- 1 - Method for Producing Chlorine By Gas Phase Oxidation The
present invention provides a process for producing chlorine by the
catalytic gas 5 phase oxidation of hydrogen chloride with oxygen,
wherein the reaction is perfornmed on at |east two catal yst beds under
adi abatic conditions, as well as a reactpr systemfor performng the
process. The process for the catal ytic oxidation of hydrogen
chloride with oxygen in an 10exotherm c equilibriumreaction,

devel oped by Deacon in 1868, was devised at the very begi nning of
industrial chlorine chemstry: 4 HC 02 2 C12 + 2 H20 15However,

chl oral kal i elygehb@fSIhsdpeinf CdldraRIBy Gad Plapl0xéditioan of the Deacon
process right 1nto the background. Al nbst the entire production of
chl ori ne was achi eved using the electrolysis of aqueous conmon salt

sol uti ons. Theyatl s aat4XaNESSioflied I BDRAGALBIRAESHINAS bzfaﬁer&@aﬁﬁf& sas

again in recent tines, howev cause t ri'dw de requirenment Tor
chlorine i% gmbwiengxidoice: of rigdgigyn t dkderidehevitie vpywenf etheeaushd cesoda 20
sol ution, an associ ated oduct fromthe el ectro] ysis of. NaC

o obese T or  peRaOEIHIG L AL B HEOLTI: PO T fieBRcryanbigEn SAra pe
that is indepqaggﬁgyﬁénpﬂ%e@&ggﬁ§%ggﬂmgﬁ,caustic soda solution fits
in wwth this developnent. 'In addition, the internedi ate hydrogen
chloride is readily available; it is produced in |arge anounts, for
exanpl e durin ho nation r tiQns.. as At 0 f.rom
the 25pr oduct 58 1B ban, B8 AN AR oA ER EhAHEE AP OHELN 113
of reacti ol i $xafediiPefdiBhiunp edabtionpdevelqped herivdaten nhiR6Reanodevpedaess.
An uncontrolled rise in tenperature, that can amount to 600 to 900C
fromstart to YEPyhegwnge of HelupsEalchlering Shamighy: woul d 1 ead on 30t he one
hand to pernmanent danage to the catal yst and, on the other hand, to

an unfavourable shift of the reaction equilibriumin the direction of
the feedstocks at - 2 - 4HCI+0;=2Cl,+2H,0

15 However, chloralkali electrolysis pushed technical application of the Deacon process
right into the background. Almost the entire production of chlorine was achieved
using the electrolysis of aqueous common salt solutions. The attractiveness of the
Deacon process has increased again in recent times, however, because the worldwide
requirement for chlorine is growing more strongly than the demand for caustic soda

20 solution, an associated product from the electrolysis of NaCl. A process for
producing chlorine by the oxidation of hydrogen chloride that is independent of the
production of caustic soda solution fits in with this development. In addition, the
intermediate hydrogen chloride is readily available; it is produced in large amounts,
for example during phosgenation reactions, as an associated product from the

25  production of isocyanates.

The dissipation and use of the heat of reaction is an important point when
performing the Deacon process. An uncontrolled rise in temperature, that can
amount to 600 to 900°C from start to finish of the Deacon reaction, would lead on
30 the one hand to permanent damage to the catalyst and, on the other hand, to an

unfavourable shift of the reaction equilibrinm in the direction of the feedstocks at
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hi gh tenperatures, with a corresponding inpairnent in the yield.
Therefore, it is advantageous to keep the tenperature of the catal yst
bed during the course of the reaction within the range 150 to 600C
5In established processes, the catalyst is used in the formof a
fluidised, thermally stabilised bed. According to EP 0 251 731 A2,
the catalyst bed is held at constant tenperature via the outer wall;
in accordance with DE 10 2004 006 610 Al, the fluidised bed is held

at constant t e Vi a. : e i £ R b

The o feoti ve TR e i oA PR AT ke R
probl ens 10duedimtdgesusubileey hededperatart ofothe @btalyeshalehcmgttharesuranef the
catal yst abrasion, both of which lead to | osses in conversion. A
narrow di stri Berchehwihinthestepgsnol 1 PYRS- and | ow catal yst abrasion are
possible in reactors with fixed catal yst beds. However, problens with

mai ntai ning a constant 15 tenperature in the catalyst beds arise in
such react®dr s.In Bhieblshat proctressniist atadeht mubteil tinbee fdrovelredodoed theraally

general |y used, .the ving.a Vv oQl i ng..cjrcul

art i cul arly PHOPRET B BN S0 8T v APuBe00uFORS T el copem
order to inpraMgpdriitrel @Bt whgah dct@iadcbevitabal ps200aeshs REDAL, the
Report 20 "Sum tono Kagaku", vol. 2004-1, suggests the use of a

fi xed-bed cat dlwditedrhadés lid plronEmtipmRsIEE Yoha beat rihangeskacaied agthin the
support. In a%fd,&l{ ']f‘]l%nef%e(ati J;%n{b'vglhofcl‘?eta@inytﬂs rﬁgée'sél | téﬁunlreﬂ?ilagc%dof ;gkgﬁi%ls

conductivity e catalyst systemis nentioned as an advanta

Si nce, howeverdue ey @bniunifdire deirintiorobf hisiglendeh@meshnde cnalye tabxasioy, bath ofn
the catal yst pellets, the thermal .conductivity of the bed is stil

low, the renmoVElICEad@dessessins8nsTsiQybst antial Iy i mproved by this
measure. EP 1 170 250 Al suggests using catal yst packings in

mul titube-flow reactors, these having different activities in each of
the different A egrongisofbutine of swidsdcecomenand lowbeatalysh aprasign wepypossible in

progress of the reaction i,s d. d ffigient]. . he.
30reaction befﬁ§&5§3EU3@§df%§ gwﬁ%¥ég§ggﬁﬁy&%g%§€éﬁﬁbﬁéﬁ¥%égvgﬁ%h%$h
the contacs tubgperfugi i HRr caiagl Heds heisd i Bectaedicewe dhoiefdrarthaimestated
dilution of the catalyst bed with an - 3 - ) .

multitube-flow reactors are generally used, these having a very costly cooling circuit,

particularly in the case of large reactors (WO 2004/052776 Al).

In order to improve the removal of heat from the catalyst bed, R&D Report
20 "Sumitomo Kagaku", vol. 2004-1, suggests the use of a fixed-bed catalyst made of
ruthenium oxide on titanium oxide as suppert. In addition to the high catalyst
activity, the good thermal conductivity of the catalyst system is mentioned as an
advantage. Since, however, even in the event of high thermal conductivity within the
catalyst pellets, the thermal conductivity of the bed is still low, the removal of heat is

25 not substantially improved by this measure.

EP 1 170 250 A1 suggests using catalyst packings in multitube-flow reactors, these
having different activities in each of the different regions of the cooled contact tube.
In this way, progress of the reaction is slowed down sufficiently for the heat of
30  reaction being produced to be more easily removed via the wall of the contact tube.

