-1- TITLE OF THE INVENTION Process for the Preparation of Polycarbonate
RELATED APPLICATIONS This application claims benefit to German Patent
Application No. 10 2009 032 020.2, filed 5 July 7, 2009, which is
incorporated herein by reference in its en’u}ety for all useful purposes.

BACKGROUND OF THE INV ﬁ %Hj@ﬁ% g%tl@g tes to a combined
process for the preparation of polycarbonate from bisphenols and diaryl
carbonates, the monophenol liberated being reacted with phosgene 10 again
for the preparation of thB'af&yeatsdrrsRaraliog thEANCAORTEEEI halide forming
in the preparation of the diaryl carbonate being converted by electrochemical

oxidation into chlorine, the chR¥indTidhghBicieti€dNthe preparation of the
phosgene. The alkali solution likewise formed can be used again for the
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15  The preparation of aromatic polycarbonates by the melt transesterification process is
known and is described, for example, in "Schnell", Chemistry and Physics of
Polycarbonates, Polymer Reviews, Vol. 9, Interscience Publishers, New York, London,
Sydney 1964, in D.C. Prevorsek, B.T. Debona and Y. Kersten, Corporate Research Center,
Allied Chemical Corporation, Moristown, New Jersey 07960, "Synthesis of

20  Poly(ester)carbonate Copolymers" in Journal of Polymer Science, Polymer Chemistry
Edition, Vol. 19, 75-90 (1980), in D. Freitag, U. Grigo, P.R. Miiller, N. Nouvertne,
BAYER AG, "Polycarbonates" in Encyclopedia of Polymer Science and Engineering, Vol.
11, Second Edition, 1988, pages 648-718 and finally in Dres. U. Grigo, K. Kircher and
P.R. Miiller "Polycarbonate" in Becker/Braun, Kunststoff-Handbuch [Plastics Handbook],

25  Volume 3/1, Polycarbonate, Polyacetale, Polyester, Celluloseester [Polycarbonates,
Polyacetals, Polyesters, Cellulose esters], Carl Hanser Verlag, Munich, Vienna 1992, pages
117-299.



117-299. -2- WO 93/13084 Al describes a process for the preparation of
polycarbonate, in which the monophenol which was liberated in the
transesterification process can be reacted with a carbonyl dihalide (e.g.
phosgene) to give the diaryl carbonate aggrih. In this process, the carbonyl
cinalide.s prepaiadom CQ and.a metal halde compound: Jis, melnod of &
preparation’via a ca asiys IS complicate ahd Unecononiical, The preparahon
of theodimhAnohroskateasfberifedne ineltansaysatierifivarioncproeeds feacted with a
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describe _principle in the literature, cf. for example in Chemistry and
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andphPastncyidl o4l pagesbplizitedOldaddhomlQM A describes a process
for the preparation of diaryl carbonates which is operated at temperatures of
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to 11). mizations of the process by improving the mixing and maintaining
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wasted\%?tehl% fﬂ) ?thr ction with methylene chloride. According to known
pro@gsseesrf odidm hloride-containing solution is freed from solvents
and organic residues and then disposed of. According to WO 2000/078682 Al
or U EMEAY1 9BEoAtRIQSERI EMETHRSE S ARE atBES B3H R
purifiachériieranelysipmkthendisedsn dienhsadidprehioride &eieatnalysis. A
IS t f this pr IS the ver sive ozonolysis., EP 1 894 914
o B ABE D Fobp oot Souteh e Br TG A ker rom
the diaryl carbonate preparation by phase boundary phosgenation of sodium

phelioizte kP pPRestigh osrTurakaiek isetdsn dacpntty dRciHtfemyastf wger of

SOdiHERGIHREERS, which may pollute the environment and present the waste water treatment
plants with an increased waste water problem, necessitates complicated purification
operations. Thus, WO 0307639 A1 describes a removal of the organic impurities in the

20  waste water by an extraction with methylene chloride.

According to known processes, the sodium chloride-containing solution is freed from

solvents and organic residues and then disposed of.

According to WO 2000/078682 A1 or US 6,340,736 A, the sodium chloride-containing
waste waters can be purified by ozonolysis and then used in the sodium chloride

25  electrolysis. A disadvantage of this process is the very expensive ozonolysis.

EP 1 894 914 A2 describes the recycling of sodium chloride-containing waste water from
the diaryl carbonate preparation by phase boundary phosgenation of sodium phenolate
(DPC) through a chloralkali electrolysis with an increase in the sodium chloride
concentration by separation of the reaction waste water from the wash phases and

30  increased water transport by a novel membrane technology. However, reuse of



concentration by separation of the reaction waste water from the wash
phases and 30 increased water transport by a novel membrane technology.
However, reuse of -3- monophenols, alkali solution and halide formed in the
process has not been described. Starting From the prior art described above,
it is the object to prqvid olycarbgnate preparation process which,giv
it SR PSR S R R
environmental pollution or waste water problem in the waste water 5
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watprepatbtienproshichacigiaie gradacto enpodygaibgnategosadueliamd permits
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and sodium ydﬁroxuﬁre sofution an optionally Wy(frcpgen Shouldbe efected
Jithneimient planseby fme niergpy dirrdytimg b ey phed prstectipreaissesotr cederi0lutions
EMBRRIMENTS Q5 THEINVEN RN AR ggerodiment of the present

invention is a process for preparing oligocarbonate and/or polycarbonate
comprising: ) tansesterifying,a bisphenlith.a diayl carbonaia to o0t iun
an oligocar ohate and/or p%1ycar onate and a monop enolt T5 b 186 aﬁng

or seyphrativgsaidoligdcatvondyepdrdien phiyddboefigteeff orthsaidimum use of
mongphenali GFearing srid mongrhenati the presence of an alkali

solution with a carbonyl dihalide and separating the resulting products,

herein said products c j lj ' diaryl

16tl:varbonate, wherein 20 s%%ﬁ@%%ﬁ?ﬁmﬁm@ a); d)
electrochemically oxidating said alkali metal halide obtained in step c) to
obtal SRAGFEHtAdhaRTSIRANIBYINEH 1) PESETPRIRPIENE Pétticrbepasignd/or
halqgeyt {resnastepdpnitycarbon monoxide to obtain a carbonyl dihalide,
wherein at least a portion of said 25 carbonyl dihalide is used in step c); f)
reusing atdeast apoeticniyiaadaiteh doltiondoidivvetbmstepotiin step c).
Another embodifient o the PISSRRNVENTOR.IS 18 ARRSRLAGESS. wherein

said bisphenol

15 b) isolating or separating said oligocarbonate and/or polycarbonate from said
monophenol;
c) reacting said monophenol in the presence of an alkali solution with a

carbonyl dihalide and separating the resulting products, wherein said
products comprise an alkali metal halide and a diaryl carbonate, wherein

20 said diaryl carbonate is reused in step a);

d) electrochemically oxidating said alkali metal halide obtained in step c) to

obtain a halogen and an alkali solution;

e) reacting at least a portion of said halogen from step d) with carbon
monoxide to obtain a carbonyl dihalide, wherein at least a portion of said

25 carbonyl dihalide is used in step c);
f) reusing at least a portion of said alkali solution obtained in step d) in step c).
Another embodiment of the present invention is the above process, wherein said bisphenol
used in step a) is a dihydroxydiarylalkane of formula (I)

