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Reactor for partial oxidations having thernoplate nodul es The invention
ates to a reactor for partial oxidations of a fluid reaction m xture

e presence of a heterogeneous partlcqlate catal yst, and aF%%)WE¢”@@huse.
¢ 10 In chem cal process technology, a mil'titude of partial oxidation
reactions of fluid, i.e. gaseous, liquid or gaseous/liquid, reaction

m xtures are known.ang.are carried out in the presence of heterogeneous
parti cul l ch reactions are generally exothermc, frequently
strongly exothermc. On the industrial scale, they have hitherto been
carried out—I5 predomnmantty in tube bundie reactors having catalyst tubes,
in which the heterogeneous particulate catalyst is installed and through

whi chsthe fluid reagii@fr firgatfifl dx3dRA%S ddvingtelniSplaldgabaiés ' eact i on whi ch
is released is renmoved indirectly via a heat carrier which circulates in

the internediate space between the catalyst tubes. The heat carrier used is
frequently a salt nelt. 20 As an alternative it Is also possible to renove

the heat of reaction via a heat carrier which passed t hrough pl ate type
heat t r andFei¥sionTRIIES P IRERf %rxeﬁaalg@fldﬁmﬁég 4 R repetigismattee inpihgt es

and t her rp@kadeast adletroentos agioantd altdlystsandamreushye.f or pl ate-type heat
exchgﬁgers. 25 Heat transferor pl ates are defined predom nantly as sheetlike

structures which have an interior provided with inlet and outlet |ines and
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out | et dEVI ces eat carriers are enera arrang e at opposite ends
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ionic | |qu {js as heat carriers is described in the Gernman patent application

103 16
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As an alternative, it is also possible to remove the heat of reaction via a heat carrier which is
passed through plate-type heat transferors. The terms heat exchanger plates, heat transferor
plates and thermoplates are used substantially synonymously for plate-type heat exchangers.

25  Heat transferor 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, 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.

30  The inlet and outlet devices for the heat carriers are generally arranged at opposite ends of the
heater exchange plates. The heat carriers used are frequently water, or else Diphyl® (mixture
of from 70 to 75% by weight of diphenyl ether and from 25 to 30% by weight of diphenyl),
which sometimes also evaporate in a boiling procedure; it is also possible to use other organic
heat carriers having a low vapor pressure and also ionic liquids.

35
The use of ionic liquids as heat carriers is described in the German patent application 103 16
418.9 which was unpublished at the priority date of the present application. Preference is
given to ionic liquids which contain a sulfate, phosphate, borate or silicate anion. Also

particularly suitable are ionic liquids which contain a monovalent metal cation, in particular



418.9 which was unpublished at the priority date of the present application.
Rreference is given to ionic liquids which contain a sulfate, phosphate,
borate or silicate anion. Also particularly suitable are ionpgydobddttdg,

whi ch contain a nonoval ent netal cation,pin particular 11 PF 0000054712/ M
-2 an alkali netal cation, and aI so a further cation, in particular an
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and are frequent aped using hydraulic pressure plastically to form
pockets. In the present context, the termthernoplates is used in the sense
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pl ates and renoved at the 15 opposite end and thus flows through the
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cylindrical reactor vessel. The free surfaces between the plate heat
20 DE-C 197 54 185 describes a further reactor having indirect heat removal via a cooling

medium which flows through the heat transferor plates, the heat transferor plates being
designed as thermal plates which consist of at least two steel plates which are joined together

at predefined points to form flow channels.

25  An advantageous development thereof is described in DE-A 198 48 208, according to which
heat transferor plates which are configured as thermal plates flowed through by a cooling
medium are combined to plate assemblies having, for example, rectangular or square cross
section, and the plate assemblies have a casing. The encased plate assembly needs no
adaptation on the circumferential side and is consequently used with predefined spacings to

30  the interior wall of the cylindrical reactor vessel. The free surfaces between the plate heat
transferor or its casing and the vessel interior wall are covered in the upper and lower regions
of the casing with guide plates, in order to prevent the reaction medium from bypassing the

chambers filled with catalyst.

35 A further reactor having devices for removing the heat of reaction which are in the form of
plate heat transferors is described in WO-A 01/85331. The reactor of predominantly
cylindrical shape contains a continuous catalyst bed, into which a plate heat transferor is
embedded.
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pressure. It is an object of the present invention to provide a reactor

whi ch has renpval of the heat of 10 reaction via a heat carrier which fl ows
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cat al yst, gepmgesizahtad iossommadaiedhecadydal t her mopl at e nmodul es which are each

formed fromtwo or nore rectangular thernoplates arranged parallel to each
other while in each case | eaving a 20 gap which can be filled with the

h
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whi ch flows through the thernoplates and thus at |east partly evaporates,

and also having 25 - a predom nantly cylindrical shell which rel eases the
pressure at thenté bemweptitoidal thedubpste madydseviatly asurach dntredtfremas dr more

conprises a cyl inder,.|ac i | gt at. both .ends,and whose
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al so Révi ng 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 thermoplates and thus at least partly evaporates, and

also having

25 - a predominantly cylindrical shell which releases the pressure at the thermoplate
modules, completely surrounds them and comprises a cylinder jacket and hoods which
seal it at both ends and whose longitudinal axis is aligned parallel to the plane of the
thermoplates, and also having

30 - one or more scaling 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.

