10

15

20

25

30

35

[TTTIIrEELTrrr T PE-0000055468/ Kes *159159* As
ori gi nal filed Fluidized-bed process and reactor for
carryi ngﬂ'ﬂmmﬂmﬂmm c chemical equilib- rium
reactio ion The invention regl 80352 @%es
process for*ipavryi ng out exotherm c chem ca equi?l -
riumreactions in a fluidized-bed reactor. The

i Asyeriginally filed her relates to a fluid- 10 ized-bed
reactor for carrying out the process. An exanple of an

otherm ¢ chem cal, equilibriumreaction is.the . .
T ti2gh Bl o i BT (oM s ire B SPherdico Giamical eauil-
diinbreagtionsy neans of oxygen to give chlorine de-
vel oped in 1868 by Deacon. 15 The conversion of

chloride into chlorine enables chlorine
B?%‘rgﬁg@l?‘on to be decoupled from sodi um hydr oxi de
production by chioral kali electrolysis. Such
dereoinpéntiog relates tor aprdcess Somearyinyeowosiothvrtie clesmsical equilib-
friim CRBASIR & FufR4l ' A (A BB fuic-
f.orrn sodi umﬁ‘ drgxfﬁgdélaﬂrggggf'tﬁ%nl, Vfﬁ{gépoggn%rcrﬁﬁt)% e fuia
iiZebhPeqiragion i CRRYING PYLING REAESS i es as coproduct, for
exanpl e i n phosgenation reactions, for instance in

tKI'EeiHn%Hé‘bﬂtbh R@RoBbrrhie RA¥ANAL B§uilibHufh FRASHGDRMNE BIREES Ror the
e

fo din, . reparation of isocyanates i . .
SIS Kty of DGOSR chioTds DYiTeHTS Al Paderbfo giv ohiorine de-
wetapedin 186&byiPeagask oet hane, which is processed

further to vinyl chloride and finally to PVC. The

C e . s t. ROSSibl.e . :
B g B BTN BB im0 R En 1o
feotRrOUPISA. framy spaidMbaKkRide: Braductiah by slioisliefitelestolysis. Such
tdeeoegjinglis httrastiversincertre Wertdwifi@demabd éori anlorinerisrgrawfing more
tH@nEEThare theCin PRV ShdiaH RyFoicMELALMES HyAFSRARRride is
I t |.séhe|refore ?g vantag ous, to use cat al ysts.which,.
reRtaeg (e Gumntites 2% PORIOGURY Tor PralviadT pHOIAENBION tections.
tfer [pstapeedn e arapgrgdien ot ignsyanales . Theahydrgganschiaideatoraed in
ftRé praparation®f mbyérfageﬁemrﬁimwmed & Bie IxPEhIGIRINDA f eth-
r - - [ .
Qe £ WEHERIMEHE Wnff S HROL o TRl 1B Byt Gorflatsg finaly
toPVéa TheDeaponmipqass thus alse Alakes 4irosyibledo degouple isocyanate
qabducyish and amgicchtoridelpraductiom.oxi de, as are known, for
exanple, fromUS 4, 828,815. The use of a fl uidized-bed

reactar for carrying out the Deacon.reaction usi :
§ he Beacon reac{lor}f theg posL#ttlon ofe the equi |Br|um arlJecomes essr}%/orable 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

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.

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 Shell B04/0073PC ~~~~~~~~ 1111
(1~ ~~~11111~~1 ~~1 I ~ *000002* -2- Chlorine
Process which appeared in Tbg_Chem’ cal Engi neer,
Jul y/ August 1963, pages CE 224 to CE 232. S
Furusaki, Catalytic Oxidation of Hydrogen Chloride in
LHdpnnedPdedsRehich@ppeaied ib TBeECHeicalaEngivesdr, JAiAudlost 1963,
Dagdd 6% oPagesE 3909 to 1016, |ikew se describes the
use of a fluidized-bed reactor for carrying out the
Deacon reaction. The catalyst wused here is a m xture
d¥. Foraaki, Qa@lytigraxidatoinoof Hydmgenehlotidaling bltiskBed Rgaetor, Al-
L@t@UbL‘ty’rnQIT,T’MoQYM NoD 59{169:3, payeactioave 1N 6EhkeNiéd abddribes the

[ : . [ J
e, & 154155 b TRRAGH ALY Eartlid bl SeheBA doadeBn, The catalys
|used ihets/ia aHBixtur gf Cyfsla,dfGl@nd el i n fi xed- bed
processes (cf., for exanple, Daizo Kunii and Cctave

. L di zati . i- el .

s b Ef‘?féi‘g 81 sty PpTEA W ey 1 il A ossontaly
It ieinpesaiurs gisUioltion aad, PHETiRYAlr lgRLod bgLSRys, i.e. re-
ararsl of Zendl gesshedting camgiitetaddoonindixethyoed pueresséd (@f.| fibe ekample,
&S KOSii ad® GdeWRVIEvensdiel FRidi2RIBN E¢tbetiRgt ord ediifior)Ofog1,
al vva%z?j ﬁg%ant a@%ougmt@ r(fa{?r utrms.ucgI An rea@gl ﬂgq teroge-
Pge IRl R APPIEG Bty a%xgﬂ& ergaehng stiRe a5 s betergoe
tneeushe gatalyzed gae-phasecexidaen ohbydsegenchigrise te igblorieeict i on
isinitially carried out at relatively high tem

?—Eév@etvw %a%%eh qgur{oefﬁgﬁié%tﬁ{gglv{aﬁ/g ragg%r;ﬁﬁg%oﬁ% ut§n g:gﬂy 3t such a

corversi on alppr oac qQui [T D]
de#ion d38hermally. lhugnfop grareple othechioring yislt indhe {gacon process
[aoWediac@asednuhen eke peantions & ntially aarrigd royt ativelatively high tem-
RIS Ol RIS lotebitBd S2G dntSinp oBversion sporaghes
3&?%'@@\9@%}}\@@&0 p'rovi de a proces,s whi ch gives an
i nproved space 25 tine yield, i.e. a greater yield in
titie apifect 6RHE AveridriidEprénde 8@ MRpro@&r brodsss fofBarryify ot exo-
T‘tn&ﬁféﬁerﬁgaltéa%iligl:i&ﬁ ‘?éa?cﬁi%{\% [hoé{"ﬂuiﬁfzgé??bbﬁ CedttdrOln %Ir&culér? it is
is i kew se an object of the invention to provide a
fANPRISS & i MVERIGR: 19r PrPYIdGR; RIACesShhiph gives an; iIpEqyed; spgce-
dinte yi8ld, ildissgrebieegield in the bame edadiyr wlypme ard same reaction time
Gt Heths8 WF tHNRLAREES kndiEiibR e FifbHa D- 1ium _
reactions in a fluidized-bed reactor, wherein there is
a tenperature distribu- tion along the flow direction
ilhistlikewise @indibtent obthe ipventibe té pravitleza tiuidiaed-bed ceantoran avhich

tthe ploeBREiE dhitHed dit.f f erence between the | owest
tenperature and the highest tem 35 perature is at

| east 10 K .
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-
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-
rated plate or a plate having gas distributor nozzles 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 surfacg_of the fluidized bed.

