PF 0000055332 1 as originally filed Reactor and process for preparing
chlorine fromHd 5 Description The invention relates to a reactor for
-preparing chlorine from hydrogen chloride by gas-phase oxidation by neans
of oxygen in the presence of a heterogeneous catalyst in a fluidized bed.
The invention further relates to a process for preparing 10 chlorine using
‘the reactor. The process devel oped by Deacon in 1868 for PHAVU8893J2i c

oxi dation of hydrogen chloride by nmeans of loxygen in an exothernic
equilibriumreaction is the start of industrial chlorine chemstry.

Chl oral kal i gk gfibinallvil&d has pushed the Deacon 15 process far into the
background, and virtualTy all chlorine produced is obtained by electrolysis
of aqueous sodi um chl oride solutions. However, the attractiveness of the
Deacon pr oceBeahiasandiqeediss forlpegnring chlease from HGAi n, since the worl dw de
demand for chlorine is growing nore strongly than the 20 demand for sodi um
hydr oxi de. Thi s devel opnent makes the process for preparing chlorine by

oxi dat i on5 of Deyatipbigen chl ori de, which is decoupled from sodi um hydroxide
production, attractive. In addition, hydrogen chloride is obtained in |arge
anounts as coproduct in, for exanple phosgenation reactions, for instance
in isocyanafl eprvsmfmt felptes tWhecasar foy prepatingeliladng fromeydrogenshlyidadye

duct t
production i nagé Qﬁ%ﬂtﬁﬁrﬁ)l Ynddfig b 6}(3{g9ﬁ’ 1HthﬁEC#1€§éFE@tdf0r Ih&fer&%cgé!&%“e 0

1,2-dichloro th ch rocessed further to
PVC. Exanpl ega%lb’Stflﬂrat ﬂ\'élfhz%b ekhgagventiopfp rrryme@geﬁ REA%ESH LRIPIPRALBISt ai ned
are the pyepahlstih®nsi®d théirBattor. chl ori de, pol ycarbonate production and the
recycling of PVC. 30 The oxidation of hydrogen chloride to chlorine is an
equilibriumreaction. The position of the equilibriumshifts away fromthe

desired end Wh@ﬁtﬁhbss&ibvbkb@ed be Dracad ur1§368rfor &&S@Salyﬂld oxidatidiesfeiyali€gen

advant ageous t.0 .use catal ysts Wmch a ver h activit Q’ﬁatllowthe
reaction to 51}18%§ee§ygfeap%¥§?fw |38pr ait ggl %Eﬁo%gttﬁ?ﬁ Mare
particul ar, maiustriyk chlobiaes echeonstco pPhloradkalc atcalrplyss bass pusted @6 Dosdoani um

tor exa”Pfke gfb%es% &Eéﬁ%tﬁa@%@b &Sange i 19%@’%&1’1‘01%'@0 (Z? §o§8&ed%?z”p“ sing

the active c rrp05| i on rut eni um oxl de,
electrolysis of aqueous sodium chloride solutions.

However, the attractiveness of the Deacon process has recently been increasing
again, since the worldwide demand for chlorine is growing more strongly than the

20 demand for sodium hydroxide. This development makes the process for preparing
chlorine by oxidation of hydrogen chloride, which is decoupled from sodium
hydroxide production, attractive. In addition, hydrogen chloride is obtained in large
amounts as coproduct in, for example, phosgenation reactions, for instance in
isocyanate production. The hydrogen chloride formed in isocyanate production is

25  predominantly used in the oxychlorination of ethylene to 1,2-dichloroethane which
is processed to give vinyl chloride and further to PVC. Examples of further
processes in which hydrogen chloride is obtained are the preparation of vinyl
chloride, polycarbonate production and the recycling of PVC.

30 The oxidation of hydrogen chloride to chlorine is an equilibrium reaction. The
position of the equilibrium shifts away from the desired end product as the
temperature increases. It is therefore advantageous to use catalysts which have a
very high activity and allow the reaction to proceed at relatively low temperatures.
Such catalysts are, in particular, catalysts based on copper or catalysts based on

35 ruthenium, for example the supported catalysts described in DE-A 197 48 299
comprising the active composition ruthenium oxide or ruthenium mixed oxide,
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BO3/ 0859PC | B/ KUD/ cd PF 0000055332 2 with the rutheni um oxi de content being
.fromO. 1 to 20% by weight and the nean particle dianeter of ruthenium
oxide being from1.0 to 10.0 run. Further supported catalysts based on

rut heni um are known from DE-A 197 34 412: ruthenium chloride catalysts
conprising at |east one of the compounds titani um oxi de FEIOGOOSEIINI um

oxi de, rutheni um carbonyl conpl exes, ruther® umsalts of inorganic acids,
rutheni umnitrosyl conpl exes, rutheniumamn ne conpl exes, ruthenium

compl exes of i G, AR coh h/ERRLFOACE ¥h 36/ Bf%?%{ﬁ%ﬂﬁ'tﬁe‘ﬁ

addi tion tO r ugﬁenl um can a resent ctive COWpOSI tion
of the cat alpasticle dmmetﬁr@ggutbmw Qxék‘cbﬂlléﬁl ohl-Q o éﬂ@ ngarkuirdgr swported t he

presence of G 3akd Bakal ahyl%themlﬂﬁoﬂenm“nﬂfm HRYS B7YA 419F Tufhefifunt DUt i on
of gas and solid can be achieved t he use of fluidized-bed reactors. To

avoi d aggl orfddoridegiptalysty samprisipg @§¥%@ﬁH0@%a§ﬂ§ crapds AR qxide ARd ni xi ng

of gas and sicoRiumEBxNe) rd@adiom-chirslyd I@fmplexeh Unfdhaftn §8d 6fafrini¢ N Whi ch
per f or at ed pltaaté re.installed at. e uaI hntervals in thle 15 fI UI di zed bed.

The aggl omer® iy BItesylyicomples UUPHLING | CRIPRFFSugHIERRM
per f or at ed pioat;ﬂa@ces Eflb%ahﬁaﬂlﬁnés)oﬂ nﬁﬂreﬁmdam@daﬂgoxﬁite tdnﬂplgﬁés W hdditibre sol i d.

h hi
catalysts batNCTCeHaReY AbaPE Pesndl B % ERUR Tl o FIRBET St wros

above 20 400'C, volatile rutheni um conpounds are for med. To avoid a | oss of

act i ve 18T o Oéak ﬁ)ﬂase' feal %}ts NeHieh A palficd dut tﬁ%gl%‘é’&{cé‘to‘? 4 E‘cﬁ@%&%&l‘?&s for

preparing c from hydrogen c ence
r ut heni um baed raiAing] B,Il!;‘ttélllag llﬂithm lelstrieation Qfgap@gdlsbll‘é can be @plyeyeast by es bel ow

400° C. 25 Itgpd ﬁsé&ﬁ[&é&é@b@:ﬁmﬁ&bﬁcﬁb Q(zoﬁ*&%gl!oﬂié?ﬁfdn%? g&:?bmﬂé@ £ (Aud gact or
for preparin lorine  from hydrogen ch phase oxi dation by

Nt of oxyEROrIoNaR e MGWRE OhESARIRHAGIRA 8431 68 dB6kne P HHGEednd
operates | argal ﬁéad:t@ptlﬂaﬁli\iﬁlé ! foHtecs pelbeate imtARAI ﬁvaﬁlﬁbxn@r«a@ﬁm ke f gr
prepar| Qr.in ase oxidation by
means of ox%@ﬂ@‘ﬁb?*% g(é’ m@ggﬁdﬁﬁﬂ@é@gﬁ ﬂé it F‘?’r‘g ”Fw di zed
bed, wth a pgeetatekohendiis Rads @aﬁrpwedemhirg diltied @8 voi€i thg sokd.commopdat ed in
the fluidized bed. The gas-perneable plates are connected to the heat

exchanger in a thermally conductive manner.
In EP-A 0331465, a chromium oxide is used as catalyst. In contrast to this,

catalysts based on ruthenium are temperature-sensitive. At temperatures above
20 400°C, volatile ruthenium compounds are formed. To avoid a loss of active
composition, it is therefore necessary to operate the process for preparing chlorine
from hydrogen chloride in the presence of ruthenium-based catalysts as

isothermally as possible at temperatures below 400°C.

