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Ther ef rom BACKGROUND OF THE | NVENTI ON 5100011The i nvention rel ates,
in general, to a conbi ned process for the production of diaryl
carbonate and el ectrolysis of alkali chloride-containing process

wast ewater. The invention also relates, nore particularly, to
processes for the treatnent of alkali chloride-containing waste
solutions for further use in a diaryl carbonate@groduction process,
and even nore particularly, a diBﬂé%? Nroduction process
(" DPC process"). . and
nore particularly dlgﬁbn§%¥cafﬁgﬁg¥§%“98%n @MFE%QQR%R§%§§by a
conti nuous process, by the zplkﬂiihbhdeﬂblﬁonimsbmdgl%dréﬂ%nof phosgene and
subsequent reaction of nonophenol s and phosgene in an inert solvent
in the presence of alkali and a nitrogen catalyst at the reaction

I nterface, according to the Berxnmmngngeﬁamﬁrwﬂaa¢n0nm schenme: 0 ONR3
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[0001] The mventlon rel]étes, in general to a combined process for the production of

+ diaryl carbonate and electrolysis of alkali chloride-containing process wastewater. The
invention also relates, more particularly, to processes for the treatment of alkali chloride-
containing waste solutions for further use in a diaryl carbonate production process, and even
more particularly, a dipheny! carbonate production process (“DPC process™).

10 0002} The production of diaryl carbonates, and more particularly diphenyl
carbonates, generally takes place by a continnous process, by the production or introduction
of phosgene and subsequent reaction of monophenols and phosgene in an inert solvent in the
presence of alkali and a nitrogen catalyst at the reaction interface, according to the following

general reaction scheme:
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[0003] The production of diaryl carbonates, e.g., by interfacial polycondensation, is
described in various literature sources, e.g., in “Chemistry and Physics of Polycarbonates”,
POLYMER REVIEWS, H. Schnell, Vol. 9, Jobn Wiley and Sons, Inc. (1964) pp. 50-51, the
entire contents of which are incorporated herein by reference.

20  [0004) Processes for the production of diaryl carbonates operated at temperatures of
>65°C are known. The pH can be adjusted initially to a low value (pH ~ 8 t0 9} in such
processes and then to a higher value (pH ~ 10to 11).



[0003] The production of diaryl carbonates, e.g., by interfacial

pol ycondensation, is described in various literature sources, e.g.,
i'n "Chem stry and Physics of Pol ycarbonates”, POLYMER REVI EW5, H.
Schnell, Vol. 9, John WIley and Sons, Inc. (1964) pp. 50-51, the
entire contents of which are incorporatjed herein by reference. 20

[ 00041Processes for the production of diaryl carbonates operated at
tenperatures of >65C are known. The pH can be adjusted initially to a
| ow value (pH - 8 to 9) in such processes and then to a hi gher val ue
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15  components are destroyed. The use of infrared radiation for such processes can be preferred.
A disadvantage of such processes is that the water has to be completely evaporated, and so
the processes cannot be carried out economically.

[0009] It is also known that the wastewater from a DPC production can be purified by
extraction and then fed into sodium chloride electrolysis. However, only a maximum of 26%

20  of the sodium chloride is known to be recoverable from the wastewater from DPC production
by such processes, since if greater quantities were recovered, the water introduced into the
electrolysis with the wastewater would bring the water balance of the sodium chloride
electrolysis out of equilibrium.

[0010] Sodium chloride-containing solutions formed during DPC production

25  typically have a sodium chloride content of 13 to 17 wt.%. Thus, the sodium chloride present
in the solutions can never be completely recovered by known processes. With a sodium
chloride concentration of 17 wt.%, in a standard sodium chloride electrolysis using a

commercial ion exchange membrane having a water transport of 3.5 moles of water per mole



.

[0009] 1t is also known that the wastewater froma DPC production can
be purified by extraction and then fed into sodium chloride

el ectrolysis. However, only a maxi num of 26% 20 of the sodi um
chloride is known to be recoverable fromthe wastewater from DPC
production by such processes, since if_greater quantities were
recovered, the water introduced into ffe electrolysis with the

wast ewat er woul d bring the water bal ance of the sodium chloride

el ectrolysis out of equilibrium [0010] Sodi um chl ori de-cont ai ni ng
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presence of feiifd durinf theaShitofAdradntabn éidiaryl carbonates, such as by reaction of
monophenols and phosgene in an inert solvent in the presence of alkali and amine catalyst at
20 the interface, can be fed directly mnto an electrochemical oxidation of the alkali chloride
obtained to form chlorine, alkali hydroxide solution and optionally hydrogen without costly
purification. It has been found that this can be accomplished by introduction of the
wastewater solution into an electrochemical oxidation after adjustment of the pH of the
solution to a value less than or equal to 8 and simple treatment with an adsorbent, such as
25  activated carbon. The chlorine obtained from the electrochemical oxidation can be recycled
into the production of phosgene. Moreover, the alkali hydroxide solution can be recycled

into the diaryl carbonate production reaction as basic catalyst.
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20 the interface, can be fed directly into an el ectrocheni cal

oxi dation of the alkali chloride obtained to formchlorine, alkal
hydr oxi de sol ution and optionally hydrogen w thout costly
purification. It has been found that this can be acconplished by

i ntroduction of the wastewater solutiop into an el ectrochem cal
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bar; and a differential pressure between an anode compartment and a cathode compartment of

20 to 150 mbar.

25 DETAILED DESCRIPTION OF THE INVENTION
[0016] As used herein, the singular terms “a” and “the” are synonymous and used

interchangeably with “one or more.” Accordingly, for example, reference to “a gas™ herein



25DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] As used herein, the
singular terns "a" -and "the" are synonynous and used i nterchangeably
with "one or nore." Accordingly, for exanple, reference to "a gas"
herein - 5- or in the appended clainms can refer to a single gas or
nore than one gas. Additionally, all numerical val ues, unless

ot herw se specifically noted, are understood to be nodified by the
word "about." [0017] Preferred nonohydroxyl aryl conpounds which are
suitable for use in various 5 enbodi nents of the processes according

to the i nvestin@ht dppeidedBaipieAO eGP SHEIE Fastr nihetheeHRS gk, Adifiddadly, (D) :
ER, OH(1) wherein each R i ndependently represents a hydrogen, a

hal ogen or aumgrisakcvelgs.anlesmishayyish srpeifitalixonatgl, are ppdergjpastip be miofifieg by the
group, carb8%¥+h%59up or al koxycarbonyl group, and n represents an
i nt eger of 0 5.

[0017] Preferred monohydroxyl aryl compounds which are suitable for use in various
5  embodiments of the processes according to the invention include phenol compounds of the

general formula (I):

[RQ R

wherein each R independently represents a hydrogen, a halogen or a branched or unbranched
C, to Cy alkyl group, alkoxy group, carbonyl group or alkoxycarbonyl group, and n
represents an integer of 0 to 5.

10 [0018] Preferred phenol compounds of the general formula (I) which can be used in
processes according to the invention include phenol, alkylphenols such as cresols, p-tert.-
butylphenol, p-cumylphenol, p-n-octylphenol, p-isooctylphenol, p-n-nonylphenol and p-
isononylphenol, halophenols such as p-chlorophenol, 2,4-dichlorophenol, p-bromophenol and
2,4,6-tribromopheno] or methyl salicylate are preferred. Phenol is particularly preferred.

15 [0019] Suitable catalysts for the reaction of phosgene and a monohydroxyl aryl
compound to form a phenolate include basic compounds, such as for example, alkali
hydroxides. Suitable alkali hydroxides include sodium hydroxide, potassium hydroxide and
lithium hydroxide. Suitable hydroxides, most preferably sodium hydroxide, can be used as a
solution, and are preferably used as a 10 to 55 wt,% solution.

20 [0020] The reaction of phosgene and a monohydroxyl aryl compound can be
accelerated by additional catalytic components, such as tertiary amines, N-alkylpiperidines
and/or onium salts. Tributylamine, triethylamine and N-ethylpiperidine are preferably used.
10021] The amine catalyst used can be open-chained or cyclic, triethylamine and
ethylpiperidine being particularly preferred. The amine catalyst is preferably used asa 1 to 55

25  wt.% solution.



10 [0018] Preferred phenol compounds of the general fornula (1) which
can be used in processes according to the invention include phenol,
al kyl phenol s such as cresols, p-tert.- butyl phenol, p-cunyl phenol,

p- n-octyl phenol , p-isooctyl phenol, p-n-nonyl phenol and

pi sononyl phenol, hal ophenol s such as p:chl orophenol ,

2, 4-di chl or ophenol , p-bronophenol and Z, 4, 6-tri bronophenol or nethyl
salicylate are preferred. Phenol is particularly preferred.

15[ 0019] Sui t abl e catal ysts for the reaction of phosgene and a

monohydr oxy0022jy| corhetist “beiuh @AY & \REEiadiRfcfers 13 Cbtipinbamiticas NRyX,
conpounds, such as for exanple, alkali hydroxides. . Suitable alkal
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hyd i de. h4yabl ' : | '
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used. 100211The am ne catal yst used can be open-chained or cyclic,
triethyl an pldomprdpanekginpiupds; tldombenbaie agd glorvtoloencaPichlo g ie grefefably
am ne catalést is preferably used as a 1 to 55 256wm.% solution. - 6-
(00221The t $ﬂ1"oniurn salts" as used herein refers to conpounds such

as NRAX, wheoesin R carheb@ctidh o bkoshens BAH Dmomihydrogy] @bPcopdi is prefedabll
and X is_an anion. [00231Phosgene to be reacted w th a nonohydr oxyl
aryl conPoupdriedent pentinppusly godraticulsrly prferablicin o phigiflew withgpicny pigrjficaablask
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phases (aqueous and organic phase) can be achieved, for example, by inbuilt pipe baffles, static
mixers and/or e.g. pumps.
[0026] The reaction of phosgene and 2 monohydroxyl aryl compound particularly

I5  preferably takes place in two stages.
[0027] In a first stage of such preferred embodiments, the reaction is started by bringing
together the feedstocks of (i) phosgene, (ii) an inert solvent, which preferably acts firstas a
solvent for the phosgene, and (iii) 2 monohydroxyl aryl compound, which is preferably already
previously dissolved in the alkali hydroxide solution. The residence time in the first stage can

20  typicaily be 2 seconds to 300 seconds, particularly preferably 4 seconds to 200 seconds. The pH
during the first stage is preferably adjusted by the alkali lye/monophenol/phosgene ratio such
that the pH is 11 to 12, preferably 11.2 to 11.8, particularly preferably 11.4 to 11.6. The reaction
temperature during the first stage, via cooling, is preferably <40°C, particularly preferably
<35°C.

