PFOD00056185 As originally filed Process for preparing phthalic anhydride
.5 Description The invention relates to a process for preparing phthalic
anhydride by catalytic partial oxidation of o-xylene and/or napht hal ene

Wi th a gas conprising oxygen in a plant conprising two or l.ed
reaction zones. 10 In chem cal process technol ogy, a mul ti% ﬁ%&rtl al
oxi dation reactions of fluid, 1i.e. gaseous, liquid or gaseous/Iliquid,

reacti on m xtures are known, whi chAswoeigimdlyrfiledl out in the presence of

het er ogeneous particul ate catal ysts. Such reactions are generally
exothermc, frequently strongly exothermc. 15 Phthalic anhydride is
prepared on tPM@esmﬂm:ptﬂpaangQg hkic abygdedei al oxi dati on of o-xyl ene and/ or
napht hal ene with a gas conprising oxygen, frequently air, over

het er ogeneous, especially supported, catalysts. The reacti on ent hal py for
the oxidati SESeAPENyl ene is 1110 kJ/nmol and, for naphthal ene, 1792 kg/ ol
of phthalic 20 anhydrlde formed, i.e. the reaction is strongly exothermc.
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t he synt hesi ¥ xf’ﬁle&ﬁﬁy%ﬂ:ﬁl‘!fé‘ﬂylﬁ ongiy £xef “product quality is
i npai red.15For the reasons nentioned, a high 35 conver5|on and thus a

percepti bl e 3ﬂh%llaﬁilc ydngvels tp?eppale'e Ccet}ﬁ%eigda%cg ape b artlael oxidation of
o-xylene and/or naphthalene with a gas comprising oxygen, frequently air, over
heterogeneous, especially supported, catalysts. The reaction enthalpy for the
oxidation of o-xylene is 1110 kJ/mol and, for naphthalene, 1792 kg/mol of phthalic
20  anhydride formed, i.e. the reaction is strongly exothermic. For inexpensive
production with high reactor throughputs, a high loading of the air with reactant is
required; these gas mixtures are frequently then ignitable.

To reduce the proportions of undesired intermediates, byproducts and also of
25  reactant in the process gas, which present problems in the product removal from
the gas stream and the further workup, it is usually necessary to attain reactant

conversions close to 100 mol%.

As in the case of other partial oxidations too, it is typical that, in the preparation of

30  phthalic anhydride, the approach of the reactant conversion to 100% is associated
with an increasing proportional rate of total oxidation to carbon monoxide and
carbon dioxide. It is also possible at too low a reaction rate for by-products to
form, especially phthalide in the case of the synthesis of phthalic anhydride, by
which the product quality is impaired. For the reasons mentioned, a high

35 conversion and thus a perceptible yield loss have to be accepted according to the
prior art to obtain on-spec product.



prior art to obtain on-spec product. PF0000056185 -2 OmsMng to the aging of
the catalyst with increasing operating tine, it is necessary for a uniform
conversion to raise the tenperature in the reactor, as a result of vvhich

even higher yield | osses have to be accepted according toéw art
To a certain degree, the yield can be inproved by the util

uncool ed postreactor in which a limted,residual conversion takes pl ace at
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process for preparing phthalic anhydride using a tube bundle reactor
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reduced there. In this way, it is intended that an advantageous yield should be
realizable even at loadings of over 100 g of o-xylene per m’ (STP) in the reactant

20 mixture. With the proposed operating mode, an adiabatic reaction in the
postreactor, the possible conversion there is, however, greatly restricted for the
reasons already mentioned above, so that neither a significant yield improvement
nor in particular any prolonging of the catalyst lifetime is possible in this way.

25 DE-A 40 13 051 discloses a process for preparing phthalic anhydride using a tube
bundle reactor comprising at least two successive reaction zones in flow direction
with separate salt bath cooling, the salt bath temperature in the first reaction zone
being kept from 2 to 20° higher than the salt bath temperature in the remaining
reaction zones. This process achieves an improved yield of phthalic anhydride,

30 since the temperature is adjusted better to the reaction kinetics. In spite of this,
high yield losses remain owing to the high temperature level in both cooling zones,

at which the required high conversion of approx. 99% mol% can be achieved.

it was accordingly an object of the invention to provide an improved process for
35 preparing phthalic anhydride, by which a higher proportion of the residual



at which the required high conversion of approx. 99% nol % can be achi eved.
It was accordingly an object of the invention to provide an inproved process
for 35 preparing phthalic anhydride, by which a higher proportion of the

resi dual PFO000056185 -3 conversion can be realized in pr ﬁ@% es which
are attached downstreamof the synthesis in the main rea t grocess
should in particular also be adaptable lexibly to dlfferent | oad ranges

wi thout yield |osses. 5 The solution consists in a process for preparing
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tenperature of the coolant on entry ipto the first reacgtiqQn zone wherein
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or into 15 tretfurther reaction zones. It is known that the conversion rate
i n postreact & FYPPRY®pari ng phthalic anhydride is greatly limited, since
t he postreacti on itwboodweesattaat zanes codlétbwitbacbolant, gas stream and heats it,
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It is known that the conversion rate in postreactors for preparing phthalic

anhydride is greatly limited, since the postreaction introduces heat into the reaction

gas stream and heats it, and then the further reaction of already formed product of

20  value to the products of total oxidation, carbon monoxide and carbon dioxide,
subsequently sets in progressively, with the consequence of a reduced yield and
also the risk that the postreactor runs away.

It has been found that, surprisingly, contrary to previous assumptions, it is possible

25 to achieve virtually full conversion of o-xylene and also of the phthalide by-
product to the phthalic anhydride product of value without noticeable additional
yield losses provided that suitable heat removal in the postreactor prevents too high
a temperature rise even when residual conversions in the range from 5 to 10%, but
also up to 15% or even up to 20%, of the molar overall conversion are shifted into

30 the postreactor, even though this postreaction is at a temperature level distinctly
below the temperature level known to be necessary for the reaction of o-xylene to
phthalic anhydride at high conversion rates (> 70%).

The invention is not restricted with regard to the specific catalysts used: it is
35 possible to use all known catalysts for preparing phthalic anhydride, especially



30 the postreactor, even though this postreaction is at a tenperature |evel
distinctly below the tenperature |evel known to be necessary for the
reaction of o-xylene to phthalic anhydride at high conversion rates (>

709% . The invention is not restricted with regard to the mlﬁﬁtalysts

used: it is 35 possible to use all known catalysts for p thalic
anhydri de, especially PF0O000056185 -4 _ség_pported catalysts with an active
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Particularly advantageously, the catalyst can be optimized for yield in the first
reaction zone or the main reactor, since significant proportions of the residual

20  conversion can be achieved in downstream reaction zones or in the postreactor.

The reactant used may be o-xylene, naphthalene or a mixture of o-xylene and
naphthalene.

25 The gas which comprises oxygen and is required for the partial oxidation is
preferably air.

The two or more cooled reaction zones may be accommodated in a single
apparatus or else in two or more separate apparatuses. Particular preference is
30 given to an embodiment with two reaction zones, a first reaction zone in a main

reactor and a second reaction zone in a postreactor.

