-1 - TITLE PROCESS FOR PREPARING DIARYL CARBONATES AND POLYCARBONATES
BACKGROUND 5The field of the present invention relates to a process for the continuous preparation of
diaryl carbonates from phosgene and at least one monohydroxy compound (monophenol) in the presence
of catalysts, and also the use thereof for preparing polycarbonates. The hydrogen chloride formed in the
reaction is converted by electrochemical oxidation into chlorine, with the chlorine being recirculated to the
preparation of phosgene. In particular, 10the process-gopprises utilization of the hydrogen chloride
formed for the process for preparing diphenyl carbonates (DPC process). It is known that diaryl
carbonates, in particular diphenyl carbonate, can be prepared by phase boundary phosgenation

Schotten-B i ' i I ' f alkali and talyst.
(Schotten-Baumann reactlgﬁg)§Eﬁr&%%§§%§%@gﬁ§%m@A&g}g,\p'ﬁ%‘é]ﬁz\lg alkali and a catalys

Here, the use of solvents tageous since the aqueous alkali can
cause partial hydrolysis of phosgene or chlogegaoRissiess gad large amounts of sodium chloride are
obtained as by-product and the solvent and catalyst have to be recovered.

BACKGROUND

5 The field of the present invention relates to acpss for the continuous preparation of
diaryl carbonates from phosgene and at least omohyolroxy compound (monophenol)
in the presence of catalysts, and also the usedhéor preparing polycarbonates. The
hydrogen chloride formed in the reaction is cors@rby electrochemical oxidation into
chlorine, with the chlorine being recirculated e fpreparation of phosgene. In particular,

10 the process comprises utilization of the hydrogatordde formed for the process for

preparing diphenyl carbonates (DPC process).

It is known that diaryl carbonates, in particulaplebnyl carbonate, can be prepared by
phase boundary phosgenation (Schotten-Baumanniaegactf monophenols in an inert
solvent in the presence of alkali and a catalystirelHthe use of solvents and sodium
15 hydroxide is disadvantageous since the aqueousdi @i&a cause partial hydrolysis of
phosgene or chlorocarbonic esters and large amadirgsdium chloride are obtained as

by-product and the solvent and catalyst have tebevered.

For this reason, the preparation of diaryl carbemaind in particular diphenyl carbonate by
reaction of monophenols and phosgene without akladi without use of solvents in the
20 presence of a catalyst in the direct phosgenationgss has also been examined and has

been described in principle in the literature.



For this reason, the preparation of diaryl carbonates and in particular diphenyl carbonate by reaction of
monophenols and phosgene without alkali and without use of solvents in the 20 presence of a catalyst in
the direct phosgenation process has also been examined and has been described in principle in the
literature. Proposals for processes without solvent using soluble catalysts are described in US 2 837 555,
3 234 263 and 2 362 865. There have also been proposals for using heterogeneous, insoluble catalysts
which make 5 the work-up of the reaction mixture substantiaﬁteasier. Thus, EP 516 355 A2

recommends, in particular auminiurg trifluggig%twhich is appéi to supports such as aluminosilicates.
However, the sgntluminiu fluoride-ts-very cateéﬁp@iipensivexluel to the handling of
fluorine or hydroflusdc-acid. Furtleermane, WO 91/06 escribes | salts on porous supports as
catalysts for the 10 reactions described herein. A fulty continuous phosgenation of phenol over such
catalysts is possible only in the gas phase, but this results in relatively high reaction temperatures and the
risk of decomposition of the sensitive chloroformic esters. A phosgenation of phenol using these catalysts
in the liquid phaaepasab\iougbyacesbescariirdudutsivest hosirig)uis jpibeiadisicasires dasthibeattive catalyst
constituents. 15Unsupported catalysts which have the great advantage that the catalyst can be separated
off very easily d#8 RGN PSAt2A#nZ&Hd andhe I @8eaction product have therefore been proposed. The
work-up is substantially simplified thereby. Thus, processes for preparing diaryl carbonates by
phosgenation of monophenols in the presence of heterogeneous catalysts such as activated carbons (EP
483 632), alumihiene 2Gwveideso(BFe63y AR lalfenineisii dxates ¢ggen 6BH1PIE) catetystoxidesh(ERIGAS 364 ),
metalates
5 the work-up of the reaction mixture substantiallasier. Thus, EP 516 355 A2
recommends, in particular, aluminium trifluoride ialn is applied to supports such as
aluminosilicates. However, the synthesis of aluommifluoride is very complicated and

expensive due to the handling of fluorine or hytrofic acid.

Furthermore, WO 91/06526 describes metal saltsarous supports as catalysts for the
10 reactions described herein. A fully continuous gepstion of phenol over such catalysts
is possible only in the gas phase, but this resnlt®latively high reaction temperatures
and the risk of decomposition of the sensitive wiflrmic esters. A phosgenation of
phenol using these catalysts in the liquid phaseotwiously not be carried out since hot,

liquid phenol washes out the active catalyst ctunestits.

15 Unsupported catalysts which have the great advaritesg the catalyst can be separated off
very easily and no impurities remain in the crudaction product have therefore been

proposed. The work-up is substantially simplifiedreby.

Thus, processes for preparing diaryl carbonatephmsgenation of monophenols in the
presence of heterogeneous catalysts such as adticatbons (EP 483 632), aluminium

20 oxides (EP 635 477), aluminosilicates (EP 635 4iftal oxides (EP 645 364 ), metalates



(EP 691 326), hard materials (EP 722 930) and mixed hydroxides (DE 10 2008 050 828) and also in the
presence of homogeneous catalysts such as metal salts (US 634622), aromatic nitrogen heterocycles
(D-A 2 447 348) and organophosphorus compounds (US-5- 136-077) both in the liquid phase (EP 757
029, EP 791 574) and also in the gas phase 5(EP 808821) have been described. After synthesis of the
diaryl carbonate, the diaryl carbonate is separated off as a mixture with the monophenol used and
possibly cataly4Est #Odpptoprivesimeterfala{oP it288aaband mbseligxitiess ke A0U2e0BiR #etA3Mthesis, for
example chlorobenzene. To obtain the high-purity diaryl carbonate, a purification by distillation and/or 10

crystallization cﬁﬂ%é'éﬂr#%d%?rﬁéﬁ?%rﬂbl@o"ﬂl‘ﬁ@%‘%ﬂ?ﬁeﬁa&lvw Fednetal sASofrdPé4fidtlation
columns connected in series in \é}thch an soglaent IS se araied &Hwe dlar | carbonate. ThIS purification

stage or stagesaégﬂ]afb“r %‘}{Qﬁﬁﬂ PE'eaYAES Sovesirts Sué )f“ 8%%9/ H?a‘fqm?é%?)% Hroir& at the

bottom in the di om 0 190C, 15 fr to 230C. Th ressur employed
for carrying out I%s dis Ila%lnlps %n ﬁ'a @u %ra?ror(ﬁ{efgza(%é ar p?e erga rom oq?L%)CBJ %aﬁar The
diaryl carb@at?éwgwéﬁy%g?ggmg@&%gys way have a particularly hlgh purity (GC >99.95%) and

very good transesterification behaviour, so that a polycarbonate can subsequently be prepared in
excellent quality therefrom. The use of the diary! carbonates for preparing aromatic

ligocarbonat t ¢ t "
oligocarbona e%ﬂgly%qq nt?ste(ﬁ We%?a pgat,r %r@etrﬁfégme lfgﬁ&?r}('?é}%‘ﬁ’s@d e%%lst&};ﬁ% rlgﬁysliis

described, for example e Encyclop |ao mer ce, Vo
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in the organic solvent used in the synthesis, xangle chlorobenzene.

To obtain the high-purity diaryl carbonate, a puodfion by distillation and/or
10 crystallization can be carried out. For examplées i carried out by means of one or more
distillation columns connected in series in whicty @olvent is separated from the diaryl

carbonate.

This purification stage or stages can, for examipéecarried out continuously in such a
way that the temperature at the bottom in the Iigtn is from 150°C to 310°C,
15 preferably from 160 to 230°C. The pressure empldpedarrying out this distillation is,

in particular, from 1 to 1000 mbar, preferably fréno 100 mbar.

The diaryl carbonates which have been purifiechia way have a particularly high purity
(GC >99.95%) and very good transesterification b&ha, so that a polycarbonate can

subsequently be prepared in excellent quality fheme

o
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The hydrogen chloride formed in the preparation of diphenyl carbonate by direct phosgenation of phenol
can be utilized, for example, by marketing of the aqueous solution (hydrochloric acid) or by use in
syntheses of other chemical products. However, the amounts of hydrogen chloride obtained cannot
always be marketed or used for other 10 syntheses in4heir entirety. In addition, hydrogen chloride can be
used for syntheses only when it is appropriately purified beforehand. On the other hand, marketing is
usually only ecdieniglofHendiaeyhgaroerateshforigeepating By@miticatasrierinahtdabenaiesby
transported over long distances. One of the most common possible uses of the hydrogen chloride
obtained is ther®Rraal&ransgsienicrinnmpaesaasils PP @HEabReiAHIASSEREAe ™ 6%aEHtinated by

means of hydrogen chloride to form ethylene dichloride. However, this mode of operation is not generally
possible since ﬂﬁe%Sr@@%ﬂ@ﬂ%ﬁﬁr&‘u%@ﬂ@be%i%}?g'al)égnsﬁgﬁgg?o Tﬁ?fﬂlé%mé%l%’%%? Rldiaryl
carbonate prodyction plant. Dispasal of the hydrogen.chloride, e.4. after neutralization wit li, is
Cnattiactve ot BN SR L et B e B L I T s B ogen
chloride ang regbc.:lélg&qrbp exchloringdg the diphenyl carbonate production process in which hydrogen

chloride is obtained Is therefore the desired mode of operation. -5 - A review of electrochemical recycling
processes is given in the article "Chlorine Regeneration from Anhydrous Hydrogen Chloride" by Dennie

Turin Mah, p“bﬁ‘ée%ggrfi%gﬁﬁ 'Eh?éﬂ&@ofg})hfe%f fl 'ﬁﬁ%cg%\b%i i%ﬁ@giﬁc%ﬁg\e'ggﬂ?é%feq&%ﬁ@& Efficient

Processing Electroch Technoogy for Synthesis, Separation Environmental

Improvement, QeighRinklickPef H9%hopBaFAERN BRI KBY SARAMARIBERTbf fHe adlEJRCKElRBAT

hydrogen chloride by electrochemical oxidation to form chlorineé and hydrogen is described in LU 88 569

and EP 1 112 99ydroélisaty aiiapeisihedenviausiginhyiriel andithisepiedugioaueidlydimgerehied has no
use in the polycarbonate production
amounts of hydrogen chloride obtained cannot alwagsmarketed or used for other
10 syntheses in their entirety. In addition, hydrogétoride can be used for syntheses only
when it is appropriately purified beforehand. Oa tther hand, marketing is usually only

economical when the hydrogen chloride or the hyllarec acid do not have to be

transported over long distances.

One of the most common possible uses of the hydrabride obtained is therefore the
15 use as raw material in PVC production, in whichykthe is oxychlorinated by means of
hydrogen chloride to form ethylene dichloride. Hoee this mode of operation is not
generally possible since the corresponding prodoctiperations are usually not in the
direct vicinity of a diaryl carbonate productiorapt. Disposal of the hydrogen chloride,
e.g. after neutralization with alkali, is unattigetfrom an economical and ecological point

20 of view.

A recycling process for the hydrogen chloride amdirculation of the chlorine to the
diphenyl carbonate production process in which bgen chloride is obtained is therefore

the desired mode of operation.



10process. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Proceeding from the
prior art cited above, to the processes described herein provide a diaryl carbonate production process
which gives products in high purity and good yield and in which a reduction in environmental pollution or
wastewater problems in water 15 treatment plants is a&hieved by maximized recycling of by-products
originating from polycarbonate production. In particular, in the recycling, the conversion of hydrogen
chloride into chibrireyishoulfl letectintbanigalvitacyihing apmrespesgieeand thtgefotisln aChlorine
resource-conserving manner. It has now been found that hydrolgs{r‘%chloride can be reused particularly

advantageouslyreORMIR AR HOayAjdly Sraesiddy Aregriverttanssc IRnigFIREMR e lReb st al
oxidation by meang of the oxygen-consuming cathode and is utilized for preparing phosgene. -6 -
reaction of mondﬁﬁe%@%ﬂgﬁ%gfﬁ@irﬁrﬁg@” ¥EEN R SNEPIRA LIS e §§Ee§'2f§e%ﬁ Rithout

complicated pugification as aqueous solution,if appropriate after simple treatment wjth activated carbon,
(o an lectrohi A Sat ol IR et ROD it e R A i SR et

preparationsof RhesaenfemAFHINGNaR RERERRS 151P18Vicsshighmienalink diapiberiRpIaRs fom

monophenols and carbonyl dihalide, which is characterized in that the hydrogen halide formed I1s
converted by elggtrolysis by means of a gas diffusion electrode as cathode into the halogen and this is in
turn converted, after isolation and by reaction with carbon monoxide, into the carbonyl dihalide which can
subsequently be used with the monophenol to produce the diaryl 10 carbonate. The monophenol which is

Iiberated in the ’Pﬁ%p%é}lgmé)fo?%%%ﬁé‘?ﬁ&W%W@I@cﬂ%é@ﬁ%ﬂ@&ﬁi&ﬁ“@%ﬂ‘nﬁ'i%WbﬁﬁébQHétes and
bisphenols can be reused for preparing the diaryl carbonate. The present patent application further
provides a proceygdyevhishigie ihiaty|rcathesaepeepored s usadiaprepdns ipaheashonaient

yield and the production of hydrogen which has se in the polycarbonate production

10  process.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Proceeding from the prior art cited above, to thecesses described herein provide a
diaryl carbonate production process which givesdpets in high purity and good yield
and in which a reduction in environmental pollution wastewater problems in water
15 treatment plants is achieved by maximized recyclirigby-products originating from
polycarbonate production. In particular, in the y@ing, the conversion of hydrogen
chloride into chlorine should be carried out witinmmal energy input and therefore in a

resource—conserving manner.

It has now been found that hydrogen chloride camelised particularly advantageously
20 when this hydrogen chloride is converted back ciitorine by electrochemical oxidation

by means of the oxygen-consuming cathode andlizadtifor preparing phosgene.

The hydrogen chloride obtained in the continuousparation of diaryl carbonates by



The overall process is flexible, simple to carry out and gives products in high purity, which 15 is
extraordinarily important for the overall process, with simultaneous reduction of environmental pollution by
reuse, comprising the following process steps (cf. Fig. 1): (a) preparation of phosgene by reaction of
chlorine with carbon monoxide, (b) reaction of the @hosgene formed in step (a) with at least one
monophenol in the presence of a catalyst and optionally an organic solvent to form at 20least one diaryl
carbonate and rgafrigeofichioniee (@) dsvigtiorraaenspiiothel prpemfieaititystefane by dagsad chieeide formed
in step (b), (e) preparation of an aqueous solution of hydrogen chloride (hydrochloric acid), 5(f) optionally
purification of twtgaﬂb%ﬁ@t%%%‘ﬂﬁ%%ﬁé}? GHIBPRIES RYIWIE ARBEIRIAIBATEXI FHNBIC SreAteRR! part of
the aqueous hydrogen chlorjde solution from éegc?)(rfég to crlorine_wit ormation of water, recirculation

h
of at least part SftRECHYBHRE (e AL ST Bt <BeaRiYR %BHB@@%WE‘?%"@;, Ywhere the

electrochemicakﬁfgggg%n in srteegrég}e{fegggit%% opet %sfizﬂg)r? S eolri]ffusion electrode. Carrying out the
electrolysis using a gas dittdsion electrode as c?xygen- epo FHZEG cathode leads to a considerable
reduction in the energy consumption compared to a classical

5 Accordingly, a process is provided for preparingrgi carbonates from monophenols and
carbonyl dihalide, which is characterized in the hydrogen halide formed is converted
by electrolysis by means of a gas diffusion elet#ras cathode into the halogen and this is
in turn converted, after isolation and by reactiath carbon monoxide, into the carbonyl
dihalide which can subsequently be used with thenapbenol to produce the diaryl

10 carbonate. The monophenol which is liberated in preparation of solvent-free
polycarbonate by transesterification of diaryl caréites and bisphenols can be reused for
preparing the diaryl carbonate. The present paeplication further provides a process in

which the diaryl carbonate prepared is used fopgmiaeg polycarbonate.

The overall process is flexible, simple to carry and gives products in high purity, which
15 is extraordinarily important for the overall proseswith simultaneous reduction of

environmental pollution by reuse, comprising théofwing process steps (cf. Fig. 1):
(a) preparation of phosgene by reaction of chlorinénwérbon monoxide,

(b) reaction of the phosgene formed in step (a) witle@$t one monophenol
in the presence of a catalyst and optionally ammigysolvent to form at

20 least one diaryl carbonate and hydrogen chloride,

(c) isolation and work-up of the diaryl carbonate fodme step (b),



electrolysis which in addition to chlorine produces hydrogen which has no use in the 15preparation of
diaryl carbonate or polycarbonate. In a particularly preferred embodiment, at least part of the diaryl
carbonate prepared in step (c) is reacted with a bisphenol to form oligocarbonate/polycarbonate and the
monophenol (the transesterification reaction). The memephenol formed in the transesterification can, in a
further preferred embodiment, again be used in step (b). aqueous solution of hydrogen chloride to
recover chlorine for the syfiheisislaigshesdernsiaradiarinticaticsvial foe thedgmpcatetide OFaiedyincarbonate.
In the first step (a) of the process, phosgene is prepared by reaction of chlorine with carbon monoxide.
The synthesis of phosgene is éé%h(@tely known and is described, for example, 5 in Ullmanns
Enzyklopadie der industriellen Chemie, 3rd edition, volume 13, pages 494- 500. On an industrial scale,
phosgene is prepared predominantly by reaction of carbon monoxide with chlorine preferably over
activated carbon as catal{8l. TRER¥EHE e RbtRRANEaPAS- FIRHEP reaLiyAr888 RO (BYEFFBIRES of from at
least 250C to a maximum of 600C, generally in shell-and-tube reactors. The heat of reaction can be
removed in 10 various ways, f&c@ample by means of a liquid heat transfer medium as described, for
example, in WO 03/072237 or by evaporative cooling in a secondary cooling circuit with simultaneous
utilization of the heat of reaction for generation of steam, as disclosed, for example, in US 4 764 308.
Phosgene formed in step (&) iRl RUAMSAHPHRE ABIRINRSIN T IHEROERERCEd e 15 (b) to form
at least one diaryl carbonate. The process step (b) will hereinafter also be referred to as phosgenation.
The reaction forms hydrogen chloride as by-product. The synthesis of diaryl carbonates is likewise

adequately known from tH8)pri6leSHOGEMIGE! nBHEHIEN 8 g&ndeaRl Balhd i SBAUFPY SIOXHRIRBLric excess

over phosgene. The phosgenalign () ustiall, ks @l2ce 1 15 Mg RRgse, g phosgene and the

(h) recirculation of at least part of the chlorine paeed in step (g) to the

preparation of phosgene in step (a),

10 where the electrochemical oxidation in step (g)c#&ried out using a gas diffusion

electrode.

