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particle for nodifying inpact resistance of a

noul dabl e pol y(nmeth)acrylate material The present

i NVeNt2@04 /@368%B to core-shel |l particl es,PCEYHER0D3/011541
process for the preparation of core-shell particles,

to noul di ng conpositions conprising core- shel

particles, and to the use thereof. The present
i NVeRHS AN Pareetll RRFYiFdrates meddsranghdmpasar mestiesance

which £aibbeduses Ty thech yeeey ramodifieation of 10
pol y( et h)acryl ate noul di ng conpositions. It has |ong

been known that the notched inpact strength of
nmoulitth NGre 6P OS ntredRsS oni rrepwttes:ut@r cobe- shell particles,

pol.y(meth)acryl at e ul di 03|t|ons be _
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modl{d £f I'E%chéE r EoShﬁlﬁl huQér @hcér%%é‘”%ﬁé present

core-s she artl es f purpose 'h
bedéﬁﬁﬂ§§vablPéﬁEHCPhEQ%Yrﬁ&ﬂﬁﬁeSTHéSecog@néhaﬂﬂyEﬁG¢ecleS

andﬂfﬁﬁ‘”@ﬁﬁc E@asﬁse&heESr'ntEEe g%ﬁgctaﬁoalflcatlon of
core Shﬁ% ggg w th e shell the, core nostl

§OMBPPLO3 RS EORRE I THR case ogs o 1ong
COW&&ﬂKﬂﬁOWﬁch&tetMmthotmbeﬂhﬁhbScthetEEhgtth€|houldlng

t h t t
O b iha e gLe FRAEL T SR SRS ilSumechy aggviate
3 OB 4N g §@m§§é§tlpé§ghe¢f€fd eul thpeocodpeyi tadadng, to
in tQﬁartdl&yicﬂ{mgaé@rﬁ’p@@ltp@rll)/(ge&ﬁi@ﬁﬁ!éaﬁﬁou%' 6% what are

conmprise from90 to 4@6bg ht of a multistage
L5cordlumel 129ar iR et wi TR hfh%F% colR®, HAel 85t omeFiecshell

fi nsdrishelds arthay diar dogesend130sghehl . pa_r”@i@ﬁés rreﬂcrr this
cons%@tuent of the core ang gi%tge secand shelh Th

al B Rﬁﬁﬁuuwy at RECHAVI ng°FFBM 1PEd 4ln HPboA2atEns These
I n gerera Kyt nade carh, e&aspambkdalqmaﬂﬂin&here in the case
rretdpcaw&@f %ﬁ@ﬁfg)éf{léfgst L8 8 st ﬁegialthg core mostly

conposed ut adi ene tute i enes an
204] k%ﬁp%eaﬁﬁ/lm%sehavtw@en@npmaﬁ@ sa@airtﬂan Hheonsasp of a

tOhQ:c?HArégé’slgl%/elrlad bedk 4 cieneyern idwdmynahdq ceptaif f4O0Mshe11
té%aftedo on to the core mostly represents the

elastomeric phase.

25 By way of example, US Patent US 3 793 402 discloses
toughened moulding compositions, in particular based on
poly (meth)acrylate, which comprise from 90 to 4% by
weight of a multistage core-shell particle with a hard
core, an elastomeric first shell and a hard second

30 shell. Typical main constituents of the core and of the
second shell are alkyl methacrylates having from 1 to 4
carbon atoms in the alkyl radical, in particular methyl
methacrylate. The first shell is substantially composed
of butadiene, substituted Dbutadienes and/or alkyl

35 acrylates having from 1 to 8 carbon atoms in the alkyl
radical. However, it may alsc contain from 0 to 49.9%
by weight, in particular from 0.5 to 30% by weight, of

copolymerizable monomer units, such as copolymerizable,



by weight, in particular fromO0.5 to 30% by wei ght, of
copol yneri zabl e nononmer units, such as

copol yreri zabl e, 2 nonoethyl enically unsaturated

nmonomer units. According to-US 3 793 402, the

presence here of from10 to 25% by wei ght of
copBPpREFNYABRECaABHOIIHA tealAd ynomeaenr anited According

nmonegeysuni 793 |4@2paﬁ:§'ﬂec‘ﬂr%rse(?1fce3tl'ﬁérr%n%f 115 METMh 5:0 25° by
partlcugarl advant agequs. -The overal | dianmeter of
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t het hoplast1cs; suc

conpoesedsbelan @@IFEQ%@S t he eeiphasies emArsd®dn pohymeErGe  to
conpibhsShg A a hard core conposed of a crosslinked

hono- or 15 copol ymer of ethylenically unsaturated
nononers capable of free-radical polynerization; B)

an eimslenky, phase genenat dténct Agppresenea o ihez; 452
ass transi |on

cor t rla and _havi.n o .
% ﬁ%%?gtgFglno J€g§5ﬂi%6) o cOnpBsed 8Fm§?%§ﬁtéF§ylsuCh
estee gfolagrsfitivcl agiedhhavivig ter oncdmposed cdr ben aiomieast
in mﬁe@Lgugséagfnﬁﬁgmtz)p@iyﬂnéﬁst @rﬁ% Jg,?il i nki ng

conononer having two or nore pol yne doubl e
bonds in the nole- 25 cule; c) arylalkyl acrylate or
aryhpl kyh neirhbceyplat e:onqaosﬂad]abe phasecgenenaked idho- or

t he pres e, of the e and conposed of a
lshono 88% o%f gﬁﬁgﬂgﬁvggﬁf A5E§ menomers

nononErSC@@abh@a@fefnéefI@@l¢@b|p@ﬂymeﬁymmthmtion,

its glass transition tenperature being at |east 50C.

‘A noul di ng conp03|t|on (Exanmple 3) cited by way of 35
exdipl e Fh CHASTRURTY catadn e eFRtssodimottdifedof apaete of

strengthﬂ@é o2 Kk IhateBlaT 0GMA EAREI ARG URE, gflads KHidfhsition
20at temperature not above 10°C, and composed of

a} an alkyl ester of acrylic acid having from 1 to
8 carbon atoms in the alkyl radical;

b) at least one crosslinking comonomer having two
or more polymerizable double bonds in the mole-

25 cule;

¢) arylalkyl acrylate or arylalkyl methacrylate:

d} a hard phase generated in the presence of the
elastomer phase and composed of a homo- or
copeclymer of ethylenically unsaturated monomers

30 capable of free-radical polymerizaticn, 1its
glass transition temperature being at least
50¢°cC.

A moulding composition (Example 3) cited by way of
35 example in that publication has an Izod notched impact
strength of 6.2 kJ/m® at room temperature, 4.7 kJ/m? at
-10°C, and 3.7 kJ/m?® at -20°C. The Vicat softening

point of that moulding composition is 97°C.



-10C, and 3.7 kJ/n2 at -20C. The Vicat softening

poi nt of that noul ding conposition is 97C. 3 The

German Patent Application DE 41 36 993 Al di scl oses

i mpact - nodi fi ed noul di ng conposi ti ons which conprise

from10 to 96% by wei ght of a pol ynmer based on
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nthZQa The- ki opeans Pat efte E8y91§§§k 72r§&19§§0£f586§mm 10

t he r%act nmodi fi cati on_of ﬁ% acryl ates
mul®9 2 Ssthge RoreesHt | © a?]il“r’%fl’ Ll C%CJéY%aE%nb@‘éé@Ig from

of 1a teorse, carbonstarshel I1@ﬂ@he“‘@1]@ﬁp@éaﬂbaat,e,arﬁi also,
sec nd shell, and ,are freﬁa fromvinylica

LS unddtShSat e TR Corbounds® Aavi ng” &es %%?n‘f% equal | ?Verage

r eactrie ldoubl amebendef Ithet Moreadel t+tmhaldr eparticles is

Com%Wéﬁ@ ﬁaﬁgéSErowﬂﬁdD@&fibbﬁ Hﬁlyqﬁrpéggigdféy in the
shel | dngr)iflses a p%éyrrer whi ch has a | ow gl ass

t r &FSi4S Ct“&en]’psé}r dU altt whi ch enconpasses from 0

to 25% by weight, in 30 particular from5 to 26% by

20LeT  BRCEEPRLt RFAEPYI FAE monoReF whi 4h For AEa> (o6 che

25

30

35

homopelamerodditicag iogl ass t padyiltiech) rerpérater ebpf multi-
fr@@ag%5 E%re5ghe1ﬁe particles which are composed of a
core, a first sghell and, where appropriate, a second
shell, and are free from vinylically unsaturated
compounds having at least two egually reactive double
bonds. In this «c¢ase, the core comprises a first
{(meth)acryvlic polymer. The first shell comprises a
polymer which has a low glass transition temperature
and which encompasses from 0 to 25% by weight, in
particular from 5 to 26% by weight, of a styrenic
monomer and from 75 Lo 100% by weight of a
{(meth)acrylic monomer which forms a homopolymer with a
glass transition temperature of from -75 to -5°C. The
second shell present where appropriate comprises a
second (meth)acrvliic polymer which may be identical
with the first (meth)acrylic polymer or may differ
therefrom. The overall diameter of the core-shell

particles is in the range from 250 to 320 nm.



second shell present where appropriate conprises a 35

second (neth)acrylic polyner which may be identical

with the first (meth)acrylic polyner or may differ

therefrom The overall dianete”d of the core-shell

particles is in the range from250 to 320 nm 4 The

emuF 8¢ orepol §helr s PSS osusolepiPers apelyingos are also
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- copobypesiion, a flcow gkassleér ansivieomlenpetatoarelate. The
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phase Y 15°A PR&GEh BV HY 1" thatPude G RMe #hpghet in the
nodi ket sradeseli bed abkovs cdmmadhieve acsyyatéi cadts. Use
[ ve [ L t ngt f ' :
vmgty%@o ap%lci%%tés?i%gﬁsq@'?ﬁi sﬁ%ggstiﬁ ng{o%wgaedleﬂe or
satPFEet bRy D CORXEYHPES Fhpaetshdidseati on at | ow
tenperature in 20 particular requires a relatively

| ar amount .of these inpact nodifiers, which in turn,
13 ea%gtl%%u%‘lgﬁgfijtsanﬁru?n‘g%ar Wi© oP £t Hel%t figpact modifiers
pr opes¢i deed npbrventcdror achppiecat | shgndf i ¢aet mimpdiovgment
COMROSI L b 08y 'Dm]\sléeélcykééngemu' EgrOTae' ASHLC thriety of
melt viscosity, Vicat point _and 25 die swe le
| ntRR¥IF 3 et oFBl8edEndd lildpdat nbel 1y eFatwAfeptory. For
peréﬁdmﬁjﬁzlﬁfiCirﬁ@i?%{m@@yﬂ@ﬁii&ﬂ the n@bﬁhtegein §5.‘:11:,1re in
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2030 HW YEnter af QPR T 081 fg ARATHTR LTRSS ATeHpacet these
nodinfpart wotlhdaerany wintdlcedbl etwassodicatied tapaiigp@dt cant

impairment of the other properties important for

w

applications of the moulding composition, in particular
modulus of elasticity, melt viscosity, Vicat peint and
25 die swell.

Industry therefore demands impact modifiers which
permit sufficient improvement in the notched impact
strength of a moulding composition, 1in particular at
30 low temperature, using minimum amounts of impact
modifier, without any noticeable associated impairment
in the other important properties of the moulding
composition, in particular meodulus of elasticity, melt
viscosity, Vicat point and die swell. The moulding
35 composition here 1g intended to have a Izod notched
impact strength which is preferably above 6.0 kJ/m® at
23°C, a modulus of elasticity which is preferably above
1450 MPa, a melt viscosity which is preferably above

2000 Pa s and advantageously below 4500 Pa s, a Vicat



in the other inportant properties of the noul di ng

conposition, in particular nodulus of elasticity, nelt

viscosity, Vicat point and die swell. The noul ding 35

conposition here is intended-t® have a |zod not ched

i npact strength which is preferably above 6.0 kJ/n2 at

23CPoanfpaitigd ofs eastfiegiaby) vwhietwvé s 9pfef endbly dheveswell

1450, 0P8, 18 BRLEcVLBEQSLLY MBI EQn&;é 958&656\%3/2 é‘bove

2000 Pa s and advant ageously bel ow 4500 Pa s, at

5 point which is preferably above 93C and a d| e svvell
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i npai r ment the ot moul di,n i on
Loy o%éé%. 65 ?rrpor Faﬁtlafg&d apmat en% hhe paFRFEUMg I ding
md@@m&O%)itmlastgr@qutiml timpscosnty, fo\t‘i Cappl pehtions, in
d%éif@léw@éf ndB81 J0UbLE! B9,COUROELLI ORS (AL LAt R0ded; o

ave an | zod notched inpact strength whi
pre?%%%‘m Vithod 6. 6WRIANR Bhe23mU h%mcu:snm:fsmlons are

elaﬁﬁt@mdyiﬁthhaM% Qﬁffﬁ%ﬁb'ﬂb@@ﬁ@@ 1A§QEQP§tr@n§Ehtwhlch

Vi SCOSi t | ef er oye a s and

3 advant gg)eéoﬁ”sl %qu X%Od{j‘%l 5‘795 Vla% péint 2wfidiiys of
pr eébi@bicyliaﬂoowblgﬁclwcpzaemmml hmepTectMlSsn M, a melt
preferablyed n Sy ange 5&%%951}325205%06@0@@@% Bect, ong

of the pr esent I nvention was
pr A EHOFPIFORS br 0B8ESWWAPER &an Spr épa¥ ECdpaeint which is

m%féﬁﬁaﬂyt h@bbwenEBe@ pahtil clees cﬁﬂéﬂ whi et capnben  is
25 car on i ndustri scal e, and at

201 o™ %%Jf‘%’%oltrﬁet? %ﬁwe Hhi T2 ‘br esent

i nvention was based was to provide application

SeQ%ﬂ5@hé¥m%$§@§{b$f Uﬁgspresent invention was to be found

in the provision of a process which can prepare impact

UT

medifiers of the invention particles and which can be
25 carried out simply, on an industrial scale, and at low

cost.

Another object on which the present invention was based
was to provide application sectors and possible uses

30 for the impact modifiers of the invention.

