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"Description The invention relates to a process for preparing formal dehyde by
gas- phase oxidation of methanol vapor by nmeans of gas stream conpri sing
.nmol ecul ar 10 oxygen in the presence of a fixed-bed catalyst conprising iron
and mol ybdenum ~The industrial processes for preparingPFOPReIad from
nmet hanol are based on two different pﬂ)tess principles, firstly

dehydr ogenatASnORIGINALLWY dellaEDn of net hanol over silver or copper
catal ysts, also known as the silver contact process, 15 and secondly

oxi dation of nmethanol in the presence of iron-containing nolybdenum oxide
catal ysts, known as, in particular, the Fornox process. In the follow ng,

the term For r i 11, be d.for processes for preparing

for mal dehydg;géesgsﬁgiﬁ%a\ﬁ"@fmﬁ@?@ﬁwei n the presence of iron-containing 20

mol ybdenfim oxi de catal ysts. Since 1921, nmany such processes have been

devel oped. %%?liijﬁiow equently made of catalysts which have an atomc ratio
um

of nol ybden I'ron of from1l.0 to 5.0 and may further conprise small
amounts of additional oxides such as V205, CuQ, 25 Cr203, CoO and P205.

DE-A 1 144 D : Wi

conpri ses fq? gm@%’ﬁ{"g‘ rgeiatgé gé/ ﬁ@%%@g?ﬁ%#gﬁﬁﬁ@ﬁ%@w eaé‘?]?ﬂ%‘%;m 18 to
19% by wei gie¥idatien jof oRethang! wanagedlampans el sparsdi@atm gempasingfmelegulgont r ol | ed
pr ocess 1goNdixihdiA théPre3bndd & fiebipad 2hflyst cohBidinY két S5h ﬁ\b@ﬁh&dﬁ%t ure of
aqueous solutions of a nolybdate and an’iron salt, the precCipitate is
washed with water to renove the soluble salts wuntil the chlorine content of

the filter cmeandististpeocebsss Or preparing fovhhREhy® #B6Hh Mé&tRathl afd basdy&denum

Thi ipitate is filt d af nd. dr, i t _wat tent of f 40 t
Sove The s § i@ iofteighs isecesh RonclRss Y GetoragepRunEy opoeBistedarelien b & 25
(rjrephgni calj ]Emaa'aTmDVe@iderthmgpamawwsm dlsdﬂop.elds&hgisﬂﬂe{frﬁoﬂ'tbetl protdssf s a[e
rie i na i 0 sive e reat ment ,

G thet ndsC, el ot ; SR ot RRN0B] B P ThEREANS Sr SolRonta B Cvar

peri od of nanolyRIeDOOODEE2ERAIPEE, known as, in particular, the Formox process.

In the following, the term Formox process will be used for processes for preparing
formaldehyde by oxidation of methanol in the presence of iron-containing
20 molybdenum oxide catalysts.

Since 1921, many such processes have been developed. Use is frequently made

of catalysts which have an atomic ratio of molybdenum to iron of from 1.0 to 5.0

and may further comprise smail amounts of additional oxides such as V.05, CuO,
25  Cr,03 CoO and P,0s.

DE-A 1 144 252 describes, for example, an unsupported catalyst which comprises
from 78 to 81% by weight of molybdenum(VI) oxide and from 18 to 19% by weight
of iron(lll) oxide and is prepared under carefully controlled process conditions: an
30  iron molybdate is precipitated from a mixture of aqueous solutions of a molybdate
and an iron salt, the precipitate is washed with water to remove the soluble salts
until the chiorine content of the filter cake is less than 0.13 g of chlorine per 100 g
of molybdenum. This precipitate is filtered off and dried to a water content of from
40 to 50%. The filter cake obtained in this way is broken up, subjected to a
35 mechanical treatment and then converted into pellet form. The pellets are dried
and finally activated by means of a progressive thermal treatment, with the
temperature firstly being increased from 100°C to 400-450°C over a period of not



-2- less than 4 hours and this final tenperature being nmaintained for at

‘| east, another 4 hours. This is said to achieve, in particular, an inproved
mechani cal strength, nanely a nean fracture load of 7.4 kg per cylindrical
.pellet having a dianmeter and a height of 3.5 mmin each case. In the

publ i shed specification mentioned, it is 5 said that PRO00APEAAIS{Schs
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and is, depending 30 on the nechanical stress, up to two years. The
duration of An imwmroved cstalygl derdhe dormex pmmbnmlgeemﬂqmbpné@udhag-&ver&eress, up
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react or has genera econe so great hat an econ t can no
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| onger be adiarticuiag m‘F‘B‘Pd 9h$f@wmproﬂw@ncéww%ﬂhe contents of iron and of
molybdenum (18-19% of Fe,0O; and 81-82% of MoQs) are in the known ranges,

20 the FOX-HIAG catalyst is not a mixture of the oxides but a definite compound
having the hypothetical empirical formula Fe.Mo3;0+5, which is thus different from
ferric molybdate Fe,(MoQ,)s. To prepare this defined compound, it is necessary to
adhere to precisely defined reaction conditions which require very careful
production control. The FOX-HIAG® catalyst has an average fracture load of

25 about 45kg/em?. The optimum working temperature is about 350°C, with
temperature peaks above 400°C having to be avoided by means of appropriate
removal of heat.

Nevertheless, the life of the FOX-HIAG® catalyst, too, is limited and is, depending

30 on the mechanical stress, up to two years. The duration of a period of operation is,
depending on the mechanical stress, up to one year. After this time of operation,
the pressure increase in the reactor has generally become so great that an
economical throughput can no longer be achieved. For this reason, fine catalyst
particies are separated off through a screen having a mesh opening of 3 mm and

35 the remaining larger particles are, after being supplemented by the missing
amount of about 20%, recycled for a further charge (cf. “Das HIAG/Lurgi-
Formaldehydverfahren” in CAV 1973, June).
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sufficigdtly and | ocal tenperature increases known as hot spots which | ead
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20 Mmm in parti rom e total nunber of tubes to
be accommopdated in a reactor is limted by manufacturing considerations, in
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lead to damage to the catalyst, in particular to ageing, to a reduction in the

20  mechanical stability and to a reduction in the catalyst activity and selectivity, occur
in the tubes. The tubes therefore have to have a small diameter, in general in the
range from 10 to 40 mm, preferably from 10 to 20 mm, in particular from 13 to
17 mm. Since the total number of tubes to be accommodated in a reactor is
limited by manufacturing considerations, in particular welding considerations and

25  stability reasons, the capacity of shell-and-tube reactors is generally limited to a
maximum of from 40 000 to 50 000 tubes. The reactor experiences a further
limitation as a result of the catalyst having to be partially poisoned or diluted with
inert material to prevent hot spots. As a result, the space-time yield of the reaction
is “artificially” reduced.

