1 Method For Mnitoring, Controlling And/O Regul ating The Reactions O A
Fluidic Reaction M xture In A Reactor Using Thernmal Sheet Metal Plates 5
Description The invention relates to a process for nmonitoring, controlling
and/or regulating reactions of a fluid reaction mxture in a reactor having
t hernopl ates, and also to an apparatus 16 for carrying out the process. In
chem cal process technology, a nultitude of reactions, especially also
partial oxida- tion reactions, of fluid, i.e. gaseous, liquid or
gaseous/liquid, reaction m xtures, are known which are carried out in the
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generally exothermc, frequently strongly exothermc. Thely have hitherto
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reactors having catal yst tubes, into which the heterogeneous particul ate
catalyst g s introduced and through which the fluid reaction mxture is
passed, and the .heat of reaction which is released is renoved indirectly
via a heat GBI vhich circulates in the internediate 20 space between the
catal yst tubes. The heat carrier used is frequently a salt nelt. As an
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subst antlPal f9r eaypyingyaubthe grofess. pl at e- 25 type heat transferrers. Heat
transferrer plates are defined predom nantly as sheetlike structures which
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carriers is described in the German patent application 40 DE-A 103 16 418.

Preference is given to ionic |liquids which contain a sulfate, phos-
As an alternative, it is also possible to remove the heat of reaction via a heat carrier

which is passed through plate-type heat transferrers. The terms heat exchanger plates,
heat transferrer plates and thermoplates are used substantially synonymously for plate-
25 type heat transferrers.

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, frequently from

30 steel sheets. However, depending on the application case, in particular on the proper-
ties 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 exchanger plates.
The heat carriers used are frequently water, or else Diphyl® (mixture of from 70 to 75%

35 by weight of diphenyl ether and from 25 to 30% by weight of diphenyl), which some-
times alsc evaporate in a boiling operation; it is also possible to use other organic heat
carriers having a low vapor pressure and also ionic liquids.

The use of ionic liquids as heat carriers is described in the German patent application
40 DE-A 103 16 418. Preference is given to ionic liquids which contain a sulfate, phos-
phate, borate or silicate anion. Also particularly suitable are ionic liquids which contain



phate, borate or silicate anion. Al so particularly suitable are ionic

| i quids which contain 2 a nonovalent netal cation, in particular an alkal
nmetal cation, and also a further cation, in particular an imdazolium
cation. Al so advantageous are ionic |iquids which contain an imdazolium
pyri di ni um or phosphonium cation as the cgtion. 5 The termthernoplates is
used in particular for heat transferrer plates whose single, wusually two,
netal sheets are joined together by point and/or roll welds and are fre-
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An advantageous development thereof is described in DE-A 198 48 208, according to
25  which heat transferrer plates which are configured as thermoplates 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 as-
sembly needs no adaptation on the circumferential side and is consequently used with
predefined spacings to the interior wall of the cylindrical reactor vessel. The free sur-
30 faces between the plate heat transferrer 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 pre-
vent the reaction medium from bypassing the chambers filled with catalyst.

A further reactor having devices for removing the heat of reaction which are in the form

35 of plate heat transfetrers is described in WO-A 01/85331. The reactor of predominantly
cylindrical shape contains a continuous catalyst bed, into which a
plate heat transferrer is embedded.

DE-A 103 33 866 discloses the prevention of problems which occur as a result of de-
40  formations which are a consequence of high stress on one side of the thermoplates in