25 [0028] In a second stage of such preferred embodiments, the reaction to form a diaryl
carbonate is completed. The residence time in the second stage can typically be 1 minute to 2
hours, preferably 2 minutes to 1 hour, especially preferably 3 minutes to 30 minutes. The

second stage can be regulated by constant monitoring of the pH value (preferably measured
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i nvention include, for exanple, dichloronethane, toluene, the various
di chl onmet hanes and chl or opr opane conpounds, chl orobenzene and

chl or ot ol uene. Di chl oronethane is preferably used. [0025] The reaction
of phosgene and a nonohydroxyl aryl conmpound is preferably 10 carried
out continuously and particularly preffrably in a plug fl ow w t hout
any significant back m xing. This can therefore take place, e.g., in
tubul ar reactors. The interm xing of the two phases (aqueous and
organi ¢ phase) can be achieved, for exanple, by inbuilt pipe baffles,

static m xesminamdhOdontm@us Froceasby kno@r fkthods) anbebireondihg MNRGEANGT il a
nmonohydr oxyl aryl conpound Eal’tl cularly 15preferably takes place in
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adj usted byl0Hd al kalHrOddyeigmm&rreﬁ@buma@'en@fm rapgesipohmbit prefarted rqpies
is 11 to 12 r abl artlcula referab 1

156, The r S BiRORERR rpdo et Prmtge BREm R oo BT kel of esfed B
i s pref er abbtiersdds, %]eaa.m doditiadslfor oBE Pir@h@EH ciin e3iploye@ whith Bl vaues for

second stage of such preferred enbodi nents, the reaction to forma
diary] t&r b@?ﬁ@@@@%ﬂ%#%ﬁf?ﬁ@eV@Bﬁsé@rﬁé@hﬁm@n‘icﬁfthe second stage

can typical ggsfi® 1 Mgt Sud B HOMiReinfhE bPHE Rt Tl Er?sa{lgeljéa &bt

especially r er ably m nu age can
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nmeasured - onl i t he conti nyous process own et hods) and
corres pond| 5&? &s?ﬁeﬁ&v ?'ﬁl?“ﬂi‘?d\}’étf’ﬁ&rwu%fb‘ﬂf’li %B‘r’ig%‘i‘mréﬂ qerbopate is
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be adjusted such that the pH the"reaction mxture in the second
stage i $57. B034 10. 5Thpp®icemab¢rwf8m ctalyst igwplemblyl010p0 bmel te P d Imho}, HBsed
to 9.3. The_r actlo rature of the second 5stage is preferably
<50C, parti % 3?110110 %Flec?ggbl y <40C, especially preferably <35C, by

[0032] After the reaction of phosgene and a monohydroxyl aryl compound, the organic
phase containing the diaryl carbonate is preferably washed, generally with an aqueous liquid
and optionally repeatedly, and after cach washing operation it is separated as far as possible
20  from the aqueous phase. The washing preferably takes place with deionized water. The diaryl
carbonate solution is generally cloudy after the washing and separation of the anshing liquid.
Aqueous liquids can be used as washing liquid for the separation of the catalyst, e.g., 2 dilute
mineral acid such as HCl or H3POs, and deionized water for the further purification. The
concentration of HCI or HsPOy, in the washing liquid can be, e.g., (.5 to 1.0 wi.%. The organic
25  phase is washed, for example and preferably, twice.
[0033] As phase-separating devices for separating the washing liquid from the organic
phase, separating vessels, phase separators, centrifuges or coalescers or combinations of these

devices that are known in principle can be used.
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cooling. [0029]Broad ranges, preferred ranges, nore preferred ranges
and nost preferred ranges described herein for various process
paraneters can be conbined with one another as desired, in other

wor ds, general conditions for one paraneter can be enpl oyed with
preferred values for 10 anot her paraneter, and nore preferable val ues
for another paraneter. f0030]1n variou¥ preferred enbodi nents of the
i nvention, phosgene can be reacted with a nonohydroxyl aryl conpound
in a nolar ratio of phosgene to nonohydroxyl aryl conpound of 1: 2 to

1. 2.2. Sol can 1 L L on: HP%E t i I
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catal yst is preferably, 0.0001 | to 0.1 nol, based on the nonophenol
used. 100323%#!@ftﬁfaéry}@MPtsﬂp%ﬁ%meﬁ%b%- a nonohydroxyl aryl
conmpound, t r gani ooty =T Na )R I q :
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as possible 2q frogﬁthe ueous @hase._The mash%%g Frefer?bl% t akes
place with GEHSHTISEYCIEOR OTBINE SOtVRF {Rsidpssy Poiraxcirdde regetiag b} pEthe process
general Iy chQufiinaabhtRlintdfiBorvashi ng and separation of the washing

| i quid. Aqueous |'Iquids can be used as washing liquid for the

separ ati on {03¢lhe catlakhjstonnestign theaerdration endorkingtupad itet dsangivadvendtCl

or H3PO4, anpd deioni zed. wat.er for the further . purificatj.on., The ..
concentrat i gcﬂmgf mﬁ%lre&(?mfl@%’&f’sgeﬁe . ’R%fg’h?’cﬁ‘éf(yﬂ %éi{ﬁf’alpe‘éﬂ‘? ipglude agrording g
to 1.0 wb. ‘V@,epﬁ!aﬁmoscaarﬂh% 1@ fb) BRAR& 8ol &t IWRBIRE ebllofitg sepanpl e and _
preferably, tw ce. [00331As phase-separating devices for separating

t he washi ng(@} quicaarptionafdiseyl sp§amatecoptpinies orsapaphese Y aduepye pikali gifteride-
separators, centijhfugeSwite A8l SREGLS Or conbinations of these
devices that are known in principle can be used.
(bb)  washing the diaryl carbonate-containing organic phase obtained in step (aa) at least
once, preferably at least twice, particularly preferably twice, and separating the

15 respective wash liquid.

[0037] It may possibly be necessary to separate at least one of the wash liquid(s)
obtained according to {(bb) from catalyst residues and possibly organic solvent residues by
adjusting the pH value to at least 9, preferably at least 10, particularly preferably 10 1o 11, by
adding at least one basic compound, and then extract the solution with at least one inert

20 organic solvent, or preferably subject the solution to a subsequent stripping with steam.
Suitable basic compounds for the adjustment of the pH value are for example alkali or
alkaline earth metal hydroxides or carbonates. The basic compounds may be used in solid
form or in the form of their aqueous solutions. Alkali metal hydroxides, particularly

preferably sodium hydroxide, are preferably used.

25  [0038] Preferably at least part of the wash liguid(s) from (bb) will be used as a partial
replacement of the water for the preparation of the sodium hydroxide for reaction of
phosgene and a monohydroxyl aryl compound according to (a), in particular for adjusting the

concentration of the sodium hydroxide for reaction of phosgene and a monohydroxyl aryl



- 8- [0034] At this stage of processes according to various

enbodi nents of the invention, w thout taking into account the sol vent
still to be separated off, surprisingly high degrees of purity of the
di aryl carbonate of >99.85% can be obtained. [0035]1n such preferred
enbodi ments of the process according to the invention the 5 wash

| i qui ds separated in the separation attor di ng to (b) wll, optionally
after separating catal yst residues and/or organic solvent residues,
be recycled to reaction b) of the process according to the invention.
10036] I n thj QRNRESH ' Lddgs, Lanyl
car bonat e éo'%np%f or ng(gai?%to:(ﬁg I?ifg%%?tg%ﬁg%t aﬁ%ﬁ%ﬁﬁg&gﬁg gémrr‘é’m*y’%?‘g% I
aryl conpouwsdd iandiluteckbs albacwetdl Ingraxale boepersd metor ding aetotrathemgical@xidbtjon (¢),

Pt o 0L Bl R SR R4S o R AARD Shuh e
chi or i de- copfaai BBy MEST &y MBEREuRAbdiM o ( pQucﬂ@ﬁalf'érfé(ﬁ ei%B@diﬁ'jeﬁtE ¥ the

car bonat e-cont ai ni ng organi c phase obtained in Step (aa) at |east
once, pref epragisyacgordingds thetingiegtion, pawhiclk Uk aabhyliquedsfseraadiéd/intsepacation and
separating the ,l5regpective sh Liquid. 100371lt., may. ssj bl y..be
ecosoary t TIRAS I ShreqsEled S B atodis iraripi t mtieE Faobe addidte
accor di ng t givhmbge JflaQoW & Madte Wiater dREHadiees and possi bly organic sol vent
residues by adjusting the pH value to at |least 9, preferably at |east
10, particufpgid)y PrefagiABk ¥nitdsit 6f thd diad)ycapdgits) Shefiarl 1REDbn RS @il off
conpound, and then extract the solution with at |east one inert

200r gani ¢ sinltheshitm ofits splutidnsin ab brgarge sl ot whitremayheutsedduring the spuiltrsiecagent
strippi 8@ Wi ttg lstegrn. Sui t abl e basi c conmpounds for the adjustnent of
the pH Val uB*dr&"F4 oridg anpl e al kali or alkaline earth netal _
hydr oxi des mp4@ar bongbestain HigiAsire digQNRHLASLS, dEplveR cﬁ&dcvhllb'brﬁ&i TRE
formor in the formof their aqueous solutions. Alkali neta

hydr oxi des, evaperaticauspmiaks/planedn eqverpl syaprsatonsieph T His takesidaceag 2, yroat ermrey
used.

distillation coluimns arranged in series, in which the solvent is separated from the diaryl
carbonate.

15 [0041] Such purification of the diaryl carbonate can be carried out continuously, for
example, in such a way that the bottom temperature in the distillation is 150°C to 310°C,
preferably 160 to 230°C. The pressure applied to perform this distillation is particularly 1 to
1000 mbar, preferably 5 to 100 mbar.