A similar result should be achieved by targeted dilution of the catalyst bed with an
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inert material. The di sadvantages of this solution are that two or
nore catal yst systens have to be devel oped -and used in the contact
tubes and that the capacity of the reactor is inpaired by the use of
an inert material. 5The possibility of the adiabatic catalytic

oxi dation of hydrogen chloride is nentioned, although in general
terns, in WD 2004/037718 and WD 2004/ 014845, in addition to the
preferred i sothermal process. Concrete enbodi nents of an

adi abatical ly, (o] i er, e
descri bed. Thulg%ln Egagl?ﬁ{ (g%@tv &g%éggﬂqqh@eggr g\%{l f ﬁ}iﬁ?‘ﬁ@ét&o?ﬁﬁee%ég%? Sén
is renoved frapmidnehdd tekotibetdped andeaet iin theandtabombaama gieat tle dapgrity of
catal yst can be avoided in ﬁ(ige event_ of a conpletely adiabatic
procedure for HeTEaciRrds ynnaisd By heyse %f(?@d?’ﬂ?‘i’?@te 1%t hese docunments,
however, the oxidation of hydrogen chloride actually takes place

i sot her mal | y, as a fixed-bed process in nultitube-flow reactors that,
as mentiorfed dibeveessibdiui ofe the ediebitisg cylstiemxidutioni f éxdiogarelchlogdstisy
to regul ate. Basi.call the 15 mul t.itube

are al so very &N ll"eélkgléhoé“’%é haAs hi GRS R nv\}g;btzrr@ﬁ %5 ndoﬁﬁog(ﬁﬁwmg

regard to mechanid@fdon Stor eRgbRfcaRM 1uﬁhémfamﬁr6tﬁﬁmmfdtm@mﬁdi&ﬂtﬁts of an
catal yst bed increase rapidly with the size of the structure and mke

| arge units ofidishiiicathemanagedt ydsogey rlquide comdnvir. howgver. isengt described.
therefore be agyant ROSAY ol % Bfloé{w%% %de”ﬂé ¢ PrRRERS i %f}@rhmcefanﬁps the

performed in a sinp reactor wt a cost y system for nanagi ng
t he heat it t keothemdt cactidBumd hlowactamagstwﬂ)mbdaipﬂ cera‘sqa\tometiﬁmﬂtcfeecnttotﬁa
an industrial scale ana%é%re i nexpensi.ve .and roﬁust

th
o e Lot KR Blrtest e ot ool B d Pttt dpyiina B fhese

type of react Qbeurhéhtd, vRBRahatdxidutith fdfehRRE@NDERIVERN abih@ly takes place
25f eedst ock gas stream and the product gas stream Hitherto, neither

has the use ofisosheemaliveae tagiixedthed rprofssscini akiinvhsrilona yeactstsi thafl pe mentioned
catal ysts and

exothermi ¢ gas &%H‘L a%"“ﬁ%? COGifn3 35t R ﬁgag}s%gggrﬂgl Bl go r%ﬁ% faud: B %%smany all the
oxygen-cons ai nmltjtugaﬂosrt r@amrs dederibbe arat @by Stesy i contplexl layd uMuthnﬁohwh

t he Deacon prqcess, for ex e supported catal ysts cont ai_nin
active substaﬁws@ﬁe&?mtﬁa@g&&m MiBwiegatd Vo P aniggly SETRSH tan@ uniform

activity coul 4ydRobRGILHSEE cRYlyEded iRl api@AGL AR Lied B i Guret 4@
di sadvant age was t hat the vol agl lity of the active conponent led to
rapi d deact i vandkedarpd unitsef equipmgnof His Bpeinegencatct enperature. In

addi tion, the oxidation of hydrogen chloride to give chlorine is an
equilibriumreaction. The position of the equilibriumshifts with

i ncreasi ngo t enpevaldiigeretb@ bbaddimaduantageoede ahdmgis proeeksemdr can be
product. Therefore, catalysts with the highest p033| ble actjvjty are
general |y useder Pﬁ@fgemfomﬁp CIGRHY WIH@%%@MWW Prprgredhe hedt ke
tenperat ure. W RLaD kAR Kv‘éﬁldcﬁé %Lsfvysltostrﬁfs?er bgsedimalsdislt RER! B arc
DE-A 197 48 2 descrl bes supported sts containing the active
subst ance rut hmpm@xmdlerqbusta whatteh@nﬂw mzm Sl‘bd eobhakpe of Irnaqtlhese refldeed
concentration of ruth n@gx é o to t ?ﬁ{o B% th
average parti "8 Ui &} tl‘"‘lﬁﬂ Fﬁaﬁtﬁ{ c}Ql B% ?’Epeia Benth't'6" To " 0VRH H°
The reactp9n |f§ed},{écpe;§sfs%§mqn@ﬂm@rdd@amg atdafe bet ween 90C and 150C.
Q her supported cat ai:ysts based on ruthenium are disclosed in DE-A
197 34 412: rutheniumchloride catalysts that contain at |east one
compound of 't 1?}{&8”}18%11 %a??hezhsrecgpk&ﬁ] 1%%5&%%11)(: dE?c%'béH“nBP%B%”¥4:table
conpl exes, rutheniumsalts of 1norganic acids, rutheniumnitros
conpl exes, rutdaamstsmnamuﬁteble@mmlemebeenr mixmm,donWeeexe§1enﬁiccgag@haae
am nes or 20 rutheni um acetyl e conpl exes., The reaction is
per f or med at é’XfCE‘Hﬁ%P%]iYﬂF%geBé@ﬁE ‘%@) ng"S%%‘:‘,‘mﬁlg@?sé‘ieé‘Bl y between
200C and 380C. In both the applications DE-A 197 48 299 and DE-A 197
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Thus, there is the task of providing a process for the catalytic

oxi dation of hydrogen chloride to give chlorine that can be perforned
in a sinple reactor without a conplex system for heat managenent in
the reactor. 5 Surprisingly, the inventor of the present invention
found that it is possible to achieve thesobject described above by
performng the reaction on at |east two catal yst beds under adiabatic
conditions. 5The present invention therefore provides a process for
produci ng chl I

Bt or i do i t n Geyga SREaEER L G BRRIRSEE A PR Bop U LR
on at | east twonaaig yet adiedsubnder @allgbhiviecordpridivt aatingies. Thﬁhough the
reaction is preferabl erforqﬁg%on at | east two catal

s
connected in <efyigcoulipeppaedspd by alsingibe fagiQLEIRPIATS, ﬁ“ aﬂiﬁ’gi’?"&get"ﬁ‘s

oxygen and hy gy eeend iRy bige a&f@%n@&%ﬂ%%ﬁ@%@é&bﬁ%ﬁﬂﬁ of (18 -cBtalyst at
ni trogen, carbon di oxide, carbon nonoxide or water. The hydrogen

chl ori de may aiavsfedftﬁmptrawrmdgt adslatinpribel weidation mf oleylsagen echiprideoto give

pr oduci ng pon anat es contain ot her ur
phosgene. /ﬁb@gﬁ% hgt %lhflﬁgul nFERtMon ¢ &7 18Prﬁfntgp tH e'illlﬁrrl%%e%g%u‘ﬁ' &

adi abatic condn&ba@ﬁ@ t€fipdritereCtind d&setdvaﬁaig?e o desitdtidnd prdaat@nt i al |y no
external heat is supplied to and no heat is removed fromthe catalyst

in the relevant catalyst beds (with the exception of the heat that is

supplied or r }é‘f’&e b).(at%l T éxgﬁ’ic feOf o SQE a@lgv@n%y S%'eﬂ% L use Uhese

Technlcally,t I's 1S ac |58at ng the cata eds in'a
manner knodwn pdowsg. thAnreesoe nbi m‘oca‘eéaﬁtuar dowodr ehperatwe Nk hightyhadtive

t he i ndi vi dual taI ds are o d' i,cal so that in
particul ar no Cﬁfé’ %‘(‘)ﬁvaﬁﬁgr?&\ﬁ”%nlﬁg‘aﬁﬁ'gd]ﬁ oj(ﬁagg}ddffsﬁr Q%ISprqrﬁeQ Cﬁté‘ly“s
process is COQ%hQﬁEregdthasacavms@ncé RfReniude @RI d?th Fufhdnlifn MIX&NbAi8E), In
the case in which the heat of reaction is renoved, for exanple using