40 formati ons which are a consequence of high stress on one side of the
thernoplates in 3 the event of an excessively high pressure differential

bet ween the reaction mxture and the external environment, and al so
mechanical stability problens as a result of reshap- ing under high therma
stress, which can occur when the reactiongm xture is under ele- vated
pressure or reduced pressure, by providing a reactor for partial oxidations
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cat al yst, hathereyent ofran exceagively bigbgiresdure difereniiakhatwesrtthegsagiitinohixture asdich

formed from fheQ@x@mal %ﬁoﬁrﬁéﬁtaé‘rmihl% rﬁé%ﬁéﬁ'@ﬂl' siétﬁmy %dei’e?ﬂ@ﬁs B&é@llﬂ &l reéﬁhpeaCh
other while in egch .C can. be

et or ogoneoubSaet wif Ifemal S nRiefl 38n S2ha Widhing Tencionghidie & r gleg
reaction ni xvalee prasa@rmelatedcted pressiren by eirovidiag sorebetdr fasypastiad xidations plea

which flaons fidia esshont RixtliRah PbrabeReaNd Héwagaﬁedtgq}ah.c%&é EatalySy BRARG! es,
having - a predom nantly cylindrical shell which rel'eases the pressure at

the thernoplate 15 nodules, conpletely surrounds them and conprises a
cylinder jacket oaadrioogscubgidat thesinoplatd mogules ovlricke atks eaghd fonmeddrom two or

I Iongl L udi nal  axinfork $e@éh@nﬁdhw®hdt@é autrahgéaeparaﬂeaﬁ’@e@éh bther Whity imsdchtcase and
al SO avin - one nor e ar e arran

that the Toui o IREVPSA Geg e ottt RO 1N iroB edts Pt el B o
i nt eri orlGspaces isiiragthraugh bytee figid deaction nyixtiires lise heat ofitgactiorebejnp sbsarbed s

accordingly an @?JaeﬁéatOéarhékewmaN%hsandl@hnh@\théiﬁm@mé@aﬁ@schdsnat lFast b \A%ng,
control- ling agd/or |;“Jlatlng reactions of a fluid reaction m xture i ch

are carried out Y?‘Poéate% P&t or havi ng thernopl ates di sposed therein,
het er ogeneous particul ate catal yst being di sposed in gaps between the
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whi ch are distri each gap. According to the
i nvention, the nonitoring, control and/or regul ation paraneter selected
It is accordingly an object of the invention to provide a process for monitoring, control-

ling and/or regulating reactions of a fluid reaction mixture which are carried out in a

25 reactor having thermoplates disposed therein, a heterogeneous particulate catalyst
being disposed in gaps between the thermoplates and being flowed through by the
reaction medium, and a heat carrier flowing through the thermoplates.

Accordingly, a process has been found for monitoring, controlling and/or regulating

30 reactions of a fluid reaction mixture in the presence of a heterogeneous particulate
catalyst, in a reactor having two or more thermoplates arranged vertically and parallel
to each other while in each case leaving a gap, the heterogeneous particulate catalyst
being installed in the gaps and the fluid reaction mixture being passed through the
gaps, which comprises selecting as a monitoring, control and/or regulation parameter

35 one or more temperatures which are measured in one or more gaps, at one or more
measurement points which are distributed over the height of each gap.

According to the invention, the monitoring, control and/or regulation parameter selected
is one or more temperature which are measured in one or more gaps, at one or more
40 measurement points which are distributed over the height of each gap.



I's one or nore tenperature which are nmeasured in one or nore gaps, at one or
nore 40 neasurenent points which are distributed over the height of each
gap. 4 Preference is given to additionally selecting the conposition of the
fluid reaction mx- ture in one or nore gaps as a further nonitoring,
control and/or regulation paranmeter whiclyis determ ned at one or nore
measur enment points which are distributed over the height of each gap. 5 For
the determ nation of the operating conditions of reactors, the know edge of
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tions. For example, the deactivation behavior of the catalyst can also be characterized
with reference to concentration profiles in the course of flow-through, especially to-

25  gether with temperature profiles, which can also be utilized for advantageous reaction
control with low by-product formation by adapting to the reactant load and process flow
rate, or else for improvement of the catalyst and of the reactor design.