A core-shell particle with all of the features of
Claim 1 of the present Patent achieves these objects,
and alsco achieves other objectg which, although not
35 explicitly menticned, are readily derivable or
producible from the circumstances discussed 1in the
above introduction. Advantageous modifications of the
core~-shell particle of the invention are protected in

the subclaimg dependent on Claim 1. The process claim



30 for the inpact nodifiers of the invention. A

core-shell particle with all of the features of Caim

1 of the present Patent achieves these objects, and

al so achi eves ot her objects whicch, although not 35
explicitly nentioned, are readily derivable or
pro@H@FﬁFéSf@o@%&ﬁﬁﬁﬁ@@uﬂ@ﬁan@ésRmaﬂnﬁﬁﬁxbnnofhehe core-
aboyﬁewtrggyeit@@ Mvaeﬁ@geﬂ%eﬂ@%ﬁlcaﬁis%s Hatdles  are
core-shel | particle of the invention are protected’
the1§B%EFaWﬁ§léé5@ndent oRCEV4MRACE) aFRY lpitecess clﬂ@ﬁldlng
6 @bmpeetslanpreﬁershedon@&es@f claalft%p@h@tLIj_O@,antltcl'l%S of the
corsﬁven b npartlcle rr nvegtlon Al so cl n% N
ar e Y SRR R o8P &4 50 (enetefﬁ% TR nﬁﬁ?ﬂ?ﬁa or these
comp@glﬁlnﬁsCQmpehlbbﬂpsLse core-shell particles of

the 5 invention, and preferred application sectors for
these noul di.ng conpositions. The provision of a

cor 828 hePFOSAFEPEI e Qkhi ¢h i SCTRoMpebed BRThIEdRe, Whfich is
firssmsbebd, @ﬂd aWeesre, 1Qfappropiiate,sd1 8, sesnd yhere
sheL_LIp wher e e % core _enco sses, based on its

105 or TR ghe’ A0t | EatreSaTOs Y ne S o

(meth)acrylate repeat wunits; 15 ii) the first shel

has; p gl ggs thaRsidd QR ammer atﬂégedb%hov{éso otLh) weight,
t he second sheII present wher'e appropriate 8
enconpas3esi e@§§e55oﬁ%t@thﬁ%ﬂhﬁePéhtmeéb)ﬁéé§ﬂate repeat
75. 0% byumetght of (nmeth)acrylate repeat units; iv)

the first shell enconpasses, based on its total

wei ght, the follow ng constituents; 25 E) from92.0 to

98. 02 bytiei §hr=of shekl hhaer pl gflessr epeats itiiichs temekEture
from 2. 0,408 D6y wei ght of styrenic repeat units

of the general fornmula (1)

93]

15

iii} the second shell present where appropriate
20 encompasses, based on its total weight, at least

75.0% by weight of (meth)acrylate repeat units:

iv) the first shell encompasses, based on itg total

welght, the following constituents;

25
E} from 92.0 to 98.0% by weight of (meth)acrylate
repeat units and
F) from 2.0 to 8.0% by weight of styrenic repeat
units of the general formula (I)
30
RO
(1)
R R’
R R*



5.

20

25

30

35

30 R6 121 R5 (1) ORRA R3 7 where each of the
radicals RL to R5, independently of the other, is
hydrogen, a hal ogen, a Cl-C6-al kyl group or a C2-C6

al kenyl group and the radicaF R -is hydrogen or an

al kyl group having from1 to 6 5 carbon at,ons, wher e

the perceptrgesaby wéi ghte cfadi)cadrmd F) el &, & ndstmmindently

of 100. 0% by, uwepghtr Vlstﬂﬁdgegéﬂs Qf h&ﬁs car ey SBeléﬁ alkyl
particle inclusive o 10 any second shel ?

measur ed@BYHR h8¥Clul taCs RetiradL |g5FC?Ur?tWédr§H§e fadRal RS
above 160z Ohi/Ar246n0 ornmn i 81y MeyhedpWha6R ngOU€bMot to &
readily be foreseen for 15 successfully obtaining an

i npact  nodl F7er>F P foul di ng  conposi tions, in

parti cul'@refer thel pemeehyageyl &ve waimildiay E} and F) give
conp03|té09§tayMﬁfel@@e g@@q&e ifier permts an

i mprovenent In t [

nmoul di ng conpositions, in particular at |ow 20

teﬁ@ﬁratum@3¥a@%uﬁoet an¥ B?gbcéﬁ@ﬂﬁ pase¢katednclusive of
1ol Mpai rent of the ot moul di n osi tions
propertl%%ylﬁﬁSPPgnF%F&} §ﬁ?%ﬁﬁ% l%%%HFeéwky the Coulter
parti culmethoddulasiof téleastarngid yiramel dbaiscd8§0t§, to 240.0
Vicat paipt and die swell. According to the

i nvention, particularly 25 suitable noul di ng
conpositions here have an |1zod notched inpact

st rengkh mbiiedd i shpcefl esabl @aever@ac@lhk%@ﬂ Ar@3an for

5a nmodul us |asticity which s a

153 e s by { SOFaulpby caniwack St thdb Lonbpeulaing
ZomwmkpenEnmhgdvapnag@mxﬂ@pdﬂduwvBoﬁ 450Q0vRacsh)acrylate
Vi %uﬂ@irﬂf} m@o&Bo‘sﬁt@_FD%fSe,r abvlvlé/e@é)ov%h%sc impact - modifier

prese n

not ¢ strength of

permits an improvement in the notched impact strength

of moulding compositions, in particular at low
temperatures, without any noticeable associated
impairment of the other moulding compositions

properties important for the application, in particular
modulus of elasticity, melt wviscosity, Vicat point and
die swell. According to the invention, particularly
suitable moulding compositions here have an Izod
notched impact strength which is preferably abeve 6.0
kJ/m* at 23°C, a modulus of elasticity which is
preferably above 1450 MPa, a melt viscogity which 1is
preferably above 2000 Pa s and advantageously below
4500 Pa s, a Vicat peint which is preferably above 93°C
and a die swell which is preferably in the range from 0
to 20%.

2 series of important advantages can be achieved at the
same time by using the core-shell particles of the

invention. These include:

= By using the core-shell particles of the

invention, it 1is ©possibkble to obtain moulding



and a die swell which is preferably in the range from

0O to 20% A series of inportant advantages can be
achieved at the 35 sanme tine by using the core-shel
particles of the invention. -These include: By using

the core-shell particles of the invention, it is
p035|bIeCPEPQEFEFﬁnﬁDUMUﬂhgSggﬂeéﬁﬁégﬁﬂWOnsmmr®hed. notched

Si gmflcgﬁbg&tln@&@@ﬁgtﬂotqaﬁqesl et $EhAHFNAr at  low
val ues, in gartlcu ar at_| ow nper at ures bel ow 0C,

advant age8tl ?§aHBEF8|nﬁel€%np%§bt|&@¥ﬁﬂ?ﬁ9%ﬂ¥3§%dH@U1dlﬂg
not ched tomactisioeagivithS aboveod. Hokdhe@ atpz20CdtG-ength
| SO 180. Mhen 0 SHN |s e, w C ent | ona

5|rrpact nvﬂl?lgrzpﬁﬁ grn% gytgnggpeg rnount s of

the core-shell particles of the invention are 10

SUfiﬂCiewﬁeﬁocgﬁkékﬁs%EP|P%ngaﬁgnﬂﬂﬁﬂ{'QBﬁvéhE?onal impact

conpar abl e_notched i npact strengths at | ow
t enper atHir 5L 18RS partitiit ErcantLpoemajld ers pBednpse afp the

prepare &@ﬁeG@h@lBhelﬁafﬁﬁéléée db ofcnde iinventdih  are

S|nply i nd strlal cale, a at low cost., The
Choul di ng c%ﬁp05|??ons i } pnoﬂ???%ﬁngn ??%POSltlons with
i nvent i veompanaplé eatnatecledi gimbacant | ytiepgoved 20 low

pr oper { V. 90tk eufls | o¥ LGIPEI ALULLS, 1 Iypai Li cul ar at
0C.

Thi s nakes t hem use app ications at | ow
terrperatures, in particul ar at tenperatures bel ow 0C.

25 Fhe presest pioré‘é&mieortcprzwé&&% C@lﬁé &bebLsﬁam_i PBTicle
15whlch hay a,core a first she 1

appropri 2t et SEEGHY <HE 0P ¥th8Pn6F% lPﬂ%SEB?% scale,

shel | pamﬁﬁc$@sl@w theti nventi on may, where

appropriate, enconpass further shells, although core

30 shell particles which have proven partlcularly

suctessfTihe f SWKE ngur poRRIsS HF 1¢he pREgeht Mogidatdonin the

inventive manner feature a significantly improved
20 property profile at low temperatures, in
particular at -20°C. This makes them useful for
applications at low temperatures, in particular at

temperatures below 0°C.

25 The present .invention provides core-ghell particles
which have a core, a first shell and, where
appropriate, a second shell. Furthermore, the core-
shell particles of the invention may, where
appropriate, encompass further shells, although core-

30 shell particles which have proven particularly
successful for the purpcses cof the present invention
are those which are composed of a core, a first shell

and preferably a second shell.

35 The term “core-shell particle” is very well known from
the prior art and, for the purposes of the present
invention, denotes polymers which are obtainable by
multistage emulsion polymerization. This process has

long been known in the prior art and is explained and



are those which are conposed of a core, a first shel
and preferably a second shell. 35 The term "core-shel

particle” is very well known from the prior art and,

for the purposes of the presenf -invention, denotes

pol rs which are obtainable by nultlstage enmul si on
po|%@¢¥-‘zla@<ﬂohy TR sOpr 6¥e581Radn Fongebedieynowe liume E20,

theP@fttOQ artoggnd isp expi@@n@e aﬁsé;E9 Tige pﬁéf@@ﬁ* Qh\z&@léd in
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in Fbu en- \\é Vol art 2 (1987)
, 2%6 &5 e S@rhé %‘Qr ||\é%11%?01% héﬂgPFmésﬁon in
aI smhél nd puisl hest Madwiabl erg rf oramtdoon in DtEhal 21 652 A1,

oA L e B8 Ao’ AT RS Gl el beuFaSof HHER CFg Of Phich

exp*%s%*@r¢ﬁ%bypb@@@@@Oh@t@dnh©vemmybwfwa£f@fem@éerence-
For the purposes of the present invention, the core

has at |east 75% by wei ght of (neth)acr | ate r epeat

uni¥et 19 BAERASHAH PFst{%@t El‘feﬁé%htlnvﬁ&}él?ﬁe piep6eEs has
Of amelpaesenﬁﬁlmyaueiyhtt@ﬁ WReEhNgerylate repeat units,

rﬁt hégc(g ﬂgstopae{ e‘?%re%ot es acryl ates,

acryla es ~ and of the two. They therefore
enconpass 15 conpounds whi ch have at | east one group

Qf idhe tﬁ@lbgﬁbegegoﬂ@ﬂéﬁéqéf%séﬁa £%vénthDMh@h@ ﬁordlng

i's hydrogen or_a radical. They i1 nclude in

part I&%%lra%wjﬂt%%ryﬁ%ﬁ%sdgﬁar@ﬁ appeyﬂatesf methacrylates
metdredr whiatescedheo T orehdpr efuey. ablqylegnmmazame basedmpass
in e S totm ht A)_from50.0 t

99. I%ig h?h ggva%?ageoﬁ‘sly G%W% t%rﬁg?nggy
mei@mllow#mge#Qﬁm@iéron175 0 to 99.9% by weight,
particularly preferably 80.0 to

R
¢;i\7r,0
O
where R ig hydrogen or a methyl radical. They include
in particular alkyl acrylates and/or alkyl
methacrylates.

The core preferably encompasses, based in each case on

its total weight,

a) from 50.0 to 99.9% by welght, advantageously from
60.0 to 99.9% by weight, preferably from 75.0 to
99.9% by weight, particularly preferably 80.0 to
99.0% by weight, particulariy from 85.0 to 99.0%
by weilght, of alkyl mnethacrylate repeat units
having from 1 to 20, preferably from 1 to 12, in
particular from 1 to 8 carbon atoms in the alkyl
radical, '

B) from 0.0 to 40.0% by welght, preferably from 0.0
to 24.9% by weight, advantageously from 1.0 to
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30 99.0% by weight, particularly from85.0 to 99. 0%

by wei ght, of alkyl nethacrylate repeat units having
from1l to 20, preferably from1l to 12, in particular
from1l to 8 carbon atons in theQatkyl radical, 35 B)
fromO0.0 to 40.0% by wei ght, preferably fromO 0 to

24. 9% by2 e §hty a'tﬁﬂﬁhfargeb@spylrﬁ:rléﬁﬂﬁro fpm Ol . P9L9%ld. 9%

by wei ghty M@l@ﬂﬂ'(6$aélﬁ&@mdkﬁ%ﬂd%éArgb@a@yuW@thﬁaVLng
of al kyl acrylﬁ:e repeat units havin m1l to 20,

preferabfy°From 1 £8 1229 'paPF?éGFQP&V'pr @ablly fEem 12.
1 to 8, parpactisvlarpbefesablyt 6rdm carhon atmﬂﬂpdﬂtlcular
ct he al ky di c C) fr t9 2.0%
erosal | NEFID Febgat G LSt AT F7onG 0l Te 8 a9 B!
weight oframyfPeni Eor epdt buinvesgbt phie cgemserdinking repeat
formula (£)+d0,R6 R R5 (() R R4 3 where the stated

per cent ages by mel ht preferably glve a total of

1007 0% by~ %Bi ght® 18 Thel® JShpstimdsta) Ofp)Styerife pepeat
are natuinity odi thergashefaontoneudhnother, and in
particular for conpounds A) and B) conprise no

crosslinking monomers C). 20 Each of the radicals Rl
to R5 is, ,fdependently of the others, hydrogen, a
hal ogen, icular fluorine, chlorine or brom ne,

or an aIkyI group having from1l to 6 carbon atons, ()
prefeﬂ*ol en. The radical R6 is 25 hydrogen or
having from1l to 6 carbon

R4

where the stated percentages by weight preferably give
a total of 100.0% by weight.

These compounds A), B), C) and D) are naturally
different from one another, and 1in particular for
compounds A) and B) comprise no crosslinking monomers
C) .