The invention therefore provides thermoplate modules which comprise thermoplates, through

35  which a heat carrier flows, absorbs the heat of reaction and thus at least partly evaporates, and
are configured with a cuboidal shape and are installed with pressure release in a
predominantly cylindrical shell which completely surrounds them.



30 - one or nore sealing elenents which are arranged in such a way that the
fluid,reaction mxture, apart fromflow ng through the reactgrhgabsider
spaces bounded by the hoods, only flowsgthrough the gap. The invention
therefore provides thernoplate nodul es whi ch conprise thernopl ates, through
35 which heat carrier flows, absorb the heat of reaction and fhus at
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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, although separations of 40
25 to 60 mm are also possible and a further embodiment has separations of from 45 to 50 mm
and also from 46 to 48 mm. Typically, as a result of the manufacture, the point separations
vary by up to = 1 mm and the weld points of immediately adjacent rows, viewed in the
longitudinal direction of the plates, are each arranged offset by half a weld point separation.
The rows of the point welds in the longitudinal direction of the plates may equidistant with
30  separations of from 5 to 50 mm, or else from 8 to 25 mm, although separations of from 10 to
20 mm and also from 12 to 14 mm, may also be used. Moreover, pairings of the weld point
separations and row separations mentioned which are adapted to the application case are also
possible. The row separations may be in a defined geometric relationship to the point
separation, typically % of the point separations or somewhat lower, so that there is a defined
35  uniform expansion of the thermoplates in the course of the production. For predefined weld
point and row separations, a corresponding number of weld points per m” of plate surface area

is designated.
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The gaps may have the same separation, but, if required, the gaps may also be of different
width when the reaction permits it or the desired reaction requires it, or apparatus or cooling

technology advantages can be achieved.

25  The gaps of a thermoplate module filled with catalyst particles may be sealed with respect to
each other, for example sealed by welding, or else be joined together on the process side.

To adjust the desired gap separation when joining the individual thermoplates together to
form a module, the plates are secured in their position and in separation.

30
The weld points of immediately adjacent thermoplates may be opposite each other or offset

from each other.

In general, preference is given for manufacturing reasons to configuring the arrangement with

35  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 module types having different edge length
or different edge length ratios.
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an angle construction.

20
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.

25  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 operations, is only possible there with great difficulty.

30 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 predominantly
cylindrical shell is sealed at the lower end of the thermoplate module with a holding base. In
35  order to prevent bypass flow of the reaction mixture, the bearing or holding base should seal

the intermediate space gas-tight.

Advantageously, the intermediate space between the thermoplate modules and the
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exanpl2e, theatutleasetrolled 20 heat release. In the cylindrical shell, it is
advant ageous to provide nozzles for the inlet and outlet of the inert bed
mat erial which are configured in suitable size and nounted at a suitable
angl e i n In the cylindrical shell, it is advantageous to provide nozzles for the inlet and outlet 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.
25  Possible embodiments of the nozzles are nominal widths of 80, 100, 150 or 200 mm.

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.

30
It is possible to charge the intermediate space between the thermoplate modules and the

predominantly cylindrical shell, which may be filled with inert material, with a gas pressure.

The application of pressure may be substantially constant and advantageously brought about
35 by the pressure-regulated input and output of nitrogen. The regulation signal selected may be,
for example, the pressure differential between the pressure in the intermediate space between
the thermoplate modules and the predominantly cylindrical shell and the pressure at the lower
end of the catalyst bed in the gaps of the thermoplate modules or at the upper end thereof.
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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 catalysts, can be remedied in a targeted manner. For
25  this purpose, it is advantageous to configure the thermoplate modules with some play with

respect to the wall of the rectangular stabilization frames.

Since the thermoplate modules in this advantageous embodiment rest in the rectangular
stabilization frames without sealing, bypass flows of the reaction medium may occur. In order
30  to prevent this, the sites between the thermoplate modules and the rectangular stabilization
frames where there is no seal are sealed in a suitable manner, for example with metal sheet
strips which are mounted on the exterior of the thermoplate modules and press onto the wall
of the rectangular stabilization frame when inserted into it. Alternatively, gas-tight metal sheet
covers and connections, for example in the form of weld lip seals are possible.
35
Once the thermoplate modules have been inserted into the rectangular stabilization frames,
they can be sealed with respect to the holding base, which seals the intermediate space
between the thermoplate modules and the predominantly cylindrical shell at the lower end of
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The thermoplate modules may additionally have guiding and directing elements on the
exterior. It is possible, for example, to provide corner brackets of any form on the corners of
these elements and conical metal sheet strips on their side. It is also advantageous to mount
25  attachment devices or attachment auxiliaries on the modules, such as eyes, loops or threaded
driliholes, in order to enable simple insertion by means of a hoist or, for example, of a crane.
To insert the thermoplate modules by crane, they can also be held on tie bars which reach
vertically through the initially empty gap down to the lower edge of the plates and are
connected there to a transverse support to take up the load.
30
In a particular embodiment, the outermost thermoplate of a thermoplate module, at the
exterior thereof, is formed from a thicker and therefore more stable metal sheet than the other

metal sheets used to produce the thermoplates.

