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originally filed Fluidized-bed process and reactor for
carrying out exothermic chemical equilib- rium
reactions 5 Description  The invention relates to a
process for carrying out exothermic chemical equilib-
rium reactions in a fluidized-bed reactor. The
invention further relates to a fluid- 10 ized-bed
reactor for carrying out the process. An example of an
exothermic chemical equilibrium reaction is the
process for the  catalytic oxidation of hydrogen
chloride by means of oxygen to give chlorine de-
veloped in 1868 by Deacon. 15 The conversion of
hydrogen chloride into chlorine enables chlorine
production to  be decoupled from sodium hydroxide
production by chioralkali electrolysis. Such
decoupling is attractive since the worldwide demand
for chlorine is growing more  strongly than the demand
for sodium hydroxide. In addition, hydrogen chloride
is 20 obtained in large quantities as coproduct, for
example in phosgenation reactions,  for instance in
the preparation of isocyanates. The hydrogen chloride
formed in  the preparation of isocyanates is
predominantly used in the oxychlorination of eth-
ylene to 1,2-dichloroethane, which is processed
further to vinyl chloride and finally  to PVC. The
Deacon process thus also makes it possible to decouple
isocyanate  25 production and vinyl chloride
production. In the Deacon reaction, the position of
the equilibrium becomes less favorable in  terms of
the desired end product as the temperature increases.
It is therefore ad- vantageous to use catalysts which
have a very high activity and allow the reaction  30
to proceed at a lower temperature. Catalysts suitable
for carrying out the Deacon reaction are, for example,
ruthe- nium compounds on support materials, as are
described in GB 1,046,313, DE-A  197 48 299 or DE-A
197 34 412. 35 Further suitable catalysts are
catalysts based on chromium oxide, as are known,  for
example, from US 4,828,815. The use of a fluidized-bed
reactor for carrying out the Deacon reaction using
sup- 



ported copper compounds as catalysts is described in
J.T. Quant et al., The Shell B04/0073PC ~~~~~~~~1111
llII~IIII~~~11111~~I~~II~ *000002* -2- Chlorine
Process which appeared in The Chemical Engineer,
July/August 1963,  pages CE 224 to CE 232. S.
Furusaki, Catalytic Oxidation of Hydrogen Chloride in
a Fluid Bed Reactor, Al- 5 ChE Journal, Vol. 19, No.
5, 1973, pages 1009 to 1016, likewise describes the
use of a fluidized-bed reactor for carrying out the
Deacon reaction. The catalyst  used here is a mixture
of CuCl2, KCI and SnCl2. Fluidized-bed processes are
usually employed in order to achieve an essentially
10 isothermal temperature distribution and, in
particular, to avoid hot spots, i.e. re- gions of
local overheating, as often occur in fixed-bed
processes (cf., for example,  Daizo Kunii and Octave
Levenspiel, Fluidization Engineering, 2nd edition,
1991,  page 313). This applies particularly to
exothermic reactions such as the heteroge- neously
catalyzed gas-phase oxidation of hydrogen chloride to
chlorine. 15 However, it has been found that it is not
always advantageous to carry out such a  reaction
isothermally. Thus, for example, the chlorine yield in
the Deacon process  can be increased when the reaction
is initially carried out at relatively high tem-
peratures and the temperature is reduced as soon as
the conversion approaches  20 the equilibrium
conversion. It is an object of the invention to
provide an improved process for carrying out exo-
thermic chemical equilibrium reactions in a
fluidized-bed reactor. In particular, it is  an object
of the invention to provide a process which gives an
improved space 25 time yield, i.e. a greater yield in
the same reactor volume and same reaction time  as in
the case of the processes known from the prior art. It
is likewise an object of the invention to provide a
fluidized-bed reactor in which  the process is carried
out. 30 This object is achieved by a process for
carrying out exothermic chemical equilib- rium
reactions in a fluidized-bed reactor, wherein there is
a temperature distribu- tion along the flow direction
in the fluidized bed of the fluidized-bed reactor and
the temperature difference between the lowest
temperature and the highest tem- 35 perature is at
least 10 K. 