Each of the radicals R' to R® ig, independently of the
others, hydrogen, a halcogen, in particular fluorine,
chleorine or bromine, or an alkyl group having from 1 to
& carbon atoms, preferably hydrogen. The radical R® is
hyvdrogen or an alkyl group having from 1 to 6 carbon
atoms, preferably hydrogen. Particularly suitable alkyl
groups having from 1 to € carbon atoms are methyl,
ethvl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-
butyvl, n-pentyl, n-hexyl groups and cyclopentyl and
cyclohexyl groups. '

In this way styrenic repeat units of the general

formula (I) encompass repeat structural units which are
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atons, preferably hydrogen. Particularly suitable

al kyl groups having from1l to 6 carbon atons are
nmet hyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert- butyl, n-pentdl - n-hexyl groups and
cyclopentyl and 30 cyclohexyl groups. In this way
st yrlelri enalepedey uppi smefiehAblgenefaronpoendl @f(lthe general
eNCOpRSSs I epept structural units which are - 11
obt ai nabl e by pol yneri zati on of nononers of the
general formula (la). R R~ RS (la) ORR4 3 5
Sui t abl e,pononers of the general formula (la) in
parti cul ar~eficonpass styrene, substituted styrenes

havi ng substituent in the side chain, for
exanpl & /Rstyrene and a- et hyl styrene, (ta)
substitutged 1P styrenes having an al kyl substituent on
the rin exanpl e vinyl tol uene and

p- met Hy| st hal ogenated styrenes, for exanple

nmonochl or o yrenes di chl oro- styrenes,
tribronostyrenes and tetrabronostyrenes. 15 The
abovenentioned al kyl nethacrylate repeat units (A

%3 epeat structur UQItS whi ch r? obt? nable ,

o T TR b ofer 5t SaibREery) Feflila1rS  in
Swnaﬂﬂxpw$amrseoﬁompahachUyranﬁcieﬂ@bﬂ@thtam styrenes
partd. el ar et Qx!{%/ﬁ_retmgwi@& v eyl cuet hapsy! %tri%ﬁéo for

propyl mnethacryl a i sopropyl methacrylate, n-b
et FEETY At &S BRY bEEYT SRt ARer Jr&fBY \PEVESBa ysubstltuted

LTEtsl't%ﬁfeﬁéﬁh ehaﬁeﬂgylanrralhqml ryéﬁbgtlh@éﬁt gsatragyf@ag, for

ep t hacr octy t hacr te oct

e TR Gt 80 U HERS  HRE haC A P HagIe bralogenated

nehﬁawnwd@ae Qemethyamplyl menbabiytaBEyrQHEErt dichloro-
styrenes, tribromostyrenes and tetrabromostyrenes.

The abovementioned alkyl methacrylate repeat units (&)
comprise repeat gtructural units which are obtainable
via polymerization of esters of methacrylic acid.
Suitable esters of methacrylic acid encompass 1in

particular methyl methacrylate, ethyl methacrylate,

propyl methacrylate, isopropyl methacrylate, n-butyl
methacrylate, sec-butyl methacrvylate, tert-butyl
methacrvliate, pentyl methacrylate, hexyl methacryvlate,
heptyl methacrylate, octyl methacrylate, 2-octyl
methacrylate, ethylhexyl methacrylate, nonyl
methacrylate, 2-methyloctyl methacrylate, 2-tert-
butylheptyl methacrylate, 3-isopropylheptyl

methacrvlate, decyl methacrylate, undecyl methacrylate,
5-methylundecyl methacrylate, dodecyl methacrylate, 2-
methyldodecyl methacrylate, tridecyl methacrylate, 5-
methyltridecyl methacrylate, tetradecyl methacrylate,
pentadecyl methacrylate, hexadecyl methacrylate, 2-
methylhexadecyl methacrylate, heptadecyl methacrylate,
S5-isopropylheptadecyl methacrylate, 5-ethyloctadecyl
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but yl heptyl nethacryl ate, 3-isopropyl heptyl

nmet hacryl ate, decyl nethacryl ate, undecyl

net hacryl ate, 5-nmethyl undecyl nethacryl ate, dodecyl

met hacryl ate, 2- nethyl dodecyl igret hacryl ate, tridecyl

nmet hacrylate, 5 30 nethyltridecyl nethacryl ate,

t etfﬂ%’é]@%9¥yh@t3ﬁacr y| @t eadegieht adeeythamtheacrsyl at e nonadecyl

hexadesytryethacryl abecods l”EthXEQ%éQQ§Q$Ee, cycloalkyl
met hacryl at hept adecyl mat hacryl at e,

5- i BBpr ‘b’ﬁYﬁ%E?%\decWr e 1A at@c BRatH loc tiidaprylate,
12 cmldm]a@xyl ate m@tﬂtaﬂﬁ@wtmt hagr y;llalty& Mﬁ@ﬁ%clohexyl

th at e| cos th cr | at e C
net%%%ﬁ% a g%t f or ééf(a{ml?ep Ioﬂ‘é%lﬁ/ ’ﬂ&t “ha ryI qgtooctyl
cychohexyty hetdacr ybareyls vmﬁyhaﬁrpﬂmybcycIa@kﬁexylis&bornyl
mtﬁ@@ﬁgég%fatgycl oheptyl methacrylate, cyclooctyl
net hacryl ate, bornyl methacryl ate and i sobornyl
nmet hacrylate. In one particularly preferred enbodi nent
of ImeO@éeﬁaﬁtlc&Qarmyepké@@rréheeﬁ@b@lﬁ@ﬂﬁrb$e§he present

b d t t ot al t | t 096
LT ebRl y W | e Ry gh R et Sab Sar fotal

| eastigB® byt weeght, 5Dk bpawkigbkar adtfalneag’EOEE‘i@bﬁt least
vei ghy , pof B ng peLRacLyl gt e J e tuests o] in

abovenenti one acr [ate repe units
corpitT sk Epeat aé'{ rué?é? | uhtts Wh chWﬁﬁéhébt aiafabl @ethyl

Vi anpohydeyi zed i ofpedt esiers. of acrylic acid. Suitable
esters of acrylic acid enconpass in particular nethyl

20 acrylate ethyl acrylate, propyl acrylate, isopropyl
acrifiat ebovdwrytiamey| atlkyseadudtacmdratae, teritts  (B)

bmd’c&mﬁﬂé’é aE‘%tpeQ%nté’tJ,r@cP&VJ_laﬁlt eunlﬂgéoctlﬂ]gl’yl A obtalnable

heptyl” acr octyl acrylate acryl a
ot ARG IVIEES JRELED Rbn IS caciey |t ACTY het h?Fé@t yuitable

acre@@éﬂ; 8f251d1@l1t1ché&i@e@h)ébm@aé)él atre, partlcular methyl

3 |so roapéll hsg acr?u[y £, decly cryl undegy

Yacrifiaf e ‘i%ﬁﬂr 531 Sery éipé’ ééfglatgcr yFﬁPE’rOpyl

2Iﬁﬂﬂwﬂﬂmﬂecwkbacywzﬁmxylate sec— butyl acrylate, tert-
butyl acrylate, pentyl acrylate, hexyl acrylate, heptyil
acryiate, octyl acrylate, Z-octyl acrylate, ethyvlhexyl
acrylate, nonyl acrylate, Z-methyloctyl acrylate, -2-

tert-butylheptyl acrylate, 3-iscpropylheptyl acrylate,
decvyl acryiate, undecyl acrylate, S5-methylundecyl
acrylate, decdecyl acrylate, 2-methyldedecyl acrylate,
tridecyl acrylate, S5-methyltridecyl acrylate,
tetradecyl acrylate, pentadecyl acrylate, hexadecyl
acrylate, 2-methylhexadecyl acrylate, heptadecvl
acrylate, 5-isopropylheptadecyl acrylate, 5-

ethyloctadecyl acrylate, octadecyl acrylate, nonadecyl
acrylate, eicosyl acrylate, cycloalkyl acrylates, for
example cyclopentyl acrylate, cyclohexyl acrylate,
3-vinyl-2-hutylcyclohexyl acrylate, cycloheptyl
acrylate, cyclooctyl acrylate, bornyl acrylate and

ischornyl acrylate.



tridecyl acrylate, 5-nmethyltridecyl acrylate,

tetradecyl acrylate, pentadecyl acrylate, hexadecyl 30

acryl ate, 2-nethyl hexadecyl acryl ate, heptadecyl

acryl ate, 5-isopropyl heptadecy}l3acryl ate, 5-

et hyl oct adecyl acrylate, octadecyl acrylate, nonadecyl

acr?h@teahQWﬁm%ntkﬂﬂqdat@rOéyéu@hnkgl ampdadt esunfios  (C)
1|§r§¥é| oReR acrybateal lel%e%l&?r ¥hat &p3Bnapie

3 vi nyl - 2- but yl cycl ohexyl acryl ate, cycl oheptyl

acrjHat @0 BREGFAYVIOTacPY | AT SHIrRHNARIRaPgrand Suitable

iso@@dﬁ@gluamlyi:;atneanoh?ersTh@nabmpaﬁgnt1ron@>@rtlcu1ar all of

eat . un s |se re

crosslinkin
o ot ur e e At ey e aFRERTE, VSESE che presenc
pol yoEyirent tahiofh crosgmdnklmgsnnnonefs Suri itrailrey about
crQ§§$é§kiﬁﬂlﬂgn0@§é§eeﬂﬁ@ﬂ@&éslﬁnp9§££e§y$9f all of 5
t he conpounds whi ch are capabl e, under e present
pol ymeri zation conditions, of bringing about
cr oss} i nki pgncTheseli nﬁéuﬂﬁa&ﬂypatéfs cubBEFéBably
Di functi onal th)acryl ates e erab 10 conpounds
101 the gengrairorta e rerd e vo o (G byn
O CO C=CH2 where R is hydrogen or nethyl and nis a
15 positive whol e ?ynber greater than or eqyal to 2,
preferably from 3 fjo in particular
d|(neth)acrylaggszﬂﬂugxppﬂﬁedxﬂﬁﬂnfﬁo—4B®4y@aﬁaﬂh of
hexanedi ol , of octanediol, of nonanediol, of
decanedi ol , and of eicosanediol; 20 Cbnpounds of the
gener al fornula R.R .
Foc=c- cO ( O'CFBS CHj n-G c OYEEEE™ 28T whBFEIRLj s?0d 1 is a
15hydrogen orpaethyveanwtdohei suabggsidiesdamhailmmuaberqual to
from1l to 14, if-cferably from 3 to 20, in particular

di (meth)acrylates of propanediol, of

(53]

butanedicl, of hexanedicl, o¢f octanediol, of
nonanediol, of decanediol, and of eicosanediol;
20

Compounds of the general formula:

i j i
H,C=C—CO~—(0—CH;—CH)y—0—CO—C=CH,

25 where R 1is hydrogen or methyl and n is a
positive whole number from 1 te 14, in
particular di(meth)acrylate of ethylene glycol,
of diethylene glycol, of triethylene glycol, of
tetraethylene glycol, of dodecaethylene glycol,

30 of tetradecaethylene glycol, of propylene
glycol, of dipropyl glycol, and of
tetradecapropylene glycol.

Glycercl di{meth)acrylate, 2,2 -bis[p-(y-
35 methacryloxy-B~hydroxypropoxy)phenylpropane] or



particul ar di (neth)acrylate of ethylene glycol, of

di et hyl ene glycol, of triethylene glycol, of

tetraet hyl ene glycol, of dodecaethyl ene glycol, 30 of

t et radecaet hyl ene gl ycol, of-pkbpylene glycol, of

di propyl glycol, and of tetradecapropylene glycol.

d ycer ol PHF {ABE h) abi§PReBO1D 2 . @ilﬂeﬁgéprﬂate, neopentyl
met hacr ydoxyo( 3- hydr oX gy GRroxy) ey 4 opane] or o 514 35 (4-
bi s-GVA,_bis henfl A dinethag&glatei neopentyl glyco
di(neth)%%?? G ¥lo%yHe Yﬂ?h?%_ henyl)propane  having from 2
met hacr ytoxyiol yehdoxy phenyls) ppopane tkavilrg fHMI12 2 G s (3-

10 eth d 1,2-bis(3- 5
“mot hacr y) Soy 2 Ry A o B SR OUT ARS8 91 - or

10

pol yfunctional (neth)acrylates, in particular

tripet hytef propape tppgebhraceykate apdenlQcryiates,  in
pentaerythritol_tetra(nmeth)acrylate. (c) Gaft
crossl i MG Ny AgEMt s having at 1east two G-C double

bonds of taifid ey hol peacdhei tyi (rheth pastyataramad | yl

nmet hacry, crylate:; . 15 aromati c
crosslirééﬁé%%%ﬁkﬁ%%g¢%a%%% ?Eﬂﬁ%E)%féiaate‘

di vi nyl benzene, 1, 3-divinyl benzene and 1, 4-

di vioy| henzenecr30s Thex PRONGE AL S8l 86k rhtofléetger[ -
proporti q@bﬁgcaeiégt o?ﬁgthgecoﬁstﬁtueﬁgs A to .)tg? C.C
t he cor &9 ef PIBIS  stEh tRAETEREEor eTREASTAVEFHSs in
transitimportenpbratal Byl TeetHa d@tyleastardd G el efabbste

150f at least 30C. The glass transition tenperature Tg
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of the polyner here can 25 be determned in a known
mankier BEFANEter entPrak livkanai mpadiori apt rya(tts@lar 1,2-

The gl assi1apshdd Ahe t €MPEr aLUL 61191 BRY%-8hs0 be,, 1,4-
apprOX|nated}§&Pneans of the Fox equation. Accordi ng

to Fox TEiMB$I29%R- Physics Soc. 1, 3, p. 123
(1956):
The manner of selection of the proportions by weight of

the constituents A) to D) of the core is preferably
such that the core has a glass transition temperature
Tg of at least 10°C preferably of at least 30°C. The
glass transition temperature Tg of the polymer here can
be determined in a known manner by differential
scanning calorimetry (DSC) . The glass transition
temperature Tg may also be approximated by means of the
Fox equation. According to Fox T.G., Bull. Am. Physics
Soc. 1, 3, p. 123 (1956):

1 xl x'l xn
— = + o
Tg Tg Tg, Tg,

where x, is the proportion by weight (% by weight/100)
cf the monomer n and Tg, 1s the glass transition
temperature in kelvins of the homopolymer of the
monomer n. The person skilled in the art may obtain
further wuseful information from Polymer Handbook 279
Edition, J. Wiley & Sons, New York (1975), which gives



301 - .t x2 +...+ xii Tg Tg, Tg, Tg" where x, is the
proportion by weight (% by wei ght/100) of the nononer

n and Tgn is the glass transition 35 tenperature in

kel vins of the honopol ymer of the-monomer n. The

person skilled in_the art may obtain further useful

i nfB9 mat Yohu$s om PoF ymethHandbgeko Paymei t i gmst.  commonly
W | &Yc&uSesseaNew York (1975), which gives 15 Tg

val ues for the honopol yners nost comonly

encountered. The first shell of the core-shel

parTlheeI esioft t beell | a¥entlion doae-ahgllassphr8N8LEEONLE  the

t b 0 feranly; hel ow d9c
partr it S tRE (Angt T oo Crse, B ge pelow
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trdﬂ%ﬂtI@WQﬁﬁﬁﬁﬁkﬁLﬂ%ﬂq@ b5%3IhElp@ﬁyh@¢uh@1elnayhberange

det er ot ned as7aent | RE @Qggetraﬂ%lgﬁéﬁst@ﬁpe ture Tg of
di fferentj al scannlng co orlnetr arer

appri¥xi Hat ¥ac by fEanEayf bﬁhé@l:e%méaaém 88, m?ﬁélﬁhﬁéit above,
sheby emﬁﬁﬂpa$EESdlb&EEQnﬁﬂaEtSs&&&ﬁﬂngW”dﬂmorlﬂéﬁ% (DSC)

fo | o n stituent 15 E 0 2. to 98. 0%

e g O ot LR e S ek it 2. 0

to 8.0% by wei ght of styrenic repeat wunits of the
genﬁﬁglfiﬁéﬂuéﬁeii)enggm Qégsthﬁaggﬁcgﬂt§ggsﬁ§¥al weight,

égéve a total of by’ werght. For t
pur%@% OWﬁﬂQ;ﬁﬁ@?%&ﬂ%ﬁWESpreferred enbodi ment of
the present |nvent|on the first shell 25 enconpasses

fro . 90 y.wei ght of ky acryl ate
rep@at unl?s EEV|ngt?r ﬁ?§y§ k%'dﬁ?b%ﬁk oms (PRUthY pervlate
al kyl racdrest amditos ahdkyl met hacryl ate repeat units
havwing f#.00m 7 2t ¢ 14, cag ben W%eFQhEheo§o ééyk:yénlc repeat

radical, in particular butyl "acryl ate repea
'units of the generdl formula (I)

where the percentages by weight give a total of 100% by
weight.

