢ ﬁﬁﬁberpﬁégegleﬁénsiéy angle to

scziti 703 agenhy usedOHT-LBE0I NVENt bve iexamplreStest unit
from the company ILMT.

A laser extinction method is used to determine particle
size, and also particle size distribution. To this end,
use was made of Galai CIS-1 equipment from the company
L.0.T. GmbH, the method of measurement for determining

particle size being described in the user manual.
B) Characterization of the scattering agents used

The scattering agents used in the inventive examples
comprise firstly Techpolymer® SBX-8 (producer: Sekisui
Chemical Co. Ltd., Japan), TOSPEARL® 120 and TOSPEARL®
3120 (producer: GE Bayer Silicones).

In another inventive example, use was made of a blend
composed of a polymer C, prepared using a method based
on Example 2 in EP 1 219 641 AL with a commercially
available moulding composition (polymer A) composed of

96% by weight of methyl methacrylate and 4% by weight
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Tabl e 1: Characteristics of scattering agents 12345
Scat t eri ngPol ymer TECHPOLYMER( r ) TOSPEARL(r) TOSPEARL(r) P
ol ymer agent CSBX-81203120D Refractive

g 21,92, 1O 00 XLl cozos

[pm Specific surfacen.d.n.d.15-3518n.d. area [n2/(]

15 C) Preparation of noul ding conpositions Mul ding
conpositions were prepared using the scattering
agehtmethptifcedlae Tablreatlziat the concentration
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1 2 3 4 5

Scattering | Polymer |TECEPOLYMER®|TCSPEARL®|TOSPEARL® Polymer
agent C SB¥-8 120 3120 D
Refractive

lindex o 1.825 1.5%0 1.48 1.48 1.525
Density
(o/cnd] n.d. 1.06 1.32 1.32 n.d.
Average

Iparticle 20 8 2 12 20
size [um] |
Specific
surface n.d. n.d. 15-35 18 n.d.
area [m?/g!}
C) Preparation of moulding compositions
Moulding compositions were prepared using the

scattering agents specified in Table 1, at the
concentration needed to achieve comparable optical
properties to those of the marketed product polymer B
(Comparative Example 1, producer: Réhm GmbH & Co. KG,
Germany) . Once the components had been weighed out, the
mixture was mixed by tumbling and compounded in a.

single-screw extruder.
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Table 2 contains the properties of the moulding
compositions wused in the prior art (Comparative
Examples) and, respectively, in the inventive
process (Inventive Examples C-1 to C-5). In all cases,

polymer A served as matrix material.

The optical properties of a moulding composition with
0.3% of TOSPEARL® 120 are approximately the same as
those of polymer B (Comparative Example C-1, Table 2).
When Techpolymer® SBX-8 is used as scattering agent,

the transmittance is somewhat lower than for polymer B.



OWw 1-1xHO a U) Cr)
+~U)60CF I Lr)N OL"ON NoO) S) r-10

H-r1 NU )a C-HO010m4) a)

I
C

r
0

“HI (N C

4-1Q FCa) U MM QU4 Q HNC) LO cor - |
Cni Uu/ 4 i-xU)

CD F

L% T°9 Z'S 079 [Utw 9T/ Wwo] YAKW
6°1 6°0 S 0- L°E [-] XSpuT sSsaUMOTTIX
. . (3]
1°¢6 2'68 9°¢€é6 B°€8
SduB3l3TWSUBIY JUBTT
[,] eoTbue
S°FT §°CT §°'T G ¢
AlTSusjuT-poATEH
[,] @Tbue
6°FT 9°LT £°0T 8791
Abasus-paaTey
¥ IsuwdAtod ¥ asuAT1od ¥ IswATod
uT 02I€ ¥ TswATod urt ut 0zI uTr g-xds
¥ IswhTod ut @ TIVAISOL [0ZT @THYAASOL| @TIVAISOL @IIWATOIHOAL uoT3Tsoduoo
g TowATod | D Iswhtod 3¢ %€°0 5T°0 &7 "0 putpTnon
T-0 or1dwexy | G- sordwexy p-D ordwexd | £-D srdwexy | z-» sTduexy -0 ardwexy
_oaTaexedwo)d SATIUSAUT DSATIUSDAUT SATIUSAUT SATIUSAUT SATJUSAUT
O .
M SuUoT31Tsodwod HurpTnow yo sstizedoxg 12 STqelL
-l
-4