In the present context, the flow direction is the
direction in which the gas flows  within the fluidized
bed from a gas distributor located beneath the
fluidized bed to  the surface of the fluidized bed.
The gas distributor can, for example, be a perfo- 40
rated plate or a plate having gas distributor nozzles
distributed over it. B04/0073PC -3- Fluidized-bed
reactors generally have a cylindrical or approximately
rotationally  symmetric geometry and flow through them
generally occurs parallel to the axis of  rotation. In
this sense, the flow direction formulated above can
also be referred to  as axial flow and is distinct
from radial flows which occur locally within the
fluidized 5 bed but largely cancel one another out
over the total height of the fluidized bed.  The
temperature distribution within the fluidized bed in
the process of the inven- tion is preferably such that
the temperature decreases from an absolute tempera-
ture maximum (i.e. the maximum temperature in the
total fluidized bed) along the 10 flow direction to
the surface of the fluidized bed. For the present
purposes, the  surface is the area of the fluidized
bed through which the gas flows out from the
fluidized bed. An advantage of such a temperature
distribution corresponding to the process of  15 the
invention is improved space-time yields. Lower
starting temperatures are nec- essary to achieve a
very high thermodynamic equilibrium conversion, while
higher  temperatures within the fluidized bed are
advantageous for kinetic reasons. A further advantage
of the temperature decreasing to the surface of the
fluidized  20 bed is that catalyst systems containing
active components which are volatile at  elevated
temperature can be operated with better long-term
stability. Such cata- lysts are, for example,
supported ruthenium compounds. As a result of the tem-
perature decreasing to the surface of the fluidized
bed, volatile catalyst com- pounds can be captured
again by colder catalyst particles in the upper region
of 25 the fluidized bed and can be conveyed
continuously together with these back  down to lower
regions of the fluidized bed. The difference between
the temperature maximum within the fluidized bed and
the  lowest temperature prevailing in the process of
the invention at a position above  30 the temperature
maximum, i.e. in the vicinity of the surface of the
fluidized bed, is not more than 150C, preferably not
more than 100C and particularly preferably  not more
than 50C. In a particularly preferred process variant,
the temperature decreases along the  



35 flow direction from an absolute temperature maximum
both to the gas distributor  and also to the surface
of the fluidized bed. In a very particularly preferred
process  variant, the distance from the absolute
temperature maximum to the gas distribu- tor is
smaller than the distance from the absolute
temperature maximum to the  surface of the fluidized
bed. 40 B04/0073PC -4- The temperature of the reaction
gases when they are introduced via the gas dis-
tributor into the fluidized bed is preferably below
the lowest temperature occurring  in the fluidized
bed. In the case of an exothermic reaction, this leads
to the tem- perature in the fluidized bed initially
increasing in the flow direction until the abso 5 lute
temperature maximum is reached. In the process of the
invention, this allows  heat exchanger capacities and
thus capital costs to be reduced, since, firstly, a
smaller quantity of heat has to be transferred to the
feed gases and, secondly, the  quantity of heat to be
removed from the fluidized bed by means of heat
exchang- ers installed in the fluidized bed is
smaller, since the colder feed gas can take up a 10
major part of the heat liberated in the exothermic
reaction directly in the fluidized  bed. The
temperature distribution in the fluidized bed is
preferably controlled by heat  transfer to at least
one heat exchanger within the hot bed. When only one
heat  15 exchanger is used, this is preferably located
in only part of the fluidized bed. Thus, in a
preferred embodiment, there is no heat exchanger in
the lower part of the  fluidized bed, so that no heat
of reaction is removed there. This results in a higher
temperature after a temperature rise due to the
exothermic reaction. A heat ex- changer by means of
which heat of reaction is removed is then located in
the up 20 per part of the fluidized bed. This enables
a lower temperature to be set in the  upper part of
the fluidized bed. In one embodiment, the fluidized
bed is divided into two temperature zones. Posi-
tioning a plurality of heat exchangers in the
fluidized bed or positioning a heat ex- 25 changer in
the middle of the fluidized bed enables more than two
temperature  zones to be set. In a particularly
preferred embodiment of the fluidized-bed reactor, the
distance  between the gas distributor plate and the
nearest heat exchanger above the gas  30 distributor
is at least 25 cm, in particular at least 50 cm. The
optimum distance 



