-1- TITLE OF THE | NVENTI ON Process for Produci ng Pol ycarbonate - RELATED
APPLI CATI ONS This application clains benefit to German Patent Application
No. 10 2009 023 5 940.5, filed June 4, 2092, which is incorporated herein by
reference in its entirety for all useful purposes. BACKGROUND OF THE

| NVENTI ON The invention relates to a process for producing pol ycarbonate,
wherein concentration of sodiu | des (el process waste water
fromthe 10 pol ycarbonate phasg?ggﬁ%@%ﬁ§E§$§@§g@kﬁg i ncreased by osnotic
distillation. Polycarbonates are customarily produced by a continuous
process, by pr oduci ng phosgewaxﬁgﬁﬁﬁPhﬁﬁﬁﬂ@ﬂ&ﬂﬁﬁﬂﬁhﬁ@n of bi sphenol s and
phosgene in the presence of alkali netal and a nitrogen catal yst, chain
stoppers and optionally branchlqgﬁbgents in m xt ure of aqueous-al kal i ne
phase and an organic sol vent in EEEh@BPQKbﬁEM¥N3<D NR3 Na 0 / 0 Na+ 1 CO
+2 N0 C G RRRR 15 The production of polycarbonates, e.g. by the
phase boundar r d Gl re, see,
e.g. in Chenlz By Bgﬁ%ﬁgﬁfgpg§ﬁ§#k Gear oné%‘AQ%ﬁﬁhﬂ Tﬂ?l é%@g&gy

Schnel | ,5Vol . 9&0 5, )18 Jiviel 4@‘)20691,(3{2\7}5&[1& indodporated H6#in bjaﬁbfel‘éﬂdeﬁi; its28titety fo|ﬂe
producti on of oncarbonates, t he two- phase boundary process has been
proven for ma uyi@n§¢m$ﬁ@ process nmakes possi bl e the production of

t hernopl astic pol ycarbonates in a number of fields of use such as, e.g.
data carriers (CD, DVD), for medi ca
applications. Frequently, %ﬁﬁ?&ﬁgég?ﬁ? Q%?@ﬁ scrlbed as 1 nportant
for the polycarbonate -2- are good thernal stablllty and | ow yell ow ng. Less

attention hasThegivemddrorelaestatagrdd@ss for producing polycarbonate, wherein
concentration of sodium-chloride-containing process waste water from the

10 polycarbonate phase boundary process is increased by osmotic distillation.

Polycarbonates are customarily produced by a continuous process, by producing
phosgene and subsequent reaction of bisphenols and phosgene in the presence of
alkali metal and a nitrogen catalyst, chain stoppers and optionally branching agents

in a mixture of aqueous-alkaline phase and an organic solvent in the boundary phase.
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15
The production of polycarbonates, e.g. by the phase boundary process, is described
in principle in the literature, see, e.g. in Chemistry and Physics of Polycarbonates,
Polymer Reviews, H. Schnell, Vol. 9, John Wiley and Sons, Inc. (1964), pp. 50/51.
20 In the production of polycarbonates, the two-phase boundary process has been

proven for many years. The process makes possible the production of thermoplastic
polycarboneites in a number of fields of use such as, e.g. data carriers (CD, DVD), for
optical applications or for medical applications.

Frequently, quality features which are described as important for the polycarbonate



the quality of the waste water occurring in the production of

pol ycarbonates. In particular, pollution of the waste water with resi dual
organi cs such as, e.g. residual phenols;zrs of inportance here for any
further treatnment of the waste water, e.g. by a 5 sewage treatnent plant or
by ozonolysis for oxidation of the residual organics. Here there have been
a nunber of agplgoodithieomsl] stabilidyiant lo gekbweing. Ipgse daentivaritak Yesnepaid tsdatd tor

subsequent waste g@%{er treatment are des,crhbed wi th the purpose aof reducing

the pol | uti oyl &k g Wasto WplshasuErngndas Brodpeiion of Rplycarhongies-dp. 245 780
A, DE 19 510 P CIﬁ‘%r, Pﬁl'fut% Ake wale Qratet R’l@l‘?l‘egggdl%{l ‘ﬁs%ﬂgl dPe Q2relil(a1628 A.
on o e ual orga

10 The pol | ut waste water wth resi nics such as, e.g.
wi t h bi sphenoplenoby ispliémpbdsance daretfor drgpfurthenyrdaymewtrdfithegwatd vater fegbyphosgene
excess. However, this is undesirable for econom c _reasans.

) In the

product i dn of SPBE; EsrEsRAPIeE! o typzanelysis fuxptrbiog b dheaetidud organisseties t he
risk that no i - QF. Al ] : :
conpl eti on, pglgf;ée}{savgée%xpn?g&mmg# léé%\%)‘ ellrn %gﬁ%@ﬂéﬁ?@@&tﬂ H@H%@?gﬁ%@gr In
addi ti on t her forissbselygent waktetwradr tidagmerp hsdesaitparwith the pansbst bfredasihg dg i s
made nore difficult because surface-active %(ghenql ic OH gr oups remain in the
pol ynmer. As aP9'88@nidy PAGROIH] GONFIONEHE agagSer F#blle i may be

legioniby phgpol B8 afdeserib TP Ofdp 789 és

extracted fropt r gani i i r ect the
product quali y_@%‘bﬁb%n%f;tﬁg@f{@g 3%1@ @%@ggg%?t@g@ﬁggﬂﬁ% on of

pol ycar bepnat eThé psilgion@fidhd wistdwarr withritdiduad ufzahivd sidlesge. gowhh disphdiotcess

wi th sinmultaneously |ow pallution of the waste water according to the prior

art is only pewklicepls inthe kephlovphowgeking with adughophosggnerpxpesssdoweysarthisi on
probl ens associ at.ed w t ity | es of the pol ycarbonate or by
subsequent tr%&@%gsﬁﬁamgfﬁf%%ﬁgg reeagclg}%'er, as a result of which the economc

25 effici encyldthe pReriuptiGC 66soly GurtiRetes edth HHedeydphobgent ks s kierehs the eigiesses,
a high residual phenol value In the waste water of these processes, which

can pol | ute tthet eohallradiiebisphengl el ofdheimpaophenelisagis tocompletian, passes probl em
Lor e gevayd SRR A0 d0udSSHL 50 SO PR LhGEH B0 BRLAN o7,
in the waste pRdsekefayatutanddhd Woshiid 1 nigie ydre AEfieklt Bédadse surfRushamrri |y the
sodi um chl ori de-contai ning solution is freed from sol vents and
phenolic OH groups remain in the polymer. As a result, not all of the water-soluble
impurities may be extracted from the organic phase. This can in turn adversely affect
the product quality.
20 It must still be emphasized that the production of polycarbonate of high quality by a
continuous two-phase boundary process with simultaneously low pollution of the
waste water according to the prior art is only possible with high phosgene excess or
with phase separation problems associated with quality losses of the polycarbonate or
by subsequent treatment of the waste water, as a result of which the economic
25 efficiency of the process is reduced.
However, in these known processes, a high residual phenol value in the waste water
of these processes, which can pollute the environment and can lead to an enhanced
waste water problem for the sewage treatment plants, requires complex purification

operations. For instance WO 03/070639 A1 describes removal of the organic

30 impurities in the waste water by extracting with methylene chloride.

Customarily the sodium-chloride-containing solution is freed from solvents and

organic residues and is then disposed of.



organic residues and is then disposed of. -3- It is also known that the
sodi um chl ori de-contai ning waste waters can be purified according to EP 1
200 359 Al or US 6,340,736 A by ozonol ysi-§-and said waste waters can then
be used in sodiumchloride electrolysis. A disadvantage of this process is
the very costly ozonolysis. 5 According to EP 541 114 A2, a sodium

chl or i de- cont RiifhI8g kMRGH BralVBHe@od - é}ﬂ%&écoxﬁélﬁﬁx%%z{sﬂat\%Qelk%%aﬁ‘ﬁéﬁ%ﬁﬁﬁéd on up to

conpl ete renoval of the water and the renmaining salt together " wth t
or gani ¢ i npur a¢coating t ERbj2001368 AloordJ$ hAAAABG ty mavzrentysisasd gaidveste t of

whi ch the organj ¢ co ents are eco osed, Particular preference is given
to the use of ™ JFFF gge“rnléedﬁm&filnbﬁo ﬁﬁﬁga]é(s‘ﬁfx g% é)g S that the
wat er 10 nust Q@es%QMe%(élé’osﬁ %E&Kd}% and so the process cannot be carried
out econom cally. Accor 3/ 070639 the waste water from

production of polycarbonate is purified by extraction and then supplied to
t he sodi 3im chlAocirdmged EPt54d| W4iA2, asbbimvdﬂoridm¢qntaininngxﬁ'astmwaltd1%tﬂemn\dm ght of

the sodiumchloride fromthe waste 15 wafer of the. polycarbopnate production
can be recycl %@CFW%e‘{ﬁ%eWa topdiptp SP?EfeEe removalof tﬁ%"‘% @Srgﬁgpgﬁgger

amount's of Naglftggﬁh@g Wi e"@%ﬁxﬂc @lﬁ“ft}es &b k@rto a'tlﬂstrfngfjﬁ'@a‘?ﬂe tnasoabt he

el ectrolysis together wt cont ai ni waste water wou ring the
wat er bal anceresflt bﬁwh&hdhumgaimlc@ompen@item'e rded:qnpcsednﬁartuﬁulﬂqmeﬂerehcé ism The

sodi um chl ori de- cont ai n| ns whi ccur in. the production of 20
pol ycar bonat eglt%f%'ilrﬂ |U§e Lés%@amﬁ &1516%40 vaatage At @ﬁtpr%essalsﬁlaﬁt fhsorragsr

el ght.. 10 Ther G101 5 cchliieely &Rl I GRhoplIRRARRARE chrchiaf sof Lt ons

cannot ever be recyc or | um roxide solution in the
NaCl el ectrol ymnsmw%ﬂlya sodium chloride concentration of 10% by weight, in
the standard sodiumchloride electrolysis using a comrercially conventi onal

i on-exchange nbrane bits water, transport o S5_nol of water
per of so Eﬁf‘fh“@ﬁf’ W@QB/ @égéf&‘e &’ﬁﬁ? Setetdiogt pro %8%%0 tpl‘?g’cé{mpﬁﬁfschl ori de
from t he sodi ymifdl B LARCAGNAR MRSy %tf ih@@édlﬁHP &‘i’& eldddpiRase of
concentration up to"a saturated SOdI oride ut| on of appr oxi mately
25% by wei ght Hewwelel, gnlgladnaximaey t4% by waghi otﬁthe%%lm{ clilogde from the waste
15 water of the polycarbonate production can be recycled into the NaCl electrolysis,
since in the case of larger amounts of NaCl-containing waste water, the water
introduced into the electrolysis together with the NaCl-containing waste water would

bring the water balance of the sodium chloride electrolysis out of equilibrium.

The sodium chloride-containing solutions which occur in the production of

20 polycarbonate typically have a sodium chloride content of 6 to 10% by weight.
Therefore, all of the sodium chloride present in the solutions cannot ever be recycled
to chloride and sodium hydroxide solution in the NaCl electrolysis. At a sodium
chloride concentration of 10% by weight, in the standard sodium chloride
electrolysis using a commercially conventional ion-exchange membrane which

25 exhibits water transport of 3.5 mol of water per mol of sodium, only the use of
approximately 13% of the sodium chloride from the sodium chloride-containing
solutions succeeds. Increase of concentration up to a saturated sodium chloride
solution of approximately 25% by weight would yield a recycling rate of 38% of the
sodium chloride present in the sodium chloride-containing solution. Complete

30 recycling of the sodium chloride-containing solution is currently unknown.

Processes for raising concentration by removing water from the alkali-metal-



sodi um chl ori de present in the sodium chloride-containing solution. Conplete
30 recycling of the sodiumchloride-containing solution is currently
unknown. Processes for raising concentratd-on by renoving water fromthe

al kali-metal -4- chloride-containing waste water are known. According to WO
01/ 38419, concentration of the sodiumchloride-containing solution is

i ncreased by gNRHAs-RbhtAMIMYWARSNSteP hretknbd@al Mal process, in such a manner
that a highly concentrated sodi umchloride solution can be fed to the

el ectrolysis cell. 5 However, the evaporation is_ energy-intensive and
costly. Al so, AceerdmgtapVe,01/384d P seongentration obthe sodium chibmdd-gongainingr abl vy,

mb distillati mh t act b d MEL1N;
RAUTENBACH - REBPARJRr BAsER ot ORI F 2 6 ey aLPRENeER SUEERPPRI"2003)

A di sadvant aggt b Ridhly Soric@fatb sddiem RhIdE BEILAYN EAOMH o8 1B He dQtBKRIsceNE the
hi gh 10 osnotic pressures, as a result of which the process is no | onger

econoni cal | y Hehfever, éretevaitratioh seseigytisgnsivedndeastigsses al | have t he
di sadvantage that, in conbination with polycarbonate production only, NaC

solutions with,a Limted concentrati.on (6 - % b i ght), are..f 1o the
cleotrolyst's, A ReGERIS FERFoa oy orerertiopbrgrars bt Asndoriy igdfagod
restricted exbeflenPrardetdnmebeEinRRlsed (8 MIEING RANTERBIA(GIand expensi ve.
Proceedi ng fromthe above-described prior art, the object 1's to provide a
pol ycar bonat e Myenootaoter tahraqur[dbestyanaprabdssés); SRRINGER JBERBRN,A003)y Aof t he wast e
water, the rﬁiac i on of, agdi um. c tide to for.mchlorine and,sodium

I
hydr oxi de sol HfSPEF4A#S In BUS €161/ 06 TRy BLO VTR PHm ener gy
use_and ibher ebginié reSsufll, ROK HsEH bRWIhSEOARRS i@RTIdESUDLAGNRANY NI TaNNer

In addition, a process s e provided which yields products in high

purity and goeffioggntl d and nakes possible a reduction of the environnenta

pollution and/or the waste water problens in sewage treatnent works. The

object is achbgye in that r.ocess, sodiun1cploride-containi g waste
Cape

N th :
25 wat er phasdde apevalniegritpsesss Aibave I divatrmase e i REBRRIGR PR usi ng
an oMot C MgeARSnlk Didchlabd Oy HaCGLNBRS whlirh S EGnRBhcien (6 - 10%

pol ycar bonat e producti o
by weight) are fed to the electrolysis, and so reutilization of NaCl is only possible to

15 a restricted extent or the concentration is energy-intensive and expensive.

Proceeding from the above-described prior art, the object is to provide a
polycarbonate production process in which, during the recycling of the waste water,
the reaction of sodium chloride to form chlorine and sodium hydroxide solution and
possibly hydrogen can proceed with minimum energy use and therefore in a

20 particularly economic and resource-saving manner. In addition, a process should be
provided which yields products in high purity and good yield and makes possible a
reduction of the environmental pollution and/or the waste water problems in sewage

treatment works.

