21 APR 2004 1 5 Method OF Gas Phase Catalytic Oxidation To Gve Mlegic
Aci d Anhydride The present invention relates to a process for the 1H1 APR 2004
preparation of mal eic anhydride by heterogeneously catalyzed gas-phase

oxi dation. Ml ei c anhydride has considerable industrial inportance. For
exanple, it can be used for both 15 condensation pol ynerization and
addition polynerization, with polyester resins and al kyd resins being the
nost inportant industrial secondary produgts. |In addition, maleic
anhydride is the starting material for commercially inportant chem cals,
such as succinic 20 anhydri de, gamma-butyrol actone, 1, 4-butanediol and
tetrahydrofuran. In, known conmercial --scal e processes for gas-phase

oxi dation to give maleic anhydride, a reaction m xture 25 conpri sing

n- but ane, oxygen and further conponents,- such as nitrogen and steam is
converted at from320 to 400C in a catalyst bed consisting of individual
particles Into n reaction m xture which, besides the principal conponent
mal ei ¢ anhydride, further e ORI SES, St.e ar hon,.nonoxi de, carbon
di oxi de, @nreacted but an@{"f’ﬁgﬁt& &3¢ S.’Iltﬁ"gg%gﬁg“ RP?;F‘YSegen, and further
organic trace components. The ent haPpyc Ofid AMYIPIG, " i her ated during t he
process 'heats the reaction mxture. Strong warm ng of the reaction 2 1
APR 2004 -2 mxture reduces the vield of the desired valuable product
mal ei ¢ anhydri de due to nonsel ective

The present invention relates to a process for the
10 preparation of maleic anhydride by heterogeneously
catalyzed gas-phase oxidation.

Maleic anhydride has considerable industrial
importance. For example, it can be used for both

15 condensation polymerization and addition
polymerization, with polyester resins and alkyd resins
being the most important industrial secondary products.
In addition, maleic anhydride is the starting material
for commercially important chemicals, such as succinic

20 anhydride, gamma-butyrolactone, l,4-butanediol and
tetrahydrofuran.

In® known commercial-scale processes for gas-phase
oxidation to give maleic anhydride, a reaction mixture
25 comprising n-butane, oxygen and further components,
such as nitrogen and steam, is converted at from 320 to
480°C 1in a ocatalyst bed consisting of individual
particles into a reaction mixture which, becsides the
principal component maleic anhydride, furthermore
30 comprises steam, carbon monoxide, c¢arbon dioxide,
unreacted butane, inert gases, for example nitrogeﬁ,
and further organic trace components. The enthalpy of
reaction liberated during the process "~ heats the
reaction mixture. Strong warming of the reaction



superoxidation, with very strong warmng entailing the risk of the

reacti on becom ng a conbustion reaction in 5 the gas phase, with a 21 APR 2004
considerable increase in tenperature and pressure. In order to be able to
limt the increase in tenperature, sonme of the enthal py of reaction is 10
therefore dissipated in the reactors enployed via the reactor walls
surroundi ng the catalyst. For this purpose, the reaction space is divided
into a large nunber of parallel indivi-ddal-reaction spaces in the form of
tubes having an internal dianeter of from20 to 15 45 nm Reaction m xture

flows from top;4e.Pett pBluEEEOUGHet he ueat i gal Lndi Vidualedubes fifligd with
catal yst bed, with nore than 60% of 1he, enthal py of reaction belng

rel eased vi a PRed¥ghe wAPLeAS a rt¥dei@giangdUfiedi 9 f 1| APHILBYUKE t he

tubes. The hegtpdforxehengs, Medithmwned ser&rgeiakhyngn drityiqaRic S t
nelt, but it is glgﬁ g@gSlble to use organi c heat- ex¢hange nedi'a, netal
u

nmelts or gase§t® ShdiFafhion PETALINY 02| CHMPYUSHE MRaiRast o0 tHe
heat - exch&ngetheedigam | rplidse y cawtioh t & | essnshddrOTe hiiglhrelaseul a5 tion

guantities angeggé%gﬁﬁﬁggéﬂgugﬁgg?ﬁgggcities are necessary. Re-cooling of

t he heat - exchan y carried out by the generation of steam
at tubes through or around which the heat-exchange nmediumflows. 30 For

high selectivify gigkhe ngaction, ak&ei S IECEEHMY  tfe! | Tl Aulge2xigl and
radial tenperature gradients in the reaction tube to |ess than BOdi For
the axial tchfRPRYXAERrQr adfeme, Phe theer gAthgleNeadfng zaattiion tiwe

reaction 1toubethéﬂewf@hdtiagiF>a%@Hi Ofh MkbUNRadctol Nembeshd@ Lhe n@action
temperature, zaggc%/\g]rl:(:hwg??sa Ss%rzro]im I?.lggzootﬁe catalyst. For this
purpose, the reaction space is divided into a 1large
number of parallel individual reaction spaces in the
form of tubes having an internal diameter of from 20 to
15 45 mm. Reaction mixture flows from top to bottom
through the vertical individual +tubes filled with
catalyst bed, with more than 60% of the enthalpy of
reaction being released via the tube wall to a heat-
exchange medium flowing around the tubes. The heat-
20 exchange medium used is generally an inorganic salt
melt, but it is also possible to use organic heat-
exchange media, metal melts or gases, such as helium.
In order to 1limit the warming of the heat-exchange
medium in the reactor to less than 20°C, high circula-
25 tion quantities and corresponding pump capacities are
necessary. Re-cooling of the heat-exchange fluid is
usually carried out by the generation of steam at tubes
through or around which the heat-exchange medium flows.

30 For high selectivity of the reaction, it is necessary
to limit the axial and radial temperature gradients in
the reaction tube to less than 30°C. For the axial
temperature gradient, the internal preheating zone in
the reaction tube, in which the reaction mixture is