between gas distributor and heat exchanger is
dependent on the gas throughput,  the temperature of
the feed gases, bubble formation characteristics and
reaction  kinetics as a function of the catalysts
used. A distance of at least 25 cm is typically
necessary to achieve an appropriately rising
temperature between the gas dis 35 tributor plate and
the heat exchanger. However, conversely, an
excessively great  temperature increase and,
associated therewith, an excessively large difference
between the absolute temperature maximum and the
lowest temperature at a po- sition above the
temperature maximum is also to be avoided. In general,
the dis- tance between the gas distributor plate and
the heat exchanger should therefore 40 be not more
than 10 m, preferably not more than 6 m and in
particular not more  B04/0073PC -5- than 3 m. In a
very particularly preferred embodiment of the
invention, this dis- tance is not more than 2 m. The
fluidized-bed reactor is preferably designed as a
turbulent fluidized bed hav- 5 ing a superficial gas
velocity of from 1 to 5 m/s, as a highly expanded
fluidized bed  having a superficial gas velocity of
from 0.5 to 2 m/s or as a bubble-forming fluid- ized
bed having a superficial gas velocity of from 0.01 m/s
to 1 m/s. The fluidized- bed reactor is particularly
preferably designed as a bubble-forming fluidized bed
having a superficial gas velocity of from 0.05 to 0.50
m/s, since particularly favor 10 able heat transfer
and particularly favorable mass transfer can be
achieved at this  superficial gas velocity. The
superficial gas velocity is the gas volume flow under
operating conditions divided by the free
cross-sectional area of the reactor. The use of two
heat exchangers is also conceivable. In this case, one
heat ex- 15 changer is located in the lower part of
the fluidized bed and one heat exchanger is  located
in the upper part of the fluidized bed. Different
quantities of heat are taken  up or given off by the
heat exchangers. In a further embodiment, the
temperature distribution can also be achieved by  20
positioning one or more dividing plates between, in
each case, two temperature  zones. For the present
purposes, a temperature zone is a region of
approximately  constant temperature in the fluidized
bed. Suitable dividing plates are, for exam- ple,
perforated plates or screen plates. Mixing of the
fluidized bed is impaired at  the position of the
dividing plate, so that a smaller amount of fluidized
granular 25 material is entrained with the rising gas
bubbles at the position of the dividing pla- te and at
the same time a smaller amount of fluidized granular
material flows  



counter to the flow direction of the gas bubbles
through the dividing plate into the  region of the
fluidized bed above the dividing plate. This impairs
convective heat  transport, so that a distinct
temperature boundary is established in the region of
30 the dividing plate. A further improved separation
of the temperature zone in the  fluidized bed can be
achieved by using a dividing plate having an
insulating ac- tion. In a further embodiment, a heat
exchanger is located in at least one temperature  35
zone in the fluidized-bed reactor of the invention to
divide the fluidized bed into at  least two
temperature zones. In a further embodiment of the
fluidized-bed reactor, two temperature zones are  each
divided by a dividing plate. The dividing plate is
preferably configured as a  40 screen plate or as a
perforated plate. B04/0073PC -6- If divided plates are
used, they are, in a preferred embodiment, configured
as per- forated plates having openings having the
shape of a truncated cone. Here, the  opening diameter
on the underside, i.e. on the side from which flow
occurs, is  smaller than the opening diameter on the
upper side. 5 The thickness of the dividing plate is
preferably from 0.1 to 20 cm, more preferably  from 1
to 15 cm and particularly preferably from 3 to 10 cm.
The opening diameter on the underside of the
perforated plate is, in a preferred  10 embodiment,
smaller than the mean gas bubble diameter. The opening
diameter  on the underside is preferably in the range
from 0.5 to 10 cm, more preferably in  the range from
0.7 to 8 cm and particularly preferably in the range
from 1 to 5 cm.  The opening diameter on the upper
side is preferably in the range from 0.5 to 30  cm,
more preferably in the range from 2 to 20 cm and
particularly preferably in the 15 range from 5 to 15
cm. The upper hole diameter is, in a preferred
embodiment,  selected so that it is greater than the
mean gas bubble diameter. The opening angle, i.e. the
angle between the side wall of the opening and the
central axis of the opening, is, in a preferred
embodiment, selected so that it is  20 greater than
the expansion angle of the gas bubbles, so that the
fluidized granular material can flow along the lateral
surfaces in the openings in a direction counter  to
the gas flow. For this to be possible and for no
stationary bed to be formed on  the lateral surfaces
of the openings, the opening angle in a preferred
embodiment  



