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WO 2004/ 037894 PCT/ EP2003/011451 - 1 Preparation of

e areangsg Which is damaged to a particupgt)apsBl/b11451
extent by oxygen The present invention relates to a

process for the 5 preparatiaqnqor. processing of

pol ycar bonat e usi ng apparat us or equi pnent in which

_he Iea aoe r as wel |

ged toa

ArREnate w L8 dam
%@fﬂféﬁbeﬁageshhai eﬁteﬁepagesxggehhe phase interface
to extrene

tenperatures (>200C) in order to evaporate the

ol vent. The, presence gen leads in_t
BB rBEesoRt s bRBEREARBNF ShaRRHoCOr & PhECBEPy CRFbbRG: e
BPepArff e¥hods ppeekbkeali eAspeM, ¥atbenkedugkia @ﬁphbatus
oxygen content in the bisphenol ate sol ution ég&- 99

21" eg@ipmept Aln whigh the legkadeousr89d80y aHd tiHére
an e t t

A R SR A P SR st gt R
pbsrewveh.influence on the colour quality of the

pol ycar bonat e has been enphasi sed. Furthernore the
addition of nitrogen in the extrusion of polycarbonate
pelychapohees draeribegrepdPed DS tB2 pREpe linteb€ace

processes according to the prior 25 art the
BBP?%%?bbﬁaFébD§CH§9eFPh§P@§sC§F?FItBaﬁﬁ@Eﬂme temperatures

EQbM@a&POEﬁtSrHE§ttb8e955865€é QMetgglUEhE The presence
transesterification process is as nelt subjected In

gbnexygasedeadsexr bidSt EAPEFAELPBS LP>PROTRNGNt aB3HRGLe O
§er§8§285$%oﬂg%@ to 0.01 nmbar during the course of the

reac € presence of oxygen simlarly leads to a
per manent damage of the polycarbonate. In previ ous

T B L L B
20R4EAB T8R4t RETHERZAEAL04E45501ution (DE A1l 99 43 643,
DE-A 1 99 43 644, WO-A 2000/39060) and the contact of
bisphencl melt with oxygen (JP-A 06 025 044,

JP-A 06 025 045) has been described, and its positive

influence on the colour guality of the polycarbonate has
been emphasised. Furthermore the addition of nitrogen in
the extrusion of polycarbonate melt has been described
(JP-A 08 132 437). 1In the processes according to the prior

art the polycarbonate is nevertheless still damaged.

Polycarbonate that is prepared by the melt
transesterification process is as melt subjected in some
cases to extreme temperatures (»>270°C) at absolute
pressures down to 0.01 mbar during the course of the
reaction. The presence of oxygen similarly leads to a

permanent damage of the polycarbonate.

In previous specifications the reduction of the contact of

the educts with oxygen during mixing and melting
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- 2 (JP-A 6 032 887, JP-A 8 157 588 ), the reduction
ct of BPA with oxygen during ne
@6]%é§%g§§?§§ﬁ bbtfﬁbioﬂ§y611451

as well as the reduction of the contact
the di phenyl carbonate nelt_ ?1j1cmygen (JP-A 3 216
832) have been 5 described and the positive effect on
he colour _quality _of _the_polycarbopate has been

bnBrios st PR 7e niPsPoBedSas SoHchor dhftg T8 Cha ot PGr the
abhthbe @9'npﬁtheﬁt5xy§ennau9&haeh@§ﬁiﬁglkbpd@wagq@n 587)
10 In_EP-A 708 128 a nelt transeSterification process
agrwepd| geakhentedurhign pPhethe Fewtasygeh &bAt daphenyl

8§§8§H§te?EE?§p ?Eﬁbkéyggﬁcﬁb ed- 3Theef bhsth Ralt gkehhe

reaction is prefera arried out wi thout application
désarvheduanduhter pokéavageedfephenol the aodeact guality of

space that js 15 permapently flushed wth_an,inert,

SRS cPBt BT EoPaCeLRegabecr PRER RO aky odR LB, BRPCERESS
heastding pBNM:heTheienrdarphase pblibarbeaatieonsi s
carried out with_an increase in the vacuum The
eReentNehesp EhitdlpAaPasgsdunder exclusion of oxygen
however proves to be extrenely di sadvantageous 20 and

undesirable in | arge-scale production. A circulation
oh EReAi AeBt 1g8sasmedantriagsehsesibicasdoanragesss for

th ecunao of _a_contipnuou r Lf e r
RPLvegEBRaY ec nr afi The) thaeh: 355ERp, ContRRE aBEEaE
home¥pherewhsclessrékedeneTec dapbicated. of phef eenedion is
further 25 pretreatnent of the ine for .additiona

2 . gas
PERLEFRBAYoFATERE o?ygewleaﬁpéneppﬁﬂﬁﬁéﬂﬁersfn§k§§CPH@

ABLbed-e¥808R 8f pAShOlNLENS ¥RacEOBr! Bpabasihaef ilhe
prior art _there was therefore a need to 30 develop a
pestessnt byt Lpushedswihd PAr deEytdapR§siPlyepretreated gas

RLERALALLANCRLABLOEBALEAY QhtPILUER! ROPALGMN aThe end
conparatlvePy for e sinpl e and cost-effeclive procedure.
phabasofionhsurpericsiingl {sbeemrfiednduthati tht ains increase in

AL L | mpdS PR SRBE Bty MOEEfGper, enclusion
beakaggehahewekef pRoFeki tbebHeextremely disadvantageous
and undesirable in large-scale production. A circulation
of the inert gas streams is therefore advantageous for the
economy of a continuous process. If these streams are to
be recycled they have to be freed from phenol however,
which is extremely complicated. A preferred further
pretreatment of the inert gas for additional reduction of
the oxygen content furthermore makes the method even more

cost-intensive.

On the basis of the prior art there was therefore a need to
develop a process that permits the largely damage-free
preparation or processing of polycarbonate in a

comparatively more simple and cost-effective procedure.

It has now surprisingly been found that it is sufficient if
the apparatus in which the polycarbonate melt is prepared

or processed has a leakage rate of < 107? litre He x
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WD 2004/ 037894 PCT/ EP2003/ 011451 - 3 nbar/sec. ldeally

W | 200a598h 894 apparatus, punps and pi pel i nespePAkpAI03 /011451
used in the preparation and/or processing of

pol ycarbonate, but at the very | east the apparatus in
whi ch reduced pressure (<1 bar absolute) is appIied,

Qh/Bsr o' BERTT oRAL. YEsFERE, bRodERRfer  pyuBRTabRcS

pipelintsobhavapgeatieed, 1ﬁathengréphwaevapoaaﬂ¢bs
pe/ strand evaporators, srngLe shaft. or tw n-shaft
0

pi
PRYECSFLEE! © spe YAREPOPaLEr oPRE BF BPﬁeVeeynﬂEFéraFP§

Sbpatnahkei A0wARBAr b8 cas Pekbsasea3sachakedpyatuuly is
equi prent and vapour systemns, vaporisation extruders,

phpéieds aﬁdcbvapofaroﬁ§am§ﬂr§ I]-ﬁjrgét rapagdtivdvagsels,

ﬁﬁégigﬁésange§§E598 F&E%Elgﬁ E Egﬁ§r58q9bgor ?Ref%§ced

nventi on accor rovi deé a process
piepatation GVapbpaesssngfaﬂlanyéaﬂhoeaapomstngs,

equi pnent _and appar at us whos Ie kage rate.is <
PibPLoREaRa BURPBERL et B ABLS -SPT8L4OF, EHATPENRIE Cage

pharises. orpaikicukakkyrpl eber abh¥r<céfmerkikneytHebkainable
nbar/sec, and nost 20 partlcularly preferably <10-6

aPPasabesSxafghuelicas FHEOFdakagevARHES SAN1REESGr 8adf yRPOUT
sgégahs bragegﬂsgragg gxteahbegbgg§fggeerphageva orators

umént from us or OO(H
andpanabbe1equmpnédungomahhlmapoandrakersdetszswalplmﬁﬁt

the ion or processing of polycarbonate,
Eﬁf?oﬁﬁﬁ %PFH an i nternediately connected forepunp

t hat optlonally heads only a partial stream of the
anount of gas to the nmeasuring instrunent. The f%%pges

Thet hBVRABLEN &FFIREeRERY, PﬁﬁV&ﬁeﬁs auRALFeFEdEOEd

BE@EﬁHégnoﬁr8rfb¥§B%§s§gngEh Beluirgas tkr Qidgdasuipment
Cy |nder using a gas | ance. ? he neasuri n:g i nst runment

ﬁeasappgrahESawbeﬁe drakapeumptiat s s 18r awWrit 5% t hr ough

e, f nd haak I
B8 BHR7 et CprRTkeaky 2 8% B0 d Moy dbdilices
partmunﬂadlgspte@htabayd<a1De%Ha@ae%ﬁ&ax mbar/sec, and most
particularly preferably <10°® litre He x mbar/sec.

The leakage rates are measured for example by connecting a
helium gas measuring instrument from Leybold, type 100, 100
plus or 200 or comparable equipment to the vapour inlets of
a plant for the preparation or processing of polycarbonate,
optionally with an intermediately connected forepump that
optionally heads only a partial stream of the amount of gas
to the measuring instrument. The flanges of the whole
arrangement, which is under reduced pressure, are flushed
with helium gas from a gas cylinder, using a gas lance.

The measuring instrument measures the amount of helium that
is drawn in through the flanges and indicates a leakage
rate. In this connection a leakage rate of < 107° litre

He x mbar/sec is counted as tight, and a leakage rate

> 1072 litre He x mbar/sec is counted as a leak.

Measurements on a test leak may optionally be carried out
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35 > 10-3 litre He x nbar/sec is counted as a | eak.

Woasgy£18Res40N a test leak may optional ly beceagpsesh/011451
out WD 2004/ 037894 PCT/ BP2003/ 011451 - 4 before

perform ng the actual neasurengent. In addition it 1is
reconnended to determ ne the baseline concentration of

BEkLUD LA Eheanll i SLIRaRNELe broiBale O Hoascion 1

|ns hIS concen I on IS en use

a8 aezemmeﬁdéalue deteetdnenetev dhyel ineaksncerthation of
nge ¢onnectiopns may also, be f%wpd by means  of

I
? +4%odRd tRRd2BER /G égwosg‘rsweaﬁ h8&§Rs rtt hibe @ggsuring

‘iH@tQﬁFn@ﬁE' onThi® tohgeh®rdthbhl 85 Haeh MRRY S8C 20e s
thus |l ess sensitive than the described heliumleakage

vesue o0 ThéehehcenvhéaRageLeaks iig ﬁhﬁsﬁl@mgﬂlconnectlons

%gréﬁgooﬂg ?BSEHGEQGmEXEEe%E'Eggglng }eea %?h%q5§F

eate desired ope nperature
aptaf| anhesgar én thgkt eneced bhbodeteep&ahnﬂgnuhelbeaWabelltre

|y this 15 eak e test gives posi tiv
hE<ti TPA5LEerNBRL) dfehh gatren, SERETFeqE CoRMEe fegeribed
ﬁ@hygar@@aﬁhgept@@@red inthis way is characterlsed by
an i nproved colour quality and is al so the subject of

the 20 present application. The particul ar advant age

@ﬁetﬂé§i8&o§@§§a§§|§ggE thery %%”%E'%Uﬁyc%%rﬁgﬁ out when

apparatus can easl e teste y nmeans hel i um
thakageteesﬁsandlﬂhusThguspsmgmngbyth@a tiegplesc swetthe

488936 H0boBXN0% Ry FURDCRR (0L CXRPLE) THLLOQEN.,ANd

assoc neceéssar
pmgytanbdnbééore meppatadgfnheeXamkbgebyeehe phade if this
%nterface Erocess Thi s process fogtt e pol arbonate

I

BAEFACNESPS P4 VAEsar PREFCAN SnifyY §S) ehgystem

Eht@é@?utﬁe refolivdmeacisnter alia in Schnell
"Chemi stry and Physics of Polycarbonates”, Polymer

Revi ews, Vol une 9, Interscience Publlshers
The polycarbonate prepared in this way is characterised by

an improved colour quality and is also the subject of the

present application.

The particular advantage of this process is that the
hermeticity of the apparatus can easily be tested by means
of a helium leakage test and thus, surprisingly,
displacement gases for oxygen, such as for example

nitrogen, and the associated equipment are not necessary.

The polycarbonate is prepared for example by the phase
interface process. This process for the polycarbonate
synthesis is described in many places in the literature,

including inter alia in

* Schnell, "Chemistry and Physics of Polycarbonates”,
Polymer Reviews, Volume 9, Interscience Publishers,
New York, London, Sydney 1964, pp. 33-70;
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35 New York, London, Sydney 1964, pp. 33-70; 41 WO

ﬁ@“&ﬂd¥}6§9ésPCT/EP2003/011451 - 5 D.C Preporseka003/011451
B. T. Debona and Y. Kesten, Corporate Research Center,

Al l'ied Chem cal Corporation,. dVrristown, New Jersey
07960: "Synthesis of Poly(ester 5 Carbonate)

Copol yners" in Journal of Polynmer Science, Polyner
Chem stry Edition, Vol. 18, (1980), pp. 75-90; D

&reitage Upr&rbggekP: B. TNUbEEBnaNanHO¥VekE§€en, @6¥§Brate
AG "Polycarbonates® in Encyclopedia of Polyne

SC|enEesaachngeneerungllveﬂuﬁbemicaZnQOEﬁpra§n0n1988

pp. 651-692, and |naII K. Klrc

bha PP RRrpRR” Ml yetpeendres i o BebRbrF e Rin oLy (ester
KUﬂStSéﬁbénhﬁ@ﬂbuﬁboliﬁeVEP 1ﬁ/$ouEﬁhycaEbi&ymer 801ence,
Pol yacet al e, Polyester Celluloseister

Ver | afoMIMPENCRGMERREY £99510Bp. Vois- 12, &§8Rép|PBs 75-90;
for exanple in EP-A 0 517 044 and many other 20 patent

applications. According to this process the
phosgenarirental, audi sedgom psal.t MGl larhi Nphaiboketoned,

m xture of different bisphenols) . in aqueous- alkallne
sol ut PBRERoPGsuSBRA¥FBEPONatesr r BdEBGY C28PPR1AhEL FOlymer

preSe§5§eﬂéea9nanghglﬁég§ah@ vazsab 9, sehvenfition, 1988,
m xture, which fornE a second phase. The

ollgoparbéﬁété§2 tbad disafdyned and that are mainly
present in the organic phase are condensed with the
aid of suitable catalysts to form high nolecul ar

yei ghprpal yoar bgmgbeSKt hﬁ&raherBQnal @sal vegliert he
or gani ¢ phase. The organic g ase is finally separated
B

and tnEObEC9cbobghafe1nsBe§ g eBrByn, vEunsgstof f -Handbuch,
wor ki g 1UDBZ;L?FI\)|§a]_.é(@aEBbﬁaBr LOCBSS§ gegégwgg@o@g@ger,

consi sting one or 35 1o nol’s~an
materce$1u$edeeﬂhereiﬂatheHﬂﬁBE@OHb@EE@9Mun1ch Vienna
PCT/EP2883/0114 1o 145,

as well as for example in EP-A 0 517 044 and many other

patent applications.

According to this process the phosgenation of a disodium
salt of a bisphenol (or a mixture of different bisphenols)
in aqueous-alkaline solution (or suspension} is carried out
in the presence of an inert organic solvent or solvent
mixture, which forms a second phase. The oligocarbonates
that are formed and that are mainly present in the organic
phase are condensed with the aid of suitable catalysts to
form high molecular weight polycarbonates that are
dissolved in the organic phase. The organic phase is
finally separated and the polycarbonate is isolated by

various working-up steps.

