PFO000057579/ Kes as originally filed Process for recovering

“(chl or o) hydr ocar bon-free hydrogen chloride and phosgene-free

(chl oro) hydrocarbons from a hydrogen chloride streamconprising 5

.(chl oro) hydrocarbons and phosgene Description The invention relates to a
process forprgssosrsrHKéshl or o) hydrocarbon-free 10 hydrogen chloride and
phosgene-free (chl oro)hydrocarbons froma hydrogen chloride stream
conprising (chloro)hydrocarbons and phosgene. In the process devel oped by
Deacon in 1868 for the catal ytic oxidation of hydrogen chloride, hydrogen
chloride is oxidized to chlorine by neans of oxygen 15 in an exothermc
equi libriumreaction. The conversion of hydrogen chloride into chlorine

enabl es chlasuﬂg!nauylﬂledo be decoupl ed from the production of sodium
hydr oxi de by chloralkal1 electrolysis. Such decoupling is attractive since
the world demand for chlorine is growing nore quickly than the demand for
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hydrogen chloride, hydrogen chloride is oxidized to chlonne by means of oxygen

15 in an exothermic equilibrium reaction. The conversion of hydrogen chioride into
chlorine enables chlorine production to be decoupled from the production of
sodium hydroxide by chloralkali electrolysis. Such decoupling is attractive since
the world demand for chlorine is growing more quickly than the demand for
sodium hydroxide. In addition, hydrogen chloride is obtained in large quantities as

20 coproduct in, for example, phosgenation reactions, for instance in isocyanate
production. The hydrogen chloride formed in isocyanate producticn is mostly used
in the oxychlorination of ethylene to 1,2-dichloroethane, which is processed
further to vinyl chloride and finally to PVC.

25 The HCl-comprising feed gas stream fed into the catalytic oxidation of hydrogen
chioride is usually an HCl-comprising stream which is obtained as offgas stream
in a process in which hydrogen chloride is formed as coproduct. Such processes
are, for example,

30 (1) the preparation of isocyanates from phosgene and amines,
(2)  the preparation of acid chloride,
(3) the preparation of polycarbonate,
(4 the preparation of vinyl chioride from ethylene dichloride,
(5) the chlorination of aromatics.

35



inorganic in nature. Organic inpurities are, for exanple, hydrocarbons or
“chl or ohydr ocarbons. 5 Typi cal hydrocarbons which can be conprised in the

HCl - conprising feed gas streans conprise aromatics such as benzene,
.toluene, xylenes and C6-C, z- aliphatics. Typical chlorohydrocarbons are
monochl or obppgsutRs78rHRESr obenzene, carbon tetrachloride, vinyl chloride
and di chl or oet hane. The hydrocarbons and chl orohydrocarbons can be
conprised in amounts of up to 20% by vagune, 10 generally up to 30 000 ppm
preferably in amount up to 10 000 ppmand in particular in anmounts of from
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extrudates or pellets. Suitable materials which can be used as adsorbents are, for
20 example, activated carbon, aluminum oxide, titanium oxide, silicon dioxide, iron

oxide, zeolites and molecular sieves. Suitable materials may also comprise metal

oxides or metal halides, e.g. copper or ruthenium oxides or halides or mixtures

thereof, on a support composed of a refractory inorganic material such as

aluminum oxide, titanium oxide or silicon dioxide. Preferred adsorbents are
25 aluminum oxide, activated carbon, doped activated carbon and atuminas.

A disadvantage of the processes of the prior art is that the (chloro)hydrocarbons
recovered by adsormption from the hydrogen chloride offgas streams from the
abovementioned processes (1), (2) and (3) are contaminated with phosgene.

30
It is an object of the invention to provide a process in which the
(chloro)hydrocarbons comprised together with phosgene in the HCl-comprising
feed gas stream to the hydrogen chloride oxidation are removed from the feed
gas stream and are recovered in essentially phosgene-free form.

35

This object is achieved by a process for recovering (chloro)hydrocarbon-free
hydrogen chloride and essentially phosgene-free (chlorojhydrocarbons from a
hydrogen chloride stream comprising the (chloro)hydrocarbons and phosgene,



-3- which conprises i) in a first step, connecting a first adsorber and a
‘'second adsorber in series and passing the fresh hydrogen chloride stream
conpri si ng phosgene and 5 (chloro)hydrocarbons firstly through the first
.adsor ber and subsequently through the second adsorber until essentially no
nore (chl or pFhysiosesrdIREs | S adsorbed by the first adsorber, ii) in a second
step, passing the fresh hydrogen chloride streamthrough the 10 second
adsorber while the first adsorber is regenerated, with essentially
phosgene-free (chl oro)hydrocarbon being obtained in the regeneration, iii)
in a third shep.cofprsesd the fresh hydrogen chloride steamfirstly through
the second adsorber and subsequently through the regenerated first 15
adsorber until essentially no nore (chloro)hydrocarbon is adsorbed by the
second adsoflber, in &Yirgt gtep, tonechng a digst adagrbphand asecongsadsprher dyeerieshl ori de
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from t he adsdipr bein begcorkhsteg) mslsimgetde fiesk hydregers chipagpsideant yhrauglothest r eam
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cat al ytlc oxi dati gn of orid en essentia no nore
(chl or o) hydr ocar @Bﬂsg@e- r?‘i’f’é"’%@%?%@"taﬂeﬁ in hergdeReratilen wi t h
(chl or o) hydr ocar bon and there |s consequently no |onger any phosgene present
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of suitabl e pr obe ar tep' %? spectrioscopt ¢ net hods
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obt ai ned i n phos ree orm PF0O000057579/ Kes - 4-
iv) in a fourth step, passing the fresh hydrogen chloride stream through the
first adsorber while the second adsorber is regenerated, with essentially
20 phosgene-free (chloro)hydrocarbon being obtained in the regeneration,

with the steps i) to iv) being able to be carried out one or more times in
succession.

25 The invention makes use of the fact that (chlorolhydrocarbons are adsorbed
better by customary adsorbents than is phosgene. Thus, as the loading of the
adsorber bed with (chloro)hydrocarbons increases, previously adsorbed
phosgene is displaced from the adsorber bed. The displaced phosgene is trapped
by a downstream adsorber bed or goes into the downstream process, for example

30 the catalytic oxidation of hydrogen chioride. When essentially no more
{chloro)hydrocarbon is adsorbed by the adsorber, it is fully laden with
(chloro)hydrocarbon and there is consequently no longer any phosgene present
on the adsorber bed. Full loading of the adsorber bed is determined by means of
suitable probes. Particular preference is given to spectroscopic methods such as

35 infrared spectrometry or UV spectrometry or chromatographic methods such as
gas chromatography. The adsorbed (chloro)hydrocarbon can subsequently be
recovered by regeneration of the adsorber bed and is obtained in phosgene-free
form.



Preferred adsorbents used in the process of the invention are activated
‘carbon, doped activated carbons, alum num oxi des and al uni nas.

(Chl or o) hydr ocar bons which are conprised in the hydrogen chloride streans
.used 5 according to the invention and are recovered are preferably
nonochl or obpRa@I®575T0/Kbs or obenzene and tol uene. Phosgene is generally
conprised in the hydrogen chloride streamin amounts of 5-20 000 ppm
preferably 20-5000 ppm particularly prgeferably 50-2000 ppm 10 The

(chi oro) hydrocarbons recovered in the regeneration steps (ii) and (iv)

general | y cergiéirst adsdrbéitls pssdl irptref mbaeésyofqhémnnmmr@actMmagﬁmon,Apart
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in a cl o%ed , a conderiser and a
phase separ éwblorQhﬂerzemm@Cb@ Qer bed |n the regeneration steps ii) and/or

iv), with the circulating hydrogen chloride gas stream being heated before

it t t dsar. ' | fter. it | th b
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i) or i) is particularly preferably carried out in two substeps with the

circul ating d as _str ein ef or ters the
adsor ber (ﬁ‘é @C?'g’é‘rr’lwa‘g@%’?’ 3??%‘?”? 'T‘e&\? ra&ago? @e& pn first
substep ii a)geoerallwegmam < ﬁ@OQ:pprnmrateratgy hya%gem omtmsgeraf: gas streamonly
30 being cooled in a second substep 1ib) or ivb). The essentially

phosgene-fr (ghlo h car s .obtai ned {n ler/c ser and
phase separ §}p ft i F (‘ﬂﬂ é)?wi?car pas é’(ﬁ‘goP‘b?%SlBHe-b ﬁfss%ﬁwﬁ@&eﬂeﬁﬁ EPEt he
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Here, the C'ctaﬁr&@gsbrlaum%u%rtmﬁhhe aswrehsé@%ryexaﬁﬁree@orwﬁémtct‘s%a@.dSOr ption

bed in the sane direction as in the sorptlon step | 111). In the
regeneration steps iia) and/or iva), the circulating gas st ream S
preferably Ipasseanndimenthef abls qurptessn obable i inverition o e diytimgenr efdoriden

conpar ed 10 dofifris@d HPHY réipestivePadsortr is'dabsed”BOUNRNRAmY Ga&GS a closed
20 circuit comprising a compressor, a heater, a condenser and a phase separator
over the adsorber bed in the regeneration steps ii) and/or iv), with the circulating
hydrogen chloride gas stream being heated before it enters the adsorber bed and
being cooled after it leaves the adsorber bed, with liquid, essentially phosgene-
free chlorohydrocarbon being recovered in the condenser and phase separator.
25
The regeneration step ii) or iv) is particularly preferably carried out in two
substeps with the circulating hydrogen chloride gas stream being heated before it
enters the adsorber bed and being cooled after it leaves the adsorber bed in a
first substep iia) or iva) and the circulating hydrogen chloride gas stream only
30 being cooled in a second substep iib) or ivb). The essentially phosgene-free
(chlorojhydrocarbon is obtained in the cooler/condenser and phase separator. In
this way, the adsorption bed is cooled before the adsorber changes back from
regeneration operation to adsorption operation. Here, the circulating gas stream is
preferably passed over the adsorption bed in the same direction as in the
35 adsorption step i) or iii).