[0042) Diaryl carbonates purified in such a manner can be distinguished by particularly

20 high purities (GC >99.95%) and extremely good transesterification performance, so that a
polycarbonate of excellent quality can be produced therefrom.
f0043) The use of diaryl carbonates for the production of aromatic oligo/potycarbonates
by the melt transesterification process is known from the literature and is described, e.g., in the
Encyclopedia of Polymer Science, Vol. 10 (1969), Chemistry and Physics of Polycarbonates,

25  Polymer Reviews, H. Schnell, Vol. 9, John Wiley and Sons, Inc. (1964) and U.S. Pat. No.
5,340,905, the entire contents of each of which are incorporated herein by reference.

[0044] The remaining aqueous alkali chloride-containing waste water solution, after

separation of the diaryl carbonate, can be advantageously freed of highly volatile organic



25[ 0038] Preferably at |east part of the wash liquid(s) from (bb) wll
be used as a partial replacenent of the water for the preparation of
t-he sodi um hydr oxi de for reaction of phosgene and a nonohydroxyl aryl
conmpound according to (a), in particular for adjusting the
concentration of the sodi um hydroxi de for reaction of phosgene and a
nonohydroxyl aryl - 9- conpound accodBing to (a). Preferably at

| east part of the wash liquid(s) from(bb) will be used to dilute the
al kali metal hydroxi de prepared according to el ectrochem cal

oxi dati on ( unl?&f Qg aw S rdsRub SR ﬁgmwsomﬁt ERHUGE %ﬁﬂﬁ&}ﬁ 5(&1 @Qﬁuy

carbonate ac dlngtor action of sgenea a nonohydr oxy
conpound acmamlytt gy exampla py dStildtiop Desteam etdplang) mdwmawaserecﬁluﬁmﬁh&l remains

e ¢
epar ated. | Wika Bl soretn oatiesPan atim Raoeiio-pL8y K ot disdtied Sptgeess
accordi ng tQdaged WSO 5 QR Shﬁh% chidBnAtéidhh FRRAL o AV RREAGES &fth@pﬂoeg@ﬁé as

wast e water di scharge. 100391After the synthesis of the di
carbonat®, 4 eeordienriydctiompbiart @rliopats p{mlnatoedln@ﬂ:ﬂnmn the Wlastdwtef oanrheof

its solution .a ani ¢ .sol vent , whi ch, used duri

synt hesi s, BRI RS CIRTEPee £ BURBIePaE GHE o oA HiEg RO dpckor
di aryl car bgpapienolkjie sol vent can be evapor at ed The evaporation can
take place in several evaporator steps. This takes place, e.g., by
one or nor el0843t i | | aiTheneatopntefithe araviongly gutifiedswastesater salutigiiveith adbrbents
solvent is rated nate. 15[ 0041] Such

purificati o%n PR {’15 {/ﬂepﬁg?ggﬁg%wa%gﬁar & carried out continuousl Y,

for exanpl ej0o46] such Arcor@ivg tdrairiohdfrefeRtd aBIIRNTRY GEih Hodebsek AR ording to the
distillation is 150C to 31OC preferabl% 160 to 230C. The pressure
P

applied to Iﬁé?‘ﬂ@%rﬂ“i aifustrogns {4.4.4 lavPéng) p% BHicprbg marﬁoy@ Wh hlppig ecid

preferably 4 ch a
manner can hg(gmé% I ngul sh q"(b3 g-%Jlgl%rst% |§( &gFIHR’gigtaﬁ pulr'S |c rlggisvg?lg%
>99. 95%) anghireifle mimbdsy dgaide hartamﬁe@heprbédss:ain lead tpelﬁefmﬁmaef scltnnd fudfate

a pol ycarbonat e of excellent quali n be produced therefrom
[0043] The u&EngfhedpyPing Qfé‘r"d%ﬂé‘théé‘ Vf%lf theiebaseme cRacPRrtedrn te gariytec

ol i go/ pp4 y CAHRAG fiShe subsequent electrolysis. Since, e.g., ion exchange membranes can generally
only be operated up to a certain sodium sulfate concentration in the anolyte, according to
manufacturer's instructions, more anolyte would have to be discharged than when using
hydrochloric acid or hydrogen chloride, the reaction product of which is the desired sodium
chloride.

20 [0047) The alkali chloride electrochemical oxidation (electrolysis) is described in
more detail below. The following description is provided as an example relating to the
electrolysis of sodium chloride, although, as already stated above, in principle any alkali
chloride can be used in the process (particularly LiCl, NaCl, KCI). The use of sodium is
preferred in various embodiments of the processes according to the invention.

25  [0048] Membrane electrolysis processes, conventionaily used e.g. for the electrolysis
of sodium chloride-containing solutions, such as described in Peter Schmittinger,
CHLORINE, Wiley-VCH Verlag, 2000, the entire contents of which are incorporated herein

by reference, can be used for electrochemical oxidation in accordance with the various
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By the nelt transesterification process is knowmn fromthe literature
and is described, e.g., in the Encycl-opedia of Polymer Science, Vol.
10 (1969), Chem stry and Physics of Pol ycarbonates, 25 Pol yner
Reviews, H. Schnell, Vol. 9, John Wley and Sons, Inc. (1964) and
U S. Pat. No. 5,340,905, the entire contents of each of which are

I ncor porated herein by reference. [004A]The remai ni ng aqueous al kal
chl ori de-contai ni ng waste water solution, after separation of the

di aryl carbonate, can be advantageously freed of highly volatile

organic - %Qﬁodirﬁﬁlltg (gftth@lzccseﬁf{ﬁ%nﬁén. 1n:stkh pr5&§§eg, YR leBifol 01983 MdGnto
solvent used 1 n the synthesis and optionally catalyst,  tor exanple by

di still ati otwooromptesaents mpinplyian guodA covapdrenwat with ginete anl 4 dagwde emmepanment
with a high content. of di | ved sadi chloride (-10-20 . % .and

G S50l ved SBHR A Bilepls it i e caliGE PaREn i SR EEYERTT or m
e. 9., by hygicRings nferfdlant e stiAs H068dARnRhi QA N th 2888 @RloRfle

di aryl carbonate production. In addition, the wastewater can be

cont am nat eePrpgntiation efegeheralbomprs thed S 00 @/l i intraduedd ipledhrinodg eompartment. At

unsubsti tutgd ph | ..,and/.or. allcylphenols). [|0045] The treatnent. of
Uhe previ ouBr Rt FERGSE sdaidl RORER Bhens PRERetsrost reCorai ot R
preferably thakeplatdetini tflorfetdomaingid s (hpprb®. J00QAPIAGEARSinAGerdc®of
various preferred enbodi ments of the processes according to the

invention, thketegidraldield e spdiurg ions migieieithigyehohe ionexghangsanemragsdntodhared
wi th h.ydr OCD% Ude gorﬁ:p}lrgn St W%%el‘gl atl?iloﬁ) Fda & OII.%?SOI'h%u%] Qgtra?n%%%twee 3.5 and
expensi ve su uri c Cléi I C 'S onceli vabl e i n princtple ut qesgn

desirabhe i #5hidespf 8aehidefinding 98 theGidmbra@dThio 1dadiro fiigy anbllytetbecsthing aehlated
sul fate during the | owering of the FH, which woul d then becone

concent r at eff ¥#iert leoritst (ke anobits: on fhgrcriipds side werdupragurdhy the electrolysis
el ectrol ysi Sf wa?ér%: ﬁydr@xige jond %&?ﬁx&?ﬁp ?T’% W%Pérﬁé}ﬁl tl?eatﬂﬂlgﬁftlzﬁﬁﬁl% Lhé s@dﬂr}{

be operated up to a certaln so Su te concentratio
anol yt e, acoos disnfficient to keep the concentration of the sodium hydroxide solution in the discharge
at 31 — 32 wt.%, with an intake concentration of 30% and a current density of 4 kA/m”. In the
15  cathode compartment, water is electrochemically reduced resulting in the formation of
hydroxide ions and hydrogen.
[0049] Alternatively, a gas diffusion electrode can also be used as the cathode, at
which oxygen is converted to hydroxide ions with electrons, no hydrogen being formed.
With the sodium ions entering the cathode compartment through the ion exchange
20  membrane, the hydroxide ions form sodium hydroxide. A sodium hydroxide solution with a
concentration of 30 wt.% is generally fed into the cathode compartment and a sodium
hydroxide solution with a concentration of 31 — 32 wt.% is discharged. The aim is to achieve
the highest possible concentration of sodium hydroxide solution, since sodium hydroxide
solution is generally stored or transported as a 50 wt.% lye. However, commercial
25 membranes are not at present resistant to a lye with a concentration higher than 32 wt.%, and
so the sodium hydroxide solution has to be concentrated by thermal evaporation.

[0050] In the case of sodium chloride electrolysis, additional water can be introduced

into the anolyte by this sodium chloride-containing solution but only water is discharged into



manuf acturer's instructions, nore anolyte would have to be di scharged
t han when using hydrochloric acid or hydrogen chloride, the reaction
product of which is the desired sodiumchloride. 20[0047] The al kal

chl oride el ectrochem cal oxidation (electrolysis) is described in
nore detail below The follow ng description is provided as an
exanpl e relating to the el ectrol ysis-&2- sodium chl oride, although, as
al ready stated above, in principle any al kali chloride can be used in
the process (particularly Lid KCl) The use of sodiumis

Do ek TR Lﬁr@o“.e PR i huE

used e.g. f@mahh@g @l@ﬁhﬂﬁh)ﬁ&i&tﬁhﬁ@&d&%@&lﬂ%ﬁé&h&&ﬁl lsusygeted of sodium
sol utions, such as described in Peter Schrnittinger, LORI'N

W | ey- VCH véﬂqra’g and the Glectralysisgsnnqt e epamtecheontipoushyi With xery lwmtp@plao@dt
herein by r n f t m xi dation in
accordan%:/e (\'?\AQ"?%]% ﬁe S\/tg??e(%%gdagﬁr%%nggsf&tyg& ﬁog%ﬁg’ p‘)vr%gsdesg “invention. In

such pracesgesi] an eleederab yded tnaridium gliauiife @f sodhen tMoErideQspAMINERBuSions
nanely an anode conpartment with an anode and a cathode conpart nent

with a cat higdee sor‘%lmfé%fal o Flegrdyricreonpmically: 1 8% be isH far fsvferdragsport
separ at ed

ot on i Toogh UETHEERRROG. HEERLE TR din BRPPHD SRRk ARLAAN ALlbfes
t han 300 g/ siich ss dentribed irciéS. Pa'mdio w025, 405 de airgrantene nf whidh are ecofioeatia),

the chloride i,op i OXId ed.to formchlorine, whi i s passed out of
the cel | wi beicib Rerels BCEt s %&aﬁ frirceses ‘i’?i%”%?&"éﬁlﬁﬁ‘ﬂb‘\‘%‘gﬁ't“i‘%?n

