1 Reactor And Method For Producing Chlorine FromHCL 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

het er ogeneous 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 the catalytﬂc oxi dati on of hydrogen

chl oride by neans of oxygen in an exotherm c equilibriumreaction is the
start of industrial chlorine chem stry. Chloral kali electrolysis has pushed
t he Deacon 15 process far into the background, and virtually all chlorine

produced is RBicbresl Piéthod IFOE Prodlvisi Chdkinagre@HEsodi um chl ori de sol uti ons.
However, the attractiveness of the Deacon process has recently been

increasing again, since the worldw de demand for chlorine is growi ng nore
strongly than the 20 demand for sodi um hydroxi de. This devel opnent mnakes

t he proce8s fRascqptswari ng chl ori ne by oxi dation of hydrogen chloride, which
i s decoupled fromsodium hydroxide production, attractive. In addition,
hydrogen chloride is obtained in |arge anounts as coproduct in, for
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whi ch hycﬂgogem(ﬁlﬂhggihg%d'@aa&t.ai ned are the preparation of vinyl chloride,
pol ycar bonat e production and the recycling of PVC. 30 The oxi dation of

hydrogen chloride to chlorine is an equilibriumreaction. The position of
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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
chiorine 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 equilibrivm 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,



2 wth the ruthenium oxide content being fromO0.1 to 20% by wei ght and the
nmean particle dianeter of ruthenium oxide being from1l.0 to 10.0 nm

Furt her supported catalysts based on rutheniumare known from DE-A 197 34
412: ruthenium chloride catalysts conprising at |east one of the conpounds
titanium oxide and 5 zirconi um oxi de, rutheni um carbonyl conpl exes,

rut henium salts of inorganic acids, ruthengumnitrosyl conplexes,

rut heni um am ne conpl exes, ruthenium conplexes of organic am nes or
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at equal intervals in the fluidized bed. The aggl onerated gas | es
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The gas-perneabl e pl'ates are connected to the heat exchanger in a thermally

conducti ve manner.
In EP-A 0331 465, 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 1t 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

heat 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-



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 3 perneable plates acy as ribs which take up heat and conduct
it to the heat exchanger. To achieve this, it is necessary for the thernal
conductivity of the gas- perneable plates to be greater than the thernal
conductpevintable rplatee dck m‘sdtibedwltiehi taHtheipt heat naald yomdljcttbvﬁhech)ermect i on
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and thr eat rans |um 85hé exch anger t ubes or
heat exlmhnanger pl at es are preferabl y arranged within the fluidized bed in
such a way that fluidization of the fluidized bed is not adversely affected

by inst n. of. the h han sin | at.e rough which a
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arranged per pendi cular to the heat exchanger plates. In a preferred

enbodi ngnt e nd- tube ers he i ndi vi dual heat
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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 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 gas-
permeable plates preferably being arranged perpendicular to the heat exchanger

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 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
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



gas-perneabl e plates. Here, the areas bounded by the horizontal tubes are
cl osed by the gas-perneable plates. The heat transfer nedi um shoul d be
selected so that it is chemically and thermally stable at the tenperatures
occurring in the heat exchanger. Thus, suitable heat transfer nedia are,
for exanple, salt nelts or preferably Iiquids which vaporize at 4 the
reaction tenperature in the range up to 4008, A particularly preferred heat
transfer nmediumis water at a pressure of from 10 to 60 bar. The advant age
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perforated plates or nes -tE/ structures. The size of the I ndi
openi ngs i n tchiorida disselvaiad '@fﬁﬂalhﬁrop@loﬁ?éﬂér ably in the range from1 to 20
100 000 m®, nore preferably in the range from5 to 10 000 m®2, in

particul ar the range from10 to 00, MR, fur odlrrent t he
gas- per meabl ﬁhﬁllﬁft@gat&%e gcﬁﬁf@é&‘*é‘ﬂ"" e g e’(!u"e*rl=S’dtl’8rffil”“ ﬁﬁgvsﬁe‘a s the ’
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given to using perforated plates or mesh-type structures. The size of the individual