In the regeneration steps iia) and/or iva), the circulating gas stream is preferably
passed over the adsorption bed in the opposite direction compared to the
adsorption step i) or iii).



-5- It is particularly preferred to reverse the direction of the circulating
gas again between the steps iia) and iib) or iva) and ivb). The direction
of the gas stream thus once again corresponds to the original direction of
-the gas streamduring 5 adsorption operation. The repeated reversal of the
gas directi pRODGOOSTSTHKEed for the follow ng reason: during the first
substep, the circulating gas flows through the adsorber in the direction
opposite to that during the preceding d%ading step. This prevents any 10
strongly adsorbing conponents, e.g. conpressor oils or lubricants, conprised
in the crude gas frombeing carried fromthe start of the adsorber bed into

the bed duf SO S630R: blbrelle, [EURESRE (ecif of W'cAbigY i bR acts, o

to speak, as of the
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(Chl oro) ydrag e?at?c{so still conprised in the cold circulating gas in
an anoun corre pon |ng O its vapor pressure. This is adsorbed by the
adsorbent during the cooling phase. As a result of the reversal of the flow

di ;ect i ont dohing @dj irée\@rsdl o8 thee gh@ﬁ@é?mdn?@aéfb@@d for the J6lIoNaTh Qtasbﬁrteh
entrance to [ er
enbodi ment 6‘*’“&% ep ?Srcidss"@g%f’ h?e ,?%\,agiﬁ' % h&f’l%tt'? §6@}1§? gg%iggra@p or
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entire res Qriade s e e 11
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r egener at ed dirag sieserption n’fheyrevg@gb eﬂthehfrlmgmeqlood ueAstsr sarta speph ase

separato (rj \uabkﬂdshmgl fh the S860Hd éﬂblstép, ﬁh%@%ﬁ@hﬁdcﬁﬁthé 68d,ahe XIBwdireewiroon bei ng
recovere
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i s in adbor meddy tog srudeigas.to be pusfied. t(6blorq)hmrocagbwetsalscnsﬂllgoermnseq ior iv) is

preferably qpg wa%ureuhmgﬂgém awaﬁb@ﬁ%orrewda. %F’f"fa @@a&etgg: s Reat ed
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bei ng heat edhé rflow dizedtiond during codlipngothe Wilorojhiydrosabent isaadsprigll phdsygene-free
(chl or o) hydra@@h&oth the bl bRl Bfat the blifet 4R fk/segndenser and phase
separat%r Here too, the gas direction is preferably reversed between the
In a further embodiment of the process of the invention, the regeneration step ii)
or iv) is carried out using fresh gas instead of circulating gas. For this purpose, a
substream of the fresh hydrogen chloride stream or even the entire fresh
hydrogen chloride stream is, in the regeneration steps ii) and/or iv}, branched off,

25 heated, passed through the adsorber bed to be regenerated and subsequently
passed through a condenser and a phase separator, with liquid, essentially
phosgene-free (chloro)hydrocarbon being recovered, and this stream is
subsequently recombined with the main stream of the fresh hydrogen chloride
and passed through the other adsorber which is in adsorption operation.

30
Here t00, the regeneration step ii) or iv) is preferably carried out in two substeps,
with the substream being heated before it enters the adsorber bed and being
cooled after ieaving the adsorber bed in a first substep iia) or iva) and the
substream no longer being heated in a second step iib) or ivb). The essentially

35 phosgene-free (chloro)hydrocarbon is obtained in the cooler/condenser and
phase separator. Here too, the gas direction is preferably reversed between the
steps i) and iia) or iii) and iva) and reversed again between the steps iia) and iib)
or iva} and ivh).



steps i) and iia) or iii) and iva) and reversed again between the steps iia)
and iib) or iva) and ivb). 4 PF0O000057579/Kes -6- |In adsorption operation,
the adsorbers are generally operated at a tenperature of fromO to 60C,
.preferably from20 to 40C. The hydrogen chl ori de passed over the adsorption
bed i n regeppo@iooensTPEESti on generally has a tenperature of from5 100 to
250C, preferably from 120 to 200C. The hydrogen chloride streamis

generally cooled to a tenperature in tlg range from-25 to 40C, preferably
from 20 to 40C, in the cool er/condenser. The hydrogen chloride stream which
has been freed of (chloro)hydrocarbons can 10 be used as feed gas strean1in
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and phosgengo tyhQ) irs heobReBondemse0 steps: a) purification of a streama
conpri sing hydrogen chloride, (chloro)hydrocarbons and phosgene by the

process of the invention to give phosgene-free (chloro drocarbons and an
essenti al | y Thehydwara chiprigel sheam maveh hascbeandreaseffehlor Qf@d)cg\ﬁsﬁaﬁt ream bl ;
b) i ntroguchieRedhs fdi ¢4 stre@rfpwcﬁmmuéérhwebée@nm a—mmrel sing

streamb2|ntoa X Q Ly
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30 water, oxhlgtde Ohtyemg@ﬂormhm ptethen mwemnaﬂ@w ahethylens dichjaddss; c)
contacting of the product gas stream b3 with aqueous hydrochloric acid I in

a phase con tus an rt ter and hydr n
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chl ori d&p clinventiere,is vme@rablxoxgsgdnfor crreparingd coietine byndatalytic | didationeoft gases,

with at Ieasﬁd@gém;hlbh@e hydrogen chl oride conprised in the stream b3
remaining in thé gas stream c;

The invention also provides a process for preparing chlorine from hydrogen
chloride comprising (chloro)hydrocarbons and phosgene, which comprises the
20  steps:

a) purification of a stream a comprising hydrogen chloride,
(chloro)hydrocarbons and phosgene by the process of the invention to
give phosgene-free  (chloro)hydrocarbons and an  essentially

25 (chloro)hydrocarbon-free, HCI-comprising feed gas stream b1;

b) introduction of the HCl-comprising stream b1 and an oxygen-comprising
stream b2 into an oxidation zone and catalytic oxidation of hydrogen
chtoride to chlorine to give a product gas stream b3 comprising chlorine,

30 water, oxygen, hydrogen chloride, carbon dioxide and inert gases;

c) contacting of the product gas stream b3 with aqueous hydrochloric acid |
in a phase contact apparatus and partial removal of water and hydrogen
chloride from the stream b3 to leave a gas stream ¢ comprising hydrogen

35 chloride, chlorine, water, oxygen, carbon dioxide and possibly inert gases,
with at least 5% of the hydrogen chloride comprised in the stream b3
remaining in the gas stream c;



_PF0000057579/ Kes -7- d) drying of the gas streamc to | eave an essentially
wat er-free gas streamd conprising hydrogen chloride, chlorine, oxygen,
carbon di oxi de and possibly inert gases; 5 e) partial |iquefaction of the
.gas streamd by conpression and cooling to give an at least partially

i quefi ed sPFeeoDOB75TYKEeast|iquid separation of the streame to give a gas
streamfl conprising chlorine, oxygen, carbon dioxide and possibly inert
gases and a liquid 10 stream f2 conpr-i7zsi ng hydrogen chloride, chlorine,
oxygen and carbon di oxide and, if appropriate, recircul ation of at |east
part of thedpas diyingashthd as stredm o tb)eavg)ansesanilly waterffréehgad stepamdd st r eam f 2

by distillation j -G i : > Of.] st p%w ] d stream g2
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with part of thePPSER'GEEH 98R6Bri de condensing at the top of the col um and
runni ng back as runback into the colum, as a result of which a stream g2
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detail bel ow. | nap@klegsyRptiallyfiadefieg spamidie HCl - conprising steambi is fed
together with an 25 oxygen-conprising stream b2 into an oxi dation zone and
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Furthernore, it I'S advant use ‘oxygen I'n stal C metric

anounts. It is clistoHeRYito use, for exanple, a fromtwo-fold to four-fold
excess of oxygen. Since no decreases in selectivity have to be feared, it

can be econom cal v WO t .relativel I gh pressures and
accordi ngl y g. 35 §?l!) %@E&Hgmggﬁﬁ#@s&%gﬁbg b? h%{%tﬁlﬁﬁ%%g' 3%/ (f(g'f'ﬁﬁstg hers &
pressur & Sui t ablchlosne streamsgt @ndra streamod2 eengigting, essgntialiyi of hysixoges,
rut heni um chl or i @giofitle, eh dndt 8B MoxiEP Mith Fartosr ®iel hyairdhedi bR,
al ur num ox1 de.  bhGIR & RE16IEer b BN ThAnG Ea8C a8 RurkdBORYG et £ 20! ©
column, as a result of which a stream g2 having a chiorine content of < 1%
by weight is obtained.
20
A preferred variant of the downstream hydrogen chloride oxidation is described in
detail below.