heat exc hangertbesedhﬁ e@tce@trazlsb@f vikaniyrh exidads Oil b 1w &L %Qndﬁb‘ﬁ 3Verggs
al so i ncl uded. paﬂ}?e %‘%%e % he%]% %glldg‘qgtll & 4 Q&eﬁi}gj fot. ?%htghl%acnon is

catal yst beds accor I'nvent1i on, as conpare
conventional i Iﬁﬁbhﬁd’dﬁ&l a p&r@l&eﬂunreebememp%"@e&dl lﬁQﬂGr Omeulsappmdaatcatalysts

agents for the renoval, of heat . do |ded
30cat al yst bed¥SErfd PHICBMGLEEI @Wﬂﬁ%g& hepjogn chidtideSatalysts

sinplificationy@fcohdf #835tPRe compind of titanium oxide or zirconium oxide, ruthenium-
carbonyl complexes, ruthenivm salts of inorganic acids, ruthenium-nitrosyl

complexes, ruthenium-amine complexes, ruthenium complexes of organic amines or

20 ruthenium-acetylacetonate complexes. The reaction is performed at a temperature

between 100°C and 500°C, preferably between 200°C and 380°C. In both the

applications DE-A 197 48 299 and DE-A 197 34 412, the catalyst is used in a fixed-

bed or a fluidised bed. Air or pure oxygen is used as the oxygen starting substance.

However, the Deacon reaction is still an exothermic reaction and temperature control

25 is required, even when using such highly active catalysts.

Thus, there is the task of providing a process for the catalytic oxidation of hydrogen
chloride to give chlorine that can be performed in a simple reactor without a
complex system for heat management in the reactor.

30
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This produces in particular sinplifications when manufacturing the
reactor and al so when changi ng the scale of the process. Here, a
catal yst bed is understood to be an arrangenent of the catalyst in
any 5 mani festation known per se, e.g. fixed-bed, fluidised bed or
moving bed. A fixed-bed arrangenent is pyeferred. This includes a
catalyst bed in the true sense, i.e. a |oose, supported or
unsupported catalyst inany format all, as well as in the form of
sui tabl e pack S. The .expressij,an cata

Thel udes conerafrsPel BRANSRETT PERrat Bkt igLohne BALBIRIERG o
or structured igaétgéd SbscibRPMdve bwpeﬁfemﬁ@u b r’e@,noﬁ @h aemgmtve caﬁi@rsﬁlﬁﬂd@
honeyconb structures with conparatively |arge geonetric surface areas
that are coat ddderggiapyicraggdifiee- | ayers of netal gauze, on which are

i mmobi |i sed, for exanple, granules of catalyst. 15 In the new
process, fixed-bed catal ysts are preferably used. Anot her
preferred Enbdde rmm:ntoifnv:txh'mnphere"&sesmosideharmmtees fs goiodwintghddoriniady the

process gas m xture ng.from eas cat al bed is the
passed over at?f gggagﬁ@ ‘@g‘fl t‘?ﬁé’ﬁgﬂ 6‘88% ?S%IQQS?WE%FW‘S?J?HQ“
catal yst bed. uh@reaamnh@rpeﬁaﬁﬁed%ﬂ Akt W@Eﬁﬁl@ﬁ%eﬂﬂh@&ﬂr%ﬁhathC&Hﬁlons
process, at |east one, preferably one, heat-exchanger, over which the
enmer gi ng procé@sIga@onuiﬂﬁﬁéﬂﬂwadbgéﬁi0¢§tm@@ahﬁuCﬁ@mﬁ§ﬁﬁé&ﬁmﬁ$wéaéh
catal yst bed. Sé§ In a preferred enbodi nent at | east one

heat - exchanger % | ocat ed downstream of at |east one cat al yst bed.
Particul ardy preferably at |east one, nore preferably only one, heat

exchanger, over which the gas mxture enmerging fromthe catal yst bed
i s passed, is iN§duewEs awﬁést FedHolm Hdingp ({xﬁ%e“c"d’tda]W%‘{ge’béH'é’“de -other_

Preferably morg. B4y Jowalt&aﬁsaleyostmth%@fé éa%naaléﬁdbeca%m%ﬁ@@de B water.
series for the procéss, In particular up to 12, preferably up to 8,

cat al yst beds.Therlpdesse shivritdh ndyt ois8 foen anyspstréyven prawpiec podessne.g. for

series wth each otherlar§%$ rtlc larl%ﬁ re erredHISThe atal st beds
may be arrangdddHEREYISSSENRFS 8PY B WeEy %g%gﬁ tors.

An- angi ngi4 he catal yst beds in one reactor Ieads to a reductlon in
t he nunber of units of equipnment used. In addition, some of the

catal yst beds Asshide e dhe IRVEEPT-QETTRRYNS TPRERFERIEIGEN %fhabavwﬂﬂﬁlosw the
repl aced or SL&QBI ts'?‘rﬁjeaf? thgpﬁ.\bgﬁntm %oce%egllnax %Eatqg:gﬁylp zfn&)i% Hth 18
eas

paral lel. The us cata yst nect In para les In
particul ar t heemmeldaﬂncge thr cdtdppiimgheupzlayhntt datdyest \nbxds| (evmhﬁhmﬂaciepimgof the
conti nuous overall peratl of theeﬁrgceﬁs. . . .
eat that '1s supplied or remov y the reaction gas entering and leaving).
20 Technically, this is achieved by isolating the catalyst beds in a manner known per se.
An essential feature of the invention is that the individual catalyst beds are operated
adiabatically, so that in particular no means for removing heat is provided therein. If
the process is considered as a whole, then, according to the invention, the case in
which the heat of reaction is removed, for example using heat exchangers connected

25 between the individual catalyst beds, is also included.

The advantage of the adiabatic procedure in the catalyst beds according to the
invention, as compared to the conventional isothermal procedure, comprises in
particular that agents for the removal of heat do not have to be provided in the

30  catalyst beds and this is associated with considerable simplification of the design.



However, the process according to the invention preferably has at
| east two catal yst 15 beds connected in series. In particular,
cat al yst beds connected in parallel and in series may al so be
conbined with each other. However, the process according to the
invention particularly preferably has cajal yst beds connected
exclusively in series. If catalyst beds connected in parallel are
preferably used, then in particular at nmost 5 20 preferably 3,

particularly ef er b at rocess |ines nal |

Ponsi sting of TbErGer pdtec b EuBleaSRRS subf Bno BPLHED R rtheisy apg i
parall el . ACCQﬁQh@gﬁgmgm&QWWQWEﬂkQﬁﬁﬁg can be operated with for
exanple up to 60 and wth at |east two catal yst beds. 25The reactors
preferably used according to the invention may consi st of sinple
cont ai ners mn%ﬂ

one hghgﬁ L0l y e

are descri bed, FBQigﬁé e(aitsn ﬁgﬁﬁé n%ﬁgﬂgggggglgﬁﬂ? %ﬁ ?yﬁgfﬁ§
Chem stry JFi fmdmfeﬁ‘ﬁmnll-&ubarhypeRema@dierded ithidisedoded dBdnoviaybesl. %flﬂ@lél
pages 210- 216) That is, for exa e or ti.stage fixed-b
reactors, radital AARARIERGES SIS R MR S K et hihy- 4
used. Ml tit UB&ssE | QPpdrRaGh Ahsipp HAWEMBlyst A By B6RT &TaADhYwBOhs M8 form of
according to the invention, due to the di sadvantages descri bed above.
Since, 8 acconitiblgpackinghe i nvention, renoval of heat does not take
pl ace fromthe catal yst beds, these types of reactors are al so
unnecessary for holding the catal yst beds. The catal ysts or catal yst
beds therepf ame cRPsi@atdlt BedyRNnRE hlefwwao pRudsecoherenOfeglondef ukable

gas-perneabl e partitions in the reactor. particular in the case_of
thin catal yst PBedags crwa@pprtanat%ahoteé%uq@efﬁd ﬁﬁﬁbﬁr%%?f&ﬁh%f%ﬁ bgs for

gas are nount ed, ahove., é}aéth évgtgmgw&urgﬁgltp@&Iﬁ@ér&t%l)ﬁl@%g@l ¥Shei8 9 rface