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



known to those skilled in the art which states that disturbance of solids
notion 30 caused by internals |eads 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 &he internals and thus produces
an overall inprovenent in the heat transport in the 35 fluidized bed. Oa ng
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10 cmto 100 cmand particularly preferably from20 to 50 cm 10 Like the
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separated fromthe surroundings by a reactor wall. 15 The reactor wall is

pref er abjy gﬁﬁéeitﬂé‘h?ﬁ%qcﬁiﬁgéﬂ‘%é %‘as&é&Mk@&l@Bla?&, D Stefbafly MHdd SHAgLNgS. N
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i nsul ation ogciggﬁmrb@g‘gm%m‘ll prevents the reaction tenperature from
dropping in the marginal region of the fluidized bed. In this way, it is

ensured that the reaction 20 occurs unifornmy over the entire region of the
fluidized bethe fRlideatbcans Plefdrily sefasie@ froffile An®ANdiBgHBES kiteornRaessary

safety prec ions, since.ther e no, hot urfaces on ¢ out.si de of the
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insulation of the reactor 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. Farthermore,
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



circunference and the height of the reactor wall are avoided. At the sane
time, mechanical stability of the reactor wall has to be ensured. Materials
suitable for the reactor wall are any netallic nmaterials for which by- 30
product formation in the reactor can be ruled out and which ensure
mechani cal stability. The reactor wall is preferably nmade of steel or

ni ckel alloys. Furthernore, the reactor wa#l can be lined with nickel or

ni ckel alloys. N ckel alloys are used particularly when condensation of
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arts wnen a TSR e e fettindft AL ind PR e fo i Blbe i & oo,
t he wi ndbox tasggutiellyr mbthe caseirnd-talgeatal maodeationoof gasl iandhirlimg mdktwnSuwi t abl e
materialg fo ' 0 | Ji.c 1egial s r | y-pJ.oduct
formati 01?1) caé]rogl%%g%gg&oﬁ}eagﬁnéﬂ %‘c@eﬁc%ﬁ %agglgi eldf‘J f/l {ré%ehhgir)(gtg?rg’l—lgw%ver,
apart from prefesably dedran eentadlly. Theewwidhdbaan denofihsy shapenknisvmwfio dhosani ¢
materials. | Bifedinehe e ' . . bl dyced
centrally fr%?n de'l g\i?vg %Wﬁéﬁ?ﬁ%ﬁe@ %ﬂ%&g&t?ﬁ@aﬁﬁ%g%&ﬁ?{‘c#ﬁsg (}tg&lcfagtse
round- dorred @6, thewindhoxds peéeraty rounsodivaed, cpwisal s extindsival. wi deni ngs are
avoi ded. Avoi dance of edges within the w ndbox suppresses turbul ence which

could lead to erosion on the interior wall of.  the w ndbox,
Suitable materials for the windbox are all metallic materials for which by-product

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

20  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.

25 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

30  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 ruled out.



25 To inprove uniformdistribution of the gas streamin the w ndbox and to
ensure that the gas flows uniformy into the fluidized bed, an inpingenent
devi ce against which the inflowing gas flows is, in a preferred enbodi nent,
| ocated in the w ndbox. The deflection of the gas streamforced by the
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bet ween the w ndbox and the fluidized bed. 10 Apart fromthe introduction
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chlorinel5for exanple the
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 25bar, preferably from 1.2 to 20 bar,
20  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-
25 A 19734412, 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 metéls, from O 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
30 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
35 the granular material of the fluidized bed form the catalyst supports which are

impregnated with active composition. Suitable support materials are, for example,



above-descri bed rut heni um based catal ysts known from DE-A 197 48 299 or DE
25 A 197 34 412. Also suitable are the gol d-based catal ysts described in
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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
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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, zirconium 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



20 The grains of the granular material can subsequently be dried and if
appropriate calcined at tenperatures of from 100 to 400C, preferably from
100 to 300C, for exanple under a nitrogen, argon or air atnosphere. The
grains of the granular material are preferably firstly dried at from 100 to
150C and subsequently calcined at from 200 to 400C. 25 Apart fromthe
granul ar material inpregnated with active c@nposition in the fluidized bed,
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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 possibie 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 |  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 Figure4 shows the detail C from Figure |,
Figure 5 shows a section along the line DD in Figure 1.



