PF 56989 1 Thernoplastic nolding materials based on pol yesters and styrene
copol ymer s pfgggdg ption 5 The invention relates to thernoplastic nmolding
conposi tions, conprising A) from10 to 97.5% by weight of at |east one
‘thernopl astic polyester A, B) from1l to 97.5% by wei ght of at |east one
graft polynmer B conposed of 10 bl) fronl40 to 80% by wei ght of a graft base
composed_OfTifinshiasicafiBibing matgliaTBssckith hiipatere Analstyncpslyfies having from
1 to 8 carbon atons in th al kyl radical,” on ethyl ene/propyl ene, on dienes,
or on sil oxanes, and vvlth a glass tranS|t| on tenperature bel ow 00C, 15 b2)
from 20 to EBwiRtiprwei ght of a graft B2 conposed of b21) from 60 to 95% by
wei ght of styrene or of substituted styrenes 621 of the general fornula I

20 R- C=¢H2 - | ca rogen and R is
acC .a- kylhgai%ngg\r{ %I%S{O thgﬁ(ip'&}'gm?qd'g%; %é%péaﬁén%t E?'ﬁﬁr'slfyqjhese, and 25
b22) from5 to 40% by wei ght of at |east one unsaturated nitrile B22, QO
from1l to . 5%dny 100 ghb%ody wkightesist lcaseoridieemgpiassit ipolyestiepAy mer C conposed
of 30 cl) from60 to 85% by wei ght of styrene or of substitut ed styrenes Cl
of the general fornula or a mxture thereof, and c g rom 15 to 40% by
wei ght of & |ém16%87é&%xwﬁ'amf%%ﬁaﬁw gt poé’B”%PQ 58987t o 50% by

wei ght 16f at | east one copol yner D, obtainable via reaction of dl) from5

to 95% by wei ghyy) 0ffr0ﬁ1t4d % 9 %eld?h%f@@llaﬂ&ia'sé cBRbbSSd ol M Qadishyser Dl
conprising at | east

car boxy, hydroxy, %g)asgiang[&é%qrﬂﬁtgs ﬁ%ﬁﬁ—“ ﬁt%% gon a%np‘ Bgﬁ%/S to

95% by wei ght of atalklv §tcabn@ ethy&ﬁnﬁrm:méqnee opdiepestasonioxanes, and with a
glass transition temperature below 0°C,

15
b2} from 20 to 60% by weight of a graft B2 composed of
b21) from 60 to 95% by weight of styrene or of substituted styrenes B21 of the
general formula |
20
R——C=—=CH,
1 ")
(R),
where R is a Cys-alkyl radical or hydrogen and R is a C+.s-alkyl radical and
nis 1, 2, or 3, or a mixture of these, and
25
b22) from 5 to 40% by weight of at least one unsaturated nitrile B22,
C) from 1t0 97.5% by weight of at least one thermoplastic copolymer C composed
of
30
c1) from 60 to 85% by weight of styrene or of substituted styrenes C1 of the
general formula |, or a mixture thereof, and
c2) from 15 to 40% by weight of at least one unsaturated nitrile C2,
35

D) from 0.5 to 50% by weight of at least one copolymer D, obtainable via reaction of

d1) from 5 to 95% by weight of at least one thermoplastic methacrylate polymer
D1 comprising at least one type of functional groups, selected from epoxy,
40 carboxy, hydroxy, anhydride, and oxazoline, with



-E) fromO to 40% by weight of at |east one filler E, 5 F) fromO to 2% by
wei ght of af dgmgt one organic acid F, G§ fromO to 25% by wei ght of at

|l east one hal ogen-free phosphorus conpound G H) fromO to 45% by wei ght of
ot her additives H, 10 where the entirety of conponents A to H always gives
100% The invention further relates to the use of the inventive

thermopl asti ¢ o) divath 5 ROSPATYLIAN of A1cRL AT RRoRLN bAFESer d21 | o, and

nol di ngs, and otot I'ngs of any t Pol ymer bl ends
conposed of pol yesters and of styrene copol yners, such as ABS

(acryl oni t B)| e-fum 8dé 46%-yt weighteof pblegstears)filler EASA

(acrylonitril e-styrene-acryl ate poI ynmers), have been known for a long tine
(DE-A 27 58,497 845 20. These_prodycts have better dinmensional
st abi | i ?I)l ff?@Dgé%?é’rg%v W%.l ﬁé? smeﬁrﬁﬁﬁcé‘&' ositions are therefore
used espe0| al I y in the autonobi I e sector. The toughness of these products is

unsati sfact@ry fRaeetses5%fiby weightiorbt lebstidng HaRigendire ghaepliopesapsshd @ The
literature therefore discloses various approaches to inproving the

conpatibility of theéghases and materials especially used here are

functi onal iMed femyP & é&adﬂf%@mrﬁotf@@dw“@@b 086, US 4,902,749, US
5,310, 703, Lee P.-C., Kuo W-F., Chang - Pol ymer 1994, 35, 5641) and

reactive aguléafge &g@&t nﬁ)o(mgﬁfs% 7,.:§a§%gs g§}%§l11§0% 352,904, Hage E., Hale

W, Keskkul a, Paul onrrer 97 By way of exanple, F.-C
Chang et. al (Polyner 35, 5641, 1994) describes a nmethod of conpatibilizing
PBT and AB$he£BNﬁn®mfurtee:pt@Iatemhosthauee ofstbd ireentivedtbeinvaplastidinidlding  her e.

Hovever, t bsmbbaﬁodsrroﬁ ,%aba%%%f hﬁer@bfbﬁé 39E rIdib G P Blsolb tie G cant
reduct gﬁn in bility. WD 04/55107 di scloses nol di ng conposi tions

based pmoy%'%sd%fr?gatgée and on styrene copolyners, these conprising a
pol yi socyanat e al ongsi de SAN-MA terpolyners. These nol ding conpositions

exhi bi t i npoywRE bispdg BowpEsddf panesterdbndlbfspguaantagnsndrs, sizhtasHiedi lity. PF
56989 3 '%‘P@ém&f?ﬁﬁ%&%ﬁe %@ré}@ ;gog)ﬁm%E) 6#‘/?8,&? &?ﬁ&r‘iurﬂé‘é{tg%b%rﬁ&eprov' de

nmol ding ¢ rene
copol ymer s Pa¥Oeii kayerbegs kpgyn MIVO“%B‘BS 85(%%?1@%&95&)'551 5 ‘b%%ﬁf)f | owabi lity
and prBées3hbdsd progucts hawe bettr diphgnsidnabstabilitgtitiman payestss t arathestedmblugdy at t he

out set havg,hpeditidria e therétbf @eutpeaRRAh WM ftoMbEildetts. | N the subcl ai ms.

The toughness of these products is unsatisfactory because of incompatibility between
the components.

25
The literature therefore discloses various approaches to improving the compatibility of
the phases, and materials especially used here are functionalized styrene copolymers
(EP-A 284 086, US 4,902,749, US 5,310,793, Lee P.-C., Kuo W.-F., Chang F.-C.,
Polymer 1994, 35, 564 1) and reactive acrylate copolymers (EP-A 573 680,

30 US 4,352,904, Hage E., Hale W., Keskkula, Paul D.R., Polymer, 1997, 38, 3237).

By way of example, F.-C. Chang et. al (Potymer 35, 5641, 1994) describes a method of

compatibiiizing PBT and ABS. SAN-GMA terpolymers are used as reactive modifiers

here. However, the rise in toughness is obtained at the cost of a significant reduction in
35 flowability.

WO 04/55107 discloses molding compositions based on polycondensates and on

styrene copolymers, these comprising a polyisocyanate alongside SAN-MA

terpolymers. These molding compositions exhibit improved toughness but have
40 disadvantages in melt stability.



-Surprisingly, it has been found that reaction products derived fromreactive
PMMVA and fﬁfoéggﬁgl yesters, give in polyesterlstyrene copol yner bl ends, not
only an inproVement 10 in toughness but al so good processability
‘(flowability, melt stability). The inventive nol ding conpositions conprise,
as conponent (A) , from10 to 97.5% by 3wight, preferably from 10 to 93% by
wei ght, ang, in particular.from?20 to 89.5% by weight, of at |east one
hernop! ast w8 BRGE 4 Boject 8FkE prespat pusifoRtto plSiIaice, BhmeRBBbs 0o based
on aromat i evhithcaielpessd P palyeeisrsaand orostyrgne appqiyrasisangwhiehohaye not @nlyy dr oxy
conpound. Aobd k&ighgésitiut efsoljosti dlowabiigandesdaissabiityt hat of pol yal kyl ene
terephthal ates, in particular 20 those having from2 to 10 carbon atons in
t he al cohol noiety. Polyal kyl ene terephthalates of this type are known per
se and ar e Af6QE e the MOIG compositigng definedigb the oHtset haraPeetionpdi ses an
aromati c r iPnefembd einbddimentsarerghrantin¢thessubesims di car boxylic acid. There may
al so be substitution in the aromatic ring, e.g. by halogen, 25 such as
chlorine or, bromne, or b .- CA-al kyl ., suc s, methyl, ethyl, isQ- or

oy opy T, ST t 535 5B e i yracion deiloharveg FoteStal NG aBos ey
be pr epar efrobypalyestars.rgiveainmeitester/dtyceneepplymer bieodsigiot only ahdinprayement or

ot her agt e foRERARY HIEAILY gbby Bfoce¥ddbiitpdfiboRBBiityCmeit Ble@nigyy 30 conpounds in a
manner known per se. Preferred dicarboxylic acids are

2, 6- napht hal enedi carboxylic acid, terephthalic acid and _ isophthalic acid,
and m xt ur é§¢e giventivesaolding qompositings sempiiser ap &BMPORY (Avorfeom H@FP 905,  of

t heI ar f)ma';] weight, prefeoi fram aoitel 93 ety mgmmah@?qsamm!ﬁgjnhm io;:B%%&:Ey_ |
cycloalip r i : adi pic acid, azelaic acid,

sebaci ﬁ aC%?g%t,giégglgE%egﬁ%@gfa}gcEg@@sétggl ohexanedi car boxyl i ¢ aci ds.
Preferred ali phati c di hydroxy conpounds are diols having from2 to 6 carbon
at ons, in TpapblyesibesA)lystdeaird garsgalily thods Bagedaraarentiatid dicarbéxPictaaisdinal |

1, 6- hexanedh gh.alifihtit of aREnaAR&HRIroxylodhouRi Ohexanedi ol ,

1, 4- cycl ohexanedi met hanol and rnieopentyl glycol, and m xtures of these. PF
56989 4 Particularly preferred polyesters (A) are polyal kyl ene

t er epht hal Atfisst aieun ofgveferredpolyestarsdal ittt of peivalkiderfer terapptnaiates. daprteuiat ons.
Among pires thospaialihg Foay 2 & RS €4rBHE Btoir in hevAlBoHo sty et hyl ene ter epht hal ate,
pol ypropyl ene terepht hal ate and pol ybutyl ene terephthal ate, and m xtures of
these. Preference is also given to PET and/or PBT 5 which conprise, as other
nononer unPpYalkyigne teraphtigjaigs of s type afeneminpaiseend@redescribgd Rdhght , of

1, 6- hexanefiterdturanTiheh mainrodimydoniprisep an beomedticaing wiieh gerbes fiotrytha undrestioof t he

pol yest er s 4t Ahokgiic HRRE rAkieYmAalkd Be 'sBAGRuToh AMteCarbMati@ing, e.g. by halogen,

25  such as chlorine or bromine, or by C1-Cs-alkyl, such as methyl, ethyi, iso- or n-propyl,
or n-, iso- or tert-buty!.

These polyalkylene terephthalates may be prepared by reacting aromatic dicarboxylic
acids, or their esters or other ester-forming derivatives, with aliphatic dihydroxy
30 compounds in a manner known per se.

Preferred dicarboxylic acids are 2,6-naphthalenedicarboxylic acid, terephthalic acid and
isophthalic acid, and mixtures of these. Up to 30 mol%, preferably not more than
10 mol%, of the aromatic dicarboxylic acids may be replaced by aliphatic or

35 cycloaliphatic dicarboxylic acids, such as adipic acid, azelaic acid, sebacic acid,
dodecanedioic acids and cyclohexanedicarboxylic acids.

Preferred aliphatic dihydroxy compounds are diols having from 2 to 6 carbon atoms, in
particular 1,2-ethanediol, 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol,

40  1,4-hexanediol, 1,4-cyciohexanediol, 1,4-cyclohexanedimethanol and neopentyl glycol,
and mixtures of these.



-preferably from80 to 160 nmeasured in 0.5% strength by weight solution in a
phenol / 1(%0% %hl or obenzene mxture (in a weight ratio of 1:1) at 25C in
accor dance i t9P8°SO 1628. Parti cul ar preference is given to pol yesters whose
"carboxyl end group content is up to 100 nval/kg of polyester, preferably up
to 50 nmval / kg of polyester and in particglar up to 15 40 nval/kg of

pol yester. Polyesters of this type may be prepared, for exanple, by the
process of Hﬁ?—'&?"ﬁw %ﬁfeﬁg%POWﬁ%e%dABBS?yWO' 'eé‘fe&ﬁﬁ?pbm%é?ﬁ d%f@!@ﬁgfem |y

det er m ned alignediblsrtevingrirame? @ sarben gitoms tAemtrigotivese, \particBir piafereacd is
preferred efith %o A kdrOpRhE] bi Ené RIBIHIRAAteAnd pRlyButididtee of 20
pol yesters?(;}t hﬁth%t Eeg!r?]ﬁp%BT:é ?@rﬁfﬁgsph%ijgigg (%/et 1¥él ene ttﬁ%%gh?r}%}‘%@(PET). The
proportion YEPYRA OPQQFHgE?ﬁé) tsgphrte PATELS A8 SNSERS I, A4t m xture is
pr ef er abl y whigh canB5es #8/0thed ganomenunitar up ul %aby weight 1metesatdsup 19,0.KeYeght |
based on 1®?%dightmi1gslhex@fedse)amﬂér2-tneitr@|-a,l5s;serw@hew.ageous to use recycled
PET materials (also ternmed scrap PET), if appropriate mxed with

pol yal kyl ene terephthal ates, such as PBT. Recycled naterials are generally:
30 1) t hosdNRrvisgASYUIREr of thgwRolvesters i ds aenaialivdp &g range froRiaio 429,

pr oduct i on prefetably frathu 80 g1 glDngesurde irs@ 6 bostrent thchy weightsohdies sn aghemoly. sprues
frominhect. ' ; - ' a5 k4 ' kng or

extr usiqgn, togg&% gé%%ﬁsmlﬁgﬁneﬁﬁe@té?bgﬁg& gf%%d@f ﬁfé%&r’&g@?éz k%ost - consuner
recycl ed mit@r'PaPs: these are plastic itens which are collected and treated
after utilization by the end consuner. Bl ow nol ded PET bottles for mneral

Quant |ty GecuBHproRithde s BREn & AR KhbREAEBYPRIILY SoRER 8 Io 10 Thnd.
o ol onl0p Ve fREReSr bidFER L TP SO BB thabeste B Al beda v e e
mat eri 4Ps 4P avedkaefnoestendaiesters eldhigype mawbe pepeted. Rnexaranle.dvithed using
an extrudeprocébd 6f DB (Y §55 Thé tabesyl Bamgidup gonteslt it LegallPdeadBddy f1 ow,

and neteri ﬂgaetfog]req]%tgﬁstz@@ gé@ﬁﬁoﬁﬂg}?_r ocessing. The recycled nmaterials used

may either formof regrind. The edge |ength should
not be nore than 10 nm preferably |less than 8 mm 5 Because pol yesters
under go hy éadicylartg préfereacageldihgrdongpositionesanpripe( dsieompoteradg.sa mfxturemif st ur e)
1S 20V pabLaclGiiaHaY PERSOF BRNGHE BBl ehdterediifalbRYPRYAITHEDI StUT e

content artér dryi | referab S2% 1n particul a . 0. 05%, .10
Aot her o1 BiAorto A Whenalveliikne (rahiraiale. ok pAA . it EXBER FULEErDor  ved
from up to 50% by weight, in particular from 10 to 35% by weight, based on 100% by weight

of A).

25 Itis also advantageous to use recycled PET materials (also termed scrap PET), if
appropriate mixed with polyalkylene terephthalates, such as PBT.

Recycled materials are generally:

30 1) those known as post-industrial recycled materiais: these are production wastes
during polycondensation or during processing, e.g. sprues from injection molding,
start-up material from injection molding or extrusion, or edge trims from extruded
sheets or films.

35 2) post-consumer recycled materials: these are plastic items which are colliected
and treated after utilization by the end consumer. Blow-moided PET bottles for
mineral water, soft drinks and juices are easily the predominant items in terms of
quantity.