25 It is therefore an object of the invention to provide a reactor for preparing chlorine
from hydrogen chloride by gas-phase oxidation by means of oxygen, which allows
good mixing of gas and solid phase and operates largely isothermally.

This object is achieved by a reactor for preparing chlorine from hydrogen chloride

30 by gas-phase oxidation by means of oxygen in the presence of a heterogeneous
catalyst in a fluidized bed, with a heat exchanger and gas-permeable plates being
accommodated in the fluidized bed. The gas-permeable plates are connected to the
beat exchanger in a thermally conductive manner.

35 The thermally conductive connection between the gas-permeable plates and the
heat exchanger increases the heat transfer area in the fluidized bed, since the gas-
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35 The thermal |y conductive connection between the gas-perneable plates and
the heat exchanger increases the heat transfer area in the fluidized bed,

- since the gas- B03/0859PC PF 0000055332 3 perneable plates act as ribs

whi ch take up heat and conduct it to the heat exchanger. To achieve this,
it is necessary for the thermal conductivity of the gas- perneable plates to
be greater than the thermal conductivity in the fluidi zeE%tﬂi’@!m@:ﬁRe

thermal |y conductive connection between thé gas-perneabl e plates and the
heat exchanger can be positive, frictional or integral. Positive connections
are, for epaﬂﬁéaﬁ%e pRREadti &N Sibs NVIRLN | Bl el et aiidnlsorﬁﬁlcl(rj ity &S She Meact i onal
connections are, for. exanpl.e, .screw connecti ons anped fittings or
connect | ons SRATPRG S APHGYR i iCS mesiap g e ifmal rERBE MY P Rat ot ng,

sol deri ng amdrrashhigilates tudwedireger than Beehamahcendustivjityianhd fividivied ded
connections since these achieve the best heat transfer fromthe

gas-perneabl e plates to the heat exchanger. An isothermal fluidized bed is
pref er abfy divedherawllyycopdestivei eognectipsr Betwveany thehgastpermgatie platéseandathea.

Sui tabl e NegLuQXRARERLH B Fosith ¥ HRABIRI G inRBRH PR WRRRAL areexhanger s

havi ng tubes arrang€d hori zontal [y or vertic 1n the 1 di zed d or
pl at es whi cﬁX%@eW&WSWPﬂWB&g@% PHs 1ok BLVElS Fdgtiosal erageetioas args &Fgh whi ch
a heat traggifple Rew Bbhleddbns, TAMpBE FttiilX O IBMVCtibARE/IRY sRRY 1BXshanger

pl ates are re rablé. arr.l?ﬁ“g(ied %lllhln he flaéa zed beg.ln such a way t hat
1 ui di zat | oftE#ra} gppnegtipns ingiuge weldigg salderipgan o& Bpndingect ed by

install @i on of the heat exchanger. \Wen using plates through which a heat
transfer megqj flows, .these.are referabl y. connected.to one another by the
Gae. per meabi SIHeLreer epfepn e BomisPian, Fado TRE ierp ar Sl Blfing
arranged petpesfdi tehdhe gas-pehmeiidaplags chthedent exebagent es. I n a preferred
enbodi nent usi ng shel |l -and-tube heat exchangers, the individual heat
exchanger tubes arranged vertically in the fluidized bed are connected to

one anot heAmisothoinal dhidired beskis prafieenbljasblpimednbaipirevidingtaevery Hage peaf er abl y
rest onithe (3QsBonichOHdlableURSS - exchm?gefsU b efor eéﬂéﬁﬁﬂlé]‘aé?kll—ahﬁﬁulg@ hegont al
tubes can also be integrated into the gas-perneable plates. Here, the areas
bounded by €ekehangsts haying tubes arranged horizontally or vertically in the fluidized bed or

plates which are arranged vertically in the fluidized bed and through which a heat

transfer medium flows. The heat exchanger tubes or heat exchanger plates are

preferably arranged within the fluidized bed in such a way that fluidization of the

20  fluidized bed is not adversely affected by installation of the heat exchanger.

When using plates through which a heat transfer medium flows, these are

preferably connected to one another by the gas-permeable plates, with the pgas-

permeable plates preferably being arranged perpendicular to the heat exchanger
25  plates.

In a preferred embodiment using shell-and-tube heat exchangers, the individual
heat exchanger tubes arranged vertically in the fluidized bed are connected to one
another by horizontal tubes. The gas-permeable plates then preferably rest on the

30 horizontal tubes. In a further embodiment, the horizontal tubes can also be
integrated into the gas-permeable plates. Here, the areas bounded by the horizontal
tubes are closed by the gas-permeable plates.

The heat transfer medium should be selected so that it is chemically and thermally

35 stable at the temperatures occurring in the heat exchanger. Thus, suitable heat
transfer media are, for example, salt melts or preferably liquids which vaporize at
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tubes are closed by the gas-perneable plates. The heat transfer nedium

. shoul d be selected so that it is chemcally and thermally 35 stable at the
tenperatures occurring in the heat exchanger. Thus, suitable heat transfer
media are, for exanple, salt nelts or preferably |iquids which vaporize at
B03/ 0859PC PF 0000055332 4 the reaction tenperature i n PHRAOPBORFS32p to
4000C. A particularly preferred heat trandfer nediumis water at a pressure
of from10 to 60 bar. The advantage of vaporizing |iquids as heat transfer

medi a is thaic féagtion feRiFRAIMGE UA GBe B8RS UpOlo AVOPET A gatticildrly gReteirdé@hean of the
heat transfer di UH] I'sot her mal condi tifgrs cg¢ i Bwt hi s &/a be ¢

est abl i shed "PRSIETHECHWE 1S WAKE AL & Prefice Pt HPm 4P 1R §0har- TS 8 v%n&g& Yor the
heat exchangepmizingeliquidd ey hddt transfee inedia isithitetheir adthpyraturcEhdnes siet alterni ckel
alloys is prefery whe nden | f_hydrochl ori.c i nnaot . be rul ed
out . Thug, "ol VgrtiEth SOREBO LR Shedliy B6M5R Fon bl AONSES, " &

t enper at 2ir e wafy balsstablishd irGhe Waagrexthapged wat er occurs, hydrogen chloride
dissolves in it to formhydrochloric acid. The installation of the
gas-perneable plates in the fluidized bed i nfluences the bubble and solids

notion in aMagriphs efccopsijucsion useLior gistheat oxchangess ae Proferably sigaker nickelof t he

gas in the LR&E! Qhe ulBfIAkePalFRAR! Lﬁ'eféh%ﬂQﬁhe‘ﬁ%d&ﬁenéaﬂoﬂ%{ftﬂyﬁfﬂcﬂforict o tear
apart aggl oner’at ed bilbbl es and thus ensure that relatively small gas