For the purposes of one particularly ©preferred

embodiment of the present invention, the first shell

ENCOMPasses

E-1) from 90.0 to 97.9% by weight of alkyl acrylate
repeat units having from 3 to 8 carbon atoms in
the alkyl radical and/or alkyl methacrylate repeat
units having from 7 to 14 carbon atoms in the
alkyl radical, in particular butyl acrylate repeat
units and/or dodecyl methacrylate repeat units,
and

E-2) from C.L to 2.0% by weight of crosslinking repeat
units,

F) from 2.0 to 8.0% by weight of styrenic repeat
units of the general formula (I),

where the parts by weight preferably give a total of

100.0 parts by weilght.
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units and/ or dodecyl nethacrylate repeat units, and

E-2) fromO0.1 to 2.0% by wei ght of crosslinking repeat

units, 35 F) from2.0 to 8.0% by wei ght of styrenic

repeat units of the general-flommula (1), where the

parts by weight preferably give a total of 100.0

partzedy weghendd 6E-ThesB-2onpodnds Ealjrall®) daddeE) from

natayal |a\/n<51&1{é§r foam ahe @anqtiher,;,and Jan %E#go%%d@’ E-1}
g

the corrrpoun s E-1) conprise no crosslinkin

noner

E- BT 3T RO ShEM L thi RS- DL ptlesent wher e

appropriate enconpasses, based on its total weight,

east I5% b ht of h)a | at e repeat ,
uni te pr%f%}#e@f Hiefiaried &) DFPSRTECWDoLE. FOprORFiate
by @m@mab‘%ﬁ/arﬂv@@@@u@mylw onrtdD 68i0hto 40018%shy75% by
wei, ghit apts c bl 00.0
By eI I DAt i T om-BE D 1§05 sosgy rererably
weigHttagts al kyl met hacryl ate repeat units haV| ng
fram 1 t&cﬁﬁ) sprefesabby. fxopy betigni2, aa{}aﬁeé&éeﬁéiigb from
froml t radi ca

ar tons 15 .i.n the al
from 0. g @Sgy% gt et er%?ﬁ?%‘lﬂo?ﬁby opregerably
25. 0% byE:!vcem gh? - @ndoi A0Fabti ¢yl arefglom Oid pertldulde from

by wei falk er t at it aV|n fr
1yto ngsprcgf e?abiyb fgr oxrfr:%ya %e&%@% gg aS'Lk ggjlate

from 1 tEREAaMBbRS abeHsne n fERE él K 2Qadlpteferdﬂ)>ly from
fromO. (0 teo1020%iby petghiul fr efesabhy do am 00,140 atoms

:8.0% by wmeight, Qof styrenic repeat units of the
5 gener al Jfrbrt%h aa]g%l, J\/ﬁ?ér'e the stated percentages
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by Riei ghitrqur ef ed abby 4 \i& lavt weabhof 10BNy from 0.0
wei ght. Jd enegpapti Grlidfly PIeT enr ed erbodioent of 4 1 o

t he present

15.0% by weight, of alkyl acrylate repeat units
having from 1 to 20, preferably from 1 to 12, in
particular from 1 to 8, carbon atoms in the alkyl
radical,

I) from 0.0 to 10.0% by weight, preferably from 0.0
to 8.0% by weight, of styrenic repeat units of the
general formula (I),

where the stated percentages by weight preferably give

a total of 10C.0% by weight.

Tn one particuiarly preferred embodiment of the present
invention, the second shell comprises, based on its
total weight, at least 50% by welght, advantageously at
least 60% by weight, preferably at least 75% by weight,
in particular at least 85% by weight, of methyl

methacrylate repeat units.

The manner of selection of constituents of the second
shell is moreover advantageously such that the second
shell has a glags transgition temperature Tg of at least
10°C, preferably at least 30°C. The glasg transition

temperature Tg of the polyvmer here can be determined as



i nvention, the second shell conprises, based on its

30 total weight, at |east 50% by wei ght,

advant ageously at | east 60% by wei ght, preferably at

| east 75% by weight, in partiXul-ar at | east 85% by

wei ght, of nmethyl nethacrylate repeat units. 35 The
marmett pfne@| ediawon oy conffetreenislofstdrenserontilorimetry

She|]£sd:§ m/e@yeépaﬁ AN} A0ERUS| Ve S Ch, L agu;@eorgteco”d

she has gl ass ansition tenperature
| east 10C, preferably at | east 30C. The glass

tramsd tbesrat ENpeaatyr erTanef bhre- QEEXﬁeFaQ%E%l%aHﬂ@iu81ve
det%%n1ned as 17 5%qaloned above erenti al
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artj cl S f y n sge p S .
P he Tabe EokPar i AR BRE8NE- RN oRE 8O 2l iy Tois
t heoVeirryel f FeitF0 £6 2Poterminedh part el aﬁfOqutEtmemethod

range: £ remild® tRow@d 0spBk Iﬂé3119¥§é§hker@gkuéak§1cle size
lo?eg§$n1ned by. the Coul ter thod.  This nethod known

PR urtS f oP2pePt i the sh%e 162TEFERARRat PEn the
i s dlased-oral he neasistement, of the clel ectdhisedles in a

res ic characteristi nne
V\heén}%ép%]cfc J\_éés]é p(g s g&é?‘ﬁ‘gﬁs 'wﬂe% ?_urf{:) W %% s § n'%hrough a
ap ey ey m%ﬁ$¢%#ﬂ@e49$¥§uhﬁy %@rtb@nddebyl%aymay be found

exanpl \ﬁf‘a olﬁa(élyam aRemn TREBhrLabneAd3, BR3:. 15156643, s553-
15(1%%%% the pur poses of the present invention,
fur it has proven particularly advantageous

|f based |n each case on its total weight, 20 i) the

t 0 fr to.50. 0%
erg B FerRRTS v bt e BEERE0 o8B -AEhgy furtnermore,
ad\ﬂahthgéomfwemoma%lgutl@rw e ghts i, based in

paréacq&ll@dsé ram 3% G410 A0, 0%y, wei ght, i) the
proporti of the fjrst heII is from20.0 to

2055 %00 by A BHEC B H1or 2b| ¥ ronrS0°0. £69%05 0% b 9 50.0% by
wei ght, xﬂﬂMﬁﬂiagpﬁaséyabﬁpnﬁaﬁmﬂ.Im B®5t0%y. 0% by weight,

advantageously from 25.0 to 45.0% by weight, 1in
particular from 30.0 to 40.0% by weight,
ii) the proportion cf the first shell is from 20.0 to
25 75.0% by weight, preferably from 30.0 to 60.0% by
weight, advantageously from 35.0 to 55.0% by
welght, in particular from 40.0 to 50% by weight,
and
iii} the proportion of the second shell ig from 0.0 to
30 50.0% by weight, preferably from 5.0 to 40.0% by
weight, advantageously from 10.0 to 30.0% by
weight, in particular from 15.0 to 25.0% by
weight,
where the percentages by weight preferably give a total
35 of 100.0% by weight.

The core-shell particles of the invention may be
prepared in a manner known per se, for example by means

of multistage emulsion polymerization. This



weight, in particular from40.0 to 50% by wei ght, and

iii) the proportion of the second shell is from0.0 to

30 50.0% by wei ght, preferably from5.0 to 40. 0% by

wei ght, advant ageously from-10.8 to 30.0% by wei ght,

in particular from15.0 to 25.0% by weight, where the
peradrmRrEeDys el ghtepr efer alsithagl velma tehath 3Fagkr and

10Q. Q% byr weit gI&tre Thge&ort% shglh %{thﬁh%_%a?f émge This
i nvent| on repare I N a nanner nown

f ori gt eC %?rﬁ%aﬁ§ef@FaF&VUQQmﬂiéﬁﬂﬁﬂ%ﬁQWI 0. O tO 99.59
pohyﬂﬁﬁ$zhylGﬁigﬁhlSﬁ18waﬁﬁﬁaﬁhdeQ@&]X}Uﬂﬁst@-mstbgdparts

whi ch wat ¢ d f to f
| nlkfl IalC cwglrgcre %'rl]'h?rgu{ml%fl Iaﬂerc ;e?rgegsgg& 2?5%%21 parts by

conrigs £AEAN0096oLe1l99.99Ye partetdy wéi ghtt .df0 wasers by
andﬂgf#}mo 01 to 10.00 parts 5 by wei ght of

enul sitier, where the stated parts by weight

advant ageously give a total of 100.00 parts by

weinghd . f Jheow Dhd ovedigesequUencenes bpeniagpktfwise to this
stepvm se to thls 10 initial charge b) the nononers

L0 or et 2ord'$ % he desired ratios are added and

pollyiner iZed monamewnversi ohhef catre | tastth8s. @6 inwed ratios

wei ght, prefepablyy afq ! ﬁggﬁmgplggﬁ Ry, V\gl %%El’vers:u_on of at

advant ageously at | east

parti cull#aslt  Pealt W/o%‘?l%tfghf’re%ﬁélgélyl r@tea%ﬂfﬁ%iaséo 0%

on thei ryt otabigetght ad@hnth@eﬁﬂ@@ﬂfer%tforléé'@:f|§§t0/ by

shel | areadtd i.n. the_ .desired r S andhgtcbql rlzed
of

15t 0 a coflerston off &FIF45585. 6 welght,
pref er abitaseat lreastcl20-00: G bhhavei giut;a]ad«x,ealrgkageousl y

at d)eaStté’e‘SrE @%erg"eEQPt thb" A Gl A g%ré eas c{lﬁc?g{& the

by wei ght I'n each case on the tot
t her eof d%ﬂl%r@a%ﬁﬁﬁ ophfabelviks igshormsr & f@anYﬁéSlOH of

second at least 85.0% by weight, preferably at least
20 90.0% by weight, advantageously at least 95.0% by
- weight, in particulser at least 99% by weight,

baged in each case on the total weight thereof,
d) where appropriate, the monomers for the second
sheil are added in the desired ratics and
25 polymerized to a conversion of at least 85% by
weight, preferably at 1least 90.0% by weight,
advantageously at least 95.0% by weight, in
particular at least 9%% by weight, based 1in each

case on the total weight therect.

30
For the purposes of the invention, polymers here are
compounds whose molecular weight is at least 10 times
that of the respective starting compound A} to I),
known as the monomer.

35

The progress of the polymerization reacticn into each
step may be moniteored in a Kknown manner, for example

gravimetrically or by means ¢f gas chromatography.
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shell are added in the desired ratios and 25

pol ynerized to a conversion of at |east 85% by wei ght,
preferably at |east 90.0% by wei ght, advantageously

at least 95.0% by weight, im 1Barticular at |east 99%

by wei ght, based in each case on the total weight

t hécesirdize Fer the puEsesss igfvarhe dmvepit¢ opplymerization
pollylrregs.e?gr EpAr € cwoqus %@9§§aﬂp%recé‘éﬂ1e\!@' e 1 $c 4
at least 10 tinmes _that of t%e respective starting
coﬁﬁﬁﬁﬁﬁaﬁﬁﬁﬁnqﬁ Ehe A ast TP ﬁnﬁﬁné? 35 pReférably in
pr agleesainefe threnpaloy er ilzatcon reaction into each

step may be nonitored in a known manner, for exanple
gravinetrically or by means of gas chromatography. 19
AcGorldimeg ize ttilve preegweratmves | oijidhe poly mept et onvery

'n %&%H%uﬁhfﬂ}(%dﬁ§n@£§£§ﬁ§b%ﬁfgﬂﬁég QHtt %ﬁnge from
g%prature in the range fromO C, preferab
th

HiSgeb P r g 3BSL8W10OEC .5 PEVgRBREZAEFEH 1D the range
t eFpemat Als@se vvhlocftdwaM@mm\e@‘?cver@ﬁceMébl@ul ahl ¥he range

advant ageous 6.range from above 60 to
be% °V§d3§ %@&?Iyggn the range from above 70

to beIom185C preferably in the range 10 from above

757h@ bef o 85G o The cLpiti at;n%ﬂ:é ak&§1ﬂ%acethlés' n wfators

initiators connnnly used for emnul sion ol yneri zati on.
ExSRPMes it USKH t 50T ecBHaAPE PRILVIEESEEaPE . Examples of

hydrnopebex degansc flrﬁ&ﬂa'ftdr%f temutfainplanerad des@n as
cumen Eﬁg ﬁpEfOXIde ui able I norgani c |q§ﬁ%§tors a
ar ESRYAFSGEn peroRt dee 5% ?he‘ﬁikaF TEfal operoxide.
anﬁuntabﬂsahmwr@bnp@ramatuauﬂﬂqﬂane(hyﬂﬁqgeﬂrperox1de and
pagticul ar aSJhd' UL RE] OX A SU! AL AN A5 ROLESSIYM oeroxo-

peroxodlsu ate. ultable re Initrator syst
byd“éylgpu§*§nﬁpédaréxb@mmﬁﬁquﬁﬁ;Qﬁdlum peroxodisulphate

and potassium peroxodisulphate. Suitable redox

initiator systems by way of example are combinations of
tertiary amines with peroxides or sodium disulphite and
percoxodisulphates of alkali metals and of ammonium, in
particular godium peroxodisulphate and potaggium
peroxodisulphate, or particularly preferably peroxides.
Further details may Dbe found in the technical
literature, in particular H. Rauch-Puntigam, Th.
Volker, ‘“aAcryl- und Methacrylverbindungen®, [Acrylic
and methacrylic compounds], Springer, Heidelberg, 1967
or Kirk-Othmer, Encyclopaedia of Chemical Technology,
Vol. 1, pp. 386 et seq., J. Wiley, New York, 1978. For
- the purposes of the present invention, the use of
organic and/or inorganic initiators 1is particularly

preferred.