35 To compensate for the thermal expansion, annular compensators in particular are
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
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surrounding predommantly cyhndncal shell, it is possible to ensure a sultable curved or Z- or

omega-shaped geometric configuration of the tubing of the distribution and collection devices
for the heat carrier flowing through the thermoplates. In a further embodiment, this
25  compensation may be effected by axial or lateral compensators, in 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 thermoplates for the
feed and distribution, and also collection and removal, of the heat carrier by welding into a
30 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 slits for the output of the heat
exchanger. At this stage of manufacture, it is possible to check that the weldings into the
slotted tray are free of manufacturing faults, even in a representative specimen or else in the
35 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 longitudinal seam
welding, to form a tubular component having virtually circular cross section. The two ends of
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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 only a single type of
catalyst-retaining grate is required. In each case two catalyst-retaining grates are provided per
thermoplate module, i.e. on both sides of the distribution device for the heat carrier.

25
The catalyst-retaining grates are advantageously dimensioned in such a way that they can
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 to individually seal each gap or each gap half individually, so that it can also be

emptied separately.

35  Alternatively, it is also possible to fill the thermoplate modules with catalyst before they are

installed into the reactor, i.e. outside the reactor.

The shell surrounding the thermoplate modules has been described above as predominantly
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cylindrical. In this context, this nmeans that it has a cylindrical jacket

with circular cross section which is sealed at both ends in each case by a
hood. The lips adptagaensty pesyitli@grieech) the piepumiceengepieibs hpgds enstoat via @ng of mogal | y.

S 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

20  stainless steel or is stainless steel-plated.

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

25
To deinstall the catalyst, devices may addittonally 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.

30  The material used for the holding base sealing the intermediate space between the thermoplate
modules and the interior wall of the predominantly cylindrical shell , and for the rectangular
stabilization frames for the thermoplate modules too, may be carbon steel. Alternatively, it is

possible to use stainless steel for this purpose.

35 In one or both hoods, it is advantageous to install nozzles, through which
multithermoelements can be introduced into the individual thermoplate modules. In addition,

nozzles may be mounted there for further field instruments and process analytical devices.
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stainless steel or is stainless steel-plated. It is possible via the
manhol es in the hoods to access the upper side of the nodules, so that the
cat al yst dathipeasenihe spGEEFsPeRidl st iRstrgagly ehethoite raagdonshisroperalegtin suchanway o
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and de-installed easily. 25 To deinstall the catalyst, devices may

addi t i{@naluPpefofinst alied in the | ower hood to retain auxiliaries and to
coll ect the catalyst, which may have already been installed in the course of

ti e . | t i t.h t al t. 30 .Th
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t o usdSst Hamiesssalwpysadvaflgie.t hi s purpose. 35 In one or both hoods, it is

advant ageous to install nozzles, through which nultithernoel enents can be
i ntroduced into the individual thennnphfte nodul es. I n addition, nozzles

may be nodprdéitiohdoth mderms pliaeesiructign and thedlognheanire! aige prastien meding 3nditha
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i nventdoon gupvratde o dnhenpesrissiblyahigledeptrar for carrying out partial oxidations
of a fluid
The heat carrier medium used may be feed water as typically utilized in power stations for
steamn generation and corresponding to the prior art (Technische Regeln fiir Dampfkessel
[Technical rules for vapor vessels] (TRD 611 of October 15, 1996 in BArbBI. 12/1996 p. 84,
25  Jast altered on June 25, 2001 in BArbBI. 8/2001 p. 108). Typical parameters of the feed water
may be: conductivity less than 0.4, or less than 0.2, microsiemens/cm, calcium and
magnesium hardness less than 0.005 millimole per liter or below the detection limit, sodium
less than 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
30  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 auxiliaries such as hydrazine, ammonia, and in

particular to make it alkaline; in addition, corrosion inhibitors can be added to the feed water.

35  The upper hood, through which the reaction medium leaves the reactor in the above-described

preferred process control, may consist of carbon steel.

In order to ensure access to the thermal plate modules for the purpose of repair or exchange, it



5 reaction mxture, in which the heat of reaction is renoved by a heat
carrier flow ng through the thernoplates which thus at Ieast 5‘% ¥ 19/Mi
evaporates. In this case, the reactor, egpecially in strongly exot hermc
rreactions, is operated in such a way that the fluid reaction mxture is fed
via the | hood and reppved fromthe reac via the 0 upper hood,
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t her nopl ates, when the reaction mxture is fed from below, i.e. when there
is cocurrent flow of reaction m xture and heat carrier, sufficient heat 15
carrier i dtialpessitde tovinieigedsd the steamarduiovédoinomivh theimoplaenmtoodiffemnssteant tdilsn and
the flqw control of the reaction mediumand the operation, it has to be
ensured that neither is the reaction nmedi um excessively cool ed by
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the heat %ﬁaﬁgﬁfhz@d%Ttﬂ%aﬁﬁgefa&eacto@t@@pam&@mﬁamw hi gh degree. The
heat carrier nedi um used be feed water as typically utilized in power
stations for steanlgeneratlon and corresponding to the prior art