The gas distributor can, for exanple, be a perfo- 40
rated plate or a plate having gas distributor nozzles
dFlsidizegped dreacters generdlydhae73 RgindsicalFdoruapiirexichataly rotationally

r KAGhEie ga&nsfr@bhafm\moagwmehngédeeam o@éurarwram 168hé&hiis of

{]0
el s Send TE hob PRl iR cbbfe ool EHRg (4R o
t3f axia daweandiin disting fyor radial flows whichgreurderatly, witkindhgfluidized
abesb eargéell eanstl oh® anGhercodit alver thetotainidighs otiihetfiuiiided bed.
fromradial flows which occur locally within the
fluidized 5 bed but largely cancel one another out
ol temperatgieagistibytinn Wk‘ﬂ'” t“?f’ef"F'F"&F%l iPed dn Hiegprocegeof the inven-
t teompie ipeaferablydsush thdddbhe temperatbrendedneades dioth ae dbsaateitempera-

ttﬁ?e H%S&W iQf tﬂehr%ahﬂ]‘(uﬁﬂrerﬂde%iuiesmQﬁ@f&élefﬁmd(ze%% alAg the

creas e te
R nﬂﬂ%? sitaea Ui Bebd=at i &rsgy Aposes, the
tmlce fig tJnedarze@f tredfjuidizeshged Huoudh whighythe gas flows oulbfrom the
tifdizad hetce of the fluidized bed. For the present
pur poses, the surface is the area of the fluidized
bed t hrough which the gas flows out fromthe
f A peyardapepeisuchr wmpertaigedigiribulignrcoirespepstitgtothe process of
cths tirviehtibn Brmpasvied spacsiting yieds. hewpr starisg t@hperhfurédigre nec-

%aﬁﬂhb%h‘eée a%ﬁpﬁlgq tﬁé?ﬁ'n%@ ﬁdn% e)sﬁhﬁﬂ)rqﬁ‘n Mlon wh|Ie higher

Fein S are 10 achl eve
\ﬁéwefﬂt@fﬁsf"ﬁg\n%@ weized b%aarq ?W@PW@%‘\WEI‘@F%’%‘W% e

hi gher tenperatures within the fluidized bed are
am@mea%omaé&af iﬁbnehberaﬁﬁa%@efeasrﬁgft& ﬁﬁé"@tﬁrfa%@\@@ﬁ@ﬂlﬁdlzed

et BoBEEHEL R A O et e sl
Rleyajed tmpsalerg §arwhe @Rerated wih éleit% ng-tera) siahilityd Such cata-
tigstp @ir@t for exaraple bsupppeted tréttiemilinncdmaiduatis | A4 g-resultof the tem-

é??ﬂut'é chreg‘k'iﬁg 53heg- sdrﬁééé Sof 2hE ufﬂedemo%tlle catatlygtmr com-

ort m co
§ic8n @@ﬁa@&gﬁ%@g% DI oplabist ppriels i it HPBRLdegdon o
btbd , fluidizest béc: apet Gnybe ooovayepommnﬂsumty ogeteptwithetiiese back

adiMrTtowEAbERhs 6AhaliliRfzeBeki €I €S i n the upper region
of 25 the fluidized bed and can be conveyed

conti nuously together with these back down to | ower
r g difierence betwepn thediemperaiere. maptirauai within e didiredaedrand the

t IbResteBRPEriue HrevilingLinthé bRicess bethkl itahtiae @t Basbsaibl above
t;ﬁs terJn ﬁ}r trﬁgﬁ{?ﬁhﬁt HE Gn e Véh@bﬂhgguh%% @ﬁﬁ&ﬁ&é.tzé’é bed, is

el n oSlI tl

n'%&’h‘ﬂfhthﬁm $90°Gy pfeﬂ@rawcnqﬁ.rmcye dpan Heo° Qtﬁ'fdaﬁ%ﬂ'%}f'af%@efefab'y
fhatintbra ¢can®dC. i s not nore than 150C, preferably not

nore than 100C and particularly preferably not nore

n I n rticul arl r rr r ri

Iﬁza Pg%‘g@?%{)( Bfeggra ng)ggg% v%qi%\trgtag ng%ger%tuorg edse:?:re\e/fgesI gf?)tn’g the
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.

B04/0073PC



10

15

20

25

30

35

40

35 flow direction froman 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 distange fromthe absolute
tenperature maxi mumto the gas distribu- tor is

smal l er than the distance fromthe absol ute

t Breptemperaterenaf Xhernrgaction ghses wherf tey avé intioduded.vidithedas dis-

bfButoA AitdPé/ fRRiIARbedds pTérsrabs«rﬂwvatHénsw@ét témserraﬁ@etobannng

P PePt £ g oy P8 Shpéie g?ae%* B ot g ne tem-
maﬂum/@slhe floigized Hed iritiallydugreasiag ini the flpw dinegfien yrtd the abso-
hew tempeididre TRGEMAM i8N NAItHE Process b 018 invehtion, ltkig Afiows

Tt Q&cﬁ Ir Egé%g%%%oﬂgqugg:aé Hl”c%léqg tﬁe%dh@%c} s?rtdeyflrstly,

I NCr easli n unt i |

tEPer Qv afebaatias isbe té%’&‘l"ébe tPﬁ ¢ frediases aad.syecendly, the
i quastityi b meat foi ke @einaves frohetie flididealngeer bycspacs df kst @rchang-

té}g s‘?é’fl@&‘irﬂheQQlﬁﬂz%dt&dt@ sﬁ'ﬁﬁ’él'c§ﬁce fetoRter féeﬁ%}a@éan fake up a
saalar o L e nea sBrafielth g RiResie ety Al fos ffcizea

reasbved from the fl uidi zed bed by nmeans of heat
exchang- ers installed in the fluidized bed is

oL A 5 R A My il b o
rteanstar da agilgast ong heat exabanger withie ghe b@tdbedrw&hen only one heat

t @hangdr i @sedi, #Hig islpuéfeiblyl Iocdtéeinf drily pharz efthbddidized bed. Thus,
I%GJ EF&%}L&G grﬂ%(‘ilﬁ'Jeh?qh ¥ |E$ﬁt h%art r&gﬁ%ﬂ Wﬁ et |ol~%ﬁ§5n of the

exch anger en on

H&%‘Zedl%ede)?e R derh qa§°U§é8“°”t'ﬁ|r%‘“?‘éedptf‘%'fee?5'ﬁl’?‘ﬁ%d’%\?é‘éﬂher
i tempetajurpaafter af tetriperdtlinei rifezadue toetthe elothermicnreaction. A heat ex-

f&rﬁi\ &f @,dm%m)gf WEiBh heh G rBadtdnN® rdiidMledaX HEANGESted th tthe up-
5 oAkl SOE ol D A e B
ténpgepatt of wedluidizedbedenper at ure rise due to the

exotherm c reaction. A heat ex- changer by neans of

VYﬁ'o%'% Jﬁ%Jdlrﬂéntrﬁ\QQEEcﬁ’iéd' t?edrﬁ'&R/ dp% étk@?&?hlé@ﬂéﬁg H\&. Posi-
Atiarisiges Peiee st exchangersdeing lidises berhpeposy 55>«ntn@10<’1t Reat ex-
td'tmngéulndihaerdldki@dof the ftuidizeshbedl iemebles nbdre thhmiiteld 2edperature

bz‘a;l,egffogégétded into two tenperature zones. Posi -
tioning a plurality of heat exchangers in the

fluidized bed or positioning a heat ex- 25 changer in
tinea padigularly prefersed embatliment ot thectisidized:ba reacterathe; distance

twméératnérgas distABGtot plahnﬁaﬁ@the rhe_rar_astn@at exdhafgéryabove the gas
|§t¥|8ut5ﬁ % %@Q&'éﬁe? %ér}ﬂgJ Ighttazteéb' pr%d TBS%&BFNQW &igénce
'ate and the