These may be perforate ubbl e-cap tra val ve trays or
ot her |nsertsanhaﬂmbMEmgmahouhxumm&dﬂﬂmsnﬁmamﬂgwuf drhehiglagreiimtrpbilised,

cat al yst bed 3&%5%%3eﬁé2§g§s$ﬁ%%h§tb“t uni form pressure loss. 10 The

gui del i ne spe catal yst bed in the case of the
enbodi nenfsusing a fixed-bed is preferably 0.1 to 10 nls. In a
particul ar enbodi nent of the process according to the invention, a
mol ar ratio 15nBemiEeows Sxehbrd@iabgii yapeirdlviscdxygen to one

equi val ent of hydrogen chloride prior to introduction into the

catal yst bed is preferably used. By increasing the ratio of

equi val ent s ofAmtheg erefdreedendodigneny af tbe prooéss hwdmmgerismholnaitde pr(m:;stgae
one hand the reaction can be a celerata? %$% qu t he S acq h
yield (amount BFUEHFBIERE f{?ﬂrb?zf webserabshladdy B PETTE) O LAt B%“ Ot heat-

i ncr easedy@nd, exOhnk 8o QtdARFowARAGAM ke catalyst bed.

In another particularly preferred embodiment of the process, at least one, preferably
one, heat-exchanger, over which the emerging process gas mixture is passed, 1is
located downstream of each catalyst bed.
25

In a preferred embodiment at least one heat-exchanger is located downstream of at
least one catalyst bed. Particularly preferably at least one, more preferably only one,
heat exchanger, over which the gas mixture emerging from the catalyst bed is
passed, is located downstream of each of the catalyst beds.

30



20equi l'i brium of the reaction can be shifted positively in the
direction of the products. In another particularly preferred

enbodi nent of the process, the inlet tenperature of the gas m xture
entering the first catalyst bed is 150 to 400C, preferably 200 to
370C. 25 The feedstock stream contai ni ng; hydrogen chl oride and oxygen
may al so preferably be introduced only upstreamof the first catalyst
bed. This has the advantage that the entire feedstock gas stream can
be used for t up_and, re V|n h [

catal yst beds%kfi—%%gx’/'elpore tha} ED tglypog%(?b gey ?l 5° bgﬁ%hhe%% Sq @n&hks i
30chl ori de anq;f&esspmy;gﬁ&utaeup tbemaﬁef@ B¢ apcos cﬁt@l}*ktl'd'e&:d Presiseeaith Ofio 8
one or several of - - the catalyst beds that follow after the
first catalystcaBge. be%feomaﬁﬁema@mﬁwl&t cachaibey B Pt ARy eisEed-
controlled by supplying gas between the catal yst beds that are used.
In a particularly preferred enbodi ment of the process according to

t he i nvent3 on,The hetdbyst dadd iy Igpasrrirged dol @t =htter oatdivideals betonen ofverdhe
catal yst beds used, artlcularl r f rabI after of the. .
catal yst beds RSBE: Agmepg be ﬁb@éi’ Yoo oo 05#33&&0 a5 Tejudiogin the
t hr ough one OHU%B&QﬁQﬁﬁﬁgﬁ%ﬁ gﬁk§dthat are | ocated downstream of
the relevant catalyst beds.” These may be heat exchangers famliar to
a person skilled in the art such as e.g. shell-and-tube, parallel

pl at e, annular [ e. or :

In a partlcular%g9iodﬁ%%§t g? ?%ﬂwu%&%éggnm%ggg§§%§nﬁ%fgﬁ%@%ﬁ@ﬁ@%%ﬁo

cooling the prb@depmcegassuppldrhﬁtebaatonemiﬂamgﬁra@st beds aormee:é@hr;&daliel The
enbodi ment of the process, the catalyst beds connected . in serigs are

operat ed wit h ¥We&h pahpePulsuircdefatt PHEIL FO8016Y Ty BUFEH, e, hange or
catal yst bed tg,lm Ll&}@arf%agétyhﬁe%mTﬁmﬁu eaanaoﬁsn%rah%eﬁa%mftﬁé bogesBY

be allowed to elt ise or sink fromcatalyst bed to catal yst bed
within a sequence of catalyst beds. Thus, it may be particularly

advant ageous i.hitial to allowthe nean, er i
catal yst bed té?we aP¥§F°%E mmﬁﬂuﬁﬁg ng%gg g%%&%ﬁéﬁ%gﬁ%%%g@é?ﬂbym

activity and tHhencémeaktd owsdrire. Tiepatisigapedtayureds ootheopd agahmlitlnndhe
subsequent final beds, in order to shift the 20 qul|lbrIUWl hIS an
be adj usted, fs8iesaRaaitose pmbinedavittaach giheks Jlomensrs BF PrYressrgsgrding to the

exchangers 'Oq e‘ﬁgorp Wﬁﬁﬁy Sre Gt a¥§§tal9s§@§ds C%Hﬁéc&%rexagasapm deti€s

for adjusting t nte aturé are described bel ow
preferred secondary step in the new process, the chlorlne forned is

separ at ed. If catalyst beds connected in parallel are preferably used, then in particular at most 3,

20 preferably 3, particularly preferably at most 2 process lines, optionally consisting of
catalyst beds connected in series, are connected in parallel. Accordingly, the new
process can be operated with for example up to 60 and with at least two catalyst

beds.

25  The reactors preferably used according to the invention may consist of simple
containers with one or more thermally isolated catalyst beds such as are described,
for example, in Ullmanns Encyclopedia of Industrial Chemistry (Fifth, Completely
Revised, Edition, vol. B4, pages 95-104, pages 210-216). That is, for example,
simple or multistage fixed-bed reactors, radial-flow reactors or else shallow-bed

30 reactors may be used. Multitube-flow reactors, however, are preferably not used,

according to the invention, due to the disadvantages described above. Since,



-~

25 The separation step generally includes several stages, that is the
separation and optionally the recycling of unreacted hydrogen
chloride fromthe product gas streamfor catal ytic oxidation of
hydrogen chl oride, drying of the stream containing substantially
chlori ne and oxygen and the separation of-chlorine fromthe dried
stream - 10 - The separation of unreacted hydrogen chloride and of
wat er vapour that is forned can be achi eved by condensi ng out aqueous
hydrogen chl orid@qifif @il vRiRAURndRSoStdat aiRsl Qi tiiRE1%! s N cHlyst
hydr ogen chl oride by cooling. Hydrogen chloride may al so be absorbed
in dilute hydbedhtiesd ypescif deagtorsvat elso uineressary fordiobiirgilie estpdibadnt  of

t he process, unreacted hydrogen chloride and/or oxygen are recycl ed
to the reaction, after separating chlorine and water fromthe product
stream and af tigg caiaM@t lok BfaldstHIBd theROD&BmcRhtel i@ QasneNkwdefer k€ dearp
constant the ﬁgseous conponents that may be entrained with the i