The reactors may be cylindrical, but also have other geomeiries, for example
parallelepipedic, in particular cuboidal.
35



apparatus or else in two or nore separate apparatuses. Particul ar preference
Is 30 given to an enbodi nent with two reaction zones, a first reaction zone
in a min reactor and a second reaction zone in a postreactor The reactors

may be cylindrical, but also have other geonetries, for e
paral | el epi pedic, in particular cuboidal. 35 PF0000056185‘ﬁH®0$W§“§§act|on
zones can be cooled with all customary hgat carriers. Particularly

advant ageously, the devices for accomodaiing the heat carriers may be

designed as thernoplates, through which a coolant flows, preferably water,
whi ch evapoiTht gsactiont 2vaes aam beiapeledswith adll ewbtauanydreat icoursicrso dlartigyjarlys
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'”ter”Ed'atec@ﬂﬁkﬁésﬁﬁﬂ:§9§§ﬁﬁ@@&ﬁ&ﬂ@ﬂ%vmﬁﬁ&ﬁ@gﬁéhh the same apparatus. In
this case, in the main reactor and also in the postreactor, beds of the

solid-stafe catal yst are provided in the main reactor in the interstices

bet ween the Umefni@pdtatoeslers furotigreamftios hnixagre reaeirhefedgawatx ther £attson passed.
15 An inert bed Jmay preferably be provided in the internediate cooler. It is
al so possi bl ‘B, differentiate the internediate cooler and the postreact or
only in that the region which functlons as the internediate cooler is left

enpty or in t e

regi on whi chnllt?l@ e Sé e bet ﬁm%%g?lpé %@E{&lﬁamg ”]l rglcl)\?? gﬁrgtus@vﬁl{]
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cooling circuit or the main reactor ternms heat exchanger | at es, heat

transferrer ﬁPSF%@“%f“¥héfﬁ%bﬁ&@é%mﬁﬂﬂﬁb§bﬂeIES“éﬂ%§Xﬁﬁﬂnﬁpﬂyﬂ§VﬁBﬁV%Dusly.

interstices between the thermoplates, through which the reaction gas mixture is
passed.
15
An inert bed may preferably be provided in the intermediate cooler. It is also
possible to differentiate the intermediate cooler and the postreactor only in that the
region which functions as the intermediate cooler is left empty or in that an inert
bed is provided therein and in that, in the region which functions as the postreactor,
20 a bed is provided as a solid-state catalyst. The intermediate cooler and the
postreactor are preferably attached to a single cooling circuit which is separated

from the cooling circuit for the main reactor.

The terms heat exchanger plates, heat transferrer plates or thermoplates are used
25  substantially synonymously.

Heat transferrer plates are defined predominantly as sheetlike structures which
have an interior provided with inlet and outlet lines and having a low thickness in
comparison to the surface area. They are generally produced from metal sheets,
30 frequently from steel sheets. However, depending on the application case, in
particular the properties of the reaction medium and of the heat carrier, special, in
particular corrosion-resistant, or else coated materials may be used. The inlet and
outlet devices for the heat carriers are generally arranged at opposite ends of the
heat exchange plates. The heat carriers used are frequently water, or else Diphyl®
35  (mixture of from 70 to 75% by weight of diphenyl ether and from 25 to 30% by



Heat transferrer plates are defined predom nantly as sheetlike structures
which have an interior provided with inlet and outlet |lines and having a
| ow t hi ckness in conparison to the surface area. They are generally
produced from netal sheets, 30 frequently from steel sheeﬁmﬁﬁﬁg,
depending on the application case, in particular the pro t he
reacti on nedi um and of the heat carrier,. special, in particular
corrosion-resistant, or else coated mat'e6rial s may be used. The inlet and
outlet devices for the heat carriers are generally arranged at opposite ends
of the heat weighhahdwphpnyl).exhiclTisembémes else evapasatgsed oiing pperaden:|iy iswat er ,
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al so evapor atko i9nialigyis-i ng operation; it is also possible to use other
organi c heat carriers having a | ow vapor pressure and also ionic liquids. 5

The use of igpic liquids as heat carriers is described | - 6 418.
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Al so advant ageoosalentemet@hicatidn, guipdgictBir vini akalc oretaicatiam dndi dsx ol fudher
pyridiniumo 0 i ti : ti J S is
eed i part Pntas panlcdl o Bkl Eakl I il BT IBREORIRES, |2
met al pl & es whidh qopfaiean imidazdlisvm, [pyridivn oapkysphorigm cafien dsthesdtien-e
frequently shaped using hydraulic pressure plastically to form pockets. 15

The process according to the, i n%ﬁ:nti on can preferably be carried out by
using a readteierBsthgmRenatehit ysel DEpardelaopbent tigpdedelaes Jdaresitgt ent i s
hereby i ncoupailiat®ed, ndthlyplatet ard nddr geihbr Patpdt MARriroRtwEds ahd Qre a

reactor conprising 20 - one gr nore cuboidal .ther | at e .nodul es which are
each formed ﬁf’g'ﬁ‘?“%ty apgd ‘ﬁﬂ}ggnyrdé%{hﬁﬁé?ﬁ“éﬁ': @%BF%p@&égpg?l{%nged parallel to
each othéf while 1in each case |leaving a gap which can be filled with the

het er ogeneousy, RELLLEYLAkEng3b the Bucfifith b bleugshy Y QB B bP%siie o

reaction m xtur
reactor as described in DE 103 33 866, whose disclosure content is hereby

incorporated fully into the present patent application, i.e. a reactor comprising

20 - one or more cuboidal thermoplate modules which are each formed from
two or more rectangular thermoplates arranged parallel to each other while
in each case leaving a gap which can be filled with the heterogeneous
particulate catalyst and is flowed through by the fluid reaction mixture, the
heat of reaction being absorbed by a heat carrier which flows through the

25 thermoplates and in doing so at least partly evaporates, and also comprising

- a predominantly cylindrical shell which releases the pressure at the
thermoplate modules, completely surrounds them and comprises a cylinder
jacket and hoods which conclude it at both ends and whose longitudinal

30 axis is aligned parallel to the plane of the thermoplates, and also comprising

- one or more sealing elements which are arranged in such a way that the
fluid reaction mixture, apart from flowing through the reactor interior
spaces bounded by the hoods, only flows through the gap.

35



heat of reaction being absorbed by a heat carrier which flows through the 25
thernopl ates and in doing so at |east partly evaporates, and al so conpri si ng
a predomnantly cylindrical shell which releases the pressure at the

t her nopl ate nodul es, conpletely surrounds them and conpri iL,pder
j acket and hoods which conclude it at both ends and mhoseiﬁgwgpﬁ al 30
axis is aligned parallel to the plane of7the t hernopl ates, and al so
conprising one or nore sealing elenents’which are arranged in such a way
that the fluid reaction m xture, apart fromflow ng through the reactor
interior spdtey atethusiterhyplathendrudessyhiom ymptissbemimpdaieh thrhaghywhich3s
PFO000056185 pos ol e I I Waheh; [l
thernDpIates?e?ﬁ}ougﬁkaﬁf?%Qg%lﬁgg%ﬂggg?%ng?ﬂgﬁgﬁmabsopggegﬁghﬁgg?bbf
reacti on andes2porHes, saiie atej genfigureds ydth gaeubojdal shaproapd eye igpiglled avith

confi gured V‘?H%s@c@é‘l'@ﬁﬂe@ﬂ'a preapRimtly %gﬁndrﬂﬁl shdle@hitht ddmpkieSSyidur@ ease in
an
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pl at e nod | edh€®-e” formed fromin each case two or nore rect angul ar

t her nopl ates which are arranged parallel to each other while in each case
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el se 1.4547,g9é fromother alloyed steels. 15 The material thickness of the
nmet al sheets®uSed for this purpose may be selected between | and 4 nm 1.5
and 3 mmlOor el se between 2 and 2.5 mm or to be 2.5 nun or to be 3 nm In

general , tworh%cth@xﬂwghgés ARtAANUTRSGES FARY cBFodio REal rﬁe{?&idlg%ggéekﬁ%hnal and

end 20 sides to giv thernoplate, in which case a roll sea at er al
vel d joint ofTo80 SEEHEY IR ofRT SkamBlcHhaving be snypials guppss 1dRe! 9pdct#ditn whi ch
the heat carrni4971ics 114806 1.458BRIRA 43475 60red cMerallbysi fass. The edge of the
t her nopl ates i s advant ageously
15 The material thickness of the metal sheets used for this purpose may be selected
between 1 and 4 mm, 1.5 and 3 mm, or else between 2 and 2.5 mm, or to be

2.5 mm or to be 3 mm.