Carrying out the electrolysis using a gas diffusitectrode as oxygen-depolarized cathode
leads to a considerable reduction in the energyswoption compared to a classical
electrolysis which in addition to chlorine produdegdrogen which has no use in the

15 preparation of diaryl carbonate or polycarbonate.

In a particularly preferred embodiment, at least pathe diaryl carbonate prepared in step
(c) is reacted with a bisphenol to form oligocar@@fpolycarbonate and the monophenol
(the transesterification reaction). The monophdaohed in the transesterification can, in

a further preferred embodiment, again be usecein &t).

20 The process is a process for the preparation ofldiarbonates and the electrolysis of an



20 monophenol being able to be dissolved in the melt, optionally in a solvent. Preferred solvents are
chlorinated aromatic hydrocarbons such as chlorobenzene, o-dichlorobenzene, p-dichlorobenzene,
trichlorobenzenes, the corresponding chlorotoluenes or chloroxylenes, toluene, xylenes and the
monophenol itself. - 9 - Particular preference is givengo using the molten monophenol as solvent. In
another, preferred embodiment, the phosgenation takes place in the gas phase. The gas-phase
phosgenation igdeeeripeduivpreghhysiodensserg@ioirecnugndbh épioikessiribrsfe ofthpsgeasare
phenols of the formula (I) 5 OH where is hydrogen, halogen or a branched or unbranched CI-C9-alkyl
radical, CI-CO-alasi)gaerdarialiertedraragiamss siand @Rt e reference is thus given to phenol,
alkylphenols such as cresols, p-tert-butylphenol,

In the first step (a) of the process, phosgenegpared by reaction of chlorine with carbon
monoxide. The synthesis of phosgene is adequatelwk and is described, for example,
5 in Ullmanns Enzyklopadie der industriellen Chen8ej edition, volume 13, pages 494-
500. On an industrial scale, phosgene is preparedominantly by reaction of carbon
monoxide with chlorine preferably over activatedrboan as catalyst. The strong
exothermic gas-phase reaction occurs at tempesadfifeom at least 250°C to a maximum
of 600°C, generally in shell-and-tube reactors. Tieat of reaction can be removed in
10 various ways, for example by means of a liquid heatsfer medium as described, for
example, in WO 03/072237 or by evaporative coolm@ secondary cooling circuit with
simultaneous utilization of the heat of reaction generation of steam, as disclosed, for

example, in US 4 764 308.

Phosgene formed in step (a) is reacted with at @s monophenol in a next process step
15 (b) to form at least one diaryl carbonate. The esscstep (b) will hereinafter also be

referred to as phosgenation. The reaction formsageh chloride as by-product.

The synthesis of diaryl carbonates is likewise adégly known from the prior art, with
the monophenol generally being used in a stoichiomme&xcess over phosgene. The
phosgenation (b) usually takes place in the ligpithse, with the phosgene and the
20 monophenol being able to be dissolved in the nwtjonally in a solvent. Preferred
solvents are chlorinated aromatic hydrocarbons sgothlorobenzene, o-dichlorobenzene,
p-dichlorobenzene, trichlorobenzenes, the corredipgnchlorotoluenes or chloroxylenes,

toluene, xylenes and the monophenol itself.



10 p-cumylphenol, p-n-octylphenol, p-isooctylphenol, p-n-nonylphenol and p-isononylphenol, halogenated
phenols such as p-chlorophenol, 2,4-dichlorophenol, p-bromophenol, 2,4,6- tribromophenol, anisole and
methyl or phenyl salicylate. Particular preference is given to phenol. Both heterogeneous and
homogeneous catalysts can be used for the process- 85As heterogeneous catalysts, it is possible to use
activated carbons (EP 483 632), aluminium oxides (EP 635 477), aluminosilicates (EP 635 476), metal
oxides (EP 645P3813uiaepikiese (&P 59Y3PB) Usingl theareoltisn (PPeTRP 838 'egftt- mixed hydroxides (DE 10
2008 050 828) both in the liquid phase (EP 757 029, EP 791 574) and in the gas phase (EP 808 821). -
10 - As homogeneous catalysts, it is possible to use metal salts, alkoxides thereof, aromatic nitrogen
heterocycles orloretophaxpfesrad eorhpdiomty, this presgbldisasplatreiotheoyes atthagtefher gamctivated
catalysts. Suitable catalysts for step b) of the process are: 5 a) activated carbons which have surface
areas determin€fasg tAoggenatethisHeseHiath 60y < 80wienid/FEnklAave been produced from sawdust
and other wood wastes, straw, types of coal, nut shells, mineral oil tars, lignin, polysaccharides,
polyacrylonitrile, bones, peat or coke products from brown or hard coals, preferably from wood, cellulose,

lignin, bitumino4°8PBRENRITBitaBkentos i RIASEaP IR NENSHERiPRAdSi iDates selected from the group of
zeolites of the general formula M2/mO. x Si02. Al203. y H20 where

Lo 0,

5 R

where

R is hydrogen, halogen or a branched or unbran€héth-alkyl radical, G-Cs-alkoxy

radical or G-Cy-alkoxycarbonyl radical.

Preference is thus given to phenol, alkylphenolshsas cresols, p-tert-butylphenol,
10 p-cumylphenol, p-n-octylphenol, p-isooctylphenchmonylphenol and p-isononylphenol,
halogenated phenols such as p-chlorophenol, 2Hedaphenol, p-bromophenol, 2,4,6-
tribromophenol, anisole and methyl or phenyl sdit; Particular preference is given to

phenol.
Both heterogeneous and homogeneous catalysts asseldor the process.

15 As heterogeneous catalysts, it is possible to atbeased carbons (EP 483 632), aluminium
oxides (EP 635477 ), aluminosilicates (EP 635 476)etal oxides (EP 645 364 ),
metalates (EP 691 326 ), hard materials (EP 722 &30 mixed hydroxides (DE 10 2008
050 828) both in the liquid phase (EP 757 029, #P%74) and in the gas phase

(EP 808 821).



M is a cation such as a proton or a metal cation of the Mendeleev Periodic Table of the Elements, 15n is
the valency of the cation, x is the molar ratio of Si02:Al203, where x can be 1.0-50.0, and y is 0-9,  or
zeolite-like compounds such as ALPOs and SAPOs or sheet silicates of the kaolin, 20serpentine,
montmorillonite and bentonite types or "pillared clays"ior Si02/AI203 precipitated catalysts, - 11 - c)
aluminium oxides or y-aluminium oxides having surface areas determined by the BET method of from 2 to
500 m2/g, d) orisldeepansals sfajalyss| VBisfpesibieitalicsrriseltfo ads@iies hriked, gfromatiom,
zirconium or hafnium, having surface areas determined by the BET method of from 2 to 5500 m2/g, e)
metalates of thé‘@@ﬂél’h‘l‘%‘?ﬁ%}@'es or organophosphorus compounds

It is possible to use one or more, activated octivated catalysts.
Suitable catalysts for step b) of the process are:

5 a) activated carbons which have surface areasnigied by the BET method of from 200
to 3000 m2/g and have been produced from sawdubtodrer wood wastes, straw,
types of coal, nut shells, mineral oil tars, lignpolysaccharides, polyacrylonitrile,
bones, peat or coke products from brown or hartscpeeferably from wood, cellulose,

lignin, bituminous or brown coal, peat or hard coaike,
10 b) aluminosilicates selected from the group of iteslof the general formula

Mz/no. X SIOZ A|203. Yy Hzo
where

M is a cation such as a proton or a metal catiothn®Mendeleev Periodic Table of
the Elements,
15 n is the valency of the cation,
x is the molar ratio of Si©Al 03, where
X can be 1.0-50.0, and

y is 0-9,

or zeolite-like compounds such as ALPOs and SARGsheet silicates of the kaolin,
20 serpentine, montmorillonite and bentonite types'mHared clays" or Si@A1,0;

precipitated catalysts,



A"By0, where A is a monovalent, divalent or trivalent metal cation and 10B is a trivalent, tetravalent,
pentavalent and/or hexavalent metal cation and xisfrom1to4andyislor2andzis 3, 6, 7 or 9, 15f)
hard materials having metal-like properties (ceramic precursors) of the general formula A"ByCd1), where
A is an element of groups 3 to 10, 13 and 14 of the Peadiedic Table of the Elements (IUPAC Notation) and
20B is an element of groups 13, 14, 15 and 16 with the exception of oxygen,

¢) aluminium oxides oy-aluminium oxides having surface areas determinethe BET

method of from 2 to 500 ffy,

d) oxide(s) of metals of group IVB of the Periodiable, for example oxides of titanium,

zirconium or hafnium, having surface areas deteeahiny the BET method of from 2 to

5 500 nf/g,
e) metalates of the general formula
AxByOZ

where

A is a monovalent, divalent or trivalent metal oatand

10 B is a trivalent, tetravalent, pentavalent andéxavalent metal cation and
x is from 1 to 4 and
yis1lor2and

zis 3,6, 7o0r9,

15 f) hard materials having metal-like properties é&eic precursors) of the general formula

A,B,C,D,,

where

A is an element of groups 3 to 10, 13 and 14 ofRbBeodic Table of the Elements

(IUPAC Notation) and

20 B is an element of groups 13, 14, 15 and 16 wighetkception of oxygen,



- 12 - Cis an element of groups 14 and 15 and D is an element of groups 14 and 15 and x is from 1 to 4
and yis from 1to 4 and 5z is from O to 4 and w is from O to 4, where A, B, C and D each come from
different groups or in the case of the same group from different periods, with the proviso that A is not
aluminium when B is carbon and z and w are simultaneously 0, 10g) mixed hydroxides of the general
formula (1I1) [M(I1)ix M(ll)x M(IV)y (OH)21m H20 (I11), where M (I1) is a divalent metal cation and M (l11)
is a trivalent metal catiois anceiEBnNe(Vfigrauet dvateat ¥hetad cation and

D is an element of groups 14 and 15 and
x is from 1 to 4 and
yis from 1 to 4 and
5 zis from 0 to 4 and
w is from O to 4,
where A, B, C and D each come from different groap# the case of the same
group from different periods, with the proviso tiais not aluminium when B is

carbon and z and w are simultaneously 0,

10 g) mixed hydroxides of the general formula (lIl)
IM(I1) 1.5 M(Ill) x M(IV) y (OH)] A™zjnm HpO (1),

where

M (11) is a divalent metal cation and
M (llI) is a trivalent metal cation and
15 M(IV) is a tetravalent metal cation and
x is from 0.1 to 0.5 and
yis from 0 to 0.5,
zisl+yand
m is from O to 1,
20 A is an inorganic anion such as QMOg", CO32", S)42-, CrO42- or CF,

nis from1to 2,

h) aromatic heterocyclic nitrogen bases and dadtebdf, e.g. pyridine, imidazole and



xisfrom0.1to 0.5andyisfrom0to 0.5, zis 1 +yand mis from O to 1, 20A is an inorganic anion such
as OH-, NO3-, CO32-, SO42-, Cr042- or Cl-, nis from 1 to 2, - 13 - pyridine.HC1 salt, i) metal salts,
halides, alkoxides and phenoxides such as A1C13, AIF3, ZrC14, TiCE, VC13, VCE or Ti(0C6H5)4, )
organophosphorus compounds, homogeneous or optinally bound to a polymer. 5The homogeneous
catalysts can optionally be applied to an inert support, as described in JP 695219, WO 91/06526, US 5
424 473 and EPBKHEIECI salt,

10

15

20

i) metal salts, halides, alkoxides and phenoxides s AICY, AlF;, ZrCly, TiCly, VCls,

VC|4 or TI(OC5H5)4,

j) organophosphorus compounds, homogeneous omafigdound to a polymer.

The homogeneous catalysts can optionally be appdiexh inert support, as described in

JP 695219, WO 91/06526, US 5 424 473 and EP 516 355

Preference is given to aluminium oxide, titaniunidex zirconium oxide, calcium titanate,
magnesium titanate and magnesium aluminium hydrtalwhich are preferably used as
fixed bed in the novel process, and titanium chierizirconium chloride, aluminium

chloride and titanium phenoxide, which are usedasogeneous catalysts.

Particular preference is given to aluminium oxide diCl,,

The catalyst is used in amounts of from 0.5 to 10f}pweight based on the amount of
monohydroxy compound in a not fully continuous modfl®eperation or at space velocities
of from 0.| to 20 g of monohydroxy compound perfgcatalyst per hour in the case of a

fully continuous mode of operation.

Phosgene can be used in liquid or gaseous formptorally as a solution in an inert

solvent in process step b).

Inert organic solvents which may optionally be usedtep b) of the novel process are, for
example, toluene, chlorobenzene, dichlorobenzertt dmorotoluene, with preference

being given to phenol itself.



Preference is given to aluminium oxide, titanium oxide, zirconium oxide, calcium titanate, magnesium
titanate and magnesium aluminium hydrotalcite, which are preferably used as fixed bed in the novel
process, and titanium chloride, zirconium chloride, aluminium 10 chloride and titanium phenoxide, which
are used as homogeneous catalysts. Particular prefergence is given to aluminium oxide and TiCE The
catalyst is used in amounts of from 0.5 to 100% by weight based on the amount of monohydroxy
compound in a hdhesigecatitnuousengzie pifasseintiole dedichetion (e lkmitied offrape\® 1the Roilinef
monohydroxy compound per g of catalyst per hour in the case of a 15fully continuous mode of operation.
Phosgene can BEIs8H MABRidRBE G5 A! BRYRagRorRIes el SIS iRRFPEIR éRdikbrocess
step b). Inert organic solvents which may optionally be used in step b) of the novel process are, for
example, tqueﬁ@%&ﬂ%B%%Q&g%mé?g‘éb%&%ne and chlorotoluene, with preference 20being given to
phenol itself

In the phosgenation in the liquid phase, tempeeatof from 20 to 240°C and pressures of
5 from 1 to about 50 bar are usually set. The phasigmin the liquid phase can be carried
out in one or more stages, with phenol generallggable to be used in a stoichiometric

excess.

The phenol and the phosgene can be combined bysno¢arstatic mixing element, passed
in countercurrent or cocurrent over, for exampldixad bed (heterogeneous) or through
10 one or more reactive distillation columns or bubbtdumns (homogeneous) where the
mixture reacts to form the desired diaryl carboreated hydrogen chloride. Apart from
reaction towers provided with suitable mixing elense reaction vessels having a stirrer
can also be used. Apart from static mixing elemeittss also possible to use specific
dynamic mixing elements. Suitable static and dyweamixing elements are known from

15 the prior art.

After the phosgenation in step (b), the diaryl caudtes formed in the phosgenation are
separated off in step (c). This is achieved bytljirseparating the reaction mixture from
the phosgenation into a liquid product stream am@hseous product stream in a manner
known to those skilled in the art. The liquid protlstream contains essentially the diaryl
20 carbonate, if appropriate the solvent and a snralbgrtion of unreacted phosgene. The
gaseous product stream consists essentially obbgdr chloride gas, unreacted phosgene
and also small amounts of any solvent and ineregja®r example nitrogen and carbon

monoxide. The liquid stream in step (c) is subsatyeassed to a work-up, preferably a



