PF 0000055468/ Kes As originally filed Fluidized-bed process and reactor for
<carrying out exothermc chemcal equilib- riumreactions 5 Description The
i nvention relates to a process for carrying out exotherm c chem cal equilib-
riumreactions in a fluidized-bed reactor. The invention further relates to
<a fluid- 10 ized-bed reactor for carrying out the preE&X0055468/8xanpl e of an
exotherm c chem cal equilibriumreaction is the process for the catalytic
oxi dation of hydrogen chloride by neans of oxygen to give chlorine de-

vel oped in 188@riginalydledh 15 The conversion of hydrogen chloride into

chl ori ne enabl es chl or| ne production to be decoupled from sodi um hydroxide
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t he worl dw de orine 1s grow'ng nore strongly than the denmand
for sodium hS}‘dfF'é%%!@”sl n addition, hydrogen chloride is 20 obtained in |arge
quantities as coproduct, for exarrpl e i n phosgenation reactions, for
instance in ph&, §¥&par ation of isocyanates. The hydrogen chloride formed in
t he preparation | socyanates is predom nantly used in the oxychlorination
of eth- ylene to 1, 2-dichloroethane, which is processed further to vinyl

chl ori de andTle imrbhljon tetatéd/@ aTivecddsdoo narpying eat exdibarmit sbemekkesquilib-possi bl e

to decoupl e jiARYAIBHE in ATRS RACRRAH bl RkhCRIESNERIRRY. |1t he

Deacon reactlon ﬁti g}\_zo | on equi l 1 brium becones |l ess favorable in
terns of ¢ heZAELEH IgRC fpcra&a@stoua etpr‘i%‘:ecsérrper ature increases. It is

t herefore ad- vantageous to use catal ysts which have a very high activity
and al I ow t hgn ERARBILYT an@oﬁ%rrﬁfc%ﬁﬁcaﬁlb @mﬂnﬂ)h??eécﬁ&ﬂi’%r Ak r@cesg%n%héSt S

sui table for N ction he- nium
conmounds. orc AP, nRes ik S, gay&e,c@& “h 197
48 299 or DEvelokeiin 3868 b2 DedBor-urt her suitable catal ysts are cat al ysts based
on chromgum oxi de, as are known, for exarrpl e, fromUS 4,828,815. The use of

? fluidized- eéj ccgnev%(r:stlc())rg oI gydrg&—:[nr t\,/tlllgn%e m%o ch grlnDeegr? %Ies aﬂcrﬁnleorr)]rogacl:t%% tgup_
be decoupled from sodium hydroxide production by chloralkali 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 supﬁort 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
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ported copper conpounds as catalysts is described in J. T. Quant et al., The
Shel |  B04/0073PC -2- Chlorine Process which appeared in The Chem cal

Engi neer, July/August 1963, pages CE 224 to CE 232. S. Furusaki, Catalytic
Oxi dation of Hydrogen Chloride in a Fluid Bed Reactor, Al - 5 ChE Journal,
/ol . 19, No. 5, 1973, pages 1009 to 101@, |ikew se describes the wuse of a
fluidized-bed reactor for carrying out the Deacon reaction. The catal yst

used here is_a mxture of CuCl2, KO apd C 2. Elujdized- esses are
usual |y enpl BY'88Ng Rrogege WhiG W&élﬂ?ﬂ%?ﬁ@m%ﬁwe% JPB’Z‘E%‘EHE

t enper at ur e phgesGBHaR4 NCARAE2. in particular, to avoid hot spots, i.e. re-
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exanple, Dajzo Kunii_and. ve Ley i el i di z I neer 2nd
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the chl ori ne“SfA &5913@'?‘ ol Yt'2p an be increased when the reaction
Is initially carried out at relatively high tem peratures and the

tenperature Flﬁldfzgﬁ%ﬁcbréé’es%%ﬁreaﬁsddﬂ? eﬁsw,@asn AIHBRARYE Bn edehilfly
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t he .i nyenti ovi de an
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i.e. a great tine as
% 9228 ooy il ablls AR 4 Al BiFosPGhs SBR &5E e Rllpdd I,

obj ect of th@equsly@ntalmdtgasmhew gidation af ihydrogen phlgride tocghdgrinen V\:hl ch the
process 45 carried out. 30 This object is achieved by a process for carrying