In general, two rectangular metal sheets may be joined at the longitudinal and end
20 sides to give a thermoplate, in which case a roll seam or lateral weld joint or a
combination of both is possible so that the space in which the heat carrier is later
disposed is sealed on all sides. The edge of the thermoplates is advantageously
removed at or even in the lateral roll seam of the longitudinal edge so that the edge
region, which is poorly cooled if at all, and in which catalyst is usually also

25  installed, has a very low geometric expansion.

The metal sheets are joined together by point welding distributed over the
rectangular surface. An at least partial connection by straight or else curved and
also circular roll seams is also possible. It is also possible for the volume flowed
30 through by the heat carrier to be divided by additional roll seams into a plurarity of

separate regions.

One possibility of arranging the weld points on the thermoplates is in rows with
equidistant point separations of from 30 to 80 mm or else from 35 to 70 mm,
35  although separations of 40 to 60 mm are also possible, a further embodiment being
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The width of the thermoplates is limited substantially by manufacturing technology

considerations and may be between 100 and 2500 mm, or else between 500 and

1500 mm. The length of the thermoplates is dependent upon the reaction, in

particular upon the temperature profile of the reaction, and may be between 500
20  and 7000 mm, or else between 3000 and 4000 mm.

In each case two or more thermoplates are arranged parallel and separated from
one another to form a thermoplate module. This results in shaftlike gaps forming
between immediately adjacent plates which, at the narrowest points of the plate
25  separation, for example, have a width of between 8 and 150 mm, or else from 10 to
100 mm. One possible embodiment is also widths of from 12 to 50 mm or else
from i4 to 25 mm, although from 16 to 20 mm may also be selected. A gap

separation of 17 mm has also been tested.

30  Between the individual thermoplates of a thermoplate module, for example in the
case of large-surface area plates, spacers can additionally be installed in order to
prevent deformations which can change plate separation or position. To install
these spacers, sections of the metal plates can be removed from the flow region of
the heat carrier, for example by circular roll seams, in order, for example, to be

35  able to introduce holes into the plates for securing screws of the spacers.
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slots 15  securing, for example by introducing the lateral plate edges into grooves or slots

which have been introduced beforehand, or else by cohesive securing such as

welding to a flat plate, in which case the plate can be sealed by welding over the

entire length or else at least partially only tacked, in order to enable pressure

equalization of the gaps. An alternative embodiment is the use of tubular, angled or

20 curved plate parts which are each tacked between two plates and sealed from the
outside by welding.

The weld points of immediately adjacent thermoplates may be opposite each other
or offset from one other.
25
In general, preference is given for manufacturing reasons to configuring the
arrangement with two or more cuboidal thermoplate modules with in each case
identical dimensions. In the case of arrangements of 10 or 14 thermoplate modules,
it may be advantageous for the compactness of the overall apparatus to select two
30 module types having different edge lengths or ditferent edge length ratios.

Preference is given to arrangements of 4, 7, 10 or 14 thermoplate modules having
in each case identical dimensions. The projection surface, visible in the flow
direction, of a module may be square, or else rectangular is a side ratio of 1.1 or
35 else 1.2. Combinations of 7, 10 or 14 modules having rectangular module
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In one embodiment, the rectangular stabilization frames of adjacent thermoplate

modules are sealed with respect to each other. This prevents bypass flow of the

reaction mixture between the individual thermoplate modules.

20  The installation of cuboidal thermoplate modules into a predominantly cylindrical
pressure-rated shell results in relatively large free intermediate spaces remaining at
the edge toward the cylindrical jacket wall of the shell, in which accumulation, side
reactions or decomposition of the material product can take place. Cleaning or
decontamination of product, for example in the event of the necessity of assembly

25  operations, is only possible there with great difficulty. It is therefore advantageous
to separate this intermediate space from the reaction chamber, i.e. from the gaps

between in each case immediately adjacent thermoplates.

To this end, the intermediate space between the thermoplate modules and the
30  predominantly cylindrical shell is sealed at the lower end of the thermoplate
module with a holding base. In order to prevent bypass flow of the reaction
mixture, the bearing or holding base should seal the intermediate space in a gas-

tight manner.

35  Advantageously, the intermediate space between the thermoplate modules and the
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The upper metal sheet cover may rest on struts which additionally stabilize the
rectangular stabilization frames in which the thermoplate modules are installed.

The intermediate space between the thermoplate modules and the predominantly
20 cylindrical shell may advantageously be filled with inert materials, in order to
reduce the free gas volume there and in order to prevent gas convection which may

lead, for example, to uncontrolled heat release.

In the cylindrical shell, it is advantageous to provide nozzles for the inlet and outlet

25  of the inert bed material which are configured in suitable size and mounted at a
suitable angle in such a way that blockage-free filling and emptying is possible
under the force of gravity. Possible embodiments of the nozzles are nominal widths
of 80, 100, 150 or 200 mm.

30 The inert material bed used may in principle be any chemically inert and
sufficiently mechanically and thermally stable material, for example expanded
perlite and/or expanded vermiculite.

It is possible to charge the intermediate space between the thermoplate modules
35 and the predominantly cylindrical shell, which may be filled with inert material,



with a bl owback safeguard. These overflow units may al so be di sposed out side
the cylindrical external shell. 15 The upper netal sheet cover may rest on
struts which additionally stabilize the rectangular stabilization frames in
whi ch the thernoplate nodul es are installed. The internmeq] bet ween
t he thernopl ate nodul es and the predom nantly 20 cylindri ?ﬁb@@@gﬁw
advantageously be filled with inert matenials, in order to reduce the free
gas volune there and in order to prevent“gas convection which may |ead, for
exanple, to uncontrolled heat release. In the cylindrical shell, it is
advant ageous with yagaspraseurnozzl es for the inlet and outlet 25 of the inert
bed material which are configured in suitable size and nounted at a
suitable angle in such a way that bl %cka e-free filling and enptying is
possi bl e und8f apRHcatigncel Bresyravney e%‘%é‘?ﬁ‘l‘@kﬁ%&ﬁnﬁ&qﬁs&dﬂ@m@ﬁ Uiz z1 es

ar ednom' nal  wrghight alb@lfnbag), thlaogﬁaséxﬁarﬁulﬁ&ﬁ it angdfiR[f)l;lctﬂﬁf tnin?g@r imﬁ bed .
used may Ln principle n em.ca i nert an sufficiently mechanically
and t her néll I %%‘Paglﬁﬁe“wf é%FéP‘? Wagrbeefgﬁﬁ‘faénpé?cptgﬁ(ﬁ’é‘?fsurﬁedrlffFrteBtl%{nQﬁ%?enexpanded
verm cul it e. thet piessupo asilel imtermedingr gpact betwent eharotrmbplaep@modulbetnd dhe t he

et DL . R AR SUETATROALY LS 2y S0 i T

appl i cation bed pnetwugepsray the tebuoplatei alodyles oors mtarthe ameachn_elntmhsl y

br ought abouz«d%x?ta ul ge%gélﬁﬁferrgram &lude"\Bitfal AR, BUIRWEcRE BY Lh QFRB: The 5
al Sel ecfed may t'he

regul ation sign I e, for exanple, pressure ‘differenti al
bet ween ife prRBssymean yaluseln parkeyarihg agitypeiicempan vidlep afiibe prrssurp et e

nodul es and Ttﬂ%eigl{t%@ﬂ{éid%@dn%ét Yed itlal pedfbably tehelecicand iR gMhessLpRalat the
| ower end of the catalyst ed in the gaps of the thernoplate nodul es or at

t he upper end thereof. Advantageously, the differential pressure signal may
be correct ed Toyapply pfdsqat, dgbromiake nozzleeanl/vadinternl Hag tine Hatingt sigall

arithmetic an, val ue,.of the pressure over, the height of the catalyst bed
may preferab {)ﬂB%le%er”& C?‘eareagre??{gb ¥ e%'ﬁffcg‘?dlegﬂwgfv alr.ngy be” provided I the’
15  predominantly cylindrical shell.