- 14 - If phosgenation in the gas phase is selected, the reaction is carried out above the boiling point of
phenol, preferably at an average contact time of from 0.5 to 5 seconds and at temperatures of from 180 to
500C. In the phosgenation in the liquid phase, temperatures of from 20 to 240C and pressures of 5 from 1
to about 50 bar are usually set. The phosgenation in-tte-liquid phase can be carried out in one or more
stages, with phenol generally being able to be used in a stoichiometric excess. The phenol and the
phosgene can bedotibmedisiilatioaris whicbtatiosaeuagatbihep!iptesterl salvenineecsrpantiedcdfturrent
over, for example, a fixed bed (heterogeneous) or through 10 one or more reactive distillation columns or

bubble columnd{IFYRTEGEIRE0 R PARERD tReTHRRRINY PG & Yt grehpngtes @rppccisBaHana!ind
hydrogen chloride. Apart from reaction_towers provided with suitable mixing elements, reaction vessels
having a stirrer CAHGHBUSATLSIEP AParTiorT ASHE RGBS (ALY SBLRAR foqRe i
dynamic mixing elements.. Suitable static and dynamic mjxing elements are knpwn fram 15the prior art.
After the phosggenlgﬁoﬁ L|Jrr|'f§ éjp I&)) ,a th@%ﬁgﬁ/rl (l,%"é/(\ﬁrr]laigs %Q?nge |Erll1m e%ﬁoggrjtenggtiodﬁsg{ﬂét'soenpa?gted off in
step (c). This iscz?%}'@{%{igx firstly separating the reaction mixture from the phosgenation into a liquid
product stream and a gaseous product stream in a manner known to those skilled in the art. The liquid
product stream contains essentially the diaryl 20 carbonate, if appropriate the solvent and a small

proportion of unfﬁ@%%ﬁm‘ﬁﬁgegﬁi:@%ydrogen chloride which mbg necessary in step d) can be

required because the hydrogen chloride obtaingldeineaction of phosgene with a phenol
generally contains organic constituents which caterfere in the electrochemical
oxidation of an aqueous hydrogen chloride soluiiorstep (g), so that in the case of
10 contamination of or damage to the ion-exchange mengbor the catalytically active
material, the entire unit comprising ion-exchangentbrane and catalytically active
material of the electrodes has to be replaced. Sughnic constituents include, for
example, phosgene, the monophenol or any solvesd irs the preparation of diaryl
carbonate, e.g. chlorobenzene, o-dichlorobenzemedichlorobenzene. If the electrolysis
15 s carried out by the membrane process, the fumatfdhe ion-exchange membrane could
be impaired by these organic constituents or bygaoic impurities such as iron
compounds, silicon compounds or aluminium compouiiie impurities can also deposit
on the ion-exchange membrane and thereby increasettage of the electrolysis. If a gas
diffusion electrode is used as cathode in the mlbssis, the catalyst of the gas diffusion
20 electrode can also be deactivated by the inorgamscganic impurities. Furthermore, these
impurities can deposit on the current collector éimekreby impair contact between gas
diffusion electrode and current collector, resgjtim an increase in the voltage. If the
diaphragm process is used for the electrolysis loé thydrochloric acid, the

abovementioned organic and inorganic constituesmsdeposit on the graphite electrodes



gaseous product stream consists essentially of hydrogen chloride gas, unreacted phosgene and also
small amounts of any solvent and inert gases, for example nitrogen and carbon monoxide. The liquid
stream in step (c) is subsequently passed to a work-up, preferably a - 15 - work-up by distillation in which
phosgene and if appropriate the solvent are separatedeff in succession. In addition, a further work-up of
the diaryl carbonates formed is optionally carried out in step (c). This is achieved, for example, by the
diaryl carbonat@oielitiesl diepfgagorified in himaasdikRniseriaeretiselerineidsis uedageby distillation or
5crystallization. The purification of the hydrogen chloride which may be necessary in step d) can be
required because the hydrogen chloride obtained in the reaction of phosgene with a phenol generally
contains organiéegandiitgntsevhichiagen inkéofisie piatieceld irgnegeicali oxitasien dhais sqpataisd
hydrogen chloride solution in step (g), so that in the case of 10 contamination of or damage to the
ion-exchange nEMbiihEaseeus ¢ yabatr&w.mﬁa@ﬁammm GAR SBRRNSIMGABrCERERARYe
membrane and catalytically active material of the electrodes has to be replaced. Such organic
constituents incUE 15P2IRGSdN Sho SRlAom m%ﬁbﬁ%ﬁ’%’?%{ﬁ)}%a%ﬁfh?e%ﬂt?ﬁérbﬁé%%ﬁgilon of
diaryl carb at%e chlorol?fe zene, o- dlchloque ed?é eDIrmﬁ;orobenzene If the e*ectroyss 15is

carried out by the mg rane process S&enﬁjnc ion Of the aﬁsgearr]ng Brane o cou Hiene m%alred by

these organic coR itl%zerg%% bgt”éor g}gu (j?piﬁ%ﬁ &&n ﬁBWB%Hf %JJICBQ GRA! u%s or

aluminium compoun mpurities can e lon-exchange’ membrane and thereby

increase the volipgeQiHbRie g Sirixais e samdithisiep @djctrode is used as cathode in the electrolysis,
the catalyst of the gas diffusion 20 electrode can also be deactivated by the inorganic or organic

impurities. Furthermore, these impurities can deposit on the current collector and thereby impair contact

between gas diffygiQeuriREH AsterRe thGHEEER CONRAIES e @ﬁf?éu@&rwsmwfg@ersa%g? dithe
diaphragm process is used for the eléctrolysis of the hydrochloric acid, the abovementioned organic and
inorganic constjHesie carireepesitRr4bagmRemie stesirndeRe phdsy separated off by liquefaction
10 of phosgene, for example at one or more condemnsensected in series. The liquefaction
is preferably carried out at temperatures in thgeafrom -15 to —40°. In addition, any

amount of organic impurities such as monophenol loanremoved from the gaseous

product stream by this cooling to low temperatures.

In addition or as an alternative, the phosgenebeawashed out of the gas stream in one or
15 more stages by means of cold solvent or solvensgpree mixture. Suitable solvents for

this purpose are, for example, the chlorobenzereocadichlorobenzene which may have

already been used in the phosgenation. The tenuperat the solvent or solvent/phosgene

mixture is for this purpose in the range from t45-46°C.

The phosgene which has been isolated from the gaggoduct stream can be fed back to

20 the phosgenation in step (b).

The hydrogen chloride may subsequently be purifiestep (d) to reduce the proportion of

organic impurities such as unreacted monophenat ddn be effected by means of, for



and/or the diaphragm and in this way likewise increase the electrolysis voltage. Accordingly, the hydrogen
chloride produced in the phosgenation in step (b) is separated from the gaseous product stream in a
further process step (d). The gaseous product stream which is obtained in the isolation of the diphenyl
carbonate in step (c) is treated in step (d) 5 to separate -off the phosgene, with the hydrogen chloride as
an aqueous solution as per step (e) being able, optionally after purification as per step (f), to be fed to an
electrochemicaksgitaltoriraezioaiing, th swbis (g Yependsogatiothgsmrl niepedes ohibeduoncnben@) is
effected by firstly separating off phosgene from the gaseous product stream. The phosgene is separated
off by liquefactifit PR FHOSGIOHESTSy EXHUPIRPER. ARSTHHINBRDAHEISEISA¢DHARSted in series. The
liquefaction is preferably carried out at temperatures in the range from -15 to -40. In addition, any amount
of organic impurities such as monophenol can be removed from the gaseous product stream by this
cooling to low témpdrErirEed|eapafiBlieol ak \e Avslitains atihrbegencbipntr WaISHeRBUDSF the gas

stream in one or 15 more stages bﬁ}r?r]leans of cold solvent or solvent/{)hos%(}e)ne mixture. Suitable

solvents for thiP[RHHE9d hieiRoidx s MEIpReaHIBIBHER S ea BRSPS LR YL I Ssat SRS have

already been used in the phosgenatio .'IéFue temperature of the splvent qr solvent/phosgenge mixture is for
s purposs in TE0RRGE Hom e e S e e R Sed R R B ascous

e e SR P, ARG SO AR TSR 21
alternately, with the gas stream thawing the moeaphpreviously frozen out in the heat
exchanger through which the stream has been péissedhe monophenol can be reused
for the preparation of the diaryl carbonate. In twmvnstream second heat exchanger

10 which is supplied with a conventional heat transfiedium for refrigeration machines, e.qg.
a compound from the group of Frigens, the gas adecbto below the freezing point of the
monophenol so that the latter crystallizes out.eAfthe thawing and crystallization
operations are concluded, the gas stream and timgatream are switched over, so that
the function of the heat exchangers is reverseag das stream containing hydrogen

15 chloride can in this way be depleted to a monopheoitent of preferably not more than

500 ppm, particularly preferably not more than F0np very particularly preferably not

more than 20 ppm.

As an alternative, the purification of the hydrogdtioride can be carried out in two heat
exchangers connected in series, as described 1 T19 957. Here, the hydrogen chloride
20 is compressed to a pressure of from 5 to 20 bafembly from 10 to 15 bar, and the
compressed gaseous hydrogen chloride is fed amperature of from 20 to 60°C,
preferably from 30 to 50°C, to a first heat exchemdn this, the hydrogen chloride is
cooled to a temperature of from -10 to -30°C byl dyydrogen chloride coming from a

second heat exchanger. This results in condensationganic constituents which can be



- 17 - example, freezing-out, in which, depending on the physical properties of the monophenol, the
hydrogen chloride is, for example, passed through one or more cold traps. In a preferred embodiment of
the purification of the hydrogen chloride which may be provided in step (d), the hydrogen chloride stream
is passed through two heat exchangers 5 connected i8 series, with the monophenol to be separated off
being frozen out at, for example, -40C, depending on the freezing point. The heat exchangers are
operated alternpgsigedvithdispafas streasethae iy dregenoeidpridmivicectitsubip fit deaiuaiahdedeeat
exchanger through which the stream has been passed first. The monophenol can be reused for the

preparation of tIRY#ariNe dANSHAE aaRe eI IR R Bectth®hBad dx FRARR N BISREPRIsDPRied with

a conventional heat transfer medium for refrigeration machines, e.g. a compound from the group of
Frigens, the gaSTSTUBIER B DA R HE T Pbint O the BRSSPl FRITTRE 1R1BF S5eoMizes out

Aiter the thawing.and epvstallation Soeratians ate candude e aae ieam, and e 590ig sgeam are
switched over, so that the tanction 0 € neat excrnangers IS reversea. € gas stream containing

hydrogen 15 9“&%18?&18@‘?6%%%"&%&96?%)8%%‘9 EhIBRGCPRERR-<aeAhg 6 ik 8PN QL BaRLe than

500 ppm, particularly preferably not more than 50 ppm, very particularly preferably not more than 20 ppm.

As an alternativigs spe RuifigRli8 Rithe RyskpaRNichIaHds spRMmamariam A imbvaheskmaaangers

connected in series, as described in US 6 719 957. Here, the hydrogen chloride 20 is compressed to a
pressure of fromititaidshaiupieferaiblicirane Hydaodbrbatdiig Hhieaooiprasact g asaduadaydagen
chloride is fed at a temperature of from 20 to 60C, preferably from 30 to 50C, to a first heat exchanger. In
this, the hydrogetictiGriee ts tooleectind teraperahaegef frives AisEI80C teeiacoGite yerbydroghioride
coming from a second heat exchanger. This results in condensation of organic constituents which can be
-18 - chloride which has been driven off to the first theachanger. The hydrogen chloride

10 which has been cooled in the second heat exchamgefreed from organic constituents is

introduced at a temperature of from -10 to -30%0 the first heat exchanger.

After heating to from 10 to 30°C, the hydrogen cide which has been freed from organic

constituents leaves the first heat exchanger.

In an alternative process, the purification of thelrogen chloride which is optionally
15 provided in step (d) is carried out by means ofogotson of organic impurities such as
residues of monophenol on activated carbon. Heregxample, the hydrogen chloride is,
after removal of excess phosgene, passed overaugh a bed of activated carbon at a
pressure of from O to 5 bar, preferably from 0.2tbar. The flow rates and residence
times are matched to the content of impurities manner known to those skilled in the
20 art. The adsorption of organic impurities can likeavbe carried out on other suitable

adsorbents, e.g. zeolites.

In a further alternative process, a distillationtleé hydrogen chloride can be provided for

the purification of the hydrogen chloride which magtionally be provided in step (d).



passed to disposal or reuse. The hydrogen chloride introduced into the first heat exchanger leaves the
latter at a temperature of from -20 to OC and is cooled in the second heat exchanger to a temperature of
from - 10 to -30C. The condensate formed in the second heat exchanger consists of further organic
constituents and also small amounts of hydrogen 5 chleride. To avoid a loss of hydrogen chloride, the
condensate flowing out of the second heat exchanger is fed to a separation and vaporization unit. This
can be, for exahipieisaafieditdiefatotantiensaiioicotibengasdgdsoorivtiiisigriletheftibtitatipe ebndensate
and recirculated to the second heat exchanger. It is also possible to recirculate the hydrogen chloride

which has beeri¥tigeRdsPSs ¢ty e die shistidearige Puric s yarigehltitsriadatenaidsetsad cooled
in the second heat exchanger and freed from_organic_constituents is introduced at a temperature of from
1010 300 intGHAGe! L AL ST R TS GES0ES 18 P Qe ERIBRE biich hos
been freed from oraapie Gonaiiisnts Ieayah e rsyheat exchangss, 10 an alleialive process, e
purification of tt?e%yarogen ChToTIde which 1S op |onamy 3 provi in s?ep (%) IS carried out by means of

adsorption of organic implies e esidues of monophenol on activated carbon. Here, for example,
the hydrogen chloride is, after removal of excess phosgene, passed over or through a bed of activated

carbon at a pressure of from 0 to 5 bar, preferably from 0.2 to 2 bar. The flow rates and residence times

are matched to Afﬁe et W&Hi%ﬁi iﬂ@?&ﬂ%%@‘?ﬁﬁ? H@&&S&Q@Qéj Hb‘?nzﬁ??dth}-&% orption of

organic impurities cah likewise be carried out on other suitable adsorben .g. zeolites.In afurther

alternative procegerialaiial omofiberhueianR SURTHRCOBHRRIRIECSIoler 8, [isdaelipsted lter

condensation of the gaseous hydrogen chloride. In the distillation of the condensed hydrogen chloride,
the purified hydpogsssehlarideniziialen efilardevashpasiatamudetiarn HiraBisidabipnogih Eieatigtillation
being carried out under conditions of pressure, temperature and the like which are customary for such a
distillation and ates&kniownibithose ckitied inuhéarn absorptionuecm with addition of a suitable
10 absorption medium. In a preferred embodiment, thsogption medium comprises an
aqueous hydrogen chloride solution (hydrochloridpgleaving a concentration in the range
up to 20% by weight, preferably from 16 to 18% bgight. As an alternative, a
hydrochloric acid of lower concentration or dei@davater or a steam condensate can also
be used. The adiabatic absorption of hydrogen iddan aqueous hydrochloric acid to
15 produce concentrated hydrochloric acid is alreadypwn from the prior art. The
absorption is carried out, for example, by intrddgahe hydrogen chloride stream into the
lower part of an absorption column equipped withssnransfer elements such as sieve
trays or packings. The absorption medium is intoeduinto the upper part of the
absorption column above the mass transfer elemdrits. hydrogen chloride gas is

20 absorbed, i.e. dissolved, in countercurrent inaghsorption medium on the mass transfer

elements.

The optional purification of the aqueous hydrocitl@cid in step (f) is intended to remove
organic impurities which, particularly in the casfea prolonged period of operation of the

electrolysis, contaminate or damage the ion-exahangmbrane or the catalytically active



An aqueous hydrogen chloride solution is then prepared in step (e) from the hydrogen chloride which has
been separated off and optionally purified as per step (d). For this purpose, the hydrogen chloride is
preferably fed to an adiabatic hydrogen chloride absorption which is carried out in an absorption column
with addition of a suitable 10 absorption medium. In azpreferred embodiment, the absorption medium
comprises an aqueous hydrogen chloride solution (hydrochloric acid) having a concentration in the range
up to 20% by wesiglerarefutdbBdfionancnereass y welighe, Awtghalestiaiivaeplaseimsstiland dbisof lower
concentration or deionized water or a steam condensate can also be used. The adiabatic absorption of
hydrogen chlorideVRSRIY 8585 RYBPRFIGARES PTANESAHPE 8 OWBRE ARtPAPRIRAIRYEIIRIICAQ REalready

known from the prior art. The absorption is carried out, for example, by intr élucin the hydrogen chloride
Stroarm into the TSR BTG SRR AT kA A e A T BT s siove
trays or packingdsh i-{) p](_a absor teiornsrinecéiumai§n iO ggu qu% igat%% upper é)g(r)tngtitngn?sbsorption column
above the mas$ transfar elements, IjI’héghydrogen chISHde gasIs a sorbeé, r.e. dissolved, in
countercurrent in the absorption medium on the mass transfer elements. The optional purification of the
aqueous hydrochloric acid in st é\fd is iptended to remqve organic impurities which, particularly in the
case of  prolon a8 o Bt b Bralh B e Rl S BV e g

membrane or tngqrﬁjés aﬂ@u&@“@h‘z% %ai%r@a@rméfg}gg% %qgaﬁgg%v@&%miqn Gan result in

replacement an versely affects the economics of the process. WO 02/18675 proposes

purification of thedesdrociiesiiadif SyWRrRANAbactivAtetitRBRSLBACH SRRSO EHEAEHIQNaHYRY means

of an ion-exchange resin, e.g. a molecular sieve, to remove organic constituents. 5The gas stream

leaving the top gitibgeaksarREPFOROKEADXINE MaPalss PRDSHEAIEHeN)BEralicted MGETEER &to 120C,

preferably from 105 to 109C, customary in the process, essentially of water vapour. In addition, hydrogen
chloride, inert geesdusilGimes misr afj e gardcc adnstitneoixicke airdaaisoTuhesgersemiiCledratensdlylet reacted
with water and residual amounts of organic constituents are also present. To separate off condensable 10
componerits suePaRORAIES, Tuidreshisrier abid esdorigariidcaraivngeanstinenis ardisatistipatre e f
condensation, the gaseous overhead stream is preferably fed to a condensation unit. This condensation
unit can, for exa®RHIEf EBRYRITHIORE IBR FRIBUSARY A SEPRIBIR A h ddAR ERRIRBER ISR HRgers
connected in serjes. The liquid outflow from this condensation system is subsequently preferably fed to a
separator in ordeh 3" QRHAR e ! G5HH AR G ST FErES o B B Ry A Heloric
acid phase. Thig s parg:[&rbig 9{85 raek)J(Ié(ha static phase iggarator.]]' he eB%rTa(t)ilcj)t% gv(/ oyf'%anictﬁa}gd agueous

phases can be aﬁigﬁaagy appropriate sepgp Yo elements in 'trﬁissgéB%ra't%r. he organic ghase which has

been separatedgifsRAFIRALIRARULARIEUIRRIE MEoshipfiaREhRRBSGVNRD RAsdreadeRleted in

organic impurities can be recirculated to the upper part of thé absorption
15 condensable organic components from the aqueousdhidric acid phase. This separator

is preferably a static phase separator. The separmait organic and aqueous phases can be
aided by appropriate separation elements in tipsra¢or. The organic phase which has
been separated off is passed to a suitable usehyithiechloric acid phase which has been
depleted in organic impurities can be recirculatedthe upper part of the absorption

20 column.