35 heated to the reaction temperature, and which can also



be positioned in a heat exchanger upstreamof the actual reactor, remin

out of consideration. The nmaxi num perm ssible radial tenperature gﬂdﬂﬂ%&f%ﬂ
deter- mnes the maxi num tube dianmeter, while the mninumgas 5 velocity
necessary for adequate convective heat trans- fer in the tube filled with
catal yst bed, together with the specific reaction rate, determ nes the
mnimumtube length. In order to neet these requirenents, the reactors
for commercial -scal e processes generating3 106 about 30,000 netric tons per
annum of mal efic anhydride contain from 12,000 to 40,000 reaction tubes

connected inpgar @bb@ltloiiba NiAi MM e |Sitdnge R tPdidUPs JRfie
velocity in turn sult | oss of, fl ow pressure over the reactor of

greater than & 3? r tFMERR oi Monthi f GPRAFEABRAEAPB- t hEhe
reaction tubemamﬂ&dﬁupErmxnszp@ndhdgasew%mpeﬂdﬂuﬂéwéﬁﬁdﬁ@ﬂttB@tétSk of

changeover in h ene o] stlon reaction .i.n the hase due to
| ocal overhea%'& pes rﬁgegpnrl%}glsrfsﬁl%]ﬁ g‘og %@ﬁ'of e reheer ’a’él WRcERBN
tubes is 2B threrl@t:orter mmadsgazaquﬂbrzedeqnaaecmmi\aactrﬁmmehieaﬂ'heraﬁsLI i ng

of the reactigg Wi d.tnht%%t CTRYEN ﬁ;@%;ﬁ@gg% %2 édar hghgl‘/grfg very

ti me-consumin expensi ve. ypé Pstiy
t he di sadvan- b&géﬂﬂ%ﬂ k?\Rﬁﬁpﬂkﬂﬂx?&ﬂﬂﬁxﬁet#rmxmhw|uhalmleamumohubeubes

are necessaryehgthl.!ti A | HIRAKOMIEX HEst I ROge hi-egu&?éﬁléntén aggition,

it is disadvanta eous that an internediate circuit ntai nin
heat - exchange TREFCAFT30 ¥ neCEBREFFiadnpERLEN (REIFHASAE tﬁaﬂeﬁﬁghnaurrp

capaci ti esp ar ebﬂaﬁemmoaﬁﬁbﬁdm tt@h\§| pe@Stahindi ¥ fdlei®- 8RRV EREqLT the

geat exchangecn% Lum tﬁgﬂé Q IOﬁa of exergy occurs. Ah urt her
i sadvant age F§ ﬁéP % egguﬁg 05 T&RGHEN ik tiusPrRegEeH on

t ubes in parallel. The minimum tube length and the minimum
gas velocity in turn result in a loss of flow pressure
over the reactor of greater than 0.4 bar. In order to
15 avoid nonuniform flow into the reaction tubes and thus
corresponding selectivity losses and the risk of
changeover into a homogeneous combustion reaction in
the gas phase due to local overheating, the pressure
loss in each of the numerous reaction tubes is
20 therefore usually equalized in a complex manner. The
filling of the reaction with catalyst and the removal
thereof are therefore very time-consuming and

expensive.

25 Reactors of this type thus have firstly the disadvan-
tage that a very large number of individual reaction
tubes are necessary, resulting in a complex design and
high costs. In addition, it is disadvantageous that an
intermediate circuit containing a heat-exchange medium

30 is necessary, which in turn means +that high pump
capacities are necessary and additional costs arise for
re-cooling of the heat-exchange medium. In addition, a
loss of exergy occurs. A further disadvantage is that
the high pressure loss in the individual reaction tubes



2 ' APR 2004 - 4 and the equalization necessary therefor result in very
conpl ex handling of the catal yst. DE-C- 197 54 185 describes, for exahbMBRZ%ﬂ
reactor 5 having a cylindrical reactor tank, with heat-exchanger plates in
the formof thermal plates being arranged alongside one another at a
prespecified spacing from one another in the reactor tank in vertical
orientation on the perforated base of the reactor. A cooling nmedium 10
which is fed to the heat-exchanger plates via suitable devices in the
region of the tank lid and is discharged fromthe heat-exchanger plates

via suitable QQMIQ%&Idhuéﬂ&%éﬁibﬁ"hé&eé@@riaﬂhe?éi@rf&Qﬁ%l&hﬁﬂvg@e§

pl ates. A gaseous re .on nedlu ed between the heat 15 exchanger
plates in couﬁP@PiﬁFr dgbnﬁthc i 8 &tum with feeding in the region
of the tank base and dlscharge in the region of the tank lid. The

i fi - ti [ | | ti t hat t f thist
chn be ompl oyBi-Fot Shet 87 ogbhEo AP SCE RS §7R0F 200KABR R ascs o BT TN (o
gi ve nal eix ahhydngde. ddimdlit4l0 8¢actescriabpds avigriocesstfexchimeger
preparation gia%?y'fi{‘et%' deo By 3 %Mékﬁﬁgakﬁﬁt B%q 3t i 90Ol qe

et hyl ene usi ng _oxygen 1 n a reactor, where t I°s arran ed I n
reaction zone3lpagaiéda Ine - apethagerat ppatrresperifird gspecisgr eém:mon

m xture flowschlr QHQHheEhQnC%@ ¥elactlo® Ctaéxﬂ-l yid Cv&aélcpc{@s&%ﬁéé’{i

gi ver ethylene oxjde, a_conparatively small anmount of heat deve oped
per vol ume unPt bhet HsréaFan‘t as6 P |t§‘earF‘-’<?6jté1:rt d ‘iCPfélHF%s'E?F{‘
inventiondo pwhovhdesa fe@ aaesthé OhebbiceptBAaali §latlesB}igl Cs@itamiIé de

whi ch._ exhlblts Iggéeggeghecgg%ghg %Efk%!e@@%kIf}dxggd(§géglscharged
from the heat-exchanger plates via suitable devices in
the region of the tank base flows through the plates. A
gaseous reaction medium is passed between the heat-
15 exchanger plates in countercurrent to the cooling
medium, with feeding in the region of the tank base and
discharge in the region of the tank lid. The specifica-
tion gives absclutely no indication that a reactor of
this type can be employed for heterogeneously catalyzed
20 gas-phase oxidation to give maleic anhydride.

DE-A-197 1% 375 describes a process for the preparation
of ethylene oxide by catalytic gas-phase oxidation of
ethylene using oxygen in a reactor, where the catalyst
25 is arranged in reaction zones between heat-exchanger
plates, and the gaseous reaction mixture flows through
the catalyst. In catalytic gas-phase oxidation to give
ethylene oxide, a comparatively small amount of heat is
developed per volume unit ¢f the catalyst.
30
It is an object of the present invention to provide a
process for the preparation of maleic anhydride which
exhibits increased economic efficiency, in particular

with respect +to the consumption of heat-exchange



mnth respect to the consunption of heat-exchange 2 1 APR 20 W -

even at very high conversions and in plants of |arge capacity. VE h&JéPRZM&
found that this object is achieved by carrying 5 out the heterogeneously
catal yzed gas-phase oxidation to give naleic anhydride in a reaction space
bet ween heat-exchanger plates and thus in a two-di nensional catalyst bed
whi ch extends beyond the reactor cross section. Surprisingly, an

unf oreseeabl e increase in 10 selectivity Df—the formati on of nmleic
anhydri de has been found here. The invention thus relates to a process for

the prepar at QR i Qfn, M Rif @@W@f&dﬁﬁi&x E%%%%%%USA% 1 cgighyveeds

gas- phase oxidation'in a reactor for the reaction m xture at one
end of the red@fge &3Pacditdcharge of the product m xture at the opposite
end of the reactor, and with devices for di ssipating the heat of reaction
whi ch are arrang din the reactor jnter| 20 .and through which a

heat - exchange Wedia¥f f QH%% &t eFRISE R 38&$ldé% %ﬁ@#?ﬁ%ﬁ BXcRaRgELNBI at es.