40  Both types of recycled material may be used either as ground material or in the form of
pellets. in the latter case, the crude recycled materials are separated and purified and
then melted and pelletized using an extruder. This usually facilitates handling and free



.aromatic di carboxylic acids and aromati c di hydroxy conpounds. Suitable
aromati c dipresdypgyl i ¢ acids are the conpounds previously described for the
pol yal kyl ene terephthal ates. The m xtures preferably used are conposed of
“from5 to 15 100 nmol % of isophthalic acid and fromO to 95 nol % of
terephthalic acid, in particular from about 80% of terephthalic acid with
20% of iso h equi val ent m xtures of these
two aci ds. m‘?’?lvegfgdr@r?%ﬁlrgfﬂﬁuﬁﬁrwsgﬁﬁp@t&%g preferably have the formula 20
HOZ OH M where Z is an al kyl ene or cycl oal kyl ene group having up to 8
car bon at orfbe regyciedynhaigaals yeedimali @ithergpagelietizetordmiedarm obiegring der bony!|
group, a slkfe magthosHMR ndbEa6ste Har?$0 @, fordferaly I8ssctheBeah, bond, and mis
fromO to 2. The phenyl ene groups of the conpounds may al so have
substitution by C, -C6-al kyl or al koxy groups and fluorine, chlorine or
bromi ne. EREERISEPQEsiRE HRderae Mydalviis CeaYadefievg PrEsesinasdusa te traggs of

di hydroxyblrrmtsmye it is ailvﬁsm)dartowedh?lﬂ)d negldedmateridl. Thbyekidua) plotsiyrie)coytandal

kane, di (R ﬁen&ﬂﬂa e)rat§1§f"<fd %52 mi::r%rﬁyu(amé ggogphenyl ) ether,

di (hydroxyp di( yphenyl su] f oxi de, a, a -di
(hydroxyphenyl)dlalkylbenzene dl(hydroxyphenyl) sul f one,
di ( hydrdxy Benthey bioeta baejentidfed issiatof Audly aramaticlpotirestpos denved feomd al so t he

ring-al kyi @F@ﬁat@rtﬁbarrbé}gfn@a&.agsmh%aﬂ.erdnﬁyaﬁdxg%m%uﬁ&sese PF 56989 6 Anong

t hese, preference is given to 4,4 hyd roxy i phenyl ,
2, 4-di (4' - hydroxyphenyl) - 2- met hyl but ane,
a,a' -di(4- ﬁyﬂab}gymﬁ@tm cngq;qylug@gds)gw tbgﬁgr@n@unds previously described for the

2,2-di (3' - peivaYlede tdnyshtexseBETHY mixtweapeferaiiyf used are composed of from 5 to
2,2-di Qg’ QB %‘B%%f |s|3¥%8f(c¥£)§c? BP{& }rgﬁqpﬁ% mol@’ngf tb%pﬂﬁ\r lé QHB % ptaﬂlcular

from about 80% of terephthalic acid with 20% of isophthalic acid up to approximately
equivalent mixtures of these two acids.

The aromatic dihydroxy compounds preferably have the formula

m

where Z is an alkylene or cycloalkylene group having up to 8 carbon atoms, an arylene
group having up to 12 carbon atoms, a carbonyl group, a sulfonyl group, oxygen or

25  sulfur, or a chemical bond, and m is from 0 to 2. The phenylene groups of the
compounds may also have substitution by C1-Ce-alkyl or alkoxy groups and fluorine,
chiorine or bromine.

20

Examples of parent compounds for these compounds are
30

dihydroxybiphenyl,

di(hydroxyphenyl)alkane,

di(hydroxyphenyljcycloalkane,

di(hydroxyphenyl) sulfide,
35 di(hydroxyphenyl) ether,

di(hydroxyphenyl) ketone,

di(hydroxyphenyl) sulfoxide,

o, o' -di(hydroxyphenyl)dialkylbenzene,

di(hydroxyphenyl) sulfone, di(hydroxybenzoyl)benzene,
40  resorcinol, and

hydroquinone, and also the ring-alkylated and ring-halogenated derivatives of these.



-10 2, 2-di (4' - hydr oxyphenyl ) propane,

2,2-di (3', prdsegsgor odi hydr oxyphenyl ) pr opane,

1, 1-di (4' - hydroxyphenyl ) cycl ohexane, 3, 4'-di hydroxybenzophenone, 15

"4, 4' -di hydr oxydi phenyl sul fone and 2,2-di (3', 5'-dinethyl-4'-hydroxyphenyl)
propane and mxtures of these. 20 It isB of course, also possible to use

m xt ures ofamsignabe) Ippsterches RfNdmbat es and fully aromatic pol yesters.
These generally conprise from?20 to 98% by wei ght of the polyal kyl ene

terephthalate and from2 to 80% by weight of the fully aromatic polyester.
It is, of detnddydroxyBisheiddsible to use pol yester bl ock copol ymers, such as
25 copol yehbedigsirgdmxypiepgirtmeibl/ibutzine, t ype are known per se and are

descri bgd iy th@ ngk e, i i -A 3 651 014. Correspondi ng products
are al sg a\%%glhgd %xgg%éerﬁgfpa?lﬁggmgygg rft%FeI (r) (DuPont). Amounts of froml
to 97.5% by «@igiethAsayrgryrheBRYMEerae: 9°%f conponents A) to H), 30 of a
graft copol2y2vdi{3-chloref’-fydnoxypbery)pfopanéf er ent graft copol yners, are used as
conponent B) in the inventive nolding conpositions. Preferred inventive

nol di ng caqgnpositi.ons .conprise from3 to 50% by wei ght, particularly
preferablyangmaz{'?"@arzt%% by wei ght, of at |east one graft copol yner B,
based 38 the entirety of conponents A to H). 35 The graft polymers B are

conposed of, bdij4 hiyesxashenghsiopanyy wei ght, preferably from 50 to 70% by

wei ght, of ,a_ et i RS S i Al astoneric polymer based on al kyl
acryl ates ﬁgzvflgfgw;)g’sfdr'om ?dlpg&[%gﬁgﬂ%@r oh'catoms in the al kyl radical and with
a gl ass tr dnsHitd-ordrosyRiiepieyclohB e  OTC PF 56989 7 b2) from 20 to 60% by
wei ght, pr éf4édinlytinoxfbeoroBierione50% by wei ght, of a graft conposed of b21)

from 6Qst 0490% Mro‘k?&iﬁl% | QehesLagl y from70 to 85% by wei ght, of styrene or
of 5 subs |t§} %,éﬁyrep%x,s of thﬁ r%ﬁ)neral formula | RCCH2 (R), i I (1)
1 where R P G- @IE MG ThYArNYPRWYIBIWPBE abl y et hyl or ethyl, or hydrogen
and R1

and mixtures of these.

20 Itis, of course, also possible to use mixtures of polyalkylene terephthalates and fully
aromatic polyesters. These generally comprise from 20 to 98% by weight of the
polyalkylene terephthalate and from 2 to 80% by weight of the fully aromatic polyester.

It is, of course, also possible to use polyester block copolymers, such as

25  copolyetheresters. Products of this type are known per se and are described in the
literature, e.g. in US-A 3 651 014. Corresponding products are also available
commercially, e.g. Hytrel® (DuPont).

Amounts of from 1 to 97.5% by weight, based on the entirety of components A) to H),
30 of a graft copolymer, or of a mixture of different graft copolymers, are used as
component B) in the inventive molding compositions. Preferred inventive molding
compositions comprise from 3 to 50% by weight, particularly preferably from 2 to 25%
by weight, of at ieast one graft copolymer B, based on the entirety of components A) to
H).
35
The graft polymers B are composed of

b1) from 40 to 80% by weight, preferably from 50 to 70% by weight, of a graft base
composed of an elastomeric polymer based on alkyl acrylates having from 1 to
40 8 carbon atomns in the alkyl radical and with a glass transition temperature below
0°C



.10 is a C-Ce-alkyl radical, preferably nethyl or ethyl, and nis 1, 2, or

3, % of these, and b22) from5 to 40% by weight, preferably from
15 to 30%@:t |8ht of at least one wunsaturated nitrile, preferably
"acrylonitrile or methacrylonitrile, or a mxture of 15 these. Polyners

whi ch may be used for the graft base bl Are those whose glass transition

200 Exanpl as 1o 2ibc0 Pl SR ke PRVEm o (RS0 BB oA AR 7Y 7 "

acrylic acid, wsPEROseqd0of20 appropriate, may conprise ot her cormnorrer S.

Pr ef erred graft bases bl are those conposed of bll) from 70 to 99. 9% by

wei ght , ra {%}ﬁ Vi ng
from1 to ar E‘jgﬁ.' @c?té’s%\%\‘}? L Fﬁéffﬁatbaj atm?‘5185 éﬁlhﬁﬂtweﬁe %écfrayl ate
and/ or 2- et hyI hék??t't‘%ﬁjﬂyéﬁr@s Oifrheﬁ“ﬁfq{fﬂrﬁ'r” butyI acryl ate as sole al kyl
acrylate bl12) fromO to 30% by weight, in particular from20 to 30% by

wei ght, of another 30 c =£4h| e nonoet hyl eni cal |y unsat urated
nononer, e.g. butadiene, isoprene, styrene, acrylonitrile, methyl

met hacrylate, or vinyl neth her, or a nixtube of these bls) fromO0.1 to
5% by wei ght, preferabl(®)} to 4% by weight, of a 35 copol yneri zabl e,

pol yfunctional, preferably br>or trifunctional, nononmer which brings about
crosslinki ng. Suitabl e bi- or pol yfunctional crosslinking monomers bl3) here

are those whi Chgthe rg?sr Qg;lélbé%‘ﬂ% dd?c% tpY‘é?eraﬁf rhéthgﬁ{? e?rﬁf'o?hﬁdﬁo EfGndR! MOT &,

et hyl eni_c doubl conjugated in
1, 3-podftions. Bakpleskyt raF‘Fa'SG’%@'aB'Y r@ﬁ}hr'&brsﬁwbeag@r'r Ak$R 3nBhdners are

di vi nyl benzene, mktarlequltherml eade, diallyl fumarate, diallyl phthal ate,
triallyl cyanurate, or triallyl isocyanurate. The acryl ic ester of

tricycl odecenyl al cohol has ven, t gul ar dyant ageous

o 0sal 1 ki R BSI0 fap by ety iseebhafon B Yeroh b hebnf ShAeRIERE | o
known per se angsalgated bitrie.ipnefetadly aardenitrie e, methgerylonitrilpEor/a Biktute c858.  Anong
the grasts b2, ypdsaf erence is given to those in which b21 is styrene or
a-nmethyl - 10 styrene or a mxture of these, and in which b22 is
acrylonitrile or nethacrylonitrile. Preferred nononmer m xtures used are
especi al | y Petinesnwhigh dnaydissedifer the graft bagerks g those whese glags Haniion onitril e.
The gr af t stemigerattais halwe! (eCapetgrably elowz@Ci, partiodiady pretaratly $elow -20°C.

Examples of these are elastomers based on C+-Cg-alkyl esters of acrylic acid, which, if
20 appropriate, may comprise other comonomers.

Preferred graft bases by are those composed of

bi1) from 70 to 99.9% by weight, preferably 99% by weight, of at least one alkyl
25 acrylate having from 1 to 8 carbon atoms in the alky! radical, preferably n-butyl
acryiate and/or 2-ethylhexy! acrylate, in particular n-butyl acrylate as sole alkyl
acrylate

bz}  from O to 30% by weight, in particular from 20 to 30% by weight, of another
30 copolymerizable monoethylenically unsaturated monomer, e.g. butadiene,
isoprene, styrene, acrylonitrile, methyi methacrylate, or vinyl methyl ether, or a
mixture of these

bis) from 0.1 to 5% by weight, preferably from 1 to 4% by weight, of a
35 copolymerizable, polyfunctional, preferably bi- or trifunctional, monomer which
brings about crosslinking.

Suitable bi- or polyfunctional crosslinking monomers b+z) here are those which
preferably comprise two, or if appropriate three or more, ethylenic double bonds
40 capable of copolymerization and not conjugated in 1,3-positions. Examples of



b2i and b22 15 The graft base bl of the graft polynmer B is conposed of the

conponent s F%ﬁ?b appropriate bl2, and bl3, and is also terned ASA rubber.
Its preparg 85 Kknown per se and is described by way of exanple in DE-A
28 26 925, DE-A 31 49 358, and DE-A 34 14 118. 20 The graft polyners B may
be prepared by the nethod described in E-C 12 60 135, for exanple. The

construction of th graft (graft shell% of the graft poI ners may involve
one or two st &YHdble SEpspinkngamenergar ﬂ’r‘f@b’@e§¥e§§ed@8ﬂ§'ﬂ lepte BRvbs the graft
shel |, a m xt ufemerfatd, li@aligiphdindate, tribA ceardiréi@ 2o trialtyhsockesiuratel Tretaaylisy wei ght

in the range fre%f@r%tr’ré él@de’i@n?oalco@nbﬁﬁ&r sl eh tofb”éJéTb&ﬂcQeryl Svamiageoud S

pol yneri zed in the esence 0 Ellgf-s f%%@h’g@ , I'n a manner Known per se
(cf., for exa %5 go\mggorggr@ (;b ty in emulsion. 30 In the case
of two- 8t age construction of the graft shell b2, the 1st stage general |y

makes up f ma@tdsk fQra®badyis\Wab@h ber §6 Bheteddried rranbﬂﬁerétoreS@%w wei ght,
based on b%EAI3t1$49@'5%parat|on preferably uses only styrene or substituted
styrenes, a mXxture of these (b2l1). 35 The 2nd stage of the graft shell
general ly rrakes up from30 to 80% by weight, in particular from50 to 75%

by wei ght, Aramgdhe graftla®h preferenon i@iven tosthpseeipawtiath b isustgrene ot troetbgl- conposed
of the 60”9{%‘ %]Tfi&ﬁ‘e gf th%?@ é?)'dtﬁ Wh%ﬁ bgzzlg.’acwbrﬁtritéz& n?éﬁa& bhigidy el ght

vvhlchlsg rom rtl 20 to 70:30.

40 The sel B "ORE BHIPS FaprLateePeriabiEenS foR pralan ?éﬂ?u%ﬁ‘"’ﬁ?@%ss s
pr ef er abl ystycaﬂe andregrylerisilep ahe igedfts age pbinirgbtearia eopalyraerizatiom 50Dcanapar@dtsnm (d50
val ue fromplhggerul ati ve PF 56989 9 weight distribution). Measures for

this purpose are known and are described by way of exanple in DE-A 28 26
925. The seed | atex process can be used directly to prepare a

coar selpar The peafirhasgdn of heqrafppelymenB i3 eprapased of heorwmmparepisddudt s of maxi mum

t oughness, appropsatebl.£andidypaicig etdsSeied ASA aubbiar Xlisusreparbtiat islkaawh pevo gr af t

pol ymer s wi Qnmsfqe%e%g Ay 6 Scicten DOATR ASBE W kY13 ddeoRart i ol e of

t he rubber ar own nanner, e. Vi | omeration, thus
giving the DFAp 4 3Pnodal conposi tion (from 50 to 180 nm and

20  The graft polymers B may be prepared by the method described in DE-C 12 60 135, for
example,

The construction of the graft (graft shell) of the graft polymers may involve one or two
stages.

25
In the case of single-stage construction of the graft shell, a mixture of the monomers
bz1 and bz in the desired ratio by weight in the range from 95:5 to 50:50, preferably
from 90:10 to 65:35, is polymerized in the presence of the elastomer b+, in a manner
known per se (cf., for example, DE-A 28 26 925), preferably in emulsion.

30
In the case of two-stage construction of the graft shell by, the 1st stage generally
makes up from 20 to 70% by weight, preferably from 25 to 50% by weight, based on b..
Its preparation preferably uses only styrene or substituted styrenes, or a mixture of
these (bz1).

35
The 2nd stage of the graft shell generally makes up from 30 to 80% by weight, in
particular from 50 to 75% by weight, based in each case on bs. Its preparation uses
mixtures composed of the monomers b1 and of the nitriles b2z, in a b2i/bae ratio by
weight which is generally from 90:10 to 60:40, in particular from 80:20 to 70:30.

40
The selection of the conditions for the graft polymerization process is preferably such
that the particle sizes obtained are from 50 to 700 nm (dso value from the cumulative



.from 200 to 700 nm. One preferred enbodi ment uses a m xture conposed of two
graft pon %6 th 15 particle dianeters (deo value fromthe cunul ative
wei ght distribution) of from50 to 180 nm and, respectively, from 200 to
700 nm in aratio of from70:30 to 30:70 by vvei ght. The chemi cal structure
of the two graft polyners is preferably 9dentical, but the shelf of the
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st ages. I'ons conprise, as co
from1l to @?3’5‘%959 E\i\élzét?ts 2l’é-?ased on the entirety of components A) to H) of
at | east one copol yner based on styrene or on substituted styrenes, and on

unsat ur at edisebd (s prBEAIseih o dSUeALENR Bk BoBRUDRRA RBBCODL | S©

proport| ons, from3 by weight, “in particular 25 from6 to 35% by
wei ght , 2of @Bﬁ[ﬁ'ﬂ?ent C) based on the entirety of corrponents A) to H).
According to the invention, the copolynmers C are conposed of 30 ¢,) from 60

to 95% by vebglt to dHtah cib@cté dfrnmﬁrﬁ&}ntt&g&ﬁ%’s@yt iWBftehbdvaptagebis RN@sec0s  Of

substitute xture of these, and
c2) from 5% %b%o‘g}or}‘gfag ﬁ‘”"Pﬁ?a'gﬁ?'é#“%r a‘& !?%r’}l &@9@9%{%:’/0 by wei ght, of at

| east one unsaturated nitrile, preferabl y acrylonitrile or

met hacngl offotachlege tHis, ahdrparticles obthe rdher arsenlarfed i o kobymarasinér, aree via

resin-likeg glﬁﬂe@ﬁhaﬁhé grvmgrlﬂef 2binfddafcorfy %ch‘iﬂo%L{r %'éstH%b%@? T

copol yners ar e sed styrene and acrylonitril
a- net hyl st JPEePSRd é‘é‘"ryl onitrile, or of styrene, a-nethylstyrene, and
acrylonitrile. It is also possible to nake 40 simultaneous use of two or

nor e of th@r@%@ﬂebf@@%&b@@tﬁgnt 0sst 2 HHES8 o kwsna;oagr@n 9«'5; PRrdikiggduced as

b

compondht . Beriedeeted (VAN EopdRs el o * B EBa8 800! o
smal | anpuptsanst, respeptively, Tae '4‘9@d@|799fﬁffs irca gatie af frewn’ ¢80 tOs%Q By wgighbe
prepared via free-radical 5 polymerization, in particular via enulsion,

SUS pensi on The ?h%lcﬁfbtrug{ui%g* ﬁﬁﬁ\% &FEW d i rQ(';k pre@?gt%y m\‘ﬁcéf b él'}'eli%lf' nber S

in the range from corr rage nolar masses M
(wei ght-avg}%@@fseo?aﬁ"i%ﬁfai@%’@ﬁrt%a&mmm@ a %rﬁﬂcomﬁﬁ WP s98€onponent
D) pregéent in the inventive nolding conpositions is fromO0.5 10 to 50% by
wei ght, pr% irehitvel hQBing b %Q%#ps\/c r%@tas@cﬂﬁ mnpeytﬂowh@a 0 y- o to

25% by wej Thi nmer [ ctlon from5to
95% by wel t{%@“ &ﬁa?i?%ﬁ]efﬁ'ﬁ@wﬁmwgaé A%k, ‘djh”? %9%0@3?%{ ages
pr ef er abl yof stymreSortan s8b8titbiedsbirestes, and oatnsatarsteconitilesh Brefepddisventive
et hacr yl akRlding compositions comprise proportions of from 3 to 50% by weight, in particular
25 from 6 to 35% by weight, of component C), based on the entirety of components A) to

H).
According to the invention, the copolymers C are composed of

30 «cq) from 80 to 95% by weight, preferably from 70 to 85% by weight, of styrene or of
substituted styrenes of the general formula |, or a mixture of these, and

c2)  from 5 to 40% by weight, preferably from 15 to 30% by weight, of at least one
unsaturated nitrile, preferably acrylonitrile or methacrylonitrile or a mixture of
35 these.