f eedst ocks? THetvwegn isagpeeablppartbigen it Hicorepgiar dmpediculgx iy dis ease of thin
rei nt roduced nr V&t j ok Sit

et urned ot haaf B dnafh QEERIE: GAKAALRRLR AU, Hefmbliaabore,
Cool i ng of theechmosubbvgas! tehav the atthlygs beds. (Thesemeyyhe| pedfotayed mdgesn bubble-

chl oride and/ or oxygen is advantageousl chi eyed by. runnjng t gas
streans past €4Rf2 frakve ity Bun @?@F?@éﬁ?t g W“HHé?“BfEH?%@éE?F’%@
The new procesggpiife RELfEH&NWprORRIRBEGhA! b uRITESS %&Ee@s&é loks.t 0 30 bar,
nore preferably 1 to 20 bar, particularly preferably 1 to 15 bar. The

t enper at ut@ of the feedstock gas mixture upstream of each of the

catal yst beds 4,5 20. preferably, 150 to.40Q e farabl -
3700, part1 cardR P BRET RSBy 5E g% byl flnsl LR ke EModiflen
pref erabl y honkpgnifaed bbefsqideiably00idiaaline®. t o the individual catalyst
bed. The thicknesses of the catal yst beds being traversed are

chosen to be identical or 25different and are expediently 1 cmto 8

m Preferably @ (i offfoolifih! GUbablate RN RlSIALLY d0nfdhibe Lmlafatio
The catalyst i's preferably used imobilised on a support. The

cat al yst pF ef erealdey OcBnanai Ifscqmivalestastt copgench onbeqfivdlérdwil hpdrefaneargle
copper, potassiu sodi, um 300“&0 i ceriu ol d j st h, .
Fut heni um + natitLiR TPt S B At e bRt R Slnggha g
VEl in the Perdfegii¢aldithbrogkeHoasie B sivaldlies By@senRhREige,daltye one hand the
reaction can be accelerated and thus the space-time yield (amount of chlorine
produced per reactor volume) can be increased and, on the other hand, the

20 equilibrium of the reaction can be shifted positively in the direction of the products.

In another particularly preferred embodiment of the process, the inlet temperature of
the gas mixture entering the first catalyst bed is 150 to 400°C, preferably 200 to
370°C.
25

The feedstock stream containing hydrogen chloride and oxygen may also preferably
be introduced only upstream of the first catalyst bed. This has the advantage that the
entire feedstock gas stream can be used for taking up and removing the heat of
reaction in all the catalyst beds. However, it is also possible to add hydrogen

30 chloride and/or oxygen to the gas stream as required upstream of one or several of
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used as oxides or halides or m xed oxides/halides, in particular
chl orides or oxides/chlorides. These el enents or conpounds t hereof
may be used individually or in any conbination with each other
5Preferred conpounds of these el enents include: copper chloride,
copper oxide, potassium chloride, sodiungchloride, chrom um oxide,
bi smut h oxi de, ruthenium oxi de, rutheniumchloride, ruthenium
oxychl ori de, rhodi um oxi de. The catal yst conponent particularly

Pher cor ;1 ne. at et Pt ety ROEGbL Al shtp B Bbe SRR B8R

and/ or oxygen-cepflk@b&dngol@MPOUPASingfaad biredmi therataliie bedspaate used.
conponent may consist entirely or partly of: titaniumoxide, tin
oxi de, al um ni um oxi de, zirconium oxide, vanadi um oxi de, chrom um

oxi de, il | coly Qi dRe1adDpRflef ImpEAIRANLRAIBLURE Sc BFaifly B HiBuBh, the

conmpound of the stantes nenti oned, S In particular mxe
oxi des such asemiibn gan4ialcostediatten oxledgsonePaf theccdtaydt yoeps efak, pedicularly

support materials are_tin oxide and carpon otubes. Ruthenium .
supported cat é’lr‘ifférta@yr?_ﬁtff fre 851%'5 %@3{’5* SQFB LE?&‘Q?T%F gis BW%SSa%eﬁ‘_@aCH%DaS 15
support 20 matgtdedlmhdhoRIUeaidte 8k CkémSerd ihdttel Beabd deRhiteaml dfytha
pronoter for doping purposes. The catal ys? can be noul ded i nto shape

after or, prefrdeer pataliysthede Thowknagbe hrat eiepprsets familiar it perpprotkdicdris
that are suitable for doping.th I I Iy S.1SHCH
lithium 25 Sg%; TP Saeg%isﬁer#'“%a ?%%&%’%ﬁéln@5t§’a%§1§5%%fm§§%f%h?%bﬁ§%b%s‘“
lithium s@di ufcartdaPachaseinin agariculay babbdimprteff elfesgabyesp otcarmss prayluced
al kaline earth nmetal s such as magnesium cal cium strontium and
barium pr ef erdEnFONHEHIBSPOATA S B AtedieargxchaietiScul ar Iy preferably
magnesium rare earth nmetals such as scandium yttrium | anthanum
cerium praseodym um and neodym um preferably scandium yttrium

301 ant hanum anrd ageefeued pabedimentaf|tye proedserthd batalystritehaeemeciediincsetipuane
or mxtures of_th th%_n

optionally caIOcPFWgeae‘gith gn?%ﬁn%@;%gﬁ?eg%hﬁeﬁﬁ%gsgggﬁg% A1 8?12?6%%%%%8%@
to 300C, uyndercaanysabeDIphRati@nothat e texpdrMue: may be allowed to either rise or sink
from catalyst bed to catalyst bed within a sequence of catalyst beds. Thus, it may be

particularly advantageous initially to allow the mean temperature to rise from

catalyst bed to catalyst bed in order to increase the catalyst activity and then to allow

the mean temperature to drop again in the subsequent final beds, in order to shift the

20 equilibrium. This can be adjusted, for example, via the control system for the heat

exchangers located between the catalyst beds. Further possibilities for adjusting the

mean temperature are described below.

In a preferred secondary step in the new process, the chlorine formed is separated.

25 The separation step generally includes several stages, that is the separation and
optionally the recycling of unreacted hydrogen chloride from the product gas stream
for catalytic oxidation of hydrogen chloride, drying of the stream containing
substantially chlorine and oxygen and the separation of chlorine from the dried
stream.

30



nitrogen, argon or air. The nmoulded itens are preferably first dried
at 100 to 150C 5and then calcined at 200 to 400C. The tenperature of
the catalyst in the catalyst beds is expediently wthin a range of
150C to 800C, preferably 200C to 450C, particularly preferably 250C
to 400C. The tenperature in the catal ystybeds is preferably regul ated
by at | east one of the 10foll owi ng neasures: appropriate sizing of
the catal yst beds, regulating the renoval of heat between the

cat al yst beds, . supplying feedst ock. gases,between the catal yst .beds,
mol ar ratio of f ﬁgtpar%@e}gqf&g@?tﬁ%ggﬁg%@v%u antli’(é OSfWE’?EF{evaP%lgc}E?td%gO@]ed
addi ng inert gasBsachidve®dy bhihahg Hitta QGRS hyddsdihldHde fiodehe PRSIEEAMN
of and/or between the catal yst beds. .Yn principle, the

cat al ysts and sseaspdort el oxidakony st Bydiegen walasidg by coplinse Hydrogep chlgrige may
20beads, rods, IO i es. | ets. The conposition
of the catal ys?%sg%?%Q%Ogbéedég?g'ftgé?tg%%{;%ﬂcu%}ado ra“%:a@eg'rdi ng to the invention
may be identical or different. In a preferred enbodi ment identical

catal ysts are used in each bed. However, different catalys may al so
advant ageous| y" e PisEsepd; smbasmens of e \ATaGFSS: HReRsted Tinggose ‘%“i‘g?eaad@((\?e

catal yst may Qﬁ%{éb?lege ir&y@l@ﬂ tih G Rhciddh, LRE Jebﬁlﬁﬁn‘é)@igoﬁmﬁ%cf Q&ier from the
concentration of "the reaction products is rather” high, and the

activity of tipeoduat strepst amhyfterhdinettiag i nenahsaduitr ohtheagaal ipsardise@ kagp
catalyet bed Ik Y BREe R LS R B8
10 recycled hydrogen chloride and/or oxygen are reintroduced upstream of one or more
catalyst beds and are first returned to the inlet temperature, optionally using a heat
exchanger. Cooling of the product gas and heating of the recycled hydrogen chloride
and/or oxygen is advantageously achieved by running the gas streams past each other
in counterstream through heat exchangers.
15

The new process is preferably operated at a pressure of 1 to 30 bar, more preferably

1 to 20 bar, particularly preferably 1 to 15 bar.