The initiators menticned may be used elther
individually or else in a mixture. Their amcunt used 1is
preferably from 0.05 to 3.0% by weight, based on the
total weight of the monomers for the regpective stage.

It is alsc possible and preferable to carry out the
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tertiary am nes with peroxides or sodiumdisul phite

and peroxodi sul phates of alkali netals and of

ammoni um in particul ar sodi um peroxodi sul phate and

pot assi um peroxodi sul phate,- @0 particularly

preferably peroxides. 25 Further details may be found
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Ki rd(rrﬁlrmetthe Eﬂcwb@paﬁidl ehof pamgﬂeealzaggehn@roggt 30+ious

VoI Wl ey, New York, 1978. For
thé) p pﬁz‘lgrgezsa% temﬁ%efsaetﬁir iI'nvention, the use of

organic and/or inorganic initiators is particularly
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of free radicals constant durin e course o
poMFehitz 15 oRR®r MAROPEFFold o pTd| yRRF PR b ly suitable

te@@ﬂ&illﬂl%%s Theer eagt bOic Mot Uk r-S csliabi kingedifiers or
5 Pr ef.er abI %r% af errul sifiers and/or protective
ot SPSTEe

cof Sﬁtdl§ % BT 6 St abi | i zati on by

erruIS|f|ers in order to 10 obtai n | ow di spersion

Vi SCOSI LYy 'ﬁh%d gjﬂté?s'm eﬁrakﬁh@lﬂcﬂcéeerhé\ﬁlng from & to

preferableg/from lto by wel g In particular
o

from 0. 3& oCBURPY RECHHL 1Iba§@6 GhllHe rotaralveisghtyl and
of the mORETerS/1A) etbel). sPBphhedbarhay st aldn 8 to 18

enul sifiers are anionic |on|ce I sifiers or

T5 1 xt GAEPBY AR 11 (AT Gd w1 to 50
sul phat eshyprefeerablde timoge ;havi ng from 8 to 18

carbon atons in the al kyl radical, alkyl and

* sulphonates, preferably alkylsulphonates having
from 8 to 18 carbon atoms in the alkyl radical,
alkylaryisulphonates having from 8 to 18 carbon
atoms in the alkyl radical, esters and half-esters
of sulphosuccinic acid with monohydric alcchols or
alkylphenols having from 4 to 15 carbon atoms in
the alkyl radical; where appropriate, these
alcohols or alkylphenols may also have been
ethoxylated with from 1 to 40 ethylene oxide

units;

* partial esters of phesphoric acid and the alkali
metal and ammonium salts of these, preferably
alkyl and alkylarvl phosphates having from 8 to 20
carbon atoms 1in the alkyl and, respectively,
alkylaryl radical and from 1 to 5 ethyvlene oxide

units;



al kyl aryl ether sul phates having from8 to 18 20
carbon atons in the alkyl radical and from1l to 50

et hyl ene oxide units; * sul phonates, preferably

al kyl sul phonat es haV|ng fromZd to 18 carbon atons in
the al kyl radical, 25 alkylarylsulphonates havi ng
from8 to 18 carbon atons in the alkyl radical, esters

and: hal faﬁé}ﬁr§ol?51§%@h%%ﬂ%%'sn' %r%cﬂedra‘ﬁ‘ﬂltﬁ haVJ_ng from 8
nonohydri c "al cohol S or | phendl s_ havin

15 car boP at OnE2FRCD t AECRF kW F%uéékylmﬁégécal and From 8
appr opr i #s e40 tdesel &b abeahwlsofs al kyl phenol s may

al so have been ethoxylated with from1l to 40 ethyl ene
oxide wunits; * partial esters of phosphoric acid and

t he' al kad iky BErnet abobyngll wrebni epigadt s pfefhesbly having
pref er abty,m alkyle Andoal kylapy! phogphates havi ngfnom,, g,

8 to 20 carbon atons in the al kyl and, res ectlveéy
al kyl ar yTeSRRf €8l hd FFBHHIYB gaétlﬁ_\ﬂlerfen xfgem & to 40
units; ZHdchylalkydxipd yglieol ethers, preferably

having from8 to 20 carbon atons in the al kyl radica

and from8 to 40 ethylene oxide units; 5 * al kylaryl
pol*ygl yosihweltdrer s, prefdr-adopylarieng bxdme8 t oc2@olymers,
Carboni%fg%%fébj§m%f%gwl @gglymé§§pegﬁb%ﬁkggeoualy having

al kyl aryl radi cal from ene” oxl

units; 1prem e@hyF%nél%xﬁ&@yéﬁ@ﬁ—yl ‘éfﬁied%x@d@ copeEpRErsvely,
pr ef er abaoh) ok copiey/ neiiss advant ageousl y havi ng

from8 to 40 ethyl ene oxide and, respectively,

propyl ene oxide units. 15 According to the invention,

pr ¢farentieng s tgi véhet oinvention, preference is given to
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mixtures composed of anicnic emulsifier and o©of non-
ionic emulsifier. Mixtures which have proven very
particularly successful here are those composed of an
20 ester or  Thalf-ester of gulphosuccinic acid with
monchydric alcohols or alkylphenols having from 4 to 15
‘carbon atoms in the alkyl radical, as anionic
emulsifier, and of an alkyl polyglyvcol ether,
preferably having from 8 to 20 carbon atoms 1n the
25 alkyl radical and from 8 to 40 ethyvlene oxide units, as
non-icnic emulsifier, in a ratio of from 8:1 to 1:8 by

weight.

Where appropriate, the emulsifiers may also be used in
3¢ a mixture with protective colloids.‘Suitable protective
colloids encompass, inter alia, partially hydrolysed
polyvinyl acetates, pelyvinylpyrrolidones, carboxy-

methyl-, methyl-, hydroxyethyl-, hydroxypropyl -
cellulose, starches, proteins, poly({meth)acrylic acid,
35 polyi{meth)acrylamide, polyvinylsulphonic acids,
melamineformaldehydesulphonates, naphthalene-

formaldehydesulphonates, styrene-maleic acid copolymers
and vinyl ether-maleic acid copolymers. If uge is made

of protective colloids, the amount preferably used of



m xtures conposed of anionic enulsifier and of non-

ionic emulsifier. Mxtures which have proven very

particul arly successful here are those conposed of an

20 ester or half-ester of sutphwstuccinic acid with
monohydri c al cohol s or al kyl phenols having from4 to
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which are not used to form an initial charge to be

5

10

metered in separately from one another after the start

of the polymerization. The feed 1s preferably begun

from 15 to 35 minutes after the start of the
25 polymerization.

For the purposes of the present invention, furthermore,

it 1s particularly advantageous for the initial charge

to comprise what is known as a “seed latex”, which is

30 preferably obtainable by polymerization of alkyl
{(meth)acrylates and moreover advantageously has a
particle radius in the range from 3.0 To 20.0 nm. These
"small radii may be calculated after a defined
polymerization onto the seed latex, during which a

35 shell is built up around the seed latex, and measuring
the radil of the resultant particles by the Coulter
method. This method of particle size determination,
known from the literature, is based on measurement of

the electrical regigtance, which changes in a
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the start of the polynerization. The feed is

preferably begun from 15 to 35 mnutes after the

st dfite ohonbmer 28 opsityrmenzat icdh. tiFer atheapurgsoses dfe. the
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partic to
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emul sifier and r enai nder ™ of

advant ageous for the initial charge
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In another preferred embodiment of the present
invention, the core-shell particles of the invention
are obtained by an emulsion polymerization process in
which, instead of the seed latex, a long-chain
aliphatic alcohol, preferably having from 12 to 20
carbon atoms, emulsified, is used to form an initial
charge. In one preferred embodiment of this process,
the long-chain aliphatic alcohol used comprises stearyl
alcohol. Similarly to the procedure described above,
the core-shell structure ig obtained by stepwise
addition and polymerization of the corresponding
monomers, avoiding the formation of new particles. The
person skilled in the art can find further details on
the polymerization process in the Patent Specifications
DE 3343766, DE 3210891, DE 2850105, DE 2742178 and DE
3701579.

However, for the purpocses of the present invention,

irrespective of the specific procedure, it has proven
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new particles is avoided. The result of this is that

10 the polynmer forned in the first stage of the

process is deposited in the formof a shell around

the seed latex. Sinmilarly, tRe nononer constituents

of the first shell material (second conposition) are
adderry opehelerhpsiBn adEiniasieonsdefor ohdit issrreorslicand  the

t hatn, t:he ﬁ@ﬁaﬁéfomeftu&ewa& ar InleEle%éd' %navarg degquﬂaed by
result of this is that the polynmer fornmed in

sedotPF ¥Ry s deposited in the formof a sheII
around the existing core This procedure is to be

te r el or__each . further, sh 20 In
ano er9%$§ e?géé@éﬁbé nﬁiérﬂfﬁé ﬁ?ég@%t? 1080hlrs o
i NVErt | 9pconfhestor é- @ﬁmIquﬁdjwﬂwﬁdcﬂ11h901ﬁment29hion of

ar e 1Qbt ghReHePY 02N FUL1SE ORHRBLY P L1 Z31,LaN HfogﬁéspE@sence
whi ch, instead of the seed |latex, a long-chain 2

al iPhatPLegPLBROIVEFME ersgrlgfaﬁerﬁng iy oﬁﬁﬁlﬂ%l% of the
C At sl toIres Emm&ﬁlﬁbedthus ysahdse f ofdir asxambléah-butyl

ch one _pr iment of this proc

Yt hggﬁgf Q}J&hal n nglde Cﬁ %i %&taﬁSedEcgﬁﬁFﬁgtoe%%aml or
st eargidhy ldiesahol thSpm’lyapﬂysttEO te preonsdur i des tetbedhio-
abovg,c 3 ddhe ¢ore- shehht St RN §5i S.pbt ?dcﬁ%lﬁ%rr weight

stepwi se addition and pol ynerization of
corrSE b GHART 9%%%6%%%% Eéagmﬁﬁ?ﬁh% Q%rﬁﬁuiﬁr?ﬁ wehoht,
paﬁ:taisCElcESon Titee et GoEr skt e j npi@ﬁeﬁé}bljiaﬂréﬂnnd 1 to 2%

further ai the polynerizati cess the
| o et R e LG, PO IIEL, PLOEERs. f e C1s oy
285@@@3H:DER2¥£2318 el mEDOQGEﬂﬁﬂQtuthEVér, for themple,

pu&posengLchh@ua%gggﬂg |nveﬂtromelgépspechﬁyeff und
the specific procedure, it has proven 24 very

pattahaaEy SrRAFRIRESSs f orl A%y d€cond28Ad thQEthacryllC
t higcghgmaensr, Mogriieydr bE&etdeebetdd, N assnequith8dehAYweyl,

?ggf yﬁ%}sd5 ThSr&Q%&QCL gt&hemlepaﬁ&ﬂﬁykfr Of tggganlc
chemlstryJ Vol. XIV/1. P. 66, Georg Thieme,

Eeidelberyg, 1961 or EKirk-Othmer, Encyclopaedia of
Chemical Technology, Vol. 1, pp. 296 et seq., J. Wiley,
New York, 1978). The molecular weight regulator used

preferably comprises n-dodecyl mercaptan.

After conclusion of the pelymerization, post-
polymerization may ke carried out for residual monomer
removal, using known methods, for example using

initiated post-polymerization.

Since the process of the invention is particularly
suitable for preparing adgueous dispersgions with high
solids content above 50% by welight, based on the total
weight of the agqueocus dispersion, the manner - of
selection of the relétive proportions of all of the
substances 1s such that the total weight of the
monomers, based on the total welght of the agueous

dispersion, 1is above 50.0% by weight, advantageously
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t he second shell may be adjusted via polynerization of

t he nononer or of the nononer m xture in the presence

of nol ecul ar wei ght regulators, in particular of the

mer capt ans known for this purpése; for exanple n-butyl

10 nercaptan, n-dodecyl nercaptan, 2-nercaptoethano

or abogehyPheR§l bHi oglejebitat e PreEsEadlyt heioole 52.0% by

tetyatyhe: ghxcal.ateanthe @Bo%ﬁt%a%%%df@%§|§%count in this
nDIecuIar wei gh dggla rs genera y being from 0.05

o SIPBECREPERELSD SfbAGRer A XigReuers, all of
prefbeablqtﬁéxnn(kdbguadﬁ%515 by edel ghtcand example water,

f O 2 % i ght.,
paré%&f&f%%grprEBEE%Q%erL?e {Cfa%pggpréégﬁmﬁéég%ﬁtors and

mer  m X
Rau&hotﬂﬂt1@§n$01h01@%lketc "Acryl - and
Met hacryl ver bi ndungen” [Acrylic and nethacrylic
ounds], Springer, Heidel berg, 1967; Houben- Wyl ,
F hGaBe s 6%@%1—’%&%% G*f&ﬂléla[h@@t heds e oP@@ﬁ?%S of

Cheﬂiﬂh?t rylsen¥dlon XE&Afur®. a66loﬁe@og1gﬁlflla€t@dcontufent which,
Hei de 61 | nmer., . Encycl opaedia 0 , ,

Ché%lcdﬁ %%c%ﬁolog;%?5 Wﬁlg% 86_tggﬁggyegg&_ﬁifper51on, 1s
VVImgefer&W@mbrLESﬂ913¥H1TEeOﬁDIbﬁuheaiqkﬂgﬂuadvantageously
regul 8t opnysed . 035 gy ferall y fr?“ﬁéi»t?féufa?o?@%' than 1.5%

mer capt an. After concl usion of neri zati on,
postY BBEGhEri Z&t iBIe @%r%ﬂe%laﬁuﬂséd%@ e¥pedy ggPgdament of
nongper  peepyat, usnngnkmewn metheds, af:_@feo@t)san'p'd%sperSJ.on

30 tlat t t
g?g2e§%;o?é$%e|?g§ 18qlgEn Egiﬁggé'égﬂéﬁgy §é%%t§bﬁﬁ floP® bv
pr eparding. aquendseIh rsi wi tdhdn gh 0.4 i ddy  weight,
cong;c%tn gg?a@uéﬂ/o bysweight, obggedbggwtefﬂshtzot q%l PArticular

@ht of aqueous di spersion, manner o
sel @t HrPBHfWeHERT Pt 1925 prohof P3P al | of the
substances is such that the total melght of the

gmonger based on the jotal [ of the aqueou
g o LR et ot ) S5 RS ket Sre Jietiy y water -
25lnﬂmﬂwbba.@%dﬂﬁummqﬁntspreWhnably1&ﬂpvepiéﬂ¥%dn&y be

pﬁggﬂm‘%@ Sebstanees Lo RE takeRn:kpLe«2660URt iR agecusly
through a filter ruffle 1in which a No. 0.90 DIN 4188

filter fabric has been fixed.