In the oxidation step b), the HCl-comprising steam b1 is fed together with an
25 oxygen-comprising stream b2 into an oxidation zone and is catalytically oxidized.

In the catalytic process also known as the Deacon process, hydrogen chloride is
oxidized to chlorine by means of oxygen in an exothermic equilibrium reaction,
with water vapor being formed. Customary reaction temperatures are in the range
30 from 150 to 500°C, and customary reaction pressures are in the range from 1 to
25 bar. Furthermore, it is advantageous to use oxygen in superstoichiometric
amounts. It is customary to use, for example, a from two-fold to four-fold excess
of oxygen. Since no decreases in selectivity have to be feared, it can be
economically advantageous to work at relatively high pressures and accordingly
35 atresidence times longer than those at atmospheric pressure.

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, for example, be obtained



PFO000057579/ Kes by application of rutheniumchloride to the support and
"subsequent drying or drying and cal cination. Suitable catalyst can al so
conprise, in addition to or in place of a ruthenium conmpound, conpounds of
.other noble netals, for exanple gold, palladium platinum osmum iridium
silver, coppPEOOEDVSTHENKESN Suitable 5 catal ysts can al so conprise
chromunm(111) oxide. Further suitable catalysts are ones which conprise, on
a support, from0.001 to 30% by wei ght8 of gold, fromO to 3% by wei ght of
one or nore alkaline earth netals, fromO to 3% by wei ght of one or nore

al kal i et abg,apblicatiofl dforuliéiiuny chidrideitghthe cfupport amd sabsequent edrging tdr net al s
and from O h&irgggg/ﬁ({%aréﬁ'ﬁ%ﬁ. ﬁitaB%e?ﬁélyst”PJn%}Hr&%&ia&'ﬁh%ﬁﬁtﬁ»ﬂ! t%?éﬁﬂ fromthe
group consi st of ruthenium palladrum — platinum 'osm u i ridium
silver, copplacesh@ uhanumncomponat [CoppeoUnds ekethehnetie matle.ofor GKamPIE of t he
cat al yst. 1oy @hallgid: prEmms oswiut fidiuine diles] abpistr orhdesium. rSuitablei cul ar  at

te”peratgretctaﬁiyﬁtesfcan@%g?ﬁ rr%ie%%miﬂﬁl&lg)’&i ei n the oxidation of hydrogen

chl oride™t han r m conpr i Si catal ysts of the prior art.
Custonmary reacti on apparatuses in which the catal ytic oxidation of hydrogen
20 chl ori de Fushersuitabik ctdlysts ard onesiwbizll cdinphise] 6h aedlippet ffeAQlaDisto The

hydr ogen ¢ ri . dat | reied. i |ty _ 0O t ages.
The cat al yt i%(kz)s}"owg'ae?qﬂéﬁoq(#&ﬂfrp ngra? g 1] 1(5)\# .ﬁ%ég?‘gté’ﬁ ?ﬁ%aoégb%gi%%%ea%@bat ically
or pref er ansfalpsEemed imBioybyoweigbhpbonerat s1oje plkal matalad frgm Gigx 10mibye,
preferalpy wiight @nbhs P wsdris raSedtt metald 2R froMAD & 109 180wEIght girameess. |t is

preferably rice | | ui di -bed react er of from
320 to 400C 8'%\%‘1‘93@%‘]8&%6%"‘9‘# Py e dgut 8fdstha 3 rnkal oPRIAF ot oty
i sot her mal GnEM, MIUM, ifidjurg| sityep, soppesl andirbenju®, i eagb qase basad 9n e
reactors, i t6tal Wéight of thocdtQlysteactors, preferably from2 to 6 reactors,
particularly preferably from2 to 5 reactors, in particular 2 or 3 reactors,
connected in series with additional intermedi ate cooling. The oxygen can

either 4Pl [Suchdunidicomprsingsvpparied aatalysiy baveydn Raricular @b temeeratisen of t he

first reactafogeci t irt h@vitgan e dhidation hatt ﬁ?dreyéﬁ dnitfidsaiafUhe €act ors.
This series a{hlr?an enent . of Iﬂ%l Vi dtj?ll 35 reactors can also be effected in a
si ngl e appardt G ¢OrEREs! YstRRt e POt act ured catal yst bed in which the
catal yst activity increases in the flowdirection is used in the fixed-bed

react or . SUCH, it Habish SbparalBes ah NS 1S LabMlicDEddRh e ydugdt T er ent
' TP egnay Onch?gridteﬁi% gg}iéf\yosuit) are ()fg(gg-%SeZngrézllﬁgiszed-bed reactors. The hydrogen

chloride oxidation can be carried out in a plurality of stages.

The catalytic oxidation of hydrogen chloride can be carried out adiabatically or
preferably isothermally or approximately isothermally, batchwise, preferably

25  continuously, as a fluidized-bed or fixed-bed process. It is preferably carried out in
a fluidized-bed reactor at a temperature of from 320 to 400°C and a pressure of
from 2-8 bar.

In isothermal or approximately isothermal operation, it is also possible to use a
30 plurality of reactors, i.e. from 2 to 10 reactors, preferably from 2 to 6 reactors,

particularly preferably from 2 to 5 reactors, in particular 2 or 3 reactors, connected

in series with additional intermediate cogling. The oxygen can either all be added

together with the hydrogen chloride upstream of the first reactor or its addition can

be distributed over the various reactors. This series arrangement of individual
35 reactors can also be effected in a single apparatus.

In one embodiment, a structured catalyst bed in which the catalyst activity
increases in the flow direction is used in the fixed-bed reactor. Such structuring of
the catalyst bed can be achieved by different impregnation of the catalyst



-9- supports with active conposition or by different dilution of the
‘catalyst with an inert material. As inert material, it is possible to use,
for exanple, rings, cylinders or spheres conposed of titanium dioxide,
.zirconi um di oxi de or m xtures thereof, alum num oxide, steatite, ceramc,
gl ass, grapRFoEN00675191Ked ess steel. In the case of 5 the preferred use of
shaped catal yst bodies, the inert material should preferably have simlar
ext ernal dinensions. Suitable shaped ca&-al yst bodi es can have any shapes,
with preference being given to pellets, rings, cylinders, stars, wagon
wheel s or splods , witha attiveutampositionedretoya bifferenit riijationc g thedmtalystrwmh an

ext rudat es. ;.10 n%igﬁg'bhg ﬁb‘?{ﬁlﬁfé@iﬁf‘ﬂqyé %%l@'té/ﬁéé 3¢ &xa nﬂdﬁe F}ﬁ{gF E;H'ian these may
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uppor t ed CYRBEE of oRdtbl SRR SAUNAER, GRR, Ainilh B Befexh@laardl e, by 20

i mpregnation o e supp eous so I ons o "CuCl 2 or
RuCl3 and, if appropriate, a pronoter for doping, preferably in the form of
their choor iSurable r‘ﬁ:aogbrmlﬂgcalélyétbeareatitalpﬁatcumnrmﬁemmr¢adpwmﬂsadﬁ er or

preferably [ n | D er
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pref erably
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yttrium | anﬁérawrpamﬁuﬂnarwepﬂemmmpa% dr@ib! @F | alpt-ailsiirioh YoxidRn bh anisitivesnd
cerium or r{%% @;es t hereof. The shaped bodi es can subsequently be dried and
i f appropria alcined at tenperatures of from 100 to 500C, preferably
from 100 to 400C, for exanmple 35 under a nitrogen, argon or air at rmsphere.

Thg sh«'atloeflI b s aﬂgd @bﬁé@rc&mugmehunsbh Igdfsl&ﬁ\ Bé obfamadl@@r é:zaf
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chloride™to
preferably fandm gpp_ropaatgl P"%@ﬁtﬁf feufeping, ijﬁf@fﬁtbﬁ!alblt?e qu@rﬁfthf ¢hiorgles.
The shaping of the catalyst can be carried out after or preferably before

impregnation of the support material.