Alternatively, it is also possible to bring about the application of pressure with
continuous flow through the intermediate space with a gas which is inert or
intrinsic to the process, in particular nitrogen or cycle gas.
20
The gas used to apply pressure is advantageously combined with the fluid reaction
mixture at its outlet from the thermoplate modules, generally still within the
predominantly cylindrical shell of the reactor. The outlet points of the gas used for
pressure charging are advantageously located in flow dead zones of the fluid
25  reaction mixture, in order to purge them.

The volume flow rate of the gas used to apply pressure will generally be
significantly less than the volume flow rate of the fluid reaction mixture and is
advantageously selected in such a way that it is not harmful to the reaction in

30  process technology terms.

The thermoplate modules should advantageously each be individually
exchangeable, in order that, as already outlined above, problems which occur, for
example leakages, deformations of the thermoplates or problems with the catalyst,
35 can be remedied in a targeted manner. For this purpose, it is advantageous to
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cylindrical shell at the lower end of the thermoplate modules. It is possible in
principle to use any known sealing means for this purpose. These may be, for

example, conventional seals which, for example, are additionally screw-secured.

20 It is also possible to bring about the sealing by weld lips, for example, by a variant
in which a weld lip is secured to the holding base and a second weld lip to the
outer edge of the thermoplate module or of the rectangular stabilization frame.
Both weld lips are configured in such a way that they fit together geometrically
and can be welded together. To exchange the thermoplate module, the weld scam

25  is separated and, if required, renewed.

The thermoplate modules can be tensioned from above with the rectangular

stabilization frames by a device. Sufficient tensile pressure from above ensures

adequate surface pressure on the seal and advantageous securing of the thermoplate
30  modules.

It is not obligatory for the rectangular stabilization frames to be sealed with respect
to each other, as long as an impermissible bypass flow past the gaps is prevented. It
is also possible to connect the rectangular stabilization frames together with small
35  drillholes, through which the inert gas can flow in from the intermediate space and
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have gui di ng ttensitoci urmvtm@s@peﬁﬁmzﬂ(emp thé¢ adext eri or. is possible, for
exanpl e, to provide comer brackets of any form on the corners of these

el enents and conical netal sheet strips on their side. It is also
advant agédus It e pasigntar ambadinesh tthalememest termoplachfertbermmopldte aridek:, an t he
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w than the other metal sheets used to produce the thermoplates.

To compensate for the thermal expansion, annular compensators in particular are
20  advantageously provided in or on the holding base which seals the intermediate
space between the thermoplate modules and the predominantly cylindrical shell at
the lower end of the thermoplate modules. Annular compensation with an
approximately z-shaped profile viewed in the direction at right angles to the
surface of the metal sheet base is particularly suitable. However, other

25 conventional, wave-shaped compensators are equally suitable.

Preference is also given to also providing compensators for the axial and/or radial
expansion in or on the metal sheet cover at the upper end of the intermediate space
between thermoplate modules and predominantly cylindrical shell.
30
Each thermoplate module is supplied with the heat carrier by one or more
distribution devices. The heat carrier, after flowing through the interior in the
individual thermoplates, is removed at the other end of the thermoplate module via
one or more collection devices. Since, in accordance with the invention, a heat
35  carrier is used which absorbs the heat of reaction released and in doing so partly



10 insertion by neans of a hoist or, for exanple, of a crane. To insert the
t hernopl ate nodul es by crane, they can also be held on tie bars which reach
vertically through the initially enpty gap down to the | ower edge of the

pl ates and are connected there to a transverse support tg,wﬁ%he | oad.
15 In a particular enbodi nent, the outernost thernoplate pl ate

nodul e, at the exterior thereof, is forged froma thicker and therefore
more stable metal sheet than the ot her tal sheets used to produce the
thernopl ates. To conpensate for the thermal expansion, annul ar conpensators
in particul acvapeeates2@ iadaeinulagboulyayiapeaysifethei adjustment efiibe flsvaraies Wase
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pr edon nant | indrical shell at the [ower end of the thernopl a?
nodul es. Annthegpoplaepaedug.i on vvlth an approxi mately z-shaped profile viewed
in the direction at rlght angles to the surface of the netal sheet base is

particul arly,suitable. 5 con |on ve-S
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provi di ng cotnaerthagt @ash fthetmecompea:tatlandfoortheaahcainmcmlnpanmforhel theunalon t he
met al sheet . at .t ter
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modul e i s supplirdeigaiiheH. €hmpﬂ®auom§rmssbleti;er®rfer eramphy. &y addugved pipelinen
devices. Thejheg{ carrier, after flowing through the interior in the

i ndi vi dual ther )pl ates, is renoved at the other end of the thernoplate
modul e vi@& one or nore collection devices. Si nce, in accordance with the
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to the surr oyp ﬂﬂlt&gl @({rﬁﬂe%@?itﬂénm Which case any pipe support required may be effected

on an internal support structure.

Particular preference is given to configuring the collection tubes in the

20  thermoplates for the feed and distribution, and also collection and removal, of the
heat carrier by welding into a slotted tray as follows: the individual thermoplates of
a module are initially joined to a channel-shaped metal sheet which is curved
toward the interior of the thermoplates and has an approximately semicircular cross
section and also orifices or slots for the output of the heat carrier. At this stage of

25 manufacture, it is possible to check that the weldings into the slotted tray are free
of manufacturing faults, either in a representative specimen or else in the whole
area, for example by X-ray. Subsequently, this first, approximately channel-shaped
metal sheet is joined on both longitudinal sides to a second, similarly shaped metal
sheet, except having opposite curvature and no orifices or slots, in particular by

30 longitudinal seam welding, to form a tubular component having virtually circular
cross section. The two ends of this tubular component are sealed by lids which may
optionally be strengthened by an internal tie rod.