30 Shell-and-tube reactors have the further disadvantage that an isothermal
temperature profile over the reactor cross section is possible to only a limited
extent, i.e. temperature differences over the reactor cross section cannot be
completely evened out. However, it is known that radial temperature differences in
the heat transfer medium or coolant stream lead to an increase in the temperature

35 of hot spots. Thus, for example, it has been found that a radial temperature
difference of 1°C in the coolant leads to an increase in the hot spot temperature of
from 4 to 8°C, depending on the activity of the catalyst.
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nmol ybdenum Such processes I1'n general are referred to as Fornobx processes
in the prescdfts SHBRM COMEisiosRelesulaoXygen At RasEe?: al | known fi xed- bed
catal ysts corrprl sing iron and 25 nolybdenum in particular for the

fi xed-bed c sts de r| ed at the ou
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conditions for carrying out the gas-phase oxidation of methanol vapor by means of
20 gas stream comprising molecular oxygen for preparing formaldehyde in the

presence of a fixed-bed catalyst comprising iron and molybdenum. Such

processes in general are referred to as Formox processes in the present text.

The process is suitable for all known fixed-bed catalysts comprising iron and
25 molybdenum, in particular for the fixed-bed catalysts described at the outset,
especially for fixed-bed catalysts having an atomic ratio of molybdenum to iron of
from 1 to 5. The catalysts can be used as all-active catalysts or as supported
catalysts. They are not restricted in terms of their geometry and can, in particular,
be in the form of spheres, extrudates or rings.
30
Heat-exchange plates are plate-shaped heat exchangers, i.e. predominantly flat
structures which have an interior space which is provided with inlet and outlet
lines and has a small thickness relfative to its area.

35 They are generally produced from metal sheets, frequently from steel sheets, in
particular stainless steel sheets. However, depending on the application, in
particular the properties of the reaction medium and of the heat transfer medium,



_especially for fixed-bed catalysts having an atom c ratio of nolybdenumto
iron.,of from1l1l to 5. The catalysts can be used as all-active catalysts or
as supported catalysts. They are not restricted in ternms of their geonetry

.and can, in particular, be in the formof spheres, extr es or. rings. 30
Heat - exchange pl ates are pl at e- shaped at exchangers?i:iosgs e-ﬁz«!a‘{ﬁﬁ"nantly

flat structures which have an interior’space which is provided with inlet
and out | et itlisnEssibied td ase sspeoial, | int partiéulas Torresien-rasisthgt bitsalas ematedb They

are gener al f I t r Ly frop eel ets, in
particular s é&%‘l?sg;@%g{’ Igéﬁﬂas @g ng& ?e\%e@gp{e @%ggﬁté‘f"f% nﬁ)erf{% %Fee §%r|'cﬁ§$| ation, in
particul ar ldeatedraipwpositssends oftibe heatexabange dlates. dhd heht transféremedivmansf er

di PE RPN ; ' Lol i i oul ar .
Corr 031 op. r SSPELAnEnF Rotcp of cloe GipRABITAI e, HERE 765 5% by, WBichfeg | o1 &

facilities fAiphepyeethenand fms 28 tondlffoabia meight i riphepyl)] whighealsatPadhposi t e

ends of the ghgiraX@mhansifing! ﬁ&)@éss; the Uzeadt bthanorgnidRehiffanstse thedia
frequently ter %Wel se Di

) ¥I %g}% éﬂm,xt_uhe of from70 to 75% by weight of 5
Bi phenyl et H8YINGAJOW ¥BRATRTeqsyresBRg sXenienig Heuids IsR'smrespibie- whi ch al so partly
evaporate in a boiling process; the use of other organic heat transfer nedia
havi ng a | ow, vapor .pressur.e and even jonic . ligyids.is.a Lbl.e. The use
of 1o ¢ 11 QP aegl Wi pelice, A€ nest feharel Indoin i Hbstiibnd i DBeA RB3 38 HE: ars. 10
Pr ef er _erhﬁe iF!sef_g'ranee is cgi\:remintociolnioqliqm comta'm_ingi agstdtgw,llﬂnasmm@hbmpteabe, _ bor at e
or silicate  gpl@nynGar F’hﬁiﬁ{ngﬁ%)ﬁsgﬁffiéﬂic 'I@deg Arkqﬁbgsor%%ewﬁikﬁoco%&ﬁﬁ gihi ch
contain a nonoval'ent” metal "cation, Tn particular an alkall metal cation,
and al so a fgnonalent getal eation, rin particutan | aar alsali metal cation, Landcalse @nturtheni ¢
|1 qui ds_conlcafieh, Mpaicuil 4RfAleAm datibh bRk YEliS oBRERMACH HRGRlLAD_ has
cation are al so advantageous. 15 Pl ate-shape eat exchangers are referred
t o synonynoTiginig eriiospheniiyn gationphas eion Ate alpe adyadagaoddinsf er pl ates and
heat exqlanger plates. The term heat-exchange plates is used, in particular,

for heat trgﬂsfesb E(I?%l}'es 2‘-‘8‘ whose i ndj vi gual, usuall-{si/ twg., nmet al sheets are
j oi ned by pdiMe-SHA el PXDANGRIS (A G PIGITRE IO MY ROMMOUSHB% SRRTSXCHRER i cal | y
mol ded underpldigslaatibise hpakteigfer platesodmichant exchanger plates.

The term heat-exchange plates is used, in particular, for heat transfer plates

20  whose individual, usually two, metal sheets are joined by point and/or rolled seam
weldings and are frequently plastically molded under hydraulic pressure to obtain
a cushion shape.

The term heat-exchange plates will in the present text be used in accordance with
25 the above definition.

In a preferred embodiment, the heat-exchange plates are arranged parallel to one
another in the reactor.

30 In the case of cylindrical reactors, a radial arrangement of the heat-exchange
plates to leave a central space and a peripheral channel to the reactor walls free
is also advantageous.

The central space, which is appropriately connected to inlet and outlet facilities for
35 the reaction medium to or from the immediate spaces between the heat-exchange
plates, can in principle have any geometric shape, for example the shape of a
polygon, in particular the shape of a triangle, of a square, of a preferably reguiar
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spaces between the heat-exchange plates from the central space. This
embodiment is particularly useful since a reaction is being carried out using a
fixed-bed catalyst which is accommodated in the intermediate spaces between the
heat-exchange plates and whose discharge with the reaction medium is to be
prevented by appropriate choice of the openings in the retention device.

The radial trangport of the reaction medium can occur centrifugally and/or
centripetally, with centrifugal transport of the reaction medium being particularly
advantageous when the radial flow is in a single direction.

