TI TLE OF THE | NVENTI ON Process for the Preparation of Polycarbonate RELATED
APPLI CATI ONS Thi s application clains benefit to German Patent Application
No. 10 2008 011 473.1, filed February 27, 2008, which is incorporated
herein by reference in its entirety-flor all useful purposes. BACKGROUND OF
THE | NVENTI ON The invention relates to a conbined process for the
preparation of polycarbonate byTITheOpHBISE INNEMNEON process and el ectrol ysi s
of sodi um chl ori de-contai ni ng process wast ewat er. The preparation of

pol ycar bonat es by the phas$ boun ar rocess i ener al | known. IS
usual ly effected in a conti'hEE3%H §Em3 ?fkéhﬁ%ﬁqqﬁ of phosgene and
subsequent reaction of blsphenols and phosgene in the presence of alkali and
a catalyst, preferably a nitrogan catplMStLICAMaONst er m nators and
optional Iy branching agents in a mxture of aqueous al kaline phase and
organi ¢ sol vent phase, at the boundary. ONR3 f1/c Na OO C~C + 2 Nad
RRRR The pFlép aprdicaoeon dainpobepcht todrrames PaifeotAplepbel\leO H@Ufbﬁhlse boundary

process, cr |l e 1 .t he I|t ur.e,

" Cheni st ry an%gahﬁé?ﬁebﬁm?éz%dggrghﬁ {REWOTPEEY Vﬂ% ‘ﬂé’w enc?/&’ﬁsrre 9,

| nt ersci ence ﬁﬁ%&%ﬂl%seﬂﬂ@‘u?&%é& London, Sydney 1964, pages 33-70; D.C
Prevor sek, bona and Kesten, Corporate Research Center, Allied

Chem cal Corporatl on, Morristown, New Jerse 07960: "Synt hesis of

Pol y( est er Carbonate) CDpoIﬂh%@KiﬂﬂﬁUUBUQH BINPENYHEN  Sci ence, Pol ymer

Chem stry Edition, Vol. 18 (1980)"; pages 75-90, D. Freitag, u. C?igo

P.R Miller ert BAYER, AG, "Pol ycanhonat e 0 e

Pol yner Sci enﬂ"ee 'Bn \{]Igﬂd ﬁ@é?‘f ?‘@ORQ) Gdﬁeocisslfg%ggreﬁér%& ri‘8n y%%& %ER p%lges 651
the phase boundary process and electrolysis of sodium chloride-containing process

10 wastewater.

The preparation of polycarbonates by the phase boundary process is generally
known. It is usually effected in a continuous process, by preparation of phosgene and
subsequent reaction of bisphenols and phosgene in the presence of alkali and a

catalyst, preferably a nitrogen catalyst, chain terminators and optionally branching

15 agents in a mixture of aqueous alkaline phase and organic solvent phase, at the
boundary.
R R

The preparation of polycarbonates, for example by the phase boundary process, is
described in principle in the literature, see Schnell, "Chemistry and Physics of

20 Polycarbonates", Polymer Reviews, Volume 9, Interscience Publishers, New York,
London, Sydney 1964, pages 33-70; D.C. Prevorsek, B.T. Debona and Y. Kesten,
Corporate Research Center, Allied Chemical Corporation, Morristown, New Jersey
07960: "Synthesis of Poly(ester Carbonate) Copolymers" in Journal of Polymer
Science, Polymer Chemistry Edition, Vol. 18, (1980)"; pages 75-90, D. Freitag, U.

25 Grigo, P.R. Miiller, N. Nouvertne', BAYER AG, "Polycarbonates” in Encyclopedia
of Polymer Science and Engineering, Volume 1 I, Second Edition, 1988, pages 651-



692, and finally by Dres. U Gigo, K Kircher and P. R- Miller

"Pol ycarbonate" in Becker/Braun, Kunststoff-Handbuch [Pl astics Handbook],
Vol une 3/1, Polycarbonate, Polyacetal e, Polyester, Cellul oseester

[ Pol ycar bonat es, polyacetals, polyesZers, cellulose esters], Carl Hanser
Verl ag Munich, Vienna 1992, pages 118- 145. In the preparation of

pol ycar bonat é82, atnldeﬁqaﬁgbe Ehesrriﬂa}lygopKoKeaher amldsIbRr éllaréBolyoardsnate'\in- phase

boundary process, .has for The process permts
the prepar at BSAKS rBrr% Fséfg h@“‘%@!%ggﬂaﬁt&fﬁ bg‘ﬁ‘a} ‘S/ﬁ et Tof fields of
use, such ag) c?r‘boﬁé&@n%l?ace{a@é PRSI0k Edker @@%@arﬁﬁaté%%dl??éetals
appl i cations or medi cal appli'cations. Frequent good’ t her nal
stability angobebton, cdlyptwe estersy,aldrbdamsgr Heﬂaglh’hmrahb&’mbnaa 1992pagesadB- qual ity
feature forﬂgg)l ycarbonate. Little attention has been paid to date to

quality-o wast ewat er obtained in the preparation of polycarbonates. In
particular, the pollution of the wastewater with residual organic

substances, $H8R RSpardifin ofP6RERIHBNates Thddlse BR&MANSprobsss Ofisd WRRFMaRge for a

possi bl e further treatment of the wastewater, for exanple by a wastewater
treat ment pl awo- phpseﬂgouodarm@rqcsss hamprovd(m‘a‘brtbrﬂoraﬁan)hzearseé“hclpm_cessr gani c

substances. In this context ave en.a humnber a at. ons

whi o howevEPER BagHFAEPh 5T HEEPR B R AHOTREY T & DSBS e Gt Sa or

treat ment wi %ﬂcﬂi&efcﬁ"e%ﬁglerﬁﬂ%ﬁaﬁﬁe&@ﬁjmoﬂw%'ﬁﬂogﬁf alPQﬁﬂfélahGns dgggponents -
cf. for exanple: JP 08 5 780 A (Idemtsu 510 063 Al (Bayer); JP

03 2921840 AnfcHadal applicatiéhs03 292 341 A (Ter jin); JP 02 147 628 A (Teijin).
The pol lution of the wastewater with residual organic substances, such as,

g T B e IR e A S
however, undesbh@sht ﬁqﬁéhty@é‘di‘u%ﬁfd‘r pofRaMdfate! E‘ittlé%eﬂﬁ@xﬁ)ﬁésﬂideﬁ?ai‘afto date to
pol ycar bonates with a reduced excess of phosgene, there is anger that

not all bi splagality of theawastevoatenditaintd inithe pueeer@tlomnﬂpqlh@rbm@teemm;em ar] be
Do, P e oSt Sy 005 D LB BT Rk o7 and ne
renai n jisn t hexpapdMREidual phenols, is of importance for a possible further treatment of the

wastewater, for example by a wastewater treatment plant or by ozonolysis for

oxidation of the residual organic substances. In this context, there have been a

number of applications which, however, predominantly describe methods for

subsequent wastewater treatment with the aim of reducing the pollution by phenolic

20 components — cf. for example: JP 08 245 780 A (Idemitsu); DE 19 510 063 Al
(Bayer); JP 03 292 340 A (Teijin); JP 03 292 341 A (Teijin); JP 02 147 628 A
(Teijin).

The pollution of the wastewater with residual organic substances, such as, for
example bisphenols or, for example, phenols used as chain terminators can be kept
25 low if a large excess of phosgene is employed. This is, however, undesired for

€Conomic reasons.

In the preparation of polycarbonates with a reduced excess of phosgene, there is the

danger that not all bisphenol or all monophenol will react and the wastewater will be

poltuted. Furthermore, there is the danger that the phase separation and the scrubbing
30 are complicated in that the surface-active phenolic OH groups remain in the polymer.

As a result, it is possible that not all water-soluble impurities will be extracted from



As a result, it is possible that not all water-soluble inpurities will be
extracted from the organic phase. This in turn can adversely affect the
product quality. It remains to state that the preparation of polycarbonate
of high quality by a continuous two=phase boundary process with

si mul taneously |l ow pollution of the wastewater is possible either only with
a | arge excess afamphpbapenthisin wirt bampdiveselysdizar the iponlupt @ialiens - associ at ed
with declines in the quality of the polycarbonate - or by subsequent

treatment of _the wastewater, as a resul f ich the cost-efficiency of
the process iItsreWgHﬁi%Ht.ateIZSE@tAhﬁEreﬁa}’ra%’?og?oqﬁ‘?émﬁg}?b‘i ‘?t?ﬁ%tf guafhrliy Iﬁﬁfch t he
arrangenent @pniiiRudRPAPpRIsd HoRAddrP BrocBdsAFBP SnRARGRIER oW Dol lifor HgATL I On has
al ready been described, is to be considered as t he nost obvious prior art.

In contrast tasteheter apsshibly abevenlly vgthtolatdeeexicess @f phosgenhomeite phaspE- A 42 27

372 proyi des no teachi at all.regardi.ng. quantity rati.gs and .especially
Fegar di R o PROFLER GO NS e Rin Rdin Bhe b LR L BRBE et
to say not hi RgpplutisbguenfitatilRat ofifé WaStetvatet Yas h Q¥uaThaner Bk chaldritibyy W th
resi dual organi c substances, such as phenols and bi sphenols, can be

achi eved by wétheprodess isgpdusied! | y est abl i shed quantity and circul ation
rati os. In these known processes, however, a higher residual content of

bi sphenol s or h - so referred, tp bel ow as residual phen cont ent
requires conﬁq'gafje]ﬁ %zu?ﬁh? E%E]fcgﬂt’ bnp‘gplgﬁit%en?qnﬁe?ﬁlg ﬁ‘é@ %?Bgt)aé?so fthfi hese
processes WhipgdreSadtcPdingtoqhd i ent@iiVids ARERI bedR defiiBs@ NS td econgidt YAt er
treatnment plants with a greater wastewater probl em Usually, the sodium

chl or i d8- contld mpsigbsvusprionarhds cowrasetofthe tkegching arending te dieamention.gani c
resi dues and t then i-sposed  of . ver, ¢it is also known that,
according to h@%ﬁerzgg"%gg 231"%?\1?69“26‘6’&00‘9 b38. atﬂdl l)re%a}Jr aﬂgﬂﬂalgh%ﬂ%}?of él%g t he
purification egfectang re@sldipcibhiatiddticOmRH vhioh BE stMBAg BBdrRIsSare sdmbiaegf f ect ed
by ozonolysis and Is then suitable for use in sodium chloride electrolysis.
A di sadvant agesaynathiag of thedhstshal pagiculssly lowivesismaeas pollnon with residugbnsi ve.
ﬁgcor ding to OIEgPan15c4s]1‘1bs %iéceé‘?Sucﬁ a§ Bﬁién%m a%lal b?srplhgr?dlg,%gxtl Bk g&lﬂgve\ﬁab%rt SUALGE Stream
15 specially established quantity and circulation ratios.

In these known processes, however, a higher residual content of bisphenols or

phenols — also referred to below as residual phenol content — requires complicated

purification operations in the wastewater of these processes which can pollute the

environment and present the wastewater treatment plants with a greater wastewater

20 problem.

Usually, the sodium chloride-containing solution has to be freed from solvents and

organic residues and must then be disposed of.

However, it is also known that, according to EP 1 200 359 B1 (WO 2000/078682
Al) or US-A 6,340,736, the purification of the sodium chloride-containing

25 wastewaters can be effected by ozonolysis and is then suitable for use in sodium
chloride electrolysis. A disadvantage of the ozonolysis is that this process is very

expensive.

According to EP 541 114 A2, a sodium chloride-containing wastewater stream is
evaporated down until complete removal of the water, and the remaining salt with

30 the organic impurities is subjected to a thermal treatment, with the result that the



evaporated down until conplete renoval of the water, and the remaining salt
wth the organic inpurities is subjected to a thermal treatnent, with the
result that the organi c constituents are deconposed. The use of infrared
radiation is particularly preferred-fere. A disadvantage of the process is
that the water has to be conpletely evaporated, so that the process cannot
be carri ed owotgasrowostitoendth yre décampaked gl heousOf OFFBFDGEAMtIah is pardcwlady ewat er

froma polycarhonate production is purified by, extraction with t hyl ene
hi o | db and PIAGHA BHE o G Dt Gt eroesHE (g aClst &1 © Pedgiaplely of ¢ ne
process desceifReated QWRNRhe FBLSs Rinn®PBE cakfid Bhit dcBRomiAMy,UM chl oride can be
recovered fromthe wastewater of the polycarbonate production since, the

water introduced into the electrolysis with the wastewater will shift the
wat er bal ancéceérdingetoSEEh QY TIOR8 i 1d theavastavratdnfing a patycarbosafaipraduciiommsi f

| arger .amounts.are used.. The.precondi tion.of this.i hat .a t ewat er
naving dn N drngLRy ERFe Tay SRR RRaCmd B i Mo fmb B RHE o1
wat er per nmkRc@blySIRMBY Mekss ofthé Fﬁfc@ﬂ dRycrived, hdweveX GRBNdeRosieMRI AR i N the
NaCl el ectrolysis. The sodi um chloride-containing solutions which are

obt ai ned i n sediupoihjarideson e secopersd diom e wagisinatdrjof theanpdycarboadieum chl ori de

content of 6 to, 10% b i ght. Thu t,he tat al ;sodi chlorid resent in
the sol ut i ondRYRISLYEsE e varkriplpdiced Ao thelectipan MR RN SR WL T on of
10% by wei ghkhifoht Watdd®alifi€e &f the Bditim LRIk eRodbEls othbOdquiebriuipmidrbe sodi um
chl oride-containing solutions is possible in the standard sodium chloride

el ect r dPysi s amiovnts @recenerel led precgndsion ofhis és thare wageweigehaviegdr Mael  whi ch

exhibits water transperi of.3.5 no f water. .per | e of sodi Even with a
concent rat 1 oo PEheP1a80R b4k i MRl BrpbPhak 250 o Riserdier BB A a6

wei ght, only effectt @by @id i08 eREHABRSEh@Rbahe #8%e BDaCl BRc®SIgilm chl ori de present
in the sodium chloride- containing solution will be possible. Conplete

recycling of the sodiumchloride- containing solution has not been

di scl osed. Adéssering chdorige-qnirinisg algtionsrehick avsi abtainefl idrtheisolyembenaty ng
oLt o o AP T RO Lo TP o BOPERGR RO o
cel | . Howevetstalesodhon alilofide piRvént iustheRelugynd cineRseMe: reOshceed @ aisedium Starting
fromthe prior art described above, it is the object to provide a process
whi ch chloride concentration of 10% by weight, only the use of about 13% of sodium

chloride from the sodium chloride-containing solutions is possible in the standard

sodium chloride electrolysis with a commercially available ion exchanger membrane

which exhibits water transport of 3.5 mol of water per mole of sodium, Even with a