Pref erred ®nbeditneths ofe tieh® gemeenisilgn @aEauyieﬂed;aserHm f ek awtngn
description, the figures.and t pendent _cl al ns.

conmpounds usedcafi- 1 h EPulﬁ%FpFé%Hé‘?%‘n‘g &fart | RGARECER o %a%o&ﬁt’f’g?nt he
preparation oheaakemchaagbydrpmetesn padt itdulsar im bat ahep-dimbnsaoeadr
mxtures 30 1 hgkqleiangoge %orﬁ&m@ eﬂsyog 82 (B! Arehens egrogé the

preparation from n? e catalyt1c gas-*phase t|on usl
mol ecul ar oxygéﬁtépna g§§rpgéﬁﬂagﬁng Bhe uaﬁp§ﬁseﬁéblexanpb§ease LB

advan- tageouskyeeRibieq W# . +Wel hedifiaPEbRY d22I hhEHEAM |dhnydride has

been found here.

The invention thus relates to a process for the
preparation of maleic anhydride by heterogeneously
15 catalyzed gas-phase oxidation in a reactor with feed
for the reaction mixture at one end of the reactor and
discharge of the product mixture at the opposite end of
the reactor, and with devices for dissipating the heat
of reaction which are arranged in the reactor interior
20 and through which a heat-exchange medium flows, wherein

the devices are heat-exchanger plates.

Preferred embodiments of the invention are defined in
the following description, the figures and the

25 dependent claims.

The starting compounds used can in principle be any
starting materials known for the preparation of maleic
anhydride, in particular n-butane, n-butene or mixtures
30 thereof, and benzene or butadiene. The most preferred
is the preparation from n-butane. The catalytic gas-
phase oxidation wusing molecular oxygen or a gas
containing the latter, for example air, is advan-
tageously carried out, with air being particularly
35 preferred. In addition, the reaction mixture may also



35 preferred- In addition, the reaction mxture may also 2 ' APR 20%?13
conprise further conponents, for exanple nitrogen, steam or other PR 2004
inertizing diluent gases, for exanple carbon dioxide, carbon - nonoxide,

i sobutane and/or nmethane. 5 The gas-pfase oxidation is preferably carried
out at tenperatures in the range from 3200 to 480C, in particular from
380 to 450C, and, where appropriate, superatnospheric pressure, preferably
at a pressure of 10 from1l to 6 bar absolute. It is possible to enploy any
het er ogeneous catal yst which is known in the prior art for the preparation

OBl e anhlipde Pralanad Nebaiananecys eakal yshapdte R3aKbdhe

mul ti conponent catal ysts based on t vana m an
(so-cal l ed V- Bteaat@Fyttdier faprekaipre JMOeIR209as¥Res L@t akpmpdemay be

m xed with - prdHFUOerS di@il&éaﬁphﬁrﬁbﬂc Al M Pééﬂ&é%eanhhdlg‘i‘”%
tin, nickel, cob; iron, chrom um manganese 2d and/ or nol ybdenum On use

of benzene asmﬁ €1g com pound, it is also possible to enploy catalysts
based on $he oxi des of vanadi um and nolybdenun1 The shape of the catalyst
IS not subjec t.0 an rtlcular restrictian, solid trical  shape

whi ch conpri sé&§ n‘aﬁl 3? 24 e s 80 P @Jrﬁr pBRE 18 P utd. The
cat al yst parmmmbesa¢amemaven f aheexzapke, ﬁromlladDPcahp cuboec, coni cal

prismatic, %QEQa%ry't Aﬁﬁg%osh §e455h% aﬁaly&hepre%§£?§%¥écgnsists

of |nd|V|duaI part radli ¢'dianeter Tn Fom 3 to
30 8 nm The @alpetryléfrm@m&all% meessnmqwe poefepablhy gupm)rlblaebwal p€t, as

descri bed; o f o ¥ 2APkS 6 BaPEaBsolute.

It is possible to employ any heterogeneous catalyst
which is known in the prior art for the preparation of
maleic anhydride. Preferred heterogeneous catalysts are

15 oxidic multicomponent catalysts based on the oxides of
vanadium and phosphorus (so-called V-P-O catalysts),

for example (VO),P;0;. These catalysts may be mixed with
promoters, for example zinc, 2zirconium, bismuth, anti-
mony, tin, nickel, cobalt, iron, chromium, manganese

20 and/or molybdenum. On use of benzene as starting com-
pound, it is also possible to employ catalysts based on

the oxides of vanadium and molybdenum. The shape of the
catalyst is not subject to any particular restriction.

Any solid geometrical shape which comprises individual

. 25 particles and contains pores can be used. The catalyst
particles can have, for example, a cylindrical, cubic,
conical, prismatic, pyramidal or trilobal shape. The
catalyst preferably consists of individual particles
having a hydraulic diameter in the range from 3 to

30 B8 mm. The catalyst can also be in the form of a
supported catalyst, as described, for example, in DE-A

2 351 151, in which the catalytically active material

is applied to an inert support. It is also possible to
employ catalysts of different activity and/or different

35 Shape simultaneocusly, where, for better control of the



2 351 151, in which the catalytically active material 1is applied to
I nert support. It is also possible to enploy catalysts of differen

activity
control

22 Ther 1w

and/ or different 35 shape sinmultaneously, where, for better

of the 2 1 APR 2MD - 7 - properties of the catalyst, snal

anount s

of a phosphorus conpound, in particular an organophosphorus conpound, may

al so be added to the reaction m xture.