. gas
bubbl es ar e 2igi ‘é‘l“F‘PtbgFe‘H InPelorTHY, Waternd # | RIpwPKe af stari eramide. o233 b¥er neabl e

pl ates, 1Qr eteddASS dt S teGipv@turé Of Ubbit22aeC] Whah dijupl dhgs cetursEiglirégepe
structures. The size.of .the indiyvidual .openings in the gas-perneable plates
i s pref er abFYOPfe dissolyesigdt tp S iy rBaﬁ%mig%d'OOO mn 2, nore preferably in
the range from5 to 10 000 M2, in particular in the range from 10 to 1000
me. In af hodl t,, . - . flgured as
ordered or lié%gﬁ%%lr&g;ggdﬁggﬁg é?%?:’?rﬁe?%% B%Eegglrﬁgthgn@slﬁkgcfp g‘(i:?%t?"gergmgésrg],e for
exanpl e, schbulhle gnd sgiBls| motioncia atargetediway and this ptinieasdlic mesédense fimet ur es

are, fojsexapg ik fedforD Tl B-pehEatié BRI HRCIIREALIGS bn! RSt T UCt Ure
of the gas-perr?r?aaf)rrg pl %t eqsrbTS g%opseen aso E’{%'hats'aco%i,ln scclance’é)]% ubbles is

avoi ded. Copgglamgraiesd gasebyhblest angntms nspse dhal relativlyoumalt gas helidesspiiel | ed i n
the art whi giyrdhddesnitdialy B e YhikBRcesobl. AQlohdperiMabRplates, preference is

given to using perforated plates or mesh-type structures. The size of the individual

Oy

openings in the gas-permeable plates is preferably in the range from 1 to
20 100 000 mm?, more preferably in the range from 5 to 10 000 mm?, in particular in
the range from 10 to 1000 mm?,

In a further embodiment, the gas-permeable plates are configured as ordered or
unordered mesh structures. Ordered mesh structures are, for example, screen or

25  lattice structures, and unordered mesh structures are, for example, knits or braids.

The size of the openings or the structure of the gas-permeable plates is chosen so
that coalescence of bubbles is avoided. Contrary to the relationship generally
known to those skilled in the art which states that disturbance of solids motion
30 caused by internals leads to a deterioration in the heat transfer efficiency in the
fluidized bed, it has been found that the avoidance of bubble coalescence, which
leads to smaller gas bubbles in the fluidized bed, improves heat transport within
the fluidized bed to such an extent that it outweighs the deterioration due to the
internals and thus produces an overall improvement in the heat transport in the
35 fluidized bed. Owing to the smaller gas bubbles, the fluidized bed is mixed more
effectively, which leads to a uniform temperature distribution. In addition, the heat
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30 caused by internals leads to a deterioration in the heat transfer
.efficiency in the fluidized bed, it has been found that the avoi dance of
bubbl e coal escence, which |eads to smaller gas bubbles in the fluidized
bed, inproves heat transport within the fluidized bed to such an extent
that it outweighs the deterioration due to the internal PEMP0IBIA32pr oduces
an overall inprovement in the heat transpoft in the 35 fluidized bed. Ow ng
to the smaller gas bubbles, the fluidized bed is mxed nore effectively,

B3/ 0859PC. P 00D T r o kU haEy B s e E P
. transport within the ui di zed bed i s not

i ndered by PgRAEES e At TR L S B SR e e

addi ti onal | yxtleagar 4nd thoptoobve@r hestremoed S the fluidived hedt Forakshrassgay and

thus to bet h renpval .f.r t fluidized d rothis r n t he

heat exchanté%% h%ag%;‘%héig it %nsbr?a[ﬁ rHé\ars?ﬁa‘l fi°ch F%ge gg)goomr?gﬁ?lglr %%’Ill%gssaa\?/ﬁ%f\tggs and t hus

5 cost savi mgs.safings.gas- per neabl e pl ates preferably have a spacing of from5

to 200 cm nore preferably from10 cmto 100 cmand particularly preferably

from20 to 50 cm 10 Li ke the heat exchanger, the ggf-perneable pl ates are

pref erabl y nd@esasfpernesble plates prefeeablnhavya spadng of dwm 3i kU0 ¢y BYE are used

when condengadfeRABlydto Y BlcaEH! 100t aRCpaaANNPhreR@aBIY KRsh 200 50TRR. f 1 ui di zed
bed is preférably separated fromthe surroundings by a reactor wall. 15 The

reactor wall is preferably gastight and thermally insul ated agai nst the
surroundngd.ikd thetheascabbinget,Othe @dapRInRabiggsass RRY prfekdhdy nidde iofl stebEoif €act i on
are prevent eq(glrgm eﬁcapti ng_.t r%ﬁgh t he r(gag‘%or V\%l@l tto tﬂ?}ﬁfur oundi ngs.
Ther mal i nd<§t HIHYSoHCEHEOY WSS IOWAE YSPLWIRP Soprmsatinn.of urodioft at ure
from dr oppi ragidicanndgtipe miedgunal regi on of the fluidized bed. In this way, it

is ensured that the reaction 20 occurs uniformy over the entire region of
the fluidized bed. Insulation of the reactor wall al so reduces the

necessary sdihetfipidiredbast ispueferablynespatatedy feomrtbe parravmdings yfaseetonmatlhe
outside;ef tig F&apl OfalhkChref@itly sRAFNE And Uﬂi‘i@rn‘i‘éﬂéﬁ it QUL dgaihbe mreeact or

wal | is pref erabl%qcyl indrical, _ but”capn also have any other CroQss section.
25 The t hi cleHEe@Wndses; 4 this 2% rfofigRAMPlS, BaEs PP i theatfcaptien 8

stresses ov@gieveRRd febrh CasbARli€ AEBug thel RACOL ivait tOthet diRroufdiaEQr Thmhl ar e
avoi ded. At i}lsr?l?atf()%rﬁ thcla Teactor wall prevents the reaction temperature from dropping in
the marginal region of the fluidized bed. In this way, it is ensured that the reaction
20 - occurs uniformly over the entire region of the fluidized bed. Insulation of the
reactor wall also reduces the necessary safety precautions, since there are no hot

surfaces on the outside of the reactor which could lead to burns when touched.

The reactor wall is preferably cylindrical, but can also have any other cross section.
25  The thickness of the reactor wall is preferably such that thermal stresses over the
circumference and the height of the reactor wall are avoided. At the same time,

mechanical 'stability of the reactor wall has to be ensured.