hsiveen oaedetrbion and é\eabwfﬂéna@fes gagencsnt an e g theughput,
i the aémperatire 25 thenfeet ryapes, thubbleaforradtionestamrachdlistios ard esaction
Oph I B A (HHAIBR% the catalysts used. A distance of at least 25 cm is typically
necessary to achieve an appropriately rising temperature between the gas dis-
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
be not more than 10 m, preferably not more than 6 m and in particular not more
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bet ween gas distributor and heat exchanger is

dependent on the gas throughput, the tenperature of

the feed gases, bubble formation characteristics and
reaction kinetics as a funckion of the catalysts

used. A distance of at least 25 cmis typically

necessary to achi eve an appropriately rising

ttbap&r @t I e \eey werinulatie preisrretl em®Bdimeinbof e ipventionatids dis-
tRcd Bt Mesd A m. However, conversely, an

excessively great tenperature increase and,

associ ated therewi th, an excessively |arge difference
bEheBuidizedhbed Frastaitie pratergbly Hegigaedagiantyraulgn fluigized bed hav-
| ingassuptfioBPga WIETitR lof Ro0HtoSB iishBs almiyty éxpanded fluidized bed
t . t i . .
(AR €SB oE Bldchy B 6 65 P2 FYR oh S m tyoREBRRAD fuia
tiged hedipaving A sHBRiciahgAs ‘tP'QQ%bé Péfremé)-%mé%tongfn/wms fluidized-
t berehOtomis patitwadb preferably esignedias 6 buabkderébrining fluidized bed

OBl 108 TR i D00 Sy v
(IR Rttt 22 i Bebiaiih avorabie, S Brastor can B aghiawed at this
f supediciat gad edlocityadhersupsriipiabfas wtlogityde dhaygasiveisme flow under
t sHPaNrRHonbitibhsliviaEd B thdMee crosé-BectidnallRes bi the ddacts
velocity of froml to 5 ms, as a highly expanded
fluidized bed having a superficial gas velocity of
f Trenuge of twp heglexchangess is algpispacqi .19 thip (gage, onecheat ex-
betthn§awis Mtatedsit [fid folwet phrt gbthetRIdiidtbedaindfonereat Qﬂclhﬁhger is
t - r )
Besel s el b G0 LRaPHcrh 3RS SAGK bl avon
hiéR/Prgven %fﬁblél*\eﬁ‘tﬁaéfax‘@%g‘?féi ocity of fromo0.05 to 0.50
m's, since particularly favor 10 able heat transfer
Z'@ﬂ? g@g@ér%aﬁweé@w é?&&,rﬂla%sdig{r@nﬁére Ear® @&%bﬁe achieved by
. Vv
SRURHTE, Gl s, PUBFG PEleR neT8erl 4 B4 Kase. i pompgratre
ofseat Ferghe arrsent RTBOSASY A dRIPYIRtUr 20re is & region of approximately
CEapstant esthpara@te B e fmfdiiddebdd_emitiﬁhile diiding pratesf areyvor exam-
MR oSHSLIOES SRR MTALY  sEsEie o
t1he Ras(licn ;o dbe Gé’g"%a'%é"h‘é‘ai agalgh gevuntsof jiuidizeq.granular
i matehnel ia@ptainpdmithdife tisieg ghsibdbiesiattbe poBiior ef thetdividing pla-

ﬂtgg@#d' bi B 9AmBaRie &' SnAlRKMounP of fluliZé8 NgrahillaPihatdial flows

exchangers. In a_ further enbodi nent,.” the. .
St 38 TR SredBnedt o ok ubl BisUaP the. fGing plats o the
pregioni afrthe fjuidized ded ralpore thevdididing nlatat ERis hpaieeeonvegtive heat
eRaNEpBASSo tHat@ diSTRRE teRplrature BO@Rary Rl estdlflisRécE etk region of

[ e n ,
P risang oy Ry dhr 8 Reblflod SV eBlneratu, 2ng n te
biiadizeg) bedysp@ bgi aghigivag by usingsa gividing plateRayipg gndnsulating ac-
piorf. or at ed pl ates or screen plates. Mxing of the

fluidized bed is inpaired at the position of the
ano f fluidiz

di vi di n | ate, so that a smaller nt di zed
e tre SmBdinel & Mo oRHAGPTBoGRA Haeast PR e fESratre
bzdmel ie $heatiuidined-ped redcton ob the inwerdionita idivigepgha fluidized g danto at
t B8stSRBRerhpefBiufe SoMs er anount of fluidized granul ar
material flows
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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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 inpairs
convective heat transport, _gQ that a distinct
tenperature boundary is established in the region of

30 the dividing plate. A further inproved separation

of divided piaigeartused, theyard, in a peeferrédiénibodinheble donfigurdskas per-
e kHtEY Bty halirid 8pahirljsVhdliniothe| shaBe bR\l tthcatbd cone. Here, the
I nsul at i, g E?cr-otg‘?en. ensi(i fiuerthet% esnc‘Pogl rrené. 3| Qleat urs. is
SRAMRAPTEIET| e NP deidR 1% 20t M8 RS ERPPAFD oW depurs,
zemaller ?hatnﬁbe ppening diametrs @nitedprar sisfe. t he i nvention to
divide the fluidized bed into at |east two

t e ] f '

Pl Rhtror S g hidte & BRI PIDRAL TE 20 O, g preferabiy
drem dde 18ymuan Rﬁrﬁ?qﬁlypﬂrﬁfle@b' RMA9i1§icYy pl ate is

preferably configured as a 40 screen plate or as a

PRt Bp&ics dRhidt: onPid/ LQ'%%%IDC% ofthe ! derdrated Bt s2rE 8 Ip"f'écfgrred
used, they ar n re erre% p%grrent - conf | E‘u
ambsidiment shallér then fhebmeayioag YRR dRLCRE ANEPREAIN diameter
staihe widerside isrprefieeabliciortbe rangecfron 19 tcopeainnoek arederably in
QRe trdveyelirsiR 0SA Q’ﬁ crh a;ﬁﬂ ﬁéﬂ{cﬁl&ﬂy%iréféraﬁfygmw&ﬂtaﬁaefhjoﬁw to 5 cm.
curs, .1 s, S er an openj n | er o e
i erPeniisEoiad el o the UPRer e, RS I faf@ea?%m s to 30
pirefreergrargferabininghe rangeJent gyto 3B ea %ﬂde‘?aé'ﬂ“algﬁf prefegablyiin the
Er rande from anel 1pajnt.i The appey Haleediamaldryis,fin ;‘d’rprféfdrrbdlé}nmiment,
rel e R 8 F1eATBREF v Al BUAs o o
smal l er than the nean gas bubbl e dianeter. The opening
ditsrepeaning angle hiee.uhel@ngiedmetiveerptief sidalwayl of ihé¢ lopemiagigead the
B&&\Wtapa;és P tﬂ@oﬁéﬂi? n g,alnp{ Eieeér?@f a(mb&lﬁmtehe S6RBRA dJ #AL it is
Forkafe g Bt it oBd LI Y il fe R0 ramier
shateriakcany iqvealapg Jhe lataralssurfasereinfthe @PeNings i adiregtien counter
nfortee gas flewabdithisiotieepdsaibiearid fofma statiodéry Bedao e formed on
F’tﬂétléltg}é'l lrtatel ro?fh%r%@nﬁ\g%,nthb !?)?er]n'ﬁ% A8 5n %g)?&bge& @mbddiment
cm. The upeper hol'e dia er iS, Inapreferre )
JRtikeiine qreaterdbpm ecanaie, of 1erese of the bgd ol granulas spateral. Here,
ntha rangkesof beyixdsieds theaanegle at whikle tiogognanulgr anatgrial inia posé¢ bed just

