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WO 2004/ 098857 - 1 - PCT/EP2004/ 002059 Method for the

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

L%f?&iﬂ?&%@’es to a process for 5 pr &9&89004/002059

erings for |anps, pol ymeth
(meth)acryl ate being given |ight-scattering or
di ffusing properties. This is achieved via adm xture
ofMetdrad t E€biengtipar pircldestien hefplkisjh osdiffud dng t eulded

1§ i SRS ReA TR B

M xtures of this type conposed of pol ynethyl

n teri | cl are 1allye.
S b EE Y hE  ATARRAILE MLBNdL T €] Ok SRR Jror
0 FEBBlBA He EOLEES 1S f 6PHEYLINGBunferat démmstyi cRplymethyl

copal i) iafes copposgd ofyidaet hylidethacimd &g  or
matrix and of scattering partijcles enbedded therein,
cONPSE 16 RY B0s'stG kel 1ol he? Civke ¢ed nkya cafiparhure of
acodtte Esier Spaﬂlﬁih@mé ylte esthers IﬂLrHjsltﬁtd/Ef eﬁ?atfﬂb@, t20the
ord of .size, of the_scatteri articles is,from, 0.
ORI S G oS ne e I e aaich PRECHTAST | GLbFeTing
t Heramatthiat, offhedrtee gorod yaresh Win ofwe the igestydders .whi ch
conprise plastics 25 particles as scattering nedia.
For exanple, the docunment JP11179856 descri bes
miituspsy  siedet s thidtsh attyPeeastcosmeskdyer ofihi cholymethyl
eNGRIMASES 12ROl yi@t Bh ¢ £ BB RgCrad atie 108! i Xe a@Qg@l’ﬁQlly
enco ses %r ossl i nked . pol ynmét hyl net hacryl ate beads
as er FRY/ neltt$ ng 130 4dent , tRetehnt edoTof eKEMPLe,
bards [eiasE isdgt heesanyiee s r omi fOrmityo ﬁbﬂoma/@cgggptical
The size of the.beads is in the_ range om 3t
p%onéir?&ect T é))r(léar?p Sas HEPE S§Es c Pifbe oﬁ‘fe%{lgﬂqee{nggg?crylate |
t madkriessagdmmf wisiceli tearipoi spaabbol e 3%entbedadeidghthetein,
S [ ads whose ssi i S 6 3 e ;
Jgg)a esseelagpggi ?a?cati o%l?ﬁg%dmggggh{%gscrl %}é ?-klay;t contain
acrylic esters, methacrylic esters and styrene. The
order of size of the scattering particles is from 2 to
20 ym, 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 layer which encompasses a polymethyl
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 pm.

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 nultilayer sheets with a | ayer conposed of

met hyl nethacrylate, this layer conprising from1l to

WO 2004/ 098857 - 2 - PCT/ EP2004/ 002059 20% by wei ght

of crosslinked styrene particles whose avergge Si ze

i $F 2004/ 098857 pm The nout & ny conposi PEBAEP2004/002059
descri bed are usually further 5 processed via

extrusion to give screens or optical conductor

ptates—-For the production of-—conpl ex noul ded parts,

e s spechaliArd headl ey 1GOMIS, sBPfeREr i Mildles whose
cavities or, perforations, the extruded products have
t @VegeIurtirsr 15 S&€8sdd B9 2% $Fhi ng processes. The

hi gh 10 costs which arise via the additional operation

are a_disadvantage of this procedure. In the |jght of
D S RS (Gt Sl 1S TS BHso 2t eF St 1 hg, Fofther
t perquesaredar tviai t ewasuahonbj ect qifvd hescrEensr esentoptical
i NV i t r.Qvj d r,oce ,ch_ progdu

| TR BRSO R b o 6l poutaed
| peyensiond. amkoitlclzqreriadl dnighcproductdvd tyarthiwith
PTOGASS dsS d:0 & £ARAbI & Of B8l NG CAIdd &AM S Mihe to
appar atus_ known fromthe prior art. 20 The intention

wee nbrEBNRF ¥ osesAcde ¥lpr FCEFEnghi BROCgPFes- The high
| i%ﬁtva]slscﬁlﬁi@lg i ?&i@u:\rﬂi@gihwatmimtgibm i @péraamfahi ke a
an ch subs a avoi ds the occurrence o

oﬁﬁ%§§v 5?%%1§%2%blﬁn FGGENE Y, e.g. streaking, 25

cl ouding, and formation of clearly visible weld |ines.

AIfnu.rtt I?serliggfﬂ.tec&f q{hé i§ c%fgﬁ?gtsm&ﬁ]t%r?@ %ﬁ@g \%gsed above
provi e a OCessS or_ J\Fie produc_: Ion Oor a Igi’:i -
seatledrdingg houltdiengPriiol rmxt.or 16 tvednep aoheegt swdl | the

2%ﬂ@§@%¥ ﬂN&eﬁ%ﬂJﬁ“%%‘%?d#%&é JT§%56@§§“&HEbN@§r@&§&bs a
i Ntended to prqvide a process which, gives .

| g ts ettt fiTAg Ino TCYiAgEdwi ERdexVBEFBNt 18prBpEFtFRLarly
| ArRapleneuivar,, dhe Wiient permidas tiath thieodictiDe th NgBhis
have Jigh fmact, strenglh, weatler e8!St %ut with the

apparatus known from the prior art.

The intention was moreover to provide a process which
gives light-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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and scratch resistance. WO 2004/098857 - 3 -

PCT/ EP2004/ 002059 The intention was noreover to

provi de a process which gives |light-scattering

moul di ngs whi ch show no discoloration via

| iWt200dI(R\_BTheni cal phystcal - deconpo®CFT/BR20AEA002059
exposed to light over a prolonged 5 period. A further

obj ect of the invention was the provision of a

process which gives nouldings with excellent optica

pr rti . 1daled &négi a ] :

1dﬂg%mgbsé%ﬁgogrS%EEE&Déicr| eggi%&%vg?%l%sg%%§%%£§ which
t HEkEes obj Bedht — sat e B achimeldigidfer oBji€dt s WRO¥h, no
al §horghoteyordr e i@t speghticabli¥egEntdidigtbanr eph9sical

obyi ous or, necessary consequences of the circunstances

i ARSRBREE Her @ nDEBef IO HRRA f Foat | HHAL 0P VERG & PEOlonged
| eeriode process are protected by the subclains
dependent on Caim1l. 20 Conplex light-scattering
nmoul di ngs can be produced at |ow cost and wit-,: high
opd i fatrtigenl bbyeby prodine ngverteisem moas dihgspbygvision of
| e gt .
e%oﬁ%égésg"%ﬁa%ﬁe@%&%@é g e e Rent P hical
plREeReEL RS 1 | 3 <5 tsi A& ansnif tanees anghgécrspring
1 424 pmat a concentration in the range from 0.05

to 30% by wei ght, based on the weight of the

pol ynet hyl (nmeth)acrylate, the refractive index of the
spites | cakopasti chescdibiari dg bycTaiam 01 0lathiBv@sfr ahese

that. of, t he pal,ynet.hyl (neih)acryl ate nmatrix. this.
St RS AN noPCBRBOey i G IE | BT ER | ntBichs
arel@ppeepr i dtey noatd whdoth earchéigsédyt ompntdoveda are
cQ din i ' S+AkLSQ1a¢hi

Tl b 38 Ry At a s R g ifg s tances
FNQ*ERR??RQHQE?@E@inU%ﬁf% ppgifications of the inventive

process are protected 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 encompasses polymethyl (meth)acrylate
and spherical plastics particles whose size ié in the
range from 1 to 24 ym 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 used to produce a

complex moulding.

The inventive mecsures also achieve the following

advantages:

. It is possible to produce mouldings in which the
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WO 2004/ 098857 - 4 - PCT/ EP2004/ 002059 anount of
optical defects and i nhonogeneity, such as clouding,
streaking and weld lines, is very snall. d ouding and
streaking are terns used to describe clouded sites

wiHhi4P G4 O%RATi ng, at 5 whi%h the tranBpBiEREY04(002059

the part is less than that in the other regions, and
which are detrinmental both to ideal scattering action
and to appearance. 10 The noul di ngs produced

accor digiun® tde bpyerhioneRave fanerisKehdseneity, such
defects. Furthernore, the nnuld&ggs pﬁédqfed )
accor didfy £o°UERBIy nverE F ol RAv Ak cBPLEnt L RS calks very

propertamas,l. 181eu@ingi gitid t kapsakihgnese yebkawnassed to
i ndex %pd scatterin The.qgcha
eSC

ower, cal .
propertlesr S h& ﬁggﬁ 'nﬁ%teﬁrdﬁhE aﬁ%“iiQQWHgéng' at
excel | eftich20th&hé ramsicdinegssyprofucde sprowe nds dresml yhan

very %Ha*“’iH'SQQkPrabtﬂerV'%%%gHHgﬂ”dgﬁﬁd Gl are
or physical deconposition on ex ureto l'ight over a

pr ol onged aendal ZEﬂﬂWH@%ei%¢@£e$®a%%ehhk@ a@eion and to
nmoul di ngpRredieed according to the invention
particularly suitable for applications in the

lighting sector. 30 The inventive process al so

f @at ur @hd M OMethdd opropteper ta:cgsbr@finbhﬁ;dmml &li mgvgntion

conposi.tion.. The injection- i ng technol ogy use

in t he "ayFed&MtT ﬁﬁgﬁ%%ﬁﬁgﬁggﬁﬁ% processing of 35

t her nopl astic noul di ng conpositions is known to the

pgrson skich| .0 th r i £s rvj :

P ot tieSg iR a B me RIS DplbaubHE ) HeE Al co
the invention have excellent optical properties,

e.g. light transmittance, yellowness index and

scattering power.

° The mechanical properties of the mouldings

produced are likewise excellent.