HO-Z-OH (I)



used in step a) is a dihydroxydiarylalkane of formula (I) HO-Z-OH (I) -4-
wherein Z is a divalent organic radical comprising from 6 to 30 carbon atoms,
wherein said divalent organic radical comprises an aromatic group. Another

embodiment of the present invention is thé* above process, wherein said

dlarX/Ih gglrnb rfsa teﬁll'\lzsa ecriltI grSt% C?stcé{’} gcl)_ceri_scl: 14fr%¥¥'§ t%t§6' 053.1‘ grlo ;[ll‘?(?nrls wherein said
embozflmen Ofat e preser%talnventllon IS the alllj%ve process, wnerein Sélg

monloysient o grsediridistd pod) iy wyshemoinafiéggronsa (11) O H (II) R wherein R
is hydrogen, halogen, or a branched or straight-chain C- to Cg-alkyl radical or
10 alkoxyearianihiadicathdreihar evahagiment oicheppresentiRvantiod Baryl

the

aat% Ve process, herein aalg q&ar_yl arbonate is diphenyl carbonate, said

bisphenof IS bisphenar &, '84id ca bé‘h?ﬁygﬁafffde is phosgene, and said alkali

solution is sodium hydroxide solution. Another embodiment of the present
InveMtiIRcistRRO4BIRM Prteaussiphidrsniienid dkahoiesPretst RAIrdE I atep c)
is sadinephehtaridel anedpe)alachialysisbsaidasedium chloride in step d)
produces sodium hydroxide solution and chlorine and is effected using a gas

diffusion electrode as a cathode. A
invention is the above process, wh
an alkali halide-containing wasteV

her embodiment of the present
adeh products in step ¢) comprises
sy which is separated prior to step 20 d)

from solvent residues and optionally catalyst residues. Another embodiment
of tivehgr@sent invention is the above process, wherein said separation is

ach

leved via extraction or stripping of the solution with steam, neutralization,

andbor treiathidinecvithatosee sbrismciFA et escbielainiaCwierditlisal @r

1meu
and

tralizatipg isagiogvesiiaing hydrogen chloride or 25 hydrochloric acid
said adsorbent is active carbon Another embodiment of the present

Inve ﬁl(g)tﬁelrsemgoﬁpn%ln% & %%epsr%Sevl\a/p ARz Ig ﬁlllg ove process, wherein said diaryl
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carbonate is diphenyl carbonate, said bisphenol is bisphenol A, said carbonyl dihalide is

phosgene, and said alkali solution is sodium hydroxide solution.

Another embodiment of the present invention is the above process, wherein said alkali
metal halide in step c) is sodium chloride and the electrolysis of said sodium chloride in
step d) produces sodium hydroxide solution and chlorine and is effected using a gas

diffusion electrode as a cathode.

Another embodiment of the present invention is the above process, wherein said products
in step ¢) comprises an alkali halide-containing waste water which is separated prior to step

d) from solvent residues and optionally catalyst residues.

Another embodiment of the present invention is the above process, wherein said separation
is achieved via extraction or stripping of the solution with steam, neutralization, and/or

treatment with an adsorbent.

The process of claim 8, wherein said neutralization is achieved using hydrogen chloride or

hydrochloric acid and said adsorbent is active carbon

Another embodiment of the present invention is the above process, wherein said alkali

halide-containing waste water is concentrated prior to step d).



halide-containing waste water is concentrated prior to step d). -5- Another
embodiment of the present invention is the above process, wherein said

alkali halide-containing waste water is concentrated prior to step d) via

osmotic distillation with sodium hydroxid'ess'olution as a water acceptor.

BRIEE RESCRIPTION, OF THE DRAWINGS & Figure 1 schematically depicis
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the electrolysis and the monophenol for the preparation of the diaryl carbonate.

The overall process according to the invention is therefore flexible, easy to carry out and
20  gives products in high purity, which are extremely important for the overall process, with
simultaneous reduction of the environmental pollution by reuse of monophenols, alkali

solution and halide forming in the process.

The process according to the invention comprises at least the following process steps:

a) transesterification of one or more bisphenols with one or more diaryl
25 carbonates to give the oligo-/polycarbonate and the monophenol,

b) isolation or separation of the polycarbonate and of the monophenol,

c) reaction of the monophenol in the presence of alkali solution with the

carbonyl dihalide and separation of the products, the diaryl carbonate being

reused in step a),



reused in step a), -6- d) electrochemical oxidation of the alkali metal halide
obtained in step c) to give halogen and alkali solution, e) reaction of at least
a part of the halogen from step d) with carbon monoxide to give the carbonyl
dihalide, which in turn is at least partly uselin step ¢), 5 f) reuse of at least a

part of the alkali solution from d).in step c). Bisphenal itable for the
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compounds whictacasnh atsedin siapahehihadprecessepaboritingatdoimonoxide
invention are dihydroxydiarylalk such hydrogquinone, . resorcinol,
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a,a"'Biplrepdtoxyipthénid) diis pprapy ivenzkne s dndithentompedigditherdafylalkanes
whigptﬁgq&%mg@p, alkylated on the nucleus and halogenated on the
nucleus. Preferred bisphenols are 4,4'-dihydroxybiphenyl,
2,2-bis(4-hydroxyphenyl)-1-

e H%Z—OBI (O 5 5 pis(4-
phenylpropane,1,1-bis(4-hydroxyphenyl)phenylethane,2,2-bis(4-hydroxyphen
yl)propane (bisphenol A (BPA)), 2,4-bis(4-hydroxyphenyl)-2-methylbutane,
1,3BigPi 26 AFHHIKYPPIEAYY-PBraiiA TN &0 BrEpMeBmyyhich contains one or
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hydroxyphenyl)-2-propyl]benzene,1 roxyphenyl)cycl_ohexane and

1,1-8hspa. ps (ydrosypisany iketones. fisduttoreyriemax ameh@isp hikby drwayhenyl)
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1,1-bis(4-hydroxyphenyl)cyclohexane and
Preferred bisphenols are 4,4'-dihydroxybiphenyl, 2,2-bis(4-hydroxyphenyl)-1-

phenylpropane, 1,1-bis(4-hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)propane
(bisphenol A (BPA)), 2,4-bis(4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(4-

20  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)sulphone, 2,4-
bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimethyl-4-
hydroxyphenyl)-2-propyl]benzene, 1,1-bis(4-hydroxyphenyl)cyclohexane and 1,1-bis(4-

25  hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).

Particularly preferred bisphenols are 4,4'-dihydroxybiphenyl, 1,1-bis(4-
hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A (BPA)), 2,2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl)cyclohexane and
1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).



1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC). -7-
Suitable bisphenols are described, for example, in US 2,999,835 A, US
3,148,172 A, US 2,991,273 A, US 3,271,367 A, US 4,982,014 A and US
2,999, 846 A, in the German Offenlegungs7$chr|ften (German Published
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esters, preferably the diestérs of phenol or substituted phenols; i.e. diphenyl
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chlorocarbonates is allowed to settle by phase separation. The aqueous
Lalkdfinkophisecpehetien Res by R Prisese peadbnedr RAdnka iy s dphsse

is eytragtady2hwilhkabwieohyteashloric acid and water. The combined water
phases are fed to the waste

Diaryl carbonates which can be used in step a) of the process according to the invention are
di-C¢-C 4-aryl esters, preferably the diesters of phenol or substituted phenols, i.e. diphenyl
carbonate or, for example, bissalicyl carbonate. The diaryl carbonates are used in 1.01 to

20 1.30 mol, preferably in 1.02 to 1.15 mol, based on 1 mol of diphenol.