The object is achieved in that, in the process, sodium chloride-containing waste
25 water phases are utilized by an upstream increase of concentration using an osmotic
membrane distillation of the NaCl solution from the polycarbonate production for the

electrolysis.
EMBODIMENTS OF THE INVENTION

An embodiment of the present invention is a process for producing polycarbonate



el ectrol ysis. EMBODI MENTS OF THE | NVENTI ON An enbodi nent of the present
invention is a process for producing pol ycarbonate -5- conprising: a)
produci ng phosgene by reacting chlorine WPth carbon nonoxi de; b) reacting

t he phosgene fornmed in step a) with at | east one bi sphenol in the presence
of an aqueous al kal i -netal -containing base to forma pol ycarbonate 5 and an
al kal i - met al - cdvhmisinge- cont ai ni ng reaction waste water solution; c)
separating off and working up the pol ycarbonate forned in step b) fromthe

al kal'i metal ghi Orlbxdéu&@@%)l?és@i:ﬁbgbf&@@ﬁﬂ 1haRtGitedrBon MBhokiioN; €)
distilling at least a portion of the alkali netal chloride-containing

reaction was : i W) : 1 i, menbr ane
10°di sti11 a5 oh t o aui he BhORehERRnR i) P hRaE bo b RpREB ke T
solution; f) el ecpresmmbent ambduconxalklai-nmeenl-@bntainingest tafgord paycapbonatee

al kali netal chloride- coniaining solution frome) to obtain chlorine, an

al kali metal hydr o3dpa alicall-metabshlgride-copamyrrasioniastoyaiar soldiher

enbodi ment of the present invention is the above process, further 15
conprising, i€ a siepprating ofemd verrking up dhe/polycarkariathufosmedhith sterpb)i fooralthey

catal yst residues &ql%E%QOQ#LQe a“kali-ne%al-ch%pride- ont ai ni ng reaction
waste water sol utidhat FROHEC- PR RN TEICHON WASH WHRLONI | v f eedi ng t he
resulting solution to the osnotic, nenbrane distillation in step e). Another
embodi ment of €k he $isdltiaaet leasiamortinn oidhe plkali mslad chlopdesentaiging a¢iiost ep d) is
20 achi eved by ext ' [e]elB l.J: i de- cont ai ni ng
reaction waste wa %ﬁég% ﬂ?@8@5%k$%£@@%%ﬁgﬁﬁgﬁgph%g%é@%ﬂ%%%ﬁ%mgreating t he

al kali petal chl odistiigatiant abfinah éreRbéd dRalVasts chidtige-cothitingdlwonh an
adsorbent (d2). Another enbodi nent of the present invention is the above

process, wher Ei n t Q@ctrcﬁ:ﬁ@rﬁ{ctaﬁﬂ? toxfdggﬂ% bSatd&dst ¥ g&ﬁgn oheHeCRalli méal Aider

enbodi nent of ‘the present 1nvention Ts the above process, wherein the
osnoti ¢ nmenbrane desttdihingtsolmtion firost @o eptairs@domure, ah kilali nmataldiydtoxitdeoxi de
solution as a

solution and, optionally, hydrogen.
Another embodiment of the present invention is the above process, further
15 comprising, in a step d), separating solvent residues and, optionally, catalyst residues
(d1) from the alkali-metal-chloride-containing reaction waste water solution
remaining after step ¢) and subsequently feeding the resulting solution to the osmotic

membrane distillation in step ¢).

Another embodiment of the present invention is the above process, wherein step d) is
20 achieved by extracting or stripping the alkali metal chloride-containing reaction
waste water solution with steam and/or subsequently treating the alkali metal

chloride-containing reaction waste water solution with an adsorbent (d2).

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

adsorbent (d2) is activated charcoal.

25 Another embodiment of the present invention is the above process, wherein the
osmotic membrane distillation in step e) uses an alkali metal hydroxide solution as a

water acceptor.

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

osmotic membrane distillation in step ) is operated at a temperature in the range of



wat er acceptor. Another enbodi nent of the present invention is the above
process, wherein the osnotic nenbrane distillation in step e) is operated
at a tenperature in the range of -6- fron”1l0 to 100 C. Anot her enbodi nent of
the present invention is the above process, wherein the osnotic nenbrane
distillation in step e) is operated at a tenperature in the range of from
20 to 50 C. b5SfrémdOhedO@fGodi nent of the present invention is the above
process, wherein the osnotic nenbrane distillation in step e) is operated

at an absol ut essure.in the range, of from1.0 to 1.4 bar Another

rbodi mont. of ABHBSTAEATOR o) Gt DB SO B GATg 6 BEEss. RHEFEI Wet he
osnotic nmenbrane.di st i i ; ‘d .8 pLE opr essure
in the 10 range %frﬁ‘#t{rlﬂg]ﬁaﬁ!.iﬁﬁltl%t{bf%%%g%%lAﬁgﬁﬁﬁgng%‘gi&ﬁ%ﬁg% tgﬁ% Br esent

i nvention is frtva 28h0\%6 °Qr ocess, wherein the osnotic nenbrane distillation
in step e) is operated at a differential pressure in the range of from 20

to 150 bar. Another enbodi nent. of the present invention is the, above
process,” mer@pq{ﬂ@q@n@@gﬁ&r}iﬂ&e PEESAE Hiventingis {the ahoVe RTCASSs Wbﬁreg)t £s operated

at a differentj.al: j . : %ﬁﬁ . t her
enbodi nment ofé#ﬁ%“gﬁégéﬁﬁgﬁﬁggﬁpﬁﬂﬁS.ngﬁgﬁﬁkggghggé%ggég%r efgfﬁﬂ%he

osnoti ¢ nmenbrange off Bémlll@id kAaban step e) uses an an Accurel PP nmenbrane.
Anot her enbodi nent of the present invention is the above process, wherein at
| east a 20 portion of the alkali nmetal chloride-containing_ solution

obt ai ned i n stegthenembodimenspiithe presrat pvenidonds the above progesie MheigHEthe

bt ai ned | . PEHEL B R
opt ronal 1y, - ryeuRaReH AP AR AT e e BB O R BRI IR AT, e

above pr®cessanpdef eom 1.8@di.2banal al kali metal chloride for increasing the
al kali metal chloride concentration 25 is added to the alkali netal
chl oride-containing solution in the electrolysis in step f). Another

embodi nent of Anpflersnabadimentnfdhg prgsent Hveniionyls diecabee peossss, Whetedi the in dl ),

osmotic membrane distillation in step e) is operated at a differential pressure in the

range of from 20 to 150 bar.

Another embodiment of the present invention is the above process, wherein the
15 osmotic membrane distillation in step e) is operated at a differential pressure in the

range of from 30 to 100 bar.

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

osmotic membrane distillation in step e) uses an an Accurel PP membrane.

Another embodiment of the present invention is the above process, wherein at least a
20 portion of the alkali metal chloride-containing solution obtained in step e) is added to
the brine circuit of a membrane electrolysis for producing chlorine, sodium

hydroxide solution and, optionally, hydrogen.

Another embodiment of the present invention is the above process, wherein
additional alkali metal chloride for increasing the alkali metal chloride concentration

25 is added to the alkali metal chloride-containing solution in the electrolysis in step f).

Another embodiment of the present invention is the above process, wherein, in d1),
before treatment with an absorbent (d2), the pH of the alkali metal chloride-

containing reaction waste water solution remaining after the separation in step ¢) is



before treatnent with an absorbent (d2), the pH of the al kali netal

chl oride- containing reaction waste water solution remaining after the
separation in step c) is -7- set to below/8. Another enbodi nent of the
present invention is the above process, wherein the at |east one bi sphenol
is of the general fornmula HO-Z-OH 5 wherein Z is an aromatic noi ety having
from6 to 45 &@&Q%m“g%ons, wherein said aromatic noiety optionally contains
one or nore aromatic rings, is optionally substituted, and optionally
contains aliphatic noieties or cycloaliphatic noieties or heteroatons as
bri dgi ng uni t AnotAaodnitsodiraeitadithepresent invbetiqar ie siedbova peitkssowheid the abbove
process, wherein the at 10 | east one _hisphenol is selected fromthe group
consi sting of lepsf @pe Bisphawdis ofdhegaicrdformulg hydr oxybi phenyl s,

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

bi s(hydr oxyphenyHp-4@)phi des, bi s(hydroxyphenyl) ethers, bis(hydroxyphenyl)
ket ones, bis(hydroxyphenyl) sul phones, bis(hydroxyphenyl) sul phoxides, a,a'-

bi s( hydroxyphehthdi {ssopienytdeoeenksindiion b6l 49 xabbe awmspvhbiein saidi nes, and
15 al kyl ated, ring-al kyl ated, and ring-hal ogenated conpounds, thereof.
Anot her enboditagtic Bloigty eptenabls gpntRms one PomorsarpRatia bogs ipemstoasdy wher ein

the at | east e bi.s nol is select fI.0 LSt

4,4 i hydr oxyBr BHBS R SBloby B RS AbseliBMelols 9L iR SibitEetr

1, 1- bi s(4- hy iR ¥k babgnghafthane, 2, 2- bi s(4- hydr oxyphenyl ) pr opane,

2, 4- bi s(4- hydr oxyphenyl ) - 2- net hyl but ane, 1,3 20 , )

bi s[ 2- ( 4- hydrbnqtﬁmmmc&memrqulw Priosant tvventian i3 thy aboSe prichss, whetsindthery pheny| ) -

LR AT A O SRR
2,4-bi s(3, 5- &ihﬁb%ﬁ@lﬁ@?&‘*@%?@@ﬁhéﬂyﬁar@ﬁ&y bf%(ﬂy@ﬁ%ayphenr%)cycloalkanes,

1, 3-bis[2-(3,5-dine ydr oxy- “phenyl ) - 2- propyl | bénzeng,

2- hydr ocar by bisthgdivixgpleniyl)dulphydel dns(hy drokygphicnyl) dihess, bdthydroxyphenyl)
3, 3- bi s(4- hydr oxyphenyl ) - 1- phenyl - | H i ndo] - 2- one, ) '
2, 2-bi s(4- hydk%&%h‘éﬂ%‘wm%yp@’i@ﬁ;ﬁ}l ppgsnbis(hydroxyhenyl) sulphoxides, oo’

o o hyar oS B o B R ez eb s s R spifendBohthelimidines and | 1

15 alkylated, ring-alkylated, and ring-halogenated compounds thereof.

Another embodiment of the present invention is the above process, wherein the at
least one bisphenol is selected from the group consisting of 4,4'-dihydroxydiphenyl,
2,2-bis(4-hydroxyphenyl)-1-phenylpropane, 1,1-bis(4-hydroxyphenyl)phenylethane,
2,2-bis(4-hydroxyphenyl)propane, 2,4-bis(4-hydroxyphenyl)-2-methylbutane, 1,3-
20 bis[2-(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-hydroxy-
phenyl)-2-propyl]benzene, 2-hydrocarbyl-3,3-bis(4-hydroxyphenyl)phthalimidine,
25 3,3-bis(4-hydroxyphenyl)-1-phenyl-1H-indol-2-one, 2,2-bis(4-hydroxyphenyl)-1-
phenyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 2,2-
bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-N-
methylphthalimidine, 3,3-bis(4-hydroxyphenyl)-N-phenyl-phthalimidine, and 1,1-
bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.

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

comprises at least the following substeps:



met hyl pht hal i m di ne, 3, 3-bi s(4-hydroxyphenyl)-N-phenyl - pht hal i m di ne, and
1,1- bis(4-hydroxyphenyl)-3,3,5-trimethylcycl ohexane. 30 Anot her enbodi nent
of the present invention is the above progess, wherein step c) conprises at
| east the follow ng substeps: -8- aa) separating an organi c phase conpri sing
t he pol ycarbonate forned in step b) fromthe alkali netal

chl ori de-contai ning reaction waste water solution; and bb) washing the

or gani ¢ phaseaabt aicpadting as beyanmaphase congasingthe polyesrbomdte faxtmet @astep h) porti on

of the wash phase( frombb), optianally after separation 5 of catalyst
resi dues and/ or oréé"ﬁiﬂée gkf‘lx‘/éﬁfa?Fé‘é’?‘%‘@%&a‘i“é“gﬁ%‘a‘ogswaétep‘é(?tﬁ U aRd ¢ ut e of
the water for producing the aqueous al kali netal hydroxide solution for use
in step b). Wnot heashiraibdiorsanic pifasq pliaiped deviep alvbleastonce;s t he above
process, wherein the alkali netal of the alkali netal chloride-containing
reacti on wastwhesvaineit least aipartion bftheortish phase(s) oS3 &tidoallDaftdi-deparbddaNTI ON | t
has been found that in the continuqus production of polycarbonate by

reacti om of (st easidugs andiproergenie selent residuesy is g19d asit Pastial SBPSHgHE Ofi xt ur e

4
of sodi um el B P oSLhaiE U poFRits RN R ool P WG Y O

sol utions occpyring in the boundary phase 15 can be achieved, the sodium
chl ori de-contai ni ng waste water solutions occurring in the boundary phase

can be concen i Q]gg)]# Lk cati b i h ‘i C
menbr ane di st ?tgfaid%fr{\wgwgét Ogett rﬁgéa’n?ﬁéklfﬁh tg&%blqil Fggs&%lshgﬁe%?l tegéa flto 8
and after siimplabof thealkak mietali chiorietdovairtn cactimnwasie dratk eclutioe sapdinal.

oxi dation of the resultant sodiumchloride to give chlorine, sodium

hydr oxi de sol ution and optionally 20 hydrogen can be achi eved, wherein the
chlori n? can be recycled for D@ﬁﬂ@?@t@ﬁe HEHHSGENEIONhe i nventi on

therefore relates to a process for produci ng pol ycarbonate and utilizing
t he resul tant ' ar., | Ses
R e e R
chl ori de- cont bikptiengls\was phosene n @binpi asleent@e solventigixtute ihthe padsyeardfonat e
production process, for processing in a ) ) )
alkali metal and nitrogen catalyst, improved recycling of sodium chloride from the
sodium chloride-containing waste water solutions occurring in the boundary phase
15 can be achieved, the sodium chloride-containing waste water solutions occurring in
the boundary phase can be concentrated without complex purification directly in an
osmotic membrane distillation after setting the pH to a pH less than or equal to 8 and
after simple treatment with activated carbon, and electrochemical oxidation of the
resultant sodium chloride to give chlorine, sodium hydroxide solution and optionally

20 hydrogen can be achieved, wherein the chlorine can be recycled for producing the

phosgene.

The invention therefore relates to a process for producing polycarbonate and utilizing
the resultant waste water phases. In particular, the process comprises concentration, by
osmotic membrane distillation, of the alkali metal chloride-containing waste water

25 phases occurring in the polycarbonate production process, for processing in a
downstream alkali metal chloride electrolysis. In the process, optionally, simultaneously
a sodium hydroxide solution formed in the electrolysis can be diluted which can be used
subsequently directly as starting material in the polycarbonate process.

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

30 (a) producing phosgene by reacting chlorine with carbon monoxide,



downstream al kali netal chloride electrolysis. In the process, optionally,

simul taneously a sodi um hydroxide solution forned in the electrolysis can
be diluted which can be used subsequently-directly as starting material in
t he pol ycarbonate process. The process according to the invention conprises
at least the following steps: 30 (a) producing phosgene by reacting

chlorine w th(gar kastinPhephdesene rnlel)as ?@mép' Hawitiher 1edrosgevigpienormdhas per

step a) with at |east one bisphenol in the presence of an_aqueous al kali
met al - cont ai ni ng beesenceioh ap aguedous hikali mesadioniginiepbasgi ini parfiduias @ sodium-
appropriate a nitrogen.catalyst, and if ropriate organic .sglvent, to
forma pol ycar bonﬁ? al&ﬁ’&%ﬁﬁe’éfW?eré? %PQ%%F%E?@&FC%{ iaRPfH_BH%ter‘ﬁ on
waste water sol utkgenti fd f8AR hippHicabofate QAld MiThikhl &letd hleiabRbMatng F €act i on
waste water solution, (c) separating off and working up the pol ycarbonate

formed i A step b)reatdn whstapptaspolutive, is pricakar agodifin dhlidsedontaming esi dues
and, if appropriate catalyst resf dues, fromthe al kali netal

chl ori de- cont ai ni FF@CEWWP%BWE‘EGHIS? Ufi@hmi ning 10 from step c), in particul ar
by extraction or stripping the solution with steam and subsequent treatnent
wi th adsor ben(® ( &ebarating opband werkéng i the pelycarbanate famed amstep pb) osnot i ¢
menbrane distillation of at | east sone of the alkali netal chloride

cont ai ni ng soldt i éffappypeiatei segarbtinnoRttiepsotyenoresidey dnd, & pptopriateasatatyst
oxidation of at |east sonme of the alkali netal ch|oride 15 containing
sol ution from e), rgstsiugs.dEpre e kaliemeta] eepridareaniginipg splkipaédlodemenBlg and, i f

appropriygte, hydr N ef err {1 .t ess
is char e@t erized ?I%g{]%%é {;b’ gﬁ&e#%@? yaéé{tj%gt?(;enp&d# é&qg{%ggiﬁgﬁgwﬂrhe%%ﬁgﬁfm th
adsorbents (d2), titgeg@nvirb@ehswiEhdsiiggts @28 in piHices with abti @itedEedsdn, t 0 8,
preferably 6 to 8. 20 In a further particular enbodi nent, at |east sone of

the chi orine pnodyeedsAmean s igs SPaidast SrieoMEL Eflali hkiSnfibaguct i on of

phosgene acco ng to step a er preferred e nment, at | east
some of the al kal conminglg Jojrdionxemeainimofrethistep cpooduced according to step f)
is used as water acceptor in the osnotic nenbrane distillation according to

step e). (f) electrochemical oxidation of at least some of the alkali metal chloride-
15 containing solution from e), forming chlorine, alkali metal hydroxide solution

and, if appropriate, hydrogen.