The radial flow of the reaction medium between the radially arranged heat-
exchange plates has the advantage of a iow pressure drop. Since the oxidation of
methanol occurs with an increase in volume, the pressure conditions prevailing in
the case of centrifugal transport are particularly advantageous because the
distances between the heat-exchange plates increase toward the outside.

When the reaction medium flows radially through the spaces between the radially
arranged heat-exchange plates, the heat transfer area available changes
continuously. Thus, when the reaction medium is transported centrifugally, the
transfer area decreases continuously going from the center to the outside. As a
result, optimization of heat transfer is achieved in the present reaction with
decreasing evolution of heat as the reaction progresses.

in the
har ge
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preferably ioflthetreaetbr ratliust i ng of the heat-exchange plates to the interior
wall of the reactor is thus not necessary. On the contrary, plates of a
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to opti m ze Kmeah as mixing elements in static mixers and are described, for example, in DE-
A 19623051, In the present case, they serve, in particular, to optimize heat
transfer. To match the required heat profile, it is possible to provide a higher plate
20 density in the outer reactor region compared to the inner reactor region, in
particular additional plates in the outer reactor region having a smaller radial
extension compared to the other heat-exchange plates, preferably a radial
extension in the range from 0.1 to 0.7, particularly preferably from 0.2 to 0.5, of
the radial extension of the other heat-exchange plates. The additional plates can
25 each have the same dimensions, but it is also possible to use two or more
construction types of additional plates, with the construction types differing from
one another in their radial extension and/or their length.

The additional heat-exchange plates are preferably arranged symmetrically
30 between the other heat-exchange plates. They allow improved matching to the
temperature profile of the gas-phase oxidation.

A preferred embodiment provides a reactor made up of two or more, in particular
detachable, reactor sections. In particular, each reactor section is equipped with a

35 separate heat transfer medium circuit.

The individual reactor sections can be assembled by means of flanges according



transfer. To match the required heat profile, it is possible to provide a
hi gher plate 20 density in the outer reactor region conpared to the inner
reactor region, in particular additional plates in the outer reactor region

-having a smaller radial extension conpared to the other z nge

pl ates, preferably a radial extensi on_'bg t he range fpgrﬂogsqé?gég] ;
particularly preferably fromO0.2 to 0.5, of +the radial extension of the

ot her heat - dx cdwwirgmepisalbs flowlob thedeactioormagdiph detweardwo2Bicesssivelraaaiot he sane
di mensi ons, lotic | ' . . . ' types
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heat - exchanggnpeaicRievad By BREUsHgH dbRbprRdRGmBar BRIl didhplates30 bet ween t he
ot her heat-exchange plates. They allow i nproved matching to the tenperature

profile 8f the gas-phase oxidation. A preferred enbodi nent provides a

react or maflet igposkiblevid Povit® irtermdiigd@ irftioduttivh pokits dGMiAB| reactibRaédimsect i ons.
In particul ar

ach reactor.section is equipped with a 35 separate heat
{Fanat or medh BRTERL TR I RiistefancORdel; ST EAEBEMoté 68 redttor BB Funer ed by
means of f| dhigewmyatheoredciingn &inddiogs o 20 tedoperattire pafilkcecpn be optirhizged Fhe 1 ow
of the reaCtJn%vHﬁtgb%msbrﬁér“We?.n two successive reactor sections is

e

preferably achiev y means of suitable deflection plates which have a
defl ectil®n and/ or separation function. Miltiple deflection of the reaction

medi um - can IPiié g@&ﬂbl@%ﬁﬁr&%e‘%‘%ﬁfoﬁa\ﬂﬁ? gmﬂﬂwﬁ bﬁFeﬁctBPEé&BnQ@vitﬁ’%fsﬁﬁ% I on

plates. 5 It possi ble to provide l'ate 1 ntroduction pol for the
reacti on medieghtransier paediumy cisguity | Howayer,pB¥e sriemare egaaatE hegh trgpgilebr nore

?f the {eaCtrﬁédit?rﬁlCdiﬂcQﬁthrdnigh t?_eir{@awquhahae da&ﬁ@bar?als@qmbﬂeif@réa. w%é lhte _
enperature profile can opt i ed. in “an advant ageous manner. is
bosbt bi et o B UPHEVES Mualchiny o dukrgt bpt fivate OUFIeAS @B NS COPTERS i th a
si ngl e 1Beatreactivngiregresezdicambeidchlgvéd. However, two or nore separate heat
transfer nmediumcircuits through the heat-exchange plates can al so be

preferred. In this way, inproved matching to different heat transfer
r equi r enent sThesprohesscisepreferdbly carried out in a reactor which is equipped with one or

more cuboidal heat-exchange plate modules which are each made up of two or
more rectangular heat-exchange plates which are arranged parallel to one
20  another so as to leave a gap between them.

Reactors containing heat-exchange plate modules are known, for example, from
DE-A 103 33 866, whose disclosure is hereby fully incorporated by reference into
the present patent application.

25
The heat-exchange plate modules are each made up of two or more rectangular
heat-exchange plates which are arranged parallel to one another so as to leave a
gap between them.

30 The heat-exchange plates are manufactured from corrosion-resistant materials,
preferably stainless steel, for example steels having the material numbers 1.4541

or 1.4404, 1.4571 or 1.4406, 1.4539 and 1.4547 or other alloy steels.

The material thickness of the metal sheets used for this purpose can be from 1 to
35 4 mm, from 1.5 to 3 mm, from 2 t0 2.5 mm or up to 2.5 mm.

In general, two rectangular metal sheets are joined along their long sides and



15 reaction progresses can be achieved. The process is preferably carried
out i.n a reactor which is equipped with one or nore cuboi dal heat-exchange
pl at e nodul es whi ch are each nade up of two or nore rectangul ar

-heat - exchange plates which are arranged parallel to o so as to
| eave a gap between them Reactors cont%u ni ng heat - ex@ﬁgﬂé‘go%rﬁ%cﬁ?odul es
are known, for exanple, from DE-A 103 33 866, whose disclosure is hereby

fully incor padstoddmia heaf-exchange platep with iae'oﬂﬂcbmm oplatezaltwellipg sbattaran. 25 The
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corrosi on- r gk i3 prefBRbR dephittod OF si‘&nﬁmé/|a§éralrahéa%a$ﬁ 6f31|he |6rsy.tu&m§m| e
steels h V|ng the material nunbers 1.4541 1 04 . 4406,

