PF 57578/ Kes As originally filed Process for preparing chlorine 5
Description The invention relates to a process for preparing chlorine by
catal ytic oxidation of hydrogen chloride. 10 In the process devel oped by
Deacon i n PIBB® 780¢est he catal ytic oxidation of hydrogen chloride, hydrogen
chloride is oxidized to chlorine by neans of oxygen in an exothermc

equi libri &ﬁﬁﬁﬁ-ﬂ@ The conversi on of hydrogen chloride into chlorine
enabl es chl ori*ne %roguction to be decoupled fromthe production of sodium
hydr oxi de by chloral kali electrolysis. Such decoupling is attractive since
15 the worgdcl@mgistepftingchlpihbne is growi ng nore quickly than the denmand for
sodi um hydr oxi de. 1In adgition, hydr ogen chloride is obtained in | arge
guantities as coproduct in, for exanple, phosgenation reactions, for
exanpl 8 i rhdsgagioanat e production. The hydrogen chloride fornmed in

i socyanate production is nostly used in the oxychlorination of ethylene to
1, 2-di chl oret hane, which is further processed 20 to vinyl chloride and
finally torHeVbveritiBn Ael@ted@d aB@8cakissfot peparivy pilodresisy tatalytio okidagprupf t he
reaction isLhg chlorine, hydrogen chloride, oxygen and water vapor
which is %@?ﬁ%@ﬁghbﬁﬂg oxi dation of hydrogen chloride, in which the
reaction gas leaving the oxidation 25 reactor is cooled to such an extent

t hat ter r 10 hi oni aut k0 thee f orm of
conce\r?/?r at%%ﬁy%ﬁ%ﬁ g??éggbaéyggOﬁ?%&?@ohcg%?tfg?'gg@%g%@ggh%%ﬁlghagﬁ dis
separ at ed hyAfogepsaride. hysseaanoileyide ianyidized de skineng By maane of C¥yREMI ng
reaction gaanvdioterMsehabiiuhl RREHEH. THe! domdbisionddfl hydRQyeweddrignidtgoar t - of

t he hydrogen chloride is dried,, the dried reaction rgas conpri sing, chlori ne,
oxygen 30 AINRyRIADGSH CRIRTING PERIUFEON. fnheedecoyried ednihe PEdLelionafl and t he
conpr essecgod][maydroﬁd@ag drfforai ol %pﬁﬂ%iﬁ.h&&hnmb Jwidoglj mwﬁgh@tﬁte dhhdeh |
conponent g, of the reacti.on as ich.cannot be condenged out ing at | east
part| %r eih‘? d’lﬂrgjt gemeiy theCh@Wedéﬁ PN oqrg aul %ns@'ﬁafj%m@”‘gﬁ?r t he
chl ori ne, soklendhydrdxidendn addipore $yecbger ahkbrida isgattaingX inuael giantiteguef i ed in a
chlorine r rat.or LQur 1 e |0 r.to leav nly a
smal | resicg’ﬁg%?I ﬁfhpg?'fggén&]@g ' ﬁ ﬁ%sﬂq%gg{gour} %g%%ﬂ?'lés’ QBQ%QQ\JﬁQIEHﬁi 'ﬁgﬂaﬁﬁ%d chl orine
B06/ 004 3P®rddBIcKSh.ditie/ hydrogen chioride formed in isocyanate production is mostly used

in the oxychlorination of ethylene to 1,2-dichlorethane, which is further processed

20 to vinyl chloride and finally to PVC.

EP-A 0 765 838 discloses a process for working up the reaction gas comprising
chlorine, hydrogen chloride, oxygen and water vapor which is formed in the
oxidation of hydrogen chloride, in which the reaction gas leaving the oxidation

25  reactor is cooled to such an extent that water of reaction and hydrogen chloride
condense out in the form of concentrated hydrochloric acid, the concentrated
hydrochloric acid is separated off from the reaction gas and is discharged, the
remaining reaction gas which has been freed of virtually all the water and part of
the hydrogen chloride is dried, the dried reaction gas comprising chlorine, oxygen

30 and hydrogen chloride is compressed to from 1 to 30 bar and the compressed
reaction gas is cooled and thus mostly liquefied, with components of the reaction
gas which cannot be condensed out being at least partly recirculated to the
oxidation reactor.

35 To separate off the chlorine, the dried and compressed reaction gas mixture is

liquefied in a chlotine recuperator configured as an expansion cooler to leave only
a small residual proportion of from about 10 to 20%. The main liquid chlorine
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PF 57578/ Kes -2- stream which has been separated off in the chlorine
recuperator is subsequently purified further in a distillation colum in
which the chlorine is freed of residual dissolved hydrogen chloride, oxygen
and i nert pgage®s/Kehe gas conprising essentially hydrogen chloride,

chlorine, oxygen and inert gases which is taken off 5 at the top of the
distillation colum is recircul ated -t the conpression stage. The gas
conmponents which are not condensed out in the chlorine recuperator

i ncl udi ng {r?&n éhdﬁ?sl b@énoge}aPétQ&]oﬁfln ‘ﬁ@ lérﬂ% reg‘llu?ergt%l:[ | é’ubse eeflwft' ed at a
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of f gas conpfffesi WgheruWr@Ml&ailonywlUg@m Mﬁlcbrthﬂe:hlqmygerﬁreadd)flrﬁﬁdtua!gases is

recycl ed HRsbbE %F@ehoehlé@dée @ﬁ arPcf"rlﬁerP a%Q@ ﬁ'ﬁ@ygéseq:o%ﬁsh separ at ed

off as a purge streamand is discharged rocess to pre ent
accurmul at PesENGRlly Mystipgean; @gon@h@htgrm Géﬁéélﬁncﬂﬂddf“i’f@léa%?e\uh'ﬁh ist tgkemeticon
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oxi dati on of t} de exc us |veI Iy n on is that very | ow
Conper at i APRBRTTe 8P AEBeife SMds® hecttaNeY GUaet GIETStHoam of st
of the chluorsanied Hydregedichloade, d»&ygen aedslrwutad;asgass sicyeadrmcmepmxldatmg t he
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i nert gases 1 ncl u carbon dioxi reci Ion o

oxygen- coﬁ‘pph@*gﬁ@fro@srh@meqce%t@ prevesh arqUONUAtONIO) Hpgidias. chl ori de oxi dati on
reactor, these would accunulate to inpermssibly high levels, 25 so that a
pur ge stream has to be separated off fromthis residual gas stream and

di schar gedherbydregan shlgade sussds thr ehe leapeisjrgactiong s frefiverin Paseagi r cul at ed

to the oxﬁy(ﬂagémrbhwndby&stgﬁe@ & lcBprodet HOWREE prodittisn Ritbesses r gam sti | |
conpri sesgwﬂgr ecj abl e armunts of chlorine, since the chlorine is only

i ncon‘b? et sﬁatsaﬁ@@ateo?rp Y}oRondensat i on Thus appreci abl e anounts of
chlorine are lost in the purge 30 stream is an object of the invention

(o bront R g B SR S PR BT,
from the chlorine-comprising product gas stream from the oxidation of hydrogen
chloride exciusively by condensation is that very low temperatures are required in

20  order to free the product gas stream of most of the chlorine. In addition, the
residual gas stream comprising the uncondensable gas constituents still
comprises considerable amounts of inert gases including carbon dioxide. In the
recirculation of the oxygen-comprising residual gas stream to the hydrogen
chloride oxidation reactor, these would accumulate tc impermissibly high levels,

25  so that a purge stream has to be separated off from this residual gas stream and
discharged from the process before the residual gas stream is recirculated to the
oxidation of hydrogen chloride. However, this purge stream still comprises
appreciabie amounts of chlorine, since the chiorine is only incompletely separated
off by condensation. Thus, appreciable amounts of chlorine are lost in the purge

30  stream.

It is an object of the invention to provide an improved process for preparing
chiorine from hydrogen chioride, and in particular to remedy the disadvantages of
the prior art.

35
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35 B06/0043PC PF 57578/ Kes -3- This object is achieved by a process for
preparing chlorine fromhydrogen chloride, which conprises the steps: a)
feeding of a streamal conprising hydrogen chloride and of a streama2 5
conpri Si NPFOXMIE/KdsNt 0 an oxi dati on zone and catal ytic oxidation of

hydrogen chloride to chlorine, giving a product gas stream a3 conpri sing
chlorine, water, oxygen, hydrogen chl®pride, carbon dioxide and inert gases;
10 b) cont acting of the product gas stream a3 with agueous hydrochloric acid

[ in ng act tus and partial se ti.on of ter and of
nydrogen” 12T PR T PSTEERL Pt oBliers. TareBioPAG L CRne AN | of ng
hydr ogen oblmhde.lwmch cirthunsendhe staper, oxygen, carbon di oxi de and possibly
inert gases, wth at |east 5% of the hydrogen chloride conprised in the
streama3 15 renmmining in the gas streamb; c¢) drying of the gas stream b)
to | eave &)gas feadirtapi @ stwbaroral @Owbmawdr@gelnychldrtdeearmlfofvmstseararaa conpri ses

hydrogen chi Or'c@ﬁyprlﬁmlqoéiygﬁm tﬂf&ygﬁn?m&ﬁfohogoned'aﬂﬁ' éaaﬁ;gg HRBELR! & 1 nert

gases; 20 d) partl a action o as streamc conpressi on and
cool i ng, givingvd @seatchbéa%tto phalptinea|giyng aqwzfucéaa%ﬁtrr@%ma@ cag)priging/ 1 i qui d

separation of tchprifér @aterd dxiidh, ahydRsgeht ERBIAE! c&@&prd@mw andSineft! ori ne,
oxygen, carbon di oxi de and possi bl'y inert gases and a liquid streame2

conprising hyd8§8h chloride, chlorine, oxygen and carbon dioxide and, if
approprlate recirculation of at |east part of the gas stream el to step

t he | d t t I f1 d
21+ eanfr 2B conepbiaing o abd Rideufiens steRG R Adlitus ot e carbon
di oxi de by di stpHadsatcbotact apparatad amd*npan‘mltslepmtlbn oifwatbearlftydfmygewge@hl oride
condensi ng at C“E?F%?'B {R‘ﬁt&%aﬁ%:}uream ggn{rggn%a pa}%m )@%r#éel nto the

colum, as a res ch a avi hg I"or nt of < 1%
by wei ght i s chioride, chlorine, water, oxygen, carbon dIOXIde and p053|bly mert gases,

with at least 5% of the hydrogen chloride comprised in the stream a3
15 remaining in the gas stream b;

c) drying of the gas stream b) to leave a gas stream ¢ which is substantially
free of water and comprises hydrogen chloride, chlorine, oxygen, carbon
dioxide and possibly inert gases;

20

d) partial liqguefaction of the gas stream ¢ by compression and cooling, giving

an at least partially liquefied stream d;

e) gas/liquid separation of the stream d into a gas stream el comprising
25 chlorine, oxygen, carbon dioxide and possibly inert gases and a liquid
stream e2 comprising hydrogen chloride, chlorine, oxygen and carbon
dioxide and, if appropriate, recirculation of at least part of the gas stream
el to siep a);