(appr ox19 20Qngéntibnal ¥8dlG6n m&'atér@s Jnssﬁﬁﬁ&hefyetcbﬁceﬁ&eﬁﬁh EhP onfuusd d, the
sodiumions mgrate through the ion exchange nenbrane Into the
cat hode coni98F2Inent . Abcording tat HJSSPﬁhT@' at TBph34ethe bntirotentepts of sdiialmare

menbr ane.  THFOPTEEABerEE B FREih JULS DRy RGP VAL ks meipane,

contrast t ot BRcteRiddat be BferitbEwkata196leonS RN Y] th 83 GRNSdAERPodNmt he
el ectrolysis of water to h%drom de ions and hydrogen. The water

entering th@ﬂ@aieﬁ@m%ﬂ@twlp 120He 280& sws¢dons is sufficient to keep t he

concentigt e ¢ " S AR R AL AR SR By

of 4 kA mz curfent dfficidriey 0athB peteess@par t ment, water is el ectrocheni cal I y
reduced resultlng in the formatjon of h drOX|de i ons and hydr ogen.
[0049] Al t er 9884lvel y, Ascqydiae ¢ vargyes grfeaedeniadiiaentsof th nyerepiss ers:eﬂiﬂzgsto the
t he cat hodey,

el ect rons, - edfuol hERpRRIGRT i ABTHAR hitn HEHRhE RekiR it sHhartion
t he cat hodesxﬁ:mipaﬂ tamwval dfisoloeg land dygiondly Lexctdsmimbﬁﬁnpmng)wanagam h:ﬁd the

hydr oxi i ons f.or.m od| ydr.oxi de. odi.um hydr,oxi de sol uti on

W th a S ncuntRstn BIIEYeS By i a%lft@eﬂéﬁé}eépﬁymra‘g T eRpten GRS
conpar t ment a@,oﬂe@cml l;mmyﬂgrm Heuntd Wl DR WhiRdachRBGRILAALI A Of
31 - 32 wt.%is discharged he aimis to achi eve the highest

possi bl e cowcktéwtll(taﬁ,lﬂ(mpféﬁdjsﬁ@ﬂ adsotbpairiosied sokubpniiceobe fed dinerdly swdl them
hydr oxi de sg cl{ro on is generally stored or transported as a 50 w. %

| ye. However, Mterci al 25 menbranes are not at present resistant to
alye with muss;ncent TaE boBeskds@bedEdihd 1BV aBdusWmb¥linfA® of the phe@ert @fliestidn in
hydr oxi de solution has to be concentrated by thermal evaporation.

10050] | #3 t hwhishmereghanidh fanatial chigadesas be repoyerpd from @ grastewatsr solysioa by

can be intr agéﬁ%ﬁgis is an improvement over known prior art processes in which no more than 26% of

the sodium chloride present in the wastewater from DPC production could be used in NaCl

electrolysis.
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into the anolyte by this sodium chloride-containing solution but only
water is discharged into - 12- the catholyte through the nenbrane.
If nore water is introduced by the sodium chl ori de-contai ni ng
solution than can be transported to the catholyte, the anolyte is
depl eted of sodium chloride and the el ectrolysis cannot be operated
continuously. Wth very | ow sodi um chl¥ride concentrations, the
secondary reaction of oxygen formation would start. 5[0051]In order
to feed maxi mum quantities of sodium chloride-containing solutions to
t he sodi um ride : j ] oy . :

t he water tlr%génﬁcsfport t ﬁ%&%ﬁdr%’ iéédrre%r glﬁ\gg&?J ct; h}\)éé) rééﬁés?%%fs@gpﬁ%ﬁf Ig l/%nfgﬁﬁ,

t ake pl ace aterseh betemogediion il atkaliehloridmesjaising Wwasksvatkesolotideeldy 4 N U. S
Pat. No. 4,025,405, the entire contents of which are incorporated
herein by reOPEFEALAR Praqess: SAFeRCEs 1BHihey ?ergiegad wasteRsed e Akl ha
the ot her wi 3,0 6RAMKRY SO0 is BHLA 2R vRfordRE a@ct}%smy&aﬁﬁ}aﬁmtﬁm&n
concentration can be omtted. [0052] According to U S. "Pat. No. 3,

773, 634,5 t hpromssek perevasetasmbsis.of whi ch are i ncorporated herein by

reference, W a high level of.water, transporf through the nenmbrane,
he el oot r s can B pEparr Gae 4 P LSk er i mospioe SERTHon
W . % and a gogthibiane Boriddctofkeeah B ERATshEH dsABscAbed X MELINZRQUTENBAEHUS €d.
15[ 0053] A di sadvant age of such processes disclosed in the U S

patents i s Mesbmowgdahren; SPRINGER, BERLENGAPOS thetentregprsenisseforhich are incorporated

[ 0054] According, ta.varigus pr.eferred enbodi ment.s of the.processes.
becor i ng 5 Bl B SoRhif St SRS RO oMl ooy R i Ricn
from the salndtbmentiaien ptoessep insatsARap & 100% of HeRsHAM Ao dEiR betecSlered
sol vent and optionally used catal yst by stripping with steam and the
20 separ at i &1 the wRge¥¥@ed by the adjustment of the solution pH, and
subsequent t ment p [ . ] i.SaS ace,
the alkali DRPE: Go. Dot okl EhedRlcRbh cuf Bid Blufibs b iR
pH-adj ust edshlozids eledmoiyisis fir whitlenh sydtogen B Pjodoed abbe Eatitbdel biitaiod dahodd s feplabed
el ectrolysis. [0055].Th rocesses accordi pg to _variqus enbodi nents of
t he presentbﬁaré?%g'?g%ﬁ‘“ﬁﬁ’%? Wm R St ed?B%"E‘thQW’“QFFQ&F-i _chloride
can be fcogesepd frOm Br dAmbRYRLA IntchPhdlprMRN sft Gk %yﬁlealy'rﬁceﬁ@ & or
i nprovenent over known prior art processes In which no nore’than 8%}0)

of the sodimereofithorledwlysis erdntts,inn hydrezenisstqivad fr cliardeal BRGops, dtdusissitla

could be Uss %nllitr%laeuzoir%%d ;?r!:;gu%%notl) %r%'gen. One advantage is an energy saving during

electrolysis, which is attributable to the lower electrolysis voltage when using a gas diffusion
electrode.

20 [0060) A sodium chloride-containing solution coming from DPC production generally
has a sodium chloride content of up to 17 wt.%, in so far as it is the wastewater from the
reaction. If the wastewater from the reaction is combined with the washing water, the NaCl
concentration is, for example, approx. 13 wt.%. If the electrolysis supplies the chlorine and the
sodium hydroxide solution exclusively for DPC production, only a small part of the sodium

25  chloride-containing wastewater can be used in the electrolysis. Thus, with the conventional ion
exchange membranes and the standard operating parameters of sodium chloride electrolysis,
only a maximum of 26% of the sodium chloride from a 17 wt.% sodium chloride-containing

DPC wastewater can be used. The standard operating parameters of NaCl electrolysis are a
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- 13- 10056]In various preferred enbodi nents of the processes of the
present invention, water can be renoved fromthe al kali

chl ori de-cont ai ni ng wastewater solution by a concentration process. A
process is therefore preferred, characterised in that the al kali

chl oride-contai ning solution is concentrated before the electrolysis
by menbrane distillation 5 processes-d- reverse osnosis.

[ 0057] Reverse osnosis for exanple or, particularly preferably,
menbrane distillation or menbrane contactors can be used, such as
descri bed iy : : : I
2003, the Gy T Qe M B OB g1 32
ref er ence. vBys.ddmnbinong, therefort complad retebngdfdetsodibmtchloridefoseddecbredi ng
to the invention 10 and conceptrati on processes, theoretically up to
100% of thémwaa@{frﬁs%@map%% Bk e Fpnis P TERLY Srpaomienl

[ 0058] Pr o Q3R aRE RSN dv1dbiaGs b 045 Hek Msi6Afodtkpo be carried out
with an al kali chloride electrolysis’in I ch no hydrogen is produced
at the éat H6@fd) but t Wathegrdved @cdoslingdp itadmantop, sgmfemidly mbneshaoR6% of the

el ectrode at which . oxygen is reduced tg form hydroxigde jons .
5 0050] 11 g BRER R VRS A FBTBERIEE b b S el
directly regeiruetheb&ingh cHIBH®R eREtrdiiSs KLBGVIPIYRES (R ML 8nd thsodium
hydrogen is required for chem cal reactions, it is possible to omt

t he for ced yfoude saldiondor PREprodushon. Spdivin dilamdeslpstrolyses aregarerally operatedha
during electrolysi;s., .which i.s attributable.to the | r.electrolysis
Vol t age. vhanegeidgRilinsthelitn Bt oareRir Sl s oSty TR s Hoon
chl ori digr camdtakstiig clgeridétdoBinE R WasewAtEaBIERGs R6tadetEdaHBvVEIRBRIfa rboyclias
a sodiumch]oride content of up to 17 wt.% in so far as it is the
wast ewat er Fameach plthe eaiops dlpring ponspraergydde pinperien ¢hrensable sodivapehiarign fipmy
conbi ned w i r : i.on i F 1
xanpl o A SR Bl ol A5 FRRGCREGBMEE Y defusen Blchsiyal
and the sodo providy drecadiae hgdrbxité @iutiex atdthioviad for diaryl Etionpie pebdadtionn,

only a snal rt of the sodi um 25chl ori de-cont aj ni ng wast ewater can
be used in b?ﬂ%?el ect%?‘g‘%‘ipée?e@ﬁ]d%'?a“wl}q‘f’ H@Fésséb?f\}%ﬁffli’fﬁﬁ% lsﬂ@hth%)?’.é"r‘l%ﬁ’é%
menbrangs afgh §ikg1 SHANEE pRRSH AlebRYnPALIATRbIRT icffc Hgémmhﬁrtﬁe%ﬁ?l}
el ectrolysis, only a maxi num of 26% of thé sodium chloride froma

W . % sodi urhionfoeleatelysiom sd miultgmore than 50% of the alkali chloride from the DPC wastewater

could be reused.