preference is given to using netallic materials for which by-product
formation can be ruled out and which ensure the necessary nechani cal
stability. Particularly preferred materials for solids precipitators and
di sengagenent zone are steel and 20 nickel alloys. Suitable nickel alloys
are, for exanple, Hasteloy materials or |Inconell. These are used when
condensation of hydrochloric acid cannot bdUruled out. Wen candle filters
are used for precipitating the solids, it is possible to use not 25 only
suitable nmetal materials but also ceramic materials. The invention is
descri bed in_nore detail wwth the aid of a draw e draw ng
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flows uniformly 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 transfer 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
transversc tubes 16. The angle at which the transverse tubes 16 are inclined from



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 renoved via a
heat exchanger 9. This 20 ensures that the reaction occurs under isothernal
or alnost isothermal conditions. A heat tratkfer nmediumis fed into the heat
exchanger 9 via at |east one heat transfer nmediuminlet 10. The heat
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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 tubes 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 separate 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 is/are located within the reactor 1, the solids



14. The vaporized heat transfer nmediumis taken off fromthe heat exchanger
9 via the vapor offtake 14. The heat transfer nmediumis then preferably
passed to a 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 nmediumcircuit can be achieved in this way. To increase the heat
transfer area further and to achieve a unif@ mdistribution of 20 gas
bubbl es in the fluidized bed, gas-perneable plates 17 are accommopdated in
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offtake 14. From the vapor offtake 14, 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.



10 renoved via the heat exchanger 9. The heat transfer nediumis introduced
in the direction of the arrows 19 via the heat transfer mediuminlets 10.
The heat transfer nediumflows via the heat transfer nedium feed pipes 18
shown in Figure 3 into the heat transfer mediumdistributors 11. In the
heat exchanger tubes 15 which are |ikewi se shown in Figure 3, the heat
transfer mediumflows in the direction of t#e 15 vapor collectors 13 shown
in Figure 2. As a result of the uptake of heat, the heat transfer nedium
vaporizes infg er
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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.



transverse tubes 16, the transverse tubes 16 are preferably inclined
slightly. 5 Figure 5 shows a section along the line DDin Figure 1. It can
be seen fromFigure 5 that the heat transfer nmediumfeed pipes 18 are not
connected to the heat exchanger tubes 15 via transverse tubes 16. This
ensures that 10 no vaporized heat trangfer nediumcan flow into the heat
transfer nmedium feed pipes 18. Furthernore, this also ensures that all of

the heat transfer nedium fl ows ransfer nedi um
distributors 11 into the heat e LRE SHERAAE ol .§ In this way, a uniform

tenperature distribution and heat transfer nmedium distribution is achieved
in the heat exchangel,9. In the enbodi ment shown here, it 15 can be seen
that all heat_ exchanger tubes 15 are connected to one another by the
transverse tubes 1@4187@9¢b@¢p0ndi ng to the cross sections shown in Figures 2
and 3, a gas-per meghldox Pl ate 17 configured as a screen can al so be seen in
t he enmbodi nent shown here. 14 List of reference nunerals 1 reactor 2
fluidized bedt 5 3EapdiBBROU gas distributor 5 di sengagement zone 6 solids
precipitator ¥ intdighsasdraent@bnegas 10 8 product discharge 9 heat exchanger
10 heat transfer nmediuminlet 11 heat transfer nmediumdistributor 12 beat
transfer medi@m colOGEPBFIPIEOT 13 vapor col | ector 14 vapor of ftake

7 introduction of gas
10 8 product discharge
9 heat exchanger
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



15 heat exchanger tubes 16 transverse tubes 17 gas-perneable plates 20 18
heat transfer mediumfeed pipe 19 inflow direction of the heat transfer

medi um 20 flow direction of the heat tPansfer medium 21 reactor wall 22
direction of heat transfer nmediumdischarge 15 Cains 1. A reactor for
preparing chlorine from hydrogen chl ori de by gas-phase oxidation by neans
of oxygen i laigg, presence of a heterogeneous catalyst in a fluidized bed
(2), with gas-perneable plates (17) being located in the fluidized bed (2),
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connected to thdngafe- PRidieaP!tRd PRt whertih/ the aepRiMedbile Hlags PTRRd| €
plates (17) rest on the horjzontal tubes (%{g%n or the horizontal tubes (16)
are integrated i“r‘?n{“if’t?‘ﬁé“ &a@’ﬁrlﬁéﬁﬁé‘&ﬁgéc%Y% neq £ a heaihexehangsf (Bkcor di ng
to claim1l, wherigtitelihip By ifARdized tedb@y, thtbGihetRiiNeSiduckeity idtathe haat
exchanger tubes (15) qé\/ﬂ@ tub(e -bundl e heat exchanger (9). 3. A reactor
accordi ng to cl dicEneableplptes n(1i7hbeing gseatere ane tharmak copduotivaty, gk dhe

vertical plates Mfidge®RUE ah@ahe %ﬁh@ﬁ@ﬁhgé@%@)%vﬁ?“&%{,&]‘ﬁ) whikle g6 or
according to claiml, wherein ¢ s. or tubes throu‘gh ich a