30 ) separation of the liquid stream e2 into a chlorine stream f1 and a stream f2
consisting essentially of hydrogen chloride, oxygen and carbon dioxide by
distillation in a column, with part of the hydrogen chloride condensing at
the top of the column and running back as runback into the column, as a
result of which a stream {2 having a chlorine content of < 1% by weight is

35 obtained.
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35 obtai ned. B06/0043PC PF 57578/ Kes -4- The feed gas streamal conprising
hydr ogen chl oride which is used in the process step a) is usually an

HCl - conpri sing streamwhich is obtained as off- streamin a process in which
hydrogen chloride is forned as coproduct. Said processes are, for exanple,
5 (1) iso@rasmarg/koducti on from phosgene and amines, (2) acid chloride
production, (3) polycarbonate production, (4) production of vinyl chloride
fromethylene dichloride, (5) chlorigfation of aromatics. 10 The

HCl - conpri sing feed gas streamal can conprise secondary constituents. It
usually c rises inpurities which can be either organi.c or inorganic in
nat ur e. g&%aﬁ% Q%%EV??Fé@ 8?@?”?%9?¥QrﬁﬁT }mﬁvarwgﬁ?ﬂﬁd§egﬂncﬁgorinated
hydr ocar benscess Bjeri apls hschllp car HGhsormivisirty  stesanh evhixthe Bestitainbd taaeofi-

HCI - conpri gl fe - [e e ording to the inventign conprise
aromati cs sﬁrh@rﬁ 'ésg é%%é?\é’? “ﬂi%\ %’f@'@"xgﬁ‘@ﬁ % lsatﬁﬁ%ég-eé, Ec-’paﬁ)?hﬁﬁ'a%?@s. Typi cal
chl or i nat étodepskesoarar fooexareepri se  phosgene, nonochl or obenzene,

di chl okobenzen 1) q%p%t%ﬁwdﬁ%”qﬁdﬁﬁg%syﬁﬂgIa”d (émir%rsi de and di chl or oet hane.

The hydrocar borns an ofi nat ed ons can be present in amobunts up
to 20% by vol uf®), acid diige Mrodystiers 30 000 ppm 20 preferably in anounts of

up to 10 000 p[e%j M chiBoRSAE LrSdtlcén,i N amounts of from 100 to 3000 ppm
| norgani ¢ secondary ‘constituents which can be present are, for exanple,

car bon monoxi déd) EERdsHeHelodvdehlotide fremy ethyiene didivarider i nert gases,

general ly i n anpurhiyrifhtidhsbrord&feby vol ume, preferably in amounts of up to
1% by volunme. 25 The HCl-conprising feed streamal is preferably

prepu Pfied by passage over a purification bed and adsorption of
hydr ocar bamg HCIa®@iprising feéd §8s bfigarh wni dahCdipeiBe sBeshdaef Bstitdentss Iti Nt r oduced
into the o>§liJ tion zone. J’rqie pyr.ifi cabi or beglr conpr i.r?es Suitapl e
adsor bent & %@e‘foé‘?%{ﬁ@ TRURYGE “HB?W% ?)c?glh%rs QRRIA UINUBRAAF &3 AR udat es
Organic impurities are, for example, hydrocarbons or chiorinated hydrocarbons.
Typical hydrocarbons which may be present in the HCl-comprising feed gas
15 streams used according to the invention comprise aromatics such as benzene,
toluene, xylenes and Cy-Cyz-aliphatics. Typical chlorinated hydrocarbons comprise
phosgene, monochlorobenzene, dichlorobenzene, carbon tetrachloride, vinyl
chloride and dichloroethane. The hydrocarbons and chlorinated hydrocarbons can
be present in amounts up to 20% by volume, in general up to 30 000 ppm,
20  preferably in amounts of up to 10 000 ppm and in particular in amounts of from
100 to 3000 ppm. Inorganic secondary constituents which can be present are, for
example, carbon monoxide, carbon dioxide, nitrogen and further inert gases,
generally in amounts of up to 10% by volume, preferably in amounts of up to 1%
by volume.
25
The HCl-comprising feed stream a1 is preferably prepurified by passage over a
purification bed and adsorption of hydrocarbons present in it on the purification
bed before it is introduced into the oxidation zone. The purification bed comprises
suitable adsorbents, preferably in the form of bodies such as spheres, extrudates
30  or pellets. Suitable materials which can be used as adsorbents are, for example,
activated carbon, aluminum oxide, titanium oxide, silicon dioxide, iron oxide,
zeolites and molecular sieves. Suitable materials can also comprise metal oxides
or metal halides, e.g. copper or ruthenium oxides or halides or mixtures thereof,
on a support comprising a refractory inorganic material such as aluminum oxide,
35 titanium oxide or silicon dioxide. Preferred adsorbents are aluminum oxide,
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30 or pellets. Suitable materials which can be used as adsorbents are, for
exanpl e, activated carbon, alum num oxide, titanium oxide, silicon dioxide,
iron oxide, zeolites and nolecul ar sieves. Suitable materials can al so
conpri se matalsygides or netal halides, e.g. copper or ruthenium oxides or
hal i des or m xtures thereof, on a support conprising a refractory inorganic
materi al such as al um num oxi de, 35 t4§tanium oxide or silicon dioxide.
Preferred adsorbents are al um num oxi de, B06/0043PC PF 57578/ Kes 5-
activated Cﬁl‘ on and cl mnerals. In the oxidation step a), the stream al
conpri si nGHRIPOHR O%ﬁf‘%%'?)ﬂ@"ri‘%ralﬁed together with a stream a2 conpri sing
oxygen i ntle tae axidation i kep 20NtheaBfedrs a10%bpASy CebiRIghi Gdride. isSfeln t he

catal ytic t&@r 8cess.tal sQ knom%sas t he Deacon pr.ocess, . hﬁéjro en chloride is

oxi di zed RPN BICHBaTR BFPERYGERYEF MO Fb KRR ZB8%ia b1 um

reacti on, oxized catghgicallyapor bei ng fornmed. Customary reaction tenperatures
are inSt he range from 150 to 500C, and customary reaction pressures are in
the range from1l to 10 25 bar. It is al so advantageous to use oxygen in
super st oi dhitteneataiytc aroesa glso knowrs as iwuBeadan preegsst bydregemphleridaaist wo- t o

f -fold - j W l.ecti Vi - b
toar ed, | Ouestre DIRER et F ofben R aRETer ik BEURMEY HARIBS 1V gn

pr essur es vaidvaiec@ndr hging femede Slistomery eiantiss Wwivipetaturee ard ortherandean t hose
enpl oyed ypy "IS@EJ@WE‘;%M cBSBRRHS Feaclﬂﬁﬁno;?r:ég&ﬁ@ EreC@thtFe}% Yé:ﬁ&% fQARrise, for

exanpl e, rutheni um oxi de, rutheni'umc ide or ot _ heni um conpounds
on si IPcoRddiEsxlt BelsoadyanizgaPexiPdise oxygainin SHPRIBOIGhirmetde amppRts it ism di oxi de

as suppor tususiutd aBk efdraé@iniid,SaCd- 18 BhERId@dcedsObf @%FJEM. SSincd¥oappl i cation
of rutheniumchloride to ort and subsequent dr |ng@or 20 dryi ng and

0. the supp \
cal ci nat i Sl§Cre8§8% Bt Ctt,'é’l'fya?rﬁstf’g’ed(ﬁ?feﬂu'? £#ePe econpigR!ty; ¥tYapE98eus R pl ace of a
r ut heni UMeRKTRO WalEtivedO AGhI (FEsLARPON ABcRbingly R rresigbhce b MhicH afe exanpl e

Lol tanl o e Ay R BsPEE P S i 1 1) oxi de. 25 Al 50
sui t albe are catal ysts which conprise, on a support, fromO0.001 to 30% by
Suitable catalysts comprise, for example, ruthenium oxide, ruthenium chloride or
other ruthenium compounds on silicon dioxide, aluminum oxide, titanium dioxide
or zirconium dioxide as support. Suitable catalysts can be obtained, for example,
by application of ruthenium chloride to the support and subsequent drying or
20 drying and calcination. Suitable catalysts can further, in addition to or in place of a
ruthenium compound, comprise compounds of other noble metals, for example
gold, palladium, platinum, osmium, iridium, silver, copper or rhenium. Suitable
catalysts can further comprise chromium(ill) oxide.

25  Also suitable are catalysts which comprise, on a support, from 0.001 to 30% by
weight of gold, from 0 to 3% by weight of one or more alkaline earth metals, from
0 to 3% by weight of one or more alkali metals, from 0 to 10% by weight of one or
more rare earth metals and from 0O to 10% by weight of one or more further metals
selected from the group consisting of ruthenium, paliadium, platinum, osmium,

30 iridium, silver, copper and rhenium, in each case based on the total weight of the
catalyst.

Such gold-comprising supported catalysts have a higher activity in the oxidation of
hydrogen chloride than the ruthenium-comprising catalysts of the prior art,
35  especially at temperatures of < 250°C.
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wei ght of gold, fromO to 3% by weight of one or nore al kaline earth netals,
from O to 3% by weight of one or nore alkali netals, fromO to 10% by

wei ght of one or nore rare earth nmetals and fromO to 10% by wei ght of one
or nore fyprywrymekals selected fromthe group consisting of ruthenium

pal l adium platinum osmum 30 iridium silver, copper and rhenium in each
case based on the total weight of theg_catalyst. Such gol d-conpri sing
supported catal ysts have a higher activity in the oxidation of hydrogen
chloride t t he rutheni um conpri si talysts of the prior art, 35
especi al | yﬁlﬁ?on?aé'}?ﬂgﬁgfoﬂr aRpagatl Szﬂb@h%@o%?eoﬁ%‘éﬁﬁ% PRidgyey off kydragen’ st omary
reacti on ahlpsadatissasied muntsre lilxéd!}e?@&ta dluidized-tdi @ation) Tfe bydutdaest chl oride
is carrie u bed .reactors. The oxidation of
hydr ogen %Mﬁ%bl 8ﬁ|8a¢1é(§% %rfé%&étd?apur I'%Pﬁ?tagﬁ‘sty of stages. 5 The

catal ytic oxidation of hydrogen chlori de can be carried out adiabatically or

Pref er abl YneSoldRid Bk uoﬂ%fﬁ%?ﬁ&brﬁnﬁ LR0bOgh h'é(té?%}b%ﬁé%l "

preferably “contfnuously, as-a ed or roc is
pr ef er abl prefaiablveigothermally o appipximately - lb@tbemailm @atcaw'sa @remmrabbrre of from
320 to 40%&@%@{{3 §§ﬁuaee@"bed %rﬁxéaatsed argcés@ hmepﬂe%%tmgﬁbg%t in

approxi mately i1sothernal node of operation, 0SSl
plurality aoﬂ“"i“é%’c’t)‘%ﬁ ecactor @t arteperatyrg Oié'onqo%q o 4K1°G amdoarpze%reeo
particul arlypapreferably from2 to 5, in particular from2 to 3 reactors,
connected in series with additional internmediate cooling. Either the oxygen
can al't be added together with 15 the hydrogen chloride before the first
reactor ofn iﬁe?lsc;ﬂdéﬁniail gﬂamaxlmeteay |§bthbtbhﬁl®f€bd@\(ﬂbpeﬁah@1 v h&usar?gﬁm@é ors. This
arrangenent o i ndi vi eactors i ies. c co ned in one
appar at us.\ effTHHB Vﬁgﬁ?aci%ﬁ’drei bom g%‘? ﬁéx @f&%? &dp 0GR e ed i n which
t he cat al )pﬂ;éferaw famthvtntEy in partiedsesorn 12 tblterebkiave, donesdtedin seniet dthf | xed- bed

reactor. RORNIHERLILR Bhind RneAhedaberPet A7l MEuaE apHR i o FTerent

e a

i mpr egnat fth orts I'on or
di f f edént the hydrogen dfloridedetere die/tirst eactor anits adslitonrman el digtributed overert

Bt eri al S ind LargtsROSAR! Phit Artiigomdlor FRARMIR:Preak oI scfidh bAHIgHs par spher es

combined in one apparatus.

