1 1 JAN 2007 PF 0000054712/M As originally filed 5 Reactor for pargt igb
oxi dati ons having thernoplate nodul es The invention relates to a rea N\QW
partial oxidations of a fluid reaction nmxture in the present&l08§054/12/Mr

het er ogeneous particul ate catal yst, and" Lrso to its use. 10 In chenical
process technology, a nultitude of partial oxidation reactions of fluid,

i.e. gaseous,,l. qlﬁd aseous/liquid, reaction m xtures are known and are
carried M&Mce of heterogeneous particul ate catal ysts. Such
reactions are generally exothernmc, C frequently strongly exothernic. On the

i ndust ri at—state, they ttave tirtherto been carried out 15 predommantty—in

tube bundl e reactors having catal yst tubes, in which the heterogeneous
particul ate catal ysipeagidrist Elnltﬁﬂ oRR1bHS R WU RpIRE nidedild T eact i on

m xture is passed, and the heat of reaction which i's released is renoved
indirectly via a heat carrier which circulates in the internediate space
bet ween the catal yst tubes. The heat carrier used is frequently a salt
melt. 20 As an alternative, it is_also possible tqg renmpve the heat of

react i on Ve inyepien relaies fu R fRteh 9 Partipl SxiRtORs agghﬂlﬁﬁd'ﬁ@ctwp@lwatm the
transf er ofrgsend®6f 4 Rotedgheabs patbangeaaplsabes alsbegits tdeansferor  plates and

t her | ates are used substantially synonynously for plate-type heat
exchangers. 25 Heat transferor plates are defined predom nantly as sheetlike
struct ur ea mﬂidmbalhmeesantebhrtomgyora npittvdcled partidl oxiletonaredctdors| eff flnidpds. and
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rrosion-resis ant or el se_coated materia e used The 1 nlet and
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boi | i ng phedadimedjaté spdcs tebwenpbs shtalyst tubesi Skheolidae caroieg asudcis fregatntbas saler s
having a Aj&h v vapor pressure and also ionic liquids. 35 The use of ionic

|l iquids as heat carriers is described'in the Gernman patent application 103
16 448.9 which was unpublished at the priority date of the present

appl i cati Qfan Bi&hAHNRNGSs hiRo 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



given to ionic liquids which contain a sulfate, phosphate, borate or

~silicate anion. Also particularly suitable are ionic |Iiquids which CB?]IJQN@UW
a nonoval ent netal cation, in particular 1,1 JAN 2007 PF 000003% P4¥PH 12Ms
amr-al kali metal cation, and also a furthercation, in particular an

i mdazoliumcation. Also advantageous are ionic |iquids which contain an
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and are fré&gi@htythe s#ig¥ed using hydraulic pressure plastically to form
pockets. In the present context, the termthernoplates is used in the sense
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medi um are conbi ned to ate assenb havi ng, for exanple, rectangular or
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consequently used with predefined spacings to 30 the interior wall of the

cylindrical reactor vessel. The free surfaces between the plate heat
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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
C, 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 peeds 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.



chanmbers filled with catalyst. 35 A further reactor having devices foi
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operated in an economc rou ree manner, in particular avoiding the
problens illustrated above. The invention should ensure the geonetric
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catalyst and is flowed through by the fluid reaction m xture, the heat of
ction being absorbed by a heat carrier which flows through the
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t her nopl ate | etely surrounds them and conprises a cylinder
jacket and hoods which C seal it at both ends and whose |ongitudinal axis

i's aligned.parabh&br in@rd é’lﬁ:oﬂia@ﬂ%nﬁbplbﬂ&&noddmrmbh areeéach&aﬂneml &6mhAYidAGneIe -
one or nore sealin

nts which are arr ed way that the fluid
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boundedoby the bagoddich 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 eylinder jacket and hoods which

C- 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 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.

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.



qnly flows through the gap. The invention therefore provides ther rmglﬁ
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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

C,. 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 aiso 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

technotogy advantages can be achieved.

25  The gaps of a thermoplate module filled with catalyst particles may be sealed with respect to
C 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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adj acent thernopl ates may be opposite each other or offset from each other.
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or, for exanple, by an angle construction. 20 In one enbodi nent, the
rectangul ar stabilization franes of adjacent thernoplate nodul es are sealed

wi t h respdéchikeragphiteonpdile istaivanigeenrsiit kephirppesition yja sitableeguides den example
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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

C4 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 predominantty
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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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 mum.

C 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 pressore.