In this process an aqueous phase consisting of NaOH, one or

more bisphenols and water is used, wherein the
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concentration of this aqueous solution wth

/05?85?9 sumtotal of bisphenols, calgetaip2donpi11451
sodium salt but as free bisphenol, nmay vary between

1 anq 30 wt.% preferably between 3 and 25 wm. %
partlcularly preferably 5 between 3 and 8 wt. Qbfor

car bopat es an_Mv > 2 to
B SR vRE ot ot ctlafr atlows aoqat sl WifR $Rpgéct! e the
5QRANESEAPNoEt bBYh8RoDECessBEN1 APeliNBoCase ObditimOBeIt but
concentrations to thernostatjcally control _the

8| freenBlsphengbdi NAY hYAFBxPaRvERRBdL t ®37di 38oVve¥t he 10
gféﬁgfgﬁ HéngsneﬂpgﬁaeﬁslatS@lI9a£9£8hparﬁ§ BaueerEbly

odi um roxi de solution. The concentration of
setvaan hydndxadetsblﬁ@ronOlzchb@nﬁéﬂSbyltheaFaMge1 45,000,

801 58 Hor tfo"Fa® Bafwiohy BahRa B e woFh padrly sy b - 000

betvres boandctOomt it may B& nmayebsarhosenthe besenoé
concentrated, in which case it

: chosen ;
RagREr FANFRBEBRBARES Fﬂv5herﬂaégeﬁiggﬂagh?géfga¥1%ﬂe

§89h9ﬂbﬁ¥dro%hgeséahuﬁ|H?ér&kibe geagepbr at epsvbetneen
and 75 wt.% preferab bet ween 25 and 55 w. %

bpspbanply meatba eapéomgédlnTﬁelaﬁképrm 00 6§n€§H?OB§r
hfu fhga§§§§ﬁ8'ggfagggﬁ ve&xeleaaeéxteataaﬁ of the sodium

ruc enol but varies as a rul e between
HyﬁSonmﬂe sblatkahl1pegonereedfbb|sphehargahdcanganﬁﬁﬁélon

A6 ther dehian DlaPribpa=BF BPLuraRhr Bufa=dnti Refenis

m@ewee355baﬁah550htAflspuaeéraslyobetbeenhenahd s wt %, or
1.85-2.15 nole of  alkali. If npre tgan one blﬁph
mayubedcheRen tRebE RRYS FERERESSRUEH: t dFetRaF! ?Sﬁait is

Eﬂgﬁvaﬁlﬁkée Q@tﬁdWQEE§ge°§§ the dissek¥eih8lving
I sphenol s separately in an optinal al kaline phase and

ngﬂegeﬁntndn&etSQnuﬁpdmgmsbydrgﬁédy gpluggons with
gggsgﬂ@& § stsgéﬁ Lhem capbhaed (g tEFeE@?%EH?”beEQeen

dvantageous t o di &s
besphdneb wﬁr%blsph&nnbilgoheaneéodamﬂlhyddOX|@he alkali

Soprtnen but 0o Ol Bhe Bl58eapahasS Okl 28rbR1YNLEN the
structure of the bisphenol but varies as a rule between
0.25 mole of alkali per mole of bisphenol and 5.00 mole of
alkali per mole of bisphenol, preferably 1.5-2.5 mole of
alkali per mole of bisphencl, and in the case where
bisphenol A is used as sole bisphenocl, is 1.85-2.15 mole of
alkali. If more than one bisphenol is used, then these may
be dissolved together. It may however also be advantageous
to dissolve the bisphenols separately in an optimal
alkaline phase and to meter in the solutions separately or
alternatively to add them combined to the reaction. 1In
addition it may be advantageous to dissolve the bisphenol
or bisphenols not in sodium hydroxide solution but in
dilute bisphenolate solution to which additional alkali has
been added. The dissolution processes may start from solid
bisphenol, generally in flakes or prill form, or also from

molten bisphenol. The sodium hydroxide or sodium hydroxide
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been added. The dissol ution processes may start from

weldobaFo3pgsphenol . generally in flakes or ppét)edaony/o11451
or al so from nolten bi sphenol . The sodi um hydroxi de or

sodi um hydroxi de . WO 2004/ 03%894 PCT/ EP2003/011451 - 7

solution that is used may be prepared by the amal gam
[pCcess._o e. so I CEss 0

% 'C %%%s{h gvégb%%%h|ﬁg§2§ fé?gﬁ Fégggﬁiﬁggaég are"

#ﬁ@@@s@Oofhehep§68031$kd|hedbfanéhpratéssSOdBUﬁh processes
5_.the nenbran rocess is

dr oxi de re areg by g
%% PPNy %nﬁ?%y 8 FhiCRAuE IPRepareBr SqlBBHE pRakBS s

PhPSge NSk £01£Q0ehhehe MAED aQoQiﬁﬁ”h?d?Bﬂ%@eC@Bébﬁ&bﬂgby
of solvents for polycarbonate that are inert to

thecnembzanadoraaessot f pIefarsbipnemphaxed. The
optionally enpl oyed netering of bisphenol after or
during the addition of the phosgene may be continued as
TMQgtthppnsgenedoaqﬁeGusnphdsatéssphoaganytpdodugbsher
nanmely chl ori nat ed carbon c_aci ers, ace present

ht?h%n EIRE1 OnPLBPEL FORT T éngyﬂ?hﬁg ¥egps t

ﬁ@dy@QfB@HaEsStﬁa@nabésphéﬁalsoaeae pbasganes hAdaBhat form
al kaline mediumis an exothermc reaction 20 and i s

Zafefeadophash.-a tenperature range from-5C to 100C ,

preferably 15C to 80C, nost particularly preferably

25C to 65C, wherein the reaction possibly has to be

The ropdionél indempégyedsmpressngecfiebaapghayodnafher or
vent

SRLISHLLE FREDnTLE VA, RS SULEILS, ALPRETRLE.LE <o

car onat es
DA ds nghbegéhe bﬁveﬂblQmmedmatedeeéondaxgnpkeducts,

hydr oqui none, resqrcinol, . di hydro d| henyl , .
%@@e%ﬁyanthﬁéﬁ98)SPEQﬂBéC BFgg {erbate present in the

£8X9£96MDESPMEl6MC|0aIkanes
bi s- (hydr oxyphenyl ) sul fi des,

bi s- (hydr oxyphenyl ) et hers, bis-(hydroxyphenyl) ket ones,
?ﬁé synthesis of polycarbonates from bisphenols and

phosgenes in an alkaline medium is an exothermic reaction
and is carried out in a temperature range from -5°C
to 100°C , preferably 15°C to 80°C, most particularly
preferably 25°C to 65°C, wherein the reaction possibly has
to be carried out under excess pressure depending on the

gsolvent or solvent mixture.

Suitable diphenols for the preparation of the
polycarbonates to be used according to the invention
include for example hydroquinone, resorcinol,
dihydroxydiphenyl, bis- (hydroxyphenyl)alkanes, bis-
(hydroxyphenyl)cycloalkanes, bis- (hydroxyphenyl)sulfides,
bis- (hydroxyphenyl)ethers, bis- (hydroxyphenyl)ketones, bis-
(hydroxyphenyl)sulfones, bis- (hydroxyphenyl)sulfoxides,

(a, ' -bis- (hydroxyphenyl)diisopropylbenzenes, as well as
their alkylated, nuclear-alkylated and nuclear-halogenated

compounds.
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(hydr oxyphenyl ) sul fones, bis-(hydroxyphenyl)sul f oxi des,

&61i%o4gh§7§Fﬁdroxyphenyl)d||sopropylbenzenespc@fggyﬂd3/01145l
as their yl at ed, nucl ear-al kyl ated and

nucl ear - hal ogenated 35 compoynds. WO 2004/ 037894
PCT/ EP2003/ 011451 - 8 Preferred di phenols are

4, 4" -di hydr oxydi phenyl , 2, 2-bi s-(4-

hydr oxyphenyl ) - 1- phenylpropane 1, 1-bis-(4-

Bifgfe%ygaeag{;%gﬂsgﬁ ﬁkgatﬂeq -?dl%ﬁl%éé Aal %yp@ernv'al

r opane r oxyphen t'ane
Hydrhxﬁphééyhydnepyphgmpk¢pahp dulsepnspyhbenzene

ardegurebannliRoEnuloRYGhex Bnenyh P bERaRGEoxyPhenyl) -

%rgthé (8, 2= Ehgeqbyh drbygppeyphenyl heeBPaB8tane, 1,1-bis-
i s-( B- dlnethié-4 1 hydr oxyp enyl)sulfone
t

Q4ﬂhbd§o§gpge§y ﬁ p- dllsopropylbenzene ,2-bis-(3-

@ggﬁgfyghgyékéxﬁgﬂﬁhPy p?HbQHS’ bis-(3,5-dimethyl-4-

hydroxyphenyl matbadeusapEepysbéﬁzéﬁélaﬁdhyli4b|s (4-
5-t l. oh

BYPESRYPEFTY: bpeperray BBRCnoPLEAREENPT®e -1

HydroﬂYﬁMéﬁ?lYﬁtheﬂéL,2,4 bis-(3,5-dimethyl-4-

1, 1- bi s- d h - phenyl et h
U T o

gggfak%ﬁﬁeﬁﬁm?»m}pldﬁhéogﬂoayﬂﬁeﬁxehsnxhhcxchoaﬁéama-

hydroksplignhydr axy- pherymptBy3cgcl phrEangl cycl ohexane.
20 These and further suitable diphenols are described
for exanple in US-A 2 999 835, 3 148 172, 2 991 273, 3

?Zﬁt§§Elarﬁygﬁge@éﬂréﬁddzpﬁgﬁoﬁéGarén4gﬂﬁmmmjd¥deHE§henyl
specifications 1 570 703, 063 050, 036 052, 211

D56-hihd- $48B2d898ypPhEnyh) prﬁéhlsﬁbéﬁ?rsﬁeérbﬂéatﬁon 1

Eﬁ&rg O?H¥OP§C§B ngthz BXFntefghaghgtthBIf kﬁ¥o§9d

ysic Bonat 8$ Sclrénce ers
pbmnybibréﬁﬁﬁe pp, 12Bléﬁ(4 hpdrd@2phenylangcilohBx@ne and

Scf chve- AAaaERRSI BS=Y 1 Narcar SOLRABR CPKLAY S0 varRe

2000, pp. 72 ff.

These and further suitable diphenols are described for
example in US-A 2 999 835, 3 148 172, 2 991 273, 3 271 367,
4 982 014 and 2 999 846, in German laid-open specifications
1 570 703, 2 063 050, 2 036 052, 2 211 956 and 3 832 396,

in French patent specification 1 561 518, in the monograph
by H. Schnell "Chemistry and Physics of Polycarbonates”,
Interscience Publishers, New York 1964, pp. 28 ff.;

pp. 102 ff., and in D.G. Legrand, J.T. Bendler, "Handbook of

Polycarbonate Science and Technology”, Marcel Dekker, New

York 2000, pp. 72 ff.

In the case of homopolycarbonates only one diphencol is
used, while in the case of copolycarbonates several
diphenols are used, in which connection the bisphenols that

are used as well as all other chemicals and auxiliary
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In the case of honopol ycarbonates only one di phenol is

wsebos¥orhged N the case of copol ycarbonates peypERd003 /011451
di phenol's are used, in which connection the bisphenols

that 35 are used as well as _ald _other chenlcals and
auxi liary WO 2004/ 037894 PCT/ EP2003/011451 -

SRS LATCES cAdrtn ol ?%éﬁéﬁéé.ﬂ§¥.8BV#§§%¥¥h

echtlahinsystihesth, inpadl t hgsasdiginaagag akbhougblrtabSual
desirabl e e raw s cl ea

t | s that
PBREReEES/ 5h¢ﬂ§fapgaﬁpaaﬁﬁé%39§ay TbReNgh ot “dfoteBirable

9! Y88t rQf MhXLYEESsOfhateyeLahsSEL¥EAt 85 SYkLable.,
solvents include chlorinated hydrocarbons (aliphatic

and/or aromatic), preferably dichl oronethane,

146 COHGLRLIVEEDEe dad dohLLED! 0F98h0208) vifle pr. mixtures of

; Fic roe orobenzene™ an
newénaESSolﬁenﬁatlcShydabEarbohgesbshlaslbéazehéprinated
t ol.uene, ene or ronat c ethe s suc

L N LA R et STl 23 S =

Qi cRUGFbMEBRANY, asracHL ¥k HERy1¥hED thQ&Laﬂﬁeﬂloroethane,
hydr ocar bons. Anot her enbod; ent_ of the 15 synthesis

hsb5256rw@hi§rpﬁ5haa@ ABe ahdssPhenganeoAng Shgir mixtures.
PLYGAL OH EEOCQQBSFQ'EQEM REegkRLEAL] ORcRQEAES &Zb/o-

ol ycar te nmay a be used I n conbination wit
xpleeater anompbhycatbenateuChnaEhagleaée Balvhawsvelchlso

Letrahydrofura 4-dj o 3, di I
B8 UEBL BB 80p f Be e 0800 Bk 8y s e
bEthseﬁlaslnaabdehpSrbéatbensolvanbtbartamboﬂmm&attbé the

second organic ase, pha for
SERoRrathoRneg, eB LT Rk e bhatndoboEy B ShivaTputepaty svell
bBeyE8aBbhate . Thascbsaehheet pdeby psuppl yhnggenesgy¥ovi a
shear forces, nps or stirrers _or by stati

RPXEFarbonaks @éﬁeﬁgﬁPnBEtHﬁBGIéﬁtCPWQ%“B§loﬁe&ﬁ§%o§°1vents
Q%2 8§¥QQQESEPSbaph&ﬁgﬁﬁlsCQHanébugaﬁtgfshEﬁsﬁs

neasures are al so enp oyed, often also repeated over
teheahydrofuran, 3-/1,4-dioxane or 1,3-dioxolane that are
also soluble in the agueous phase may then be used as
solvents if the solvent partner forms the second organic

phase.

The two phases forming the reaction mixture are mixed in
order to accelerate the reaction. This is effected by
supplying energy via shear forces, i.e. pumps or stirrers
or by static mixers, or by generating turbulent flow by
means of nozzles and/or diaphragms. Combinations of these
measures are also employed, often also repeated over time
or as regards sequence of equipment. Anchor, propeller,
MIG stirrers, etc., such as are described for example in
Ullmann "Encyclopedia of Industrial Chemistry”, 5" Edition,
Vol. B2, pp. 251 ff. are preferably used as stirrers.
Centrifugal pumps, often also multi-stage pumps are

employed as pumps, 2- to 9-stage pumps being preferred.
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30 or as regards sequence of equi pnent. Anchor,

%4' BhggedM G sti rrers, etc., such as are p@ls t2999 /011451
é Fe In Ul mnn Encyclopedla of Indust{%eﬂ /

Chen1stry", 5th Edition, Vol,,B2, pp. 251 ff. are
preferably used as stirrers. %bntrlfugal punps, often

aIs mul t y 25

Bh S Parit b AL 508 AR L5 PR STPIOLEY BSpRUTRS: Fpule:
PSILER29P3L94440dntut? oFerbonat ggz618phaRENMEs€8 as nozzles
alternatively tapering tubular pieces or also Venturi

and/efodiaphrp@®sare used as nozzles and/or

di aphragnms. 5 The phosgene nay be added i n gaseous or
liquid formor dissolved in solvents. The phosgene
theepbothahei mayehpl agiddd iefgasedusoorhéigundt oamn of

enol s _used en 3 and_100 e W
é?%?%#ggg 1Be? XﬁngsandTgﬁ ﬁﬁ?%g@nelﬁxFﬁﬁgng%nnec i on
theleedal vefetrehetaquaeusumlfophaserduhengisptendler used,
addi t1 on of phosgene is_naintained |n t he alkallne
tangetwpesf &r apfy 168t MeeR &, 5PERECT2PIByPeEVRERe> o

Spﬁ?ﬁgd%addﬁh'eﬂﬁg EBhAELPYohN Ak ﬁﬁdbﬁﬂhgygfoﬁhgeaqueous

sol ution or appropriate additional netering in of
phaphedutang enﬂuaﬁbﬁr addibacnapfephprgernddisi daipkaiged

cat H shoul d 1 T

£0, batarabTil B0RUhe BESRELYBED B0 40ed;s hRs 12, by
@ﬁﬁ@&éabkyraﬁeEOeGSﬁadtheophmsgenarﬁng mayoﬁlsodbem
carrled out Ender excess pressure endi , .
ESRveriapnap P St S0 BRET pbE. BT hay s RetaFagg in of
ghéﬁﬁ&h%leEosbmﬁtléﬁor@ﬂ@%@&bbﬁﬁtﬁkxtﬂéeadﬁlth@n of
organi ¢ and aqueous Eéase or however may al so_be

ﬁh@ﬁﬂysbrtbarpﬁaﬁhyu t beeBetweesr 0t ABA Afixi ngh6f t he
f 0
g?@ég%a&k%%?ﬁﬁggn thgeﬁgpﬁagﬁgﬁgﬁn %g'@g | §o285bRen

€ Correspo ot her se. In addition
phefphab@gnesﬁayobeSﬁémeted mhosgynetlparmaalaﬁspnb@ a

LeCY¢Lad R" Lhak S LARaOL L8 B U HABE LA X bU k' 881 vent

that is used.