The copolymers C are resin-like, thermoplastic, and rubber-free. Particularly preferred

copolymers C are those composed of styrene and acrylonitrile, of a-methylstyrene and

acrylonitrile, or of styrene, a-methylstyrene, and acrylonitrile. It is also possible to make
40 simultaneous use of two or more of the copolymers described.

These copolymers are often produced as by-products in the graft polymerization



‘15 pol ynmer D1 corrpri sing at | east one type of functional groups selected
from epoxy, ﬁcggggg hydr oxy, anhydride and oxazoline, with d2) from5 to
.95% by wei 5 ef er abl y from10 to 90% by wei ght and particularly
preferably from 15 to 85% by wei ght, of at |east one thernoplastic polyester
D2, 20 where the entirety of dl) and d3p gi ves 100% by weli ght The

net hacryl at e pononers resent Iastlc acr ate r
e ooy o bR B be ™ Eioe b il TORrE A o M omet 2o it
t hese. MvAont srmaliripeynts phiubhernpr ef erred. The net hacryl ate polyner D1 is
particularly preferably conposed of dll1) from80 to 99. 9% by wei ght,

by “vet apt . 10F SRRAVTES Sk o8 Fhalil Srgs B el ofy ) 10 2O
pr ef er aBl y PPYBIRY 'éat!?”t ) %ﬂ"ﬂ%f A et @Wf‘ sHegension, ﬁ&P{“P’& L “rFi‘CtWﬂgJ iZ8tieR 9. 59
by wei ght, Toéy havd essisitpnembeisan thecrapya fremctO toreOmmally; yoaespobdidg tand 35 d13)
fromO0.1 tQyg@¥e MoiGhadies NPr(Weﬁg’h@-eré/ra&é Qfﬂfr%n?m Bod &% B0 BED gfor.and 1N

particular fromO0.5 to 10% by wel ght, of | east one nonomer D13 conpri sing
at | east one type of functional groups sel ect ed from epoxy, carboxy,

hydr oxy, ahhyammwfmmaxztm presen O thiérventiveemeldingresrypasitiond &)frord0.82) and
dl 3) gpveg é@ﬁ%ytwel ;gieterar%ﬁ@@.%&sb% by me.gﬁetdnam Yarat@aPRdn T8 to5%

ner 1o S9N S WO e She MDA o Uoe s et eyl

nononer the ter
used. Fromthe above it is apparent that the functional groups are

pr ef er abl ydi1)1t Ifoeud ed95%tby idight parefenzbty amvileto @ORCIONweight andsgartdulampr opri at e

"reactive" ftS |
pol ymer | zat i onrﬁgig@ ﬁ@&ﬁaﬁbﬁ @ %gngr%r%%ﬁo'%ggpﬁeplgﬁ %rnn%hg%glateExarrpl es
o7 othd? ar yI aPRYTES DHAFRRSYEA ISt URP OHUAESPNBbIRUBR SEBEB PNt [y as
conononer s ar e e@pxyCcérbakik \Hydeny ydratydgdeandpxaZotinea il net hacryl ates, e.g.

nmet hyl 10 acrylate, ethyl acrylate, n-propyl acrylate, isopropyl acryl ate,

n- b:,lt Kl af: gy afrem 5 &O9B% Wbl weight yorefeeably ieasm-ﬂoubQb%atm,rwéigbt@ndrpdnm%rlwcIr yl at e,
cycl ohexyl acr t , _ y

nmet hyl gcr yl at e)b"?é%p g@??ytqﬁé}f&%e@g&t &ﬁYéﬁaﬁﬂﬁh@rﬁQfﬁﬂgﬁﬂy&s@F 22
tert-ba? met hyl acryl ate, n-hexyl nethylacrylate, cyclohexyl

met hyl acr ywher toe edtirdtoofld 1irendhd2) givest 810% by weight.

The methacrylate monomers present in the thermoplastic methacrylate polymer D1 are
preferably methyl methacrylate (MMA) or acrylates, or a mixture of these. MMA is
25 particularly preferred.

The methacrylate polymer D1 is particularly preferably composed of

d11)  from 80 to 99.9% by weight, preferably from 85 to 99.3% by weight and in
30 particular from 90 to 98.9% by weight, of MMA (component D11),

d12)  from 0 to 19.9% by weight, preferably from 0.5 to 14.8% by weight and in
particutar from 0.6 to 9.5% by weight, of at least one other acrylate or
methacrylate D12, and
35
d13)  from 0.1 to 20% by weight, preferably from 0.2 to 15% by weight and in
particular from 0.5 to 10% by weight, of at least one monomer D13 comprising
at least one type of functional groups selected from epoxy, carboxy, hydroxy,
anhydride and oxazoline,
40
where the entirety of d11), d12) and d13) gives 100% by weight.



.15 By way of exanple, reactive nononers D13 which may be used are: - for the

epoxy grou% H%Q%gl dyl nmethacryl ate, isopropenyl glycidyl ether, allyl

gl yci dyl ¥ preferably glycidyl nethacrylate; 20 - for the carboxy
‘group: acrylic acid, nethacrylic acid, preferably acrylic acid; - for the
hydr oxy group: hydr oxyal kyl acryl ates, Rydroxyal kyl met hacryl at es

r ef er abl dro et h - for the_anhydrid car boxylic
By | des THE G4V RRenErer 1 tnbrerE compases Sy siorhe et iia Ry
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(where tapsstiestryiatemsoronirad ¢iné tHe mowym¥rld1.i ch (D13-poor) toward D11-poor
(D13-rich) or vice versa). 35 The average nol ar masses M (vvei ght - aver age)

of the polynmers D1 is usually from 30 000 to 500 000 referably from
40 000 to ﬁ%"’@t?é ohPiRsT aryiaﬁesp%rrm?@amﬂatersr%rﬁ whish msy *""d-cTJ GOO @S The

pol yners Dﬂ:oraoaorpererme é:@l—(bry-dthd)wymmm&—C&—qjkylvmahéorydetes,aejgcraéthyl
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speci fi cat pthykmAthylaceiis 76 9roppEmeathyacy/iate igopromyl methylagylateon-tokyI A 36 31 826,

JP- A 85/ 14 ffeintyiaonglate ety mMéthylabiyRee, naBéshmeriachpste zaicionaxgener al Iy gi ves

ab rat her |§§f‘ﬂ I ion (weight-average/ nunber-average
ratio Rﬁﬁ I'){rl&r %gﬁ&‘%@ Qle ach}rgy&al so be found in Vieweg/ Esser,

Kunst st%ff Handbuch, vol une 9 "Pol ymet hacryl ate" [ Pol ynet hacryl at es] ,
Hanser - VerBagvaMuﬁesdamﬂJ@,?r‘éacﬁ\m roomimerstD 13awvhicnmay pelugegarezat i on gi ves a
rather narrow nolar mass distribution 10 (MMM < 2). Detailed descriptions
of anionic pol rization are found, inter ali
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- for the anhydride group: carboxylic anhydrides, such as maieic anhydride;
- for the oxazoline group: vinyl oxazoline, isopropenyl oxazoline, preferably vinyl
25 oxazoline.

If the methacrylate polymer D1 is intended to comprise various types of functional
groups, use may be made of two or more reactive monomers D13.

30  In the polymers D1, the monomer units D11, D13, and also, if appropriate, D12 may
have random distribution or have a blocked structure or tapered structure (where
tapered means a gradient from D11-rich (D13-poor) toward D11-poor (D13-rich) or
vice versa).

35 The average molar masses My (weight-average) of the polymers D1 is usually from
30 000 to 500 000 g/mol, preferably from 40 000 to 450 000 g/mol, in particular from
45 000 to 300 000 g/mol.

The polymers D1 are prepared by known methods, e.g. via free-radical, group-transfer
40  or anionic polymerization.



and B. Wuillemn, Macronol. Synp., 98, 171 (1995). Another possible nethod
Is livi ng-t@né'éyg'gc pol yneri zati on of the nononers D11-D13 in the presence of
_pol ar aprotic | vents (in particular THF), using al kylithium conpounds as
initiator at tenperatures of from-120 and +20C, preference being given to
the range from-100 to -20C. 20 Suitabl g2t hernopl astic pol yesters D2 are

t hose |i st a [ .CQl e ' L.bl | f ferent
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and A). 25 byeseletinned hepd pelynarizatian. By wayi examelep) isdrsstibechip el cul at ed
from D1 reapéefibatibis Nus,e6905289 pDEHet 2Bl 013, IERALR 882712 WB-AVE6t31 §262f er ence
from20 to ' IaC 9 Ak Sl
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M of  CRpCrahehRIoadmieiat massciiRseN (WRgEF ARG/ PEMDSHAYEToge B0l ubl e cont ent
i s then i sMddled2nfrdritiet dataismeay gleabe fouwrd iv dewegdtsser, Kumstsicil-Harfdtiugeh, sol vent

in vacuo. VH@med Wlﬁn&ﬁéﬁrgﬁief'!F‘%Wrﬁétﬁ@ér?laté%f,%éﬁ?@rli&lMuniEH%?@.aCti0_” of
the nethacrylate pol'yner D1 with the polyester D2 takes place either in

advance, via separate reaction of DI and D2 with one another and m xing of
t he 35 restn eentiast penicraslynmerigation gives arather nagipponelar ;aas distrbution), i f
Spp_r opnpat evi./M, k@) Hbétaileditisseriptionaesr ﬁﬁﬂ@hi@&joiﬁnémbtﬂcbmgeeeurft@ﬁtéﬁ ¥a, inav. ijn Dgi : u
uring pre . [ . n 0
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D t her ef or deWeYoily Lepnda) d893mpi 12010t Morgn “Aapie Sotymsiizaliony PERER®S 40 1n
the case ofind ReadliegfaAabdennie ®cédsoNewrl aakl\ianden, 1988, my. eX3el T, ddP reavin M. bE.
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bet ween Dlaath8. BRillerying Macesmb)l. Symp.t B& 174<89%). Arherayessibteonetbadis lbing-it i s
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25 The degree of conversion of component D)} (quotient calculated from D1 reacted: D1
used) is preferably from 15 to 100%, with preference from 20 to 80%, and in particular

from 25 to 75%. This is usually determined via CH:Cl. extraction:

About 5 g of pellets are suspended in 150 mi of CH2Cl> and shaken at room
30 temperature for 24 h. The soluble content is then isolated and determined quantitatively
after removal of the solvent in vacuo. The soluble content represents unconverted D1.

The reaction of the methacrylate polymer D1 with the polyester D2 takes place either in
advance, via separate reaction of D1 and D2 with one another and mixing of the

35  resultant copolymer D with the other components A to C and, if appropriate, E to H to
give a thermoplastic molding composition, or in situ during preparation of the molding
compositions, by addition of D1 and D2 to the other components of the molding
composition, formation of the copolymer D therefore being delayed until the molding
composition is blended.

40
In the case of the separate reaction in advance, the preferred method of carrying out
the reaction mixes the starting materials D1 and D2, with melting, and keeps the



-1998, pp. 202-211. 15 The copolynmer Dis particularly preferably obtained
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Sui tabl e particu e mnera are anor phous silica, carbonates, such

as
The reaction times — in the case of melt-mixing assemblies the residence times — are

generally from 0.5 to 30 min, preferably from 0.75 to 20 min, and in particular from 1 to
25 10 min. Once the reaction has taken place a known method is generally used for
discharge of the melt, the melt being cooled and pelletized.

in another embodiment, the separate reaction of D1 with D2 to give the copolymer D
takes place via dissolution or swelling of the starting materials D1 and D2 in suitable

30  solvents or swelling agents, and bringing the resultant solutions or swollen substances
into contact. By way of example, the solutions can be mixed at temperatures of from 10
to 200°C.

Examples of suitable solvents for the methacrylate polymer D1 and for the polyester D2

35 are halogenated alcohols, such as hexafluoroisopropanol (HFIP). The solvents are
usually removed after the reaction has taken place, for example removed by means of
a vented extruder.

In the case of reaction in situ, the starting materials methacrylate polymer D1 and

40  polyester D2 are mixed in the usual way with the components A to C and, if
appropriate, E to H, as described at a later stage below under “Preparation of molding
compositions”, whereupon the copolymer D is formed.
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whi skers, aramd fi bers, or preferably glass fibers, are used as conponent
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obtained by injection nolding. The formin which the glass fibers are added
to the ol g BYample of the method for determining particle diameters here records electron

micrographs of thin sections of the polymer mixture and utilizes at least 25, preferably

at least 50, filler particles for evaluation. Particle diameters may also be determined by

30 sedimentation analysis, as in Transactions of ASAE, page 491 (1983). The proportion
of the fillers by weight whose diameter is less than 40 micrometers can also be
measured by means of sieve analysis.

Particularly preferred particulate fillers E) are talc, kaolin, such as calcined kaolin, or
35 wollastonite, or a mixture composed of two or of all of these fillers. Among these,
particular preference is given to talc whose content of particles with diameter smalier
than 40 micrometers is at least 95% by weight and whose aspect ratio is from 1.5 to
25, determined in each case on the finished product. Kaoclin preferably has at least
95% by weight content of particles whose diameter is smaller than 20 micrometers and
40  whose aspect ratio is from 1.2 to 20, determined in each case on the finished product.



.conpositions may be that of short glass fibers in a formappropriately cut
to length, or else nmay be that of continuous-filanent strands (rovings).
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amount of prREBGNENt: by WEIGRG RS 115M% by weighventive nol di ng conpositions is from
0Oto 25% by weight, preferably fromO to 20% by wei ght, in particular

fromO0% by weight (or if present 0.2% by weight) to 15% by wei ght.
Conponent ~ €PMRoReri & is g8 m-Areferabhnigwpnelpadarcwpigliistipgen-free — organic acid.

For the purposes of the present invention, the term low-molecular-weight includes up to
polynuclear compounds, for example up to pentanuclear compounds, in particular
25 monomolecular compounds.

The acids are preferably haiogen-free, i.e. comprise no halogens in their molecular

skeleton. However, acids which have very small amounts of halogen-comprising

impurities are included according to the invention. For the purposes of the invention,
30 theterm acids also includes their hydrates.

It is advantageous to use acids which have no, or only very slight, volatility at the
processing temperatures and, respectively, have no, or only very slight, tendency
toward decomposition at temperatures up to about 320°C.

35
The acids may comprise one, two, or more acid groups, for example up to ten acid
groups.

It is preferable to use organic acids. Either aromatic or aliphatic acids may be used. It is
40  also possible to use aliphatic-aromatic acids. Among the preferred acids are mono-, di-,

and polycarboxylic acids, e.g. palmitic acid, stearic acid, benzoic acid, and substituted

benzoic acids, isophthalic acid, terephthalic acid, trimellitic acid, sulfonic acids, such as



‘15 Any of the known conventional phosphorus-conprising flane retardants can
be used as conponent G It is preferable to use the flanme retardants |isted
in DE-A-40pB%6986 and/or those listed in EP-A 0 522 397. Exanples are
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0% by wei ght (if present 0.4% by weight) to 10% by weight. 40 Oorrponent H
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phenylethyl)phenyl phosphate tris({1- phenylethy{)phenyl phosphate, bisphenyl (1-

methyl-1-phenylethyl)phenyl phosphate, phenyl bis(1-methyl-1-phenylethyl}phenyi

25 phosphate, tris((1-methyl-1-phenylethyi)phenyl) phosphate, phenyl bis(4-(1-
phenylethyl)-2,6-dimethyiphenyl) phosphate, bispheny! 2,4-dibenzylphenyl phosphate,
bisphenyl 2,4-di(1-phenylethyl)phenyl phosphate, and bispheny! 2,4-di(1-methyl-1-
phenylethyl)phenyl phosphate. They can also be used in a mixture with
triphenylphosphine oxide or tri(2,6—dimethylphenyl)phosphine oxide.