25 Promoters suitable for doping are alkali metals such as lithium, sodium,
potassium, rubidium and cesium, preferably lithium, sodium and potassium,
particularly preferably potassium, rare earth metals such as magnesium, calcium,
strontium and barium, preferably magnesium and calcium, particularly preferably
magnesium, rare earth metals such as scandium, yttrium, lanthanum, cerium,

30 praseodymium and neodymium, preferably scandium, yttrium, lanthanum and
cerium, particularly preferably lanthanum and cerium, or mixtures thereof.

The shaped bodies can subsequently be dried and if appropriate calcined at
temperatures of from 100 to 500°C, preferably from 100 to 400°C, for example
35 under a nitrogen, argon or air atmosphere. The shaped bodies are preferably
firstly dried at from 100 to 200°C and subsequently caicined at from 200 to 400°C.
The volume ratio of hydrogen chioride 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.



PFO000057579/ Kes -10- In a step c), the product gas stream b3 is brought
i nto contact with aqueous hydrochloric acid | in a phase contact apparatus
and water and hydrogen chloride are partly separated off fromthe stream b3
to |l eave a gas streamc conprising hydrogen chloride, chlorine, water,
oxygen, car peooobosTedeKesd possibly inert 5 gases. In this step, which can
al so be referred to as quenching and absorption step, the product gas
stream b3 is cool ed and water and hydrd@en chloride are partly separated
off fromthe product gas stream b3 as aqueous hydrochloric acid. The hot
product gas Irstar stepnd)3thHesprodotteghshytrdam i iscbroughtninto camaa ovithwabiealis! ut e
hydr ochl ori | ; ' rgﬁzgg ' i 00,1"@?
appar at us, T&@?’gﬁ‘o']e'g(?d?gp Qﬁngﬁ% ortléppégjah%oﬁnﬁéj@';& et sggr%]ggﬁe(?%r a spray
tower, wth %P?ﬂ'ﬁﬁepgﬁ@%sﬁg@%weﬁTeﬂm Bét‘b@aﬂﬁ LIAHFRATN CrFMEISEdenchi ng
medi um The hydegemiohpriden dhiabiser whieanoxygdn U tarben ddibxides ang dpassiblyoinieet aci d
whi ch isgno ; | ; C Wel=y M‘g en
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condi ti ons &feP: ie BIRsHEL@afRStEaaM ﬁﬁé%PB?'P%ﬁ"@M@@f@%?VﬁP@%%W'Q%%e hydr ogen
chl ori de i s paftly sepamtéd sffifromfthe praduet gis)sticambl dcaquiond hgdroghlsrisaciéam b3 bﬁt
remai ns part | ; | t : : atus. The
prosence. of e srifRiRs el b o Babdhy MG o BHERFWARAGE. v 0
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usually fro A a . Q e in the
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10 bar. YPhe siemalate Yigh that ydraes ehigrideds pebsenarated off completely fram theheat
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guench. conprises’ver
remains in the gas stream c.

The hydrochloric acid | preferably has a hydrogen chloride concentration of from
27 to 35% by weight. The temperature of the hydrochloric acid 1 in the phase
25 contact apparatus is usually from 0 to 150°C, preferably from 30 to 100°C, and
the pressure in the phase contact apparatus is usually from 0.5 to 20 bar,
preferably from 1 to 10bar. The product gas stream b3 can be cooled, for
example in a heat exchanger, before it enters the phase contact apparatus.

30 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.

In a specific embodiment of the process of the invention, the phase contact
35 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
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



circulating liquid, in the present case the aqueous hydrochloric acid I,
‘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 9 PFO000057579/ Kes -11- quenchi ng tubes. The high
tur bul ence prdoddos7b29/ges exchange area between gas and liquid results in
very good heat and mass transfer. Crculating liquid and gas nove in
cocurrent. The second, downstream stagati-s a falling filmheat exchanger
which is configured as a shell-and-tube apparatus. Reaction gas and

ci rcul at i ngqbendhing bésykheaudgh aurbulerca ahd thedarge rexelyarel ares betweeargast hr ough

t he tubes. . l,La 3 ' . : Af r. A
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ydr ochl ori .fe e [Lue . : erature
of the hydrg%?#éoﬁ‘pg g%eltn hl%&@fyﬁ% #ﬂg %?‘ ee_) %%gﬁé'ﬁmgt @é"%imrqca@a'_ Phg"_régmount to
be reduced. aapeoys, hydipchlgge  acithdl Qbtainedrial thaestbsequentn hydrochiRfice acill be
om tt ed{end digiitRads fdiRodhs pibe\yubserwer ature of the hydrochloric acid in the
falling fil mheat exchanger were to be reduced too nmuch, an excessively high
solubility of hydrogen chloride in the aqueous hydrochloric acid could
result. It iBefore the siculdinginytechlorip agidiigieinirogdlerciniesthe pipectuengarit ¢anst ead of
a falling figeradaraltin A EURIRIDAST heat BxERIMGEAINstallEL upstrtath 60RE Pige QUARBRAL US 1S
oper ated usi circul ati Qegnléy roch*C ri ﬁ actlyd.l o n atBrﬁfer.red errtf_ﬁdl ment ,
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carried Z%Ut alsh %ogsl.ilgjkreatlo' prgvigtfe aSE)Fégee?\éa 8)r(changer instead of a falling film heat

exchanger.

In general, the phase contact apparatus is operated using circulating hydrochioric

acid I. In a preferred embodiment, at least part of the aqueous hydrochloric acid
25 circulating in the phase contact apparatus, for example from 1 to 20%, is taken off

from the phase contact apparatus and subsequently distilled to give gaseous

hydrogen chloride and an aqueous hydrochloric acid Il which has been depleted

in hydrogen chioride, with the hydrogen chloride being recirculated to step b) and

at least part of the agqueous hydrochicric acid Il being recirculated to the phase
30 contact apparatus.

The hydrochloric acid distillation can be carried out in a plurality of stages. For
example, a pressure distillation in which hydrogen chloride is obtained at the top
of the column and constant-boiling, dilute hydrochloric acid having a hydrogen
35 chloride content in the range of, for example, 15-22% by weight is obtained at the
bottom can be carried out first. The bottom offtake stream from the pressure
distillation column is subsequently subjected to a vacuum distillation in which
water is obtained at the top of the vacuum distillation column and a more highly
concentrated constant-boiling hydrochloric acid having a hydrogen chloride



_exanple, a pressure distillation in which hydrogen chloride is obtained at
the top of the columm and constant-boiling, dilute hydrochloric acid having
a hydrogen 35 chloride content in the range of, for exanple, 15-22% by
-weight is obtained at the bottomcan be carried out first. The bottom

of f t ake st r pgoDdOOBTEYIRepr essure distillation columm is subsequently
subjected to a vacuumdistillation in which water is obtained at the top of
the vacuum di stillation colum and a ro2e highly concentrated
constant -boi ling hydrochl oric acid having a hydrogen chl oride
PFO0000575786itest of]l Xor emainple; 20£28% dy arighpliss pbf2éhed84t the hettahtofi theobt ai ned
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appar at us aladudble!) ROMY pleabencdritadthepparatasilantii kg combineduwith tHen cieculatingher
preferre erﬂﬁagi ment, 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. At |east part of

the oxygen 1fadaviripséfeged embadinieht,whe aguecusftgdrdchloribacidAitaledn efhframne, whi ch
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preferably use
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Part of the ' can be
separ at ed O?‘#‘ééono?or e"sﬁifﬁ# érfélh%llagl%gfaggﬁgé éﬁg%rﬁl)f%t gnle?%rhﬁlggj%%lgefg out and
be conbi ned tbwtpnrpogar&ngpmgwgn@qm@ ot dnt @@ﬁﬂ‘(ﬁm'@"ﬁ\i@ﬁprlﬂg esiran.nee i n t he
hydr ochl ori Ghigihg cohiteiti bi ahé mwdrdcﬁronexml e chfi b Z8lidedP e APOTpgthom t he

pressure di j:)tréﬂe ﬂ%w O%iplp r{\h%@a% it is possible to produce a
ca y

chlorine-fr drochloric acid of a parti cul ar
concent &t i on. The stripping of the hydrochloric acid | to free it of

chl ori ne haspdrhér the tripped aéssemitily RhidgiRe-fraathy dﬂwhldﬂ&\lﬂéiﬂﬂ %aﬁbb%%pawanger in
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20 way, it is possible to produce a chlorine-free, in-specification hydrochloric acid of
a particular concentration.

The stripping of the hydrochloric acid | to free it of chlorine has the additional
advantage that any downstream heat exchanger in which the hydrochtoric acid is

25 heated before the distillation does not have to be made of an expensive
corrosion-resistant material such as tantalum but can be made of an inexpensive
material such as graphite.