out exot hernj u e i on ed-bed reactor,
wher oi n 1 ner doVERE Y B8 bt o il G b R igPole s S A0 o ¢
the fl ui di zet@apiéan ispthereally| Thus, jorexpele; &ecelderingrideld imthe: Regoondirogass

di fference bgineginckdieb MRS thb GBRGIOALIY ity Caritl Bitdhtaslativ@yhighbteRer at ur e
Is at |east &8‘3{61'93 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 nozzies distributed over it.
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In"the present context, the flow direction is the direction in which the gas
flows wthin the fluidized bed froma gas distributor |ocated beneath the
fluidized bed to the surface of the fluidized bed. The gas distributor can,
for exanple, be a perfo- 40 rated plate or a plate having gas distributor
nozzl es distributed over it. B04/0073PC -3- Fluidized-bed reactors generally
‘have a cylindrical or approximately rot-dt-ionally symetric geometry and

fl ow t hrough then1genera||y occurs paraIIeI to the axis of rotation.
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decreasi ng t8UH3¢E '%Enq‘ aca ngthef ﬁ@gﬂﬁ‘ibﬁﬁi@@m@@’ cfh?élaﬁ QWSGMQ'P% Csystens
cont ai ni ng afltidized bedrponents whi ch are volatile at el evated tenperature can
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exanpl e, supported ruth oun result of the tem ture
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t enperature preval ling in the process of the invention at a position above

glowt glezt enpepalMhé d@éhtﬁggbf theetem rétlh}%rdgcgérdglrlgyto%e %Uﬁac?e“éfftﬁé fuRfzobne .
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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 150°C, preferably not more than 100°C and particularly preferably
not more than 50°C.

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 absoclute 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
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In a particularly preferred process variant, the tenperature decreases al ong
.the 35 flow direction from an absol ute tenperature maxi num both to the gas
distributor and also to the surface of the fluidized bed. In a very
particularly preferred process variant, the distance fromthe absol ute
-tenperature maxinumto the gas distribu4.-tor is smaller than the distance
fromthe absolute tenperature nmaxinumto the surface of the fluidized bed.
40 B04/0073PC -4- The tenperature of the reaction gases when they are
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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 particutar not more
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FSHEROF®H Ak @PeRnEpurhBsesS %aBinpdlatire RBRd RF RFRfbridfaipProxthatfy
Q(%S?gnttl&ﬁp IJa{’Urg 'ir%ﬁ% fRﬁcﬁjlzéds bémn%gl% c%iding 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
material is entrained with the rising gas bubbles at the position of the dividing pla-
te and at the same time a smalier 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
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
zone in the fiuidized-bed reactor of the invention to divide the fluidized bed inio 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
screen plate or as a perforated plate.
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the position of the dividing plate, so that a snmaller amount of fluidized
-granul ar 25 material is entrained wwth the rising gas bubbles at the
position of the dividing pla- te and at the sanme tine a snaller anmount of
fluidized granular material flows counter to the flow direction of the gas
‘bubbl es through the dividing plate intoé-he region of the fluidized bed
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from2 to 20 cm an artic y pre range fromb5 to 15 cm
The upper hole diameter is, in a preferred enbodi nent, selected so that it
is greater thas ophmngmglegae ibe drigie Détaveeh dine srﬂlaemajpefnﬂhag)mngigeand the. the

angl e bet WeeE’t%:ﬁtréﬂ3 a§|b tﬂ@loheﬂh% E inO® f@ﬂ?@@%bgaﬁnen?eéﬁlétﬁéd 8% i%atqf st he
openi ng, I N aﬁ) erre P ecte ﬁ i
" greater than the expans;on angie of the gas bubbies, so that the flwdized 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
35 200°C 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
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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 fornmed on the lateral surfaces of the