The aqueous hydrogen chloride solution (hydroctbl@tid) flowing out in the lower
region of the absorption column can, if require@, d¢ooled by means of a cooling
apparatus suitable for this purpose, optionallyfigat as per step (f) and subsequently fed

to the electrochemical oxidation as per step (b)s hiydrochloric acid which generally has



20 column. The aqueous hydrogen chloride solution (hydrochloric acid) flowing out in the lower region of
the absorption column can, if required, be cooled by means of a cooling apparatus suitable for this
purpose, optionally purified as per step (f) and subsequently fed to the electrochemical oxidation as per
step (g). This hydrochloric acid which generally has -21 - a concentration of from about 24 to 30% by
weight, preferably from 27 to 30% by weight, hereinafter also referred to as concentrated hydrochloric
acid, has a contepegeitgaling edhstituabesio?piefetablpynueiatkietablt TWB %Y weiglty peigbblarly
preferably not more than 0.005% by weight. The phosgene content of the hydrochloric acid is preferably
from 50.1 to 0.0WIETRBGWRIRghfeRITRAMCaRD BRNETHEA 6XIB0E B WaR) Rt CPREERRBEQiI8Feirogen

chloride solution is therefore optionally subjected to a purification in a step (f), in particular to reduce the
Shosgon con &AL SIS BT aET HE THC BSPBRCHPeY S BRI EAH NI PRI B DR S rocted by

means of strippjng | n in.a manner known to those slﬁ in the art,.e.g. by introducing the
concentrated BT E P APl e S RSl & A o

vaporizer of with §tﬁ)aﬁb%§%i%9'vx\/¥ 'm’@&%gﬂ%ggrgméggﬁm%b%%mpan be recirculated to the

absorption column, the liquid output from the column can be fed as purified concentrated hydrochloric
acid, if appropriate via a cooler, to the hydrochloric acid electrolysis as per step (g). Instead of carrying

out stripping in tripRI 0 I 0. 1] i gojifele n itself
by directinectign ey e e e B e

Instead of striing i pEplien ol 1S FRMIRBS GRAESANSNPHEHRS MetBarky Hrgsm i loride

can also be reduced by partial distillation by means of a heat exchanger located downstream of the
absorption coluptibrgéfic addisiane e fagHen UshRychagrnctilaide calutigrsisspibjsetac toupwriification to
remove iron compounds, aluminium compounds and/or silicon compounds in the optional step (f). The
removal of iron mampaksyratorthosaskibecpiauhd send/grsiidoning thparamds nérpieddnadiyobttected by
means of chelating ion exchangers. Such ion exchangers are commercially available. - 22 - Thus, for
example, tHe reaaislHitof rGackeAFOlYB vendbeieeevited \eitieing cirinadivtherpriizesfahaittimberjet
4400CI type from Rohm & Haas or Lewatit M500 from LANXESS. The concentration of the hydrochloric
acid for the ren39aMbIMeFH RN prMElaBIEaY 38K dMyReRyfEPIDIUMN can be recirculated tothe

absorption column, the liquid output from the colugan be fed as purified concentrated
hydrochloric acid, if appropriate via a cooler,tt@ hydrochloric acid electrolysis as per
step (g). Instead of carrying out stripping in @aate stripping column, it can also be
15 carried out in the absorption column itself by dirmjection of steam, preferably into the
stripping section located below the absorption wwlu Instead of stripping in the
absorption column, the content of organic impusiiie the hydrogen chloride can also be
reduced by partial distillation by means of a heathanger located downstream of the

absorption column.

20 In addition, the aqueous hydrogen chloride soluttoaubjected to purification to remove
iron compounds, aluminium compounds and/or silicompounds in the optional step (f).
The removal of iron compounds, aluminium compouadsl/or silicon compounds is
preferably effected by means of chelating ion ergeas. Such ion exchangers are

commercially available.



5 Iron-containing compounds can also be removed by means of a precipitation as sparingly soluble
compounds and subsequent filtration. Metal ions from the group of platinum metals, preferably platinum
and/or palladium, can be added to the aqueous hydrogen chloride solution before the electrochemical
oxidation as per step (g). 10After preparation of an aqgeeous hydrogen chloride solution as per step (e)
and, if appropriate, after purification of the aqueous hydrogen chloride solution as per step (f), the
hydrochloric acithigsfetProexarapetrdigsicvwiVariad deetaochieeninds dddatieeied the Meloshidriencid as
per step (g) is carried out by the membrane process. According to WO 97/24320, it is possible to use,
inter alia, solid BKPOYRESsPEtERs bBere MARBR(rYRENENBShWidaRe X ks ddihMAE G fFaRYed on one
side of the ion-exchange membrane. The cathode is,aﬁ)r ex le, a gas diffusion electrode. The
catalytically acteNAEeRal UFin6 CEAEHRE R Cordt Aket RRAHE (6B Hfar§ R RHEBlak& orban be
applied to the ioné é(&i%zfmgﬁé%e /raﬁew'gp telectrochemical oxidation of an aqueous solution of
hydrogen chloridle Using a gas diffision Electrode as cathode is described, for example, in WO
00/73538 and WO 02/18675. Here, rhodium sulphide is used as catalyst for the reduction of oxygen at the
cathode. A%corgrinrg to O.02/18675Utr(1:]s cata}gfs(t) i% lar eglvtra%sisgang }0 organic, -.23 - consti.tuqnts which

can be present A% |?(r:1%rﬂfa|{|r]ér§ e I(w)yaroscﬁ%]rlc%ci Fand origiate, i 8 ame'Pét, %%aﬁrgggalnncbysteps of

the synthesis. T%%B[gggmﬁ %§%§@&g&r@ﬁpﬁ|@& space through the ion-exchange membrane
e

into the cathode space. The electrochemical oxidation of hydrochloric acid in step (g) can be carried out

by the 5 membrane process in a two-chamber electrolysis cell consisting of anode space and cathode

space or in a theg-Ghamner fIGelr %?Jé% 8?';5&%ﬂﬁﬁ“H%t%ﬁﬁﬁ%@f&%&%ﬁﬁ@ﬂ%ﬁ@%@ﬁw g glectrolyte

space between anode space and ¢ e space. A two-c ectrolysis cell is preferably selected.

In the membrang, pi@e&sso e 2HASELSRRRRIFIFOREIEE SuirRdhe axhasasRACR Ry AskigaNEY fange

membrane (hereinafter also referred
per step (Q).

10 After preparation of an aqueous hydrogen chloridtut®n as per step (e) and, if
appropriate, after purification of the agueous bgén chloride solution as per step (f), the
hydrochloric acid is fed to an electrolysis cellheT electrochemical oxidation of the

hydrochloric acid as per step (g) is carried outihgymembrane process.

According to WO 97/24320, it is possible to uséeiiralia, solid electrolyte systems, e.qg.
15 Nafion® membranes, with the cathode being arranged onsitee of the ion-exchange

membrane. The cathode is, for example, a gas difiuslectrode. The catalytically active

material of the cathode is incorporated into theéachange membrane or can be applied

to the ion-exchange membrane.

The electrochemical oxidation of an aqueous salutib hydrogen chloride using a gas
20 diffusion electrode as cathode is described, foangde, in WO 00/73538 and
WO 02/18675. Here, rhodium sulphide is used adysttéor the reduction of oxygen at

the cathode. According to WO 02/18675, this catalgslargely resistant to organic



10 to as membrane in the interests of simplicity), in particular a cation-exchange membrane. The distance
of the electrodes (anode and cathode) from the membrane is preferably from 0 to 3 mm, particularly
preferably from 0 to 2 mm Suitable ion-exchange membranes are commercially available, e.g.
single-layer ion-exchange membranes having sulphen&-acid groups. For example, it is possible to use a
membrane of the Nafion(r) 117 type from 15 DuPont. The electrolysis of hydrochloric acid by the
membrane prog@sisiarie vhitedaubagineseicioiesustisRenivg rgeitite aoitatteaiigitiidrdiig able to
consist of graphite. In a preferred embodiment, the electrochemical oxidation of the aqueous solution of
hydrogen chlorigéRRE Q)i E@GR—AD STARP LMBIRLTHNESSS cSMIRRHEeAYHLERBUIR MOl iR trode as
oxygen-depolarized cathode. Here, %He electrolysis cell can consist of ejther two chambers or three
chambers, but GREERTFEH N8I AR AR RS RAT GRS Rk yen, air or
oxygen-enriched air, is fed to the cathode half cell. The oxygen is reduced at the gas diffusion electrode
to form water. The anode half cell is supplied with - 24 - the agueous hydrogen chloride solution, with the

hydrogen chloriliBeh8iREaRATEEH:° aﬂﬂ% gt theorBtRsicTHRdSH R On &R Pa?ﬁfrfﬁg E’Hfl“mﬂg‘ﬁalf cell
are separaged fFT%n gne antheersy a Catlorg-%)ﬁ%%%%rggT%Wo )\r{%pse@:f'%l;psleIns ﬁk%gt%?(l)yss %f hs\é%rochlogc acid

using a gas difflSion SlectrBde as ca'ﬁh%cfc\év isdescr or example, 3 &%ctrolysis

el oan compriagifler AN K matelil Adesribehalidsting o SR SATE R R gRIeral

Suitable metallic materials for the electrolysis cell are, for example, titanium and titanium alloys, e.g. a

titanium-palladiyga alloy Heiee e HRtE AT AnesB AN GaiBar Al RlS. APg e FRRskstributor

and the power leads are made of titanium or a titanium alloy. 10 The anode can, for example, be

configured as deteetioadiin E¥ll 192486 sHiee thaanndesemerises sastalherafed|ypiasiun with a
coating of noble metal oxide, e.g. ruthenium oxide. Furthermore, the titanium anode as described in DE
102 00 072 A caepasate cifromettire edititedaspiaot tipranno casifeagetiameuimebainditewhish refapelied to the
titanium anode by means of plasma or flame spraying before the coating of a noble metal 15 oxide is
applied. AéBordd@sombGNg4rgthe AtefiesticrhSEnRIiRagTEpeiang Sadiopxchgads thergbaismed
during the electrolysis, with the openings preferably having R;qjglg structures which discharge the gas

| )

formed to the sitfediftansReeIthRddect K07 ehtithat e MRYBRREIABT R8T RRY, #98Yotal

cross-sectional area of the openipgs shofuld ge in the range from %O% to 70% of the area formed by the
height and WidtR 8} ﬁ,]@%&@étlcu arly preferably from 0 to Z m8uitable ion-exchange membranes are

commercially available, e.g. single-layer ion-exulp@ membranes having sulphonic acid
groups. For example, it is possible to use a menebif the Nafiofi 117 type from

15 DuPont.

The electrolysis of hydrochloric acid by the menmergrocess can be carried out using

electrodes containing graphite, with the anodedalrie to consist of graphite.

In a preferred embodiment, the electrochemical abaeth of the aqueous solution of
hydrogen chloride in step (g) is carried out by entbrane process using a gas diffusion
20 electrode as oxygen-depolarized cathode. Hereeldwrolysis cell can consist of either
two chambers or three chambers, but preferablyvofdhambers. An oxygen-containing
gas, e.g. oxygen, air or oxygen-enriched air, dstéethe cathode half cell. The oxygen is

reduced at the gas diffusion electrode to form wathe anode half cell is supplied with



20 The metal anode can also have a wave-like, zig-zag or rectangular cross section. The depth of the
anode should be at least 1 mm The ratio of electrochemically active area of the metal anode to the area
formed by the height and width of the metal electrode should be at least 1.2. In a specific embodiment,
the metal anode can comprise two adjacent expanded4metals, with the expanded metal facing the
ion-exchange membrane being more finely - 25 - structured than the expanded metal facing away from
the ion-exchandeensmersnehylingeimsblerideesvlotefinaijrsthebtbged chiniisitetieinatadiidictiéddlat and
the more coarsely structured expanded metal is arranged so that the struts are inclined in the direction of
the cathode an§lierRs 44 %@é‘%‘ilﬁjc'[ﬂﬁééf‘ﬁ%ea'haﬂl@iéﬂ@ﬁ?@%ﬁ@ﬁé%ﬁr&l%%ﬁ% Beaone
expanded metal. The rande should basically have a free area of from 15 to 70%. The thickness of the

ul

expanded metafd'S V2 CHERENCOE MRS TIRIPR R Ko HaRiBBRE MY SXAToS At 4R SR trolyzer
in the case of bgpglar cnoglré%ﬁti%g gf t(lgaq in ivid%lsglreocet%olygrirsﬁells IS#J:'%E%S)' The electrical
: I?yo he '\ t 0 ode, Tor

. THSio 0de IS : Bl :
resistance depends essentially on the electrical contacting ean example the number of
current-supplying connecting elements 10between anode and back wall of the anode half cell. In the

electrolysisby means,of 2 gas diffysion eleciode. Ine,anods spaceand e sathodeshage pap be
separated by a commercialion-exchahge membrane. For example, it IS possibleto use ion-exchange

membranes of e NIgh(y) §%d?ral\lﬁ98ﬂ)€9 e hAPeS IHABlHE MMk AETENER iél@é\’r%'{x&é?s‘%ﬁ‘g a

membrane which, as described in WO 05/12596, 15 has a smooth surface structure on side facing the

gas diffusion elgeirade-ckhmsmOnkhRHHaGR SitGHE Alofe membraRrAlRMR NS fiiusigrelectrode

and the membrane to be juxtaposed in such a way that under a pressure of 250 g/cm2 and a temperature

of 60C the contaglf afrAldSi@t iIRasindd%Hidhapeasriiccag @ et aenbuanand eecpbirsticadyent

distributor to which the gas diffusion electrode is applied is 20 preferably configured as described in DE

102 03 689 A. Hesrhadesofrdaritea of detistian 8% but more than 5%. The thickness of the current

distributor is at least 0.3 mm It can comprise an expanded metal, mesh, woven fabric, foam, nonwoven,

slotted sheet or perforated plate made of metal. The cathodic current distributor preferably comprises an
10 The anode can, for example, be configured as destin DE 102 34 806 A. Here, the

anode comprises metal, preferably titanium withoating of noble metal oxide, e.g.
ruthenium oxide. Furthermore, the titanium anodelescribed in DE 102 00 072 A can
have an intermediate layer of titanium carbideitantum boride which is applied to the
titanium anode by means of plasma or flame spragiafgre the coating of a noble metal
15 oxide is applied. According to DE 102 34 806 A, thetal anode has openings for passage
of the gas formed during the electrolysis, with thgenings preferably having guide
structures which discharge the gas formed to tthe sf the metal anode facing away from
the ion-exchange membrane. Here, the total cragteal area of the openings should be
in the range from 20% to 70% of the area formedheyheight and width of the anode.
20 The metal anode can also have a wave-like, zigezagctangular cross section. The depth
of the anode should be at least 1 mm. The ratieleftrochemically active area of the
metal anode to the area formed by the height adthvaf the metal electrode should be at
least 1.2. In a specific embodiment, the metal antah comprise two adjacent expanded

metals, with the expanded metal facing the ion-arge membrane being more finely



expanded metal having a mesh length of from 4 to 8 mm, a mesh width of from 3 to 5 mm, - 26 - a strut
width of from 0.4 to 1.8 mm and a thickness of from 0.4 to 2 mm In addition, the cathodic current
distributor can have a second expanded metal as support for the first expanded metal. The second
expanded metal as support preferably has a mesh leragth of from 10 to 40 mm, a mesh width of from 5 to
15 mm, a strut width of from 2 to 5 mm and 5 a thickness of from 0.8 to 4 mm It is also possible to use a
mesh which prefevgblyedashamiteethixpaadedf metal 1fasiagmawardithmden-exsitingeoMmembane 25 mm as
support. Furthermore, a perforated metal sheet or slotted metal sheet which preferably has an open area
of less than 609 A EPiRKINEDofErfBIaIN SHUS iR P BRIGEIARIS e h ol B Ndshe a8 98 ERYcathodic

current distributor, it is possible to use, for example, titanjum or a 10 ngoble metal-contajning titanium
Clloy, 6.0, tanBTLEAISR CRRATIRG AR e ACATRGH. S G R FfoAIRE T e A Pened, A
gas diffusion eleggl%%e, itnig grsvséibellg ta Lse a commer iéal @%a@l.diff §ion ecg 8tr%cri]ea S%icréri% e 8}p r%ad with a
suitable catalys%. Wtabie ca alysts cgn{am, accorglsn'g 0 % g’ﬁp thodidm and/or atleast one

rhodium sulphide o X OfFRediRLENhahIFasiaomy-haladium: S Uphigh Ascrding,(orRE 931 857

A, it is also possible to use rhodium and/or rhodium oxide or mixtures thereof. The gas diffusion electrode

preferably comprisRsca8 BiaREIERHYFRIAREINR WRYQR RDESBRRBT PleROTWRY 8RGRRBPEREAESArDON,
with the woven fabric, paper or nonwoven being provided on one side with a carbon-containing catalyst

layer and on theegtib@insis eoveithetogasiglitit fiandayele Dheipatahsitisoot itk blyiviilapplket déssupport,
preferably a carbon support, with polytetrafluoroethylene particles which are coupled to the support
structure being cetsgr@sd.cldreayus) diffbisioslday@aprefeigbhc pengyisesseatibby andthe electrical
polytetrafluoroethylene particles in a ratio of carbon to PTFE of, for example, 50:50. The gas diffusion
electrode can, feRrEReMnplef Bie AnadgePsemapieihrAUhEURREG RN AOBREFIRG EIeBRTEEane.
Contact between the gas - 27 -

10 between anode and back wall of the anode half cell.
In the electrolysis by means of a gas diffusiorctetele, the anode space and the cathode
space can be separated by a commercial ion-exchawegebrane. For example, it is
possible to use ion-exchange membranes of the hfaB&4 or Nafioff 117 types from
DuPont. Preference is given to using a membranehylas described in WO 05/12596,

15 has a smooth surface structure on the side fabiegyas diffusion electrode. The smooth
surface structure of the membrane allows the géssan electrode and the membrane to
be juxtaposed in such a way that under a pres$ut®0og/cm? and a temperature of 60°C

the contact area is at least 50% of the geomeae& af the membrane.