One embodiment comprises using a structured catalyst bed in which the catalyst

20 activity increases in the flow direction in the fixed-bed reactor. Such structuring of
the catalyst bed can be achieved by different impregnation of the catalyst supports
with active composition or by different dilution of the catalyst with an inert material.
As inert materials, it is possible to use, for example, rings, cylinders or spheres of
titanium dioxide, zirconium dioxide or mixtures thereof, aluminum oxide, steatite,

25  ceramic, glass, graphite or stainless steel. In the case of the preferred use of
shaped catalyst bodies, the inert material should preferably have similar external
dimensions.

Any shapes are suitable as shaped catalyst bodies, preference is given to pellets,
30 rings, cylinders, stars, spoked wheels or spheres, particularly preferably rings,
cylinders or star extrudates.

Suitable heterogeneous catalysts are, in particular, ruthenium compounds or
copper compounds on support materials, and these can also be doped, with
35 preference being given to doped or undoped ruthenium catalysts. Suitable support
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titani um di oxi de, zirconium dioxide or m xtures thereof, alum num oxide,
steatite, 25 ceramc, glass, graphite or stainless steel. In the case of the
preferred use of shaped catalyst bodies, the inert material should

pr ef er abl ypihewvegaidy | ar external di nensions. Any shapes are suitable as
shaped catal yst bodies; preference is given to pellets, 30 rings,

cylinders, stars, spoked wheels or spheres, particularly preferably rings,
cylinders or star extrudates. Suitable heterogeneous catalysts are, in

particul ar, _rutheni um conpounds or . cqpper conmpounds on support material s,
and t hese "P&"AF &6 Hgr §EHORE: Wﬁ?cﬁ] d'%ggr%@@?'?ﬂn@' W\"r%o’bqsev VIR% foped or
undoped r uttienr amaizat atrycttre, zifwntuabdiexige pRomhnunBOed DOBRGIrPEtHeféof 8/ Kes - 7-
material s f.0F i.Licon dioxide, .graphite, titanjum di oxide
havi ng the‘ﬁ éTr%trﬂbll t@a@?%ﬁﬁ%ﬁ%es?rgrﬁ%pw i %PP’ @Fﬂ%%@?!’%iﬁs Lﬂe&?ﬁ num oxi de
or m xt ur gsrtiduary eieferablyefasmrad] or alphasatimimuoi @ddeds, miziurescthensof. di oxi de,

al um nym oxi de or mxtures thereof, particularly preferably gamma- or

al pha-al umi num oxi de or m xtures thereof. 5 The supported copper or
rut heni um d: s4npsrted cappert @ rudeamm eatalystsotaraifereeiapyple.i bpppkigimetimg t he

support mag@rdgabting e s@ﬁ?‘%’fh‘}?te‘?@ Wik Qalfefo% s%ilu%r?s SCdRUEPR@ND and fir

appropriate, a promoter oping, preferably in the formof their
chl ori des.2PPEIpEigten R Brorppter doft dPRiRg. ergferakly darthe fame Al et ghlasidepr ef er abl y

bef ore i mutRemtdfafe caBiyef cdrise satRB@blit SFetr &F bdferably WERSrEipghh@ e for
dopi ngﬂoar eq; | kal i l[trer}]és%l s such as lithium sodium “potassium rubidium and
"}

cesi um’ pr HAPY #iakm sodi um and potassium particularly preferably
pot assium al kaline earth nmetals such as magnesi um 15 cal cium strontium

and bari ref erabl nesi.um and cal.ci articul arl r ef er abl
nmagnesi IulrJanrPEP er%aﬂ'tﬁglﬁen?(gl gé'ﬁ%harfs aﬁ‘@ nh\%@lﬁ pwblr F‘%nﬁﬁ'f’éhtgpiﬁﬂ?n cgri um
pr aseody mpotassiugn, nedddjurh uand pesitier, givkferabdarnithium sptium anyd patasdhanum and

[ i f [ ' . th f.
20 he. sumsbiEIE: ks el bR ST EEE SR 85 MRSMNGR, aTina ¢
appr oppi ata@laban cstrentiuex andebpeymt prefsrably Magnesiuo0and BEO.C), partidwarbbl y from
100 L0 o RGferdfy SRR, HREBErA UL QGER as ABRIAT yiim ALARSRIR o 1L 15

pr ef er abl _ . _
cerium, praseodymium and neodymium, preferably scandium, yttrium, lanthanum

and cerium, particularly preferably lanthanum and cerium, or mixtures thereof.

20  The support material can, after impregnation and doping, be dried and if
appropriate calcined at temperatures of from 100 to 500°C, preferably from 100 to
400°C, for example under a nitrogen, argon or air atmosphere. It is preferably
firstly dried at from 100 to 200°C and subsequently calcined at from 200 to 400°C.

25  The volume ratio of hydrogen chloride to oxygen at the reactor inlet is generally
from 1:1 to 20:1, preferably from 2:1 to 8:1, particularly preferably from 2:1 to 5:1.

in a step b}, the product gas stream a3 is brought into contact with aqueous
hydrochloric acid | in a phase contact apparatus and water and hydrogen chloride
30  are partly separated off from the stream a3, leaving a gas stream b comprising
hydrogen chloride, chlorine, water, oxygen, carbon dioxide and possibly inert
gases. In this step, which can also be referred to as quenching and absorption
step, the product gas stream a3 is cooled and water and hydrogen chloride are
partly separated off from the product gas stream a3 as aqueous hydrochloric acid.
35 The hot product gas stream a3 is cooled by bringing it into contact with diiute
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firstly dried at from 100 to 200C and subsequently calcined at from 200 to
400C. 25 The volune ratio of hydrogen chloride to oxygen at the reactor
inlet is generally from1l:1 to 20:1, preferably from2:1 to 8:1,

particul arpyspsgiesably from2:1 to 5:1. In a step b), the product gas
stream a3 is brought into contact with aqueous hydrochloric acid 1l in a
phase contact apparatus and water andghydrogen chloride 30 are partly
separated off fromthe stream a3, |eaving a gas streamb conpri sing

hydr ogen chl ori ne, water, 0x car bon di oxi de and ssibly

i nert gas'éygroqh?PrFrﬁcé‘J gf’%Buem'r@nmég'H”g%s%S'Ei?bfeelf’ré?stee‘d’“fﬂ?t é§p%fag-\*~‘rchi ng and
absor pt i onfor emppletanmoae@dutray g@mma;amrﬁb@BbeﬁOr@gﬁr@sM@m Wi partand hydrogen
chl ori de ak, tream a3 as aqueous

ted of f f
hydr ochl o1 % ha\’@ el"%g%f'ﬁgrb%c@ #85)38{'83]%%q§?$b% 'Q%d'g Eﬁ%l%'an $ringing it
i nto cont awtd absohptodnl roedum BO By QOIRE &id BRERSE Kelssat&ratduiy\dlltmnydrogerc acid | as

hi | |
packed or ‘%Wﬁ*g‘j%&ﬁﬁeﬂﬂ R 5 6B B B ol e TP €

hydr ogen c&f dEO(EﬁéBr‘FQn@lb@f@rtb‘etbe|qnem¢’i@gqmwﬂ01f@lamﬂemm ar’Emalequtmhchl ng and
absor pti onsgmpdi %%Ho@eﬁ%ﬁfoﬁ&@llsoﬁbtcs + é!"g:'ffcébn‘l et tidtR i @@&ﬁﬁ%ég hydr ogen

5 chl oride. However, dr ogen e concentration ydrochl oric
acid | andreaRe aarfaiéerw%namlvd@uéh@fgaﬁr@re@ueﬁclﬁawgg dhel rilBseroentash step b)

are sel ectgharfs. tmtpreyafcaqmy&rfab@ﬁ 'cﬂl@ndjéln“tﬂb gﬁgmaﬁne&h@é fmgcrizat etely from
t he prod stream remai ns part gas_streamb | eaving

uct
the phidse 3 %P@S?S AT ?%e”morﬂf%@%m@ﬁorbét?ﬂ/a} ﬁ@?séﬁ?f%ﬂPE@aM t he gas
stream b hf@@nlmﬁ%niﬁreﬂe@am@%ﬁi ﬂg&sso% érfmepéi‘hlé’lﬁﬁ BlergdN @bhnes € stillation

and. par 11 s SRR BB R)O PuaRsEg M o %F(%ﬁgg% SREmeRRat i de

conpri sed tha gnbetrparndbuct gas stream a3 remal ns in the gas streamb. 15 The

hydrochloric acid | preferably has a hydrogen chloride concentration of from
27 to 35% by wei ght. The tenperature of the hydrochloric acid I in the phase
cont aclt> appar bydrschigricuaaicl p;eféreblml”(asta)h%mm tpiﬂ@‘fderca:hnlcyntfa’tbmcs@rmo 100C, and

the pressyy g, ol he JahgReTRD féfﬁﬁéro B el Ayd AN 116 R Bnd © 20 bar

preferably om 1 stream a3 can be c
exanpl e i nccmtaréappa@m@@mﬂgﬁem (hief ecanref@rﬁbéf%omﬁ@ t@ﬁa@"@ @ofthet

appar at Us. pressure in the phase contact apparatus is usually from 0.5 to 20 bar, preferably
from 1 to 10 bar. The offgas stream a3 can be cooled, for example in a heat
20 exchanger, before it enters the phase contact apparatus.

In a preferred embodiment of the process of the invention, the phase contact
apparatus has two stages, with the first stage being a pipe quench apparatus and
the second stage being a falling film heat exchanger. This design of the phase

25 contact apparatus as a pipe quench has the advantage that no expensive
corrosion-resistant material such as tantalum has to be used, since the parts of
the quenching apparatus which come into contact with the product come into
contact only with cooled hydrochloric acid. It is therefore possible to use
inexpensive materials such as graphite.