( Techni scheis Ragmtdpebey toBperatdasagy ond steghpdiical rules for vapor vessels] (TRD
611 of, .Cctober 15, 1996 in BArbBl. 12/1996 p. 84, 25 last altered on June
25, 2081 in BArbBI. 8/2001 p. 108). Typical paraneters of the feed water

may be: cditdueddorichy predersbly herwoprated waith hassl tinautatinf the coodisg enlinenh cwater,
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di oxi de | ess than 20 mcrogram; per liter, iron Iess than 50 mi crograns per
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of dissol ved carbon o | ess than O, I'1igramper liter. Itiron, the
feed wat ercoghggispopuble) Tvthinends ther%ed aﬁatqﬁa‘} Esr&aﬁam%heﬁarqsrﬂermﬂan REBSeSt Iorfle | t
is al so pQ@g]H? sie, mrz;dmhp@rbytm@ng@ﬁﬂ waper in a targeted manner, for
exanpl e by adding auxiliaries such as hydrazine, ampnia, and in particular

to make it alkaline; in addition, corrosion inhibitors can be added to the
f eed wat erThe3eedhaeupmetatiho oals irt tlhedisgibu\t\dohdbvibénana;eh«:tdttbatweedblﬁmnﬁeaﬂ/m t he
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possible t ersgrgg(\@%eﬁ h@ MBRraf mhood. Wien there is no flange connection, the
upper hood can be renoved and wel ded on again after nodul e assenbly.

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 heat is removed at by least

25  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 thermoplates can be operated
up to a pressure of about 80 bar in the coolant. The reactor according to the invention enables

30  direct steam generation at pressure levels up to 80 bar.

The reactor according to the invention can be used to carry out partial oxidations on the

industrial scale.

35 Compared to the filling of a large number, frequently a five-figure number, of catalyst tubes,
the provision of the catalyst and the filling with catalyst of a two- or three-figure number of
gaps between the thermoplates is associated with distinctly reduced cost and inconvenience.



lt is possible to integrate the steamrenoved fromthe thernoplates into
different steamrails. 5 The reactor nay optionally be attacq$g(ﬁ&M5 st eam
rails, one of which has a higher pressung_and is utilized for ? € heati ng
of the reactor to operating tenperature. It is advantageous to operate on
only one steamrail. 10 The reactor can preferably be operated w th natural
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bet ween 0.5 ar rom 1.

circul ati egndiinmser bet ween 3 and 12. The flow rate 20 of the biphasic flow
(steamwater) in the collection devices nmay be between 0.5 and 15 m's, or
el se between 2.0 and 6.0 nis. Particular preference is given to carrying out

t he heat i Hds Bassibledodpliyarbl rsaconipdedisidugl pags and assgpble et thequse docatipwm t he
same heat carrier network into which the heat is renoved at by l|east 25
partly. evaporated heat carrie diumin th ourse of reaction operation.
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to precisely adjust the cooling tenperature. Experience has shown that the
t her nopl a$ S..5a0 be operated wup to a pressure of about 80 bar in the

cool ant . e'r8adt or accor di ng to the invention enables 30 direct steam
generation at pressure |levels up to 80 bar. The reactor according to the
i nventi ongGaR Pe t.0 153X Qul t I dated AUIS e AR di j Lal
scale. 35 i(Ag;grrpar eé%%teglst e&%i W_llnng %’Pa’gt t@%g@ngn%_erﬁa ?re%u@gltnl gg%&&b@
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the filling with cakpéryplef@fedarkriMRemehts t 6T BRrhdHIME embaUTREin @foss GRBFonD &l Ween
the thernoplates is assgéléggﬁd with distinctly reduced cost and

i nconveni ence. - 15"PEH 712/ M The nodul ar configuration allows the
reactor to be adapted flexibly to the required capacity. A relatively snall

nunber of _t hertropl at e nodul.es, | be installed,or operated in c arison to
the max nliRU B0 BPe A iR R PacPtch ReHEon BF BRGS LEEmt s RRR % 1B chel |
and of the thermoplates, with longitudinal section illustrations in the planes A-A and B-B

in Figure 2A and 2B respectively,

Figure 3 shows two possible embodiments of seals between holding base and

stabilization frames,

Figure 4 shows a detailed illustration with drillholes in the rectangular stabilization

frames,

Figures show detailed illustrations with additional guiding and directing elements on
5A, 5B the exteriors of the thermoplate module and

and 5D to

51

Figure 6 shows a detailed illustration of a tension device for securing the thermoplate

modules in the rectangular stabilization frames.