1. 4539 ahd £d9%59 that Be mopriy cpgled sqré@r:eo'eermarwaéleﬁgaan w@még@w&f ist he net al

sheet s usedub@llytafioSpresan? A8 a wary sikalf jedmetrid @imedbiod. m from 1.5 to 3 mMm
from2 to 2.5 mmor up to 2.5 nm In general, two rectangular nmetal sheets

are joined along their |ong sides and PF 0000055212/ Sch -9- ends to forma
heat - exchanJeephettleshestd aregjoineti Ite dne emotier byahedrsl ofvedinti wegldss bistribateda

nb he h
Co et o1 o kot e R oa R hel oE SR B B4R 0 1
heat - ex dﬁangervep land eyen sirpuiafreltethseamscp alsat pmgsiblel The volumerthtadugh mdnictr al
rolled seamypl hLheyd 'ﬁm&&hﬁaﬁové ?&93&6%9{ Pﬁfdefjhﬁtopé’gidré{nt;?%?'ssﬁ'arafe uncool ed

marginal region in usua SO0 present” has very smal |

georetric difp@eRs Wf“eﬁfﬂfeOfrﬁﬂd!i'P"%'H@ﬂﬁdsS% joined to one another by neans of

poi nt welds distributed over the rectangular area. At |east partial

connection 3¥'S ‘@gns of straight or 10 curved and even circular rolled seans
I

is al so pos thiofdhg heaheXahapgr glatemisrstricted assantially by SpaRUIARIINgm 1| ows
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additional roll.e eaj - exchange s is restricte

essential | y Imgttﬁ.&f]ﬁ'pal& %P?‘ nge aﬂes depends on e reagﬂon n Bal%cﬁar on the
temperature profile of the reaction, and can be from 300 to 3000 mm, or else from

500 to 1500 mm.

20 Two or more heat-exchange plates are arranged parallel to one another with a
space between them to form a heat-exchange sheet module. This results in shaft-
like gaps which, at the narrowest points between the plates, have, for example, a
width of from 8 to 50 mm, preferably from 10 to 30 mm, more preferably from 13 to
20 mm, in particular 14 mm, between immediately adjacent plates.

25
Additional spacers can be installed between the individual heat-exchange plates
of a heat-exchange plate module, e.g. in the case of large-area plates, to prevent
deformation which could alter the spacing or position of the plates. To install these
spacers, regions of the plates can be separated off from the flow-through region

30 for the heat transfer medium by means of, for example, circular rolled seams so
that, for example, holes for fastening screws of the spacers can be introduced into
the plates.

The gaps filled with catalyst particles in a heat-exchange plate module can be
35 sealed from one ancther, e.g. can be welded shut, or can have a process-side
connection to one another.



15 consi derations and can be from 100 to 2500 mm or from500 to 1500 nm
The I ength of the heat-exchange pl ates depends on the reaction, in

parti-cul ar on the tenperature profile of the reaction, and can be from 300
to 3000 nm or else from 500 to 1500 mm 20 Two or nore heat-exchange

pl ates are arranged parallel to one another with a hemto
forma heat-exchange sheet nmodule. Thiggresults in sha?ﬁﬁopsi%gkp whi ch,

at the narrowest points between the pI ates, have, for exanple, a wdth of
from8 to 5dommet ttgﬁ@%ruedtﬂpgcmgmat.s@embllrtg)tmnndmdu@l heateyehabbg platestol3 to 20

mm in part kG 8mddhidhe Eaté@ea@ fixBHE4 pBLifbY s8 3k 36 §Rth® itfiRe betwddl t1 onal
spacers can be install ed between the individual heat-exchange plates of a

heat - exchand®Wl ate nodule, e.g. in the case of large-area plates, to
prevent defor rration vvhi ch could alter t he spaci ng or position of the

pl at es. stall cer ons of the at es an be separ at ed

of f frorrgth hPIth Eiél?f?g@:%rﬂ ange Plales can, ‘?WBB? ﬁﬂ?tﬁg neans
of , for exaropbe,offsetrcul ar rolled seam; so that, for exarrpl e, holes for
fastening screws of the spacers can be introduced into the plates. The gaps

filled wth catalyst particles in a heat-exchange plate nodule can be 35
seal ed fromlogenembfirenanubagiuringsieasenswehde twe bumore culiidal heateexshpngscess- si de

connect on @ odihsd B oy B9 ARG IR &4 ave o s RimblRioriefng Spaci ng

on assenbl i vi dua eat at es to forma nodule, the
pl ates aPe fqaﬁ%doﬁ assameblies opf 38 a5 Hohﬁﬁke angp Rldacoddiegedncan tkém 5 The

poi nt of welggasth @mﬁﬁwhswmemswme%m@arwmsw% anot her
or be offset. %g{g éal 1!01 eélga]ctu reasoeé or nore

cuboi dal hedh@ a""ﬂﬂg grenbedge-'snging obAifeteRk Qeﬂﬁ@gth\xﬁitqu each have the
same di mensions. In the 10 case of assenblies of 10 or 14 heat-exchange

pl at e nodul

overal | app?rstt %ncggggﬁgaégggﬁaﬁ?ﬁtﬂ%g ?e%t% Of t h égerﬁg Erﬂg %SOT eﬁtgtahs
or diff dSenteaetddwvingrthé samatdimensions. The visible prOject|on of a module in the flow
direction can be square, but can also be rectangular with a side ratio of 1.1 or 1.2.
Combinations of 7, 10 or 14 modules having rectangular module projections so
that the diameter of the outer cylindrical shell is minimized are advantageous.
Particularly advantageous geometric arrangements can be achieved when, as

20 indicated above, a number of 4, 7 or 14 heat-exchange plate modules is chosen.

The heat-exchange plate modules should advantageously be individually
replaceable, for example in the case of leaks, deformations of the heat-exchange
plates or in the case of problems relating to the catalyst.

25
The heat-exchange plate modules are advantageously each located in a
rectangular stabilizing box.

Each heat-exchange plate module is advantageously held in position by means of
30  a suitable hoider, for example by means of the rectangular stabilizing boxes, with
a continuous lateral wall or, for example, by means of an angle construction.

In one embodiment, the rectangular stabilizing boxes of adjacent heat-exchange
plate modules are sealed from one anocther. In this way, the reaction mixture

35 cannot flow between the individual heat-exchange plate modules so as to bypass
them.