O

» J\ — @/ @ + 2 NaCl

The completely reacted, at least two-phase reaction mixture, containing at most traces of
(< 2 ppm) aryl chlorocarbonates is allowed to settle by phase separation. The aqueous
alkaline phase (reaction waste water) is separated off and the organic phase is extracted
25  with dilute hydrochloric acid and water. The combined water phases are fed to the waste
water work-up, where solvent and catalyst fractions are separated off by stripping or
extraction and are recycled. Thereafter, after a certain pH of, for example, 6 to 8 has been

established, for example by addition of hydrochloric acid, any organic impurities still



water work-up, where solvent and catalyst fractions are separated off by
stripping or extraction and are recycled. Thereafter, after a certain pH of, for
example, 6 to 8 has been established, for example by addition of

hydrochloric acid, any organic impurities stir -8- remaining, such as, for

example, monoanensl, are femoyed B fsamentuith active earbonand fed
tothec ?or%ﬂkal electro yS|sP A another préflerretrjn variant of the worl(-up, the
reactidromastéed/mdreishiorbommbiersewith the wash phases but, after

stripping or extraction for separating off solvents and catalyst 5 residues, is
adjustadieeapeefdail pitiais Btiexaciplep, Ghoré dasrexamplabyiaddidomihed with
hydrochloric acid, and, after the still remaining. organic impuyyities, such as, for
it el b e v
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phosgengkii ardaersalvent in the presence of alkali and a nitrogen catalyst
by the phase boundary process with formation of alkali metal halide (NacCl).
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of a narrow 15 temperature and pH profile as well as isolation of the diaryl
1¢arpbasecanepiniydy (fd Bk o iy SYUAtISEP 1 216 981 A2, EP 1 216
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V Ol R A5 WRIF BiBs [ AV AT 99 R NRIQGEN l@é}é%}ﬁ‘%%‘i‘ ﬁke?ﬁrﬁlgﬁtﬁ‘fﬂ?é‘gﬁn

Cl- to C9-alkyl radical or alkoxycarbonyl radical. Phenol, alkylphenols, suc
as GRS by-aRbiAg Rerdl pretiypiienenayion st apatianginl halide (NaCl).
p-isopaiiphieneloni-prayip Benabandhcisuianynanalnhalepheams,suGhirow

s p 25 chlorophengl, 2,4-dichlorophenol, p-bromqphenol and o
lg ’ 4,@5{1%{%[%8 gﬁcg £§| Pg)l'fﬂn%eaﬁw\fllfﬁ S 1scr)]at10g otr %e 81%rﬁ carbonate are described in
EP 1219589 A1,EP 1216981 A2, EP 1216982 A2 and EP 784 048 Al.

Particularly suitable monophenols for the preparation of the diaryl carbonates in step c) are

phenols of the formula (II)

R
20  in which

R is hydrogen, halogen or a branched or straight-chain C;- to Co-alkyl radical or

alkoxycarbonyl radical.

Phenol, alkylphenols, such as cresols, p-tert-butylphenol, p-cumylphenol, p-n-octylphenol,
p-isooctylphenol, p-n-nonylphenol and p-isononylphenol, halophenols, such as p-
25  chlorophenol, 2,4-dichlorophenol, p-bromophenol and 2,4,6-tribromophenol, or methyl

salicylate are therefore preferred. Phenol is particularly preferred.

The alkali used for formation of the phenolate may be an alkali solution with hydroxides



salicylate are therefore preferred. Phenol is particularly preferred. The alkal
used for formation of the phenolate may be an alkali solution with hydroxides

-9- from the series: Na, K, Li hydroxide; sodium hydroxide solution is

preferred and is preferably used as 10 to' gS% strength by Weight solution in

the poyelprocessThe feaction Al canbe Acqeleraled b calahls, §ugh s
tertiary amines, aglll’kylplpe}f Ines ’"or onlun?]séﬁs uty fam ne
triethiglarabhe wed N -étky idifetidirathdre Weﬂ@trssﬁlylg@erdtlﬁ frmlammScatalyst
used may be open-chain or cyclic; triethylamine and ethylpiperidine are

particidl asiy et rcradbér ite&atabﬁsﬁjﬁmaeieﬁablymmdrasqa aliaes S¥easitkepigthidines
by weight solpti e nove ess. Her u salt are und

AT b BT el
and/or aryl radical and/or an H and X being an anion. 10 In process step b),
%hogb% ﬁ‘é‘lééﬁaﬁéyﬁ%%%?qﬁq?d e VeIt H880 fORiCoriFednmIBR aRdhiiaiRer ldme are
solventiclnety pigriedsTheniawisheaapiefarably De ts5dsusiaintyyinthent
novel | process, %rr?dvf r eégsmple dichloromethane, toluene, the various

di chﬁoroe anes &nd cfhf)oropropane compounds, chlorobenzene and
chlorotoluene. Dichloromethane is preferably used. 15 The polycarbonates
canfben el aregRdiserIandneartto et PR et gy ahERie BiPdpgapssible
amaunstebehainier ainataisiand ranelinghagemsk baitahlesahain

terminators and branching agents are known from the literature. Some are

1§esglined. JOLEXBIMAG B AR AP P Rui Eﬁfg;!{?é%lé{s 4§68 SR 1ution in an inert
terminators are phenol or alkylphenols, in particular phenol,

p- te??lﬁ‘iﬁi/lphenol isooctylphenol, cumylphenol, the chlorocarbonic acid 20
esters thereof or acid chlorides of monocarboxylic acids or mixtures of these
chalnetesrpanateobvcRrefardccahamfterphyriztossdaresphén b, themyplgheoadss are, for
isoqetyiphengln R A IO byleRe 'Eﬁ’é J&é@ﬁ@ra %EQJOSRHL%Q Ypg! §h§b¥6§¥’d§aﬁ§

branching a%ents are aromatic or aliphatic comﬁoun s having more than
thresopetarant firbenst o ard KNS reheups] ha?ﬂ&}rawgmﬁe{m@wsed
examples having three or more than three phenolic hydroxyl groups are

1 phidrogiutyalbodaedoamethh yhd]diédtin(4 doyisrioxy phé nyhinelpid 2nemesr by the use of

4.6- Q{{M?E%l%é &E’ﬂg‘l‘h @YHH?&%P&%’&YB}QE&E% n%gents. Suitable chain terminators and
1,3,5-tri(4-hydroxyphenyl)benzene, 1,1,1-tri( l

branchlng agents are known from the llterature Some are described, for example, in

DE-A 38 33 953. Preferably used chain terminators are phenol or alkylphenols, in

particular phenol, p-tert-butylphenol, isooctylphenol, cumylphenol, the chlorocarbonic acid
20  esters thereof or acid chlorides of monocarboxylic acids or mixtures of these chain

terminators. Preferred chain terminators are phenol, cumylphenol, isooctylphenol, para-

tert-butylphenol.