is likewise greater than the angle of repose of the
bed of granular material. Here, 25 the angle of repose
is the angle at which the granular material in a loose
bed just  begins to slide down. The opening angle is
preferably in the range from 0 to 60, more preferably
in the  range from 10 to 50 and particularly
preferably in the range from 20 to 40. 30 In a further
embodiment, the dividing plate between two temperature
zones is ma- de of an insulating material. In this
case, it has to be ensured that the material of  which
the dividing plate is made is stable at the
temperatures in the fluidized bed.  Thus, ceramic or
glass, for example, is suitable in the case of
temperatures above  35 200C in the fluidized bed.
Apart from the dividing plate being made of an
insulating material, the dividing  plate can, in a
further embodiment, also have a thermally insulating
layer. For this  purpose, the dividing plate is
preferably configured as a hollow body which is clo 40
sed off in a gastight and liquid-tight manner from the
fluidized bed. The hollow  B04/0073PC -7- space formed
in this way can, for example, be evacuated or comprise
air at ambi- ent pressure. The hollow space can also
be filled with an insulating material such  as glass
fibers or rock wool. It is also possible for the
dividing plate to be provided  with an inlet and an
outlet so that a heat exchanger can be passed through
the 5 hollow space. In this way, the dividing plate
can be utilized as an additional heat  exchanger. In
the case of reactions which are carried out in the
presence of a catalyst, the  fluidized granular
material comprises the catalyst. In this case, the
individual parti- 10 cles of the granular material can
each consist of catalyst material or the catalyst
material can be present on their surface. In a
preferred embodiment, the catalyst  comprises a metal
component on an oxidic support. Examples of metal
compo- nents are ruthenium or copper compounds. As
oxidic support, it is possible to use  aluminum oxide,
in particular y-aluminum oxide or 6-aluminum oxide,
zirconium 15 oxide or titanium oxide or mixtures of
these oxides. The oxidic supports are pref- erably
used in powder form having a mean particle diameter of
from 30 to 150 m,  more preferably from 40 to 100 pm
and in particular from 50 to 80 m. The fine  fraction
having a particle size of <20 pm preferably makes up
less than 40% by  weight, more preferably less than
30% by weight and in particular less than 20%  



20 by weight. When the fluidized-bed reactor is used
for the oxidation of hydrogen chloride to  chlorine,
it is possible to use, for example, the
ruthenium-based catalysts known  from GB 1,046,313,
DE-A 197 48 299 or DE-A 197 34 412. Furthermore, the
gold 25 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 other  metals selected from the group consisting
of ruthenium, palladium, osmium, irid 30 ium, silver,
copper and rhenium, in each case based on the total
weight of the  catalyst, on a support are also
suitable. The catalyst is preferably obtained by
impregnating a y-aluminum oxide powder  with an amount
of an aqueous ruthenium chloride hydrate solution
corresponding  35 to the water absorption of the
support, subsequently drying it at from 100 to 200C
and finally calcining it at 400C in an air atmosphere.
The ruthenium content of the  catalyst is preferably
from 1 to 5% by weight, in particular from 1.5 to 3%
by  weight. B04/0073PC -8- When a plurality of heat
exchangers are used, these can each be provided with
their own inlet and outlet and be connected in series
or in parallel. When the heat  exchangers are
connected in parallel, the individual heat exchangers
preferably  have different heat transfer areas, so
that different quantities of heat are taken up 5 or
given off by the individual heat exchangers. When the
heat exchangers are  connected in series, a pump or a
throttle valve is preferably located between the  heat
exchangers so that the pressure of the heat transfer
medium in the individual  heat exchangers is
different. Particularly in the case of boiling or
condensing liq- uids as heat transfer media, a
different temperature is in this way established in
10 the heat exchanger as a function of the pressure.
To remove heat from the fluidized bed, it is possible
to use, for example, boiling  water, since this can
take up large quantities of heat at constant
temperature. The  temperature of the water only alters
when all the water has been vaporized. The 15 boiling
temperature is dependent on the pressure. The higher
the pressure of the  boiling water, the higher the
boiling temperature. At high temperatures in the
fluid- ized bed, salt melts whose temperature is below
the temperature in the fluidized  