The phosgene may be metered directly into the
aforedescribed mixture of the organic and aqueous phase or
however may also be wholly or partially metered, before the
mixing of the phases, into one of the two phases, which is
then mixed with the corresponding other phase. In addition
the phosgene may be metered wholly or partially into a
recycled partial stream of the synthesis mixture from both
phases, this partial stream preferably being recycled
before the catalyst addition. 1In another embodiment the
aforedescribed aqueous phase is mixed with the phosgene-
containing organic phase and is then added after a
residence time of 1 second to 5 minutes, preferably 3
seconds to 2 minutes, to the recycled partial stream
mentioned above, or alternatively the two phases, namely
the aforedescribed agqueous phase together with the

phosgene-containing organic phase, are mixed directly in
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phases, this partial stream preferably being recycled

wefUoa /ohgssat al yst addition. In another enbpeh/ mp2loobhe11451
30 aforedescri bed aqueous phase is mxed with the

phosgene- contai ning organic ase and is then added
after a residence tine of 1 second to 5 m nutes,

f bl ' |
P FaFYelpd RAEEEAL ahcatunnblt fned ehofa: VLl Ehethese
EMbBoPhasets vRsehfoBdédéberabodedescanyied anvedbdsbphasserved

together with the phosgene-containjng organic ase,
ar hfx@%C%F?@EYIWaFHt?9 28947 629 ngr gepeatgg

§§H£€f899§/ﬁééé§i?g i%loEh§oﬁ§6M0h§§r@ﬂiaéabo§ht§@ﬁ1or

ment i oned above. |In all these enbodinents the
apprepeiatebaddpHipaayeseshping be obskivrlenghatef

necessary ai r addi ti .
REESPIAEY, TRLRO2LRE, PhofDat Gyl chsae kit a8 hashebinea.
fapphepesakeyaddi tbobahgneredibhgtionof bi sphenol ate
solution. Also, the tenperature range nust be

mai ntai ned, if necessary by cooling or dilution. The

PRLYS81pensbenayat BostBeBRY Rayebbegtedceeoat totoualiyusly or
10 discontinuously. The reaction may accordingly take
giagent hinyeuplyd vgager§§0taﬁa|aaYréaéPéﬁéPGbﬂn%ake place

Eﬁagk9%§e8rva%gggé?dtMSﬁ§§k ?éé@@gﬁé,Oﬁuﬁﬁn?EQ@EBQBsor
ereof, In IC connection It should be ensured by
stprogingeshelabaeadgesnent combdnatxpng therees, t hat which

AonPaobARY AhoR oRAsHR: RBSFELETHY, BPELRLERD, Fp"aseRany

meaetieded mexing Hewgeescentainas Sapoaisfpabbébthl othre

fron1phosgene or ¢hlo inatea car boni c cid_esters, . 20.
THECRURORTAC PFORRICCRAPACECPRTAE: BPLYr BRER S( gYRLhesis

hegdlidbehakheummlecuhakewei ght,. sdchoagephebatadhs
al kyl phenol's, in” particul ar phenol,

sapentifiBbigl ghénsine; {568t PhpRERBE, orcGhyPphBALRD carbonic
ggﬁhreggggginated carbonic acid esters or acid
chl"orrdes of nonocarboxylic acids or m xtures of these

The monofunctional chain terminators required to regulate
the molecular weight, such as phenol or alkylphenols, in
particular phenol, p-tert.-butylphenol, isooctylphenol,
cumylphenol, their chlorinated carbonic acid esters or acid
chlorides of monocarboxylic acids or mixtures of these
chain terminators, are added either together with the
bisphenolate or bisphenolates to the reaction, or
alternatively are added at any appropriate time during the
synthesis as long as phosgene or chlorinated carbonic acid
terminal groups are still present in the reaction mixture,
or in the case where acid chlorides and chlorinated
carbonic acid esters are used as chain terminators, as long
as sufficient phenclic terminal groups of the polymer that
is being formed are available. Preferably the chain
terminator or terminators are however added after the
phosgenation at a site or at a time when phosgene is no

longer present but the catalyst has not yet been added, or




¥

10

15

20

25

30

35

25 chain termnators, are added either together with

ﬁ?ﬁgodj/%g$ggplate or bisphenol ates to the repgf E®0087011451
alternatively are added at any appropriate tinme during

the synthesis as long as phoggene or chlorinated
carbonic acid termnal groups are still present in the

reacti,on.m xture, 30 or_in the gcase, where.

2 orided RARSER bPPnarealvehr nERSEHEF (ilfe e patalyst,
Y6efang1TORI Phéeedbnators, as long as sufficient

phenolic term nal groups of the polynmer that is being
fornmed are avail able. Preferably the chain term nator

9ﬁ Eﬁé”ggﬁé°%§¥abﬁaﬂeﬁ@ﬂgra?QHEQ_8£tﬁfaheﬁin§5agenp
pho al a ti

sgenation at a site or me when phoSgene is no
hbngeresr thant abat poaeibiyalged Azne addegetobbba gynehesis,

N e e R s

pai @bhehol ber ghiatetrnarhephanmel wayrbaandhchijoagdassobdr

branchj n ent 5 m xtures that, are. possibl sed are
RHUGAT PERY hLCSIRLABSPE, CoRBRRAFPS<KbNBVEF Dbf 678 PRETALLY

Ghain bRENLNabOmSxt RELEPBENGhS, paURbREABLY pheaela or
acid chlorides of tricarboxylic acids or

cbipantdeBoxylic acids are normally used, but also

m xtures of the pol yphenols or acid 10 chlorides. Sone

of the conpounds containing three or nore than three
pbmaocbf cthgdrompbugdeupsnthaningytheeased markutibafiokhree

exanpl e: 15 .phl orogl uci no .

GREER e AYRESL 6 SFPRPRALRokr BRYpRENYPFRepPERETS, Tor
dxBmglaet hyl -2, 4, 6-tri - (4-hydroxyphenyl) hept ane,
1,3,5-tri-(4-hydroxyphenyl)benzene, 20
1,1,1-tri-(4-hydroxyphenyl)ethane,

sttt gpen e e,
4;sidliééhgllzﬂij%?irﬁ-ﬂif gdigiyéﬁggyg)ﬁéﬁtLﬁgg ane.
4,6-dimethyl-2,4,6-tri- (4-hydroxyphenyl)heptane,
1,3,5-tri- (4-hydroxyphenyl)benzene,
1,1,1-tri-{4-hydroxyphenyl)ethane,

tri- (4-hydroxyphenyl)phenylmethane,

2,2-bis-[4,4-bis- (4-hydroxyphenyl) cyclohexyl]propane,
2,4-bis- (4-hydroxyphenylisopropyl) phenol,

tetra- (4-hydroxyphenyl)methane.

Some of the other trifunctional compounds are 2,4-
dihydroxybenzoic acid, trimesic acid, cyanuric chloride and

3,3-bis- (3-methyl-4-hydroxyphenyl) -2-ox0-2,3-dihydroindole,

Preferred branching agents are 3,3-bis- (3-methyl-4-
hydroxyphenyl) -2-oxo-2,3-dihydroindole and 1,1,1-tri- (4-
hydroxyphenyl)ethane.

The catalysts used in the phase interface synthesis include
tertiary amines, in particular triethylamine,

tributylamine, trioctylamine, N-ethylpiperidine, N-
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2, 4- bi s- (4- hydr oxyphenyl i sopr opyl ) phenol ,

W td@ra/93hy 6l oxyphenyl ) net hane. 25 Sone of therpEd¥I03/011451
trifunctional conmpounds are 2,4- dihydroxybenzoic acid,

trinmesic acid, cyanuric chlorjge_and
3, 3-bi s-(3-net hyl - 4- hydr oxyphenyl ) - 2- oxo- 2, 3- di hydr oi nd

%égb%f§g§%§%§%%§?_ﬁ???ﬁhhggp§989£gr§a§ne; quaternary
?Mﬁ@?i&@h@ﬂytéhﬁgohOaQ,Beﬂr?bdtglﬂdmbﬁiamﬂ

v 1, 1-tri-(4- I 0X en et hane. The cat al yst sed
?ﬁ}?%@y%hﬁé@Y%ﬁ%@?ﬁéﬁ@pgﬁﬁfﬁégbgiPWEPaaBm Budréxife/,
@Hl8§§deVﬂr8ﬂiE%fg%ﬁfoééheéﬁYkéﬁbﬂﬁetkék@Hb¥b§8¥ﬁ€e, as

trioctylam ne, yl pi peridine, N WO 2004/ 037894

welrl EP200Be0pkasphonigm gerhphpipespdragponding to the
QE%%H%B&°B¥&§688&E9'Efn HHALCLBAL Yt ATRRBLY (S ghks such

as tetrabutytamoniu
phosphyhbenzygbapoondenhtret aasbhybantbdpi uefbydedxktdehs onium
chl ori de/ brom de/ hydrogen sul fate/tetrafl uoroborate, as
SOWePYIEE - t he phosphoni um conmpounds correspondi ng to

the anmoni um conmpounds. In this context ammoni um and
phosphoni um conpounds are also jointly referred to as

Bheam cemRpvBnddsareodsResibednpsuhyBiapre BBaEEi pegeasace

éxe&%ggtghﬁﬁe PQtEEEé sngéEa5¥gtéohaeyeeahhgeaeggﬁsble,
aré commercially avaiTable,’ and are known to the
pedsaneskinbwedtonthhepersonThbiléatdalipstbenaytbe dtided

P odi vi dual | _ ‘ ‘ _
ERERLLEES by BR Ok dhfivehnBlEg, SO0 NELLARE, Br also
sbgetRddednbief ar eutbesphoagesathensyhbhaghs.adtheyonre

after the introductiqn of the phosgene i . f d
PPELSpRLiVvElEP AREERePERBS ORGP aﬁgsbaalgﬁ? Ehobghes

9839Pi UM sePRPURHS anherHaadtasnCakakust phokfenhi 6B
case an addition before the nmetering of the phosgene is

poepestedr ddreshechiver PAgwWhAtBETt RBECBPAN)sEoppound or
ﬁ?ﬁ@h¥égso@a¥nﬁﬁﬁecBhﬁBﬁnds are used as catalysts, in which

case an addition before the metering of the phosgene is

preferred.

The metering in of the catalyst or catalysts may take place
without solvent, in an inert solvent, preferably that used
for the polycarbonate synthesis, or also as an agueous
solution, and in the case of tertiary amines as their
ammonium salts with acids, preferably mineral acids, in
particular hydrochloric acid. When using several catalysts
or when metering in partial amounts of the total quantity
of catalyst different metering procedures may of course

also be used at different sites or at different times.

The total amount of the catalysts that are used is between
0.001 to 10 mole % referred to moles of bisphenols
employed, and is preferably 0.01 to 8 mole %, particularly
preferably 0.05 to 5 mole %.
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wi t hout solvent, in an inert solvent, preferably that

ﬁ365504733g55$ polycarbonate syntheS|s or al perAsdd3/011451
aqueous solution, and in the case of tertiary am nes

as their ammoniumsalts with acids, preferably mnera
acids, in particular hydroch}orlc aci d. When using

veral en_meterin artial _anoun

BV Eroaafthiotogl, rie LhSSamra bk Ravl PR Rk ShedRH b o
RIRCEHEr 88gARY cOphagEr aAd3Bhal aqubeussptast ﬂbffereettaln
sites or at different_tines. The total unt of
eamal yBe§orgaprhiengdéy PEaBQP&@@nagenéoznberﬁothﬁFel@bnot

ﬁgégfésbﬁyo th€§goﬁ19hsgﬁgngh§ h@HBhQY@? @HthStermlnator

prefera 8 nole % particularly
pndf eabblyso. esetedéedoleSm@hlaVEuEGQQﬁQBVSQlerlng time

PCT/ P20 3/0114 f f h
e
Bh@r@ﬂﬁ§0U$mﬂhaSEné0Eaa aer thegn arenempbeyede are between

optional l.y branchi ng agent not t d

2R PBFRPAY ﬁPah6Ph@98PgﬁﬁengF828faEEHaPﬁ§W8Fﬁiﬁgeggggnds
and gat Alvstear anadggdeiSuthraysybseguapl ySbetwbbg ti fBnute
may be advant ageous after each addition. These

suBséqumanutesirring times, insofar as they are

enpl oyed, are between 10 seconds and 60 m nutes,
preferably between 30 seconds and 40 m nutes and

Phet aculasky pwe#phabbyrbecméen miptnueethad hag f8lly

m nut e The at | east ase.reacti t
ﬁS@C%Ea|§“ r E5PF8ATEnE cgﬁgg RELY; ﬁ%s?gogb§g?Fgaég9

cRr phen ablty ch2opprihtetl ehkbbnmatadldaeboams adsdallowed to
esters, is allowed to 15 settle befo&g t he pha

§epargt PEAOTPhENGqRESES 2FRAFPHACTpha .éqUFOHéc8§§§}§ne

Eﬁﬁgglgg i waekesakyl PeRgtl elO ihhgholel yeanBopate to the
ynthesi s as aqueous phasé, or is added to the waste

pal¥carboantensyatigs i swasr aqueruenPhang  c aafyspdded to

c
Ak g

fhecoigasi are separated and recycled. In another variant
of the working-up process, after separating the organic
impurities, in particular solvents and polymer residues,
and optionally after adjusting a specific pH value, for
example by addition of sodium hydroxide, the salt is
separated, which can be fed for example to a chlorine-
alkali electrolysis plant, while the agueous phase is

optionally recycled to the synthesis.

The organic phase containing the polymer now only has to be
purified to remove all contaminants of an alkaline, ionic
or catalytic nature. It also contains after one or more
settling stages, optionally assisted by passage through
settling tanks, stirred vessels, coalescers or separators
or combinations of these measures - in which connection
water may optionally be added at each or some of the
separating steps, opticnally using active or passive mixing

equipment - portions of the aguecus alkaline phase in the
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impurities, in particular solvents and pol yner
ﬁéﬁady4 ?378§Pd optionally after adjusting a peepadaod3pbii4s1
val ue, exanpl e by addition of sodi um hydroxi de,
the salt is separated, which,gcan be fed for exanple to
a chlorine 25 alkali electrolysis plant, mhlle t he
gueou hase.is .optional ly.recygc]ed t syntheS|s
gﬂﬁmo? aﬁ?%epﬂﬁgglﬁgﬁtﬁﬁnwﬁéltﬁ% ngyﬁ% #-onf§y Rad ule a
torbearpuamihed to renove all contan1nants of an
al kaline, ionic 30 or catalytic nature. It also
contains after one or nore settling stages, optionally
ﬁ§§é§t@ngycP§§§§9§eEQEQHQBn setthingi1kankse shlieh8d phase
vessel s, coal escers or separators or conbi nations of
thesergensar phasei hsukishedonneet Ponseviaral Fapes with
|onaII be added ar ea t
@g% F%t?ﬁ §tebs op%P%ﬁaFry8%§3§g§%g%rv§§8?563§§°x¥110
ahdy b6y selbbpnenbcidport AQnecak inheaeaglieausdal kaki ne
phase in_the WO 2004/93783§ PCTg P2003/01 451 - %5
PERREBFeRi nendPBplefelas R¥AroghlpReC araflysphogphgrous
aei& éndt ShbEBRYrap aeldAf bermiRtaresaprgecnepar akige . of The
he al kal i1 ne aqueous phase 5 the_organic phase is
ﬂﬁsﬂ@ﬂtbﬁbéoﬁroﬁeVEﬁéﬁ prids @heuldi Pt énaghgsrapge, from
6*188&%3 EBr ROk Bre PUALBEG BOYYI L6 sapgl gL sulfonic
acrds. Uéous "'ni néral "aci are preferre in
particular hydrochlorlc aci d, phosphorous aci d and
hosphoric_a es of these
UOSHASEL 8noBhg, oflialia #hE8e0k s\ PEBERRERYY, wTDEciOuich
ﬁggﬁhlgeaoﬁrtQlEleﬂe&%wateEeramhy @e@érb015nwa%thbn
addi ti on the organi.c se is repeatedly washed wt
9§96HF§eHhéﬁed|@PFPPEgliﬁtQFSP?HE geﬁéFﬁtPBﬁthn?hSQ she
9&938{18 phase, 9Btkapakky dusparsed whkhip@itlianalolash
the aqueous phase, is carried out after the individua
ahagessbigueany méanstsf ivst LRkE . t ahkEredt VEFERLS,
¥§§§8EEErSCB§|ggﬁgygmﬁEssSQaEgthﬁaQEoﬁgngfn@hb%@sm%%sures,
Sé neas I'n ch connection the wash water may
opt whhahl yohaeadded the wash water may opticnally be added

between the wash stages, optionally using active or passive

mixing equipment.

Acids, preferably dissolved in the solvent used for the
polymer solution, may optionally be added between these
wash stages or also after the wash process. Gaseous
hydrogen chloride and phosphoric acid or phosphorous acid
are preferred in this connection, and may optiocnally also

be employed as mixtures.

The purified polymer solution thereby obtained should after
the last separation process contain not more than 5 wt.%,
preferably less than 1 wt.%, and most particularly

preferably less than 0.5 wt.% of water.

The polymer may be isolated from the solution by

evaporating the solvent by means of heat, vacuum or a




10

15

20

25

30

35

20 between the wash stages, optionally using active or
We'S04g 03FB¥4 g equi prent. Acids, preferabl ypéhsaloeedo11451
in the solvent used for the polyner solution, my
optionally be added between_t{igse 25 wash stages or
al so after the wash process. seous hydrogen chloride

nd osphoric acipd_or ph hor o I fe
PR ERR oS BERReBrRER o&Ra ndb oR: LEnarTyfy BEEnBaE" Fhtstae
efpLoxelisat bt dh@sprafipheapuonti ed pol ymer sol ution
t hereby obtained should after the |ast separation

process contain not nore than 5 w.% preferably |ess
fPapnd wén%%neegtﬂeﬁtopaehé$%b§9h¥r Bb?ﬁ@ﬁéﬁ'&nheP§ssibly
than 0.5 wt.% of water. 35 The pol yner nax be isolated
stom the seplerdanbgf ehappedyinay tAkesoblere by #iéghilling

h , 0 : 4{ 03 =P20 0

8t Gk PRt e R T Y P RBAPEF EFng ot o= ©f
bPeLHARe , CENBEal ki $aFbPRe@NHoPASCEPYE BAdWN prideddte see also
concentration of the polyner solution and possibly 5
atlsrmi Tec s o péhone of aiheno otk IV etrd ke aplsaed thyl 988,
dlstilling of f the sol vent ogtionallg by superheating
Bndl18f ehSeabF erprES¥aLY, At hpatpd FRFELPEIRE AS §PTaYed
E%é?ﬁﬂérpﬁgEﬁSEhes§81§E§8n tEhBENk$apErALBANVEREANERNS, is
VCH Verl agsanstalt 1988, p. 114; if alternatively a
bheatedea@atbi &6 gadspsas pedyEsiratilon Ot dnerdww idgt,helescribed
solution to be evaporated, then this is referred to as
fiorspraypéeapor ¥aioh/, Spraydepsyationeesehemieechenr
exanpl e i n Vauck, "G undoperationen chem scher , ,
Verfahrenstechnik", pRistserR¥ Xe¥lag Far Grundstoffindustrie

dst ot i trjie ZQ%Q) 14t j 1.0
ﬁ%ggé %r?ocggg?o;ﬂr’e Prs “descri lgd%?{r?tétehg?rp?%teent% e
teserabadeiandhienpaerhbodkseantuapeanknonntestbheks and are

Killed in th . W ' th I b
RBAF( GPSEPFI REFORY GFLLRES CBCRRECATEy more offoctive

flash process, highly 20 concentrated polymer nelts are
%ggglgg%bvhggtgﬁekgg%gent by heat (distillation) or the
technically more effective flash process, highly
concentrated polymer melts are obtained. In the known
flash process polymer solutions are repeatedly heated under
slight excess pressure to temperatures above the boiling
point under normal pressure, and these solutions,
superheated with respect to normal pressure, are then
flashed in a vessel at a lower pressure, for example normal
atmospheric pressure. It may in this connection be
advantageous not to allow the concentration stages to
become too large, or in other words the temperature stages

of the superheating to become too large, but instead to

select a two-stage to four-stage process.