%i,ﬁ,tggiia\ggmﬁ_he side wall of the opening and the
central axis of the opening, is, in a preferred

enbodi ment, selected so that it is 20 greater than
t Hee epghingsangle isrpyeteraifly inHbe grngedidm Ode 605 anereairefetably in the

fﬂahif]élirémd_albmﬂ bad paRit@aH@pretarsbly irnte dbigedirdri 20 taeT al
surfaces in the openings in a direction counter to

t he fgas flow. For this to be possible and for no ]
sha |U6h%fr%mm“?"(‘f’ ke didding @ladg betivgen (twe tamperatyrg zanes is ma-
ode bfen impelatimgmatdriak |0 tHés cage, drfgisdoibe enspreefthatrtad material of
SR iHE&iding 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

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-
sed off in a gastight and liquid-tight manner from the fluidized bed. The hollow
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is |likew se 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 naterial in a | oose
bed just begins to slide down. The opening angle is
preferably in the range fromO to 60, nore preferably
inthe range from10 to 50 and particularly

papate fabied in this vay camder éxammpl@ et @va¢Oate8@r comariseuait Atambi-

eém‘b%s@ﬁrét The *h%u&lh \ébé*éé“&hrpéléé Be BREYVGRR ah\wsdiafi Gﬁﬁ&hﬁl Quch

A g5eq foear 5k ool it ABd FRREP R MR he PR B proyiced
twith an inleti angl i aitetiso thatia Heat excliangeratant bee passed through the

tIRINBRTspabé.af this vtéye tHd dividingaslateedn belltiised 6€hAMHdditidhal heat
gé)@ﬁg for exanple, is suitable in the case of

terrper%et ures above 35 200C in the fluidized bed.
Apart fromthe dividing plate being nade of an
I IRXhé aase gf reicesnsvhich e daktiedi o1g in fHeapreserde of a catalyst, the

Fifdi Qe%f ﬁhﬁ%‘?kr ccﬁ'}\&%eg W@c@al&&efr{WIsl sé NRY AR parti-
| aye or t E

%‘%%r*&ﬁl%{a%ﬁf m@@'rf'@ aé‘se%F h‘EH"ISW Bﬁg'ygkf’“éi?”%o rdhg catplyst
seatedélif canrbeaprgasti arhthedsdriadey un a-prefgired rmbodimédnt othe tcatalyst
fédr'rh;ﬂ‘lsé?@ medl cdi oMt'dPlV\én %6{0%@5’@ Exam 9@6? mie®41 "Bfhpo-

cuat e
fepteiade ibenfiBhor oPpeEtERoHs s PG, Bt s FoRTE IS use
baumhinumedxide.t iR RaftiquiRrN-alumingnirexige| il 0-gluatnum SXige agisconium
f ol 6r RANIUMCHXIADS mixtdres of tHeSO oRides. meeomé stiports are pref-
dér%pg tuQQd H‘{[ﬁ&v@etr ?%pmet%ﬂn%\%ﬂ\%gn P%H& c@é}nét'é 5t fr. d&-ﬁ %o%Hﬁo gm,
tIeresPRiarakinirepat@ to 190 H1A) énqaﬁypart'%ardmm d‘aori@ g9 e The fine
cfeactibe hatvingiaz patticle sive efoeid pronaeferatdy makes bpness thah 40% by
t\k)&gﬁ:aﬁ%r%réf&%&' 1885th4R 138, 9,? Gefftt bh&th Patticdilr bE€than 20%

ﬁ%eseng a catalyst, the [ 'ui'di zed granul ar
conprises the catalyst. In this case, the

i ndi vidual parti- 10 cles of the granular material can
ewebn e fiigize@bed abadtyisic usataod e oxiddtibe of dlya@logeh chloride to

of ecﬁ'rn'ea‘t é§ gﬁ%ﬁge RS %?8 nftoh ggarh[{ﬂg ' {heSTH{h ﬂﬁﬁl-?égeégacgt%%ts Iknown

erte rns a
DGR SR AR DEASH 4L2. Gurhgimare, the gold-
Mdcamtsdmabemmmmmm4 g9fHwbich compaseftem 04801 to 30%

Ry Wb hfISpr{;@&tfromtO ﬂ%ﬁégma Rt <§f(br+é5& mBteUaikaling) é&ﬂh%etals
frqrﬁ Blipuitte 28 W9 8P o e kel e oGPt e DB pweioht o

toneser rogiedere edrttemetalsiand rappbia K% by weight-of enalor ynore other
Ufﬁ@ﬁlsl SelRE abml BEGré@Y tSBiNngRAPutRERilinG b&ISMdTESPRiu@! irid-

sk Ehah ol BB BAO AR oY R 4 St e
W'YFQ @D § SHRRQH e spesufiable20 pm pref erably makes up
| ess than 40% by weight, nore preferably |ess than

3% bitaifEi @ PrefdPbiy BotBiReh i dythidredrafifg BNRRILANEM oxide powder
with an amount of an aqueous ruthenium chloride hydrate solution corresponding
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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20 by weight. Wen the fluidized-bed reactor is used

for the oxidation of hydrogen chloride to chlorine,

it is possible to use, for exanple, the

rut heni um based catal ysts kngwn from GB 1, 046, 313,

DE- A 197 48 299 or DE-A 197 34 412. Furthernore, the
gol d 25 based catal ysts described in DE-A 102 44 996
Wiherh acalunglity % heabexahaogerstase 36ed, thgsenedarghachobe godvitled with
fthanbﬂntmet%d%utweaﬂdtbe etnrcé&eeoqh s@ﬁé@oﬁn’n kakrdirRe veﬁért the heat

fr om 0 tp 3%
BAiers bl yhekbase RS R inditio B el X8k (Fblerably
dmave lﬁilffeé@'alf@ahtﬁ@nsrfercﬁmﬁ 158 thwiffafenteugntitiestof dgat @re taken up
narr givert bigiby thietiadisideds | et @stchidngets. WehdH tHepheansdichandigs are

OJonhé‘étQ&tH &'&Lespglduﬁﬂi ok tﬁ?ﬁt’tﬂe lt'/give |§ ?pefé'gblquﬁ@atfd t)é{tﬁfeen the

er an In eac

Vggagﬁ)fch@f\gerﬁéo tQ%tttge ggqssurgrp yeshﬁ%gppsfgp @ediugyin the individual
sheiat akitangdisas difteadnt sPartisulpryeinethea lwage obbailimge dr bgndensing lig-

B BORBA Héhferin @l QUGS HE s mihilwA e QIR n
agueous T ut hen |un1?&Eor| drate sol ution

db PeariB G 285 KRF PR etarsit or pti on of ¢ he

support, subsequently drying it at from 100 to 200C

all'djrécrhd'\b@' Heat eraCihBifligtizdd Bdd, ﬂqggobélblérto QUsh, Y @&ﬁg@r Boiling