The properties of the catal yst can

al so be controlled 5 by using catal yst fpatrt+cles of different size or

additionally inert solid materials as diluent.

conpri se
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further

starting

exanpl e,

Suitabl e reaction m xtures
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di | uent gasesgohPoRAdli @Al aBSodafd Ngdde@PAE, thd SRGRA2%HE PEsEGON 100%
by volunme of reaction mxture, 15 The catal ytic gas-phase oxidation of C4
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carbon di ot cRddEEiPha TR bERF PRI AAbERAELS et glégegscondary

conponents. The product m xture usually conpri ses, each case based on

h d i whol % by |
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165 801 309/ 8 LBLUAE" oM Gyl eIl HeriARer Ik LG A At on

components, for example nitrogen, steam and/or other

inertizing diluent gases, 1in particular as defined

above, in each case based on 100% by volume of reaction

mixture.
15

The catalytic gas-phase oxidation of C; starting

compounds does not give pure maleic anhydride,

but

instead a product mixture which, in addition to maleic

anhydride, comprises, for example, acetic acid, acrylic

20 acid, crotonic acid, carbon monoxide, carbon dioxide,

unreacted starting compounds, ete., as secondary

components. The product mixture usually comprises,

in

each case based on the product mixture as a whole, from
0.2 to 4% by volume of maleic anhydride, from 0.01 to
25 0.09% by volume of each of acetic acid and/or acrylic

acid, and the remainder of nitrogen, carbon dioxide,

carbon monoxide, steam and/or further inertizing
diluent gases., In the oxidation of benzene, small

amounts of benzoguinone, formaldehyde and formic acid

30 arise as by-products.

The shape of the reactor is in principle not subject to
any restrictions. cConventional cylindrical reactors,
but also cuboid reactors can be employed. There are
35 1likewise no restrictions regarding the orientation of



anounts of benzoqui none, formal dehyde and formc acid 30 arise as ]
by-products. The shape of the reactor is in principle not subject td '3w§wm
restrictions. conventional cylindrical reactors, but also cuboid reactors
can be enployed. There are 35 |ikewi se no restrictions regarding the
orientation of 2 ; APR 2004 - 8 the reactors; the reactors can in
principle be oriented in any position, with a vertical orientation
generally being preferred for the speei & ~case of cylindrical reactors. 5
I n accordance with the invention, reactors having devices for dissipating

the heat of regetiactdbs Chtﬁéeregé%bQBe@aﬁs :.'?xez:t riReGhARIS R Aldfed €
enpl oyed for the process .for the gas-phase oxidation'to give maleic 10

anhydride. |n*% EPEfBPPéGlQHbodFﬁﬁhtaoVeFﬁéCPﬁvéHPP@ﬁat%%PIQQ%&IQiﬁﬁof t he

ent hal py of rpetidoprdfeenaicedfbr the rgaadidl acasd st patyvd ndraddie
heat - exchanger | ates. Sone of the enthal py of reaction can al so be

di ssi pat ed wi TH2 %#&F?bactlon gas, or part of the heat 15 exchange surface
area can B¢ provided in the reactor in a conventional manner. In this

case, part of ﬁhe Q@@%d ??gghsu Lgce re%tn%%'?L%%ﬁg}ﬁfﬁgr un ed by gas

space (|nterned| 7e con ense nert
secondary condensegy.f0 dbaﬁlsathaggbhephaa&soéreepc&domnnamnbh are

t wo- di mensi Or@és.lgsﬂéd"céﬁrﬂéa@héﬁghg‘ﬂégr mﬁla%gr nakesaﬁg,ﬁg fedef%

thi ckness relative to the surface ar ichi$§ rovi W th and
di scharge |i negocediey fare Z@egeﬁéﬁaph?sﬁadéxﬁﬂéﬁfkﬁﬁt ato stgdets ngﬁalferl@quent ly

from 10 anhydride. In a preferred embodiment of the invention,
at least 60% of the enthalpy of reaction liberated in
the reactor are dissipated via the heat-exchanger
plates. Some of the enthalpy of reaction can also be
dissipated with the reaction gas, or part of the heat-
15 exchange surface area can be provided in the reactor in
a conventional manner. In this case, part of the heat-
exchange surface area may also be surrounded by gas
space (intermediate condenser) or inert material
(prewarming zone, secondary condenser).
20
Heat-exchanger plates are predominantly two-dimensional
structures which have an internal space of small
thickness relative +to the surface area which is
provided with feed and discharge lines. They are
25 generally made from metal sheeting, frequently from
steel sheeting. Depending on the application, in
particular the properties o©f the reaction medium and of
the heat-exchange medium, however, special, in particu-
lar corrosion-resistant materials can be used. The feed
30 and discharge devices for the heat-exchange medium are
generally arranged at opposite ends of +the heat-
exchanger plates. The heat-exchanger plates preferably
consist of at least two metal sheets connected in a
pressure-tight manner at the periphery and supported

35 against one ancther in a 15 to 80 mm grid by punctiform



steel sheeting. Depending on the application, in particular the pr i g ?ﬁ
of the reaction nmedium and of the heat-exchange nedi um however, A b
in particu- lar corrosion-resistant materials can be used. The feed 30 and
di scharge devices for the heat-exchange nmediumare generally arranged at
opposite ends of the heat- exchanger plates. The heat-exchanger pl ates
preferably consist of at |east two netal sheets connected in a
pressure-tight manner at the periphery -arfli supported 35 agai nst one anot her
ina 15 to 80 nn1grid by punctiform?2 1 APR 2004 - 9 bonding, preferably

spot wel di ng, yandiexpandad faray1Rt erdils prﬁéﬁd&@g,wandthexpsaae&mia?nge

medi um fl ow ng thr Ugh“their |nternal space fornmed in thi way.
particul arly po&EEnadd cPHRTFWERL, Midhheaths e%BﬁHhU@F”HV&FeS ﬁﬁ@éuﬁ wi dt h

of from0.5 tm%wllﬁ\g athfraesgﬁuraﬁeeﬂgt hnekrdal aggaas Of/@fr@éd i ckpess of
from 5 to 100 mm In a further g gferre enbodi nent,. the heat-gexchanger
pl ates are coM&¥ructed® f PRRTAFULRESY PFEEFITRG: }ﬁ?ﬁﬂ IMGfe sthe B8Rh-a way

t hat tro ﬂ@kpeebﬁeahby patied | Rdvensul aidby pﬂtkfiemswrﬁounﬂlegxnthe
central pocket through which exchange nedi u 0 are d. with
respect to th&a §Fpgﬁggﬁ%ﬁﬁﬁbfﬁfﬁ% ﬂeng %ghéﬂﬁﬁﬁgTH. CIHRRSS ° ha*?Bact or
there are in priogi Alo® mmlreEnrhntfumsherhepheﬁereadh&m@aﬁqumtes thg be
arranged, for n@%3MalenafBletd! hYatCONCEAL M ddrRieed A%l Yok 10851

reactor. They can also sus t he casi ng TUbe s reactor.
They are pref &cubl y I76lividiadd tsheptve phane-pahal | &l p’éﬁ’kad’é@t bek¥et o

give rings Obrb'fﬁgaﬁa@?m?&hé gnd1bReN; AL 8AYSHgCOBEEREEL §@kLYun@ingent in
a spiral manner internedi ate
the central pocket through which heat-exchange medium

flows are formed.