The cathodic current distributor to which the gaffudion electrode is applied is
20 preferably configured as described in DE 102 03 A8This has a free area of less than
65% but more than 5%. The thickness of the cumsitibutor is at least 0.3 mm. It can
comprise an expanded metal, mesh, woven fabrianfagonwoven, slotted sheet or
perforated plate made of metal. The cathodic ctirdéstributor preferably comprises an

expanded metal having a mesh length of from 4@ a mesh width of from 3 to 5 mm,



diffusion electrode and the current distributor and the ion-exchange membrane is preferably established
by pressed contact, i.e. the gas diffusion electrode, the current distributor and the membrane are pressed
together. The gas diffusion electrode can be connected to the current collector as described in DE 101 48
600 A. 5The electrolysis of hydrochloric acid by the m@nbrane process using a gas diffusion electrode is
usually carried out at a temperature of from 40 to 70C. The concentration of the aqueous solution of
hydrogen chloridétithdciineddrepacd it flofhm n2ashgknesdiompbetdmmBblynfrorn BRI 07othey weight.
The cell can, for example, be operated with the pressure in the anode space being higher than the
pressure in the G@ifistie spEeBt fiskibtirfesatdRVhe o?ﬁ%@%@’@tﬁ{eﬁb?&ﬁ@%ﬁ% Bredésd onto the

gas diffusion electrode and in hIS in turn being pressed onto the current ributor. As n altern tive, a
onstruction of FEUIEEIER L1 TN BREATBE TOPo8 PR G e e W B BDL andor

the current dIStI’IbutO{dﬁ!\le o{rﬁﬁz% ﬁﬁse(\:(vﬁl c*r exa pq lbjy bEI@lj%llpcﬁﬁi bfyfrrgr%ag% oé S rlnaq1s to the

back wall of the respect 15 c2iYorms a Zero gap arrangemen n WhICh the

anode is i giregt anaEL YR D5 S AROSY rreaibsAnseaihibe LRI il e qeact wit

the gas diffusion electrode and this gas diffusion ectro e Is In turn in direct contact with the current

distributor. The glastigdRaeEdiBg fbR$ICHIA0RMMCsBeaRRdR, dﬁém%%ﬂﬁ? 79 AiftupioRseleirare and
current distributor. 20In a preferred embodiment of the electrolysis process, the anode half element is

filled with a 5 tor2oMeatiength pyriveagdd Rysteoeiesicongiibitdaiiettinitt phefatastrolysiacelhas
described in DE 10 152 275 A, where the hydrochloric acid contains at least 10 ppm of free chlorine and
the concentratianeaf tiddsgdtbahl6haaitdaringlstassuns ionok tracafo ey useig s Thppaiumes flow of
hydrochloric acid through the anode space is set so that - 28 - at the beginning of the electrolysis the
hydrochloric aciogeual fardhrerathpdic fure ot O5stouItps HRNSsRe (Y hipcfahermipackanEeds@rolysis is
started at a current density of from 0.5 to 2 kKA/m2 and is increased at time intervals of from 5 to 25

minutes by9n eAER!2 486 HHAGANBo EARMIM 2/1aYich- 8. SHBRABIRA IR Jh iR ALt U RUEHEBYYSrom 4 to 7
kKA/m2 5 has been re%ﬂaeg the ume f|0\?l [@E @Y ?{ochlorlc acid is set so that the hydrochloric acid
flows at a velocﬂg} otk Y& th¥'Sfhode half element. A particularly advantageous
mode of operation of the eIectronS|s cell can be effected as described in DE 101 38 215 A, according to

which the electrolysis cel] is operated with an
sygas dI#USIO 1ectro e, it |s possible to usm@amercial gas diffusion electrode which

is equipped with a suitable catalyst. Suitablelgats contain, according to WO 00/73538,
rhodium and/or at least one rhodium sulphide origture of rhodium and at least one
15 rhodium sulphide. According to EP 931 857 A, itaiso possible to use rhodium and/or
rhodium oxide or mixtures thereof. The gas diffaselectrode preferably comprises an
electrically conductive woven fabric, paper or nowen composed of carbon, with the
woven fabric, paper or nonwoven being provided ae side with a carbon-containing
catalyst layer and on the other side with a gafslén layer. The catalyst is preferably
20 applied to a support, preferably a carbon suppuith polytetrafluoroethylene particles
which are coupled to the support structure beirtggimted. The gas diffusion layer
preferably comprises carbon and polytetrafluordetiny particles in a ratio of carbon to
PTFE of, for example, 50:50. The gas diffusion etae can, for example, be arranged so

that it is not firmly joined to the ion-exchange miigane. Contact between the gas



elevated pressure in the cathode chamber to lower the cell potential. The differential 10 pressure between
anode space and cathode space should be from 0.01 to 1000 mbar and the oxygen pressure in the
cathode space should be at least 1.05 bar absolute. Accordingly, at least part of the chlorine prepared in
step (g) is recirculated in the next process step (h) te t1e preparation of phosgene in step (a). Before
recirculation, the chlorine is preferably cooled and dried in a single-stage or multistage cooling operation
by 15 means ofiffusiolinglapipedatan@.ghen shelbahdisiieuteratatiehmgexciayiey oentvasttedsed, for
example, by means of a suitable desiccant in an absorption column equipped with mass transfer
elements. A suibsBie i RAPeHePYoPEsRbIEONGE sEAEREIHIBESIPn Biechoge, tBRherHedlecular
sieves or hygroscopic adsorbents, e.g. sulphuric acid. Drying can be carried out in one or more stages.
Drying is preferdSiy RURIEBLLIR M SEPORALE, Ry et BRRGHRS CHIEFIAR FHYRFR EMtPEontact
with a sulphuric_acid of relatively low concentration, pref %I i{o 0,80%, particularly preferably
from 75 to 80%??1‘? IS wgf? é a%g.%Hréegeggﬁ\e S éag,df#é: rr'e85| u@'g ?n%%s%@r(?e'?‘s removed from the chlorine by
means of a more highly concentrated sulphuric acid having a concentration of preferably from 88 to 96%,
parUcuIarIyEPref_?ﬁaebl Ieg%r'o%G%' TP%chlorhr]e which h%s een - g"r% dried in this way and Qﬁl,[s a residual

moisture content of pre eraﬁilsn%t éjrrg(f an'1ats 'gpn}', paertir&]u a EBFgFgrsasollf/sﬁnoq Rotethan 20 Bpm, can

be passed througlya4HORISIIBFIRIAIAIIR O deLSLIFRION A iAo Ao drapiets sl prespnt

therein. The circulatory mode peration of the process requires a further partial amount of 5 chlorine to

be provided in eldifignettheofitlenTs ﬁx{raﬂfy@@ NGRS RERIRGERY SSHBNS LeR 12696 g RERpRration of

phosgene in step (a) since losses of chlorine and hydrogen chloride occur in the chlorine-hydrogen
chloride circuit. pror:rilyisiomof 2 forrires partivdigmouhkeotsihigkinecambie, ebeepstinddeviarhef
elemental chlorine from an external source, for example the electrolysis of an aqueous sodium chloride
solution. Howeyeestheel ihlabsesnoidehkprace dreihydigigentichiloddsymdnich thecoatbadelspalse . cohipensated
by providing a partial amount of hydrogen chloride from an external source, e.g. from an isocyanate
productionlplante@tis MOher Dafianwkidiange rogarbieribeing ggespiedtae gasabligsisnprisgtioda partial
amount of hydrogen chloride in the form of an aqueous hydrogen chloride solution from an external
source, e.g. frofd ﬁ?oémétilfh B‘&S‘Cé@éﬁ% pressed onto the curmistributor. As an alternative, a

construction of the electrolysis cell as descrie®E 101 38 214 A can be selected. The
anode and/or the current distributor are mountedtiehlly, for example by being joined
by means of springs to the back wall of the respedtalf cell. Assembly of this cell forms
15 a zero gap arrangement in which the anode is iectlicontact with the ion-exchange
membrane and the latter is in turn in direct cantéath the gas diffusion electrode and this
gas diffusion electrode is in turn in direct contadth the current distributor. The elastic
mounting presses together the anode, membranediffasion electrode and current

distributor.

20 In a preferred embodiment of the electrolysis psscéhe anode half element is filled with
a 5 to 20% strength by weight hydrochloric acid wistarting up the electrolysis cell as
described in DE 10 152 275 A, where the hydrochblagid contains at least 10 ppm of
free chlorine and the concentration of the hydrogblacid during start-up is more than

5% by weight. The volume flow of hydrochloric a¢cidough the anode space is set so that



15 which an aqueous hydrogen chloride solution is obtained as by-product, is preferably fed at about 30%
strength by weight hydrochloric acid to an electrolysis. A hydrochloric acid having a lower concentration
can alternatively be fed to the absorption of hydrogen chloride as per step (e). The phosgene can be
reused in the preparation of the diaryl carbonate in step b). 20Transesterification of the diaryl carbonate
prepared in step (b) with at least one bisphenol gives an oligocarbonate/polycarbonate and monophenol
which can in tuid e lsginiingey the electrolyses tedwrlosiiRcidhiowsaissaveloaiyrafdrganicQaitical which
has from 6 to 30 carbon atoms and contains one or more aromatic groups. Examples of such compounds

which can be uSetPifa(e a9 B ANGESsSRRCBINY MR SO BIEIYERERL 258 HHHE HyAROGIIIEOFe sorcinal,

5 dihydroxybiphenyl, his(h dr%&(ﬁfhenyl alkaéri]es, bis(%droafghenggcycloalkanesa)t?is(h droxyphenyl)

sulphides, bis(HyarikgpHii) é?éPB'i)éfﬁ? rBk e IS KA RS 20R dR FEMIBR S GRS,

bis(hycroxyphepylsianexdes olcedbis(ydioxypheny) ASRRISRY RRIRRASS Al 2% Alied

ring-alkylated and ring-halogenated derivati

10Preferredbisphenalaarfa, dheinYHERRRINBSINL LRSI R R )sh-tRREIRI Bftoric

1,1-bis(4-hydroxyphenyl)phenylethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A"(BPA)),

2,4-bis(4-hydroxyphesyd aa el urnemlo2hisR44nhydryRbemsHeharesiisnzene (bisphenol M),
2,2-bis(3-methy1-4-hydroxyphenyl)- propane, bis(3,5-dimethy1-4-hydroxyphenyemethane,
2,2-bis(3,5-dimethy1-4-hydroxy-

A particularly advantageous mode of operation ef é¢fectrolysis cell can be effected as

described in DE 101 38 215 A, according to whiah étectrolysis cell is operated with an

elevated pressure in the cathode chamber to lolercell potential. The differential
10 pressure between anode space and cathode spateistdom 0.01 to 1000 mbar and the

oxygen pressure in the cathode space should kasit1.05 bar absolute.

Accordingly, at least part of the chlorine prepanedstep (g) is recirculated in the next
process step (h) to the preparation of phosgenstap (a). Before recirculation, the
chlorine is preferably cooled and dried in a sirgilege or multistage cooling operation by
15 means of a cooling apparatus, e.g. a shell-andiiabeexchanger. Drying can be effected,
for example, by means of a suitable desiccant iakaorption column equipped with mass
transfer elements. A suitable desiccant can be, dgample as described in
DE 10 235 476 A, either molecular sieves or hygopsc adsorbents, e.g. sulphuric acid.
Drying can be carried out in one or more stagegingris preferably carried out in two
20 stages, by firstly bringing the chlorine to be dri@to contact with a sulphuric acid of
relatively low concentration, preferably from 7080%, particularly preferably from 75 to
80%, in a first stage. In a second stage, the uiakitioisture is removed from the chlorine
by means of a more highly concentrated sulphurid d@ving a concentration of

preferably from 88 to 96%, particularly preferafi2-96%. The chlorine which has been



15phenyl)propane, bis(3,5-dimethy1-4-hydroxyphenybsulphone, 2,4-bis(3,5-dimethy1-4-
hydroxypheny1)-2-methylbutane, 1,3-bis[243,5-dimethyl-4-hydroxyphenyl)-2-propyl]benzene, 1, 1- bi
s(4-hydroxyphenyl)cyclohexane and 1,1 -bis (4-hydroxypheny1)-3 ,3 ,5- trimethylcyclohexane (bisphenol
TMC). Particularly preferred bisphenols are 4,4'-dihydrexybiphenyl, 1,1-bis(4-hydroxypheny1)- 20
phenylethane, 2,2-bis(4-hydroxyphenyl)propane (bisphenol A (BPA)), 2,2-bis(3,5-
dimethy1-4-hydiggginéhigapeyntehasiabrggusidrosiore ajispelesxalanaheard tha4.00 ppm,
hydroxypheny1)-3,3,5-trimethylcyclohexane (bisphenol TMC). -31 - US 2 991 273 A, US 3 271 367 A, US
4 982 014 A anBaJisWaglydsA6Ablv RRE TR ERRLH MR CETRRTRRH IS O RID A RISt RIESIDIRFIX3 050 A,

DE 20 36 052 A, DE 22 11 956 A and DE 38 32 396 A, the French patent text FR 1 561 518 A, in the
monograph by 4. %%ﬁh@lf%ﬁ%‘fﬁi@ﬂ&%ﬂhﬂ&ﬁﬁgg{ %ﬁ;gﬁtﬁﬁﬁ@[é CAfrscience Publishers, New York
51964, p. 28ff; p.102ff and by D.G. Legrand, J.T. Bendier, Handbook of Polycarbonate Science and

Technology, Marcel Dekker New York 2000, p. 72ff, In the case of the preparation of
homopolycarboh3fe S BRI YN BRYSHEAAREAYRR, WHIE iR'BRS TRUE B ranUhapAKigh gmount of

copolycarbanates B, SLSBE e At U2SAs L dassaulions ssying s tie bigphienplased ke

. S.
all other chemicals and auxiliaries a e syn Gan b cOnERiRated wit

?;L%i”ma;tgﬂgg_”k&)‘%romﬁ P IRGINLFocSIRrats UhHasEdsHesiBRIR 9 RMRAYGRY clean
chloride occur in the chlorine-hydrogen chloridecait. The provision of a further partial
amount of chlorine can be effected in the form leinmeental chlorine from an external
source, for example the electrolysis of an aqusodsum chloride solution. However, the

10 losses of chlorine and hydrogen chloride which occan also be compensated by
providing a partial amount of hydrogen chloridenfran external source, e.g. from an
isocyanate production plant (e.g. MDI, TDI) in whitiydrogen chloride is obtained as
gaseous by-product. A partial amount of hydrogelorade in the form of an aqueous
hydrogen chloride solution from an external soureg. from a production process in

15 which an agueous hydrogen chloride solution isinbthas by-product, is preferably fed at
about 30% strength by weight hydrochloric acid toedectrolysis. A hydrochloric acid

having a lower concentration can alternatively lbd to the absorption of hydrogen

chloride as per step (e).
The phosgene can be reused in the preparatior afiéinyl carbonate in step b).

20 Transesterification of the diaryl carbonate pre@arestep (b) with at least one bisphenol
gives an oligocarbonate/polycarbonate and monophemich can in turn be used in step

b).

Bisphenols suitable for the process are dihydroxydilkanes of the formula (11),



It may be emphasized here that the process can be used for virtually all known bisphenols. The
polycarbonates can be modified deliberately and in a controlled manner by use of 15 small amounts of
chain terminators and branching agents. Suitable chain terminators and branching agents are known from
the literature. Some are described, for example, in DEB®-38 33 953. Preferred chain terminators are
phenol or alkylphenols, in particular phenol, p-tert-butylphenol, isooctylphenol, cumylphenol, their
chlorocarbonic esters or acid chlorides of mid@aéebxylic acidé!br mixtures of these chain terminators.
Preferred chain 20terminators are phenol, cumylphenol, isooctylphenol and para-tert-butylphenol.
Examples of compounds suitable as branching agents are aromatic or aliphatic compounds having more
than three, prefehsly Zhize cividentydenty tpdicpsWhishihaampS0it3becshamplenshavidgonte®®r more
than three phenolic hydroxyl groups are phloroglucinol, - 32 _ _

-4,6-dimethy1- PRS0 {ACHy ORI AIPUPS. Hemaes of Grebte pImRNEiIeh Ry BRose hHeAiRabtane,
1,3,5-tri(4-hydroxyphenyl)benzene, 1, 1, 1- tri(4-hydroxyphenyl)ethane, _ _
tri(4-hydroxyph8hyI)BheRIifrEFTand e, Histioxsigia AT h I EIIOARPopdREOrCINOL,

2 44 o SRR OBy PhenoL A0 S RN P Ians. 5 Bpples ofginer

trifunctiona compgun te suitable a INg agents oxybenzoic acia', trimesic
id. . : i _ N 1)-2-0x0 . ol ularl

Dreferred brandi oG L 3 ety D P e T e sty ™

L1 Ltric-hyargeelaripians Lt Eemi s iee Ba Raseiarepangli dspcA franching

agents which may be concomitantly used can be introduced together with the bisphen
diisopropylbenzenes, and also alkylated, ring-ated and ring-halogenated derivatives

thereof.

10 Preferred Dbisphenols are  4,4'-dihydroxybiphenyl, 2-tds(4-hydroxyphenyl)-1-
phenylpropane, 1,1-bis(4-hydroxyphenyl)phenyletha®@-bis(4-hydroxyphenyl)propane
(bisphenol A (BPA)), 2,4-bis(4-hydroxyphenyl)-2-rhglbutane,  1,3-bis[2-(4-
hydroxyphenyl)-2-propyl]lbenzene (bisphenol M), Bj&(3-methyl-4-hydroxyphenyl)-
propane, bis(3,5-dimethyl-4-hydroxyphenyl)methan&,2-bis(3,5-dimethyl-4-hydroxy-

15 phenyl)propane, bis(3,5-dimethyl-4-hydroxyphenyipbone, 2,4-bis(3,5-dimethyl-4-
hydroxyphenyl)-2-methylbutane, 1,3-bis[2-(3,5-dimgt4-hydroxyphenyl)-2-propyl]-
benzene, 1,1-bis(4-hydroxyphenyl)cyclohexane andl-bis(4-hydroxyphenyl)-3,3,5-

trimethylcyclohexane (bisphenol TMC).

Particularly preferred bisphenols are 4,4'-dihygtmghenyl, 1,1-bis(4-hydroxyphenyl)-
20 phenylethane, 2,2-bis(4-hydroxyphenyl)propane (i@sppl A (BPA)), 2,2-bis(3,5-
dimethyl-4-hydroxyphenyl)propane, 1,1-bis(4-hydrpkgnyl)cyclohexane and 1,1-bis(4-

hydroxyphenyl)-3,3,5-trimethylcyclohexane (bisphefibIC).

Suitable bisphenols are described, for examplelJ$2 999 835 A, US 3 148 172 A,



It should be ensured that the reaction components for the first step, viz, the transesterification, i.e. the
bisphenols and the diaryl carbonates, are free of alkali metal ions and alkaline earth metal ions, although
amounts of less than 0.1 ppm of alkali metal 15 ions and alkaline earth metal ions can be tolerated.
Bisphenols amd diaryl carbonates having such a purtyican be obtained by recrystallizing, washing or
distilling the bisphenols and diary! carbonates. In the process, the content of alkali metal ions and alkaline

earth metal ion$/BotPMLtREAspHEbPAABHTtAe g/ AR Eate ABELRPBEBLEOAL ppthe Therman
transesterification of the bisphenol and the diaérgéﬁcarbonate in the melt is preferably 20 carried out in two

stages. In the fiP$SERE B9 BRGBHERSF AR théthidry PEadioha S BIR #Retfe8% Repetailited™6180-250C,

preferably 100-230C, particularly preferably 120- 190C, under atmospheric pressure over a period of 0-5
ours. preferab)'8 LS 406 B (R EPAGRRANERH 16 Ry SR GO SR ig) ie

applied and theeparatie e rensas (a4 4 B9RCI ANKNE AlBsRLoBBlR B areRRiPd i the

bisphenol and the Ing o onophen e oligocarbondte prepared in this

way has a weighd @yeragamalefylar gl M?ﬁéﬂ%&(&ﬁ@@ﬂﬁéﬁﬁ?ﬁﬁ%é&b? i IR

viscosity in dichloromethane or in mixtures of equal weights of phenol/o-dichlorobenzene, calibrated by

light scattering)dgithR danderiéerma8g0, indR A ebureairiably dremghedrto 15 000. Here, the major part of
the monophenol (80%) is recovered from the process. In the second stage of the polycondensation, the

polycarbonate is prepared by further 10 increasing the temperature to 250-320C, preferably 270-295C, at
a pressure of <8 e4dddikhe Frepaindsh U thenBeBRRRARS R BREVELLHdIRIEs LREESAlle in

monophenols of < 5%, preferably < 2%, particularly preferably < 1%, can occur here due to the end
groups in the pahgcaseendtthaplaissigich BrongnRebihtheseligeshenpiee Idiesed aszes hgwéo be
compensated by appropriate amounts of monophenol for the 15preparation of the diaryl carbonate.
without saying that the bisphenols used, like #tleo chemicals and auxiliaries added in
10 the synthesis, can be contaminated with the imiparibriginating from their own

synthesis, handling and storage, although it isiralele to employ very clean raw

materials.
It may be emphasized here that the process casdukefar virtually all known bisphenols.