Materials suitable for the reactor wall are any metallic materials for which by-
30 product formation in the reactor can be ruled out and which ensure mechanical
stability. The reactor wall is preferably made of steel or nickel alloys. Furthermore,
the reactor wall can be lined with nickel or nickel alloys. Nickel alloys are used
particularly when condensation of hydrochloric acid in the reactor cannot be ruled
out.
35
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mechani cal

stability of the reactor wall has to be ensured. Materi al

.suitable for the reactor wall are any netallic materials for which b
product formation in the reactor can be ruled out and which ensure

mechani cal

stability. The reactor wall is preferably nmade of steel

-ni ckel alloys. Furthernore, the reactor wall can be |inetF 00809563%X
ni ckel alloys. Nickel alloys are used partécularly when condensatio
hydrochloric acid in the reactor cannot be ruled out. 35 B03/0859PC PF
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ream
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it is

preferably fed in centrally. The w ndbox can be of any shape known to those

skilled in tfyg ga’stca% %;féﬁn%tcf ﬂh!é'vﬂh&lﬁﬁ JB‘E’HE R of VY ‘vﬁﬂdt%xchtrtﬁé’[kﬁé of
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materi al® f oroddteq hwithinPihe umidbot. OWHRh | @8 g:aarlsll@drlﬁl f6mott FR@nIEiEHaNi cal

stability is
can al so be HH
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Wi ndbox suppresses turbul ence which coul d Iead to erosion on the interior

wall of 4 hesdﬂaﬂfégﬂéten%? £t TR 48121190 flicShatbRME FG W bYSprO@ft

in the w ndbox an

20

25

30

to ensure
formation can be ruled out and mechanical stability is ensured. However, apart

from metallic materials, the windbox can also be made of ceramic materials.

In a preferred embodiment, the feed gas stream is introduced centrally from below
into the windbox. The windbox is in this case round-domed and configured so that
sudden cross-sectional widenings are avoided. Avoidance of edges within the
windbox suppresses turbulence which could lead to erosion on the interior wall of
the windbox.

To improve uniform distribution of the gas stream in the windbox and to ensure
that the gas flows uniformly into the fluidized bed, an impingement device against'
which the inflowing gas flows is, in a preferred embodiment, located in the
windbox. The deflection of the gas stream forced by the impingement device leads
to dissipation of the momentum of the inflowing feed gas. The impingement device
is preferably a simple plate, in the form of a funnel or in the form of a round dome.
Like all other surfaces which can come into contact with the reaction gases, the
impingement plate preferably consists of steel or nickel alloys. Nickel alloys are
used when condensation of hydrochloric acid cannot be rled out.
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that the gas flows uniformy into the fluidized bed, an inpingenent device
which the inflowng gas flows is, in a preferred enbodi nent,

| ocated in the w ndbox. The deflection of the gas streamforced by the
i mpi ngenent device leads to dissipation of the nmonmentum of the infl
-feed gas.
formof a funnel or in the formof a round Honme. Like all other surfaces
whi ch can conme into contact with the reaction gases, the inpingenent plate

.agai nst

preferably copsiwhddl i blfined b{z“ £kl <ﬁ£tl~19¥t%r \h‘h C\Kﬂkh afpl: 0

condensati on_of hy drochlorl acid cannot be rul ed out BOS¥O8 9PC PF
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The catalytic oxidation of hydrogen chloride is preferably carried out isothermally
or approximately isothermally in the fluidized bed at reactor temperatures of from
180 to 500°C, preferably from 200 to 450°C, particularly preferably from 300 to
400°C, and a pressure of from 1 to 25 bar, preferably from 1.2 to 20 bar,
particularly preferably from 1.5 to 17 bar and in particular from 2.0 to 15 bar.

Catalysts which can be used for the process of the invention are in principle all
known catalysts for the oxidation of hydrogen chloride to chlorine, for example the
above-described ruthenium-based catalysts known from DE-A 197 48 299 or DE-
A 19734 412. Also suitable are the gold-based catalysts described in DE-A
102 44 996, which comprise from 0.001 to 30% by weight of gold, from 0 to 3%
by weight of one or more alkaline earth metals, from 0 to 3% by weight of one or
more alkali metals, from 0 to 10% by weight of one or more rare earth metals and
from 0 to 10% by weight of one or more further metals selected from the group
consisting of ruthenium, palladium, osmium, iridium, silver, copper and rhenium,

on a support, in each case based on the total weight of the catalyst.

In a particularly preferred embodiment, the granular material used to form the
fluidized bed comprises the heterogeneous catalyst. Here, the individual grains of
the granular material of the fluidized bed form the catalyst supports which are
impregnated with active composition. Suitable support materials are, for example,
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25 A 197 34 412. Also suitable are the gol d-based catal ysts described in
.DE-A 102 44 996, which conprise fromO0.001 to 30% by wei ght of gold, fromO
to 3% by weight of one or nore alkaline earth nmetals, fromO to 3% by

wei ght of one or nore alkali nmetals, fromO to 10% by wei ght of one or nore
-rare earth netals and fromO to 10% by wei ght of one or PBe0#0SSBB2r netal s
selected fromthe group 30 consisting of rughenium palladium osm um
iridium silver, copper and rhenium on a support, in each case based on

the total wej; e . r |y [ ment,
t he granul ar kl_%ggtsnegfogf(_ﬁqgg%hﬁ%* orlr‘%HP_%%XR%I %’{lvgllgz% %‘gg; g%%é{rt?sgesg&?ﬁlgé
het er ogeneousireasin ydipxidpe plumipwa  pride vo1d Ktugisa theseads Pf&}éfﬂbhe U ar

material of phRidel yirdbmBf BRAIde0 T MAhMBNC BkALYS! nARRRQ iRreMt] phrtRLRly
i npr egnat ed wthg@ctlve conposi tion. Suitable support materials are, for

I
exanpl e, BOBFEBEUPY- PHO-8HHBALE P3ile of nyriuresdhergploxi de, graphite, titanium
di oxi de hmving the rutile or anatase structure, zirconiumdioxide, alum num

oxi de or m xtures thereof referably titanium dioxide i rgoni um, di oxi de,
21 U num ox BE SEPRRAEE (RBeT Ho FABIUN A E APy o SREPEIe e, RG] DY
(err)-al um nimprogiatieg chie supgom eseriahedibeijpeds EbktisnppOCHEl oe Ropdy ands if

rut heni um ca for e t.alne Yol tdng. t he
support mut ebpay o i Mombfl (AR etV RS R oe TS Silfint
appropri at e, ofthsreatadydrcan die eogdhgut ptesfosrbieyably befose irmpregondtiont of il or i des.
Shapi ng jpf Elg?oﬁ%fﬁéﬂait can be carried out after or preferably before

i npregnati on the 10 support material. Pronotors suitable for doping are
al kali metals such as lithium sodium potassium rubidiumand cesium

preferably | pidmdions saidstle! for AdfinR Ak ASRAN MetPeddch @b ligibd, sdith Spctidsium,

pot assi um ab&)ﬁ.l ne earth net a%az)ﬁgq @s magnesi um. cal ci um strontium 15
and barium ‘B‘lnaﬁ'i“ﬂ ‘e i Eipe, (et fand  petassidmy pagisplagyy
magnesi um r prefergisly pbtaseival sikslirelcadth metalsdiucins nibgesium, chlzhinhanuiumer i um
praseodym um and, neodymn u referably scandi u ttriu ant han and
cerium particul géf’r uﬁm’pr rf’%}%b& yn}agﬂ?sh u Qn&a@uf%{’unﬁ’méénl?ﬁh&t h‘?ei%rgkfr?ﬁer eof .
20 The grai nsaghesivng prareatthr mettsesichl ac aparsiils e ginm, yadsbarmi, eceramd i f
appropriate seaseodyminm and neodymium, preferably scandium, yttrium, lanthanum and
cerium, particularly preferably lanthanum and cerium, or mixtures thereof.