20 concentration to a saturated sodium chloride solution of about 25% by weight, only a

recycling proportion of 38% of the sodium chioride present in the sodium chloride-

containing solution will be possible. Complete recycling of the sodium chloride-

containing solution has not been disclosed. According to WO-A 01/38419, the

sodium chloride-containing solution can be evaporated down by means of thermal

25 processes, so that a highly concentrated sodium chloride solution can be fed to the

electrolysis cell. However, evaporating down is energy-intensive and expensive,

Starting from the prior art described above, it is the object to provide a process which
gives products in high purity and good yield, and at the same time represents a
reduction of the environmental pollution or wastewater problem in the wastewater

30 treatment plants by maximized recycling of sodium chloride and sodium chloride-
containing process wastewater solutions which are obtained from polycarbonate

production.



gi ves products in high purity and good yield, and at the sane tine
represents a reduction of the environnental pollution or wastewater problem
in the wastewater treatnment plants by maxim zed recycling of sodium
chloride and sodi um chl ori de- contai Abng process wast ewat er sol uti ons which
are obtained from pol ycarbonate production. In particular, it should be
taken into adncparticu]an, it $teuldcbyekemmtd habuithe tleawel iap ot oie comoeisiomodhl or i de

into chlorine roxi de sol ution and optiona rogen has to
be ef fected WP ‘mec ﬁ#lerﬁn%%l%%e ¥ S@ﬂ’é‘P’g‘S‘/ydé%g? ﬁ‘gPté?’b?‘éJ %qtg@a P a  manner
whi ch spares t{yﬁﬁ@]@ﬁ B8Sto bel dfflRd ARNHR BRI BH Ak 5\ Berg al?;dttﬂ&eﬁ)?é‘Sl's@HPéJs

preparation o ycarbonate by reaction of bi sphen s and phosgene in an
i nert sol ventmmmeswhmhrspanﬂxdsumees n the presence of base(s) and
catal yst(s), inproved recycling of sodiumchloride fromthe sodium

chl ori de-cont n| n wast r sol.utions obtai ned at .t un can be
achi eved wi tH P B, i e P a8 pRERaGos oF IS GBI Y o 4 pht of
| ess than Orree?c‘ﬁkiﬁbf bR &@Mﬁlﬁé&gé& ”?Ph@ufeft%@:wéﬁmr et Altinégn @RI bon, by
direct feeding to an I ectrochem cal oxidation of the sodi um chloride

present to cliresehereof teoe(sland dajedyst(s), dmprovdd oty tlorgad i spdiwnieldgads from thei ng

possi bl e for the chlorine ta be recycled , f.or t eparati on of the
phosgene. %I“ﬂi%ll@éﬁ:c “ﬁmr Saltighs; ?lﬁg‘i?tptg? %‘P'fﬂép - A0t
i nvention I s a@hm&p&ﬁﬁoﬁt%w@a@a i @b ﬁﬁérbé)ﬁﬂtaﬁﬁu%exﬁ bea BH%?%sE’%ﬂd ary
process and processing at |east a part of the resulting alkali netal

chl ori dé- conttmequalgo §@hd|aftmmmpleatretaumww‘ém¢tlat karbpn, ot ditectiveding tlean
el ectrol ysi s,

b t hl or i ith
car bon nmonoxi &e@?o !%Qf’g‘t“il%’é '8‘2’3%% e&%sﬁ{qﬁﬁ%n‘r ng%‘f“‘B(r)Irel Bies\émhenol
in the pr esenﬁ@rox@de Ad dp@i@ﬁéllﬂ%r@g’feﬁen beR IpeBAble Yorthe LEBShe RIMR: Jeaﬁléa

catalyst, and” optional 'y at 'l east one organic solvent, to give
pol ycar bonat donthe prgparatiokalf theygtoagenehl or i de- cont ai ni ng sol uti on; c)
i sol ati ng and wor ki ng-up the pol ycarbonate of b);

EMBODIMENTS OF THE INVENTION

15 An embodiment of the present invention is a process for preparing polycarbonate by
the phase boundary process and processing at least a part of the resulting alkali metal

chloride-containing solution in a downstream alkali metal chloride electrolysis,

comprising:
a) preparing phosgene by reacting chlorine with carbon monoxide;

20 b) reacting the phosgene of a) with at least one bisphenol in the presence
of at least one base, optionally at least one basic catalyst, and
optionally at least one organic solvent, to give a polycarbonate and an
alkali metal chloride-containing solution;

c) isolating and working-up the polycarbonate of b);

25 d) separating the alkali metal chloride-containing solution remaining in

¢) from solvent residues and optionally catalyst residues;
€} electrochemically oxidating at least a part of the alkali metal chloride-

containing solution of d) to form chlorine, alkali metal hydroxide

solution, and optionally hydrogen;

30 wherein, in d) the solution is adjusted to a pH of less than or equal to 8 prior to



d) separating the alkali netal chloride-containing solution remaining in c)
from sol vent residues and optionally catal yst residues; e) electrochemcally
oxidating at least a part of the alkali netal chloride- containing solution
of d) to formchlorine, alkali netal -lydroxide solution, and optionally
hydrogen; wherein, in d) the solution is adjusted to a pH of |ess than or
equal to 8 prtremmém with sdsaiberist amd t h adsorbents; and f) at |east a part of
the chlorine prepared in e) is recycled to a); and/or ¢g) at |least a part of
the al kali metal hgdroxiigessopatt bPic BRIBHAE Brphied 8 ¢ iS redyeRMab 8 ah@ob) .

Anot her enbodi nent of the present invention is the above process, wherein d)

i's achieved by stg ppidweagu%%rhefﬁgmh%wyarﬁﬁmﬁmr{}réﬁ%dm)ist Wi th

an adsorbent. Anot'her enbodi hent of the presént Invention I's the above

process, wherein said rmdgdediertt). i s activated carbon. Anot her enbodi nent of
the present invention is the above process, wherein e) is achi eved using a

di ffusi Lect r gde. t hode. . Anot h diment of the present
Pvent i oh i s ARRIBCRRRIRER S ifLineson 1 g Abgve Bitpssopheneth i 11 e

al kal'i nmetal ghlaed ggsﬁfﬁi{ng JIF £ soRMih vath Wanflind P e0wiR at Asorttnt.ne

circulation of a nenbrane electrolysis for the preparation of chlorine,
sodi um hydroxi de sol ution, and optionally hydrogen. Another enbodinent of
t he present ifvetherembddémenief lronresept swyerizon g abiome progasst Woergin sidal i net al

chloride is q%ﬁegthith %%ﬁ%]i nmetal chloride-containing solutionine) to
i ncrease t he APRBEIUSARhHi39% e concentration. Another enbodiment of the
present invention is the above process, wherein the alkali netal

chl ori de- cont Ahdthé&ienditheRbfitlte Reicns ireentich i8 tiibove bR%ess, Wabreih s Usi ng
hydrochl oric acid or hydrogen chloride. Another enbodi nent of the present

i nventi bh i s achievadusiag przes ddBisioplactiofe ahecathedst i metal chl ori de
concentration of the alkali netal chloride solution entering e) is in the

range o 1T OAANRel Gk or B hBhert IR RICE Y OBl WReRR 0o

part of the purified alkali metal chleride-containing solution of d}) is added to the
brine circulation of a membrane electrolysis for the preparation of chlorine, sodium

hydroxide solution, and optionally hydrogen.

15 Another embodiment of the present invention is the above process, wherein
additional alkali metal chloride is added to the alkali metal chloride-containing

solution in €) to increase the alkali metal chloride concentration.

Another embodiment of the present invention is the above process, wherein the alkali
metal chloride-containing solution is adjusted to a pH of less than 7 by using

20 hydrochloric acid or hydrogen chloride.

Another embodiment of the present invention is the above process, wherein the alkali
metal chloride concentration of the alkali metal chloride solution entering e) is in the
range of from 100 to 280 g/l and/or the concentration of the sodium hydroxide

solution obtained in €) is in the range of from 13 to 33% by weight.

25 Another embodiment of the present invention is the above process, wherein the alkali
metal chloride concentration of the alkali metal chloride solution entering €) is in the
range of from 110 to 220 g/l and/or the concentration of the sodium hydroxide

solution obtained in e) is in the range of from 20 to 32% by weight.



solution obtained in e) is in the range of from13 to 33% by wei ght.

Anot her enbodi nent of the present invention is the above process, wherein
the alkali nmetal chloride concentration of the alkali metal chloride
solution entering e) is in the rangef from 110 to 220 g(1 and/or the
concentration of the sodium hydroxide solution obtained in e) is in the
range of fr onARSheoeZidimyntveitihpresent Avehdiar is eliddiveaprdceaf whheipiremant
invention is the above process, wherein an ion exchanger nenbrane whose
wat er transpof¥chpeger Fsmbragie Wrhe (YAl SRNPROTHRE Alf © N AOTH{S| SEHETEpAy p|  of

sodiumis usegnjoqlOgmoﬁgﬁg&%%iggggqgéﬁqgt%of the present invention is the

above process, wherein er transport per nole of sodiumion of said
exchanger nenbrane is in the range of from 5.5 to 6.5 nol of H2Q nol of
sodi um Anot hAnotbehadborbmentaff thdprepme serntiomis ¢t above ipsocesse whbrirethp vetes s

wherein the el ectrochen]' c(ﬁ.I g.xi dat i gn .&f ‘g_? e elgat ed.at. a current
density df 2 FPsBOR Repoleqisodiymaian of Raud exclianeqy qusrabrpps 1s 1 fthe fangs ¢fdrame
current densiy (peisnHol SFAIRPARI 8NQddea.  Anot her embodi ment of the present
invention is the above process, wherein the electrochenical oxidation of e)

is operated at a tenperature in the range of from70 to 100C. Another
enbodi ment of Anbtbepgmebashmentnféi prosenit s1vehigorais thacahono pemsss, wheresi thet he

el ectrochem cgl .oxidatipn .of.e) is.operat at a tenperature in . the range of
From 80 (o QERABIACIGRHAEA AL STt AeBahfeTmy ke FEf kAL Bl above
process, whergeftdkBfas §b&Gs foR ehRMafiAd tHtuflahd RAsi®f b&g the MRsbahegeat an
absolute pressure in the range of from1.0 to 1.4 bar. Another enbodi nent

of the present invention is the above process, wherein the electrochemn cal
oxi dat i of Another gpeodiment aftthexpresans glvagniéorpis dhsahowe processe wharegethef  from
1.1 to 1.3 bar, Aneother, erhodi .of the present ijnvention is_.the ove

o ocess,  wher SFAFERENE] ERRBEEM ettt A RPhr kY F e e 3y s8Rl h
pressure diffgremnee. between cathode space and anode space in the range of
from20 to 150 nbar.

Another embodiment of the present invention is the above process, wherein the
electrochemical oxidation of e) is operated at a temperature in the range of from 80
15 to 95°C.

Another embodiment of the present invention is the above process, wherein the
electrochemical oxidation of e) 1s operated at an absolute pressure in the range of

from 1.0 t0 1.4 bar.

Another embodiment of the present invention is the above process, wherein the
20 electrochemical oxidation of e) is operated at an absolute pressure in the range of

from 1.1 to 1.3 bar.

Another embodiment of the present invention is the above process, wherein the
electrochemical oxidation of e) is operated with a pressure difference between

cathode space and anode space in the range of from 20 to 150 mbar.

25 Another embodiment of the present invention is the above process, wherein the
electrochemical oxidation of e) is operated with a pressure difference between

cathode space and anode space in the range of from 30 to 100 mbar.

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



Anot her enbodi nent of the present invention is the above process, wherein
the electrochemcal oxidation of e) is operated wth a pressure difference
bet ween cat hode space and anode space in the range of from 30 to 100 nbar.
Anot her enbodi nent of the present invéntion is the above process, wherein

t he el ectrochem cal oxidation of e) is operated with an anode which
contai ns, as dect@ohémiegl omdﬁthﬁrdfleyrismﬂeﬂmedawﬂhamam(ﬁhsﬁhlo}meorftmm lwea nobl e

nmet al corrpound of the 7th and 8th _subgroups and/ or the 4th main group of
the Periodi c “PaBNe YB&’BFIH@ ol prdtdeast QG‘?O"%"J‘HE? ‘éﬁ’ﬂfo‘HFWLFﬂmB?u“@Wé ]??rﬁgent
invention is . g9§§ S (STATTM) St B ®iBGic A abRr F8ke SUrf ace area
t han t he surf%@? lgr o@s'?jﬁw% of aﬁlggl i’f%gﬁlg h|n tlhec g ectroechem cal

oxi dation of ElpmeMsot her enbodi ment of the present invention is the above
process, mherein the al kali netal chloride-containing solution of d) is

concent rat ed el%%lh‘% neo?ﬁlie of a . nmenbran f{?ﬂbocess Anot her enhodi nent
of the pf ese 200 RIBSRL PSS SV B PIPCaTS: MaSST! doheEs
bi sphenol i's m{ ﬂf@%mﬂfﬁe%@imme%rfa&rm@ftﬁé)neﬂﬁrélegaire(&skdm&eel nZzis

a divalent organic radical having 6 to carbon atons which contains one
or nore arona@c@ngh@umalm%dﬂkMaﬁeénbodlnent of the present invention is the
above process mherein at |l east one bisphenol is selected fromthe group
consi sting of

o D o Ao SR o RS infedlion is the. ahoue BRGEHeNDEFIHER el hane:

2, 2- bi s(4- hyge@xynbemtoRsiaRR6utidn 41 B) R (AndindhRyeiiReY] by freiRidTyl but ane;
1, 3-bi s[2 (4-hydroxyphenyl)-2-propyl ] benzene;

2, 2- bi s{®- met mginbnhpercessyphenyl ) pr opane;
bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) met hane;

2, 2-bi s(3, 5- h

i 205 2 di et NP EEREB TRkt i BERTE e ahoxe groseny mberei atjoast

hydr oxyphenyl gnedsi HMIIbuﬁagﬂroxydﬁx)hh&h@e&fefoﬁnﬁlh@t hyl - 4- hydr oxyphenyl ) - 2-
propyl ] benzene; 1, 1- bi s(4- hydr oxyphenyl ) cycl ohexyne; and 1, 1-bi s(4

hydr oxyphenyl) -3, 3, 5-tri met hyl cycl ohgyangyy 1)

wherein Z is a divalent organic radical having 6 to 30 carbon atoms which contains

15 one or more aromatic groups.

Another embodiment of the present invention is the above process, wherein at least
one bisphenol is selected from the group consisting of 4,4'-dihydroxybiphenyl; 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-

20 (4-hydroxyphenyl)-2-propyl]benzene; 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)cyclohexyne; and 1,1-bis(4-

25 hydroxyphenyl)-3,3,5-trimethylcyclohexane.