[0063] However, this assumes that the chlorine and the alkali lye are not used
exclusively for diaryl carbonate production.

20  [o064) An alkali chloride-containing wastewater with a pH of less than 7 is particularly
preferably used in or fed to the electrolysis. The pH adjustment preferably takes place with
hydrochloric acid, but can also take place with gaseous hydrogen chloride.

[G065] According to another preferred process embodiment, the NaCl electrolysis can
be operated in such a way that an NaCl solution coming from the electrolysis cell has an NaCl

25  concentration of less than 200 g/l. In parallel to this, the sodium hydroxide concentration
discharged from the cell can be less than 30 wt.%.

[0066} The water transport through the membrane depends not only on the operating

parameters but also on the type of membrane used. In the processes of the invention, those ion
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DPC wast ewat er can be used. The standard operating paraneters of NaCl
electrolysis are a - 14- brine concentration in the discharge of 200
to 240 g/1 and an NaOH concentration of 31 -32 w.% Up to now,
therefore, conplete recycling of the sodiumchloride formed has been
| npossi bl e. Concentration by thernmal evaporation of the water is not
currently economcal, since sodiumchl®bride is available as a very

| nexpensi ve product. 510061)Wth a process according to the

i nvention, significantly nore than 26% of the sodiumchloride from
wast ewat er s_f,Qr ne 11 h concen Lon.of.. 1 o | ed,
oo Tar. SEHFttil: BafiBRRERMaRl R orblunthe fRRhN rhRONE £5

the chl ori meland whiteps aotdoNalkylé] peefirstey Sdiu, ader the toddifionpsfatiali thiomde and
Sodi um chl oride el ectrol yses are generally operated at integrated
chenmi cal predalibydroHdesoneirptipn aenoriieg i e infeppenprspiefe@bly ugd: chl ori ne

consuners, garap 10 t’bﬁécuﬁeﬁﬁ&ls@is%@l:ﬂﬁt@&%%ttﬁ% aﬂéarkﬂftﬂéﬁé %ﬁq is
solution is not necessarily avallable for recycling fromeach of the
var i ous 5chlpoeférately 2 onG kivier’ sAnollbsewifir coprentdrisafacofres su pabtuberlypdiferably used.

chloride fromthe wastewater can be .increased ere the sodiu
chl ori de elFOFFOYsd e ShbEe Here IbeadiRA%ps {hgsgp &@»ﬁ@%ﬂ%&&%ﬁ
hydr oxi de %@alﬁdiﬁﬁcmg&hhaﬁ{ ﬂl@ﬁ‘ojfeﬁéd QirféeareaC AARRORHIEA &L&ﬁltf&cg Brea are,

[ 0062] Anot her preferred variant ‘'of the processes of the invention is
that the wes,eletrales wih a famel dalel-likecniiontde Apr cadut &iveny ldrge anodic electrode

chvor et e RSB by B RS aR £ SBlb Bhe prso
chlori de f r:asacsheuldReBSIRWEERE sathal tRodapsisRet deh ) BakHioNay ?ﬁys_ic’élhi S

assunes that the chlorine and the al kali, | ye are not used exclusively

for diaryl sedperapbihpelothede isdws thand bdimt) Rie lerke e surface area and the lower the
chl ori de-c qgctafiéuw]pg't% ,Hﬁég@ggl{ thél\gordﬂxfn:céipotlﬁlgg %%légnzr?té Cr{lﬁﬂ chn ﬂesselec]tﬁde in gﬁ,

particul arl'y prefera n or ol'ysi's.

adj ust ment bpihehrelrthdhiyher Gk @oppritias 6f solliukh chioeldOfdth theiviista@htek thdd bin Kedeeycled.
al so take place with_gaseous hydrogen chloride. [0065] According to
anot her prdP¥8t ed pr S%d@g"fébﬁo%]ﬂ’ih fide-gqniainipgastepaist shgplg prefergblbe less

15 than 7, particularly preferably from 0.5 to 6, before the electrolysis.

[0069] The alkali chloride electrolysis should be operated in such a way that the alkali
chloride concentration of the alkali chloride solution coming from the cell is between 100 and
280 g/1 sodium chloride and/or that the concentration of the alkali hydroxide coming from the
cell is 13 to 33 wt.%.

20  [0070) Concenirations enabling the cell to be operated at lower voltages are particularly
preferred. For this purpose, the concentration of the alkali chioride solution coming from the cell
should preferably be between 110 and 220 g/l alkali chloride and/or the concentration of the
alkali hydroxide coming from the cell should be 20 to 30 wt.%.

[06071) The ion exchange membranes used in the electrolysis should preferably have a

25  water transport per mole of sodium of more than 4.0 moles H>O/mole alkali, particularly
preferably 5.5 fo 6.5 moles HxO/mole alkali.

[0072] The process can preferably be operated in such a way that the electrolysis is
operated at a temperature of 70 to 100°C, preferably at 80 to 95°C.



be operated in such a way that an NaC solution comng fromthe

el ectrolysis cell has an NaCl 25concentration of |ess than 200 g/l.
In parallel to this, the sodi um hydroxi de concentration di scharged
fromthe cell can be |less than 30 w.% 100661The water transport

t hrough t he nmenbrane depends not only on the operating paraneters but
al so on the type of nenbrane used. I|nlf-he processes of the invention,
those ion - 15- exchange nenbranes that permt a water transport

t hrough the nmenbrane of nore than 4.5 noles of water per nole of

al kali, pr bly i under .t he Lt f .al kali i de
and al kal | Eif%‘%foxi dZP%ocﬁeg{é%‘ L Eh Bk eé%%‘ﬁqjFé\%bgggte?ﬁé&f"n‘gelr%? ?g%%r e
pref erabl y pugaably #QQBctiutber ICLbrietar.density is cal cul ated based on the

area of the nenbrane and is 5 preferably 2 to 6 kA/n2. Anodes with a
greater surlf®dk ar eallgriEespie tafieghehivaey apnde ard cathode compartmentsrdepreifrably a

greater surfagce; &E}?@[at%fpr%ﬁg]_gpﬁl HE )ﬂ/{oﬁé Q%aﬁnﬁxﬁﬁtri‘sqﬁ%e} fa Rk @Q(sa grltJ the o

physi cal surtface area | tinct ar an the project
ar ea. Arodesods colnpatnggne afhe Gifferentiad pessaneletodca pathodg and @béctoimpdmsentd shbuld

foam or felt-Iljik onstrugtion. resul very | arge anodic
el ectrode é’&’rf?réléﬁg%lf%ta I%ngﬁ“f‘@?réé?fsﬁ?ﬁa’h( tollhgﬁ‘g“current density is
mar kedl y rg@'ws?d- Thﬁmﬁweaaﬁanaahﬁﬁidetoﬁcagm&&s?sg&@ﬁg?geeéa%ngsrc% ﬁl&@?é y

be sel ected such that the local current density ba on the physi cal
surface ar ewedfln pdrtcuddr,alet qoatiteg of thelaegds chnemmtads, ktdifion Himethéraurg exide, lother
surface area and the | ower the | pcal current density,.the |ower_ the
Sodi tm chl RIS BEACRPP R HaFow ] A S ShPE T Rd el SRR dohng
the hidher ddanpiupnesdd Bminglcasdiopsn winh gdllbdiﬁmizéxﬁﬁﬁuhmcmg%éﬁn t hat
can be recycled. [0068] The pH of the alkali chloride-containing

wast ewat er digmoaf ganpalseengsdl y be | ess 15than 7, particularly
preferably 0.5 ' for ctro i s.. . F0069) The al kalj
chl ori de ellé@tgp]ol ysi ’}sil%s (l)oﬁ‘ﬁlgg %g%gfﬁgﬁlg%ea? a:i]r?m lsbéc(?:lﬁgnat °\%\/%1§/r°f Ssa?cc?rﬁglg?o the
al kal i chl afivefifondasuden theabdiam chibriddi@nailkl waskivhier fofifedsiating e prodeytibn of
fromthe cell is between 100 and 280 g/ 1 sodium chl oride and/or that
t he concentdRbemD rarbmaterand greonly; 2 wigEPenaoid ratkshihaga ipisiopne cel | is 13
to 33 wt.% 20[0070)Concentrations enabling the cell to be operated
at |ower voltages are particularly preferred. For this purpose, the
concent’Pation of the alkali chlori deE¥SMELESNn coming fromthe cell

shoul d prefiggapl y beg memdhm@g%gwd@éﬁk&%@ihg Rh WAGIRHOT

. t
t he concentration of e al kal | xi de comng fromthe ce shoul d
be 20 to 3Godibm¥lofi@lthdlyss + eddittmohah@et. Yisniinacbloridesebitiomfroh ®PC
el ectrol ysi sodshoul d preferably have a
production
[0078] A mixture of 145.2 kg/h of 14.5 wt.-% sodium hydroxide solution and 48.3 kg/h
20 of phenol are brought together with a solution of 86.2 kg/h of methylene chloride and 27.5 kg/h
of phosgene (8 mole % excess based on phenol) in a vertically standing, cooled tubular reactor.
This reaction mixture is cooled to a temperature of 33°C and, afier an average residence time of
15 seconds, a pH of 11.5 is measured. In the second step of the process, 5.4 kg/h of 50% NaOH
are then metered into this reaction mixture so that the pH of the second reaction step is 8.5 after
25  afurther residence time of 5 minutes. In the continuously operated reaction, metering
fluctuations that occur are offset by adjusting the additions of NaQH in each case. In the second

step of the process, the reaction mixture is continuously mixed by passing through a pipe