30
In a specific embodiment of the process of the invention, the phase contact
apparatus has the following configuration: the first of two stages is designed as a
pipe quench. This comprises vertical tubes, known as the pipes, into which the
circulating liquid, in the present case the aqueous hydrochloric acid |, which is

35 present between the tubes, is carried by the gas into the tubes. The cooling
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In a preferred enbodi nrent of the process of the invention, the phase contact
apparatus has two stages, with the first stage being a pipe quench apparatus
and the second stage being a falling fil mheat exchanger. This design of

t he phase PS5 750RKast apparatus as a pi pe quench has the advantage that no
expensive corrosion-resistant material such as tantalum has to be used,
since the parts of the quenching apparatus which cone into contact with the
product come into contact only with cool ed hydrochl oric aci d It is

th f i i 30 |
speci 11 SHETRRL RS Rk IETRE I ARBOS 10 i (ST o BedhBER! e act
appar at us duasching:tubes.| Dwi Imgh twhéleges and the: Iangheex{::hamge arka ﬂ)ﬂWEﬁl’l&gﬁS is

desi gned aa%d%quﬂ'r@%ﬁ”ﬁ@%ﬁr %@atrfer?ggﬁarmazgﬁra\asfé'ca?duaqu%au.dkal?ﬂvqghaS t he

pi pes, into circ I qui case e aqueous
hydr ochl orfevede cgcyrrenhiiherpecand sloypatsesim S@é@\ﬁe@fﬁ”tﬂﬁle‘"mdlﬁfééeth§n@%fr ried by

the gas i Q\?r@cr{ Becdnﬂé@réd akhe sﬁ&péh@ﬁnbe %(Bﬁér(éﬂﬂ:?’R@a%rﬁ@a‘ss?ghd(%cu‘lﬁmgc' rcul ating
liquid is broken |nt ets in ltldéllono etopsofthe

quenchi ng “HH'SG,(QVC“" Onig @‘hg)t"ﬂ?ﬁﬁf‘\éeﬂ@@ "éﬁﬁc%r??é‘t F"é‘? @th%eﬁg@hﬁrs@ﬁ bet ween gas
and |iqui dintasts tpphratiseisy pﬁﬁ@dbﬁeaéolédlcbyﬁmné rANFERE.. The rtcydhﬁelnng l'iquid

d Th t I fil
hoat " oxchaRBERe SN0t Shes gAF  HiRACH tasan Ehat Tl babso U alls. React | on
gﬁs and cirt]empémtur@gf tHeifqluhgiﬂ(rdnyielatcmdahmgec Asid) vassl cow?feymghlurarﬂocua rgnt
t hrou t a refera ol e
meansqgf \ﬁg"‘ %Bg%h 38/‘66}5[ gghthea?]cﬁ@h gFthggﬁg%t T'h{aH@ugagr W%gcnfb can %e
control | edhdyiretiemyy apparbtes (fiestpstage)uae cotulating fiquid.i g afiilition, hiret
exohanger acfeSibaXERBEL dd 1 dbibidddioh Ana"dekladan ARRBIAE Bl ocat ed at

the bottom isr e pi pe quench
appar at us digtillation l%f%ﬂd@)th%@p@ﬂrl@mﬂhatl ng liquid. In addition, the aqueous
hydrochloric acid Il obtained in the subsequent hydrochloric acid
distillation is fed to the pipe quench. 15 In a preferred enbodi ment of the
procedd ofln Eherefaipsnemeerimantsecthe dtiogass | & dheinventigna ak seiion Jilled 8%t ed bet ween

the pipe Qaekiad indettdtepdtabbn ik ﬁﬁlbé @u@w arﬁmaaalq@g film RédtexBRSigerS
suffici enLI’hrlrs] ()9(II1$QJ es El%éérﬁurh&rnbypg Igrﬂi gurl%rg stéaJ ug %gldssrhld%d%(\?v\hman%nlgwl ow
load operation, since mixing is then no longer sufficient in the pipe quench owing
to the reduced turbulence.
20
Before the circulating hydrochloric acid is reintroduced into the pipe quench, it can
be cooled in an additional heat exchanger installed upstream of the pipe quench.
The reduction in temperature of the hydrochloric acid fed to the pipe quench
allows, at the same temperature of the hydrochloric acid leaving the pipe quench,
25 the circulating amount to be reduced. If, in contrast, the additional heat exchanger
were to be omitted and instead the outflow temperature of the hydrochloric acid in
the falling film heat exchanger were to be reduced too much, an excessively high
solubility of hydrogen chioride in the agueous hydrochloric acid could result. In a
preferred embodiment of the process of the invention, this additional heat
30 exchanger is configured as a plate heat exchanger.

In general, the phase contact apparatus is operated using circulating hydrochloric
acid |. In a preferred embodiment, at least part of the agueous hydrochloric acid
circulating in the phase contact apparatus, for example from 1 to 20%, is taken off
35 from the phase contact apparatus and subsequently distilled to give gaseous
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| oad operation, since mxing is then no |onger sufficient in the pipe quench
owng to the reduced turbulence. 20 Before the circul ating hydrochloric
acid is reintroduced into the pipe quench, it can be cooled in an

addi t i onalpfhemtigsaxghanger installed upstream of the pipe quench. The
reduction in tenperature of the hydrochloric acid fed to the pipe quench
allows, at the sane tenperature of t.he-hydrochloric acid |eaving the pipe
guench, 25 the circulating amount to be reduced. If, in contrast, the

addi ti onal hanger re t e om.tted and instead the outflow
Fenper at atMOEEep FBAGHT ap S5 BydechBht hed pEhion % b drdeeedhchanger
were to bédydgac etictide withcthe hydroger eblsrige bgingiregdirculatddutbistér §) afd &ty dr ogen
chl oride i u i i - - LN ferred
cbodi ment=5} Peat Pl S lbels HpicRhclie BRI SH S Fitieler, b8 eBsE' 3o
exchanger P8tagb#inagived as a pl ate heat exchanger. In general, the phase

contack apparatus is operated using circulating hydrochloric acid |l. In a
preferred_enbodi nent, at |east part of the aqueous hydrochloric acid

ci rcul ati Agei Wderdlgps-ack dighialer capier cartied opbin @phwgite of sEee: k& 20% is

taken of f eXBmble0@ grE&suRh BREIEER R GhicRM)aroeH ThRRde SHBSEBREER ke @pstilled to
gi ve gaseo? 6/ oog%ﬁc PF 57578/ Kgig'%llrgé@g%dr_ogen chl ori de and an aqueous

BO IA . \
hydr ochl o ih%(?P‘H'T]”I cemstanidosinan PHC aRifdh@yihadhdmaede, with the
hydr ogen chloditie denteei indhe ehige &l fat @nipde, SI5EIR% by iy s obtginsd apiet of the
aqueoifj h%%lggchlé)r o Cacrl.c(Ij I It Pet:nﬂ1 rsci rcuiﬁlt ed tto tErenﬁ ase contact
appar at us 2CHOPhEh 98 GEIRD PHEEE | e PRYGT | oifaks st e PEESYEt in a
pl ural i t y diftillsttoagesumfds subxequenty sabjpctedstora vdosdm | distilation imwithch hydr ogen
chl oride i i e : t -bai ling, dilute
hydr ochl or“?aéaﬁ%?gﬁ%ﬁtgthgqﬁgfgg%&gﬁlQgér}i"gﬁemc%@gﬁ% ?'lanaaﬁlrt%éjﬁf h'@fe of , for
exanpl e, TengeErtatsd wengthnt-tialingbhydraehione ackte hegingost bydrogen behlariger i ed out
first. Th f tyesdw, f pr. | St t colum is
subse uen? pré@h%ﬁ]eﬁ e%xaﬁli Z\(acuﬁrgﬁwgﬁﬂfllgtols%dﬁaweztﬁbh&mgt%f(r)mies obt ai ned
at thédst o;?o_f\;‘r'_"t- e y@reahieds 3¢id Phiainedin Bsl RirgsuEMdisHialien anwihghiaguu®oncent r at ed
const ant - kjtliAte dandk @61 B4dedeaefcUlR¥d Partig oh WitOa et AR H8chioric

acid 11) to the phase contact apparatus and be combined with the circulating liquid.

In a further preferred embodiment, the aqueous hydrochloric acid | taken off from

20 the phase contact apparatus is stripped to make it essentially chlorine-free before
the hydrochloric acid distillation is carried out. At least part of the oxygen-
comprising stream a2 which is fed to the oxidation zone, which can be fresh
oxygen-comprising gas or circulating gas (gas stream e2), is preferably used for
this purpose. Stripping can be carried out in a conventional stripping column. The

25  chlorine content of the hydrochloric acid | can be reduced to < 100 ppm,
preferably < 10 ppm, in this way.

Part of the stripped, essentially chlorine-free hydrochloric acid | can be separated
off before the hydrochloric acid distillation is carried out and be combined with part

30  of the aqueous hydrochloric acid Il obtained in the hydrochloric acid distillation, for
example the azeotropic acid from the pressure distillation. In this way, it is
possible to produce a chlorine-free, in-specification hydrochloric acid of a
particular concentration.

35  The stripping of the hydrochloric acid | to free it of chlorine has the additional
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content of, for exanple, 20-28% by weight is obtained at the bottom of the
15 colum. The hydrochloric acid obtained in the pressure distillation and
the vacuum distillation can in each case be recirculated partly or inits
entirety (Passtaydnaghl oric acid I1) to the phase contact apparatus and be
conbined with the circulating liquid. 1In a further preferred enbodi nent,

t he aqueous hydrochloric acid | takeniaff from 20 the phase contact
apparatus is stripped to nake it essentially chlorine-free before the

compr o ngelras ik 3hy oofbe el fed B ehsh huun P inSBRko e be 1 reoh
oxygen- cort’patesiibe@rgafge distllkattmrmddaesstmmg\agam tﬁegmadesbfaaaxpeﬁ)snve|csrrp$|erﬁerab! y used
for this r@éfétg teﬁﬁfé&ﬂ' é%gtaﬁ%rhrﬁ%uﬁ%r{]bgs%%l Of'reﬁﬁgg é&w\é% @ﬁél stripping

col um. The orlne cont ent reduced to
< 100 ppnﬁuc%ﬁéﬂﬁﬂﬁﬁ$y < 10 ppm in this way. Part of the strlpped
essentkal |y chlorine-free hydrochloric acid | can be separated off before

t he hydrochlorlc acid distillation is carried out and be conbined with part
30 of the [§ueduSIRFUr BRRYRY dhadihase | cantachianparatys CREIPASRS sBIerBe: ¢ aci d

distillat lr@arogbﬁrchmagpdv@tek hﬁyQérﬁQiafbblﬁl dioade end GeRerbileakb §StSses
dlstlllatlon I n possi bl e to produce a chlorrne-free,

i n-speci fi E‘é‘tﬁ‘yoﬁ'"ﬂw 8(ﬁﬂy5r‘|’§,eda%ﬁ BXYSENLOMBLFing &?PhrT%ﬁﬁ%ﬁﬁrféﬁqdo?f 35 The
stri ppi ng taices e IingRtupe byobriagiagi it intot corftactewith  saftalnld| @¥sidstanfaam the

dd I 0 3PC PF 57578 h h
exchafor SPREUEEh OOHE R78r D RELTTE EBFERTTS et i BaPo BT West i 1 at | on
does not halimctmdgeani@r@ievaaoehmope adsorbesisoA-gas sfeahanthiduiser i al such
as tantal %%Q%tbaﬂ?rfre}%eof”\ﬁ?tﬁ %R%ac%rﬂp'ﬁ ?h egd;r(?éﬁlc%lrbo Hlﬁgdgsan raphite. 5