-openi ngs, the opening angle in a preferfed enbodinent is |ikew se greater
than the angle of repose of the bed of granular naterial Fbre 25 the angle

f th I t which the bed j ust
beoi nb To <I9PaES (RO Al HRk AR oLRaT e oo mBrunan ey oA 3Bt - om o 1o
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made is $t athcéowmpab@ In dhip avayt theedividingtiiate fopnibgi yitigedagl an apdifionalcheaini ¢ or

gl ass, for %,- Is suitable in the case of tenperatures above 35 200C
in the flui d| zed bed. Apart fromthe dividing plate being made of an

insulating material, the dividing plate can, in a further enbodi nent, also
have a t her nialthg caseof aactions which areearrieraut iptheppresenaenel aicataliishdhel ate i s

preferabl y opfdiidiraruiasmarchial ¢ip r@gmmtagw i 91580, thethaidul pari- gast i ght
A e Ton dbb fRUIEh L Alehlitod W &8s BFcadlle Jggighgwor et
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materi al sucdbmpteglaamstal cH@pSnat oho@k oiidiel suppbrtl Exaihﬁl@s b frdtdll gonipar t he

di vi di ng pl gqnee,:bg gret}ﬁth%hﬂ,ﬁ]g% pét %&n%d?l RL oﬁ&‘é f BBodi gﬁoo§8b|fe*18‘hﬁé‘ heat

exchanger c¢
di vi di ng pl a%@“lf‘é!ﬁ‘ pEdet 'ﬂlﬁaitéfﬂl"aés‘l AlHMIWN P?"Sﬁaqf %él&fﬂ'"%&&%ﬁiﬁgé\fmﬂ'%{“t he case
of reactisonsoxidd chtitaniemcoxidd edmixtlires of theee jpxidesMe ofidia sapbertsysie, prefae

fluidized £.al |

| ng: V: éﬁal graaynp%ﬁgm Cpfﬁv&d%'r {&ﬁ\ﬂfpj\ﬁ@eémr%aﬁ pﬁ%% c}férfletel' Bt fr&h %o%‘% 80 gH]e .
catal yst mat ’@Pfeapref?ﬁat?'ﬁé’oﬁhf'%%@? Rt 2] iy p%ﬂ*‘%fefr%'ﬂ @etﬁtacbhmt WE? fingur f ace.
I'n a pref er rieattienthadingenpartitioesizzadiadatsum prefepatihs amkes uptleds thanpidenby on an
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conpounds uppor I'S poss to use um num OXI
particuldk y?areihum oxi de or 6 al uni num oxi de, zirconium

When the fluidized-bed reactor is used for the oxidation of hydrogen chioride to
chiorine, 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 {o 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 200°C
and finally calcining it at 400°C 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.
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15 oxide or titaniumoxide or m xtures of these oxides. The oxidic supports
-are pref- erably used in powder form having a nean particle dianmeter of from
30 to 150 pm nore preferably from40 to 100 pmand in particular from 50
to 80 pm The fine fraction having a particle size of <20 pmpreferably
‘makes up | ess than 40% by weight, nore8preferably | ess than 30% by wei ght
and in parti cular Iess than 20% 20 by wei ght. Waen the fluidized- bed
react or

d for t n of dra hl
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one or nore @inhBéted RbEss, aglueg Glda thirotile vaRegs pryfeablysosdtbd fetfeentthdeni um

pal I adi um 3%{36 #H}ha\'ﬂéég st%%%ﬂp% g?éssn\ﬂ%rqf tﬁ%)n@a%rtraﬂefar Hé%;u[nvmmb g]o%m. jcase
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powder Wt huud@aarmgumranﬁferaﬂema,uemwmttémpenamrehsl pr fhidewly dstablishedlinit i on

cor respopdi ng h@gt %B%%e %%%,3& %ﬁfl naI t he support, subsequently

drying it a Prom yca ‘cining it at 400Cin an air
at nosphere. The rutheniumcontent of the catalyst is preferably from1l to
5% by wei ghtTo remger lheat diloar ther futdidecbbdd) if3i%opogsiblectoglse, fd@4aMPE3BGIling Wen
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their own in ece in series or e? When

;
t he heat extéﬁﬁ’ﬁbgéw? of e E’éFﬁﬁé’é‘lVe%lternWB%'P &l g waes has r*P&POu"&BS“Z egpe
exchangetss phaifrgrtaimpgratirave depdrideneon theearessuranBfechigherahs pressutehaltthei f f er ent

quantities oe‘,ouir%%taf %é ﬁ1 REr 18 b bailiA gt@w&aﬁ fat mgh Jeﬁﬁb%r}éé Rk fRAL

exchangers. ser.|

are unp or a
throttle valiged ST HiRstR e, BBIPW T toRparet eI Bglzed ¢ hat
t he pressur ebesf aremsmsalablerfanméeemmm heatn Préferenoelisvgiderato udirgptodirghanger s
is differentya@articularly in the case of boiling or condensing liqg- uids as
heat trapsfer nedia, a different tenperature is in this way established in
10 the at exchanger as a function of the pressure.