Preference is given to assenblies of 4, 7, 10 or 14 heat-exchange plate
nodul.es 15 each having the sane dinensions. The visible projection of a
nmodule in the flow direction can be square, but can also be rectangular with

.a side ratio of 1.1 or 1.2. Conbinations of 7, 10 or Vi ng
rectangul ar nodul e projections so that, the di arreter Bi‘i %[?ﬁéﬁ?'
cylindrical shell is mnimzed are advadt ageous. Parti cuI arly advant ageous
geonetric afhanigstatation ofaoutiida ceat-erchane nplates mddules dincatpredabioastly a nunber
of 4, 7 or NIR, I S e change plate
rmdul es shoéﬁ'ﬁ‘lag vlar(ra‘\e gtlagous 5 r%fgﬁy&ngﬁéﬂgg fr+ SBQ(?eep }:heeag?ib %%orée@rrpl ein

t he case of cylingkeal walk 6|!1r1'a@l1t @ﬁs cah adwantagenuslyxichtadgioto thisasnace detwaent he case

of _pr obl et yohrieRehdigeldle idadle d RS gﬁpar.éw%g%rmqegagp' ate modul es are

advant ageousl y eac I'n a rectangular sta I Zi ng Each
heat - excﬁange pl ate nodul e i s advantageously held in position by neans of
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boxes, with a con;hrllléa us |lateral wall f or _exanmp ic%/qsmaan an angl e
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adj acent heapartiekiah fstthguldlr 3fces ¥Bctidhes are seal ed fromone another. In this
way, the reaction m xture 35 cannot flow between the individual
heat - exchange plate nodul es so as to bypass them PF 0000055212] Sch -11-
The i nstl@l | dt iscalsepossitleifdathehist-casitdrgegeatel mbdulem ot &s have a qubeatiahi nant | y

cyl i ndr i cal LEAEOR b BEYAHE B b Glanel AiiBeld 38 BARRET B! Balgs, next T

the cylindrica ageou nto hi s
space bet weatlindrinal teagtor @aommgetmalm @llnmme@mwlattm@rrayge;mmt. ofalounal | of

the reactor grlgﬁl.ﬁamsadagatg@@aa@écggme Rbali6s B Chaii) bR | @@l | ed not
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only in cyl ﬂ1 react or ut "advant ageously also i n reactors haV| ng
pol ygonal ~crBeNsiN&: i ons, in particul ar rectangular cross sections. 10 It
is al sojgossible for the heat-exchange plate nodul es not to have a cuboi dal

shape, but t9Q be in the formof quarter c nders, so that th terior
spa(F:)e of a T?-ue ercf-]bed catalyst is pre erab‘y Ensta}{led in the' gaps between t e eat-

exchange plates in zones having differing catalytic activities in particular by
providing, in the flow direction of the reaction gas mixture, firstly an inert bed,
subsequently a catalytically active zone and finally preferably a further inert bed.

20  The length of the inert beds is in each case advantageously up to about 0.5 m and
the length of the catalytically active zone is up to about 1.5 m, in particular in the
range from 0.5 to 0.65 m.

Furthermore, it is advantageous for the fixed-bed catalyst to have a catalytic

25  activity which changes in the flow direction of the reaction mixture in the region of
the catalytically active zone, preferably so that the catalytic activity increases in
the flow direction of the reaction gas mixture.

Catalyst particles having equivalent particle diameters in the range from 2 to 6 mm

30 are particularly suitable for the process of the invention. The term equivalent
particle diameter refers in a known manner to six times the ratio of volume to
surface area of the particle.

The ratio of the width of the gaps between the heat-exchange plates to the
35  equivalent particle diameters is preferably from 2 to 10, in particular from 3 to 8,
particularly preferably from 3 to 5.



cylindrical reactor can be optimally utilized by appropriate arrangenent of
“four . quarter-cylindrical heat-exchange pl ate nodul es each having the sane
di rensions. 15 The fixed-bed catalyst is preferably installed in the gaps
.between the heat- exchange plates in zones having differing cat i C
activities in particular by providi ng, in the flow di’?é‘?{’&?ﬁﬁ%ﬂ%
reaction gas mxture, firstly an inerf Béd, subsequently a catalytically
active zoneThegrddesalid panticday athantagebusly lcerriedrmst tat laeslipeBidial kelotigngft h of t he

i nert beds s, | : n e d, sthe length
of the cat ap';ﬁlet f%gﬁ%r&ggﬁﬁ '\%té’?ézj\éﬁé]bi S %g’ﬂtﬂ% Q%Bédgb@ﬁt”ﬁ? Q?%é;]gréﬁ (1:19I {abr in the
range from @.59mispparticdady preferatiy aheut® mist i s advant ageous for the fixed-bed
catalyst to have a catalytic 25 activity which changes in the flow
direction of the reaction mxture in the region_of the catalytically active
zone, pref eftal§ §aualy tpessiblento passatha reactien jdast pixtyrerangs de haat fraesfeq ow

di rection ofmddifn iR8GEH BB gapor MSLGH the I@%’E—ékdh%hg@gfattéé?ih%‘éuﬁl;%\fddﬂt@n?GNi val ent
particle dianmeters in from2 to 6 30 are particularly suitable

+h e rangg m . ;
for the prodbSRCUFENt WEhCAGHRNT HAW beRg Arefeiedqui val ent particle di anet er

refers in a known manner to six tinmes the ratio of volume to surface area
of the parti,cle.. The ratio of the width of the.gaps bet the

heat - exchan pBF'&P'@ﬁy tqgtv?lﬁtgge% El?glfev%\fl &R ra{g%{} ﬁé’ﬁg 'Gi ﬂﬁ%ﬁgﬁhg rie§'°tb9rbf erably
from2 10 l1@ixture faken from the réacton f8r the @jdatipaiof methzaol yagor & éhebbymdx om 3 to
5. PF 00000 3 Roez 2= T SS. | | C | carried
out at a sugg@%éﬁga{h(/oéﬁ%%q tH @e@@qﬁ@hén raZ‘SE'?‘?‘%%r ‘_’gdgigﬁ %gﬁ?%}r%a%?gﬁ"gﬂﬁ%&/4. 5 ns,
pref erabl y iwitht heatrexabander platas through avtichnas coglingt mediuan [flowsr ofity et y about
2 m's. 5 1t dsetigAUpls ipRGeShidGablp BARS cbBBd 625 ttod Beidw! Bpead t he
heat transfér Irreﬁdumtl)ﬁro%%h tﬁe9ga c,orc_ througi thge eatG-exchange plates in
count er cur r @refebly o tlemparatiabeloy 1 1°eolthe alier-gaolsf being preferred. A
particuljgrly advant ageous node of operation is one in which the reaction 10

m Xture tak fromthe reactor for the oxidation, of nethanol or t he
FOr mox eI%e process of the fanventllron has the advantage that it alleviates tne prc;i)?é)ms oP y

the limited mechanical strength of fixed-bed catalysts customarily used in Formox
processes. Furthermore, the fixed-bed catalysts located in gaps according to the
process of the invention have a significantly lower tendency to become blocked

20 compared to fixed catalyst beds which have been installed in catalyst tubes
having a narrow tube diameter.

The invention is illustrated below with the aid of a drawing.