Another embodiment of the present invention is the above process, wherein the alkali
metal chlonide-containing solution of the reaction wastewater from b) or the alkali
metal chloride-containing solution of the reaction wastewater from b) at least partly

combined with wash water from ¢) of the polycarbonate is used.

30 Another embodiment of the present invention is the above process, wherein c)



Anot her enbodi nent of the present invention is the above process, wherein
the alkali nmetal chloride-containing solution of the reaction wastewater
fromb) or the alkali netal chloride-containing solution of the reaction
wast ewater fromb) at least partly oc&vined with wash water fromc) of the
pol ycarbonate is used. Another enbodi nent of the present invention is the
above processcompiesi n c) conprises: aa) separating

pol ycar bonat e- cont ai ni ng organi ¢ phase and aqueous aIkaIi nmet al

chl ori de-contai ning_reacti.on wastewater sol ution; washi ng t he

pol ycar bonat e- cont%¥ rﬁeﬁﬁraBP%B?llﬁ'ﬁarB%?éeéc%Fal“ﬁéﬂgWC se gpd aqyegus plkgliice
wherein at least a p EtaPéhlBlh@ei 1\5@;55]“9‘ SR (iSa Jaﬁ@%@lolgﬁ&ﬁ .er separating out
ona

catal yst residues a opt | y organi ¢ solvent residues, is optlonally

used as a partial e e h S

hydr oxi de sol uti onbbaf&%@?nﬁgéﬁﬁﬁ#)&?t%%ﬁﬂg %?%S@%}#al&r?vgn | on
relates 30 a process kgtohée preparation of pol ycarbonate by the phase
boundary process and processi ng at least a part of the resulting alkali

metal chl ori dghergf 381 :PﬁaﬁQf e 'v&l@h bRas@(s§ PORSEH) S4ATRr 3k fehting Tk @htalytd OT 1 de

el ectrolysis, conprising "the tollowng steps: (a) preparation of "phosgene
by reaction orresmutmdmtmnally argationolvemagdidiess, is opbganaibfaxst:al @‘na partinhe phosgene

fornmed accordi n to st h at l.east o nol resence of
it least  one TsEERERAREEkrGH o ofipatife Bt SdRmuYEOTEE et ng base, i n

particul ar a sodi um cont ai ni ng base, optionally at | east one basi ¢ catal yst

and optionally at |east one QERRIPTIONVENTHEONVMETEONPOI ycarbonate and an
al kali metal chloride-containing solution, in particular sodium

chl oride-containing solution, (c) isolation and working-up of the
pol ycar bbnat eThenmmlanfebteé;io B)process) fog éwa:fmar@mnoff polysariorate |byrfb€t phiase

chl ori de-cont ai ni solutiopn remai nin cco | vent
sl tuoe and BRERBT TR AT ploRt R ol haRG PO e el ph AR m bR 0 ¢
the sol ution wdridinini:Q8NkidNth 4 HeRhRAN aakstmnatdsaﬂ&%ﬁ 8ectidlysis, comprising

the following steps:

(a) preparation of phosgene by reaction of chlorine with carbon monoxide,

15 (b) reaction of the phosgene formed according to step a) with at least one
bisphenol in the presence of at least one base, preferably at least one alkali
metal-containing base, in particular a sodium-containing base, optionally at
least one basic catalyst and optionally at least one organic solvent to give a
polycarbonate and an alkali metal chloride-containing solution, in particular

20 sodium chloride-containing solution,
(c) isolation and working-up of the polycarbonate formed in step b),

(d) separation of the alkali metal chloride-containing solution remaining according
fo step ¢) from solvent residues and optionally catalyst residues, in particular
by stripping off the solution with steam and treatment with adsorbents, in

25 particular with active carbon,

(e) electrochemical oxidation of at least a part of the alkali metal chloride-
containing solution from d) with the formation of chlorine, alkali metal

hydroxide solution and optionally hydrogen,



particular with active carbon, (e) electrochem cal oxidation of at |east a
part of the alkali netal chloride- containing solution fromd) wth the
formation of chlorine, alkali netal hydroxide solution and optionally

hydr ogen, characterized in that, iRl0he separation d) of the solution from
sol vent and/or catalyst residues prior to treatnment with adsorbents, the
sol ution is achaistteiret dn thaphh de sepaatiornt dieot the sodatital fréra s8lvanichndfor catalylseast a
part of the chlorine prepared according to step e) is recycled to. the

prepar ati on ofcSigNESREdo dsalgrcat WithrgsaPaps: dye sohgiwyis (-’@Umﬁé t¢ apbotdespart of
the al kali megal ¥l dgndol Ution prepared according to step e) is
recycled to the preparation of polycarbonate according to step b). The

al kali metal chloride-containing solution of the reaction wastewater from
step b), or € |adedst paar oy thechtoomeipnapairadmcvdilmgwa stepwa i erecyalahtotthe

wor Ki ng-gp c) of the gol éfc rbonate, i.s pref e;}gb@/ used. Suitabl e bisphenols
are di hydr oxydi ar FICBMRYURR SEEE agedngto sEPARYPT Y HO Z-OH (1) in which
Zis a divalent organic radical having 6 to 30 carbon atons which contains
one or nore ayakiicasPh BHRSE (RN BtaltlydRsiGlc ﬁqmwﬂéﬁa_r@@h@dauﬁggmbﬁeﬁdsed in
step b) of the process according to the invention are d|hydroxg i arylal kanes
such as hydroqui e)dnescyrled do terpoéparationyod ipokyiibphaeptcording to step b).

bi s( hydr oxyphenyl ) al kanes, bi s(hydroxyphenyl)cycl oal kanes,

bi s( hydr oxyph I ul phi des.,, bi s(hydro heny| et hers, bis(hydroxyphenyl)
e onss, b1 o( hprsad B A FerROME SRR Ao RO BT SRR EE e,

a, a' -bi s(hydr @%Mﬂéh%ﬂyddlg'iﬁ SQBIARYIPR IR QRALS waRP ol DS SvorkiapRPUN dsthieher eof

whi ch are al kyl ated, al kyl ated on the nucl eus and hal ogenated on the

nucl eus10 Pr ef pelyeatbetiate; dy prefatiatdy ybesl kanes are 4, 4' - di hydr oxybi phenyl ,

2, 2- bi s(4- hydroxyphenyl)-1-phenyl propane, 1, 1

- bi s(4- hyd h ) ph | et 24:2:-bis(4- d I

(bi sphenol A PRRS CRBRSl R IBRGa SRR DRl BhunaD "

1, 3- bi s[ 2- (4- hydr oxyphenyl ) - 2- propyl ] benzene (bi sphenol M, 2, 2-
HO-Z-OH (D)

in which Z is a divalent organic radical having 6 to 30 carbon atoms which contains
one or more aromatic groups. Examples of such compounds which can be used in

15 step b) of the process according to the invention are dihydroxydiarylalkanes such as
hydroquinone, resorcinol, dihydroxybiphenyl, bis(hydroxyphenyl)alkanes,
bis(hydroxyphenyl)cycloalkanes, bis(hydroxyphenyl) sulphides, bis(hydroxyphenyl)
ethers, bis(thydroxyphenyl) ketones, bis(hydroxyphenyl) sulphones, bis(hydroxyi-
phenyl) sulphoxides, o,o'-bis(hydroxyphenyl)diisopropylbenzenes, and those

20 compounds thereof which are alkylated, alkylated on the nucleus and halogenated on

the nucleus.

Preferred dihydroxydiarylalkanes 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-

25 methylbutane, 1,3-bis|2-(4-hydroxyphenyl)-2-propyl]benzene (bisphenol M), 2,2-
bis(3-methyl-4-hydroxyphenyl)propane, bis(3,5-dimethy!-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)cyclo-



bi s( 3- et hyl - 4- hydr oxyphenyl ) pr opane,

bi s( 3, 5-di net hyl - 4- hydr oxyphenyl ) net hane,

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) pr opane,

bi s( 3, 5-di et hyl - 4- hydr oxyphenyl ) sullphone,

2, 4-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) - 2- net hyl but ane, 1, 3-bi s[2-(3, 5-

di met hyl - 4- hyksxany gk ny Hhis(2-hydagyphdetizshg tridneiyidys (vhekatdr(xpdeb M@y cl o
hexane and 1, 1 -bis(4-hydroxyphenyl)-3,3,5-trinmethyl cycl ohexane (bisphenol
TMC). Particularly preferred dihydroxydi aryl al kanes are

4, 4" - di hydr oxl}fﬂvﬁql{éﬂayPrefqrredlghmrgwwrw YRSt denRybibeayle ! 1-bis(4-

2, 2-bi s(4- hyd
2 2 b1 o3, 5 o R R T T oo sy Elerppane (bephenl & eyl )
cycl ohexane afBPA), Pty 083 e bt

escri bel, 1 oY AsETHIeGnd: il DR roSuRpeB - LS e g Porane 3161, 273,

US- A 3,271, 36¢ Qg_S-A 4,982,014 and US-A 2,999, 846, the German Lai d- Open
appl i cations DE[ 15 70 703, DE-A 20 63 050, DE-A 20 36 052, DE-A 22 11 956
and DE-A 38 32 396, French patent FRRA 1 561 518, in the nonograph by H
Schnel |, ChenThisryd fnthePhyisablesdibfdrPeydiatabicmas ars desdribiedy foc xemmape, Ru b S- Aher s

Bendl or . HandbRRter By LAt 2. i Aoty sh o df i Etcer
New York 2000(3paa®0546! th§ hbrman L Bidl Oferficlonk iE-A BPRT 743, OE-AGHAi ng Lo

the invention of homppol ycarbonat es, nl'y one bi sphenol is used. In the
case of 1§ he poEhIRA Hn3@ETHIE-AQR2 bl Qihieandrﬁlém A2 366, lrombl patcant bBrAtles, a

I it f pj | bl e f th
a1y, BPBESRlS Ayl SEHPEPRPRLE) SRR LGS ¢ e
synthesis, t olsGORLAPHNRE N RoHNE ALK @ Sepl figh et biql ALy hel T _own

synthesis, handling and storage, although it is desirable to work raw
materials whDdh leageangs ). iJuBendisr, plasdhdokef Potycstbonhtd Sb@nemmth"émnedlog:er e t hat

t he process ording, t th tion be used virtually for all known
bi sphenol s. %ﬁf??ﬁg@?{ﬁ? @@dp?gﬁ: —@ﬁ% Wtocess according to the
i nvention in aqueous alkaline solution, and the concentration of

bi sphengi s i sinlfle tae2Athdprep@bOtt accBf@iELloaht hvantich of homopolycarbonates,
only one bisphenol is used. In the case of the preparation according to the invention
of copolycarbonates, a plurality of bisphenols is used, it being possible of course for
the bisphenols used, such as all other chemicals and auxiliaries added to the
synthesis, to be contaminated with the impurities originating from their own
20 synthesis, handling and storage, although it is desirable to work with raw materials

which are as pure as possible.

It should be emphasized here that the process according to the invention can be used

virtually for all known bisphenols.

The bisphenols are used in the process according to the invention in agueous alkaline
25 solution, and the concentration of bisphenols is 10 to 20% by weight, preferably 12.5

to 17.5% by weight, based on the total weight of the solution. The amount of alkali in

the aqueous alkaline solution is 1.0 to 3.0 mol of alkali per mole of bisphenol and is

dependent on the solubility of the bisphenol used.

The phosgene is preferably used in solution in at least one organic solvent. The

30 concentration of the phosgene in this solution is preferably from 7 to 10% by weight,



to 17.5% by wei ght, based on the total weight of the solution. The anmpunt of
alkali in the aqueous alkaline solutionis 1.0 to 3.0 nol of alkali per
nol e of bisphenol and is dependent on the solubility of the bisphenol used.
The phosgene is preferably used in sellZtion in at | east one organic sol vent.
The concentration of the phosgene in this solution is preferably from7 to
10% by wei ght particyladly petidrablly\8 tproeflebaleygt ubal. 9. 5% by wei ght used. Suitable
chain term nators and branching agents are known fromthe literature. Sone

are descri bed Xa in DE-A 38, 33 953. eferably used chajn
terninators apw! a%beréﬁ‘ﬂ} eHF““éMEW MhARhNg 2g5ni5 ¢ L’&‘lﬂ’%?m gFemture Some
p-tert-butyl p?@@%&m%é%ﬁ%ﬂrﬂﬂ@ﬂﬁbE ACW wpfgffraﬁl%sgﬁ]kﬂflﬁ%%mrgaﬁ'c' d

esters thereof or aci monocar boxylic aci ds or m xtures of
these chain t pheambhart dk@phdtrods, &r patcudaraphenolt pnm-batydp}snall; sopttgipbenol,

cunyl phepol , iso nol, and para-tert-but eno es of
comounds sui tipveedns gRa e ARt Bk ary Sl Btabo ORI o compounds
having nore tmﬁoéa?m&nca&*aé 8f ﬁu%xre& lafﬁr%s@éhairpeehmnlam %fftmgam
Particularly suitabl e"exanples wt hree or nore than three phenolic

hydr oxyl  gr otepsimatees giclphendg| uun}’ipllqnol isooctylphenol and para-tert-butylphenol.
4,6-dinethy| 2,4,6-tri(4-hydroxyphenyl) hept-2-ene, 4, 6-

di met hyl h h t . . . .
TR @aﬁéé%m%ﬁ@%%ﬁagﬂéh e 3 Danghing aganth gk DAL AL bR Gne,

tri (4-hydroxyghigpuinip B8nHE ARk OBHAR thrée, $r&tbmbly three or four, hydroxy! groups.

bi s(4- hydroxyphenyl)cyclo exyl]propane 2, 4-bi s(4- hﬁrroxypheny |sopropyl)phen

ol andi0 t et r Bgrtichipdy éwmbﬁ@mmmméue@mb e@tplhemoltqhyﬂmmd | onal

d t ab hi d
A L e S R R
hydr oxyphenyl aim?etmﬂzﬂﬁfméﬂ IYHES e@}m}epaﬂé t Egltﬁ(éﬂ uycﬁé)gfpﬂe\em%ehﬁaﬁchl ng
agents are 3, 3-bi s(3-net hyl -4- hydr oxyphenyl ) - 0XO0-2 dr oi ndol e and

]_:L 1, 1 -t r:c (IITI Hym(@h%’émwylnwt)h@n@e tmﬁéwa@@ph@w)phmﬂmﬁlabg jf,lablst%
i t h”aL'ySPoi’ | abisC PP  ERorfiaf  Fits i ot SR G DRbita 'y

al kal i ngs ear t fndmiral4-hydEs.8phesy 1 iRdtidcons may al so be used. Al kali -
cont ai ni ng bases, such as, for exanple, sodi um hydroxi de sol ution, potassium

Examples of other trifunctional compounds suitable as branching agents are 2,4-
dihydroxybenzoic acid, trimesic acid, cyanuric chloride and 3,3-bis(3-methyl-4-

hydroxyphenyl)-2-0x0-2,3-dihydroindole.