bed are also suitable for the removal of heat.
Preference is given to using boiling  water. 20
Further heat transfer media which can be used both for
introducing heat and for  removing heat from the
fluidized bed are, for example, thermal oils or
further heat  transfer media known to those skilled in
the art. 25 The invention is described in more detail
below with reference to a drawing.  In the drawing:
Figure 1 shows a schematic diagram of a fluidized-bed
reactor configured ac- 30 cording to the invention
together with the temperature profile in the re-
actor, Figure 2 shows a second embodiment of a
fluidized-bed reactor configured  according to the
invention together with the temperature profile in the
35 reactor, Figure 3 shows a plan view of a dividing
plate configured as a perforated plate  having
openings having the shape of a truncated cone, 40
Figure 4 shows a section through an opening of the
dividing plate of Figure 3.  B04/0073PC -9- Figure 1
shows a schematic diagram of a particularly preferred
embodiment of a  fluidized-bed reactor configured
according to the invention and of the temperature
profile in the reactor. 5 A fluidized-bed reactor 1
comprises a windbox 3, a gas distributor 4, a
fluidized  bed 5, a disengagement zone 9 and at least
one solids precipitator 10. The feed  gases are fed
into the windbox 3. The introduction of gas is
indicated here by the  arrow 2. The introduction of
gas into the windbox 3 can be, as shown here, from
below or else from the side. From the windbox 3, the
gas flows through the gas 10 distributor 4 into the
fluidized bed 5. The function of the gas distributor 4
is to allow  the gas to flow uniformly into the
fluidized bed 5, so that good mixing of gas and  solid
is achieved in the fluidized bed 5. The gas
distributor 4 can be a perforated  plate or a plate
with gas distributor nozzles distributed over it. 15
The conversion of the feed gases to the product occurs
in the fluidized bed 5.  Feed gases are, for example,
hydrogen chloride and oxygen for the preparation of
chlorine. In the embodiment shown in Figure 1, the
fluidized bed 5 is divided into a first  



20 temperature zone 6 and a second temperature zone 8.
In this case, no heat ex- changer is installed in the
first temperature zone 6, so that when exothermic
reac- tions are carried out in the fluidized-bed
reactor 1, the temperature in the first  temperature
zone 6 depends on the heat liberated by the reaction.
25 Owing to the mixing of the granular material of the
fluidized bed, the temperature  transition from the
temperature of the first temperature zone 6 to the
temperature  of the second temperature zone 8 occurs
over a relatively large region of the fluid- ized bed
5. 30 A sharper temperature transition can be achieved
by arranging a dividing plate 7  (cf. Figure 2)
between the first temperature zone 6 and the second
temperature  zone 8. The dividing plate is configured
so that gas bubbles pass from the first  temperature
zone 6 through openings in the dividing plate into the
second tem- perature zone 8. 35 To set a temperature
in the second temperature zone 8 which is different
from the  temperature in the first temperature zone 6,
a heat exchanger 12 is installed in the  second
temperature zone 8. The distance between the gas
distributor 4 and the  heat exchanger 12 is at least
50 cm in a preferred embodiment. 40 B04/0073PC _10- A
heat transfer medium is fed via a heat transfer medium
inlet 13 into the heat  exchanger 12. The heat
transfer medium flows via the heat transfer medium
dis- tributor 16 into heat exchanger tubes 17. The
heat exchanger tubes 17 open into  a vapor manifold 14
via which the heat transfer medium is passed to a heat
trans 5 fer medium outlet 15 and is taken off from the
heat exchanger 12. The quantity of  heat to be taken
up or given off by the heat exchanger 12 can be set
via the num- ber of heat exchanger tubes 17 and the
mass flow of the heat transfer medium.  When heat is
to be removed from the fluidized bed 5 via the heat
exchanger 12, 10 suitable heat transfer media are, for
example, boiling water which vaporizes as a  result of
the uptake of heat, thermal oils or, in the case of
high temperatures in the  fluidized bed 5, salt melts.
The heat transfer medium is in this case at a tempera-
ture which is below the temperature in the fluidized
bed 5. 15 The fluidized bed 5 is adjoined by the
disengagement zone 9. Separation of gas  and solid
occurs in the disengagement zone 9. To remove further
entrained solid  