25 In the figures, identical reference numerals in each case denote identical or
corresponding features.

In the individual figures:

Figure 1A shows a preferred embodiment of a reactor for the process of
the invention, cross section, with longitudinal section shown in
figure 1B,

Figure 2A shows a cross section through a further, preferred embodiment

of a reactor for the process of the invention, with longitudinal
section shown in figure 2B,



process is introduced directly into an after-cooler which is preferably

equi pped W th heat-exchange plates through which a cooling nmediumfl ows,
with the reaction gas mxture preferably being cooled to a tenperature

-bel ow 150C, preferably to a tenperature bel ow 110C, in t fter-cooler. 15
The process of the invention has the a ant age t hat k’iﬁaﬂqgﬁg%oﬁ"gés%h
problenms of the limted nechani cal str ngt h of flxed bed catal ysts

cust onari | y Figieel 3An  Foshaws apflmhessnfeten’édremmdmem, irt htass[;lseeubrbemrcat al ysts

| ocated i n gaps accor di h©. ] hay.
significantly | ower tekdé@'t‘t“ﬁ" Io&bggé)ﬁg'%g@ i%gg‘é* ﬁg%rpg%t & |nxcland cat al yst
beds whi ch have been i fig¢r813Bd in catal yst tubes having a narrow t ube
dianeter. The invention is illustrated belowwith the aid of a drawing. 25
In the figures, identical reference nunerals in each case denote identical
or correspdiHB4Ar eat ShRS apptherembpdimentighn reaeior tos theiprrpess of M&hows a
preferred enmbodi nent oinventictaeitAnordgRudihfiseplicit §fowrih fighleaB,nventi on, cross
section, with |ongitudinal section shown in figure 1 B, Figure 2A shows a
cross section through a further, preferred enbodinent of a reactor for the
process of tgureBvent i showsydrh ehnbodintandi sfah remewt i fon tsdgwocess &f gwr e 2B, PF
0000055212/ Sch -13- Fi r er e enbodi nent in cross
section, with | ongi tud?(w’eﬁt' rfllgﬁwﬁ{cﬁr}aégécﬁﬁﬁ ‘ﬁ’ggéﬁgerfgﬂggge pl ate shown in
figure 3B, Figure 4A shows anot her enbodi ment of a reactor for the process
of the inv 88 th%hé)\ﬂé‘g'fﬁr'rf@r?ﬁ"boﬁl BPaFJéQ:W?fMJitP aitbAbSSer?B, Figure 5
shows an enbodi nent of reactor for the process o |nveht|on in

| ongi t udi nal sectl on, with after-cooler, Figure 6 shovvs a further enbodi ment
of a react or rb'?AafteHeBi@f?,'@'brosE'&Hf& %d&%ﬁh&dl&lﬂ@ﬁ%ﬁﬁ%ﬂ%ﬂﬁ hrough an

addi ti onal odi ment, wt
Iongltudlnal section depicted in figure 7B and enlarged section in

figure 7C,

Figures 8A show different arrangements of heat-exchange plate modules, in

to 8C cross section,
Figure 9 shows a cross section through a further preferred embodiment
and

Figures 10A  depict the gaps between heat-exchange plates.
and 10B

The cross-sectional depiction in figure 1A shows a section through a reactor 1
having parallel heat-exchange plates 2 which are arranged therein and leave the
gap 5 free between the heat-exchange plates, with the gap 5 being charged with a

5 solid catalyst. Inlet and outlet lines 3 and 4, respectively, are provided for the heat
transfer medium circulating through the heat-exchange plates 2. The reaction
mixture flows, for example, from the top downward through the reactor. However,
the reverse flow direction, from the bottom upward, is likewise possible.

10  The longitudinal section shown in figure 1B illustrates the configuration of the
heat-exchange plates 2 and the arrangement of inlet and outlet lines 3 and 4,
respectively, in the reactor 1.



longitudinal section depicted in figure 7B and enlarged section in figure
7C, FRigures 8A show different arrangenents of heat-exchange pl ate nodul es,
in to 8C cross section, Figure 9 shows a cross section through a further
-preferred enbodi nent and Figures 1 OA depict the gapE bet vveen gzs - exchange
pl ates. and 10B The cross-secti onal dggi ctionin fig Fo0 section
through a reactor 1 having parallel Hhedt-exchange pl ates 2 whi ch are
arranged t h@heicnossnsedtiea\depicteal ingiiqur® A slsovizetweactot hewitte hbatessehamge pl at es,

3 and 4. roBptes 7 afy6d S bblkif g pncs RAIGH B crplgRe e, Sl © 1 e
ci r cul at i ngcatalystiggiweer thegmwat-exdizaggelakes.es 2. The reaction nmixture flows,
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reverse flo romthe bottom upwar se po I b 10 The
| ongi t udd nahealeeichangesplatas 2 and tcgen%qusssqnﬂ!albt lpaglwlrtahﬂow@ﬁmegmaamrbn of the

heat - eXChan%xth‘ea‘irﬁéu Wré&lﬂoﬂb&qmemat irP ahi&hm By dhe Wridws Id es 3 and
4, respectivel é‘# he reactor cﬁ; 0000055212/ Sch’ - 14- The cross secti on
depi cted i n'9N%Y lgalzsgcgqmmg 'Pé’ﬁﬂrte 1 with heat-exchange plates 2

arranged radially therein and gaps 5 which are charged with the solid

talyst b he heat - h ed th
e cne i o e AR BRSPS e e EeROS ek o es S
and to éﬁsurpeomseﬁmeah\tqntibmngmouﬂa damniy lmwdydh theheerntmhspacers. Ridetiates t hr ough
th t i ' t udi nal
e, react or P radll e racoh BT SeRkEIe Bt B EihensiiEnod B0 L1 "
furt her enbdalitherdiregfiorn of elaetreactf)b radine R.10herasesss seationt theoughy enheaiﬂ

wi thout a duygpay, rﬁ% agb@débﬁ:t&?i‘ﬁtf Igte §$%ﬁ8w€r%|5d@Eﬁnﬂ%‘?’stota@&“dro%gh%lrxﬁé the

reactor and r he "ext ensi“on eat - exchan
di rection ofin thedlomeefdhe heatdmngter F@edﬂﬂé“ﬁ@l&‘sthgéeﬁﬁ'@ﬁh@mﬂ%ﬂlgwsa? heat -

exchanggqspl ate 2 depicted in figure 3B shows rolled seans 7 to avoid dead

zones
The cross section depicted in figure 4A shows a further embodiment having a

peripheral channel 8 for collecting the reaction gas mixture and passing it on. The
longitudinal section depicted in figure 4B illustrates the flow profile for the reaction
gas mixture, in particular through the central space 6 and the peripheral channel

20 8, with the reaction gas mixture flowing radially through the gap 5 between the
heat-exchange plates 2.

The longitudinal section depicted in figure 5 shows a reactor 1 with heat-exchange
plates 2 and inlet and outlet lines 3 and 4, respectively, for the heat transfer

25 medium, and also an after-cooler 10 which is likewise equipped with heat-
exchange plates 2.

Reactor 1 and after-cooler 10 are located directly one after the other without caps
located in between.