oAU O-10 U N--15-10)L ) 00 HO4 C coUcol) Ug O (N
YQdc) d Ly) is € -H HOU r-1I Qg Cr-~C
E O r-i ri U- 27 - D) Injection-noulding
paraneters Al of the noul di ng} conpositions were

i nj ecti on- moul ded - 27 -

D) Injection-moulding parameters

All of the moulding compositions were injection-moulded
with the same processing parameters (see Table 3). An
improvement in flow properties of the moulding
compositions was ocbserved on addition of TOSPEARL® and
Techpolymer® SBX-8.

Table 3: Settings for processing of the moulding
compositions by injection moulding (DEMAG D 150
injection-moulding machine)

Temperatures [°C]

Melt 245
Cylinder 230; 235; 240; 245
Mould 55

Hot runner (nozzle, runner) |246; 246

Metering stroke 26 mm

Injection rate (staged)

Stage 1 (23 mm - 20 mm) 13
Stage 2 (20 mm — 15 mm) i6
Stage 3 (15 mm — 0 mm) 13

Hold pressure (staged)

Hold pressure changeover stroke-dependent

at screw stroke 5 mm

Stage 1 (18 s) 82
Stage 2 (8 s) 75
E) Production of mouldings and assessment of optical

quality
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with the sane processing paraneters (see Table 3). An

5 inprovenent in flow properties of the noul di ng

conposi tions was observed on addition of TOSPEARL(r)

and Techpol ymer (r) SBX-8. Tahle 3: Settings for
processi ng of the noul ding conposi ti ons by

i njection noul ding (DEMAG D 150 i nj ecti on-noul di ng
machi ne) Tenperatures [C] Melt245 Cylinder230; 235;

240ra Modl: d53iodtdimgnnegor(prosed e, of unperl)y2wd; 2M6 with

| t aged) Stage 1
%@én%@l%é%e%%gna%ée IrIEJ’2&“(06211'069‘%r%r}{ga a%sérﬁgm 16 Stage 3

(15 mMm - 0 nm 13 Hold pressure (staged) Hold pressure
chengepyes 64 1 oke- HeREANER c@hp&EL EVLS] I OKex§ mﬁ&@gﬁer A
age:g i%ri f@ Producglon of nDuI i ngs
n&gmissaeéénj?ﬁ ot [(JEﬁC CLYTS IR arEry 8. ¥athpxahpl average
Moer i gl € orgpase do Hf aoqdnyrrméré\ Né]fghe'ﬁecﬁpal ymetér)a 30 1
SP ter prepare the nou
Céﬁﬁ%gﬂf,@%ﬁh Jggxﬁgg ;%%%ﬁkngéﬁ%n% §°WB°8Pded "in the
Té@ﬁb@lyﬁeﬁ(r§5SBK Slmgﬂh anraverexdeudear.t iMdel dizes ofiere
8 B NESIer Mok ek, Opit 5 & A 0o 2 l?ré’%lldlfg%ﬂ nglﬁl(gug] nBLX88nner
by tumbling. and compounded in Tt7Tn 5 hm
s.f?fgnﬂéi sUAAY 519 uBerarRbErSi ngcati e in Table 3. Square

plaques (100 x 100 mm) were injection-moulded from the
moulding compcsition, and have four square segments
with different wall thicknesses: 1, 2, 3 and 4 mm.

Example 2: Moulding composed of polymer A with
TCSPEARL® 120 as scattering agent

To prepare the moulding composition, 10 kg of glass-—
clear polymer A and 0.3 kg of TOSPEARL® 120 were
processed as described in Example 1, to give a moulding
composition. Mouldings were then obtained by injection
moulding, wusing a hot-runner mould with the parameters
stated in Table 3. Square plaques (100 x 100 mm)} were
injection-moulded from the moulding composition, and
have four sguare segments with different wall
thicknesses: 1, 2, 3 and 4 mm.