L The mouldings produced show no, or only very
slight, discoloration via light-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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W M nk, Gundziige der Spritzgiel3technik

[ Fundanental s of injection-noulding technology], Ist
edition, Zechner & Hithig Verlag, Speyer, 1966; and

5 ﬁ@e;g:@@]”@gggs(wnst st offtaschﬁnbuch [Pl Aoy Pf88§/°°2°59
handbook], 26th edition Hanser VerI ag,

Ei t her hot-runner technol ogy or cold-runner technol ogy
may be used to carry out the injection noul ding of the

10 noul di ngs. Hot-runner technol ogy has sone

advant ages¥ over ¥ d- r I aWEhnoidsgy, Spgitmigdeltechnik

i npl enent a{}f?mdalﬁenté)llg flow F@Ehs SO :ﬁg%c%:igngﬁbﬁldlng
b dea itu no ss,operati
g\allgl dgnlce i }X ?JESJ stleStt h%gbt’%%i‘bl I ?F?haf—‘rapél yHH§hig

hol d pr ess\lmeld@,r aoelﬁezt,onmer&pemd)d since the

S Ln 1 he
2?%%*3%1.13&9 oPhst eEEE e ancprap Ry ciafHithes Aapdgookl,
Iagé?saldr dlareehiVghdag, Ml %S .cost s

resul ting fromnore conplicated design, the higher
susceptibility to failure, and the greater 20
diffSREH tBO o7 I WRi P ehigABEOLTEE Bul ¢ hg- tompesi teohnology

emrn%swﬁe@otynebbﬁ_ o&%ett@]baqrrw@ételc(ﬁ%@ld% Ch¢ the

he matrix in ich the spherical plastic

parth q[lé?SHaV OBe§HnEﬁ5edﬁ%ﬂhn‘215O%e Nt r isemsr eﬁ@VﬁbF?geS
em@xpaxﬁeis—xamdeeamecaﬁ%lb;gy,mgjll tlbétsﬁdpp@méﬂﬁatlon of

tion,
Lg:bsll Ilgw ng%ﬁgla(:r ate n<%\tcco (rjlgglattlt? 8ﬁ‘é’ be ideally
péﬂttuéﬁleﬁln a@@eépSQf therptésent viaveavbbdanthe of sprue

frgh
Do I P AP TEE, SRMAe «

26965 R4 OHeastiPeq fidic t RetREIDLI idney 589tnrﬁre@tze in

266e Pghyspt hyhd (metd) appdahes @ e tgenenah byqbt aéﬂﬁ er
%5free ra|cal g%rrerlzalon of mxturesh cn
CO%DI‘I se }Q’ ryPRERVaREREeHi AR e§he higher

geneidl ICSDSteomersruQ$la1tg Ifeast Q% ol Hdtedr @I Yehe
ahiLRast 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
one particular aspect of the present invention, the
poly(meth)acrylates of the matrix of the moulding
composition have a refractive index in the range from
1.46 to 1.54, measured for the Na D 1line (589 nm) at
20°C.

Polymethyl (meth)acrylates are generally obtained via
free-radical polymerization of mixtures which comprise
methyl (meth)acrylate. These mixtures generally

comprise at least 40% by weight, preferably at least
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WD 2004/ 098857 - 6 - PCT/ EP2004/ 002059 60% by wei ght,
and particularly preferably at | east 80% by weight,
of methyl (meth)acrylate, based on the weight of the

ide this, t i xt f
gﬁgg florsl‘lﬁ{ogomgﬁ;l ° (rr:efh)'a ??/Ieatmeé ﬁ;gé%%?pgé/oozosg

ot her (nmeth)acrylates which are copolynerizable with

nmet hyl nethacrylate. The term (nmeth)acrylates
enconpasses nethacryl ates and acrylates, and al so )
moéduries wiighte, tavod gdrTheskanbpopeescaskelypeht keawn. 80%
T inel yde t ryl at rived from saturated

al ohc‘)'{gs‘l,gq?q:dr (oganﬁ%gl?r%et hg‘l%tg1 raﬁ\égtqé—ﬂ,teét h)%lased on  the
( e dgtaerofl dthe mmmomdrs (et h) acryl ate, n-butyl '
(nmeth)acrylate, tert-butyl 15 (neth)acryl ate, pentyl
(meth)acryl ate and 2-et hyl hexyl émst h) acryl at e;

( FEtH) dtleiss e 92l Pivhvipsat OF aPEararéstobslyehyl

exaEe Ll eyla damet hﬂlé‘i;)”c@tn@ri Pr opymyt (NMBERh) acrylates
o
a

acrylate, allyl (nmeth late, vinyl (meth)acryl até;
Sod rbrafaet o veb L onthe Bekbyt FRECASEUI g a: eThe
mtemmenymetnféhﬁﬁtayéateemdmmpaﬁgégﬁﬂﬂhthéﬁxii&téﬁy|and
r adj.cal y _he, unsubst.i t.uted or ve . .up to four
sﬁagcsﬁ%?taicéen%?s ;a%éiycalllosé?l ﬁnyﬁXt(ur?eetsn)oeiEc E%eattggo,' such as

3-vinyl cycl ohexyl 25 (neth)acryl ate, bornyl

( rRtdYAcT HH e My dr axy@l kybe {{ret MAGLY! at egpeSUCh; A8 e
3-hydroxypropyl (neth)acryl ate, 3, 4-di hydroxy utyﬁ

(nEtEDrGaavdeEes 2drydresyef AR (FRtHaERY | atlechols, for
2y PPN Y 1 ( iR ratasr yé@hgl 3hati&irylate, propyl
dlnért%) acryﬁltaatees, such as 1, 4- g}jmedl Ia rtebutyvl
( GAYace, ’(netnh'%éléry at €& BCREra4feohoF STt BRtY
ex@mihe atcetylatehydpefity I ur(yle thrakchydernyl aedmed 2-ethylhexyl
vi(g%lt%%%gﬁ@é%t;hyl (met h)acryl at e;

(meth)acrylates derived from unsaturated alcochols, for

example oleyl (meth) acrylate, 2-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;

cycloalkyl (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)-

acrylate;

glycol di (meth)acrylates, such as 1,4-butanediol

(meth)acrylate,

(meth)acrylates of ether alcohols, for example tetra-

hydrofurfuryl (meth)acrylate, vinyloxyethoxyethyl

(meth)acrylate;

amides and nitriles of (meth)acrylic acid, for example

N- (3-dimethylaminopropyl) (meth)acrylamide,

N- (diethylphosphono) (meth)acrylamide,
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35 amdes and nitriles of (nmeth)acrylic acid, for

exanpl e N-(3-di nethyl am nopropyl) (neth)acryl am de,

N- (di et hyl phosphono) (et h) acryl am de, WD 2004/ 098857 -

7 - PCT/ EP2004/ 002059

1-HRt3RR4AABA do- 2- met hyt -2-pr opanol ; PCT/EP2004/002059
sul phur-cont ai ni ng net hacryl ates, such as ethyl -

sul phi nyl et hyl (meth)acryl ate, 4-thiocyanatobutyl
(nmeth)acrylate, 5 ethyl sul phonyl et hyl (meth)acryl ate,

t hi -gganat QRN ddEt-MagMl-at-&ropanol ;
netﬁ%lsulphlnylnethyl (met hyacryl at e,

bi SRR ) SR RATH K y efRHPE TN Igiede:  pSMFRunc@Sonafthyl-
Uﬁﬂl HMH @ieath )as tyliaee,hyl oyl - 10 propane

r ac t e the a ovenentloned
rf*e( %%ﬁnﬁlteoi e(tyﬁ‘e @‘He%z@ oI ymeri zed may al so
(xnuhykﬁﬂknﬁunyh@ngaﬂuranmﬂthhmonprasepopohyneybzabbmethyl
&#EJQ ggg (gnentioned 15 (neth)acrylates. They
1 enés such as 1-hexene, 1-heptene;
bﬁm@mmm a@e\hhﬂ)ﬂqxwa(ﬁ%xane 3, 3-di -
rf%fyd (et} RENA oy I Bty 1l)- Al 13yl ene, 4- et hyl -

pent ene; acrylonltrlle vinyl esters, such as
Hﬂfllyféi%%%toé‘alst VI8hB) aGHBREEEY edS e r éFes tRAVRREYAAYL-

Mﬁ@ﬂpgﬁé}tﬁﬂIﬂ@%&nbdﬁ@ﬂdﬁ% side chain, e.g. a-nethyl
styrene and a-ethyl styrene, substi t ut ed styrenes

havi ng an al kyl 25 substituent on the ring, such as
vibeditddsuehke ard ovrmeetthydrstd/r émethhatpgetasesd the mixes
s c ost
oS B et 20y HLGEOSHISS: other unsaturates
t étqrwrea’r?ost goerdymefdrzaldeycl wé thi nyktheonpabadsnestiéhned

as(mstH )M Eiedisne, 30 3-vi nyl pyri di ne,

2-nmet hyl - 5-vi nyl pyridi ne, 3-ethyl- 4-vinylpyridine,

2, 3-di met hyl - 5-vi nyl pyri di ne, vinyl- pyrimdine,

viThgypi peeldise,1-XMidandc,ar bazdl eas 3-HH¥ene, 1-heptene;

branched alkenes, such as vinylcyclohexane, 3,3—di—
methyl-1l-propene, 3-methyl~1l-diisobutylene, 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. oa-methylstyrene and
a-ethylstyrene, substituted styrenes having an alkyl
substituent on the ring, such as vinyltoluene and
p-methylstyrene, halogenated styrenes, such as mono-
chlorostyrenes, dichlorostyrenes, tribromostyrenes and
tetrabromostyrenes; '

heterocyclic vinyl compounds, such as 2-vinylpyridine,
3-vinylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-
4-vinylpyridine, 2,3-dimethyl-5-vinylpyridine, vinyl-
pyrimidine, vinylpiperidine, 9-vinylcarbazole, 3-vinyl-
carbazole, 4-vinylcarbazole, l-vinylimidazole,
2-methyl-1-vinylimidazole, N-vinylpyrrolidone, 2-vinyl-
pyrrolidone, N-vinylpyrrolidine, 3-vinylpyrrolidine,
N-vinylcaprolactam, N-vinylbutyrolactam, vinyloxolane,

vinylfuran, vinylthiophene, vinylthiolane, vinyl-
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~carbazol e, 4-vinylcarbazole, 1-vinylimdazole,

2-nmet hyl -1 -vinylimdazol e, N-vinylpyrrolidone, 2-vinyl
35 pyrrolidone N-vi nyl pyrrolidine,

3- Vléé roI|d|ne N-vi nyl capr ol act am

twf‘é’ct am vinyl oxdt ane, Vi nyp¢g(15$,2004/002059
vi nyl t hi ophene, vinylthiolane, vinyl W 2004/098857 -
8 - PCT/ EP2004/ 002059 thiazol es and hydrogenat ed
vinyl thiazoles, vinyl- oxazoles and hydrogenated

Vi Al 0% €S an¥i NYhy@Rslyd SORE@NY k818 a ZFBleR],C 861 fly1 -
derivatives, such as malei c gnhydride, 5 nethylnalelc

AR RS and dATRICIAAERY HRIYSOReFSLe8dd  di enes,
sughyas id/iiyddeiganethBie ;anount gener ally used of
these .conobnangers,is framO to 60% t .
PTGl § om0y WergR . So10naAdIc anbydride,
pm@ﬁhyﬂmaﬂq&qn&ﬁhydﬂﬂ@efrmmﬂénmxd@Dmeyhybm@heimb@sedand

o%l g{ QB S e and these conpounds
ethe ua yorlnthefownﬁ a mxture.