15  The longitudinal section illustration through a preferred embodiment in Fig. 1 shows a reactor
having thermoplate modules 1 which are surrounded by a predominantly cylindrical shell 4.
The intermediate space 6 between the thermoplate modules 1 and the predominantly



thernoplate nodules. It is also possible when required to isolate individual
nodul,es from5 process gas flow and to operate the reaction w educed
capacity under the sane external condi iéons It is possibl em: I‘q]@@’f" t he
Teactor in individual parts and assenble it at the use location. 10 The
invention is illustrated in detail hereinbelow with the aid of draw ngs.
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illustration of a thernoplate nodule in cross section to the thernopl ates,
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ec

the thernopl'ate nodules 1n the tangul ar stabilization franes. 15 The
I ongllt(hdl nal section illustration through a preferred enbodinment in Fig. 1
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nozzles 19 for the feeding of nitrogen into the intermediate space 6. The catalyst is retained by

catalyst grates 24 which are configured, for example, as edge gap sieves.

20  The cross-sectional illustration in the plane C-C in Fig. 1A shows a preferred arrangement of
advantageously seven thermoplate modules 1 with intermediate space 6 between the
thermoplate modules 1 and the shell 4, which is preferably filled with inert material.

Figure 1B shows a cross-sectional illustration having a single thermoplate module with square

25  cross section which is arranged in the shell 4.

Figure 1C shows an embodiment with four thermoplate modules 1 having a square cross

section in the shell 4.

30  Figure 1D shows an embodiment with seven thermoplate modules having a rectangular cross

section and a side ratic of in each case 1 : 1.2.

Figure 1E shows an embodiment with eleven thermoplate modules having a rectangular cross
section and a side ratio of in each case 1 : 1.1.

35
Figure IF shows an embodiment with ten thermoplate modules 1 with in each case

rectangular cross section and a side ratio of in each case 1: 1.1.



heat carrier, frequently feed water, and, in the region of the upper end of
the thernoplate nodules 1, a coll ectlon device 12 for the heﬁtoo&ﬁﬁ?{lﬂﬁ
which is frequently present in this reghon as steamor as a water eam
m xture. The predonmi nantly cylindrical shell 4 has conpensators 13 for the

t her mal ansion. 10 In . the preferred enbodinent illustrated in Fig. 1, the
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pr edorr?nan glecyﬁga{cfrailgtgladcrgﬂg %@ﬁ,s@ﬁ%ﬁﬁﬁgl}ﬁﬁgzzl es 19 for the feeding of
nitrogen into the internedi ate space 6. The catalyst is retained by
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. SFigure | F shows an enbodiment with ten thernoplate modules 1 with in
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1 20  sealing strip 23 between the lateral boundary 20 of the thermoplate module and the

rectangular stabilization frame 5.

The right-hand side of the diagram in Figure 3 shows a further variant of a seal between
holding base 7 and thermoplate module, specifically by means of two weld lips 27, one of
25  which is welded to the holding base 7 and the second to the lateral boundary 20 of the

thermoplate module. The two weld lips are subsequently joined together with a weld seam.

Figure 4 shows an embodiment with drillholes 28 in the rectangular stabilization frames 5,
which allows gas used to apply pressure to flow from the intermediate space between the
30  thermoplate modules and the shell into the spaces between the thermoplate modules 1 and the

rectangular stabilization frames 5.

Figure SA shows a detailed illustration of a corner bracket 29 on the exterior of the lateral
boundary 20 of a thermoplate module 1 for conducting and directing with respect to the
35  rectanguiar stabilization frame 5.

The detailed illustration in Figure 5B shows, in addition to the corner bracket 29, conical
metal sheet strips 30 on the side of the thermoplate modules 1 as guiding and directing



securing of the thernoplates 2 at their lateral edges in a |ateral boundary
20. The thernoplate 5 nodule is inserted into a rectangul ar P%W#’ tion
frame 5. The sectional illustration in_tjge plane A-Ain Fig. iTTustrates
the lateral roll seamweld 22 which seals the individual thernoplates, and
al so the sealing strips 23 between the thernoplates 2 of the thernoplate
nodul e 1 8R®CEHe wal | of the rectangul ar stabilization franme 10 5. The
figure also shows a preferred arrangenent of the weld points on the

t hernopl ates. 2. The section B-B whi.ch is.sho inFig 2Bis |located inh a
ol ane. ¢y BugTiare FapS 3B pFPvea ARPHE Srnaofi ForPe Pt oo Hille fdnif he
| at er al btendaplste 2@>dofe L, lard speeifivally ticoutandnedta sheeqnflthe hatermastitherfnophe 2 of
rect angul ih [ f ' eal r . 15 Figure
5 shove s Aol bR, £ R LR Mo BB S e erfidnird nfief
respect t sheetsdornhog tiertberpwplatesthe | ef t - hand side of the di agram shows a seal
25 between the holding base 7 and the lateral boundary 20 of a thernoplate
nodul e, and the _connection is secured by a screw 26, The detail also shows
a secti onFieprespd wljeshgyschsmaatics ok diffesenit yarignty farsequringghe thermaplates 24e the 20
seal i ng stakdridl bddndtey v@en the |ateral boundary 20 of the thernoplate nodul e
and tg(ﬁ] rectangul ar stabilization frame 5. The right-hand side of the