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,
Figure2 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 Figure4 shows a section through an opening of the dividing plate of Figure 3.
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To renove heat fromthe fluidized bed, it is possible to use, for exanple,

-boiling water,
t emper at ur e.

*The higher the pressure of the boiling9ater, the higher the boiling
t emper at ur e.
t emperature

since this can take up large quantities of heat at constant

The tenperature of the water only alters when all the water
has been vaporized. The 15 boiling tenperature is dependent on the pressure.

At hi gh terrperatures I n the quid | zed bed, salt nelts whose

for the renmV8"%
Furt her heat fluidizedsbed reastir sonfigused aeaerdieg insthe ipvention and phthedgmepidraeat and

for removi ngrofiRak tHe reBktohe flui di zed bed are,
transfer media known to those skilled in the art. 25 The

invention is described in nore detail belowwith reference to a draw ng.

further heat
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confi gured asmimlnshanlg;etr@d inhtée ifloidezetiibed A Mtheafastdigribheopé cah beea pefadiede i n t he
reactor. 5 I I ox 3, a gas
di stri butor AH' a r‘H&IE% g‘ggése(ﬁ%ﬁ%w#n%g%gr%%@@nwé;gﬁe 9 and at | east one

solids precipitator

10. The feed gases are fed into the wi ndbox 3. The

I nt roductd onTbé cgaersien iahdie édeeldgdses do e phaeduchiocows 2n td 8uidized debdc®.i on of
gas into therybddhQx ae qape)&‘?nplé‘%y?fb%‘éﬂ chiFide ahﬂ %g}gembpmeq;reﬁéréﬁqbﬁ gom t he

si de. Fromth@ wl ndbox 3, the gas

into the flufdP?¥d bed 5. The function of the gas dlstrlbutor 4 is to allow

20

25

30

35

40

roug as 10 distr

In the embodiment shown in Figure 1, the fluidized bed 5 is divided into a first
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.

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.

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.

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.

B04/0073PC

utor 4



the gas to flow uniformy into the fluidized bed 5, so that good m xi ng 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 -dlanple, hydrogen chloride and oxygen
for the preparation of chi ori ne. In the enbodi ment shown in Figure 1, the
fluidized bed 5.is d vi de enper.at ur n and second
t enper at ur e "> B t?ns% ”["ﬁ m geeqav'ﬁoa ﬁ%%ttt Eergﬁgﬂﬁ@r'nég%gr@f’qh?gﬁaﬁn t he
first tenperxehargerdRellvs hed ttamaler Wesiune Jows vienthe heahransfeomedigredisar ri ed
?ut in :he fliniit6H rE@tdrshtleRafdnger fubet NF. TREMRGADENEhENdER il 7 b5dn mto5 oni
enperature 0, ng
to The mxi Gorp MRAFEITA “h'%a%‘ﬁ%tt t ab?f?fq%ﬁﬂ"%.pta@%%%?ﬁ%ﬁ"fﬁﬂénper ature
transiti®n flelonedive Q"g‘ﬁbéﬁ" and isdalan efh from the heptexsbangerr 2. 7BAUBNtY of he

t enper at ur e heaf totheactaR@c oM Ar GieaPoff dY tichaNrRRchrget U2 sawbelscbvia theahinel y | arge

region of ¢y bf el exirifilofiifls s 3y heTHAR AR REA MR BRI on can be

achi eved by arran gure nthe first
tenperature zone 6 and the second tenperature zone 8. The dividing plate is
confi gured dhémhhdatdato belbdrhesdiess the uitizee béd Gstia thehgstrexthargerdae 6

Lhr 0ughgPel g hiat Hersflr el SreRGH Seehie Holifa 388G ThpdipeBtadre zone 6.