30
The longitudinal section depicted in figure 6 shows a reactor 1 with heat-exchange
plates 2 and inlet and outlet lines 3 and 4, respectively, for the heat transfer
) medium, with downstream after-cooler 10 which is likewise equipped with heat-
exchange plates 2, where the reactor 1 and the after-cooler 10 each have two
35 caps.

The cross section depicted in figure 7 shows an assembly of eight heat-exchange



in the flow of the heat transfer mediumthrough the heat-exchange pl ates 2.
15 The cross section depicted in figure 4A shows a further enbodi nent havi ng
a peripheral channel 8 for collecting the reaction gas m xture and passi ng
«it on. The longitudinal section depicted in figure 4 the flow
profile for the reaction gas mxture 51 particul ar Pﬁr%ﬁ%ﬁé@htral
space 6 and the peripheral channel 81 ‘With the reaction gas mxture

fl owi ng radipté ynodbles@gh atdubogiapreﬁclbeﬂy\nﬂmimbmdlmmmetmcﬂwmm plfgues 2. The

Iongltudlnal L cLqr

heat - exchan Bs&ﬁ(f bﬁlﬁﬁg gﬁi t+ Qpé ? é){m%ﬁ%@gfag&a%%ngjmw@%ge%ﬂ vely,
for the heatlgtm&a?f%fer 25 rredl um and aI so an after-cooler 10 which is

| i kewi se equi pped with heat- exchange plates 2. Reactor 1 and after-cooler
10 are Iocat ed di rectlﬁ: one after the other without caps l|ocated in

bet ween. 330 Figises 8Ade Blrhom assemblieholybinetand 7 Reatreyghends Rlalem@odilessact or 1

wi th heat - exghangfindriRbPleasto? 1 AR@rdsalsettiond outlet lines 3 and 4,
respectively, for the heat transfer nedium wth downstream after-cooler 10

which is |ikew se equi pped with heat- exchange plates 2, where the reactor 1
and t he afteﬂ’gtﬁétgl shows G erasdisdnion tmmugh d9eaapsi wih@ommsemhg@pta@bepi cted

in figure 7 s ssenbl of ei h exch e PE 00000552121Sch - 15-
pl ate modul é’go@\f\ssrfga z%lcrlpggé?cglpninﬁwspﬁp? 8ﬁ68{"ﬁ'&? r%{FE 5ection depicted
in figurl® 7B and enl ar ged section to show t he heat-exchange plates 2 and

the gap 5 'ékéngr QHh%hzg's aqoﬁd glﬁfn%issé%ﬁo{: §§th rezﬁt@mglthl%ﬁ s?x[aelfﬁos yie and 7

heat - exchan ate . 0SS section.
Fi gure 9 shamses withothe twcwtern i na@mgﬂs%oblwewmatqhem zcrnesdmmgwelmrged(change

plate nodulygg, @\eﬁ%ﬁtehﬁivéﬁw th% Fiddte, é@%‘\él@héd‘zéﬁ@ bél'i\g%aﬁﬁedawﬂﬁ‘@ﬁé er

circle. 10 Figure 10A shows a |1ongitudinal section thr gap 5 having
t hree super ptgddped catalyst.

15
Figure 10B illustrates the configuration of the heat-exchange plates 2 and the gap
5 located between them, with fixed-bed catalyst having an equivalent particle
diameter d, present therein. It can be seen from the figure that the width s of the
gap 5 is the smallest distance between two immediately adjacent heat-exchange
20 plates 2.



~zones, with the two outer, in each case obliquely hatched zones being
charged with inert material and the m ddl e, cross-hatched zone being
charged with the fixed-bed catalyst. 15 Figure 1 OB illustrates the
.configuration of the heat-exchange plates 2 and the g?? 5 | ocat ed bet ween
them wth fixed-bed catal yst having aﬁ equi val ent pa 1400005341 r dp
present therein. It can be seen fromt flgure that the width s of the gap
5 is the snélldimst di stance between two i medi ately adj acent heat-exchange
20 plates 2. -16 O ains PF 0000055212/ Sch 1. A process for preparing

f or mal dehyde by gas-phase oxidation of methanol vapor by means of a gas

st ream conprii si nd\ Preressuoapreprij:fernaldehydeby gaspimse widation ok aethsed!t cat al yst
conprising iron ATBY WhELG{RU t e in a
react or %1) havi ﬁ{gg%ea* excha!rglﬁggl P atgﬂeréhr? n{b?np%f?@ ﬁglregﬁlgfr Sﬁged".f)rlﬁet he

| ongi t udPnal di r &EeSePRe gt a fixpd- P%@t@yst(cfynpatﬁﬁgwaoendancgﬂw@nwg weerREen t hem

and through whi Chh@pﬂ)‘ééés rsrc%ﬁ@‘oeéutrmlraa&téﬂ g%avm%ﬂbélte)@ﬁﬂn %)Ih@s (bpcilities
(3, 4) for the heat transfer es (2) and

o hape, (5 bttt ARaHanat Hulhe SngtuHBE! digtlion of (A Fesriaia) Fod Bave oy
catal yst is presandpaging betveeriheaharidibraughhetich a heapwanstdrdnédiemdiowvsst r eam

wherei n the heat TWELARLYHR, B ﬁgﬂ”@?ﬁﬁioﬁhweﬁ PR ARERT hothe fedlie ™
anot her 10n t he r exchange([ates 32) dndalec gaps a&)chmﬂeerghem-e)dchamgelplame@bl n the

reactor (1) is cylipgl gl n?ébdbec} Q&FB)%P @R&%Q S gt crf]anngffﬂzﬁiangeo'

radially to Ieaveacentra peri phera free in

the cylindrical rvégpetad im)gaaﬁt!eaméomrlgag nyﬂeoeléﬂmoamﬂargupﬁgsqdet hanol vapor
and nol ecul ar oxygen is preferably fed radially into the gap (5) between

t he heat - exchange | at es é@ 4. A process accordi ng to claim3, wherein the
radi al exterfion & 5006?9'? rding iq Claim A aWhereln hedwal-oxchange plate(2 3% 0. 95 of

'E g)e reaqwor radi ugranged padiielnd 8he aadhgr inrtbetdactri{n. 0. 9 of the reactor radius
3. A process according to claim 1, wherein the reactor (1) is cylindrical and
the heat-exchange plates (2) are arranged radially to ieave a central space
(6) and a peripheral channel (8) free in the cylindrical reactor (1) and the
20 gas stream comprising methanol vapor and molecular oxygen is preferably
fed radially into the gap (5) between the heat-exchange plates (2).

4, A process according to claim 3, wherein the radial extension (r) of the
heat-exchange plates (2) is from 0.1 to 0.95 of the reactor radius (R),

25 preferably from 0.3 to 0.9 of the reactor radius (R).
5. A process according to any of claims 1 to 4, wherein the reactor (1) is

made up of two or more, in particular detachable reactor sections and each
reactor section is preferably equipped with a separate heat exchange
30 medium circuit.