20  The grains of the granular material can subsequently be dried and if appropriate
calcined at temperatures of from 100 to 400°C, preferably from 100 to 300°C, for
example under a nitrogen, argon or air atmosphere. The grains of the granular
material are preferably firstly dried at from 100 to 150°C and subsequently
calcined at from 200 to 400°C.

25
Apart from the granular material impregnated with active composition in the
fluidized bed, grains of inert granular material can also be additionally present in
the fluidized bed. Inert materials which can be used are, for example, titanium
dioxide, zirconinm dioxide or mixtures thereof, aluminum oxide, steatite, ceramic,

30  glass, graphite and stainless steel. The grains of inert granular material preferably
have similar external dimensions to the grains of granular material impregnated

with active composition.
Above the fluidized bed there is a disengagement zone in which the fluidized

35  granular material of the fluidized bed separates from the gas phase. To take off the
gas from the fluidized-bed reactor with as little solid as possible, solids
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calcined at tenperatures of from 100 to 400'C, preferably from 100 to 3000C,
. for exanple under a nitrogen, argon or air atnosphere. The grains of the
granular material are preferably firstly dried at from 100 to 150' C and
subsequently calcined at from 200 to 400-C. 25 Apart fromthe granul ar
material inpregnated with active conposition in the fl uiRl @e@DO58332 gr ai ns
of inert granular material can also be addi%ionally present in the
fluidized bed. Inert materials which can be used are, for exanple, titanium

di oxi de, Z' r Qabk%ﬂ'\??ﬁbﬂ%&éas@tﬁé Hégée to'i‘%&&%uau%h%f' N e fea intigatite,
ceram c, gl ass, graphite and stain|ess steel e grains of inert

granul ar $qngpgel5qe@p é?%ﬂﬁpf#396d§mh9¢1§’fenbxt er naI di rensi ons to the grains
of granular material inpregnated wth active conposition. Above the

fluidized beg there is.a disenga Nt zone in t I

o ahul ar ot £ SdS resi o i PRICHRY Gopeedied poiomh nae bt Sshtee *o ¢ ake
off the Sgasheﬁglm foitthe gfding @i gmdﬂ:hﬁﬂatmﬂoﬁlﬁch wdetflungupl frdrh lilee Boidlizdd dsd

possi bl e, F 00 32 re C crease

t he degree ofJfS f?gm p%{bﬁ%ﬁ%ﬁ% so i sl?e %remgg%f?onn&itrﬁ aégsengaéae%élﬁ zone in
a preferred m'n@plﬂatm ns thushaindgwided dypmeaispdlt ant eprwopniate distsnge dotweearthanged at
a hei ght aboygii, for the grains of granular materi al
whi ch are f%ng1 g‘gbﬁ%%htﬁ%% qSEJ %@g&gﬁ% as the gas bubbles |leave it. The
required precipitation perfornmance of these solids precipitators is thus

M ni m zeg bysiiRBRS0Rds ARCBRALAE, FbeeiniilaRGEl0RE WMARANdIB Filtefd, Ui di zed bed and
the solids precipitators. 10 Sui t'abl e sol i ds precipitators are, for exanple,
cyclones and candle filters. To reduce the superficial gas velocity in the
di sengagenerTo zaies tﬁ&k@eﬁtﬁgﬂogasi\seloomydﬁrtﬁd diRApHRhiet zbi, tthis Sepiay ,is t he

required precipitation mance of sol.ids. precipitatars c
reduced furt‘i’ﬁ’éﬁg “? I%éﬁﬁsﬂayf rW]lgre .%%%B’%@Mﬁ%?ﬁ% é’g Ziﬁﬁ)ne or
nore sol i ds pedpitpotsabobé sdducedofuether.ence is given to using net aI lic
materi alyg for which by-product formation can

As material for the disengagement zone and the one or more solids precipitator(s),
preference is given to using metallic materials for which by-product formation can
be ruled out and which ensure the necessary mechanical stability. Particularly
preferred materials for solids precipitators and disengagement zone are steel and
20 nickel alloys. Suitable nickel alloys are, for example, Hasteloy materials or
Inconell. These are used when condensation of hydrochloric acid cannot be ruled

out.

When candle filters are used for precipitating the solids, it is possible to use not
25  only suitable metal materials but also ceramic materials.

The invention is described in more detail below with the aid of a drawing.

In the drawing:
30
Figure 1  shows a section through a fluidized-bed reactor configured according
to the invention,
Figure 2  shows a section along the line AA in Figure 1,
Figure 3  shows a section along the line BB in Figure 1,
35 Figured shows the detail C from Figure 1,
Figure 5 shows a section along the line DD in Figure 1.
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be rul ed out and which ensure the necessary nechanical stability.
.Particularly preferred materials for solids precipitators and di sengagenent
zone are steel and 20 nickel alloys. Suitable nickel alloys are, for

exanpl e, Hasteloy materials or [Inconell. These are used when condensation
-of hydrochloric acid cannot be ruled out. \Wen candl e fill 080056332;sed for
precipitating the solids, it is possible té use not 25 only suitable netal
materials but also ceranic materials. The invention is described in nore
detail below with the aid of a drawing. In the drawing: 30 Figure | shows a

section thr h f Uld zed- bed reactor,_ con cordi to th
“nvention, Argie 1 B8¥s Rt eha T fleedRes eaeRBspbfatdf o our e
shows a secteiooa'daig(mgh&ineeﬂtldme BB in Figure 1, 35 Figure 4 shows the detail
CfromFigure 1, Figure 5 shows a section along the line DD in Figure 1.

B0O3/ 0859PC PF 0000055332 10 Figure | schematically shows a section through
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| conprises @lséngg éﬂﬁ&@%&eﬂaﬁ a@eXdr BAD 0o d% r&l@%ﬁ(ﬂ% Sttt (U garse areded

di sengagenent z 5 and ast one so ecipitator 6. The feed gases
are fed intigtothe windbpzok Bie mige lmprldxﬁ@eﬁ rwdwtegal@rq By Fh?oﬁlwadTh@re by

the arrow 7. 1nEEB@1ct1bﬂtdfC§ib'QﬁtbQﬁe Hin@R 3 RO bk hﬁnmdn&ﬁfﬁ‘orﬁ beRfw he shawih i ed out

from bel ow sho her e fromthe side. Th eam onpri si ng
hydr ogen chi S Hoen FormeTiis e SUrm ARG BeL g R di e

upst r eandQof dﬂj@em@dh@iﬂgSgasrstr&dlﬁeamhﬂmm li;scfeaﬁrmaltl&minxdbmt%@rhhe Chih ndbox 3.
When they arg d.in.s rate rS|n evmndbx3 From
t he wi ndbox bftfeﬁﬁ%par%{ l%flfalt \;\at}sle \‘}%{%dbtoﬁe 39‘}‘3“2%%5{ ?’ie S}Sepﬂrae JHHE T di zed
bed 2. The taslrsaf thdmm@hex di Eoni thetvandkbx 3, th@gmﬂmwevmhhﬁ gashistghstor f | ows
ol formY Lol fud B dlieoch Bat DAL G AR0980a P 400 0BRRRPRL I T e

15 fIU|d|zed S achieve stributor
per forated plleweugiforgmly into the fluidized bed 2 and good mixing of gas and solid in the

15 fluidized bed 2 is thus achieved. The gas distributor 4 can be a perforated plate or a
plate having gas distributor nozzles distributed over it.