%elr %InEg ﬂg%r? Pakg?@h?r%f mgﬁtm ;%gﬁieglfgtfcp %Batetfg%‘pg aélX/e The
H?mpﬂi@“gﬁt‘)f trB’OWF@O?’BP@lteEﬁ wgwe all thepwvalenhas Peen varaiized. The

oilingngmpsradlre isidgsbndeesethegtessued) Tive Higreritide gressiig of the
t
tl?)‘ﬁin o arq@elﬁéh%@en%'it]hfﬁ ggﬁ%tgl% &?H ﬁ‘telﬁgerjaﬂjrésefn the fluid-

exc

d%ﬁdﬁ%%‘f S@timelisavhsedemperaiure g P lowuiRe tRBRerabie %H@eﬁ%d'zed
poeslf sxe aldoysuithble dordhé remeval ohbedt. Predershe isayieastp using boiling

tabr different quantities of heat are taken up 5 or

gi ven off by the individual heat exchangers V\hen the

heat exchangers are connected in series, unp o

tfrribet h@at\ﬁaﬂf\?@flfﬁe% athichagaAnbe deed bethet w@e@umngeheateae&d for

aesioaing tieat Bomtthafiuitized pee as fer examiphs tiwmial bilsadrshmtier heat

QE&?MM%J tg?ovdnrtg tdsBUkliled | f}?ﬁb gxchangers is

er ent ticularly 1n the case of boiling or
condensing lig- uids as heat transfer nedia, a
dirHefipveation iscagserilzecinandrs detailtbielosy witly refareads foshd@wing.
10 the heat exchanger as a function of the pressure.
'Il'otrem)ve heat fromthe fluidized bed, it is possible
t'8 't?s‘e Winr exanple, boiling water, since this can
take up large quantities of heat at constant

trRggprerat whewsﬁtechetﬁtrpemjrame:fca‘ fliidige VB E FeROrcontigies ac-

tM;ﬁ'Beflalt ugroe | i@%ﬁt@ %tl?r?goﬁetfﬁg%tb étgésjtuer ge?a]tér% [ﬂ'&‘llh i fhe re-

the presfH¥, of the boiling water, the higher the
boiling tenperature. At high terrperatures in the

IF}h@j 2 | Zgdwhed ’seé@rtciI eH?:b QJ? & HIGEREEBEH  Batidr REhRYred

tenperature 1 n t
P accordgng to the mventlon toget?ner with the temperature profile in the

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,

Figure 4 shows a section through an opening of the dividing plate of Figure 3.
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bed are also suitable for the renoval of heat.

Preference is given to using boiling water. 20

Furt her heat transfer nedia which can be used both for

i ntroduci ng heat and for regoving heat fromthe
fluidized bed are, for exanple, thermal oils or

further heat transfer media known to those skilled in
tfigurari shows gisehamatisrdiagrami of alpardiculaddpreferrask embiediment of a

bﬁxlidi’z@d\%éd‘reé@tbﬁé&ﬁ@ﬁrerCao%oQiirﬁ};Woﬂﬂe invbftidnhéhddsfame feinperature
Fdrgf'ﬂéﬁn?\ $ e?\{\gr a schematic diagramof a fluidized-bed

reac configured ac- 30 cording to the invention
together with the tenperature profile in the re-
axﬂoldlzedﬁbgd rreactors h @ompéiseea avitdsixt® i ge disbfbutor 4, a fluidized

Fideld 'J&Qer?b%g Fn%ﬁP%He %9 fxg a9 %@Foné‘&&ﬂ%%&%ufﬁ%r fie Thﬁ feed

inventi o
JSPRA F?F’ int tB‘a P"’éndgﬂo’é Roae é{‘"ﬁgﬁﬂ'%%\ﬁaéﬂs Qd@?(ﬁdd?eﬁ% y the
Ereme2 cire ingadedionsf gap @ntd theawadbek dtaan teaas shown here, from

Cﬁéﬁﬂi/ BBéIsQ G he §i8e SHBREMB T wiRdBdXUE GRE {Es 41BRE thr’(‘)ggh the gas

tings BROVE iR e . 7Re giloR Bt BBigat gfubuytr e fo alow
dhe@es ép Howantenmly itathedfividzedberh bt s thahopgd mvemgapfr @2p and
eBhe i achidvedfin ehe filidized Bed 5hEBe Haa disabutd i ¢gubed perforated

31:? Fbrbgaté Félg;gs alg r%‘dr%%i?}??dlg{nb[zdél,g_q‘[\),gpﬁ)er ature

reac ed reactor 1
conprises a wi ndbox 3, a gas distributor 4, a
ﬂrhmi cbrwersiorbefdthe, fead c@as&ngagmpmﬁuo:tmuﬁs mnithe eftuidiaisbed 5.

égareo Cfgcé'xghb ﬁ{ldrEJ en di16rideSS i o o%@éﬁ%r%@plfeﬁgratlon of

jﬂ eW|n troducti on gas is
9’1‘ MB&t ed here by the arrow 2. The introduction of
gas into the wi ndbox 3 can be, as shown here, from

hR!tRdY effboBIngéht fshewWh liMFigiiréla, the AmYizEE et el ROXivided ks a first

qgﬁpéllaﬂﬁg z%né %5%% I@S? Jrg)ega\tﬁller%ogﬁté) In gmé t%‘tr’lg% ehea ex-
ichapgerds insialled I’RathﬁafESttt%mPF@Wrﬁl ﬁP’FQJ@n‘f%/th?hWBe’i ﬁ)éothermlc reac-
ftlons cire edrrizeidod®, insthe tfluadizegetmd reagiond, dfie gemperatiire fokhedfirst

Jlérg?ﬁ hF¥SEnd B dEBé’ndcsl SH b H ?Qt Iﬁ)‘aeijaééd bg fe r@aion.

utor 4 can be a perforate ate or a plate
with gas distributor nozzles distri buted over it. 15
Thwing dor e mixing off the igearfudar anajarial of the fividized beldidhe trroparature
IthansHien ffﬂomhﬁ]bzt&gp%ﬂldré of tHeemst lﬁﬁ%@%t@’b%né@rtt(ﬁﬁ@m&rature
0] [ ] an aratl o
(O e M Bfen A R AR 0y o i RSE oidh &' i
fizad RY2d bed 5 is divided into a first

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.
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20 tenperature zone 6 and a second tenperature zone 8.

In this case, no heat ex- changer is installed in the
first tenperature zone 6, so that when exothermc

reac- tions are carried out_jjg. the fluidized-bed

reactor 1, the tenperature in the first tenperature
zone 6 depends on the heat |iberated by the reaction.

25 heai tigndfer medium isifag viaf atheat arsien medioat it di3 iofo thadheat

féxéhghg?eed 2b¢ﬂe htebtetrér@fm%@d.%%wsr@@w et trfah@rm fleRium dis-

VERREH 10 k8 n8a Aatac Mo Tortier el afont hbes [fpgen o
oy ¥apas masifaldi Wevig whighdee heafi teanster megium jsupagsed jqg hpaidrans-
Ser ARdIBIMSHEIEPAE and P rRIkah difdroht tiedidat emr@agerbm Jebigadety of

q'Y a‘ﬂcf S‘é‘ k@ﬁ oq Weq of%h that excﬁg er 1 %‘é %e%)et V|a he num-
betwe P M ad
t&l‘rﬁ’éha@tlﬂxéha%@h@bss q%)‘ﬁ‘@d dh‘%/mé%@o"b Ph‘thé "ieét W?fgﬁﬁd@ﬂ“

so that gas bubbles pass fromthe first tenperature

ARREN ﬁeélh@%' 98 reReRed #Sm! tﬂetﬂt]ﬁilng\ﬁe‘a' 519|am1é‘hgat' éﬁcﬁaﬁé@ 12,

tem Esrature Z0

"SHiehie Neat bt e umpUR A orlar SiariPle, SRGHve BMERGRRMZes as a
fresult ofitbe uptake of bealr beimaltofie of, iin the dasenokhigh teraperetueessin the