Example 3: Moulding composed of poliymer A with
TOSPEARL® 3120 as scattering agent

To prepare the moulding composition, 10 kg of glass-
clear polymer A and 0.3 kg of TOSPEARL® 3120 were
processed as described in Example 1, to give a moulding
composition. Mouldings were then obtained by injection
moulding, using a hot-runner mould with the parameters
stated in Table 3. Sguare plagues (100 x 100 mm) were
injection-moulded from the moulding composition, and

have four square segments with different wall
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hot-runner nould with the paraneters stated in Table

3. Square plaques (100 x 100 mm) were

i njection-nmoul ded fromthe ul di ng conposition, and

have four square segnents W different wall

t hi < 1l,42,,3 and 15 Exanple 2: Moul di ng

cgérrfg%@ggdg%%%bl%ezr’ S S RPEARL (1) 120 as

scattering agent To prepare the noul ding conposition,
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Exanple 1, to give a noul ding 35 conposition.

Moul di ngs were, t hen obtained by injection noulding,
u§%ﬁ§%§%ﬁﬁY? Pifbul d with the parameters stated

I riMciald ien . c Bgieresd plfagueasn(e®® x 100 nm) were
i njection-noul ded fromthe noul ding conposition, and

have four square segnments with different wall 29
t Hlagieassegregsuingd ahil 4 x»md 0Exempl e 41/ M08 4i non  were

capRad Af-RAl DHRY  ArWid hFo_@ hx%fscﬁ%_%cab‘fgﬁﬁ'g”gn 150

agien,t StiToanreparie thg1 oy di rTgj{\corrposml on, g of

pOI AT E RN FIRF P IR K gBEN pBLY NERY CTRERE prhcdsskatasunner

desciddieithri modDanalte khd @giart OWdRE in Table 3.

conposi tion. Square
The optical quality of the injection-moulded test
specimens was assessed visually. Assessment criteria
_used were the intensity of weld lines, and also of
inhomogeneity (clouding, streaking) within the
moulding. The results obtained are given in the table
below. In the table, an absent feature has been
indicated by ++, a low-intensity feature by +,
significant dintensity by - and very significant
intensity by --.
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-+ Clouding ++ ++ ++ + Streaking ++ ++ ++ + Surface

defects ++ ++ ++ + 5 WD 2004/ 098857 - 31 -
PCT/ EP2004/ 002059 Patent clains 1. Process for

‘prﬁgugbag/gghbggt scattering noul di ng, garacE%H4 1059

that an rnjection-noul din process

'nDuIdlng conposition which enconpasses a matrix

composed of polynethyl pLRBLR) agLylate and which al so
enconpasses, enbedded therein, spherical plastics

particles whose size is in t he range from1 to 24 pm’

at1a 10Peoneest Fati glﬁouucﬁhg éaQQ%hftL%@ath_5uﬂ1% 1 ng,
wei ght, pased, on thg wej % of
(et h) at E?F%?Eer%ﬁ% reftAct ﬁ)féaﬁ nd@s@ of J{nﬁ@ctémemw&dmg

particlesodefserimgedr gra ; haam%fdoltldafo rla,gn%a&tﬁwon which

ggﬁ}h?ﬁgﬁ%%ﬁ% %LkébeYngrfﬂ%echgpPﬁ?g doﬁnupﬁlymethyl

which ¢ ebhb@@npl@teonphnd nowhilchg. also encompasses,
embedded therein, spherical plastics particles
whose size is in the range from 1 to 24 um, at a
concentration in the range from 0.05 to 30% by
weight, based on the weight of the polymethyl
(meth)acrylate, the refractive index of the
spherical particles differing from that of the
polymethyl (meth)acrylate matrix by from 0.01 to
0.2, the moulding composition being injected into

a mould which can produce a complex moulding.

2. Process according to Claim 1, characterized in
that the moulding produced has different wall
thicknesses.

3. Process according to Claim 2, characterized in
that the moulding produced has a wall thickness in
the range from 1 to 30 mm.

4. Proccess according to one or more of the preceding
claims, characterized in that the moulding
produced has a difference of more than 1 mm

between minimum and maximum wall thickness.