Particularly preferred branching agents are 3,3-bis(3-methyl-4-hydroxyphenyl)-2-
20 ox0-2,3-dihydroindole and 1,1,1-tri(4-hydroxyphenyl)ethane.

The base used in step b) for the formation of the bisphenolate may be an alkali metal
hydroxide solution with hydroxides from the series: Na, K and Li hydroxide, and
optionally alkaline earth metal hydroxide solutions may also be used. Alkali-
containing bases, such as, for example, sodium hydroxide solution, potassium

25 hydroxide solution or mixtures of these are preferred. Aqueous sodium hydroxide
solution is very particularly preferred. In the process according to the invention,
commercially available sodium hydroxide solution is preferably used, particularly
those having an NaOH content of 20 to 60% by weight, very particularly preferably
having an NaOH content of 30 to 50% by weight. In preferred embodiments of the

30 process according to the invention, sodium hydroxide solution which is obtained

directly from the amalgam or membrane process of the chloralkali electrolysis is



hydr oxi de solution or m xtures of these are preferred. Agueous sodi um

hydr oxi de solution is very particularly preferred. In the process according
to the invention, conmmercially avail able sodi um hydroxide solution is
preferably used, particularly those-Having an NaCH content of 20 to 60% by
wei ght, very particularly preferably having an NaOH content of 30 to 50% by
wei ght. In prededrred enbodi nents of the process according to the invention,
sodi um hydroxi de sol ution which is obtained directly fron1the amal gam or
menbr ane proc f t he chl or ali el ectrol SIS i used. i tahl e basic
ot al yors T or SHRYS st oatal 0y Foader TeACtsm HerpaPripeiPic i G GI83s KRRSRAPTHBE -t he
preparation o r bl e
catal ysts Fm@ﬁ%ﬁ?@é@@ﬂgﬁﬁﬁﬁﬁé?e Qh§ ofpmﬁg%ggggésscﬁ%%o?%?ﬁgz?%?¥&§

i nvention ar efqutlef enctizinin ste(prli) iofithe moteasesccoslichtoabe 1ﬂx@ntlexamndrﬁ¢rably

triethyl mne tributyl am ri octyl am N al i eridine as,
for exa fQ.l"éf{Tﬁ eﬁesr‘ic aﬁ, Or g¥ ‘ﬁﬁ‘ifﬁﬁ@ﬁ“&ﬁ Héb%¥lgw1ne triocty ammeCIQ

i so-/n-pr opyl ngl?ﬁér%r{h% ; sueH ab o P SeanfPI@ NEEMI D e@ww&kﬁgl iSeriddticdt @S, for
exanpl e, tetrabutylammonium tributyl'benzyl anmoni um tefraethyl anmoni um

hydr oxi de, cisbgniptenylipendioe pyhidohe ogeatersary phrat@nion sakés, sedh asofaslewaraple, and

t he phosphoni um , coppounds correspondi n o the abovenentioned, a ni um
conpounde.  Thisbebs g BlRaRRS: St iBee B, f Y R BB cal phase
boundary cat al:m%i&&e bAditide IV HIE hl sﬁiﬂhﬂte%‘f@étia@l‘%ﬁ)b%fﬂe ah8 teaHospimid® t he
person skilled in the art. The total amount of the catalysts used is

bet ween19®. 001 campouhds nmireﬁpomhag & tio IapOTBn&bt:DUeCBammbﬂwupmpcumﬂar"ﬂhyse

preferably 0.05 to nol % b s of . bi s use The basi c
ot al yat. bisod RS BT n gie 10pirre o bPIaL Ry b Tl ftilyst. e

et hyl pi peri di penmeRiMBY avala¥le hﬁ&b@rfhmuﬁf&:‘fmeqaeﬁonmﬁe@amwﬁtTh@to@ﬁed in the
novel process preferably as a 1 to 55% strength by ight solution in the

organi ¢ sol veamountsthd eatalyspudsyl. is mtwsge&@%amd b‘énwé"édpllefﬁr@iﬂbﬁé’é@st ep b) in

| d f
Sorent o whe okl B aleabrtabhiRls s 8P vl ey FF hisetel S QuBhP e

to the invention are all known solvents whi ch are capabl e of dlssoIV|ng
15 The basic catalyst used may be open-chain or cyclic, triethylamine and

ethylpiperidine are very particularly preferred. The catalyst is used in the novel
process preferably as a 1 to 55% strength by weight solution in the organic solvent

used in step b).

Phosgene can be used in process step b) in liquid or gaseous form or in solution in an

20 mert solvent.

Inert organic solvents which can preferably be used in step b) of the process
according to the invention are all known solvents which are capable of dissolving
polycarbonate at temperatures of about 20°C to an extent of at least 5% by weight,
and mixtures thereof. Suitable solvents are aromatic and/or aliphatic chlorinated

25 hydrocarbons, preferably dichloromethane, trichloroethylene, 1,1,1-trichloroethane,
1,1,2-trichloroethane and chlorobenzene and mixtures thereof. However, it 1s also
possible to use aromatic hydrocarbons, such as benzene, toluene, m-/p-/o-xylene, or
aromatic ethers, such as anisole, or mixtures of these with one another or with the
abovementioned chlorinated solvents. For example, dichloromethane, toluene, the

30 various dichloroethanes and chloropropanes, chlorobenzene and chlorotoluene or

mixtures of these are preferred. Dichloromethane or a mixture of dichloromethane



pol ycarbonate at tenperatures of about 20C to an extent of at |east 5% by
wei ght, and m xtures thereof. Suitable solvents are aromatic and/or

al i phatic chlorinated hydrocarbons, preferably dichl oronethane,
trichloroethylene, 1, 1, 1 -trichloreéd#hane, 1,1,2-trichloroethane and
chl orobenzene and m xtures thereof. However, it is also possible to use
aromati ¢ hydr aghetbaobenzatets ;ﬁsfehmtgzmé Parntulahepreforfed-atodickloasnaethate and
aromatic ethers, such, as anl bures of these with one another or

with the aboWeHasechAkhlogem wra%r@dn@mc lorebenzengy me%hﬁ%@culaﬂwr ¢18et hane,
tol uene, the eﬁﬂﬁédlﬂl‘éﬁts%&ﬂﬁgsr&‘?%aﬁ%ﬁleﬂﬂge RHoRRLHIRBBESens tﬂ%%%r}ﬁene and

chl orot ol uene or m xtures of ese are preferred. D chloronethane or a
m xt ure of di 20iB0panebhenight teaffd2pdrorigbesigtne i s preferably used.
Particularly preferred are dichl oronet hane and rri xt ures of dichl oronet hane

d hl b . j cul t t
o i ol r o REE AP HBESEES Bt ereutaly Prembb SonP> 80186 parts by
weight to 75: 2gHiRhd PRy t}Y@tbgimeactnPﬂ %ﬁl@@fﬁct@d Bt‘a%?ocfeﬂﬁ@@ whidh@hd 4.

particularly preferably from9.5 to 13, is established over the total
reaction. Thi smpantef hﬂf@henbtﬁwydrqmdm@dmm requiweidite disshlee thenpsphienaf isabskdl i

met al hydroxide s t|on reqU| ed 10.di | ve, t he bi sphenols is use once
2t Che begi nnpis o e Abd i R R e R e b el ote
carried out hiihRR GRMeST tl‘i%freh&lﬁmr ?ﬁSFHQﬁf theldife Ol pHasd %uﬁﬂﬂ@%l?ﬁ@se
shoul d preferably be kept in the alkaline range, preferably of 8.5 to 12,

particul@rly Mmﬁmﬂatalllsalmﬁ rangs, mr@felably 06&6lt@ﬂ1&maytldwarl3&mg@m]éymf 9.5tei2ring
al kali et al dro e sol ut| ce or, seve r|n or after the
Shosgene. ot ebbifA AL B oG S S THERT hucroh R Roflith BeePrsPuerdl ably
10 to 13, aftgmel B@rn?gj@ll éﬂe?ﬂqe%ho‘é@én@'rﬂ&érmgoﬁlhbﬁﬁéh|sH@ulIi|B€IO%”P&equent

netering of the al kali nmetal hydroxide solution can be also be effected in

t he form of smgldaéﬁpreﬁmblm I9go dB, dtes heeaddditionatiaiabyst. iQptiwnildy, itheret al

hydr oxi d | ut Th t t bl di
Lo the i nvent rntERH BakoBEaY SRAGETRAR) R GUOGH Sudlsands SRR LIS~ ™
sheets and fi ol oRsUtREYMRNIRBRARE of Bisphed¥PEIM iR allR AthORRkd M Sect or or

in optical applications or optical and nagnetooptical storage nedia.
solution,

The polycarbonates obtainable by the process according to the invention can be used
industrially as any desired mouldings or sheets and films in a known manner, for
example in the automotive sector or in optical applications or optical and

20 magnetooptical storage media.

The reaction of step b) can be effected continuously or batchwise; it is preferably
effected continuously and particularly preferably with plug flow without major back-
mixing. This can be effected, for example, in tubular reactors. The thorough mixing
of the two phases (aqueous and organic phase) can be realized by known mixing

25 members, such as, for example, installed orifice plates, static mixers and/or, for

example, pumps.
The reaction according to step b) is particularly preferably effected in two stages.

In the preferred process, phosgene is used in step b) in the molar ratio of 1:1.12 to
1:2.22, preferably of 1:1.14 to 1:1.20, relative to the bisphenols. The solvent is
30 admixed so that the polycarbonate is present in a 5 to 60% strength by weight

solution, preferably 20 to 45% strength by weight solution, after the reaction.



The reaction of step b) can be effected continuously or batchwise; it is
preferably effected continuously and particularly preferably with plug flow
wi t hout maj or back- m xing. This can be effected, for exanple, in tubular
reactors. The thorough m xing of thelfwo phases (aqueous and organi c phase)
can be realized by known m xi ng nenbers, such as, for exanple, installed
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described, for example, in EP-A 1 249 463.

The polycarbonate obtained continuously in this manner is distinguished in particular

20 by very good product quality — for example measured with respect to the
Yellowness-Index (Y1) and the content of terminal phenolic OH groups — and it is at
the same time possible to achieve lower pollution of the wastewater by residual
organic substances (residual phenol content), which is advantageous for the

electrolysis of the wastewater.

25 After the reaction b), in step c¢), the organic phase containing the polycarbonate is
usually washed with an aqueous liquid and is separated as far as possible from the
aqueous phase after each wash process. The washing is preferably effected with
desalinated water. After washing and separation of the wash liquid, the
polycarbonate solution is usually turbid. Aqueous liquids for separating off the

30 catalyst, for example a dilute mineral acid, such as HCI or H;PO; are used as wash
liquid, and desalinated water for further purification. The concentration of HCI or
H3PO; in the wash liquid may be, for example, 0.5 to 1.0% by weight. The organic

phase is, for example and preferably, at least washed twice.

In principle, known separation vessels, phase separators, centrifuges or coalescers or



The pol ycarbonate obtained continuously in this manner is distinguished in
particul ar by very good product quality - for exanple neasured with
respect to the Yellowness-Index (Yl) and the content of term nal phenolic
OH groups - and it is at the sanme ti-ié-possible to achieve | ower pollution
of the wastewater by residual organic substances (residual phenol content),
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reaction b), in step c), the organic phase containing the polycarbonate is
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fromthe aqueous phase after each wash process. The washing is preferably
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or H3PO4 are used as wash [|iquid, and desalinated water for further

purification. The concentration aof HCl or H3PO4 in the wash |iquid nmpy be,
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appar at uses captidmallysfier spaphas ef sxqigst atsidres apgar afgasie sofvont residpar at i ng t he
wash liquid fromthe organic phase. Surprisingly high purities of the

ol ycarbonat e _pof. > 99.85% are t hus _.qbt aj ne wi t hout, t aki i nto.account the
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process accorg{'b}ig]g) E&lbﬂ%?erhﬁly%ﬂﬁlbﬁ% attl%tﬁ\f@%llévbiﬂgis%s: separated off in step
c) can be recyclied to the proceSs according to the invention, optionally

after separation of catalyst residues and/or organic solvent residues. The
i sol ati & andaajor kapgratipn of peliyearboajeaerdainigerganaphist and agysob) alkalccor di ng

to step c), can preferabl.y conprise at.|least the fol.low ng steps: aa)
separation of pol y@ﬁ%fﬁﬂgpé‘?&%ﬂ?ﬁf% rﬁ@f"&’fldgﬁfeé” a&ﬁﬁ%@“ﬁ’ﬁ’d aqueous al kal i
metal chl oride-containing reaction wastewater solution, bb) washing of the

pol ycar bonat epgont @hshifoOthe %Biﬁa&ﬂﬁa&@c@xﬂhﬁiﬂk&ﬁgﬁﬁlc ?h@slé od@incditin sleBagfatonce,
preferably at least twi ce, particularly preferabl ive times, and
least once, preferably at least twice, particularly preferably five times, and

separation of the respective wash liquid.

15 It may be necessary to separate at least one of the wash liquid(s) obtained according
to step c)bb) from catalyst residues and optionally organic solvent residues by
adjusting the pH to at least 9, preferably at least 10, particularly preferably 10to 11,
by addition of at least one basic compound and to subject it to a subsequent
extraction with at least one inert organic solvent or preferably subsequent stripping

20 of the solution with steam. Suitable basic compounds for adjusting the pH are, for
example, alkali metal or alkaline earth metal hydroxides or carbonates. The basic
compounds can be used in solid form or in the form of their aqueous solutions.
Alkali metal hydroxide solutions are preferably used, particularly preferably sodium

hydroxide solution.