The residues of the solvent may be removed from the highly
concentrated polymer melts that are thereby obtained,
either directly from the melt using evaporation extruders

(BE-A 866 991, EP-A 0 411 510, US-A 4 98B0 105,
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flash process polynmer solutions are repeatedly heated
ﬁ@cgﬂo4/@hyg§1 excess pressure to tenperaturescpEpokne11451
boiling point under normal pressure, and these

solutions, superheated with {espect to norna

pressure, are then 25 flashed 1n a vessel at a | ower

RECESYS ool G eXapRLe. AQUHR! o ALARSPRELT CEBIESEUREY bbs)

nay in s @3 i'on geous no
fhe1mngeemlmaEVaposhages t etrbadoseapovatarge, oor biyn

ther words the t t f th h
P GeiBeCPBBarigE. (BAr A fstBhq 168 s0obEraBALey o150 dndex
tMe- ghageiba BQUBnSEﬁgﬁa@hﬂéﬁﬁsa%EHE E8shdH8sSnotrbhen or

solvent may be renoved fromthe concentrated
parpqErdwexndetﬁatbarempheVébg ebvapﬁem (EBrfh8P3 996,

chl r : 35
PReERbadasofs" Es AR, 1250907y (REA3) ERpS L He g By
Qﬁbééﬁaéﬁa4c9g§tEEZ@@3t®¢m45mE AlZ 4DE—AGB3 aadoﬁspting of
t hi n- evapor.at or A _0.267 I
E0apaPLVent YeBranasesBpbnat 5P L00PASE (PEER onoes 2
ppoRast ben gEEYA O 460 450), optlonally al so under the
addi tion of an entrai nment agent such as nitrogen or 5
carbon di oxi de or by enpl oying a vacuum (EP-A 003 996,
é?gﬁuQeESQrgogbtyﬁplsa 423¢ Qﬁlxobyahﬁgbﬁﬁtbﬁ§hﬁ19§ of the

sequent crysta |on 29 960) and heatin
méltthedssubGEQuee$|QMGQUﬂﬁtnne,serlprhb@euégsoﬁ ngggarge

DE A2 _053, 87

BRBrualrel g Iy LhbnarRAlLpE] a2e®sBRh 1ACE r or under
aumsqgmdnt?ghemuuay|@aﬁe@r byfthatw&demb drechaege then
extruders ro t.ne r

SHAAE1VES) nag Be GoMErnEry ChB: BRLC) PoEREPaRLPE  khdd

Hﬁeéudbeeno§§1eﬁeuuyve§tﬁaxheeueedea teathe mekkers or
streamof this extruder, optionally with the use of

§ apushneiées estrudersudh $hge c8kErd8ars in the

extruder. By neans of an atom sation procedure the

pol ymer sol ution,

By means of an atomisation procedure the polymer solution,

optionally after heating, is sprayed either into a vessel
at reduced pressure or is sprayed by means of a nozzle
using a heated carrier gas, for example nitrogen, argon or
steam, into a vessel at normal atmospheric pressure. In
both cases, depending on the concentration of the polymer
solution, powder (diluted) or flakes (concentrated) of the
polymer are obtained, from which if necessary the last
residues of the solvent also have to be removed, as
described above. Granules can then be obtained using a
compounding extruder followed by spinning. Here too
additives, as described above, may be added to the
peripheral equipment or to the extruder itself. A
compacting step for the polymer powder often has to be
employed before the extrusion on account of the low bulk

density of the powders and flakes.
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20 optionally after heating, is sprayed either into a

Wessfl4 AB7BgEuced pressure or is sprayed by peprgr20033011451
nozzle wusing a heated carrier gas, for exanple

nitrogen, argon or steam in{g a vessel at norna
at nospheric pressure In both cases, depending on the

ncent ration._of p
% |I8?egT orCFPaE %g% ? ggkﬁ%h?hln go g%%%léPS torm
obbni tRd, wéBthMBndhopﬁ1Dﬁeé$§aaysbheohaehtraeaﬂdseéubﬁon
t he sol vent al o have to ga enoved descri

bed
aBobBS BPAKGREEOBARS! R¥n2HALBE: & REACIBIRGLANY agenct for

ﬁ@ﬂ?@HBEbHQtEXtrMﬂeEhﬁQ|h@ﬂﬁdc@!oﬁphBnhﬁgadbﬁheaﬁ@@uaoto
additi ves, as descri bed above % be added to t
r

padi fhzell odqal pnenmisprt aMpeHBteREr GHEr PFESEPEtaaing agent
e r n

SREPOELABHaT oot ] LT eRE ETTlaRE D LORCRToREREED, Bhe

bdlktidessbfythé bbecpeedefspaadipﬁaheenQBEQEﬁt It may

2004/ 037894 PCT/EPZOO /01145 18 The I

5L861 PP+ AEVANTARGERY ER BFgorhEEFRETToPRECHPoRrerRl] dBencs.

Hﬁ&?@da@ﬁdn@pthﬁn@bktlahiarCﬁﬁpelheatedoeohnélonycmbhexane
e pol ycarbonate by adding a preC|p|ﬁat|ng agent fo&

pBfy 8AFBBRALe SUFR efi SegbaReds | SRAPROL “BEvin Zge80sit g2y

gggﬁgxghﬁge gk a%EdalﬁlEﬂ&saeeﬁﬁeceﬁohhsspbeeb@p&ahtagg

optionally also to enploy waiting tines

bgemeen the additions of the batches of precipitating
agent. It may also be advantageous to use different
precipitating agents. Hydrocarbons, in particular
mﬁptﬁleprbcaphaae;onycheh@maymerosaﬂdtabnohslsssachuae

?nol et.hanol and i.- propanol naﬁF fo& e aﬁple bﬁ

¥nafAfd £6nAeREFGPAL ABde BECAEN ng LCRHCAEs SUER 2
h@ehaheQIpet@bh@u L heppebumel $okubiled cycashaxbukeeorl5
slowy added to a preci pitating_agent, alcohols such as
h@tﬁaﬁ§|suebheﬁoecemoﬁeoeeﬁewagéw Bed 59 /ER6h 8L ZRe 35T

KeLenps caiqhgAsgagelone generally being used here as

The materials thereby cbtained are processed into granules
as described in the spray vaporisation and optionally

contain additives.

According to other processes precipitation and
crystallisation products or amorphously sclidified products
are crystallised in finely granular form by passing
thereover vapours of one or more precipitating agents for
polycarbonate while simultaneously heating below the glass
transition temperature, and are condensed further into
higher molecular weight products. If these products are
oligomers, possibly with different terminal groups
(phenolic and chain-terminating groups}, this is referred

to as solid phase condensation.
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preci pitating agents. 20 The materials thereby obtained

R6 20440025864 i nto granules as described inptREEEIYAY 011451
vaporisation and optionally contain additives.

According to other processes pgecipitation and 25
crystal lisation products or anorphously solidified

d . [ LI in fi
Phogtyt ipheFus, bP Papalptabl brl Rt HuPEdsRa.rdrBiiing o
apentsveatiopohyear bonghe whilketshngktaredtiskythieat prgcess.

bel ow the glass transition tenperature, and are
CBRJRESBATRLAPRePL AFEMI6 LRI § éBOHBFgeﬂﬁéﬁsmépght

BngHﬁkﬁonbﬁeEh%§etHEOQHQESt@ﬁﬁse@kEQQﬁﬁbﬁtiBﬁsﬁkgbéss is
wth different term nal groups (phenolic and

khawn- i8r fhealihgrgcoups pndt hissdescrébedr égr eyample in the

' cqprd Lan 04 78 -
L bl v e e LM S
anyl baypiepavédPatgaondbogates,t RelymeenRevdeaissoHby Schaell,
melt transesterificati,o r ocess. repar ation of,
¥Pomati U8 PgH&gFHoﬁHPe Ogﬁd 8chélggﬁgt§§ H?EEhSSnéFt
beapsest ehi Eigat ygnpproeess 279 ,5uknewnsi,B4bhe0s and
|iterature and is described for exanple in the
BRcPcFop88i 858+ Pol ymer Science, Vol. 10 (1969),

Chem stry and Physics of Pol ycarbonates, Pol yner

Revi ews, H. Schnell, Vol. 9, John Wley and Sons, Inc.
Ate6aYiiag el this pwocBBEsCaromatis1dihygrpxy, geapeppds are

S-B_5,.340,. 905 ;and, 10 _US; 399.:659. r.di.ng [
T A N Y i
wiahseheenitli ed wutihabaebeatalgeitd dindsbetdonalfllye further
nelt,  with the aid of suitable catal ysts and

BEEAEANFPy further 15 additives. Suitable

di hydroxyaryl conpounds for the process according to

the invention are those of the Formula (1) 20 HO-Z-OH _.
gujtable dihydroxyaryl compounds for the process according

to the invention are those of the Formula (I)
HO-Z-CH {1)

wherein Z is an aromatic group having 6 to 30 C atoms,
which may contain one or more aromatic nuclei, may be
substituted and may contain aliphatic or cyclealiphatic

groups or alkylaryls or heteroatoms as bridging members.

Examples of dihydroxyaryl compounds of the formula (I)
include 4,4'-dihydroxydiphenyl, 2,2-bis-(4-hydroxyphenyl) -
1-phenylpropane, 1,1-bis- (4-hydroxyphenyl)-phenylethane,
2,2-bis- (4-hydroxyphenyl) propane, 2,4-bis-(4-
hydroxyphenyl) -2-methylbutane, 1,3-bis-[2-(4-
hydroxyphenyl) -2-propyl]benzene (bisphenol M), 2,2-bis-{(3-
methyl-4-hydroxyphenyl) -propane, bis-(3,5-dimethyl-4-
hydroxyphenyl) -methane, 2,2-bis-(3,5-dimethyl-4-
hydroxyphenyl) propane, bis-(3,5-dimethyl-4-hydroxyphenyl) -
sulfone, 2,4-bis-(3,5-dimethyl-4-hydroxyphenyl) -2~
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wherein Z is an aromatic group having 6 to 30 C atons,

Wi Lgbv4yRY 769t @i N one or nore aronmatic nucl eperER2003 /011451
substituted and may contain aliphatic or cycloaliphatic

25 groups or al kylaryls or hetgroatons as bridging
menbers. Exanpl es of di hydroxyaryl conpounds of the

fornula (I i nclude _4,4' -di toxydi,phen
ST Bubale aF oty BREAYE) L1 SERBRGT BV Bpankydroxyphenyl) -2
BrdpPl PbéAzbidr ansipbenyb) spliernyarbapehedfl) -3,3,5-
2,2-bis-£4-h¥droxyphe g[)proEaTe 2,4-bis-(4-
B HPBXYBREXS 9h93ﬁﬂﬁh3 bEPaRBOL 1 THC )i 5[ 2- ( 4-
hydr oxyphenyl ) - 2- propyl ] benzene (bi sphenol M,
2, 2-bi s-(3- nmethyl -4-hydroxyphenyl ) - propane,
past{gubadlvephgferredydiphgphéayhyendt Adne,

- Pj S- et hyl 54, 2 d
SHer kS dtBnPhYE. 1 Gbad; DCROTY BRERK P17 BRRRy Le thane,
2,3-bis- (3-hydroeyhiiengi hpdopayphefyk) b2s\WD, 2004me8RgA44 -
PCT/ EP2003/ 011451 - 20 t hyl but ape
FYar GrEDSnyS) BEGPABENy - 3+ Ry B o4y BRARGRyPBeny1) cyclohexane
Qﬁ&le1bSDéem@-Hﬁgréx%gﬁéﬁgi4=BYQEQxiﬁhﬁéfhyi§y315hexane
trimethyl cycl ohexane i sphenol TMC). 5 Particularly
peespherdl dT¥Eenol s are 4, 4' - di hydroxydi phenyl ,
1, 1- bi s- (4- hydr oxyphenyl ) phenyl et hane,
2, 2- bi s- (4- hydr oxyphenyl ) pr opane,
Phé@sbi 813, budt herhglhiidabhpddopiphenyl pprogeseribed for
1, 1-Dbis-(4-hydroxy n cyclLo a and
?#imgﬁg-Eﬁ-ﬁéaéoéygﬁgnéb§!3,é,gﬁgrgﬁgfhglg?%lgﬁékane 10
tbpsphepol ZIMEp2 Thesendnd beot Bes,stint aekeadi phedebpen
are described for exanple_in US-A 2 999 833 3 14%
apecidications 1353917847, 2496820894 4nfd32 888 8462 1iln 256

$BaMaNghal §ygpenn %§e§escbgteﬁti@gécifﬁzgtzaﬁ,125%63518, in
050, "2 036 052, 2 211 956  and 3 832 396, in French

phtenbnsegeaphi bgt Hoschnbl 51Bemistry hendohbgsaph ¢ H

Schnell "Chem stry and Physics_of . Pol ycarbonates",
Pﬁ%@?g&b@ﬁeéep&b|¥§H§F§Flﬂ§ﬁﬁvspkliggs¥s:pH?WZ prk 1964,

B . 198k, a?ﬂ.ﬁ@z@f@-ah@gﬁﬁn@pGJ-Eeg@%ﬁ@LeUuTZOBendler,
ndbook of " Pol ycarbonate Sci ence and Technol ogy",
NMEapdbook of Polycarbonate Science and Technology"“, Marcel

Dekker New York 2000, pp. 72ff..

In the case of homopolycarbonates only one diphenol is
used, while in the case of copolycarbonates several
diphenols are used, in which connection the bisphenols that
are used as well as all other chemicals and auxiliary
substances added to the synthesis may obviously be
contaminated with impurities originating from their actual
synthesis, handling and storage, although it is desirable

to use raw materials that are as clean as possible.

The dihydroxyaryl compounds may also be used containing
residual amounts of the monohydroxyaryl compounds from

which they have been prepared. These amounts may be up to
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Dekker New York 2000, pp. 72ff.. In the case of

RO PR M398Bgnat es only one dlphenol IS USG@CTYEPiGhj/hll451
the case of copol ycarbonates several 25 diphenols are

used, in which connection the,bisphenols that are used
as wel | as aII ot her chemi cal s"and auxiliary

2Rt AP REEAEIT L Ao phrr DL TaI 1Y, RRECR SFRgmabndry S¥ and

actdaparsyatubesisy, plﬁ@lﬁétrabgyan@ sborage, (salet Houg e xatple:

desirable 30 _to use raw materials that are as clean as

EgééiEI%?OTﬁézgrhydroxyaryl conpounds nay al so be used

contai ning residual amobunts of the nonohydroxyaryl

conpounds from_ which they have been prepared. These
ngﬁngcnay1§edgpstgr$fmg@b4poghgg¢ontgxt of the invention
/ 3L01 1 ref bI 1Q9 articularly

p?%fgﬁégg 9 Eﬁg §§9 &B né%?§pa¥9|8ulaﬁly preferably

up to 2@6(see for e®nple EP-A 1 240 232). 5 Carbonic

acid diestegs Wthin the context of the invention are

tp of thel for (1) and (I'1l1) R R 10 wherein

—Q ntlyggf one anot her, may denote

HN_dptionally b 4- aIkyI/cycIoaIkyI

C7- C34- alkylarﬁl or CBRC34 aryl, 15 for exanple

di phenyl carbonate, butyl phenyl phenyl car bonat e,

di butyl phenyl carbonate, isobutyl phenyl phenyl

carbonate, 20 diisob®yl phenyl carbonate,

carbonate, ditert. butyl phenyl

‘ n-fhent yl phenyl car bonat e,
-py' yFp ed@ bonat eqin- hexyl phenyl phenyl
ate, di(n-hg apyl ) car bonat e,

wherein

R, R' and R", independently of one another, may denote H,
optionally branched C;-Cis;-alkyl/cycloalkyl, Cq-Ciq-
alkyvlaryl or Cg-Cys-aryl,

for example:

diphenyl carbonate, butylphenyl phenyl carbonate, dibutyl
phenyl carbonate, isobutylphenyl phenyl carbonate,
diisobutyl phenyl carbonate, tert.butylphenyl phenyl
carbonate, ditert.butyl phenyl carbonate, n-pentylphenyl
phenyl carbonate, di(n-pentylphenyl) carbonate, n-
hexylphenyl phenyl carbonate, di(n-hexylphenyl) carbonate,
cyclohexylphenyl phenyl carbonate, dicyclohexyl phenyl
carbonate, phenylphenol phenyl carbonate, diphenylphenol
carbonate, isococtylphenyl phenyl carbonate, diisooctyl
phenyl carbonate, n-nonylphenyl phenyl carbonate, di(n-
nonylphenyl) carbonate, cumylphenyl phenyl carbonate,
dicumyl phenyl carbonate, naphthylphenyl phenyl carbonate,
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cycl ohexyl phenyl phenyl carbonate, dicyclohexyl phenyl

w® Fayeaases phenyl phenol phenyl carbonate, pcr/EP2003/011451
di phenyl phenol carbonate, isooctyl phenyl phenyl

carbonate, diisooctyl phenyl,garbonate, n-nonyl phenyl
phenyl carbonate, di (n- nonyl phenyl) carbonate,

| I h I b te, ,.di
SPYCRERTY' RBBEPY, FRRERORELnLas LB B RTER Uy pheny
695%6635894gfgaiFE&Q?S%G%&%ﬁ?enKZZ Fdfhanﬁthy{dphamynphenyl
car ponat e, ltert. , en e car ponat e,
ah%aylt%@%baﬂﬁyﬁph§ﬁ§5}geaviathg?ydFeaﬁQPﬁﬁsnyﬁ-
PREAYLyERERPNabRend L (dheuBMhRBENY] X 4 CBRBABAY Bhefy])

phenoxyphenyl phenyl carbonate, di(4-phenoxyphenyl) 5
carbonate, 3-pentadecylphenyl phenpyl @arb@ﬁaE@, gir(3-

ggﬁ%&&ggggsﬁgﬁy;?t§g£ggﬂ§£§; EE%E%Q?Q?H%& BREAY! carbonate,

ona enyl "car
Ai brsepkt hpeagli cgkboarbenatebis2mbtbyéthylisuli cpkbonate,
%aﬁbonat %O ﬁref rabl¥ diEhenyI car bonat e,

@ f?bﬁ?ﬁy fig %Fygh8ﬂ§ ©B8tbBonate, ditert.butyl phenyl
carbonat e, phenyl phenol phenyl carbonate,

di phenyl phenol carbonate, cunyl phenyl phenyl 15
EE?B@ﬁé@EY di cunyl phenyl carbonate, particularly

pref erably di phenyl carbonate. The di aryl carbonates may

be used al so containing residual 20 anobunts of the
dbpbeydl oggaabghatenpbentis bukvhrheneh phepylhgagbpaage.

tepared. . The t up 9 f 10%
et e g s e
paebenabky dpphen2¥ph2holncadbbhaor, theyppeeolilcphenyl
congounds egﬁgo§e$ ag carbonates . may al so be used
BRFRERAY Cas AHEHBKy dPBRPY My FREBRABIRA in  addition to
one of the aforenentioned carbonates, in order to
i nfluence the end groups of the_polycarbonate. In this
PorhécHilanlY RBRERYAPSXY SiphenylpEaniosRE6-d be chosen

30 whose boiling point |ies above that of the

monohydr oxyaryl conpound from which the diaryl _
Thebdnatrylwazbboeted. may be used also containing residual

amounts of the monohydroxyaryl compounds from which they
have been prepared. The amounts may be up to 20%,
preferably 10%, particularly preferably up to 5% and most
particularly preferably up to 2%.