&Id’tﬁﬁd @é@@ adHlthelfs? The heBStratske tnédiurh i€in tARCRABE at a tempera-
ture zo e bet\/\%g t he gas

di.st a
JBEPHEh EHe 7 B Bropg iy T WBNERIATIRE | 007 cast
50 cmin a preferred enbodi nent. 40 B04/0073PC _10- A
TR fidiidiaens bed 518 dd|oiRddsbyf e disehgagéraéit Zoha s iSeparation bhigas

ia{Hoee |gi%cb Qnttﬁbrefilggrz_da\geﬁ?éﬁp%%eé 'Igtgrerr;rch fnﬁﬁer C‘entralned solid

rans er e eat trans
dhafticles fremttbe Piasiuchees: I@ééﬁasb%fhﬁ?\'@érpf%lw?émﬂ?o is-pigferably lo-
hesaed ox theaumgper regibe ©f e disengagetrent aone9oin additiéro kal tHedem-

Vb SidbhiGholviGn RRANe | NidRaHi@H at@&dt%'s@ln&@&% egitdt8r fo reaa&ated
h\&@{fr‘? éf?e F@legﬁ% g%%#é "?t thie%cﬁﬂg (9{5’0@11%&? r%cn[)ﬁaqg?s
[lsbegpaied sptsids, thetfluidicastback fangisck T @Eow B ng@pates the
vdigcHabhge ofiprodirefollofvingané selide pretisatdr wb precibitatnsl10.he

mass flow of the heat transfer nedi um When heat is
to be renoved fromthe fl%u di zed bed via th

eXWIRRIfAIde precipjatory { piee 'K @éi‘mP'Pa?}V:?fOé‘res r‘?éa"i’%fﬁ%\w@’s f or

exanpl e, boiling water which vaporizes as a result of
tigurePt alss é?fomQQRé terh m?é p%filémofhe fllfblié&eo&)a%%cfbfr 1. Here

W s it aiew@agﬁe e fidiegFbed Ragtty °4d s in-

tdw@e&\mectnmpgraﬂe'eowet broker lingsr integ araph indicate A dirs |tqre@|erature
biedkl 20, Hosddvaditbmpeiatiad 106 28 arsd acthipd nefpdaturdigevel 22. The

dﬂeﬁ%gpaq@rgﬁ '?ttle ér%f' Fer?:erﬁﬁ Fealre%l' é?)nls géw%aman ?rfedteﬁﬁehﬁwe of the

ggq%g(aq? ,té;&pgg\umlevel 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
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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particles fromthe product gas, at |east one solids
precipitator 10 is preferably |o- cated in the upper
regi on of the di sengagenment zone 9. In addition to the
em bodi nent shown in Figure;d, in which at |east one
solids precipitator 10 is located 20 within the
fluidized-bed reactor 1, the solids precipitator or

pnebé prefetred protss warianhsbowmin Figueet boheatiisiedwvetgia the heat

fé)ééhghg@d2bﬁgr m@@d h?ér; JeoolTﬁgeo@uww thd sle&SHdCté rltlif@ zone 8.
uc ol

SoRRa3a ;;5 & Poried Mfina.dt nSlidiPed BEa 878 sBeBh @y BoAH4 tom-

afPQiathQ)? alsarisp\ails dy theosroond terppgratuse ﬁP'l‘Q 8¢ Ehe teraperature 27

Fb gititriee decdndaempeorature evel enpaowevsreit iy aibo Ipesdibletdmd generally

fécWaﬂ a{;g{LJJ%# the s re(ljtilJre ge%eecregsté Vﬁ"lf:!' g'mzoflf%ﬁv EP@CIIOH in

hel the ed reacto
1the;| rﬂmo'a.o& Hi%%eqoﬁg t?’@ﬁﬁ'@ﬂ’é@ FPBe SrHBisyp (S'R"eﬁa?q H%@C‘I"ﬁ"y when
tthe rgaciph rateddesn¢asea sharphyt witke inpeeasing eonvieesial in2e wupper part

S&&s%nt‘a thé Q'Qﬁéc%t Mrtﬁe h&i Hﬁilad %éd NGna thRéifich frEMMAE ?én%eﬁature 25
| BBF 155 tereprigilEs 20T 'DHR® [RORFURIPE Thihe FEORd duBRature

tmmp@r@acursewae\scebhrmlphme@é tenperature is in turn
beI owthat of the third tenperature | evel 22. The

it 2 s foodd ahotyhdft KRS Tec bl skl iy asphemati
wlqﬂ@a@ttf@ﬁe@aﬁme@sofﬂ% the f1 ui di zed bed 5. Heat
i s Ilberatedlnthls reaction. For this reason, the

tﬁ@fﬁfn&\%&f _Bed rexeor r%'\:hn .H%.%@ bQﬂ'fe‘?g r[)n\ethé 'hﬁatodment tshown

erature zone
risdIowadsinithal & fyrther ?%ﬁé?'éﬁﬂg?é?? éi/'@ﬁtaﬁ%d '"AEPP é'FSttt?fBPefathe
tZoned. (Teaensituctien hed elod2f loasratier of theesechretlheat exchanger 28

C&i?l%tsaé“dst BITRSY GHliHé ﬁegﬁeﬂcﬁa?éa@ insiadl thdBl Mebildf is fed into

rit Shpo B Bkelehiah e 08 adiett falon g hBPag o PRt rans-
peb dreediurg Sflqwen thraygnwheath transgier eediunm alistrifuiors 3\t Raah ex-
tdrmanpeatubee3 tMegwat éXchahger tubés3T epervinto & eapdr meanifold 32 via

Qﬁﬁlyﬁ ﬁ1e' Pﬂaatt ﬂSn&SF@B&Hh\egB%E%éd&B% ﬁé%‘ﬁ'gﬁsfer %lﬂ% Sifiet Q@ and

or ough
s'ﬁB@‘teHrﬂﬂl 59"1‘ Veﬁg?%ﬁ?atteéﬁtﬂa’}?@f aBure 27 also prevails

in the second tenperature zone 8. The tenperature 27 5
| Siff@fent fé%p%‘?é‘{@% i ﬁi%&ﬁbhhb@rdu% Sond é- anHQH@H&fond'témbérature

also ossi bl e .and, gener al | eou

B S P 2Bt REAEaRS ol RNt Pe RS Rr afgasiofns neat ox
|¢hanghr§ Y22 @Bohhus, ferrrxagwie e sesgndrheatexchapger 28 cathhave fe-
| Wert gt @R6IRanger tubes 3arthiin \Wiefirst hét dxeParigeP N2l Thig leads to the

O\Ee%r LFARSr én%ﬁro‘?ltﬁ’e %’&ctoﬁﬂ nBS! S@RaAbr B HEHI R u@h%ﬂl‘;én%; than
gl eﬁﬁé '{f@%ﬁff?;ﬁ 3('% ﬁf V‘Pé\ﬁ?tth?ét SXHBRIUL 19 As2Test, lgpsiheat can be
frienslved eltbe aboorel bemexbhdnget B thanye thed st exdhanget K. This

g&’lfkdmtaeﬂaﬁé?%m\ﬁgrat&r%% i REGi tgeﬁé.g%taﬁgg 9§J1é B%f R AGdized

lgure-2 a second e
fthqﬂ%h zed-bed reactor with a schematic

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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depiction of the tenperature profile. 15 The
fluidized-bed reactor 1 shown in Figure 2 differs from

t he enmbodi nrent shown in Figure 1 in that a further

heat exchanger 28 is installgd in the first

tenperature zone 6. The construction and node of
operation of the second heat exchanger 28 corresponds

t et fivatt tempetatge lzoae 6endhiznsgmond 2emperhkig zonead afecgeparated by

P Hhiefg Bato! e cidibl plats 7 Gl o ANAB 1RE eBish pass
Tofiiah,cpeBRg® Frganieiie bBd 7 1 imd Seratf dhmbb BlLP? gt p e
Fviding plate Ztensures dialpglra smakprogertiomes theegran@acmategalof the
tflngzedPedip @Rtrainb® intth¥ ABEENdiIRY g0 This &Qontuis dompletecixingeof the
st RS or JBE WA\ pERE forll End iR sdcbi Ffforature o o
Hega fluidized iege The glividiag plate &,tRyk allewa SARRPE SeRafatignebetween
fthe $itst teeneeatataizanezzowehé secuhditémpetoe donedper at ur e

zone 8 can be achi eved by neans of different

eat-transfer areas qf the heat - change 12, .28. ,
TPl ahiiEer, fhe GUfioFiHe hasandRgiing goudty For thi
Hawpodee it igsithéremade ot harigguiatingbmatedd!l arhzas a therfials insulating
hepdr. exchanger 12. This |eads to the 30 heat-transfer
area of the second heat exchanger 28 being very nuch

smal ler than the heat-transfer area of the first heat

X lasasharp tiansities hetweenthe firstdergperatitre game Pandtiegrpeeand tem-
peratuhezerRe® adhidied extdnatng &ividifg blata 7 \bedwddnethb diadt tempera-