25 water transport per nole of sodiumof nore than 4.0 nol es
1-120/nmol e al kali, particularly preferably 5.5 to 6.5 noles H20/ nol e

al kali. 10072] The process can preferably be operated in such a way
that the electrolysis is operated at a tenperature of 70 to 100C,
preferably at 80 to 95C. - 16- 100731The el ectrolysis can be

operated at an absolute pressure of 1¥o 1.4 bar, preferably at a
pressure of 1.1 to 1.2 bar. [0074] The pressure ratios bet ween anode
and cat hode conpartnents are preferably sel ected such that the

pressure i B dheqGahBaLe AP ng'ﬁ%ed aﬁd#ﬁbﬁmﬁ aCH M} bR BorPRFGMuR id N

the 5 anodé conpartnent. The differential pressiure between cathode
and anode edinyat bymanlmg ts BEGl ditgrsefaeatiaf bif ﬂi@@r@mcmnﬂtﬁﬂaqubms phase (reaction

referably 30 to 10075]Wth.lo | i i de
E oncentr a%/ Ghigwat i Igg})(?%ﬂ"fﬁ’ﬁﬁ Isoprshed gt Océyﬁgﬁ%cg%ﬂé a‘ﬂ&@‘lﬁ{ wagy. After
particul ar reddiheGRALIVRS, ®9% hﬁhﬁﬂ%oﬁﬁ@w%@%@d Mhe fdactﬁeq%agtb@ﬂcﬁl%ot

rut heni um oxi de,” ot her precious netal conponents from subgroups 7 and
8 of thé pepmb\dw:wmfat!w washingphesnehereandfioireed 0f @k@nmseduesmcalnbdéy stripping

P arong Ca il e RnE e Sl B A B AP S 0 o B o R bt e

embodi ment r&Eﬁ@\Wsﬁﬁf@féﬁcoﬂﬁﬁ@ﬂ%mﬁd&depﬁnﬂp@H&ll on based on the
sodi um chl ori de- cont ai ni ng wast ewat er formed during the production of

di phenyl cd?8hat e, Taera baicd injarhye sadinmichloddraieciolvtin cellatithewt anyfither
limtati onpu&éWLES

10 [0086] The electrolysis is performed for example in a laboratory electrolytic cell with an
anode area of 0.01 m®. The current density was 4 kA/m?, discharge temperature on the cathode
side 88°C and discharge temperature on the anode side 89°C. An electrolytic cell with a
standard anode and cathode coating from DENORA, Germany, was used. A Nafion 982 WX
ion exchange membrane from DuPont was used. The electrolytic voltage was 3.02 V. A sodium
15  chloride-containing solution was pumped through the anode compartment at a mass flow rate of
.98 kg/h. The concentration of the solution fed into the anode compartment was 25 wt.% NaCl.
A 20 wt.% NaCl solution could be removed from the anode compartment. 0.121 kg/h of 17
wt.% reaction wastewater from diphenyl carbonate production and 0.0653 kg/h of solid sodium
chloride were added to the NaCl solution removed from the anode compartment. The solution
20 was then fed back into the anode compartment. The water transport through the membrane was
3.5 moles of water per mole of sodium.
[0081] On the cathode side, a sodium hydroxide solution was pumped round at a mass
flow rate of 1.107 kg/h, The concentration of the sodium hydroxide solution fed into the cathode
side was 30 wt.% NaOH and the sodium hydroxide solution removed from the cathode side had
25  aconcentration of 32% NaOH. 0.188 kg/h of the 31.9% lye were removed from the volume
flow and the remainder was topped up with 0.0664 kg/h of water and fed back into the cathode

element.
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[ 0077] Exanpl-e 1: Addition of sodium chloride-containing reaction

wast ewater to sodiumchloride electrolysis - addition of a 17 wt. % <
sodi um chl ori de solution from DPC production [0078] A m xture of 145.2
kg/h of 14.5 wt.-9% sodi um hydroxi de solution and 48.3 kg/li 20 of
phenol are brought together with a so| ution of 86.2 kg/h of methylene
chloride and 27.5 kg/h of phosgene (8l&mwle % excess based on phenol)

in a vertically standing, cooled tubular reactor. This reaction

m xture is cooled to a tenperature of 33C and, after an average

resi dence tbdﬁﬁ of 1535860 bhigh clibride dribiriRe Bk DPCrhdign S€CONd
step of th pr]ocess ? {}q‘lsﬁa @/gnc ¥ r% g[Een met eredrel ntg this
reacti on mwastawaerso t hat the pH of the second reaction step is 8.5

cperat oo BB ch " RBBSE Al RPN R ST R
adj usting ts&ﬁuzﬁémbﬁdecylb%u&ymmm £ dERGDN S18GRde L Radif: o?@@@ﬂ’@%%bﬁQmOf

the process, the reaction mxture is continuously m xed by passing
t hr oughsa p}blpedesoluwn(rﬁﬁcmnmtt“wet)fﬁoudhgﬁpmdudloms After renewed

ddi t f t t t ed b | t
300 After AR | nEpeTRet e At 14 ey S Cstee pkcgenpld.
(reaction Wik ﬁa\gy@c;g)en istrbiriPor &2 bﬂi‘lh&ian bEDP@IRERmtibA oﬂly@%gen during the

hydrochl oric acid and water. After renoving the sol vent, 99.9%

di phenyl c#leBiariyiscan be erpittad. Thelclechiolysis svas thersforappsratsdaritraas diffagen
Sconbi ned I

Fesi ducs. anre Rk TSR I SRS CRELT il LBk SO Bi? KR anoce
Wi th hyldr oclikoutiet teapbretup 89°C raedidchglyiié doll vathtai standedamde baring frde

reaction water contains 17% NaCl and < 2 ppm phenol 10079)|t
can be f egaﬁﬁrf%r@@w Wi werd- Srlafion @ B ign ﬁcgw%a}ernbm Femdubpgt was

further pungfd ?ﬁetél&ﬁolyﬂ@el 2 RAEOTERA 18/, 46E fo%ﬂﬁ%}ﬁoﬂdé CQEHA@{‘%?% éﬁeo?lusoxb

exanpl e |n alaborato trolytic ce an ano
n2. The cumremoved &emshetapodmn@azhﬁdnnﬁras i wetha diaGe 011 66riogth af 17rve. %o reattivn

cat hode side 88C a { erature on t anod i de .89C. A
el ectrol yt .“@S%W”ﬂ? Pﬂ%%ﬁ@h% difpolimablonisas @Bﬁf%alu%lwaﬁwwe%
DENORA, 15Ce I We antdas corsafimer, mfsbmﬁbr&&% K O CIERENROSR ORI ARG THRM

DuPont was used. The el'ectrolytic voltage was 3.02 V. A sodium
water transport through the membrane was 4.9 moles of water per mole of sodivm.

[0085] On the cathode side, a sodium hydroxide solution was pumped round at a mass
flow rate of (.848 kg/h. The concentration of the sodium hydroxide solution fed into the cathode
side was 30 wt.% NaOH and the sodium hydroxide solution removed from the cathode side had
20  aconcentration of 32 wt.% NaOH. 0.192 kg/h of the 31.2% Iye were removed from the volume
flow and the remainder was topped up with 0.033 kg/h of water and fed back into the cathode

element.
[0G86] The proportion of reacted sodium chloride from the DPC reaction wastewater
was 32.4%.

25  [0087) Example 3: Addition of sodium chloride-containing reaction wastewater to

sodium chloride electrolysis with a gas diffusion electrode — addition of a 17 wt.% sodium

chloride solution (reaction wastewater) from DPC production
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15 chl ori de-contai ni ng sol uti on was punped through the anode
conpartment at a mass flow rate of 0.98 kg/h. The concentration of
the solution fed into the anode conpartnment was 25 w.% NaCl. A 20
wt. % NaCl sol ution could be renmoved fromthe anode conpartnment. 0.121
kg/h of 17 wt.% reacti on wastewater from di phenyl carbonate
production and 0.0653 kg/h of solid 5&%i um chl ori de were added to the
NaCl solution renoved fromthe anode conpartnent. The sol ution 20 was
then fed back into the anode conpartnent. The water transport through

t he menbr aggﬂms 3. STHOWESevRler Wale§ionB&I to MRlq8alft ofSRA bitMdidd0 81l t.he

cat hode side, a sodium hydroxide solution was punped round at a mass
fl ow rate ofincene@ydriegyntis reqrired dayieepuedugtiang DEE, thi frmatitiniafhydroen dimtiyg the

| uti fed | th t id 3 . % Na d t odi
Pyar oxi de. SOTUTPRR-P OGO (15T D o RO T AR e gy drson
concent r at | @gtrodes SAchia&ldenBith 88 KR @hthédeeidd buditackiperaited $8°C anaedt

fromthe volunme flow and the renmai nder was topped up with 0.0664 kg/h

of vt er5 artHieaat e e §5"Chén el Tobtie oa] withtisndax cheic coTIBEPRS. 3% of
i i ¢ 8 Chénel .
wast vt or . PEGORA] Rl oiSuil ANIRLERD ke Rt AR b Bhrepras

reacti on wastdat eectiobytic voltageted NI Theisolihure kisictidedloy@&hSatioh bi¥hasdhain
diffusion electrode - addition of a 17 w. % sodium 5 chl ori de

sol ution (rEReYIIdfemiis tora tarRareRHappT prdtRtdtd b kpbog T whig reaction
wast ewat er Q%EM&PQW&SE Q%/h ?{fsggﬂ ?Aglﬁ&n%( %lﬁ’érid% tl%f‘e QAFEb gifeﬁ\%gﬁc%h&ﬁg W Fed

1. Since no hydrogen iIs re e production
format i th offonnthemogleroxparinregt. Thesobitien tvaothyrsfed bachiinth theamdde tcerdparthteat. The

el ectrolysis was therefo oper.ated w s diffusion electrodes.
The cur  ent VB TERIRIT T BERR T AE AR B o 8! KeITTRe POB AR o BaC
and anode 1@geggje out lathd QHBES idels AR hydA iR sOIGH SOV blntp&abinds § fhad
standard anode coating from DENORA, Gerrany, was used. A Nafion 982

WK i on exchievgetand #13P2 keh.fhe perDertation eldks sodinn. hytieside sabesion did into ghe cathode

voltage was_.2. 11.V. T di chl ori de concentration.of the.sqluti,0
onovad 1 roiffs tsrdeRag s M B SRR B P sbnehd Gufe e 4
W . % r epst | HebnvéEhinaif 82 waNADH) B3 88 kgh bf @ 330 liyleGvesd@inbBdEVDhe Gume

were added to the NaCl, sol ution renoved )
flow and the remainder was topped up with 0.0184 kg/h of water and fed back into the cathode

element.
[6090] The proportion of reacted sodium chloride from the DPC reaction wastewater
was 34.4%.