In a further embodiment, it is also possible to directly weld tube parts having a
35 relatively small nominal width of, for example, from 4 to 30 mm, onto the



cylindrical shell. Conpensation is possible here, for exanple, by a curved
pi peline design. 10 To acconmopdate the thermal expansion of the thernoplate
nodul es relative to the surrounding predominantly cylindrical shell, it is

possible to ensure a suitable curved or Z- or onega-shapgﬂgﬂ@ﬁ&ﬁés'c
configuration of the tubing of the distribution and coll | ces for

the heat carrier flow ng through the 151 hernoplates. In a further

enbodi nent, this conpensation may be effected by axial or |ateral
conpensators, in which case any pipe support required may be effected on an
i nternal suppwrmoplatescirequentlpanta gl metabshepleedags.cloj feed M‘{ rerpevecharhegur i ng
the collecti@pktibes in the 20 thernoplates for the feed and distribution,
and al so collection and renoval, of the heat carrier by welding into a
slotted tray as follows: the individual thernoplates of a nodule are
initially joimhedapobewediaths ehdisidapatlem®iphdtesséfeath werabplug moduleservé anvar d t he

interior of the thernopl ates and has an roximately sem circular cross
section aﬁd 3??6“18?(5‘\1‘? @Bgletffogfr‘fa?‘ksﬂﬂ&ic“!ﬁgg%&yﬁut of the heat carrier. At
this stage of 25 manufacture, it is possible to check that the weldings into
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wel d tube parts having a 35 relatively small nomnal width of, for exanple,
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bet ween tlhe icadbe swivaledt her nopl at es of each thernopl ate nodul e serve to

It is particularly advantageous when the distribution devices for the heat carrier to
the thermoplates are installed in such a way that the lateral separations from the
distribution devices to the edge of the thermoplate assembly are the same, so that

20  only a single type of catalyst-retaining grate is required. In each case two catalyst-
retaining grates are advantageously provided per thermoplate module, i.e. on both
sides of the distribution device for the heat carrier.

The catalyst-retaining grates are advantageously dimensioned in such a way that

25 they can be installed and deinstalled via the manholes in the approximately
cylindrical shell. The manholes frequently have an internal diameter of 700 mm.
Correspondingly, preference is given to an edge length for the catalyst inlay grates
of 650 mm.

30 In a further embodiment, it is possible to further divide these retaining grates into
smaller units, but also (o seal each gap or each gap half individually, so that it can
also be emptied separately.

Alternatively, it is also possible to fill the thermoplate modules with catalyst before
35 they are installed into the reactor, i.e. outside the reactor.



5 acconmpdat e t he het erogeneous particulate catalyst. In order to rule out
flow of the catalyst particles out of the gaps under the influence of
gravity, suitable catalyst-retaining grates have to be provided at the | ower

end thereof. This may be effected, for exanple, with perm@% mesh
plates, and it is 10 particularly advantageous for this p ﬁse edge

gap sieves, which ensure good retenti on of the catalyst with sinultaneously
hi gh di nensional stability and |ow presgure drop for the reaction medium
flow ng through. The catal yst-retaining grates may be installed, for
exanple, in such a way that they 15 can be swiveled. It is particul arly

advant ageous TyRedhell Nfirfbusilink DIkE | ﬂaerrﬁ@me eodflés hae H&e@tde@@meueabdv@ ad he
t hernopl ates are installed, n suc P%“ tHat the ] ate atlcgns from
1
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sanme, so thamm@alawﬁ)mewbﬁ“myqlﬂs@éale‘cmtaiows&ncrseﬁ aﬁcmcmgegyaheods required.
I n each csse two catal yst- retaining grates are advantageously provi ded per
t hernopl ate nodule, i.e. on both sides of the distribution device for the
heat carri er Thedlpezdoatimdnylytcytindrddahshdl ig weneesliyametalel sertiedbBous| y di nensi oned
in such a way that 25 they can be installed and deinstalled via the

manhol es in the approximately cylindrical shell. The nmanhol es frequently
have an i nt efhal fleidareaeteon ofednon ismpassedoinie stbo mgagigt yntepere visy ene dhdod, gi ven

to an edge '%q&éhuf {‘uatﬂﬁe 16@%@'&1)55& ﬂ@&@xhlaﬁgw& b virlh Wh1dE wilth dnd ur ther

enbodi nent, it ossi b further divid e retarning grates jnto
smal ler 4B téleteﬁlﬂe“%ﬂ“s?d)aft&%@é%Pa@é{é%“&dﬁ bgtwesh dhe mdpyidual thermgplatesuand v, so

that it can j@lesRvb@elBbLIREcheoRthak@lcior, vih R dtBdr] Breduentll thd $ppat, 3@o@OSSI bl e
to fill the thernoplate nodules with catalyst before’ 35 they are installed

into the reactor, i.e. outside the reactor. PF0O000056185 -17 The shell
surroundi ng tfihe Hobs arpprafeeablp dhinafachasd freanstaiakss sfeeldonde seaidsss steel-
predoninantl& %¥i|ndr|cal In this context, this neans that it has a
cylinder jac é Wi th circul ar cross sectlon which is sealed at both ends in
each casé5by a hood. 5

The hoods may be connected to the cylinder jacket of the shell by secure welding
or separably, for example via a flange connection. The flange connection may be

configured in such a way that it can be lowered by means of a hydraulic system.

20 1t is advantageously possible to reach the circumference of the hoods on foot via
one or more manholes which generally have a diameter of 700 mm. For this
purpose, a widened cylindrical section is advantageous, which, like the hood, is,

for example, manufactured from stainless steel or is stainless steel-plated.

25 It is possible via the manholes in the hoods to access the upper side of the modules,
so that the catalyst can easiiy be introduced into the gaps between the
thermoplates, and the lower side of the modules, so that the retaining grates can be
installed and deinstalled easily.

30  To deinstall the catalyst, devices may additionally be installed in the lower hood to
retain auxiliaries and to collect the catalyst which may have already been installed

in the course of operation, and also one or more nozzles to discharge the catalyst.

The material used for the intermediate space between the thermoplate modules and
35  the interior wall of the predominantly cylindrical shell sealing holding base, and



The predom nantly cylindrical shell is generally installed vertically. The
fluid reaction nmediumis passed into the reactor interior via one hood,
frequently via the | ower hood, flows through the gap which is filled with
the 10 heterogeneous particulate catalyst and is betmeengﬁﬂﬁk&ﬁgylg'dual

t hernopl ates, and is renoved at the other end of the reac e ot her,
frequently the upper, hood. The hoods _gge preferably manufactured from
stainless steel or are stainless steel- plated 15 The hoods may be
connected to the cylinder jacket of the shell secure wel di ng

separably, fé&r @&é@ﬁﬁmuﬁ%‘@ﬂﬂaﬂﬁ@éfmrf@‘t':iheo‘rl?em'ﬁl’féatﬁI@%@%@ﬁné@%@n may be

configured i Barbuis redl. WRKrahiadly it 18%@519@ th Qe S IRy stBBIFBSthe pudpdiedr aul i ¢
system 20 It is advant ageous?,y possible to reach the circunference of the

hoods on foot via one or nore manhol es which generally have a di aneter of
700 mm For thidke @Mlbbﬂﬁéhoo@s V\ﬁtd@nﬁﬂraﬁtﬁgémﬂriocaﬂstaﬂléﬁbhﬂﬁs iﬁu@rg\hawmagleous

which, like t ood act.ur. om stain steel or
o Stai ni bos Mgl Tfelerieps 581 p¢ G FRF e RNifier shtRoPLE PiciRe ooas
to access thén agaideon, aodzdecorfnajr be myndigdebsre f@dunhatﬁdidlmstramhlyﬁndpmeﬁasi ly be
i ntroduced 'Qﬁzﬁystna s between the thernoplates, and the | ower side of

t

t he nodul es e retaining grates can be installed and deinstalled
easily. 30 To deinstall the catal yst, devices may additionally be installed

i the | over phagdnédis ERbRID AL B% AflihdieaCALKE T hBDreRidhiufly whi ch

may have_al ready, been installed in the course of operation, and also one or
more noz¥es cwda}cgkﬁ}ﬁl 9 80% RE MOkE apvg%nsat%@ mmooﬂatmgr@&r%w the, axial

i nternedi at e depaskepahisen the thernmoplate nodules and 35 the interior wall
of the predom nantly cylindrical shell sealing holding base, and
PFO000056185 -18 for the rectangular stabilization franes for the

t her nopl at e fTheHeatScdrtier medinnbasedc ampdr fetdataterAdst wpivally weiliyed it powepossi bl e

t t ai | i i

advant ageous “PaoTEieE Serisadtidn B RRSpol e R nebiBXT IRAS MY can e
i ntroducéd i miird>arhpfkessdl Wedhlataltrhbfs ﬁQIprIa_amermfdMI@BD 61Inofdddpbérdd, 197 z| es
may be mount edphese 150994 Pr §41¢4st hirkhbd oh T84 357200 5 iABAFBIO8LHB1 p. 108).