The gas stream c leaving the phase contact apparatus comprises chlorine,

30 hydrogen chioride, water, oxygen, carbon dioxide and generally aiso inert gases
(mainly nitrogen if air is used as oxygen-comprising gas}. This can be freed of
traces of moisture by brining it into contact with suitable desiccants in a
subsequent drying step d). Suitable desiccants are, for example, concentrated
sulfuric acid, molecular sieves or hygroscopic adsorbents. A gas stream d which

35 is substantially free of water and comprises chlorine, oxygen, carbon dioxide and
possibly inert gases is obtained.

Before the drying step d), the gas stream c is generally cooled. The presence of
hydrogen chloride results in chlorine not being able to crystallize out as chlorine



30 hydrogen chloride, water, oxygen, carbon dioxide and generally also inert
‘gases (mminly nitrogen if air is used as oxygen-conprising gas). This can
be freed of traces of noisture by brining it into contact with suitable
.desiccants in a subsequent drying step d). Suitable desiccants are, for
exanpl e, coppexioosYsTH/Ked!l furic acid, nol ecul ar sieves or hygroscopic
adsorbents. A gas streamd which 35 is substantially free of water and
conprises chlorine, oxygen, carbon diex3de and possibly inert gases is
obtained. Before the drying step d), the gas streamc is generally cool ed.
The presenchydiate diysihpgaturehdiod 107, sived tteswater cirhpriseddn tiag gdeestreinabl e to
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tgrrperat ur](cast *fyﬂfog@naambmé ri@Mhe26tréam5€, Sifven the Wydrdelopios adill| ®hich t he ]
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pressure,
the cool ed s¥eaegnfed fxthe QTV!ﬂQeS'GP n'@ﬂ%%'p! %I)O‘lhé@t‘%fn‘lxgﬂt%{“l J%Smﬁt@t content.
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| ess desi CC%Q&rpﬂE%Bnce‘?ff@m &Ifﬁﬁ@ﬁ&@tﬂeﬂi&q%“ ric acid, . bei ng consuned. 10

In a step e), € gas stream c of eas "partly liquefied by
conpression and cooling. In general, the two streans are conbi ned and

conpr ess@d Wam@ e ga‘s sfteﬂaaw 6on8gs af ledbt pdrthy ﬁﬁﬁfl@@ﬁ?b@t&&t&@ﬁloh%na pressure

S ngl - st ageogPdnl obtalfhe s g A b PR and PRSI TERIR & om0 1
-70C. The stsm!ﬁ-ma%mramlbstgge pgmmqﬁms@ea RIASEUER A dlle Janger froel §, toi n whi ch
case one or s0afah@ amimtaﬁbdusw estisd b eheahé BPSRgIE Eé?? 6r9rﬁulh§tagé eoamgu bsequent

gas/liquid par, A am fl

conpri si ng %t’%h%gr%g&[ dg t“g %trnggafm(ﬂ'ﬁogstaee@% tgqa&l ?tal%‘joa s 20 and
a liqui®d st:cemrefsae@ ogolng sapamtelie in whieho gase caneor d@OfeoWﬁtehlnd car bon
di oxi de. Thiligustledistieamsleséaneé@t.red to as "flash". The phase separation can
be carried out by allow ng the gas phase to separate fromthe |iquid phase
ina sinple vessel. In a preferred enbodi nent, the gasAi quid separation is
ef fected by In iawsuhsequentg;asﬂiguwomnae@bed).sthfzeamam Bris Geparatsduimto atgashe t op

and passi ng sidar? 91 BAPHSIA tdﬁﬁmﬁ@' H%ehnc&%ﬁ“o%xﬁ‘dér AR é&mf hserfigasaxdi ng gas

phase apf | Sod 48 m?z ERoriemeenidtie! hydlogdrIhidhid RyenShd dasbdne Pottom

of the €01 ufMEhER"q AF prising 9 xyg
dioxide. This step is also referred to as “flash”. The phase separation can be
carried out by allowing the gas phase to separate from the liquid phase in a
simple vessel. In a preferred embodiment, the gas/liquid separation is effected by
introducing the compressed stream e into a column at the top and passing it

25 through the column in countercurrent to the ascending gas phase and feeding
part of the chlorine-rich liquid phase leaving the bottom of the column back into
the top of the column and thus circulating part of this stream. Preference is given
to from O to 80% by weight of the chlorine-rich liquid stream taken off at the
bottom of the column being circulated, i.e. preferably returned to the column at

30 the top. Carbon dioxide comprised in the ascending gas stream is dissolved out of
the gas stream and can later be separated from chlorine without problems by
distillation (together with remaining oxygen). This resuits in a gas stream f1 which
is low in carbon dioxide and can be at least partly recirculated to the oxidation
zone. Thus, the substream which is separated off as purge gas stream from the

35 stream f1 recirculated to the oxidation zone and is discharged from the process in
order to prevent accumulation of carbon dioxide can remain comparatively small
or be dispensed with altogether, as a result of which the loss of chiorine via the
purge gas stream is also limited.



the top of the colum and thus circulating part of this stream Preference
"is given to fromO to 80% by weight of the chlorine-rich liquid stream
taken off at the bottomof the colum being circulated, i.e. preferably
.returned to the colum at 30 the top. Carbon di oxide conprised in the
ascendi ng grRFOGO0DBASTI/Kegli ssol ved out of the gas stream and can | ater be
separated fromchlorine without problens by distillation (together with
remai ni ng oxygen). This results in a gag-streamfl which is lowin carbon
di oxi de and can be at least partly recirculated to the oxidation zone.
Thus, the sThsigaseatreaini fdhwhich bapdeat adparafedasit genayallygemnmisesdonf nam t he 35

stream 11 reggdr t | i : ' ' t he
process in 3@?’0@“’ ?igﬁg?feé\g'le&ﬁ{ash@%xfoa /5?139{)&?9 @'ﬁ%hﬁdrgp%i P@é‘g{egrfl&?'g?ai n
conpar at i veld/B&diy weight of oxyges), &eerl ta\BP% by weight ofdlitroges, Homdkta 30%f whi ch
the | oss of bglweight e caiban tdisxidepanid) fromad tes t 0%y weighll sfcfutther dopetituents

PFOOOOOSgS?g(IéﬂaéS n3b4? ngb%lé;@}a%@g%&\j\%é{mi ch has been separated off

general l'y conprises om I'ght of chlorine, from1 to 40% by
wei ght of hydrogen chloride, from1l to 80% by weight of oxygen, from1l to

?0% b% wei grrgneon‘quiai streag e géneralyOcdmpri3esiroby 70d 9B8% by weijheon chilofive,de andOI
romO0 to : . u ses an
car bon nonogrléhg¥ t%%‘%{but"q"g‘%'ﬂﬁtlsqftr@g@%@@E'éhééérigﬁt@oégﬁ?r ﬁ,@ggﬁp ?@%’&8‘9’?0 98% by
wei ght of clioay © fe30%fyoweight of cagserugioxide ghd fram ¢iaie Bdunweiahiefifudhers rom 0 to
5% by we ghtcopdtinmnygsiich asfriobis gades adl Yalonwebr@iideof car bon di oxi de and from
0 to 5% by weight of further 10 constituents such as noble gases and carbon

monoxi de. In a step g), the liquid streamf2 is separated into a chlorine
stream gl ahd aaster (@)t ligrid: slreans (2 ﬂﬁgs%étﬁﬂi'ﬁﬂol%'Cgb"wyékwérmcﬂn@lai de,
gXégen andh;‘s&émrgzdécmsisdﬁg ebsentla d:f'Hyal‘rdgt@ﬂ chidride CoXdygsm and\carboR didxidel t he

ydr ogen chl or | i, unni ng
back as runt?gcql&ﬁ%‘?og‘ 'B ﬂaegé:i%}ﬂﬁﬁ', ggﬁ 8}?"&%&%& %@gﬁbeg&%&ﬁ%g‘z‘{%am ng a
chl or i ndScoreetop dtheccalummniandrangjng back amruabackdintariie calumn, b atresult ofs

general |y cajHidtesls®etim g2 haviflg atdhidrink icoRteRDOIOTR R MAdIght i§ Bbtamsapl e, from 5
to 30 theoretical plates at a tenperature in the range from-50Cto 20

+110C and a pressure in the range from4 to 40 bar. The chlorine streamgl
obt ai ned i n thei distijlatjoryie igenarally caysigd gutinlaxdistillatierberlenn having, fenexsmple, 100% by
55100 gosaram o Coomaita ARG Ay argiustn e g Yoty HOTIE ) o
el ori 080 b/ e eletBuR AR o Rof L SR 2D g TR B sl "AS
of f gas st r ezbtained in this way generally has a chlorine content of from 95 to 100% by
weight, preferably from 98 to 100% by weight, particularly preferably from 99 to
100% by weight. The stream g2 which consists essentially of hydrogen chloride,
oxygen and carbon dioxide is discharged from the process as offgas stream.
25
The hydrogen chloride which has been liquefied with the chlorine aliows, when
returned as runback from the overhead condenser, virtually complete retention of
the chlorine which consequently does not go into the offgas and become lost as
product of value. A higher overhead temperature of the chlorine distillation column
30 s also possible as a result of the hydrogen chloride reflux.