6. A process according to claim 1 or 2, wherein the reactor (1) is equipped
with one or more cuboidal heat-exchange plate modules (9) which are
each made up of two or more rectangular heat-exchange plates (2) which

35 are arranged parallel to one another so as to leave a gap (5) between
them.



5. A process according to any of clains 1 to 4, wherein the reactor (1) is
made up of* two or nore, in particular detachable reactor sections and each
reactor section is preferably equipped with a separate heat exchange 30

-mediumcircuit. 6. A process according to claim1 or | react or
(1) is equipped wth one or nore cuboi1 I heat-exchaﬁSé%%qﬁ% es (9)
which are each made up of two or nore rectangul ar heat-exchange plates (2)

whi ch 35 ar &. ar r #npedessmaaiordihg tocleine 1awbetedr theoreastot (1) rea\Vfeuaq@gaier( 5)

between them PE - 17- r [na t. |lajm1,
wherein the reactcgﬁ%%g%ﬁéé%éﬁﬁ%t'&éé} " PF{%} inﬁo&ﬁé%é?f%%@ﬁ?adg}g 'ﬁ%@ic-g'exchange
pl at e nodul es (9direensionsavi ng i dentical dinmensions. 5 8. A process
according to claim®6, wherein the reactor (1) has two or nore cuboi dal
heat - exchange pl ate nodul es (9) each having identical dinensions. 9. A
process fccdrdi nd Pcessmasrosdingfe claim 6; mhereln georeactoy (Hakastwozor moreor 14 10

heat - exchange pl a&tBoiBId Hed-ekéhangd O plafe PHiBRS J9F 068HhN thavihgd Nemfcaf! @i M5 1
to 9, wherein the, heat-exchange plates (2) are each made up of two

rectangul ar net al9@HRRS whi ch are joined on their |ongitudinal sides and
ends by rolled seamwel ding and the 15 margin of the netal sheets projecting

beyond the rplled seamis separated off at.the outer e e |1 ed
seam or in the rg’fPr@&e?e%(fﬁofﬁg%ﬁ &a'ﬂ.g’ \%\h?{pgctgggeaé%%r&gﬂﬂsf% {‘ﬁr:?/r {)‘f cl ai s
6 or 8 tlf 10, whéweat-axdhhnge platd modlés (9)i s cylindrical and an inert gas is
fed into the space between the heat 20 exchange plate nodules (9) and the

cylindrical wall of the reactor (1). 12. A process according to any of
claims 1 to 101, Jherosess apeording delapy@f claimallytotS,iwharein theheateichasger r anged
in zones having #tbd (S 4R%cAl Rhdd UB ofaRb] r\ébtraﬁaulépn%ﬂéhﬁé’l’s%him_a% ovi di ng,
in the flow direction of the reaction gas 25 mXxture, firstly an inert bed,
subsequent |y a cdPiBeqepéhgi longitudingbsides and gads by rRilef peamayelding @pd the yr t her
inert bed. margin of the metal sheets projecting beyond the rolled seam is separated

off at the outer edge of the rolled seam or in the rolled seam itself.

11. A process according to any of claims 6 or 8 to 10, wherein the reactor (1)
is cylindrical and an inert gas is fed into the space between the heat-
20 exchange plate modules (9) and the cylindrical wall of the reactor (1).

12. A process according to any of claims 1 o 11, wherein the fixed-bed
catalyst in the gaps (5) is arranged in zones having a differing catalytic
activity, in particular by providing, in the flow direction of the reaction gas

25 mixture, firstly an inert bed, subsequently a catalytically active zone and
finally preferably a further inert bed.

13. A process according to claim 12, wherein the fixed-bed catalyst has a

catalytic activity which changes in the flow direction of the reaction gas

30 mixture in the region of the catalytically active zone, preferably so that the
catalytic activity increases in the flow direction of the reaction gas mixture.

14. A process according to any of claims 1 to 15, wherein a fixed-bed catalyst
made up of particles having an equivalent particle diameter (d;) in the

35 range from 2 to 6 mm is used.

15. A process according to any of claims 1, 2 or 6 to 14, wherein the width (s)



13. A process according to claim 12, wherein the fixed-bed catal yst has a
catalyticactivity which changes in the flow direction of the reaction gas
30 mixture in the region of the catalytically active zone, preferably so
.that the <catalytic activity increases in the flow di I‘ﬁctl on of the reaction
gas m xture. 14. A process according tg any of cl ai msP @,21 ein a

fi xed-bed catalyst nmade up of particl 8-havi ng an equi val ent particle

di aneter (dp) inotMga’bE(SIBﬁgmefrange&omCBﬁasmmhs prfeably il thefrapye fress

aSeor L0 2 A 33 S okl 8 R, o BB i e BB

preferably in théo ﬂmr@mlmle@hpam@etd!ﬁmemﬁ/dm_SMMimn@.rprgferahlm frem@ t he

ratio of the w dt“gl %ﬁ&ﬁargﬂﬂeﬁabl #&nrsP}gS_eqw val ent particle dianeters
, prefera )7

(s/dr) is from?2 to rom to 8, particularly preferably
from3 t® 5. 5 16. A process according to any of claims 1 to 15, wherein the

superfici al 13vel Q@FFdéeQé acb&ding et & arﬂﬁoﬂ%ﬁalrﬁ% Xlt tﬁ%l WWhhn R Su éﬁlcabﬁ up to
4.5 ms, preferably in the range from1.0 t ms, particu

pr ef er abl y about VeloCy of the) reaction Eﬂﬁsoﬂ}é’@%realf'cg}edgﬁ%s t@ !i':nypotf’ ‘bﬁ&"kﬁls 1to

16, wherein the rpﬁéférfabﬁynlngﬁé rafige frome1.0Stot 265 @Ws f pariedldry prefaasly abdit
i ntroduced di recéﬁlﬁl nto an after-cooler (10) which is preferably equipped

wi t h heat - exchan tates through which a cooling nediumflows, with the
reacti ondgas m xture preferably being 15 cooled to a tenperature bel ow 150C,

preferablyt a [ f oIe 8. A
P ocose avcdia ndt Dosass diordifi Miany ol a8 {RE 18 WhomE ReTenfth gad
m xture and the masture isdakendromrthd reactar &) .domaduged directtydstoraneaflercooleugh 20
the reactor (1). (10 which is preferably equipped with heat-exchange plates through which
a cooling medium flows, with the reaction gas mixture preferably being
15 cooled to a temperature below 150°C, preferably to a temperature below
110°C, in the after-cooler (10).

18. A process according to any of claims 1 to 17, wherein the reaction gas
mixture and the heat transfer medium are conveyed in cocurrent through
20 the reactor (1).