particles from the product gas, at least one solids
precipitator 10 is preferably lo- cated in the upper
region of the disengagement zone 9. In addition to the
em- bodiment shown in Figure 1, in which at least one
solids precipitator 10 is located 20 within the
fluidized-bed reactor 1, the solids precipitator or
precipitators 10 can  also be located outside the
fluidized-bed reactor 1. The arrow 11 indicates the
discharge of product following the solids precipitator
or precipitators 10. Suitable solids precipitators 10
are, for example, cyclones or candle filters.  25
Figure 1 also shows the temperature profile in the
fluidized-bed reactor 1. Here  the axis 18 shows the
height along the fluidized-bed reactor 1 and the axis
19 in- dicates the temperature. The broken lines in
the graph indicate a first temperature  level 20, a
second temperature level 21 and a third temperature
level 22. The 30 temperature of the first temperature
level 20 is lower than the temperature of the  second
temperature level 21 whose temperature is in turn
below that of the third  temperature level 22. The
feed gases are fed into the windbox 3 of the
fluidized- bed reactor 1 at the feed temperature 23.
The reaction commences in the fluidized  bed 5. Heat
is liberated in this reaction. For this reason, the
temperature rises in 35 the region of the first
temperature zone 6 during a warm-up phase 24 until it
rea- ches the third temperature level 22. After the
third temperature level 22 has been  reached, a
constant temperature 25 is established within the
first temperature zo- ne 6 due to the mixing of the
fluidized bed 5. B04/0073PC -11- In the preferred
process variant shown in Figure 1, heat is removed via
the heat  exchanger 12. For this reason, cooling
occurs in the second temperature zone 8.  Owing to the
thorough mixing of the fluidized bed 5, a
substantially constant tem- perature 27 also prevails
in the second temperature zone 8. The temperature 27 5
is at the second temperature level 21. However, it is
also possible and generally  advantageous for the
temperature to decrease somewhat in the flow direction
in  the region of the second temperature zone 8. This
is the case particularly when  the reaction rate
decreases sharply with increasing conversion in the
upper part  close to the surface of the fluidized bed
5. The transition from the temperature 25 10 in the
first temperature zone 5 to the temperature 27 in the
second temperature  zone 8 occurs via a cooling phase
26. Figure 2 shows a second embodiment of a
fluidized-bed reactor with a schematic  



depiction of the temperature profile. 15 The
fluidized-bed reactor 1 shown in Figure 2 differs from
the embodiment shown  in Figure 1 in that a further
heat exchanger 28 is installed in the first
temperature  zone 6. The construction and mode of
operation of the second heat exchanger 28  corresponds
to that of the heat exchanger 12. A heat transfer
medium is fed into 20 the second heat exchanger 28 via
a heat transfer medium inlet 29. The heat trans- fer
medium flows through heat transfer medium distributors
30 into heat ex- changer tubes 31. The heat exchanger
tubes 31 open into a vapor manifold 32 via  which the
heat transfer medium is passed to a heat transfer
medium outlet 33 and  is taken off from the second
heat exchanger 28. 25 Different temperatures in the
first temperature zone 6 and the second temperature
zone 8 can be achieved by means of different
heat-transfer areas of the heat ex- changers 12, 28.
Thus, for example, the second heat exchanger 28 can
have fe- wer heat exchanger tubes 31 than the first
heat exchanger 12. This leads to the 30 heat-transfer
area of the second heat exchanger 28 being very much
smaller than  the heat-transfer area of the first heat
exchanger 12. As a result, less heat can be  removed
via the second heat exchanger 28 than via the heat
exchanger 12. This  results in a higher temperature 25
in the first temperature zone 6 of the fluidized  bed
5. 35 The use of the second heat exchanger 28 makes
the region of the warm-up phase  28 or the cooling
phase 26 smaller. The transition from one temperature
level to  the other is therefore quicker. B04/0073PC
-12- The first temperature zone 6 and the second
temperature zone 8 are separated by  a dividing plate
7. The dividing plate 7 is configured so that the gas
bubbles pass  through openings in the dividing plate 7
into the second temperature zone 8. The  dividing
plate 7 ensures that only a small proportion of the
granular material of the 5 fluidized bed is entrained
in the ascending gas. This avoids complete mixing of
the  granular material of the first temperature zone 6
and the second temperature 8 of  the fluidized bed.
The dividing plate 7 thus allows a sharper separation
between  the first temperature zone and the second
temperature zone 8. 