Thi ' I e e
feL 2R e thorchoBng feiRblrbiine Do §'RRlnaCIFRRls b s Gowor
gfranggiomfiom, e temperatirg &8 N Bist temRaralEReFOnSed fnalbgdempera-
tthee 22¢9f the sscond eemyaratutepzgiead eesulS from thieamiginglaf thee fluidized
RitasGalPafdidl b&veed W filsBRMALrA0rd 2 @ BRd HRITRE AL YsRpera-
I@Z/eei tc%3 the other is therefore quicker. B04/0073PC
POt r st tenperature zone 6 and the second
tenperature zone 8 are separated by a dividing plate
/n abaiodity ittt eybedimieats havingcteof teapemture zohes 6, 8 BRowasn Fig-
HHB?HG%dOé‘,Si? is %}Qé gHQ&b|898%h\ﬁk§ésth'eﬁgﬁd?%jodbéfd g'iﬂg.rm)r@ttﬁar? two
into the second t t . e dividin

erature zone

' | 18
HPmPerafirg 780 dn e Passnltys BOSHRIE TOLPEIRS TerfegPetaie zones
gwitmbéatrexchargersito aiferndte vBthf temiperaterd Zopds iwitheutt hiesit egchang-

I dts! R 2186 PRYEIDE 183Fovidd bacripgisatGRM IR WitHTh Helf efhanger.
nat er | rature zone

the. | | .of .th tot 6
iR ong B siar drbvern, e PRl A S ees. 1 a
THewef| tianglting betvwaea the teraeeratures ef the yiskivigual tesenesatirg zones is
beisie@ Mo diviging ipliés 7 arietabd between ehdfethgehauRenBs.
tenperature zone 8.

_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
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-
ing diameter 36 of the opening 34 on the upper side 39 of the dividing plate 7. In
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10 In a preferred enbodi nent, the dividing plate 7 has
an insulating action. For this purpose, it is either
made of an insulating nmaterial or has a thermally
insulating layer. A less shayp transition between the
first tenperature zone 7 and the second tem 15
perature zone 8 is achi eved when the dividing plate 7
e wesmof the dpenivg Idrymgahe ishare ebm ruacaiedi coneeas skawnihere,
:tﬁéﬂés_érﬁhg‘ H%fn?éi’éfa?&eéfesqm%ﬁﬁlsi -frohl’ltshbmn%efsﬁﬁes_ 4 B thk QipBér side
ion. fr enper e e r.st,:
B IbE R BHE 6T TREWAL B i GiprlieSa sifiped ot an an-
e 4 hdp theraxisr 3t fitee ppening Thesanales ¥ is preferablyHn dhengnge from 0
ttb 0P | b prefératdy mmhkaangeiremi € tobsoe vanerin ipadicliar #t the range
tf%mgg%%@ zone 6 and the second tenpera- 20 ture
zone 8. In'addition to the enbodi nents having two

tenperature zones 6, 8 shown in Fig- ures 1 and 2, it
i Ehedfirsioogerdisy dibmetep 35i iv isdiectedesd that itlisz sdalkedhdn thetroean gas

Eﬂg;bﬁleg%?%ﬂel;e\“’rgf tgé %iﬁg%l@% F\ the 'ﬂ@i%izg{i Ereg %i.zgl;\]&fsh%?ope%/{dﬁrt\ | §iame-
1853 Bateinhly 0 18 TargeAm G I Th o e Brsipeblfn 0.7 to 8
win hodtn hadiculaxioihe gangs kom|t to 5 ceil &n the thes| handothe second
RigRMindedifneter (38D eictédes HAE itVik IdeteNBah tRX GEHMOGHs bubble
%i%’{hgﬂepgf Ie tagsou%%{éstfﬁ tﬁenﬁdi&%f Eeé) gt \Aﬁee geéc!?m% opening. diameter
i ndi'vi'dual “t€fperature zones. a~’ sl ower tr_a?nsngl on
b ipesferably ip dhg eange dfoes 0 §rto 3R, Taprei Riefarablyeifiee sangedrom
zZoeeg0icen adésn padiculae indthd dingg fronatses 75 ame Ih deaemtbodiment
. e er.a: S.
JTRURIR CitEy IR g roB colghdies HoRICBEErore, e
HBIEMAGSRASES bPHRAedtY (aTPestivRR./Be ﬂﬂeefsﬂggé ofhegunderside 38 of
tthedoddirgiplaten2 and e sipemal @ d34heapernirggsad4. Tharhgdalw ispace 43
&BMnéQ?M tKIROVAY E, chS}iQeSénﬁJl‘é, |He9é1/a'blﬁlat5€%r B filledl AHR airfudder am-
T s Bl SR oo e A AN i
boatefiple khown lagivosey skilied i &e ad. Brameles b (sHitakle majerrie are
agiadshedol oAmdregalivasol.t hr ough an openi ng 34 having the
shape of a truncated cone is shown in Figure 4. The

apenj ng 34 ha first opening dianeter .35 on the

fhrcheldbyeot she Bplow fac §F & HeirchPe the HaieropeR SUBBEAgThe

chegghet t4€ris Beeferably imtHeerangd fomt hié tg 8¢ omd mype preférablygn the ran-

t eaf'e i@hd_ Q_rtg_?l@ o laﬁc?‘gl ;%?ﬁ‘dullléfgré 9{2\‘3/ r@g%% h@mtﬂé@ef 0 éhﬁ'ﬂ'\é”rgna]ftéfrial for

vi di . . - e, case o

L vl 4 B BViAG mlage il pEENEIRRY SPlostefitn AL BB mBalysta-

Melawarid the feed gasesant prgddct gases rThenbickness of thei walk 44 i pref-

ferably tih enell g e Fione 134 %thﬁ%dté@ﬁéfe%b@eiﬂ tR raxiget h@gf to 30
[ e [ of the openin

ﬁjg}ﬁl én“éﬂ? glaﬂg?r é&h%n%gglf&%h% %oﬁﬁ% axi s 37pof t %e

openi ng. The angle 41 is preferably in the range from

CAgart feorf @il variaines avérfgearainkylating laer, aasbevd mofigdi@ 4, thedBivid-

aRG pldte PaahididY ¢ maBe AGreiPB1%h insulating material. Suitable materials

are, for example, glass or ceramic.