Examples of compounds suitable as branching agents are aromatic or aliphatic compounds
having more than three, preferably three or four, hydroxyl groups. Particularly suitable

25  examples having three or more than three phenolic hydroxyl groups are phloroglucinol,
4,6-dimethyl-2.4,6-tri(4-hydroxyphenyl)hept-2-ene, 4,6-dimethyl-2,4,6-tri(4-
hydroxyphenyDheptane, 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-

30  hydroxyphenyl)methane.



hydroxyphenyl)ethane,tri(4-hydroxyphenyl)phenylmethane, 2,2-bis(4,4-bis(4-
hydroxyphenyl)cyclohexyl]propane,2,4-bis(4-hydroxyphenylisopropyl)phenol,t
etra(4- 30 hydroxyphenyl)methane. -10- Examples of other trifunctional
compounds suitable as branching agents He 2,4- dihydroxybenzoic acid,

trimesic a |d chlorld and 3.3-bis

v oY LR pee e e onne s e 2.4

agedﬂsvéwexsbenm(mmymmwﬁbxyphemmm3 8-biistyarsthalofe and
%ygﬂgﬁngg%ypgg@w)emm]{g@eo .05 to 2 mol%, based on bisphenols

use

of branching agents which are optlonally to be concomitantly used can

ed ther.with, the bjsphenols. It t the reac o
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%he @W%@b@m@éldrer%@)@ﬁ@ikahm}él\aham alkaline earth metal 10
ions, amounts of less than 0.1 ppm of alkali metal and alkaline earth metal

ionsrhemgsteler aldims Sucki Dﬂ@d@iﬁi@hﬁﬂ&&i%fdﬂﬁﬁd}ﬁﬁgb@&&m}ﬂé& are optionally to

obtainable b stallizin ashin or d| illin bisphenols or diaryl
car%gr(fg esn{ i B?%%:t%%%%gc%sordt% 0 the ltl|nf\1/egO 58%“%?31% content of alkali

metal and alkaline earth metal ions, both in the bisphenol and in the diaryl

cartibrendd Sk agtadshas e Rsactpe rRBRI S Tthe s iserstbRfRatRYCrEaton ic.
of thie:isphen andief dheyd @fysbﬁa&l@Oznetﬁdadhﬁmelhésamﬁﬁfemme@meﬂletal
Ooutm two sta esflln th f|r sta e, tfhe ﬁneltlag of tfhe PIS he oI anfi |argl

1 arbBRaf ki ohises a%“temﬁgraf’uresaof‘@ﬁ p?é%‘er%ﬁo g2
particlelably. prefie mintybispRe AG0 Cr; mm@pmm@mm@wm@@sm

prefgral Yﬁ & %ﬁtﬁlg%'%% lﬁfﬁ%ﬂﬁg H}Q{‘agﬁ t&?b%%@&‘sfn the &Bg&%@%ﬁ‘ﬁ% 5 the

prepared from the 20 bisphenol and the diaryl carbonate by applying a
vactiRMap {bexmmiam g alkalimesehandgipbnesapk fetid (i totk bty yphenol
distiliagnaff-thrineanpherothdiie Rligesribematethps. prepared has an
average molecular weight Mme, (determined by measuring the relative

1$olufipnviseosity:in g araBet AR QPRI XA GS R &9@ AN e melt is
weight of phenol/o-dichlorophenol, calibrated by light sca erlr:?g%m the range

of 200t iP becanvd 29t drdfer atigess Baboite tropohHesking ef thsihi whrogh et of
MORRRNEASHEBAYR) IS Y BLOYaT & FRRUIBERMCESPC, preferably 100-230°C,

particularly preferably 120-190°C, under atmospheric pressure in 0-5 hours, preferably

0.25-3 hours. After addition of the catalyst, the oligocarbonate is prepared from the
20  bisphenol and the diaryl carbonate by applying a vacuum (up to 2 mmHg) and increasing
the temperature (up to 260°C), by distilling off the monophenol. The oligocarbonate thus
prepared has an average molecular weight M,, (determined by measuring the relative
solution viscosity in dichloromethane or in mixtures of equal amounts by weight of
phenol/o-dichlorophenol, calibrated by light scattering) in the range of 2000 to 18 000,
25  preferably of 4000 to 15 000. Here, the main amount of monophenol (80%) is recovered

from the process.

In the second stage, the polycarbonate is prepared in the polycondensation by further

increasing the temperature to 250-320°C, preferably 270-295°C, and a pressure of

< 2 mmHg. Here, the residue of monophenols is recovered. Small losses of monophenols
30  of < 5%, preferably < 2%, particularly preferably < 1%, may occur, caused by end groups

in the polycarbonate and residual monophenol in the polycarbonate. These losses must be



In the second stage, the polycarbonate is prepared in the polycondensation
by further increasing the temperature to 250-320C, preferably 270-295C,
and a pressure of < 2 mmHg. Here, the reS|due of monophenols is recovered.
Small losses of monophenols 30 of < 5%, breferably < 2%, particularly

preferab occur, caused b u carbonate
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conwpeesated by corresponding amounts of monophenol for the preparation
of the diaryl carbonate. Catalysts in the context of the process according to
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tetramethylammonium hydroxide, tetramethylammonium aceta
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7- plﬂ?@ﬁ@xﬂdé Yjﬁf@@ﬁ}%&?@l&n‘a%%&é&”&cﬁ Egelt&yéx]arnge 1,5,7-triazabicyclo-

triazabicyclo[4,4,0]dec-5-ene,

7,78 Iieereme 1 srepidabi-yieioytield d §ldsreSprp. 7-methyl-1.5.7-
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lihe phosphadeldet fade PieneBatphasphazenes, such as, for example, the phosphazene

tertpuppimipRiis(dinetivialinRIhes Qﬁﬂﬂg)pﬁ(';:sgi&an@ Iﬁétpﬂ%}{ﬂg%l%ﬁ@%se P
dlet[uélamlno -1,3-dimethylperhydro-1,3,2-diaza-2- ré‘)gorane The catalysts

are u8BYl %&afﬁgww%wﬂf@s@wﬁmowgwﬁﬁ@ MK Bidprahyybeno-2-
Thedcahalysimearn alsachs pses drocnBbination- pfhwepasaiere) with one

another. With the use of alkali metal/alkaline earth metal catalysts, it may be
advﬁﬂé%qawst&@%d%%@&ﬂlt%ﬁ@%%m%%ﬁ%&@&%@h%&?@ﬁ%&{&dﬂer
time (for example after the oligocarbonate synthesis durlng the

ygwende satlonl th sec nd stage F? The addltlono gnalkall "
ARt e %%‘ﬁ aP% éffys"[“& ‘f‘f‘@&%a‘nf’ér eXAipie R solid or
as a

With the use of alkali metal/alkaline earth metal catalysts, it may be advantageous to add

the alkali metal/alkaline earth metal catalysts at a later time (for example after the
oligocarbonate synthesis during the polycondensation in the second stage). The addition of
the alkali metal/alkaline earth metal catalyst can be effected, for example, as a solid or as a

25  solution in water, phenol, oligocarbonate or polycarbonate.

The concomitant use of alkali metal or alkaline earth metal catalysts does not contradict the

abovementioned requirement for purity of the reactants.