The gas stream eavi ase s conprises chl ori ne,
hydr ogen mswblweertmens Obialygdan car bon di oxi de and generally also inert
gases (mainly nitrogen if air is used as oxygen-conprising gas). This can
be freed of traces of noisture by bringing it into contact with suitable

desi cdant Seferedha dndshater Gorfhe 6ﬁ§isﬁgar§t%'§ E@Pefa@micf’%!ﬁ@ eThferlieseri®t e are, for
examp e, ¢9BeRBhIGAIGAdl reuliEUR hiGHRE thot BRISERIIY ol &/ERofife RYGERSAOPI C

adsor bent S‘[emper ﬁjsressé < %DCC smé the vlvaster comprised in the gas stream b is bound in

the form of hydrochloric acid. It is therefore possible to cool to relatively low
temperatures, for example from -20 to 0°C, than would be possible in the absence

20 of hydrogen chloride in the stream b. Since the hydrochioric acid which condenses
out during cooling has only a low vapor pressure, the cooled stream b fed to the
drying step c) has only a low watier content. This is not unimportant for the
subsequent drying step since it results in less desiccant, for example concentrated
sulfuric acid, being consumed.

25
In a step d), the gas stream c is at least partly liquefied by compression and
cooling. In general, the two streams are combined and compressed by means of
single-stage or multistage compression tc a pressure in the range from 5 to 50 bar
and simultaneously cooled by means of single-stage or multistage cooling to a

30  temperature in the range from 0 to -70°C. The streams can also be compressed
and cooled separately, in which case one or more separately liquefied streams d
can result.

In a subsequent gas/liquid separation €), the stream d is separated into a gas
35 stream e1 comprising chlorine, oxygen, carbon dioxide and possibly inert gases
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substantially free of water and conprises chlorine, oxygen, carbon dioxide
and possibly inert gases is obtained. 15 Before the drying step c), the gas
streamb is generally cool ed. The presence of hydrogen chloride results in
chlorine not crystallizing out as chlorine hydrate at tenperatures of <
10C, sinceHive79dleer conprised in the gas streamb is bound in the form of
hydrochloric acid. It is therefore possible to cool to relatively | ow
tenperatures, for exanple from-20 td20C, than woul d be possible in the
absence 20 of hydrogen chloride in the streamb. Since the hydrochloric acid

whi ch Con%ﬁgﬁﬁ% ?ﬂﬁlﬁld @.‘t’r@hr“gefe%hlr@né]@ﬁo% *g@roggw chﬁJplﬁ v@?ﬁ u the

cool ed stre dryi content.

This i s nearagnidipddea dmis tep is algo F@gﬁb@bmtﬂa@h”yﬂ'h@ pb@%@psﬁiaﬁ@i@nl gqanresults in
| ess desi %acfhtrneJ Blit KX ABNIRy HRNGREEALad seﬁaﬂatélfrbﬁq tﬁs'na dbdﬂa@Q i¢@nsumed. 25

In a step d) as streamc is at |east part, conpr essi on
and cool |5H©ple IVﬁSing@rad?refefrﬁg amiedisend Jhe géﬁféqlé@)ﬁﬁpﬁéﬁprh'ﬁc?ﬁéééﬂr@ssed by

nmeans of igiddakbidg Shagenpredsel tdrehaoe .ﬁt@n@rc@mrpat tHe BpPa&E PHESNG Mt t he range
from5 to 50 ba[ and sj rrulténeous[')é éoo e
r

f I t
TPt ot sodRusR e SRS b BRERIER! S Pt diE pB3s1 ond el PR The
streans cajﬂtmdl cmorhne r&?mnnﬂqﬁmede Ieanglgcmbﬁtbnsept?e&bmhm badg mhltlmehtocpase/ Fne O(rj
uert,l, e reans can ,r,esu upse as I qUI
Comar ar PR doib R b A MBhstyal ERGR Plerg kBod i B 05 rm el g
chl ori ne, t@ﬁ@@jehy weighbohthei aiaride-righ diqpid sbiebinytakere pff agerwelsottadB 61 9@43PC PF
TST8KES et B EPL Gl <Ol s, SRR HBEMGAR SR B! Bindiydr ogen

chlorl e, oxygen 4l so T eferred to as
"flash". ml%a@ée@epdh@ﬂs@ﬁmdmma%@rm S @lascw\(ﬂd oyt clithe @aagtred® gas phase

to separ ata‘?ndfcraﬁﬁétérhﬁxf ,L,%f;uaét@d %ﬁﬁ&iédﬁeﬂmtrﬁ)h Hﬁst%ﬁé%tmhﬂo@ Ry&h&" T ed

enbodi nent, the gas/ separation 1s ef I nt r cing the
conpr essedVitt ieaERINY PRYASN: TS (RRYIta ﬁr&aSt%waah@ b‘é‘:@i idowtin cefiaBugh t he

col um '”d“ld%ﬂ%tQﬁ@'éérﬁ%@tattléaét%rtﬁﬁfé%ﬂéulélﬁdg@&h@bﬁq&ﬁh&ﬂﬂoﬁeeﬂfﬂiuﬂgtr@art of the
chl ori ne- r|ch |IC]UId phase ag‘gﬁl‘f@g t he bottom of the col ?L:rm back into the

top oP t REPREATMYNIgh s senagat iPHEPER{TeRMLIORthe $iream Bh redscdpiidence i s

gi ven to figane @xidation zone and is discharged from the process in order to prevent
accumulation of carbon dioxide can remain comparatively small or preferably be
dispensed with altogether, as a result of which the loss of chlorine via the purge
streams is also limited. Cooling to very low temperatures in order to condense
20  chlorine virtually completely is not necessary in step d) (“chlorine liquefaction™)
since only a small or preferably no purge gas stream is taken off from the stream
e1, so that essentially no chlorine can be lost as a result.

The gas stream e1 which has been separated off generally comprises from 1 to

25  40% by weight of chlorine, from 1 to 40% by weight of hydrogen chloride, from
1 to 80% by weight of oxygen, from 1 to 80% by weight of nitrogen, from 0 to 30%
by weight of carbon dioxide and from 0 to 10% by weight of further constituents
such as noble gases and carbon monoxide.

30  The liquid stream e2 generally comprises from 70 to 98% by weight of chiorine,
from 1 to 20% by weight of hydrogen chloride, from 0 to 5% by weight of oxygen,
from 0 to 30% by weight of carbon dioxide and from 0 to 5% by weight of further
constituents such as noble gases and carbon monoxide.

35 In a step f), the liquid stream e2 is separated into a chlorine stream f1 and a
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to 80% by weight of the chlorine-rich liquid streamtaken off at the bottom
of the 10 columm being circulated, i.e. preferably returned to the colum at
the top. Carbon dioxide present in the ascending gas streamis dissolved
out of thermssRIK@am and can | ater be separated from chlorine w thout
probl enms by distillation (together wth renaining oxygen). This results in
a gas streamel which is lowin carhorm- di oxi de and can be at |east partly
recircul ated to the oxidation zone. Thus, the 15 substream which is

ted { t.h t | ted., tp th
T A GRS T by AT I
accunul at i prdistilatey inoa caiiomi with part of érehydrogempaiatdevieding soradehset apr ef er abl y
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the purge streans is 0 ver Nperatures in
order to cHideastean f2hirwng mechidrine cahlept @fmrﬂ)‘l/odnsew?lght'sprﬁf)erahb(fe&éﬁry in step

d) ("chloryg htaid uefastdon”) since only a small or preferably no purge gas
streamis tygﬁ%% of f ?aqomthe stream el, so that essentially no chlorine can

be lost as a result. The gas stream el whi ch has been separated of f

general |y mgtnu@@@n ‘%rg‘éﬁbrjallil eamaé oﬂp%em‘sfm%h&h&ol%n%'abﬁ?'f'&?exérﬁ&@ 1to 40%
by wei ght of from to 80%Db

, froml
to 80% by fiREH Sﬁ? Btherqut}cgb@ﬁtes]a aﬁgrbpqrgtug@%th%y'aqgglfw Etpfcé‘éf*ﬁi;(%cdl oxi de and
1(‘: ; ;)lr)nOO to a1§1:’/ad Ebés‘é@rleghtth@fanfgd(fjﬁdgf? ég%mbtar tmr&rgorm‘étg:ﬂ@aasﬂrmhélﬁems% ?gd%o/

0
by wei 8ht g“ls ¥ G y%af P%Hoi'n?(?c’%%%j ‘\ﬁk%[ﬂ d@f% ﬁs\’/glg rPr%'jﬁfag’ ™ de, fromo
]EO 5% by vieirgbs t@ﬂwa)bgemghtfﬂanmnuﬂhrly@rééPAbWrmegm1(0ﬁ%(bgmtm;htdﬁm<l de and

romO to n ch Ses and
car bon rmng'éaﬁyd\g’g%ﬁncog‘s? é%&?\ilal ﬁdr{#%' érﬁ?@&aemoexga?@%gépa ated into a
chl ori ne stigeddami, 2if @pdroanateoamoamcptlﬁﬁ @7@E8hydewenlehIOMQf eampfigedconsi sti ng
essenti al Io2f, ﬁ%é}g%@ ?rtﬁltﬁé bﬁﬁasé)ég/ Rdamar bon dioxide by distillation

in a columm, vvlt rogen Ior| de being condensed at the top
of thd5colum and running back as runback into the colum, as a result of

whi ch a Stfr?eaﬁ}cfrggé?ﬁ}fhl&%eawﬁf&hQfa‘snc?ee?nqmuﬁf‘éd Rltn Td UnBlindRIGHY, wiRET er abl y <

0.1 % 5 by wel I's obtalned. The distillation is generally carried out
in a distiElupehas wbg%frmgh@,@verpg@d Engeppey, virtually complete retention of

the chiorine which consequently does not go into the offgas and does not become
lost as product of value. A higher overhead temperature of the chlorine distillation
20  column is also possible as a result of the hydrogen chioride reflux.