30
Other preferred flame retardants are resorcinol diphosphate and corresponding higher
oligomers, and hydroquinane diphosphate and corresponding higher oligomers.

Reference is also made to the phosphorus compounds mentioned in EP-A-0 103 230,
35 EP-A-0 174 493, EP-A-0 206 058, EP-A-0 363 608, and EP-A-0 558 266.

The amounts used of component H are from 0 to 45% by weight, preferably from 0 to
20% by weight, in particular from 0% by weight (if present 0.4% by weight) to 10% by
weight.

40
Component H is other additives.
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particu arly preietably carbon black, mostly used in the form of furnace black or gas

25  black (see in this connection G. Benzing, Pigmente fir Anstrichmittel [Pigments for
paints], Expert-Verlag (1988), pp. 78 et seq.).

According to the invention, it is, of course, also possible to achieve particular shades by
using inorganic chromatic pigments, such as chromium oxide green, or organic

30 chromatic pigments, such as azo pigments or phthalocyanines. Pigments of this type
are widely available commercially.

It can also be advantageous to use the pigments or dyes mentioned in a mixture, e.g.
carbon black with copper phthalocyanines, because the result is generally easier
35 dispersion of the color in the thermoplastic.

Other suitable colorants are described by way of example in R. G&achter and H. Miller
{ed.), Plastics Additives Handbook, 4th ed. 1993, Reprint Nov. 1996, Hanser Verlag
Munich, on pp. 647-676.

40
Mention may also be made of fluorescent plasticizers, e.g. bisbenzoxazoles, triazine-
phenylcumarins, benzotriazole-phenylcumarins, naphthotriazole-phenylcumarins,



.10 nmentioned as an exanple of these copper conplexes. It is also possible to
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1952, 74, 83315%@ %nﬁjse stearates of calcium, of zinc, or of aluminum, or else dialkyl ketones,
25 e.g. disteary! ketone, It is also possible to use ethylene oxide-propylene oxide
copolymers as lubricants and mold-release agents.

It is particularly advantageous to use UV stabilizers and, respectively, heat stabilizers
for polycarbonate and styrene copolymers. Examples of suitable stabilizers are also

30 listed in DE-A-44 19 897. Transesterification inhibitors may moreover also be present,
examples being phosphates, phosphites or phosphonites.

The inventive molding compositions can comprise as component H}, from 0 to 50% by
weight, preferably from 0.5 to 20% by weight, and in particular from 0.7 to 10% by

35 weight, of H2) at least one highly branched or hyperbranched polycarbonate with an
OH number of from 1 to 600 mg KOH/g of polycarbonate, preferably from 10 to 550 mg
KOH/g of polycarbonate, and in particutar from 50 to 550 mg KOH/g of polycarbonate
(to DIN 53240, Part 2), or of at least one hyperbranched polyester as component H3),
or a mixture of these, as explained below.

40 _
For the purposes of this invention, hyperbranched polycarbonates H2) are non-
crosslinked macromolecules having hydroxy and carbonate groups and having both



'H Frey et al., Chem Eur. J. 2000, 6, No. 14, 2499 for the definition of
dendri meri epagghgghyper branched pol yners. "Hyperbranched” in the context of
.the present invention neans that the degree of 10 branching (DB), i.e. the
average nunber of dendritic |linkages plus the average nunber of end groups
per nolecule, is from10 to 99.9% prefdPably from20 to 99% particularly

preferably 0% " FART e |
i nvention rsré{lén}g?a'?%%% H]to%u y%@ﬁ%’frﬁﬁ%*@&éh@ﬁtﬁ% rﬁ@%"gg} b%%-aégel&foorp g%@;‘sfl See H.
Frey et al molgguieingls §ame ey s degdrimagrs; gyt WinonadtioRN Chain Ienath ablhiPee of
br anchi ng" braficbes| Spcerdlpfthéy amaylaim@aDBadheaMrucmrewﬁihn‘urmﬁbsal@BUWti s defi ned
? Zr m'zgaDBngFlo-[‘rrrjg’zoruni Ig % m-%y’totz-nme‘né-thg\rmgé?trr]e-rmészrh'fagifﬁ g ﬂﬁfér%% Hﬂ%ﬁa ng]; units
and L8 ¢ ATSr BRiions, s e P RIS I9BRD 00PT, 3BF< R Thed Rufiibrrol ecul oo
of the respefransas asubbeanitiersy. 2009, G e A4 9y ther ddfisitian lof dendsimeric and
nunber - avehggebrpkRéd paigaedh of from 100 to 15000 g/ nol, preferably from
200 to 12 000 g/nol, and in particular from500 to 10 000 g/ nol (GPC, PMVA
standard). 30 The glass transition tenperature Tg is in particular from-80C
to +140C, prvTeskrapeied” fin dhe -ceptexh off MrcprasebbinypRiéPnt Bepre tha) the siegsen of | n
parti cudar branthingi(BBRS.t the(avERg)e rAimb28 ©f ¢émdribt Nnkad@t Pus thefaw?mgéexumdg?
000, in p el r t , VR Y hgu eggyably
gftfgg i{%gp& %F“rm@cul@,n 335& AP0 ?c!“bfg 5. pF@érfan. kil ¥o PpebeY;

from 200 t i one " is preferably obtainable via a process
whi ch conpPPdigda pqeéeégtglﬁ)rggw 249193 ng steps: a) reacting at |east one
organi c carbonate (A) of the general fornula RO(CO]"OR 40 with at |east
one ?I l phgé_‘lt'lb&\driﬁléri@hi;ﬁtthéééﬂtgﬂ%f_ tife &ése;irrt@f%htri]@q ﬁqbaﬁmtbt B)deyhiecdt has  at

eas I QUPS, | ion al cohol,s 0, iV o) nore
condeni%t eg%éﬁﬁ'j'gg \'/ﬁwf\é\érg ggglctﬁmlgﬂ% g8 rftﬁ%yn%:tﬂ'f’ é?ta% "ot 1@:75?8’%%9 the

st rai ght - cHefintigprofsdemee ohbranghimg"anched al i phatic, aromatic/aliphatic, or
aromati ¢ hydrocarbon radical having from1l to 20 carbon atons, and where

N e L e R A

a whole nu osgene, di phosgene, or
tri phosgene wth abovementioned alcohol (B) with elimnation of hydrogen
chlorige. pp - _L*Z 100 o,

T+Z+1L

(where T is the average number of terminal monomer units, Z is the average number of
branched monomer units, and L is the average number of linear monomer units in the
macromolecules of the respective substances).

25
Component H2) preferably has a number-average molfar mass M, of from 100 to
15 000 g/mol, preferably from 200 to 12 000 g/mol, and in particular from 500 to
10 000 g/mol (GPC, PMMA standard).

30  The glass transition temperature Tg is in particular from -80°C to +140°C, preferably
from -60 to 120°C (according to DSC, DIN 53765).

In particular, the viscosity (mPas) at 23°C (to DIN 53019) is from 50 to 200 000, in
particular from 100 to 150 000, and very particularly preferably from 200 to 100 000.

35
Component H2) is preferably obtainable via a process which comprises at least the
following steps:

a) reacting at least one organic carbonate (A) of the general formula RO[(CO)},OR

40 with at least one aliphatic, aliphatic/aromatic or aromatic alcohol (B} which has
at least 3 OH groups, with elimination of alcohols ROH to give one or more
condensates (K), where each R, independently of the others, is a straight-chain



and 10 b) interrml ecul ar reaction of the condensates (K) to give a highly
functi onal , hly branched, or highly functional, hyperbranched

pol ycar bonﬁFes Q%ﬁere the quantitative proportion of the OH groups to the
‘carbonates in the reaction mxture is selected in such a way that the
condensates (K) have an average of eithgp 15 one carbonate group and nore
than one OH group or one OH group and nbre than one carbonate group. The
starting materi & Piagebedalipha orgaligaiigbatic er agniate Sydiesarben radicy he¥igane,

but or ganrct:) cafrbenates0 aabop laednes, lad Wiesre the2fdicasiR afayt d1so harbhba*d@dl?oor t he
organi ¢ carbona [ t he genera
formul a chqobiﬁéag&%ﬁﬂtgggrr@éﬁlﬁbaéﬂﬁ% E&Egra@bégﬁ%rp?g}sg tgrchar n or
branched aliphatic, aromatic/aliphatic, or aromatic hydrocarbon radi cal

havi ng bfrom 1 &b) Pacting bbms@herrﬁpho‘ﬁlgene,\m tnipabs gerieswikh amvem&mﬁorhmi/e bondi ng

to one another LRKQYB) ¢ih @lifhindfon Jﬁ}ﬁ/dlﬁcig@h%ﬁlontié preferably an aliphatic

hydr ocar bon radi cal, ‘and particul arl preferably a straight-chain or
branched al kyl radi cal havi ng from 1 to 5 carbon atons, or a substituted or
unsubstituesd phenyl radical. In particular, sinple carbonates of the

formul a RO(CO)nCRare used; nis preferably 30 from1l to 3, in particular

reacti 4 of ex?ﬂpk??f@m%ra“ atiof o tlg cGReRIARS %) WHiyBe RERRSdgnol™ "
nmonoal cohols whighly @%C@?ﬁemh'gfﬁ!éﬂmﬁwaalW@e’@éarﬁhé‘#)ﬁﬁlé‘@a"ﬁ?"%y of oxrdatrve

carbonyl ation of the al cohols or 35 phenols by neans of COin the presence

of noble I |4 1 or
diaryl or |y erne ERBRuP brbRon' ) e bl o 1AL EBfLR o R ko

| ndustri al Mo '§t39§?°ted6f‘ FugprYdnt a?@W"EF’%’&%%‘%(’@ 'ﬁé?é‘é‘s@’ef %er plagjther

W | ey- V&EH. on&xarhohete grbup and awdre thar boa &1k graapnprérseO8l grphptand , more than
aromat i ¢/ abh@BbabbRate'grafpPmati ¢ 40 carbonates, such as ethylene carbonate,
propyl ene 1, 2- or § carbonat e, di phenyl carbonate, ditolyl carbonate,
di xylyl carbonate, drna ht hyl carbonate, ethyl phenyl carbonate, dibenzyl
car bonat e, Th¢ mrrng "f‘@éﬁf&) waed canicempyise ohpIgENat diphasganeppl tRosEIeY bRl

car bonat e, o@ghld;’[dﬁ}'bdh@fé@(ﬁ’ﬂ@.bﬁbfey%dﬁ@-@utw carbonate, dipentyl carbonate,
di hexy carbonat e, dicycl ohexyl carbonate, diheptyl carbonate, dioctyl

car bonat e, _di dEC¥ carbonat e, or didodecyl carbonate. 5 Exanpl es of
car bonat esEpsh hienradicals B efalherorpanin cerbapatssi @e %Pﬁlaéyﬁaﬂi“@af'@féﬁa'té%d such
as di (tert hdwitigythe ghinerd formateROMCO MR ESS Hdependemitth o thicasthers g btraight-chain

di (tert-bubybhnctidd AiBhQR8fdnatic/aliphatic, or aromatic hydrocarbon radical having from 1
to 20 carbon atoms. The two radicals R may also have bonding to one another to form
25 a ring. The radical is preferably an aliphatic hydrocarbon radical, and particularly
preferably a straight-chain or branched alkyl radical having from 1 to 5 carbon atoms,

or a substituted or unsubstituted phenyl radical.

In particular, simple carbonates of the formula RO(CO).OR are used; n is preferably
30 from 1to 3, in particular 1.

By way of example, dialky! or diaryl carbonates may be prepared from the reaction of
aliphatic, araliphatic, or aromatic alcohols, preferably monoalcohols, with phosgene.
They may also be prepared by way of oxidative carbonylation of the alcohols or

35 phenols by means of CO in the presence of noble metals, oxygen, or NO,. In relation to
preparation methods for diaryl or dialkyl carbonates, see also “Ullmann’s Encyclopedia
of Industrial Chemistry”, 6th edition, 2000 Electronic Release, Verlag Wiley-VCH.

Examples of suitable carbonates comprise aliphatic, aromatic/aliphatic or aromatic
40 carbonates, such as ethyiene carbonate, propylene 1,2- or 1,3-carbonate, diphenyl
carbonate, ditolyl carbonate, dixylyl carbonate, dinaphthyl carbonate, ethyl phenyi
carbonate, dibenzyl carbonate, dimethyl carbonate, diethyl carbonate, dipropyl



Jdt is preferable to use aliphatic carbonates, in particular those in which
t he radi cabgssgggcorrpri se froml to 5 carbon atons, e.g. dinethyl carbonate,
di et hyl carbonate, dipropyl carbonate, dibutyl carbonate, or diisobutyl
"carbonate. The organic carbonates are reacted with at |east one aliphatic
al cohol (B) which has at least 3 OH gr@ups, or with m xtures of two or nore
di fferent S. 4 (o] ¥ u i I re gr oups
conpr | se. oFyeenar: Syt SHER R SRIRP, BHbas) bty GBtonie itk
Cri et hyl oFFPENAIRe dicycishaxyl) gatherate o dinerty} | arpataie x JREV N FRsboRRlce didecy
t ri s( hydr oggreohste) errdidoglecylrdag{dmath. oxypr opyl ) am ne, pentaerythritol,
di gl ycerol, triglyerol, polyglycerols, bis(trinethylolpropane), 20
tris(hydroxynmethyl) isocyanurate, tris(hydraoxyethyl) .isocyanurate
bt o 05 uc ERATPISY o cnRglad i len. s 4rrdiet BR0GH ol SfREH fcBionates,
phl or ogl ucpirss ashéditgrybittk dicerbanate, orl dilisd pidperdaeates.msuetaras diltert-autyl)
-tris(4' - hydameyptaenyl ) nethane, 1,1, 1-tris(4'- hydroxyphenyl)ethane, or
sugars, e.g. glucose, trihydric or higher polyhydric polyetherols based on
trihydric or higher polyhydric alcohols and ethyl ene oxi de, 25 propyl ene
oxi de, or Bue )Plr%ﬂ@blﬁdod\é?e glirhadie yrashanalnss in particilgl thasegp eyiiste fige raACals ven
here 1t® gtomprise fronh niteétcaydonl atdrhaneg. dimethgt darbarighe, ajiethg catboBaté; biptapyet ri ol ,
pent aer yt héérb%atea&ﬂ;wl%a%nfar@'of dﬁ&b}bﬁ%ﬁ‘fﬁ&#ée.based on et hyl ene oxi de or

al coho

propyl ene oxi de. These polyhydric s may also be used in a mxture
with dihydric alcohols (B'), 30 with the proviso that the average total OH
f unct i onal The otganigl darwinatdscaralreadied withatapisonegaliphatka alcohoh (B), witighhps b of

sui tabl e CRERBIOFSGrH@, BEwitNPhikelled P HRS o CABRY difGrentdiédtorne gl ycol
di et hyjlfne glycol, triethylene glycol, 1,2- and 1, 3-propanediol,
di propyf ene glycol, tripropylene glycol, neopentﬁl glycol, 1,2-, 1,3-, and
1, 4- but anelixanples 10f2 compognds dyaing, Bt peastaftsee oPH 19EURSe §PBPrise glycerol,
(1; _ycl( 2 pﬁnéI ametttglicimeirzhehex arlﬂﬁdﬁhﬂble_t%epyc I tﬂdmemmﬂ?pateh, anot,2,4-butanetriol,

i s(4-hydr ane, . - ycl o -
2, 2-bi s( 4ﬁ'§%&§§0&@?§ﬁh§é@f}pr O&g%(é?ér?x&éiﬂﬂaﬁ%& QEWQ)&E«B%B%amme,
hydr oxyphe?\%]tﬁe-‘ hatoh_ ¢  ighssaioh cy MIBY¥RERane POEYERlsnol PisiijEelyiniRigrane).
4, 4' - dethy diristhypoepyethybi sgobyanwsatey d trisiyyuinexyethyl) s usddyeeyratei, s palonygluangtphenyl )
b1 S( pr Dy e LR FR Lol e NI ROYTBIIRY. DERTBRRybenzone,
2, 2-bi s( p-ﬂg&%@é'ﬁ%‘ﬂ??ﬁhaﬁplobane?'qf,’éi%{%}’é?ﬂyfﬁﬁﬂg%Q%;Earﬁfhen;/I Jdyktiskexane,
di hydr oxy bessiregyhbermhethade hyatr ispigpist yeghegiupesey ofriytic eer drighest pplybydricoxi de,
pr |0IO¥| enehﬁaf'éillﬁeroﬁubé/de‘argn Qﬁhﬂil?ic t@lf hiyhit ﬁo%?drﬁﬁ tald&ﬂlé@ arkef eﬁ@%&%d_aiilde, q
pol y ahydr of ur an. po rol act one r st erol s .on diols an
R e B8 | EPIE Bde, 2R G Re0:004. 32 pPigﬁstFFOﬁﬂse%aI%&%é%f?%i?g (v B e
of the poltpEhcsemdrimethyfolethangd tirgethylolpropane, 1,2,4-butanetriol, pentaerythritol, and

also their polyetherols based on ethylene oxide or propyiene oxide.