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 af the upper end thereof.
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i ndi vidual l y exchangeabl e, in order
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
C 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 corers 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
drillholes, in order to enable simple insertion by means of a hoist or, for example, of a crane.
Cﬂ 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 oufermost 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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surroundmg predominantly cylindrical shell it is possible to ensure a suitable 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 niay 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 camrier 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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conponent are sealed by lids which may optionally be strengthened by an
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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
N The catalyst-retaining grates are advantageously dimensioned in such a way that they can
C 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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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 additionally be installed in the lower hood to retain
CA 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.

33 In one or both hoods, it 1s 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.



The fluid reaction mediumis passed into the reactor interior via one &ogﬂ,
frequently via the |ower hood, flows through the gap which is fi 1 ed! iJAH 2007
t he het'erogeneous particul ate catal yst anlg i s between the indi YA ¢geas4712Mr

t hernopl ates, and is renoved at the other 'end of the reactor, via the

other, frequently the upper, hood. 10 The hoods are preferably manufactured
from st ai nl Beferetoeek givenatoeprsyaling, s $hes t@aldrighlajackkt oftthe rpmni@mimmrjzlyh@rlindﬂcal
connected tg ph cI f ok EmS dinge

separabl y, Sglor @%(eaérfrp %gg?ﬂpéﬁs%%%%e conng%%:p{)égi&aﬁ‘ﬁg%%é‘%@é conRectt on may
be configured in 15 such a way that it can be Iowered by neans of a

hydraulic sygsd @ffenfidn bﬁ)v“i’diééatﬁé qgscafsd YeaB@$ ShP AT r&@%ﬁnﬁb%xﬁaﬁ&ﬂénﬁﬁﬁ@ﬂﬁ@
of the hoods on foot via o e of manhol es

B éne ave a

di anet er® of FEPGPINFHX Gy 1t ¥ ‘?f'éé’ r%'f’CWIHéSn"@HmVE@ ¥ %&}eﬁ‘b%‘?m%r PV igg thiwugh
advant ageouge thi#fineplatek w{ﬂcﬁdhas hdegh: pirsly ebqgporemanpl e, manufactured from 20
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
catal yst can ths case, rheduaddr, iespieoialliién gaplbetoteemid lectidney ivoptatedsy secich way

the 1over Shifin@nd &&chm,zd@l@m SR iR fh"IBfef R apfd gmggéadﬁmﬁ% RchoP $hathd €d

and de-insta easi el nsta e cat
addi t i oHhl | yprseheadst al I ed in the lower hood to retain ~- auxili arl es and to
coll ect the catalyst, which may have already been installed in the course of

operation, and also one or npre nozzles to discharge the catalyst. 30 The
material usdAcE bF heaCarisr mediprpaskicl eaqvis therhas qftr@%qﬁ@a #Iapaéﬂglﬂaw BEpREEKe

the ther rmpéo%hﬁ 1mweasrcﬁﬂc$ememtmw ﬂhe;rmomdtés @iﬁhehhﬁe @dfa@ﬁ@ﬂrﬂﬂﬁfd ¥ fed from
Cytindri cal 3h fﬁ i st abi Izaﬁﬁi]}‘ q I_
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t 0 use K ai cindésss siwags atalablehi s purpose. 35 In one or both hoods, it is
advant ageous to install nozzles, through which nultithernoel enents can be
introduced into the individual thernoplate nodules. In addition, nozzles
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parti al oxidations of luid

The heat carrier mediom used may be feed water as typically utilized in power stations for
steamn generation and corresponding to the prior art (Technische Regein fiir Dampfkessel
[Technical rules for vapor vessels] (TRD 611 of October 15, 1996 in BArbBl1. 12/1996 p. 84,
25  last altered on June 25, 2001 in BArbBl. 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
C 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 auxiliartes 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
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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.

Cg 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. pperated
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.
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all ows the reactor to be ada fl exi bl t he requir capaci t
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in conparison 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,

s Figure 4 shows a detailed illustration with driliholes in the rectangular stabilization
\ C frames,

Figures show detailed illustrations with additional guiding and directing elements on

S5A, 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
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nodul e angD s?tg)rstlg leS he't:]'IGQHI ??)gnaﬁﬁgﬁl"s a detailed illustration of a tension

devi ce for securing e the nodul es in the rectangul ar
st abi 1? zat i on franes 15 The Iongltudlnal section illustration through a

pref err edyeaodi@RES ehmoﬁfngent fillﬁs]ﬁ%@% lﬁ Flgaptme ﬂm@\feaaaoﬁ %aﬂﬁﬂh@%& fadytes 1
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she 4,
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" the regi on of wer end of t pl a
se 7, amgiof ﬁm}hhﬁl PG Gise dFor WQHII‘PB e Jpe{? fer ﬂ%ﬂﬂ%ﬁéﬂﬁﬁﬁ 'g ‘% by
a sheet pevakdoovdes 88 ibi div, epppiyingy of theeimbo dnatenit] frdrh ube nsitenbdiate tshae 6
figure, h@e?w%n' Eﬂccﬁ-l%rrgoplate modules 1 and the predominantly cylindrical shell 4, and also
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.