The <cecre-shell particle of the invention may be
 obtained from the dispersion for example by spray
drying, freeze coagulation, precipitation by
electrolyte addition or by exposure to mechanical or
thermal stress, where the latter can be carried out by
means of a vented extruder according to DE 27 50 682 Al
or US 4 110 843. The process of spray drying is the
most commonly used, but the other processes mentioned
have the advantage that they provide at least some
separatiocn of the water-gsoluble polymerization

auxiliaries from the polymer.

The core-shell particle of the invention serves to

improve the notched impact strength of rigid thermo-



connection al so include, besides the nononers, all of

t he ot her substances used, for exanple water, 5

emul sifier, initiator, where appropriate regul ators

and protective colloids, ett.2d8he aqueous di spersions
obt ai nabl e by the process of the invention feature a

| owp tdagufat et erashicompatidblisasedton the tlaad phase,

wei ght refabile agu %l1§ qﬂem%%wmatbs n%ﬁqudq&l@blaenlﬁossatlons,
thapn 5.0%b vant ageous ess than 3.0%Db

wei JgIFthaﬁl%‘éF%Fc‘a a?@&%tl{lﬁ%rf“ﬁt%%rlﬁ%/a\?\%rght In

one particularly preferred embodi ment of the present

iny, ntlon the ueou S |on 15 conpr.i ses,

“on T PoralteeRgRERY e st Rl s e R g rs P eranly
pre¢@m@bi§ele@guﬁhaﬁOGYB@@By ﬁﬂwgHMlta@dﬁaﬁﬁ@@ebus$ylon of

| esﬁréﬁ@ﬁt@egfs%ibﬂe@@' H¥o1hde Pa %ﬂlcﬂa]@/%@iyacrylo—

wei ght | ess, of coagulate. 20 Thé term’ coag ul ate”

' Thi . 6ofnedi OFF =St BPLYERBSF bl 620 1vesters, poly-

Corﬁirbuﬁ@tﬁs whﬁc@un%ﬁumyﬁEﬁﬁﬂﬂﬁadgﬁ fThﬁeée@omﬁﬁebﬁ nmay
filterin vant ageous rough.a

0% i 1%er % 59%4| gnl(ar%%\%ﬁl %?%(ig" Ng 090 DI Nl%félge’f i %?%r for the

f abpiicohass beén driexeger2opdFheicoter sheblreparted! empbdiment

the, ¢ nVQ:'Hé onpg@¥e9€ ot ad. et f r ochBSl?b%B%r Sign 301 ore

exanpl e %¥ spray % freeze coagul a
pr e HY 1%nf59m EP@CF 8V?W§n56GPF@OHOéVmSVSeﬁﬁésGﬁéed to

to n@@haauaahngrda&pdyaunangur@ﬁésewm@&Eua@elhakb&&lcular
can_be carrie .. neans._of. . a vente ruder
T A ()1 axe
pra@eséenabkwraykﬂryihg |Ehth@mnﬂwbtxxonnmpbylused$ in an

but .t e, Ot her,progessespprpLigned  have the advant age
that they provide at |[east sonme 35 separation of the

wat er - sol ubl e pol ynerization auxiliaries fromthe
pol yaret i cdher Tpr preheklepaktivelaeotckheohiveal kOkopolymers
2058088 N8, LAY 4 PB,nOLSNGHLIPASY SALENEN. Ounicn are
composed of
from 70.0 to 92.0% by weight of styrene
from 8.0 to 30.0% by weight of acrylionitrile and
from 0.0 to 22.0% by weight cf other comonomers, based
25 in each case.on the total weight of the monomers to be

polymerized.

From 10 to 60 parts of the impact-modifying agent are
generally admixed with 100 parts of the moulding

30 composition to be modified.

According to the invention, particularly preferred
moulding compositions comprise, based in each case on

its total weilght:

35

n) from 1.0 to 50.0% by weicght of at least cone core-
shell particle according to at least one of Claims
1l to 9;



pl astics which are conpatible with the hard phase,
preferably of poly(neth)acryl ate noul di ng

conpositions, in particular of polynethyl

nmet hacryl ate. 5 The pol y(neth)4dtryl ate noul di ng
conpositions preferably conprise other polyners for
suiBhbl efnedi 11 cat itoh 2. O%r opor t wesghThes® iat| udemsm one

particul ghepPRl Yasiyi 0-p8idhktes, pol ystyrenes, _
pol yet hers, polyesters, poly- carbonates and pol yvi nyl

chl orides. These polyners may 10 be used individually

or @g aI fr'hlxrhumeofaﬁd %@r%hey mwj@@&efs pﬁfe@éh_&ak\lﬁfyfrom 1.0
particularly preferred enbodiment . of the present o

i nventi oR° c&%%iyn%?é mﬁ?%ﬁggre Wer | PABFEr GimpHenitrile
abovenentéomevngos yaed s are added to the noul di ng
conpositions. These include in particular 15
styrene-acrylonitrile cogolyners (SAN), which are

pr &f er abfyCRdded €9 1hed rokl dFifbnpbs? Hrensaddt Giives
anmount of up to 45% by weight. Particularly preferred

t - lonitril | s . 20 | be obt ai ned
LOpy THeT et 151 RGTREREGPES. W CHr Lot EoRbOReBOBRL f PEmLO0 - 0%

70.1y tweDZn0©% by wei ght of styrene from8.0 to 30. 0%

by wei ght of acrylonitrile and fromO0.0 to 22. 0% by

wei ght of other conononers, based 25 in each case on

t hel#9t AlerBi GREYSLCt e laB1Remeier ¢ oPbeLepdPyHernzenpasses,

Fr asa 83 t bn 66a@iaréss&f o her d mpacd t npgli diyd ng agent are
oot VBT (8050 boarPPedt” A¥cHraPR 6 LHE 28802ty £rom
i nventi o8 . parbi dliCaliky hyr efeigled, peukdinyarly preferably
corbos, Lage S9IV (o6 ghESal Y GEEyEeoE ok Bagy cxon
| east on@> cor é&° sl P¥padv i eled shidcor @f ngt tey lat meghsrrylate
one of G&bdBt dntOs%ha?ding from 1 to 20, preferably from
20 1 to 12, advantageously from 1 to 8, in particular
from 1 to 4, carbon atoms in the alkyl radical,
b) from 0.0 to 40.0% by weight, preferably from 0.0
te 25.0% by weight, 1in particular from 0.1 to
15.0% by weight, of alkyl acryvlate repeat units
25 having from 1 to 20, preferably from 1 to 12,
advantageously from 1 to 8, in particular from 1
to 4, carbon atoms in the alkyl radical and
) from 0.0 to 8.0% by welght of styrenic repeat
units of the general formula (I},
30 where the percentages by weight giye a total cof 100.0%
by weight.

According to one particularly preferred embodiment of
the present invention, the (meth)acrylic polymer
35 comprises, based on its total weight, at least 50.0% by
weight, advantageously .at least 60.0% by weight,
preferably at least 75.0% by welght, in particular at
least 85.0% by weight of methyl methacrylate repeat

units.
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B) from1.0 to 99.0% by wei ght of at |east one
(meth)acrylic polyner, C fromO0.0 to 45.0% by wei ght,
preferably from1.0 5 to 45% by wei ght, of
styrene-acrylonitrile copolyrgrs and D) fromO0.0 to
10. 0% by wei ght of other additives 10 where the
percent ages by wei ght give a total of 100.0% by

vweight . (Fhen) ra%trl}m%r ybbqyﬁe&yrrﬁéres{r@rprﬁ@f@@ém has a

enconpasses, based jn ef case. on.its total wei %
15 THTRSIGHERF S 09 88C 056 by “RePhht 1NadtERedtsEyon 1000
from a@oo 0@ 1AM 0%/ by 1vei ghéfepabnycuirar |t}he range from

prefer fro 5. o) 0% by W€I

pa(rajtqecu rom%é 0@0 ogérg3 % By WELG f:ﬂ&r arkyfhe range
metdyaet yﬁ%t(éoo repeat O un? ¥ sghavi nng@nmqlmu,’z@r weight may
pr @Jeer @%lt)érfn{l(ﬁr@dzob_ﬂg t&eiz'pégﬂéigﬁﬂ‘?o%rﬁﬂartgﬁrjaﬂh(} for

8, rJIE)arU cular froml , carbon atonms in'th
al ke;?‘fa R cdftt kb)C?]rJd?ﬁft*FJO“I &W%%%warene
preferablyfromOO to 25. 0% by \NEIght in particular

5 %.b ight, .of alk Iate F epeat
?{E%%avﬁ)%g ﬁ?%)m}éﬁ)\?o%%g 5t &t %ﬁ/ﬁ%from T rgtioways.
ad\Fm ageously. f Ebm ﬁiﬁ@egsipn e tiloul @eréronell particle

4, oA bRO Biguk: i diheadl kidudAd C&lsﬁ@?sfénf;%m&eo blend

to 8.0% by wei ght_of styrenic repeat “units o
geIRCT Tl £ ) th80” W& e tehe '8¥r cBAt ag8sIPyated, the
VeisghiegisvepBat ot akpafrat@d I byanei ghte. Ascprding helted

onewoartl cul arlym %e redcgrgbgd I ment ofT t he lgresent
i nvént iB - t e (RBREhae? yl FRUBRT Yier” - 35  RbAprPEegsss  can
bagedisve t arstigiulgeilght hoaodes@stis50m@%iby weitghthe two

adyamAageous! y oak lqg@&péﬁéﬂ%@bynﬁﬁjghélsoprQJ raB£¥pared
at | east 75.0% by wei ght, articular_at | east

85 SERBY Mg RN b L SretaAd rPé%CEa&fWéﬁ% fepea?t theix. melts

280r in the form of powders or pellets, mixed and

homogenized in a multiscrew extruder or on a roll mill.

Conventional additives may be admixed at any processing
stage suitable for this purpose. These include dyes,
pigments, fillers, reinforcing fibres, lubricants, UV

stabllizers, etc.

For the purposes of one very particularly preferred
embodiment of the present invention, the moulding
composition comprises, based in each case on its total
weight, from 0.1 teo 10% by weight, preferably from 0.5
to 5.0% by weight, in particular from 1.0 to 4.0% by
.weight, of ancother polymer (AP) whose weilght-average
molecular welght is higher than that of the
{meth}acrylic peclymer by at least 10%, preferakbly at
least 50%, 1in particular at least 100%. The molecular
welght here may be determined by gel permeation
chromatography, for example, with calibration based on

polystyrene.,
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The (nmeth)acrylic polynmer noreover preferably has a
nunber - aver age nol ecul ar weight in the range from 1000
to 100 000 000 g/nol, preferably in the range from5
10 000 to 1 000 000 g/nol, imZ3Farticular in the range
from50 000 to 500 000 g/nol. This nol ecul ar wei ght
nay@c@er@'en@r ntaed the gelnpartneen i onpshtdmalagtaphypuitable
forg e(Alﬂ?tBr%QleEch&' WAz 0N PAlYSLYLeRSeh case
10 M Xtures
wayd: CieerT et eWe%Eﬁe di spersion of the core-shell
pﬁrayblcl ef rdmys heo rrte;enjom% D%hagz agliighus diusparayenueliy from
t he bl en opponent , .and the. m xture e
coagul atég% (?tgg qggu&?u s’ %paPﬁFgagld??Fl%nE’rteﬁgrably
coagul at&raorel 78d0 150t 40¢i.vé dwowding comppsktionlar from
This Progess oan ogchhkeus, paehieul arly %qmenﬁe%]acrylate
m xi ng of the e
be prepardREasepat &b eh?vaﬁ@ ifematlectani0 |ﬁr€ﬁerﬁbh¢h from
of theirlnedts2, oadianthgcd@sm ofrgpwders of pal bekSicular
m xed and 20 )Jr]ormg ni zedk?l na nul tj screw ext ruder or
on a rolfTHI |ﬁei]§>(
at any prowessi fig tost%(gel%ubyahbeghmr tpimsfemﬂlqjl@sefrom 0.0
These i u S I fogcing

“c[% de dyesy,, I%%{E&E% abﬁfﬂ SEE:].C{I%E ffclt)rﬁ 0.1 to

fibres,
pur poses. f0%onBYversi Bt i bl &Fr]llsb/]pr ef:émle&e repeat units

enbodi wemvﬁ{gtmeomr esendo | DUeNty 0 et 181 PO WhENg] to 12,
con‘p03|t|£n c'._(ﬁn:a) elTs Eased in each case on.ts tot

530 wei gftIVETSHIP S 1 159 by wel gt , 1hr S EsIN o om 1
0.5 to th 09 byanisirghttons Jpar‘dhe:Lﬂla«y]f it tamdd. 0%
by . wei ofy anotper y AF ose

wei g)ht gé\}{eor age 3 FQ gér)iwe%%h% Eé Eh% er ttﬁ’aentlh repeat
of the Ymetsh)zcrihs @@tﬂ%ﬁﬂerfﬁm@al(@st 10%

pr efirsrabl yhdt p3bcbBBSE 80Ky 1R iPAK! IGWlArs a@otjzﬁ_as&f 100.0%

his § ype may be prepared I'n various

two, material corrponents

VEHTT Bhat i 1 v Yoo Tt

ubricants,

% The nol ecular weight here may be determ ned by

20gePhdfsti on  chromat ogr aphy, for exanple, with
cali bration based on polystyrene. 29

In one particularly preferred embodiment of the present
invention, the polymer {AP) comprises, based on 1its
total weight, at least 50.0% by weight, advantageously
at least 60.0% by weight, preferably at least 75.0% by
weight, in particular at least 85.0% by weight of
methyl methacrylate repeat units.

The polymer (AP) moreover preferably has a weight-
average molecular welght in the range from 10 000 to
100 000 000 g/meol, preferably in the range from 50 000
to 5 000 000 g/mol, advantageously in the range from
100 000 to 1 000 000 g/mol, in particular in the range
from 250 000 to 600 000 g/mol. This molecular weight
may be determined for example by gel permeation

chromatography with calibration based on polystyrene.