The temperature of the feedstock gas mixture upstream of each of the catalyst beds is
20 preferably 150 to 400°C, more preferably 200 to 370°C, particularly preferably 250
to 350°C. The gas mixture is preferably homogenized before introduction to the

individual catalyst bed.

The thicknesses of the catalyst beds being traversed are chosen to be identical or
25 different and are expediently 1 cm to 8 m, preferably 5 cm to 5 m, particularly

preferably 30 cm to 2.5 m.

The catalyst is preferably used immobilised on a support. The catalyst preferably
contains at least one of the following elements: copper, potassium, sodium,
30 chromium, cerium, gold, bismuth, ruthenium, rhodium, platinum, as well as the

elements from subgroup VI in the Periodic Table of Elements. These are preferably
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- 13 - Using the process according to the invention, 0.1 g/h to 10
g/ h of chlorine, preferably 0.5 g/h to 5 g/h of chloiine, can be -
produced per 1 g of catalyst. The process according to the invention
is thus characterised by high space-tine yields, associated with a
reduction in the size of the equipnent _ ?@d and also sinplification
50f the equipment and the reactors. The feedstock for the process
according to the invention is hydrogen chloride that has been

produced and transferred e as an_associ. d,.pr oduct du ing.the
Phosgenat | on JPb R o RS o pR GusaesnhdurHr dpieEs or
i socyanat es, ioRidbBIRbAdS umrse Slb s YARRRBInd Otherdbir ﬂngbé 1Rd GabviphaAser
phosgenatlon of phenyl to give diphenyl carbonate. ygen nmay be

supplied as puk@oswypenation Witheadhertetsl y, in the form of an
oxygen-containing gas, in particular air. 15 The chl orine produced
may be used e.g. to produce phosgene, and optionally recycled to

l'i nked pr ofluctPréfarr@al oaas@@ds of hBest rel@mnitsd nchids:ocqyiper chleida doppat eide,
system for reacting a gas that contains 20 hy droaen chl ori de an

oxygen, conta@ﬁPﬁ@“ﬁﬁ3 Qide SqYR R8Ik o Mo g e dﬁW@PPdﬁ“&n&“ﬁ??ﬁ%n
or for a mxt %&ﬁie%tﬂé}{ﬂﬁp&%}ld%hﬂuﬁ{ehﬂ% SREhO YD B aARd Al | €east two

thermal |y isolated catalyst beds connected in series. Preferred
speci fic exanples of the process according to the |nvent|on are shown
in 25figures to 4, wthout ther% i.nven

n
theretor 14 el SO Sesto PRt lahy i bO et e pEBe e barty o
accordi ngig o trh@editvedttdogipoihds thérBs e eheCerkaysy PhrtidRdSy pref& el @8mprises a

halide and/or oxygen-containing compounds of ruthenium.

The support component may consist entirely or partly of: titanium oxide, tin oxide,
aluminium oxide, zirconium oxide, vanadium oxide, chromium oxide, silicon oxide,
15 silica, carbon nanotubes or a mixture or compound of the substances mentioned,
such as in particular mixed oxides such as silicon-aluminium oxides. Particularly

preferred support materials are tin oxide and carbon nanotubes.

Ruthenium supported catalysts may be obtained, for example, by soaking the support
20 material with aqueous solutions of RuCl; and optionally a promoter for doping
purposes. The catalyst can be moulded into shape after or, preferably, before soaking

the support material.

Promoters that are suitable for doping the catalyst are alkali metals such as lithium,
25 sodium, potassium, rubidium and caesium, preferably lithium, sodium and
potassium, particularly preferably potassium, alkaline 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, praseodymium and neodymium, preferably scandium, yttrium,
30 lanthanum and cerium particularly preferably lanthanum and cerium, or mixtures of

these.



di vi ded between three separate reactors. The feedstock gases are

m xed upstream of the first reactor and supplied to the reactor.
After each of the reactors, the energing product gas is cool ed using
a shell -and-tube heat exchanger of the conventional type. After
emerging fromthe third heat exchanger, jghlorine and water are
separated from 10t he product gas. Exanple 2 Fig. 2 shows the process
according to the invention with three catalyst beds in series 15 in
an integrated reactor. The feedstock gases are m xed upstream of the
reactor and fed to this. Follow ng each of the catal yst beds, the

ener gi ng produgik rgasdddsiteaomef thes ibagiriad haabpexaliargenedks o dnyeeguatetd
in the pressurised container for the reactor. After energing fromthe

reactor, chl orlPReoafP Gareieraiy 198 per A0BH. Mpdi dmatpsplfie of (8% exapple
Exanpl e 3 Fig.y ! Q8P TRHE BRRIRE GRhd iRt R bl riks Rt 90 Vi §4pee
| ayout that ccl)lﬁtfoeggg’on Osn %;efmggg ng)r ge to the c{ners 0\}vn in Fig. 1. The
di fferencesi s ahthdtep celpmtd e®0od 4007€. second 25and third reactors in

series, fresh feedstock gas is introduced into the cool ed product gas

fromthe preceding reactor. Exanple 4 - 15 - oxygen separated from
the product gaheSthERMuAIE helyeth ARGaRHMN Kad ié"é)@@dikﬁt&’b&ﬂ_ﬂﬂ%&@@é of
gas streamupstream of the first reactor. Exanple 5 rkin
exanpl e 150°C to 800°C, preferably 200°C to 450°C, particularly preferably 250°C to 400°C.
The temperature in the catalyst beds is preferably regulated by at least one of the
10 following measures:
- appropriate sizing of the catalyst beds,
- regulating the removal of heat between the catalyst beds,
- supplying feedstock gases between the catalyst beds,
- molar ratio of the feedstocks,
15 - concentrations of the feedstocks,

- adding inert gases, in particular nitrogen, carbon dioxide, upstream of

and/or between the catalyst beds.

In principle, the catalysts and supported catalysts may have any shape at all, e.g.

20  beads, rods, Raschig rings or granules or tablets.

The composition of the catalysts in the catalyst beds used according to the invention
may be identical or different. In a preferred embodiment identical catalysts are used
in each bed. However, different catalysts may also advantageously be used in the

25 individual beds. Thus, a less active catalyst may be used in particular in the first bed
when the concentration of the reaction products is rather high, and the activity of the
catalyst may then be increased from catalyst bed to catalyst bed in the subsequent
beds. The catalyst activity may also be controlled by diluting with inert materials or
support material.