With respect to the arrangement of the heat-exchanger
15 plates in the reactor, there are in principle no
restrictions; the heat-exchanger plates may be
arranged, for example, spirally, 'concentrically or
radially in the reactor. They can also be suspended in
the casing tube of the reactor. They are preferably
20 layered to give plane-parallel packages, bent to give
rings or ring segments and then arranged concentri-
cally, or bent in a spiral manner, with an intermediate
space of at least 4 mm and at most 60 mm preferably
remaining between the plates. It is also possible to
25 position plate packages at an inclination, where at
least one package of sheets 1s arranged in such a way
that the flow channels formed by the plates form an
angle of from 0 to 20° with the central axis of the
reactor. The surface of the heat-exchanger plates may
30 also be provided with a spacer as far as the catalyst
layer, which is preferably carried out by application
of an expanded metal mesh or inert material. 1In
addition, individual plate packages can be operated at
different heat-exchange medium temperatures, with the
35 temperature along the reactor axis varying. Temperature
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decreases continuously in the direction of +the
reaction-mixture stream. Wedge-shaped heat-exchanger
plates of this type can be produced, for example, by
placing two sheets on one another and welding them at
increasing separations. The plates are subsequently
clamped into an easily tilted blow-up device and blown
up to a prespecified separation. The matching to the
temperature profile of the reaction can be optimized by
means of heat-exchanger plates formed in a wedge shape.
In a further advantageous embodiment, the heat-
exchanger plates can be welded over all or some of
their length. To this end, in each case two sheets are
laid one on top of the other, welded by roll seam
welding over longitudinal seams and blown up by means

of a suitable blow-up device.

In accordance with a further embodiment, planar,
rectangular sheets oriented parallel to one another are
introduced into the reactor interior so that they
essentially fill the latter completely, where the edges
of two oppesite sides of each sheet are beveled at
right angles in the same direction and, in the
respective subsequent sheets, the edges of the other
two opposite sides are beveled at right angles in the

dge
| ows

type
and

t he
in a



In a further advantageous enbodi nent, the heat- exchanger pl ates canix;
wel ded over all or sone of their length. To this end, in each case 2 PR 2004
sheets are |aid one on top of the other, welded by roll seam 25 wel di ng
over |ongitudinal seans and bl owmn up by means of a suitable bl ow up

device. In accordance with a further enbodi nent, planar, rectangular

sheets oriented parallel to one another are 30 introduced into the reactor
interior so that they essentially fill-tlHHetatter conpletely, where the
edges of two opposite sides of each sheet are beveled at right angles in

the sane direghmen ditthctiod et tBepeaineyecpuaksedvantscshaetss fbemedges of

the other 35 two.opposite sides are beveled at.right angles jn the 2 1 APR
2004 - 11 safe<&ir %ﬁ?oﬁugPl h@gﬂﬁﬁ?%éﬁﬁﬂ%t%aﬁ g@%ﬁ? B FER%E 8Bch

case cuboi d spaatsexchiangehe meedatn orf lswingr e thtroulbhat thechaagpededi-am
flow ng through. Le tiv j acent aces in cross-current. 5
According to %ﬁﬂéggﬁérigﬁ%gﬁiﬁ@h?&kﬁﬁhf¥%&5ﬁ§ﬁger pl ates are arranged
paral l el t® one another in the longitudinal direction of the reactor. 10

In a further =Ta' 0 I PaCckaRss : uch W he
orientation o?ﬁFﬁgaapgfeq%fangverse §§?§ q%&ﬁﬁ%éé%i'frgﬁgam?%?bgggg ween
at |east two Pd@é€ésspve REXagRfkRfeRlle REgar@nfg anrthrmt i@xchhage

nedi um whi ch g¢angReudsmRhoxeeelch il d¥ 4RSS Feded®rdi Ng to the invention,
there are in principle no restrictions. It is possible to enploy both
I norgani ¢ and organic |iquid heat- exchange nedia which remain in the

| i qui d phy®i cdh a further variant, plate packages are offset in such
a way that the orientation of the plate transverse axis
differs by from 0 to 90° between at least two

successive plate packages.

15 Regarding the heat-exchange medium which can be
employed in the process according to the invention,
there are in principle no restrictions. It is possible
to employ both inorganic and organic 1liquid heat-
exchange media which remain in the 1liquid physical

20 state or partially or fully evaporate at the reaction
temperature of the catalyst gas-phase oxidation. A salt
melt, for example, is particularly suitable. 1In
addition, it is also possible to employ gaseous heat-
exchange media, preferably helium. It is particularly

25 advantageous to employ a heat-exchange medium which
evaporates fully or at least partially at the reaction
temperature of the catalytic gas-phase oxidation. Water
is particularly preferred for this purpose. By
utilizing evaporative cooling, efficient heat dissipa-

30 tion is ensured here, a cignificant gaving of the
amount necessary being achieved for the dissipation of
the same amount of heat compared with the use of a
heat-exchange medium which does not change its physical
state. In a preferred embodiment, high-boiling sub-

35 stances,; preferably polyhydric alcohols, are added to



20 state or partially or fully evaporate at the reaction tenperatur? of
the catal yst gas-phase oxidation. A salt nelt, for exanple, is T APR 2004
particularly suitable. In addition, it is also possible to enploy gaseous
heat - exchange nedi a, preferably helium It is particularly 25 advantageous
to enpl oy a heat-exchange nedi um which evaporates fully or at | east
partially at the reaction tenperature of the catal ytic gas-phase

oxi dation. Water is particularly prereﬂﬁéd'for this purpose. By utilizing
evaporative cooling, efficient heat dissipa 30 tion is ensured here, a

si gni fi cant stha npeat-thehaageunmiediaoesfary biee ngpuaphisesedof oratikdng

di ssi pation qf, . the. nt of h onpar w th the use.of a
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pref erred entoiment , hi gh-boiling sub 35 stances, preferably pol yhydric

al cohol s, are added to 2 1 APR 2004 - 12 the heat-exchange nediumfor the
purposes of raising the boiling point, or these alcohols are used in pure
form 5 Ebapdivpnoratdys i Agodandt san ptake botace nbedburiencocandend