In one embodiment of the process of the invention, a hydrogen chloride stream is
taken off as liquid side offtake stream from the chlorine distillation column and is
recirculated to the oxidation zone. This stream can, after depressurization to

25 reactor pressure, serve as coolant in a heat integration apparatus. Preference is
given to taking part of the heat from the stream c¢ in this way.

in an optional step g), the gas stream 2 is brought into contact with aqueous
hydrochloric acid, preferably the hydrochloric acid |l obtained by pressure
30 distillation or vacuum distillation, in a phase contact apparatus and hydrogen
chloride is separated off from the stream f2, leaving a gas stream g which consists
essentially of oxygen and carbon dioxide and further comprises small amounts of
hydrogen chloride and chlorine. In general, the hydrogen chioride content of the
stream ¢ is from 100 to 10 000 ppm and the chlorine content is from 10 to
35 1000 ppm. Since the major part of the inert gases including oxygen have been
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from5 to 30 theoretical plates at a tenperature in the range from-50C to
+110C and a pressure in the range from4 to 40 bar. The chlorine streamfl
obtained in 10 this way generally has a chlorine content of from95 to 100%
by wei ght prpoyafenalkly from 98 to 100% by weight, particularly preferably
from99 to 100% by weight. The streamf2 which consists essentially of

hydr ogen chl ori de, oxygen and carbon4dioxide is, if appropriate after
absorption of the hydrogen chloride conprised therein, discharged fromthe

f The h hl gride which h | fied
BRI Lt g e U A S T
condenser voluine staddny i optgined én it ebsdrptionostep tghesa thlabei srealhbbstnptoonsequent |y
does not aBunfif & SUiftic 1813Re ehoaR 3Rl BESAIRN. 1ABlardBrRbR U ILGOf val ue. A

hi gher overhead tenperature o l"or 1 ne [1'Tat1on col'um is also
possi bl e &&@rrigdrass gt atmespheric H9SRUER) @Articnlagy den dédtenaueoys byssoeidiisdi ment  of

the precesgiff rbhend Bﬁé%élﬁrb%ﬁbtil!é’fiohwﬁé%% SbRibASRfigam is taken off as
om the chlor

liquid side offtake streamtr ine distillation colum and is
recirculated to the oxidation zone. This streamcan, after depressurization

t o 25 reagh alfulte? ptidrial s@PMHY hedfascdebny isibloghi fdd cob@Wittd silutRippar at us.
Preference is _gl veg_ to taki r;]f% rgart of the heat fromthe sqt‘rea,mc in this
way. | n arfPBPpf'PHa&EC %‘f‘b?}ycg?g,e fieogals andrsodinm Bydreaensydighand APYNEGnt act with
aqueous  hysfcredih @rib ©, ABURINg Y eleirRdnd fhyeodeyidineidb eking rafioded fro@bt ai ned by
pr essg[)e t30 distillation or vacuumdistillation, in a phase contact

appar aPus BnERSIA548n chioride is separated off fromthe streamf2, |eaving
a gas stream g which consists essentially of oxygen and carbon di oxi de and

further c rj I ' | ok i de. . (he. In
general , ﬁ?\ﬁ% ﬁ@%?égfg%l“&n%g@ fg%tégoé’g[ﬁ%'ﬁw%?og %bégagﬁ{heéai%rgn%@%ﬁuorée%oo to 10
000 ppm arstreaimecarhprisingneodiunthydtogescdrparatd @nd co8&mL 8dlteppid hainge@ t he maj or
Pias Separit SIFhp pBARTR LIEh ' BHBHAGEDNRY P eRflalFd Ao irelin 57570l Ces
conparat i velyroskeed agihe tapopiaescabbingnealemphHaien @gseHialin e flewig on st ep

9), SO thabq@isHup) resasRd kb Pcecol um is sufficient for the hydrogen
chl oride separation. The absorption can be carried out at atnospheric

pressure, particularly when dilute aqueous hydrochloric
(1) COZ + Hzo + NaQH = Nchos + Hzo

20 (2) Cl,+ NaHCO; = NaCl + HOCI + CO,

(3) HOCI + Na,SO; —» NaCl + NaHSO4

Part of the bottom offtake stream comprising NaCl, NaHSO,/Na,SO;,,

25 NaHSO0i/Na,S0; and NaHCO; is discharged. The circulating pumped stream is
supplemented with alkaline aqueous sodium sulfite solution. Since only little
carbon dioxide is bound by means of this mode of operation, the scrubbing step h
consumes comparatively little NaOH.

30  The invention is illustrated below with the aid of the drawing.
Figure 1 schematically shows a specific variant of the process of the invention.

Monochlorobenzeng removal |
35 The hydrogen chioride stream 1 which is obtained as coproduct in isocyanate
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5 acid Il fromthe pressure distillation is used as absorption medium In a
further optional step h, the gas streamg is brought into contact with a
solution conprising sodi um hydrogencar bonate and sodi um hydrogensul fite and
having a pHs9f7d/ken 7 to 9, resulting in chlorine and hydrogen chloride
bei ng renoved from 10 the gas streamg. The offgas streamg is preferably
brought into contact with a circul atipg_punped stream conprising sodi um
hydr ogencar bonat e and sodium sulfite and having a pH of fromabout 7.0 to
9.0 in a scr The. circul ating ed stream 15 is introduced at

bbi I . y
the top of p@ggrgtioﬁgﬁgﬁa}f%| BFH?.”'%P@?”@sé%rﬁaF”iq I3F - MeBOERIPOBGRZSge. N
02 NHOR o RGO OO LR N A a0t Part of
+ ~ + + + -* + ar 0

the bot Lo T Peak M elPeceatig Parted RUG 2 ReehhATuaet BNl abs, Na 5Cs
and NaHCOBhy®oghrs ciidorgled st compuibed i relptipelypladgest sraaunts sof sargahienent ed

i th alkal | dj | ' ' littl b
i oxi de | sCRTRAHUED hede Ct Rtalab R et G BRioYendthnThg ot ep
consunes cabpaseaption orelagtivated icarbRn @U@ thikecanterd mfi monachldrobangenated bel ow

th the ai : . \ ol ot
W e ajfu&f of bep %ﬁ'ﬂ‘.""v'é%rt mﬁbﬂgﬁq%g%ro\?hﬂbg%b' £ by aEﬁ'i@%.%eﬁQ@@hér' ¢ varian

of the process of the I nvertion. enzene renoval he
hydr ogen c@D Bigahsodiepkam 1 which is obtai ned as coproduct in isocyanate
B06/ 0043PC PF 57578/ Kes -15- production conprises organic solvents, in

particlﬂ arergocEI orobenzene, in anmounts of up to 3000 ppm by weight. To
renmove th A | or obenzene, the hydrogen chloride streamis passed over a

bed of act Oxpjedd3, ¢ytigen chioritds, cifyttiing @as db| riceled Aydrogen eioidd 3€S
e Y B8, Rl M, AP BBR e g e T S 0e0 s
cont ent of hydvochddricoacit estriygee 1Bo(esyeritiatys orfgen) Hie paamted/ér yherhgdrogeml | er
val ues Cancl'%r?é?a %%d%fféﬂ %‘Ecgm g?pa%%g{. Qo & 455"% %%Oﬁb%n%' bar over an
15  RuQ./Al;O; catalyst. The reactor is configured as a fluidized-bed reactor with
internai heat exchangers. The reactor inlet temperature is > 200°C. High-pressure
steam is generated in the heat exchangers.

Quench il
20 The hot reaction gases 6 from the reactor are cooled from the reaction
temperature to about 200 to 300°C in a heat integration apparatus. The precooled
product gas mixture goes into a quenching apparatus which has two stages. The
first stage is configured as a pipe quench. This comprises vertical tubes, known as
pipes, into which the circulating liquid, here aquecus hydrochloric acid having a
25  concentration of from about 29 to 35%, which is present between the tubes is
carried by the gas into the tubes. The cooling circulating liquid is broken up into
small droplets in the region of the tops of the quenching tubes. As a result of the
high turbulence and the large transfer area between gas and liquid, very good
heat and mass transfer is achieved. Circulating liquid and gas move in cocurrent.
30 The second, downstream stage is a falling film heat exchanger which is
configured as a shell-and-tube apparatus. Reaction gas and circulating liquid
(hydrochloric acid) are conveyed in cocurrent through the tubes. The shell-and-
tube apparatus is cooled by the means of water. At the bottom of the apparatus,
there is a small vessel in which liquid and gas separate. The liquid is recirculated
35 as circulating liquid to the pipe quench apparatus (first stage). In addition, the
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10 Reactor Il Oxygen 3, hydrogen chloride 5, circulating gas 10, recycled
hydrogen chloride 21 fromthe hydrochloric acid pressure distillation and
the stripping gas fromthe hydrochloric acid stripper 18 (essentially
oxygen) argr £eaeiied in the hydrogen chloride oxidation reactor at about 330
to 400C and 2 to 8 bar over an 15 Ru02/A1203 catal yst. The reactor is
configured as a fluidized-bed reactarjgsith internal heat exchangers. The
reactor inlet tenperature is > 200C. Hi gh- pressure steamis generated in

the heat e ench 20 The hot re ase fromthe reactor
are cool eaaﬁolugﬂ??%? 4’%8?9%&“?@@% G gauiepys EB%B?%?%O“E‘ 226’@@'” a heat
i nt egr at i dn tlagp pasatnesdistiiborpardt tal asbut 20 dd 288% glaengﬂh by weigry @ggeoud 0 a

hi d
Ao pe. qudRRRhRE o tndga YR SRRRCaad Bing yabiln BsREGhSE R OV PG,
t he ci r cultathenpipeiagemnah,. The taaldiguideas uempl@d Ho tempeeralvras cl:fawutugO?aC 43) _

concentr atarp%deﬁ.oﬁéu%ﬁbewhaag%ﬂ %.92% plthl Hal SBREREA! tdo%qrfcggygéﬁe tubes is

carried by the gas into the coollng clrecaldatin i s broken
up into se¥EMIBtiGG BEOERISOithe Midng ismraratere beferetipfsedustion o glﬁewmchg tubes. As

a result ofowdiRr, thbgﬂcﬁlﬂt"@-lb@ﬁﬁeﬁj ﬁfﬂioém&d AidetrbimnohRspdHRa0 hpbueen gas and
heat and nmss transfer is achieved. Crculating liquid

liquid, ve

and gas rmlﬁg g"f? et ieapouns ot *ﬁéoﬁquecﬂ%ﬁ/\ﬁﬁ%fﬁ?@tt%Eyqrgc'ﬁoﬁ'cal ling film
heat exchafigedistvatioh i s configured as a shell-and-tube apparatus. Reaction
gas a ﬂ circulating liquid (hydrochloric acid) are conveyed in cocurrent
throua the tubes. The shell-and- tube apparatus is cool ed by the neans of
wat er. At Ihhee fict stagep fiydrbenlampadiding uncéritensed saatisnghd anesséd tr whi ch

to the pi sERLAREhBEES I PE eror bos FubT cofiadadP 7 3a°C ihed sk oodapc pr
ﬁ?gzgéﬁlezrﬂ’%gasammﬂe léaving B¢ Yushehémpadpacadns tansisth esdantigllyaofuiobtuise, o about 20
s 2956 st r 2GR Brfon ARkt 358 potdbih MerPUARS h8 ik dol g tobd

azeot rlgpi ch%Qﬂdé (FﬁWﬂl@Mﬂ&ﬁ@la&htﬂ& wateion are fed to the pipe quench. The

total liquid can be cool ed to tenperatures of 20 to 40C in 5 an additional

heat exchanger, e,g. pl at e heat exchanger, to reduce the
Hydrochloric aC|d pressure distillation [X

The about 29-35% strength by weight aqueous hydrochloric acid 16 taken off from
the quench is stripped by means of the oxygen 4 to free it of chlorine in the

20 hydrochloric acid stripper VHI. The chlorine-comprising oxygen stream 18 is fed to
the hydrogen chloride oxidation reactor. The hydrochloric acid which has been
freed of chiorine is subsequently subjected to a pressure distillation at about
2-10 bar, giving hydrogen chloride 21 which is recycled to the hydrogen chloride
oxidation reactor. The hydrochloric acid 20 is in this way brought down to a

25  hydrogen chloride content of about 15-21% by weight. The total hydrochloric acid
is subsequently subjected, if appropriate, to a vacuum distillation X. Part of the
15-21% strength by weight hydrochloric acid 22 can also be blended with part of
the chlorine-free stripped 29-35% strength by weight hydrochloric acid 19 to give
an in-specification hydrochloric acid 26 and sold.