15 The polynerlzatlon is generally initiated using

kngwn -fd8f: radical1ipitdad o 6. c NDOI-LREnhEE ST {8drrom 0

initiators are, inter alia, the azo |n|t|ator

welq - k¥BwhYt b’etlﬁéltrpérrseoﬁ’?rﬁhlm et Phécart0® foy weight,
ewml paftﬁbhﬁé]ﬂlyl pke&é&ﬁbi@yctmexane@@r boai thry | Reight,

and ero 20 _co und as neth et
$ e g@égggacéébnzﬂﬁ%rd&?QﬁP %%4 aut %@I these
percmpcdmdsi emay bh)léyhse(ﬂ ehhylpdnbéXgnoat e,n kdtooneorm of a

gé% met hyl i1sobutyl ketone peroxide,
cyé] exanone peroxide, dibenzoyl peroxide,

tert-butyl peroxybenzoate, tert-butyl peroxy 25
Img@ai¥ﬁ@£999@isn 5,55t@é§4]_25131 Py hRexanerbpardXyg - known
2-fé3ter?y rﬁg.wh%ﬁgﬁt@errs{g}x?o%t‘?@e preferred initiators
Sa&eg; t%mm@t hyh per, oxyHexaneat a; t b e oigl we[lGI—OOﬁdﬂﬁx to the
1,1-bis(te | pero cycl ohexa

%E%j) %‘3%? et hyf%{jm %ﬁ%&%%% RORY and
3Qqﬁydxmmuﬂamyahphdxanedanbﬂnﬂt¢dﬂ@perOﬁmde also  peroxy
méﬁﬁ%&&ﬂ&§, such as methyl ethyl ketone peroxide,

acetylacetone peroxide, dilauroyl peroxide, tert-butyl
2-ethylperhexanoate, 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-trimethylperoxyhexanoate, dicumyl
peroxide, 1,1—bis(tert—butylperoxy)cYclohexane, 1,1-
bis(tert-butylperoxy)—3,3,5—trimethylcy¢lohexane, cumyl
hydroperoxide, tert-butyl hydroperoxide, bis(4-tert-
butylcyclohexyl) peroxydicarbonate, mixtures of two or
more of the abovementioned compounds with one another,
and also mixtures of the abovementioned compounds with
compounds not mentioned but likewise capable of forming

free radicals.

The amount often used of these compounds is from 0.01
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but yl cycl ohexyl ) peroxydi carbonate, m xtures of two or
nmore of the abovenentioned conpounds with one another,
and al so m xtures of the abovenentioned conpounds with

c ntioned but |ikew se cap
fgﬂggﬁgﬂf@éyg e radi cals. The amount ofpgﬂ7ﬁgggog(oozosg
t hese conpounds is from0.01 WO 2004/ 098857 - 9 -

PCT/ EP2004/ 002059 to 10% by wei ght, preferably from

0.5 to 3%by weight, based on the weight of the
maroned S . bidsee gyt pepraderbene Fhroward Misto 3%|by_weight,
p th r Iate 5Mmhich differ, for exanple in
t%@%%ﬁP IQ%SFy Pfth PG Sronorrer i ¢
constitution. The nDuIdlng conposition may noreover

CGUQHi ﬁﬁgm}ggr maQi%l yH@Eé orv%q:rl tc{ g:l&gma:ﬁ) acrylates

properti Anong t hese are .
paiiiedy ydohfar | r géwﬁlw enesthq@oq ymmlsl,ar weight or

Palry &SHEIS mRVLGAIDRALeS tard ol YVi Nyl chl ori des.
These pol yners may be used individually or in the

formof a mxture, and it is also possible here to

usthecopoliyaehg Vdungdosare der nwgbl goféoft heombrise other

VTS Mo SRRt T SSbiel vy PTG BB feR0 PAORRethese

mmnaﬂnginb@posaﬂuan W@ply&ngyhmninﬂn}eawdepoapQEyrenes,

% e {BSS gig@'sltme' ggo%gcﬁ%%ﬁg% ko gﬁg  Rglyvinyl

usé a 0 the fo processing o
w@&illd%rﬁgie@orrp’—@ﬁ?ﬁ oRClppargemay tbes uS@élneirIHill\&&dualtlhe or

r ange-Hd o 29 &@OatﬁlsthQQ 0@9019/1'{0'13 episeé %@é’éybié Oftre
50 000 to 500 O particul arly grefera

f *Gm SIOS%)OOCPBOg@@gGBO &Pﬁﬁ e i CRTAF2PAEendepm  the
I eduhvieaein tieskd pbllgmerkn one particul ar enbodi ment of
the present invention, the noulding conposition has

at | east 70% by weight, preferably at |east 80% by
wdihght we bt pave fags ambyad0 npredf eMablof athéeasimd@0%hy/or

agpggﬁyg% sthy”E%hMEed(q§¥h%ﬁ8r¥k%5%1n%a%ﬁ%@%k é?%n may
vary within a wide range, the molar mass usually being
matched to the intended use and to the mode of
processing of the moulding composition. However, it is
generally in the range from 20 000 to 1 000 000 g/mol,
preferably from 50 000 to 500 000 g/mol and
particularly preferably from 80 000 to 300 000 g/mol,

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
moulding compositions are commercially obtainable from
the producer CYRO 1Industries with the trademark
ACRYLITE®.
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conposition. Particularly preferred polyners for
preparing the 35 noul ding conpositions are
commercially obtainable from the producer CYRO

O RS " o Erot04 005055 | Al gﬁﬁg}fﬁgopﬂéoozosg

matri x descri bed above, conposed of poly
(rmeth)acrylate, the noul ding conposition enconpasses
spherical plastics particles. 5 The size of the ,
pl astics particles (average di arreter - wei ght aver age)

i SAl.th#srﬁ.eder a{}g@ x%égﬂ}l Eig(?%%tlgg}i m)r Sffee,;)r ec#réé[% % ec{ ?f poly

range from 2
th@‘ertéﬁg?ecrmlcﬁ‘hea t¢h194 prultdnPhecpappisékéon encompasses

At AgeoUY 1 NS r@gmé@rromess_ of size
di stributi o?ﬁ A size'of at least 1 pmis preferably

possessed by at |east 60% of the spherical plastics

parid cd £ Wi ht Ret e arRul@i RE: ¢aIRS teamelhesg@ dPathdter -

the |n\£ent|ve gcess and size of e t han %5 5n4
S er §B7Ie§a§8 se$§ed* By enu%atn%‘?)% T hd to um,

S[phc@rﬁeaaalblypllasttlms prarde cfwsn Thieo pI@gm,tlamﬁdbstlll more

Pl t| ar, S based on the
w&%ﬁ% . hgm % )9% (f& ?rh;%ac‘troyl at&" is fromo0.05
to 30% by wei ght In one preferred enbodinent, the

p@M@Nﬂdﬁﬂld@éé“%dﬂgnﬂgqéﬂﬂgﬂy‘%ﬂveFﬁé§§ﬁﬁﬁ @%ﬁi%&ﬁgés of

in.thé npul ding conposition iI's from
WEiLGRt . DS EHP Wi caf p&igec] & prater aBPytha

U@ﬂkﬁéﬁabdyﬂﬁdihﬂsiﬁdWbyhbﬁtI&éfﬂﬂyﬁgth|th? spherlcal
acryl at trix nmou conposi tjon,

Rk ees) SR Sae R b ation B SR HatReT b vsed
the péuet |l@!ve51tluﬁa frorane3® disgtd idbudd zom onfeaeré hetiat he5 pm
CQQC%&%%%Eb%ﬁyokd§§é§éé&*%y at most 30% of the spherical

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 particles preferably have wuniform
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 single- or

twin-screw extruder, with no intended resultant
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Wthin the matrix is substantially constant. The

m xing of the matrix with the plastics particles to
gi ve the noul di ng conposition which is used in the 35

‘inventive injection-noul ding process preferab
LI

t akes
pl 4@ $26 in the nelt,ldhy nmeans oPC§/§P§QPé/°8?°59
tw n-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
sphekicatiggans that the plastics particles preferably
5 have a spherical shape, but it is clear to the
person skilled in the art that, as a consequence of
t heor metheodsuppopesduct | Ohe iBradan: passiehlkeohhatthe term

pl ' articles,w.th,sone, ot her_ shape. be

pr e%f?c%f %%éﬁs ?ﬁgtshéﬁ% %}a§%%0%|gg??gg?%grpfgﬁggably
nalyadevRatsphtroeallGhare i deat $phéssi galeashape. thheperson
tesym spheriGal .ttﬂéer%fr%r e.peans that,the saédtpenocf% e the
| argest di nension of the plastics particles'to the '

s et Heads dPhedsiosinatsatot hor éleRarPar s ifrlef ebldt ypaestics
15pi¥%ﬁbl@?ﬂw£thﬁ@fﬁe0$tﬁfﬁsﬁhgb83ﬁ§y?5§ %Fﬁgnt, or that
nmeasur e roug e centre of gravi 0 e .
;ﬂéhﬁié apﬁaﬁf'cFE?.H%iﬁ£}9ﬁ1Pﬁéthﬁﬁ%%rmﬂyrﬁ%&%¢%% from
pathe cldsa]l sphdeiasdl H¥ewg e preferably spherical,
particularly at |east 90% 20 The particle size, and
also the particle size distribution, may be

dethe nitren Bphedima lof thekafere endansct toat nefhleodrafio of

t hiys. e . nad f i~ . h
o0 cusé Ty pte ohig, Sl SLAtanI g, o
pasrrquc{%sgi GEMGREEPRI ASt iTHE bePhy fdanRd 4/ nPrhpkerslely not

maipied . thhe [Pl astien RAtiktes WHEh sGRA P SRY measured
accor di the i ventlo? are not subject to an

t y .
TEHr 856 r R i ofT THE h&AtWYe OF t W'l abtpgtics

fremtitleds t heased 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. To 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 according 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 1light
takes place at the phese boundary between the plastics:

beads and the matrix pliestic.