The polycarbonates can be modified deliberately iand controlled manner by use of
15 small amounts of chain terminators and branchirentsy Suitable chain terminators and
branching agents are known from the literature. &ame described, for example, in DE-
A 38 33 953. Preferred chain terminators are phenallkylphenols, in particular phenol,
p-tert-butylphenol, isooctylphenol, cumylphenol,eith chlorocarbonic esters or acid
chlorides of monocarboxylic acids or mixtures aésl chain terminators. Preferred chain

20 terminators are phenol, cumylphenol, isooctylphemal para-tert-butylphenol.

Examples of compounds suitable as branching ageataromatic or aliphatic compounds
having more than three, preferably three or foydrbxy groups. Particularly suitable

examples having three or more than three phengiitaxyl groups are phloroglucinol,



For the purposes of the process, catalysts for the transesterification of the bisphenol and the diaryl
carbonate to form the polycarbonate are all inorganic or organic basic compounds, for example lithium,
sodium, potassium, caesium, calcium, barium, magnesium hydroxides, carbonates, halides phenoxides,
diphenoxides, fluorides, acetates, phosphates, 20 hydmgenphosphates, boranates, nitrogen and
phosphorus bases such as tetramethylammonium hydroxide, tetramethylammonium acetate,
tetramethylamnddhidimeftbridlé, Getich iy henyiln2rhentgsiee nflioctimeltey ta thapptiddyydozphonium

fluoride, tetraphenylphosphonium tetraphenylboranate, dimethyldiphenylammonium hydroxide,

tetraethylammadMigRYhBrEXGe, DELL-BENYHHINRREAX Rritéane duktirid-hydrexypignylethane,
triazabicycloP.4.01dec-5-ene, 7-phenyl-1,5,7-triazabicycloP.4.01dec-5-ene,

ety 5 7 B DR BEI030%, ey Rt A SO RAEY hec 5-ene, 7
,7 decylidenedi-1 5. 7-tri icycloP.4.01dec-5-. ene, 7 ,{ '-dodecylidenedi- 1,5 .7-

inazabicydop PORAE e N S R e By s v
octyliminotris(dimethylamino)phosphorane, the phosphazene base Pig-Butyl =
tertbutylimiEotric?&da{me'g%il8 rgmg%r%rrllﬁjsr%horane BEMP = 2-terﬁ-%&¥iimino- -die%h laminol,3

_dimethylpethy ro-T,BI, nes Y Oséwgraa{ﬁglmpounds whic le as branching agents’ are 2,4-

dihydroxybenzoic acid, trimesic acid, cyanuric clde and 3,3-bis(3-methyl-4-

hydroxyphenyl)-2-oxo-2,3-dihydroindole.

Particularly preferred branching agents are 3,8hisethyl-4-hydroxyphenyl)-2-oxo-2,3-

dihydroindole and 1,1,1-tri(4-hydroxyphenyl)ethane.

10 The from 0.05 to 2 mol%, based on bisphenols uskbdranching agents which may be

concomitantly used can be introduced together thighbisphenols.

It should be ensured that the reaction components tie first step, viz. the
transesterification, i.e. the bisphenols and tteytlicarbonates, are free of alkali metal
ions and alkaline earth metal ions, although an®wohtless than 0.l ppm of alkali metal
15 ions and alkaline earth metal ions can be toleraBisphenols amd diaryl carbonates
having such a purity can be obtained by recrygtatl, washing or distilling the bisphenols
and diaryl carbonates. In the process, the comttatkali metal ions and alkaline earth

metal ions both in the bisphenol and in the diaaybonate should be < 0.1 ppm.

The transesterification of the bisphenol and traydicarbonate in the melt is preferably
20 carried out in two stages. In the first stage, bimphenol and the diaryl carbonate are
melted at temperatures of 80-250°C, preferably 2802C, particularly preferably 120-

190°C, under atmospheric pressure over a periog-®fhours, preferably 0.25-3 hours.



These catalysts are used in amounts of from 102 to 108 mol, based on 1 mol of bisphenol. The catalysts
can also be used in combination with one another (two or more thereof). 10When alkali metal/alkaline
earth metal catalysts are used, it can be advantageous to add the alkali metal/alkaline earth metal
catalysts at a later point in time (e.g. after the oligocadsonate synthesis in the polycondensation in the
second stage). The alkali metal/alkaline earth metal catalyst can be added, for example, as solid or as a
solution in wateffigheadditisiy faitbenaasadysbolyaewbondaovis Tihe Barcdia)tant apelietakkad rietal or
alkaline earth metal catalysts does not contradict the abovementioned purity requirement for the
reactants. The F@ﬁtﬁ%ﬁtﬁ'ﬁHﬁ B]ﬁfﬁﬂe?‘?@l ﬁﬁd”tﬂ’lé%%@9%&6@%&@@%%@%'5&%@%3@“&% process

can be carrled atc wise or refer contln ou mple in stirred vessels, thin film
evaporators, fa 9880%613 Ear}f Qfé@tgf er@%b s%%%%%ﬂﬁi@s Th5e8 ?ga@f?ﬁﬁ&edlsc

reactors and hl%h VISCO tHIJSS(\:N re ctors -3 M\évr gf frorgI éL 00, %8@ 69 refe{ga%from 19 000 to
50000, determi ecPSy measurlng e rezila\fvveg ofutioni ISCOSItY | ome ane o¥|n mlxlfureqs of the

same Welglgts QRQh@ﬁK%dé%m%qug%%eﬁy Qﬂ“m@rﬁﬁg&?ﬁéiﬂ%é(fﬁtﬁrmes of equal weights of
phenol/o-dichlorobenzene, calibrated by light sratg) in the range from 2000 to 18 000,
preferably from 4000 to 15 000. Here, the majort pair the monophenol (80%) is

recovered from the process.

In the second stage of the polycondensation, tHgcadoonate is prepared by further
10 increasing the temperature to 250-320°C, preferabip—295°C, at a pressure of
<2mmof Hg. The remainder of the monophenols esovered here. Losses of
monophenols of < 5%, preferably < 2%, particulgngferably < 1%, can occur here due
to the end groups in the polycarbonate and resich@ophenol in the polycarbonate.
These losses have to be compensated by appropmadeints of monophenol for the

15 preparation of the diaryl carbonate.

For the purposes of the process, catalysts forrdéimsesterification of the bisphenol and the
diaryl carbonate to form the polycarbonate ardratganic or organic basic compounds,
for example lithium, sodium, potassium, caesium/cigen, barium, magnesium
hydroxides, carbonates, halides, phenoxides, diptides, fluorides, acetates, phosphates,
20 hydrogenphosphates, boranates, nitrogen and phaesphobases such as
tetramethylammonium hydroxide, tetramethylammoniacetate, tetramethylammonium
fluoride, tetramethylammonium tetraphenylboranattraphenylphosphonium fluoride,
tetraphenylphosphonium tetraphenylboranate, dinhdifityenylammonium hydroxide,

tetraethylammonium hydroxide, DBU, DBN or guanidirsystems such as 1,5,7-



It is advantageous to purify the monophenols eliminated in and isolated from the 5 transesterification of
the bisphenol and the diaryl carbonate to form the polycarbonate before they are used in the diaryl
carbonate synthesis. The crude monophenols isolated in the transesterification process can, depending
on transesterification conditions and distillation conditgans, be contaminated with, inter alia, diaryl
carbonates, the bisphenol, salicylic acid, isopropenylphenol, phenyl phenoxybenzoate, xanthone, the
hydroxylmono- tri@zabjtyeiahbAdlisleTHe gneificationeoshloe, éfiiarydlolf théldastoraagy putifieitivh
processes, i.e., for example, distillation or recrystallization. The purity of the monophenols is then > 99%,
preferably >99.8%, piEiaraNeys|pit b AABRF > 90959 7 ThHXYIRRH: &g 64" raRicr it A<l dso eeeor
preparing diaryl ca,;ﬁona.t s and polycarbonates with S(lectrochemicallo iaation of an aqueous solution of
the hydrogen 16 CHIBRISERTAIEA 11 REHEIMH BAGRISF carboh HE16 M ASUE SIS B %P the
synthesis of phpsge e simpler operation_compared to a catalytic oxidation B?%t e Deacon process
2 the higher DOGES koo g TR el B e B T e

electrolysiss The ayRRABHRAARAIADASABRTRISSBRGBORERAIERI FATPIRRtR Lh tog. 20

electrochemical oxidation of hydrochloric acid additionally offers, as a result of the production of a

concentrated hygfofhiRBG3@hRINAMID MRLHREM ] g chighibagithiiadiryrahiage acid

having a concentration of about 17% in step e), the opportunity of taking concentrated hydrochloric acid

from the circuit fo-athestigpsriydrd6l; 3equised- O possibie use of this concentrated hydrochloric acid is
in the food sector. For this purpose, the concentrated hydrochloric acid produced by the process can, for
example, be brought to a sufficiently high purity for the food industry by, for example, absorptive

after-purificatiorrigyes eaxagtiecdes earban Araduass sknomatofmibe ipisydesh D Hel preegssefel preparing
diaryl carbonates and polycarbonates can, if appropriate, be combined with other possible uses of the

hydrogen chloride obtained in the preparation of diaryl carbonate, e.g. use as starting material for the
preparation of ethyleagsisblesisialsd BY G ricdidBination evithanother (two or more thereof).

10 When alkali metal/alkaline earth metal catalyseswased, it can be advantageous to add the
alkali metal/alkaline earth metal catalysts at &erlapoint in time (e.g. after the
oligocarbonate synthesis in the polycondensationthe second stage). The alkali
metal/alkaline earth metal catalyst can be addmdexample, as solid or as a solution in

water, phenol, oligocarbonate or polycarbonate.

15 The concomitant use of alkali metal or alkalingleanetal catalysts does not contradict the

abovementioned purity requirement for the reactants

The reaction of the bisphenol and the diaryl caaterio form the polycarbonate in the
process can be carried out batchwise or preferabhtinuously, for example in stirred
vessels, thin film evaporators, falling film evapturs, cascades of stirred vessels,

20 extruders, kneaders, simple disc reactors and Viggtosity disc reactors.

The aromatic polycarbonates of the process shauld veight average molecular weights



The examples illustrate the process with the aid of the preparation of diphenyl carbonate 10 and
electrochemical oxidation of the resulting hydrogen chloride to chlorine for the synthesis of phosgene
which can again be used for the process for preparing diphenyl carbonate. The phenol obtained in the
preparation of polycarbonate is recirculated to the pregmration of diphenyl carbonate. BRIEF
DESCRIPTION OF THE DRAWINGS 15Fig. 1 shows an integrated process for the preparation of
polycarbonate Wthakisirauliotototee ROArdvjete EHltyritedbeaiSH0RRO e isame dRiy . MesisowRdaN
integrated process for the preparation of diaryl carbonate (diphenyl carbonate, DPC) and recirculation of
the hydrogen cHISritRegBearfddfion isgosityvFichlIsratdbanrithebrahesRlohd R dipsengiddmehate by
direct phosgenation of 20pheno] in the presence of heterogeneous catalysts. The following reference
numerals have Btfé Lgéﬁ% G _eon_ze_ré 9%?6?5%%%”&'55 nol listorage tank for phosgene

It is advantageous to purify the monophenols elatéd in and isolated from the
5 transesterification of the bisphenol and the diagtbonate to form the polycarbonate
before they are used in the diaryl carbonate sgigh&he crude monophenols isolated in
the transesterification process can, depending ransésterification conditions and
distillation conditions, be contaminated with, intdia, diaryl carbonates, the bisphenol,
salicylic acid, isopropenylphenol, phenyl phenoxybmate, xanthone, the hydroxylmono-
10 aryl carbonate. The purification can be effectedttly customary purification processes,
i.e., for example, distillation or recrystallizatioThe purity of the monophenols is then

> 99%, preferably > 99.8%, particularly preferat3#y99.95%.

The advantages of the integrated process for prepadiaryl carbonates and
polycarbonates with electrochemical oxidation of aqueous solution of the hydrogen
15 chloride obtained in the preparation of diaryl carlite to recover chlorine for the
synthesis of phosgene are the simpler operatiorpaced to a catalytic oxidation by the
Deacon process and the higher current yield withidance of the production of hydrogen

compared to a classical electrolysis.

The preparation of diaryl carbonates and polycaabes) in combination with the
20 electrochemical oxidation of hydrochloric acid ddmhally offers, as a result of the
production of a concentrated hydrochloric acid aeonihg about 30% of a hydrochloric
acid from a hydrochloric acid having a concentratiof about 17% in step e), the

opportunity of taking concentrated hydrochloricdaéiom the circuit for other uses if



lll, IVheat exchanger V, VllIreactor VI; IXdegas ser Vllcountercurrent apparatus X, Xl, Xlldistillation
column Xlllproduct vessel XIVpurification plant (HC1 absorption) - 38 - Examples The examples
illustrate the process by means of the electrochemical oxidation of the hydrogen chloride obtained in the
preparation of diphenyl carbonate to chlorine, the cons&rsion of the chlorine into phosgene which can be
used again in the process for

required. One possible use of this concentratedoayndbric acid is in the food sector. For

this purpose, the concentrated hydrochloric acidipced by the process can, for example,

be brought to a sufficiently high purity for theofb industry by, for example, absorptive

after-purification over an activated carbon bedsdasiown from the prior art.

5 The process for preparing diaryl carbonates angcpdbonates can, if appropriate, be
combined with other possible uses of the hydroddaride obtained in the preparation of
diaryl carbonate, e.g. use as starting materiatHerpreparation of ethylene dichloride in

PVC production.

The examples illustrate the process with the aithefpreparation of diphenyl carbonate
10 and electrochemical oxidation of the resulting loggm chloride to chlorine for the
synthesis of phosgene which can again be usedh&mptocess for preparing diphenyl
carbonate. The phenol obtained in the preparatigmolycarbonate is recirculated to the

preparation of diphenyl carbonate.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig. 1 shows an integrated process for the preparatiqgrolycarbonate with recirculation

of the hydrogen chloride obtained and the phenol.

Fig. 2 shows an integrated process for the preparationiadfyl carbonate (diphenyl

carbonate, DPC) and recirculation of the hydroddorae obtained.

Fig. 3 shows a process for the preparation of diphenyareate by direct phosgenation of

20 phenol in the presence of heterogeneous catalysts.

The following reference numerals have been uséiign3:



5 preparing diphenyl carbonate (DPC process) (Figure 2) with recirculation of the phenol formed in the
preparation of polycarbonate to the preparation of diphenyl carbonate (Figure 1). In a first stage 1 of the
preparation of diaryl carbonate (Figure 2), chlorine 11 is reacted with carbon monoxide 10 to form
phosgene 13. In the subsequent stage 2, phosgene 18710 from stage 1 is reacted with a monophenol 14
(e.g. phenol) to form a mixture 15 of diaryl carbonate (e.g. diphenyl carbonate, DPC) and hydrogen
chloride which is separatéd in stage 3Simdeaignki@boharel16, which is utilized, and HC1 gas 17, which is
subjected to a purification 4. The purified HC1 gas 18 is fed to an HC1 absorption 5. The concentrated
hydrochloric acid 26 whicH is obtainefi8'age @l der hasepfdnally after 15purification 5' of the
hydrochloric acid solution, fed to an ebectroch%mical oxidation 6. The electrolysis stage is an ODC
electrolysis using a gas dituYon elect’SBESXNARYE oxygen is used as reactant on the cathode side and
a rhodium sulphite cataly§} i@lﬂsed. Tpe CPOr}centration of the hydrochloric acid 27 fed to the electrolysis
cell 6 is from 14 to 15% by 'weight of H%?f, and that of the hydrochloric acid 28 flowing out from the 20
electrolysisccell 6 is from M_ tq 13% bﬁg\??{'gggrof HC1. The hydrochloric acid stream 28 is admixed with
concentrated hydrochloric acid 26 from the HC1 absorption stage 5 and fed back into the electrolysis cell
6. The oxygen consumedyjf stage 6 isgepkacasRyaysgadiom an external source 24. The oxygen 25
which is not consumed in the cathode space of the electrolysis cell is circulated - 39 -

X, XI, XII distillation column

Xl product vessel

XIV purification plant (HCI absorption)



and admixed with fresh oxygen from an external source 24. The about 2% strength by weight hydrochloric
acid stream 29 which is likewise obtained in the cathode space is fed to the HC1 absorption stage 5 and
there serves as absorption medium for gaseous hydrogen chloride. 5The gas mixture 30 obtained in this
way from the electrolysis stage 6 is dried by means eBsencentrated sulphuric acid 21(96% strength)
(stage 7). The chlorine gas 11 obtained from the purification stage 8 can be reused directly in the
phosgene syntla€igIBlEThe oxygen-containing stream 23 obtained in this step is used in stage 6
(electrolysis). 10The chlorine 30 prepared in stage 6 is cooled in a single-stage or multistage cooling by
means of a cooling appaiplk:s,ikugirats ak-andceiie heabexehaigeetactdltiedl Bxiagoh cantier
example, be effected by means of a suitable desiccant in an absorption column provided with mass
transfer elemerfigdAgeitatii®ddsictaainean ibethas pieperibiaehfapiediayh plarbo D1 ® 283 otire Afrether
molecular sieves or hygroscopic adsorbents, e.g. 15 sulphuric acid 21. Drying can be carried out in one
or more stagesCOWRIgIMH Efdaishednaetiouphesaenstaeishvhgn e ¢ragaiie itb the diieesssing brought
into contact with a sulphuric acid having a relatively low concentration, preferably from 70 to 80%,
particularly pre iR b AP By e ARCAEH (S ta R arse) SECSMP Eth e R RESTH RAItRFo RGOt s
removed from the ch(lfrjnef{% means of as%lph ric zggid having a higher 20 concentration of preferably

from 88 to 96%,0;53}% ufar rBE@P&Bﬁ'%-@ AONFRERGBHR Y A08s eQW 2 i?\alritﬁ% and has

a residual mois@glé?%]rl ent of preferably not more than 100 ppm, particularly preferably not more than 20
ppm, can be pass rough a droplet precipitator to remove any sulphuric acid droplets still present
therein. The dried chlorine gas stream 22 is subsequently subjected to a chlorine purification 25stage 8.