In a particularly preferred embodiment, the process is characterized in that, after the
substep d1), before the treatment with adsorbents (d2), the solution is adjusted to a
pH less than or equal to 8, preferably 6 to 8.

20 In a further particular embodiment, at least some of the chlorine produced according

to step 1) is recycled to the production of phosgene according to step a).

In a further preferred embodiment, at least some of the alkali metal hydroxide
solution produced according to step f) is used as water acceptor in the osmotic

membrane distillation according to step e).

25 In a further particularly preferred embodiment, at least some of the dilute alkali metal
hydroxide solution obtained according to step e) is recycled to the production of

polycarbonate according to step b).

The alkali metal chloride-containing solution obtained after the separation according

to step c) (reaction waste water) can be used in the osmotic membrane distillation,



25 In a further particularly preferred enbodi nent, at |east sone of the
dilute alkali netal hydroxide solution obtained according to step e) is
recycled to the production of polycarbonate according to step b). The

al kali netal chloride-containing solutioRlobtained after the separation
according to step c) (reaction waste water) can be used in the osnotic
menbrane distillation, -10- alone or conbined with the wash phases fromthe

wor kup ('t ot alalqe@e esmbingd twdth thetvash phaeefremaid wotdupnetaldhdess wpdte onal
separation of solvent residues and, if appropriate catalyst residues,

accor di ng t o Vet pagterablyi alamg, aftpy epbieanlgieparatien efwivenpresidyes epshdr al fornul a
5 HO Z- OH, L I i I haylng 6 to 45 carbon atons which
can contain \gﬁg{o rrlgter%g)tragjggfégﬁag?%’88%%;182?3%3@3%% substituted and can contain
al i phatic noieties or cycloaliphatic noieties or heteroatons as bridging

units can be Sutele bisphenyleare dlioss Of theqeipralifodgulashi ch can be used in the
process according to the 10 invention are di hydroxydi aryl al kanes such as
hydr oquiPnone, resorcinol, di hydroxybiffPr&nQH, bi s(hydr oxyphenyl ) al kanes,

R T T S

sul phones, binsdrbyebhmaticptigsydah tehbdtidatedesd can contain aliphatic moieties or
bi s(hydr oxyphenyl ) dii sopropyl benzenes, bi s(hydroxyphenyl)phthalim di nes and
al so 15 al kylcx¢lealiphatip gnoagtiey loahetgroatrans asrihyidgtneonets e be B¥dpounds t her eof .

Preferred bi I 4" - di [ . pheny - hi - 0 henyl ) - 1-
phenyl pr opan%?egisog %&%%’)?@%%éﬁ?ﬁi%ﬁé%??eg%ﬁh%%p%cgs %?gcs (r §E¥g§%¢%§yphgn% ) -
propangq( bi sphesmebn Ave BRAIroxyidrybillshds fiHa ky@agilinbie, Zesordihol] but ane,

1, 3-bi s[ 2- (4-hydroxyphenyl)-2-propyl]benzene (bisphenol M,

2, 2- bi s( 3- netdiypidraxybeheyyls bplkaecs, bis(hydroxyphenyl)cycloalkanes,

bie(REryPhgy
di et hyl -4 by I BRETST3 Rt ES TSl Al o S Her s )
sul phone, 2 o b el e} Ao BIRARRA 0 SHFhBUERD8 -
hydr oxypheny Ibis(Rydroxyphehyigtizeprepgibénens, bislydrawphoeiyphjinielidinexarnianl @
gygf g,c:gi%g}/ L&%@}%ﬁ%@%@éﬁ%ﬁ ?l{rl | i%lg-rﬁ% oglerllartgdd éorrlr?ﬁounds thereof.
Preferred bisphenols are 4,4'-dihydroxydiphenyl, 2,2-bis(4-hydroxyphenyl)-1-
phenylpropane, 1,1-bis(4-hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)-
propane (bisphenol A, BPA), 2,4-bis(4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-
(4-hydroxyphenyl)-2-propylJbenzene (bisphenol M), 2,2-bis(3-methyl-4-

20 hydroxyphenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl)methane, 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyl) sulphone,
2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimethyl-4-
hydroxyphenyl)-2-propyl]benzene, 1,1-bis(4-hydroxyphenyl)cyclohexane, 2-
hydrocarbyl-3,3-bis(4-hydroxyaryl)phthalimidine, 3,3-bis(4-hydroxyaryl)-1-aryl-1H-

25 indol-2-one, 2,2-bis(4-hydroxyaryl)-1-aryl-1H-indol-2-one, and 1,1-bis(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphenol TMC).

Particularly preferred bisphenols are 4,4'-dihydroxydiphenyl, 1,1-bis(4-
hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A
(BPA)), 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-

30 hydroxyphenyl)cyclohexane, 2-hydrocarbyl-3,3-bis(4-hydroxyphenyl)phthalimidine,
3,3-bis(4-hydroxyphenyl)-1-phenyl-1H-indol-2-one, 2,2-bis(4-hydroxyphenyl)-1-



25 indol - 2-one, 2, 2-bis(4-hydroxyaryl)-1-aryl-|Hindol-2-one, and 1, 1-bis(4-
hydroxyphenyl)-3,3,5-trinethylcyclohexan% (bi sphenol TMC). Particularly
preferred bi sphenols are 4,4'-dihydroxydibﬁeny|, 1, 1 -bis(4-

hydr oxyphenyl ) phenyl et hane, 2, 2-bi s(4- hydr oxyphenyl ) propane (bi sphenol A
(BPA)), 2,2-bis(3,5-dinethyl-4-hydroxyphenyl)propane, 1,1-bis(4 30

hydr oxypheny|pheyydtldhéndah@-one, 3,3-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 2,2-

2- hydr ocar byl - - hi s(4- hydr oxyph yphthalimdin

3,57 b1 o by diSaTREy PR DR T H-HaE Sne. ot DB brer ey By pheny ) - 1
-11- phenyl - | fkthPgRhaBm@ife, 3,3-bis(4-hydroxyphenyl)-N-phenylphthalimidine and 1,1-

3, 3- bi s(4- hydr oxyphenyl ) -1-neth H- 1 ndol -"2- one, 2, 2-

bi s(4- hydr oxyhis{éytioxypmatyhyl,3 SHrimetiplcy2lohaeaneZbBplrinel IMG)dr oxyphenyl ) - N-
met hyl pht hal i m di ne, 3, 3-bi s(4-hydroxyphenyl)-N-phenyl pht hal i m di ne and 1, 1-

bi s(4- hyd h |)-3,3,5-tri hyl |.oh bi T . 5 Th d
other o1 ant EheEt st et bfgbenalnds cRREel e DB 598 1l °LS"5561575
A, US 29998354\ ob572999845) 400 b5 3 DRS GiFsh A USs3 (B6B630L A US 3 148 172

A, US 3271 367 A “US 3275 601 A U5 3 271 367 A and US 4°982 014 A, in the
Ger man | ai d- dp®A 0pREB1 daliSoh$48 DR2 ASUS 3720 367 ARUS 30635 605 ,A, DE 2 036 052

A, DE 2 2119 , 3 nd 8 33,953 A, the French patent

docurment FR ﬁ%?@ﬂ%% a‘%dﬁﬁgﬁ@%géﬁé%‘ 1%&'%@3@8%%510?%% @HPYS and Physi cs
of Pol ycar borg ¢s70 708 & 35 £06¢ 05CUD D656 05 NRWDKSS K1 (1967, Pp- 28ff; page
102ff and by D.G Legrand, IT. Bendler, Handbook of Pol ycarbonate Science

and Teclthol odyE 31882 386 ADekkIE 383% 9881 A, th@Bfdfich pgtentiichmedtFR 1 S6hyp18en
enphasi zed heye that th ces cordin t.he jnyention c be. used

Ui tual |y f orhemonegianh oy Pl SRErh Chomistty 401 EREFS of LTRSS ng
agents are k i af UrR.ee. I 0 e, in
DE 38 33 953 r@%ﬁ%?g%gogéﬁt é‘%’-c%?{)fé f’é’é@r@*ﬁ%“éiﬁ@f‘?d'?ﬁ%ﬁ“@#&%ﬁ‘?‘m“

i sooct yl phendilandbookoaf Rolyearbortatt Sdigrve and TechoRygst darexd Deklkerdfiw¥odgent s are

trisphenols and tetrthenoIs and al so 3, 3-bi s(3-
met hyl - 4- hydri8%9gtedgth) - 2- oxo- 2, 3-di hydroi ndol e. The alkali netal used for

form ng 4 he by 1%89 %8 gln%hgsife%rhepgthﬁpthg lpk‘c?clegs J@Bﬂkngh%%é)ﬁlivgﬁion can be used

virtually for all known bisphenols.

Suitable chain stoppers and branching agents are known from the literature. Some are
described, for example, in DE 38 33 953 A. Preferred chain stoppers are phenol,
cumylphenol, isooctylphenol and para-tert-butylphenol.

20 Preferred branching agents are trisphenols and tetraphenols and also 3,3-bis(3-
methyl-4-hydroxyphenyl)-2-ox0-2,3-dihydroindole.
The alkali metal used for forming the bisphenolate can be an alkali metal hydroxide
solution having hydroxides from the series: Na, K, Li hydroxide, if appropriate,
alkaline earth metal hydroxides can also be used. Preference is given to sodium

25 hydroxide solution and, in the novel process, is preferably used as a 10 to 55% by
weight solution.
Catalysts which come into consideration for the reaction b) are all catalysts known
for the production of polycarbonates by the two-phase boundary layer method, such
as tertiary amines, N-alkylpiperidines or pyridine.

30 The amine catalyst used can be open-chain or cyclic, particular preference is given to
triethylamine and ethylpiperidine. The catalyst is used in the novel process

preferably as a 1 to 55% by weight solution.



sol ution having hydroxides fromthe series: Na, K Li hydroxide, if
appropriate, alkaline earth netal hydroxides can al so be used. Preference
is given to sodium 25 hydroxi de solution &@d, in the novel process, is
preferably used as a 10 to 55% by weight solution. Catal ysts which cone
into consideration for the reaction b) are all catalysts known for the
product i on of Plmsgensaah baasebkinghe plogesswieppt) dis themuittistaty, gasqamis state ¢rod, such

as tertiary amnes,,.N-al kyl pi peri di nes or pyridine. 30 The am ne cat al yst
used can be o‘ﬁlésr‘?fvfﬂé?ﬁnb‘}e\{tci})’l‘%’lng, particular preference is given to

triethylam ne and et hyl pi peridine. The catalyst is used in the novel process

preferably aspahdnéwe] pRIGRY iR, iRl difdidsolvdds whlkAssepefealy hgubusad 1 n
the process step b) in the liquid state,; gaseous state or dissolved in an
i nert sol ventall knowrhselventsewhigh erseabis toi disssivepolycarbionatetbyait tasti 3o by weeght s

whi ch f er abl bl 1]k i ch ble t
i s2o0l ve pol YA ST BRE AP A0S P NG 08 BE O &Y Y E 68 ar oune

20C, and al soe)aahfplé; kS gichRRSRQhanc IR G SRE S atiSusHiMBBrocf@hest@pl e, to
di chl oronet hane, tol uene, the various dichloroethanes and chl oropropane

conpounds, chihdoroprpamnenagroind$ lcblonemneencend Rhbketohiehs. Prefdrably, or onet hane, or
a m xture of dichl oronet hane and chl orpobenzene is ed Particul ar
preference is lgliﬁQWqu ?,rrﬁlBPgWEﬂEQW %ﬂ@eﬁﬁ%%@?ﬁf’bﬁﬁm B8Pt hane 10
and monochl orpﬁﬁaﬂwefe&nw% giddd @ én1QnRthaRabAS miYudB 08 BichiRoriethdr Parts
by weight. Over the entire reaction, a pH between 9 and 14 Is set,

pref eraldl y beinderon@hbrebedzerkdnhe ratio of 26: 86 phitebeweight th#Hi:2bpats gt t he start
t he amount of alkali metal hydroxide solution necessary to dissolve the

bi sphenol s i sY8€Bd and, furthermore, upstreamof 15 the heat exchanger a
first resupply of the alkali netal hydroxide solution is perfornmed, and

subsequent |y G){?‘ﬁrtﬁé %tﬁ@?éa'éﬁéﬁ[‘a‘ﬂH béiGrebd!OUh@fi4 1 ?,tpgéﬁ%aﬁie)f be?@@afxfi)% LbAd e

together with e chaln stopper a second resupply al ka nmet al
hydr oxi de  solluf.ildns issachievédmrtbat.ontet the ktuctdhdamenre ©f atkiah inmedd hy dtwxidehe
process accors%ihﬁlgontn%césrs]aeryitg \c/i?sgct)livg ﬂlecbeilg]phggolg%etgsed and, furthermore, upstream of
15 the heat exchanger a first resupply of the alkali metal hydroxide solution is
performed, and subsequently thereto upstream of the tubular reactors, if appropriate
together with the chain stopper a second resupply of the alkali metal hydroxide
solution is performed.
The polycarbonates attainable by the process according to the invention can be used
20 industrially in a known manner as any desired shaped bodies or else plates and films,
for example in the car sector or in optical applications, optical and magneto-optic

storage media.

The reaction profile for step b) proceeds preferably continuously and particularly

preferably in plug flow without great back-mixing. This can be achieved, therefore,
25 for example in tubular reactors. The mixing of the two phases (aqueous and organic

phase) can be effected by installed tube orifices, static mixers and/or, for example,

pumps.
The reaction according to step b) proceeds particularly preferably in two stages.

In the first stage of the preferred process, the reaction is started by bringing together

30 the starting materials phosgene, the inert solvent or solvent mixture, which preferably



20 industrially in a known manner as any desired shaped bodies or el se
plates and filnms, for exanple in the car _sector or in optical applications,
optical and nagneto-optic storage nedi a.13The reaction profile for step b)
proceeds preferably continuously and particularly preferably in plug flow
w t hout great back-m xing. This can be achieved, therefore, 25 for exanple
in tubul ar re@m:a@rls as §dleentifod the pbcﬁsgtemre andvheptigrhesol( B{hi@h@méelalhly ipplgeadyc

h be,. f t d,b fi d/o
Ecanl e, - punfSoNRIdR AHEF OGP ATt By Bt Sbe GatepS et GF1 Y
preferably i nﬁst‘Qagé BYhicall lyrlnttﬁl?rafl ¢ fbmSt @génd%fto 8phe séUoﬁfi@rp%ﬁﬁuﬁfwcess the

reaction is started by bringing together 30 the starting naterials
phosgene, t heprefeeattly sothe ealtge(fromélsvmmﬂs o 3Q0seeondshTlnhpld o€ therfabl spage i9®t act s

only as solvent for. t t e.bi which preferably is

ot Sady Sa oot g olbREs R e darabiion ABRSokputasiaie Suth SERERT The
resi dence ti t ipC 1 na EQIE}H seconds
to 300 secon(q@a“ggﬁ)?ﬁ(szuf{h%%ng%pre erz)gf)ggl nﬁi'ltetéefal?gr%e roﬁ?alileglg}n%s to 200
seconds. The ptfecdbly hk4fto A$6. §h@gaacmcm teaiperatury of the firsttstageas hald bglcbolirgy al
hydr oxi de sol ut%fg%}l?i s (gnoll ?gen in 5113%1,1 a manner that the pHis in

the range frofff HEYeTE lny G0 11.8, particularly
preferably 11.4 to 11.6. The reaction terrperature of the first stage is held

by cooling pfn%fl?&&mla stapé0fhe %%f{:] ShrREdsK, RE RBEGPD %15 g chﬁrbtoﬂﬁe $econd

stage of the preferred p ocess e reaction to give arbonate is
10 conpl@®t ed. cofitydeteé sThbansidericerting in thdpreferretigroeess nrlcmemsse o2 Houms,nut e to 2

hours, prefer 2_m nutes 1 hour par r ef rabl

mnutes to 3oprﬁf)eﬁ%>é% miyigs 06 hede e pglft%f@ﬂa;fpr fﬁ@%ﬁ @%&’rgﬁ &5

control is p [ a‘rﬂﬁn nt| nuous
process thi sellr stﬁl%)g% 3Jr?a P(SE/BFn%g?Eérfgééﬁjoﬂl Fﬁ%ﬁe&g 8f1s|t}>|§f§f8§§%cisl'y}\%l C %ir?e known in
principl e) ansoniosrirgsqiahepHdiraty usrtimots ptbcedsehlphk m’éfeln@blﬁdxéiasmrcmomhné he

al kali metal hydroxide soI ution. The aITDiJ f al kal i, netal g th de
sol ution fed bsépr@é%ssew ish2F lenovay in psineiple) aad comesppreing adingtmentel the Al xt ur e

to 0.5 Fery THadRRERTTE; 208 shal R iRl B8 dpchud B el S e
of the secondhgir@gée bslution fed is set, in particular, such that the pH of the reaction mixture in
the second process stage is in the range from 7.5 to 10.5, preferably 8 to 9.5, very
particularly preferably 8.2 to 9.3. The reaction temperature of the second stage is
held by cooling at preferably < 50°C, particularly preferably < 40°C, very particularly

20 preferably < 35°C.