Accordingly, the refractive index of the plastics

particles, measured for the Na-D line (589 nm) at 20°C
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pl astics particles are produced is therefore _
substantially non-critical, but refraction of |ight
takes place at the phe_se boundary between the

L asty and the matrix p=astic. 3
R cozﬁﬁ%ﬁéﬁﬁgﬁ% refracti vé iAdex of thepgTég??%%4/°°2°59
particles, nmeasured 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
0¥ flears0. Zruoni tshe | trd &raquaritdec uliadlkex phef @fabkBet Omatrix

u fi ti-cl.es, 5 ose .heat resistance
ei?gﬁggﬁi58§Fﬂ?%hgf03058,Ow% uﬁ&FFrcular at | east
250C, with no intended resultant restriction. The

t ekmq - i, St t,hat Lel
ot SUb Eet o S st (W eg BLEBELLE S el 8res
10hPFe hadt r esisstsdmecaagxbendst éar aéd bgast 200°C, in

t harraghawreid | ceaBthodo “He wethodoof; Aol NAL L@k ant
is fam.liar to the person skilled, in the art. Wen the

prr8§3§§¢it§°&sed?h? he A8t ghEafFoEesofFteRE prext i means that
spael nparttd dest estred irototsumye-d hato 2% by Wehilghtantial

f ting t he stated tenperature under inert
gggg&%$ d§ FS@FE%@HOf preferred plastics particles

conprises: 20 bl) from25 to 99.9 parts by weight of
nmeReer § uwhi chy. baye aramat ng{Sggﬁeaéeégpﬁiﬁé&entéy a

for exanple styrene, a-net . _

r tH§TEQRSEVEBeEd i Cstiigeied. addieharogerdt of sigterrination
gﬁ@ﬂfbmﬁq%§?1§§QMEt é&s@ﬁ?é%hligﬁtghaQFb|%E%. When the
- phenyl et I; e acryl ate -pnhenyl propy .
(REPﬁf Eryﬁéteuﬁ?&'viﬁ £ béﬁi%ﬁ#e;l%ﬁﬂ a?go B frbasbics

t epéQipant ssdybeeitgiiteat a8 awytylmerandhem 2% by weight
”@}BacggghEHSSESVtHngggt%dt%e%ge%§£992 %E8g§ hgert gas.

The structure of preferred plastics particles

comprises:

bl) from 25 to 99.9 parts by weight of monomers which
have aromatic groups as substituents, for example
styrene, a-methylstyrene, ring-substituted
styrenes and halogenated styrenes, phenyl (meth)-
acrylate, benzyl (meth)acrylate, 2-phenylethyl
(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
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, isobutyl
(meth)acrylate, tert-butyl (meth)acrylate, cyclo-
hexyl (meth)acrylate, 3,3,5-trimethylcyclohexyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate,
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the aliphatic ester radical, these being 30
copol yneri zable with the nononers bl), and nention
may be nade here of the followi ng by way of exanple:

~methyl (neth)acry-ate, ethyl (neth)- acrylate, :
njﬁ}éﬂw44QﬁgQ§%wrylate, i sopBopyl (et B§BEEERAP4/002059

n-butyl (ntth)acrylate, isobutyl 35 (neth)acryl ate,
tert-butyl (meth)acrylate, cyclo- hexyl
(rmeth)acrylate, 3,3,5-trinethylcycl ohexyl

(et h) agyaHAtRs1 2- ehbyhNgxyl 14 a8t hiacr yi@é@orr}gﬂ (meth) -
2004/ 098857 - 13 - PCT/ EP2004/ 002059 nor bor ny

(et h) &G 1@ € or i sobornyl (meth)- acrylate; b3) from
8hb]3)th 0 r;flrﬁmpaot% o \A&Egh@aﬁi? Cb@/SlelJeiaﬁ@hgg of.COBEBQBE!éﬁking
ich have at |east. t t eni c unsat ur at e
gr oups COFAIES z‘ﬁ%f‘ﬁgbg}]ag\éf rde ?Sﬁ%&alt"?%u?ggﬁ?ﬂlcally
bl ) andnsaterstappr aqprawgie, capdyne?)izaxbaplleg bei nfree-
di vi nyl e, ol _.di( )acryl at e, .
L bR AEEY i h ) S hBers) oagPgPpEiRte:
di met haieiyl aba) , 10eadhyles nétijrarr liatieylbenaleingl, glycol
cyanur gli&medirald oyt hal ate, dialdyla igdinat eqs (meth) -
pentaerythritol tetra(meth)acrylate or _
tri met RATOHGSpane POLivethygeRFacr §L¥EEL wheiwethacrylate,
amoulnt %lQ.fyS.t hari%@@n@@@ypéﬁeblkﬁELQZ)égagctﬁﬁaus%éﬁ@, adiallyl
total o part.s wei .. .
descri %g%ﬁﬁgﬁﬁ’astﬁ&glgﬁﬂticgggcaﬁgg?rbedpeﬁﬁaeﬁytﬁﬁﬁtOI
moul di g teenfresin iaery laftiech conprirsencttiigse 1 rardane estri-
and (n%r{%)élh‘)za aglyl at € pglymer,), 20 Ti}%?o@rﬁt?gu‘:t&?” the
of crosslinked plastics particles I's knowi to the
per son coRionca¢ risn khler abE) Rord eRahplodve tdetotal of 100

scat t eplaRg spHt helightmey be produced by enul sion
pol yneri zati on, for exanple as described in 25 EP-A

342 283 or EP-A 269 324, and very particularly
EP 0 656 548 describes the plastics particles described

above, and moulding compositions which comprise these

particles and (methyl) methacrylate polymer.

The production of crosslinked 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-mentioned 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 via suspension polymerization of a styrene

monomer, as listed above in bl), and of a crosslinking
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preferably via organi c- phase pol ynerization, for
exanpl e as described in the Gernman Patent Application
P 43 27 464.1. The | ast-nentioned pol ynmerization

t I QuUe, Qi particularly_narrow particle sjz 0]
d?@ﬁog%t/lo%ﬁgggr in ot her “wofds, parti ng:gfp;,ngq;ozosg
devi ations of the particle dianeters fromthe average
particle dianmeter. Particularly preferred plastics
particles enconpass 35 crosslinked polystyrenes.

Pardnicnleas ofs thistégpeboay He hbtai e viwl SHSpesst bénce
pal_y i .on,_of styrene nomer,, as_|listed, above

PRy EEeS stsThentiy N 2064PAREES - - iy 1F also
POP/SER20@4/ 002089e nonomerturs |dfst edrcabowe mnrb3)styrene
PAHGAAT PLEhENSNCEe hQ ngrggxﬁﬁm %%r%ei of the
di vinyl benzene. It is also "po S|bﬁe to tise a mxture

oS tikEN6r hfonEest yenehe nbasivecsepr am mMYeffrmbly from 80

PROPOBEROMLPY Wil OfI‘htehep§o%5¥E§8§ YRRIidHE 1BE  the
particles i;s preferably from80 to 95%Dby wel ggt. The
pCERSELAEK IR R of 1ehr eyt inkiisgMnonoker 240$- In
poetierady faiem ScéeuRO% £l mnidogdern tho dRaKe Geeogntr@§ion
uginfdorrg'té/ ogali het di ffusion rfand 9 q_Tp earance, it

i $76r SterdME 18 Uee bol y8t YrERE T8 15artd fes RAT¥Rtyrene
weees tpedgsced Wylcuspemsiren potrgdecedati @y, assuspension

dggarhhed Ll 8 64 260 170 bt 939 IRB1424356 17,

A 4187346. JP-'A 418 al so déscri bes
nd8l di AGbc8rPosiVEi dAd 2AfiZc RrshcBimassl 8 ptd st JPehedl8 346

Pankc! 88sandnésetdtl ) 1 hatmpati® s ol PRhYPRS - encompass
Particul arl y Pr eferr particl es conpagse

re d of
cPOsYEI-HkET=pol ?étr%légrésare a5t eovErSioniver ciBeFyacrylate
apaillyaklre from Sekisui Plastics Co., Ltd. with the 20
trademar ks Techpol ynmer (r) SBX-4, Techpol yner(r) SBX-6,
Techpol yner (r) SBX-8 and Techpol ynmer(r) SBX-12. O her
parritdghaekyypr ef ereédrspteri cabrpiadséscs pamposé@s of

WRi-gh <3k gxeged &% $ealieid Ny Agent §.capRLse commercially
available from Sekisui Plastics Co., ILtd. 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 wvia hydrolysis and polycondensation of
organotrialkoxysilanes and/or tetraalkoxysilanes, these

being described by the formulae
R'Si (OR?) 3 and Si (OR?) 4

where R! is, 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, e.g.
2-methoxyethyl or 3-ethoxyethyl. Examples of organotri-
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25 silicones. By way of exanple, particles of this
type are obtained via hydrolysis and pol ycondensation
organotri al koxysi | anes and/ or tetraal koxysil anes,

of

t ' cribed by the fornul ae ﬁ% '
aﬁ§§§§?§£é§%b§ﬁire Rl is, by y of exa FE?§5268§%%°§°59
substituted or wunsubstituted al kyl group, an al kenyl
group or a phenyl group, and the radical R2 of the

hydr ol ysabl e al koxy 35 group is an al kyl group, such
asahevtysilandy| are bmeyhylorimathbkgxylsnbsti mategltri-

hy, oup, _3= or o
D éeE% i ExaIrnrgFgglog Q%E%ﬁ%%%e2004?‘8§§f§%¥r}150
1§rommlmmhﬂﬂ<@@@ﬁm§)w@hoxy)51lane. ‘
met hyl tri met hoxysi | ane, methyltri- ethoxysil ane,

nmet hyl - n- propoxysi | ane, nethyltriiso- propoxysilane
ar%“%e%hﬁ%m RESO01BE h Gy eN R0 FEIquaNs, miheProcesses for
abtm/eenerﬂﬂcmﬁﬁﬁtisid anﬁaﬂorr@@mcisl l,caiind @riqtcl;%@ls@s fearticles
t roduction_of . spherical silicone particles

th%feg]? oM rar 8F knéMR "o Thetper BGRSSRI IsIkéLc}‘iieﬁ1 tie Bpe art
armhdanabe Houfidund the specidpeatfiomstidhd EP617416 741,
JP. ) o BA, P s L 8., 10 Silicone

ségfsggﬁ%g aégﬁgggﬁgfgagﬁ%g% y‘%%éferably used in the
present invention are obtainable fromthe conpany GE
Bayier: idd canasc o {dy theet £ adggRr ksy1 JOBPEARLEL) -2 d
and %' PEA@%ég Blég? %%FThe Evuldi%g %%%%osit%oﬁs or-c
pridbuditfy t ¥ di HyeeyORonpF seCkbaieabignafrom the

addintdargs/ adEuvapd e ©f @My idoyRe. ALY these akeademarks

[ | es, ' i agents, antioxidants,
mﬁ%rﬁE%’éL?gellgﬁsgnfg?rQ%r et ardant s,

l'ubricants, flow inprovers, fillers, Iight
st | h2gi§:89d QF OSPHOTRLS. ﬁ??@g&@gﬁ? 40 ulding
phosphi tes or “phosphonates, pignents, agents providing