30
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Chl ori ne was produced by the catal ytic gas phase oxidati on of
hydrogen chloride with oxygen in an experinental plant. Calcined

rut heni um chl oride on tin dioxide as 10 support naterial was used as
the catal yst. The experinmental plant consisted of six reactors
connected in series, each with a thermaliky isolated catal yst bed. A
heat - exchanger was | ocated between each of the reactors, that is a
total of five, that cooled the gas streamenerging fromeach of the
rel evant upstr ea t inl.et. r re reqguired h
of the el cvant Bbuebroi Eallg B IR Y b o i BAGeL Ehefi
W th nitrogen pretbrakig/(h) ganeh §ayboncidiine, den bd Jrdiukeal por,1 was daadkedheo
about 305C using an electrical preheater and then introduced to the
first react or .Progses HyeRdgweR tbhinyeitng ie Anusichpigriyisealy Hehseagetigeangds

1 50C and then dividadying fédac&oati@'me {2e%f FARMRRTPuscPafk Ao Qﬁfgﬂﬁﬁgﬁon
t hese substreans of hydrogen chloride was supplied to each reactor,
wherei n, ih t hétifeiegsipmeetmtions readti@shydr ogen 20 chl ori de substream was
added to the gas stream consisting of oxygen, nitrogen and carbon

di oxide, in between the electrical preheater and the reactor inlet.
Each of the othgrieh@eRISNHE BIREIR SHRS S SRBvMARn A detoid dntRidgaRat
stream upstream of one of the five heat-exchangers. Table | shows the
t enper at ur e ofhag Heegagodicrd uand transfodced 1o andssenigiedi Prgdyat ofuriae| the
Si X reactors . as no of. - [ j to
each react or.ﬁﬁgﬁb%{ogl 0%?)%3%? S#Ig%llesbfl n y icgggn%%%ﬁ%gf Sélegqﬁ?aisu%kéfg/? 15-
16- Tabl eld: ReralediimcyieresHyd dagenthendsorpghde shigdnagamof phdmgt to give

tenmperature [C] Qutlet tenperature
P [ dllpheny} carbonatg.p

Oxygen may be supplied as pure oxygen or, preferably, in the form of an oxygen-
containing gas, in particular air.

15
The chlorine produced may be used e.g. to produce phosgene, and opticnally

recycled to linked production processes.

The invention also provides a reactor system for reacting a gas that contains
20 hydrogen chloride and oxygen, containing at least pipework for hydrogen chloride
and oxygen or for a mixture of hydrogen chloride and oxygen and at least two

thermally isolated catalyst beds connected in series.

Preferred specific examples of the process according to the invention are shown in

25 figures 1 to 4, without thereby restricting the invention thereto.
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10

15

20

25

30

1 10.5 290.4 381.0 9 7.3 321.5 377.0 3 6.7 332.8 379.3

- 14 -
Examples

Exampie 1

Fig. 1 shows the process according to the invention with three catalyst beds in series
divided between three separate reactors. The feedstock gases are mixed upstream of
the first reactor and supplied to the reactor. After each of the reactors, the emerging
product gas is cooled using a shell-and-tube heat exchanger of the conventional type.
After emerging from the third heat exchanger, chlorine and water are separated from

the product gas.

Example 2

Fig. 2 shows the process according to the invention with three catalyst beds in series
in an integrated reactor. The feedstock gases are mixed upstream of the reactor and
fed to this. Following each of the catalyst beds, the emerging product gas is cooled
using a heat exchanger also integrated in the pressurised container for the reactor.
After emerging from the reactor, chlorine and water are separated from the product

gas.

Example 3

Fig. 3 shows the process according to the invention with a layout that corresponds by
and large to the one shown in Fig. 1. The difference is that, upstream of the second
and third reactors in series, fresh feedstock gas is introduced into the cooled product

gas from the preceding reactor.

Example 4

Fig. 4 shows the process according to the invention with a layout that corresponds by

and large to the one shown in Fig. 3. The difference is that the hydrogen chloride and



-~

7.0 332.2 376.7 5 8.2 332.0 373.1 6 7.4 332.9 367.5 - 17- Key to the
nunbering on the figures: 1Hydrogen chloride (feedstock) 20xygen
(feedstock) 53M xed feedstock gas stream 4, 5, 6Product gases from
the reactors

-15-

oxygen separated from the product gas stream are recycled and admixed with the

feedstock gas stream upstream of the first reactor.

Example 5

Working example

Chlorine was produced by the catalytic gas phase oxidation of hydrogen chloride
with oxygen in an experimental plant. Calcined ruthenium chloride on tin dioxide as
10 support material was used as the catalyst. The experimental plant consisted of six
reactors connected in series, each with a thermally isolated catalyst bed. A heat-
exchanger was located between each of the reactors, that is a total of five, that
cooled the gas stream emerging from each of the relevant upstream reactors to the
inlet temperature required for each of the relevant downstream reactors. Oxygen
15 (29 kg/h), together with nitrogen (25 kg/h) and carbon dioxide (13.5 kg/h), was
heated to about 305°C using an electrical preheater and then introduced to the first
reactor. The hydrogen chloride (47.1 kg/h) was heated to about 150°C and then
divided into a total of 6 substreams. One of each of these substreams of hydrogen
chloride was supplied to each reactor, wherein, in the first reactor, the hydrogen
20  chloride substream was added to the gas stream consisting of oxygen, nitrogen and
carbon dioxide, in between the electrical preheater and the reactor inlet. Each of the
other hydrogen chloride substreams was added to the gas stream upstream of one of
the five heat—exchangers. Table 1 shows the temperature of the gas mixture
introduced to and emerging from all six reactors as well as the amount of hydrogen

25 chloride supplied to each reactor. The total conversion of hydrogen chloride was
82.4 %.



-~

7, 8, 9Product gases cool ed by heat exchangers 10Hydrogen chloride
(from product gas) 11Oxygen (from product gas) 1012Chl orine 13Water
14, 16, 18Cooling nedi um supply 15, 17, 19Cool i ng nmedi um di schar ge
20, 21Supply of fresh feedstock gas (hydrogen chloride and/or oxygen)
1522Recycl ed hydrogen chl oride and/ or oxggen separated fromthe
product gas |, Il, 111Reactor beds 1V, V, VIHeat exchangers
20VI I Materi al separation for product streamin accordance with the

prior art - ¥y1. Cains

Reactor Hydrogen chloride Inlet temperature | Outlet temperature
number substream °C] [°C]
[kg/h]

1 10.5 2904 381.0

2 7.3 321.5 377.0

3 6.7 332.8 379.3

4 7.0 332.2 376.7

5 8.2 3320 373.1

6 7.4 332.9 367.5
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15
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10 3.