10 In a preferred embodiment, the dividing plate 7 has
an insulating action. For this  purpose, it is either
made of an insulating material or has a thermally
insulating  layer. A less sharp transition between the
first temperature zone 7 and the second tem- 15
perature zone 8 is achieved when the dividing plate 7
between the first tempera- ture zone 6 and the second
temperature zone 8 is omitted. In this case, a slower
transition from the temperature 25 of the first
temperature zone 6 to the tempera- ture 27 of the
second temperature zone 8 results from the mixing of
the fluidized  granular material between the first
temperature zone 6 and the second tempera- 20 ture
zone 8. In addition to the embodiments having two
temperature zones 6, 8 shown in Fig- ures 1 and 2, it
is also possible to divide the fluidized bed 5 into
more than two  temperature zones. In this case, it is
possible, for example, for temperature zones 25 with
heat exchangers to alternate with temperature zones
without heat exchang- ers. It is also possible to
provide each temperature zone with a heat exchanger.
Dividing plates can be installed between the
individual temperature zones. If a  slower transition
between the temperatures of the individual temperature
zones is  desired, no dividing plates 7 are located
between the temperature zones. 30 Figure 3 shows a
plan view of an embodiment of a dividing plate 7
having open- ings 34 which have the shape of a
truncated cone. The openings 34 can be ar- ranged in
any way known to those skilled in the art. Thus, for
example, the open- ings 34 can not only be arranged
along mutually perpendicular axes as shown  35 here
but the openings 34 can also be offset relative to one
another. A section through an opening 34 having the
shape of a truncated cone is shown in  Figure 4. The
opening 34 has a first opening diameter 35 on the
underside 38 of  the dividing plate 7 and this opening
diameter 35 is smaller than the second open 40 ing
diameter 36 of the opening 34 on the upper side 39 of
the dividing plate 7. In  B04/0073PC 13- the case of
the opening 34 having the shape of a truncated cone as
shown here,  the opening diameter increases uniformly
from the underside 34 to the upper side  39 of the
dividing plate 7. The side wall 40 of the opening 34
is inclined at an an- gle 41 to the axis 37 of the
opening. The angle 41 is preferably in the range from
0 5 to 600, more preferably in the range from 10 to 50
and in particular in the range  



from 20 to 40. The first opening diameter 35 is
selected so that it is smaller than the mean gas
bubble diameter of the gas bubbles in the fluidized
bed 5. The first opening diame- 10 ter 35 is
preferably in the range from 0.5 to 10 cm, more
preferably from 0.7 to 8 cm and in particular in the
range from 1 to 5 cm. On the other hand, the second
opening diameter 36 is selected so that it is greater
than the mean gas bubble  diameter of the gas bubbles
in the fluidized bed 5. The second opening diameter
36 is preferably in the range from 0.5 to 30 cm, more
preferably in the range from 15 2 to 20 cm and in
particular in the range from 5 to 15 cm. In the
embodiment  shown in Figure 4, the dividing plate 7 is
configured as a hollow body. Here, the  interior space
is bounded by respectively the upper side 39, the
underside 38 of  the dividing plate 7 and the side
wall 40 of the openings 34. The hollow space 43
formed in this way can, for example, be evacuated or
be filled with air under am 20 bient pressure. The
hollow space 43 can comprise any further thermally
insulating  materials known to those skilled in the
art. Examples of suitable materials are  glass wool or
mineral wool. The height of the hollow space 43 is
denoted by the reference numeral 42. The  25 height 42
is preferably in the range from 0.1 to 20 cm, more
preferably in the ran- ge from 1 to 15 cm and in
particular in the range from 3 to 10 cm. The material
for  the wall 44 of the dividing plate 7 is preferably
selected so that it is chemically sta- ble toward the
feed gases and product gases. The thickness of the
wall 44 is pref- erably in the range from 1 to 50 mm,
more preferably in the range from 2 to 30  30 mm and
in particular in the range from 5 to 20 mm. Apart from
the variants having an insulating layer, as shown in
Figure 4, the divid- ing plate 7 can also be made
entirely of an insulating material. Suitable materials
are, for example, glass or ceramic. 35 All plates
known to those skilled in the art which allow passage
of gas and granu- lar solids are suitable as dividing
plates 7. Thus, in addition to the perforated pla- tes
shown in Figures 3 and 4, further particularly useful
plates are, for example,  screen plates. B04/0073PC
-14- List of reference numerals 1 Fluidized-bed
reactor  