In one embodiment of the process of the invention, a hydrogen chioride 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
35 reactor pressure, serve as coolant in a heat integration apparatus.

In an optional step h), the gas stream g2 is brought into contact with aqueous
hydrochloric acid, preferably the hydrochloric acid 1l obtained by pressure
distillation or vacuum distillation, in a phase contact apparatus and hydrogen



25 The hydrogen chl oride which has been liquefied with the chlorine allows,
"when returned as runback fromthe overhead condenser, virtually conplete
retention of the chlorine which consequently does not go into the offgas
.and becone | ost as product of value. A higher overhead tenperature of the
chl orine di pEpbdopbrere/kesum 30 is al so possible as a result of the

hydr ogen chl oride reflux. In one enbodi nent of the process of the invention,
a hydrogen chloride streamis taken ofi§-as liquid side offtake stream from
the chlorine distillation colum and is recirculated to the oxidation zone.
Thi s streanchiande & teparaiedr 6ff Sroim 2iad istreamog2 IO led@ch quaspstesdnihewhighr ve as

o . ! I . !
ctream go i O cbpeRly'ol SRy diPaid kbon dlodfe SRl (G et syl 09S
preferably eReuptsefolydregen: chigtide and ghjaiingedn gpnerak dke hydroges ighiarige on or

vacuum di st icbihtaht sfnthei streanphas drorondAcd 19M09pphuandimsh bidries eontent is
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further compeewsepasated off inthe gas/ligyid ﬁ9@ﬂr@é@hst9mfo¢nhﬂé camparativelyismall | n
general , thgabyelu@@eastreal ig bbneddn teabsoRitiohBtepsh,'soaRatth small alssorptn to 10

00, ppm and o4 ghERR: (SPHe Dby SEHAT LM rkforl 00 PP Since The raj or

part of the ert- gases inc oxygen een separated off in the
gas/liquid separation step f, only a conparatively small gas vol une stream

i Sf ]g_bt aﬂosdfm 2 tihonbpaORIl i shép lsat & yas Sdrebfieth i@ ITOBYHL iﬁi@ﬁf@cﬁrﬂ&dtqmth @?! urmI i's
Surticlen . . 4 [ [ I I Oha
Step ).t neOuulT SombARY Bt BidrheraREhal S sodyrhivBroakhoi o

conpri si ng $edingrd RiAdelotiemcate S aeitinadinseiering agdi hydregen ichloride H8iNg havi ng a

pH of from femeved frodhe §ad\dtrdam ghl ori ne and hydrogen chl ori de being
renoved fromthe gas streamh. 15 The offgas streamh is preferably brought

into contact with a circulating punp stream conprising sodium
hydr ogeibar dheaeftgasnstreant huatpyefiecabbn beaught into sortactwith agcirculating foufmpom about

7.0 to 9.0 idreBmSESTIIRiNED s ydr c&:bbﬁatbaéddngodmmﬁ’ydrég?éneémitbsaﬂd“ roduced
at the top qf a Scrﬁbﬁb’n& qj)ol ?r@ e, ess@nt'allhé “—tﬁ ] oII Itovm ng
(equilibriu Vg2t 8 °aé’“E-é8:- W?iru olupg, 1nqGEYatRyg + H20
(2) C2 + Neteam i§ drotuced-aiCthe+tapopf a scrubbing column. Here, essentially the
following (equiiibrium) reactions take place:
20
(1) CO; + H,0 + NaOH = NaHCO; + H,O

(2)  Cl, + NaHCO; 5 NaCl + HOCI + CO,
25 (3) HOCI+ Na,SO; — NaCl + NaHSO,

Part of the bottom offtake stream comprising NaCl, NaHSO,/Na,SO,,
NaHSO4/Na,So; and NaHCO; is discharged. The circulating pump stream is
suppiemented with alkaline aqueous sodium sulfite solution. Since onty a little

30 carbon dioxide is bound by means of this mode of operation, the scrubbing step i)
consumes comparatively little NaOH.

The invention is illustrated with the aid of the drawings.

35 Figures 1 to 6 show schematic flow diagrams of one variant of the
adsorption/regeneration cycle according to the invention in which regeneration of
the adsorbers is effected by means of circulating gas. The arrangement shown in
figures 1 to 6 comprises a first adsorber 4, a second adsorber 5, a compressor
11, a heater 6, a cooler and condenser 7, a phase separator 8, a receiver 9, a



25 (3) HOCI + Na2SO3 -~ Nal + NaHSO4 Part of the bottom of ftake stream
“conprising Nad, NaHSO4/ Na2SO4, NaHS(O8/ Na2So3 and NaHCO8 i s di scharged. The
circulating punp streamis supplenented with al kali ne aqueous sodi um
.sulfite solution. Since only a little 30 carbon dioxide is bound by neans of
thi s node opProgmBYsTIKes he scrubbing step i) consunes conparatively little
NaCH. The invention is illustrated wwth the aid of the drawi ngs. 35 Fi gures
1 to 6 show schematic flow di agrans of 16Re vari ant of the
adsorption/regeneration cycle according to the invention in which
regener at i opuep 10t vd aedinee vehicts car be adpeded andedosed by mieansibbivaegs,gas. The
arrangenent . i Lgu o] i I orpe , ;& second
adsor ber 5, 'r%m?\gﬁpré;sg%%'g W ie%]ogg(?eﬁ, ggﬁaﬁoﬁjégr(:héﬁ% ?@%de%sé?‘f?? a phase
separ at or 8 {chiprplydiogasbog dischargs e 537 5Tty rdsorbars. whigh Are 0N #ISOM9B | i nes
whi ch can bepeéatdredreitdtcitdd) and thyadsoeisgs ehichalry #tregendratioidomgatiorf aresh HCl

feedlinez1, ' line 2 and a (chloro)hydrocarbon di scharge
A WSl SHREAT

line 3. The ers re in adsorption operation are hatched, and
t he adsorbers which are in regeneration operation are 5 shown wthout a

pattern. Fi Giguee Il iliustrabstpal otheprodessiof tHeanwintion Sthedfirst dusottiey @nindon.  The

;' rst adsor el seﬁeﬁﬁﬂ%gwgr § QFPBShrRARD i SErigs Qﬁaeth%%éﬁcrhﬁﬁgbﬂ chfgtie 3 and the
resh hydrogen chlorrde I “passes 1T n succession through € two adsorbers

until the fiPRSIeSatls BugHERSIgN jtarough dbe dwpi adsogbers |unyil thed Brst widserber 4 is

(Cgl OIrF)o]ydreageaﬂibnw iyl e Nital (thdi@)hp‘@rfoearb(aﬁhb?ﬂ 0 pheemtigia M0 mére agsorbed

and all o r e fir or ber

stage and i i&ﬁ?r@gﬁﬁﬂ) %Igﬁbo{ﬂ ﬁ"g aé%@%@?ﬁ%%@?@@ﬁg‘sgﬁnﬁ uh%g] téll';% ?‘%é@s‘ﬁgrpeﬁ%zj step

iia) of the figmthedissterdsenher stage and isrprasem intheserend adsofRes 5. 15 regenerat i on.

The fresh hydrogen chloride is now passed through only the second adsorber

5 while thedir dsorber. 4 s regenerate The hvdrogen chlqri de
compri sed 1 F19UE % ASPHEESieB e o SEBEABRER i BB OHET pEidibordassor 12
t hr ough 16he ragenesation; Theireshibysiragen chloritle is nbwagased thyoughrapltthe seeonsbndenser
g ang éhgoﬁi‘]%@etﬁ@%ﬂé Qhe E‘grstDH%édeebrthllﬁ régﬁi%ratthETﬁéh#ﬁg ééﬂl@:‘fc&r bgln ' de
esor be romt he sQrption neans, o e heate rogen chl oride
stream and icgmptng%gﬁn 3@8 Exr/‘&t% Orbﬁtd‘et"s‘?/ pﬁﬁfﬁiism RSN tg'fgl %P"EJ%S?é’gn@-f ree
chl or o) hydr g adenweAasamwef Aan S ¥ W fnserden
(chl )h dtbl@_elb(thﬁh@aid_@@ dsatbef ¢ dtmemmrw_@)mghmm $exdk
hydrogen chlgyitae phhss séparator 8NBuRRNARSES, tife AdHbrofhyaRRaboh ¢ldédomsad he gas
stream '26 t t}(raon[? H%Sgds%? %F\%}e%rbysmeans of the heated hydrogen chloride stream and is
taken up by the latter. Liquid, essentially phosgene-free (chloro)hydrocarbon
condenses out from the (chloro)hydrocarbon-laden hydrogen chloride stream in
the condenser 7 and is separated from the gas stream in the phase separator 8
and discharged via the receiver 9 as stream 10. The direction of the gas stream

25 passing through the adsorber 4 is opposite to that in the adsorption step.