di agr in Figure 3 shows a further variant of a seal between holding base
7 and t heimnhpkabedimeduindiigiap D fhecldringplayes Peanschiedonp wel d i ps 27, one of
25 which is welded to the holding base 7 and the second to the |ateral
boundary 20 of the thernoplate nodule. The two weld |ips are subsequently
j oi ned t ogeFigore SEL twaanglesd welladhonRi ther kategal shrodarsin2(e agoptiomded tanis¢dure the
drill hol e&eﬁﬁoﬂlﬁle§-he rectangul ar stabilization flanes 5, which allows gas
used to apply pressure to flow fromthe internediate space between the 30

t her mbpl at e nmodul es and the shell into the spaces between the thernoplate
nodul es 1jpM6 efb8dimefCindngtt 3F, suaRithiegat i on frames 5. Figure 5A shows a
detailed illustration of a corner bracket 29 on the exterior of the |ateral
boundary 20 of a thernoplate nodule | for conducting and directing with
respect t i thbemb3&imeacihdigutk 8G, RBildtabkd, zat i on frane 5. The detail ed
illustration in Figure 5B shows, in addition to the corner bracket 29,
conical metal sheet strips 30 on the side of the thernoplate nodules 1 as
gui di 8¢ ancthdiembodiimegt in Figire SHyEmprefilePRANG0000547121M

in Figure 51, angled profiles.

Figure 6 shows a schematic of a tension device 32 for tensioning between thermoplate

25  modules and the rectangular stabilization frames 5.



In addition, Figure 5B shows a possi bl e enbodi nent for the outernost therno
plate 2 in the thernoplate nmodule 1, and specifically the oyt q%g,)tz&sheet
of the outernost thernoplate 2 of 5 thejghernoplate nmodule 1 ISO? and
fhus nore stable conpared to the renmaining netal sheets formng the

t her nopl &Weglatm: Fi gures 5D to 51 show schematics of different variants for
securing the thernoplates 2 to the lateral boundary 20: 10 in the

enbodi ment in Figure 5D, the thernoplates 2 are welded on; in Figure 5E, two
angl es wel.ded Admeastarhfer | partéa aoxidebionsl &xf ya A0ida reaciporo niigiauk o the puasencehef a

t her nopl at es pgmg 5F, square tubes; in the
enbodi nment m%%{gd n&gﬁ gﬁtmﬁyﬁr&gﬁi&wﬂ he enbodi nent in F| ure 5H,
U-profiles; and ONp OFim{ie éumdalah@@ala&r@pdwl%(l)w@eh arcgagh domned Tauméwat i c

of a tension devno@ﬂl&@r&%gﬁmﬂﬁfeﬁﬂ@mﬂe@@) eH hRaFdRPloAdash ofber Wﬁﬂé’irﬁé‘-‘acﬁmd
the rectangul ar stabjlization f%farrg ﬁl m PF 0000054712/'_&#
reactor for partic8i® 52Y08t4 &R ( ‘CPI‘iﬂ‘Pc}’ g W e detrregensoyspRarfic %I%nce
of a heterogeneeuahpasuid BUl@id hatughbstthe ﬁomneaaidngnﬁmre ahe hedt ofeétion
cuboi dal thernoplate

dul 1 h h f d
rectangul ar t her r?ﬁwlga‘i%ggr%fgi)yg% b%?}m%%leﬁgvﬁg‘me@%w? 6h()r8§§rhth8tﬁ q\ﬁﬁ&fso{z ﬁnﬁégch
case l0eavi ng a gaims(a Jeastpactly capotatesfindladsh havinlg t he het er ogeneous
ti | at t by t
par i cul ate cat alwshoidhiocHRHE HB1SUSRs Do el L RSP0y
t he thernopl at es themoplte mpduleh (b, a‘t)mpé%y spapundy thera mod pomprisena calisder

having - a predo']&dk@ﬂfd))ﬁnﬁﬂob&d(ﬁc@b) ShRh!sedi4t aillBoth Bads W Qhoieelloﬁéiﬁﬁﬁnatl he
pressure at the “thernp ul es surrqunpds théem and

conprises a cyl i rigEs ajf%‘tf’gé’ﬁfa{ 1)t°éli‘FoP1%‘5’09f§hf(thrmﬁl§§teWP ARdabghayingat pot h

ends and whose | agidcs usbroatalingXdleménts &, i2gnediddadralatrehgelidntshéh pvaehaf the he

thermoplates (2) 'fhfd Crlea%ltlgr? Hr;llxtl_llré] gapdrt from flowing through the reactor interior spaces

bounded by the hoods (15, 16), only flows through the gap (3).

2. A reactor as claimed in claim I, which has two or more cuboidal thermoplate modules
20 (1) each having the same dimensions.
3. A reactor as claimed in claim 2, which comprises 4, 7, 10 or 14 thermoplate modules
(D).
25 4 A reactor as claimed in any of claims 1 to 3, wherein the thermoplates (2) are formed

from in each case two rectangular metal sheets which are joined at their longitudinal
and end sides by roll seam welding, and the edge of the metal sheets protruding