The parameters or comments listed in this application generally or in preferred ranges can,
however, also be combined as desired among themselves, that is to say between the
respective ranges and preferred ranges.
In the preferred process, in step b), phosgene is used in relation to the bisphenol in

25 the molar ratio of 1:2 to 1:2.2. The solvent is added in such a manner that the
polycarbonate is in a 5 to 60% by weight solution, preferably 20 to 45% by weight

solution after the reaction.

The concentration of the catalyst is preferably 0.0001 mol to 0.1 mol, based on the
bisphenol used.
30 After the reaction b), in step c), preferably the organic, polycarbonate-containing

phase is customarily washed with an aqueous liquid and separated from the aqueous



hel d by cooling at preferably < 50C, particularly preferably < 40C, very
particularly 20 preferably < 35C. The paraneters or comments listed in this
application generally or in preferred raHéES can, however, also be conbined
as desired anong thensel ves, that is to say between the respective ranges
and preferred ranges. In the preferred process, in step b), phosgene is used
in relation tphatdwes fhr appfoasible dfter eh washingolparatioat Tlee whshks 2retppeféraBly2. The

solvent is added in, such a manner that_the_ polycarbonate s jn a 5 to 60%
by wei ght solR§Eiogred mtﬁid@méﬁmhzgé wager 4Elog palycashbgiate oo 057 B WEThIh

reaction. Th i : :at-al I r ol to 0.1
nmol , based Oﬁant‘& %g%%?iﬁféggﬁ%}g%%ﬁq\gg, 1%19 %{%Er’m?ﬁlg%@é@t %g %@ng?ﬁa‘}lg tep ),
preferably tleuengdituads fposeparting oéfithe couiyst agngdilyib asdgeralsactdiaichrmHdly
washed wi th an _aqueous |iquid and separated fromthe aqueous -14- phase as
far as possi Brdlafueie egdn Eorliiﬁ‘f&%[ﬁéﬁﬁ?e}t@ﬁ.de%@rwaé@%Ehﬁ‘or eferably
performed wt ] i re VI | @n, . affeer the
hashing. - and Sapaafioh 3 HEH, DG n BE RlEhHAECAPE 6 SR BN T E uo
washi ng | i quity, weighu€helsrdahigiphese ik pecforaparedshed] fof éxahlple, oatglpyférablg. g. a
dilute mneral acid such as HCl 5 or H3PO4, are used, and for further
purification sqesrlfénes. i zed water. The concentration of HO or H3PO4 in the
wash liquid can be, for exanple, 0.5 to 1.0% by weight. The organi c phase

i s preferabl for . I . | Phase
separation d)épvh:ggez%%\g\ﬁ%ﬁ dg‘gl?\ e 1‘§}81 g%p&g?seg gg%sgg%\?{%g Sﬁ?yﬁeﬁgéhv\%itﬁgﬁ?alui d from
10 the iar ganithe pleasie phase &0 tReppdratidrovesyds phh, sepiianes, seRAfREobs

centrifuges or coal escers which are known in principle, or else

conbi nat i ons @plestreswhighsre kinvasin pringiple, gr olse compinghers ofghese eppiidneerout
taking into account the solvent which is still to be separated off,

surprisingly hi.gh | . r > 199, 859 In a
preferred enbtﬂdiggr%’%q%ﬁﬁfﬁlgﬂ%e?g%ietéés{mg%:ké%é]lglllog&g)éc%l)gﬁttﬁgQ(?&l%etn I}l%hnl,% Sﬁﬁeég l\3\'/3ash
liquids 15 whepirared offs epprisingly g dédresstofpufidy, ofithe plpcabonaas 6f aH9.85%.
separation of catalyst residues and/or organic solvent residues, can be
recycl ed back into the process according to ) ) o

In a preferred embodiment of the process according to the invention, the wash liquids

15 which are separated off in step c), if appropriate after separation of catalyst residues
and/or organic solvent residues, can be recycled back into the process according to

the invention.

The separation and workup according to step c) of the polycarbonate formed in step

b) can preferably comprise at least the following steps:

20 aa)  separation of polycarbonate-containing organic phase and aqueous alkali

metal chloride-containing reaction waste water solution

bb)  washing at least once, preferably at least twice, particularly preferably five
times, the polycarbonate-containing organic phase obtained in step aa) and

separating off the respective wash liquid.

25 If appropriate it can be necessary to separate at least one of the wash liquid(s)
obtained according to step c) bb) from catalyst residues and if appropriate organic
solvent residues by setting the pH to at least 9, preferably at least 10, particularly
preferably 10 to 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 to



the invention. The separation and workup according to step c) of the

pol ycarbonate fornmed in step b) can preferably conprise at |east the
followi ng steps: 20 aa) separation of polycarbonate-containing organic phase
and aqueous al kali metal chloride-containing reaction waste water sol ution
bb) washing at | east once, preferably at |least twice, particularly
preferably fi gebsequentsiripping orﬁdlqmaﬁi@@n’aﬂest@emtsmltﬁbhd)a@pgampcurphef@eseﬁmgm ned

in step aa) and arating off. the ttve l.i.qui d. ., 25
wppropriate | theath SBol R ek itald: gty helap 3P Rumeealt el R SHERE wash
liquid(s) obtabh@Aes2THEbKiOBothPoriidsRarthe Y ifh EAM féﬁh%‘rhﬁherf@ﬁﬁ degsirand i f
appropriate organic solvent residues by setting the pHto at |east 9,

preferably atajusays Sd@t;lorpal’ltelferaublwallyah peief byctrbmyle s@lutionslare uged, patticulady of at

| east on baS|cc ound a bse nt ex tion with
at Teast Sone PRETEIN oA eB s Solukti 1 e dlarysd RS BHS Bln el o
strippi ng of hglﬁg%ldbb{,&ﬁeﬁﬁotl@dg&ﬁ?(gﬂnd§w tabl e basic conmpounds for setting
the pH are, for exanple, alkali or alkaline earth netal hydroxi des or

carbonates. The basic conpounds can be used in solid formor in the form of
their aqueougrécfabllo'i arieast foreé of thbwash lipkid(s) fiost step h)yldx)@an teusadiastpadiat ar e

hreo. Fhese proabueptatas haty fudbe padhdiem Mpainlnibhidieti el it
Pref erabl v, abr lieastiusoeySfial ik ;5986 Dprdam EheREkaRGInean be used

as partial replacenent ‘of the water duction, 1n particular for
settingl®he cpruceswtalcemrdmg to tfic nnhentmmdatdnashgmn@uf tthe vech hquldfs) from stereq) b) I n

f d e 10 . di to.th t
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to step b). Tbel:opdmgemte;db)anbodl ment of the process accordl ng to the
invention in which the 15 wash quui ds separated off in step c) are

recircul at ed ck to t roc ess cordln the _invention o rs the
addi ti onal &gﬁp%fgr%?em ngq_:sﬁ %@qﬁr@gg ghthe invention in w Lwﬁ the

15 wash liquids separated off in step ¢) are recirculated back to the process according to

the invention offers the additional advantage of lower waste water emission.

After the synthesis of the polycarbonate, the polycarbonate is separated off in the
form of its solution in the organic solvent or solvent mixture used in the synthesis,

for example methylene chloride or methylene chloride/chlorobenzene.

20 For obtaining the high-purity polycarbonate, the solvent is evaporated. The
evaporation can proceed in a plurality of evaporator stages. For example, this is
performed by one or more series-connected distillation columns in which the solvent

is separated off from the polycarbonate.

The purification stage c) or stages can be carried out, for example, continuously, in

25 such a manner that the pot temperature in the distillation is 150°C to 310°C,
preferably 160 to 230°C. The pressure employed for carrying out this distillation is in
particular 1 to 1000 mbar, preferably 5 to 100 mbar.

The polycarbonates thus purified are distinguished by very good product properties,

and so subsequently shaped parts can be produced therefrom in excellent quality.



After the synthesis of the polycarbonate, the polycarbonate is separated off
inthe formof its solution in the orgaqﬁﬁ sol vent or solvent m xture used
in the synthesis, for exanple nmethylene chloride or nethylene

chl ori de/ chl orobenzene. 20 For obtaining the high-purity polycarbonate, the
solvent is evaporated, The ,evaPoration can proceed in a plurality of

evapor at or st dgesempingeatisationetal ¢teridg-containing splHan BSCOFHAE &Y SR E)HS

seri es-connect [ Shi i . i i s Vi i ted off
fromthe pol yé1 g?aﬁlg r“r%%%él;' %%8%8 r %lg@g&ogﬁl%%@c gls%r?t%s? tsggé%s’ ggﬁgsgﬂcegr ried
out, for exanplféhe cz@ai¢ B310&HE luged infthe Sntisdsiiand iNEPAGHTiatd@itall §1foP @kample
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al kali metal chloride-containing solution according to step c) is

advant ageous| yhe phesgerferag m sideghagtioneif gelycerbonajeprasiuctipn dn adation flahwasie e. g.
resi dues of the or i.c.salvent.used in.the synthesi.s and if ropriate
catalyst, for EbrafySThEFMm B &k BIARERS (6 b BRERE

renmai ns a wastBeyit fkylpRetony. @ hi gh 5 content of dissol ved sodi um chloride
(5-10% by wei ght) andy di ssolved sodium carbonates (0.3-1.5% by weight). The
carbonates are fornmed, e t%p by hydrolysis of the phosgene as a side

reacti odOof pdihydusaiveenaoe ificd wasterwaieravith adsorhents therspreferatdy er i s
polluted with orc%a(?i C.CO outnﬁls e.g. wth phenols (e.g. unsubstituted
phenol , al kyl PRSI UYHEd EpReRnent of the prepurified waste water with
adsorbents then preferably proceeds using activated carbon. According to a

preferred progeessdidgi® affefetrel Pedtes] tHeSIHN G 1B eHe@ ©8ing hiyBrodRlodic @tid ddy dr ogen
chloride after the process subStep dl) before treatnment with absorbents

(d2). Pref er atlygrogemehlpride sfterghieiprodess subssersd b)thaforg tregianent withabsoybgntef er abl y
(o410, S 15 Jiepkse, O, AEBiERSaRec, FHLENELE A%k ML SRl FopER varl
sul phat g5bei NqrHEQkEBLtht RhédpRr sulphuric acid, which is conceivable in principle, but

unwanted in the present process, would lead to sodium sulphate being formed in the

pH reduction such that it would be enriched in the subsequent electrolysis in the

anolyte circuit. Since, e.g. the ion-exchange membranes, according to the

manufacturer's instructions, may only be operated up to a certain sodium sulphate

20 concentration in the anolyte, more anolyte would have to be ejected than when
hydrochloric acid or hydrogen chloride is used, the reaction product of which is the

wanted sodium chloride.

A preferred process variant is that water is removed from the alkali metal chioride-

containing waste water by a concentration process.

25 Increasing concentration of NaCl solutions by osmotic distillation is energy-saving,
in particular when, in a preferred embodiment, the NaOH solution originating from
the NaCl electrolysis is used as water acceptor. This has advantages, particularly
when in the polycarbonate production a dilute sodium hydroxide solution is used, in
which case, additionally the water for diluting the sodium hydroxide solution can be

30 saved.



pH reduction such that it would be enriched in the subsequent electrolysis
in the anolyte circuit. Since, e.g. the ion-exchange nenbranes, according
to the manufacturer's instructions, may @iy be operated up to a certain
sodi um sul phate 20 concentration in the anolyte, nore anolyte would have to
be ejected than when hydrochloric acid or hydrogen chloride is used, the
reaction prod lRatrtmilar\m&:fefenbsistthﬁefdmgﬁveld tspiiouesschimacteteed i thatefier r ed

process variant is that is renmpyved fromthe I kal i chl or| de-
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in particular |napre err i ment atio or|g|nat|ng
from the Nadhﬁimddwlmmn&slvmtmdem@r. wat er acceptor. This has advant ages,
particularly when in the polycarbonate production a dilute sodi um hydroxide
solution is used, in which case, additionally the water for diluting, the
sodi um hydr oxi Becambinatiggoiopsrasion o theclerdia! yszp‘?cellﬁaqqor it &?rthﬁ ipeahenen | s
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f), is incr ea&Edsdd(urﬁ&hhﬁldefca@Bﬁfﬁcbﬁerddl §bin thatuase waners‘tm]p apphessoltlg: @seli um
hydr oxi de sol ution as water acceptor. By conbination of operation of the
el ectrolysis cbafiie ﬁ@é@ﬁ&hwdﬁéleﬁﬁ@ﬁlﬁ@ %?Plﬁ)‘lﬂle Al dequiedder thacr ease

process accor g%ég Hh%ahﬁgﬁ/%ﬂ'rﬁfthggodl El‘gfd? (ge?AOI lflpreélﬂrei%%%fﬁ}eo the sodi um

chl ori de can ere wa I es t he case

that thelgsodi Lpaal}cdafbmmdq)r@d&ﬁbﬁmnylsio&hmﬁﬂlf@xeahardpph&dmn@hI orine required
for the phosgene production and the sodi um hydroxide solution required for
the 10 pol ycarbonate production, and no chlorine for other applications. The
osnoti ¢ di sti | Theasgietipdititladen progesds Viscmplgeular diffysion andrifapnreptigior opr i at e,

knudsen  di { f USt bl SR ILANEH0 AMIRRBLANS, TR HLGONRLON dak

t her eby depen en e diftference e Steam pressures b th
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15 In order to enable efficient increase of concentration, a concentrated

sol uti on of armembrane, and also on its porosity, thickness and tortuosity.
15 In order to enable efficient increase of concentration, a concentrated solution of an
alkali metal hydroxide, preferably sodium hydroxide or potassium hydroxide,

particularly preferably sodium hydroxide, should be used as water acceptor.

For the process according to the invention, a chemically resistant material such as,
e.g. polypropylene, should be used as membrane material. The membranes used

20 should preferably be capillary membranes having a capillary length of 30-6000 pm,
and a diameter of 0.01 to 0.7 pm.

Particularly suitable membranes are lipophilic membranes such as, for example,
Accurel PP 50/200, Accurel PP 50/280, Accurel PP 150/330, Accurel PP Q3/2 or
Accurel S 6/2 from the Membrana company.

25 The process is preferably operated in such a manner that the osmotic distillation is
operated at a temperature of 10 to 100°C, preferably 20 to 50°C. The temperature of the
sodium hydroxide solution used can be higher than that of the NaCl-containing waste
water.

The osmotic distillation is operated at an absolute pressure of 1 to 1.4 bar, preferably at



al kali metal hydroxide, preferably sodi um hydroxi de or potassi um hydroxi de,
~particularly preferably sodi um hydroxi de, ﬁpould be used as water acceptor.