In the fluidized bed 2, the hydrogen chloride and oxygen react to form chlorine and
water. This reaction liberates heat which is removed via a heat exchanger 9. This
20  ensures that the reaction occurs under isothermal or almost isothermal conditions.

A heat transfer medium is fed into the heat exchanger 9 via at least one heat
transfer medium inlet 10. The heat transfer medium flows via at least one heat
transfer medium feed pipe 18 into at least one heat transfer medium distributor 11.
25  In the case of the heat exchanger 9 shown here, the heat {ransfer medium inlet 10 is
located in the upper region of the fluidized bed 2. However, the heat transfer
medium inlet 10 can also be located at any other height of the fluidized bed 2.

Heat exchanger tubes 15 positioned vertically in the fluidized bed branch off from
30  the heat transfer medium distributor or distributors 11. To increase the heat transfer
area, the heat exchanger tubes 15 are connected by transverse tubes 16. The heat
transfer medium likewise flows through the transverse tubes 16. When a heat
transfer medium which vaporizes due to uptake of the heat liberated in the reaction
is used, the transverse tubes 16 are preferably inclined slightly from the horizontal
35 so that vapor plugs which block the transverse tube 16 cannot be formed in the
transverse tubes 16. The angle at which the transverse tubes 16 are inclined from
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pl ate having gas distributor nozzles distributed over it. In the fluidized

.bed 2, the hydrogen chloride and oxygen react to formchlorine and water.

[

This reaction |liberates heat which is renoved via a heat exchanger 9. This
20 ensures that the reaction occurs under isothermal or al nost isothermnal
conditions. A heat transfer nediumis fed into the heat eRENOOMSSIRN vi a at

| east one heat transfer nmediuminlet 10. ®he heat transfer mediumflows via
at | east one heat transfer nmediumfeed pipe 18 into at | east one heat

transfer nmedindRofkSdtal 0 pre¥eralil. < ?@ hibrd PRIGANG ©O5° dlapheallarBXplofRaAy 9 shown
here, the heat _transfer nediuminiet 10 is |ocated in the upper region of

the fluidi zeﬂzbed 2. However, the heat transfer nediuminlet 10 can al so be
| ocated at any ot her hei ght of the fluidized bed 2. Heat exchanger tubes 15
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heat | i ber at bapifl goH¢ggory b’a&ltaﬂbmch t@ lwétran&fwernstﬂlamsxseh@@b‘ﬂte@@sto heas

preferably i pgdsrddeskdhth Adivutdsam t he horizontal 35 so that vapor plugs
whi ch bl ock the transverse tube 16 cannot be forned in the transverse tubes

16. The angle at which the transverse tubes 16 are inclined from BO03/0859PC
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transfer medihgnyapps offtakgt bt sTher heat grangter meedéwy lérib@lspt‘eéel’ﬂh]é’ prsaed ta ansf er

medi um djsstr ﬁf?ﬂ'l%f)ﬁeal éxcﬂahgerhﬁ FhiGr® Raates cfu%' lﬁgﬁn had eRethuk Bt Fedbadkgast one
vapor col |l ect or exchanger 9 has a _plurality of vapor

| f
col lectors 1 qui@ﬁ%%todw@ *}9%?’@5“%&39 ¢ Brileteddgat transf ‘ifafB w@fcflfcanecanm The
vapori zed headhidvedmsfey wadi um i s taken off fromthe heat exchanger 9 via
the vapor offtake 14. The heat transfer nmediumis then preferably passed to

a
To increase the heat transfer area further and to achieve a uniform distribution of

20  gas bubbles in the fluidized bed, gas-permeable plates 17 are accommodated in the
fluidized bed transverse to the flow direction of the gas. The gas-permeable plates
17 are connected to the heat exchanger tubes 15 in a thermally conductive manner.
The connection is preferably an integral, welded connection. In a preferred
embodiment, the gas-permeable plates 17 are connected integrally to the transverse

25 tobes 16, for example by welding. The gas-permeable plates 17 are preferably
configured as perforated plates or as ordered or unordered mesh structures.

The fluidized bed 2 is adjoined by the disengagement zone 5. In a preferred
embodiment, the cross section of the disengagement zone 5 increases in the flow
30  direction of the gas. The disengagement zone 5 describes the region in which the
granular material of the fluidized bed separates from the gas. To separaie out
grains of granular material which are entrained by the gas stream, at least one
solids precipitator 6 is preferably located in the upper region of the disengagement
zone 5. Apart from the embodiment shown in Figure 1, in which the solids
35  precipitator or precipitators 6 isfare located within the reactor 1, the solids
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15 further heat exchanger in which it condenses out again and can thus be
.fed back in liquid formto the heat exchanger 9. A closed heat transfer
mediumcircuit can be achieved in this way. To increase the heat transfer
area further and to achieve a uniformdistribution of 20 gas bubbles in the
-fluidized bed, gas-perneable plates 17 are accommodat ed iPKF 0000055832 di zed
bed transverse to the flow direction of thd2gas. The gas-perneabl e pl ates

17 are connected to the heat exchanger tubes 15 in a thermally conductive

manner.  Thepeephiack bpﬂeélﬁltﬂﬁ%f@ézﬁibil% l?d"lobzﬂ&?%t@idc tNeledQer FONREAENPR- I N a
preferred enbodl ment s 17 are connected |¢1reegral ly

e
to the transidias she Rra%& dwehars% a%th@ SB SREEPRYOr aHegRLAB Seabl e

plates 17 are preferably conflgured as perforated plates or as ordered or
unordered nmegsh structures.. The fluidized b ad b

di sengagenen Ig?f?n% SE.WT i IZ‘EFHbrVé‘Tf“éP é‘dseCté%Bg’Pﬁéh? ?I“FH%Rcmﬁlg‘gu‘)éefCt oRCof the
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i senoageme il s A8a% A8 Ll #8197 id i) ihRuGE B WAindBLE 1 A1 O
the fluidize se ara rom-t eou grains o

granul ar mat ﬂwahroum the r&a@mewaﬂ ail neambl} Thie agéb;fp samecting haftps lopegation e

solids preciQirdiat ﬁﬁce@t'p?ex%h%ftﬁ& %Es‘fde' W&Eergadt& @v'éll@ 211%%6&@910%%&%&“9
di sengagenent zone fromthe enbodi pent shown in ure 1, in which

the solids 3Huppeiag ﬁmeaff’ ?adotp tb]F'é';ch‘?f’c toughed. dhp éiﬁ%treéfol"@é ar é‘%f RREUAHS t he
reactor M) teoved vilSthe Bal OFhHYer BFTEQQQ&&%@&- redlidh 8¢ irfttddat&d inOthe

precipitators 6 .can.al so be located ou eth rea e arrow 8
i ndi cates t h&"$H BEIGEﬁ’ecﬂ"s‘)&‘?a]Irg \é‘a#b‘ﬁl ?rhr&e Eertsp ngl‘ hﬁ-[ieﬁtt%éfnsgerr
preci pit at ormedinm flogsuvia tﬂc:hhﬂ\mmfeplnmdmméwdqﬁlpeﬁ s shovanimligage 3 ol i ne AA