- outward over the roll seam is removed at the outer edge of the roll seam or in the roli

seam itself.
30
5. A reactor as claimed in any of claims 1 to 4, wherein the thermoplate modules (1) are
in each case arranged in a pressure-stable rectangular stabilization frame (5).
6. A reactor as claimed in claim 5, wherein the rectangular stabilization frames (5) of
35 adjacent thermoplate modules (1) are welded and sealed together.
7. A reactor as claimed in any of claims 1 to 6, wherein the sealing element provided is a

holding base (7) which seals the intermediate space (6) between the thermoplate
modules (1) and the predominantly cylindrical shell (4) at the lower ends of the



15 - one or nore sealing elements (7, 23) which are arranged in such a way
that the fluid reaction mxture, apart fromflow ng through

interior spaces bounded by the hoods (1§;_16), only flows th%lgﬁmﬁﬁgﬁaﬂr
(3). 2. Areactor as clainmed in claim1, which has two or nore cub0| dal

t hernopl ate nodul es 20 (1) each having the sane dinensions. 3. A reactor as
clained in cl alﬂi*ﬁfQ‘OPWﬁIBﬁd‘E%Pl ses 4, 7, 10 or 14 thernoplate nodules M
25 4. A reactor as clained in any of claims 1 to 3, vvherein t he therm)pl at es

(2) are f rred fromin each cas ct anqul a sheet s ich ar
j oi ned at % hei r* FEIGH t"jbcfd‘fq Aigped lgn‘ﬁmérhmg é‘l’%ﬁ %ymFtB} Ime§ aﬁlﬁP%?odFﬁ SeAls tlhﬁe
edge of the netistkbrmdiiet spaeqdy bdiwegn tbmthmndplamenodmg tl()lahdstb:amedsnﬁmﬂyed

at_thesouter eqgg fleal U218 SEAMPEnd &F PR AN LpE! T 30 5. A

react or as cl al | n any "o er el f mopl at e nodul es
(1) are in each case arranged in a pressure-stable rectangul ar

stabi | i zatg on fﬁ%ﬁfﬁgm{‘ 2 cla edA& ?r%@rwﬁéreﬁl 1hé 'rﬁl‘:thSﬂképC%V VBFhA

rectangul ar st zat | on ranes 35 adj acent t erm)p ate no urFes (D)
are wel ded and 8kal ed together. 7. A reactor as claimed in any of clains |
to 6, wherein the sealing elenent provided is a hoI di ng base (7) which

seal s the jnternedi ate space ,(6) bet enthet .Ia e. 1 d

t he prédonllonant‘? YERAAT 4 f“g}fld igpany of gatms Titpe, ‘" ﬁfﬂs}mﬁfm‘?f*ﬂ"é é@f‘)e (%5]

t her nopl at e nodigivazn (e thefdtopPO HOGHIEd 2V) M t182. shéll (aea‘gﬁnéd @ith ah dief\flatemalcl ai m
7, wherein a nmetal netal sheet cover (8) seals the internediate space (6)
bet ween the thernoplate nodules (1) and the predomnantly 5 cylindrical
shel | (4) Ht t heraapipens dadnedfinchemt i wireneinathe inewidmhtesal(id pxpa@dediparb@aindior as
clainmed in claij he nmetal netal sheet cover (8) has orifices
(9). 10 10. A re %‘tgwgfgnﬁhpg%rred in any of clains 1 to 9, wherein the
|nternl§d| ate space (6) between the thernoplate nodules (1) of the shell (4)

is filled with ARedcRRrds TRHRA] ﬁlanyldf clAinfs€ G QN @vfhefé iRbraRdird s dﬂ)[ﬁleﬂ‘ tzl)Oche
wherein the inert material is %x[pan ded Hlerl ite and ? xpanded verm culite.
intermediate space (6) between the thermoplate modules (1? and the predominantly

cylindrical shell (4) with a gas.

20 13 A reactor as claimed in claim 12, wherein the pressure applied is substantially

constant.

14. A reactor as claimed in claim 13, wherein the substantially constant application of
pressure is effected by pressure-regulated feed and removal of nitrogen.
25
15. A reactor as claimed in claim 12, wherein the pressure is applied by continuously
feeding a gas which is inert or intrinsic to the process, in particular nitrogen or cycle

gas, through the intermediate space (6).

30 16. A reactor as claimed in claim 15, wherein the gas used to apply pressure is combined

with the fluid reaction mixture at its outlet from the thermoplate modules (1).

17. A reactor as claimed in any of claims 1 to 16, wherein compensators (10) for the radial
expansion are provided in or on the holding base (7).
35
18. A reactor as claimed in any of claims 1 to 17, wherein compensators (10) for the axial
and/or radial expansion are provided in or on the metal metat sheet cover (8).