30
Hydrochloric acid vacuum distillation X

In a subsequent vacuum distillation X, the 15-21% strength by weight, constant-
boiling aqueous hydrochloric acid is distilled at a pressure of about 0.05-0.2 bar,
resulting in it being concentrated to a hydrogen chloride content of about 20 to
35 28% by weight. Water still comprising traces of hydrogen chloride is taken off at
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circulating anmount or the m xing tenperature before introduction into the
quench. However, the circulating punped hydrochloric acid stream
corresponds to about 10 to 30 times the anmobunt of the conbined recycle
streans frmstymmydrochloric acid distillation. 10 In the first stage,
hydrochl ori ¢ acid and uncondensed reaction gas are cooled to about 40 to
100C. In the second stage, further coogling to 10 to 50C takes place. The
gas m xture | eaving the quenching apparatus consists essentially of

chl ori ne, C di oxi de 0S i nert ases and further

conpri ses tH%%gSEH“G %%tq%ﬁ?%lp?ﬁé B’ﬁﬂ'yﬂ/ %;'ﬁg}ar%ﬁfb 9m e tArecaRdt er .

Hydr ochl orTrce &0 th (2Bes streegttli by wbéugﬂitl agudoXs Thgiredhatc aeld3&%|§éd gpgt h by

wei ght aq f from ench ig stripped
by means o tBP{deQ@EiLogjebo reoleé’ ﬁ motgeelﬁ?loﬁt‘ AN ?‘ﬁeéﬁe KGRI othl ori ¢ acid
stri pper \irqnn thewrmhlmﬁtlilat@ncammbsem@nwgegéutrsiqmmn.w is fed to the
hydrogegn chl ori de oxidation reactor. The hydrochloric acid which has been
freed of chlorine is subsequent|y subjected to a pressure distillation at
about  2- TONegMdroghiaricAgidipeHp distitationcad @lseibagmised. s recycled to the
hydrogen chl oride oxidation reactor. The hydrochloric acid 20 is in this

way brougnﬁ ,dovi/n to a 25 hydrogen chloride content of about 15-21% by
weight. T hydrochloric acid is subsequently subjected, if

appr opr i atFhe hﬂnsiﬁ g Catreantli7sdéanl bétcosrd 4o teﬁfpbra‘mre& he < 2@0239%@%%“9'[ h by

wei ht hydr oric_aci an al s with part of th
chl gl’l rQeyf rggaj‘st‘rnl ﬁBead‘g@Pr@B 63l ?W%y‘oﬁéiagh‘ﬂpﬁi{)?a%eﬁlwm@ a-r&'%l 19 to
give an igigrsfimzotly radates)mehyedemdmtm ottheqjad steamnThe aloikt 939 shigglhachl ori c

acid vac LN ubse nt di_st on the 15-21%
St rengt huﬂglndmﬁaijh?"“ iRt Bt EREGE %@#ﬂPE&I@ﬁPLFqS&! e G sl | ed
at a pressaater ofntemiceingre@ibedd B banes of esl(]lmprmg'hemllute amiengs coligentrated to

a hydroge r t f still
corm | o¢ ng i 2L et Fibe yiilie SPaly Gioghe il Mt ralorsEahE B
57578/1Res snlafL celhent p Bhie tdﬂ@tedagmequsasulf@ﬁc oaﬂlmraa caesuhaepienty bes

di schar ged.chtMitidtPoPaientasn.

Chlorine liquefaction V

The dried gas stream 8, which consists essentially of chlorine and oxygen and

20  further comprises hydrogen chloride and inert gases (carbon dioxide, nitrogen), is
compressed to about 10 to 40 bar in a plurality of stages. The compressed gas is
firstly cooled by means of cooling water, then by means of cold water at about 5 to
15°C and finally by means of brine to temperatures of from about -10 to -40°C.
Between the cold water cooling and the brine cooling, the compressed gas is

25  additionally cooled by means of the depressurized, nonliquefiable gas stream 10
and this gas stream is in the process heated before being recirculated to the
reactor.

The compressed and partly liquefied, two-phase mixture is finally separated in a
30  mass transfer apparatus. The unliquefied gas stream is here brought into contact

in countercurrent or in cocurrent with the liquid which consists essentiaily of

chlorine and dissolved carbon dioxide, hydrogen chloride and oxygen. As a result,

the unliquefied gases are concentrated in the liquid chlorine until thermodynamic

equilibrium has been reached, so that inert gases, in particular carbon dioxide,
35 can be separated off via the offgas from the subsequent chlorine distiliation.
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The 20 to 28% strength by wei ght aqueous hydrochloric acid is used for
absorption of hydrogen chloride fromthe HC -conprising overhead stream 12
fromthe chlorine distillation and subsequently fed to the quench. 5 The
hydr ochl orpg saejgdpvacuum di stillation can also be omtted. Drying IV The
noi st gas stream 7 can be cooled to tenperatures of < 25C, preferably 10 <
15C, in an additional heat exchanger_{gcated upstream of drying. This
significantly reduces the water content of the gas stream The noist gas
stream 7 TS drled(}%{] countercurrent by neans of concentrated sulfuric acid,
resul ting |1 PHiGueieq gas steanedo 'Bé‘ieﬁﬁsﬁ‘ér&’%éiﬂ‘dt'é Usge iscasling thepd@pm  The

di lute aqusemam.sul furic acid 27 obtained is stripped by neans of dry air
and thus freed of chlorine in a 15 snmall columm Xl. The dil ute aqueous

sul furic acid 28 can subsequently be concentrated by distillation. Chlorine
| i quef act | GmoNheTtlistildtioreMl gas stream 8, \/\hi ch consists essentially of

hl ori f. . Jh hI d d
gases. (oar Do LeRE cfiBhe ¢ Raild o thlonie CBRAER 8% BY A S0 bar 1 n a
plurality tofa dstilgten atRibwut oo essé'heganpersturé atrtbe bytioodd Eom@ponedths of
cool i ng waf,ef1p-¢ gy ¥ tgﬁ B5pé ﬂ# ﬁﬁiﬁaq{ep@ﬁdqgghghéﬂg%og&g&lm finally by

means of brine to tenp era ures o bout etvveen the cold

wat er cooI¢Qﬁ@)efﬁﬁch?H’€U@'ﬁdrFé"Q56@l mﬁ@e range froshrass fele -§4s and from abgdt t i onal |y

cool ed by pBags. 3@f>cthe e REE 6 W ésadmn %QHr'ogb'ﬁfdhﬁJPihé |9%n8éﬁs‘§%r%ﬂcp and this
gas streamis in the process heat ed ore eing recircul at to the

react o, T@i@"@@ﬁ%ﬁ%@;?@ﬁ‘ B theapqlupny V'&H@HY %"pi?ﬂﬁoieﬁﬁ%’enrﬁfﬁf‘@f'ﬁe is finally

ﬁepar gt ed adme’ﬂ/e??a@ amt@an :::f msai@rreﬂltmp@bahat&h? Ehlenwldsaubeﬁirﬁd.zaamﬁé {ﬁaml i's |
ere broug in cont ac i n_countercurren r in cocurren e liqui

whi oh coneriernecBiileh & blen,pt SEMPSRIRE ATt arlumpived Ritbah 96 de

hydr ogen ctyl weugdte Tarsds VAygzed afd sabsefiehfly fedt Toe euﬁﬂnpl@uﬁf aretiogmﬁse ar e

concentrated i UI d. chI orine,until

b Ln ne, U th gé)% El Ilbrdsumhas
been reach@qudign r%er? et &' qwopgpcgggg[ﬁ ?fﬂatﬁﬁo edéq“ 5 can be
separ dtded dfidrine cantahss h:a‘cfcgadmj dndostmreum Equis®gquent chl orine distillation.
B06/ 0043PC PF 57578/ Kes

The gaseous overhead stream 12 from the chlorine distillation comprises about
40-85% by weight of hydrogen chloride together with oxygen and carbon dioxide.

20  Hydrogen chloride absorption Vi

The hydrogen chloride from the offgas stream 12 from the chlorine distillation is

absorbed by bringing it into contact with about 15-21% strength by weight

aqueous hydrochloric acid from the pressure distillation. The hydrochloric acid is

recirculated to the quench. The remaining offgas comprising inerts (N,, Ar},

25  oxygen, carbon dioxide, small amounts of hydrogen chioride and traces of

~ chlorine is subsequently freed of residual chlorine and HCI by scrubbing with
alkaline agueous sodium hydrogen sulfite solution in an offgas scrub.