These polyhydric alcohols may also be used in a mixture with dihydric aicohols (B),
30  with the proviso that the average total OH functionality of ail of the alcohols used is
greater than 2. Exampies of suitable compounds having two OH groups comprise
ethylene glycol, diethylene glycol, triethylene glycol, 1,2- and 1,3-propanediol,
dipropylene glycol, tripropylene glycol, neopentyl glycol, 1,2-, 1,3-, and 1,4-butanediol,
1,2-, 1,3-, and 1,5-pentanediol, hexanediol, cyclopentanediol, cyclohexanedio,

35 cyclohexanedimethanol, bis(4-hydroxycyclohexyl)methane, bis(4-
hydroxycyciohexylethane, 2,2-bis(4-hydroxycyclohexyl)propane, 1,1’-bis({4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane, resorcinol, hydroquinone,

4,4’-dihydroxyphenyl, bis(4-bis(hydroxyphenyl) sulfide, bis(4-hydroxyphenyl) sulfone,
bis(hydroxymethyl)benzene, bis(hydroxymethyltoluene, bis(p-hydroxyphenyl)methane,
40  bis(p-hydroxyphenyl)ethane,  2,2-bis(p-hydroxyphenyl)propane, 1,1-bis(p-hydroxy-
phenyl)cyclohexane, dihydroxybenzophencne, dihydric polyether polycls based on
ethylene oxide, propylene oxide, butylene oxide, or a mixture of these,



‘5 al cohols are used, the ratio of dihydric alcohols B') to the at |east

di hydric aﬁl_g(%%bg (B) is set by the person skilled in the art as a function
~of the des operties of the polycarbonate. The anount of the

al cohol (s) (B') is generally fromO to 39.9 nol% based on the total anount
of all of the alcohols (B) and (B'). Thgzanmount is preferably fromO to 35

nmol % particul ar eferably fromO to 25 | % . and very particul arl. 10
v et or ot y PPVTtabYBfuRes rEiaerola g of paNe TR o e ol G B GAtb by

tri phosgenécidbt h the al cohol or al cohol mixture generally takes place with
elimnation of hydrogen chloride, and the reaction of the carbonates with

the al cohok., or.. |, mixture to give the ipventive hi ti 15
i ghiy  br iRty SEE DS Hiet ol o fre BEpLAKE Yok pBl BRIl RRRE T2
al cohol 3 oplcpheinare psasinthenetie of Bbwdiealsphae Bdo theat IsagfiripydrigalaoheisdB) hi ghl y
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acet at ¢y BRSNS 0 RFAS AbRy. tetrahydrofuran, dimethyl formam de,
di met hyl acet am de, N-nethyl pyrrolidone, ethylene carbonate, or propyl ene

carbonate. 25 For the purposes of this invention, a highly functional
pol ycar bon&be reactignpefophasgengi diphosdensi aedrinhosgens Mﬂiha‘gé YeAPh S viHERX®! f or m
the pol ymemigdirel gherally takek pRicevath @imih&rdtof hiyfogen cRlalie vl te adadtionst Si x,
ror e Pr ef it dadsSAfH thb Efonb BBl AhaRENIANE thd HIGHHE AU AbRSa) The
uncti onal "groups are carbonate groups and/ or_ ©H groups. ere’ls In
princi ﬂﬁ e h'@h'éf;ﬁi%’ﬂcheésqqlﬁcé‘fqoﬁﬁtedﬁk?%B'aﬁ‘ﬁlf‘f‘ﬂf@re"ﬂf'“qt'ﬁ@ Qfé*PWPhW'Cp%‘Pﬂth
funct i onal ogpreunpkfrorhdite garbochaté soevleng a very hi gh nunber of functional
groups can have undesired properties, such as high viscosity or poor

solubilit The, hi.ghl.y functi ona ol ycar bonat es of, .t resent i nvention
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condensat e2-PKiANoRS Ay aestaten bulyl acatatagmetioxgrop acelate, athewatyl apadetp. or

car banoyl gtramadréfdthnTaintethyRimanricCimedhdatetanidenNN-ridth gpatihdans] amyiend han

one carbon [ roup. The sinplest structure of the
condenzssat e@% r%%%gg%d%gF%g%%begnate (A) and a di- or PF 56989 23

For the purposes of this invention, a highly functional polycarbonate is a product which,
besides the carbonate groups which form the polymer skeleton, further has at least
three, preferably at least six, more preferably at least ten, terminal or pendant
functional groups. The functional groups are carbonate groups and/or OH groups.
30 There is in principle no upper restriction on the number of the terminal or pendant
functional groups, but products having a very high number of functional groups can
have undesired properties, such as high viscosity or poor solubility. The highly
functional polycarbonates of the present invention mostly have not more than 500
terminal or pendant functional groups, preferably not more than 100 terminal or
35 pendant functional groups.

When preparing the highly functional polycarbonates, it is necessary to adjust the ratio
of the compounds comprising OH groups to phosgene or carbonate in such a way that
the simplest resultant condensate (hereinafter termed condensate (K)) comprises an
40 average of either one carbonate group or carbamoyl group and more than one OH
group or one OH group and more than one carbonate group or carbamoyl! group. The
simpiest structure of the condensate (K) composed of a carbonate (A) and a di- or



.pol yal cohol (B) here results in the arrangenent XYn or Y'X, where X is a
carbonate pgrapaRg Y IS a hydroxy group, and n is generally a nunber from1l
to 6, preferably from1 to 4, particularly preferably from1l to 3. The
‘reactive group which is the single resultant group here is generally terned
"focal group" below. 5 By way of exanpl@ if during the preparation of the
si npl est CBBI?&IE@W&E ?Bgﬁeref rregmt@m fard E?neﬂpﬁYa oF“YthW Qreaj(‘?é’réoéarﬁ&?ate

reaction rat aver age.res

st rat el Vi GUBILETI, AT MIOTSTRYY Faree T QOB NRBRTSEH o
OROH1 4, maﬂm@rwrpeefpr@paﬁrmndn Jffhe rneecmmergmarvmcr( ig)thé sivglearesualtdanbnat e
and a tri hytéupherd @,cgyﬁbra” érlrﬁea ‘-foggc%blgm Hefdw 0 of 1:1, the average result is
a nol ecul e of XY2 type, ustrat ed the general fornula 2. A carbonate
grouprsfocal group here 15 0 - RO—IRNOO—IROOAR+HOR‘ O-OOR 2 OH
OH During By eaypeleprd@nanie.oih dufing e pisnaeayontad tb@(ﬁ'@ﬁ*@ﬁh@"é%’r%ﬁﬂkf@ﬁdﬁ a
tetrahydri carbahatehad al dikgdticsalcond! thé readtieaciations riat,i the lavieradeh eestiteisage

result is g @L%%fl)frolgée>ﬁYl§tr%%dt%QEe gb}bérggoﬁ%,%q by the general fornula 3. A

car bonat e group rou H- RHR) 1H RR+ RL ~O
O OH3 HOOHOH R in the forrrulae 1-3 has the defipition given at the
outset, and Rlg s an aliphatic or 25 aromatic radigal. The condensate (K)
may, by vva of exapgpl e, also be prepar&@"from 8\car nate and a trihydric
al cohol 8¢ at et byOtTtR—@her al Tornul a 40t he @orB—C@kactli on ratio
bei ng 1 1% 1 the average result is a nol ecul e of X2Y type, an OH group
bei ng focal group 30 here. In fornmula 4, Rand Rl are as defined in

f or nul ae 1B@ring’HheSEBpsratidn 6F Re dOnfkhsale ROHIdDh \a@aZbdriAfe-6RY 4 thiGrdRc ditotot' 4

O < with a reaction ratio of 1:1, the average result is a moiecule of XY type, illustrated by
the general formula 2. A carbonate group is focal group here.
15
0 OH 0 OH
/[L / - ROH R\ /[L (
R AR+ HO—R —_— O 0—R 2
O 0O \ \
OH CH

During the preparation of the condensate (K) from a carbonate and a tetrahydric
alcohol, likewise with the reaction ratio 1.1, the average result is a molecule of XY;
20 type, illustrated by the general formula 3. A carbonate group is focal group here.

0
OH
JoL HO\ /OH - ROH R /LL y
R\o R+ , ( _— O O—R\‘—OH 3
HO ©OH OH

R in the formulae 1-3 has the definition given at the outset, and R' is an aliphatic or
25 aromatic radical.

The condensate (K) may, by way of example, also be prepared from a carbonate and a

trihydric alcohol, as iliustrated by the general formula 4, the molar reaction ratio being

2:1. Here, the average result is a molecule of XzY type, an OH group being focal group
30 here. Informula 4, R and R? are as defined in formulae 1-3.



‘O-R If difunctional conpounds, e.g. a dicarbonate or a diol, are al so added
to the co s, this extends the chains, as illustrated by way of
.exanple in the general 5 fornula 5. The average result is again a nolecul e
of XY2 type, a carbonate group being focal group. OH HOR 0 O\OH -3ROH
Il OOORROH 2 ROAOR+ R~,R~- HOZR? OH OO OH 10 In formula 5, R2 is
an organic, preferably aliphatic radical, and R and Rl are ax>e& i ned
above. It is also possible to use two or nore condensates_( for the
synthesis. Use may be nmde here Hstly_QfR@prvo or nore gtfcorols or of two
or nore carzbormate Mxt upesgf 15 vari ous_condens s f di@f ereny

structure €an m&eo@r be obt aj ned via sel ection of ati @of the

al cohol s used and of the carbonaté&¥or of the phosgenes. Jghis may be

expl ai ned taking the exanple of the reaction of a carbonate Wth a trihydric
al cohol. If the starting materials are introduced in a rati PoR 1 1, as

illustrated in (Il1), the result is an XY2 nolecule. |If the starting

materials gr erfdrrar.a %%duﬂdg reagt'é) dréaraor;lat@sor' L H.%r rérfeegrsbna&%d( ko/)the t hE

result is an X2Y cul e result is
Sty e COPRTS 5 s ot fraled S Mt oY S Rele Pone SeRaL o &
condensat eforinla T dberavbrage hgsulidy apainexanmptee ioh XYt typef @ canbbaate r@up being
preferenti @chygroggct internmolecularly to formhighly functional 25
polycondensates herei nafter ternmed pol ycondensates (P). The reaction to
gi ve the condensate (K) and to gi t he pol ycondensate (P) usually takes

pl ace at a tenperature of fronr 0 250C, preferably from60 to 160C, in
bul k or in solution. nerally be made here of any ofgthe solvents
which are inert wth respect tO\Eﬁh respegid ve starting nater| al s.
Preference is givgn to use of or ic solvents, e.g. .30 decg , ~gedEcmie,
benzene, tol urge,  chlLmrrobenzene, xylene, dlnethylforﬁhnlde
dlnethylacetanlﬂe or sol vent napht ha. PF 56989 R5 referred

enbodi ment, the condensation reaction is carrred ot The pheﬁ%l or
t he nDnohydrrc al cohol ROHHOMRT=®Ed during the reactron ca e renoved by
distillation fromthe reaction equilibriumto accelerate the reaction, if

appropj (5 atf, ﬁquIa 5, RZ is an organic, preferably aliphatic radical, and R and R' are as defined
above.

It is also possible to use two or more condensates (K) for the synthesis. Use may be
made here firstly of two or more alcohols or of two or more carbonates. Mixtures of

15  various condensates of different structure can moreover be obtained via selection of
the ratio of the alcohols used and of the carbonates or of the phosgenes. This may be
explained taking the example of the reaction of a carbonate with a trihydric alcohol. If
the starting materials are introduced in a ratio of 1:1, as illustrated in (ll}, the result is an
XY2 molecuie. If the starting materials are introduced in a ratio of 2:1 as illustrated in

20 (IV), the result is an XY molecule. If the ratio is between 1:1 and 2:1 the result is a
mixture of XYz and XzY molecules.

According to the invention, the simple condensates (K) described by way of example in
the formulae 1-5 preferentially react intermolecularly to form highly functional

25 polycondensates, hereinafter termed polycondensates (P). The reaction to give the
condensate (K) and to give the polycondensate (P) usually takes place at a
temperature of from 0 to 250°C, preferably from 60 to 160°C, in bulk or in solution. Use
may generally be made here of any of the solvents which are inert with respect to the
respective starting materials. Preference is given to use of organic solvents, e.g.

30 decane, dodecane, benzene, foluene, chlorobenzene, xylene, dimethylformamide,
dimethylacetamide, or solvent naphtha.



.reduced pressure 5 1If renmoval by distillation is intended, it is generally
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preferable to use pot assi um hydroxi de, potassi um carbonate, potassium
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st annous dfelysta er, ceialwsidnixmeww;almbe arded:to aecaigratethe seaatinny Suitables The

amount 1®f  eRbRbSdre IORPOBHYY WA eshtdiyzel eaNiRBtidM ol BaREitdrifbatity MaEEIHs,
pref er abl ye f LR H20 |thgﬁa9(%gs p:ﬂgglp%ef’é? E%bnatggsﬁgahbﬁe{arﬁycﬁggt%ﬁ%rbﬁnﬁ e@e

al cohol Sure“orat 0 poss
i nt er nol ecB’Ie&?"aﬁ?Jbl 9fc sAdiERs o9fi GAtasaiE | oh ofi eeshti teriary opmings. tv@nisinegabl e

cat al yst oamelomenvi eorapdiecis] ophasbhanismi tcabipeubdsyperganoaminiime, aorgammdie,

nol ecul ar f r t he
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conden te‘gh?tK)areaﬁao‘f”P\easp Eéty@%'g? F‘P%)eﬁéﬁagfatsate AR EFERE T35
t enper at ur BE&I04 382 16adr BE 30114:7[762at roomtenperature for a relatively |ong
period. The nature of the condensates (K) perm'ts pol ycondensates (P) with

di fferent structu t9 result from n atl n ction, havi ng
br anchi ng Bul® HCRPBs P HES e o VaFES O PSS  polaiEtin
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25  The amount of catalyst generally added is from 50 to 10 000 ppm by weight, preferably
from 100 to 5000 ppm by weight, based on the amount of the aicohol mixture or alcchol
used.

It is also possible to control the intermolecular polycondensation reaction via addition of

30 the suitable catalyst or else via selection of a suitabie temperature. The average
molecular weight of the polymer (P) may moreover be adjusted by way of the
compasition of the starting components and by way of the residence time.

The condensates (K) and the polycondensates (P) prepared at an elevated
35 temperature are usually stable at room temperature for a relatively long period.

The nature of the condensates (K) permits polycondensates (P) with different
structures to result from the condensation reaction, these having branching but no
crosslinking. Furthermore, in the ideal case, the polycondensates (P) have either one
40 carbonate group as focal group and more than two OH groups or else one OH group
as focal group and more than two carbonate groups. The number of the reactive
groups here is the result of the nature of the condensates (K) used and the degree of



riple internol ecul ar condensation to give two different pol ycondensates
( P), 5 represented in the general formulae 6 and 7. OOH OO-OOR O OH R
OH- 2 ROPFFGEEB®MD-RL 3 OOCR RI\ " OOHOH6 OH 0O OHOOHO~OR- R 2 ROH
‘ROH7 3~-O00RL 1-00"OR OHOHO-OR OH O10 In formulae 6 and 7, R and
R1 are as defined above. There are variiéjs ways of term nating the
i nternol ecul ar pol ycondensati on reacti ofiY By way of exanple, the
t enper at ur polg@ondeasdtioner ed to a range where the reaction stops and the
product (K) or the polycondensate (P) is storage-stable. 15 It is also
possi bl e tgQ deactivate the catal for le inthe c of basic
cat al ysts 8%""5‘%&5&?‘?%&? 8reongsh Yea@?)c?é’c%ﬁd‘”ﬁrtg%b@ng%ffra'sfo"‘i‘ﬂa?rﬁ?@ﬁ@?d via
enbodi nent {ripkes ipteonolasulahecandessatohednl giver dact different polgcadledsateat ) K) 20
has pr @uc%r&ea@ﬁﬁq@w%,%maé/\ggm the desired degree of
pol ycondensation, a product having groups reactive toward the focal group
of (P) may be added to the product (P) to term nate the redgttion. r
exanple, in the case of a carbonate group as foc groupp ay of
exanpl e, a nono- podi-, pol yam ne may be added. J| n the/case of & hydroxy
group as foq.al o’lEr , Way.mo;qxarrpl e,oa nono®; diro—d&' pol yi socy te, 25
or a corrpoynd © Dsupg epoxy—gr ouPs an ac’l d deri vat\io(.p whi ch reacts
with OH groups, can be™added to the Qrodu _(32) The inventive highly
functional polycarbonates are nostly prepared i ™4 he pressure range from
0.1 nbar to 20 bar, preferably at from1 nbar to 5 bar, in reactors or 30

reacti on cascades which are operated batchw se, sem conti usly, or
continuously. The inventive products can be furthé\&\procqssed wi t hout
further purificatyon aftef their PF 5698% o O—R<on
R\ / -@}1 R JJ\ / 7
3 0 O—R] o O0—R'
N \ OH
OH 0 O—R(
77/ \OH
O

10  Informulae 6 and 7, R and R are as defined above.

There are various ways of terminating the intermolecular polycondensation reaction. By
way of example, the temperature may be lowered to a range where the reaction stops
and the product (K) or the polycondensate (P) is storage-stabie.

15
It is also possible to deactivate the catalyst, for example in the case of basic catalysts
via addition of Lewis acids or proton acids.

In another embodiment, as soon as the intermolecular reaction of the condensate (K)

20 has produced a polycondensate (P) with the desired degree of polycondensation, a
product having groups reactive toward the focal group of (P) may be added to the
product (P) to terminate the reaction. For example, in the case of a carbonate group as
focal group, by way of example, a mono-, di-, or polyamine may be added. In the case
of a hydroxy group as focal group, by way of example, a mono-, di-, or polyisocyanate,

25 or a compound comprising epoxy groups, or an acid derivative which reacts with OH
groups, can be added to the product (P).