25 Preferably, at least part of the wash liquid(s) in step ¢)bb) can be used as partial
replacement of the water for the preparation, in particular for adjusting the
concentration of the sodium hydroxide solution in step b). In a preferred embodiment
of the process according to the invention, at least part of the wash liquid(s} from step
¢)bb) can be used for diluting the alkali metal hydroxide solution prepared according

30 to step e) before it is recycled to the preparation of polycarbonate according to step



separation of the respective wash liquid. It may be necessary to separate
at | east one of the wash |iquid(s) obtained according to step c)bb) from
catal yst residues and optionally organic solvent residues by adjusting the
pH to at least 9, preferably at |east11I0, particularly preferably 10 to 11,
by addition of at |east one basic conpound and to subject it to a subsequent
extraction wigh at |least one inert organic solvent or preferably subsequent
stripping of the solution with steam Suitable basic conpounds for
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recycled to thxremi:ﬁplarrﬁéth;alan@éhlm@dqmaﬁahﬁahectﬁoﬁdﬁfmlm@béxmeﬁé ep b). The
preferred enbodi nent of the process according to the invention, in which the

wash liquid sg ara ed off in step c) are rec ed to the process according
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separated off in't its 5o Ion in e or it sol vent or sol vent
m xt urel@ised isplatibe asy firlegainple, cifystalleaadmparel mfectlbydtmme chl oride or nethyl ene
chl ori de/ chl orobenzene. The isolation of the polycarbonate fromthe sol ution

can be effected by evaporation f the solyent b s of h cuum or a
heated entrai h@cwsmr%&qq&f thepogereDogete so ugtsnnaf ey and H%Flggxaa\%
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solution is e ecte | so i SO atlon ycar bonat e
by distillingamf éxpahﬁos,ahc/tmh ”ﬂath prooask’ i ussd. Suple s peaesnig known to the

person skilled in the art and is described, for example, in "Thermische

15 Trennverfahren [Thermal separation methods]", VCH Verlagsanstalt 1988, page 114,
If instead a heated carrier gas is sprayed together with a solution to be evaporated
down, the term "spray evaporation/spray drying" is used, which is described by way
of example in Vauck, "Grundoperationen chemischer Verfahrenstechnik [Basic
operations of chemical process engineering]", Deutscher Verlag fiir

20 Grundstoffindustrie 2000, 11th Edition, page 690. All these processes are described
in the patent literature and in textbooks and are familiar to the person skilled in the

art.

On removal of the solvent by heating (distilling off) or the technically more effective
flash process, highly concentrated polycarbonate melts are obtained. In the flash

25 process, polymer solutions are repeatedly heated under stightly superatmospheric
pressure to temperatures above the boiling point at atmospheric pressure, and these
solutions superheated relative to atmospheric pressure are then let down into a vessel at
a lower pressure, e.g. atmospheric pressure. It may be advantageous not to allow the
concentration stages, or in other words the temperature stages of the superheating, to

30 become too large but preferably to choose a two- to four-stage process.



and expansion, the term"flash process"” is used. Such a process is known to
the person skilled in the art and is described, for exanple, in "Therm sche
Trennverfahren [ Thermal separation nethods]", VCH Verlagsanstalt 1988, page
114. 1f instead a heated carrier gas ks sprayed together with a solution to
be evaporated down, the term "spray evaporation/spray drying"” is used,
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EP-A 0 460 458%., optionally also with an addition of an entraining agent,
such as nitrogen or carbon dioxide, or with the use of a vacuum (cf for
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are famliar {406 HeHoRR ALK hitfl befbrd RE extruder, optionally with the use of static

maxers or by side extruders in this extruder.

Alternatively, the polycarbonate solution can be subjected to spray evaporation. During
spraying, the polycarbonate solution, optionally after heating, is either sprayed into a

20 vessel at reduced pressure or sprayed by means of a nozzle with heated carrier gas, e.g.
nitrogen, argon or steam, into a vessel at atmospheric pressure. In both cases, powders
(diluted) or flakes (concentrated) of the polymer are obtained depending on the
concentration of the polymer solution, from which powder or flakes the last residues of
the solvent optionally also have to be removed as above. Thereafter, granules can be

25 obtained by means of a compounding extruder and subsequent spinning. Here too,
additives as described above may be added in the periphery or to the extruder itself. It is
often necessary, owing to the low bulk density of the powders and flakes, for the

polymer powder to pass through a compacting step prior to extrusion.

The polymer can be substantially precipitated from the washed and optionally also
30 concentrated polycarbonate solution by addition of a nonsolvent for polycarbonate. The
nonsolvents act as precipitating agents. It is advantageous here first to add a small

amount of the nonsolvent and optionally also to allow waiting times between the



art. Polycarbonate granules can - if possible - be obtained by direct
spinning of the nelt and subsequent granul ation or by the use of discharge
extruders fromwhich spinning is effected in air or under liquid, generally
water. |f extruders are used, additivé8-can be added to the pol ycarbonate
melt before the extruder, optionally with the use of static mxers or by
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so that shaped articles of excellent quality can subsequently be produced therefrom.

The remaining alkali metal chloride-containing reaction wastewater solution
according to step ¢) is advantageously freed from readily volatile organic impurities,
such as, for example, residues of the organic solvent used in the synthesis and

20 optionally catalyst, for example by distillation or steam stripping. A wastewater
having a high content of dissolved sodium chloride (5-10% by weight} and dissolved
sodium carbonates (0.3-1.5% by weight)} then remains. The carbonates form, for
example, by hydrolysis of the phosgene as a side reaction of the polycarbonate
preparation. In addition, the wastewater is contaminated with organic compounds, for

25 example with phenols (e.g. unsubstituted phenol, alkylphenols).

The treatment of the prepurified wastewater with adsorbents is then preferably

effected with active carbon.

According to a preferred process, the adjustment (reduction) of the pH in process
step d} is carried out with hydrochloric acid or hydrogen chloride. The use of the
30 more economical sulphuric acid, which is conceivable in principle but undesired in

the present process, would lead on pH reduction to the formation of sodium sulphate,



According to other processes, precipitation and crystallization products or
anor phously solidified products are crystallized in fine-grained form by
passi hg over vapours of one or nore nonsolvents for polycarbonate, with

si mul t aneous heating bel ow t he gl ass-20ransition tenperature, and are
further condensed to give higher nolecular weights. If these are oligoners,
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ends) the term solid-phase condensation is used. The polycarbonates thus
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remai ns. The carbonates form for exanple, by hydrolysis of the phosgene as
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wast ewater is _contam nated wi th organic conpounds, for exanple with phenols
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The use of the nore econom cal sul phuric acid, which is conceivable in
principle but thevgesf sedium shioride o sadivin hydoxidesolupion i theauecedigpstagestiuct i on
to the formatj ] mﬂﬁ | d becone concentrated in the
anol yte ci rcuhg‘??‘%fff tggﬂ%e#éjr{dhuée su @%‘H@gklik%rg%g't rolysis. Since, for exanple,
according to manufacturer's data, the ion exchanger nenbranes are all owed

t o be oper at eUsmllyy megmbraneal&tiolgispreadsasnrsuleghiat exampiadarnthe aletteslysin t he
anol yte, nore anolyte woul d have to be discharged than in _the . use of
hydrochl ori ¢ 8@5‘@1‘5‘1 chipgdegenfammeiolyions (Heintbis contsyt RreRmitngshi ch is the

desired;godi u@ﬁ@l&Nlﬂ%iley—VCH Verlag, 2000). Here, a two-part electrolysis cell which

consists of an anode space with an anode and a cathode space with a cathode is used.
Anode space and cathode space are separated by an ion exchanger membrane. A
sodium chloride-containing solution having a sodium chloride concentration of,
usually, more than 300 g/l is introduced into the anode space. At the anode, the

20 chloride ion is oxidized to chlorine, that is removed from the cell with the depleted
sodium chloride-containing solution (about 200 g/1). The sodium ions migrate under
the influence of the electric field through the ion exchanger membrane into the
cathode space. During this migration, each mole of sodium carries between 3.5 and
4 mol of water, depending on the membrane. As a result of this, the anolyte is

25 depleted in water. In contrast to the anolyte, water is consumed on the cathode side
by the electrolysis of water to give hydroxide ions and hydrogen. The water reaching
the catholyte with the sodium 1ons is sufficient to keep the concentration of the
sodium hydroxide solution in the outflow at 31-32% by weight, at an inflow
concentration of 30% and a current density of 4 kA/m?. In the cathode space, water is

30 electrochemically reduced, hydroxide ions and hydrogen being formed.

Alternatively, the cathode used may also be the gas diffusion electrode at which

oxygen is converted by electrons into hydroxide ions, no hydrogen forming, With the



The al kali nmetal chloride electrolysis process is described in nore detai
below. The follow ng descriptionis to be regarded by way of exanple in
relation to the electrolysis of sodiumchloride since in principle any
al kali metal chloride can be wused inR2ike process, as already nentioned
above (in particular LiCl, NaCl and KCl); the use of sodiumchloride or
sodi um hydr oXiliurfi Gbnstvil6ioh hivel legched egechiitde Sh#@asa ihe.ion BAMANEST mdnitRane,
preferred enbodi mnent of the process. Usually, nenbrane el ectrolysis
processes ar ethgdwdroxidsrions gyl sedfugt hydsexide é@tl?l‘m J&ually, grsodipi hiydroxide
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is used. Anode space and cat hode space are separated by an ion exchanger
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(about 200 g/1). The sodiumions mgrate under the influence of the
electric fiel urentlyughstebls 1o amaliabi havige e caiepiratien higher thae32%dyedghtsiace.
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depleted in water. In contrast to the anolyte, water is consuned on the

cat hodel18i de Iibthe ichee ltesddddiy shivridé clsetrelysis,adgitiogalnysteoisiigieoduoed indonthe
hydrogen. The water reaching the catholyte with the sodiumions is
sufficient todRdEs Vﬂ%@lwﬁmf-hla{lfi%;ﬁmamnmgesohgem Rhoriov e WelissBiged on i n

the outflow a iy n nd a
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Alternatively, the cathode used may al so be the gas di ffusion eI ectrode at
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i on exchanger e ions form sodi um I OXI e sol uti on.
Usual | y, a sosiidemaosich ofkdxigen $erimativnwolnllvitig a concentrati on of 30% by

weight is fed into the cathode chanber,

In order to feed maximum amounts of sodium chloride-containing solutions
economically to the sodium chloride electrolysis, it may be useful if the water
transport via the membrane is increased. This can be effected by the choice of

20 suitable membranes, as described in US-A-4025405. The effect of increased water
transport is that it is possible to dispense with the otherwise usual addition of water

for maintaining the alkali concentration.

According to US-A-3 773 634, the electrolysis can be operated with high water
transport through the membrane when an alkali concentration of 31 to 43% by

25 weight and a sodium chloride concentration of 120 to 250 g/l are used.
A disadvantage of both processes is the lower current efficiency of these processes.

According to the preferred process, the separation d) of the sodium chloride-
containing reaction wastewater is effected after the phase separation and the removal
of the solvent and optionally used catalyst by stripping with steam and, after the pH

30 adjustment, by an active carbon treatment.



and a sodi um hydroxi de sol ution having a concentration of 31-32% by wei ght
is renoved. The aimis to achieve as high a concentration of sodium

hydr oxi de solution as possible since usually the sodi um hydroxi de sol ution
is stored or transported at 50% stre@dt-h by weight al kali. However,
commercially avail abl e nenbranes are currently not stable to an al kali

havi ng a concé&htreafterothehillghianethharodRIcdmyaimap ghastewarr chinbe fadhbresthylicuthe

hydr oxi de sol ut?ipo&yhas to be concentrated by thermal evaporation. |In the
case of the sGEFUMYERIESride el ectrolysis, additional water is introduced
into the anolyte via this sodiumchloride-containing solution, but only
water is di sclegngacd tbMhOphdtarC@OUVI0R3Yiaa) ilvHBIRt3RGe thdn MBS 6f the'S

i ntroduced via the sodium chl oride- containing solution in an anmount greater
t han that whi sédiarchbeiderpsesspointthelwagewiter ofcthe holygarbonaté pradudtion e@ntbecones

depl et edi di hl ok d.the elect i b t ed
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chl oride-contai ning solutions economcally to the sodiumchloride
electrolysis, it may be useful if the water transport via the nenbrane is

i ncreased. Thifsfucthar prefestetlarecsds varianhis thiiovaser infemayigi demt Berblebiraetels, as
described in -A—d4025t405. Thet\ ef,[f act of increased water traﬁs orts ids t hat
it is possibl SCHUECIPENLE WATRVHRE Y0 RS LRI RIS 3 dNPCH B ast e for
mai nt ai ni ng t kethat #elalkafiohaendhl@ideQdbntAeia @ k6l fromUb-ifcehcédiatéBlefotehe

el ectrolysis can be operated with high water transport through the nenbrane

when an 18] kal ithecddemihtsise)ityrmerns 31 a mrendgependistillagien ghcesnh @smosodisidation! or i de
concentration of 120 to 250 @/1.are ed, A disadvantage of both processes
is the | ower 8&‘?’8??'0«5@&51 ilseﬁ’gglef%Fp{‘#g%%d'pr ocesses. According to the
preferred process, the separation d) of the sodiumchloride- containing
reaction wast @eaeRimpls, thé feveise dsmbiieor pditicds pres@isly alid :BBmbdAGle Whellauval
of the solvent and optionally used catal yst by stripping wth steam and,
after the pH or ggmbsanesentacioys ean becuspd berg 4l MHELINe A RENBACHher eaf ter, the
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el ectrolysis e
15 combination of the operation according to the invention of the electrolysis cells and

concentration processes, it is theoretically possible to recover up to 68% of the
sodium chloride from the wastewater. This is true when the sodium chloride
electrolysis produces only the required chlorine for the phosgene preparation and the
required sodium hydroxide solution for the polycarbonate preparation and provides

20 no chlorine for other applications.

The novel process can also be carried out with an alkali metal chloride electrolysis in
which no hydrogen is produced at the cathode but the cathode is replaced by a gas

diffusion electrode at which oxygen is reduced to hydroxide ions.

If, for example in an integrated location, no hydrogen is required for chemical reactions,
25 the inevitable product hydrogen can be dispensed with. An advantage is an energy
saving in the electrolysis, which is attributable to the lower electrolysis voltage with the

use of a gas diffusions electrode.

The sodium chloride-containing solution from the polycarbonate production usually
has a sodium chloride content of up to 10% by weight if it is the reaction wastewater.