C 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 ratio 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 1F shows an embodiment with ten thermoplate modules 1 with in each case
rectangular cross section and a side ratio of ineach case 1 : 1.1.
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Figure | B shows a cross-sectional illustration having a single thernoplate
nmodul e with square_ 25 cross section which is arranged in the shell 4. C
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figure il | @8tThetdstail also shows a section of the edge gap sieve 24 used as a catalyst grate, and also a
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  rectangular 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
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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.



el enments. |In addition, Figure 5B shows a possible enbodi nent for the
outernost thermo plate 2 in the thernmopbate nmodule 1, and specifi calll jANtdpg
out er nmetvalclaskieet of the outernost thernoplate 2 of 5 the thernopl ate nodul e
1 is thicker and thus nore stable conpared to the remai ning netal sheets
formng the thernoplates 2. Figures 5D to 51 show schematics of different

vari ant si.f or geeugtbndot Rartfahegxiduibad @F 2 Md t Rectiohah@kiate BOUREFITdseddd: oG i N
t he enmbodi nent in W?ureS aéaﬁtherrm | ates 2 are welded on; in Figure 5E,
two angl es welelFERECBAS Pt At GaAlsY COBRHYRE y 20 are provided to secure the C

t her nopl at es;- 15 IdmetdﬂencﬁabaleﬁldmmlﬁenlnaplEﬂegwdaleE:El) WhidRME: éddh@Semediffonk hﬁb or
enbodi nent in Figure 5 g‘ ube 20 in the enbodltgegg:hgl n_Fi gure 5H,

U-profiles; dRYc FHES egyop aé?fgf%darﬁ’fné?q paiallel-fo, gp ‘hd"(k%lea‘“s?ﬂ‘i fats c
of a tension |damLe g3 (Bprwhmn@nm ﬂEecb%'itW&Eé’l hétlaﬁrgmh@b@mcaﬁtemmwsean@m
the rect angulpfg)rv‘ff_ﬁd bi I tion franme W claim

JA
reactor for t§h8 r&u‘%frea&a‘f"q lﬁ‘?‘ﬁ“?eeé]&et %‘c‘fﬁ qunrf%‘ﬁ‘r‘% befnet %OrﬁF‘éé’érﬂze

of a het erOgﬁﬂloblﬁrl&aﬁﬁlbﬁlﬂo&ﬁs&h@ﬁélﬁkﬁé%ernfb@[ﬁﬁsl(Q) BEH GRS aPNealOpRtlE dRpohtds,
t her nopl ate nodul es (1) which are each fornmed fromtwo or nore rectangul ar

t her mopl at es P9PIs§"#YAGed parallel to each other while in each case | eaving

a gap (3) which can Qﬂoﬁairﬂaht%d ¥\llﬁdﬂ1c§1hﬁlene(f4€ﬁ@,g@ébeﬁrﬁﬁ:h%fehée@Lth@tp?esﬁﬁt& ak ¥d
and is flowed throu h %{ the fluid reaction m xture, the heat of reaction
]

bei ng absor béhe"BVPl&te Aedifles b Fomplelghy wFopds fem sdsogristie tBAsFdMkel es (2)

and thus at l@pgaid H@JJs'(YS e}/%p&lﬁ@ﬁ 8l it ANSIRLSR MW INEe doritGAN N@Ns! Migned
cylindrical shell whi ch rel eases the pressure at the

t her mopl at e rﬂ?ﬂﬂlleb@ tt“?Ll)?Ianf‘c‘Ef bewnaplaes(Ph ardialse basigand conpri ses a cyl i nder
jacket (4) and hoags of i‘iﬁ)re ée@)mg’\@lbﬁ@n@ ?PJZBj ﬁhl@ﬁ ai&%ﬂn@&ﬂ% 588 WP the fluid

| ongi tudinal axis is aligned parallel | ane of the thernoplates (2),
and al so havigéftiendnigtireprpart Seem iflogying ﬁﬁ@lﬁlsthf 7ea02::a)lntﬁﬁpwaa?8ebtamﬂ%§bdhq n

such a way thabad h@, fd)l;'bﬁ]ly flows through the gap (3),
- and also having a metal sheet cover (8) which seals the intermediate space (6)
between the thermoplate modules (1) and the predominantly cylindrical shell (4) at the
upper end of the thermoplate modules (1),

wherein the metal sheet cover (8) has orifices (9).