For the process according to the invention,”a chemcally resistant materi al
such as, e.g. polypropylene, should be used as nenbrane material. The
menbranes used 20 shoul d preferably be capillary nmenbranes having a
capi | l ary | eng® presfur@ot lsb@ol . Abar. and a di aneter of 0.01 to 0.7 m

Particularly suitabl e nepbranes are..lipaphili.c ranes, suc s, . fo
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metal hydroxide solution In“a particul ar prefterred process, 20
to 150 bdd, phetieatdl Yhd0escrpti@Dhdrainaftdreayabdkadnisidesstddy wiy aff dxdmple with

el ectrolysis praoacess will be described in nmpre detail 10 hereipafter. The
descri ption hef* rﬁ%ﬂett%FherﬂthWiy%% Og gl}nlglgdmylcgfn@ggﬁqﬂeés %‘{éﬁcrlhegference
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Li Cl, Nad, KKC)), bbtthe ukeofisndiund cldorddeion soiivan hyttrowide seldtiomirhthid abosiede
solution in the abov&l stage(z ig@é,he EreLerred enbodi ment of the process. 15
Customarily, eStagesapireprefeRedempegipentoldne pigfsim chl ori de- cont ai ni ng

sol uti ons,
15 Customarily, e.g. for the electrolysis of sodium-chloride-containing solutions,

membrane electrolysis processes are used (see in this context Peter Schmittinger,
CHLORINE, Wiley-VCH Verlag, 2000). In this case a two-part electrolysis cell is
used which consists of an anode chamber having an anode and a cathode chamber
having a cathode. Anode chamber and cathode chamber are separated by an ion-

20 exchange membrane. A sodium chloride-containing solution having a sodium
chloride concentration of customarily more than 300 g/l is introduced into the anode
chamber. At the anode the chloride ion is oxidized to chlorine which is conducted out
of the cell together with the depleted sodium chloride-containing solution
(approximately 200 g/1). The sodium ions migrate under the influence of the electric

25 field through the ion-exchange membrane into the cathode chamber. During this
migration each mol of sodium, depending on the membrane, is accompanied by
between 3.5 and 4 mol of water. As a result, the anolyte becomes depleted in water.
In contrast to the anolyte, on the cathode side, owing to the electrolysis of water to
hydroxide ions and hydrogen, water is consumed. The water passing together with

30 the sodium ions into the catholyte is sufficient to keep the sodium hydroxide solution
concentration in the effluent to 31-32% by weight, this at an intake concentration of

30% by weight and a current density of 4 kA/m?. In the cathode chamber, water is



menbrane el ectrol ysis processes are used (see in this context Peter
Schmttinger, CHLORINE, WIey-VCH Verlag, 2000). In this case a two-part
electrolysis cell is used which consistsi%f an anode chamber having an
anode and a cat hode chanber having a cathode. Anode chanber and cat hode
chanber are separated by an ion 20 exchange nmenbrane. A sodium
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customarily nore than 300 g/1 is introduced into the anode chanber. At the
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solution concentration as high as possible, since customarily the sodi um
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wei ght, and s@etph@nisiasd 3 Medadsiyde If more water is introduced via the sodium-
chloride-containing solution than can be transported to the catholyte, the anolyte
becomes depleted in sodium chloride and the electrolysis cannot be operated
continuously. At very low sodium chloride concentrations, the side reaction of

20 oxygen formation would start.

In order to feed maximum amounts of sodium chloride-containing solutions

economically to the sodium chloride electrolysis, it can be useful that the water

transport via the membrane is increased. This can be performed by selection of

suitable membranes such as described in US 4,025,405 A. The effect of increased
25 water transport is that the otherwise customary water addition to maintain the

hydroxide solution concentration can be omitted.

According to US 3,773,634 A, at high water transport through the membrane, the
electrolysis can be operated when a hydroxide solution concentration of 31 to 43%

by weight and a sodium chloride concentration of 120 to 250 g/l are used.

30 A disadvantage of both processes is the lower current yield of these processes, which



solution nmust be concentrated by thermal evaporation. In the case of the
sodiumchloride electrolysis, additional water is introduced into the 15
anol yte via this sodium chl ori de-cont ai ni'r?@'sol ution, but only water is

di scharged via the nenbrane into the catholyte. If nore water is introduced
via the sodium chl ori de-contai ning solution than can be transported to the
cat hol yte, theanmpart heecolmaiorElcicieyl ofttigceledirodgsil. um chl ori de and the

el ectrol ysis cannot be operated continuously. At very | ow sodium chloride
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effect of increased 25 water transport is that the otherw se customary water
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According to US 3,773,634 A, at high water transport through the nenbrane,
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are used. 30 Astlosiadissitingree)of both processes is the lower current yield of
t hese processes, which -20- inpairs the econom c efficiency of the

el ectrolysis. According to the preferred grocess, t he sodi um

chl ori de- cont dr9mpasee with thoprinast @ O 639 )sivyerigh a magppugpYaehthe t he
phase separatiQn: ] i
appropri at e, bS§HEX &é%{?(?eoélr%%@rh‘(g[trh? &#ﬁ?@%w %%%é%%%%&%r%[)g‘?atéﬁgg? ':0 % ng the
pH, via dn actisediretie NaChelkctrolgsis Bnnhearts@f gaf process bb@rdihg & the invention,

net al - chl ori de-cont ai niong waste water can be fed directly to the osnotic
di stillation enorethambi’aa! thersadivprechienids canrbe resamersd/ i 8 vigste Watehni ch a
maxi nrum 13% of the sodiumchloride present in the waste water of the

oo year bonat o G LRL: e B8 o ka0 D5 e BRIy, oo
chloride can bghitlea®hgiregbnfis genetdiel walsd @thode,But the cathode is replaced by a gas-
diffusion electrode at which oxygen is reduced to hydroxide ions.

15 If, e.g. in an integrated site, no hydrogen is required for chemical reactions, the
obligatorily produced hydrogen can be dispensed with. The advantage is an energy
saving in the electrolysis, attributable to the lower electrolysis voltage when a gas-
diffusion electrode is used.

The sodium chloride-containing solution arriving from the polycarbonate production

20 customarily has a sodium chloride content of up to 10% by weight, if it is the
reaction waste water. If the reaction waste water is combined with the wash water,
then the NaCl concentration is, for example approximately 6% by weight. If the
electrolysis delivers the chlorine and the sodium hydroxide solution exclusively for
the polycarbonate production, then the sodium chloride-containing waste water can

25  only be used to a minor extent in the electrolysis. For instance, in the case of the
customary ion-exchange membranes and the standard operating parameters of the
sodium chloride electrolysis, only approximately 7% of the sodium chloride of a 6%
by weight sodium chloride-containing polycarbonate waste water solution can be
used. The standard operating parameters of the NaCl electrolysis are a brine

30 concentration in the effluent of 200 to 240 g/l and an NaOH concentration of 31-32%

by weight. Complete recycling of the sodium chloride which occurs has therefore not



The novel process can also be carried out using an alkali netal chloride
electrolysis in which no hydrogen is generated at the cathode, but the
cathode is replaced by a gas- diffusion ePbctrode at which oxygen is reduced
to hydroxide ions. 15 If, e.g. in an integrated site, no hydrogen is
required for chem cal reactions, the obligatorily produced hydrogen can be
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exanpl e appr oXUsirftat prdeessaccovdingto thd invédion, speificamlymos thal 1326108 thehe

chl orine _and the sodium hydroxi de sol ution exclusively for the .

pol ycar bénat e spfiBabiqrisde fram e Waste walgrsaecuringcap e sxyeler 3t A gonesBEdionat er

can 20 only ber oAty oM RE SILAT ARG B SEV ISR BRI EALCS, 1

par anet ers of sbdiem I8deixide sontton sdtele Frgolyrbibdhste pestluytiem Btoniaile| spdiate of
the sodiumchloride of a 6% by wei 8ht_ sodi um chl ori de-cont ai ni ng
pol ycar bonat e chlggide clgglrelysessire ppespte awnmrat%@mIWélt%Wm%pw@mﬁ ng

par anmet ers of | ect rol ysi S: I 30 C t. i_.00:1d e
AR LS o R b N AR R T
Conpl et gQr ecy edyBlin®fromhe] Gadirkdss CThefradiion W kdtRakle Sodiemivhforided¥onh tee not
-21- been possible to date. Concentration by thernmal evaporation of the

water is not wagterveaien ipcteassn ovhicn thessodium elderidoelectralrsis bas nhd to proyidgithabl e as
a very inexpensi.ve roduct .. Usin h rrocess according to the invention,
significantly Sﬂ%}l@ I{yﬁg%l %%%l%tf"nt*}?g tge glﬂgﬁllﬁﬁﬁ%ﬁfsbvre’fyd@rPf’g'ﬁ?ﬁﬂg%vast e waters

occurring canphfiucgsycl ed at a concentration of 10% by weight, if the
sodiun1ch|orige el ectrolysis provides the chlorine and the sodi um hydroxi de

solution solely for polycarbonate production. Customarily, sodium chloride
el ectrol yses d Birhpeprafesredaaripritod ghemavg! ploeess duthakthe sendeatrition ef the westki ty of

chl or i NG <cONSUIEE S AT 30 boral ISR A0 (A%SR ARl e 1R
is fed to the alkali metal chloride electrolysis. By this means more than 50% of the

alkali metal chloride from the polycarbonate waste water could be reused.

This, however, implies that the chlorine and the alkali metal hydroxide solution are

not used solely for polycarbonate production.

20 Particularly preferably, an alkali metal chloride-containing waste water having a pH
less than 7 is used in or fed to the electrolysis f). The pH is adjusted preferably using
hydrochloric acid, but can also be adjusted using gaseous hydrogen chloride.

In a further preferred process, the NaCl electrolysis is operated in such a manner that
the NaCl solution which arrives from the cell, has an NaCl concentration of less than

25 200 g/1. Concurrently, the hydroxide solution exiting the cell may have a concentration
of less than 30% by weight.

The transport of water through the ion-exchange membrane depends not only on the
operating parameters, but also on the type of membrane used. The process according
to the invention utilizes such ion-exchange membranes which under the conditions

30 according to the invention of the sodium chloride concentration and hydroxide

solution concentration, enable transport of water through the membrane of more than



10 recycling fromall consuners. The fraction of reusable sodium chloride
fromthe waste water increases when the sqdium chloride electrolysis has
not to provide the sodium hydroxide sol Ut#on and the chlorine excl usi vel y
for polycarbonate production. A further preferred variant of the novel
process is that the concentration of the waste 15 water of the

pol ycar bonat e 45 adlof ivater per mokofesadimeh.by solid al kali netal chloride and is
fed to the alkali metal chloride electrolysis. By this nmeans nore than 50%
of the alkalinmetal chloride fromithe pol ycarbopnate waste water could be
reused. This, HS/AFEATdsngity SATHIHRRE RS TRt SRR

hydroxi de sol uljq8 igh&ticat, 248 261 Qhrl PRIV GBI DONIHES IRFVRUEL L Riely20
y ali neta chllo I

Particularly prefera , an al k de-contai ni ng waste wafer
having a pH |ldglssurfeen aaiase ueddAnodesthatiag atrelatitly dighcturfate anes afe)takefite pH i s
adj usted preferably using. h dr%chl ric acid, but .fcan al so bﬁ_@a?{éusted usi ng
gaseous ré/)drog‘é pssyIn gehich the physical wurtacsaseadis sigiffnapily greater fhanypey

el ectrolysis i i > . |t i whi ch
arrives from tﬁ%ggtg??{,ﬁ%gsa?%%%g\% @n%enﬁe;%?%lgnm%lfs%% afeﬁghﬁ, e% 200 g /1.
Concurrently, dégrodydeomsirdeed m aifdannlilexort feldike heanned. Byrthig nikavie atethe anode,

concentration of |ess than 30% by weight. The transport of water through
t he ion-exchar?g%ernb}ﬁbre&wogea%rﬁaf@ AR IS S#Fsﬁdéﬁgt&r?eloc%ﬁé’ffali*ti‘{%SlEYalﬁ&f@Qérs_, but
al'so on the type Ql.dTfDL e%&%fﬂ@%}&é%ﬁ%ﬁx@&fﬁé@étwgstthB QUfAt 1 on
utilizes such 10on-exchange nenbranes IC nder e conditions accordi ng

to the irventitheloebl durensdelisitn) Rédon the phosicatrtirfade e afitle blediradd, tdess
sol ution concentration, enable transport of water through the nmenbrane of

more than - 22-than Bkadn’. ghe higher theesurfaes area andyihe lowerthe lasak qusient drasiy e | s
| cul ated in thi 1 h is of the . is i
o oa o5 YRR ARABR R GrRR P O P PR RO B e

rel atively hiighesfitdction ©f ssdamahioride febm MeafRe Watet which caebatdcyeley. hi gh
surface area are taken to 5 mean those in which the physical surface area is

significantly greater than the projected surface area. Anodes having a
relatively hi ghhesilt phthe aliradizmetplkchleride-containiag agigaxatero heforaibe elgcirplyss D),

foam i kle‘j or fs%lo{[ﬂ'dl pirgf%rawg'ee Tess t%Xn t7,h ﬁa?ﬁglﬁfrpys pr%f"ergﬂn}ef‘ 0%8%6

The alkali metal chloride electrolysis should be operated in such a manner that the alkali
metal chloride concentration of the alkali metal chloride solution arriving from the cell
is between 100 to 280 g/l of sodium chloride and/or such that the concentration of the
alkali metal hydroxide solution which arrives from the cell is 13 to 33% by weight.

20 Particular preference is given to concentrations which enable operation of the cell at
relatively low voltages. For this, the concentration of the alkali metal chloride
solution arriving from the cell should preferably between 110 to 220 g/l of alkali
metal chloride and/or the concentration of the alkali metal hydroxide solution which

arrives from the cell should be 20 to 30% by weight.

25 The ion-exchange membranes used in the electrolysis should have a transport of
water per mol of sodium of preferably greater than 4.0 mol of H;O/mol of sodium,

particularly preferably 4.5 to 6.5 mol of H,O/mol of sodium.

The process is preferably operated in such a manner that the electrolysis f) is carried

out at a temperature of 70 to 100°C, preferably at 80 to 95°C.



a very high electrode surface area is offered and the |ocal current density
is greatly decreased. The surface area of the anode is preferably sel ected
in such a manner that 10 the l|ocal currenf3density, based on the physical
surface area of the electrode, is less than 3 kA/nR2. The higher the surface
area and the lower the local current density, the |ower the sodiumchloride
concent r at i onTha elebiolpsis iopeaated st edbesitiecbressdretdid tgriebbay prefesatilngt  r act i on
of sodiumchloride fromthe waste water which can be recycled. The pH of the
alkali metal esHEsablddntaibaitng waste water, before the electrolysis f),

15 shoul d preferably be |l ess than 7, particularly preferably 0.5 to 6. The
al kali met al J r i i er that
The al kal - mobaP SRS s il sl e S AARIRL Sl Do P S LS

sol ution arri pamigular, gmsiidhen @ehner thas tHegiresser id Gk ¢athod8@hgrhberd hiphehi than

chl oride_and/or such that the concentration of the alkali netal hydroxide
sol uti ondwhi cHedresspedn theomodpehambar. s 13 to 33% by wei ght. 20 Particul ar
preference is given to concentrations which enabl e operation of the cell at

relatively |l o i qﬁﬁ& '102[;5 I ! al
chloride sol E{P ?giﬁ%eggﬁuﬁwﬁg&fr‘% g‘!%éﬁeﬁ%g@éﬁé S otBF’gﬁﬂpre gé 8}%&’?"%& @%R&?&O to
220 g/l of al kahtticulielyPrefeitbdpiodessal@i{oorsOthisarcomeeatly a0 k@ M0®mbihe al kal |
nmet al hydroxi de solution which arrives fromthe cell should be 20 to 30% by
wei ght. 25 The ion-exch%rrgf menbranes used in the electrolysis should have a
}4 r2 gls plor t f of Ahdrvesr afxel mesa! chloride epneRTtEtiops. sPesial BROAeoatings can ﬁl&hb%‘}%d-rm:c of

mol of so : [ r ; . 0

A piftcuiEths LG AL BIELA Voot By i lo Bt cdeyio

sodium The p SS 15 pr era I'n’suc

el ectrollgsi s bihet Sotd@meiabebmputientsof subigforpen anid 8rof tief PeflddicolablsEtheor ef er abl y

at 80 to 95C. -23- The electrolysis is operated at an absolute pressure of 1

to 1.4 bar, pElmanisbFgrexample, heagady wabng ganpberdgpad with aalladivgme compaads.e rati os

bet ween anode ¢h r : C re selected, in particular, in
COER S G005 R e

such a manner e pressure’in ti Sde chanmber is higher than 5 the
pressure in the exAfleshabiefter até ttelidell &5 Blubirat (Y Mesert Riveiore atheat hode
chanber and anode chanber should be, in a particularly preferred process,
20 to 150 nbatestrptiagéthaweyeBo to 100 nbar.