The inventive highly functional polycarbonates are mostly prepared in the pressure
range from 0.1 mbar to 20 bar, preferably at from 1 mbar to 5 bar, in reactors or

30 reaction cascades which are operated batchwise, semicontinuously, or continuously.

The inventive products can be further processed without further purification after their
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Long- chai nra%'ca%,l begs?acgs%%/ldrsoxy groups, carbonate groups or carbamoyl groups. Exampies of
compounds which may be used for modification by means of carbamate groups are
ethanolamine, propanolamine, isopropanolamine, 2-(butylamino)ethanol, 2-(cyclo-

30 hexylamino)ethanol, 2-amino-1-butanol, 2-(2’-aminoethoxy)ethanol or  higher
alkoxylation products of ammonia, 4-hydroxypiperidine, 1-hydroxyethylpiperazine,
diethanolamine, dipropanolamine, diisopropanclamine, tris(hydroxymethyl)amino-
methane, tris(hydroxyethyl)Jaminomethane, ethylenediamine, propylenediamine,
hexamethylenediamine or isophoronediamine.

35
An example of a compound which can be used for modification with mercapto groups is
mercapioethanol. By way of example, tertiary amino groups can be produced via
incorporation of N-methyldiethanclamine, N-methyldipropanolamine or
N,N-dimethylethanolamine. By way of example, ether groups may be generated via

40 co-condensation of dihydric or higher polyhydric polyetherols. Long-chain alkyl radicals
can be introduced via reaction with long-chain alkanediols, and reaction with alky! or
aryl diisocyanates generates polycarbonates having alky!, aryl, and urethane groups or



‘can be introduced via reaction with | ong-chai n al kanedi ol s, and reaction

wi th al kyl aryl diisocyanates generates pol ycarbonates having al kyl,
caryl, and B?éﬁﬁﬁ%e groups or PF 56989 28 urea groups. Ester groups can be
produced via addition of dicarboxylic acids or tricarboxylic acids, for
exanpl e, dimethyl terephthalate, or triggrboxylic esters. 5 Subsequent
functionalization can be achieved by using an additional step of the pro-
cess (stepU®R9P¥S eact the resultant highly functional highly branched, or
highly functional hyperbranched polycarbonate with a suitable
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al kyl ey ox porttd- €t hyl ene oxide, propylene oxide, or butylene oxide. A
great advantage of the process is its cost-effectiveness. Both the reaction
to give a condensate (K) or polycondensate (P) and al so the reaction of (K)
or (P) to Byvwaypof yexanmeatteghiyv funciaanaér higoig c bramehed.grasupighty fehetiomat s can
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terns of c

compri ve. SemeHERATHETY agd bl B eoTRIRES LERAR SBIbERL T oy
type, Wer%xa&ﬂplﬁ Palycsr be@éﬁﬁt camprising afigr@BURS gan |beaghtained vig regslipniwith ar  at

| east 2 ycarﬁpcatndgeampnang.anwdafj@lgaiﬂpg at least 2.5, in particular at |east
3. Use may al so be nmade of m xtures as units A and/or B, of course. 35 An

A By-type pol %/,ester is a condensate caonposed of an x-functional nolecule A
and a y- fiigbli HRsionsb pelyeAreoRRteREFORRYSIDG Ny LRI EOURFeMEY JROMRRYELBISARFe of a
pol yest er cawepes dutoohighlgli fuinctianal ¢obsanohateupaly#théx polylls andregearevath as

mol ecuye By erre Hides 8ly. bitgicRE %Rfa%eérogﬁeﬁé‘bfﬁdé W%ﬁh‘léﬂé oxigeper branched
pol yesters are non-crossl i nked macr onol ecul’es havi ng hydroxy groups

and car boxy groups, these having both structural and nol ecul ar .
non- uni f orAvigraat atinantages of inetproeessdy it icosttafipcliveniess diptio theareaction tcagiverdl ecul e

in the sanndeis=A6 (ReoddoiRbAderRdte W)t Snd@Rolitel RaBESH8F (K 8nYPN tdfgive
polycarbonates with other functional groups or elements can take place in one reactor,
25 this being advantageous technically and in terms of cost-effectiveness,

The inventive molding compositions may comprise, as component H3), at least one
hyperbranched polyester of AB, type, where

30 X is at least 1.1, preferably at least 1.3, in particular at least 2
y is at least 2.1, preferably at least 2.5, in particular at least 3.

Use may also be made of mixtures as units A and/or B, of course.

35 An ABytype polyester is a condensate composed of an x-functional molecuie A and a
y-functional molecule B. By way of example, mention may be made of a polyester
composed of adipic acid as molecule A (x = 2) and glycerol as molecule B (y = 3).

For the purposes of this invention, hyperbranched polyesters H3} are non-crosslinked
40 macromolecules having hydroxy groups and carboxy groups, these having both
structural and molecular non-uniformity. Their structure may firstly be based on a
central molecule in the same way as dendrimers, but with non-uniform chain length of



.PF 56989 29 the branches. Secondly, they may al so have a linear structure
w th functppmghgpendant groups, or else they may conbine the two extrenes,
having |i near and branched nolecular portions. See also P.J. Flory, J. Am
"Chem Soc. 1952, 74, 2718, and H Frey et al., Chem Eur. J. 2000, 6, no.
14, 2499 for the definition of dendrime#9c and 5 hyperbranched pol yners.
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of a A vesftframd tpPPGmal KQH/th of relypstes dmdartisplas dfronh @P garfid® mg KOH/g of
polyester to DIN 53240, and preferably a COOH number of from 0 to 600 mg KOH/g of

polyester, preferably from 1 to 500 mg KOH/g of polyester, and in particular from 2 to
500 mg KOH/g of polyester.

25 The Ty is preferably from -50°C to 140°C, and in particular from -50 to 100°C (by
means of DSC, to DIN 53765).

Preference is particularly given to those components H3) in which at least one OH or
COOH number is greater than 0, preferably greater than 0.1, and in particular greater
30 than 0.5

The inventive component H3) is in particular obtainable via the processes described
below, specifically by reacting

35 (a) one or more dicarboxylic acids, or one or more derivatives of the same, with one
or more at least trihydric aicohols,

or

40 (b) one or more tricarboxylic acids or higher polycarboxylic acids, or one or more
derivatives of the same, with one or more diols



.organonetal lic, or |ow nolecul ar-weight organic catalyst, or of an enzyne.
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n-heptyl, bﬁ&&%ﬂilé"oxaﬂc QEIH}’hwaic%keé&W' él%aﬁto adid r@ﬂﬁéhc a@ﬂdaa cd&ﬁcylp.m%ﬁc

C3- Cl2- cycl ogll u

cyclo Y tyl
Conenyy 898, Stbef WBE oGR8 1Sedk Bl LRSS Biecy!
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%Clctizept yand 3Q'aﬁb-|éyd:|6ﬂi§3caﬁéqlﬂlﬁlcaﬁawﬁlcasaﬂ?t hyisenenar teiraydycfBaneor 4-

r )
5 ot h1§ yb:g%%{f& acﬁju&? Qﬁd Ggr?s[p%;{dcipjen%aeﬁ e%éln Bt%xpl?cpéyué‘yénd c?st %%Wa\ﬁ's
4- phenant h?SSHOF’eQWBeg‘ %H@ﬁ?ﬂ?ﬁ‘ﬂmc' preferabl y phenyl 1- napht hyI and
2-naphthyl, particularly preferably phenyl. 35 Exanpl es which may be

ment i oned éﬁd 'Erf‘eoés |by‘{§]‘§ di?;fa Pﬁct béuHé fhﬁ@é QQESéﬂtutEmaE} dRe & Riore
2- met hyl mal d(fz yl ma c acid phenyl mal oni ¢ “aci d,
2- et hyl sut’?l OB _ et hyl SUCCI ni c aC| d, 2-phenyl succinic acid,

itacork acid, 3 3- d| met hylglutaric acid. 40 Arong the dicarboxylic acids
whi ch can @ﬁcroe@m @%@%cgm ag m&hM ABtheN th- rabylarsep@ips}p n-tRIAY lsepitgRlsky-
unsat ur at el C i HbeR, Tipeh61, 38L SRR nbBBIC1 3%l dRfoit. LB, PP
n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, n-octyl, 2-ethylhexyl, n-nonyl, and n-
decyl,
25
Cs-Caz-cycloalkyl groups, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycioheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, and cyclododecyi;
preference is given to cyclopentyl, cyclohexyl, and cycloheptyl,;

30  alkylene groups, such as methylene or ethylidene, or
Ce-Cas-aryl groups, such as phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl, 9-

anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-phenanthryl, and 9-phenanthryl,
preferably phenyl, 1-naphthyl, and 2-naphthyl, particularly preferably phenyl.

35
Examples which may be mentioned of representatives of substituted dicarboxylic acids
are: 2-methylmalonic acid, 2-ethylmalonic acid, 2-phenylmalonic acid, 2-methylsuccinic
acid, 2-ethylsuccinic acid, 2-phenylsuccinic acid, itaconic acid, 3,3-dimethyigiutaric
acid.

40

Among the dicarboxylic acids which can be reacted according to variant (a) are also
ethylenically unsaturated acids, such as maleic acid and fumaric acid, and aromatic



.31 dicarboxylic acids, such as phthalic acid, isophthalic acid or
terephthalic acid. It is also possible to use mxtures of two or nore of the
aboverrentl @pe%gr gpresent ative conmpounds. 5 The dicarboxylic acids may

*ei t her used as they stand or be used in the formof derivatives.
Derivatlves are preferably 10 - the rel evant anhydrides in nononeric or

el se pol yrreri c form - nono- or dialkyl 3¢sters, preferably nono- or dinethyl
esters, 0 - i I t he mono- and
G al kyl osFieAboRHd SR BoeTeh oBRaAR a gL iRl 168 hiden el Bl 00,

i sopropanol, n-butanol, isobut anol, tert-butanol, n- pentanol, n- hexanol -
and al so rmrisnalsarpdsslbl\eitmabeeﬂxtan'eﬁ of anslo2@ore ofi the dbexsdneardioned Eﬂpee@lntativmet hyI
et hyl esteegm bihdshe preferred preparation process it is also possible to
use a n]lsxture corrposed of a dicarboxylic acid and one or nore of its
derivatrves. Equally, it is possible to use a mxture of two or nore

di f ferent dbeidicerbeetic atidemeayeitinsrize déehabdigy slendards. usl ntthedorm of

parti cul ar h¥riyatiokger abl e to use succinic acid, glutaric acid, adipic acid,
phthalic acid, isophthalic acid, terephthalic acid, or the nono- or
dimethyl ester thereof. It is very particularly preferable to use adipic
acid. 30 ERgnpitives gre mefqr@%lst trihydric al cohols which may be reacted are:

gl ycerep, butane- 1,2,4-triol, n-pentane-1,2,5-triol, n-pentane-1,3,5-triol,
n- hexane-1, 2, 64 = [ .3, 6-triol,

trimet hyl ol but arﬁléehe v’rapfr% yﬁac:%' 'rn(j)m%r?gq%ic &stfﬁ%@ ol pr opane,

tri met hyl ol et hane, pentaerythrltol or dlpentaerythrltol sugar al cohol s,
such as nesoer yidnoi orodialkyl lestsrs, grefesabiyomond-, or rdimethyl(ﬁsters;ror thextarresponding he
above at 35 | eqgdnol b B%ﬁnésta#scehagémé fnohs- moea.snkat&s?ergﬁaem febrd PRk
trimet h%l ol pro

tricarbdxylic %&nggls&uc&fqesy%ﬁf: 'I}]?S(?’%%PHQI 5%”@’1?‘%&??%&'\%&%&8@8@2& gf ng

to variant (b) pan@nplendenanoll, 2, 4 tricarboxylic acid, benzene-
1,3,5-tricarboxylic acid, 40 benzene-l,2,4,5-tetracarboxy|ic acid, and

mellitic acid. }l;écai;sgrnt?gagl héﬁﬂ%}’ﬁ%%tgégggéycar boxylic acids may be used in

the inventive P& ron et as they stand or else in the form
of derivatives.
20 - mixed esters, preferably methyl ethyl esters.

In the preferred preparation process it is also possible to use a mixture composed of a
dicarboxylic acid and one or more of its derivatives. Equally, it is possible to use a
mixture of two or more different derivatives of one or more dicarboxylic acids.

25
It is particularly preferable to use succinic acid, glutaric acid, adipic acid, phthalic acid,
tsophthalic acid, terephthalic acid, or the mono- or dimethyl ester thereof. It is very
particularly preferable to use adipic acid.

30 Examples of at least trihydric alcohols which may be reacted are: glycerol, butane-
1,2,4-triol, n-pentane-1,2 5-triol, n-pentane-1,3,5-triol, n-hexane-1,2,6-triol, n-hexane-
1,2,5-triol, n-hexane-1,3,6-triol, trimethylolbutane, trimethylolpropane or
ditrimethylolpropane, trimethylolethane, pentaerythritol or dipentaerythritol; sugar
alcohols, such as mesoerythritol, threitol, sorbitol, mannitol, or mixtures of the above at

35 least ftrihydric alcohols. It is preferable to use glycerol, trimethylolpropane,
trimethylolethane, and pentaerythritol.

Examples of tricarboxylic acids or polycarboxylic acids which can be reacted according
to variant (b) are benzene-1,24-tricarboxylic acid, benzene-1,3,5-tricarboxylic acid,

40  benzene-1,2,4,5-tetracarboxylic acid, and mellitic acid.

Tricarboxylic acids or polycarboxylic acids may be used in the inventive reaction either



‘Derivatives are preferably 5 - the rel evant anhydrides in nononeric or else
pol ynmeri c frgrsggggono-, di-, or trialkyl esters, preferably nono-, di-, or

trinethyl esters, or the corresponding nono-, di-, or triethyl esters, or
el se the nmono-, di-, and triesters derived from higher al cohols, such as
n- propanol , isopropanol, 10 n-butanol, B8obutanol, tert-butanol, n-pentanol,

n-hexanol , s8théyl fendB ¥se indhe formt defilativey! esters and m xed nethyl ethyl
esters. 15 For 'the purposes of the present invention, it is also possible to

use a mxture conposed of a tri- or polycarboxylic acid and one or nore of
its derivabevisativesgre preferply poses of the present invention it is |ikewse
possible to use a mxture of two or nore different derivatives of one or

more trg- or pol ytﬁérrélgﬁﬂ(t)iraﬁr&)gcﬁid%in @Ey%?ﬁé%fié?sé)%lglht@ri&%mpnem H3). 20

Exanpl es of diols use riant e pres I nvention are ethyl ene
gl ycol, propane-I|,2-diol, propane-Il,3-diol, butane-I|,2-diol,

but ane-1, 3-di ol , rhabandi, dr, tdaldylasters bprefenabhp pndi, ali-, op bimethyg -ebiets dirathe

pent ane- 1, 3-di ol , cpRRp&RHAL niordl O, BEMiARA- dat@rsdic®! alse RENTREIR-2 4R, @ha!
pent ane- 2, 4-di ol ' .h§xang- T % ?I ol hi hexane-1, 3-di ﬁl 3 hexane-é, 4-di ol , ?5
hexane- 1, 5-di ol , HEXSe 9§M™E M Highet AICCHOIS. FUST 9%, dpP'SRANY, SoRQfenot

1, 7- hepPanedi ol , n-butgnelcisahetanell terttbutanyt erpedtianpl, ndhegannemels giono-, di-,

1, 10- decanedi ol , grtAviegeseedi ol , 1, 12-dodecanediol, 1, 2-dodecanediol,

1, 5- hexadi ene- 3, 4-di ol , cycl opentanediols, cyclohexanediols, inositol and
derivatives, (2)-nethylpentane-2,4-diol, 2,4-dinethyl- pentane-2,4-diol,

2- et hyl hexane- 1, 34 mixed E!eg?ydjﬁmf?ﬁ}@ﬁexane- 2,5-diol, 2,2,4-trinethyl 30
pent ane-1, 3-di ol , pinacol, diethylene glycol, triethylene glycol,

di pr OpYBe”?omhﬁgﬂ“poseé bf REQPIHADRVEAIEROt is RS YEIMIE BNGseld MRS composed

HO( CH2CH2QO) fH rscg)ﬂ%&irogﬁll en 8| ycols HO(Ck g;a %HZO)'Q-H or m xtur$s of
two or nor 8 #&HY QF Cc%‘f'r‘gé 988 5 mpqig of 5 APEVANERS U LS RHRISES i s a
whol e nunbthe pnegient inventioitas lisewiek posdiblento usie a imixturey di twoyorgmotepdiffireang i n

t he abovengaivatesoflbRd or MRYe &i-Ser PElycRBLIAECAchY, BHbAEPUPBbtaifPcdthgdinence i s
given to ehg | ene glycol, propane- 1,2-diol, and diethylene glycol,

triethyl ene élycol, di propyl ene glycol, and tripropyl ene glycol. The nol ar
ratio 6% the nolecules Ato nolecules Bin the A BY polyester in the

variants Egamples of Jiols siséd don dariant gb)Lofthel preparttineartian dre ethyderke glycdl, 2. 40
The at 'eag%ﬁéﬁéﬂ, -&iicnjlc Jﬂb 420] §-oficﬁ,a%\hl\/ﬁa%e?19§-ﬁ{oﬂi Btah&-1VR%ibAWuthd-1 Alaibihe
process ma av F OX roups, of I ch have Tdénfrcal reactiyity.
Pr ef er ence ytgn%-ﬁs?ﬁdléli, PERtan -ﬂ@—ﬁlgl,aen';qﬂe:j%@g@l,g@ntane- ,S-dloi, pentane—?,S-Mol,
pentane-2,3-diol, pentane-2,4-diol, hexane-1,2-dio!, hexane-1,3-diol, hexane-1,4-diol,
25 hexane-1,5-diol, hexane-1,6-diol, hexane-2,5-diol, heptane-1,2-diol, 1,7-heptanediol,
1,8-octanediol, 1,2-octanediol, 1,9-nonanediol, 1,10-decanediol, 1,2-decanediol,
1,12-dodecanediol, 1,2-dodecanediol, 1,5-hexadiene-3,4-diol, cyclopentanediols,
cyclohexanediols, inositol and derivatives, (2)-methylpentane-2,4-diol, 2,4-dimethyl-
pentane-2,4-diol, 2-ethylhexane-1,3-diol, 2,5-dimethylhexane-2,5-diol, 2,2,4-trimethyl-
30 pentane-1,3-diol, pinacol, diethylene glycol, triethylene glycol, dipropylene glycol,
tripropylene glycol, polyethylene glycols HO(CHCH:0).-H or polypropylene glycols
HO(CH[CH3}CH20},-H or mixtures of two or more representative compounds of the
above compounds, where n is a whole number and n = 4. One, or eise both, of the
hydroxy groups here in the abovementioned diols may also be replaced by SH groups.
35 Preference is given to ethylene glycol, propane-1,2-diol, and diethylene glycol,
triethylene glycol, dipropylene glycol, and tripropylene glycol.