0 Prgure L ol B PRASTAN ARG 1R B pEASCRAGEP Lk, 15 WiRUAET DY

reactor wall Cross se
preferably ilikaywisg M“Sblﬂtﬁiamreth@mm trafgfenymedinouBoems heﬂlpebm:mn ofathe 21 i s

small. Tjys gl oE @811&:?6?? 1§'sH8wH% ﬁ@gxﬁ@@r Ns'a%?ﬁlt of ﬁi‘e%aﬁfgceséf“&%t Ithe RERVENT S

t he outside of react or wal becom ng t hus bel ng able to
lead to bunstrw&‘r’i fp@fﬂlﬂ!ﬁ‘eﬁﬂp‘)ﬂﬁ@ Hfbﬂte B%Ie\ﬁé]éﬂl’ﬁgﬁf flﬁ’és rlgadie orpppEzethheat npv ed

via the heat trm@.féiaﬁediﬁm%s ddiRcle@ah the AABHEEINRY M3 gad R REy giRd vigdrt he
direction of tt al% QI gus 9 via t&te h(ﬁt transfer mediuminlets 10. The heat
transfer offtake 14. IFrom the vapor ofitake the gaseous heat transfer medium is taken
off from the heat exchanger 9. This is indicated by the arrow numbered 22.
20
To prevent gas bubbles from agglomerating within the fluidized bed 2 and to
achieve uniform mixing of the fluidized bed 2, gas-permeable plates 17 configured

as screens are shown in Figures 2 and 3.

25  Figure 4 shows the detail labeled C in Figure 1. The vertical heat exchanger tubes
15 are preferably joined to one another at regular intervals by the transverse tubes
16. Here, the spacings preferably correspond to the spacings between the gas-
permeable plates 17. The transverse tubes 16 are preferably joined to the heat
exchanger tubes 15 in an integral fashion. However, the connection can also be

30 frictional, for example by means of pipe clips or any other pipe connections known
to those skilled in the art. The gas-permeable plates 17 are preferably connected to
the transverse tubes 16 in a thermally conductive manner. For this purpose, the
gas-permeable plates 17 can, as shown here, be located above the transverse tubes
16, but it is also possible to conceive of an arrangement in which the gas-

35 permeable plates 17 are located beneath the transverse tubes 16 or the transverse
tubes 16 are located in the plane of the gas-permeable plates 17.
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medium fl ows via the heat transfer nediumfeed pipes 18 shown in Figure 3
.into the heat transfer nediumdistributors 11. In the heat exchanger tubes
15 which are likewi se shown in Figure 3, the heat transfer mediumflows in
the direction of the 15 vapor collectors 13 shown in Figure 2. As a result
-of the uptake of heat, the heat transfer nedium vapori zeBF0R09058332at
exchanger tubes 15. The vapori zed heat trddsfer nmediumis collected in the
vapor collectors 13 and fed into the vapor offtake 14. Fromthe vapor

of ftake 14, Thehgasanifer eaiunt pRisitdy N fiomitbe vakiedl heaf éxdhhgsPr tiitesheat

exchanger 9. .This is .indicat by arrow nunbered 22. 20 To preyent gas
bubbi e 1 ror SgUP e NGt nfo ARORHL JURPRERGEs HEing”Postoa G

uni f orm m xi manseérse hebef 116icohi wpdribatnf tha hemaramsted ineedpiataed blatkognthegur ed

as screens ' [ : ] . det ai |

| abel ed C i ?&&sé%@%ﬁf%@+§éﬂ%’/fg%ﬁv§rgﬁﬂﬁsggg6§% %%g%)?y ﬁlﬁgg‘g&\ﬁ%ﬁgre preferably
joined td one another at regular intervals by the transverse tubes 16.

Here, the 5pﬁfghf%ﬁs}ﬁ%&fﬁe@@érb’aﬁﬂgfh%%iﬁ@ﬁﬂ)‘hplﬂffgﬁf‘c gpaci ngs between the gas-
perneabl e plates 17. The transverse tubes 16 are preferably joined to the
heat exchanger tubes 15 in an integral fashion. However, the connection can

al so be 30 frticahibersaén fibfl FiguanP it Bye AeanGinskr RiedRing féddSpipés B YreOidier pi pe
connecti ons kno o,those skilled.in, the art. The gaﬁ- rneabl e plates 17
are. pref or abfQPIEdRh e RN ExChanger MRRL | L Bdrans karee (S Fo. ol i choHEeS Gt
conduct i Me mamnegorizEdhebthiransfarrpediem ¢dneflowydstopihe meabtrengitramedindn/ feedn, as
shown here, t |t ] 0
possible to @gﬁig\%‘?@a ﬁlgér%}é:t}]%sgaﬁsg&e%gsﬂfe\éﬁ%&%% %{ﬁﬁé er:&ggagp%gn{ﬁglrdn@g%@ pl at es
17 are | ocat @gougbribaheattitaaster medipar distribybass 11 dntorthe heat exehmagesr twbes 1ubes 16

are |ocated jn tMEewH&,aﬁeuﬁ?oM%eﬁgéfaﬁﬁé ESPbaR 3RS hddt- uBFO§RHEmPF
0000055332 13 The heat transfer diumpreferably flows fromthe vertical
heat exchang@istribyfienis achicved i thedept eiehynges 8. Inthe mbgdiment shesy herey Hpor

pl ugs being EorvEsben thdthdl hdaf 8RMBESAUbSOES akCopRedt@P B bRkrdRerdfy thBe heat
transfer nmedjum andﬁglpgiél ng the transverse tubes 16, the transverse tubes

16 are pref el™&Byese d slightly. 5

Corresponding to the cross sections shown in Figures 2 and 3, a gas-permeable

plate 17 configured as a screen can also be seen in the embodiment shown here.
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Figure 5 shows a section along the line DDin Figure 1. It can be seen from
Figure 5 that the heat transfer nmediumfeed pipes 18 are not connected to
t he heat exchanger tubes 15 via transverse tubes 16. This ensures that 10
no vaporized heat transfer nmediumcan flow into the heat PF98@905533%di um
feed pipes 18. Furthernore, this also epsures that all of the heat transfer
medi um fl ows through the heat transfer nmediumdistributors I | into the
heat exchanger tubes 15. |n thigtsexferéndeubfRfdly t enperature distribution
and heat transfer nmedium distribution is achieved in the heat exchanger 9.
In the enbodi nent shown here, it 15 can be seen that all heat exchanger
tubes 15 areiconneadtedd t o one another by the transverse tubes 16.