15 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

rearrangements of the parts may be made without departing from the spirit and scope
20 of the underlying inventive concept and that the same is not limited to the particular

forms herein shown and described.
EXAMPLES

The examples are intended to describe the process according to the invention with
reference to concentrating the sodium chloride-containing waste water phases

25 occurring in the production of polycarbonate and the simultaneous dilution of the
sodium hydroxide solution obtained from the electrolysis for the polycarbonate
production process by osmotic membrane distillation and electrolysis of the resultant

sodium chloride-containing solutions.



At |ower alkali metal chloride concentrations, special anode coatings can
al so be used. In particular, the coating of the anode can contain, in
addition to rutheniumoxide, also 10 ot hé&4-noble netal conponents of
subgroup 7 and 8 of the Periodic Table of the Elenents. For exanple, the
anode coating can be doped with palladi um conpounds. Coatings based on

di anonds are efmhple 1Usabl e. The exanpl es hereinafter are intended to
illustrate the present invention, without restricting it however. 15 All

t he references descrlbed above are incorporated by reference in their
entireties fd Preductienand warkupodahe polyarkonateer e i s shown and descri bed
certain speC|f|c structures enbodying the invention, it will be manifest to
those skilled S ts of
the parts may e Ras v?nrtcﬁ {mcf%%{ggt{l nt[l%)"]g&rg{rt ?ﬁ?hgl@p%‘?p k%/g %@B of the
under | yi ng i nvBisplicviel A@@W@hvﬂﬁlﬂaédﬁ@nﬂ%@@ E%<AoﬂBE[)AI A 3. e éhol of §ddum
particular forms herein shown and descri bed. MPLES The exanpl es are

i nt ended % o dewdraxide sohetiqernse spd ohBEOrate ﬁgtqr@ﬁ hda priviieqs. erd glse Mia ar ef er ence

occurring i n (hans ERREE SF Goh BEPORaRROHEeL A X ALS R MR EB B ut i on
of the sodi urgohyighs @508 BOkeighOst RethAleRechlbii@dd s beeligdi ysi s for the

pol ycarbonate production process by osnotic nenbrane distillation and
el ectrol yS| s ghondeblorelnrensrare metegecdim chI ori de-contai ning sol utions. -24-

Exanple 1 a) R oduc ar.ho

circul ation reatt8f™ a‘ﬁ%ﬁeﬂ%ﬂ 1%%1@ &%X%%ﬁkw%ﬁ %by%qxﬁngﬁ%ﬂg

Bi sphenojg A sairélbdded ah'b'tlfé‘reﬁ&f&ﬁh&%ré@s‘yp£¥ed%a 8 tatQkclRMBedd ad- vhstiéd Of
sodium 5 hydroxi de sol ution per nol BPA are netered in via a T piece,
and al so via adwethlrtnmewesselphaekéo &ewmpgwﬂiemn bk abgresmentiaed messistraanBGrel 00
kg/ h of solven ich consists of 50% by wei ght of nethylene chloride and
50% by wei ght a(Slf1 ‘'monochl or obenzene are netered in.

By means of flow metering, the pumped circulation rate is determined at 260 m3/h.
The temperature is 36°C.

15 A subquantity of the emulsion, which is equal in size to the influent raw materials, is
fed upstream of the metering points for BPA and phosgene from the dwell time
vessel of a further pump and pumped through a tubular reactor. To this stream are
added 1050 kg/h of sodium hydroxide solution (32% by weight) and also 134 kg/h of
p-tert-butylphenol, dissolved in 536 kg of solvent mixture. After a dwell time of

20 10 min, 18 kg/h of N-ethylpiperidine are added in the form of a 4.8% by weight
solution in solvent mixture (50 parts of methylene chloride and 50 parts of
monochlorobenzene) and the emulsion is pumped by means of a further pump
through a further tubular reactor.

After a dwell time of a further 10 min, the emulsion is separated in a separation

25 vessel and the polycarbonate solution is washed free of electrolyte by known

processes, €.g. by a centrifuge technique.
The polycarbonate solution is concentrated in evaporation units and freed from
residual solvent on a degassing extruder.
The following analytical data were determined on the polycarbonate granules:
30 YI = 1.35 (measured as specified in ASTM E 313)
Etarel = 1.195 (measured as specified in ISO 1628/4)
Phenolic OH = 85 ppm (measured by UV spectroscopy at 546 nm after staining the



To maintain the alkalinity, 360 kg/h of 32% by wei ght sodi um hydr oxi de
solution 10 are added and the reaction mxture is passed via a heat
exchanger and an unstirred dwell tine vesSel back to the punp, wherein the
above nentioned mass streans are added. By nmeans of flow nmetering, the
punped circulation rate is determ ned at 260 nB/h. The tenperature is 36C
15 A subquant i PYenetic epdewwns #iSliClgli ch is equal in size to the influent raw

materials, is ed upstream of the neteri poi nts for BPA and phosgene from
the dwel | timelnyEESEPN WRSE Walsr deat cawﬁg\ea%erep\ﬁ% wathabigtes and {Fnea drom

reactor. To thi : 3 odi i QL.
(32% by wei ght ?agﬁgl%a sge%g%cﬁggﬁ%(#& é%)liég(r@h %Eet y %hﬂéé%%mgg? gfggﬁt/%@#%dhg%éc
kg of solvent &gidtind aeatifoteith actihaeddl cafbonpthe frea?flod Ovaste vatdr& okigdrts 906% by weight
N- et hyl pirTgeri di negé{e added in the formof a 4.8% by ight solution in

Wwel
sol vent n? xt ur 81 V&0l a4 pem ofras,Blek and Rcgolsgmeaniuedy Har spsctggscopy of the

nonochl or obenz gg& ?El‘f! S| i Er_}?%g f a further punp

t hrough a furtﬁ U usg?{a/zr%g!é{i’oér'gqgfa?eegaa V\gﬁbeﬁ?ﬁﬁﬂ&g. a further 10 mn,
t he enul si on i & cagpafal wihou fartise pariftition to e osansie manblahddisitdtionar bonat e
solution is washed free of electrolyte by known processes, e.g. by a
centrifuge tech sin asedium|chloridy solatipn (reagtionayaste water) by

T
evapor ati on unij 1 am. residual solvent on a degassing extruder.
The foll ow ng Q@Mo—% ngl(ﬂgﬁOJ determ ned on the pol ycarbonate granul es:
30 YI = 1.35 (nmeasured as specified in ASTME 313) Eta rel = 1.195 (nmeasured
as speci fil)ed i Thé¢ S&hdte2Gbdllatidhens|cagiedduraiGomrsmperase redmbyuleMhich had
spectroscopy at 546 nmafter staining the -25- Phenol ic end groups with

Ti C14) The reagfneambraesifagmpen of & Mo reyRbianeel the Accyiel RPHIRR/3dB e es

and is freed f | vent r t L1 PRI Wt am
Ater neutral | YoM HE el bl MG, P Gttt o e By Bl Aol DUfE’
carbon, the regagithiathgWasdtionWalsR wae dohitivn Eorl %) WereRingit, Whektad\ellofand < 2
ppm of free BPA and phenols, neasured by UV spectroscopy of the

31.0% by weight sodium hydroxide solution was metered in as water-receiving

15 phase in co-current. The concentration of the reaction waste water solution exiting
from the cell after 210 minutes was 18.0% by weight of NaCl, while the NaOH
solution taken off was depleted to 16.0% by weight.

The concentrated reaction waste water solution exiting from the cell can be fed to the

electrolysis without further purification.

20 ¢) Electrochemical oxidation of the sodium chloride solution from the osmotic

distillation

The electrolysis is carried out, by way of example, in a laboratory electrolysis cell
having an anode surface area of 0.01 m?2 The current density was 4 kA/m?,
temperature at the outlet on the cathode side 88°C, temperature at the outlet on the
25 anode side 89°C. An electrolysis cell having a standard anode and cathode coating
from DENORA, Germany was used. A Nafion 982 WX ion-exchange membrane
from DuPont was used. The electrolysis voltage was 3.02 V. A sodium chloride-
containing solution was circulated through the anode chamber by pumping at a mass
flow rate of 1.0 kg/h. The concentration of the solution fed to the anode chamber was

30 25% by weight of NaCl. From the anode chamber, a 20% by weight NaCl solution



aqueous phase at 294 rim e.g. in a Perkin-El ner spectroneter. It can be fed
w thout further purification to the osnotic nenbrane distillation. b)

| ncreasi ng concentration of the sodi um chR6ri de sol ution (reaction waste
water) by osnotic nmenbrane distillation 10 The osnotic distillation was
carried out at roomtenperature in a nodule which had a nenbrane surface
area of 1 n2. couldeehalamefOiTd the NACE vslatioAkdbOHf 3kh theR@odd embyeas ana was
used. Into the nodule, 2.3 L of the 9.0% by wei ght sodium chl ori de-

cont ai ni ng r e£ddebi 1 3kke/h ofdB&Y duiwrighiiwoneasiraisy roastien pasiseptenfienhes 1 L of
31.0% by weig i ] i jn . ter-.receiving
15 phase in cgjfogﬁ:rrgﬁgee%%ﬁ%%g%(ﬁ@pgﬂ g@h‘gﬁ?lﬁ&g&?g@ﬁﬂgﬁgﬁas 5‘81\’}\%1 Igr

sol ution exitiwg subdegliRritiefed Bhik @fth@hinodtRhafhbet The WasspdH 00 Wakty tWei@hthe Of
NaCl, while the NaOH solution taken off was depleted to 16.0% by wei ght.
The concént r atekinbreng Weoh Swaeliod waiarder mol of sodiine@1 tha dNaCl selutipawing can be

fed to the electrolysis, wthput rther i £l i pn. El ect,r ochem cal
oxi dati on of tiﬁoén é’gd\’:éﬁhf){?m%r 1%?‘%51 ?ﬁufv&heon;tjfooéhbﬁﬁgg@s?r%?&zg )° Byﬁellghlt ation The
el ectrolysis iNa@abhia@fin@iSlutidyy way of exanple, in a [aboratory electrolysis
cell having an anode surface area of 0.01 nR. The current density was 4

kA/n2, tenperature at the outlet on the cathode side 88C, tenperature at
the outl et on Qhihezathadoside,si Wwdiweydraxide selotiew wps ciscudated bnavinpingat 8t andar d

anode and cat hode _coatjn m r pan s used. A Nafion.9 WK
on- exchange. g AaNGelrtdd R s enerTaom e e Ry i Al i has
3.02 V. 1B sodijh@kdtRddiaidecRiy 7090 b fveditt UE NaOHVasd el seliudt Blirbigough the

anode chamber by punping at a mass flow rate of 1.0 kg/h. e concentration

01;] the sol uti cnlutied taken offefrem dhiecathraietside hads ®0caBmiby ofvdl. GHibyoveidltCl . From
the NaG ol utTAITGKER Sorrs PF fbimdbarits Dlkfbed 11246 dicat Iowg n of

18. 0% by wei ghte 6Q0&83%:Eah afd ﬁﬁ%ﬁlh&ae%@g l%pteflﬁfsﬁéd (iR dobe klgnpémlbm%gat e

production and 0.0641 kg/h of solid sodiumchloride. The solution
subsequent | y fredirciotatdd hask ttdréheanatude elemebe 0f thheeactednediomtchifridea? 28%t hr ough

t he .. .
15 originates from the polycarbonate reaction waste water.

d) Recycling the dilute sodium hydroxide solution from the osmotic distillation to the

polycarbonate production

The dilute sodium hydroxide solution from b) is fed to the polycarbonate production.

A mixture of 6.5% by weight sodium hydroxide solution produced by diluting the
20 16.0% by weight sodium hydroxide solution from b) with demineralized water, and

bisphenol is combined with a solvent mixture of methylene chloride/chlorobenzene

and phosgene and processed as described in 1a).

By using the 16.0% by weight sodium hydroxide solution, instead of the customary
32% by weight sodium hydroxide solution, 25.5% demineralized water can be

25 saved.

Example 2

a) Production and workup of the polycarbonate

The process as described in example 1a) is carried out, but the reaction waste water

is combined with the wash phases to form total process waste water and freed from



5 nmenbrane was 3.5 not of water per not of sodium O the NaCl sol ution
arriving fromthe cell, 1 %was discarded, equivalent to 0.008 kg/h of a
20. 2% by wei ght NaCl -cont ai ni ng sol uti on2’on the cat hode si de, a sodium
hydr oxi de solution was circulated by punping at a mass flowrate of 1.107
kg/ h. The concentration of the sodi um hydroxi de solution fed 10 into the
cat hode si de welyeBaesithyeswad ghthlysf byNetfibhing mdtht steans ddianmetiyadizatiodwithol ut i on

taken off fro he, cat hode side had a concentration of 31.9% by wei ght
NaOH Of the ?15@%1890 %ﬁ@nﬁ UGk Pife Ak %P%ﬁpat?taiayqﬁe%a\gasteaw A of f
from the voly ‘?I%’"o ; j o nxg]vg{s j ' kg/ h
of water and g@%@%?h at 23@ E)%H(?E\Iatm;g?%e@?ﬁ od%éeg?gﬁeryr?ta ?ﬁ%&%,ﬁ%&ag%rggt@ gd

sodi um chl ori dB/ spttr88¢opH obthegiqgnedd phhsecin2fhampelgy itea Pakait-Elnieeact i on wast e
water. d) Recycling the dilute sodi um hydroxide 8I ution fromthe osnotic
di stillaPion SEECiRBCtesoTRIRbBILES Wasttialer ean Lﬂf‘g &R ThetosmeBEI MRS oxi de
sol ution fromsh)il . onate production. A mxture of 6.5%
by wei ght sodidljmﬁuh@%{r‘gg?@gfg%?eﬁg)ﬁlgﬁeﬁogduced by diluting the 20 16.0% by
wei ght sodi um hydroxi de solution fromb) with dem neralized water, and

bi sphenol is bpChhcemdtating theaodialhvenodridd solution (tftalipeddeyd waste water) by osmotic

chl ori de/ chl or obenzene _and phosgene and processed as described in | a). By
usi ng the 16. cegrangdisillationdi um hydr oxi de sol ution, instead of the
customary 32% by wei ght sodi um hydroxi de sol ution, 25.5% dem neralized

wat er can be . I I .

pol ycar bonat eﬁﬁég%rgg%glssgn%smﬁd‘g%%ra?%eﬂ u?%@%?ﬁ%@@%&?@ :ng%gﬁfie;é%ﬁ ll(]’tn,l Ybut

the readdi on wasiR whickhad h Snehtbriceefaeé frda bhe A hmahbaas of e fArcamet PP al
process waste water and freed from 27 = solvent residues and catal yst by
strippi ng w t H59B3a#peArane Magehranawayesel oFhafotah Prasps wesks weteeframial and

treatnent wt LV t t t i ns
6 55 by el ghtRERNES A LSAVERA schlln LRbRe RECHERRRR. e iR 43I T,
spectroscopy @dte bhe9.8quieoMslediBas B/133% 8¢ welilght ®dihm hydraxide kklutiofveRy

metered in co-current as water-receiving phase. Owing to the great reduction in

15 volume of the NaCl solution, 1 L is replenished once after 20 minutes. The
concentration of the process waste water solution exiting from the cell after 75
minutes was 15.2% by weight of NaCl, while the NaOH solution taken off was
depleted to 16.6% by weight.

The enriched total process waste water solution exiting from the cell can be fed to the

20 electrolysis without further purification.