The inventors have recognized that it is possibie to determine the temperature profile in
30 the patticulate catalyst which has been introduced into the gap between two
thermoplates over the height thereof, i.e. the temperature profile along the flow path,
and also the concentration profile over the height of the catalyst, i.e. the concentration
profile along the flow path, without disturbing the process by the measurement opera-
tion itself.
35
With regard to the chemical reactions of a fluid reaction mixture in the presence of a
heterogeneous particulate catalyst which can be monitored, controiled and/or regulated
by the process according to the invention, there are in principle no restrictions. The
reactions are preferably those of gaseous reaction mixtures, especially oxidation or
40 partial oxidation reactions.



tion itself. 35 Wth regard to the chem cal reactions of a fluid reaction

m xture in the presence of a heterogeneous particulate catalyst which can
be nonitored, controlled and/or regulated by the process according to the

i nvention, there are in principle no restrictions. The reactions are
preferably those of gaseous reaction m xtu§es, especially oxidation or 40
partial oxidation reactions. 5 Reactors having thernopl ates have al ready
been descri bed above. The thernopl ates are manufactured from preferably
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One possibility of arranging the weld points on the thermoplates is in rows with equidis-
tant point separations of from 30 to 80 mm or else from 35 to 70 mm, although separa-
25 tions of 40 to 60 mm are also possible and a further embodiment has separations of
from 45 to 50 mm and aiso 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 iongitudinal 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
30 plates may be equidistant with 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 sepa-
rations may be in a defined geometric relationship to the point separation, typically 4 of
35 the point separations or somewhat lower, so that there is a defined uniform expansion
of the thermoplates in the course of the production. For predefined weld point and row
separations, a defined number of weld points per plate surface area unit is designated;
possible values are from 200 to 3000, typical values from 1400 to 2600, weld points per
m? of the plate surface area. Advantageously there are 20 to 35 weid points in a rec-
40  tangular surface section of 5 x weld point separation by 5 x row separation.



al so be used. Moreover, pairings of the weld point separations and row
separations nentioned which are adapted to the application case are al so
possi bl e. The row sepa- rations may be in a defined geonetric relationship
to the point separation, typically Y4 of 35 the point separations or
somewhat |ower, so that there is a defined uniform expansion of the
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the gaps may aiso be of different width when the reaction permits it or the desired reac-
25  tion requires it, or apparatus or cooling technology advantages can be achieved.

——,

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

30
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.

The weld points of immediately adjacent thermoplates may be opposite each other or
35 offset from each other.

The invention also provides an apparatus for carrying out the above-described process,
characterized by a sleeve which is disposed in the gap between two thermoplates,
preferably in longitudinal direction, and opens outside the reactor and which encloses a



process side. 30 To adjust the desired gap separati on when joining the

I ndi vi dual thernoplates together to forma nodule, the plates are secured
in their position and in separation. The weld points of imedi ately adjacent
t her nopl ates may be opposite each other or 35 offset fromeach other. The
invention also provides an apparatus for garrying out the above-described
process, characterized by a sleeve which is disposed in the gap between two
t hernopl ates, preferably in longitudinal direction, and opens outside the
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t hrough the reggq\@hrgmgé?é’ri ors bounded by the hoods, 15 only flows through

the gaps, and -thetermepiginmereles amaemeieielsurpusded by anpiresttatelansig. pre-
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with three, temperature measurement inserts.

20 By virtue of each thermoplate module being equipped with in each case at least one
independent temperature measurement insert, each thermoplate module may be indi-
vidually assessed and monitored. It is advantageous to provide more than one tem-
perature measurement insert for each thermoplate module so that, in the event of fail-
ure of an individual temperature measurement insert, safe operation is nevertheless

25 ensured. When in each case three temperature measurement inserts are used per
thermoplate module, it is possible to maintain safe operation in the event of testing,
maintenance or failure of a temperature measurement insert, especially when the tem-
perature signals are utilized functionally in a protective circuit.