In a first stage 1 of the preparation of diarylbmarate (Figure 2), chlorine 11 is reacted
with carbon monoxide 10 to form phosgene 13. Inghbsequent stage 2, phosgene 13
10 from stage 1 is reacted with a monophenol 14 ghgnol) to form a mixture 15 of diaryl
carbonate (e.g. diphenyl carbonate, DPC) and hyurazhloride which is separated in
stage 3 into diaryl carbonate 16, which is utilizadd HCI gas 17, which is subjected to a
purification 4. The purified HCI gas 18 is fed to ldCl absorption 5.
The concentrated hydrochloric acid 26 which is ietd is discharged and, optionally after
15 purification 5’ of the hydrochloric acid solutiofed to an electrochemical oxidation 6. The
electrolysis stage is an ODC electrolysis usin@gs dgjffusion electrode, in which oxygen
is used as reactant on the cathode side and aurhaililphite catalyst is used.
The concentration of the hydrochloric acid 27 fedhe electrolysis cell 6 is from 14 to
15% by weight of HCI, and that of the hydrochloacid 28 flowing out from the
20 electrolysis cell 6 is from 11 to 13% by weightHb€l. The hydrochloric acid stream 28 is
admixed with concentrated hydrochloric acid 26 fritva HCI absorption stage 5 and fed
back into the electrolysis cell 6.
The oxygen consumed in stage 6 is replaced by oxyigen an external source 24. The

oxygen 25 which is not consumed in the cathodeespéthe electrolysis cell is circulated



- 40 - The very pure chlorine 11 is supplemented by chlorine from an external source 12 and fed back into
the preparation of phosgene (stage 1). Examples la-h Preparation of diphenyl carbonate by direct
phosgenation of phenol 5 1a) Diphenyl carbonate by phosgenation of phenol in the presence of y-A1203.
The apparatus used for carrying out the process and t#ee streams involved are shown schematically in
Figure 3. 41.12 parts by weight/h of phenol 1, fresh and/or recovered from the preparation of
polycarbonate @ndasknised WitEkestprxgyenrdeakan fyierzaheat vessel | and fed via heat 10
exchanger Il (60C) under atmospheric pressure from the top into a packed countercurrent column VIl
which is heated 6t dné/ SRR MIXIME @ith YsErr e dc AL FTOAT hBithpi D ks SR MRIABIE€olumn X
takes place. After léle offch)a stream 15 originating from the degassin aratus VI and IX has flowed
through VI, milUFECLSAHRAEEREG b oo derReRBBR a7 1S M SEWESLERa PR the

storage tank Il 21é8|3 g]afrts 15 bg w%iﬁ\tc/)heor{ phosgene 3 preheated by means of heat exchanger IV

(170C) are introduce to%rqu%? With 11 Y countercurrent into a reactor V which is filled with 150 parts by

volume of Zalupypiym ideand ishemied thﬂ,%%yTPSnPEP&!&HI%@d%QQe% tae;hal ey rﬂIaHh]% gactor,

which contains phenol, phenyl chloroformate, diphenyl carbonate and by-products in a‘ratio o

56.1/0.8/42.8/0 piz-cRssial atmshyidneans 0fdhe, dagagasy &iggto the offgas 6 (weight ratio of phenol,
phosgene,

The chlorine gas 11 obtained from the purificatstage 8 can be reused directly in the
phosgene synthesis 1. The oxygen-containing st@awbtained in this step is used in
stage 6 (electrolysis).
10 The chlorine 30 prepared in stage 6 is cooled gingle-stage or multistage cooling by
means of a cooling apparatus, e.g. a shell-andhabeexchanger, and dried.
Drying 7 can, for example, be effected by meana etiitable desiccant in an absorption
column provided with mass transfer elements. Aaslét desiccant can be, as described for
example in DE 10 235 476 A, either molecular sieeeshygroscopic adsorbents, e.g.
15 sulphuric acid 21. Drying can be carried out in @nanore stages. Drying is preferably
carried out in two stages, with the chlorine todoied being brought into contact with a
sulphuric acid having a relatively low concentrafiopreferably from 70 to 80%,
particularly preferably from 75 to 80%, in a firstage. In a second stage, the residual
moisture is removed from the chlorine by means cfufphuric acid having a higher
20 concentration of preferably from 88 to 96%, patticly preferably 92-96%. The chlorine
22 which has been dried in this way and has auasithoisture content of preferably not
more than 100 ppm, particularly preferably not miwan 20 ppm, can be passed through a
droplet precipitator to remove any sulphuric adiopdets still present therein.
The dried chlorine gas stream 22 is subsequentbjested to a chlorine purification

25 stage 8.



hydrogen chloride and carbon dioxide = 2.5/15.8/81.1/0.6) and bottoms 7 (weight ratio of phenol, phenyl
chloroformate, diphenyl carbonate and by-products = 55.8/0.9/43.0/0.3). The phenyl chloroformate
present in the bottoms 7 is converted into diphenyl carbonate by -41 - after-reaction with phenol present
(possibly after addition of additional phenol (1' or 143)at-180C in an after-reactor VI, likewise filled with
7-aluminium oxide (150 parts by volume). The product 8 (weight ratio of phenol, diphenyl carbonate and
by-products = 5518/4arg/0.63 chiaes bifiatsteplssnentedfiiehedinor & syteirabadbyomddrandffddgasser
IX into offgas 9 (phenol/hydrogen chloride) and bottoms 10 (weight ratio of phenol, diphenyl carbonate
and by-product8ack g Ahespeppratafbpi PAOSERN SRS Afirst distillation column X and separated at
about 80C/16 mbar (12 mm) into 57.7 parts by weight/h of phenol and bottoms 19 (weight ratio of phenol,
10 diphenyl carbraatd esdad-by-products = 0.3/99.1/0.6). Bottoms 19 are introduced into a second
distillation column XI in which phenol still present (0.14 part by weight) is removed at the top and is
returned to the upper part of the first column X. The product 22 (weight ratio of diphenyl
carbonate/by-pRydpatatos &ftdih &) yiasaeh afht i elibedt qrinosy aegn soa te o rer@othird distillation column XII at
170C/12mm into overhead product 21(2.3 15 parts by weight/h of diphenyl carbonate), which is
recirculated to the lower (high-boiling by-products).
Discharge &t th&3ipPhs : : ALENS 598C8 AHMaY, weight/h of product 20
(weight ratio of diphenyl carbonate, phenol =.99.8/0.2) filled in product container XlIl Offgas, streams 6
and 8 are combIEd TR GrEidRL LR b PG A8 LAV s s —
5.8/93.6/0.6) a%ﬁ&ﬁﬁﬁ%ﬂ’wg@?@eﬂm in the countercurrent apparatus VII. The offgas 15 exiting at the
top is freed from phenol by freezing-out in purification plant XIV.

41.12 parts by weight/h of phenol 1, fresh andfcovered from the preparation of
polycarbonate as described in Example 3) are thkem a heated vessel | and fed via heat
10 exchanger Il (60°C) under atmospheric pressuna fitee top into a packed countercurrent
column VII which is heated to 60°C and in which mxwith phenol 14 taken from the
top of the distillation column X takes place. Aftee offgas stream 15 originating from the
degassing apparatus VI and IX has flowed through Wiixture 11 (weight ratio of
phenol/phosgene about 97/3) is fed in at the botfenmm the storage tank Il 21.93 parts
15 by weight/h of phosgene 3 preheated by means of éeehanger IV (170°C) are
introduced together with 11 in countercurrent imtoreactor V which is filled with

150 parts by volume agfaluminium oxide and is heated to 170°C.

The product 5 exiting at the bottom of the reactohich contains phenol, phenyl
chloroformate, diphenyl carbonate and by-productsai ratio of 56.1/0.8/42.8/0.3 is
20 separated by means of the degasser VI into thea®fg(weight ratio of phenol, phosgene,
hydrogen chloride and carbon dioxide = 2.5/15.8/816) and bottoms 7 (weight ratio of
phenol, phenyl chloroformate, diphenyl carbonat layrproducts = 55.8/0.9/43.0/0.3).

The phenyl chloroformate present in the bottoms @onverted into diphenyl carbonate by



- 42 - 1b) Phos enation of ihenol in the esence of TiCl4 in a reactive distillation column 49.9 parts by
weight/h of molten phenol and 0.25 part by weight/h of TiC14 are metered from the top under atmospheric
pressure into a reactive distillation column thermostated to 160C and having 10 plates each occupying 18
parts by volume and at the same time 25.1 5 parts byaweight/h of phosgene heated to the same
temperature are introduced in countercurrent at the bottom. The product exiting at the bottom, which
contains phenyRfBloiedetiomawithneheiptcgbeatipnssidin aiddiift phtesiditioresy pprenb(erivitdion 69.5%,
selectivity 99.6%), is, after reaction of the phenyl chloroformate present with phenol to form diphenyl

carbonate in a 8Ort8HiEnte 38 AHSF "RIHREY Hhdikepina P degHhuBIRY Mte¢AR A4 haaskitBihs. The

offgas stream eﬁin t the top of the reactive distillation plant is combined with the offgas from the
degassing and 128 small amounts of phosgene and phenol by freezing-out. The phosgene

converson e BT ST TR ARG el U oo

stream by reaction excess ethanol and'corre orormate an onate

formed with-th @;&ﬁ ' j Cldina
reactive digilla(etti(a;‘f]eglc;Wrr%rE %ﬁ%ﬁr{)%%g@ﬁv%z%%%ﬁpo% moltek?’%t@e%agl{iﬁg %Qéggpggft 'quﬁvﬁé?gﬁﬁ%fsﬁ TiCl4

are metered  (phenol/hydrogen chloride) and bottoms 10 (weigtttor of phenol, diphenyl carbonate

and by-products = 55.2/44.5/0.3).
Bottoms 10 are fed into a first distillation coluXnand separated at about 80°C/16 mbar
(12 mm) into 57.7 parts by weight/h of phenol amdtdms 19 (weight ratio of phenol,

10 diphenyl carbonate and by-products = 0.3/99.1/0B&ttoms 19 are introduced into a
second distillation column Xl in which phenol stpiresent (0.14 part by weight) is
removed at the top and is returned to the uppdrgbahe first column X. The product 22
(weight ratio of diphenyl carbonate/by-products 8 6811.4) taken off at the bottom is
separated in a third distillation column Xl at 20012mm into overhead product 21 (2.3

15 parts by weight/h of diphenyl carbonate), whichresirculated to the lower part of the
second column Xl, and bottoms 23 (high-boiling igeucts). Discharge at the side from
the gas space of the 2nd column Xl gives 46.6 gaytsreight/h of product 20 (weight
ratio of diphenyl carbonate, phenol = 99.8/0.2¢dilin product container XIllI.
Offgas streams 6 and 9 are combined to form 15ghweatio of phenol, hydrogen chloride

20 and carbon dioxide = 5.8/93.6/0.6) and passed tjirogophenol in the countercurrent
apparatus VII. The offgas 15' exiting at the todreed from phenol by freezing-out in

purification plant XIV.



from the top under atmospheric pressure into a reactive distillation apparatus thermostated 20 to 150C
and having 20 plates each occupying 43 parts by volume and at the same time 62.7 parts by weight/h of
phosgene heated to the same temperature are introduced in countercurrent at the bottom. - 43 - The
product exiting at the bottom, which contains phenol; phenyl chloroformate, diphenyl carbonate and
by-products (weight ratio = 31 7/5 2/62 8/0.3) (phosgene conver5|on 83.5%, phenol conversion 64.8%,
selectivity 99.7%)) Bhest @ [ ienoenpimkifel seeicivie aistiatigaealtitphenol to form
diphenyl carbonate in a re5|dence reactor, |solated 5and separated by degassing into offgas and bottoms
(weight ratio of %Qn%?rﬁlﬁ}YeW?leﬁ%&{df@m Wﬁ%m&s&@@wg'at’tﬁnofDT&hﬁ BANGIRE8DI.8% pure

diphenyl carbo ate. The offgas stream eXIt at the top of the reactive disti Iatlon Iant is combined with
the oftgas from IRE' ARG G HEdeh A¥PRRR e Ly fF?frH%WEQS?Wé ko PRI RE85 5 001, 1)

Phosgenation o ol ip the pr e of AICI3 n & read tillation c I 399.0 part eight/h
of matton phendt g TS BAH o B R CA A PC P A A BT RITE A un&gwﬁrﬁoséﬁ%ﬁlv |
pressure Ingo a geaetits diRliAlRN aPRAELSHCHEARIRSY hd SOCrRRGRRNN AR plglR.cagNfocuPYIng

43 parts by volume and at the same tlm 15100.0 parts by weight/h of phosgene heated to the same
temperature are iHRMGREINat the bottom.

The product exiting at the bottom, which contaifemyl chloroformate and diphenyl
carbonate in a weight ratio of 3:97 (phenol coneer$9.5%, selectivity 99.6%), is, after
reaction of the phenyl chloroformate present witlenol to form diphenyl carbonate in a

10 residence reactor, isolated and separated by degast offgas and bottoms.

The offgas stream exiting at the top of the reactlistillation plant is combined with the
offgas from the degassing and freed of small anwahphosgene and phenol by freezing-

out.

The phosgene conversion was measured by determiheaxgpghosgene content in a gas
15 mouse installed in the offgas stream by reactich wxcess ethanol and correlation of the

ethyl chloroformate and diethyl carbonate formethwie amount of unreacted phosgene.

1c) Phosgenation of phenol in the presence of,liiCh reactive distillation column

187.3 parts by weight/h of molten phenol and 0.4& py weight/h of TiCJ are metered

from the top under atmospheric pressure into atikeadistillation apparatus thermostated
20 to 150°C and having 20 plates each occupying 48 g volume and at the same time

62.7 parts by weight/h of phosgene heated to tmees@mperature are introduced in

countercurrent at the bottom.



countercurrent at the bottom. The product exiting at the bottom, which contains phenol, phenyl
chloroformate, diphenyl carbonate and by-products (weight ratio = 60.7/3.5/34.8/0.6) (phosgene
conversion 71.6%, phenol conversion 35.4%, selectivity 99%), is, after reaction of the phenyl
chloroformate 20 present with phenol to form diphenycarbonate in a residence reactor, isolated and
separated by degassing into offgas and bottoms (weight ratio of phenol, diphenyl carbonate and
by-products = 5BN6/B0ELE8gxiting) at shenbaftentrawaielt sansiibgmolmbafybabieinsnaaie, ptiehenyy
freezing-out. Distillation at 172C/22 mbar gives 99.7% pure diphenyl carbonate le) Phos enation of ihenol
in the esence oF%@Mtﬁﬁ%‘BMO@&%&‘@A%'&ta@é@if.§h5%9-%b(@h%98f‘5lﬁ%@§ﬁé%&%o the

same temperature are introduced from the 5 bottom aver 3 hours under aimospheric pressure through a
gas fit into woRBRE CBNRVHIGH e BSTNRE S (el ERIEAGH b ARG S FEBC BHEX ch have

a volume of 10Q parts by volume charged with 141.0 parts by weight of molten phenol nd.O.ﬁ? rt by
et of 20 T RENRL SR CURSeRNNd Tard BB BN P IRISKRA FRACAN ooty Y

5 and separated by degassing into offgas and bot{@reght ratio of phenol, diphenyl

carbonate and by-products = 29.2/70.4/0.4).

Distillation gives 99.8% pure diphenyl carbonate.

The offgas stream exiting at the top of the reactistillation plant is combined with the
offgas from the degassing and freed of small ansahphosgene and phenol by freezing-

10 out.

1d) Phosgenation of phenol in the presence of AlCh reactive distillation column

399.0 parts by weight/h of molten phenol and 0.&dt py weight/h of AIC are metered

from the top under atmospheric pressure into atikeadistillation apparatus thermostated

to 150°C and having 20 plates each occupying 48 gr volume and at the same time
15 100.0 parts by weight/h of phosgene heated to #meestemperature are introduced in

countercurrent at the bottom.

The product exiting at the bottom, which contaihemwol, phenyl chloroformate, diphenyl
carbonate and by-products (weight ratio = 60.783.%/0.6) (phosgene conversion 71.6%,
phenol conversion 35.4%, selectivity 99%), is, rafeaction of the phenyl chloroformate
20 present with phenol to form diphenyl carbonate imeaidence reactor, isolated and
separated by degassing into offgas and bottomgliveatio of phenol, diphenyl carbonate

and by-products = 59.6/39.6/0.8).

The offgas is combined with the offgas stream leg¥he top of the reactive distillation



10 and diphenyl carbonate in a weight ratio of 2:98 (phenol conversion 83.4%, selectivity 98.3%) is, after
reaction of the phenyl chloroformate present with phenol to form diphenyl carbonate in a residence
reactor, isolated and separated by degassing into offgas and bottoms which are separated by distillation.
The offgas stream exiting at the top of the first bubble4aclumn is introduced through a gas 15 frit into the
2nd bubble column. The phenol conversion in the 2nd bubble column is 22.0% after 3 h. 10 Phos enation
of ihenol in the pledheedfrerdiaf finalbamisients Rimhasastdesdftb\cdagaitgowtthe direct phosgenation as
described in le) but using 0.71 part by weight of TiC14, the reaction mixture in the 1st bubble column
contains phenyI?chl roforma (Zé())d' henyl ¢ r§) te in g. weight ratio of 0.6:99.4 (phenol conversion
80.2%, selectiv fﬁ@?g%?’rﬁ%ﬁ FI%%%?&%% n% eDEWth?g%rt&%ﬁ'ﬁ}tﬁn is 12.3%. - 45 - 1q)
Phosgenation of phenol the presence of Ti(OC6H5)4 in a bubble column cascade After carrying out the
direct phosgenaygbAsRsHBAGIHIRNBYHIHEGEEhBaBE MENSISRIol FIOR 6HE)4uhe reaction mixture
in the 1st bubble column contains phenyl chloroformate and diphenyl carbonate in a weight ratio of

0.7:99.3 (phenol conversion
24.8 parts by weight/h of phosgene heated to theesamperature are introduced from the

5 bottom over 3 hours under atmospheric pressureghra gas frit into two bubble columns
which are connected in series and thermostate®@6CLand each have a volume of 100
parts by volume charged with 141.0 parts by wemhmolten phenol and 0.88 part by

weight/h of ZrCl.