The molar ratio of the molecules A to molecules B in the AB, polyester in the varianis
(a) and (b) is from 4:1 to 1:4, in particular from 2;1 to 1:2.

40
The at least trihydric alcohols reacted according to variant (a) of the process may have
hydroxy groups of which all have identical reactivity. Preference is also given here to at



‘least trihydric al cohols whose OH groups initially have identical

reactivity Qg% &here reaction with at | east one acid group can induce a
fall-off R g ivity of the remaining OH groups as a result of steric or
electronlc effects. By way of exanple, this applies when trinethyl ol propane
or pentaerythritol is used. 5 Fbmever BRe at least trihydric alcohols

reacted acgording.to variant al so..hav S V|n

| east two 0Pt KPERC akBhE MincsE .ot p dieBied) Boe MoaRedt rHH QRY, IR RGe °\ e
functional T Qﬁ%@ﬁ)y'th@ﬁ @asﬁyn%écrﬂ\géom gareinduesrinfalheffincrgpctivity of Misseesngiring .

pri mary/ seQehgailips tagrd reauit obistegic @it Blectionicr sffecil By wat slusSesnpl&ythisoyppiibs

exanpl e, tDuﬂeﬁEﬁrﬂéth?ﬁ%ﬁeoﬁvgﬂg&égntg?ré/ﬂtﬁ’él |§"(‘I§ h has prinmary and secondary

hydr oxy_ gr oups el ng g ycerol. 15 When the inventive
reactioh is carrled out accordlngto variant (a), it is preferable to
oper at e i nHoweverh #enatdeanst triliydlis akodolsvearigtacoordihg tthedriant (Wenayt diso ihavent i ve

react i on i fydiaky i@dodHavifs 5Bk Mo Lokt bABhickRbactiiidss preferabl e to

operate in sence of” nmono- or dicarboxylic acids. 20 The inventive
process is_carried out in the presence of a solvent. Exanples of suitable
conpounds &he difieserd caadiivits of hechnetionphgraiip$ hereomagrdsivee ieier frem tahemlical | y

sui tabl@ paisabié.gspihsryRebeiiaANR i OF/Groomer e stBat tagggsar |y suitable
aromatics are toluene, ortho-xylene, neta-xylene, para-xylene, xylene in

the formof an isonmer mxture, 25 ethyl benzene, chl orobenzene and ortho- and
met a- di chl BY o¥¥nofepr@mnte.Hbe tiedrpay 5%9r'%aéﬁ¢lwmw NapIPEmegy @BfsecPRaryie
absence of hatroxht groopd, @l prefesred eeameplelteirg; glgeeedt. as  di oxane or
tetrahydrofuran and ketones, such as nethyl et hyI ket one and net hyI

I sobut 30 According to the inventi mount. o added
20t s O R SO SO BRI OB GG €0 SRTA N AE s (L BTIA 9 |l <
used and topebateneﬁ:gtdﬁenpe eff diolalang nxinohedrist aicchols by wei ght, and partlcul arly
pr ef er abl y at least 10%by weight. It is aI so possi bl e to use excesses of

soI vent, n. the wei gh of star S, us 0 be reacted,
Fr om g3 (B8 AR ie8ort . Gasftd 0CaREINS T SarkE Tof Vi deBiand %5°100

t| rres t he ORsrgtetin g7e absence afrmpmrg qFrﬂtCérhodV@Q%@d and to be reacted are not

advantzgeous, because the reaction rate decreases markedly at markedly | ower

concent [ at0fwBhue/lfol 885t aliss off Mg P@&%ﬁ@{m Al tse%mp.@s%?gumé | mes.

To carry out erre acco

may be 400%%‘?9‘4”88 %ﬁthYPFPGPH@nEr &4ghes Rﬁ’afﬁ e APRATiTRy RRyEsHEr ss‘éi 8 | ve
added at tperafiinaiate atheptene afrfehcyciablexar&l|RalhmErkyxmtpblesaramatmmhmctmlL&ne,s| eves,
: tn parti Cubfo-# I(ﬁem)rh&% ‘i n? Yéax I%Mﬁ%nean tHEAFREH of N idophdr NRiGGBCT T ON
Itis S0 tRﬁBenzene c Ioro enzgne and o?'th ngeta dnc%?orobenzene Other very
particularly suitable solvents in the absence of acidic catalysts are: ethers, such as
dioxane or tetrahydrofuran, and ketones, such as methyl ethyl ketone and methyl

isobutyl ketone.

30  According to the invention, the amount of solvent added is at ieast 0.1% by weight,
based on the weight of the starting materials used and to be reacted, preferably at least
1% by weight, and particularly preferably at ieast 10% by weight. It is also possible to
use excesses of solvent, based on the weight of starting materials used and to be
reacted, e.g. from 1.01 to 10 times the amount. Solvent amounts of more than

35 100times the weight of the starting materials used and to be reacted are not
advantageous, because the reaction rate decreases markedly at markedly lower
concentrations of the reactants, giving uneconomically long reaction times.

To carry out the process preferred according to the invention, operations may be
40 carried out in the presence of a dehydrating agent as additive, added at the start of the
reaction. Suitable examples are molecular sieves, in particular 4 A molecular sieve,
MgSQ4, and Na,SO4. During the reaction it is also possible to add further dehydrating



.34 agent or to replace dehydrating agent by fresh dehydrating agent. During
the reacti @ gggggi S @l so possible to renove the water or alcohol formed by
distillation ang for exanple, to use a water trap. 5 The process may be
"carried out in the absence of acidic catalysts. It is preferable to operate
in the presence of an acidic inorganic, 3ér ganonetal lic, or organic catalyst,

or a m Xt'al t%??&’%g&ecgeng&}%nﬁ Og&&%g?n%bﬂ'd%h'd?gf Jeint. B?Jrﬁﬂg'iﬂéﬂ-’éa% ibh i OF

organi c cat sts vent | exa es of
acidic nong%{# poish ?Q/g%ovgrtgef@t%wfwthe%&mag K sl 200 lar &X3BRIR phoni o
aci d, hypophesphwetandrapci d, al umi num sulfate hydrate, alum acidic silica
gel (pH =6, in particular = 5), and aci dic alum num oxide. Exanpl es of

a1 i i ColBaTagtae ooy BE ot il if Bieniansy pbar SR Te e 3L K bRras 0B 1o
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different amduiescombessebemionst marderrmoiabigalicobrghhemetaliel & drgaie Cataljsr: al kyl
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sec- butyI tert-butyl penty I sopentyl, sec-pentyl, neopentyl

1, 2- di net h'iP'bP’@p?prOS%d%frﬁ}? presenhwworn @5%;2&% of @é@%@segaanwnca%@wware
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C3- Cl2- CyCEQ?Até‘K drb] ﬁj?dsacm%?‘glhcé‘ﬁ I(‘(}ﬂﬂl'oérﬁpdgrﬁncu%d 5 h acic &

cycl ohexyl 00cCt cl onpn
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I de]pt i cal  mRduReTiEo Rﬁd%é%abﬁwfﬂ;@#m%ﬂs &ﬁfdyyﬂrévﬂ%ehgc?@faméd r@lﬁtk glfutj is 20
refer ca sts are selecte romdia in
8xi desH%ZS %&mﬁgsdgg cfeg'ﬁ # ﬁé) edgﬁg ove. A particularly preferr)éd
representative conpound for acidic organonetallic catalysts is

di - n- but yl Ci- m@etIk)deadiwscéuchSas FRINYE ratihydl h-propyRiidapbdmy/, asbitol sobutyl,, seor

O i bl Sl B oS 107, Aty g, 13 ki 5 St
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pr ef er&hcenddscyj ven to sul fonic acids, such as para-tol uenesul fonic acid.
Aci dic ion exchangers may al so be used as acidic organic catal ysts, e.g.

polystyren esin si ng s | fonic, acid gro ros I nk
ot 5 mobeb et hAdEHs et 28 SEicPErl SRRy DBl e Har 1 ons
of _two or mmepwltnrecimydemtqnongd eyatodegydt syclolnddost, akgd pysdadasiesylt o use
an i mobi | prapfed@rigyREn td8fopRhEA Y EloRExyR B8 ROMBAERtNI C, Or
25
Each of the radicals R in AKOR)s or Ti(OR)4 is preferably identical and selected from

isopropyl or 2-ethylhexyl.

d cyI

Examples of preferred acidic organometallic catalysts are selected from dialkyitin

30 oxides R:SnQ, where R is defined as above. A particularly preferred representative
compound for acidic organometallic catalysts is di-n-butyltin oxide, which is
commercially available as "oxo-tin", or di-n-butyltin dilaurate.

Preferred acidic organic catalysts are acidic organic compounds having, by way of
35 example, phosphate groups, sulfonic acid groups, sulfate groups, or phosphonic acid
groups. Particular preference is given to sulfonic acids, such as para-toluenesulfonic
acid. Acidic ion exchangers may also be used as acidic organic catalysts, e.g.
polystyrene resins comprising sulfonic acid groups and crosslinked with about 2 mol%
of divinylbenzene.
40
It is also possible to use combinations of two or more of the abovementioned catalysts.
It is also possible to use an immobilized form of those organic or organometallic, or



.PF 56989 35 else inorganic catalysts which take the formof discrete

nol ecul es. ghf F intention is to use acidic inorganic, organonetallic, or
organi ¢ catal'ysts, according to the invention the amount used is fromO0.1
'to 10% by weight, preferably from0.2 to 5 2% by meight, of catalyst. The

i nventive process is carried out under Bfert gas, under carbon di oxi de,

nltrogen ﬁe%&@%ﬁ %@5&8 a\éQk Wo%%?ﬁ%@}e{%%o@%ﬁ%écu' arly be made of

ar gon. €'in 0CEsS |s rried eratures of frome60 to
200C. It |s preferable to operate at tenperatures of from 130 to 180C, in
parti cul ar Ifuipe intertibAE to use deriioinotganic, brgarp@maitamb:aor dv’gaﬁncrumatyetspaccmrwn@s up

145C f
to ar %rlﬁ h&HbAthe/ éﬁ@t;@%ﬁt b8l froAnd 1tt8g@t ; B 7 rt"pti}ﬁfee%%ﬁ&naé gwyery

particul ar é pressure con entive process
are not°cr t/‘1 %WE'S is possible to operate at markedly reduced
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Once the reaction has ended, the highly functional hyperbranched polyesters can
easily be isolated, e.g. by removing the catalyst by filtration and concentrating the
mixture, the concentration process here usually being carried out at reduced pressure.
Other work-up methods with good suitability are precipitation after addition of water,
30 followed by washing and drying.

Component H3) can also be prepared in the presence of enzymes or decomposition

products of enzymes (according to DE-A 101 63163). For the purposes of the present

invention, the ferm acidic organic catalysts does not inciude the dicarboxylic acids
35 reacted according to the invention.

It is preferable to use lipases or esterases. Lipases and esterases with good suitability
are Candida cylindracea, Candida lipolytica, Candida rugosa, Candida antarctica,
Candida utilis, Chromobacterium viscosum, Geotrichum viscosum, Geotrichum
40 candidum, Mucor javanicus, Mucor mihei, pig pancreas, pseudomonas Spp.,
pseudomonas fluorescens, Pseudomonas cepacia, Rhizopus arrhizus, Rhizopus
delemar, Rhizopus niveus, Rhizopus oryzae, Aspergillus niger, Penicillium rogquefortii,



‘PF 56989 36 Penicilliumcamenbertii, or esterase fromBacillus spp. and
Baci | l us thernogl ucosi dasi us. Candida antarctica |lipase Bis particularly
preferred. pHugg gﬁnzymes listed are conmercially available, for exanple from
Novozymes Biotech Inc., Denmark. 5 The enzynme is preferably used in

I rmobilized form for exanple on silica gel or Lewatit(r). The processes
for imobilizing enzynmes are known per 86, e.g. fromKurt Faber,
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particul ar fr9msm foalfi% by wieightt kasad on the ntalsyeight o thesstaitiog amaiedals used and

t et r ahydr ofgpeareacd ket ones, such as nethyl ethyl ketone and net hyl

| sobut ket one. The anount of solvent added is at |east 5 parts by weight,
based on the weight of the 30 starti n(l; materials used and to be reacted,
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mar kedl y lf%g nce {Et | ONs gew n unefonom cd & ’%d{g’ea §L8n times. 35
The i nvent E& ¢ 84 stilkmaig; preferensays giver, oetgglgreéagur o Pr ef er ence
is givegh to the reaction at atnospheric pressure or slightly increased
pressure, fRe ifRsAER Roddss isBarriad baP tH@%Feseh&e bfa %bﬁ@ntpgﬁﬁhﬂﬁ of Suiis at e
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paraffins are n- heptane and cyclohexane. Particutarly suitable aromatics are toluene,
ortho-xylene, meta-xylene, para-xylene, xylene in the form of an isomer mixture,

25 ethylbenzene, chlorobenzene and ortho- and meta-dichlorobenzene. Other very
particularly suitable solvents are: ethers, such as dioxane or tetrahydrofuran, and
ketones, such as methyl ethyl ketone and methy! isobutyl ketone.

The amount of solvent added is at least 5 parts by weight, based on the weight of the

30 starting materials used and to be reacted, preferably at least 50 parts by weight, and
particularly preferably at least 100 parts by weight. Amounts of more than 10 000 parts
by weight of solvent are undesirable, because the reaction rate decreases markedly at
markedly lower concentrations, giving uneconomically long reaction times.

35 The inventive process is carried out at pressures above 500 mbar. Preference is given
to the reaction at atmospheric pressure or slightly increased pressure, for example at
up to 1200 mbar. 1t is also possible to operate under markedly increased pressure, for
example at pressures up to 10 bar. The reaction at atmospheric pressure is preferred.

40  The reaction time for the inventive process is usualfy from 4 hours to 6 days, preferably
from 5 hours to 5 days, and particularly preferably from 8 hours to 4 days.



.40 The reaction time for the inventive process is usually from4 hours to 6
days, prefefragogg from5 hours to 5 days, and particularly preferably from8
hours to 4 days. PF 56989 37 Once the reaction has ended, the highly
‘functional hyperbranched pol yesters can be isolated, e.g. by renoving the
enzyme by filtration and concentrating Bhe nmixture, the concentration
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are chl orob@nzene, m xtures of
25
The inventive highly functional hyperbranched polyesters are carboxy-terminated,
carboxy- and hydroxy-terminated, and preferably hydroxy-terminated.

If a mixture of the components H2) and H3) is used, the ratios of the components
30  H2) : H3) are preferably from 1: 20 to 20 : 1, in particular from 1: 15to 15: 1, and very
particularly from1:5t05: 1.

Preparation of molding compositions

35  The inventive thermoptastic molding compositions are prepared by processes known
per se via mixing of the components. It can be advantageous to premix individual
components. It is also possible to mix the components in solution and remove the
solvents. Examples of suitable organic solvents are chiorobenzene, mixtures of
chiorobenzene and methylene chloride, or mixtures of chlorobenzene and aromatic

40 hydrocarbons, such as toluene. It is preferable to operate without chlorinated solvents.
By way of example, vented extruders can be used for evaporating the solvent from the
mixtures.



chl orobenzene and net hyl ene chloride, or m xtures of chl orobenzene and
aromatic 40('5J] drocarbons, such as toluene. It is preferable to operate

wi t hout chlFér ed solvents. By way of exanple, vented extruders can be
used for evaporating the solvent fromthe mxtures. PF 56989 38 The (for
exanpl e dry) components Ato D and, if agpropriate, Eto H- or in the case
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25  bodywork parts.

The inventive moiding compaositions, and moldings, fibers, and foils in particular feature
good toughness and improved processing performance.