2. A reactor as claimed in claim 1, which has two or more cuboidal thermoplate modules (1)

each having the same dimensions.
3. A reactor as claimed in claim 2, which comprises 4, 7, 10 or 14 thermoplate modules (1).

4. A reactor as claimed in any of claims 1 to 3, wherein the thermoplates (2) are formed 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 roll seam itself.

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 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



reaction m xture, apart fromflow ng through the reactor interior spaces
bounded by the hoods (15, 16) , only Hphows through the gap (3),: and! &lJak 7007
having a nmetal sheet cover (8) which’'seals the internedi ate space (6)-

bet ween the thernoplate nodules (1) and the predom nantly cylindrical shel
(4) at the upper end of the thernoplate nodules (1), wherein the netal
sheet cover (8) has orifices (9). 2. Areactor as clainmed in claim1, which
has two or nore cuboi dal thernoplate nodules (1) each having the sane

di nensi ons. 3hemnepatetmoedudes @).ai med in claim2, which conprises 4, 7, 10 or
14 thernoplate nodules (1). 4. Areactor as clainmed in any of clains 1 to 3,
wherein the thernoplates (2) are forned in each case two rectangul ar netal
sheets ®hi ch Argagtey adglagmed wejapy (of wdpimgdh tal. ahereihthes indrsnegdyate space Gdam
vel di ng, and §diqe&ifas ?Jerhféﬁla@hﬁiduﬁéﬂeflgsanﬂr fHer $HUNEGH) OMe VEANEH QUET ah NBert Ol |
seamis renoved at the outer edge of e roll seamor in the roll seam
itself. 5. AMa%EEbr as claimed in any of clains 1 to 4, wherein the

t hernopl ate nodules (1) are in each <case arranged in a pressure-stable
rectangyl ar stabilization frame (5).. 6., Areactor _as cl.aimed in,claimb5,
Wher o1 5t he. T CRAHG P 8meH: 1 SIah dh HhRC e et ARaaTiaL B PPAEH MEIE: o
modul es (1) admel/ovedxgasdedindraémlied t ogether. 7. A reactor as clainmed in any
of clains 1 to 6, wherein the sealing elenent provided is a holding base
(7) which seals the internedi ate space (6) between the thernoplate nodul es
(1) and0t he Arreddaor annidimed yih iangrdafoddinsheltd 9( 4Yheatin tpresshoanisr apgriitd tofthe he

-20- 1 1 JAN,; { he | &t u 9 r cl ai I.h. any
of ol aims 1 tneghi e (G Bl e ntor B w0 bERT Pl BeChiB R bl

t her nopl at e nodimdeisal(shyll 4hawithe gshiel | (4) are filled with an inert

material. 9. Areactor as clained in claim8, wherein the inert material is
expanded perlite and/or expanded verm culite. 10. A reactor as clained in
any of dlai msA1repeon as\glaimedninpelag ile whereippthe arressyre Bepligdhise pihstangiedy space
(6) between thgmstaer nopl ate nodul es (1) and the predomi nantly cylindrical
shell (4) with a gas. 11. A reactor as clained in claim10, wherein the
pressure applied is substantially constant. 12. A reactor as clainmed in

- claim1ip whesatictbhgs Sldhed@int dlain ¥ 1 CORSkaNthe 3RBSthtAdllyofbrRtant application of
pressure is effected by pressure-regulated feed and removal of nitrogen.

13. A reactor as claimed in claim 10, 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).

14. A reactor as claimed in claim 13, wherein the gas used to apply pressure is
combined with the fluid reaction mixture at its outlet from the thermoplate modules

(D).

15, A reactor as claimed in any of claims 1 to 14, wherein compensators (10) for the
radial expansion are provided in or on the holding base (7).