20 [0091] Example 4: Recycling of wash phases from the DPC working-up in the DPC

production — addition of a waste water phase from the acid wash to the DPC production.
[0092] The procedure was carried out as in Example 1, with the difference that, after
separating the organic phase from the aqueous phase (reaction waste water), the DPC
solution was washed with 0.6 wt.-% hydrochloric acid (acid wash), and then once more with

25  water (neutral wash). The acidic wash phase from the DPC working-up was adjusted to pH
10 with NaOH and was then freed from solvent residues and catalysts by extraction with

methylene chioride or by stripping with steam. After the phase separation an aqueous phase
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15 fromthe anode conpartnent. The solution was then fed back into

t he anode conpartnent. The water transport through the nenbrane was
4.9 noles of water per nole of sodium [0085]On the cathode side, a
sodi um hydr oxi de sol uti on was punped round at a mass flow rate of

0. 848 kg/ h. The concentration of the sodi um hydroxi de solution fed
into the cathode side was 30 wt.% Nac®%nd the sodi um hydr oxi de
solution renoved fromthe cathode side had 20 a concentration of 32
wt. % NaOH. 0.192 kg/ 11 of the 31.2% 1 ye were renoved fromthe vol une

fllow and t hg,¢ SARGOSHNAS L ORPOINIEL Whidd s 033 se aqimw;e?racamt bad.

back into the cathode el ement. 100861The proportion of reacted sodi um
chl ori de fr ontet foettRPEpartion oithe b wovlaNeOHwabitide fot the DT pO8TdiENRaNp| €

3: Addition odi um_chl ori de- cant aj ni reactian tewater to

od um cht ol ol ec tagmpleiss Wipieing ShabantF i o b vpiestn b he prc
addi ti on of pRddcfiowt-24aiEeb ARG WaklIFhasOloUhd DPC pfRBGIHON Wast evat er )
from DPC production - 19- 100881The wast ewater corresponded to the

qual ity &f {09841 accorldiempoedrewasgairied but Gjim Exampie hy Gherputralivash phpge from

f h j f C he f i f .h dur i h
e ect rol ysi PR PaRin tpean b B oL Mol BB BB Rhbi P Bt ptme
Wi th gas di fvasfodthephr@atationiefhe THewe s NaQH sdRrifioh fof theISPE ploddtidn,

cat hode side outlet tenperature 88C and anode 5si de outl et

t enper at ur 8988 An xawpledt feqyelingfiwagh phases famibg JFEE werking-up dathe R C
from DEN(RAI NY 1.4: . i

from DuPont %gggtﬁgéégd%ﬁgo eﬁgﬂﬂﬂ?ﬁ% it;t%(a@tgF ag?%&%%@g@%ﬁ e s%gl?oum
chl or i de0 cotedC @bdwenonf the sol ution renoved fromthe anode

conpart nment 15 LY NaCl. 0.178 kg/h of 17 % reacgtiaon

wast ewat er %gb 052@“’?@7% (i ‘iaﬁf’ég’b‘lf v EHW% ﬁeoré\%?céi fH’(S‘d’@EF_"IJ Fathhe
NaCl sol uti ghst §BRMRADRO WoliehB- G er@ ROMBInED TRRLEIRPH 1010 RAOH! 4@ Mmapas
then fed back into the anode conpartnment. The water transport through

t he menbr an&eedafon saleenpresidsesaind vatalysts preextraction vwith methiylena chikdide ot on t he

cathode sidgy; &3 Ath WY ArXiS RN 4ASuOHIRSTad Bl RbnGinlBSS

15  about 1 wt.-% NaCl, which can be re-used as a partial replacement of the water for the
preparation of the 14.5 wt.-% NaOH solution for the DPC production.
[0097] It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular

20  embodiments disclosed, but it is intended to cover modifications within the spirit and scope

of the present invention as defined by the appended claims.

25
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flow rate of 0.295 kg/h. The concentration of the sodi um hydroxi de
solution fed into the cathode side was 30 w. % NaCOH and the sodi um
hydr oxi de sol ution renoved fromthe cathode side had 15 a
concentration of 32 w.% NaOH. 0.188 kg/h of the 32%1ye were renoved
fromthe volunme flow and the renai nder, was topped up with 0.0184 kg/h
of water and fed back into the cathodélel enent. [ 0090] The proportion
of reacted sodiumchloride fromthe DPC reacti on wastewater was
34.4% 20 [0091] Exanpl e 4: Recycling of wash phases fromthe DPC

wor ki ng-up in the DPC production - ad@ramg of a waste water phase
fromthe acid wash to the DPC production. 100921The procedure was
carried out Whatis¢laimgdishl e 1, with the difference that, after
separating the organi c phase fromthe aqueous phase (reaction waste
water), the DPC solution was washed with 0.6 wt.-% hydrochloric acid
(acid wash), and then. oncapmees comprisingd wat er (neutral wash). The

aci di c wash phase fromthe C wor ki _.ng- up s adjusted to pH 10 with
NaCH and was then fr aeaf%gﬁgwwa%m Vi) cerapoyng iy the prgsence of a
extraction Mg i ! W A JAfter
t he phase sﬁ%@gﬁﬁygg&ﬁqﬁgéﬁgdagﬁggéa@a S%%l{' bﬁas o%’%q%?ﬁ]naé%]%ﬁngéni ng
1.5 w.-% NaCl, whi ckb)ceparaieg the diage darbxmats fiparthé sutioespl acenent of the

wat er for the preparatian of th .5 W..-% NaOH sol ytion for the, DPC
b oduct 1 on. | [ 0003 Ex SRS 8E ety die3piilin 0 gyahe piis den oF shrlin (e 2
wor Ki ng- up $i.alijigedBfatigf;oduct i on - addition of a neutral wash phase
to the DPC prod]ucti on. 5[00941The procedure was carried out as in
Exanpl e 4. The neut r & tigeizg theinibediisted pplntien Wib@ndsobentio dgrmotreatsd

re-used vvith)%]ton_further treatnment as a partial replacenent of the
water for the pr'eparation of the 14.5 wt.-% NaCOH solution for the DPC

production. [0095) Exgyphtgeching feayicd goRipnof theasdledbREesofclcafiddhbgichiPC
wor ki ng-up to_the DPC . ) . .
oxidation to form chlorine and an alkali hydroxide solution; and
() recycling at least a portion of one or both of the chlorine and the alkali

hydroxide solution.

2. The process according to claim 1, wherein recycling at least a portion of
the chlorine comprises feeding the portion to a reaction with carbon monoxide to form at least a

portion of the phosgene reacted with the monohydroxyl aryl compound,

3. The process according to claim 1, wherein recycling at least a portion of
the alkali hydroxide solution comprises feeding the portion to the reaction of the phosgene and

the monohydroxyl aryl compound.

4. The process according to claim 1, further comprising subjecting one or
more of the solution, the pH-adjusted solution and the treated solution to a separation to remove

an amount of residual solvent.



production - addition of the purified waste water phases fromthe
acid and neutral wash to 10 the DPC production. 100961The procedure
was carried out as in Exanple 4. The acid and neutral wash phase from
t he DPC wor ki ng-up were conbi ned, adjusted to pH 10 with NaCOH, and
then freed from sol vent residues and ?ﬁt al ysts by extraction with

met hyl ene chloride or by stripping wth steam After phase separation
an aqueous phase was obtai ned containing 15 about 1 wt.-% NaCl, which
can be re-used as a partial replacenent of the water for the

preparation of the 14, 5 Whe podaQccsidihgtoichiim BOkhdrdie thHoREpaRli titRipkieR -
[009711t will be appreciated by those skilled in the art that changes
coul d be neHEMHRPHE- enrbodi ments descri bed above wit hout departing
fromthe broad inventive concept thereof. It is understood,
therefore, that this inventionis not limted to the particular 20
enbodi ment s di scl osed, buThd prodess dctrirdifigl®dlain 1 Cwhedin the dleftraehdnhicy) Sxidation
within the spirit and scope of the present .invention as defined by

t he appendel “¥F&] ot With g cathods pompsisiyearg siprseleqtigdered i s: 1. A process
conpri si ng: (a) reacting phosgene and a nonohydroxyl aryl
conpound in the presence of a suitable catalyst to forma diaryl
carbonate and a sol ufii on Taaypoedess acprding wlckaithil, fotthacomprsing feeding a portion of

(b)  separatfng Lhe fa0, 3L BONALE, LA Schl b3l

8. The process according to claim 1, further comprising adding additional

alkali chloride to the elecirochemical oxidation.

2. The process according to claim 1, wherein the pH of the solution is

adjusted to a value of less than or equal to 7.

10.  The process according to claim 1, wherein adjusting the pH of the

solution comprises adding hydrogen chloride.

11. The process according to claim 1, wherein the treated solution prior to

electrochemical oxidation has an alkali chloride concentration of 100 to 280 g/L.

12, The process according to claim 1, wherein the alkali hydroxide solution

has an alkali hydroxide concentration of 13 to 33 wt.%.

13.  The process according to claim 11, wherein the alkali hydroxide solution
has an alkali hydroxide concentration of 13 to 33 wt.%.