1 3 hannel heat
transfer medi umBorEaEtatlydnthe M%Z@f@eﬁégd P& FRBMICEEd, Oatf@sga@mme@ﬁm
reagtor accor di rtgatbgl(m}’l\aﬁht%r&h@i7 as pérehehblenbIafedi (17pesst @nathe hobizah@s are
used  as gas-pertggg (f"6)pof51 tﬁg h(ori ontal tubes (16) are integrated in to the gas-

permeable plates (17).

2. A reactor according to claim 1, wherein the horizontal tubes (16) connect
vertical heat exchanger tubes (15) of a tube —bundle heat exchanger (9).

3. A reactor according to claim 1, wherein the gas-permeable plates (17) connect

vertical plates of a plate heat exchanger to one another.

4, A reactor according to claim 1, wherein channels or tubes through which a

heat transfer medium flows run through the gas-permeable plates (17).

5. A reactor according to any of claims 1 to 4, wherein perforated plates are used

as gas-permeable plates (17).

6. A reactor according to any of claims 1 to 4, wherein ordered or unordered

mesh structures are used as gas-permeable plates.

7. A reactor according to any of claims 1 to 6, wherein the hydrogen chloride
and the oxygen are introduced into the fluidized bed via a windbox (3) and a
gas distributor (4).



6. A reactor according to any of clains 1 to 4, wherein ordered or unordered
mesh structures are used as gas-perneable plates. 7. A reactor according to
any of clains 1 to 6, wherein the H&drogen chloride and the oxygen are
introduced into the fluidized bed via a windbox (3) and a gas distributor
(4). 16 8. A reactor according to claim7, wherein at |east one perforated
plate is used as gas distributor (4).. 9. Areactor according to claim?7,
wher ei n8at | darrctonacqording tpelaim dewhefeimatdeast ong perforpledarlatpayyseddsi s used as
gas distributey gisfbutdq4) A reactor according to any of claims 7 to 9

wherein an impingenment device is |located in the wi ndbox (3) above the gas

i nfl ow opening. 11. A reactor according to claim 10, wherein the inpingenent

device igs a fA Rlactor hQWMINE WERIR!7, WHERE! a19BAREHe Hﬁ?@ﬁro@f@féﬁ%iﬁf é@nged

transverse to the inflow “direction. 12. A reactor according to any of
clains 1 to #istribyer eezgles igpsadiasas distithtotddbed naterial conprising the

het er ogeneous catalyst is used to formthe fluidized bed (2). 13. A reactor
according to any of clains I to 12, wherein the interior walls of the

react or 1021) A mastgeacserding tpray of claims 7 okt WesteHaty ERPEgEMEdEs, i nteri or

wal I's — of th%eWc@Wat@@)nﬁi%%hﬁﬁoﬁ?? agé')v'?‘ett'hie%bﬁﬁfﬂogf‘%}?ﬁr?gi”ade of steel or

nickel alloys. 14. A reactor according to arny of to 12, wherein
the gas distributor (4) is nade of a ceramic material. 15. A process for

preparing, chlorie, £&B}J1M§rt9&%npfﬂbpwh%imh@ﬁﬁ-ﬁg‘s@a@m gidasd gmfly means
of oxygen using a reactor according to any of clgu 1to 14.
round-domed or funnel-shaped metal sheet arranged transverse to the inflow

direction.

12. A reactor according to any of claims 1 to 11, wherein a granular fluidizedbed

material comprising the heterogeneous catalyst is used to form the fluidized
bed (2).

13. A reactor according to any of claims 1 to 12, 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.

14. A reactor according to any of claims 1 to 12, wherein the gas distributor (4) is

made of a ceramic material.

15. 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
14.