30 The sleeve is a preferably metallic tube, especially having an external diameter in the
range from 4 to 15 mm, in particular from 6 to 10 mm, frequently from 6 to 8 mm, and
further preferably having a wall thickness of from 0.8 to 1.5 mm, preferably of 1 mm.
Useful materials for the sleeve are in principle the same materials which can be used
for the thermoplates, although sleeve and thermoplates do not have to be made of the

35 same material. Nonferrous materials may also be used as the sieeve.

According to the prior art, it is necessary in the case of tube bundle reactors, when
temperature measurement sleeves or temperature measurement inserts are inserted
into the catalyst bed, to use specially manufactured tubes having increased internal



mai nt enance or failure of a tenperature neasurenent insert, especially when
the tem perature signals are utilized functionally in a protective circuit.
30 The sleeve is a preferably netallic tube, especially having an external
dianeter in the range from4 to 15 mm in particular from6 to 10 nm
frequently from6 to 8 mm and further prBeferany having a wall thickness
of from0.8 to 1.5 mm preferably of 1 mm~ Useful materials for the sl eeve
are in principle the sane materials which can be used for the thernoplates,
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10 847, it haatebéemeasuredhé hexbperaturepiotileriglhe catatgstitbeds havi ng t her nopl at es
do not necessarily require such specific arrangenents in the gaps between

t he t her no- gl,ates to rreas%jre Efgéten'ﬁerature lErofile in the clgi\t.al YSt bed.
It is necesshriS "REFSSAY Merely IpsusPos e dBHRPRIIE INRSLeIPEReIREeT NSBl O e 1
or the 165 silesecwhibh @ncises dise empeatueEnpeaavremenirrsedrie tea gapngrefaralily in he

gap, preferaghyinidiral Hitdbioh Biviidn Wo'tRSiidpidet ween two thernopl ates. The
di stance of the tenperature neasurenent insert or of the sleeve fromthe two

t hernopl ates may preferably in each case be equal, i.e., in an enbodi nent,
the tem 20 P distanee midbeartempataturasueasurameitsipsart dr ofrihe sldeyeifrom e Hup. To

i ntroduce t hgemhdates nttyCprehttallifih BEENVBLSE BERQLAICTEDM 8k @bddimért, the tem-
particularly advan- tageous, when. the thernoplates each have the sane weld
poi nt p&k erfFraWER '["ﬁ@s'\%@m”t 'BB?'EFS‘S}%?OSQ Fﬁ%‘g‘ﬂ R A& Il at es are nutual Iy
opposite. 25 The sl eeves nay open outside the reactor both above and bel ow
it. In a prefehi8du®@he sleeve into the gap between the thermoplates, it is particularly advan-
tageous when the thermoplates each have the same weld point pattern and the weld
peints of adjacent thermopiates are mutually opposite.
25
The sleeves may open outside the reactor both above and below it. In a preferred em-
bodiment, it is possible that the sleeves open both above and below the reactor. In this
case, the temperature measurement insert can be shifted continuously in the sleeve,
so that a continuous illustration of the temperature profile can be determined, not only
30 discrete temperature measurements. For this purpose, an individual measuring ele-
ment, but advantageously also a multiple measuring element, particularly advanta-
geously having equidistant measurement separations, can be used, since the neces-
sary shifting path for uninterrupted measurement of the temperature profile is then only
ohe measurement point separation.
35
The sieeves may be conducted seamlessly through the outer reactor jacket or else
have connecting elements in the region above the catalyst-charged thermoplate mod-
ules, or, in the case of introduction from below, below the thermoplate modules. In a
particularly advantageous variant, the sleeves are provided with disconnection points in