Typical parameters of the feed water may be: conductivity less than 0.4, or less
than 0.2, microsiemen/cm, calciom and magnesium hardness less than
0.0005 millimole per liter or below the detection limit, sodium less than

20 5 micrograms per liter, silicon dioxide less than 20 micrograms per liter, iron less
than 50 micrograms per liter and oxygen less than 20 micrograms per liter, and a
total content of dissolved carbon of less than 0.2 milligram per liter. In addition,
the feed water should be low in or free of halogen, in particular chlorine. It is also
possible to condition the feed water in a targeted manner, for example by adding

25  auxiliaries such as hydrazine, ammonia, and in particular to make it alkaline; in
addition, corrosion inhibitors can be added to the feed water.

The upper hood, through which the reaction medium leaves the reactor in the
above-described preferred process control, may consist of carbon steel.

30
In order to ensure access to the thermoplate modules for the purpose of repair or
exchange, it likewise has to be possible to remove the upper hood. When there is
no flange connection, the upper hood can be removed and welded on again after
module assembly.



anal ysi s devices. Preference is given to providing, in the cylindrical

j acket of the predomnantly 10 cylindrical shell, one or nore conpensators
to accommodate preferably the axial thernmal expansion. The heat carrier
medi um used may be feed water as typically utilized in po%@ﬂ@é%' gns for
steam generation and corresponding to the prior art (Techri 8 In 15
fur Danpfkessel [Technical rules for vapgr vessel s] (TRD 611 of Cctober 15,
1996 in BArbBlI. 12/1996 p. 84, |ast altefed on June 25, 2001 in BArbBI.

8/ 2001 p. 108). Typical paraneters of the feed water may be: conductivity

| ess than 0. X isqosiibledo intagrstepthe stagie Feveiverdroe the darmaorlatcs itio dildgerent um

har dness | esgihighils. 0- 0005 millinole per liter or below the detection limt,
sodium |l ess than 20 5 micrograns per liter, silicon dioxide |ess than 20

m crograns per liter, iron less than 50 mcrograns per |liter and oxygen
l'ess than 20Tht GeQ@saRy Rtiohdlfyebe atiiiched toti®oadteiR Hhity)tonefofdvaishIheech car bon
of less than th mlligramper Liter Iﬂlaﬂditionf the,feeg wat er.. shoul d be
low i n or”frBehes MEsBEednd iy pilizedcfirathec Arimenal the feactay dg opssdiigy e to
condition thenmmestuwater in a targeted manner, for exanple by adding 25
auxiliaries such as hydrazine, anmonia, and in particular to nmake it

al kaline; in addition, corrosion inhibitors can be added to the feed water.
The upper hodids adyantagghusiiicphratdren erlsione stisamadil.um | eaves the reactor in the
above-descri bed preferred process control, may consist of carbon steel. 30

In order to ensure access to the thernoplate nodules for the purpose of
repair od0 el&pdeador ran prafaablyebh gperatgdpwith datyra) elrquatiaanef, thet peolgiper

hood. When t Rek@, Al a ABioldf FQABY RONEE PSS efngﬁlllgrfﬁﬁﬁ 3heed, Garrdiigy fi8fPved and
wel ded on aggltg 1gfter nodul e assenbly. PF%OOOO 6185 -19 1t is possible to
t

integrate th amrenoved fromthe thernoplates into different steam
rails. The reactor may optionally be attached to two steamrails, one of
which has a 5. higher nressure and.is utilized.for. the heating.of th
reactor to olgte'rs aq] Bosspolc O operate w1tf1 %orcecli c1rc1ﬁat10n, in which case a gfu?er loacf3

15 variation of the cooling is possible. To this end, the feed water is fed at a higher

pressure than present in the cooling system, for example by means of a pump.

The feed water circulation rate in the distribution devices may be set between 0.5
and 3.0 m/s, or else from 1.0 to 2.0 m/s, and the water circulation number between

20 3 and 12. The flow rate of the biphasic flow (steam/water) in the collection devices
may be between 0.5 and 15 m/s, or else between 2.0 and 6.0 m/s.

Particular preference is given to carrying out the heating of the thermoplate
modules to start up the reactor from the same heat carrier network into which the

25  heat is removed by at least partly evaporated heat carrier medium in the course of
reaction operation.

The regulation of the steam pressure in the cooling system makes it possible to
precisely adjust the cooling temperature. Experience has shown that the
30 thermoplates can be operated up to a pressure of about 80 bar in the coolant. The
reactor according to the invention enables direct steam generation at pressure

levels up to 80 bar.

Alternatively to the embodiment with thermoplates, it is, however, also possible to

35 form one, more or all of the cooled reaction zones, especially the main reactor and



tenmperature. It is advantageous to operate on only one steamrail. 10 The
-reactor can preferably be operated with natural circulation of the cool ant,
water, and a ratio of feed water to steam of generally from3 to 12,

preferably from 5 to 10. It is also possible to operate w g

circulation, in which case a wider load 15 variation of Wfﬁﬁ i's
possible. To this end, the feed water is . fed at a higher pressure than
present in the cooling system for exarﬁsj'}loe‘ by neans of a punp. The feed

water circulation rate in the distribution devices my be set between 0.5
and 3.0 m's, thepastreactén; aindirdduad tiibe(bunlle, appardtusereonwdsesss indivislwhbrdnesnimunber
bet ween 20 1 T L phastit f S ter) in
the coll ecti gngﬂgl\?i %gg ﬁlﬁn%i;é %ﬁb J[;%E]ﬁeg{l P %&%ug%dﬁ%SEﬁs} slj?ggiro (le%(ggn@e V\lgﬂren 2.0
and 6.0 ns. depgpad asd whe prdle ppppseius andythg secang of dhe fprthgr astian7onReat i ng of
t he t her mopl gpgaratiBEelul@sthcfnsplakt. up the reactor fromthe same heat carrier
network inpto ich the 25 heat is renoved by at |east partly evaporated
heat carrter nediumin the course of reaction operation. The regul ati on of
t he st eam pr éssh¢ enmbodinint 00ch imgn sysdiemmb lpesirdactop as sicphatd mbephagilsel y
adj ust the coqling tenperature, Experience ha hown .t hat the 30
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generation a r At i odi nent
w th ther nopltagpgergﬁgﬁ ﬂfcs%a?%g%ké%g@?etf%fﬁgls‘g%é% flﬁ‘%tg% g& Bé%ﬂ%’? §rnglg)&ngjfae %?e or
all of tHe ceoblreagtipeicremsyed gifed heat spwier athish ¢irrulates throughdho mtermediate
PFO000056185 5320 b} tROSHHESCHBEs. as i ndividual tube bundle apparatuses or
el se as individual zones in” a single tube bundle apparatus. In particular,
the first reaction zone may be designed as a tube bundl e apparatus and the

second or t heTHeUirdsh &facli@R@bne00r #RN@GInaRactdP Rapreicidls avat timpbRfUTERIFahes. 5 I n
t he enbodi ment w E h main.r ea%ﬁt Qar and .Bost r eact or as separ te.t H‘Pe bundl e
coolant on entry into the first Teaction zone or into the maiil reactor in the range
15  from 320 to 380°C, and the temperature of the coolant on entry into the second or
the further reaction zones or into the postreactor is in the range from 250 to 320°C,
preferably in the range from 270 to 300°C, more preferably in the range from 280

to 290°C.