(c) adjusting the pH of the solution to a value of |ess than or equal
to 8 to forma 01-adjusted sol ution; (d) treating the

pH adj usted solution with an adsorbent to forma treated sol ution;
(e) subjecting at |least a portion of the treated solution to

el ectrochem cal oxidation to formchlgyine and an al kali hydroxi de
sol ution; and , (1) recycli 'ngj'at | east a portion of one or
both of the chlorine and the al kali hydroxide solution. 2. The process
according to claim1l, wherein recycling at |east a portion of the

chl orine conprises feedi rthetpheePacdordiy tb elatin I,edetcdrohe siedhbocleatidaboxidation
nmonoxi de to format | east a portion of the phosgene reac]t ed w ttpmnttpe

. . P
monohydr oxyiF CasTiSA SubBiRgA R exshapgrmembraneavigg & Wl Fpspast ajuggrepter

wherein re j Stk Rartion of the al kal i hydroxi de sol ution
conpri ses %@%%?ﬁg{ porti oﬁg?'o the reaction of the phosgene and the
nonohydr oxyl aryl conpound. 4.The process according to claim1,
further conprising supjecting one or.nore of the solution, the. . . .
pH- adj ust ed sol uti on‘]]gnd h‘?é’g‘fcfzﬁéfcé’ﬁd’%tf’ﬁ]ta%hvf en ‘éf)lﬁcfhﬁf’l?el}ﬂcaf gyridation
renove an agpild &t ué’il?g%q(ﬁiﬁéxcﬁﬁhé/ﬁ%braﬁe'l%?ihg a water transport value bh&5 Ry s €ss
according to claim4, wherein the separation conprises steam

stri ppi ng. moles HyO per mofe of phkeli pmocess according to claim 1, wherein
the el ectrochemi cal oxidation is carried out 'with a cathode
conprising a gas diffusion el ectrode. 7. The process
according to clai m1)6f urtkgiroe@ipecrdihg1@ clage ] wigren 6 ElettRChedical Bidation
treated solution to a brine circuit of a ngnbrane el ectrolysis
process. iscarmied out aig currpd densiyefcsto kédrenmn §f membesg. m 1, furt her
conprising adding additional alkali chloride to the el ectrochem cal
oxi dati on. 9. The process according to claim11, wherein
the pH of the sol uti an i sTedjroteisededrdingito\chlimi @5, 0fhetetisthe élbamclemiatjual

to 7. 2 ,
oxidation is carried out at a current density of 2 to 6 kA perm  of membrane,

18.  The process according to claim 1, wherein the electrochemical oxidation

is carried out at a temperature of 70 to 100°C.

M.  Theprocess according to claim 1, wherein the electrochemical oxidation
is carried out at a differential pressure between an anode compartment and a cathode

compartment of 20 to 150 mbar.

20.  The process according to claim 1, wherein the electrochemical oxidation
is carried out using an anode having a coating comprising ruthenium oxide and a compound of

an element selected from the group consisting of Group 4 elements, Group 7 elements, Group8

elements, and combinations thereof,



10. The process according to claim1l, wherein adjusting the pH of the
sol ution conprises addi ng hydrogen chl ori de. 11. The
process according to claim1l, wherein the treated solution prior to
el ectrochem cal oxidation has an al kali chloride concentration of 100

to 280 g/ L. 12. The procesg according to claiml1, wherein
t he al kali hydroxi de solution has an Fial i hydr oxi de concentration
of 13 to 33 w.% 13. The process according to claim 11,
wherein the al kali hydroxi de solution has an al kali hydroxi de
concentration of 13 to 33 m.% - 23- 14. The process

according to claim1l1, wherein the electrochem cal ,oxidation is
carried out using anZion EB?(?H&ﬁijé“ﬁ’%taﬁ]é%é\Whﬁﬁmtae fatterhomicahapdation
val ue greatietatiduafit fhifioh QRctiARisnei hiTALanQhodtai@h neiBfine, and wh

15. The précess acco#%ﬂhg fo €laiml er%%n t% © ec%?%cﬁéﬁ?% p anode
oxi dation iles @arfab@demtatqnﬁlangsaﬁccmaeﬁdhm%mnbr ane having a

wat er transport value of 5.5 to 6.5 noles 1120 per nole of alkal

i on. 16. The process according to claiml, wherein the

el ectrocheni cal oxidagj.i Onl"l'le%r&@srsral:c%?dnﬂ%% cRim & vHafdPRt 188 caPbxidatibR
6 kA per n2 of nenbrane . The ‘process according to

cl ai m 15, vikheamesdout da cmdm@rﬁr%tcéﬂcmrmapf pembrane atemperducut 78to a

current de of. 2.t0 6 kA The
ot ocess acoRl b ehealrm P e i L BRERTT B s eaR LRI

i's carried dpfpariherdaidBabad dohPadhent Of 100 18@abarl . The process
according to claiml1, wherein the electrochem cal oxidation is
carried out at a differential pressure between an anode conpart nent
and a cat hode conpar di ng
to claim1, wherein ]tj T}g r%gsétﬁgcr%}dgg%ﬁ%@%éﬁ%&%&fgpéﬁoﬁg&(ﬁ%%&

usi ng an anmdemhﬂmnmgmaseﬂahdngmponﬁkﬂﬂk@gwﬁﬂﬁhﬁmaGMIOX|de and a
conpound of an el ement sel ect fromthe group consisting of Goup 4
el ements, Goup 7 el enents, oup \8 el enents, and conbi nati ons
thereof. - 24-

wherein each R independently represents a substituent selected from the group consisting of
hydrogen, halogens, Cy.9 alkyl groups, Cj.g alkoxy groups, C1-9 carbonyl groups, and Ci.g

alkoxycarbonyl groups; and n represents an integer of 0 to 5.

24. A process comprising:
(a) reacting phosgene and a phenol compound of the general formula (I} in the
presence of a suitable catalyst to form a diaryl carbonate and a solution comprising an alkali

chloride;

0

R —



1. The process according to claim1, - wherein the el ectrochem cal
oxidation is carried out using an electrolysis cell having an anode
and a nenbrane, and wherein the anode has a surface area greater than
a surface area of the nenbrane. 22. The process according
to claim1, wherein the eIectrocheniq?k_oxidation is carried out at a
current density of 2 to 6 kA per n2 of”"nenbrane; a tenperature of 70
to 100C, an absolute pressure of 1.0 to 1.4 bar; and a differenti al
pressure between an anode conpartnment and a cathode conpartnent of 20
t o 150 mnbar wherein each R indepeiBntlyliagreqen® a ssistiaat eslataddrointhe braupechsisting of

wherein the noh oxyl  ar conpound conprises_a phenol conpoynd of

t he gener al h%gﬁ’h?{’g{ogff“f’:cll&’ %ﬂ@]igﬁflps’ Gikeradiony ggem ®-p H%IE%LEQ‘I‘H% %P'é C19

represents i consi sting of
ﬁkw%sdngg%s Skl 8GRt %‘t&%f o8 R

hydr ogen, hal ogens, al kyl “groups, oxy groups, Cl1..9

car bonyl groups, and (€keBrating thexliacd civbmmate figrothpslutiand n represents an
integer of 0 to 5. 21.A.process risi.ng:. .{a) reactin
phosgene and a phenolj(c)(?glﬁﬁgéﬁlfp@fc&{ﬁﬁe 05‘8??8?‘&1?1“?6‘}%?‘30?(‘1(5)‘ # ‘fer?gllesgﬂmn
presence of peqaalitd Pl fermtabidbYjdted Blutigh;m @ diaryl carbonate and a
solution conprising an alkali chloride; - 25- wherein each R

i ndependent | y repr es éfrteatipgdhapii-pdivstadisokybonswithen adsaglent odorgy aigated
consi sting 8ﬁmQ¥ﬂrogen, hal ogens, Cl1 9 allcyl groups, Cl1 9 allcoxy
groups, Cl carbonyl groups, and Cl1_9 al koxycarbonyl groups; and n
represents an int egere)aiibjécling s 1&ist a portion of the treatédEbhufiGPRIeiiciretfierhids

di aryl carbonate fromthe_ solution; (¢) adjusting the pH

of the sol ubigaioniofarmpeideringand arAlklibydroxide whyiapped of | ess t han or
equal to 7 to form a pkk.adiHsied 134 313; : i-ng
t he pH adj usted soluéﬁoﬁga##h]antg g@%tgn?e?nggﬁﬁ$§h??é%%gyk%mﬂl
sol ution; hydroxide solutior;e) subj ecting at | east a portion of the

treated solution to.el ectrochem cal oxidatjon to formchlorine and an
al kali hydroxid eWhergin recys ng & Jegst a portion of the chlorine comprises feeding the portion to a

reaction with carbon monoxide to form at least a portion of the phosgene reacted with the

monohydroxyl aryl compound; wherein recycling at least a portion of the alkali hydroxide
solution comprises feeding the portion to the reaction of the phosgene and the monohydroxyl
aryl compound; and wherein the electrochemical oxidation is carried out at a current density of
2 to 6 kA per m2 of membrane; a temperature of 70 to 100°C; an absolute pressure of 1.0to 1.4
bar; and a differential pressure between an anode compartment and a cathode compartment of

20 to 150 mbar.

25. The process according to claim 1, wherein the separation of the diaryl

carbonate from the solution according to (b) comprises at least the following steps:

(aa)  separation of diaryl carbonate-containing organic phase and aqueous alkali

chloride-containing waste water solution

(bb)  washing the diaryl carbonate-containing organic phase obtained in step (aa) at

least once,



b=

(1) recycling at least a portion of one or both of the chlorine and
the al kali hydroxi de sol ution; wherein recycling at | east a
portion of the chlorine conprises feeding the portion to a reaction

wi th carbon nonoxide to form at Ieast a portion of the phosgene
reacted with the nonohydroxyl aryl ggound; wherein recycling at

| east a portion of the al kali hydroxide solution conprises feeding
the portion to the reaction of the phosgene and the nonohydroxyl aryl
conmpound; and wherein the el ectrochem cal oxidation is carried out at
a current density of 2 to 6 kA per n2 of nenbrane; a tenperature of

70 to 100C, an admdokkrein pr &astugaet off thd wsh phaked) Bram; (bBNib wsed, optlonal]y after
differenti al pressure beﬂﬂggn an anode cogpartnent nd a 5@ 1
conpart ment of 2UPFEIESE? TeSICUCS anC pOSSIDLY SEGanipHy ‘6%5%?‘ e%caéo? iRt
t 0I claim1, V\hghepllcdtﬂtﬁt Siahamtct o tl&fprbclhﬁuéﬂ &ff tlrvllé sc?ia}’n:i)ﬂijt&t)ﬂdé fob fRetrbtion
sol ution accordi es at | east e followm ng steps:

(aa) separation ﬁ‘geya{“d BW g Yl ag) FAMPAUAL 255PHEIR (3 hase and
aqueous al kal i chlorlde cont ai ni ng waste water solution (bb) washing

t he diaryl carbonate-containing organi c phase obtained in step (aa)

at | east once, - 26- and wherein at |east part of the wash phase(s)
from(bb) is used, optionally after separating catalyst residues and
possi bly organi c solvent residues, as a partial replacenent of the

wat er for the production of the sodi um hydroxi de for the reaction of
phosgene and a nonohydroxyl aryl conmpound according to (a).