bodiment, it is possible that the sl eeves open both above and bel ow t he
reactor. In this case, the tenperature neasurenent insert can be shifted
continuously in the sleeve, so that a continuous illustration of the
tenperature profile can be determ ned, not only 30 discrete tenperature
measurenents. For this purpose, an indivigual neasuring ele- nment, but
advant ageously also a nultiple neasuring elenent, particularly advanta-
geously havi ng equi di stant neasurenent separations, can be used, since the
neces- sary Hiei reactagintesioh whah araeidesignediipt pedticuisa sasr & omting-ohg thelameringrainur e
profile is AeioANothaPhe JE8aRHAHRAke okdMeraBpRagilon. 35 The sieeves may
be conducted seanml essly through the outer reactor jacket or else have
connecting elenents in the regi on above the catal yst-charged thernopl ate
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separati on fronil each other in the remaining reactor regions. 20 The
t enperature HRAQUEOISRt i nsert advant ageously has fromb5 to 60 nmeasurenent
points, preferably from10 to 50 neasurenent points, nore preferably from15
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measurement points and still more preferably from 20 to 30 measurement points.

In a preferred embodiment, the temperature measurement insert has 20 measurement

25 points and an external diameter of about 3.8 mm, so that the temperature measure-
ment insert can be installed in a sleeve having an external diameter of 6 mm or of 1/4
inch and an internal diameter of 4 mm or of 5/32 inch.

In a further preferred embodiment, the temperature measurement insert has 40 meas-

30 urement points and an external diameter of about 2.5 mm, so that the temperature
measurement insert can be installed in a sleeve having an external diameter of 5 mm
or of 3/16 inch and an internal diameter of 3 mm or of 1/8 inch.

In one embodiment, the sleeve which encloses the thermoelement may be disposed at
35 the lateral boundary of the gap between two thermoplates. In order to prevent meas-
urement distortion, preference is given in this case to providing an insulating element
between the lateral boundary of the gap and the sleeve, so that a representative tem-
perature signal can also be obtained at the edge of the bed. It is particularly advanta-
geous in this case that the sleeve is installed in the gap in a fixed manner and can re-
40  main there and does not have to be installed and removed together with the catalyst



25 points and an external dianeter of about 3.8 mm so that the tenperature

measure- nent insert can be installed in a sleeve having an external

diameter of 6 mmor of 1/4 inch and an internal dianeter of 4 mmor of 5/32
inch. In a further preferred enbodi nent, the tenperature neasurenent insert

has 40 neas- 30 urenent points and an extqbnal di aneter of about 2.5 mm so

that the tenperature neasurenent insert can be installed in a sleeve having
an external dianeter of 5 mMm or of 3/16 inch and an internal diameter of 3
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the sampling tube is also possible. The perforations preferably have a total surface
area of from 1 to 50%, preferably of from 1 {o 10%, of the total jacket surface area of
the sleeve. They serve to allow the fluid reaction mixture to flow into the slesve, and
25 thus get into the sampling tube disposed in the interior of the sleeve via the orifice
thereof. The sample taken from the sampling tube outside the reactor may be ana-
lyzed, for example, with the available plant analiytical instrumentation. It is equally pos-
sible to take samples and to analyze them continuously or at certain time intervals.

30 The withdrawal of the samples may be effected by the autogenous pressure of the re-
action system through a control valve or overflow device, or else by means of a pump
or compressor or of a radiator/ejector, in which case the sample may be introduced into
a system having atmospheric pressure or else reduced or elevated pressure relative to
the atmosphere. Preference is given to controlling the analytical system, into which the

35 sample is introduced, at constant pressure to increase the measurement precision.

In a preferred embodiment, the perforated sleeve is disposed in the gap centrally. in
this arrangement, the symmetry of the flow profile in the gap is disrupted to a particu-



the sanpling tube is also possible. The perforations preferably have a total
surface area of from1l to 50% preferably of from1l to 10% of the total

j acket surface area of the sleeve. They serve to allow the fluid reaction
m xture to flow into the sleeve, and 25 thus get into the sanpling tube

di sposed in the interior of the sleeve vifqthe orifice thereof. The sanple
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the sanpli N9y taumhlens ppéféﬁgé %gnﬂo'airﬁé}ﬁ, fre’ éﬂﬁﬁh‘agdtube is disposed in the perforated
sleeve in a rotatable manner and has at least two orifices disposed over its jacket sur-
face offset in such a way that the fluid reaction mixture always fiows into the sampling
25 tube only through one of the orifices. The orifices of the sampling tube are preferably
disposed as slots in the longitudinal direction thereof, which makes available more
room for maneuver when matching the orifices of sleeve and sampling tube.