In addition, the phenolic compounds employed as carbonates
may also be used directly as monohydroxyaryl compound in
addition to one of the aforementioned carbonates, in order
to influence the end groups of the polycarbonate. In this
connection a monohydroxyaryl compound should be chosen
whose boiling point lies above that of the monohydroxyaryl
compound from which the diaryl carbonate was formed.
Preferred mixtures are those with diphenyl carbonate. In
the process according to the invention it is possible to
add the monohydroxyaryl compound at any point during the
reaction, preferably at the start of the reaction, and the

addition may be divided into several portions. The content
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Preferred m xtures are those wi th di phenyl carbonate.

kO 2dd¥oBH@e€ss according to the invention iperpEP2003/011451
possible to add the nonohydroxyaryl conpound at any

poi nt during the 35 reaction,,preferably at the start

of the reaction, and the addf i on may be divided into

several portions. _The. ¢on 4 37894
BEFERS BIhGhTAR,xT RSy T OBpRPpulE fHYI LR ko 17 mole s,
poepevadlyay .betB. 4. BOm&IenﬁlQr%ferﬂédf&bahhy #iBytl@oxyaryl

: % (referred to the dih 0X oun
FﬂmPﬂvggéonnéetFBﬁstﬁ@naaaF9P8n¥ﬂﬁ éa&ﬁlapa@a % place
bheoreachbopegetW8hl agswuhal by Qho@@&tb§|bﬁrﬂﬂéum9 Buring
the reaction. Referred to the dihydroxyaryl conpound,
the ueafylionecarbonates are used in an anount of 1.02 to
1.30 noles, preferably 1.04 to 1.26 noles,
particularly preferably 1.06 10 to 1.22 mol es per nol e
Béfdthgdrbmyahylddbyﬁwonyaryﬂxtompsundﬁ the diaryll
cargona%es nentlon .above_ma Isg ?e gsid. A§ 1
cararys ESMFFHIHSF l@oﬁPeQPo RE FndéntPon - tRel8 5Fe
ﬁﬁéﬁetﬁbl?elnﬁhttbfanﬁeshﬁﬂbélC?hk@mcnﬂ@Qeyspbéianbiy 1.06
catalésts as described in the aforenenti oned

FPt érd2ulelesshel BelPopledahpPEckyRaYi REMRPUARY Mixtures
Bkk@hén81§§9§hcg§565atgﬁdﬁ@ﬁtqgﬁeangbg¥bd%§y quoab%oused

amoni um or “ phosphonium salts, hereinafter terned
oniumsalts. Oniumsalts are preferably used in this

n p n el.kg Leylar
A3 oPEf pAdB e ah BIERAAT HEL SPRLR,EPRR0 AR RAVEHELLA here are
ueednﬁnonhermeﬂhoseanéesherEdunatao@lvyoxewbebebnc25

be identic or, different Cl-C10-alkyl,

B3t a1 8ot ar gps dsarrabpdann kpes 2oPreReas LEp RS EpFaLuTe,
puehekablyr BRbAPLc061R81€1hettll Sndpankiaguhar kyirth metal
greferably nmet hy or phenyl, and 30

ydroxides and oxides, but also ammonium or phosphonium
salts, hereinafter termed onium salts. Onium salts are
preferably used in this connection, phosphonium salts being
particularly preferred. Phosphonium salts within the

context of the invention are those of the Formula (IV}

Fl{4 X-

+ 3

R—P—R
¥ ),
R

wherein

R'"* may be identical or different C;-Cio-alkyls, Cg-Cio-
aryls, C;-Cip-aralkyls or Cs-Cg-cycloalkyls, preferably
methyl or Cg-Cis-aryls, particularly preferably methyl
or phenyl, and

X may be an anion such as hydroxide, sulfate, hydrogen

sulfate, hydrogen carbonate, carbonate, a halide,
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X- may be an anion such as hydroxide, sulfate, hydrogen

ﬁ@ﬂjdﬂqgo3hyg;ogen carbonate, carbonate, a hap¢rlerp2o0dPo11451
2004/ 037894 PCT/ EP2003/ 011451 - 24 preferably

chloride, or an alcoholate of,g4he formula OR wherein
R may be C6-Cl4-aryl or Cr7-Cl2-aral kyl, preferably

?2??;%'%ﬁ%f%ﬁigréﬁgo§9églyg}s %rglcoholate of the formula

oSphonium chl ori de,
t et r aphenyhphesphoRi umapyde oxCges,,-aryl or C;-Ciz-aralkyl,

tetraphepyl phosphoni u phenol ate, particularly
prefegﬁ%f%rgngaBﬂ%ﬂyfkhosphoniun1 phenol ate. 10 The
catal ysts are preferably used in anounts of 10-8 to

10.3 nole, referred to one nole of _bjsphenol, and _
Pueferuedr catplystrapry FAtaaphAnglphogpheniymighloride,

s se :
R i e L L S T T P oy
phenoatee, opapoliynkairdgt poafeThbdg tatkapgbesglpbosphonium
abkal' netals and alkaline earth netals, such as
RYBRBXx7*HEs, al koxi des and aryl oxi des of it hium
sodi um or potassium preferably sodi um hydroxide,
sodi um al koxi des or sqdium aryl oxi des. 20 Sod

m s
Eperexfadyard §6aiBﬁﬁéﬁéﬁsﬂatéssﬂelﬁo§F°BaF€iegl&P|yt°

af er hed. AU -FC 34 yhgin the
?gngg{o r%dmr-lg}t%o SOOQﬁﬁepﬁﬁggb%?l?%nggg ppb, and

pesticpaatiyubaefgrpbéfeiabkyosnts 26018pb,td ddeachole.
case calculated as sodium 25 The addition of the
catal ysts takes place in solution in order to avoid
hatehelk excaigseenmant bat uers whenet beyoatéconaiigr éd
in...The solvenpts are conRounds ingerent to the s¥%tem

e rate

afddipieress, tEGCRNAY™ SR ExadPl 8X8Fhy&PoPSFTASS0

6eNPoUDREri 8@k ¥h . CahBaRatl ae10HeTBACRRABEX¥AKYL I metals and
conmpounds. Monohydr oxyaryl congounds are particularly
t

pilsheéinedesrrbemetad si s SKASwASt HYEREXAERSon 23 KPKAEGS] AN
59?18&&de§h8f lithium, sodium or potassium, preferably
sodium hydroxide, sodium alkoxides or sodium aryloxides.
Sodium hydroxide and sodium phenclate are most particularly
preferred. The amounts of the co-catalyst may be in the
range from 1 to 500 ppb, preferably 5 to 300 ppb and most
particularly preferably 5 to 200 ppb, in each case

calculated as sodium.

The addition of the catalysts takes place in solution in
order to avoid harmful excess concentrations when they are
metered in. The sclvents are compounds inherent to the
system and process, such as for example dihydroxyaryl
compounds, diaryl carbonates or monohydroxyaryl compounds.
Monohydroxyaryl compounds are particularly preferred since,
as is known to the person skilled in the art, the
dihydroxyaryl compounds and diaryl carbonates readily alter
and decompose even at slightly elevated temperatures,
egpecially under the action of catalysts. The compounds

that are formed reduce the quality of the polycarbonate.
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di hydr oxyaryl conpounds and diaryl carbonates readily

Wo tRJo4 /AR9gggconpose even at slightly el evat ggr/ep2003/011451
tenperatures, 35 especially under the action of

catal ysts. The conpounds thatcare forned reduce the
qual ity of the pol ycarbonate. 2004/ 037894

CT/ EP2003/ 011451 - .25 n_the_technjcal ' t
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petyene bppraparat henpoef pol edarbonpoandthe phefiekred
Phenol is,also particu arl¥ recgnnended.siﬂce t he

%@@Pﬁvnédleapaﬁsg%; i Paengly ifr apRBNYAPhOSPHBAMYm

P@@ﬁﬂhsndéa ksakat edei pribherteamatalpbrediceystal s
w th phenol 1 n the preparation. The tenperatures

tarvaghenylphesphonaupr bbesatas eiBet Geéatedsdnafhe form of
3300C, . b . 10 absol ut
TE0%5, 6EPRuAT FACRTHbERoTLSp PRUCEeRR B L1000

present 1 nve ere are no
particular limtations however as regards pressures

and tenperatures eeded to carry,.out the nelt

fhant eBPEFRFRESE] BREPHAEPPON 88 KEPYBCRTPRESS are between
dsbyshaxyapyt, cappound preskheesanbenbetaeed 1di Bater.

Al'l conditions are possible as long as the selected
seaperheupred AndlpPe8%ures pernit a nelt
transesterification under appropriately rapid renoval

of the nonohydroxyaryl conpound. 20 Also there are no
[hnthat poeseas iegentsonheéheypeavk neqpapheéstilbl which

he.present invention_is carried Prefera
ot PAE SRS pPBYBYE T 8P TROCEHEpaF SEPBR B 25t choelirures
pekyedr benakegybyutr ahseskeki traasesneafi fdicaryjbn reaction
carbonates w_th di hydroxyaryl co ouggs hs boni 4
BREMSEReFRSed 1N ILRAY AT Ys CREPOHNS! $5s Fngr F8FPgRIC act

B egpadensat hopowit heuhssapar abiseiblefl akheohar aedthe
nonohydr oxyaryl conpound, an oligocarbonate is
pedépated rFamRepRGHAESt Pngf PEgScETgSypeTMit a melt

/ ¥ ; 3 . . . ) :
e e e R T T
thenmeoantigdzedyaryd sonpessidon

Also there are no limitations as regards the type of

equipment in which the present invention is carried out.

Preferably the continuous process for the preparation of
polycarbonates by transesterification of diaryl carbonates
with dihydroxyaryl compounds is characterised in that,
using catalysts, after a precondensation without geparation
of the formed monohydroxyaryl compound, an oligocarbonate
is prepared in a plurality of successive flash/vaporisation
stages with stepwise increase in temperatures and stepwise
falling pressures, which is then condensed in a succession
of one or wmore cage reactors under increasing temperatures

and falling pressures to form the desired polycarbonate.

In order to carry out the process the reactants are either

melted together or alternatively the solid dihydroxyaryl
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of one or nore cage reactors under increasing

k6 RAIo4r884 and falling pressures to form pbe/Eedongdi1451
pol ycarbonate. 35 In order to carry out the process the

reactants are either nelted ggether or alternatively
the solid di hydroxyaryl P WD 2004/ 037894

PCT/ EP2Q03/ 011451 6 d_i ' h
GPIPGReCa BOAT BORERE P CHE SEBFvE HrEPgheEE, BBAk(Ex, gne
86558l ¥edriyD thebsRhteof st Aessdltgdr oxyahyl medopobndhe

or_both raw materials are conbjned as a ne
%%EY@FQBY?rHFr@EWP?UF?OnPFhQOEbeﬁﬁwaF?Bﬁrl?hé gre combined

Leshdgnee, t HPREPhbl hegseRAL 8 e F Bt Enaf Egﬁaféﬂhon The
materials, "1n particular the residence ?IHE of

nes@dgﬂcehélmashyarbk9as9pa§@hgomﬁat8a¢é ébFu§PEde§eﬁéals
§29§£gaiarp9ﬁa'9gsldgnseﬂﬁgkenbftE@goﬁgxtheﬁevﬁé be

Sub résrdence tines w any harm on
aﬁhpdﬁbxpﬁryhecéﬁpbeddcedrﬂehﬂgngtﬁdlnb beé theshawt as

mat erj al ure are to th |nd al

RapeiPiFs, AbCcORLEaBoRaIAGI F2¥oRP PERbePd: BHBISCTNER
§§h§E¥SEeSQE§E@éaEEMeQ|ﬁ&@hé@d hAly RBefobn hecbli@b of the
mxéd in and the nelt is heated to the reaction

redpeedt uedting pﬁéngtaﬁttaﬁ FAW TaERRALa4l MyXgyre compared
;Hpeh&a95d209aﬁa; g Q ﬁeEEQFéra5t0809§eEEbMQ§hQQQa§6w

rom bi spheno | phenyl ~¢ar bonat e
temperaturesis TB8 caba2?6C, preferably dd9espévedoénand

artic r.efer 420 he_r n
gﬁﬁPPEbrFﬁnﬁh e§f§%Pi§ﬁe§gda ge&% gngg ?QSEES Fo15hg,
98aBthvhesempeehenably 2@ the66ta@tnbfuths, techhootlly
renovi ng the hydroxy argks onmpound that i.s

u

T
L BREFF SRt Ry OBESEat PFe PrsPaaﬁﬁﬁQBheﬁlano?gggaPsg% trom

Bikp B@hoﬁeﬁhﬁhgablﬁﬁ€ﬁ9@3cgﬁboﬁb%@ PBigakkmpdradlireatis 180
excess pressure referred pressure in I ndustria

bPadR8°Fs ErﬁéeIQb@§r19@réPePéBI9 andomestpRArt35UFRELY
&Egkeghéﬁgr§9bsctlagﬁ%drbgkelgnfbh?ﬁl!%?ﬁﬂm‘Egagg%bbllshed

oSe pressure is adjusted to 100
pretesdbkyice times of 15 to 90 minutes, preferably 30 to 60

minutes, without removing the hydroxyaryl compound that is
formed. The reaction may be carried out at atmospheric
pressure, but for technical reasons may also be carried out
at excess pressure. The preferred pressure in industrial

plants is 2 to 15 bar, preferably 2 to 12 bar.

The melt mixture is flashed into a first vacuum chamber
whose pressure is adjusted to 100 to 400 mbar, preferably
to 150 to 300 mbar, and is then directly reheated to the
inlet temperature in a suitable apparatus at the same
pressure. Hydroxyaryl compound that is formed, together
with monomers that are still present, are evaporated in the

pressure release stage.