The reaction of the bisphenol and the diaryl carbonate to give the polycarbonate can be
carried out batchwise or preferably continuously in the context of the process according to

30 the invention, for example in stirred tanks, thin-film evaporators, falling-film evaporators,



25 solution in water, phenol, oligocarbonate or polycarbonate. The
concomitant use of alkali metal or alkaline earth metal catalysts does not
contradict the abovementioned requirement for purity of the reactants. The
reaction of the bisphenol and the diaryl catbonate to give the polycarbonate

can pe g%rriked out bathwi e of bre erabl1¥1 cioratinuou§l in the. context of thg.
stirred tan (ﬁlsca €S, §6 I‘lF’| €IS caders, S1 g € d1SC, reac %S an ?lSC rea%ﬁnrs ¥(i1‘ lgh
process according to the invention, for example in stirred tanks, thin-film
evapoerasoyssuldtimgefilm evaporators, -12- stirred tank cascades, extruders,
kneaders, simple disc reactors and disc reactors for high viscosity

substansemaiit podycaraiiatpohy Chs penate s @bitim Pro aesmh aetitinguld Baee average
' ti hould i f 0,to 80 0
BRSNSy TAFEALE MM RN 2000,

termined measuring tive solution
YViscosipimgibhlwlenve tirdwieon visconikt umekcbiaomeathanm oumts1bywpeightquil

phenaligsishIQEeheRESRE SAIRIGIRILBYIGHE SaaHGHAG lisRdvarfageous to

purify the monophenols eliminated from the transesterification of the

bisginend) and. ot e, diany carbonate to give the polcarhpnate and isolated
prior 16 the" UEE I thePdiaryt Carbonate synthesis. -fhe crude Monopnenors
whibhsplrenigelated tre therdC-trapsdsterfivatiorprphcedsmatraynb escortdmimatedhe

inteﬁs@'h@tﬂ@@ﬂﬁ%ﬁ&{% @%%SIE‘.GHQ%RI&%rH%ﬁ &%lg @ﬁigh are isolated in the

isopropenylphenol, phenyl phenoxybenzoate, xanthone or the
1 hy dFERYFHEHESHI PR RFBETHAIRAY BH PRI B thdASE atriftd R A ETTEReB RS Sa ks
distbiagimoteaniyubsciing pusiicatis eanphengfigieiask e 6.6 1StaMBAY or the
purification processes, i.e. for example distillation or recrystallization. The .
e T e S e e R
prefanabtions Ibhe H¥ifiTheopreparatitec stliyobe eneoirany paribioatieroproxédees, i.e.

a”df@é%ﬁ%ﬁl%ﬁ%ﬁ’aﬁ%ﬂ%#{&%ﬁﬁEa&SnJ PLEFATPIE HOMEpRELRES A b9,

EP 1 640 341 A. The reaction of the carbon monoxide is effected by reacting
1 arth6iHi6hoxidfe Mt BHINHE R RiabbhoSgeRé for example over an active

carbon catalyst. Alternative catalysts can, however, also be used. 20
Refétenueparayobeimbhdedrergdm thebpnioroanx{deginD EnBBR /2 Fdp @BsFB8wn per

4775 WO RLAFORomEP /18888 o\ Brdy 648 980k PRNGIRAKSHIR! SEalS:

phosgene is produced predominantly by reacting carbon monoxide with
chigAPRO X8 ARSIV HatiRe e3R8 X iCataNR EMHBIStOHYRPERRERSE
gaseﬁblﬁ§ﬁ Eﬁ/@ﬁﬁﬁ)ﬁdﬂ%&ﬁﬂﬂ@@@aﬁﬂyst. Alternative catalysts can, however, also be used.

20  Reference may be made here to the prior art (e.g. DE 332 72 74; GB 583 477,

WO 97/30932; WO 96/16898; US 6,713,035). On the industrial scale, phosgene is
produced predominantly by reacting carbon monoxide with chlorine, preferably over active
carbon as a catalyst. The strongly exothermic gas-phase reaction takes place at
temperatures of at least 100°C to not more than 600°C, as a rule in tube-bundle reactors.

25  The heat of reaction can be removed in various ways, for example by a liquid heat-
exchange agent, as described, for example, in WO 03/072237, or by evaporative cooling
via a secondary circulation with simultaneous use of heat of reaction for steam generation,
as disclosed, for example, in US 4,764,308. Preferably, active carbon is used as the catalyst
in step a), the active carbon having a total sulphur content of less than 1% by weight, in

30  particular less than 0.5% by weight, based on the total weight of the catalyst. Furthermore,
step a) according to the invention is preferably carried out at temperatures of less than or

equal to 300°C and furthermore step a) according to the invention is combined in



temperatures of at least 100C to not more than 600C, as a rule in

tube-bundle reactors. 25 The heat of reaction can be removed in various

ways, for example by a liquid heat- exchange agent, as described, for

example, in WO 03/072237, or by evapo'ré ve cooling via a secondary
circulation with simultaneous use.of heat of reaction for steam generation, as
s B e BE BT R LRSS o5
the sfistuifastepca pithe datihencHivoreréeitien avtal sulphur content of

less than 1% by weight, in 30 particular less than 0.5% by weight, based on

the lkatweaightofdh@cataly sheaUctheridiocent Siefrapncioardingid b be effected
invention is preferably carried oyt at temperatures of less than or equal t :
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The electrolysis of the alkali metal chloride-containing solution in step d) can

be &ffELIEEYUTBREY after solvent residues and optionally catalyst residues

have been separated off, in 5 particular by extraction or stripping of the
solulembvitke stectmlyssuahigddion, imthadimuat Kitr Ryairogegech{dtideRINE,
hydipgblotie aaid 1ap b HRFURENMIT AP LR eRL: It PR HRWRE IR 86HYSium

carbon.’'Membrane electrolysis methods (cf. in this context Peter~
1 chrhifitgesontainiesRaut onyy oy slesiebetisgn bootiydrd erlipamlviedd, insreased
exampile danipeelectplvsiaiofivsadineisd 0fchiasidereaniaiRng soldticnsotioeas

elepc{gts)clﬁly%ﬁﬁ%?el (?g&%%ﬂ lo%ignfi\!ly with increased water transport and

optiona € use of a gas difflision electrode as a cathode, as
described in DE 10 2006 041 465 Al. A further preferred process variant is
thatWaEtTPiFteER AR FeonY ahenhik it hievsr iEMBhdeved Hehibyalrak@sitter

fronaigymaiosIadheneleatiolyaisrd)day @ pencent@dienrdipsmaiigd: chissaibe

5effecte léy va or%tio?for r;ri\gmbrane methods. Accordin tc? WO 01/38419
ethoa: 1S n eltect evaporation or membrane met .
A, thE S8 chtords-con alrﬁng $ldtidh Tanche evapora?ea down by

means of thermal methods, so that a highly concentrated sodium chloride

solutieneréan 19eVYEHO It Giacthe SR Betlorsnropstintae Wiiseratiobeigvaporated

eneggyninie AsiNes aNcheBXRENSINGAs2 QoltHs: alBR RO SsientR 88 o M E ¥AIBHMS solution
reverse o%r’gosi or articularlé/ prﬁferably rﬂembrane. ) . .
can be fed to the electrolysis cells. Howevet, the evaporation is energy-intensive and

expensive.

20 It is also possible to use, for example, reverse osmosis or particularly preferably membrane
distillation or membrane contactors (cf. MELIN; RAUTENBACH, Membranverfahren
[Membrane methods]; SPRINGER, BERLIN, 2003). A disadvantage here is the high
energy requirement for overcoming the high osmotic pressures, with the result that cost

efficiency is no longer achieved.