5. Process according to cne or more of the preceding
claims, characterized in that the moulding
produced has a minimum-to-maximum wall thickness
ratio = 1:2. ' '

6. Process according to one or more of the breceding
claims, characterized in that the moulding

produced has one or more perforations.
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2. Process according to Caim1, characterized in

that the moul ding produced has different wall 20
t hi cknesses. 3. Process according to Caim 2,
characterized in that the di ng produced has a

wal | thickness in the range ¥Tom1 to 30 nm 25 4.
Process according to one or nore of the preceding

claims, characterized in that the noul ding produced
haé-a dPFPEPencecesrdibng thawne mm eteweh thai pueceding
and naxcnyﬂmwalldﬂyﬂaeﬁﬁ¥izé¥)51npf0a§-§ aQﬁﬁ{d'ﬁguﬁﬁlng

one or re of the precedl ng clalns, aracteri ze

that T ROEF e (e R TR IR Ehebaanm
wal | thickness rat| o > 1:2. 35 6. Process accordi ngOI

t o, 0ONne nore o re edln clains, characterized,

i n°t hat Q%%%e%u?a?%ﬁg“g?ogacé’& h&E diForchotie preceding
per f or atlaiss, - BRrakterPrmeecesinactoat] ngutgt@fée fmbuldlng
nor e of cl char acterized in

t he rrouﬁ:(5 %ﬂ%%gu@g%dhaghgfqrogg ELRE k- “b?laq{é? %t the
sur f aceSPIEe Bl kst ket apalihicles ohe Hromobelofot ABS by
precediygi gigt Al Busekhabact hbzege it hals iRt Ng 1 omernyy
nmoul di n lg 0Si tsl on used, the pr%hortl on by wgogpﬁne Y
of the?’E n%) ea-stlcs particles is fromO0.1 to

25% by 10 wei ght, based on the wei ght of the

nmet nmet h at 9. Process according t
ogée or ]'gn]%(%cseeé T THe® é%&%dfﬂgongl SrmEC Teharfact e | Eéﬁcﬁﬁlng
that thelsine ofchehecterdpler i dal phast itdse paﬁtzle:| e¥ the
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2 to 15
comp051tlon used is in the range from 2 to 15 pm.

10. Process according to one or more of the preceding
claims, characterized in that at least 60% of the
spherical plastics particles in the moulding
composition used has a size of at least 1 um, and
at most 30% of the spherical plastics particles
have a size of more than 15 pm.

11. Process according to one or more of the preceding
claims, characterized in that the spherical
plastics particles in the moulding composition
used SNCOmMpPass crosslinked silicones and/or
crosslinked polystyrene, and/or crosslinked

copolymers based on meth(acrylatés} and styrene.

12. Process according to one or more of the preceding
claims, characterized in that the moulding

composition used comprises additives and/or dyes.

13. Prccess according to one or more of the preceding
claims, characterized in that the polymethyl
(meth)acrylates of the matrix of the moulding

compositions used have a refractive index in the
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10. Process according to one or nore of the preceding

clainms, characterized in that at |east 60% of the 20

spherical plastics particles in the noulding

conposi tion used has a size §f at least 1 pm and at -
nost 30% of the spherlcal Stics particles have a

si ze of g@re r ;@ Process $ ding to

one or ?We rec:eEif’ng1 Arai HEESRRET addr | RGP

t hat tHeLr@h(eEr&Sta'lm ptastdes particles in the noul ding
conposition wused enconpass crosslinked silicones -

and/ or crossllnked ﬁ%mystyrene and/ or crosslinked 30
copfol yriEraCasds e e gt (Ber gnat es) merg stfyrigme. pigceding