15 5. 20 6.
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Key to the numbering on the figures:

4,5,6
7,8,9

10

11

12

13

14, 16, 18
15,17, 19
20,21

22

LI, I
V.V, VI

v

Hydrogen chloride (feedstock)

Oxygen (feedstock)

Mixed feedstock gas stream

Product gases from the reactors

Product gases cooled by heat exchangers
Hydrogen chloride (from product gas)
Oxygen (from product gas)

Chlorine

Water

Cooling medium supply

Cooling medium discharge

Supply of fresh feedstock gas (hydrogen chloride and/or oxygen)

Recycled hydrogen chloride and/or oxygen separated from the
product gas

Reactor beds
Heat exchangers

Material separation for product stream in accordance with the prior art
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25 7. 8. 30 Process for producing chlorine by catal ytic gas
phase oxidation of hydrogen chloride with oxygen, that conprises at

| east: reacting hydrogen chloride with oxygen on at |east two

catal yst beds under adiabatic conditions. Process according to Caim
1 characterised in that the reaction takgs place on at |east two

cat al yst beds connected in series. Process according to Caim1l or 2,
characterised in that the tenperature of the catalyst in the catalyst
beds parti cul gfhy,during reaction is 150C to 800C, preferably 200 to
450C. Process according to at |east one of Clainms 1 to 3,
characterised in that the process gas m xture energing fromat | east

one catalyst hed ig the assed over .at, | east. one heat - exchanger..

downst 1 eam of Tthe DHCERyEt PR EH GRuE-by SRS, He PO CG M i o Rydrogen
characterised in thmbridd wigastysonanfedimpnedan@edt: rdab@fehrabdenachloride
si ngl e heat - exchanger, over which the emergi ng process gas mxture is

passed, isS| ocat edvibwisEmaamnt Fhstéye hatalystdredsundpeailiabplige@dyioascor di ng
to at least one of Clains 1 to 5, characterised in that the reaction
is perforned at a pressure of 1 to 30 bar. Process according to at

| east one of @ ai NMPrekedsaicbordi@bas atirerichedcteniset i@that the reanti@t takes place on

tenperature of the glas m xture entering a_first catalyst bed is 150
to 400C, preferabl P78t IYQcAAPEDCs ORISR ¥ i ng to O ai m 7,

wherein the inlet tenperature of the gas m xture entering each of the
catal yst beds is 150 to 400C, preferably 200 to 370C, particularly
pref erabl Y0 253.t 0 BE@Ess accorliPg-to LlaiPr boeds cheatardehin thet bademperghgiofs

1 to 8, characteriged in that the catalyst beds. connected.in.serigs
hre oper ot ot ot n MR b SRl Bl P e RLC MG LR IS T E
catal yst bed to caab¢spreheshly 200 to 450°C.

4. Process according to at least one of Claims 1 to 3, characterised in that the
15 process gas mixture emerging from at least one catalyst bed is then passed

over at least one heat-exchanger downstream of the catalyst bed.

5. Process according to Claim 4, characterised in that at least one heat-
exchanger, preferably a single heat-exchanger, over which the emerging

20 process gas mixture is passed, is located downstream of each catalyst bed.

6. Process according to at least one of Claims 1 to 5, characterised in that the

reaction is performed at a pressure of 1 to 30 bar.

25 7. Process according to at least one of Claims 1 to 6, characterised in that the
inlet temperature of the gas mixture entering a first catalyst bed is 150 to

400°C, preferably 200 to 370°C.

8. Process according to Claim 7, wherein the inlet temperature of the gas
30 mixture entering each of the catalyst beds is 150 to 400°C, preferably 200 to
370°C, particularly preferably 250 to 350°C.



10. Process according to one of Clains 1 to 9, characterised in that
the nolar ratio of oxygen to hydrogen chloride upstream of the inlet
to each catalyst bed is 0.25 to 10 equi val ents of oxygen, preferably
0.5 to 5 equivalents of oxygen, to one equival ent of hydrogen
chloride. 11. Process according to at l-qast one of Clains 1 to 10,
characterised in that the reaction is perfornmed on 2 to 12,
preferably 2 to 8, particularly preferably 3 to 8 catal yst beds
connected in series. 1512. Process according to one of Clains 1 to 11,
characterised in that one or nore individual catalyst beds may each
be repl aced, iadep&nuestdcygrding to woe of Chme 1 ¢aBathpsictebedisindbairtbe tadyitn

parallel. 13. Process accordi.ng to one of (O ains to %2 .
Charact er i sed 1 n s REE PREIBeensS e et dbhe rivbrd oh s gaspees or
chloride and oxygededréassiiifh cadlyamed id @tdlfiebdd.r st catal yst bed. 14.
Process according to one of Clains 1 to 13, characterised in that

fresh hydrdgen chloride and/or oxygen is nmetered into the process gas

stream 25upstrigam ¢ ocgééeac%rdﬁ&grt‘é o%@to?'éiﬁhsgl%%,' éﬂﬁﬁ%@ﬂsegqgf}ﬁétrtﬁ@?}o‘?afr
the first catalyst bed. . Process according to one o al s to
14, characterised raiotdfadxybhretccimdaddes tchivoidt absnieant ofl thadtletonead eardngt

that is chosen fro he oup.conpr,i sing: 30co r assi um
sodi um chrom um géiﬁdﬁggﬁbE%Fqﬁl§WﬂfH?O¥ﬁ¥ﬁeﬁ$§ﬁ¢hpagéﬁ%meHB@PGﬁF

pl ati num and el emepkoeh ! @Whe LRGY MM oMiy@irdddn bhgrifRer i odi ¢ Tabl e of
El ements. 16. Process according to one of Clains 1 to 15,

characteril@ed in that the catalyst 5is based on rutheniumor a

rut heni um co und,,_17. Progess accordin .one.o ai .1.t0
charact ori sea it RECAE- SRR, ACERR SpO B ERT il S WP e

i ndi vi dual cat al ystedogslsis@effdraiedand th N2 grefetablyl2an 8l petiedsyy fréferibly 3 to

catal yst bed to catal yst bed. , ,
8 cafalyst beds connected in series.

15 12. Process according to one of Claims 1 to 11, characterised in that one or more
individual catalyst beds may each be replaced, independently, by two or more

catalyst beds connected in parallel.

13. Process according to one of Claims 1 to 12, characterised in that the inlet gas
20 stream containing hydrogen chloride and oxygen is supplied only to the first

catalyst bed.

14.  Process according to one of Claims 1 to 13, characterised in that fresh
hydrogen chloride and/or oxygen is metered into the process gas stream
25 upstream of one or more catalyst beds located downstream of the first

catalyst bed.

15.  Process according to one of Claims I to 14, characterised in that the catalyst
contains at least one element that is chosen from the group comprising:

30 copper, potassium, sodium, chromium, cerium, gold, bismuth, ruthenium,



«

10 18. Process according to one of Clainms 1 to 17, characterised in
that the catalyst in the catalyst beds is applied to an inert

support. 19. Process according to Claim 18, characterised in that the
catal yst support 15consists entirely or partly of titaniumoxide, tin
oxi de, al um ni um oxi de, zirconi um oxi de,20vanadi um oxi de, chrom um

oxi de, silicon oxide, silica, carbon nanotubes or a m xture or
conpound of the substances nentioned. 20. Reactor systemfor reacting
a gas contai ning hyﬁi{dﬁﬁ@rmmh&ran%lem@hs%ﬁg%m&@mmmy mmaifc TSRF
pi pework for hydrogen chl'ori de and oxygen or for a m xture of

hydrogen chl ori de &thesseygen and at least two thernmally isol ated
cat al yst beds connected in series.

16. Process according to one of Claims 1 to 15, characterised in that the catalyst
5 is based on ruthenium or a ruthenium compound.
17. Process according to one of Claims 1 to 16, characterised in that the activities

of the catalysts in the individual catalyst beds differ and in particular increase
from catalyst bed to catalyst bed.
10
18. Process according to one of Claims 1 to 17, characterised in that the catalyst

in the catalyst beds is applied to an inert support.

19.  Process according to Claim 18, characterised in that the catalyst support
15 consists entirely or partly of titanium oxide, tin oxide, aluminium oxide,
zirconium oxide, vanadium oxide, chromium oxide, silicon oxide, silica,

carbon nanotubes or a mixture or compound of the substances mentioned.

20. Reactor system for reacting a gas containing hydrogen chloride and oxygen,
20 containing at least pipework for hydrogen chloride and oxygen or for a
mixture of hydrogen chloride and oxygen and at least two thermally isolated

catalyst beds connected in series.