BElends of the core-shell particles, in particular with

polymethyl methacrylate, are particularly suitable for



According to the invention, particularly suitable

pol yners (AP) preferably enconpass, based in each case

on their total weight, a) fromb50.0 to 100. 0% by

wei ght, advant ageously from- $0606.0 to 100. 0% by

wei ght, particularly preferably from75.0 to 100. 0%

by m@@mm% WL%@I% frefvagsagepysd9. 5%wbyh a  wall

vei gt 2l ot hagky | akgr repeAb1 ANids MY webs of
froml to 20, ﬁg}éerabl %/%from 1 to 12, advantageously

fr JHICHEE ¢ }i bubarl4omrrshiaht give gapfonesults in
at(HTBstamphﬁngd)cés&dl eal, d¥n frpemukdltorde. Wadible, to

erb from0O,0 -to 25.0% Db .ght, in
et O SRRt (B 065, Pt o bradPkprs ! or for
ac n_CyJQiiLE: Jrlé;pe]alghnml@llhﬂv ingeftdamml rtom 120 ngsr.ef erabl yotor
fromk 4 1%1n&§cag¥§§t ageysly.fromd. be %sé &g produce

particular froml o 4, carbon atoms in
r adﬁeéeﬂtf‘a‘f?dl}f:)tkf]rrbnﬁjelf@ft ok: @%a@wlﬁelcginttfafc@%ﬁ%m% pm.

repeat units of the general forrrula (1), where the

10RCI G | TR SHor O EARRFEY Spr BfGr TP Entis bRt ofvention

thefqatemt i nventi on, the pol ymer (AP) conpri ses,

based on its total wei ght, at |east 50.0% by wei ght,
advant ageousl y 25 at I east 60.0% by weight, preferably

at 1 east® BEOWHE B gt , SPRESRIIT ekt afO | B3@t306 (B50)

_SI_E 0% F)bﬂﬂﬂitggﬂsﬁt SE?CUYkVJ_m]E @:&%rbflléE@h%er @f&e@teaﬁ?' 9°C and
e po nor.eover ef era as a vei -

> aver age%he(&ﬂ art hEiGgh ]ﬁé%retrﬁeé“cre r‘%teqﬁar_'% \%% 00 to

100 000 000 g/ nol, preferably in the range from 50 000

to.b OO gt r r
100 000 tg&%ooo 300" g o PHEEE %%l tfu“gt‘%ﬁ?di%&tg %Erggkgngth

from 256'1600 €6 60@8@00 Jgﬁ%l ofThi 3tnol keaslar Vieifght kJ/m?,
35 may @@mﬂg@cﬁ@qyf oraexpdpl €. by @glmber neati 9Bc, the

h t lib based.on pol ystyrene,
20 e GF iR at VLRt mad e ety 88 R 1 o e,

and

* a preferred modulus of elasticity to ISO 527-2 of
at least 1450 MPa.
25
For the purposes of one particularly preferred
embodiment o©f the present invention, the mouldings of
the invention are used as a mirror housing or a spoiler
onn a motor vehicle, as a pipe, as a film for sports
30 items or as a protective covering or as a component of

a refrigerator.

The following inventive examples and comparative
examples serve for illustration of the present
35 invention, but there is no intention that there be -any

resultant restriction of the concept of the invention.



pol ymet hyl nethacryl ate, are particularly suitable for

30 produci ng noul di ngs, advantageously with a wall

t hi ckness above 1 mm for exanple extruded webs of

thi ckness of from1 to 10 nm whi ch give good results

in a stanping process and can be used, for exanple,

to 5 prddeike- prehl ametimhess for el ectrical devices,

or for producing high-quality injection nouldings,

e.g. nmotor vehicle w ndscreens. They can al so be used
%bro%ﬁﬁ@r?%}%l%liﬁ%%%ﬁ%¥rm for exanple of

thrpckmeas Eé)t@m wd ﬁhepabeadbpgememrsabﬂagb@yﬁee%gitﬂgn of
to i nven on feature * g ergg

>soft AR HE Bbi REHE 1 S 306 TREDY 061 VAT Phacrigse, of ethyl
W tdrmprlefer encd &% | brstwed@@tandt &3 1wilt hnepﬂietct:ﬁ},kﬂﬁe. The

pr | eferr, [1eA). o
hof R s e PR AP GRS o0 o
5. 794D, ChRiarftREhRy elsl e 1) m. at 23c

the 20 preferred NIS at -20C belng at least 3.7 kJ/n2,
refeired %h)l ast|C|ty to | SO 527-2
éaa%lf corfs 5 s of one
paﬂﬂﬂcmuﬁd)/qwmﬁemﬁedl emba&umé@s oﬂeehelbeaseBElow were
NYENIHONq t 3G Moyl di ngs gfoly&réelze\r%h' Of. &8 fﬁsd & the

a mrror hou3|ng or a SpOI on a notor ve
a piPpeovEdd fiTRemrL spoEPJE%P%?Oa‘F%%TFrB ornetsrlactlons The

preinRCid M LOYERLNG 10 &S gi¢eAPORENta®fe 8 were used for
The follow ng inventive exanpl es and

15refr|. erator.
coﬁﬁﬁghﬁﬁvgj xanpl es serve for illustration of the
present 35 invention, but there is no intention that

: E?f#?g‘sn?%n”%@“ whESt LECH %pg_fﬁﬁr £ONCEPLA P charge
by stirring at 83°C (1nternal vessel temperature) in a
polymerization vessel. 16.2 g of sodium carbonate and

20 73 g of seed latex were added. Emulsion I was then
metered in over a period of 1 h. 10 min after the end
of the input of emulsion I, emulsgion II was metered in
cver a period of about 2 h. Then, about 90 min aftexr
the end of input of emulsion II, emulsion III was

25 metered in over a period of about 1 h. 30 min after the
end of input of emulsion III, the mixture was cooled to

30°C.

To separate the core-shell particles, the dispersion
30 was frozen at -20°C for 2 d, then thawed again, and the
coagulated disgpersion was separated by way of a filter
fabric. The solid was dried at 50°C in a drying cabinet

(duration: about 3 d).

35 The particle size o0of the core-shell particles (see
takle 2) was determined with the aid of a Coulter N4
device, these measurements being made on the particles

in dispersion.



A. Preparation of seed | atex A seed |l atex was prepared

by enul si on polynerization of 5 a nononer conposition
conprising 98% by wei ght of ethyl acrylate and 2% by

wei ght of allyl nethacrylate: 3he- content of these
particles in water was about 10% by weight, their

di dhelebe bei Fermosdtt 120 M ﬂmﬁfvlﬁmebaemulenoné defé data

shel parficles All the core shell particles described
belom1mere prepared by emnul sion pol ynerization
according to the follow ng general preparation

instructions. Theypenul sijamee | to|Bhl as giggn in | g3

t apl e Were_used for 19 this purpose. 19416 kg of
P LEIR Eed lto formadn initia charge | by stirrling

III-|

t WoT—o—oro-o o

at| B3+ i nt er nal| ¥EESH45 t| AIVEr.EUT 8L 0BN68 | 8109.65 | 8109.65

pol rlzatlon Ve o1 of drym carponate a
20 %%Eg of seed I%?%é merégg ded. %ﬁg#5|oﬂ ?‘ S thgﬂ24
nmeteeesiilphaver |a period|jof 1 h. {10 nmin after the gn

of| Ahe.dnput gh egail sd on |lgs el s ggégg e Scesgreq 4 oo

over a period off about 2|h. Then, n1n af t gr
the’®nd of input! of emulsion Il, emulsionllll was 25

netesed,in over & perd od|afszalout | 1481630 Mmaten 14515,
t he nd of. i nput_ of enul%lon 11} _the m xture was
cadied ?%Y%V_ T Qpnnr' the cbrd- shel | particl gg 2

t Neewtiysper si on [T 4B vas fsezen at | 580Csf or| 208, 6t hémos . 6
t Hay Agai n, ard the coagul at ed| di spersijon was

SE of—a—F+lter—fFabr+e-——TFhe [sol-d—was

driiZedlyat 50C in aZ&er'yG ng | @&bicwet | Rubati gn29 abdut |29.68
d) méghgggyfggé|cle size|of the cpre-shell| particles

(gee e 2y was determmed wth the—ardof—=a
Cau Qﬁskep vilce, these measurenents beilng nmade an

t heypast i cl es i\ diisper shoma 32 7@@@1@ EPOosd Uik 138

off T ngividual emnuistons (all data 59])
Sodium 18.59 18.59 18 5 18.58% 18.59

persulphkate

Aerosol OoT|84.71 84.71 84.71 34.71 84.71
75

Butyl 15454.8 [118783.8 |17839.8 | 17744 .4 | 17649
acrylate

Styrense 3453 .48 954 854 954
211vy1 171.72 286.2. 286.2 381.6 477
methacrylate

Emulsion IIT

Water 2992 .59 | 29%2.59 | 2992 .59 {2992.59 | 2992.59
Sodium 8.24 8.24 8.24 8.24 8.24
persulphate

Aerosol oT|10.59 10.59 10.59 10.59 10.59
75

Methyl 7632 7632 7632 T632 7632
methacrylate
Ethyl 848 848 848 848 848

acrylate




VBl VB2 Bl B2 B3 Emulsion | Water 8109. 65 8109. 65

8109. 65 8109. 65 8109. 65 Sodium 8.24 8.24 8.24 8.24

8.24 persul phate Aerosol OT 65.88 65.88 65.88 65. 88

65.88 75 Methyl 14216. 14216.334216. 14216. 14216.
methacrylate 72 72 72 72 72 Ethyl 593.6 593.6 593.6

59316. S43usdingr gpmpes AL i 9hs29. 68 29. 68 29. 68 29. 68

29.68 nethacrylate Emulsion Il Water 7081.18 7081. 18
7081.18 7081.18 7081.18, Sodium 18.59 18.59 18.59

18.59 BBSBO NG9S TORAE LN AT RBPS I @RS 71 84. 71 84. 71

84. X1 84ucfildifhy But Yomba434.i18n18798a8ed783%:8 17 HAvhethyl

1o aieenatiylabe S M ERast 4 b R Sl & bfo-  XC,
| | 1D3iefra@ob2 weg 2@9@m5®dZQQZhSQﬂQQQQESEGQQQQe5@ore shell

S e 2458 a 241,8e24 1 | s for
O e £ oa 1B a8t 10758715 55 PO et hy | TEg5 hgaye £

7632196331732 Uy ha%é‘r‘&ﬂnaﬁléfe&t HFeBEe 8482848 848g4Rtive
acrykatel 83 are documented in table 2.

&)
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B. Testing of moulding compositions

Test specimens were produced from the blended moulding
compositions. The moulding compositions and,

respectively, the corresponding test specimens were

15

20

25

30

35

tested according to the following measuring methods:

¢ melt viscosity mMs (220°C/5 MPa): DIN 54811 (1984)

s die swell B: DIN 54811 {(1984)

e Vicat softening point (16 h/80°C): DIN ISO 306 (Aug.
1994)

s TIzod ncotched impact strength: ISO 180 (1953)

¢ Charpy notched impact strength: IS0 172 (1993)

¢ modulus df elasticity: ISQ 527-2

The results of the tests are likewise found in Table 2.

The advantages of the blends of the invention over the
conventionally impact-modified moulding compositions

{compariscon A and B} are clearly seen:

= At comparable content of the core-~shell particles
{< 40% by weight), the notched impact strength of
the moulding compositions of the invention at
-20°C i1s significantly higher than that of the
comparative moulding compositions. 211 of the
mixtures here have comparable notched impact

strength at room. temperature.



1. Moul ding conmpositions A Bl ending of noul ding

conposi tions A noul ding, conposition based on

pol ymet hyl 5 nethacrylate, PLEXI GLAS(r) 7 N (Rohm

GH & Co. KG  Darnstadt) wasidbl-ended with the

respective core-shell particles by neans of an

extPuderd Thegbonposic i wathf oyo sherendi wicdealver gives no
i nventi v at i s -
documsntjgn in té%ﬁé gﬂ %%%gé&$%§¥§%% o nﬁﬁjﬁ?gghed HRAct
conposi t3 onNaest Ok peedie MO et B HrodiRet F1UH t he

bl ended noul ding conpositions. The noul di ng

conposi tji.ons and, . respectivel t he corr.espondi ng
S oob s pebTireit her 1 LD ORI it oP AR R eFo PREACE U strength
fol | ow ngs neabueivag methods: impwmelting stdosi eyhéks important
(2200 5 \ 548%1 ( 4) ' wel ; .
54811 (%%%%,er%%at g_c])zftegr%?%g SSF%F§?§6 h%%%&g%ﬁ\?s' in
| SO 306 Rl CULHr 1094C0SHAyd nBiehbd $oheRRIRY r &gty and
| SO 180 {d89B)s Chaxmysmatiched i npact strength: | SO

179 (1993) nmodul us of elasticity: 1SO 527-2 25 The
results of the tests are |likew se found in Table 2.
The=>advaftayges cofupilie sbhendss of malde | nvenbi orclover mbhgding
conventiggﬁg i fmpact - nodi £ ul di conmpositions
(conparison<%¥g%h %g areg%%gggfgaseenggéo Augﬁé patents
conpar abl®e conterft8of tHe tbrelshed | padti BFedl f& 9% =
by wei ghijdgnitheamolehedshapost stigpgth of orthecore_shell
moul di n conpqiitions of tgg invention at -20Cis

si gni fi T HiGhet St hARSERGt O t REES Wonpar afPyearable
moul di ngrcdoripssi tnmns: Altergftlt e Iniw tianes:there drave.
conpar abl e notched inpact strength at room
tenperature. 34 A tough phase with no styrene

nor eover gives no

10

15



I mpr ovenent
strength of these noul di ng conpositions.
| owt enperat ure notched i npact strength
i mpairing the other 1 rmjortant

t he noul di ng conpositions,

w t hout

in

in the | owtenperature notched inpact

5 "' The
is achie
properties

good
ved
of

particul ar viscosity,

Vi cBabbof teni Agsfoi nesaads nmbdem usitafact asrdiciigd I@ulding

Whenchpaisen is made with the noul di ng
conpositions disclosed in the patents DE 22 53 689,
DE_41 21 652 and DE 41 36 993 a significantly
smed] @tganount of coref @bﬁbhri5 pastbstes i|s needeg to| ¢
aghi eve a conparabl e notch d i npact strength at |l ow
t drperatures—35—Fabh Fest ¥ 88U ¥Ps fram
I pacte heokeiled nDuIdln@Blconp03|VBEns Bl endsl Conpsi - | B3
Canpar i B C son A son B Corefrshell VBI VB2 Bl B2
Ba@pa.%‘f%ca Partctelradrus—t9p—168—196—176—178
[ nifadehebat of nesHes sh8P| partjebes in Pliédl as{ty | 178
7N [{%pP8.4 38.4 38.6 38.8 39 by| weight] Vilscositly r]s
321031603510 3400 38p0 [ Pa SjiDre sweti B 1% 3-8 5
3. |5 anert 9 OV c4°*Softening 95.6 96.9 98 98.5 98. 3
paistie ] C] phzedcaetched| inpact strength 23C [ kJ/in2]
6'%d%§ﬁ§&§é@'47%'4[% 38.4 38.4 38.6 |38.813¢9
by welght]
Viscosity ns | 3210 3160 3510 | 3400 | 3850
[Pa =]
Die swell B [%] 3.8 5 3.5 1.4 0.9
Vicat softening | 95.6 96.9 98 98.5 | 98.3
point [°C]
Izod notched
| impact strength
23°C: [kJ/m*] 6. 3.8 .4 4 4
-10°C: [kJ/m?] 4. .6 .7
-20°C: [kJ/m?] .7 1.7 3.9 .3 .3
Charpy notched
impact strength
23°C: [kJ/m*] 7. 7.3 4| 7.4
~10°C: [kJ/m?] 4.9 5.0
-20°C: [kJ/m?] 4.0 4.6
Modulus of | 1660 1550 | 1620 | 1650
elasticity [MPal
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1oc [k/ ] 4.1 4.6 4.8 4.7 -20C [kJ/n2] 2.7 1.7