35 To set a tenperatu érat u f erent
fromthe tdapiiolihg 'éptP'FF ?fH"@a\t-lﬂP%rf"aﬂ g %rr e £ass pihigh te&"??é%‘fm’é”)éﬁﬂ%ger 12
i s install eduidizetiibed Esesatbmbltse'ﬁnmhﬁmmsfzonmdmm iEhip this chemaka batpean t he gas

di stribut or hedfiforl 8 eidORb e AACH e flidiBh baast SO cmin a prefer red
enbodi nent. 40 B04/0073PC -10- A heat transfer nediumis fed via a heat

transfer mediuminlet 13 into the heat exchanger 12. The heat transfer
medi um flbowd heifluidized Hhashd ig adjnintd bythel disengagement izboe & Separahor ohgas

exchanger t upBSolld ocdite wh@@tdl@hﬁa 8t ZoAB&S T137re%@8 furﬂ"FéP enﬁfai\ﬁ@cﬂ"ébhdmm fold
14 via which thgeshfeat tran fer medi um

outl et 15 amaeEs TR A PaU TR, ALCARL LIRS RusPiRs Thris REBRbR G o T heat
to be taken cajedoin the wppeofdgign ot the disengagrmeahgere 22incagdition kethevém-t he num

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 windhox 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.
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ber of heat exchanger tubes 17 and the nmass flow of the heat transfer
-medium  \Wien heat is to be renoved fromthe fluidized bed 5 via the heat
exchanger 12, 10 suitable heat transfer nmedia are, for exanple, boiling
wat er which vaporizes as a result of the uptake of heat, thermal oils or,
‘in the case of high tenperatures in thellfluidized bed 5, salt nelts. The
heat transfer nmediumis in this case at a tenpera- ture which is below the
tenperature jn the fluidized be

d 5..15 The fluidjzed bed 5 is adjpined b
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| ocat ed 29 wistatithe seeorid teimperaddretee! 24 atliowever, itisalsgdiosgibleprretagnerallyor or
preci pi t at or gavdt£ERBus forife BMpSERIE Bodreagtesdm@whidtun the Rélv iRdctioraipt or 1.

The arrow 11, ndi cat t .S r t. f.oll owi ng., ids

preci pitator thcf’r reﬁﬁgc"ﬁ;'i‘? g?%orng tf%‘.%@i&f’ g{&”g és‘?((;)klﬁi?sd's? tﬁ% eccg%:ag gicgﬁgﬁ %eﬁr e, for
exanpl e, cycihsnesctinn wimdeweasds hagply with ingrgaging coryessior fibthe wreer Pafper at ur e
o of i | ehi " It biesé taihdisueided 6rihe iaRizZ2d bed 3-4he tranbitioakiom the tehpeaiire@shei ght
along t | - t :

enpor at 7 ¢, Ml B8 BERefeRAE he, & §e nefiplithle 22, e SheBiPrbBBre,,

|l evel 20, a ZhECAERYERAOHRD PRAREI2621 and a third tenperature |evel 22.
The 30 tenperature of the first tenperature level 20 is | ower than the

t t : . is in t
bel b that - of SHECZ shoRE A RO RTRRbAIMER O My 2d KR Pach T T £ bt g | 1 01"
the wi ndbox derjetiond the tempesatyre wefler eactor 1 at the feed tenperature 23.

The rgacw on conmences in the fluidized bed. 5. Hgaat is |i beraft ed in this
reaction. FornbflifiZbd B30 Readil LSRPHFHYNIE 2 JRES ffofh R dMSodifigh¥hofh t Ne
f|_rst terrperat%re zone l}ll‘ln? a warm phase until 1t rea- ches the
third tenper 4t oW bindhabs furkef Beat gxshander ¢8% insialiat i e BSlPMPoraiue peen
reached, a ceorst &nkhet ampiucionrand2bodesofespeediion i ek secbhd heathexchamgsr 28

tenperature ggredpends Hfat 6 thbhell é)'kd?@nﬁér 118, fiddtirdingRd mis B840 73PC
ap

ERVME g AR [t 0 e e e PR e
t enper at ur e fynmedum G dhroogh Heat ransfey medivm ndjstdbutbtse 30 | iniodheatdesed 5, a
substanti al | yhsppeh@aE 34 €Phe 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.
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perature 27 also prevails in the second tenperature zone B. The tenperature
27 5 is at the second tenperature |evel 21. However, it is also possible and
generally advantageous for the tenperature to decrease sonewhat in the flow
direction in the region of the second tenperature zone 8. This is the case
‘particularly when the reaction rate det¥eases sharply with increasing
conversion in the upper part close to the surface of the fluidized bed 5.
The transition fromthe te ture 25 10 in the first tenperat zone 5 to
i SBp A d