20  The second or the further reaction zones or the postreactor are operated at from 5
to 10% of the overall conversion in the plant, preferably up to 15%, more
preferably up to 20% of the overall conversion in the plant.

In the process according to the invention, it is possible to operate with high
25  loadings of the air with reactants to be oxidized, in particular with loadings of from
30 to 20 g of o-xylene per m’/h of reaction air under standard conditions (0°C and
1.013 bar absolute), the amounts used typically being from 60 to 110 g and very
frequently from 80 to 105 g of o-xylene per m*/h of reaction air under standard
conditions.
30
The process according to the invention enables high flexibility by virtue of the
possibility of reacting to different load ranges without yield losses. In particular, it
is also possible, for example, to balance age-related performance differences of
main reactor catalysts.



appar atuses, the postreactor may advant ageously be designed with | arger tube
-di ameter conpared to the main reactor. In all variants wth tube bundle
apparatuses, the catalyst is generally installed as a bed into the tubes and
the heat 10 of reaction is renoved via a heat carrier Mhiﬁq$@bh§ es
through the internedi ate space around the catal yst tubes.

reaction zone or the nmain reactor is prﬁﬁerably at a tenperature of the
coolant on entry into the first reactiorf zone or into the main reactor in
the range 15 from 320 to 380C, and the tenperature of the coolant on entry
into the secEmistiog plimgs fcan theeretofitted iinra siompds nmanngntam caime quoshe @xesesy is in
the range fr preferably in the range from 270 to 300C, nore
preferably i%&%ﬁggggﬁggagg%#PQBO to 290C. 20 The second or the further
reaction zones or the postreactor are operated at from5 to 10% of the

overal | convefgipagibip td he: dhaPts oPSifipRY ARACHiré! An fpartikalar ifBRpénsiw fi¥aab! y up
to 20% of _the overal |l , canversion in the plant t he ess.according to
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g of o-xylene per nB/h of reaction air under standard conditions (0C and
1.013 bar ab¥®b ﬁf’sgi', the anbunts used typically being from60 to 110 g and
very frequently from80 to 105 g of o-xylene per nB/h of reaction air under
standard coORgLtI i ' don enables high
flexibility El‘;i}‘cf‘/ﬂu"%gﬁ‘é“ gsﬁnﬁﬂgat&{)@gg %t%?@%qrgfé”g%‘?? %a '{‘%‘\“ﬁﬁéf erent | oad
ranges wilbhout yield losses. In particular, it is also possible, for
exanpl e, to halanseafewsprafiediyper f ormance differences of main reactor
catal ysts. PF0000056185 -21 Exi'sting plants can be retrofitted in a sinple
manner to carry out the process according to the invention. It is possible
to use catal ywaficof sinple stdcherhaticillubtfaiidalof aFlbidmbodaxeR s ak envehandard 5

catalysts, and it is possi blp(far;[t(\)wvit [%&Wrg&tgrha%d%%g@éa&sotr’ for yield in the main

reactor.

15
Figure 2 a variant of the embodiment shown in Figure 1,
Figure 3 an embodiment with integration of all reaction zones in a

single apparatus,

20
Figures 4 to 7 further variants of the embodiment shown in Figure 3,
Figure 8 a further variant of the embodiment shown in Figure 1,

25 Figure 9A and 9B the schematic representation of preferred embodiments with
main reactor and postreactor with sectional illustration in
Figure 9C and

Figures 10 to 13 different embodiments of the arrangement of thermoplates.
30

The embodiment in Figure 1 shows the schematic illustration of a plant with a

main reactor 1 and a postreactor 2 attached thereto by a flange connection. The

main reactor 1 is designed as a tube bundle apparatus through whose catalyst tubes

the reaction gas mixture, indicated by arrows, flows from the top downward. The
35  coolant 4 flows through the intermediate space between the catalyst tubes.



Overal |, inproved overall selectivity and yield are achi eved conpared to
‘known processes. The invention is illustrated in detail below wth
reference to a drawing: 10 The figures show specifically: Figure 1 a
schematic illustration of a first enbodi nent of an inventh%@wgﬁﬁgﬁé W th
mai n reactor and postreactor, 15 Figure 2 a variant of th At shown
in Figure 1, Figure 3 an enbodinent with,ntegration of all reaction zones
in a single apparatus, 20 Figures 4 to“7 further variants of the enbodi nent
shown in Figure 3, Figure 8 a further variant of the enbodi nent shown in
Figure 1, 25 Figure 9A and 9B the schematic representation of preferred

enbodi ment s M o Bifor 929k QAN HOPPESAS LA olhoAeS 5 ALk bhithly ati on

in Figure 9C a ures 10 erent e o I ments arr angenent
of ther nopl aceglant 4di W§eeﬂr%|%nmtqrweﬁa@u$@cq bstsga the dherpeplpiesi X 1s

i1lustrationchirgad Rh ané m&hr@gmm&hm h 6@ fl Qfatel cauapyqa n@qumﬁt @fon? tiad t ached
thereto b élﬁl ange connpecti 031 mai_n reacthg desi g,ne@I as a tube
bundl e apar WHSRR 5B HERS st S FRACE HEOMED Terberbt PO Bade kR o

i ndi cat ed by regmnowﬁ thd IpOWEBaEtlbﬁrPl ishenptop Adaavrssait dthisTpert cFShe poktacictod X | ows

t hrough the imn rnedlate S gNn. t he catal yst tubes. PF0000056185 -22
The postreactf ]? S &E@g‘?g&ﬁ% aoﬂb%th? a‘%ﬁ%{ 1I}gherm)pl ates 5 through
which a coolant 4 |ikew se flows. The internedi ate space between the

t her mopl at es ] Omoﬂ%ﬁérgelﬁ Fl rtekfd fﬁ%frofrﬁgfe%%fﬁlﬂﬁlﬁ ﬁlgwnqnsﬁlgﬁr% tat al yst.

It is evident tratlon In ure at the spa betweenthe
t her nopl dPes thatjthe fqg@mwb@h fun«égm@r%@n mtn@nqybzgt: cealet drin zhg BOSéWMtS?T As a
result, this cAgpbd MithtdandiPatate®RRt OF 2

Figure 3 shows an embodiment with main reactor 1, postreactor 2 and device for
intermediate cooling 3 integrated in a single apparatus, the device for intermediate

15 cooling 3 and the postreactor 2 each being equipped with thermoplates 5. Main
reactor 1, postreactor 2 and device for intermediate cooling 3 each have separate
circuits for the coolant 4. The main reactor 1 is equipped with a bundle of catalyst
tubes and also with deflection plates.

20  Figure 4 differs from the embodiment shown in Figure 3 only in that inert material
is installed between the thermoplates 5 in the device for intermediate cooling 3.

The embodiment in Figure 5 differs from the embodiment shown in Figure 3 in
that the device for intermediate cooling 3 is integrated into the postreactor 2.

25
The embodiment shown in Figure 6 differs from the embodiment in Figure 5 only
in that, in the region which functions as a device for intermediate cooling, an inert

material is installed between the thermoplates 5.

30 The embodiment in Figure 7 differs from the embodiment in Figure 6 in that the
postreactor 2, the region between the thermoplates 53, is filled entirely with solid-
state catalyst.