Figure 3 illustrates step iib) of the process of the invention with circulating gas
regeneration. The heater 6 is now not in operation, so that the circulating gas
stream is no longer heated but instead is now only cooled by the

30 cooler/condenser 7. The gas direction through the adsorber 4 has been reversed
again and now once again corresponds to the gas direction in adsorption
operation.

Figure 4 illustrates step iii) of the process of the invention. Step iif) corresponds to
35 step i) (figure 1) except that the order of the adsorbers 4 and 5 has been
exchanged compared to step i). Adsorber 5 is laden until essentially no more
(chloro)hydrocarbon is adsorbed and the total amouni of phosgene has
consequently been displaced from this adsorber. The phosgene is now present in
the downstream adsorber 4 or has been, while the adsorber 4 was in regeneration



and di scharged via the receiver 9 as stream 10. The direction of the gas
‘stream 25 passing through the adsorber 4 is opposite to that in the
adsorption step. Figure 3 illustrates step iib) of the process of the
.invention with circulating gas regeneration. The heater 6 is now not in
oper ati on, $FOOOEIS7SME/Kesr cul ating gas streamis no | onger heated but

i nstead is now only cool ed by the 30 cool er/condenser 7. The gas direction

t hrough the adsorber 4 has been reversa@- again and now once again
corresponds to the gas direction in adsorption operation. Figure 4

i Il ustrat es optrgtion (ag smfwrtlhéigpredneatsleaét platy displaoedi from tHst ahysotber 6 aralr r esponds
to 35 step ( nd 5 has
been excha % tgg%gfe t%zfl:"s%l"?r‘e)t2 ic%""l’ﬁe g‘?@?@éﬁ r&grc{ggﬁeﬂﬁirﬁ{e?ﬁﬁlggt‘sbgﬁt ially
no nore (cﬁ’lf%eﬁﬁhydrocar bon is adsorbed and the total anount of phosgene
has consequently been displaced fromthis adsorber. The phosgene IS now

present 'n r r 4 was
in regenerat |%lﬁ %% J.)gé;gl?g/?@ Qe(fif}‘br%esg%?tﬁﬁ?ent%\lgmﬁi?ﬁn éegeS) at

| east part]l yew%ﬁtﬁ’@ed' hey 8tept iva) &BEE%?RS’@F’S dohe sigpdia) (figiends H‘%t ream 2
to the downsidsewer byndwdginy inhégenecktionopdatioon process. 5 Figure 5
illustrates step iva) of the process of the invention vm'th circul ating gas
regeneration. The step |va2 correﬁgonds to the step.iia) l8ure 2), with
the adsor bdmiguwefhilusisates, step oy P%Sdﬁé'?‘%!ﬂ"éﬁt'orl:w&j@ cc@ating gas r at es

step ivhp Ofregétﬁemtdméﬁﬁ Qfept hvB) icoresponds tol the step i) Jfigive 8P Swithl Ghe

regener atl ousBi: 3 6lind WP loRALLASRUARLD. SBE ) Rrdlils (44 i Bl L1

t he adsorber nera S the
cycle. The ﬂﬂ!‘kﬁteetoéﬁe69@@096%9?"6%?&€§96de96)step i) (figure 1). Figures
7 to 12 show schematic flow di agrams of a variant of the adsorption/ 15
regeneratio CGRI v of the
ndaor ber s | YR T 48 olactiRrlan, fol GbisRb bfp il BERE GBI 0
shown i 15 heregegiation @M@lﬁr@@@sdlmméOfthestnva@rmr e which Wﬂ?'@éﬂi@ﬁdobd%r ber 5,
the heater gsottues ¢ ehriedasd wmyﬂ&agemﬁam gbh @hRifide ase TRk daredngdmednbe

of val ves. i HRRR AT sh0eRtondrSEE ML ltiafilod . 35€ %E?o@“%%sﬁ»hé’eééo"ltﬁ%e”‘éaQﬁd
a (chloro) hy'@ﬁ%%!’eﬁ Ugﬁ coglpk andh eoprdenpere? . 3he phase @@Qﬁf@tgs 8r thereceiverrf, tthed.
Figure 7 illpshp 30 @fdliRés WRigK catibe bpéhiRl PSSRy el bf YakesNRALdAg | N

seri es, 20 a fresh HCI feedline 1, an HCI discharge line 2 and a (chloroyhydrocarbon
discharge iine 3. The compressor 11 is omitted.

Figure 7 illustrates the loading of the adsorbers 4 and 5 connected in series,
corresponding to figure 1.
25
Figure 8 illustrates step iia) of the process of the invention with fresh gas
regeneration. The fresh hydrogen chloride stream is now passed only through the
second adsorber 5 while the first adsorber 4 is regenerated. For this purpose, a
substream is taken from the fresh hydrogen chloride stream 1 and passed
30 through the heater 6, the adsorber 4, the condenser 7 and the phase separator 8.
The direction of the gas passing through the adsorber 4 is opposite to that in the
adsorption step. The substream passes through the phase separator 8 and is
subsequently combined again with the main stream.

Figure 9 illustrates step iib) of the process of the invention with fresh gas

35 regeneration. The heater 6 is not in operation, so that the circulating gas stream is
no longer heated. The gas direction through the adsorber 4 is reversed again and
now corresponds to the gas direction in adsorption operation.



corresponding to figure 1. 25 Figure 8 illustrates step iia) of the process
"of the invention with fresh gas regeneration. The fresh hydrogen chloride
streamis now passed only through the second adsorber 5 while the first
.adsorber 4 is regenerated. For this purpose, a substreamis taken fromthe
fresh hydr ogepominsesvgigest ream 1 and passed 30 through the heater 6, the
adsorber 4, the condenser 7 and the phase separator B. The direction of the
gas passing through the adsorber 4 is-.qpposite to that in the adsorption
step. The substream passes through the phase separator 8 and is

-S”E)SGQ}JE['L | Figuearhonidgstaisy Btepl il of e PRicBss bf @tdninvehisH and dokresisdridat esTﬁt ep
ii 0 e of. the, ifqve n. e
heater 6 is e%%%?‘%?'ﬁ’s?pé?‘%‘? i%nﬂ‘esg dteﬁgtf %%Iead%rrsg{%l ‘gt%?' Hgg,gsaégvgt%:} g@%‘}qeg no

| onger heat €@mpaned tggtepd)-r ecti on through the adsorber 4 is reversed again
and now corresponds to the gas direction in adsorption operation.

PFO00005457 @ - 18- _Flgure 10 il r steep 0] he process of the
i nventi o% a%/('#ﬁ g%r1r1_egg%tﬁ%gy Sg‘? S g’ﬁ‘k iogl%ﬁ%/ p?égq‘%lsgéjr@%’h@'ﬁ@f]o‘{v@%rﬁ%ﬁ qea%e

adsor ber s 4 reganegtion. Famsterdvi egeaspargaiasted liad (figuep8) With theradgaraer 1

i1 'ustrat es npvagiriginregdnetdidnpedio. of the invention with fresh gas
regeneration. The step iva) corresponds to step iia) (figure 8 wth the
adsorber 5 now being in regeneration operation. Figure 12 illustrates step
i vb) of t he Figuse csillostratae step, é) iab rthe processesfhthgainverttionr wife deeshtdasn. The
step i VRD CQoegaRMidAS ThE sieb®ib)icbResddnds té SteBliib) Wighte d)hRitR ePad@Fbe? 5 bei ng in
regeneration ﬁﬁgr ation. Et ep |vpé cg{égl .glt)es tge c;;@l e. TheThnext sgqe once
agai n corr e§8I0 tegenerafion prepfign, Rtep) VD)LoRRSlss 789 SvRiEs Thediexbstabs 1. A
process for angeeganicogespdnds tajtep dr{igereldn-free hydrogen chl ori de and
phosgene-free (chl oro)hydrocarbons froma hydrogen chloride stream 5
conprising (chl oro)hydrocarbons and phosgene, which conprises i) in a first
step, connecting a first adsorber and a second adsorber in series and
passi ng the fresh hydrogen chloride stream conprising phosgene and