30  The invention is described in more detail via the examples below.
Examples

The average particle size and the particie size distribution were determined from the

35 cumulative weight distribution on a specimen after ignition and ultrasound dispersion.
The average particle sizes are in ail cases the weight average of the particle sizes, as
determined by means of an analytical ultracentrifuge, using the method of W. Scholtan
and H. Lange, Kolloid-Z, und Z.-Polymere 250 (1972), pages 782-796. The
ultracentrifuge measurement gives the cumulative weight distribution of the particle

40 diameter of a specimen. From this it is possibie to deduce what percentage by weight
of the particles have a diameter identical to or smaller than a particular size. The
average particle diameter, which is also termed the dso value of the cumulative weight



.of the particles have a dianeter identical to or smaller than a particul ar
si ze. The \s3bgge particle dianmeter, which is also ternmed the d5o0 val ue of
t he cunul afl ve wei ght PF 56989 39 di stributi on, is defined here as that

‘particle dianeter at which 50% by wei ght of the particles have a dianeter
smal l er than that corresponding to the 830. Equally, 50% by weight of the
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di chl or obe bas
pent aer yt hinetRgrticla gize Q@EF@HF%ﬂe Bl: a f| ne-particle graft polyner, prepared
from2bl) 16 g of butyl acrylate and 0.4 g of tricyclodecenyl acrylate,

whi ch had ﬁg@?"o\pﬁ%tcgqjgbﬁergg&aeﬁ“géo g of water with addition of 1 g of the

sodiumsalt o nsul fonic acid, 0.3 g of potassium
persul fate, 0.3 g of sodium hydrogencarbonate, and 0.15 g of sodium
pyr ophosphét e, pelybitylené tareprghalae with amisemsitahumbet Vié of 1 30 nl/gf medsured to

pol ymeri za]EI gngN?ﬁQTz?OGh a@@%%érligtﬁb m@@jﬁt@guﬁén §[1t2}_55 é.rlh Bhérbl/oa M ><tulret
conpos 0 ri ate was
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hour. The resuletgptearaig.ex of the crosslinked butyl acryl ate pol yner had 40%
by wei ght solids content, the average parti cle size (weight average) was

Cauot i ent B~ HygHRrd P %@@0'8%* eI TBuc vl acrylate |atox oot ained as
in bl) were mxed with 40 of a m xture conposed of styrene and
acrylafitril e Btat 16 gmf bukyi grtrylate?&cmi)l 0 aititywliotibcad @ acrpbtewarhieh hadrbeheat ed
t Ot 65C f <r)nf 4r hO:J][ Sheé{feﬁ gb g@’c‘gihifsbi waRb@th @&tﬁhén'cgﬂ bt tAe EHAILASaRF 83 g of
D U e 2 b gt 3 R here liie oy ol
preci pi tated from hydrogensaerosiaten apg Orideaghef sodium pyrophosphate, with stirring. 10
minutes after the start of the polymerization reaction, and within a period of
25 3 hours, a mixture composed of 82 g of butyl acrylate and 1.6 g of
tricyclodeceny! acrylate was added. Once monomer addition had ended,
stirring was continued for one hour. The resultant latex of the crosslinked
butyi acrylate polymer had 40% by weight solids content, the average
particle size (weight average) was determined as 76 nm, and the particle
30 size distribution was narrow {quotient Q = 0.29).

b2} 150 g of the polybutyl acrylate latex obtained as in b1) were mixed with

40 g of a mixture composed of styrene and acrylonitrile (ratio by weight
75:25), and with 60 g of water, and heated fo 65°C for 4 hours, with

35 stirring, after addition of a further 0.03 g of potassium persulfate and 0.05 g
of lauroyl peroxide. Once this graft copolymerization reaction had ended,
the polymerization product was precipitated from the dispersion by means
of calcium chioride solution at 95°C, washed with water, and dried in a
stream of warm air. The degree of grafiing of the graft copolymer was

40 35%, and the average particle size was 91 nm.

B2: a coarse-particle graft polymer prepared as follows:



-of cal ciumchloride solution at 95C, washed with water, and dried in a
stream of pgrageegr. The degree of grafting of the graft copol yner was 40
.35% and the average particle size was 91 nm B2: a coarse-particle graft
pol ymer prepared as follows: PF 56989 40 b3) the following naterials were
added at 600C over the course of 3 hour40to an initial charge conposed of
1.5 g of the latex prepared as in bl), after addition of 50 g of wat er and
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styrene and acryloppt=o.he in a ratio by weight of 75:25. The reaction

product was then precipitated fromthe di spersion by neans of a cal cium
chl oride 20 sol utlon at 95C, isolated, washed with water, and dried in a

stream of war Rflai 50 aipk thedgtes Obingst &% iy were Mredgyitir20 ¢ 8lzyieRe @das
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C1: a copolymer composed of 81% by weight of styrene and 19% by weight of
25 acrylonitrile, prepared via continuous solution polymerization, as described in
Kunststoff-Handbuch [Plastics Handbook], ed. R. Vieweg and G. Daumilier,
volume 5 “Polystyrol” [Polystyrene], Hanser-Verlag, Munich 1969, on
pp. 122-124. The viscosity number (determined to DIN 53727 on a 0.5% strength
by weight solution in dimethylformamide at 23°C) was 72 ml/g, corresponding to
30 a weight-average molar mass of 174 000 g/mol.

Ccomp1: terpolymer composed of 68% by weight of styrene, 29.9% by weight of
acrylonitrile, and 2.1% by weight of maleic anhydride with a viscosity number of
65 ml/g (measured in a 0.5% strength by weight solution in dimethylformamide at
35 23°C).

Ccomp2: poly(methylene(phenylene isocyanate), with NCO content of 31.2% by
weight (determined to DIN 53185) and with a viscosity of 200 mPas at 25°C
(determined to DIN EN 1SO 3219), e.g. Lupranat® M20A from BASF

40 Aktiengeselischaft.



.Ccomp2: pol y(net hyl ene(phenyl ene i socyanate), with NCO content of 31.2% by
wei ght (depgrgggpgd to DI N 53185) and with a viscosity of 200 nPas at 25C
(determined to DIN EN I SO 3219), e.g. Lupranat(r) MOA from BASF 40
*Aktiengesel | schaft. PF 56989 41 D1: obtained via extrusion at T = 260C of
50% of a copol ymer conposed of 93% by @&i ght of IVIVA 2% by wei ght of
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mol d t enpegat Ub%s?ﬁbé}%tr% VQerarl‘e‘%@ie ARPWiRt %l&%néhfnetérhﬁ ARk MENS was

determ ned by phea cat softening point. Vicat softening point was
determ ned to Eﬁ%ﬁ%‘g%g@n standard smal|l specinens, using a force of 49.05
N and 20 tenperature rise of 50 K per hour. PF 56989

F1: citric acid hydrate, purity 99%, Aldrich.

of

H:  a high-molecular-weight multicomponent ester composed of pentaerythritol and
dicarboxylic acids with a viscosity of from 110 to 150 mPa*s at 80°C {Loxiol®G
25 708 from Cognis).

Preparation of thermopfastic molding compositions

30 Components A) to H) were mixed at from 250 to 280°C in a twin-screw extruder
(ZSK 30 from Werner & Pfleiderer), extruded, cooled and pelletized.

The dried pellets were processed at from 260 to 280°C to give standard small
specimens, ISO test specimens, and discs (60 x 3 mm), the mold temperature being
35 80°C.

Heat resistance of the specimens was determined by means of the Vicat softening
point. Vicat softening point was determined to DIN 53460 on standard small
specimens, using a force of 49.05 N and a temperature rise of 50 K per hour.



.42 Flowability of the nolding conpositions was determined to DIN 53735 at a
t enper at ur pr ggbgg@50C, with 10 kg load. Melt stability was determ ned on the
basis of the change in MI value after heating (280C, 20 mnutes). 5 A WI

=1 MI 20" - Al T7 0.) x 100 % WWI 0. Notched inpact strength was tested
to 1SO 179 1 eA at roomtenperature on #80 specinens. 10 Table 1 gives the
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[o6 by el gﬂﬁf{’?\%\ﬁ%@ KE 1085 B stapging W3 ogteqined pp S BSE SR8 ehBaos i B 15
30 30 30 1MW valgg after heating {2805C, 20 miputgs). C1 10 5 55 5 10 55 5 Cconpl - 5
- - - Com2 - --05-----DL-10- - 10 - 10 10 10 Dconp - - 5 - -

- -E ----103010- E2~ - ~---10 F-----02-H ---0.5
0.5 0.550. 5 p¥cat é’lﬁg}m}ﬂ{ﬂ_ﬂmmm@%;lo 112 112 113 167 ak, RT [kJ/n2]
6.3 14.1 12.1 8.6 16.2 S¥BI11.0 1201 5.9 W -30C [Nnj 2 39 26 8 51 1 18 21
2 AW [% -154 17 455 -19 7 8 6 PF 56989 43 We claim 1. A

t her nopl as,i | onposition rj-s) f 5% by
wei nt of  NPEPERLEbERFERET Rihidied BISE! 3L Raemb AR 803887 500 by
wei ght of BREABY¥ one graft pol yner B conposed of bl) from40 to 80% by
wei ght of a graft base conposed of an el astoneric

10  Table 1 gives the mixes and the properties of the thermoplastic molding compositions.

Table 1:

Moiding comp 112 comp 3 {comp4i5 comp 6|7 8 9
composition No.

Component

[% by weight]

A 65 60 |65 64.7 60 (495 445 |44.3 (49.5
B1 25 25 |25 24.8 12.5 |30 30 (30 12.5
B2 - - - - 12.5 |- - - 12.5
C1 10 5 5 5 5 10 5 5 5
Ccomp1 - - - 5 - - - - -
Ccomp2 - - - 0.5 - - - - -
D1 - 10 |- - 10 |- 10 (10 10
Dcomp - - 5 - - - - - -
E1 - - - - - 10 10 (10 -
E2 - - - - - - - - 10
F - - - - - - - 02 |-
H1 - - - - - 0.5 0.5 |05 |05
VicatB  [°C] {108 110 ;110 109 110 [112 112 | 113 | 167
ak, RT [kd/m?] (6.3 14.1 {12.1 8.6 16.2 | 5.3 11.0 {121 |5.9
Ws-30°C [Nm] |2 39 |26 8 51 |1 18 |21 2
AMVI [%] |[-15 4 17 45 5 -19 7 8 6




-10 polymer Bl based on al kyl acrylates having from1l to 8 carbon atons in
the al kyl ppdisggy. on et hyl ene/ propyl ene, on dienes, or on siloxanes, and
with a glass transition tenperature bel ow OOC, b2) from 20 to 60% by wei ght
‘of a graft B2 conposed of 15 b21) from 60 to 95% by wei ght of styrene or of
substituted styrenes B21 of the generaf3formula | RC=CHz i | 0) (Rn 20
where R iswa &ain-al kyl radical or hydrogen and R1 is a Cl_8-al kyl radical
and nis 1, 2, or 3, or a mxture of these, and b22) from5 to 40% by wei ght
of at |east one unsaturated nitrile B22, 25 C) froml to 97.5% by wei ght of
at | east ohe tAdherBioPlEstic moldiibtoprasition. eARiSdEd of c1) from 60 to 85% by

wei ght of styrene or of substituted styrenes Cl of 30 the general fornula

ol o5 ! NSRS to 1 AT AR bl 25t one

unsaturated nitrile y weig east one
copolynmer D, obtainable via 35 reaction of dl) from5 to 95% by wei ght of
at | east one t Bgr niogrheasitiod. 5k bhacight af & leasd byergrafiolyewenB campageatofl east one
type of functional groups, selected from epoxy, carboxy, hydroxy,

anhydri de, and oxa i he O th PE 56989 44 d2) from5.,to 95% by, wei ght
of at |east one thé?LD%‘?rﬁépﬁ‘ésﬁ%l Qeight ‘%f,gra%?a?er%ﬁﬂ’@s?g oﬁﬁ%e%\fé{)%‘%/rﬁht of
at leakt one filler E pdyrrBtbasad aroalRymbrylaies hpvingdforatl tb 8aaarbareiomsgani c

acid F, G fromO to 2R%dNkpWebabAl, &f e Ieh@?fdpy%ﬂ@, sradieass) of bRilGRMeshor us
conpound G 10 H) frorgm% \%@1 élg% Q¥ra lten%fbeg%éq{eﬁgﬂgdlves H, where the

entirety of conponents 'a ways {él VES he nol di ng conposition
according to claiml1, conprising 15
b2) from 20 to 60% by weight of a graft B2 composed of

15
b21) from 60 to 95% by weight of styrene or of substituted styrenes B21 of
the general formula |

R——C==CH,

1 0
(R,
20

where R is a C1g-alkyl radical or hydrogen and R' is a Cig-alkyl
radical and nis 1, 2, or 3, or a mixture of these, and

b22) from 5 to 40% by weight of at least one unsaturated nitrile B22,
25
C) from 110 97.5% by weight of at least one thermoplastic copolymer C
composed of

c1) from 60 to 85% by weight of styrene or of substituted styrenes C1 of
30 the general formula |, or a mixture thereof, and

c2) from 15 1o 40% by weight of at least one unsaturated nitrile C2,

D) from 0.5 to 50% by weight of at least one copolymer D, obtainable via
35 reaction of

d1) from 5 to 95% by weight of at least one thermoplastic methacrylate
polymer D1 comprising at least one type of functional groups,
selected from epoxy, carboxy, hydroxy, anhydride, and oxazoline,
40 with



A from10 to 93% by weight B) from3 to 50% by weight C) from3 to 50% by
wei ght D) Pﬁr&ghé to 30% by weight. 20 3. The nvol ding conposition according
to claim1 or 2, where the graft base Bl of the graft copolyner Bis
‘conmposed of bll) from70 to 99.9% by wei ght of at |east one al kyl acrylate
1311 having from1l 25 to 8 carbon atom4in the alkyl radical, bl2) fromO

L0,30% by el O 0L anpLer 1 SBBOLY B 0 e BRERE AR S et o 1 o

nononer Bl2, or a ture of these, wei ght of
a copolynerizabl e, polyfunctional nononer B13 that brings about
crosslinking, Wherfomlidodtd byewgigbf ofgit lgasBare fillend, B13 gi ves 100% by wei ght .
35 4. The nol ding conposition according to clains 1 to 3, where the

copolyner Cis., conmposed of, fro 0. to 83% by wei ght, of styrene and from 17
to 30%dy wei ght %?"@3? I/{)RYW?%}‘Q %?eafiB"?TéTWW%C&doﬁ'posi tion according to
claims 1 to 4, where the nethacrylate 40 polyner Dl is conposed of dl 1)

from 80 to 99. &% biyorn®ite 26%0by Weight/df diRidanehe/ habgerFde pithsph6R89 45 d12)
fromO to 19. 9% by }_/,\ﬁég%/@f at least other acrylate or nethacrylate D12,
and 5 d13) from 0. £°78°Y o by wei ght of at |east one nononmer D13, conpri sing
at |least one type of functional groups, selected from epoxy, carboxy,
hydroxy) anhyHii dieom artd 46%atnolveigkt ofwittesredtitieeerf i rety of D11, D12, and D13
gi ves 100% by weight. 10 6. The nol ding conposition according to clains 1

to 5, wh lyeid thacrylate, allyl glycidyl i |
ol yol dyl et her Whee the Rrrehias comaphee At Heubiaavesidifer Dia. 15 7 The

nol di ng conposition according to clains 1 to 6, where the copolynmer Dis

obt ai nabl ez vi arKeeinbidigRmpaditiBe aBorting toBlkRGr ¥dmdmsidge! ymer D1 with the
pol yes il D2. 8. The use of nol ding conmpositions according to clainms 1 to 7

for production of 20 noldings, fibers, and foils.
A) from 10 to 93% by weight

B) from 3 to 50% by weight
C) from 3 to 50% by weight
D) from 1to 30% by weight.
20
3. The moliding composition according to claim 1 or 2, where the graft base B1 of
the graft copolymer B is composed of

b11) from 70 to 99.9% by weight of at least one alkyl acrylate B11 having from 1
25 to 8 carbon atoms in the alkyl radicat,

b12) from 0 to 30% by weight of another copolymerizable monoethylenically
unsaturated monomer B12, or a mixture of these, and

30 b13} from 0.1 to 5% by weight of a copolymerizable, polyfunctional monomer
B13 that brings about crosslinking,

where the entirety of B11, B12, and B13 gives 100% by weight.
35 4. The molding composition according to claims 1 to 3, where the copolymer C is
compased of from 70 to 83% by weight of styrene and from 17 to 30% by weight

of acrylonitrile.

5. - The molding composition according to claims 1 to 4, where the methacrylate
40 polymer D1 is composed of

d11) from 80 to 99.8% by weight of methyl methacrylate D11,



.9. Anolding, a fiber, or a foil obtainable fromthe nol ding conpositions
according pg@gaggins 1 to 7.

45

d12) from 0 to 19.9% by weight of at least other acrylate or methacrylate D12,
and

5 d13) from 0.1 to 10% by weight of at least one monomer D13, comprising at
least one type of functional groups, selected from epoxy, carboxy, hydroxy,
anhydride, and oxazoline,

where the entirety of D11, D12, and D13 gives 100% by weight.
10
6. The molding composition according to claims 1 to 5, where giycidyl methacrylate,
allyl glycidyl ether, isopropenyi glycidyl ether, or a mixture of these is used as
monomer D13.

15 7.  The molding composition according to claims 1 to 6, where the copolymer D is
obtainable via melt compounding of the methacrylate polymer D1 with the
polyester D2.

8.  The use of molding compositions according to claims 1 to 7 for production of
20 moldings, fibers, and foils.

9. A molding, a fiber, or a foil obtainable from the molding compositions according
to claims 1to 7.