16. A reactor as claimed in any of claims 1 to 15, wherein compensators (10) for the

axial and/or radial expansion are provided in or on the metal metal sheet cover (8).



pressure is effected by pressure-regul ated feed and renoval of nitro en

A reactor as clalned in clai.m 10, wherein the pressure is applied by JAN?%?
conti nuously f &8¢ dind a gas which is'inert or intrinsic to the process, in
particular nitrogen or cyclé gas, through thg_internediate space (6). 14. A
reactor as clainmed in claim 13, wherein the gas used to apply pressure is
combi ned w th; thes fdadioflad 8afel (i}pal{nogﬂéfrﬁs o 6} @h{}eﬂn'oﬁs o;frh&@dﬁ;a@% igF" mopl at e
nodules M . Areactor as clalned In any al s egein y
conpensat or sdecnpes) (1l pand gye or MYE @llcewpénepermarfe the heat erstieriase used 9F f he {
hol di ng baseu{flonlaiPmodhid €actor as clainmed in any of clainms 1 to 15, wherein
conpensators (10f for the axial and/or radial expansion are provided in or-
on the nmetal netal sheet cover (8). 1 1 JAN 7007 -21 17. A reactor as

claimedsin afgy ofp ?éa@!oFEs dlaitrRd many\mraﬁm 819, Bherfilofe alisﬁffbunaméve@(lgew ces
(11) and one or nore collection dévices (12) fo heat carrier are used

per t her mopndttwo selipgtien deyiceg(12hfor ghecheat cagrier eqeais%nfr thermep)atemodplgi ns 1 to
17, wherein one distribution device (11) and two collection devices (12)
for the heat carrier are used per thernoplate nodule. 19. A reactor as
claimed in alfy ofA&sagiopss daimgd 1many\gf gleiips! tord, wheseipiths distpution@nd geljestien on
devices for dc'@&e@ﬁﬁhe%ﬁtrdaﬁ[erB@«%é%q@ﬂ%@ﬂmﬂapﬂ]dﬂﬁ' widths. 10 20. A reactor as
claimed in any of clains 1 to wherein the distribution devices (11) and
col l ect}%n devices (12) for the heat carrier are welded into a slotted base.

21. A reacton. as ghakiees ¢1£Irr@ﬂ')haﬂfycﬁ'k:ﬁhﬁ'§l 1018, Whereintiey BitAbstiontdeliBeki(h O hnd
devices (11) and. 15 COlhi%ff n devi ces Gﬁfor the heat carrier flow ng

t hrough t he toHesHPBSFYEEesd FéeaﬁFHWrd"éﬂwe d tfe 2sieed P conpensation for
t he acconmodation of the thermal expansion of the thernoplate nodul es (1)

relative to the rround| redonln ntly c drical .shel
reactor as clai mefd "§aRIORRYC clgjimef g0t s o '&H@F SFiR dfsﬁé’“flﬂ‘éliﬂé‘fesék'saﬂ‘i ion of
ot hle Ej hey ”})pdoﬁbﬁoliﬂdéﬂb&ﬁtlﬁ)]ﬂ)r the hadticxmeied ﬂoﬁh@tlﬁ(ﬂ{)glh(ﬂwwérﬂ@pla&@ (32 e gstawgbd/
cylindrical she 4 accommpdat e |ta rved geometr,] esi gn
o7 the t ubl fENGR e hare SPTPUREI Briorzs Prestmopati: o s LTI 0s (2)
for the heat th@r@foplaw fth@ildaq | Y MRrativgia thmnbbmﬁﬁg) ptedbmmantB) cylindficalshellAdy, eact or
as claimed in any of clains 1 to 21, wherein two catal yst hol ding grates per
20 22, A reactor as claimed in any of claims 1 to 17, 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

(1 l)kand collection devices (12) for the heat carrier flowing through the thermoplates (2).

25
23. A reactor as claimed in any of claims 1 to 21, wherein two catalyst holding grates per
thermoplate module are used.
24, A reactor as claimed in any of claims 1 to 22, wherein the catalyst holding grates can
30 be introduced into the reactor jacket through the manholes present in the reactor.
25. A reactor as claimed in any of claims 1 to 23, 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

26. The use of a reactor as claimed in any of claims 1 to 24 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.



t hermopl ate nodul e are used. 24. A reactor as clained in any of clains 1 to
22, wherein the catalyst holding grates can -3 be introduced into tlhkeJAN 2007
react or jacket through the manhol es present in the reactor. 25. A reactor as
clainmed in any of clainms 1 to 23, 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

26. The pse e u8e sLALikRE uﬁélalﬁizas WBekeintheiRYrnplatd Mbdies 1) Or éMnfhg uf @l y out
partial oxidations ,  of a fl reaction m xtur eat ‘of

ein h
react i on"ePLOT ARBRALRY byythe sams atcf&FW B?twf”fkdﬁli"ﬁ’&"‘ﬁ’tthwg‘i?ﬁﬁfP‘H@“"L“H@:F"r‘F{?ﬁP‘&?8% (2)
whi ch t hissctidh dperatién Padtlidagt Riviailo e@dpdfated 18t catrick mbANm(007  27. The use as
claéned in claim25, 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