(chl oro) hydrocarbons firstly through the first



10 adsorber and subsequently through the second adsorber until essentially
"no nore (chloro)hydrocarbon is adsorbed by the first adsorber, ii) in a
second step, passing the fresh hydrogen chloride stream 15 through the
.second adsorber while the first adsorber is regenerated, with essentially
phosgene- f r PECGGIDEBHZY/Kgslr ocar bon  being obtained in the regeneration, iii)
in athird step, passing the fresh hydrogen chloride streamfirstly 20
t hrough the second adsorber and subseqd®ntly through the regenerated first
adsorber until essentially no nore (chloro)hydrocarbon is adsorbed by the
second adsoftams iv) in a fourth step, passing the fresh hydrogen chloride
stream 25 through the first adsorber while the second adsorber is

regener at ed W t ssent hos e hl or 0) hydr ocar bon bei ng
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is passed as circulatin gas | osed It conpr|5|ng a conpressor, a
heater, a condenser and a 35 phase separator over the adsorber bed in the

regeneration steps iin alﬂd;‘tetep, tonnecting & fitsh adsarberdnak a seponycdidegresr inhl or i de
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PFO0000%@579/ Kes - 20- adsorbbe apiosdiseqaentlyr thrawghi the Isetand? ,adsdsrbeeuuntﬂt he

circul ating hydrogen ' f’o‘?@rh i t t he
adsorber bed and is Q%»rﬂ%llﬁjﬁ)g@ares ﬁrh ea eg&oﬁﬁrﬁgﬁg%%@ |tﬁaafﬁ§t|srst step
iia) or iva) and the @dé‘l"lbéﬁl ating hydrogen chloride gas st reamis only
cooled in a second step iib) or ivb), with liquid, essentially

phosgene. e chlpr ongpSgehan sl MissRY 'k YEA Ryt SAARAS Sred! Phase

separator. 4. The’process acco € regeneration
steps iilP 10 and/or ithrpughhehei secend: iadgoras while athee direfy cadspmer aisor ber
bed in the regenerated, with essentially phosgene-free (chloro)hydrocarbon

being obtained in the regeneration,

fii) in a third step, passing the fresh hydrogen chloride stream firstly

20 through the second adsorber and subsequently through the

regenerated first adsorber until essentialy no more
{chloro)hydrocarbon is adsorbed by the second adsorber,

iv) in a fourth step, passing the fresh hydrogen chloride stream
25 through the first adsorber while the second adsorber is
regenerated, with essentially phosgene-free (chloro)hydrocarbon

being obtained in the regeneration,

with the steps i) to iv) being able to be carried out one or more times in
30 succession.

2. The process according to claim 1, wherein the hydrogen chloride
comprised in the respective adsorber is passed as circulating gas in a
closed circuit comprising a compressor, a heater, a condenser and a
35 phase separator over the adsorber bed in the regeneration steps ii) and/or
iv), with the circulating hydrogen chloride gas stream being heated before
it enters the adsorber bed and being cooled after it leaves the adsorber
bed, with liquid, essentially phosgene-free (chloro)hydrocarbon being
recovered in the condenser and phase separator.



opposite direction conpared to the adsorption step i) or iii) and the
‘direction of the circulating gas steamis reversed agai n between the steps
iia) and iib) or iva) and ivb). 15 5. The process according to claim1,
.wherein, in the regeneration steps ii) and/or iv), at |east a substream of
the fresh hpgpogms7shd/mesde streamis branched of f, heated, passed through
t he adsorber bed to be regenerated and subsequently through a condenser and
a phase separator, with liquid, essent2lally phosgene-free

(chl oro) hydrocarbon bei ng recovered, and 20 subsequently, if appropriate
after conbining this substreamw th the main streamof the fresh hydrogen

chl ori de, %ssedﬁ\grgcegsg R cOHarE" t mbgr wh u?*}hé u‘cﬂlaﬂ JQ‘ drgﬁamls

oper at i on. Ss accor di tr!]ég"%s cl
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t he adsorber bed cboledafter itdbavisethe iadsgrber bed &) adinst stépe us)udirsut:a)emd tre no

phosgeneSiree (ol oréﬁﬂgﬁr‘ﬁ%&ﬁ%@% gio, bfchim S0 ool iff e SRSRILD, % 1 ace
separator. 30 7. i) e whflewdppﬁ%'ﬁlalﬂvgpfmgem HEGPP'QFH‘W@P@S R bedor i de
conprising (chl ebidydinceacdeeasarahdynasgeasaratohi ch conprises the steps: a)

purification of a stream a conprising hydrogen chlori de,
(chloro)hydrocarbons and phosgene by the process according to 35 any of

clains 1 to% to ievRiopeRssyerEding &c@&m%wﬂw@daew@weaﬁwnaﬂe@%ﬁ)ent ially
(chl oro)ydr ocar lunﬂfd‘rrle)e théiGircalatiRy igas Mg pagsell og@sthet adsdmdrlbed in the
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oxygen- conpri si ﬁ ream an oxi I'Oh~ zonhe "and’cat a I'c OXi dation
of hydrogen chl ordirgetiancofcthe sirpwiatingogas steary ipraverred again %Qtwe%nﬂt@:ﬁte%rrprl si ng
chl orine, hydrogei) ahd its)idieva) @Al @b). oxygen, carbon 5 dioxide and inert
gases; c) contacting of the product gas stream b3 w th aqueous hydrochloric
acid | in a phase contact apparatus and partial renoval of water and
hydr ogert3chl%®r i delter Biocesreacqardingnt glaim 1, sdhesein, akbegegenarationsiepdiibri si ng
hydrogen chl ori deandfdt! igy, iab Rashatstbstrérfy @€ the fast AfdrogeroshidfdeBredRssi bl y
inert gases, wt rbrgﬁcﬂe‘a%% hg{f’eaf pé&‘éd Wrgu&gﬁl% adsorber bed to be regenerated

and subsequently through a condenser and a phase separator, with liquid,

essentially phosgene-free (chloro)hydrocarbon being recovered, and

20 subsequently, if appropriate after combining this substream with the main
stream of the fresh hydrogen chioride, passed through the other adsorber
which is in adsorption operation.

6. The process according to claim 5, wherein the substream is heated before
25 it enters the adsorber bed and is cooled after it leaves the adsorber bed in
a first step iia) or iva) and the substream is no longer heated in a second
step iib) or ivb), with liquid, essentially phosgene-free (chioro)hydrocarbon
being obtained in the condenser and phase separator.

30 7. A process for preparing chlorine from hydrogen chloride comprising
(chloro)hydrocarbons and phosgene, which comprises the steps:

a) purification of a stream a comprising hydrogen chloride,
(chloro)hydrocarbons and phosgene by the process according to
35 any of claims 1 to 6 to give phosgene-free (chloro)hydrocarbons
and an essentially (chloro)hydrocarbon-free, HCl-comprising feed

gas stream b1;



chloride conprised in the stream b3 remaining in the gas streamc; d)
"optional drying of the gas streamc to | eave an essentially water- 15 free
gas stream d conprising hydrogen chloride, chlorine, oxygen, carbon dioxide
~and possibly inert gases; e) partial |iquefaction of the gas streamd by
conpr essi oNnpROGHODEPET9IKes t O gi ve an at |east partially liquefied stream e;
20 f) gas/liquid separation of the streame to give a gas streamfl
conprising chlorine, oxygen, carbon digxide and possibly inert gases and a
liquid streamf2 conprising hydrogen chloride, chlorine, oxygen and carbon
di oxi de and, if appromtrbauason 8b thiee HOIGhprising Streamt Hi1eand MRrdxygdn-t he gas

stream L to Sten b) cGhonGRELELiRBaGho Lt Sorkd ARPOLGiONigliBh |1 211 o

in a colum to gl ve ream ream onsi s
essential |y of hydrogéehhydmaen GB‘OﬂdQ)%%/Q@ﬁ"%@ euﬁt?onrqqu@txmaﬁestrem |b3part of

the hydrogen chlori dec@ﬁbdﬁﬁ@'dmbrﬁlb tHy@rogent elitoride, tWitef Obkygien akdrbornni ng

back as gunback into result of which a stream g2 having a
chl ori negcontent of <td%§19% H\A%?rbﬁfse%s obt ai ned.

c} contacting of the product gas stream b3 with aqueous hydrochloric
acid | in a phase contact apparatus and partial removal of water
and hydrogen chloride from the stream b3 to leave a gas stream ¢

10 comprising hydrogen chloride, chlorine, water, oxygen, carbon
dioxide and possibly inert gases, with at least 5% of the hydrogen
chloride comprised in the stream b3 remaining in the gas stream ¢;

d) optional drying of the gas stream c to leave an essentially water-
15 free gas stream d comprising hydrogen chloride, chlorine, oxygen,
carbon dioxide and possibly inert gases;

e) partial liquefaction of the gas stream d by compression and cooling
to give an at least partially liquefied stream ¢;
20
f) gasfliquid separation of the stream e to give a gas stream f1
comprising chlotine, oxygen, carbon dioxide and possibly inert
gases and a liquid stream f2 comprising hydrogen chioride,
chlorine, oxygen and carbon dioxide and, if appropriate,
25 recirculation of at least part of the gas stream {1 to step b);

a) separation of the liquid stream f2 by distillation in a column to give

a chlorine stream g1 and a sfream g2 consisting essentially of hydrogen chloride,

oxygen and carbon dioxide, with part of the hydrogen chloride condensing at the

30 top of the column and running back as runback into the column, as a result of
which a stream g2 having a chlorine content of < 1% by weight is obtained.