30 If the reaction wastewater is combined with the wash water, the NaCl concentration



Conpared to the prior art (WD 03/70639 Al), in which not nore than 13% of
the sodiumchloride present in the wastewater of the pol ycarbonate
production can be used in the NaCl electrolysis, nore than 13% of the
sodi um chl oride fromthe wastewater ca&i-be recovered by the process
according to the invention. A further preferred process variant is that

wat er i s renpisriexemplehabamit b3d by weight. If thbkekecirdlysic pnivadasithgchvasteamsitbe by a

concentration process. A process characterized .in that the al kali netal
Chl'or 1 de- cont SPHIRGVRIHT SRRPGHEHSVEY 1BEROEPeRLLPIERGIRE. thersgdium
el ectrolysis ghoRYe-BaIRIRY wastERAE AR Is&d bl 86 b ARaPEREREH thOSEREd|Gsis.

distillation or reverse-osnosis is therefore preferred. For exanple, the
rever se osnosilbugin ferdascof the kystpmardydombkchangre nentyaseseinditist sthddatd on  or
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cells and concentration processes, It isS theoretically possible to recover
up to 68% of phlycarboutiteimasthivater s@ufioroennt Heaised Sthevstandard opleiaging patamegeraben t he

di hl ori t i d ly th i lorjne, for th
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The novel process can also be carried out w an al’kalT netal chloride
el ectrollfsi s isediumithidridedhak flerefgemat beqr masibledo alatet Geneatradetebbiermdle

cat hode is repl aced. by as, diffusion electrode.at which oxygen is reduced
o hydr oxi de. PO o of o ¥en bRty Bt SeRostPalsatier BEsthuR ShE hysir ogen | <
required for elARbRAs & RAF HeRPnsive grf®uct.nevi t abl e product hydrogen can be

di spensed with. An advantage 1s an energy saving in the electrolysis, which

is attributable to the |lower electrolysis voltage with the use of a gas

di f fusi ons el &¥ith de@rocraracsoniingriodthe rvienieors gwhstantiaty moot then dA3% ¢lche t he

pol ycar bonat e_S‘?&i}qdu ﬁ‘ has. a content .of Hp to 10%
i

ion wsual | y. odi um chl ori

by e ont 1 PR SR Pk e PRl R PRt el o
combi nedswi t h [pfgbyreighvELRS sodiuhe cNBfille l0RtERNis BlovRds ekQusil€ly tiRxdmelR, about
6% by weight. If the electrolysis provides the chlorine and the

and the sodium hydroxide solution for the polycarbonate production. Usually,

sodium chloride electrolyses are operated at integrated chemical locations having a

plurality of chlorine consumers, so that a sodium chloride-containing solution is not

available for recycling from all consumers. The proportion of reusable sodium

20 chloride from the wastewater increases if the sodium chloride electrolysis does not
have to provide the sodium hydroxide solution and the chlorine exclusively for the

polycarbonate production.

A further preferred variant of the novel process is that the wastewater of the
polycarbonate preparation is concentrated by solid alkali metal chloride and is fed to
25 the alkali metal chloride electrolysis. As a result of this, it is possible to reuse more

than 13% of the alkali metal chloride from the polycarbonate wastewater.

However, this requires that the chlorine and the alkali metal hydroxide solution are

not used exclusively for the polycarbonate production.

Particularly preferably, an alkali metal chloride-containing wastewater whose pH is less
30 than 7 is used and fed to the electrolysis e). The pH adjustment is preferably effected
with hydrochloric acid but can also be effected with gaseous hydrogen chloride.



sodi um hydr oxi de sol uti on exclusively for polycarbonate production, the

sodi um chl ori de-contai ni ng wastewater can be used only to a small extent in
the electrolysis. Thus, in the case of the customary ion exchanger
menbranes and the standard operatingZ2daraneters of the sodi um
chloride-electrolysis, only about 7% of the sodiumchloride of a 6%
strength by weicghiingad b fimiehprfdretd-peeurtRiRiNGT] crolrylgsis bapaiaecdvin stcview e

sol ution can be used. The standard, operating IDaramaters of the Nad

el ectrolysis Hiatths NaGl selutiomwhieh aaives fFomyhe pell ks en Nofv! sonconieetiop obless g/ 1 and
RO oo e e R o 0

resulting sodiumc erefore not
Concent r at i onidsytHah80%etly weylpor ati on of the water is currently not
econom cal since the sodiumchloride is available as a very inexpensive

product. Wth_the process according to the invention, substantially nore
Phan 1396 of 1 HBC el o Y)‘PnﬂlfeumB’f?PFé%Rﬂnfiﬁ gt QRS PR e ORFRTIBE RAREICIER y | ed

at a concentr &Q}h{ rol ysis
provi des excl g{sdl%/mi %hﬁ [?orl nél'ﬁglg(gl?glgﬁ éj%?%)%?gdeoqgg tltfl??{gn for the
pol ycar bonat e 1rpnentim:,tthccsa lotUsichbhger mesdolanemwdindlogriatlle vedtectrarsbers eSmaree
operated at integr hem cal |ocati vin urall of chl orine
consuners, so%qqéat go gBﬁWﬂWE?ﬂ’BY"Fd’ ‘E“ﬁ EW g?d??fﬁ"@ﬂe S 6136 avai | abl e
for recycling chy bl df (FONRHIFR CRtorilBEn A ?E’IE’E&ﬂc@ﬂtr&fonrd%\é«ﬁﬁmgemStﬁ’éifn%ﬂtmn

chloride fro e wast ewat er 1 ncreases | he sodi um chlori'de el ectrolysis
does notl0 haverdmeferably deedt he sodi um hydr oxi de sol ution and the chlorine
exclusively for the pol ycar bonat e production. A further preferred vari ant
of the novel gﬁ’ocess [ stewat er of the aly r.bonat e

preparation is E&HEEM aﬁlefdssycglavéﬁaela 01 e RPN 266 408 18 P ¢ o
the al kali meyah MO RAEhRGY Rlofivly ipedufiBalirta B doRichlarlypréSrabssi bl e

to reuse nore than 13% of the met al” chl oride fromthe pol ycarbonate
wast ewat er . Hwbmpdeihﬁvmgrzemlntweb/ ladgatsultfm acdd @ tnbe amttrsttm}i &l tkedningnet al

hyd d | ut t cl usi ve for rbonate
p?/ocrjlcj))é!tl gnso gl?cisg(r‘:]‘h%é’rcw he useg’ﬂlf%}cegﬁaiﬁ ﬁa‘n%tyzl;ﬁlafgg ol ni ng

wast ewat|gr WnQggadldrdas An%ﬁ@s hav‘ir{gasﬂre?atl'@ gq%@ sﬁ’i@ﬂjcefa?t.dd 4r@, fbh@xa%;ﬂ@t rolysis e).
The pH adjustnent is preferably effected with hydrochloric acid but can
al so be ef f ecekdtrodashhagmgadosmhydfetigike cohlpositide. This offers a very large electrode
surface area anodically and greatly reduces the local current density. The surface area
of the anode is preferably to be chosen so that the local current density, based on the
physical surface area of the electrode, is less than 3 kA/m? The larger the surface
20 area and the lower the local current density, the lower can the sodium chloride
concentration in the brine be chosen and the higher is the proportion of sodium

chloride from the wastewater which can be recycled.

The pH of the alkali metal chloride-containing wastewater should preferably be less

than 7, particularly preferably 0.5 to 6, before the electrolysis €).

25 The alkali metal chloride electrolysis should be operated so that the alkali metal
chloride concentration of the alkali metal chloride solution emerging from the cell is
between 100 to 280 g/l of sodium chloride and/or that the concentration of the alkali

solution which emerges from the cell is 13 to 33% by weight.

The concentrations which permit the operation of the cell at lower voltages are
30 particularly preferred. For this purpose, the concentration of the alkali metal chloride
solution emerging from the cell should preferably be between 110 to 220 g/t of alkali



According to a further preferred process, the NaCl electrolysis is operated
in such a way that the Nad solution which arrives fromthe cell has an
NaCl concentration of less than 200 g/I. At the sane tinme, the alkali
concentration flowi ng out of the cell-2dmy be |ess than 30% by weight. The
wat er transport via the nenbrane depends not only on the operating
paraneters buietakhloridaaridie theodncanmativy pethe alkdl sélatar dhich eterdehdoprtbeess
according to ”]f i hvent i og 0those_g%tt)n exchanger nenbranes whi ch enabl e

wat er transpofgl #o 0 tprRp by wei of water per nole of sodiumthrough

t he nenbrane under the conditions of the sodiumchloride and al kal i

concentrati onge W&bﬁiﬂlg%ﬂn&ﬁﬁrah&vlfsﬁée irﬁge cle@fQydi SloRIdARENKrBRAthve dRGteF UT I €Nt

density is calculated relative to nbrane” area and i1s iI'n particular 2
to 6 kA/ n2. Atreskpsrtipavinoly of sodiluataf wedry thand Penslnf thOémalradaodine, paticulaly ar | y

preferably used. An s havi elatively large surface area are to be
under st 08d asPﬁg‘ﬁﬂ}ﬁﬁgqsetf’ﬁoi@oﬂ%Igﬂqfﬁlﬁﬁ?flﬁtgg'ﬂﬁysi cal surface area is
substantially larger than the projected surface area. Anodes having a

relatively | angepfjdedsasprefifdy 8pRated & thEATBL&rolysHd ©§GE sREaed Et%"t&ﬂﬂ?er@tufeoam
or felt-like conposition. This offers a very |large el ectrode surface area

anodi cal | y anedf @9 @at00yCrmdigmbly at186 16 8%°4]. current density. The surface area
of the anode is preferably to be chosen so that the |ocal current density,

based on the hysical .surface .area .of. the el ectraqde, s |ess, than 3 kA n2.
The | arger théﬂsﬁfﬁ?t&@é&s 'a?roé’ﬁragelqd‘t fihabsp “PHE ﬂfdggﬁ- c%f’rpé%?raglté/ﬁz'f‘ty, t he

| ower can the pgQélirél6F koI RGAr, concentration in the brine be chosen and the
hi gher is the proportion of sodium chloride fromthe wastewater which can

be recycled. The pH of the alkali netal chloride-containing wastewater
shoul d” pPef er bk proasuire equlitians hptween prodeispase apd gathgdsfspacgtirg clesen o 6, before
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met al chl ori dansdelsphdeon emerging fromthe cell is between 100 to 280 g/l of
sodi um chloride and/or that the concentration of the alkali solution which
energes fromthe cell is 13 to 33% by weight. The concentrations which

pernmt the opétapugaulatly prgerred|procgss. %/}@\MSSW@ diffegrnge hetaveen cathode space and

anode space should be 20 to 150 mbar, preferably 30 to 100 mbar.

15 In the case of lower alkali metal chloride concentrations, special anode coatings can
also be used. In particular, the coating of the anode may also contain further noble metal
components of the 7th and 8th subgroups of Periodic Table of the Elements in addition
to ruthenium oxide. For example, the anode coating can be doped with palladium

compounds. Coatings based on diamonds can also be used.

20 The general or preferred parameters or explanations mentioned in this application can
also be arbitrarily combined with one another, i.e. between the respective ranges and

preferred ranges.

The following examples are intended to illustrate the present invention but without
limiting it.
25 All the references described above are incorporated by reference in their entireties

for all useful purposes.

While there is shown and described certain specific structures embodying the

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



particularly preferred. For this purpose, the concentration of the alkal
nmetal chloride solution energing fromthe cell should preferably be between
110 to 220 g/l of alkali nmetal chloride and/or the concentration of the

al kali solution which energes fromth26-cell should be 20 to 30% by wei ght.
The ion exchanger nenbranes used in the electrolysis should preferably have
a water trangpeidgepehtsrifliee girtssagi bmade withaut dbpartidg Gronpthe spiriHadd svope of

sodi um particul arl preferably 5.5 to 613 nmol of H2Q mgl qf sodium The
process is prffthe aﬁeylyﬁrsem&%réwe%n%%m that the sms Eﬂ‘}Pé"g”ga 9 theqEicaEd at a
tenperature -aniﬂm%ﬁniggﬁanﬁﬁﬁ&%% ply at 80 to 95C. The electrolysis is
operated at an absolute pressure of | to 1.4 bar, preferably at a pressure
of 1.1 to 1.2 bar. The pressure conditions between anode space and cat hode
space are chosen in particular so thEKAMBLPSessure in the cathode space is
hi gher than the pressure in the anode space. In a particularly preferred
process,_the pressure difference hetween cat hode space d. anode ace
Phould bb 20 Th Satnlisdre iiart syt a0t §o6a0 HEAe foh YeRITe il | ouer

al kali netal Ghalrefdeqd8 scARGRMdrifel QRfiniRPFabBhaRPIEI8ine @ 1h8 PeerfafftiondF SO be
used. In particular, the coating of the anode may al so contain further noble
metal conpongdysriyinathe 7t h and 8th subgroups of Periodic Table of the

El ements in addition to ruthenium oxide. For exanple, the anode coating can
be doped mﬁtgggalHagiun1 conpounds. Coatings based on di anonds can al so be
used. The g £6r preferred paraneters or explanations nentioned in this
application can also be arbitrarily conbined with one another, i.e. between
the respecti VAJdiaBH 85 slitin cRIeidechedinidN@asion Wastdvadibawitdsoaxanphiesdar e
|ntendeg}to iTTustrate the pnesent i nvention but m“fﬁout ITimting it. Al
the refHtenc (14-tesd ohhd{ee girea et BIEHEQ ieeY]

entireties for1 éialrl u efulargtlijr oses. Wiile there is shown and descri bed
certain speci%sm%?%s—e?‘ygodyi ng the

24 000 kg/h with an alkaline bisphenol A solution which contains 15% by weight of

bisphenol A (BPA) and 2.1 mol of sodium hydroxide solution per mole of BPA were
metered before the pump via a T-piece, and 1848 kg/h of phosgene, dissolved in

15 20 400 kg/h of solvent which consisted of 50% by weight of methylene chloride and
50% by weight of monochlorobenzene, were metered via a further T-piece, into a

pumped circulation reactor.

In order to maintain the alkalinity, 360 kg/h of 32% strength sodium hydroxide
solution were metered in and the reaction mixture was passed back to the pump via a
20 heat exchanger and an unstirred dwell container, the abovementioned material

streams being metered in.

The amount circulated by pumping was determined as 260 m3/h by means of a flow

rate measurement.
The temperature was 36°C.

25 A portion of the emulsion, which was as large as the raw materials flowing in, was
passed, before the metering points for BPA and phosgene, from the dwell container
to a further pump and pumped through a tubular reactor. 1050 kg/h of sodium
hydroxide solution (32% by weight) and 134 kg/h of p-tert-butylphenol, dissolved in



invention, it will be manifest to those skilled in the art that various
nodi fi cati ons and rearrangenents of the parts may be nmade wi t hout
departing fromthe spirit and scope of the underlying inventive concept and
that the same is not limted to the pafticular forns herein shown and
descri bed. EXAMPLES The exanples are intended to describe the process
accordi ng to 33sekgd dt\weRehomimidehwetfe@h&eRd o s S@ekinl M fidtlaqesidence aintcadni Ng
wast ewat er obtained in the preparation of polycarbonate. Exanple | Addition
of sodi um chl ¥} mife18 &athetNNwviriperidieminthe famdiea 4.6 sgpgtbsalugen éhthsr i de

el ectrol ysi s- : I i C | j from
the polycar b%)ﬁgeg }ag]fb)ﬁtgrﬁ;(? g/%)?%%g%&%%}{ﬁéﬁhg\% %[E(Pg(?]bl %}sk%@%ﬂé)@ E%OZp eg%é&QPA

sol uti on whi chere amdtéred $n ArkPthb ymutsighivappumpridshivaghla tértidPiulandaorbynol  of
sodi um hydr oxi de sol ution per nole of BPA were netered before the punp via
a T-pieég, anfgeag A8 afgither PP osgene, dissolved in 20 400 kg/ h of sol vent
whi ch consi sted of 50% by wei ght of nethylene chloride and 50% by wei ght of

ronochl o COCTARGS, ALETHAEGEYHR LA En DL SFE e Mg RS,

circulation reactor. order to maintaln linit
strengt h sodivessdiynd thei pidycasminatei sohutior mes meskrdodedtrol gardree oy khewet | on m xture

was passed back.to the pu via a  .heat exchanger and an unstirred dwell
cont ai ner, tHh&¢4s nﬂ%@/&lﬁp@l}trlg{getgq%p% bei ng netered in. The anount

circul ated by punping was determ ned as 260 nB8/h by neans of a flow rate

measur ement . iﬁ%&lﬁ%ﬂ%ﬂoﬁt%&w%%aeﬂﬁa&@% EOhoPitichNBi€ Ahd BkQNfromhi Cch was

as large as the raw materials flowng in, was passed, before the netering
poi nts Thr BRAsidna sphesgeneyerftedenttuder.dwel | container to a further punp and
punped t hrough a tubular reactor. 1050 kg/ h of sodium hydroxide sol ution

; . ) ) . .