25 A process characterized in that the alkali metal chloride-containing solution from c) is
concentrated prior to the electrolysis d) by means of membrane distillation methods is

therefore particularly preferred.

The concentration of NaCl solutions by osmotic distillation is energy-saving, particularly
when the NaOH solution originating from the NaCl electrolysis is used as water acceptor.

30  This has advantages particularly when a dilute sodium hydroxide solution is used in the



distillation or membrane contactors (cf. MELIN; RAUTENBACH,
Membranverfahren [Membrane methods]; SPRINGER, BERLIN, 2003). A
disadvantage here is the high energy requwement for overcoming the high
osmotic pressures, with the result that costt efficiency is no longer achieved.

s characterized in that the alkali metal chloride-contajn
o PR T DA R R Sy or e
merhibraoead gl kommathiodddsotiierafore particularly preferred. The
concentration of NaCl solutions by osmotic distillation is energy-saving,
partiti¢lashiownd@rithnei atkek poludion Iﬁdgmmm(frqm&hmwﬁﬁlcemmm st
used as water or. 30 ThIS yantages p tic IarI
sodmamteﬁﬁva&) OXIag(:I %’ fion |sbﬁ%n§d in taq i Fat\? ?:%r dihe age pro uﬂjuoérLIJgi?’tmnce
iheﬂvqwmndhaﬂgpbe Y PoPsiskarts save the wdte pfohetmer@bmng Andfthseporosity,

sodipimhydraxide, sQlwiQe ERg ©smotic distillation takes place by molecular
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a copgeAtralam salktinn.ef an.alall metelhydrexide. preferably sodium

hydroxide or potassium hydroxide, partlcularly preferably sodium hydrOX|de
(fho Id be used as %h}e water acceptor 100[ S0 mﬁ:nat tion of the o erat 0
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iy ?m 1nation eratlon(} e electr s and concentr Ii etho the
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virtsatlinguanditat vetybecowe Hyd fronittheclyastewateirahtthe vdigherér of the
carmﬁ,p‘gﬁ@gﬁ% eIEaj&.ugmschematlcalIy shows a combined process for

the preparation of polycarbonate from bisphenol A and diphenyl carbonate,

the henol se ara fbeln d again wi 15 hos rth
prepafatisi's ?ﬂé ﬁ?b A1 %8 h%& Péﬂa"%ﬁé"% SFﬁ f%(r)l TR hEom
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the phosgene. The alkali solution likewise resulting can be reused for the
pre i &M B eRO dighdRherd itrsbeitale IPringe ersaest bolcetiordgancal erislation
SOdiHin GNPHid areanbai RIBGNY BS; WRARI S EHRIp RiIFatdn of the phosgene. The alkali

solution likewise resulting can be reused for the preparation of the diphenyl carbonate. In
the case of concentration of the sodium chloride-containing waste water solution prior to
20  the electrolysis by osmotic distillation using a concentrated sodium hydroxide solution as a
water acceptor, additional water can be used again for diluting the sodium hydroxide

solution for the diphenyl carbonate preparation.

The examples are intended to illustrate the process according to the invention on the basis
of the polycarbonate preparation with recycling of the phenol to the preparation of

25  diphenyl carbonate and electrolysis of the resulting sodium chloride-containing waste
water phases to give chlorine and sodium hydroxide solution, which can be used again for

the diphenyl carbonate preparation process.

All the references described above are incorporated by reference in their entireties for all

useful purposes.



20 the electrolysis by osmotic distillation using a concentrated sodium

hydroxide solution as a water acceptor, additional water can be used again

for diluting the sodium hydroxide solution for the diphenyl carbonate

preparation. The examples are intended tdlustrate the process according to
the jpvention on the basis .of the polycarbonate preparation with recycling of .
e O e e B S .
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carbonate preparation process. All the references described above are
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SNVhidlesthixelis shown and described certain specific structures embodying the

invention, it will be manifest to those skilled in the art that various

modifications and rearrangements of gag yaftggnay be made without

departing from the spirit and scope of the underlying inventive concept and
thatégenic,alm is not limited to the particular forms herein shown and 5

des ~EXAMPLES Example 1 a) Preparation of polycarbonate From a

storage vessel, 8600 kg/h of melt mixture consisting of 4425 kg/h of diphenyl

10 @a/Hepaasigneigrdyeaiemiend 4175 kg/h of bisphenol A (18 287 mol/h),

with addition of 0.52 kg of the phenol adduct of tetraphenylphosphonium

phehoiate swithgey %61 0f608tkgihehyiphospheromsi pinerd | #E/h KTy 86dmbdiy]
1d-©: QAo alinapaddn f75 kon of BRERAIT %aﬁ?s%'f‘fﬁ%%f Oh0RRition of

heat exchanger, heated to 190C and passed through a hold-up column at 12

bar 4Ad kooichemenaladdyer Aldrienbentilphoresnimieheolas wHe tRetigthen
pase@dpransu palisihaiveniplerdiseparaticahadf nbaooibeneut g caslf 45 kg

heated to 189C again in, g falling-film evaporator at 200 mhar, and is c%ll cted
i BEENTED: At LR P ST RS h O s BORTSEY iigoeh
the hdxtupedmidentit bty setiQp°Stabesa VEheconditiorsimetveS2mdi8rdidth
stage are 100/74/40 mbar, 218/251/276C and 20 minutes/10 minutes/10

1MINgRSHINE RSUPING PIGOMEEA8I% into a separator at 200 mbar. The outflowing melt

is heated to 189°C again in a falling-film evaporator at 200 mbar and is collected in a

receiver. After a residence time of 20 minutes, the melt is pumped into the next three,

identically set-up stages. The conditions in the 2nd/3rd/4th stage are 100/74/40 mbar,

218/251/276°C and 20 minutes/10 minutes/10 minutes. The resulting oligomer has a
20  relative viscosity of 1.09. All vapours are passed via pressure regulating means into a

column under vacuum and are removed as condensates.

Thereafter, the oligomer is condensed in a downstream basket reactor at 278°C and
3.0 mbar for a residence time of 45 minutes to give a relatively high molecular weight

product. The relative viscosity is 1.195. The vapours are condensed.

25 A partial stream of 150 kg/h of melt is branched off by means of a gear pump from the
melt stream which is passed into a further basket reactor, 185 g/h of a 5% strength aqueous
phosphoric acid are added, stirring is effected via a static mixer having a length-to-
diameter ratio of 20 and the mixture is recycled into the main melt stream. Directly after
combination, the phosphoric acid is homogeneously distributed in the total melt stream by

30 means of a further static mixer.