countercurrening | Ant NeoGRBErShirPRREAL I AD ithe CRRUEr €5F VAddLdHHdPWifr om
below, it is additionally _possible to requlate the |evel of the bailing

liquid in sEIFERERF t WAL e Grew 1S t dkesi Dl 2L 1EdRBRAA1Y0 t he
end of the rganidihleansh theyulndi gherléeapesat Yhe bbelehgt hegaikesnl ts in
an increase in the overall ﬁj'eeldl?1 lﬂ éhe casg.of gvggora ive %OO|I g, a
defined  vapdlPh et YRAY US| BeRRedr SRYESF O ZBBGT BBFE PHOTHar in
the caselof watergndesbdnebeeseabltbshednah tike thewchabhag- wediperatiude in
accordance witfy e Leaperatiigs MK Ngha SLLESPON DOl Pr &33YLg 1 9ht

yield. In the case of evaporative cooling, a defined

vapor pressure (values in the range from about 20 to

160 bar in the case of water) becomes established on

15 the cooling-medium side in accordance with the
temperature, making a correspondingly pressure-tight
design of the cooling-medium side of the apparatus

necessary.

20 In a further preferred embodiment of the invention, a
mixture of heat-exchange medium vapor and liquid in the
form of bubbles, drops and/or an aerocsol flows through
the heat-exchanger plates. Sufficient heat-exchange
medium that the heat transfer takes place substantially

25 wvia the gas phase and is thus intentionally impaired

can be specifically gprayed in.

In accordance with the invention, the reaction mixture
at one end of the reacter is fed to the reactor
30 internal space between the heat-exchanger plates and
discharged at the opposite end of the reactor. The
reaction mixture thus flows through the reactor through
the interspace between the heat-exchanger plates.
Constant cross-mixing of the reaction mixture thus



S

design of the cooling-nmedium side of the apparatus necessary. 20 In

further preferred enbodi nent of the invention, a mxture of heat- eibh&ﬂbﬂm
medi um vapor and liquid in the form of bubbles drops and/ or an aer osol

fl ows through the heat-exchanger pl ates. Sufficient heat - exchange nedi um
that the heat transfer takes place substantially 25 via the gas phase and
Is thus intentionally inpaired can be s eC|ficaIIy sprayed in. In
accordance with the invention, the reactibmnixture at one end of the
reactor is fed to the reactor 30 internal space between the heat-exchanger

plates and disichargedcel WikoppRsi teneequehcehaf eRLHRN hoMtRyenedast i On
m xture thus flows through the reactor through the interspace between the
heat - exchangé?“ﬂf 's. Constant cross-m xing of the reaction m xture thus
2 1 APR 2004 - 13 takes place, with the consequence of high honngeneity

t hereof. The 1theat hgéghggggaﬁgl %é\n&lnrg%%t 'P@a t:i(éllilr%tlg{ %r r‘é?ﬂ SEd

t hrough the reactor I'n"cocurrent, countercurren cr oS
cocurrentSvamaﬁﬁedsinxnughnmhmlyeapterennedosumcenthlsc@m$ame&rhemter

mat ching to tyie . &{%eéd@fﬂéﬁtprﬂflél 8o8hrFBAL 32T LAR: 1150?%% ¢qQLdhagio a

further preferre or nore reaction zon th Separate
heat - exchang@ufigitiand csiaget sthbs Rnsuremodetitert eatichéryi dw oﬂ:hf'-he

reaction m xtudnphddarel HrH¥eE 12t Wle ARG A1t roduced into the
i nterspace between the heat-exchanger plates, for exanple in the form of

an unordered bed. The introduction and change of the catalyst bed is in
this caseosi MYcWrdndy "Bbe a further preferred embodiment, two or

more reaction zones with separate heat-exchange medium
circuits c¢an be arranged in the direction of the

reaction mixture flow.

15 The catalyst can be introduced into the interspace
between the heat-exchanger plates, for example in the
form of an unordered bed. The introduction and change
of the catalyst bed is in this case simpler and more
uniform compared with introduction inte the reaction

20 tubes 1in known processes. Larger coherent reaction
spaces are formed, and the risk of blockage of the
catalyst bed is lower. In the case of arrangement of
the catalyst in a bed around the heat-exchanger plates,
it is advantageous that, in the case of local disloca-

25 tions, the reaction gas can redistribute itself again
over the full catalyst crogss section between two heat-
exchanger plates after flowing past the restriction and
the whole reaction cross section can contribute to the
conversion. A further advantage of heat-exchange plates

30 1is the easier emptying of the catalyst in the case of
catalyst change compared with the tube-bundle reactor.

However, it is also possible, in addition or as an
alternative to the catalyst bed, to provide the heat-
35 exchanger plates with a catalytic coating on their



uni form conpared with introduction into the reaction 20 tubes in kngown
processes. Larger coherent reaction spaces are forned, and the risK 'oAPR 200k
bl ockage of the catalyst bed is lower. In the case of arrangenent of the
catalyst in a bed around the heat-exchanger plates, it is advantageous
that, in the case of local disloca 25 tions, the reaction gas can
redistribute itself again over the full catalyst cross section between two
heat - exchanger plates after flow ng pasﬂ4tﬁé restriction and the whole
reaction cross section can contribute to the conversion. A further

advant age of lheitideshavge pihdiads 136 iseddicl @asnextenpt Flogsof Thhehdat al yst

in the case of at S . W t R bg-b | e,reactor.
However, it i $°8 éoﬁéésgi%%gggﬁh%adl éi%gﬁnééé§§§ﬁyaf?egﬁgtP63€?8 tRe
cat al yst bed, a dayeavitdaaknesreatn 36hexrhnggefromatles wia hl a5 camal Fhec
coating on theht 1 R 4 o] , d I.ch I 0

m xture flomsglﬁﬁgshiég cggg %?é?%%ﬂéﬁé%tegggg%%?¥g% dP%ggf%§@§% tﬁg
plates in 5a MgFBaniRpdkneeshpast hefPBnRX*aTRIE 0.5ANh blasgingrhebaplat es

to be coated angspiagerel ynpmeagal Rt RyaS, MEdiankgap Bt adshidfr oexanpl e
sand blasting, ball ,blasting or chenical nethads, for_exanple etching or
precoating. ORFARGCBGLPHe 2i 40 ythe affseiidfd 1ot PLARaRehapechgfiger

pl ates, they g&he Shéﬂ)ﬂ:-ﬁéxcﬂ@aﬁ@@:_& Wh £d telyh aeac:]éﬁ}ipll?tbe&o 1fQoI’ee
process accordin t nyention thus conprises the follow ng features
and advantagenggF%gpewgg iﬁﬁaﬁFﬁﬁnr§B§§@éable heat - exchanger 15 plates; on
use of stHhdardi zed sheets for the plates, further costs can be saved,

The process according to the invention thus comprises

the following features and advantages.