(32% by weig h'["ﬁe %ﬂgw}n%4w§%£aloéat£ wte%r(fete?rlilltlr}éld%te t?lg lp’oly(cj:lar%%rcl):litg %ldanlu{és:
Yellowness Index (Y1) = 1.35 (measured according to ASTM E 313)
Relative viscosity (1) = 1.195 (measured according to ISO 1628/4)

Content of terminal phenolic OH groups = 85 ppm (measured by UV
15 spectroscopy at 546 nm after a colour reaction of the terminal phenolic groups with
TiCly)

Here, the reaction wastewater was not combined with the wash phases and was freed
from solvent residues and catalyst by stripping with steam. After neutralization with
hydrochloric acid and treatment with active carbon, the reaction wastewater

20 contained 10% by weight of NaCl and less than 2 ppm of free BPA and phenols,
measured by UV speciroscopy of the aqueous phase at 294 nm, for example in a

spectrometer from Perkin-Elmer.
[t could be fed to the sodium chloride electrolysis cell without further purification.

The electrolysis was carried out, for example, in a laboratory electrolysis cell having
25 an anode area of 0.01 m?. The current density was 4 kA/m?, outflow temperature on

the cathode side 88°C and outflow temperature on the anode side 89°C. An

electrolysis cell having a standard anode coating and cathode coating from

DENORA, Germany, was used. Nafion® 982 WX ion exchanger membrane from



536 kg of solvent m xture, were netered into this stream After a residence
time of 10 mn, 18 kg/h of N-ethylpiperidine in the formof a 4.8%strength
solution in the solvent mxture (50 parts of methylene chloride and 50
parts of nonochl orobenzene) were net@Bed in and the enul sion was punped
through a further tubular reactor by nmeans of a further punp. After a

resi dence ti mBubbntavdsurskdeThellectfolysistvodtagnwhs’.0n Vivasseityarchioeided N a

separation vessel and the pol ycar bonate sol utjon s washed
el ect r ol yt e- f FEBABIPZEABKKAD WasPHBwed thrapghy t%sﬁbfpie Reatadnessiffaygete dchni que.

The pol ycar bonat | At bS04 freed
from resi dugiﬁ @@?gg%b@%@@@%?ﬁ@@ﬁ% ?%Egerd © ﬂﬁee QF e%vm né%ﬁgﬁyﬁ?}gal dat a
wer e det er m nedighoof Nhl@l po2§ 6 atrbgninbe v@@iﬂhlaé}k solulYed tauMhbs sakemd&Xranythe =

(roosur 0B o BRaHe RgunBos B35 Ko of 0T tAngi b Bl TR SR bupe <
85 ppm (”Easugﬁlgn oﬁé\é ?r%g%gaém@taﬁao@g@@gg%gegga ﬁicdlillﬁﬁc 1ofiQk Wdke SRREL] @R Of

t he term nal ol1c gro e reaction wastewater was
not conbi ned WaChsdlbtonakén @ﬁﬁé@ﬂst}mmdo&mmrbeed“hefsomnnswamlm fedbadtie® and

catal yst by strlppln wWith steam After neuiralization with h drochloric
acid and treathfet Wqﬁli“b&&t Vel EnsPoT Kig the e Wev%ﬁvgeéﬁi"é W@Sh’é’%{i ned

10% by wei ght nf Wﬁg%@ﬁ&ewm sOABTWAI TR BT BleRay o, measur ed

by UV spectrosco e aqueous phase at for exanp

spectrof@t er fliiscard®k chirespehdiag to 01008 &gﬂnbflae?()?/estremgth e wsptit NaCEbdmoainohe

el ectrolysis cel I w thout further purification. The electrolysis was
carried out, PUFi®%anple, in a laboratory electrolysis cell having an
anode area of 0.01 mM. The current density was 4 kA/n2, outflow tenperature

on the cathogg (g Qﬁh&f&l@en %e%bﬁftﬁt?lﬁ‘ﬂ(&r@ﬂﬁ@ E@BH&?V\BE‘cﬁaﬁat@@ BHBuBbHR B9C. An
el ectrolysis cell having a standard anode coating and cat hode coa ing from
DENORA, Ger mamass flaws rats efl 1. 108G kigdn [he c@82ntviiidnonf tha sty aydmsidersahgofi faim
into the cathode side was 30% by weight of NaOH and the sodium hydroxide
15 solution taken off from the cathode side had a concentration of 31.9% by weight of
NaOH. 0.188 kg/h of 31.9% strength by weight alkali was taken off from the volume
flow and the remainder was made up with 0.0664 kg/h of water and recycled to the

cathode element.

14% of the sodium chloride reacted originate from polycarbonate reaction

20 wastewater,

Example 2

Addition of sodium chloride-containing reaction wastewater to the sodium chloride

electrolysis of gas diffusion electrode — addition of a 10% strength by weight sodium

chloride solution (reaction wastewater) from the polycarbonate preparation

25 The wastewater corresponded in quality to that according to Example 1. Since no
hydrogen is required for the preparation of polycarbonate, it was possible to dispense
with the formation of hydrogen in the electrolysis. The electrolysis was therefore
operated with gas diffusion electrodes. The current density was 4 kA/m?, outflow
temperature on the cathode side 88°C and outflow temperature on the anode side

30 89°C. An electrolysis cell having a standard anode coating from DENORA,

Germany, was used. Nafion® 982 WX ion exchanger membrane from DuPont was



DuPont was used. The electrolysis voltage was 3.02 V. A sodium chloride-
contai ning solution was punped t hrough the anode chanber at a mass flow rate
of 1.0 kg/h. The concentration of the solution fed to the anode chanber was
25% by weight of NaCl. A 20% strengtB9by wei ght NaCl solution could be
taken off fromthe anode chanmber. 0.125 kg/h of 10% strength by wei ght
reacti on wast essdt Elic éleamlydievolmgk ywaaZddiatkepkghaf at2dbnstendththyOwéighly/ h  of

solid sodiumchloride were. added to the Cl solution taken off fromthe
anode chanberM é %@%‘f"?ﬁ)ﬁ?g\}ﬁg theanede jandifhe solpion %f(%éwm’er The

wat er transpo wcﬁaﬁlia&cv%ﬁggi]ean%n n fg‘ﬁtama@lf o%@%rg/}p&rmw&lr&, bypodi um

| % of the Na sol ut1on ener ge romthe cell was discarded,
cor r espondi ngweighOre@@t&rkgiste vedteraand (PA A S rkerigofrsobiyl smélugmhldﬂa@ werentididribn g

2 oo 1 N RS S o i R DY B R P G o
sodi um hydr 0X1n@&th%%ﬁ&e aﬁdbgii Tﬂe%ﬁeﬂt%sg&f( Padke SieA®ra@sya3A% Ry Yekabt of

NaOH and the sodi um hydr oxi sol ution en off fromthe cathode side had
a concentr at i per mdle 3fs@btuby wei ght of NaCOH. 0. 188 kg/h of 31.9% strength by
wei ght al kali was taken off fromthe voI ume flow and the remai nder was nade

up with 0.066 /[ h of water adre Q.the cat el enent . 14%of
e "sodi um cnPB R Ruls Ssa® SP BRI o R MRS TR B

wast evat er. Exatpfi&y 2at&aet P Re/Af TROSHLBA B dr diRs équlﬁhmreglde%aﬁhb@fed

wast ewater to the sodi um chl or| de electrolysis of gas diffusion electrode -

addi ti ohO of aml@%esaﬂmdgsllde twas B8Vt weighii efiia(@h laod iltesodpimuhydrnxide eact i on
wast ewat er) fr mthe o arb nat aration The.wa corre ponded
i quati 1y t o tiien GBue gy 8 ceallhrBe hid afiheetgiony al AR rERLGErr o
for the prepaggbHp.19h %m&ﬁﬁé BODS frenbth B@laﬁmgﬁ’tsafﬂkéﬁ wad Akl SPERFLtheW L the
formation of hydrogen in the electrolysis.” The electrolysis was therefore

oper at ed wi t hvglamedlof arsl tha rehasderodssnadEhg with 0.6045 Eg'hoif watenasd deckdled?,

out fl ow terrper tur ‘? t he cathode side 88C and outfl ow tenperature on the
anode side 88¢ eﬁfﬂ SUtMBRlysi s cel | having a standard anode coating from
DENORA,

15 The proportion of reacted sodium chloride from the polycarbonate reaction

wastewater was 18.6%.

Example 3

Addition of sodium chloride-containing reaction wastewater to the sodium chloride

electrolysis with gas diffusion electrode — addition of a 10% strength by weight

20 sodium chloride solution (reaction wastewater) from the polycarbonate preparation

The wastewater corresponded in quality to that according to Example 1. Since no
hydrogen is required for the preparation of polycarbonate, it was possible to dispense
with the formation of hydrogen in the electrolysis. The electrolysis was therefore
operated with gas diffusion electrodes. The current density was 4 kA/m?, outflow

25 temperature on the cathode side 88°C and outflow temperature on the anode side
89°C. An electrolysis cell having a standard anode coating from DENORA,
Germany, was used. Nafion® 2030 ion exchanger membrane from DuPont was used.
The electrolysis voltage was 1.96 V. 0.65 kg/h of NaCl solution was fed into the
anode chamber, the sodium chloride concentration of the NaCl solution fed to the

30 anode chamber was 25% by weight and that of the solution taken off from the anode
chamber was 16.3% by weight of NaCl. 1% of the NaCl-containing solution taken



Germany, was used. Nafion(r) 982 WK i on exchanger nenbrane from DuPont was
used. The electrolysis voltage was 2.11 V. 0.65 kg/h of a 25% strength by
wei ght NaCl solution was fed into the anode chanber, and the sol ution taken
off fromthe anode chanber contai ned3@8% by wei ght of NaC . 0.163 kg/h of
10% strength by weight reaction wastewater and 0.0715 kg/h of solid sodium
chl ori de wer eofidid@titht anoddchabiel waolistdrde, i.ak®00380 kgl @M Bhey/lasd ¥ chanber .
The solution was then fed back into the anode_ chanber. The water_ transport

vi a the nenbrdieethdy weightugactiom wagieyatermad 003 kefh of salid spdinp ahlprideat hode
| e n ; ! . ; R iy
sl de, a sodi ”&E%}’aﬁﬁ@df_ oAfie ’Nﬁt‘l‘% ﬁﬁoﬂ‘ﬁﬁerg?ff?%'nﬁh%gsfmg‘% ﬁ% eﬂgrgg sg§t10m§ ow

rate of 1.107 e concentration e so r oXi ution fed
into the cat hthde fai ek ias tBOddy chiahiodi! Tiof WaieHramgott vea the themibrinyedwaxi de
solution_ taken off fromthe cathode side had a concentration of 31.0% by

wei ght of  NaBRP mpl ebwafeg per Bpler{sodivmoos st rength by wei ght al kali was t aken
off fromthe volune flow and the remai nder was nmade up with 0.0345 kg/ h of
wat er and rec t RN iuti 3 i : t.ed

sodi um chl ori gg“ﬁ?ﬁ%@ﬁé%@%%@?@?ﬁ%@ r eaé%t}0§gﬁs\%g§§%&égt r u%s'}ﬁqgﬁg%

Exanpl e 3 Addinhssciovetats ofil.ufy kphothdesncenttaioniof gher dain bydrosisit ematied feko t he

sodiumchloride _ electrolysis w gas diffusion el ectrode - addition of a
10% st rengt h Wipihegathgdg sidg ygs Snpréf W?‘ggté’ s?&ﬁd}ﬁ[ ?B‘ﬁﬂ{erség’é‘m BYfrQiigt enat er )

fromthe pol ygﬂﬁt%ﬁﬁk&m%ﬁf@%ic 0dJﬂ8eK‘?cﬁ§@ LAtatfR draBPon g diel tgﬁality
to that according to Exanple 1. Since no ydrogen 1s required f t he
prepar at® on oNa@Hl ¢d&4 hgfadfahe 30.7%asrepghdiybh@ghitalicilispanaken ofif triont the

formati on of hydrogen in the electrolysis. Th | ectrol ysis was_therefore
operat ed with" e o 1 e, b ot anacive b ) 86" §§wt%§d ZFCKS&?(STQ,

outflow te r cat hode side 88C and outflow tenperature on the
anode side nggéﬁé%%ﬁ%%é%@%tysi s cell having a standard anode coating from
DENORA, Germany, was used. Nafion 2030 ion exchanger menbrane from DuPont
was used. Théhepepontiohysirsctedsodgen sderide. f8ém the folg&rbarate mactidaCl  sol uti on

was fed into the
wastewater was 19.8%,

15 Example 4

Recycling of wash phases from the polycarbonate working-up (step )} to the

polycarbonate preparation — addition of a wastewater phase to the polvcarbonate

preparation

The procedure was as in Example 1, with the difference that, after separation of the
20 organic from the aqueous alkali metal chloride-containing reaction wastewater
solution in step c)aa), the organic polycarbonate-containing solution was washed

with water, 0.6% strength hydrochloric acid and then several times with water.