t he tenper at shleMporaie %@?Cé{"ﬂrt%mp%@%e 8Ot 2 A S|P 388150I i ng
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react or S ur e ne I ure
that a1 ooy ok e #Sutes it i bRl RicBerPRaT e Fan A Rebrel i Be 31 L e
zone 6. The Wddizedt brd is@ntraingd rotie ageensling gas. dhis@vodh cogplaim mixrgef tig changer
28 corr espog@daulaOmbltial 6f the fifst kaaper@ied 26136 ard tha'sdtend témparafues srapdi um i s
fed into 20 4 Eeﬂuisoﬁ-‘ié‘a%d‘erﬂg oﬁ’x)f&i?@@%‘?& 73Ry hﬁovﬂseg'%ﬂ%rptg ;ngrSﬁorFE&vaQﬁ' nl et

29. The heat Ttrans- hr'ou
di st ri but or sthedirst rrapeyature zsne Qiﬁdhgéﬁcqr@li@@%@tu“?ﬁ@"%@at exchanger tubes 31
open into a vapor manifold 32 via which the heat transfer nediumis passed

to a heaf d heat
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heat -t r ansf elayat eas of the heat ex- changers 12, 28. Thus, for exanple, the

second heat exchanger 28 can have fe- wer heat exchanger tubes 31 than the

first heat exi%qa%;rﬁ% 12. . This leads to the 30 heat-transfer area of the
e

second heat transition; haywerr) e firtHemperpiue zppe A andibe feeandte@nst er
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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 instalied 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
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B04/ 0073PC -12- The first tenperature zone 6 and the second tenperature 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
t he second tenperature zone B. The dividing plate 7 ensures that only a
smal |l proportion of the granular material of the 5 fluidized bed is
entrained in the ascending gas. This avbids conplete mixing of the granular
material of the first tenperature zone 6 and the second tenperature 8 of

the fluidi Zetﬂ hed onPx% c?eH g'dl%a[% }h%ﬁé‘ﬁf gl uﬂ%ﬁe@cé#@é?%ﬁoﬁﬁﬂ@(eat hon

between the firs re zon ng ure zone' 8. 10 In
a preferred @ﬁﬁ@ﬁ?'ﬁ%mamﬁtﬁrénﬁfﬁﬁﬁﬁ H‘ﬂjfoﬂl"'éftf'@m?“?er‘d-é"dgﬁ'q% ‘f;lFOaftth’@p%?‘?%n. For
this purposes of theidéviding piate TreTre sifle aall 40w lifes openingpB4is iatlined dias am-

thermal ly i &Lﬁttwea)é.sa Bf‘thé‘ohgtﬁﬁ%sﬁ'%réﬁ ier@ﬁe'ﬁréf@& h nﬁt:mtﬁ § st

t enper at re e sec ture zo | eved when
the di vi Fﬁ%at'@o ‘B‘@%m%‘ﬁ YPPQ‘QWW }ﬂg ° qngia pf’Btf?é"aé I HE ¥h88second
tenperaturefz@né0804@°omtted. In this case, aslovver transition fromthe
tenperature 25 of the first tenperature zone 6 to the tenpera- ture 27 of

t he second t ture z m xin the fluidized
o anon ar et T 6L ORATRd ameter 5, & seleatrscruhar s Sinates Yot He et Shf
t enper a- 20 hubble diagmetes of the gaadwbbleﬁ int the flnidizedipediSmdhe §rsh apéening diame-
5 errpg; ati& eftépse% &efe&aeiﬁwmelt rgngréo ?‘omtﬂ §% }oand ngore grefeﬁabﬁﬂ ﬁ’&ﬂggﬁﬁd B! teht g

1 VI VA |
Cnee it s GRabET a*?%*ﬁ%tﬁﬁémge b Pl & i, PRI {5t
exchanger s t@e@lf\lgefﬂlﬁ@ﬁter\ﬂﬁtlh 3a theb itzis rgseatal theouthe Heean mhabme ers. It
i s al so possdifinetet ef ﬂfecgﬂsdﬁibﬁﬁa@hn tiRnMadiaéd bed B0TRe sbédhdPogeiig dix@bRAJET .