- Simple design with replaceable heat-exchanger
15 plates; on use of standardized sheets for the

plates, further costs can be saved:;

- high pressure resistance enables selective cooling
with generation of direct steam, with no inter-

20 mediate circuits being necessary; consequently low
specific heat-exchange medium throughput and thus

lower pump capacity and reduced loss of exerqy;

- the catalyst is in the broadest sense in the form
25 of a "homogeneous phase” in the reactor (continu-
ous bed), which enables cross-equalization of
pressure, temperature and composition; this
recsults in less formation of ~“hot floy channelg”,
and congegquently in gsuppression o©f the highest
30 temperatures in the reactor, the so-called hot
spots, and furthermore in lower pressure loss in
the reactor, making equalization of the individual
reaction tubes employed in known processes
unnecessary;
35



- high pressure resistance enabl es selective cooling wth generatioQ,of
direct steam with no inter 20 nediate circuits being necessary; VAPR 2004
consequently |l ow specific heat-exchange nedi umthroughput and thus | ower
punp capacity and reduced | oss of exergy; - the catalyst is in the broadest
sense in the form 25 of a "honbgeneous phase"” in the reactor (continu- ous
bed), which enables cross-equalization of pressure, tenperature and
conposition; this results in |ess formtPorm of "hot flow channels", and
consequently in suppression of the highest 30 tenperatures in the reactor,
the so-call ed-hot hapdtsSngamd fthdé heatBLgstn isOwel gii E5SAHELY 0SSmpDi-t he
reactor, making equali.zation of -the individual reaction tube quloged I n
known processes ufRESésséryPrE3iBifazsy FUE . Oh 5 A K FRTHg BF ¢ hb

catal yst i s signif peoastiby}esitipcughf iethpke pfellimgacyf z2dree wFact@uatal bed
Is possible throu i LLLI f t r r.to above the uppernost
pl ate package. 5 Tﬁg°?ﬁcgh?i%hbﬁgﬁgﬁg|89%3& E%gégggfer detail below with
reference 30 figures, which represent - preferred enbodi nents of the

i nvention. 10&?8tqﬂvghgﬂbﬁsisi% ﬂéﬁﬂed”iﬂxﬁgégﬁg¥nﬁéﬁh{faﬁé55§ W th

provided with entical referencé nunerals. Fig. 1shows a | ongitudi nal

section throuREGTBAFEI cub@r | isBIaH r ed "Brt5dUI NERPTEFCALr caRTOFCTHREh i s
particularly sghbakinentar ofi 8hel @nvention.

10 In the figures, identical or corresponding features are

provided with identical reference numerals.

Fig. 1 shows a longitudinal section through a
particularly preferred empbodiment of a
15 reactor which is particularly suitable for
carrying out the process,
Fig. 1la shows a cross section through the reactor
from Fig. 1,
Fig. 1b shows a longitudinal section through a heat-
20 exchanger plate in the reactor from Fig. 1,
Fig. 1lc shows a preferred arrangement of the weld
points on the heat-exchanger plate from

Fig. 1b,
Fig. 2 shows a longitudinal section through a
25 reactor which is particularly suitable for

carrying out the process, with reaction

mixture and heat-exchange medium flowing in

cocurrent,
Fig. 3 shows a longitudinal section through a
30 further preferred embodiment of a reactor

which 1is particularly suitable for carrying
out the process, with the reaction mixture
and heat-exchange medium flowing in counter-

current.,



carrying out the process, 15Fig. | bshows a cross section through the
reactor fromFig. 1, shows a |ongitudinal section through a heat- exgHaf§eq
plate in the reactor fromFig. 1, Fig. 1c shows a preferred arrangenent of
the weld 20Fi g. 2points on the heat-exchanger plate fromFig. 1b, shows a
| ongi tudi nal section through a reactor which is particularly suitable for
carrying out the process, with reaction 25ig. 3m xture and heat - exchange
medi um fl owi ng in cocurrent, shows a |on§fPtudinal section through a
30further preferred enbodi nent of a reactor which is particularly suitable
for carrying Fogt the pspeessa Wionlyitheih@dcidedt X it udith heabo gdchange
mediumflowing In counter- current, 2 11 APR. 7004

§ROE Ut

| ongi t udi nal section thf&8§H°4 By lFea%?bFaah?éH%S% gégfagpghﬁ%gta
carrying out the proceshe prgceda,shows an enlarged section fromthe
eactor platebtOri B2 apsBfuRe & cEbLeRaka | EhEFITR UL The heact#SEoRioun 1 n
Fig. 4, asd Fig. 5 showshawhorigi t Bdgnald sknt icaderhribaghldusti@ateactive bei ng
suitable for carrying ogh,Lie,cP58ReSs. 8l deLOAGHOE1 RN, by way of
Fig. 4b shows a cross section through the reactor
shown in Fig. 4, and
Fig. 5 shows a longitudinal section through a
10 reactor being suitable for carrying out the
process, Ssaid reactor having, by way of

example, three reaction zones.

The reactor shown in longitudinal section in Fig. 1 has

15 the shape of a cylinder with feed of the reaction
mixture (1) in the upper region and discharge of the
product mixture (2) in the lower reactor region. The
reaction mixture (1) 1is passed over the catalyst bed
(5). Heat-exchanger plates (8) having a wedge-shaped

20 design are arranged in the reactor internal space in
the 1longitudinal direction of the reactor. A heat-
exchange medium introduced via a feed (3) and a
distributor line (6) and discharged wvia a collecting
line (7) and a discharge line (4) flows through the

25 reactor plates. The cross section in Fig. la
illustrates the essentially parallel arrangement of the
heat-exchanger plates (8).

Figs. 1b and 1lc illustrate the wedge-shaped design of
30 the heat-exchanger plates (8) and their construction by

sheets spot-welded to one another.