2 Introduction of feed  5 3 Windbox 4 Gas distributor
5 Fluidized bed  6 First temperature zone  7 Dividing
plate 10 8 Second temperature zone  9 Disengagement
zone  10 Solids precipitator  11 Product discharge  12
Heat exchanger 15 13 Heat transfer medium inlet  14
Vapor manifold  15 Heat transfer medium outlet  16
Heat transfer medium distributor  17 Heat exchanger
tubes 20 18 Height  19 Temperature  20 First
temperature level  21 Second temperature level  23
Third temperature level 25 24 Warm-up phase  25
Temperature in the first temperature zone 5  26
Cooling phase  27 Temperature in the second
temperature zone 7  28 Second heat exchanger 30 29
Heat transfer medium inlet  30 Heat transfer medium
distributor  31 Heat exchanger tubes  32 Vapor
manifold  33 Heat transfer medium outlet 35 34
Openings  35 First opening diameter  36 Second opening
diameter  37 Axis of opening  



38 Underside 40 38 Upper side  B04/0073PC -15- 40 Side
wall of the opening 34  41 Opening angle  42 Height of
the hollow space 43  43 Hollow space 5 44 Wall
B04/0073PC PF 0000055468/Kes  - 16 We claim: 1. A
process for carrying out exothermic chemical
equilibrium reactions in a  fluidized-bed reactor,
wherein there is a temperature distribution along the
5 flow direction in the fluidized bed of the
fluidized-bed reactor and the tem perature difference
between the lowest temperature and the highest tem-
perature is at least 10 K. 2. The process according to
claim 1, wherein the temperature within the fluid- 10
ized bed decreases from an absolute temperature
maximum along the flow  direction to the surface of
the fluidized bed. 3. The process according to either
claim 1 or 2, wherein the temperature  within the
fluidized bed decreases from an absolute temperature
maximum  15 in the fluidized bed along the flow
direction to the surface of the fluidized  bed and to
the gas distributor. 4. The process according to any
of claims 1 to 3, wherein the distance be- tween the
absolute temperature maximum and the gas distributor
is  20 smaller than the distance between the absolute
temperature maximum and  the surface of the fluidized
bed. 5. The process according to any of claims 1 to 4,
wherein the temperature of  the reaction gases fed to
the fluidized-bed reactor is below the lowest tem- 25
perature occurring in the fluidized bed. 6. The
process according to any of claims 1 to 5, wherein the
temperature  distribution is produced by heat transfer
to at least one heat exchanger  within the fluidized
bed. 



30 7. The process according to any of claims 1 to 6,
wherein the chemical reac- tion is the preparation of
chlorine from hydrogen chloride and oxygen. 8. The
process according to any of claims 1 to 7, wherein the
fluidized bed  35 comprises a catalyst which comprises
a metal component on an oxidic  support. 9. The
process according to claim 8, wherein the catalyst
comprises a ruthe- nium compound. B04/0073PC -17- 10.
A fluidized-bed reactor for carrying out the process
according to any of claims 1 to 9 in a fluidized bed
(5) into which reaction gases are fed via a  gas
distributor (4), wherein at least one heat exchanger
(12, 28) is located in  the fluidized bed (5) to
control the temperature distribution within the fluid-
5 ized bed (5). 11. The fluidized-bed reactor
according to claim 10, wherein the distance be- tween
the gas distributor (4) and the nearest heat exchanger
(12) is at  least 50 cm. B04/0073PC 