In Figure 8 too, the region between the thermoplates 5 in the postreactor 2 is filled
35  entirely with a solid catalyst material.



functions as an integrated device 3 for intermediate cooling. The enbodi nent
‘in Figure 2 differs fromthe enbodi nent shown in Figure 1 in 10 that the
region which functions as an internediate cooler 3 in the postreactor 2 is
charged with an inert material. Figure 3 shows an enbodi gﬂgg

reactor 1, postreactor 2 and device for internediate cogﬁﬂﬁgmbb grated
in a single apparatus, the device for internediate 15 cooling 3 and the
postreactor 2 each being equi pped with thernoplates 5. Main reactor 1,
postreactor 2 and device for internediate cooling 3 each have separate
circuits for the coolant 4. The main reactor 1 is equipped with a bundle of

catal yst tuhgg éﬁ%dﬂh&ﬁs ‘M\tfhglﬁgfdzﬂ?%hﬂ% @1'1@&9&5 laﬁpw'ﬁ!hgﬁiﬁi% flaa&bf fleggy from
t he enbodi nent shown in Fig in tggt |nert terial __is installed

bet ween the PAEFSIBSF é’éa@eﬁrﬁ?%l e%ecé“(ft I, Withe? 508 %&é‘o'édgfﬁ mMV3oT  The
enbodi ment i theringplag:s SF. DB@ﬁﬁaﬁgearrhtuI&emwm;ediamdolesm urd 9€i BUWe ke i N

ot rcactbr - 255058 CrfMeR B e Etalr Pie 2 BT or st rom 1 he

enbodi ment in Figure 5 only in that in the region which functions as a

device for g t fveen t he
t her nopl at es%ggq{géeml'ﬁ)e e %g‘!d}/%gj %}Semg&#(?é?tgss r"g?% fﬂﬁarﬁ rrg(?c? ment in
Figure 6 in tcwayouwéepmwa@a@tdmgtg,themeemegu on between the thernoplates 5,
is filled entirely with solid- state catalyst. In Figure 8 too, the region
between the thernoplates 5 in the postreactor 2 is filled 35 entirely with
a solid catalyst material. PF0O000056185 -23 The enbodinents in Figure 9A
and 9B show a plant with nmain reactor 1 and postreactor 2 arranged

al ongsi de one another, with a cooling coil (Fig. 9A) or thernoplates (Fig.
9B) arranged in the internediate cooler 3. Figure 9C shows the 5 section
C-C through the internmediate cooler 3 fromFigure 9B. Figures 10 to 13 show
various arrangenents of thernoplates 5 in the plant used to carry out the
process according to the invention.



PFO000056185 -24 What is claimed is: 1. A process for preparing phthalic
-anhydride by catalytic partial oxidation of o0-xylene and/or naphthal ene
with a gas conprising oxygen in a plant 5 conprising - two or nore reaction

zones cooled with a coolant, - one or nore devices arrangmﬁf@g t he
reaction zones for internediate cooling of the reaction m ?ween t he

reaction zones, the tenperature of the . oolant on entry into the second or
into the further 10 reaction zones decréasi ng conpared to the tenperature of
t he cool ant dvhaténelpynddrisio the first reaction zone, wherein the tenperature
of the coolant on entry into the first reactlon zone is nore than 20 higher
t han t he terrperature of the cool ant tgél entr e second or into the

further reactlion ZbR@SsessH8r prepamng ph écs%“hé{ EY ryabybe ppaiakPiidateneki n t he

pl ant has two C00|oe£§zlér%a§ﬁdl@ﬂ naplahfiéne WA8C LT gB8atdmiprisicO@kggermai @ pRAct or and
a cool ed postreactor. .3. The process according to claim2, wherein the
temperature of th&TBEFEAt 20 on entry into the main reactor is in the
range from 320 t o-38@&oanthardeacti@npexataevled withtaheolmagl ant on entry into the

postreactor is in th Lap em&reor@e}/l%gs a%é&?%et&%%@b%éﬁ}éﬁ %ER‘ZJ qr[?m_ﬁe from

270 to 300C, nore pre flera € ran rom
process according mtormet(hatm:czolmg & thmﬁmmtmgemmqeeam sactian zopes.dheed  at a

resi dual Convers'Qé}npéra&f@mhéeoamgﬁ RflyOfid [ QUERAIJ: iGRNMR! Akl 10 the
plant, preferably up to 15% nore prefer E;)rup to 20% based on t

overal | dBnver si oRCACHOR FONGH Giprcasing ecomppred B@etgglpa'@eaﬁ &f ribe £oo arafyorbf
claims 1 to 4, whehgl intbhg Mgi{seau%,{m@ved by evapor ative cooling of the
coolant. 6. The prqcess accordin lﬁ_ g (Y Gﬁ%‘ inms .1 tg ? wher.ein the two
or nore cool ed ré@?ﬂ?lﬂﬁhez?iﬁﬁ@raé g of jHecq t&@\ﬁnﬁré!(lgsjﬂ F FE R UBR RSN t he
reaction is more than 20° higher than the temperature of the coolant on entry into
the second or into the further reaction zones.
15
2. The process according to claim 1, wherein the plant has two cooled reaction

zones, specifically a cooled main reactor and a cooled postreactor.

3. The process according to claim 2, wherein the temperature of the coolant
20 on entry into the main reactor is in the range from 320 to 380°C and the
temperature of the coolant on entry into the postreactor is in the range from
250 to 320°C, preferably in the range from 270 to 300°C, more preferably
in the range from 280 to 290°C.

25 4. The process according to claim 2 or 3, wherein the postreactor is operated
at a residual conversion of from 5 to 10% based on the overall conversion
in the plant, preferably up to 15%, more preferably up to 20%, based on the
overall conversion in the plant.

30 5. The process according to any of claims 1 to 4, wherein the heat is removed
by evaporative cooling of the coolant.

6. The process according to any of claims 1 to 5, wherein the two or more
cooled reaction zones and also the device(s) arranged between the reaction

35 zones for intermediate cooling of the reaction gas mixture are combined in
a single apparatus with thermoplates which are flowed through by a



35 zones for internediate cooling of the reaction gas nixture are conbi ned
‘in a single apparatus with thernopl ates which are flowed through by a
PFO000056185 -25 coolant. 7. The process according to claim6, wherein the
apparatus conprises a main reactor, an internedi ate coo

postreactor, and a first cooling circuit 5 for the main rgﬁ%@@ﬁﬂﬂﬂﬁsa
second, conbined cooling circuit for theg. internedi ate cooler and the
postreactor are provided. 8. The process according to any of clainms 1 to 7,
wherein an inert bed is provided in the apparatus(es) for internediate
cooling. 10 9. Theoplawcess according to any of clainms 1 to 5, wherein one,
nore or all of the cooled reaction zones are each designed as tube bundl e
apparatuses. _10. The process according to claim9, wherein the first
reaction zond-is TS PaXEsyRreqrding 1o ¢lawe Soiheew the ApPYRIUA SAMPHES S E¥HY

reaction zone or thetorfal inf@medR&CEIONT ah@RGFosBSackip afidh fisgTovlifidcircuit

ther nopl a])‘. €s. for the main reactor and a second, combined cooling circuit for the

intermediate cooler and the postreactor are provided.

8. The process according to any of claims 1 to 7, wherein an inert bed is
provided in the apparatus(es) for intermediate cooling.
10
9. The process according to any of claims 1 to 5, wherein one, more or all of
the cooled reaction zones are each designed as tube bundle apparatuses.
10.  The process according to claim 9, wherein the first reaction zone is
15 designed as a tube bundle reactor and the second reaction zone or the

further reaction zones as apparatuses with thermoplates.