Sulfite scrub Xl
30 In a scrubbing column, the offgas stream 13 is brought into contact with a

circulating pumped stream comprising sodium hydrogencarbonate and sodium

sulfite and having a pH of about 8-10. The circulating pumped stream is

introduced at the top of the scrubbing column. Part of the bottom offtake stream

comprising NaCl, NaHSO,, NaHSO; and NaHCO; is discharged. The circulating
35  pumped stream is supplemented with alkaline agueous sodium sulfite solution.
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- 18 The unliquefied gas stream 10 is depressurized and is used for cooling
the gas stream Chlorine distillation VI 5 The liquefied chlorine 9 having
a chlorine content of > 85% by weight is subjected to a distillation at
about 10- 4% bay7s/KiRke tenperature at the bottomis fromabout 30 to 110C,
and the tenperature at the top is, depending on the hydrogen chloride
content of the liquefied chlorine, i-ngt-he range fromabout -5 to -8C and
fromabout -25to -30C. At the top of the colum, hydrogen chloride is
condensed(ﬁ g“@ﬁ gllﬁwﬁﬂmn9 run back into the colunn Virtually conplete
separatio achieved as a result of the HCl reflux, so that
the chl oriTre urdigsefies! giicalating gas 101Heom iel ehidrine Invefsbiiorh das tieakesd of f at t he
bot t om of t f 0 LAY vapori zed
and subseq%ngg?féy#%gngﬁn%e@gyg dary f%Pg%aqF@%/cagn%%\gb& gﬁgblﬁdh% ant wher e
it is con\ﬁéid!t@dah steo. @Iobg@ﬁéorph@ aAdsarption @atbiyvr@eargsh@ ﬁlﬂﬁfﬂ@lranz!S rchl ori ne

can al s0 hgyqarpl B cﬁ'&ﬂa a%%ah%e'ﬂé&ﬁ'o@cﬁl@ﬁﬁ@ aerﬁﬂcEJ ﬁ@éﬁs aMBFgerd stream 12
fromthe chlorine djstil i.on con@rlses about wei ght of hydrogen

chlori de t/egev#et Rl tbw Q?ﬁ?'@@ﬂ” and celarngy e Qilbd%P%bra”QGeP@réF%é’W ¥ ori de
absor pt i onyisdaldethif itheitiregen chloride fromthe offgas stream 12 fromthe
chlorine distillation is absorbed by bringing it into contact wth about
15-21% strength by wei ght aqueous hydrochloric acid fromthe pressure
distillation. The hydrochloric acid is recirculated to the quench. The
remai ni ng offgas conprising inerts (N2, Ar), 25 oxygen, carbon dioxide,
smal | amobunts of hydrogen chloride and traces of <chlorine is subsequently
freed of residual chlorine and HCl by scrubbing with alkaline aqueous
sodi um hydrogen sulfite solution in an offgas scrub. Sulfite scrub X1 30
In a scrubbing colum, the offgas stream 13 is brought into contact with a
circul ating punped stream conpri si ng sodi um hydrogencar bonate and sodi um
sulfite and having a pH of about 8-10. The circul ating punped streamis
introduced at the top of the scrubbing colum. Part of the bottom of ftake
stream conprising NaC, NaHSO4, NaHSO3 and NaHCO3 is di scharged. The
circulating 35 punped streamis supplenented with al kali ne agueous sodi um
sulfite solution. B06/0043PC
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PF 57578/ Kes -19- G rculating gas treatnment The unliquefied circulating gas
10 fromthe chlorine |iquefaction can be freed of undesirable constituents
whi ch can, for exanple, act as catal yst poison in an additional step, e.g.
by absorption, adsorption or by neans of a nenbrane. In 5 addition, the
circul ati my 37838%aR” be freed of chlorine and HCI by nmeans of targeted
renoval of HCI by absorption and chlorine, e.g. by nenbrane separation, and
be discarded in its entirety. B06/0Q43PC PF 57578/ Kes -20- Clainms: 1. A
process for preparing chlorine fromhydrogen chloride, which conprises the
steps: 5 @,feeding of a streamal conprising hydrogen chloride and of a
stream a2 conprising oxygen into an oxidation zone and catal ytic oxidation
of hydrogen chloride to chlorine, giving a product gas stream a3

conpri sing chi ber%@ess"‘l%F FF epaffty BRBrine AR Mg IcARrigE dui; &?E(?] gasgs: 10 b)
contacting of the product gas stream a3 w'th aqueous hy droc TOFIC acid | in
a phase contact‘hﬂﬁ@?atus and partial separation of mater and of hydrogen
chloride fromthe stream a3, leaving a gas streamb conprising hydrogen
chloride, chlorin car.bon di oxi de 15 and, K possibly inert
gases, with at ¥e %ﬁ'@@@{ﬁSyﬁ%gﬁﬁépgﬁﬁﬁngﬁywpﬂﬁ%Ch@BW%?P%anﬁﬁeﬁ%e stream a3

remai ning in the gaa&oﬁtpfrlelagldiygel’l)lnd)l’% oMidibn zbee gas céfaryﬁaﬁkubaatndrpofl eave a gas
streamc which is

bstanti al | eof wat er_and,c ri ses hyd rogen
chl oride, chlori né],ya'%%n é}ﬂ}%fé(# ¥% BRCi PG aq{adlbcgs ?Solf\?r Ae AP gases; d)
partial |iquefacticompasing kblogres wettereaxpgen byarbmngioxdds anhinertdases! i ng, gi vi ng
an at (heast partially liquefied streamd; 25 e) gas/liquid separation of the
streamd into a gas streamel conprising
b) contacting of the product gas stream a3 with aqueous hydrochloric

acid | in a phase contact apparatus and partial separation of water and
of hydrogen chloride from the stream a3, leaving a gas stream b
comprising hydrogen chloride, chlorine, water, oxygen, carbon dioxide

15 and possibly inert gases, with at least 5% of the hydrogen chloride
comprised in the stream a3 remaining in the gas stream b;

c) drying of the gas stream b} to leave a gas stream ¢ which is
substantially free of water and comprises hydrogen chloride, chlorine,
20 oxygen, carbon dioxide and possibly inert gases,

d) partial liquefaction of the gas stream ¢ by compression and cooling,
giving an at least partially liquefied stream d;

25 e) gas/liquid separation of the stream d into a gas stream e1 comprising
chlorine, oxygen, carbon dioxide, hydrogen chloride and possibly inert
gases and a liquid stream e2 comprising hydrogen chloride, chlorine,
oxygen and carbon dioxide and, if appropriate, recirculation of at least
part of the gas stream e1 to step a);

30
f) separation of the liquid stream e2 into a chlorine stream f1 and a
stream f2 consisting essentially of hydrogen chloride, oxygen and
carbon dioxide by distillation in a column, with part of the hydrogen
chloride condensing at the top of the column and running back as
35 runback into the column, as a result of which a stream {2 having a
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chl orine, oxygen, carbon dioxide, hydrogen chloride and possibly inert

gases and a liquid stream e2 conprising hydrogen chloride, chlorine, oxygen
and carbon dioxide and, if appropriate, recirculation of at |east part of
the gas stpeamRlkio step a); 30 f) separation of the liquid streame2 into
a chlorine streamfl and a streamf2 consisting essentially of hydrogen

chl oride, oxygen and carbon dioxidefy.distillation in a colum, wth part
of the hydrogen chloride condensing at the top of the colum and running

back as 35 runback_into th 0, w.as.a result of which a streamf2 having
a B06/ 0043EP | B/ X&IY /C(?B%IBﬁOHS%%@yﬂé@&tﬁO&@'ﬂF(g’rine content of < 1% by
wei ght is obtained. 2. The process according to claim1l, wherein the aqueous
hydr ochl or4 ¢ acq i : : r i C ration of
From 27 ¢ &350 e RYSEE altoREPIdaiET ol DB Cl M HEHERREE 1 =)
wherei n at | easusegdan tstepf b ras ahudrogen chigiigeocdriceniraticacdfdranh 2&ud #60ng in t he
phase gont act W‘%iﬁﬁﬂjs is taken off fromthe phase contact apparatus and

i st

subsequently d ed to give 10 gaseous hydrogen chloride and an aqueous
hydrochl oric acid Il which has been depleted in hydrogen chloride, with the

hydrogen cil oriig fiebed acte@lingaslcrirgd drQ, fhefirpdt I8nd Pa& of @RSquBalg of the
aqueous hydrochl he act

oric acid |1, being recirculated to hase con
apparatus. 15 4.yd’1‘?ﬁ§i°;5'r° §“’%—E§§6‘9dﬂﬁae PHage PR a%?é‘?tégr‘ns ﬁ@“a‘?{ﬁeous
hydrochl ori ¢ aciasinlthet ptkga  odritadtr apparines phiais euisspaliestly appddatelisives stri pped
to m it essential chl orine-free before th drochlaric acid
st 10at i on© s <SAREPP iprdk MG fetr eyl bioriidrid Mo Teftasn o
wher ei n part ofbdenedatleteppediydesgmanthlialidey witthther hypdrofereehlyide didgori c acid |
is separated off . i j i still]ati ] ried out
and is conbi ne e\?\hpﬁ&a%(gﬁ L}g? g¥%@8(3€%§% gart ‘ﬁ;"‘&?%@%‘?%&? i é{g{a?gﬁ@”% %C@E}[ ained in
t he hydrochl orikeirgiegirdilated td theipbase edntact apharapisocess according to claim4
or 5, wherein the aqueous hydrochloric
15 4. The process according to claim 3, wherein the aqueous hydrochloric acid |
taken off from the phase contact apparatus is stripped to make it
essentially chlorine-free before the hydrochloric acid distillation is carried

out.

20 5. The process according to claim 4, wherein part of the stripped, essentially
chlorine-free hydrochloric acid | is separated off before the hydrochloric
acid distillation is carried out and is combined with part of the aqueous
hydrochloric acid Il obtained in the hydrochloric acid distillation.

25 6. The process according to claim 4 or 5, wherein the aqueous hydrochloric
acid | is stripped to make it essentially chlorine-free by means of at ieast
part of the oxygen-comprising stream aZ2.

7. The process according to any of claims 1 to 6, wherein the gas/liquid

30 separation in step e) is effected by introducing the compressed stream d
into a column at the top and recirculating part of it, with the oxygen

dissolved in the chlorine-rich liquid stream and any dissolved inert gases

being stripped out of the descending liquid stream by the gas stream

ascending in the column, and carbon dioxide present in the ascending gas

35 stream being simultaneously dissolved out of the gas stream by the
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acid |l is stripped to make it essentially chlorine-free by neans of at |east
part of the oxygen-conprising streama2. 7. The process according to any of
claims 1 to 6, wherein the gas/liquid 30 separation in step e) is effected
by i ntrodyg sig7ghesconpressed streamd into a columm at the top and
recirculating part of it, with the oxygen dissolved in the chlorine-rich
liquid stream and any di ssol ved i ner-tazgases being stripped out of the
descending liquid streamby the gas stream ascending in the colum, and
car bon di oxi de re%gnt |i n.({ Qe ascendi ng gas 35 stream being sinultaneously
di ssol ved out S tHEREUGTEEM by the” B06/0043PC PF 57578/ Kes - 22-
descending liquid stream 8. The process according to any of clains 1 to 7,
wherein, i1 a p t stre 2 qup.i t nt.agt with
aqueous hygar ocﬁllth%r?rgz%f'csi%%fmh%sto r{h(gfrs]eelg'%'(s)n??c’ appépa{ﬁués)sgeﬁoé)hgrogen
chloride is semasatreamoffis foreught o sontaetrwifrpaquesas ihwgroshlgas asidrie@m g whi ch
consi skts essenty Wed ri ses

5 h%h%/ YoRacORNBRAUAGA hTALBEN oAbl ResdBfbrld bk iR GRIP

smal | amounts of rogen chl ori chlorine. 10 process
according to clsiieaing2. IRRERS R 9as SHeR Jaukich Fensits esseptilly of oxedeand st ream g

i's brought intgagsuht @6tidoVahd fikthep bbb MdbsCPRaNr dribuils SPRYdiGIerndfisrR@encar bonat e
and sodi um hydrogen sulfite and having a pH of from to 9, resulting in

chlorine and h dﬁ'&?ﬁ'”‘éhl oride being renoved fromthe gas streamg. 15
B06/ 0043PC

10 9. The process according to claim 8, wherein, in an additional step h), the gas
stream g is brought intc contact with a solution comprising sodium
hydrogencarbonate and sodium hydrogen sulfite and having a pH of from
7 to 9, resulting in chlorine and hydrogen chloride being removed from the
gas stream g.

15
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