WERthe FPRGTLESI stantenbhdnpl astddl teres /adivants t lnf  any

type. Among these are, inter alia, dyes, 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-modified
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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anmount of additives is limted in relation to the 25
i ntended use. For exanple, neither the
light-scattering properties of .the noul di ng

CORBOSHbL PHogE7I ts transparency shoul d
excessivefy I npai red by addﬁg?ves 30 IﬁQ§K5P20°4/002059

particul ar aspect of the present invention, the
moul di ng conposition may be given inproved nmechanica
resi stance fr%fertles via an inpact nodifier. These
i C $3 i , fiorteoladvea hacryl ate plastics are
wel | - known, and exanpl es of descriptions of the 35

pgﬁ ation gnd constitution of inpact-nodified
THERS v IHEPE CrodrgilfG 28smpBsi i ibRg srenderiddidnes have

EHﬁ?ﬂSg%ﬂSt&299°EEyAw81%E Ogg} 8% mét@g%6§mgé%§ﬁgg¥§§%es
é% al i ayﬁﬁ%?@#re @?rYé§F§Fan@aYﬁuﬂhﬁQR; described

calposttions have from 70 to 99% by wei ght of

pol ymet hyl (nmeth)acrylates. 5 These pol ynet hyl
(meth)acryl ates have been described above. In one
pé@?|%®¢aPaéép@@ianaﬁhecpreéenﬂuanwrﬁmemMI1hhentlon, the

PRty A m@@@ﬁra\ér?leascééseduégd po ar aCf ; érgpact-

nodi f.i ed poul di n itions are obfain
r 3 e%%l@ﬂ%}?%%glSﬁmﬁpsﬁﬁﬁpﬁﬁesamml@hten@@dpa&gi free-

fmmmldﬂltgbl&%%%ﬂbéﬂﬁﬁdﬂﬂﬁ ﬂHﬁﬁ@%@@lNhi&@néggoﬁﬁagg/%rom
net hacryl at e_and

b i.ght cof

a)p?pg)r\gg?l & B® P?’orﬁ%“i}bt'm%fﬁ SRePgit , flb‘?%f @roabT—S/ 86m by
2 vied 9% btyfl 115e‘a\llsyighmetbéc®§zhetecmjl oLmt:@r@agppl:@pg{ate,
fr [ RO se. i se hay
bggﬁn{?gtgg 2%ov UlgrﬁyeﬁFggé?f%%m%oﬁv réi%f by
aM&1 9y er Ofal eIl - c@m@q@srs( netepeddrey | affesfréa-radical
p@bﬂlyﬁl@rarza@bhyl 2 at flk@&?é’é agLyl % O?Jeteﬁ'\m Yisted

#hacr 20_The average no nmass
pBPYIEL hy ar%ﬁﬁ%%éwaﬁ ersedpr epapnagepar t arel ariyter

| apaet - C;-C4-alkyl (meth)acrylates, in 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 1is preferably in the
range from 90 000 to 200 000 g/mol, in particular 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 wvia bead polymerization or via emulsion
polymerization.



10

15

20

25

30

35

resi stant noul ding conpositions is preferably in the
range from 90 000 to 200 000 g/nol, in particular from
25 100 000 to 150 000 g/nol. Preferred f

act-re |stant nmoul di ng conpositions conprise from

QF ;; 8% ‘ght prefgrabgg from 2 t oPCBOBERY04/002059

melght part|cularly preferably from3 to 45% by 30
weight, in particular fromb5 to 42% by wei ght, of an
i npact nodifier, this being an el astoner phase

cqmmcfedof mpaa&l lrﬁ&s@ﬂfp@wW%rré)albtﬁo%lst3_§nk£ae baPectles
nma n a manner known er se

be at

Qﬁﬁﬂfv r?%ﬁﬁ%%ﬁ%o?lé?alénﬁpsﬁéﬁ range rom 50 to
pdl@ﬂﬁsmmatpnmfeﬂ&b]&@Oﬂf&@SSB? to 1500 nm and particularly
P L0 9 qnPref g |mmm nodi fiers are
Sﬂkﬁf Q%ﬁ %ﬁ% gpes% %hos% dverage particle size is
in the range from50 to 1000 nm preferably from 60
t n cu f:erahl 8 4
cI’.%y's éﬁ'@ﬁy@}é&ﬁ‘%&%npkﬂég¥ g ek %rlt@r%c:)fne 9:!@ cgogé)lnécg via
bﬁrﬁ%é@dmca‘ Ppelém}egm@dﬂ%bl i¥arem mlmxg@m@sally
\A/rajoalprg%réeraaﬂ |%a§@”@®%53 atﬂellgﬁ%t ?ﬁ@f@ka\b@'yg@rom 50 to

ferably fromb50_to /% met

actFX/I‘}é/{fjegh‘Hoﬁlfzﬁ‘et ! 36\19?5% ffu?’@f éPapty 50%
fmmﬁélgntAS%mfe/mkgm fabm bz&yltoacns%atk@; adgakso of
DR el PO MO S PTG OU  TESTA SO ddigne,

a cros
p@ﬁ@ﬁ@ﬁ@bﬁ@nérqmnﬁ$§at¢yﬂétéy @egghtMIqﬁ a crossllnklng

melhReky!, at g, gandy V\htaSEE;EQHEEhégoQO”‘PHQE‘ﬁ[§%iﬁg}%@?15 e.g.

can _be copolynerlze venent | ohe
c P dindSEhARENG 2the F6t afvicth cRimionRS scca?@omw%rwhlch

abb&, 63- Clopah kb ri BeEh) acell ate, sYchedSnEibYEd vinyl
acr late or butyl 20 nethacrylate, preferably nethyl

gng or ot her nonomers including vinyl groups

,capable of polynerization, e.g. styrene. The m xture

f%hogﬁowﬂérgkeferred comonomers are, inter alia, C1-Cy4-
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 EP-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:



10

15

20

25

30

35

t he abovenenti oned particles may preferably enconpass
fromO to 30% by weight, with preference fromO0.5 to
25 15% by wei ght, of conononers. Particularly

preferred i npact nodifiers are polyner arjicles
wWHOcROR4VO988Bo- | ayer, or phBticularly %T)EPJOO‘UOOZO”

three-1layer, core-shell structure. These core-shell 30
pol ymers are described in EP-A 0 113 924, EP-A 0 522
351, EP-A O 465 049 end EP-A 0 683 028, inter alia.
PaitdeGul ar | yonkaker redeh npact 1 s@sht f ivoss basedight Ihethyl
acryl ate rubber have the follow ng str cturg inter ht of
alia: WO 2004098857 aLe FONYSEHE 0B2058° &SRt ©
Pol ymer wi t khat dogast 90% by wei ght net hyl

met hacryl ate content, based on the weight of the

core. 5 Shell 1: Polynmer with at | east 80% by wei ght
bethell dcrylPatlgmeent ehth besedeastt h@0heilght wefghke butyl
first shell. Ll 2: r atnl t 9

wei ght net hfléhy?gtr?et%d;%y at eﬂ\%:%ér}% eErDIItI, %ggsg%qﬁln@t/hoef the
wei ght of tH&s§esbgd1ishel|. The core may conprise not
only the nononers nentioned but also other nononers,
as_may each _of the shells. 15 By way .Qf exanpl.e, .a
pIS@feéT)ﬁf &d afPHYEEE riibbRr aﬁod%?%@? 9@% lﬂ%vgpetlﬁ@t methyl
foll ow ng stiettiadrglaCer ezorcepad y neasednpaosatheofweight of
nmet hyl net h% r ISaetC((e3 %h%% . 7% by wei ght) et hyl

acryl ate (4% by V\Elélh y andallyl methacrylate (0.3%

by wei ght) S1: copol ynmer conposed of butyl acrylate
(81.2% i,0 (d4715% j n

AT et ha Y SCEEEL 06 by ) Bty e Rz ien Eboned
but also other monomers, as may €ach of the shells.