Divi ding bl 238 S8R hiRd LSl ebusen iF M wLARlY bR EIARUS Ones:

If a slower e tenperat’ures
t enper at' e %@189 G ang de ipagigulan in H?E\/rétlﬂgﬁdf%‘ & s1g cgy dn the gmbgdimanieen t he
t enper at ure stonesn RgurEidg theediBidhgpisied 8l cnfiyurew aafa Bsllonbety. Hang, thé a

i vi ding Pl ahfeids BLENG AR by Eapddnbly 0 BAUP b Beo ARG Rlide HhiugC! o

cone. The op ose skilled in

the art. Thu“é‘e dF"&'“gaR'é‘Fﬂ)Y é”dtﬂl'ﬁes'gﬁ mrfgsh%ap%w% The iprllew spasafded al ong
nmut ual | y perfpaneld tuthsrwaxesn, dsr ofampte, baSevaensied ot b Hiledpéthiahgmdad aman al so

be of f sefy r &hight presdufs. e HAIAK BBkce 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.
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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 dianeter 35 on the
underside 38 of the dividing plate 7 and this opening dianeter 35 is
smal | er than the second open 40 ing dianeter 36 of the opening 34 on the
“upper side 39 of the dividing plate 7.-14+ 604/ 0073PC 13- the case of the
openi ng 34 having the shape of a truncated cone as shown here, the opening

di anet er incr.eas sfuniform fromthe underside 34 to the upper side 39 of
t he di vi di nﬁﬁ%ﬁ’@%ﬁ@@@@mll 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 from0{5 to 60, nore preferably in the range frrumizéd-bed eshctizd I N
particular in the range from 20 to 40. The first openi Iy r .35 1is
sel ected so é]hat it is smaller than the nean gas bubgbﬁg%‘?cgﬁaﬁéfeegf t he gas
bubbl es i the fluidized bed 5. The first opening diame- 10 t¥indhox; g
preferably i@ the range fromO0.5 to 10 cm nore preferabl gatdtddtof to 8 cm
and in partié:ul ar in the range froml to 5 cm On the ot helg-] ﬁ%g’beﬁhe second
opening dianeter 36 is selected so that it is greater than e rean gas
bubbl e di anf®ter of the gas bubbles in the fluidi zedil5b§mperatye z2088ond
opening diameter 36 is preferably in the range from 0.5 tDividthgpmtenor e
preferablyy ig the range from15 2 to 20 cm and insg%ﬁd@wg%éatbl% g range
4.t 1 VI

from5 to 15 cm In the enbodi nent shown in Figure ing plate 7
is configured as a holl ow body. Here, the interior Q%‘ﬂ'@a%m%lﬁ?ﬂgd by
respectivel yi@ he upper side 39, the underside 38 of t heolidsprabipigigl ate 7
and the sidejall 40 of the openings 34. The hol | ow spg&g4d3 diskR4Bd in this
way can, for, exanple, be evacuated or be filled with air under am 20 bient
pressure. Th¥ hol | ow space 43 can conprise any further tRERRAIChON9Sisul ating
mat eri al’® kntdwn to those skilled in the art. Exanfdeadrambfes madium wletat eri al s
are glass wopl or mneral wool. The height of the hol | owgpReaRInfSdI S
denoted by t reference nuneral 42. The 25 hei.ght, 42 %srnge%ff eraﬁ)lty in the
range from0'™ to 20 cm nore preferably in the PEALTRNES AU PUISS ¢ and
in particulatéin the range from3 to 10 cm Thieahansteraediwn distiislional | 44 of
the dividingiplate 7 is preferably selected so that Hbatl skchéifjtr sy sta-
bl e to% t feed gases and product gases. The thickness of the v¥all 44 i s
e |y

pref - n the range from1l1l to 50 mm nore preferably intmeég'?angefrom

2 to 30 30 Hnand in particular in the range from5 to 20 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 outiet

35 34 Openings
35 First opening diameter

36 Second opening diameter

37 Axis of opening

38 Underside

40 38 Upper side
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Apart fromthe variants having an insulating |ayer, as shown in Figure 4,
the divid- ing plate 7 can also be nade entirely of an insulating material.
Suitable nmaterials are, for exanple, glass or ceramc. 35 Al plates known
to those skilled in the art which all ow passage of gas and granu- |ar solids
are suitable as dividing plates 7. Thus,15i-n addition to the perforated pl a-
tes shown in Figures 3 and 4, further particularly useful plates are, for
exanpl e, scrgen plates. B04/0073PC -14- list of refer uner.al s, 1