¢) Electrochemical oxidation of the sodium chloride solution from the osmotic

distillation

The electrolysis is carried out by way of example in a laboratory electrolysis cell having
an anode surface area of 0.01 m?. The current density was 4 kA/m?, temperature at the

25 outlet on the cathode side 88°C, temperature at the outlet on the anode side 89°C. An
electrolysis cell having standard anode and cathode coatings from DENORA, Germany
was used. A DuPont Nafion 982 WX ion-exchange membrane was used. The electrolysis
voltage was 3.02 V. A sodium-chloride-containing solution was pumped through the
anode chamber at a mass flow rate of 1.0 kg/h. The concentration of the solution fed to

30 the anode chamber was 25% by weight of NaCl. From the anode chamber, a 20% by



5 spectronmeter. The total process waste water can be fed to the osnotic
menbrane distillation without further purification. b) Concentrating the
sodi um chl oride solution (total process Vst e water) by osmotic nenbrane
distillation The osnotic distillation was carried out at roomtenperature by
way of exanmple in a 10 nodule which had a nmenbrane surface area of 1 n2. A
menbr ane of thmiglﬁdﬂa(élsol%ﬁontﬁﬁlﬂ?.ﬁaakeylpﬁf flodhe Ne@bsdutzontakerustE dronilthe ahadeal

t t 0 i
Dumped | nio ¢ OSRGYE Hieh 0 ke o 1525 by avesth e S 8! RBCtS L3Sy
wei ght sodi Umffﬁfﬂ'il@‘ds%tl%%éfﬁﬂ)rgﬂe l?atlo%ﬁé anfl OC(RSB@ (5'ftsoﬁ§ sodi
wat er -recei vi ng phase. great ctron | n vo une o¥mt he Nad
solution, 1L ahk)rrdeprmscﬂlhtﬁﬂl wmbsé@entlﬂ&drhaduhﬁsthe‘ﬁhede dmmﬁ;ent’ﬁ’}ﬁttr’anspomf

t he process waste r solutiopn exiting fromthe cell after 75 .mn S was
15. 2% byeS\NEI gt Vet rﬁé@ﬂghmw@n REC RABRSBY LR PHETRER E1P1 B 0 - OldsNEd to
16. 6% by wei g %n,?,;] 0

fromthe cell %E:)glr?-gg egé ?gﬁﬁl}%%lgol /glwégta B yS| ;eﬁ% E&O%d%wopé(té 2%y
purification. wdighfiNaGlrcoatadiihg adlutiori.dat i on of the sodi um chloride solution

fromthe osnmotic distillation The electrolysis is carried out by way of
exanple in a |%&e§@@996 gidgca sodiuys hgdregide s ﬁ%}ypwas SHCUAEA BY PURPHIEA 4r ea of

0.01 nR2. The Fnﬁlt

t he cat hode si é{ﬂ errpleyoa e a}{iﬁ/ ﬁ%%%ﬁ%?f%teg r?ldgchlg‘fzé ;éld%&An
el ectrolydsi s qedolthé\aathm ﬁdeamm@%@p@daegla@ﬁm@ﬂh@d&t}mﬁimﬁydrmﬂe DENORA,
Germany was used. A DuPont Nafron 982 WX ion-exchange nenbrane was used.

The el ect r ol ysPEitiop sakea gét ffem the eathage S}desl@é@lmpé?ﬂt@ﬁlp@@f e bAvramhvRighsol uti on

was punped th o 0, h. The
concentrati on héélrag)o utlgﬁofﬁg /féggrtv%eggﬁ@ %)8 a&rgétfonm‘é%% y wei ght
of Nad . FrOmﬁdiﬂtlﬂﬂmﬂlﬂnéBt@é’dﬁerandahe?@%amder_@&_repY&iﬁB& wita@.069alkgtti @ coul d

be taken off. To the NaCd solution taken off fromthe anode chanber was
added 0. 132 kgr#ergmdrecirad baskdathecsathiodhelemest.al process waste water from
the osnotic nenbrane distillation under b) and 0.0686 kg/h of solid sodium

15 Of the sodium chloride reacted, 22.7% originates from the polycarbonate total

process waste water.

d) Recycling the dilute sodium hydroxide solution from the osmotic distillation into

the polycarbonate production

The dilute sodium hydroxide solution from b) is fed to the polycarbonate production.
20 A mixture of 6.5% by weight sodium hydroxide solution, produced by diluting the

16.6% by weight sodium hydroxide solution from b) with demineralized water, and

bisphenol is combined with a solvent mixture of methylene chloride/chlorobenzene,

and phosgene and the process as described in 1a) is carried out.

By using the 16.6% by weight sodium hydroxide solution instead of the customary
25 32% by weight sodium hydroxide solution, 23.7% of demineralized water can be

saved.

Example 3

a) Production and workup of the polycarbonate

A reaction waste water from the polycarbonate production, obtained as described in



chl oride. The solution was subsequently fed back into the anode chanber. The
transport 5 of water through the nenbrane%?vT\/]as 3.5 nol of water per nol of
sodium O the NadO solution arriving froMmthe cell, 1% was di scarded,

equi valent to 0.008 kg/h of a 20.2% by weight NaCl-containing solution. On
t he cathode side, a sodium hydroxi de solution was circul ated by punping at a
mass fl ow r at exafiple 140% Ikegé hot cbltrd)imdn&idntheawashmhan‘es ahdissfotd fronnyavani de
solution fed 10, into,t de.side, was 30%Db We'. t of

o um hydr ox FHMED I FAyH DRSTIIAE PRbAERoALat Motfelidrtins HabieprocioHe ackf
concentrati onagf tr§a]tm%r{9 With Wervahdd cafﬂﬁ‘)g"ﬁhe@%tlgn %&%Zte I@Qafté} Rhtalifie1 03 by v@b t

wei ght hydroxi de solution was taken off fromthe volume stream and the
remai nder was Na€phmhk 2hppdh of frée BPAGSd pkefidis, afcaswrad by LBhspeactosaopubfithed back
to the cglthode elerre ?O‘ t he sgg)ieargn%gloride react 22. 7%or|g+nates
from t he” pol yaayesunakase eh{ %} nmpe-ga arhdmgRRsFiroRpteRdAF ApACHign MRS 3TAGT e
sodi um hydr ox

pol ycar bonat eh%f%é g#? :t)k%rb'ﬁh{ogiglnﬁ ute %%l%tﬁhylgﬂfhggd@g tiflﬁ(}:r?tlg)rom b) is fed
to the pol ycarbonate production. 20 A m xture of 6.5% by wei ght sodi um

hydr oxi de sol Etl on, pr oduced by d| I ut| ng the ~16. 6% by wel ght SOdI um

hydr oxi de sol PIHLEA AN Qg pRHAN CAKHIGK S SACtIOx); W % S
combi ned with,g sel Pﬁgﬁll%rﬁleﬁg '119'091{ rret hyI ene chl ori de/ chI orobenzene and
phosgene and [‘ﬁ%"pT‘O‘C‘E‘S’S_a'S_SglE'STFT inla) is carried out. By using the
16. 6% by wei ght sodi um hydr oxi de sol ut| on instead of the customary 25 32%
by wei gho sodiluerdagtorowaste watdr ftonoa) is 28ncéitrated the b. 0% & ngﬂt adsatotican be
saved. Exanple 3 a) Production and workup of he poj yc act |

waste water fmSMOEHE 85 apa%'mé 188 1 BERERGESHC desibedt M) secp frude hasdistohaisog.
exanple 1 a), V\’lﬁséagﬁgﬁﬁ%n ed with the wash phases and is freed from
sol vent residues and cat yst y stripping wwth steam After neutralization
with hydrochloric acid and treatnent with activated carbon, the reaction

wast e wat er contains 10% by wei ght
¢) Electrochemical oxidation of the sodium chloride solution from the osmotic

15 distillation using a gas-diffusion electrode

The concentrated waste water was equivalent in quality as per example 1b). Since
hydrogen is not required for the production of DPC, the formation of hydrogen
during the electrolysis can be omitted. The electrolysis was therefore operated using
gas-diffusion electrodes. The current density was 4 kA/m?, temperature at the outlet
20 on the cathode side 88°C, temperature at the outlet on the anode side 89°C. An
electrolysis cell having standard anode coating from DENORA, Germany was used.
A DuPont Nafion 982 WX ion-exchange membrane was used. The electrolysis
voltage was 2.11 V. Into the anode chamber was metered 0.8 kg/h of a 25% by
weight NaCl-containing solution. The sodium chloride concentration of the solution
25 taken off from the anode chamber was 19.8% by weight of NaCl. To the NaCl
solution taken off from the anode chamber were added 0.180 kg/h of 18.0% by
weight reaction waste water and 0.0557 kg/h of solid sodium chloride. The solution
was subsequently fed back into the anode chamber. The transport of water through

the membrane was 4.9 mol of water per mol of sodium.

30 On the cathode side, a sodium hydroxide solution was circulated by pumping at a

mass flow rate of 1.107 kg/h. The concentration of the sodium hydroxide solution fed



NaCl and < 2 ppm of free BPA and phenols, neasured by UV spectroscopy of the
5 aqueous phase at 294 nm e.g. in a Perkin-Elnmer spectroneter. The reaction
waste water can be fed to the osnmotic me¥brane distillation without further
purification. b) Increasing concentration of the sodium chloride solution
(reaction waste water) by osnotic nmenbrane distillation 10 The reaction
wast e wat er fintnthajathedesideens Ba0%hyt weight SIMAYH yeidght sddiuiasiydtaxide menbr ane

distillation a cordlng t he process described in |b) and fed to_ the
el ectrolysis OEH Qicffrf)ﬁ‘sth%ﬁat@l’@cﬁl‘? coepd 2 opeentetiop 9 ALAPERY Welghbigk i on of

t he sodiumc d
gas-di f f usi onhNngcterfE%e%}%nb(?{)ﬁ%%%%r HPEdl lon]\i;/? lgrbq%s%g%%l? é\;ha elrt;li(mfel

qual ity as pethe exlamel streddn) mc&heeanmh&drmeeplemsmtwmeq0B4‘Eldg/h@f“tatte and
production of DPC, the formation of hydr during the electrolysis can be
omi tted.> The isrisilated hagkdo shescatnde elcsneat. ﬁ@rféacaan egr%gte §odivg ghlqiigdeon

el ectrodes. rature at the outlet 20 on
t he cat hode m%n%@%@q%ar &{ea?éa{eé?tié&z?’é%{&é ggﬁ t he anode side 89C. An

el ectrolysis cell having standard anode coatl ng from DENORA, Cermany was
used. A DuPogbmbarfitire 8mpl¥4i on- exchange nenbrane was used. The
electrolysis voltage was 2.11 V. Into the anode chamber was netered 0.8

kg/ h of a 25% by wei ght NaCl - cont ai ni ng. sol uti on. The sodi um chl ori de
concent r at i or2)doquetion andworsuipof the;pelpcaghanate om t he anode chanber was 19. 8%
by wei ght of NaCI To the NaCl solution taken off fromthe anode chanber
wer e added O. 0557
kg/ h of soli hg#@ggﬁ% véla?e é}%#){he Iy@( &Fﬁ On&é%&g%&gl?%ug%i&fs %ﬁ%gg%k into

the anone chaadaﬁrple Jd)eistnooesipsinéd with Wt washt phasus@ind is frecdorarselRentas 4.9 nol
of water per nol of sodium _ 30 On the cathode side, a sodi um hydroxide
sol ution was lesifues andeatabist by ssipRImEanthstcarasAlter newraligagop with h]i/dlpchb)/flﬁ The

concent rati ol ld G- ARt RIUS AR DAL ML LADERH o5 Qe 1A 098 BD

si de was 30. 0%9 an e so OXI uti on aken

off fromthe \@aghtqd@msdnd&m Bfmaf ¢Re GBI mtpmomf n@aslﬁ%WUWp@moseé
O the 31.0% bty ght hydrOX| de solution, 0.192 kg/h was taken off from
the aqueous phase at 294 nm, e.g. in a Perkin-Elmer spectrometer. The reaction

15 waste water is used directly in the electrolysis without concentration.

b) Electrochemical oxidation of the sodium chloride solution (reaction waste water)

The electrolysis was carried out by way of example in a laboratory electrolysis cell
having an anode surface area of 0.01m?2. The current density was 4 kA/m?,
temperature at the outlet on the cathode side 88°C, temperature at the outlet on the
20 anode side 89°C. An electrolysis cell having standard anode and cathode coatings
from DENORA, Germany was used. A DuPont Nafion® 982 20 WX ion-exchange
membrane was used. The electrolysis voltage was 3.02 V. A sodium chloride-
containing solution was circulated through the anode chamber by pumping at a mass
flow rate of 1.0 kg/h. The concentration of the solution fed to the anode chamber was
25 25% by weight of NaCl. From the anode chamber, a 20% by weight NaCl solution
could be taken off. To the NaCl solution taken off from the anode chamber was
added 0.125 kg/h of 10.0% by weight reaction waste water from the polycarbonate
production and 0.076 kg/h of solid sodium chloride. The solution was subsequently
fed back to the anode chamber. The transport of water through the membrane was

30 3.5 mol of water per mol of sodium. Of the NaCl solution arriving from the cell, 1%



t he volune stream and the remai nder was replenished with 0.0345 kg/h of
water and 5 recircul ated back to the cathpde el enent. The fraction of
reacted sodiumchloride fromthe polycarbonate reacti on waste water was

36. 9% Conparative exanple 4 a) Production and workup of the polycarbonate A
reacti on waste water fromthe pol ycarbonate production, obtained as

descri bed i n waddissaudqsl, eq@aglentite 0¥ kedndl n2H0%i by wehght Wa€hcoitaigig and i s
freed from sol \ient resi dues and catal yst by stripping with steam After
neutralizati ofP %W %h hydrochloric acid and treatment with activated carbon,
the reaction waste water contains 10.0% by weight NaC and < 2 ppm of free

BPA and phenobg thd'@aisddeacdy sddMudRBatd@&CRMttiondhastdiRuRtdeR RO ASR afe 294
nm e.g. in a Perkin-El mer spectrorreter. The reaction 15 waste water is used

directly in tbel é@bbg/hoﬂyastrcmcmttaﬁmutof thersodivmny biydroxide bylutibre tedriniorthen cal

o ecrrolysts bRt e oy Sy DI ang e AR B Fa B poleint ol ysi ¢
cel | having &ﬁe@&ff%nmefca%d@gﬁe hgaan%H{%auOm AWY, gtwedgfwftmwf@@ffl

KA/nm2, tenperature at the outlet on the cathode side 8 erature at
t he outl et onthe3d.9%20 tgrweightshydleo:8&¢solutione Dd 88 keglhywasstake ¢ff fram uhgvekuawdard

anode and cat hode coatin from DE [ s, used. A DuPont
Natiion(r) 983resg, M?@ﬁg’é‘%’ﬂ%ﬁ@ re%gﬁ%ﬁ@i&é‘l\ggm e,ie%a%q trolysis

vol tage was 3, Q2.Y ‘ggl{ U €0 8dd d&mnefiOnt @i ni ng sol ution was circul ated

t hrough the are ﬁc ae er0 by purrf‘))(i!ng a% a mass flowrate of 1.0 kg/h. The
concentration of the soI ution fed to the anode chanber was 25 25% by wei ght
of Nad 10 Fr onOhhel L0f6dd tichaadied sodiui @Ubobide weigiphates Radi the poljtcardonateoul d be
taken off. To the NaC solution taken off fromthe anode chanmber was added

0 125 kg/ h of FPRIQBuRC Waiehht reaction waste water fromthe pol ycarbonate
production and 0.076 kg/h of solid sodiumchloride. The sol ution was

subsequently cf, e &Anidig sanode chanmber. The transport of water through
t he nenbrane wat er per nmol of sodium O the NaC solution
arriving fromthe cel I | % - 31- was di scarded, equivalent to 0.008 kg/h of a

20. 0% by wei ght CI-contaln tio
i gks Production and wor. f(up of tﬁe po ycargonate

15 The reaction waste water of comparative example 4 was used.

b) Electrochemical oxidation of the sodium chloride solution (reaction waste water)

using a gas-diffusion electrode

Since no hydrogen is required for the production of polycarbonate, the formation of
hydrogen in the electrolysis can be omitted. The electrolysis was therefore operated

20 using gas-diffusion electrodes. The current density was 4 kA/m?, temperature at the
outlet on the cathode side 88°C, temperature at the outlet on the anode side 89°C. An
electrolysis cell having a standard anode coating from DENORA, Germany, was
used. A DuPont Nafion 982 WX ion-exchange membrane was used. The electrolysis
voltage was 2.11 V. A 25.0% by weight NaCl solution was fed into the anode

25 chamber at 0.65 kg/h, and the solution taken off from the anode chamber contained
18% by weight NaCl. To the NaCl solution taken off from the anode chamber was
added 0.163 kg/h of 10.0% by weight reaction waste water and 0.0715 kg/h of solid
sodium chloride. The solution was subsequently fed back to the anode chamber. The

transport of water through the membrane was 4.9 mol of water per mol of sodium.