After a residence time of 5 to 30 minutes in a sump
receiver, optionally with circulation pumping at the same

pressure and same temperature, the reaction mixture is




to 150 to 300 nbar, and is then directly reheated to

ﬁé“hodﬂ?o@baB@”Defature in a suitabl e appar atperaip2008/011451
same pressure. Hydroxyaryl conpound that is forned,

together wth nononers that e_still present, are
evaporated in the pressure release stage. After a

FERRRea: EnbalFofter Sy Rl L kD AnaEraBespurg 1o 50

S@nzoopmbaﬁ$&§ragdfshh? BenperasurmbarheanéamslDhen
mxture IS 4/ 037894 / EP2003/ 011451
@}EEﬁgﬁylh?ﬁtﬁ éEoﬁdSVéEﬁgﬁgcﬂaﬁﬁE?éHﬁogg BP%séﬁ?s i's

pPest@ré0Ponhat empeehenabl ¥r8PsbordSPsobar , pasdetablhenio
directly heated inh a suitable apparatus at the sane

pre240fe apdapathperdatty Breiopabby2Bbe, tarédPabpl yHere
€33 Rybflosyd gyﬁngomgpﬁhaU£ﬁ5Lylgrf&fﬁ@&'ytﬁégtaerZQQEh

: oxyar compound that i1s for t oget her
wbhbmempnbhet sarbastal ¢ prekenpr eseat ¢vaperavagor at ed.
After a residence tine of 5 to 30 mnutes in a sunp 10
receiver, optionally with circul ation punping at the

Aafer ErEé§ﬂﬂ8né€dt§ﬂaeofeﬁp€633UfmlnhhésreﬁChlQﬁmp
m xture is flashed into a third vacuum chanber whose
E?@@éuﬁ€f|§PB@°F6111561ﬁBaF1r5PéFEFQBIQUQElPE iEotHBaFame

?Egsbﬁréhgﬂddgéﬁgt£¥mpE§§Eﬁge'ntﬁesybﬁéghgnaﬂﬁﬂﬁﬁkés1§t

e same pressure to a 15 tenperature of 220 to 280C
pieéhedbhyt946 tbizdogacuny cpambPREUWBPES BF@ﬁéPﬁBIyS 30 to

igﬁngg g60 r?E§%3R§?O Byggoi¥6r¥%arcogﬂaugg FP@B H§rect1y

h™nononer's at "are” sti present
aEEtedamnratedltaaléfappaaatHS|dEnthetsameoprsssurgoto a

mnutes in a rec ti.ona o

EEFBEFat Mo Bgnggﬂgtﬁtgpﬁe saREests§i§r§h§nE°s%ﬁ8 C, and

?§§E§E§§HEQy b?éfé?éﬁqyoﬁ4ﬁlthQ€0PS f Htagbedobnhgd@oxyaryl
urt her vacuum chanber whose gressure isb5 to

apEpoupetBpibiy £9rM6d1006°08 PerawatBaWPP88F5F|§%2§ are
BE?&fr QEMe Q tgrgoqu braf@d. is then directly heated

rn-a EU|ta§ e apparatgs at the sane pressure to a
t enperature of

After a residence time of 5 to 20 minutes in a sump
receiver, optionally with circulation pumping at the same
pressure and same temperature, the reaction mixture 1is
flashed into a further vacuum chamber whose pressure is 5
to 100 mbar, preferably 15 to 100 mbar, and particularly
preferably 20 to 80 mbar, and is then directly heated in a
suitable apparatus at the same pressure to a temperature of
250 to 300°C, preferably 260 to 290°C, and particularly
preferably 260 to 280°C. Here too hydroxyaryl compound
that is formed, together with monomers that are still

present, are evaporated.

The number of these stages, here for example 4, may vary
between 2 and 6. The relative viscosity of the oligomer
achieved in these stages is between 1.04 and 1.20,
preferably between 1.05 and 1.15 and particularly

preferably between 1.06 and 1.10. The relative viscosity
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250 to 300C, preferably 260 to 290C, and particularly

W6 efyarabysgfh0 to 280C. Here too hydroxyaryl pepyaawsd /011451
that is forned, together with nononers that are still

30 present, are evaporated. _ T@ﬁ nunmber of these stages,
here for exanple 4, may vary et ween 2 and 6. The

I t f 1 h
(5L BLL YoV hBAoL. ¥o8 ghle oht 9P peoshbated it epe|
éoDGeﬁﬂdaﬂdlBhandlBabbhcylaEIyheppeigmablalbstBed inO6his

gg# 1.10. e relative VISCOSIt% r WD.2004/ 037894

Y%P%oos? §1%842L1%¥8 ViSCRRLEY nVARIYG5 ST RENG ot Pent
Qi chheryhecRahtyaef at BEnceAL¥&RLoANELt BE KLSQQSQSYCOf
the polyner dissolved in this solvent. e relative

viscosity was determ ned in dichloronmethane at a

c ] 5 2 I t :
8, S LGPl althePLa®SS, cOnTafet SR0E! i PLB cense
nindtef bnta sampinetesven, aopnmpnabbglwerh optionally with

C|rcu¥at|on res ure an

SLESHISELPR BURBLAg 3t O PRNE BLERSSFE BBH HE.

fetifegag@reecast oh and ﬂés@oﬂﬂﬁﬁﬁ¢dv§pbtheﬁoﬁtsQE@etoto a
310C, preferably 250 tqQ 290C and Bartlcu ar X
E@aeeFaapyoysen@olsteeﬂeaﬁeerégge 8% 8F 2°Pot253HBaf:

ﬁ%@E@EQBh%r botéﬁiﬂbgg ?o 6%§§tg@ﬁ@ﬁri¥”§§e9ér§91?°2@@ to

nut es, e era m nut es roduct
zéaefesah pebasuvesvb§castoyl515b@r,1p12f§§a@1254 to

FéeTgrabl e ﬁeﬂggpeazglmQ?LﬁkcgbaE%y90p&§ﬂ gglygiFﬁégably

vi'hg S feac is a uste
BﬂrtBGEOCﬁGﬁutéeaCtWhetprbﬁecdeséaeﬂeélBakeWBBmUSIVyscosity

e_tenperatures 20 e 0 to.33 ferab
330 TARED; arar| reorErBldnty Ligho: - 370ckagRcaiarty
ggg§§ggg1ys101@1t501320bar preferably 0.2 to 2 nbar,

residence tinmes of 60 to 180 mnutes, preferably 75
to 150 minutes. The relative

The melt leaving this reactor is adjusted in a further cage
reactor to the desired final viscosity. The temperatures
are 270 to 330°C, preferably 280 to 320°C, particularly
preferably 280 to 310°C, the pressure is 0.01 to 3 mbar,
preferably 0.2 to 2 mbar, at residence times of 60 to 180
minutes, preferably 75 to 150 minutes. The relative
viscosities are adjusted to the necessary value for the
intended use and are 1.18 to 1.40, preferably 1.18 to 1.36
and particularly preferably 1.18 to 1.34.

The function of the two cage reactors may also be combined

in one cage reactor.

The vapours are directly discharged from all process stages
and may be processed for example according to German patent
application no. 1 01 00 404 (e.g. column 3, sections 14-22,

as well as the Examples).
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viscosities are adjusted to the necessary value for the
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to 1.36 and particularly preferably 1.18 to 1.34. The

function of the two cage reacigrs nmay al so be combined
in one cage reactor. 30 The vapours are directly

j schar 0 I S _St .
ShECURRIES: LhOT, A e BERERES4TLpUBYe 208 DR By viaua
ppotésat 808pB0ind10de)0cdP4ebpogdingl tontBe seutsensf the
14- 22, aé wel | aﬁ t he ExanBIesé. 35 r .2004/ 037894
PEIFERS00BFBE 18551anggTSThRPRRHAF HPUST afili FEEC YRESELs that

SHELRL! enbohetbeshpgi ¥edyakncpr 06RSSaE! BBAstARLUE,
corresponding to the course of the rocess, heat

eRORENGERES; apPaFERES BFLSEFRr @BP3E35EPsaphuelleAgularge-
safuascsaaegxsfeaé §EEoLL B AL COBALEN! 5By LPARCYALUESS,

pressire release apparatus as as large- vol une
fesseliscisepanationsevapoyatonses; falilingdfvémselgporators or

forced circul ati falling-fil .
aOhSE Spme s RaL §p, EvaRaRALR P appa bl Lhel pepmise she
hbabsBEEY bEph9 oferessar vesuppkythhtheakiureeshel gequisite

that ensure the requisite 10 residence tines after the
reatfagceskagre- ahhrr Shet RRAL1BAAf B1Bd46-8RagFser twin-
éﬁéfEOEégéﬂbP HF?C”%EQ%%@E& ¥otUMegcaRdcebsh® f 9bTUREs and
surfaces; as well as a construction that takeS into
attoufibrmhegi sorfasesg asl wellssssiat cepstrcthen that takes

| pel i .
BbPontro HE MECanBrroRethes BEAPL ThE R T At ures of

the pipelines should be kept as snmall as possible. In
this _copnnection the external _b ndarﬁsconditi

0 ns.f.or
the PiRELAPF&t PERVSF CRERT EaP Tph ARt “BRBERA BeoBEPAE i n
Bb¥douddyree kBespeetenkegosBRberenhat kde elirtBeures of the
rocess a
gipelines should be kept as small as possible. In this
connection the external boundary conditicns for the

installation of chemical plant should be borne in mind.

For the preferred implementation of the process a
conventional heat exchanger is used to heat the raw
material melt. A perforated floor column is used as
residence vessel to establish the reaction equilibrium.
The pressure release procedures, in other words the flash
vaporisations, are carried out in centrifugal separators,
preferably cyclones, or in baffle-plate separators. The
melt flowing from the centrifugal separators, preferably
cyclones, or baffle-plate separators is heated in falling-
film evaporators, followed by vessels for adjusting the
residence times. The vessels are provided with a pump
circulation, whereby the liquids from the falling-film
evaporator and the pump circulation flow through built-in
grid constructions or perforated plate constructions or
packed beds into the sump, where they are collected. The

condensation to form a medium viscosity product is carried
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conventional heat exchanger is used to heat the raw

WalR04dlo3Bed . A perforated floor colum is peptkr®03/011451
resi dence vessel to establish the reaction equilibrium

25 The pressure rel ease proceggres, in other words the
flash vapori sations, are carrled out in centrifuga

t r f , .
SEPar AL 8r duoghht' Gagp YraUrbE T I ThEl po e BhRL L EOA i
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RTbeEY byngcleataonce hamasl PEESTRen VEXF HOARESE | hes.
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wher eby t liquids fromthe falling-film evaporator

nedctarspanp geePeatairahly| eapignedgRobLEEPONAing, g the
fﬁgﬁéégg %ﬁnﬁh?om?EEfgigEggmﬁgateI 0gsk HEE&F”ér?én&ément
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dhe dteodensaagenréactornmayneasonb6|suﬁgncyeptodUSultéble

i ed 2004/ 037894 _PCT/ ER2003/.
gs%Lég?mggéeaFgaE?SFgo?ﬁe3505§58565ﬁé25ﬁoRE?g4 ??L%%Psgz

§AArkpdaout 258 a6di, Serotwgagehacackeactvbschsuddscribbd in
verg Iong resi dence tines offers a very | arge,

¥endt 8R{E§ PéRewed surface to the vacuum The disc or

cage 5 reactors are geonetrically designed

corresponding to the increase in the nelt viscosity
Partispéerdy sniaabésennteshaldi §erokheapsodustion ﬁéythe

uf f t
T L L B S
bmhmn$hﬁétstea¢300§ ahede$pe|BEdNun(M¢® WBVA099BBSh338 for
Particu ui table er,i the t f
eRamb L ar 4503, oFedot 4PAL gEbarRER. BReRs 2885 1 Perings
QEShl§Eﬁﬂﬁb§§§ ng@kSGﬂththLHEQsﬁﬁsﬂraGHDB618D101672
such as for 15 exanple 1.4571 or 1. 4541

MsrkArbihRuss NI -besed weArX§: OfsthRl SchYReseFu@lgaf for
%ggﬁglgh2kﬁg§§ §Er§8@6§@ @t&ﬁ@ééhlﬁ%@@@cbboqndVeflag

sed alloys of th type, such for exanple
stéﬁmschﬂugs¢alwe98taﬁm@6h|@@s&Euggeﬁtrv&elag D-71672

Marbach}. The stainless steels are employed up to process
temperatures of about 290°C and the Ni-based alloys are

employed at process temperatures above about 290°C.

The thermoplastic polycarbonates obtainable by the melt
transesterification process according to the invention are
also covered by the present invention. They have an
extremely low content of cations and anions of in each case
less than 60 ppb, preferably < 40 ppb and particularly
preferably < 20 ppb (calculated as Na cations), the cations
being present as cations of alkali metal and alkaline earth
metals, which may originate for example as impurities from
the raw materials and phosphonium and ammonium salts that
are used. Further ions such as Fe, Ni, Cr, Zn, Sn, Mo, Al
iong and their homologues may be contained in the raw
materials or may originate by abrasion or corrosion from

the materials of the equipment that is used. The total
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process tenperatures of about 290C and the Ni-based

al loys are enployed at procegs tenperatures above

about 290C. The thernopl astic pol ycarbonat es obt ai nabl e

o) he_nel.t .25 transesteri.fication process_accaordi t,0
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theanti ppm ahdyphavecalareyt peeteyabdy desisethaef 0.5 ppm.
cations and anions of in each case |ess than 60 ppb,
preferably < 40 ppb and particularly preferably < 20

PRE éﬁéh@@%%t?63§§bmé 6ALLARS) chbie el NS cBd R/ Gnly by
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BoriShcaMipnAbroresseangurheias menwlyegads imay ibe,
ontained.in the raw.35 nmateri.als or [ originate by
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equi pnent that is used. The total r WD 2004/ 037894

PCT/ EP2003/ 011451 - 31 content of these ions is |less

PRaATZOBEM tPPERePEBE§Tted3de PRAANS Phmiasgganic acids and

peul VPt ef S . 5_ppm | | est

e T R e i s

enl fenel ycpubenraw, nphesphks ear phokphisehi evedat8ucktc.) .
pure raw materials can be obtained for exanple only by
purification processes such as recrystallisation,

Thst pbllgteebonptesi pretatilen whalravaelr iliedubrys thet €actO that

EEATERE N ST AT AR Ok

ehkavhge, prodlhtbakecrcacbengbei tRbasphaitctBNASRh keactive
oxal ate, etc.). The polycarbonates are al so

eRanaBedr BEedpby thaé paet fomamed d9ripgy td6 not contain
§P¥HQSEE8E§?'8a@ﬁ8H”F§o%EstCOEBﬁhakigﬁ%bgévége

products or deconposftion products with reactive
tecninpakigionpprbdattar enfduded four exgmphe

isopropenylmonchydroxyaryl compounds or their dimers.

The mean (weight average) molecular weights that are
obtained are between 15,000 and 40,000, preferably 17,000
to 36,000 and particularly preferably 17,000 to 34,000, the
mean (weight average) molecular weight being determined
from the relative viscosity according to the Mark-Houwing
correlation {(J. M. G. Cowie, Chemie und Physik der
synthetischen Polymeren, Vieweg Lehrbuch,
Braunschweig/Wiesbaden, 1997, p. 235).

The polycarbonates may be purposefully branched and may
therefore contain minor amounts of 0.02 to 3.6 meole %
(referred to the dihydroxyaryl compound) of branching
agents. Suitable branching agents are the compounds with

three or more functional groups that are suitable for the
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phenelncehpdnoayh groups apbant sapf be. 9gedoinrbude| oy
refeired to the di hydroxyaryl conpound) of branching
Sui t abl e branchi ng agents are the conpounds
mnth 35 three or nore functional groups that are
sui table for the WD 2004/ 037894 PCT/ EP2003/ 011451 - 32
pPBLoEasburarelpreparation, preferably those with three

2" ¢ -Aohechpaoat b gec phengl hga bk gpRERS1 ) ﬁ@ﬁ@eﬂé bhe
conpounds containing three or nore than three
ﬁhéndnmethy@réxﬁbGgﬁéapé4thﬁ@rﬁﬁypb@nﬁéébepﬁépﬁde for

X l e . 0 '
i:3?§T§£%Eg%:E?g%égyﬁﬁ%?x}hbaniﬁghenyl)heptene 2, 10
4 6 ii- et Rk - Bydr6xyphetigd hgtdhargphenyl ) hept ane,

-tri-(4-hydro nyl be ene
$53-Tathyataxuyheekd DRV BERARES:
b[g béshxdrQXbmbemxthh@axyﬁnéhgm¢cyc1ohexyl1propane,

2, 2- bIS-[ bi s- (4- hydr oxypheny| clo exyl]propane,
2549bispi(4- bHdﬁ9aVE%9ﬁﬁéh?PP§8§V&L?%?EH no

Letra- (4-RydrexyBhen h)ﬁi@%ﬁéﬂ@ Some’ of the ot her
tr ?ungtlox F %B ou%ds are 2, 4-

Some of the other trifunctional compounds are 2,4-
dihydroxybenzoic acid, trimesic acid, cyanuric chloride and

3,3-bis- (3-methyl-4-hydroxyphenyl) -2-oxo-2,3-dihydroindole.

Preferred branching agents are 3,3-bis-(3-methyl-4-
hydroxyphenyl) -2-oxo-2,3-dihydroindole and 1,1,1-tri-(4-
hydroxyphenyl) ethane.

Regidual contents of monomers due to the chemical
equilibrium and as a result of process parameters such as
temperature, pressure and residence time may if necessary

be reduced further by suitable evaporation processes.