By way of example, a preferred acrylate rubber modifier

may have the following structure:

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

S1: copolymer composed of butyl acrylate (81.2%
by weight), styrene (17.5% by weight) and
allyl methacrylate (1.3% by weight)

- S2: 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 is preferably in the range from 20:80 to
80:20, with preference from 30:70 to 70:30 in the case
of modifiers with one shell, or in the <case of
modifiers with two shells the core:shell 1:shell 2
ratio C/S1/S2 is preferably in the range from 10:80:10
to 40:20:40, particularly preferably from 20:60:20 to
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S2: copol yner conposed of nmethyl nmethacrylate (96% by
wei ght) and ethyl acrylate (4% by weight). 30 The
core:shell(s) ratio of the acrylate rubber nodifiers

V, ithin a w de range. The core: shel rati
nq¥9i€6%ﬁ2§é§%$ky in the rand@afron120 SBCFJEP§99289°2°59
wWth preference from30:70 to 70:30 in the case of
nodifiers with one shell, or in the case of 35
nmodi fiers with two shells the core:shell 1:shell 2 _
ra30 p4a@B1/S2 is preferably in the range from 10: 80: 10
to 40:20:40, particularly preferably from 20: 60:20 to

WO 2004/ 098857 - 19 - PCT/ EP2004/ 002059 30:40: 30. The
paTmécpersiqbeoéizaeoﬁotheshekb phdilfli apdisiegudkl ysually

{ ol e oPEEae R ob O d 0B P L BLEFERREL L EHY 00 o
45@0%r@m w@hpﬁ@tnﬁpéﬁdéa mﬁ;ﬂetr@mlyr estan ci1dnto 450 nm,

| npagh AW i & fePfrd B dPe-aLe COmpmy ci al |y
obt ai nable fromthe conpany Mtsubishi with the 10

trademark METABLEN(r) IR 441. It is also possible to
ObIn&peDcﬂ_ npaeldiredidsi edofoultiing ceypesi td.ans. cOMRBEcially

se are,. inter al i ACRYLI TE PLU .t he
o A B/ FRllus DS, CTRPTRE .P?@é?ﬂ%é@ with  the
|rnmﬂﬂemnrkanEmmm}EmﬁocEBS 441 . pricdudsngalsonpesible to

&$%r§iathggrrlé§%ﬂ.i£@5 ﬁEuEHQHgOpE'%§OS1gH§h%e|o%pong
DOETRRS (aRper iR @} 12 heARBYLERENBUPEPNGrounpbsi piroducer

durymye i, dtwvsegd i ve i njection-noul ding process is
preferably from 210 to 270C, and still nore preferably

from240 to 250C, with no intended resultant
rEEHéiﬁhV@ﬂtlﬁé Antjeapebat-tbe 1efingherocess for producing

IQ&§Ctﬂé§] ﬁ%r§%£¥¥g}f%é mouldings of high optical
quality 1is preferably carried out in the manner

described below:

The temperature of the molten moulding composition
during the inventive injection-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 1is
moreover 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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~noreover preferably from230 to 270C, still nore

preferably from 240 to 250C, and the tenperature of
the injection nmould is preferably from40 to 80C and

3 t eferably fro 0 to 60C.

tgﬁ%e?gbugB ?gfhe |nject|onq%ngd|ng CyPE$L5P2Q94/002059
preferably from 220 to 260C and still nore preferably
from230 to 250C. 35 In the inventive process, the
moul di ng conposition is injected with a pressure in

t hboﬁa&n]g@rf Loho 56heOmkb\@lHOO@hGQ&&&flcular- embodlment here

4/ 0 b [ uId

é?%%?%rigp §%ﬁ§%$8%%r25 E£$9 the pré%%iﬁsuﬁqw being
st %@e@art Ha pklssdrieste wgagso atmair 4@10 ther f iimst tls¢ agecond
angh .bar in the second stage. 5 The injection rate
may al so be staged, being in the range from0.01 ms

to 0.1 ms in the first stage and fromO0.1 ms to 1

M'Bhénlhﬁ%C%Q@Qndréﬁ@gﬁxayanéjlé;@ e sicﬁg@& freMng OBn  the
s to 0.5 p033|b e third, 10 e. The
rnﬁ%ﬁ?%gf§?Wo§eoﬁe f%r%ﬁ?ylpr&ﬁglﬁ%Fsﬁ-?Fﬁ%@ and

tfﬁismr@wﬂdmﬂﬂeter1.SMHNiﬁlﬂbéyseban?%%?ﬂﬁlf&h@dln the
tiLgal n neity, c¢h, as.clou
5%m . bl Pgn}ﬂ?g 5 0 %" r‘(soe B i % r‘?aC?s r13(jle third

streéilng and we I|nes
ef$%%§¢ve¢®e|Mﬁt©m$m@x8hn@kdlhgseliStpeyfarebbyodmomdl to

bys thgnd e | V8- PrPCEsScd f an injection-noul di ng
process uses spheri cal 20 plastics particles whose

average size is froml to 24 pm in a matrix conposed
of sypd ineidylly ( netih) - aesy | atRed t |f%u91@155| Q'h%tt 0 optical

roduce caonpl.ex moul di ngs _of partlcu ar

gpltx? é‘fogqedlar%pjltt& anChofBgENE c’ﬁﬂﬁl fb%? rP%\I ppd weld
witires, cl oadi ngpe stebak1n@pa@d \weflfe c25 viellges. iThegemplex
o%dlﬁ%irgfg eci{s C@HeQG %lrlem 'iaartoeaqjcve\g&h by the inventive

process.

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



10

15

20

25

30

35

particular success if use is made of scattering agents
based on crosslinked silicones or on crosslinked
pol ystyrene with an average particle size of from2 to

(B o0 IR G Ch " Gerocil Lo s BGRdERRAG4/002059

streaking and weld Ilines, normally occur particularly
readily in conpl ex nnuldings, such as those with

vari abl e thickness and/or 35 with perforations.
Thickeessddviteipneke moulbe heet espoadkeg eRfeeti 6A the

g B Lo o cpoy gt LR, T
PG EP29d4466205he | fipewatetomi blii ncdwedivogy dsthaskimg and
na%$ﬁ§ fiﬁ@gtfgﬂ ﬁ@e?réﬂggéQQXf %o&@g?ﬁgtﬁ%léhea%elk move

['s the nou cavi or cavit mat’i on of
c|mh@ul%¥héacmfgklamcpr et ok dqesr bars bew dr onot ed i f
portions of the nelt nove 5 particularly quickly or

articularly slowy. For the purposes of the present
p %‘ é/F %x £ rddnedi REeF SN As\Nediti@whi @ h cRE® 1ex

onmmxdm)g eief 4 hﬁouﬁaahgr e ideschhbedel oW. mbel Nof the

ment  of, t |nvent|ve process, a conpl ex
gl %F?%b?yﬁ° t hi cknesses. The noul di ng

obtalned |s preferably one whose wal |l thickness is in

t hﬁl rgﬂge eﬁn'b%@lilnek exa%@”‘in%}ﬁt\_{%@/ ;W!égggls the %gfn]plex

way o he variati I'n 't he
t H‘i‘Q}k]rf@s%g rrg?sbéilﬁf@trédlgw wlhe t«lﬂlfcfkélre@@@@ -beTheenoulding

MdH YR di Sapireerwah tdﬂé?kxm@%eofwatl'le WIS is in
t i.S dlfferen e being nore than mm preferably nore

5 'AMI&nd ﬁ%?tﬂchSrl%odWEféVﬁblVaﬁbr%a¥ﬁaﬁ“f@“ﬁh1the
2&@Hﬁﬁ1ngurﬂwnﬁ@ynbﬁlﬁuﬁmpab| thhec kinestatt8dni Oih Sthe wall

the f%%§%¥§ GT 22%€|§e%;r2Pcﬁ|g} ‘ﬁ#ﬁ%sﬁg%gglgekgeen

1miningne Aost rpazeiremrablw;ali_ thCkness of the moulding,
this difference being more than 1 mm, preferably more
than 5 mm and 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 2 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 one 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 region, the wall thickness

preferably being within the range stated above.

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

concave design.
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25 I'n anot her enbodi ment of the inventive process, a
conpl ex noul di ng has at | east one perforation. The
wal | thickness of the nmoulding is zero at the site of

a . pe ' The noul di ng .conposi tion_sur,roun
pe‘ﬁoééﬂ&éﬁﬁv devel op a uni4%rm or var 5&,’;6%%{)84230%059
t hi ckness in the surrounding region, the wall

thi ckness preferably being within the range stated
above. Anot her enbodi nent of the process described ,
abbive ¢@ioeucbsna congl edefbnl di agswhgthiehasaBbvkeasbr a
on -3 nar surface. -This surface. is prefera

or el BB AERG , SEEdE R Y\ DT Doty "o F 5t ek rea
PQTY &R2003!/ 00205%  Tirecnlt ireasponseand defd nthésasproducts
9 480 BDPVE Py AorCRRPhRX UG & CalBLELY ricting the
ilTustrations of preferred products of the rnventiv
prefedi Rl aHvarHesee prOHiRRSs: are certainly not to be
interpreted as restricting the 5 general inventive
concept. The, noul di ngs_produced by the jnventijve

pr %ssmOBEgFggﬁbl PirdhEahe BY opdhs eslBpRRTIYRd Process
beb ot e Adb N e par t el | @ ook dTesde OFf £ itdte Wi ng
obtained from the inventive process has a

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

Arfotcheva pardui lant aemlerdodémient £ of heheonbdidgngbobt akded rom
1 om L ber i hyventi r s_h al -Jjnt ilYs co
& Ty e PR OE o BRE5 S (R0 ko gl Y2 5,
asgeR2FL A HEHreddnt- i nvention, the noul di ng

produced according to the invention has |ight 20
transmittance greater than,or equal to 25% _in )
DA U P e et nSHOBR 860! Ao Wovgmahkiing obtained
paffidne Wl | ynperef erabbyogeeat ke st hanadkeaqtilakehsi®9%ngle
f a doayer. of _thicknes nm 25 The noul di ng

p(r;%&u'csed g@cgﬁgit&é:%ﬁgﬁ %e%ionv'enti on preferably has a
yel | owness index, determned to DIN 6167, snaller

than e egyptiE91d2, abBeP? YCU 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
smaller 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 > 80 kJ/m?. The yield stress to
ISO 527 may be adjusted to = 70 MPa. Another excellent
property is a nominal tensile strain break of > 50% to
ISO 527.
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smal l er than or equal to 10, with no intended

resultant restriction. 30 The noul di ngs produced
according to the invention also have excell ent
mechani cal properties, for exanple, it 1is possible to
oW0aRN0AYOPEBHEYSs whose Char B3 i-npact  sACTWERE2 004 /08059
179 is ? 80 kJ/nR2. The yield stress to 35 I SO 527 may

be adjusted to ? 70 MPa. Anot her excellent property

is a nomnal tensile strain break of > 50%to 1SO

527. WD 2004/098857 - 23 - PCT/ EP2004/ 002059 The
invention is described in nore detail below via
eXheaplissvenid wonpar al¢ser dbedplias, nore dediedlj sbabow via
'Q&gﬂﬁlgg thag tJH%ﬂéPQ%EVé”“e@% ?@%%r'cbﬁg tentheseis Sno
exa A) Test nmethods D65/2 transmttance was
dé{lE?ﬁ’Fh@H tfdném Ntbe36inyenhEon 1009 akbarigtefont® hdhese
ceppapYeFerkin El mer. D65/10 yel | owness index was
determined to DIN 6167, using Lanbda 19 test

equi prent from the conpany Perkin El ner. 15

Scatt eTéng povkodss determ ned by neasuring the

hal ved- energy angle and the halved-intensity angle to
DI N 5036, using a GO T-1500 LMI goni oneter test unit

f P6hY 2he tcompany tENEe 2@:sA detsermiyed ntoi ®INTSOR6d iusing

Useob d6t PEBhnenQALLGLay BLERinaBEhdlsO particle

sl ze glstrl ution. To t%ls end use was made of Gal ai
P65 41 R quigsiertWiiassm LRESEorfRmy deteamEnegypie (A 6167,
Wegmg obmpeasuve Rt fojudeiartn atag thar dokdpansl Z&rkin
g g described in the user nanual. 25 B)
chafatteri zation of the scattering agents used The
scattering agents used in the inventive exanpl es

ggg?g%§§i£§fﬁ&&er%ShBQE%QEE%Eh %@XH%§§HE¥H§“%He halved-

energy angle and the halved-intensity angle to
DIN 5036, wusing a GO-T-1500 LMT goniometer test unit
from the company LMT.