Cor r espondi ng to @giz%@%é sections shown in Figures 2 and 3, a
gas-perneabl’e pla configured as a screen can al so be seen in the
enbodi merft shown windbox B03/ 0859PC. PF 0000055332 14 List of reference
nunerals | jeact sd%stﬁ&?{bfj' zed bed 5 3 windbox 4 gas distributor 5

di sengagenent zone ol1ds precipitator 7 introduction of gas 10 8
product di schar gedisengagemendZettanger 10 heat transfer nediuminlet | | heat
transfer medgum dgoﬁagkgé{ﬁamrlz heat transfer nediumcollector 15 13 vapor

col l ector 14_vapor offtake 15 heat exchanger tubes 16 transverse tubes
7 introduction of gas

10 8 product Idischarge
9 heat éxchanger
10 heat transfer medium inlet
11 heat transfer medium distributor
12 heat transfer medium collector
15 13 vapor collector
14 vapor offtake
15 heat exchanger tubes
16 transverse tubes
17 gas-permeable plates
20 18 heat transfer medium feed pipe
19 inflow direction of the heat transfer medium
20 flow direction of the heat transfer medium
21 reactor wall
22 direction of heat transfer medium discharge



17 gas-perneabl e, plates 20 18 heat transfer medium feed pipe 19 inflow
direction of the heat transfer medium 20 flow direction of the heat

transfer nmedium 21 reactor wall 22 direction of heat transfer nedium

di scharge PF 0000055332 15 Clainms 1. A reactor for prep®Fi00§00Fi332i ne from

~hydrogen chl ori de by gas-phase oxidat{$n by nmeans of oxygen in the presence

of a heterogeneous catalyst in a fluidized bed (2), with gas-perneable
plates (17) lgghip@g | ocated in the fluidized bed (2), wherein the
gas-perneabl e plates (17) are connected in a thermally conductive nmanner to
a heat exchanger (9) located in the fluidized bed (2). 2. A reactor
according tolcl ai A sacwirefogi prepdrmgt bedonind fwan dydiogen tchi@idet be @aphageer meabl e
plates (17) is grealtgeg tgan t he Fhermal. (ignducti Vi tfy l?f the f] ui %i zted bed
(2). 3. Areactor OREER ﬁéneiagsg ¥R 1B PIGHEP &1 FIOREPUL gﬁger (9)
has tubes (16) wm gHluidirechbed @onwith|gps-permdablef plates i ¥ dbeberlloanted am the
connected to theggags I . : J to claim
3, wherein the horl zozn.agcfeﬁf(ggev?m?‘lff@;t@%éﬁ#%%?ﬁ%\}%ﬂalieggﬁﬁ{gg?&g% _ggﬂear t ubes
(15) of a shel | - athtrmalle ceadectivgc manaksr tq @) hed. exchangest 6D loeated ditnghet o cl ai m
| or 2, wherein thgi@asryeadgable plates (17) connect vertical plates of a
pl at e heat exchanger to one another. 6. A reactor according to claiml or 2,
wherei n channels or tubes through which a heat transfer nediumflows run

t Ihr _oughI t he %as \-Aﬁwm_ bt &ccoftlimt ﬁﬁ:l;ﬁlﬂnﬁ,-wlﬁreiﬂ\tﬁe&hélgm cBadREditnef the gailyl of

cl ai ns to 6, erein perfora pl ates e us as. gassper ea pl at es
(17). 8. A reactope%e@B&dP%gest tﬁgnlg GPAEy gﬁ%ﬂfe rgal %ﬂ@q'&%ﬁﬂgr%eﬁ@d or
unordered nesh sflvidizadrted (2y.e used as gas- perneabl e pl at es.

[ I

3. A reactor according to claim 1 or 2, wherein the heat exchanger (9) has
tubes (16) which run horizontally in the fluidized bed and are connected to
the gas-permeable plates (17).

4, A reactor according to claim 3, wherein the horizontal tubes (16) connect
vertical heat exchanger tubes (15) of a shell-and-tube heat exchanger (9).

5. A reactor according to claim I or 2, wherein the gas-permeable plates (17)
connect vertical plates of a plate heat exchanger to one another. '

6. A reactor according to claim 1 or 2, wherein channels or tubes through
which a heat transfer medium flows run through the gas-permeable
plates (17).

7. A reactor according to any of claims 1 to 6, wherein perforated plates are

used as gas-permeable plates (17).

8. A reactor according to any of claims 1 to 6, wherein ordered or unordered
mesh structures are used as gas-permeable plates.

9. A reactor according to any of claims 1 to 8, wherein the hydrogen chloride
and the oxygen are iniroduced into the fluidized bed via a windbox (3) and
a gas distributor (4).

B03/0859PC IB/KUD/cd - [Figure]



9. Areactor according to any of clains 1 to 8, wherein the hydrogen
chloride and the oxygen are introduced into the fluidized bed via a w ndbox
(3) and a gas distributor (4). B03/0859PC | B/ KUD/ cd [ Fi gure] PF 0000055332
16 10. A reactor according to claim9, wherein at |east ONEO0PISSBILed pl ate
is used as gas distributor (4). 11. Ageactor according to claim9, wherein
at |l east one plate provided with gas distributor nozzles is used as gas
distributor (4). 12. A reactor according to any of clainms 9 to 11, wherein

an i npi ngene vice is |laocated,in ndbox ove t as i nfl ow
openi ng. 13. ﬂi\ re‘gd"?%ﬁtora?&ﬁ%ﬁdﬂ:l méé’f%?f%%ﬁﬂﬁﬁéﬁ)&%ﬁﬂ? ted "i‘tﬁgfe%?ﬂt devi ce
is a flat, roundascghmiktﬁlﬁutbmmel shaped netal sheet arranged transverse to
the inflowdirection. 14. A reactor according to any of clains | to 13,
wherein a granular fluidized- bed material conprising the heterogeneous

catal yst is lbked Aaeztcmmrractcbmmgftbwiedinz%dvlbmﬂn @2past oBe plate pragidod wathegasdi ng t o
any of clains 1t S&%F&%%ﬁ g'&isﬁ{bu\ﬁ@(lél. of the reactor (21),
aces

gas- per neabl e pl ates exc ger sur interior walls of the
wi ndbox (3) and the gas dlstrlbutor (4) are made of steel or nickel alloys.

16. A reactof2 acCRI @hfifr befiig Wb MmyabfBaimd 9 t$411 W& Nant I8pid&&nent
distributor (4) 1Is ma,i-qﬂaf aceramc eria ﬁ rocess for preparing
chl orine from hydfeyéReds ify theppyinghex ”&%&Q%"c@igﬁ% W W¢niB8ans of ~oxygen
using a reactor according to any of clains | to 16.
13. A reactor according to claim 12, wherein the impingement device is a flat,
round-domed or funnel-shaped metal sheet arranged transverse to the
‘inflow direction.

14. A reactor according to any of claims 1 to 13, wherein a granular fluidized-
bed material comprising the heterogeneous catalyst is used to form the
fluidized bed (2).

15. A reactor according to any of claims 1 to 14, wherein the interior walls of
the reactor (21), gas-permeable plates (17), heat exchanger surfaces,
interior walls of the windbox (3) and the gas distributor (4) are made of
steel or nickel alloys.

16. A reactor according to any of claims 1 to 14, wherein the gas distributor (4)
is made of a ceramic material.

17. A process for preparing chlorine from hydrogen chloride by gas-phase
oxidation by means of oxygen using a reactor according to any of claims 1
to 16.