Granules are obtained by spinning the melt by means of a
gear-type pump from the reactor, cooling the strands in air

or water, followed by granulation.
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di hydr oxybenzoic acid, trinmesic acid, cyanuric chloride

ROR0HL /037894 PCT/EP2003/011451
3, 3-bi s-(3- et hyl - 4- hydr oxyphenyl ) - 2- oxo- 2, 3- di hydr oi nd

ole. Preferred branchlng agengg are
3, 3-bi s-(3-net hyl -

g’&%%(‘fylglhie?ép;(fllygiro enyF'EX rogﬁgékgéggggFaﬂglSUbStanceS

m@ptbetaddédnﬁbOﬂhespdmgchebbhetehepkepbredqabbbhﬁﬁnglto
and as a result of Brocess E rapeters such . as
r

PRAPEPUEDF 2O EEEHPECHAYS HeRcBTEPRE AP Process.

necessary be reduced further by suitable evaporation
processes. 30 Granul es are obtained by spinning the
Foet addirbansosf agdigespst §pEvpEnhOf PEMIPRE EBgcreeful

saeLi0g, \Decolpents bhiBkts BEMEASELsPOLh DN o vne

pdtiytavbsnaaaxoli apy ispbstranchs andon5|mboabuﬂgsers)
subst apces be added ,to the ycar bonat es prL&pa
SLBS1 SN othe BYRESPRYERL (6ot | FELLEL FRYBSTE eRERES:  Elow
phgPatatkonaft 96essicSadbaraddoli €8 phtaldiheveslsrires
to prolong the useful service |ife of the objects or

ar@perésesr6@u§EQC#ﬁéﬁ1ﬂﬁédlaaﬁﬁéarséﬁﬁﬁe(émpﬁstuweﬂéééers
%Gshcggoypgg b'EiEﬁégkoof§?§p5bgﬁtgheceﬁ89§§ﬁt%9 glass
€. g. nou re ow

ease agents, | mprovers, antistatic
Agenes) .or to match the pol ymer 10 properties to
speci fic | oadings/stresses (inmpact nodifiers such as
rubbers; flanmeproofing agents, colourants, glass
ThésesaddIheseSaddytbéeadﬂaﬁ hedaddadailagi wirdial bybdtrary

in arbitrary xtur s or several differ Xt ures
bXFHEeﬁoP§n§FVﬁEW§ itaersns DRELPFREalPy thF .rsghwver melt,

gHEI RerkhgpkeokathdnyohirBet 1polFehgot haf teblbR@on of the
nmelting of the granules in a So-called conpoundlng

EpéﬁmanOFhﬁ§t§§nﬁ€€tm@%tﬂﬁé add-bpvegagulephdpr @ so-called
gahﬁﬁtﬂgységgaddgﬁ 2018 %ehh@ctloﬁ che BAWIeN veQl 20

ymer oth rormof netering
thelr mixtures may be added as a SOlld i.e. as powder, or

as a melt to the polymer melt. Another form of metering is
the use of master batches or mixtures of master batches of

the additives or additive mixtures.

Suitable additives are described for example in "Additives
for Plastics Handbook, John Murphy, Elsevier, Oxford 19%9",
in "Plastics Additives Handbook, Hans Zweifel, Hanser,

Munich 2001".

Suitable antioxidants and thermal stabilisers include for

example:

alkylated monophenocls,
alkylthiomethylphenols,

hydroquincones and alkylated hydrogquinones,
tocophercls,

hydroxylated thiodiphenyl ethers,
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the use of master batches or m xtures of master batches

Wb 200190368641 ves or additive mixtures. Suitpdrmp2003/011451
additives are described for exanple in "Additives 25

for Plastics Handbook, John_h@ phy, Elsevier, Oxford
1999", in "Plastics Additives ndbook, Hans Zwei fel,

1". Suitable antioxidants and
%ﬁ%Yﬁh?egéngng g ®Include for 30 exanpl e: al kyl at ed
oopopheanliss-behkylt bbapethgkphenol s,  hydr oqui nones

and al kyl ated hydroqui nones, 35 tocopherols,
h%?%&ljg%’ﬂéﬂl@ﬁ?@dWﬁi’l@ﬁ?Feéthers | WD 2004/ 037894

g%g% Qoﬁg€}3§ ﬂenz§ﬂ c@ﬁﬁ%hhggnebISphenols 0-, N

i enz ounds, hydroxybenzyl ated nal onat es,
aroaatne tgupoxpdenzyl conpounds, 5 triazine conpounds,

n n esters of
%gmgn%ﬁﬁ%nS# but yl - 4- hydr oxyphenyl ) propi onic acid,
§§E§£§ 8t 31875t 8itrebbt Ybudyhydr Bxiirdxyphenyl) propionic
nethylphenyl)proplonlc acid, esters of

#<ei@, 5- di cycl ohexyl - 4- hydroxyphenyl)propionic aci d,

ggéggg g%jé,z g%éggrgbiggi I-hyg¥drox¥phenylacet|c

ﬂéﬁgyﬁgﬂéngﬁ %ro ubyk =4aRydr oxyphenyl ) propionic 15

acl suitab i osynergi sts, secondary anti oxi dants,
gBoepbi bespand, phasphohohesyl - behgdfukgphaﬁglapdoplonlc

i ndol i nones.

acid,

esters of 3,5-di-tert.-butyl-4-hydroxyphenylacetic acid,
amides of P-(3,5-di-tert.-butyl-4-hydroxyphenyl)propionic
acid,

suitable thiosynergists,

secondary antioxidants, phosphites and phosphonites,

benzofuranones and indolinones.

Preferred are organic phosphites, phosphonates and
phosphanes, generally those in which the organic radicals
consist wholly or in part of optionally substituted

aromatic radicals.

Ortho-phosphoric acids and meta-phosphoric acids, wholly or
partially esterified phosphates or phosphites, are suitable
as complexing agents for heavy metals and for neutralising

traces of alkali.

The following are suitable as light-stability agents (UV

absorbers)

2- {2'-hydroxyphenyl)benzotriazoles,
2-hydroxybenzophenones,

esters of substituted and unsubstituted benzoic acids,
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20 Preferred are organi c phosphites, phosphonates and

whogipazingsssgeneral |y those in which the orgeotfrp2003/011451
radicals consist wholly or in part of optionally

substituted aromatic radicalgg 25 Otho-phosphoric
aci ds and net a- phosphoric acids, wholly or partially

gg%giééégd phosphat es or phosphltes are suitable as
conplexing agents for heavy netals and for neutralising

stareeabiyahkaﬂereaOamhaeéolIomnng are suitable as
ht - stablllty agents (W absorbers)
%x B3d85 dr oxyphenyl ) benzot ri azol es,

2; fyds oxybppaephepreasl) 3%, esteesiakisubstit uted and
unsubstituted benzoic aC|ds WO 2004/ 037894
$@h$E;Qegeﬁohqnslrlaae1eacb§page§ref§r§ﬁﬁeal|y hi nder ed
am nes, oxam des, 2. 8.
2-(2-Fydroxyphenyl)-1,3,5-triazines, 5 substituted
bPehygpropybees biynglpreleneedr Pol gpmbpyphémnengintdl $or
one. or nation.with.f.or _exa e-.sul fone
SR e Pl £ORE 8 Pan PRI EEhEM 25, %) BERbS IS Hrkel iy he  used
§34588t bagageachaagedt bongatRaThadeaandnot her
stabilisers may be used individually or in
conblnatlons and added in the aforenentioned forns to

sePRhYMBEhe15:PLBES8LRE AHY bhalkes §Heﬁv@augqqydor in
ease agents, generally derivatives of -chain

¢ambynatndss naﬁ atided pm ahéeafOF@meeiaﬁpEé orms to the

ﬁ% %%grythrltol tetrastearate and glycero
n Sarate are preferred. These are generally used

i ndividually or as a m xture, preferably in an anount
20 of 0.02 to 1. wt refﬁéred to ge nﬁss of _t he
EBﬂﬁ%ﬁ??Pgnau§&}ﬁ§BF85fFH pPEoPPHg al 8t FAFEs A PREfde

§OASPhRL ¢ 8ELE¥Stives of long-chain fatty acids, may also
be added. For example pentaerythritol tetrastearate and

glycerol monostearate are preferred. These are generally
used individually or as a mixture, preferably in an amount

of 0.02 to 1 wt.%, referred to the mass of the composition.

Suitable flameproofing additives include phosphate esters,
i.e. triphenylphosphate, resorcinol diphosphoric acid
esters, bromine-containing compounds such as brominated
phosphoric acid esters, brominated oligocarbonates and
polycarbonates, as well as preferably salts of fluorinated

organic sulfonic acids.

Suitable impact modifiers include butadiene rubber with
grafted-on styrene/acrylonitrile or methyl methacrylate,
ethylene/propylene rubbers with grafted-on maleic
anhydride, ethyl acrylate rubbers and butyl acrylate
rubbers with grafted-on methyl methacrylate or
styrene/acrylonitrile, interpenetrating siloxane and
acrylate networks with grafted-on methyl methacrylate or

styrene/acrylonitrile.
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i.e. triphenyl phosphate, resorcinol diphosphoric acid

RSt AJgw/0BF8GL Ne- cont ai ni ng conpounds such aspetPEdIAI9E11451
5 phosphoric acid esters, bronm nated ol i gocarbonates

and pol ycarbonates, as mell g preferably salts of
fluorinated organic sulfonic acids. Suitable inpact
nodi fi ers include butadi ene rubber with 30 grafted-on
styrene/acrylonitrile or nethyl nethacryl ate,
@bhaheaﬁtgrgnyheae bubhais diyth g&abhg&eﬁﬂsﬁakehﬁorganic
anh%drlde hﬁl acr¥late rubb% ﬁnd butyg acrylgte
PLBBERESWRR afPEATBRTRelRYI THECREEMPF 5L @°
§ﬁ&i€ﬂ§6§§i¥|OEth'h@xthBEeerB@%ba&hHGOﬁbhﬁé@E%naﬁQt%5
acrglate networks with grafted-on nethyl nethacryl ate

stabilypene) agigeenfibiree, Woo2d0w) 037898 spheres or

fggésggQQBéQ}}é§é 36 Col ourants such as organic dyes

Nents or i1 norganic pignents and | R absorbers may
furthernDre be added individually, as a m xture or
n_conbi na st abi aers

Phe Phar ool acbouhRar Sohon IsPr BrgunREs: FhRopelyfpebthates

Pheseateappth¢akionyakse prevedesathergghycavbenat esvention
that are obtained by the process according to the

an@eﬁ%ﬁ@npxevaﬁaSaﬁgé 6F69Fdé§eféPrtHEFrPE§QuF6ﬂ°Ph8f
QQQQHQBF ?Bd ﬁéhﬁagat§§t§EQeEDUh999a§EEbﬁhg% foR 2 use in

partl Ccu use 1 n transpar ent app icati ons,
paansparantyapplnhetapea,omOSQppacaucaéprﬂvaﬂmoﬁbes@@ﬁa of

Qr . exa ts I S n
PByhEehi FEHLr A tarEes Pt e 506 FASRERE” phUshe cpiri wall
ghtarsl ogeazsugh asghuddo f€RsinGDRi¥Es, Dibp, cBVBrlngs or
M ni Discs in their variaqus read- [

R(Ws nly.or wite
BRE&Cal pdaERL Y OXPSo SEGRpPREL M) PefiPRr e BﬁéW$ nPV5?neDVD-

RXWY Hdajes i pRdcaDYhdedeakt vakgsusReeati-em herpanifer once,
20 accordlng to the invention are also covered by the

preséhly appri eampértefyr trwrisgpbileatrsRs -i ncl ude for
exanpl e the foll ow ng

The extrudates and moulded articles made from the polymer
according to the invention are also covered by the present

application.

Further applications include for example the following,
without however restricting the subject matter of the

present invention:

1. Safety panels, which as is known are necessary in many
areas of buildings, vehicles and aircraft, as well as
helmet shields.

2. Filmsg.

3. Blow-moulded articles (see also US-A 2 964 794), for

example l-gallon to 5-gallon water tanks.
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wi t hout however restricting the subject matter of the

Wo JWAyeBhgbpvention: 1. Safety panels, whi CBefgrpF003/011451
known are necessary in many areas of buil dings,

vehicles and aircraft, as well-as helnet shields. 30
2. Films. 3. Blownoulded articles (see also US-A 2 964

b 20tuhs 78R e £p0n5F 01 1ieh 4857818 bRk l8TER axd

Li ghtppet beabhe hbekbe sHebtas soki dxahpeesfot tpvering
partlculir,hoIIOMIﬁheets or exanEIe for cove
g,

bui | dPRYSIE0ER EChaPPuagisvaYi Shat1gPEenHEREE O&%SS and

I|ght1g§ht9§éahhgghgm§tléng Optical data stores such
as audi 0 CDs; R(Ws, DVDs, DVD-R(Ws, M niDiscs and

| at er generatlons 6. Trafflc i ght housings or traffic

'gnso%ggczi EgégngSEEEClraﬁﬁhm”agh a1 8PEBSO" B BLRSRYs, Dvps,

option rirn e surrace. S én W res
(see BVBSRDE)A 1Mi87D167F. ahB %atkrghenteehnohsgy
applications, optionally using glass fibres for
applications in the light transm ssion sector. 20 10.

granstugept cnpdiht cBbLSNEgEOBat rhAgibakiyassul fate
and/ or titanium di oxi de and/ or zirconi um oxi de or

organi c polyneric acrylate rubbers (EP-A O 634 445,
B A Poﬁﬁgﬁzﬂlé%st t&&pr qusglaﬂnogf chbghly, Pepesahhe 1y
and |1 ded parts. 25

t-scattering nou
prlntable surface.

8. Threads and wires {see also DE-A 11 37 167}.

9. Light technology applications, optionally using glass
fibres for applications in the light transmission

sector.

10. Translucent modifications containing barium sulfate
and/or titanium dioxide and/or zirconium oxide or
organic polymeric acrylate rubbers (EP-A 0 634 445,
EP-A 0 269 324) for the production of light-permeable

and light-scattering moulded parts.

11. Precision injection-moulded parts such as mountings,
e.g. lens mountings; in this connection optionally
polycarbonates with glass fibres and optionally an
additional content of 1 to 10 wt.% of molybdenum
disulfide (referred to the total moulding composition)

are used.

12. Optical instrument parts, in particular lenses for

camcorders and cameras (DE-A 27 01 173).
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11. Precision injection-noul ded parts such as

WOWYd4Y9S780£- 0- | ens nountings; in this cCONpeEiEmo3/011451
optionally pol ycarbonates with glass fibres and

optionally an additional content of 1 to 10 wt. % of
nol ybdenum 30 disulfide (referred to the total noul di ng

npositj on are.used. 12. tical_instru pat :
PR partohll FaReRLEETPn, CRLntBbraei? HAG Lansrae | BES ACPTic
27 01c4d88¢s 3BPWD 200456087894aRETi EP2RD34A014A454trip38

13. Light transmssion carriers, in particular fibre
optic cables (EP-A 0 089 801) and illum nation strips.

14. EBhegtricablyyi nashabinggmabestabssl ebrebesttieahls
conductors and for plug houSings and sockets as wel |

as capasiiuotersi1sndvepr| plual bpuaheahoasdngackets ag well
Net wo ' 3 devices. 17. Carrier materials for
organ%% %ﬁégéggégﬁétors. 18. Lanps/lights, autonobile
headl anps, light-diffusing 15 panels or interna

| enses. 19. Medical applications such as oxygenators
and dMQP%g?steﬂﬁ@ﬁ?ﬂgsgoﬁﬁl§@§'Foodstuffs a%glications
such as bottles, crockery and chocol ate noul ds. 21.
Applications in the autqnobile sector, such as

§Pazi Ngtwerki Antpefpeend8¥ipPEnds with ABS, as 25
bunpers. 22. Sports articles such as slalom poles and
ski boot fastenings. 30 23. Household articles such as
k7t chearsiak waterialwafhbasrgsnaadpheteepbBENcheUsi ngs.
24. Housings such as electrical distribution cabinets.
35 25. Housings for electrical appliances such as

18. Lamps/lights, automobile headlamps, light-diffusing

panels or internal lenses.

19. Medical applicationg such as oxygenators and dialysis

machines.

20. Foodstuffs applications such as bottles, crockery and

chocolate moulds.

21. Applications in the automobile sector, such as
glazing, or in the form of blends with ABS, as

bumpers.

22. Sports articles such as slalom poles and ski boot

fastenings.

23. Household articles such as kitchen sink units,

washbasins and letterbox housings.
24. Housings such as electrical distribution cabinets.

25. Housings for electrical appliances such as

toothbrushes, hairdryers, coffee-making machines and
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t oot hbrushes, hairdryers, coffee-nmaking machi nes and |

wo 155040039944 037894 PCT/ EP2003/ 011451 - 39 ppggkbifo3 /011451
tools such as drills, mlling nachines, planes and

saws. 26. Washing machine portholes. 27. Protective

goggl es, sungl asses, optical correction glasses and
their_lenses. 28, La covernings. 29..Packaqi fails

30. CAPROEBRt SPREPsSURRI Bocarriars TRAlROdcERFbing?, Dlanes
waf er snd3sawM. scel | aneous applications such as stable

doors or animal cages. The follow ng exanples are

intended to illustrate the 20 present invention w thout
Devevgr <heaLr habhidet Berenopesof the latter. 15 WO

2004/ 0378947 PCT/ EP2003/ 011451 - 40 Exanple Report on
non-destructive testing by neans of the helium vacuum

82t ect o PREFROR, 3BbLLsr bhHdTRastR, PPETcRL, soraectisn

200) wghaseennantiedhenrf ientesf the vacuum punp and the
extruder, side extruder, separator, inspection w ndows
and extrusion chanbers as well as all flange
sonnecihfnsolBrihfks region were checked. The test

i nstrument has a 10 response tine of <5 sec. The
baseline | evel of the apparatus was neasured as < 10-5

Ltre ahar The extrusion chanber was found
%g'bepgg§§??gﬁt%§?§§X1o-s litre

30. Chip containers, chip carriers and boxes for Si

wafers.

31. Miscellaneous applications such as stable doors or

animal cages.