On the cat hode side, a sodium hydroxi de solution was circul ated at a nmass
flowrate of 1.107 kg/h. The concentrati% of the sodi um hydroxi de sol ution
fed into the 5 cathode side was 30.0% by Wei ght of NaOH, and the sodi um
hydr oxi de solution taken off fromthe cathode side had a concentration of
31. 9% by weight of NaOH O the 31.9% by wei ght hydroxi de solution, 0.188
kg/ h was t akefndhg cathasiesidee a vodivmeydsixidegolutiondvastarcpliates ydmimping at a

repl eni shed with 0.0664 kg/ f er and recir.cul at.ed back to the cathode
i omont - 10 oeye o g of Pl Rea ThetorRBriimATD: Rt P GOnE s Fpdia he
pol ycar bonat einté 8RGhiH8Ae ¥aS Was 881084 by WelghebANAVE, SxPIBls6diamAlydié:gguct i on and
wor kup of the pol ycarbonate 15 The reaction waste water of conparative

exanpl e 4 wassalutéeh takdn &if &onr the lrethiodasidekadiaconsantodtiontad’ 3d 9 bynwekghd of de

sol ution_(reagt] St ter) .using a .gas-diffusian el ectrode.Since no
hydr ogensi s r@é{}ﬁ@%@%ﬁ%&mﬁh@w@?S@Bﬁ%£§£%%wa§_ B8 on of
hydrogen in thg Bhfed §tRlads afd BRMeREInAEN WisdpledRRe BWRR DI(BYY kb dFasatdanef ore
operated 20 using gas-diffusion el ectrodes. The current defsity was 4

KA/ n2, tenperciredatad batletoshe tahoderelethentcat hode si de 88C, tenperature at the
outl et on the anode side 89C. An electrolysis cell having a standard anode

coating from many, S sed. .A DuPont fion 982 WK i on-exchange
renbr ane vias, HBbTectRRP aFed s cHIoR fapdtaaysiband A B WAyt ght
NaCl sol utionysasgked into the anode 25 chanber at 0.65 kg/h, and the
solution taken off fromthe anode chanber contained 18% by weight NaC . To

the Nad solution taken off fromthe anode chanber was added 0.163 kg/h of
10. 0% by0wei ghhe exzmgilesshowathaten significarlychighed Tacyclng ratodf ®diuntdchlsndt cam

chl oride. The, sol utiqn s subsequently f back t.o the anode chanber. The
T epart of B Sl in IR S ek Eil s gL the o GRLTOnER RIBEEo SRoChs n o

di 32 t i : i i b d < Gi | at ed
sodium Othe eﬁtﬁé@g&ﬁ%r Sorfientr 10%‘1)?#0#[11(05&%%{&&%% &i%l'tb&ioﬂ,nw}‘i@i%lnct?é fﬁea e

by punping at a low rate o e concentration o
sodi um hydr oxivdter salienip by theealkali ntetal hpdrogide holdtos carebasryed th Bepoduweormht  of

NaCH, and the sodi .hydr oxi de | .. ;
of t?le aﬂ(a i rr¥etal%ydrox1de solution in the polycarbonate production step.



solution taken off fromthe cathode side had a concentration of 31.0% by

wei ght of 5 NaOH O the 31.0% by wei ght_ﬁby_droxi de solution, 0.192 kg/h was
taken off from the volune stream and the renmai nder was repl enished with

0. 0345 kg/h of water and recircul ated back to the cathode el enent. The
fraction of reacted sodiumchloride fromthe polycarbonate reacti on waste
water was 18.6% 10 The exanpl es show @IAMS significantly higher recycling
rate of sodiumchloride can be achieved in the waste water solutions of the

pol ycar bonat ejpr g&ﬁgﬁsgroar&rrg&lﬁmokﬁa%gﬁ%ﬁgC%\%};D%lgin)ési s after concentration by

osnoti c menbrane I on, r=taken up by the alkali

met al hydroxi de solution can be saved. in t@&@{loductign bof t he al kali netal
hydr oxi de sol uti on® n t REHENS APGARPLIBrEtkCHPTNF Wi ArbOn MPNoXieEN Vs 1. A

process for producjng polycarbonate conprising: a) producing ghosgene by
reacting chlorine @ th Kattthgphesgeneiorppd insier phyith gblepi 98¢ aisehdnst ived i n

step @) with at least og LSRNk dyllead IR RUSSRAERAL pAQ ARigRLS of Kal

nmetal containing base to form a carbonate and an a

chl ori de-contai ni ng reagsliyedibavasd gnd aediledli medabithlonde-Contsi@arraidtiog wakte and
wor ki ng up the polycarbonate fornmed in step b) fromthe alkali netal

chl ori de- cont ai ni ng r ea®eieppolf@te wat er 10 sol ution; e) distilling at |east
a portion of the alkali nmetal chloride-containing reaction waste water

sol uti on renmi ni ngelaf t esepatamgeff andavarkimgtupcthe pelybarboeatel fartiet imsteph) t o

obtain an enriched al kal.i ta hl gri de-. containing solution; 15 f
el ectrocheni cal |y oxi dafioRb S@lkéf‘ W"é%%s‘?foéldﬁtﬁomagﬁn% eagiion Weste Matchpt Zi|

chlori dsOCont ai ning sol Wi,pk.frome) to obtain chlorine, an alkali metal
hydr oxi de sol ution and, optidnally, hydrogen. 2. The process of claim1,

further conprisi ngé) 'n gis?lltﬁ%g agie‘astsae o%tric?nt of¥le 3&!&1 1%‘e&al chloride-containing
reaction waste water solution remaining after step c) via osmotic
membrane distillation to obtain an enriched alkali metal chloride-

containing solution;

15 f) electrochemically oxidating of at least a portion of the alkali metal
chloride-containing solution from ¢) to obtain chlorine, an alkali metal

hydroxide solution and, optionally, hydrogen.

2. The process of claim 1, further comprising, in a step d), separating solvent
residues and, optionally, catalyst residues (d1) from the alkali metal chloride-
20 containing reaction waste water solution remaining after step c) and
subsequently feeding the resulting solution to the osmotic membrane distillation

in step e).

3. The process of claim 2, wherein step d) is achieved by extracting or stripping the
alkali metal chloride-containing reaction waste water solution with steam and/or
25 subsequently treating the alkali metal chloride-containing reaction waste water

solution with an adsorbent (d2).
4. The process of claim 3, wherein the adsorbent (d2) in activated charcoal.

5. The process of claim 2, wherein the osmotic membrane distillation in step ¢)

uses an alkali metal hydroxide solution as a water acceptor.



residues and, optionally, catalyst residues (dl) fromthe alkali metal
chloride- 20 containing reaction waste water solution remaining after step
c) and subsequently feeding the resulting 3%olution to the osnotic nmenbrane
distillation in step e), 3. The process of claim2, wherein step d) is
achi eved by extracting or stripping the alkali netal chl ori de- cont ai ni ng
reaction wast é. wdhe preeessudfictaimvl, tWhesdie ther camaiio mentrarrudisiéitption tin ytep e)sat i ng
the al kali netal chl or| de-containing reactio ter solution with an
adsorbent (d2). #Pergisd ahp Greresatyre inthe gngs o 5ﬁ°ﬂﬁa édsorbent (d2) in
activated charcoal. 5. The process of claim2, wherein the osnotic nenbrane
distillatio n i wat er
acceptor. - 34I7 6%§'Ere&[)%sfsodg§§dz of ceg&ﬁn%hf%&gkel?eleﬂ{@ edcggtﬁgtﬁu% l%ngé) s
distillation in spaptedt b senopeestatedd tlad rangd efifpen 20uo 60i°G. t he range of fron110
to 100 C. 7. The process of claim®6, wherein the osnotic nenbrane

distillation in ep Qper ated . at a tenperatur he range of from
20 to 50°C. 538. ﬁ?ﬁér(’ﬁ?%&al@f 1, ®yhgreig the qmﬂemmhs@eoéﬂ&iqh@nh%ﬁsmm

distillation in ne.in the range of
fromeL 0 to 1 4 DarugharusabBRRl Bslebly AR ARISLHLE PORFIE: O i O nenbr ane
distillation in step e) is operated at an absolute pressure in the range of
from1.1 to 192 Hae prabOss o%1mr19®éﬁ&1mfhe(dsmom: menvﬂrmeedlsnlldmanmsmp E)Cis
menbrane distillation in step IS erateg dlfferentlal pressure
in the range of Ppﬁﬁﬁeéet%aqssbﬂ%awsuﬂln EANSE 9 Erggl {0 gih#-1, wherein the
osnotic nenbrane distillation in step e) is operated at a differenti al
pressure in th 0 ‘ 1,
wherein the os?m?? ggf\r%%{)r%fﬁ?e 31 VGh f%@%§$@gtlé%@%@%@ggﬁgﬁ%&é\g}cﬁ el PP
menbrané0 15 13. oﬂ'd:”r&teﬁla()ﬁ:dﬁ'&rﬂftlatb&smrél.in‘&!b\ﬂlgblofﬁfoniEBE)US@hzmrtI on of the
al kali metal chloride- containing solution obtained in step e) is added to

hygr 0>r<: 32 (szlolrtm ﬁheameswgfranem%reecl%ro Yo ?}c membrane di tllpa%oﬁ in gtref) sodium

operated at a differential pressure in the range of from 30 to 100 bar.

12. The process of claim 1, wherein the osmotic membrane distillation in step e)

uses an an Accurel PP membrane.

15 13. The process of claim 1, wherein at least a portion of the alkali metal chloride-
containing solution obtained in step €) is added to the brine circuit of a
membrane electrolysis for producing chlorine, sodium hydroxide solution and,

optionally, hydrogen.

14. The process of claim 1, wherein additional alkali metal chloride for increasing
20 the alkali metal chloride concentration is added to the alkali metal chloride-

containing solution in the electrolysis in step f).

15. The process of claim 2, wherein, in d1), before treatment with an absorbent (d2),
the pH of the alkali metal chloride-containing reaction waste water solution

remaining after the separation in step c) is set to below 8.

25 16. The process of claim 1, wherein the at least one bisphenol is of the general

formula

HO-Z-OH



14. The process of claim1, wherein additional alkali netal chloride for
increasing 20 the alkali rret al chloride concentration is added to the

al kali metal chloride- containing soluti ol in the electrol ysis in step f).
15. The process of claim?2, wherein, in dl), before treatnent with an
absorbent (d2), the pH of the aIkaI| metal chl ori de-containing reaction
wast e water sol uwhcmlnlmamomgmampmty bhawingfepaddo Aﬁnanbnngtoaps w}lenesl&aat to

bel ow 8. 25 16. The ﬁroceejs of. cl ai 1i wherein the at. |.east on sphenol
is of the generaf™®™f Y P CO%%HSWHEPEPWT%TPE“‘?‘ I RS A%OR E’ ety

havi ngfrom 6 to ¢bsGRfdaom®BsRAMallyb&itahdalfHatlc QB Gydl@ellﬁyhb{u@ﬁbieﬁé‘@' Iy
contains one or nore aromatic rings, is optionally substituted, and

optional | y cont apmietabatpimats bridginguiniés or cycl oal i phatic noieties or
het eroa;sgms as bridging units. 5 17. The process of claim1, wherein the at
| east o bi sphenol is selected fromthe group consisting of hydroqui none,

resorcinol, d

bi s( hydroxyphle’hny @Q}}SP%SSBESD%EI WE%%W%?@%%EE%% %’ ?&%l Sted from the

bi s( hydr oxyphenygrpup tbresising loif hydhy)qummyq:;Inmydn)olldlhk(hbmyiﬁpherbhs( hydr oxyphenyl )
sul phones, bis henyl ul phoxi

b: i?ry?rgxyphegyg @D’é@g%ﬂ%‘?’i B@H&%n%(hygmé‘é’wgﬁ%%meﬁ’pht hal i m di gesThand

al kyl ate ring e

process of clali mﬁ%ﬁ)ﬁ\/\%&?@?en@[ﬂgfﬁgg&ﬁ ((tﬁg(gﬁg&@g gﬂeno (@}aﬁ;@?e&l}%r omthe

group comsi sti ngkaéneé Bﬁs(hgiaﬂmyglplwnyglsnljﬂam{és, blzgh&dhjx%lf)l‘ﬂedﬂo@bhmhwialeﬁﬂ &-1 15

phenyl propane, 1, 1 bIS(4 h droxyphenyl)phenylethane 2, 2-bi s(4-hydroxy-
phenyl ) propane, Pséhy@ioxyphamy WWWG@S rhas(hydionyrheay ) nhthalisnidjnes (aad

o (3. 5l met oyt SRV R G RRERSH Atk BeSaTBA ool ARG P o

hydr oxyphenyl ) pr opane, bi s(3, 5-di net hyl - 4 hydr oxyphenyl ) sul phone, 2,4 20
bi s(3, 5-di met 1yl THe prweésaxy plaan | wherelethb it lekkt dRE bisphéhobissdeRcted flondlthzet hyl - 4-

group consisting of 4,4'-dihydroxydiphenyl, 2,2-bis(4-hydroxyphenyl)-1-

15 phenylpropane, 1,1-bis(4-hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxy-
phenyl)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,
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-

20 bis(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimethyl-4-
hydroxyphenyl)-2-propyl]benzene, 2-hydrocarbyl-3,3-bis(4-hydroxyphenyl)-
phthalimidine, 3,3-bis(4-hydroxyphenyl)-1-phenyl-1H-indol-2-one, 2,2-bis(4-
hydroxyphenyl)-1-phenyl-1H-indol-2-one, 3,3-bis(4-hydroxyphenyl)-1-methyl-
1H-indol-2-one, 2,2-bis(4-hydroxyphenyl)-1-methyl-1H-indol-2-one, 3,3-bis(4-

25 hydroxyphenyl)-N-methylphthalimidine, 3,3-bis(4-hydroxyphenyl)-N-phenyl-
phthalimidine, and 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.

19. The process of claim 1, wherein step ¢) comprises at least the following

substeps:

ce) separating an organic phase comprising the polycarbonate-
30 formed in step b) from the alkali metal chloride-containing

reaction waste water solution; and



hydr oxyphenyl ) - 2- propyl | benzene, 2- hydr ocar byl - 3, 3- bi s(4- hydr oxyphenyl ) -

pht hal i m di ne, 3, 3-bi s(4-hydroxyphenyl)-1-phenyl -1 Hi ndol -2-one, 2, 2-bi s(4-
hydr oxyphenyl ) - 1-pheny|-|FkindoI-2-onef3§f3-bis(4-hydroxypheny|)-1-nethy|-
1H i ndol - 2- one, 2, 2-bi s(4-hydroxyphenyl)-1-nethyl -1 Hindol -2-one, 3,3-bis(4
25 hydr oxyphenyl) - N net hyl pht hal i m di ne, 3, 3-bi s(4-hydroxyphenyl)-N-phenyl -
pht hal i mi di ne, and 1, ddpi s( 4- hyathingythhengghiy pBase, dbtdinédmntstepl aay el lodst ragee. 19.
The process of claim1l, wherein step c) conprises at |east the follow ng
substeps: cc) sepkdréihianikasih surganbLthb haske phasR) fdinish)! fistidpally edrbonat e- 30
formed in step b) fromthe al kali metal chloride-containing reaction waste
wat er sol ution; sghfatigsof ¢iiply shaesiduss andier oregniaiselvpridesdest BivsedidS an st ep aa)
at | east once; Qi ; t i e S b),
optionally afteﬁQ%%§5§?§&W%§?o ‘%%&gﬁéégayéé Bgégwgﬁglor%ﬁﬁééﬁF%ﬁ§§?€ent
residues, is usaﬁhn@nabr@@ﬁﬁg@bbzubstitute of the water for producing the
aqueous al kali netal hydroxide solution for use in step b). 20. The
process of claim1, wherein the alkali mnmetal of the alkali netal chloride of
the al kali met0al Thetnreeassief elavm & wherginrthaalkalo meipd of thevgdladirmetgl ¢hloride qfs

sodi um the alkali metal chloride-containing reaction waste water solution is sodium.