20 relative viscosity of 1.09. All vapours are passed via pressure regulating
means into a column under vacuum and are removed as condensates.
Thereatfter, the oligomer is condensed in a downstream basket reactor at
278C and 3.0 mbar for a residence time” 845 minutes to give a relatively
high-molecular weight . orqjuct. Ther Iag've viscosity is.1.195. The vapour

e e R e R T R R AR et
meahgdf @, §ebmpurpdffonathasciagsltesidsam Whichf ISPavsegindodfgtdand
baske,tgactor, 185 g/h of a 5% strength aqueous phosphoric acid are

added, stirring is effected via a static mixer having a length-to- diameter ratio

of 20 and the mixture .is re¢ Iﬂgg\;%out&% rrl‘ﬂaairrlldrg% sfream. Directly after

com }}eng l%%ll,rWéepC}?S(sl% oric acid Is lhomogeneou 3r/1d|s;tributed in the total
melt stream by 30 means of a further static mixer. -16- The melt thus treated
Is fl}'ﬂiﬁé?oéﬁﬁﬂ t?d’ﬂﬁ%%ﬁ’o‘&“éé&%@%‘&?ﬁ%hﬁ%%’f‘tﬂ@? HEE eIy at
284C201/prvhaicand o6 aspavarage] gpiseTBe AlM e phl/BReAvNst¢spm]. The phenol
disc atrﬁecg %pd ranulatle . 'I;h vapours 1are]§:ondens,ed itn the vacuum unit
and behindit. 5T %rﬁ(aif/garglo%a% Sined hasthe Ifecﬁficl)r\a}vll(r)llcj‘ characteristics:
relative viscosity 1.201/phenolic OH 255 [ppm]/DPC 71 [ppm]/BPA 6
[ppﬁ’ﬂ SEHAIGBAEA B ISl URIEaN be recycled into the
diphenyl carbonate preparation. b) Preparation and working up of diphenyl
carldonaxen’ nfik#ore lafl1 4612 .k hiehgth 56distmdrygth sddiutiopdpoopaed by
1GOYHRRRGRA 8L OY 12 %.B@Q/%@BQE&&&’M f}’;‘?cﬂo§?d9%1ﬁtf8{‘%ﬂlsfl%‘?4/‘#§}? of

hydroxide solution with 79.4 kgw of "demineralized water, and 48.3 kg/h'o
fresteamoHred Naste dshEho KA CHRINMMYRIYCCORIBIHAE Ot 38 sentifBerely

86.2dtghmel wethylenaahipide an 37 ickglorelpharaang XBIOIFLYEESSne

based oqapheno? Ln arc‘{u right, cooled tubﬂlarr acto .'ll'his reaction mixture
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15 mtagemmd@ncieotmnprﬁzm@gecbmﬁ Bndl kgt &01 0% vstrengtinidd@idr an
13ve r&v@@%ﬂggdgﬁ% iR 12351QRMIX Y RUD/ANG B8CARd HiRESH HEPIRSERT into

so that the pH of the second reaction stage was 8.5 after a further residence
timdhf Sasinn e et Hetketesnadstage drtiserprotesshide it abhhipaene
wasaRntinuadshynxediy HRINGPaSS@HIPIHEBISE tbRtes. In the second stage of the

process, the reaction mixture was continuously mixed by being passed through a tube

provided with constrictions. After further addition of NaOH, the reaction temperature was
20  adjusted to 30°C by cooling. After the organic phase had been separated from the aqueous
phase (reaction waste water), the DPC solution was washed with 0.6% strength
hydrochloric acid and water. After removal of the solvent, 99.9% strength diphenyl
carbonate was obtained. The reaction waste water was not combined with the wash phases
and was freed from solvent residues and catalyst by stripping with steam. After

25  neutralization (pH 7) with hydrochloric acid and treatment with active carbon, the reaction

waste water contained 17.0% of NaCl and < 2 ppm of phenol.
The waste water could be fed to the electrochemical oxidation without further purification.

c¢) Electrochemical oxidation of the reaction waste water from b)

The electrolysis was carried out in a laboratory electrolysis cell having an anode area of

30  0.01 m” The current density was 4 kA/m?, the outflow temperature on the cathode side



provided with constrictions. After further addition of NaOH, the reaction
temperature was 20 adjusted to 30C by cooling. After the organic phase had
been separated from the aqueous phase (reaction waste water), the DPC
solution was washed with 0.6% strength Ilu drochloric acid and Water After

remova!g éhe 5 lvent, 99.9% str né{l rbon
the outflow tem er e Was ec ro 31s cell
The reaction waste water wa com |ne e was phases ana was
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the reaction waste water contained 17.0% of NaCl and < Z%me of phenol.
The'FstEAWatdrsedid P icoHR E Rt rIU RS B ORY HH’(P&%%‘G%@F‘SS
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on the; ANQER RIAGMAS PRG-I EIRG gl.)éﬁr%ﬁraé?ﬁlloﬂﬁwﬂg;ﬁétﬁﬁ%ﬂl 229681e 1b)

and cathode coating from DENORA, Ger was used. An ion exchange

merBHAI8 Todi# RlmBhE sediiBhebiosidr X etha %ééa e E e lBigBiE RN Qom
1vaskz Qdole Alaﬁdmmm”domdenc@ﬁﬁamemcsetuﬂmmas gicddlaiedty. pueWing

at amass ? flo r%tgmf 0. §v|§ /}égt Li%l? \tNg anodnelo ha S(t)) r. The

concenstlr)aflon of the solution he anodefchamber was 25.0% by weight

of NaCl. An 18.6% strength by weight NaCl solution could be removed from

the QAdkRceRRAfEde o saiwp Ay BoX 14 odbtiop g By i inPramind Al faeRs

watgbiem re0dphRHY Tathenaia piepasadenJimh hamaie bihiRaddd.0o5he

kg/h of solid sodiu ide were tot | solution remoyved from

10 tHe' 3 a‘r?%d‘é‘secﬁssr?t?ggrb}ﬁlr U |o$1ﬁv(\j/§glthe€?]edg%ac |L g Juia A gaon removed
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molg,ehsAdMT (L IBREAINAHE Sld o AR IYAIANIAR AAMIBRAGSade up with

circulated by pumping at a mass flow rate of 0.653 kg/h. The concentration
ot ED AR YHESGHE SORFI MR MRS side was 50,06 by,
weight of NaOH, and the sodium hydroxide solution removed 15 from the
catl?od¥sidehhaddacoridendeattortaf @B 0tedfiida0hd. DPLBRAcGim ofatie \38¢0%
strength alkali was removed from the volume stream, and the remainder was
magaaigpuéth 0.060 kg/h of water and recycled into the cathode element.

20  a) Preparation of polycarbonate

The polycarbonate was prepared as described in 1a).

b) Preparation and working up of diphenyl carbonate

The procedure was as described in Example 1b), but the reaction waste water was
combined with the wash phases to give a total process waste water and was freed from

25  solvent residues and catalyst by stripping with steam. After neutralization with
hydrochloric acid and treatment with active carbon, the total process waste water contained

13.0% of NaCl and < 2 ppm of phenol.
The waste water could be fed to the electrochemical oxidation without further purification.