Fl ui di zed-bed reactor 2 Introduction of feed 5 %K{ﬁ"?@[}% hgog%rgn%%”i but or
5 Fluidized Bdd 6 First tenperature zone 7 Dividing plat@raingasgeond
tenperature zgne 9 Disengagenent zone 10 Sol i deeigtit@e tHel Kalb@Tspadd 4%r oduct
di scharge 12,,Heat exchanger 15 13 Heat transfer nediumi nlﬁ&" szﬁ)]aygpor

mani fold 15 at transfer mediumoutlet 16 Heat transfer nediu

di stribut8r 47 Heat exchanger tubes 20 18 Height 19 TenperatureVabo First
tenperature level 21 Second tenperature |level 23 Third tenperature |evel
25 24 Warm up phase
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25 Tenperature in the first tenperature zone 5 26 Cooling phase 27
Tenperature in the second tenperature zone 7 28 Second heat exchanger 30 29
‘Heat transfer nediuminlet 30 Heat transfer nmediumdistributor 31 Heat
exchanger tubes 32 Vapor manifold 33 Heat transfer mediumoutlet 35 34
.Openings 35 First opening dianeter 36 Second opening dianeter 37 Axis of
opening 38 Underside 40 38 Upper side B04/0073PC - P5-008@05SiabKesal | of the
opening 34 41 Opening angle 42 Height of the hollow space 43 43 Hol | ow
space 5 44 Wall B04/0073PC PF 00000554§§/Kes - 16 W claim 1. A process
for carrying out exotherm c chem cal equilibriumreactions in a

f1 ui di zed- beWerdaiBtor, wherein there is a tenperature distribution along the
5 flow direction in the fluidized bed of the fluidized-bed reactor and the

tem perature;differ REHII -t pe ' st tem
perature is 331‘t I eggg%gsﬁﬁl% eagréggﬁ{ggrﬁgc%gﬁéﬁag@?c_airftr"n&?oné\'/vﬁﬂgei n the
t enper at ure wi t hi Higired-bedireactorovheraly therg isadpe@pe@iure distibion piona the
t enper at 8 e nmaxi nilow direatign ti thef lutdizeddbedeoft the Mluldiretfdseatiac and thet teem-
fluidized bed.  peranyre 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 8, 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.
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3. The process according to either claiml or 2, wherein the tenperature

W thin the fluidized bed decreases from an absol ute tenperature maxi nrum 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 clains 1 to 3, wherein the distance-bte- tween the absolute tenperature
maxi mum and the gas distributor is 20 smaller than the di stance between the
absol ut e te era i mum and . the surface of the fluidized bed. 5. The
process acco n‘é# %‘ﬁ;}’eﬁ'f reacier fgr $ayng ouh ke Broresh ACCNg I APL %f  the
reacti on gases faaimsol tche irf hdiudiizeddoduk®) idacthich iemctiar gasashaelfedwitatem 25

perature occurr ' d:élntSLhSr l%rﬁs'r&ﬁ@t Rag: on@ heﬁhﬁx&faﬂﬁétsﬁ 2388)Qs Hchdti® any of
clainrs 1 to 5 r.el

: | str heat
transfer to at g'f"d&?gkh?ga@yg&ﬁﬂ'gﬁﬁg?e WR%‘?‘W% H'éQ'PPﬁ?’ﬁwﬁg'a(iﬁ%&' 0 7. The
process &ccor di ngedlmectl@ of claims 1 to 6, wherein the chem cal reac- tion
is the pr epar ation of chlorine from hydrogen chloride and oxygen. 8. The

process accoydin 0, an ai to. 7, where the fl ed bed 35
Bonpr | ses bt a Ve "¥edbed il acoidng ol Hn 1 e he Alshig B

support. 9. The pweeedbe gaadtisiibigon () Andi the eanat rheiah exehangar §13)d% atonpri ses
a ruthe- ni um conpgdimg.cnp04/ 0073PC -17- 10. A fluidized-bed reactor for
carrying out the process according to any of clains 1 to 9 in a fluidized
bed (5) into which reaction gases are fed via a gas distributor (4),
wherein at | east one heat exchanger (12, 28) is located in the fluidized
bed (5) to control the tenperature distribution within the fluid- 5 ized bed
(5). 11. The fluidized-bed reactor according to claim 10, wherein the

di stance be- tween the gas distributor (4) and the nearest heat exchanger
(12) is at least 50 cm B04/0073PC

B04/0073PC