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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20

30 Chem cal Co. Ltd., Japan), TOSPEARL(r) 120 and
TOSPEARL(r) 3120 (producer: GE Bayer Silicones). In
anot her inventive exanple, use was made of a bl end

c | ymer C, prepared using a_neth
3%%@%@%% L'EP 1 210 641-Al with 50%'2%?@?9?25&3059
avai | abl e noul di ng conposition (polynmer A) conposed of
96% by wei ght of nethyl methacrylate and 4% by wei ght

WD 2004/ 098857 - 24 - PCT/ EP2004/ 002059 of rmnet hyl

acriy Inadtehyds amtyliate Hie me@yiar.ati ve exanpl e used was

pol ymer B, conposed of polyner A with 6% by wei ght
content of spherical light- 5 scattering plastics

paittd ot e draged corexpuipi(eatdgdcvys apel gopol Jecsmposed of
( ﬁP@; Jhgs e : rLf i ] 0 -
SSQpl Trat??e 1 s%o%vﬁ%ﬁg%l }p‘?y&%&%ﬁg grggtﬁéﬁ?ﬁégggf ﬂght
t FEAURSid%t t er i gl 29eh®s usedpPiatilgdeisnvent ikased on
XN @ thhakl g1k teld s i '

agent s&% 2-53’, ﬁS tgggﬁpg%iﬁ%élﬁ%bl %ﬁ%%ﬂi%mﬂﬁ/g%?riwerage
TESPEARLE 1 POSPEARLEr PPosity wdr Hagent C SEX-8 120

3120 D Refractive 1.525 1.590 1.48 1.48 1.525 i ndex

n Densi t /cnB8] n.d. 1.06.1.32 1.32 n.d.

AEPAge Jar bhebd 5B te B g, 05| 34 i cepatips, of the
swicddemng. agettslhe@s L& nhet 1inaeed e eghnbl ).
Preparation of noul ding conpositions Mul ding

conposi tions were prepared using the scattering

adéftle dpeciChieg@ citerigpies) ofascedering agents

1 2 3 4 5
Scattering | Polymer |TECHPOLYMER®|TOSPEARL®|TOSPEARL®| Polymer
agent C SBX-8 120 3120 D
Refractive
index o 1.525 1.590 1.48 1.48 1.525
Density
(q/cn] n.d. 1.06 1.32 1.32 n.d.
Average
particle 20 8 2 12 20
size [pm]
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: Rd&hm 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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concentration needed to achi eve conparabl e optical 20
properties to those of the nmarketed product polyner B
(Compar ati ve Exanple 1, producer: Rohm GrbH & Co. KG

. he conponent §_had been j
fﬁ@rﬁﬁgéﬁﬁgyéié m xed by fuzglrng and 2%?%2§ﬁ%§§£(%0%959
si ngl e-screw extruder. WD 2004/098857 - 25 -

PCT/ EP2004/ 002059 Table 2 contains the properties of

the noul ding conpositions used in the prior art
(Conparative Exanples) and, respectively, in the

| RN Ve 5 PLACERSe (| BYEN! LY EXRNRLES f¢ 1 {9 T Rlurding
Inall cases, polynmer A'served as matrix material.
TemRRSidalonsy opesed es iof athmul Brhgrcomdsi t (Gomphtative
0.53%:0f1 PEAR, ") aRPrPXi ly sa :
10 f%%igigf pol ynmer é%%%%%ggsggﬁge Eggﬁ§|e{%§1, a% etlve
2 PORRES ST SaIty-wer (F3ar8Be8 Fsluded @ kcafferdidg cases,
agRillymert ke skehr@Rsimalst aRee iiks rseeewhat | ower than for
polymer B. y HU+P ) mmULOmr !-1 H>1 C o ro

0) r 7W ox wu WLOUr~ NI NSI a NNUU oN
CThle roptricad NotopedtDerl i ra molildin€ rdonpdsition 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.
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,HCrlOQO'rigNWM Hx UU CL LHWW 0 HN
Ul -3U +C Trox +) mC 04 -H+) 0>1 U a
GCCo -.i OU)+)CCo -H C Cr-, (T| mtT +) No
-HoHU r\ NC.i I | HCl)T? D3U Nt OU
U U U-NOr-A AOOTr-r BTrl O , r, rl a FOOO

(0OCroC-HoP (1) HSOx mx roa NZ 27 D)
| Mect iloaasdoaiAGUpEiagePersmatLYSf the noul di ng
conpositions were injection-noul ded WI th the same

rQcessin aranefers (see Table 3). J ovenent
PR G drihdhti LTS SRR GHob Ky V&%lfﬁ)om% ORgeoulded

obﬁﬁﬂwaduonsaﬂdipk0ﬁe6%1E§SEEN%m5ﬂeﬁ§K1see Table 3). An
Tec ol yrer (r) SBX— Tabl e_3: tLings roceSS|

ot R 1o A0S ERBRECHES! et | SREmoUIH g ne
(D@M@@ﬁtﬁ@@ls mﬁseombmvmdjldnngddattupnepf 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) 113
Stage 2 (20 mm - 15 mm) 16
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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Tenperatures [SC] Melt 245 Cylinder 230; 235; 240;
245 Muld 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 nm 16 Stage
3 (15 m- 0 m) 13 Hold pr 8silre (staged) Hold
pressure changeover stroke-dependent at screw stroke 5
mm Stage 1 (18 s) 82 Stage 2 (8 s) 75 E) Production
ofexanyléi ngk: andoaidesgnemionplosept | caf pSlguaki t W 28vith
e 1; |l f. _pol L Awth
'?e&?elr?r%laofﬁfénre(’\é%# %&%8%§2E§§§gtegﬁpﬁga§§§ﬁt 5 To prepare
t he noul di ng conposition, 10 kg of polyner A and 0.3

kg of Eﬁfat]:%‘)' r - i : ver td o
si%zoe For g pmtﬁé&; \Al)le]idgh%d%odﬁﬂlﬁ (Ji%nltad}%'Solqg%gm%fl r%&lﬁner A
dedd Mi-dedkBy ednmbleRErahtmes®potRied iWithe apelaverpge

a p3-tIV1E NGk feseWgexhr udere Maulghicagsouer e nkd t hemso 1
obt.ai.ned %/ i njection noul di ngh using a hot-runn(gr )
M NG tAE e ParSretRd sTEFEL AT RIFapFRTROURG G, 4 The
ph@;ldltesirﬁ 180 35 @0 mﬁgyﬁrsﬁciw feék'teﬁdemul drah fdiewst heere
i ng..canposi.tian,. a ave f.our square segnents
W TR v U CRiis S S ng) 5 ) 5 gk “gpner
Exengdlde @itivbuihdi ngacampbsed cftggmd/mén Aabileh 3. Square
TQ8P (r Q a er.l QR re 4
G A L
moulding composition, and have four square segments

with different wall thicknesses: 1, 2, 3 and 4 mm.

Example 2: Moulding composed of polymer A with
TOSPEARL® 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, using 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 square segments with different wall

thicknesses: 1, 2, 3 and 4 mm.

Example 3: Moulding composed of polymer 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. Square plaques (100 x 100 mm) were
injection-moulded from the moulding composition, and

have four square segments with different wall
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20 clear polynmer A and 0.3 kg of TOSPEARL(r) 120 were
processed as described in Exanple 1, to give a
nmoul di ng conposition. Mul dings were then obtained by
injection nmoulding, using a hot-runner nould with the
paraneters stated in Table 8% Square plaques (100 x

100 . mm were 25 injection-noul ded fromthe noul di ng
c FAFSENSSETS Tard tha&’eapg]ugog‘ﬂhare segments with

different wall thicknesses: 1, 2, 3 and 4 nm Exanple
3:..Moul.di ng, conposed.of pol yner Wi TOSPEARL(r).
SO ot for PR3 Hi8H: TS BssR o the HSMVATRG A With
c @rpomietd @n,asl@ded tefr igldassrent! ear pol yner A and 0. 3

kg of TOSPEARL(r) 3120 were processed as described in
Exanple 1, to give a noulding 35 conposition.

MIE dinRpsngertéra Heat bitnd rreeiniss i eet | bh kqoef dpagymer A
UsiRg @, alg r&angs: PREL dcWideh ot he RAIARE &f S dsd@tA%kd in
in Tabl e 3.7 Square plaques (100 x 100 mm) were

i APt ion- uﬂf&ed Fr6n the T HPY cOMPORFEFBIN - angAuare
h%mcfwg (smtalr ezﬁ@n@ﬂé SX%Eh idijfe‘cﬁTi@mtAf—m&%Jt;Udleg 2¥om the
thi ckngsses: 1, 2, .3 an anpl e 4: ul din .
cIRER o R IR Rt TS hRE SR TE ot p e with
agemMifrehe pradpartd itdkmemselsdi ig GonpBosingd dnmml0 kg of
polymer A and 0.3 kg of polynmer C were processed as
described in Exanple 1, to give a noul ding

cGippusinatgive Sgwarde:pl aques (100 x 100 nm) were

| MO0y dted  IMdN§mEY mpul di ng conposi ti on,

and had four square segnents with different wall

thi cknesses: 1, 2, 3 and 4 mm Conparative Exanpl e:

Maul=djueg corqaaadef podynme: B0 ki Phaques2 neasurimg were
;g&@%ﬁ%%%42$%§1-2 2&%0%25%8 ?me%nj§Cti§n}ynﬁhﬁﬁg‘fbon150

injection-moulding machine, by means of a hot-runner

injection mould with the parameters stated in Table 3.