¢) Electrochemical oxidation of the total process waste water from 2b)




25.8% of the sodium chloride reacted originated from the DPC reaction waste
water. Example 2 20 a) Preparation of polycarbonate The polycarbonate was
prepared as described in a). b) Preparation and working up of diphenyl
carbonate The procedure was as descrlbelé in Example Ib), but the reaction

ater as combine th th ses fo. total rocess
'[1‘0 S1S was ¢arric bO pl 0 ectr S1 ce ¥ I‘r 11 anode arca Of
waste water a was free o solve resr S and cata §s
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and < 2 ppm of phenol. The waste water could be fed to the electrochemical
oxid 18 witiaBATLARoEF pRAifriandhcoryite S BRHRR & S6HRGN BitHE thaR ion
proeestanmsiemater ffom BhpohNihiercdee ol sisawasCaniedaotibifsa voltage
Iaborat rolysis c vin an anode area of 0.0 The current
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used. An ion 5 exchange membrane from DuPont, Nafion 98 was used.
The'eiUiPoigsld boreRy i B rofesumhichibialetorhaiiy suratieh by
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cham tlon oft lution fe t hamber Wa
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weighh{EAFIRNINERIG MRt WAOAS e P RaRy! e rhgR e pirRRration from
Example 2b) and 0.0717 kg/h of solid sodlum chloride Were added to the

ut|o moved fr e.ano hamber. The tbon was then fed
peck N (oA Ch AR A WAt MBI EATAR
133 5 flot tﬂthft@ﬁ@ékgr‘lol@f@fommomt@n%@wﬂiodehsdiestodm fed mto the
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0.653 kg/h. The concentration of the sodium 0gdromde solution fed into the

catHEe Sriervede silobad wrightpion abH; MhaltNaQd dtiCHssdpstithe 33.0%
solufieAdia MAVE K asmtedaathogie sitieRadaaoncemsatian @fe3%:0%made up with

Na(ala68 kg%)oi%qx/gtgrf E}:II;](? recy((:)lo/?i into the cathode element.

20  18.8% of the sodium chloride reacted originated from the DPC total process waste water.
Example 3

a) Preparation of polycarbonate

The polycarbonate was prepared as described in 1a).

b) Preparation of diphenyl carbonate

25  The diphenyl carbonate was prepared according to the process described in 1b) and the
reaction waste water was separated off and treated. The reaction waste water could be fed

to the electrochemical oxidation without further purification.

c¢) Electrochemical oxidation of the reaction waste water using gas diffusion electrodes

Since no hydrogen is required for the preparation of DPC, the formation of hydrogen in the



strength alkali was removed from the volume stream, and the remainder was
made up with 0.060 kg/h of water and recycled into the cathode element. 20
18.8% of the sodium chloride reacted originated from the DPC total process

waste water. Example 3 a) Preparation oil%olycarbonate The polycarbonate
was, red as crlbed Preparation of nyl caré)
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-20- CLAIMS 1. A process for preparing oligocarbonate and/or
polycarbonate comprising: a) transesterifying a bisphenol with a diaryl
carbonate to obtain an oligocarbonate and/or polycarbonate and a
monophenol; 5 b) isolating or separating's%%d oligocarbonate and/or
polycarbonate from said monophenol;&%ﬁﬁlcsting said monophenol in the
presence of an alkali solution with a carbonyl dihalide and separating the
resulting products, wherein said products comprise an alkali metal halide

andla diar{! RAPESHRTP GRIERS A Y LRSI HAr PORAAENIRAL SUBRTISEI&D a);
d) electrochemicall, oxidaing spichAlkall MEtaLnalie, sbialaed I sien.) to
obtain a halogen and an aikai ydroxide so l?tlon;yef reacting at least a

portion of said halagerfroatestedia )palithadzraa andornosigeltenobtain a

carbonyl dihalide, wherein at least a portion of said 15 carbonyl dihalide is
Used in st@b c); f)"‘?@ﬁ‘g&@réfﬂéﬁ‘é‘flé ﬁ&ﬁ%‘ﬂ%ﬁ%’&aﬁ eafl/ H&H?B%ﬂéoé‘éiﬁﬁ@’i“ said
obtained from stegnheplienstep c). 2. The process of claim 1, wherein said
bisphenol used in step a) is a dihydroxydiarylalkane of formula (I) 20
HO-Z-OH{)) whesinr isid wivalpinotgatic pedical cdmprlkinics flone6wa80
carbon atoms, Wk Saididivagnt rdanGradicalGOMRBHSES, FharpmaRic

group. 3. The process of claim 1, wherein said diaryl carbonate used in step
a) is a di-C6-C1RruAtRepapyss An walimsiaddelidectarht diayhetehpnglsgvherein
1anonophenol usediindsiep erbvmrhenaked ifosepda (1) VO R (1) R -21-
d) electrochemically oxidating said alkali metal halide obtained in step c) to

obtain a halogen and an alkali hydroxide solution;

e) reacting at least a portion of said halogen from step d) with carbon
monoxide to obtain a carbonyl dihalide, wherein at least a portion of said

15 carbonyl dihalide is used in step c);
) reusing at least a portion of said alkali hydroxide solution obtained from
step d) in step c).
2. The process of claim 1, wherein said bisphenol used in step a) is a
dihydroxydiarylalkane of formula (I)
20 HO-Z-OH (I)

wherein Z is a divalent organic radical comprising from 6 to 30 carbon atoms,

wherein said divalent organic radical comprises an aromatic group.

3. The process of claim 1, wherein said diaryl carbonate used in step a) is a di-C¢-C4-
aryl ester.
25 4. The process of claim 1, wherein said monophenol used in step c) is a phenol of
formula (II)

O



wherein R is hydrogen, halogen, or a branched or straight-chain C1- to
Cg-alkyl radical or alkoxycarbonyl radical. 5. The process of claim 1, wherein
said diaryl carbonate is diphenyl carbonate, said 5 bisphenol is bisphenol A,
said carbonyl dihalide is phosgene, and Sgliidalkali solution is sodium
hydroxideW EI:trjetion. 6. The process of claim 5, wherein said alkali metal halide
in step c) is Sodium chloride and the electrolysis of said sodium chloride in
step d) preduces sediupan yabexids: seitian apAehaninganed isedested rdical or
using a gas diffusion electrode as a 10 cathode. 7. The process of claim 1,
wherein said protfREEHoRp Bflicainprises an alkali halide- containing waste
water which is separated prior to step d) from solvent residues and optionally
catdlyst reBiduesce8s Thdaproteskeofielsiith diawharbimsait dwbanationtignate, said
schieved yia SXHAGHBN MHerb ALUARIBHRLIARAHIIQD I SIE MY said alkali

neutralization, and/or treatment with an adsorbent. 9. The process of claim 8,
wherein ssfPHEUESAPLHBAYLR e Y4 %8ing hydrogen chloride or
hydrochloric acid and said adsorbent is active carbon 10. The process of
claifn 7, whkreincaidbifalintaidecontaih rkpivastel Waide is sR) concedvated
prior to St%ﬂl_gl)_i'dé;lma_ Fh% 91'&%%8]‘0@% sl)&u%ﬂ%ﬁh@%%t@k@i'produces sodium

halide-containing waste water is concentrated prior to step dg.wa_osmotlc
distillation" WAt SEeIRM Rtk rEorsen and s s&ler whtsingdegptbiifusion electrode as a

10 cathode.

7. The process of claim 1, wherein said products in step ¢) comprises an alkali halide-
containing waste water which is separated prior to step d) from solvent residues and

optionally catalyst residues.

8. The process of claim 7, wherein said separation is achieved via extraction or
15 stripping of the solution with steam, neutralization, and/or treatment with an
adsorbent.
9. The process of claim 8, wherein said neutralization is achieved using hydrogen

chloride or hydrochloric acid and said adsorbent is active carbon

10.  The process of claim 7, wherein said alkali halide-containing waste water is
20 concentrated prior to step d).
11.  The process of claim 10, wherein said alkali halide-containing waste water is

concentrated prior to step d) via osmotic distillation with sodium hydroxide

solution as a water acceptor.