The reaction mixture from the 1st bubble columnjclhcontains phenyl chloroformate
10 and diphenyl carbonate in a weight ratio of 2:98efol conversion 83.4%, selectivity
98.3%) is, after reaction of the phenyl chlorofotenpresent with phenol to form diphenyl
carbonate in a residence reactor, isolated andratepaby degassing into offgas and

bottoms which are separated by distillation.

The offgas stream exiting at the top of the fingblle column is introduced through a gas
15 frit into the 2nd bubble column. The phenol conigrsn the 2nd bubble column is 22.0%

after 3 h.

1f) Phosgenation of phenol in the presence ofliilCh bubble column cascade

After carrying out the direct phosgenation as dbscrin 1e) but using 0.71 part by weight
of TiCly, the reaction mixture in the 1st bubble columntams phenyl chloroformate and
20 diphenyl carbonate in a weight ratio of 0.6:99.Agipol conversion 80.2%, selectivity

99.5%). The phenol conversion in the 2nd bubblamal is 12.3%.



581.5%, selectivity 99.4%). The phenol conversion in the 2nd bubble column is 17.4%. 1h) Phos enation
of ihenol in the esence of TiC14 in the gas phase 25.0 parts by weight/h of molten phenol, 0.61 part by
weight/h of TiC14 and at the same time 12.5 parts by weight/h of phosgene heated to the same
temperature are metered from the top at atmospheric4wessure into a tube reactor apparatus which is
thermostated to 10 235C and packed W|th glass wool The product exiting at the bottom which contains
phenyl chlorofoit@ SIS ‘ TRy aeeaEEsion 87%,
phenol conver5|on 59. 8% selectlwty 99. 9%) is, after reactlon of the phenyl chloroformate present with

henol to f h | carbonat iden t ted b d t
Cfgas and botOE, THERURBRe EHUAL BTN s SHEPBLA S SR LIOH A1 el EofHonates by
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5 81.5%, selectivity 99.4%). The phenol conversiothi# 2nd bubble column is 17.4%.

1h) Phosgenation of phenol in the presence of,iilCthe gas phase

25.0 parts by weight/h of molten phenol, 0.61 fgrtweight/h of TiC} and at the same
time 12.5 parts by weight/h of phosgene heatetiédossame temperature are metered from
the top at atmospheric pressure into a tube reagiparatus which is thermostated to

10 235°C and packed with glass wool.

The product exiting at the bottom, which contaireemqyl chloroformate and diphenyl
carbonate in a weight ratio of 0.6:99.4 (phosgeoeversion 87%, phenol conversion
59.8%, selectivity 99.9%), is, after reaction o€ tphenyl chloroformate present with
phenol to form diphenyl carbonate in a residencacta, isolated and separated by

15 degassing into offgas and bottoms.

The hydrogen chloride obtained in the continuousparation of diaryl carbonates by
reaction of monophenols and phosgene in the presehcatalysts can, after removal of
the small amount of phosgene and monophenol imesyie.g. by freezing-out, be fed
without complicated purification, optionally aftereatment with activated carbon, to an

20 electrochemical oxidation.

Example 2

Recycling of hydrogen chloride from the preparation of diphenyl carbonate by



electrochemical oxidation by means of oxygen a) Electrochemical oxidation of the hydrogen chloride
using a gas diffusion electrode as oxygen-consuming cathode 5 A stream of 8.16 parts by weight/h of
purified hydrogen chloride from the preparation of diphenyl carbonate 1 is fed to an HC1 absorption. For
this purpose, a substream of the anolyte acid stream 28 which is depleted in hydrochloric acid coming
from the electrolysis is passed into the hydrochloric acid 26 from the HC1 absorption. 32.1 parts by
weight/h of the ergifeehanitca@ddpteredyrmepasafitiwyi@sacid and having an HC1 concentration of 10
12.2% by weight are fed to the HC1 absorption. This HC1 absorption unit produces a 30% strength by
weight hydrochfrielaeiieeeeimicah oxidaton i dhgityeragamealtiRiais e thspiitbgianslaeliody 88 and fed
back into the electrolysis cell. 2.96 parts by weight/h of the depleted anolyte acid 28 are discharged from
the anolyte aci 3 = gq‘igure). 15The electrolysis is carried out at a current density of 5
kA/m2 at 55C and a potential of 1.39 V. A palladium-stabilized titanium is used as anode and cathode
material. 10.1 parts by weight/h of chlorine are evolved at the ruthenium oxide-coated anode from

DENORA, @ermaaVeM%fﬁ%H%';%?@'weqamd& DRl 06 e S ERBIRIE 9 B AR WS AR B

membrane Nafion 324 from DUPONT. As cathode, use is made of an oxygen-consuming 20 cathode
from ETEK, whigBieiyiaisspradiing sedpidensHen QiRe pately shiOpyariés tedinanraxcessef 100%,
i.e. in an amount of 9.17 parts by weight/h, to the cathode half element. The oxygen is recycled to the
electrolysis; a pariggstiasatafh 28 thridhad eepried is tipdamtgeddiomiat éam ahéhaaeolysiysis. The
pressure in the anode half cell is higher than that in the cathode half cell. The differential pressure is 200
mbar. A 25conde psatedtigarthefl@ parsrioyanidightiioin thkiendortibre Sathquethdly eedight4i7of The
electrolysis unit comprises 615 electrolysis segments, with each element comprising an anode half shell
with anode, an 1BA-arehdd@eitheld stapletaddna Reghoeldartiglifame AN e x3g el rsieanigéerhede.

Example 3 5 Preparation of polycarbonate _ _ _
10 12.2% by weight are fed to the HCI absorption. TH{3l absorption unit produces a 30%

strength by weight hydrochloric acid 26 which istdoned with the remainder of the
depleted anolyte acid 28 and fed back into thetmllysis cell. 2.96 parts by weight/h of
the depleted anolyte acid 28 are discharged fraratiolyte acid circuit (not shown in the
figure).

15 The electrolysis is carried out at a current dgnsit5 kA/m? at 55°C and a potential of
1.39 V. A palladium-stabilized titanium is usedaa®de and cathode material. 10.1 parts
by weight/h of chlorine are evolved at the ruthemioxide-coated anode from DENORA,
Germany. Anode half shell and cathode half shedl separated by an ion-exchange
membrane Nafion 324 from DUPONT. As cathode, useasle of an oxygen-consuming

20 cathode from ETEK, which contains a rhodium sulpkstipported catalyst. Oxygen is fed
in an excess of 100%, i.e. in an amount of 9.17sphby weight/h, to the cathode half
element. The oxygen is recycled to the electrojyaipurge stream of 1% of the feed
amount is discharged downstream of the electrolyi$ie pressure in the anode half cell is
higher than that in the cathode half cell. The addhtial pressure is 200 mbar. A

25 condensate stream of 8.8 parts by weight/h is téien the cathode half cell.



From a reservoir, 8600 parts by weight/h of melt mixture comprising 4425 parts by weight/h of diphenyl
carbonate, prepared as described in |a) or 1b), and 4175 parts by weight/h of bisphenol A, with addition of
0.52 part by weight/h of the phenol adduct of tetraphenylphosphonium phenoxide containing 65.5% of
tetraphenylphosphonium 10 phenoxide/h dissolved in4.5 parts by weight/h of phenol/h, are pumped
through a heat exchanger, heated to 190C and conveyed through a residence column at 12 bar and
190C. The averHge etestielysisthing poBPHsRRIGE. Tlestodisignumsisinttuased elamedé mrmsptifingtion valve
into a separator which is under a pressure of 200 mbar. The melt flowing out is reheated to 189C in a

falling film 15 e@8pras DA Eh ! InEhAROHRJBP 390 $HBERIRITEBMR GRd fhGRitrds B!l AeH yisidence

time of 20 minutes, the melt is pumped into the next three, similarly constructed stages. The conditions in
the 2nd/3rd/4th°§i¥t%%%’%%si'ﬁﬁﬁﬂ4‘f£§%}§ar, 218/251/276C and 20/10/10 minutes. The oligomer formed
has a relative VE)%:OSiZng 1.09. All vapours are conveyed via pressure regulators into a column which is
under vacuum rged as 20condensates. The oligomer is then condensed further in an attached

basket reagtor T;r gol t@ﬁdof‘; Ig@ﬁ(ﬂ;a@e{esidence time of 45 minutes to give a higher molecular weight
product. The re atlg\]{/ze \%scositﬁs 1.195. The vapours are condensed. - 48 - from the melt stream which is

introduced into prgytherbasketeastyy. RAmXgHwdthHHL&5 Rachhweishifiahg S%pstieagshmaueous

phosphoric acid, stirred by means of a static mixer having a length-to-diameter ratio of 20 and
reintroduced intpdiggtmadn tgtiesiyeambonatedirteiratieashrestitnme) comb)eatbiempnospaasioncid is
homogeneously distributed 5in the total melt stream by means of a further static mixer. The melt which
has been treateseighhis ofdyisptiantblep suitjectedittontivé Proz2 gssycordjtivhintbefyrtikepbaditectredctor at
284C, 0.7 mbar and an average residence time of 130 minutes, discharged and pelletized. The vapours
are condensed ietieheayRnesphatiamd dbwhexeamaepeieiong 65.5% tetraphenylphosphonium

10 phenoxide/h dissolved in 4.5 parts by weight/h bémol/h, are pumped through a heat
exchanger, heated to 190°C and conveyed througbsidence column at 12 bar and

190°C. The average residence time is 50 minutes.

The melt is then introduced via a depressurizat@lme into a separator which is under a
pressure of 200 mbar. The melt flowing out is reébd@ato 189°C in a falling film
15 evaporator which is likewise under 200 mbar andectdd in a receiver. After a residence
time of 20 minutes, the melt is pumped into thetrtbree, similarly constructed stages.
The conditions in the 2nd/3rd/4th stages are 10807¢hbar, 218/251/276°C and 20/10/10
minutes. The oligomer formed has a relative viggosi 1.09. All vapours are conveyed
via pressure regulators into a column which is wundacuum and discharged as

20 condensates.

The oligomer is then condensed further in an agtddbasket reactor at 278°C and 3.0
mbar at a residence time of 45 minutes to giveghdri molecular weight product. The

relative viscosity is 1.195. The vapours are cosddn

A substream of 150 parts by weight/h of melt arnbhed off by means of a gear pump



10The polycarbonate obtained has the following properties: relative viscosity 1.201 / phenolic OH 255
[ppm] / DPC 71 [ppm] / BPA 6 [ppm] / phenol 56 [ppm]. The phenol which has been distilled off can be
recirculated to the preparation of diphenyl carbonate in step (b), as described in Examples la-h). - 49 -
CLAIMS 1.A process for preparing diaryl carbonate, c&8nprising: (a) preparing phosgene by reaction
of chlorine with carbon monoxide, (b) reacting the phosgene formed in step (a) with at least one
monophenol Sifrehe thregwmiicetiebmoabitysistth e ead daisr difer Miasietiebooatedmnues idyerldhloride,
(c) isolating and working-up of the diaryl carbonate formed in step (b), (d) isolating the hydrogen

chloride formecPRTsRYpWBIGhth ofed SPapalFRTpHh AR PERBRIFIET 815 R db BPARRIGYide Static

mixer having a length-to-diameter ratio of 20 aaohtroduced into the main melt stream.
Immediately after the streams combine, the phosplamid is homogeneously distributed

5 inthe total melt stream by means of a furtheicstatxer.

The melt which has been treated in this way ishirisubjected to the process conditions
in a further basket reactor at 284°C, 0.7 mbar andaverage residence time of 130

minutes, discharged and pelletized.
The vapours are condensed in the vacuum plant@andsdream thereof.

10 The polycarbonate obtained has the following prioger relative viscosity

1.201 / phenolic OH 255 [ppm] / DPC 71 [ppm] / BBAppm] / phenol 56 [ppm].

The phenol which has been distilled off can beroedated to the preparation of diphenyl

carbonate in step (b), as described in Exampldy.la-



10(f) electrochemically oxidizing at least part of the aqueous hydrogen chloride solution from (e) to
chlorine with formation of water by using a gas diffusion electrode as an oxygen-depolarized cathode, and
(g) recirculating at least part of the chlorine prepared in step (f) to the preparation of phosgene in step (a).
152.The process according to claim 1, wherein reactiag the phosgene with the at least one monophenol
includes reacting the phosgene with the at least one monophenol in the presence of the catalyst and an
organic solvent to form at least one diaryl carbonate apghgydrogen chloride. - 50 - step (b) includes
purifying the hydrogen chloride. 4. The process according to claim 3, wherein purifying the hydrogen
chloride includes purifying by freezing-out. 5. The process according to claim 1, further comprising

purifying the aqueoug sRlgHSE faphiBe Y eaal) caldiRard chighispress according to claim 5, wherein

purifying the aqueous solution of the hydrogen chloride takes place before electrochemical oxidation of
the solution in step (f). 7. The process according to claim 5, wherein purifying the aqueous solution of the

(a) preparing phosgene by reaction of chlorine witlbboarmonoxide,

(b) reacting the phosgene formed in step (a) withadtlene monophenol
5 in the presence of a catalyst to form at leastdiagyl carbonate and

hydrogen chloride,
(c) isolating and working-up of the diaryl carbonateried in step (b),
(d) isolating the hydrogen chloride formed in step (b),
(e) preparing an agueous solution of the hydrogen dpr

10 (f) electrochemically oxidizing at least part of theuagus hydrogen
chloride solution from (e) to chlorine with formari of water by using

a gas diffusion electrode as an oxygen-depolagatiode, and

(9) recirculating at least part of the chlorine prepame step (f) to the

preparation of phosgene in step (a).

15 2. The process according to claim 1, wherein read¢hegphosgene with the at least one
monophenol includes reacting the phosgene withatdeast one monophenol in the
presence of the catalyst and an organic solvefarto at least one diaryl carbonate

and hydrogen chloride.

3. The process according to claim 1, wherein isolatireghydrogen chloride formed in



10hydrogen chloride includes stripping the aqueous hydrogen chloride solution with steam and/or
treatment with activated carbon. 8. The process according to claim 5, wherein purifying the aqueous
solution of the hydrogen chloride includes removing iron compounds, silicon compounds and/or
aluminium compounds from the aqueous hydrogen clgoride solution by means of ion 15exchangers. 9.
The process according to claim 1, wherein isolating the hydrogen chloride formed as per step (d)
comprises reacting [Ftegdeniedydesansivihihefaydtruen chithiderocess according to claim 1, wherein
preparing the aqueous hydrogen chloride solution in step (e) includes absorbing the hydrogen chloride in

lution_200f hyd hloride. -51 - ncentration of from 15 to 20% ight. 12.
The procese achoraG AT GHUILN B SV aHARE SR e ALK ehiorc

)
solution in step (f) inlﬁuw?%e&l%?@g?%w_%mcal oxidation of the aqueous hydrogen chloride solution in an
ich the anode 5s '

electrolysis cell in w ace and the cathode space are separated by an ion-exchange
membrane. 13. The process according to claim 1, wherein electromechanical oxidation of the aqueous

hydrogen chlorigle SoﬂHg‘ﬁé@efs‘s@%é@qmﬁdt%sﬁ? erﬁtio%‘?ﬁl?s‘?”ci%'ﬁ%‘?ﬁ%ﬂrg‘g%ﬁ*e‘%i&&?&”?oﬁ%%ﬁge”

chloride solution’in an electrolysis ce hich the ahode Space ode Space are separated by
a diaphragm). of the hydrogen chloride.

6. The process according to claim 5, wherein purifyihg aqueous solution of the
hydrogen chloride takes place before electrochdnuxmlation of the solution in

step (f).

7. The process according to claim 5, wherein purifythg aqueous solution of the
10 hydrogen chloride includes stripping the agueoudrdgyen chloride solution with

steam and/or treatment with activated carbon.

8. The process according to claim 5, wherein purifythg aqueous solution of the
hydrogen chloride includes removing iron compourgiicon compounds and/or
aluminium compounds from the aqueous hydrogen idd@olution by means of ion

15 exchangers.

9. The process according to claim 1, wherein isolatirghydrogen chloride formed as

per step (d) comprises reacting phosgene by mddiggiefaction.

10. The process according to claim 1, wherein prepatiegaqueous hydrogen chloride
solution in step (e) includes absorbing the hydnogeloride in an agueous solution

20 of hydrogen chloride.

11. The process according to claim 1, wherein the agmeolution of hydrogen chloride



1014. The process according to claim 1, wherein the cathode contains rhodium sulphide. 15. The process
according to claim 1, further comprising adding metal ions from the group of the platinum metals to the
aqueous hydrogen chloride solution before the electrochemical oxidation in step (f). 16. The process
according to claim 1, wherein reacting the phosgene-iscludes reacting 15the phosgene with phenol to
form diphenyl carbonate in step (b). 17. The process according to claim 1, wherein reacting the phosgene
includes reacting thehdi/teaeboiiate mahi@midHerdf %o meitiy. oligocarbonate/polycarbonate and a
monophenol and using the resulting monophenol for reacting with phosgene to form diphenyl carbonate in

step (), 2018 The ygges? BScord 8,10 HReIo M B4 sl QRSP bt e

aqueous hydrogen chloride solution in step (f)udek electromechanical oxidation
of the aqueous hydrogen chloride solution in actedysis cell in which the anode

5 space and the cathode space are separated by-excimenge membrane.

13. The procesaiccording to claim 1, wherein electromechanicadatxon of the aqueous
hydrogen chloride solution in step (f) includescélemechanical oxidation of the
aqueous hydrogen chloride solution in an electislgsll in which the anode space

and the cathode space are separated by a diaphragm.
10 14. The procesgaccording to claim 1, wherein the cathode conteinslium sulphide.

15. The processaccording to claim 1, further comprising addingtah@ons from the
group of the platinum metals to the aqueous hydrar®oride solution before the

electrochemical oxidation in step (f).

16. The process according to claim 1, wherein readfiregphosgene includes reacting

15 the phosgene with phenol to form diphenyl carboimattep (b).

17. The process according to claim 1, wherein readiiegphosgene includes reacting
the diaryl carbonate with a bisphenol to form thigazarbonate/polycarbonate and a
monophenol and using the resulting monophenoldacting with phosgene to form

diphenyl carbonate in step (b).

20 18. The process according to claim 1, wherein theastlene diaryl carbonate formed is

diphenyl carbonate.