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 intensity by - and very significant

intensity by --.



I nj ection-noul ding machi ne, by means of a hot-runner
injection nould with the paraneters stated in Table 3.
20 The optical quality of the injection-noul ded test
speci mens was assessed vi sual on. Assessnent criteria
used were the intensity of Wl i nes, and al so of

i nhonogeneity (clouding, streaking) within the 25
nmoul di ng. The results obtained are given in the table
beTanle | h: tOrt il esses sentoff eatwirdeirss been
indicated by ++, a lowintensity feature by +,

rgnr T cant T ntensi ty by =—gnd—very—shght-Hcant
ntensity by 30 Tablle 4,40qtical assgssnent of
noul di ngs wel d Surfade O oddcngudnegksiigalkings

Surface

defects Inventive Eqakpres 1 + ++ ++ |(Techpol ynerdefects

SEX-8) ++ Tnventive [EXanmpt g 2+ ++ +4 ( TOSPEARL(T)
120)ehtivé nveakpve Exanple 3 (TOSPEARL(r) 3120) |+ ++
4+ ++_ | nventjve anpl et4 ({Pol yrrer C)| Co#par atji ve ++
Eygﬁﬁpgoyﬁ%ﬁ%?xg& 0 -31|Patent claims 1. Prdcess

flor produci ng a T1 ght}]-scattgring noul ding,
Inventive Example 2

+ ' ++ ++
(TOSPEARL® 120) o
Inventive Example 3

+ ++ ++ ++
(TOSPEARL® 3120)
Inventive Example 4

- + + +

(Polymer C)

Comparative Example

Polymer B
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40

45

characterized in that an injection-nmoulding 5 process
uses a noul di ng conposition which enconpasses a matrix
conposed of polynethyl (meth)acrylate and which al so
enconpasses, enbedded therei spherlcal pl astics
particles whose size is in ?Ee range from1l to 24 pm

at a 10 concentration in the range fromO0.05 to 30% by
wei ght, based on the wei ght of the pol ynethyl
(meth)acrylate, the refractive index of the spherica
particles differing fromthat of the ol yret hyl
(meth)acryl ate matrix BPAYFD %n‘glab’f“ﬁo 25 y.2, %/he
moul di ng conposition being |njected into a nould

whi-ch EARCEESEOE PLSSHPHiaE rmbul By, scaHer Ber @ rroetding,
i n thachemectejrdeedon date hastbeeAn stbybeCt hprmeuiging
t he rapgeckssem Oub&sto 6.1 mpsldingt hecémpgsitiage, which
and i seneompeassasge 4r oma@trix20 tondosesd i wit hepskyoeichyl
st age, (aedhi)acirylihe ranrge frumdh 05 adisoto &nbompssses,
i n a peapiebbedt hithérestgge.sphe QLS o RESOTEE Ngpddticles
A ai m §hosbaraclerigzedni Rhe2xditgt £:h@n MoUkdi 24 y1m, at a
prOdUC%@nQ@%tngE%Eenin“@hka EQh gHQ§§§§ 0305Pracesys py
accordmqum B a & har wg@g f Noft hahet olymethyl

Fgggglgge BT H%?% ”ﬁ1 f & %%ﬁ%eln irpfed NE oS the
nor e ofSp ﬁrlca ie%ar -C TES arm(?l]%%r%it erlozqrgdtt?lr?%tlb %1 t}tle
the mof g! Bod CRIR 4491 BPEh o

mm 35 RandOHaRF i FrP%a%elPﬁu
Proces$§ a@@B}alrﬁP%%¢xnﬁ§QH BRYBISF  BheCpR @ﬁl uldlng'
cl ai ms Chekaraerérrded nt}t%itattbﬁelﬁﬁﬁlc@lﬂﬁ% been
has a stADRdm techeks mim Wwlel Tanakngsen 4oOfathic &1 m/s
1: 2. 6inPrtdeestimgicostiaag, t endnel orimorkeofrange from 0.1
preceditrgl m/s in the second stage, and is in the range

from 0.05 m/s to 0.5 m/s in a possible thira

stage.

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, Process 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 one or more of the preceding
claims, characterized in  that the moulding
produced has a minimum-to-maximum wall thickness

ratio =2 1:2.

6. Process according to one or more of the preceding
claims, characterized in that the moulding
produced has one or more perforations.
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clainms, characterized in that the noul ding produced

has one or nore perforations. 45 - 32 7.- Process
according to one or nore of the preceding clains,
characterized in that the noulding produced has at

| east one non-pl anar surface32578. Process accor di ng

to one or nore of the preceding clains, characterized

in that, in the noulding conposition used, the

propor thocdrs wetghitdiofg tbe osphem calrepl@Stiles preceding

parti cl is fro %by ' , ed .
the\Mﬂ%ﬁ%lcﬁ’thghgg%ﬁkgfﬁgéa (n%?hygggg%at2%%9. ﬁguldlng
Pr ocesPradurall igs @todeamt myre o thHanare cadifiage -
claims, characterized in that the size of the 15
spherical plastics particles in the noul di ng ,
cGhposiREUE Ik AP T 44ng heO r GRfe Ofr SALE tQf 1Bh9npregpding

Processciaciony, di 8ataceBeioed™if ofhdhe precedeNdmoulding
cl ai s, characterlzed(%n %gat at | east 60% of the 20

spheri GRS Fiidi cHRE PROPRETABHI §vngreight of the
conposidptmritsadd Hastd < zemfi@led eastfAopnd . Ando 25% by
nost 3Q%.0f, .t he rical stics .partijcl h

si ze osﬂ%%ygathgﬁg% p§$ 2@% luw%%%ﬁgséﬁgcgngiﬁéEY%ethyl
one or (mEtd)efcmydeter.eceding clains, characterized in
that the spherical plastics particles in the noul ding
conposition used enconpass crosslinked silicones _
arft/ or PRIGES iR P1Y sE9r ene, candvre bskhe nRegcgging

copol yrerssinigsednanatethiaeny! ahesjnand Slyrenige 2 the

Process accordi.ng to one or nore.of the .preceding .
cl ai rrs,Spg}%catler iP5 haPa{fﬁécﬁrﬁm ditfg ¢he "“moulding
conposidangosisddnc aged dses iaddiid wesiggnd/ram dye 153qm.

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 pm, and
at most 30% of the spherical plastics particles

have a size of more than 15 um.

11. Process according to one or more of the preceding
claims, characterized in that the spherical
plastics particles in the moulding composition
used  encompass 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. Process according to one or more of the preceding
claims, characterized 1in that the polymethyl
(meth)acrylates of the matrix of the moulding

compositions used have a refractive index in the
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13. Process according to one or nore of the preceding
clains, characterized in that the pol ynethyl
(meth)acrylates of the matrix of "the noul di ng

conposi tions used have a refractive index in the 0
-33 range from1.46 to 1.54, “imeasured for the Na D
line (589 nm at 20C. 14. Process according to one or
nore of the preceding 5 clains, characterized in that

the tempeiRt ureolf 1.4ke B! tlemaouhdhsgre@NERY tilRd N& D
from210 to 270C 15. Prqcess according to one or

nore oftifife (3B8&c&@Ingt ¥0 €-ai ms, characterized in

that the tenperature of the injection-noulding nozzle

is from230 to 270C. 16. Process according to one or
mide ofPridlhespr escedimyndl el anasprcharactadt itZed preceding

that the tenperature of . the injection uld is from

40 to SOEITET. PIUCESCHAT] difig T6 onblor LIRSS e OF
precedichd m/bBEEE, HAARGIE! cafgokAtibal 1H€ from 210 to
tenperature of 20 the cylinder is from 220 to 260C

18. Prédés§-according to one or nore of the preceding
clai ms, characterized in that the noul ding

conposition nelt is injected with a pressure in 25 the
range Prones8 tawcHiI@Gnartd nbetbe moectdforthe preceding

moul di ng. ,19. Pr.ocess according to one or nore of the
precengalmEVai%%rac%taerr&ﬁeeCFi P84 Ghe% pabet rETRSEaLYTG °of

stroketnd0 ijsjkc@Moh-tdud dilndes nhe 1%Ccr ewd diaret er23o  to
20. Process according to one or nore of the preceding
0 -342¢Pafrms, characterized in that the noul di ng

16. Process according to one or more of the preceding
claims, characterized in that the temperature of

the injection mould is from 40 to 80°C.

17. Process according to one or more of the preceding
claims, characterized in that the temperature of

the cylinder is from 220 to 260°C.

18. Process according to one or more of the preceding
claims, characterized in that the moulding
composition melt is injected with a pressure in
the range from 50 to 1000 bar into the injection

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

is from 1 to 4 times the screw diameter.

20. Process according to one or more of the preceding
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produced has a hal ved-energy angle > 5. 21. Process
according to one or nore of the preceding 5 clains,
characterized in that the noul digg produced has a

hal ved-intensity angle ? 1.54,22. Process according to
one or nore of the preceding clains, characterized in
that the noulding 10 produced has a |ight
transmttance greater than or equal to 50%for a

| ayer of thickness 3 nm 23. Process according to one
or nore.of. the precedi ed in

.clainms, characteri .
Chat t R B"di ng = TEChr5UGEad MHB a A1 owhbes i figekding
smal | e ARR B ha8Ualh 1§ eliZenddg PLAGaSS >aeeording to
one or nore of the preceding clains, characterized in
that the nmoulding 20 produced has a yield stress ? 70
N%%.toP&%ge%%7according to one or more of the preceding

claims, characterized in that the moulding

produced has a halved-intensity angle > 1.5°.

22. Process according to one or more of the preceding
claims, characterized in that the moulding
produced has a light transmittance greater than or

equal to 50% for a layer of thickness 3 mm.

23. Process according to one or more of the preceding
claims, characterized in  that the moulding
produced has a yellowness index smaller than or

equal to 12.

24. Process according to one or more of the preceding

claims, characterized in  that the moulding

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