15 12. A reactor as clained in any of clains 1 to 11, wherein pressure is
applied to the internediate space (6) between the thernopl a%g()@géiz (1)
and the predom nantly cylindrical shelh;(4) with a gas. 20 . or as
tlaimed in claim12, wherein the pressure applied is substantially

constant. 14. A reactor as clained in claim 13, wherein the substantially
const ant bppl i Raieadior 8y claped iy pBY jof camack & 1By Whetsys Gre OF dBRIE distEbatéand and

renoval of ni tdeges (1 BndDne Hr hRRE tllectitn AbAbaRU2) forthhéBt tamichRRNBbd ptihe

pressure is ap[ﬁl i edg)a?% c%n‘ti nuously feeding a gas which is inert or
intrinsic to tHEHPELI®™En particular nitrogen or cycle gas, through the
internmedi ate space (6). 30 16. A reactor as clainmed in claim15, wherein the

gas used appl i i fluid reaction.mxture at
Tte oot 1 et omasran S BB P LR [ 19" iR o s BRANA SRR chali, "oy
of clains 1 totwbsollpéteanalenicephe frydhohant ¢ayr dro psadyer thedinaplateenghutsi on ar e
provided in or on the holding base (7). 35 18. A reactor as clained in any
of clainms_ 1 to 17, wherein conpensators (10) for the axial and/or radial
expansi onZlar e Preasiafed claimed ippmyt pleclaEisall torelt avhergie ghe digiuibutiquegnd coplgetiom

0000054712/ M dRicefMdreREhN caficChadt BBGh] nBmAfY wadthg! ai ms 1 to 18, wherein one
or nore distribution devices (11) and one or nore collection devices (12)

for tHt heat carrier are used per thernoplate nodule. 5 20. A reactor as
cl ai ned im.anyAatadtdraisidaiinetidn hy offeiias N tord®, dihstein et digrboledt 68rided 1) 1)and

two coll ection devices ([12) f h eat carrier .ysed, per .t hernopl ate
modul . 21, A FEEREToacdes (gt it oF Ak aif el iS55 1REA o, " Pe
distribution and collection devices for the heat carrier have equal nom nal
wi dt hs. 10, 22. 0f..; 2] ai i j 140,20 re{yn the
G st but o dbariad bR th IPRFcfindTiodh, ShaeFaubQiaPu IS IF LT,
are wet ded i nteligctinnodevaess Kadefor 2 hent caier dlowasg Biranghetdicithermoplatss @) afens 1
to 20, wherei n,diRbd i Phikh QAcK8ME &@SnlpédsatiBAKor the accommodation of the thermal

expansion of the thermoplate modules (1) relative to the surrounding, predominantly
cylindrical shell (4).

20 24. A reactor as claimed in any of claims 1 to 19, wherein the thermal expansion of the
thermoplate modules (1) relative to the surrounding, predominantly cylindrical shell
(4) is accommodated by suitable curved geometric design of the tubing of the
distribution devices (11) and collection devices (12) for the heat carrier flowing
through the thermoplates (2).
25
25. A reactor as claimed in any of claims 1 to 23, wherein two catalyst holding grates per

thermoplate module are used.

26. A reactor as claimed in any of claims 1 to 24, wherein the catalyst holding grates can
30 be introduced into the reactor jacket through the manholes present in the reactor.

27. A reactor as claimed in any of claims | to 25, wherein one or more compensators (13)
for accommodating preferably the axial thermal expansion are provided in the cylinder
jacket (4) of the predominantly cylindrical shell (4, 15, 16).
35
28.  The use of a reactor as claimed in any of claims 1 to 26 to carry out partial oxidations
of a fluid reaction mixture, wherein the heat of reaction is removed by a heat carrier
flowing through the thermoplates (2) which thus at least partly evaporates.



15 coll ection devices (12) for the heat carrier flow ng through the

t hernopl ates (2) are provided which each have conpensati on f9ﬁm%&%¢n .
accommodati on of the thermal expansiomof the thernopl ate nodul'es (fV
Telative to the surrounding, predom nantly cylindrical shell (4). 20 24. A
reactor as clainmed in any of clains 1 to 19, wherein the thermal expansion
of the thernoplate nodules (1) relative to the surroundi ng, predom nantly

c]yl It Edr It cz%!. s he.lfluts% éléll:lda:hﬁ?cﬁﬁlcﬂ?i!ﬁpdﬁé wherbiy: thel iiﬁf&bbﬁgﬁuh?ﬁlﬁﬂesgﬁ@ rmfj dtar€ingl @fai( g g)
0 e tubing e Lstribution devices. and col l.ecti on devices

Por ' the hoat _dbiereder 11 it BY e Bmgept urdh R ap B e atsg ericke o oy
as cl ai med i n imrhye cofirse bAtreastidn dperalidn bytee leastrpattvablyesbh@adryted hém lcairiegmgdiahes per
t hermgpl ate nodul e are used. 26. A reactor as clained in any of clains 1 to
24, erein the catal yst holding grates can 30 be introduced into the
reactor jacket through the manholes present in the reactor. 27. A reactor as
claimed in any of clains 1 to 25, wherein one or nore conpensators (13) for
accommodating preferably the axial thermal expansion are provided in the
cylinder jacket (4) of the predomnantly cylindrical shell (4, 15, 16). 35
28. The use of a reactor as clainmed in any of clains 1 to 26 to carry out
partial oxidations of a fluid reaction m xture, wherein the heat of
reaction is renoved by a heat carrier flowi ng through the thernoplates (2)
which thus at |east partly evaporates. -22 PF 0000054712/ M 29. The use as
claimed in claim?27, wherein the thernoplate nodules (1) for starting up
the reactor are heated by the sane heat carrier network into which the heat
is renoved in the course of reaction operation by at |east partially
evaporated heat carrier nmedium 5