The individual or combined wash phases from the polycarbonate working-up were
adjusted to pH 10 with aqueous NaOH solution and then freed from solvent residues
25 and catalysts by extraction with methylene chloride or by stripping with steam. The
aqueous phases obtained after the phase separation can be reused as partial
replacement of the water for the preparation of the NaOH solution for the

polycarbonate preparation.



anode chanber, the sodiumchloride concentration of the NaCl solution fed to
the anode chanber was 25% by wei ght and that of the solution taken off from
t he anode chanber was 16. 3% by wei ght of Nad . |% of the NaCl-containing
sol ution taken off fromthe anode chahber was discarded, i.e. 0.00309
kg/h. 0.173 kg/h of 10% strength by wei ght reaction wastewater and 0.0703
kg/ h of solid Fxifitstrwesh phaisel eouldedditiaukdkycbet aontbiee dNwiGh tmab&mﬁoonvasal’@ewr of f
fromthe anode cha e .sol ution,was anode
chanber . The viertRRoRIRS SorE RRAHERE R IES (S e festOfiaer per
nol e of sodium On the cathode side, a sodi um hydroxi de sol ution was
circulated by punping out a nmass flow rate of 1.107 kg/h. The concentration
of the sodi um hydroxi de solution fed into the cathode side was 30% by

wei ght of NaOH and the sodi um hydroxide solution taken off fromthe cathode
side had a concentration of 30.7% by weight of NaCH 0.194 kg/h of the

30. 7% strength by weight alkali was taken off fromthe volune flow and the
remai nder was made up with 0.0263 kg/h of water and recycled to the cathode
el ement. The proportion of reacted sodiumchloride fromthe pol ycarbonate
reaction wastewater was 19.8% Exanple 4 Recycling of wash phases fromthe
pol ycar bonate working-up (step c)) to the polycarbonate preparation -
addition of a wastewater phase to the polycarbonate preparation The
procedure was as in Exanple 1, with the difference that, after separation of
t he organic fromthe aqueous al kali netal chloride-containing reaction
wastewater solution in step c)aa), the organic pol ycarbonat e-containi ng
solution was washed wth water, 0.6% strength hydrochloric acid and then
several times with water. The individual or conbined wash phases fromthe
pol ycar bonat e wor ki ng-up were adjusted to pH 10 with aqueous NaOH sol ution
and then freed from sol vent residues and catal ysts by extraction with

nmet hyl ene chloride or by stripping with steam The aqueous phases obtai ned
after the phase separation can be reused as parti al



repl acenent of the water for the preparation of the NaCH solution for the
pol ycarbonate preparation. The first wash phase could additionally be
conbined with the reaction wastewater and, after renoval of solvent residue
and catal yst, fed to the Nad electrebysis. CLAIMS 1. A process for
prepari ng pol ycarbonate by the phase boundary process and processing at

| east a part of the resulting al kali meELa{IM$l ori de-containing solution in
a downstream al kali metal chloride electrolysis, conprising: a) preparing
phosgene by reactipg chlorine wi.th carbon nonoxi de; reacti ng the phosgene
of a) with atll east pH"‘r?SSSofIE%BW@%‘Pg P(ﬁy’fﬂléonﬁee@e‘i'ﬁ‘ﬁé’ﬁa%fq?"&fl&fréé’é‘fc Bgr?é"%base,

optional ly at | eagioQRGnbaplcts aRloftho redllfing AR ARY kHlfldelc8Asigne o gani ¢

solvent, to give pol yc onate and an alkalit netal chloride-containing
sol ution; c¢) i solsatitiog imadownstkéanyalkgli el polbyidacksomalyss.afonprising)
separating the alkali nmetal chloride-containing solution remaining in c)
from solyvent resi diyes qj’i%mgip%@éehyb??@éaaﬁﬁgthlbﬁﬁé dithgarbeh nedegidepchemni cal |y
oxidating at least a part of the alkali netal chloride- containing solution

of d) to form chl g ne,readiif@lthe 8éneHFE) WXhE leaSU et PRendt N t1RAreRA& | Y
hydr ogen; wherein, in d) the solution is adjusted to a pH of |ess than or

equal to 8 prior to trdatlasttonaibate, apiarablgat keastamd bhjic gatalystasad a part of
the chlorine prepared in e) .is recycled ta a); and/or at . | east part of
the alkal i mebar nydr oxirgnal S on Sgame RIvaes s a FRiybrRl i)™ o
The process of claim 1,alyﬁ]%@ﬂapc}g%ria@c&ﬁahﬁg%Q]umgn-st ri pping off the solution
with steamand treating it with an adsorbenf. 3. The process of claim 2,

wher ei nmsai d adsorcgent iis§laﬁlrgé Hﬁg&ﬁ&%ggﬂgﬁﬁﬁa@r%ﬁss of claim1,

wherein e) is achieved UsIng”a gas usi ctrode

d) separating the alkali metal chloride-containing solution remaining in

¢) from solvent residues and optionally catalyst residues;

e) electrochemically oxidating at least a part of the alkali metal chloride-
confaining solution of d) to form chlorine, alkali metal hydroxide

15 solution, and optionally hydrogen;

wherein, in d) the solution is adjusted to a pH of less than or equal to 8 prior

to treatment with adsorbents; and
) at least a part of the chlorine prepared in ¢) is recycled to a); and/or
g) at least a part of the alkali metal hydroxide solution prepared in ¢) 1s

20 recycled to b).

2. The process of claim 1, wherein d) is achieved by stripping off the solution

with steam and treating it with an adsorbent.

3. The process of claim 2, wherein said adsorbent is activated carbon.

4. The process of claim 1, wherein ¢) is achteved using a gas diffusion electrode
25 as a cathode.

5. The process of claim 1, wherein at least a part of the purified alkali metal

chloride-containing solution of d) is added to the brine circulation of a

membrane electrolysis for the preparation of chlorine, sodium hydroxide



as a cathode. 5. The process of claim1l, wherein at |east a part of the
purified al kali netal chloride-containing solution of d) is added to the
brine circulation of a mnenbrane electrolysis for the preparation of

chl orine, sodi um hydroxi de sol utionj33and optionally hydrogen. 6. The
process of claim1, wherein additional alkali metal chloride is added to
the alkali metal cdllatidndendopticmialiy hgdregerution in e) to increase the al kali
nmetal chloride concentration. 7. The process of claim1, wherein the

al kali nmetal chlorjde-contai.njng_solutjon,  .in rior . to treatment with
absorbents i sg'aplj u lﬂeelﬁfof‘?)“’sé’fﬁ‘ar"gfl’ & %@‘“t%@ﬁ’o?‘?]dglhﬁl matal FRlgride ¥S@§§ﬂi@ of
hydrochl oric aci d @ 2AMRASEhEHERIdHBINIS sc;ﬁﬁﬁonpirn%%?&c?gas&hﬁ'amakmé’fﬁler ern

the al kali metal chloride concentration o% the alkali metal chloride
sol ution entering @onds ¢gomcedimtioange of from 100 to 280 g/ | and/ or the
concentration of the sodi um hydroxi de solution obtained in e) is in the

range of . from13 tgo 33%Db ight. 9. Th ocess ,of,claim8, .wherein the
ket st al i or TR RETRahE Pb oNTR e SR Rinty! TP BHPGE M G | on
entering e) is in fhp éﬁ-i%f‘Hﬁr&ﬁm@ﬁtqmﬂé&oﬁﬂém%QQad}_ﬁited ApRLI RS HRANCRNt rati on
of the sodi um hydroxide solution obtained in e) is in " the range of from 20
to 32% by wei ght. padticuisrebypusseé bsdrothlotianerd br hydrogei ehlamdd.on exchanger

menbr ane whose water transport per nole of sodiumion is greater than 4 not

of H2O nol of ,sodiym is used in.e 11..Th rocess, of, claim10 rein
Che water ¢ rahapor TReRPEs LSl ohnersit o Atce G REI R inAb B Rt e [
in the range of frgRalPretal GhiBri@e SMhtiGH entéitfd ¢yBd idthe & WMfrod?100T8@8PACESS
of claim1l, wherein the el ectrochem cal oxidation of e€) is operated at a

current l@ensity ofamg/arghgconsenteationd the sdiuma kpdroside solytion gbfamed ixel isin at i ng
the current density bein he ne area. 13. The process of claim1l,
SRR HE AL TR I

wherein the el ectr

9. The process of claim 8, wherein the alkali metal chloride concentration of the
alkali metal chloride solution entering e) is in the range of from 110 to 220 g/1
and/or the concentration of the sodium hydroxide solution obtained in ¢) is in

15 the range of from 20 to 32% by weight.

10.  The process of claim 1, wherein an ion exchanger membrane whose water
transport per mole of sodium ion is greater than 4 mol of H,O/mol of sodium

is used in e).

11.  The process of claim 10, wherein the water transport per mole of sodium ion
20 of said exchanger membrane is in the range of from 5.5 to 6.5 mol of

H,0/mol of sodium.

12. The process of claim 1, wherein the electrochemical oxidation of e) is
operated at a current density of 2 to 6 kA/m?, the area taken as a basis for

calculating the current density being the membrane area.

25 13.  The process of claim 1, wherein the electrochemical oxidation of ) is

operated at a temperature in the range of from 70 to 100°C.

14.  The process of claim 13, wherein the electrochemical oxidation of €) is

operated at a temperature in the range of from 80 to 95°C.



operated at a tenperature in the range of from70 to 100C. 14. The process
of claim 13, wherein the el ectrochem cal oxidation of e) is operated at a
tenperature in the range of from80 to 95C 15. The process of claim1l,
wherein the el ectrochem cal oxidation34f e) is operated at an absol ute
pressure in the range of from1.0 to 1.4 bar. 16. The process of claim 15,

wherein the el&ct rpehgoteslof okial wberelif the klebBochepéaAbeidatidn afle)dbsol ut e
pressure in the range of from1.1 to 1.3 bar. 17, The process of claim1,
wherein the el ect roRerind aan abrelytenressursringhe fagge obfspmtldditon ¢ §am pressure

di fference between cat hode space and anode space in the range of from20 to

150 mbar - 18. 1dhe pegsss O bl deretiIfe BB ddienslieokRades g3l oxi dati on

of e) is operated w ressure erence between cat ace and
anode space in téperatad geancdbsblueprafiutedn Hlranpaot frd@.1. Teel .pbacess of claim
1, wherein the electrochem cal oxidation of e) is operated with an anode
whi ch coptain as_a coating, rutheniumoxide and at |east ope further

nobl e me{] al cf)?rppu'ﬁ]_ée PJTPC?Sﬁé’??'LaHnanEWW tib F‘(S?fg"é’mé?ﬁ!lpélrda“%‘? Ofléés 4th main
group of the Periogif.Jabli@ agjrestsﬁfé SRy &tw%e@&t}ho-ﬁa%gﬁe%ﬁ%ﬁoﬁg s&ﬁ!:@fnm 1,
wher ei n anodes havi'ng a |arger surface area than the urface area of the
menbranes are usedthenarigeefdtorc2® achdhmbal oxi dation of e). 21. The process
of claim1l, wherein the alkali metal chloride-containing solution of d) is

concentrat ed fore e) b ans a nmenbrane process., 22. . The.process of

claim 1, wher o s Pt aLeRn1d SPEERIoF e SeTH RFGRIEY Ay al kane of
formula (1) HO Z- Qhfddidd WNBraSirBssére differefle/tfBin QigRIspadcaRGRbdd \@ubdy 6 tO
30 carbon atonms which contains one or nore aronmatic groups. 23. The process

of clait®l, whereithesaigt difroneddto bembarsphenol is selected from the group
consi sting of 4,4'-dihydroxybi phenyl; 2,2-bis(4-hydroxyphenyl)-

- phenyl propafg; 1y 1 bl 3G e BRE L LRSS0 iaaBo 0P 4
operated with an anode which contains, as a coating, ruthenium oxide and at
least one further noble metal compound of the 7th and 8th subgroups and/or

of the 4th main group of the Periodic Table of the Elements..

15 20.  The process of claim 1, wherein anodes having a larger surface area than the

surface area of the membranes are used in the electrochemical oxidation of ¢).

21.  The process of claim 1, wherein the alkali metal chloride-containing solution

of d) is concentrated before ¢) by means of a membrane process.

22.  The process of claim 1, wherein said at least one bisphenol is a

20 dihydroxydiarylalkane of formula (I)
HO-Z-OH (D

wherein Z is a divalent organic radical having 6 to 30 carbon atoms which

contains on¢ or more aromatic groups.

23.  The process of claim 1, wherein said at least one bisphenol is selected from
25 the group consisting of 4,4'-dihydroxybiphenyl; 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; 2,2-bis(3-methyl-4-



hydroxyphenyl)propane 2,4-bis(4-hydroxypheny|)-2-nethy|butane; 1, 3-

bi s[ 2- (4- hydr oxyphenyl ) - 2- propyl | benzene; 2, 2-bi s(3-net hyl -

hydr oxyphenyl ) pr opane; bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) et hane; 2, 2-

bi s( 3, 5-di nmet hyl - 4- hydr oxyphenyl ) propage; bis(3,5-di methyl-4- hydroxyphenyl)
sul phone; 2, 4-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) - 2-net hyl but ane;

1, 3-bis[2-(3, 5- d' §&§+¥p§§g¥1%8§yn28§??d§ ggq_etﬁ(lqp%Hrgzgﬁﬁn%ﬁﬁ)methane 2,2-

1, 1- bi s(4- hydr oxyphen

hydr oxyphenyl ) - 3, BbE(li-dnﬁéthylM}hgzdrﬁhﬁxﬁﬂﬁ)proﬁﬂle BRE, pdimakgl-4f claim 1,
wherein the al kali_ nmetal chloride-containing,solution of the reaction
wast ewat er from b) hytroxypbenyl} splphengs 414-Rip(P ordignethy iﬁrl?a}fdﬁ?’f@he%} ution of the

5 ot the pol yoar bamas b RnE 265 ERLAAA RIS 2- WIEC ey
clolr<rp|r! ses: ta?) rS]Fpp.ﬂ’O@y]]bglzpﬂﬂ ;lclabﬂsmmydteegmhe%d{uyn@?ex)gﬂn?mt i;mamw -a)nd aqﬁ_eous
alkali nmetal chlo reaction wastewater solution; cc) washing
t he pol ycar bonat e- Bl’)‘ff H‘i“Ee‘EW&g%lO%‘laﬁ? ned in aa) at | east once;
wherein at | east a part of the wash phase(s) from bb), after separating out

catalyst residyes ?H@'BREEésQJT%HxM lo'in%@f%'irpthé‘%h%é %etﬁleéﬂcﬂﬂﬁ%on'ta?mﬁg%lﬁﬁ@d ly

used as a partial | acement of the water reparing the sodium
hydr oxi de sol uti oof thE rd®ction wastewater from b) or the alkah metal chloride-containing

solution of the reaction wastewater from b) at least partly combined with

10 wash water from ¢) of the polycarbonate is used.

25.  The process of claim 1, wherein ¢} comprises:

aa) separating polycarbonate-containing organic phase and aqueous alkali

metal chloride-containing reaction wastewater solution;

cc) washing the polycarbonate-containing organic phase obtained in aa) at

15 least once;

wherein at least a part of the wash phase(s) from bb), after separating out
catalyst residues and optionally organic solvent residues, is optionally used as
a partial replacement of the water for preparing the sodium hydroxide

solution of b).