Fig. 2 shows by way of example a longitudinal section
through a reactor with the reaction mixture and heat-

35 exchange medium flowing in cocurrent. Fig. 2 makes it



exanpl e, three reaction zones. The reactor shown in |ongitudinal section in
Fig. 1 has 15 the shape of a cylinder with feed of the reaction mi x2urAPR 200
(1) in the upper region and discharge of the product mxture (2) in the
| ower reactor region. The reaction mxture (1) is passed over the catal yst
bed (5). Heat-exchanger plates (8) having a wedge-shaped 20 design are
arranged in the reactor internal space in_the |ongitudinal direction of
the reactor. A heat- exchange medi um i mtfdduced via a feed (3) and a
distributor line (6) and discharged via a collecting line (7) and a
dischargF IinFﬁéAk Ehawstﬁ@WM£ﬂhidwﬁfﬁéIaﬁsf@meDh@&esexaﬁﬁhgégﬁéﬁﬁﬁﬁti0”
in Fig. la ilLlustrates the essentia ara arr.angenent of the
heat-exchangeﬁnpfﬁk%s%fgff%ﬁéhERQ%Faﬁ%aggsiI{ﬁitfﬁgé’tﬁgeﬁedﬁb-§ﬁad%d
desi gn of 30cthkeaheathesbagtitangér epl atles. h8htacdchhnge kil cévapoby
sheets spot - d .t ne, ther Figy: 2. : Y f.exanpl e a
| ongi t udi nal ngle:g i (?r?%‘%hr%lﬁg%' aﬁﬁggc%%)lrszsvﬁ %%Vf%rg F%@%t ?’8%(3%1 %cee a}f% heat
35 exchandge nedpparatévengoprdiogeurrent. Fig. 2 makes it 21 APR 2004 - 17
clear that the liquid | evel of the heat-exchange medium in the
heat - exchanger plates (8) only goes up to a certain height, i.e. the.
heat - exchangeF#8di dmSBPYSoPY ¥a¥s ohExanmies theeaptopariemreuand akes
place by 5 eqaperaktM&ng§8OMeAgumFifdowdngNens cByinwaycakrexanpl e the
reaction m xture and heat-exchange nediumflow ng in countercurrent. 10
Fig. 4 shows a | ongitudinal section through a cuboid

10 Fig. 4 shows a longitudinal section through a cuboid

reactor; the design of the heat-exchanger plate (8) is
made clear in the section shown enlarged in Fig. 4a.
Fig. 4b shows a cross section through the cubcid
reactor shown in Fig. 4.
15

The reactor shown in longitudinal section in Fig. 5
has, by way of example, three reaction zones, each with
séparate heat-exchange medium circuits.



reactor; the design of the heat-exchanger plate (8) is nade clear in the
section shown enlarged in Fig. 4a. Fig. 4b shows a cross section thZdudgh 2004
the cuboid reactor shown in Fig. 4. 15 The reactor shown in | ongitudi nal
section in Fig. 5 has, by way of exanple, three reaction zones, each with
separate heat-exchange nediumcircuits. 21 APR 2004 - 18 W claim 1. A
process for the preparation of maleic anhydride by heterogeneously

catal yzed gas-phase oxidation 5 in a reargor with feed (1) for the reaction
m xture at one end of the reactor and discharge (2) at the opposite end of
the reactor, and with devices (8) for dissipating the heat of reaction

whi ch are arr@agebaim:the reactor interior and 10 through which a
heat-exchange medi um fl ows, wherein the devices (8) are heat-exchanger

pl at es. £rocess as clained in claim1l, wherein use is nade of a
l'i quid heat ekeharyePReaEEM Wieirc s EW%B@F%Pé@nanIé@éﬁlﬁaﬁﬂh¥45}4ﬂ1 _
flowing through tihe healerRghanarilw! ahealydkd 3ga§- H6ES oxadatided in

claim1l or 2, whergein the heat- exchqgggé? tes ar or d fromat | east
two 20 nefal sheet®® cdhnd@¥Eh &k 1tiGh they 18aEHEM phery
and supported agaimbttone amotdmaes end afi5the &ﬂea[mﬁcgd’l dnay cnwmiaffgym

bondi ng, preferabhéhsgﬁ:FI din %3% gﬁgaanqﬂay inter naI ressyne, wth
[ r

t he heat - exchange gh Yhet |n?erna 'spage“ﬁorned in
this way. 4. A procdesicas ¢Bauﬁnr|dlSSapat3ngwm@&ﬂheaheoﬁeamactlon

which are arranged in the reactor interior and
10 through which a heat-exchange medium flows,

wherein the devices (8) are heat-exchanger plates.

2. A process as claimed in claim 1, wherein use is

made of a ligquid heat-exchange medium which

15 evaporates at least partially on flowing through
the heat-exchanger plates (8).

3. A process as claimed in claim 1 or 2, wherein the
heat-exchanger plates are formed from at least two

29 metal sheets connected in a pressure-tight manner
at the periphery and supported against one another

in a 15 to 80 mm grid by punctiform bonding,
preferably spot welding, and expanded by internal
pressure, with the heat-exchange medium flowing

- 25 through their internal space formed in this way.

4. A process as claimed in claim 3, wherein the heat-
exchanger plates are layered to give plane-
parallel packages, bent to give rings or ring

30 segments and then arranged concentrically, or bent

in a spiral manner.

5. A process as claimed in claim 4, wherein the plate

separation of the individual ©plate packages



exchanger plates are |ayered to give plane- parallel packages, bent to %gYﬁ
rings or ring 30 segnents and then arranged concentrically, or bent 1] AP Z00k
spiral manner. 5. A process as clainmed in claim4, wherein the plate
separation of the individual plate packages 2 1 APR 2004 - 19 increases in
the flow direction corresponding to the reduction in performance density
wWth increasing reaction progress. 5 6. A process as clainmed in one of the
preceding clains, wherein a |liquid inGr& nic or organi c heat-exchange
medi um or a gaseous heat-exchange nediumis enployed. 10 7. A process as
claimed in one of timenwesesdi by tdleai iikowwhadrechive dentespetmddger tpl at es
(8) are arranged rall anqt her ess lLai ned.in one

of the preceding %gu%la§%§ﬁgﬁﬁg§%inq%he 3§F§?g§5§ thg% ggtyexcﬁé%ger

pl ates facing the ressteaming xte@cd imme pnogrdesed with a full or partial
catalytic coating. 9. A process as clainmed in one of the preceding 20
clainms, wherein the reaction m xture conprises n-butane, oxygen and, if
desired, furt§er C@np@ro§@ﬁﬁs_as claimed in one of the " preceding

claims, wherein a 1liquid inorganic or organic
heat-exchange medium or a gaseous heat-exchange

medium is employed.

10 7. A process as claimed in one of the preceding
claims, wherein the heat-exchanger plates (8) are
arranged parallel to cone another.

8. A process as claimed in one of the preceding
15 claims, wherein the surfaces of the heat-exchanger
plates facing the reaction mixture are provided

with a full or partial catalytic coating.

g. A process as claimed in one of the preceding
20 claims, wherein the reaction mixture comprises
n-butane, oxygen and, if desired, further compo-

nents.