.9 4.3 Char py notched i npact strength 23C
[kJ/ % 37.47.4 -10C [kJ/nmR] 3.9 4.9 4.75.0
- 2082 %M@?G@@ 4.0 4.7 4.6 Modul us of PISGEFPIRE /011541

1620 1650 elasticity [NPa] VK%@OO4/056892

PCT/ EP2003/ 011541 - 36 Pate clainms: 1. Core-shel

par§é§é§tm@igfmgas a core, a first shell and, where
appropriate, a second shell, 5 where: i) the core

enconpasses, based on its total wei ght, at | east

75.0% bycMes obt - Of ;(ameélfalaétrwh%% rﬁegat urualse 10 fipst

ii) the first shell has a glass transit

t enper atthe! bel T 3072§7%) %%Wrsh@l | sgcesent shell,
where apgtepsi ate 15 enconpasses, based on its tota

wei ght, at |east 75.0% by weight of (meth)acrylate

repeat units; characterized in that 20 iv) the first

shel | en?ebnpatsls%s Chyas e RIUTPTIRESS S g0t albanaeadghtop thHes total

fol I owi ng Cor\%iélﬁj@nt S’atE) fleam92. 95t g2 98.,0% bxslelght of

wei ght of 25 (neth a | ate repeat units and F) from
2.0 to 8.0% b{ St gt at’s?y‘?%?ﬁ% Yeedt units of the
general formula (I) RC) R~ RS (O

ii) the first shell has a glass transition

temperature below 30°C;

iii} the second shell present where appropriate
encompasses, based on 1its total weight, at
least 75.0% by weight of (meth)acrylate

repeat units;

characterized in that

iv) the first shell encompasses, based on its

total weight, the following constituents;

E) from 92.0 to 98.0% by weight of
(meth)acrylate repeat units and
F) from 2.0 te 8.0% by weight of styrenic

repeat units of the general formula (I)

0

where each of the radicals R} to R°,

independently of the others, ig



R4 3 30 where each of the radicals R1L to R5,

i ndependently of the others, is 37 hydrogen, a

hal ogen, a Cl1_6-al kyl group or a C2_6-al kenyl group

and the radical R6 is hydrogeh/or an al kyl group

having from1 to 6 carbon atons, 5 where the

percent ages by wei BhfrefeE) andh&}oughve za Cokaklbil group

100. 0% by wei ght, apd4 n-fhat11dOny) ?Q%ubaQQ gFth%dical

core-shell particle, |nclusive of" any second_sh

present, neasur ed®byl¥heY@saPEBr AFetHbdalkgli groRe having

range from above 16008 10t246€.8zAPbn 15t 2me Core-shel
particle accordin Caim1l characterized ip that,
“based in eachw%%gg %ﬁei §rCFSF§9eﬁeh¥ﬂWe%§hﬁh%P B} and F)
proportion ofgihe zoretds ¢foh?®. @ tloy BOiP¥4 by

weight, 20 ii) the proportion of the first shell is

from 20.0_.to 75.0% by weight and iii) the proportion

of the s¥ROntFsHe?t is from 0.0 to 50.0% by wei ght,

where the percentages by weight give a total of 25

100. 0% by, wei ght . 3. re-shell particle according to
loCIain11'%% Z,gb%haff Bt zea%in ?%%t 1 1 particle
enconpasses, basbdsive each case osBecbadt otsthelei gbtesent,

30 A) fromb5 % Db [ f_al . .
nethacrylateq?%%%gggﬁn?§i %géfng %é%ﬁ 1mto%f8” c&T ol the
atoms in the B/ Farm APOVB)L 4G ot R4b UGw0% by

wei ght of al kyl acrylate
15 2. Core-shell particle according to Claim 1,
characterized in that, based in each case on its
total weight,
i) the proportion of the core iz from 5.0 to
50.0% by weight,
20 ii) the proportion of the first shell is from
20.0 to 75.0% by weight and
iii) the proportion of the second shell is from
0.0 to 50.0% by weight,
where the percentages by weight give a total of
25 100.0% by weight.

3. Core-shell particle according to Claim 1 or 2,
characterized in that the core encompasses, based
in each case on its total weight,

30 A) from 50.0 to 99.9% by weight of alkyl
methacrylate repeat units having from 1 to 20

carbon atomgs in the alkyl radical,

E) from 0.0 to 40.0% by weight of alkyl acrylate
repeat units having from 1 to 20 carkon atoms

35 in the alkyl radiczl,
) from 0.1 to 2.0% by weight, of crosslinking

repeat units and
D) from 0.0 to 8.0% by weight of styrene repeat

units of the general formula (I),



102cryl ate 1&895?12 . élggy 'o:‘%]i%fmgl"}%ﬁ'et ﬁgféﬁgﬁ%

in the a
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repeat units having from21 to 20 carbon atons 35 in

the alkyl radical, C fromO0.1 to 2.0% by wei ght, of
crosslinking repeat units and D) fromO0.0 to 8. 0% by

wei ght of styrene repeat unit¥8of the general formula
(1), 38 where the percentages by weight give a total

of  100%BF- Reitditt . PACRFIShebl piridhd egdveorali hgtal of
to daim@s Bychatgeterized in that the core

conprises, based in each case on its total weight,
from80.0 to 99.9% by weight of nethyl nethacryl ate
repeat ubwtrs-sindllfromitlclie 200%biinvei ghto of Gldiwl 3,

Sacrylatech£ %@?&rygéésfgaﬁkgg %%gnb%rgoc F%QE%%@ a%ased in

in 10 the a

wei ght

radi ca ere ercent ages
e aaﬁét 8F Gt 100 5% twemtghtfr@n 80,0 to 99.9%

Cor e- shebl panghel @ fageaningnd hatr|Basd QéﬁeQE uhﬁﬁs and
pr ecedi n%]acl ai_Ims charéé Sgl ed in that the first

shel |
wei ght,

asses, TBas 468 oo AL aperylate
&ﬁéatﬁrm’m% hawi iy . 8%ohy Inwetght oj‘ax&i»dqylatoms in
%yog%ight

I Ca cry afe

r epeat L&‘ﬂ‘f% haveryl febm a0 - §% 1334‘@%&19:1@?1- atons in the

al kyl

crosslinkin

radi cal , E—2) fromO0.1 to 2.0% by wei ght of

units.and F) from2.0 to 8. 0%b

re
weight of° %y?l'é%re PSELLEABAPTRTE O tRheFendaat Yone of
fornul a {he, prwhexd nichec peinent &g@&d@cemajz@ﬁ ghvelat the

f I
o accordlong %BOQC%{&Py %&%ﬁﬁcﬁ%%%“ ed |n Itg?gg on its

tot al

al kyl

ackgtat éﬂ@ﬁ)@'a't units having from3 to 8 carbon

atoms in the @lkylfrom 90.0 to 97.9% by weight of alkyl

acrylate repeat units having from 3 to 8

carbonr atoms 1in the alkyl radical and/or

alkyl methacrylate repeat units having from 7

to 14 carbon atoms in the alkvyl radical,

E-2) from 0.1 to 2.0% by welght of

crosslinking repeat units and

F) from 2.0 tc 8.0% by weight of styrenic

repéat units of the general formula (I),
where the percentages by weight give a total of
100.0% by weight.

Core-shell particle according to Claim 5,
characterized in that the alkyl acrylate repeat
units having from 3 to 8 carbon atoms in the alkyl
radical and/cr alkyl methacrylate repeat units
having from 7 to 14 carbon atoms in the alkyl
radical are butyl acrylate repeat units and/or

dodecyl methacrylate repeat units.

Core-shell particle according to at least one of

the preceding claims, characterized in that it has

-



radi cal and/or al kyl nethacrylate repeat units having
from7 to 14 carbon atons in the alkyl radical are

butyl acrylate repeat units and/or 35 dodecyl

met hacryl ate repeat units. 7 3Core-shell particle
according to at |east one of the preceding cl ains,

char act et i 2e8°PA tHll t whhghggbagedecondeshbl Icags chp its
based i n-&agh £#A58hON ddSombSds Wei ght, enconpasses

G from50.0 to itoo. 0% by wei ght of al kyl ,

met hacryl at e Flepd&P™un?¥s? hdd ng0fr B B4 owedghs of alkyl
car bonbatorrs et haeryal ded f@debaf:talunfhsflﬁ@m@goffﬁm 1 to 20
40. 0% by wei acryl at e .repeat_.units having
“from1 to Zogg%%ff) %%%%Jésnslﬂl nﬁ}%ea%aﬁ)ﬁylrardefuﬁac]a'l and 1)
fromO0.0 to 80%Preilght of st§reni v 1vaigieat of alkyl

units of the generale formeha (I)icsWHBLE ddCsrom 1 o 20
per cent ages b i ght give a total_ of 00. 0% by
wei ght. 8. aerﬁq{%ﬁto%%wru@%@a&y& Apdicat d6hst
one of 15 the) preeedi g clai ns, 0ghasacteigred din ER3tenic
the core ha transt ti.on tenperature of at

19 east 30C 9%%%‘32%1@!1{5%%”4}5 &% r%%l%&% Bt 1)
| east orvdiggfe RDet menwaadediary kY ames ghthay et erpi zettal of

in that 1dg hes b2 weeand shell, which has a gl ass
transition tenperature of at |east 30C. 10. Process
for preparing a core-shell particle 25 according to
at d.eastCcaane sifelflheppreteté ngcebaitg kd 029, least one of
char act 'ze%i . a.fultistage _enulsio .

1 ) ) . ;

5poI yner ﬁéﬂa i ﬁelgsehggl%rlce out. f .arn%ﬁﬁaulﬁ&% in that the
conposi Wi comsT i 8i nglapasedrdns daicln 3@neEsetore t 8 at
total weights Aedrom 1.0 to 50.0% by wei ght of at
| east one core-shell particle according to at | east
one

9. Core-shell particle according toc at least one of

20 the preceding claims, characterized in that it has
a second shell, which has a glass transition

temperature of at least 30°C.

10. Process for preparing a core-shell particle
25 according to at least one of the preceding claims
1 to 9, characterized in that a multistage

emulsion polymerization is carried out.

11. Moulding composition comprising, based in each
30 case on 1ts total weight: _
A) from 1.0 to 50.0% by weight of at least one
core-shell particle according to at least one
of Claims 1 to 9;
B) from 1.0 to 99.0% by weight of at least one
35 (methlacrylic polymer,
C)y from 0.0 to 45% by weight of styrene-
acrylonitrile copolvmers, and
D) from 0.0 to 10.0% by weight of other additives
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of Clainms 1 to 9; B) from1.0 to 99.0% by wei ght of at

| east one 35 (neth)acrylic polynmer, C) from0.0 to

45% by wei ght of styrene- acrylonitrile copolymners,

and D) fromO0.0 to 10.0% by weilght of ot her additives

40 where the percentages by weight give a total of

100. 0% BYRSHed ghfie BEraWiadsRy Evnptsiditonda¥eordi pgtal of
to daimdd,cs Sehasaeterized in that the

(rmeth)acrylic) polymer enconpasses, based in each

case on its total weight, a) from50.0 to 100. 0% by
weilght diowlddrg nmetdwgers/taten r epeatondiirtss hawi ngcfieom 11,

1to 20

; 0 [ e.al.ky ical .-b), fro
0.0 to 4%&885%? y%%%t Lir'glf tgﬁgyl tglgr yl%%%g) Ter ela C))unpfjg]ymer
havi ng f¥BIRMCEDS S0 c IR atidhs 59 t k&sal kph radiscakotal

and c) fyomi:0 to 8.0% by weight of styrenic repeat
units of.the

15 general for 1), where the
per cent fgest 1" weggh gitve gﬂ#@té“f oPY 10Eigtpy of alkyl

wei ght .
100" 12,..
conposition

13.methd iy oo mpeses t onrdceortdivighd of£bai m 1do 20
20 CAAHACI R ged ] ncﬁéﬂaatl%e Ao
co styrene-acrylonitrilé

rses

copol ymet)s, Exgier@- Ot e tGrdnebackgiehict ifl emlkyl acrylate

copol yner s y@ie, 10btal PedhaRY nBOI R | Zi BY 3RY XM €atoms
which is conpaosed of from.70 to 92% by wei ght of

styrene 25 f B dBogkast R GRS of acrylonitrile

and from)0 fx@r220% by tweigyhts dby otvkégheonm@noseFsen basedpeat
in each case, .qnt o) I_ght e noners to

15be pol ymer ist%elg{.E 338@1%}& %loeuv%aglg fcogr%%% t(:.%n accordi ng

to at | égmreonkhef PeEIcENTRIEE thy 1¥eighdr axtes | zeddtml of
that it 100.0% by weight.

13.

14.

15.

Moulding composition according to Claim 11 or 12,
characterized 1in that the moulding composition
comprises styrene-acrylonitrile cceopeolymers, where
the stvrene-acrylonitrile copolymers were obtained
by polymerizing any mixture which is composed of
from 70 to 92% by weight of styrene

from 8 to 30% by weicght of acrylonitrile and

from 0 to 22% by weight of other comonomers, based
in each case on the total weight of the monomers

to be polymerized.

Moulding composition according to at least one of
Claims 11 to 13, characterized in that it
comprises, based on 1ts total weight, from (.1 to
10.0% by weight of another polymer whose weight-
average molecular weight is hicgher by at least 10%

than that of the {meth)acrylic polymer B)}.

Moulding obtainable from a moulding composition

according to at least one of Claims 11 to 14.



conprises, based on its total weight, fromO0.1 to

10. 0% by wei ght of anot her pol yner whose wei ght -

aver age nol ecul ar wei ght is higher by at |east 10% 35
than that of the (nmeth)acryldi ¢lpol ynmer B). 15.

Moul di ng obt ai nabl e from a noul di ng conposition

accdrdi AP1lsi gty | easeréheIoftcd Giasm115t o dradtedized in

Moul di ng:l@(Ji?OtHénglthd%@' Makb, 5 Chrakaet &l e, §% 3%(5‘?1&1: to

t he noul S cat softeni ng oint to
(B50) of 6;623&33%35) %NI Faflre c% ant]fleE§Ff99€nce at
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