Pr oces s acigey di BEaEQc@@ﬁlQéd mne ©ofad h%h@r eceHdNWture of
cl ai ns, characterized in that the moul d

ng

conpositon™g E&ncdﬁﬁv}gé%gadﬁWEF§é§l§ﬁd/bF dyegn 330 to
13. Prarmsxc.according to one or nore of the preceding
clainms, characterized in that the pol ynethyl
(nmeth)acrylates of the matrix of the noul di ng
cariposiRiars usettdiedin@ tef oaet bvemondexofi nicidepred8ding
range fuy 46 syce
(589 ng A soc e e RS LAY (RS BaReradlEe o
of the Y¥ecediingt idraimml divey aG”tCé?rzilzeed jm tfegmt 230  to
t enper atugyer of the nolten noul di ng conposition is
from210 to 270C. 15. Process according to one or
nore of the preceding 10 clains, characterized in
t ha. tlracoto@meraoctwmﬁgtm bﬂee@kl @@r@tdfdlﬂl'ga npié:':@dlng
S fro;g%1h do gggg%tég e 0cess #g to on
more of tHe precedlng "% cIaP @Hﬁf% Ye of
t hat t kde dnpecdtigre ofaldt He |f|3rjo@ct4|OomomSl0I d.is from
40 to 80C. 17. Process according to one or nore of the
precedlng

. Process according te one or more of the preceding

claimg, characterized in that the temperature of

the c¢yvlinder is from 220 to 260°C.

18. Process according to one or more of the preceding
claims, characterized in that the moulding

compesition melt is injected with a pressure in

the range from 50 to 1000 bar into the 1njectlon-
mouiding.
19. Procecs according to one or more of the preceding

claims, characterized in that the injection rate
has Leen staged, and is in the range from 0.01 to
0.1 m/s in the first stage, and.is in the range
from 0.1 to 1 m/s in the second stage, and is in
the renge from 0.05 m/s teo 0.5 m/s in a possible

third stage.
20. Proce:s according to one or more of the preceding:
claims, characterized in that the metering stroke

is from 1 to 4 times the screw diameter.

21. Process according to one or more of the preceding
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clainms, characterized in that the tenperature of 20

the cylinder is from220 to 260C. 18. Process

according to one or nore of the preceding clains,
characterized in that the nmoulding conposition nelt

Is injected with a pressure i'n 25 the Lange from50 to
1000 b ' t he.yi-ni-eGgt moul- di ng., 19. Process .
accor d?%%é?%gbne%gramﬁo%%grg%etdhe %ﬁecgtdkil%% &5 pehoulding
char actBFPFeerfmhahar halevdhjeseatamn argle hds .been
staged, and is in the range fromO0.01 to 30 0.1 ms in
th?firt stage, and {s in the range fromO0.1 to 1 _
mM%%1 n THRCSRTonACLI&RY SAIOPE ioF mawe =2f nglef poareding
0.05 mslaimd, 5 mharaktariessi bl en thikgk stagre 3Ro29ding

Procels to qne or nore of, the preceding,

cl ai ms, ¢ (g]‘?(%egjti grg‘?szeadq?%‘{aﬁja'tlrﬁ?éisrﬁyeﬁrﬁ&esﬁ &k% is
froml to 4 tinmes the screw dianeter. 21. Process

a rdi n receding = 34 clains,,.
c%?'actg%(ftzé;sdsoi%(%%t@rtg e?zr)mélq%i %@f (%m|c§)rroed8%‘%&E gsPheceding
hal ved- @Yy an@lhérﬁgts.rlzzd Progessthadtor diheg twooohéing
or nor epidiidiey piacedi ngnd @f%ﬁéﬁ%t?%@?%@éé%@ yﬁﬂ‘an or

that the nojgl'di %%" produced has a hal ved-intensi
angl e I tOPVplateds layes dihghickarssos mov-e of
the preceding clains, characterized in that the
oy di oduced.has a light transmttance greater .
t han o:tgr%.cg%% T SeHhihrta ?Ig?epr_oimqrﬁi elss® FPhRreding
24. Prodesisnsaccorctiangcterdmnedor imr e tdfatt hetheecedbnpding
cl ai ms,chfact enbzed ip.i j ng_15. produced
has a 3}3el | gwness i ndex g%a?%?é%]ﬁan%olgr& e%ﬂaa 1 0 %gl.an or
25. Pr & drdi ng to one or nmore of the preceding
clainms, characterized in that the noul ding 20 produced
hz%% a )Qeld stress >, 70 MPa to | SO 527.

. rocess according to one or more of the preceding

claims, characterizedl in that the moulding

produced has a yield stress > 70 MPa to ISO 527.