The following examples are intended to illustrate the
present invention without however restricting the scope of

the latter.
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He x nbar/sec, whereas an inspection w ndow was

w@%qf/bgﬁlggas a |l eak source with a | eakage peat/®pabo3/011451
10-3 litre 15 He x nbar/sec. The rel ative sol ution

viscosity was deternined in._ g chloronethane at a
concentration of 5 g/l at 25C. 20 Yl (Yell owness | ndex)

S term ned according to ASTM E 313 on 4 mmthick
%ﬁhﬁgfion-nnulded sanpl es. The injection noul ding
tenperature was 300C. The col our index was determ ned
as the difference of the 25 extinction at 420 nm nP'
RO Hen O @@%hqi%?’éﬁ‘é‘t?%h‘ﬁ% 2SRl P REMFART ont ofNS, e lium

@ Adud! t@%ﬁ; Y ekp Lhigkpess Sftrdferm BXaNDLSS

ow ng t |nf uence of oxygen on polycarbonate 30
dhEe¢b¢rbhﬁhgumodﬂE$©t©II9l@$©1mm®m@ PPy clag plombd

e AR R A ek S e B0 o e

é&ﬁ&ﬁdéfirsldébextﬂhdefseSep&retmnyesmsga¢edon3@1Nﬁbws and
2004/ 037894 PCT/EPZOOS/O%#451
BHERBE 9 af BRREEES pas eti® %?s%%%ng}aﬂgemf?%n%CQk?ﬁﬁtln

N £E apég ﬂ@heﬁékércH@bH@& NMTH& @@Qﬂtlngﬁﬁﬁﬁeﬁﬂdh@s a
relatlve viscosity nrel. = 1.293 - +

c@&pamﬁenglmef@ﬁ/aadﬁ@?vesThﬁhb%ﬁeth%vé?V%%eO% the
%éé%%%yggzgég ﬁEQESQQ&G%é of Bh'ﬁleﬁeﬂE'Qnmb%r/sec The

_ onopol ycar onate based on bi sphenc
éxmrthlanmehgmbeaveaagéounﬁetuIbe MESghlgbt abo&¥10 litre

7500 and,a rel ative_viscos 97
ﬁ@ §oﬂ$3?ﬁ?ﬁ§ %%ﬁ?%ﬁd??lvesgeﬁ% %ﬁé@é W%S Jifleftrified
aérslE&antsbﬁr&aew@antaxneakaghlSateveﬁtnoﬁ.1Im@e
npl es Mﬁﬁe wei ghed out in air into gas-tight closed
B@aﬂe@bPF 8fipoul es and sealed in a gas-tight manner.
15 These sanples were then heated for 10, 20 and 30

m nut es at
The relative solution viscosity was determined in

dichloromethane at a concentration of 5 g/l at 25°C.

YI (Yellowness Index) was determined according to ASTM E
313 on 4 mm-thick injection-moulded samples. The injection

moulding temperature was 300°C.

The colour index was determined as the difference of the
extinction at 420 nm and 700 nm in dichloromethane at a
concentration of 2.4 g/50 ml and a layer thickness of

10 cm.
Examples showing the influence of oxygen on polycarbonate:

The following commercially available polycarbonates
prepared by the Bayer AG phase interface process in a plant
consisting of apparatus with a leakage rate of <107? litre

He x mbar/sec were investigated.
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tenperatures of 320, 350 and 380C. After cooling the

WOTEUH4993785€ oxygen content in the gas spacgcpfesdiRi/o11451
anpoul es was determ ned by neans of gas chromat ography.

The oxygen absorption of the pplymer is determ ned from
the 20 difference with respect to the initial sanple.

anpl W co ' - put n -
500’ g 1ubs 8° CofpiragpSt YELPASHa naTR ol BLeBRBHoL A
of expehi aentbgher averafet helprotesswebghandvysésahmene
carried 25 out as triple determ nations. The

measut @p@dt anfageraghateyeorisaagetpfnabolt +/ 11898 The

o B B TBraF BT BoFshordTAEATRPhGVEAEE  LRACTHEaPTe

gas | ainrapplrans. idOcHbecheaérd POl ynessimeertiban
di ssol ved and the colour indices of the solutions were
deternmined. le Series; a conmercially avail able,

sel atyyety16/W 84k sca%&mgs@eaﬂasnats H5988BaMeri Afhenol
was used for the CD WD 2004/037894 - 42

PCT/ EP200Bh 03 14819kt odvier fafsTobpruiapsweight ngf opbout
pol yner re i ghed out and heated. Heating. a 20C:
a1 he 88 el goretatbte ThaeRe Ab o pEEDn T0BIBApAT 8-+
201050, RPa¥n 2ngd04 3d4awPRAA: 81 veEealhNEhahowePEr Heating

Ti meOxygen Col our | ndex Absorption 101070 ppn4.5
irrelevant in the context of this invention.

The samples were weighed out in air into gas-tight closed
beaded rim ampoules and sealed in a gas-tight manner.

These samples were then heated for 10, 20 and 30 minutes at
temperatures of 320°, 350° and 380°C. After cooling the
ampoules, the oxygen content in the gas space of the
ampoules was determined by means of gas chromatography.

The oxygen absorption of the polymer is determined from the

difference with respect to the initial sample.

Samples with comparable weighed-out amounts of about 500 mg
were compared. In order to estimate the limits of
experimental error of the process the analyses were carried
out as triple determinations. The measurements have an
error range of about +/-10%. The oxygen contents, measured
in vol. %, were converted into ppm or mmole/g of polymer

assuming that the ideal gas law applies.

The heated polymers were then dissolved and the colour

indices of the solutions were determined.

1%t Series; a commercially available, relatively low

viscosity polycarbonate from Bayer AG was used for the CD




10

15

202260 ppmi4.0 303270 ppnR8.0 Heating at 380C. Heating

wo RfPsyasns Pl our | ndex Absorption 102540 ppp&f/eded30011451
ppnb6 306710 ppnb9 10 These experinments show that nore

oxygen i s absorbed with
a result the col our

éPS%%P%n Wi By LDSEEASLRAE

nor e oxygen i s

I gni

I can

i ndex

ri ses.

incrgasing heating time and as
The experinents al so

o e Lt DO

aﬂalﬂeatedtlne 15 The repetition of the experinent

shows that the oxygen

nmelt can readily be

absorption of the polycarbonate

repr oduced: |

WD 2004/ 037894

kEdE ERg008/ 923461 - 43 Heating at 320C: Heating

Ti meOxyge
Heat i ng afjH8B8CngHFamend&{igeOxygen pBsbopri dndedl
ppm 20219Q ppm 303470 so£{§u|ng t 380C
10 810 ppm 1.8
20 1050 ppm 4.2
30 1345 ppm 5.8
Heating at 350°C:
Heating Time |Oxygen Colour Index
Absorption
10 1070 ppm 4.5
20 2260 ppm 14.0
30 3270 ppm 28.0
Heating at 380°C:
Heating Time JOxygen Colour Index
Absorption
10 2540 ppm 20
20 5230 ppm 56
30 6710 ppm 69

pm
30

These experiments show that more oxygen is absorbed with

increasing heating time and as a result the colour index

rises.

temperature of the melt,

absorbed at the same residence time.

The experiments also show that,

with increasing

gignificantly more oxygen 1is

The repetition of the experiment shows that the oxygen

absorption of the polycarbonate melt can readily be

reproduced:
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Heat i ng Ti neOxygen Absorption 102370 ppm 205120 ppm
ﬁ@@ﬁﬁgJ'gqhgpd Series; a commercially avail api-f/rp2003/011451
pol ycarbonate from Bayer AG DP1l-1265, see above, was
used and conpared to a high | ecul ar wei ght

pol ycar bonat e, Makrol on 2808, see 10 above; 400 ng of

ol hed out and heated. a) DP1-1265,
ﬁ %fﬂ% ?an2§gbg1n Fbatlng Oxygen Cblour | ndex
Tenper at ur eAbsor pZ : oF 70 ppnil6
380C5500 ppnb0 JIWO 200 b) Krol on 2808,
heating tine 20 m ng Oxygen
Col our Index Te bpm 6. 3
350C2270 ppm 26. )1%80C5160 ppWIf'eppgiues opt ai ned here
show that a good[ggproducti on |ihpooDREMLZ65 | S obtai ned
once nore. It cap_also be seen that in the case of
the higher viscop?®y M 2808, alBlRéugPm he felt tends
to absorb sonmewhbi—-eso—grpgen—t-Re—derege—es neasured
by the col our index is however significantly

iogt £Aag§esde 350°C:

)

Heating Time |Oxygen
Absorption
10 1130 ppm
20 2190 ppm
30 3470 ppm

Heating at 380°C:

Heating Time |Oxygen
Absorption
10 2370 ppm
20 5120 ppm
30 7150 ppm

2nd Series; a commercially available polycarbonate from
Bayer AG, DP1-1265, see above, was used and compared to a
high molecular weight polycarbonate, Makrolon 2808, see

above; 400 mg of polymer were weighed out and heated.

a) DP1-1265, heating time 20 min:

Heating Oxygen Colour Index

Temperature [Absorption

320°C 770 ppm 3.3
350°C 2670 ppm 16
380¢°C 5500 ppm 50
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10 Further exanples, polycarbonates prepared by the
WoYRo4Xga78Bat transesterification process: porfEpAfdid@11451
natur Is a linear nelt polycarbonate with a relative
solution viscosity of 1.201_a a col our index 15 of

0.11. The phenolic OH value i5$ 540 ppm 2. FS 26 SO

G0 Herb B2 B8P , TErt4R8 L TRR A M0 i R of

0,14. The [RRERGHEC O VR:HRzd® 250 PRGLISHr naeex |
products @btained fromfhe apparatusj]according to [he

i nvent i on |Asvpeaatuxeel |Admoxpfadany. |A | eakage ratp of
>[0-3 it ' '

= peti—t=lae upparague-aeeererwg to
the invelfR8iCoul d | eftf® PRI cont affndtion of thp 25

pol ycar bogggegel T W t N[ P Ppm I N (2§, 6ase a redpced
qual ity off_the products| should be expected. This if

denonstraf|é808¢¥ t he char=kd®rd®ati on[of -t he oxygen

absorptio B et et S ay—preper-td

melt pol ycarbonate under tenperature stress as a

tHacth Pe8f obB8indA H@@blBﬂohlHﬁatJanbaaO%éQ%B&&étion in

PCT/ EP2003/ 011451 - 45 The sanples FS 20_SO and FS 26

BPLde3ehi bedokbakeedePBCE] MPESE | gAdbegansatre Hgnpees that
r e r , d LAut.e te e

e RN S e S R s L

gastt tghtls beadbdorbneampwbhés lefbecayygenthanda@age as

content .in t gas.space_qf the ul.es .Lhen
Gererhrre by iroantohr  §ademnds  APaeyatny 180 rdpray
cavtakpedg conpar abl e wei ghed-out anmounts of about 500
ng were conpared. In order to estimate the limts of
experimental error of the process the analyses were
ﬁéfthéé eRdhp2ast r bBl9ocdebehatRat beapariAe LRSI BABRES AG
ave an
melt transesterification process:

1. FS 20 SO natur is a linear melt polycarbonate with a
relative solution viscosity of 1.201 and a colour index

of 0.11. The phenolic OH value is 540 ppm.

2. FS 26 SO natur is a linear melt polycarbonate with a
relative solution viscosity of 1.275 and a colour index

of 0,14. The phenolic OH value is 250 ppm.

These products obtained from the apparatus according to the
invention have an excellent quality. A leakage rate of
>10"3 litre He x mbar/sec in the apparatus according to the
invention would lead to a contamination of the
polycarbonate melt with oxygen. In this case a reduced
gquality of the products should be expected. This is
demonstrated by the characterisation of the oxygen
absorption and CO, cleavage of industrially prepared melt
polycarbonate under temperature stress as a function of the

heating time:
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15

20

15 error range of about +/ 10 % The oxygen and CO2

W@%%QVﬁB?f@@SWed invol. % were Converteﬂ:'l"/ﬁPQODmnlliSl
and vl e/ g of polynmer assuning that the ideal gas |aw

applies. 20 FS20S0 Col our Temperature/ t mn ppm 02ppm
Co2l ndex C 320 107755501.5 20115610754.8 30133013507.5
350 10129013305. 8 x202895287025 x303900447838 x 380
102924336027 WD 2004/ 037894 PCT/ EP2003/ 011451 - 46

Tiedpedmbp Lee/ FE 20 nSE pand 2ppne CRCodesic r Dtk ddeove were
x205683689944 x3076621058148 FS26SO 105311971.5 320
PevAgEkaated 309717975, 2 350109336994. 1 x201973198616
x303215336232 x 380102409240416

The samples were heated for 10, 20 and 30 minutes at
temperatures of 320°, 350° and 380°C under an air
atmosphere in gas-tight, beaded rim ampoules. The oxygen
and CO, content in the gas space of the ampoules was then

determined by means of gas chromatography.

Samples containing comparable weighed-out amounts of about
500 mg were compared. In order to estimate the limits of
experimental error of the process the analyses were carried
out as triple determinations. The measurements have an

error range of about +/ 10 %.

The oxygen and CO, contents, measured in vol. %, were
converted into ppm and mmole/g of polymer assuming that the

ideal gas law applies.

FS52080
Temperature/ t min ppm O; ppm CO;3 Colour
°C Index
320 10 775 550 1.5
20 1156 1075 4.8
30 1330 1350 7.5
350 10 1290 1330 5.8
X 20 2895 2870 25
X 30 3900 4478 38

X 380 10 2924 3360 27
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x204508488444 x306711806437 The sanples identified by

WX 200Q00a78e4 i nsol ubl e/ darki sh  brown partip¢tesEpr20bazbl11451
nmeans that variations have to be expected with these

sanpl es. 5 The rel ationshi p_ bgé ween the col our index

and the 002 cl eavage (ppnm) as a function of the 02

absorptio is_ il trated i [ 1. can
be'f‘?“elgﬁr?ggé'ng??é |%gr a‘lg'#?héa’t up tﬂ;’ngé%afbsorépl?tqioons of
abegt 6000 ppmthere is to a good approxi matindesa
l'inear relationship between the col our index and 002
¥l eavage as a #8nctionP®$3the oxy&fet? absor ftd on. The
results of the investigated pol ycarbonates are
%unnarised int Fi gurg %2 j WO 2 037894,

CT/ EP2003/ 011451 - 47 ? e exanple clearly
denonstrates the harnful influence of air and oxygen
atFspegated tenperatures and average residence tines
on the colour quality of the nelt 5 polycarbonate.

o PEB13 can’ be bPevent et binpl y by The procase o

according to the invention, which involves the use of
appar atus havingoa 10 defined hermpticity, w.tdhout the
need for |arge apparatus expenditure with inert gas
nmetering equi pnent or the like. Overall the experinents
show that the eXPosure ®f1the pol{thrbonate rfelt to
oxygen shoul d be kept as |ow as 15 possi bl e.

Suggpi singly itips possgbhhe by neagsg of the 4 sinple
process according to the invention to achieve a | ow
exposure of the polycarbonate nelt. s WO 200%{037894

RCT/ EP2003/ 011482 - 48 1573 1986 1

X 30 3215 3362 32
x 380 10 2409 2404 16
X 20 4508 4884 44
x 30 6711 8064 37

The samples identified by "x" contained insoluble/darkish
brown particles, which means that variations have to be

expected with these samples.

The relationship between the colour index and the CO;
cleavage (ppm) as a function of the O, absorption (ppm) is

illustrated in Fig. 1.

It can be seen from the diagram that up to O, absorptions of
about 6000 ppm there is to a good approximation a linear
relationship between the colour index and CO; cleavage as a
function of the oxygen absorption. The results of the

investigated polycarbonates are summarised in the Figure 1.
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Patent Clainms 1. 5 2. 103. 4. 15 5. 6. 20 7. 25 8. 30

w5 Ry ohesed he preparation of pol ycarbonat epgdymsr ool /011451
appar at us whose | eakage rate is <10-3 litre He Xx

mbar/sec. Pol ycarbonate obtaijpable by a process

according to claiml1l. Use of the pol ycarbonate

according to claim2 for the production of noul ded
articles and extrudates. Mul ded articles and

Ehé r eidampbe cotpariyndempnbyeatbenahe haenfdilingnféuehaenvt
2, tical data stores conprisin Qol car bgnat es

SHF GPRR noXYPER CRE RI-5VaEPOCEERPFOREBRESpPOHUEY FEAISH

roul dedear t igk8soAndheexblydat geall i et pel ynar henat e

usi ng apparatus whose |eakage rate is <10-3 litre He X
PHEYF3ERONABEI ded articles and extrudates obtainabl e by

a process according to claim®6. Process for

deternmining a | eakage rate in an apparatus or system
$anprisinglgonaechi ag anhélienmedwetiebt allt dtst hegespuer

| Lpes of the systemo pparatus, flushin al | .
HhPEREF ora ek BhFTRShef BRBr ey GHE PRfeeds pgooraing o
the invention, which involves the use of apparatus having a
defined hermeticity, without the need for large apparatus

expenditure with inert gas metering equipment or the like.

Overall the experiments show that the exposure of the
polycarbonate melt to oxygen should be kept as low as
possible. Surprisingly it is possible by means of the
simple process according to the invention to achieve a low

exposure of the polycarbonate melt.
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determ ni ng the neasurenent val ue by neans of a
WL R49037894 PCT/EP2003/011451

- 48 -

Patent Claims

1. Procegs for the preparation of polycarbonate using an
apparatus whose leakage rate is <10°® litre

He x mbar/sec.

2. Polycarbonate obtainable by a process according to

claim 1.

3. Use of the polycarbonate according to claim 2 for the

production of moulded articles and extrudates.

4. Moulded articles and extrudates comprising

polycarbonate according to claim 2.

5. Optical data stores comprising polycarbonates according

to claim 2.

6. Process for the production of moulded articles and
extrudates from polycarbonate using apparatus whose

leakage rate 1is <107 litre He x mbar/sec.

7. Moulded articles and extrudates obtainable by a process

according to claim 6.

8. Process for determining a leakage rate in an apparatus
or system, comprising connecting a helium detector to
the vapour lines of the system or apparatus, flushing
all potential leaks with helium from a gas lance, and
determining the measurement value by means of a

detector.