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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from20 to 40. The first opening dianmeter 35 is
selected so that it is smaller than the nean gas
bubbl e di anmeter of the gas bubbles in the fluidized
bed 5. The first opening diajpe- 10 ter 35 is
preferably in the range from0.5 to 10 cm nore
preferably fromO0.7 to 8 cmand in particular in the

risstiof feference pum@ralsy On t he ot her hand, the second

opening dianmeter 36 is selected so that it is greater
than the nean gas bubble dianmeter of the . L es
iﬂ the fluidized bed 5. The second openi ngﬂ@?légéggg?eactor
¥ is preferably in the range from 0.5 to 3otredyctinpokfeed
eferably in the range from15 2 to 20 cm and i n Windbox
particular in the range from5 to 15 cm In th it
eﬁbodi ment shown in Figure 4, the dividing pl gta(se-dlftrfbgtor
configured as a holl ow body. Here, the interiofuigiggdded
i& bounded by respectively the upper si de&iddtenipdeeature zone
updersi de 38 of the dividing plate 7 and the Spdging plate

Il 40 of the openings 34. The hol | ow_space, 43
fOrmed in this way can, for exanple, bgeggﬁ@g{p&atw‘ezone
e filled with air under am 20 bi ent presdisengagement zone
_hﬂj | ow space 43 can conprise any furthe_r thesc_b’lﬁlls|p)/ecipitator
|ﬂsul ating materials known to those skill edPr'oHuét'&fscharge
art. Exanples of suitable materials are gl ass wool or
mMeral wool. The height of the hollow space higafexchanger
denoted by the reference numeral 42. THeat temstegingdtiund ihlet
i$ preferably in the range fromO0.1 to 20 cm ;
pf4eferably in the ran- ge from1l to 15 cm and | o?mamfold
pEtticular in the range from3 to 10 ERft teNstermediymputlet
ft& the wall 44 of the dividing pHeatrahsfes nprdidne disbribytor
sgrected so that it is chemcally sta- bl gehiRhshddrubes
f]eqed gases and product gases. The thickness of the Height
wall 44 is pref- erably in the range from1 to 50 nm 9
nfte preferably in the range from2 to 30 30 mteBRaErature
120 particular in the range from5 to 20 nfirst &gpapdratirelevel
t variants having an insul ating | ayerge.88g atulfh level
Figure 4, the divid- ing plate 7 can alsqQ ! e

irely of an insulating material. Sui tjmriter‘r‘&‘ieé?tf"éﬂ lgvel
&%, for exanple, glass or ceramc. 35 Al pl Wasw-up phase
kswown to those skilled in tiagmRkturehh e Wbl BMpBRRREE8Nne 5
8,?(6 gas and granu- lar solids are suitable as divi lin

Ates 7. Thus, in addition to the perforated pPENGRAse
shown in Figures 3 and 4Temperakuse indhe speanddempeiatere gpne 7

metes are, for exanple, screen plates.SdmiPREaBEchanger
éél List of reference nunerals 1 Fl Uiﬂieétecpérﬁf‘e‘ijmedium inlet

react or . L

30 Heat transfer medium distributor
31 Heat exchanger tubes
32 Vapor manifold
33 Heat transfer medium outlet
34 Openings
35 First opening diameter
36 Second opening diameter
37 Axis of opening
38 Underside
38 Upper side
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2 Introduction of feed 5 3 Wndbox 4 Gas distributor

5 Fluidized bed 6 First tenperature zone 7 Dividing
plate 10 8 Second tenperature zone 9 D sengagenent

zone 10 Solids precipitatory511 Product discharge 12
Heat exchanger 15 13 Heat transfer nediuminlet 14
Vapor manifold 15 Heat transfer nediumoutlet 16

Hfat transfer nmediumdistributor 17 kde waelkohthageening 34
t4ggpes 20 18 Height 19 Tenperature 20 First Opening angle
t erature level 21 Second tenperature l.eve 23
'I%Td tenperature | evel 25 24 V\armzlae'gﬁtaoéihe %IOWSpace 43
Thmperature in the first tenperature zone 5 2@Hollow space
Gppl i ng phase 27 Tenperature in the second Wall
tenperature zone 7 28 Second heat exchanger 30 29

Heat transfer nmediuminlet 30 Heat transfer nedium

di stributor 31 Heat exchanger tubes 32 Vapor

mani fold 33 Heat transfer nmediumoutlet 35 34

Openings 35 First opening dianmeter 36 Second opening
di aneter 37 Axis of opening
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38 Underside 40 38 Upper side BO04/0073PC -15- 40 Side
wal | of the opening 34 41 Opening angle 42 Height of
the holl ow space 43 43 Hol |l ow space 5 44 Wl |

process for carrying out exotherm c chem cal
equilibriumreactions in a fluidized-bed reactor,
wherein there is a tenperatuil@ distribution along the
Swklcidi rection in the fluidized bed of the
fluidized-bed reactor and the tem perature difference

bet ween the | owest tenperature and the hi ghest tem

pbr at uhk @recesafor earringlout lexothermigechgminab equilirivtt deasgonsin a
cl aijmbfluidi!&ﬁbéﬂ Féabfb]?, WIRKTRIAtAéMAliE atkinPbratur8 @istiddition aldg the
|1 ze . > . r

e AR AN AP g SRRETLACG: ang e tom
t he f|RAr@udiffpeance betwags the dewast tepeyalira gnd dhehighest tem-
cl ai m deratureis aMeasei MKt he tenperature wthin the

fluidi zed bed decreases from an absol ute tenperature

maxi my 15 in the fluidized bed algng the flow, . .
i ect TRHPPEES RSOSSN 1 Nberqim g tomaerau Witk the fuic-
t he gaigedibed dedradasms.frof af hbsqlute dersperatuc® maiximun aloaghe flow
of cl aifgztidn i?thé suMb &itke filgized Bé@nce be- tween the
absol ute tenperature maxi num and the gas distri butor

is 20 smaller than the di stance between the absol ute

t dnper Bheupeocrax iageerdinado gither slaimater @& wheeein |the derpeerature
bed. Swithil ehePlidiBsBber et des filotn amybsiute téhparatlrd Matimum

wh I t f ) ' .
rher 21 hE Bl BARSB O, e 1o S8R5 B S3RES b ilnes
per at U Itgrthe gas distribHiers | ui di zed bed. 6. The

process according to any of clains 1 to 5, wherein the

temperphdibRcesd SLLIrdHE tOBnY f RAALIGGE DwHAPGH thd ARRIRE be-

Lg dat tlw%%ﬁtth%ngbsho‘ﬁﬂ(ta t%)r(n%rézr’larfgr%r ma\%n%uhrﬁ nar¥<ﬁ‘l=’hef lg%'sdaiét?igutor is
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-
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.

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
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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30 7. The process according to any of clains 1 to 6,
wherein the chemcal reac- tion is the preparation of

chl orine from hydrogen chl ori de and oxygen. 8. The
process according to any of_glains 1 to 7, wherein the
fluidized bed 35 conprises a catalyst which conprises

a netal conponent on an oxidic support. 9. The

ptQo c &% dluigizedrtgidnigacior doracamgng whbthe pracees @gcerdingt to any of
CONMPrdiSMS 1o 98 fluitiized KNP i whih/edBtioh §ases 7are 384 via a

A fluidi - hed cto [ Carryi .
accorti g 45 SHel il of Baq s el Bx oty 12 26 1 RGared in
(5) ithe duigiredbedeldt tq spnteph dhss temreratate dipkibytionywighin the fluid-
di st rizddbert (5§.4) , wherein at | east one heat exchanger
(12, 28) is located in the fluidized bed (5) to
control the temperature distributign within the fl uid-
5% zed selpiqizgd-bad reagtos acordio e La@qY: gJp the distance be-
accor divegn ttiee ghaidistdliytonide ramidnthe reeadess theat exdrangeméie) is at
the ggg,4ispidyi butor (4) and the nearest heat exchanger

is at l|east 50 cm B04/0073PC
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