This embodiment allows samples to be taken from a plurality of points which are dis-
30 tributed over the height of the gap by means of a singie sampling tube.

In a further preferred variant, each sampling tube has at least two, preferably from two
to four, mutually separate chambers, each having an orifice into which the fluid reaction
mixture flows through the perforations of the sleeve, and the fluid reaction mixture is

35 removed separately from each chamber and analyzed. The chambers may be ar-
ranged mutually adjacently or concentrically.
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temperature which is crucial for the hotspot, in a simple manner, utilizing available plant

25 analytical instrumentation. This allows operation substantially closer to the load limit of

the catalyst; the catalyst can thus be better utilized, and damage by undesirably high

hotspot formation is at the same time prevented. In addition, with knowledge of the

actual reaction events, the catalyst activity can be configured spatially in the gap in a

varying manner, matched to the actual reaction events. This protects the catalyst, es-

30 pecially in the more thermally stressed regions, and thus more favorably adjusts its

aging for the purposes of longer or more advantageous utilization.

In addition, the reactor can be operated substantially more uniformly, which allows the

overall selectivity of the reactions taking place therein to be positively influenced. In
35 addition, adaptation of the catalyst activity to the actual reaction events allows the re-

guired amount of heat carrier to be reduced.

The invention is illustrated in detail hereinbelow with reference to a drawing.

40  The individual figures show:



25 anal ytical instrunentation. This allows operation substantially closer to
the load limt of +the catalyst; the catalyst can thus be better utilized,
and damage by undesirably high hotspot formation is at the sane tine
prevented. In addition, with know edge of the actual reaction events, the
catal yst activity can be configured spatiggly in the gap in a varying
manner, matched to the actual reaction events. This protects the catal yst,
es 30 pecially in the nore thermally stressed regions, and thus nore
favorably adjusts its aging for the purposes of |onger or nore advantageous
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t he catal yst acti vi t grosesettonalliusilatior aciigome ¥\Vents all ows the re- quired
amount ofgheat carrier to be reduced. The invention is illustrated in detail
her ei nbel ow with reference to a drawing. 40, The individu how 13
Foure 1 o sBBUTe 14 SRR bedtty & Ry prodedimeny wlt sonss Risgosslh el )

di sposed sl eeve for langitudina aéctiog, with hesswsetiorahilystration dnBigtied2Aal sectl on,
with cross-sectional illustration in Figure 1A, 5 Figure 2 a section

t hrough a fu t her_enb ment wi.th sl eev dIS osed | ater

| ongi t udi nal 'QH'@[? on? ?%*hceﬁ eE}bBQ'g‘eé"éE’ftﬁ@ ®;di5nesed h?ﬁ'%ﬂ‘??quﬁ "ﬁwaﬁ’ PRongF gur e
3 a furtter enmbodi mettinad sectioh euﬂecr@ss—petﬂmahlﬂustmlnnm Figuren3A laed glafail ilius-
l'ongi - 10 tudinal segdtiopin Fuld'aB 0Ss-sectional illustration in Figure 3A
and detail illus- tration in Figure 3B, Figure 4 a section froma further
enbodi mrent with a sleeve having perforations and sanpling tube, in

| ongi t udi nal Figeret4 org sedtion foom afudieertdntvadiment with a sideye hianingmrfpragign@am\

Figure 5 the SChe”atéaan;blinbUﬁnbéaH %gft&ﬂlnélhéédnﬂﬁtﬁﬁth adrbNsctiondl illANEMH Ve
sleeve i) a thernoplate Figure 6 a schematic of preferred

wel d poi dlstrlbutlgﬁf the surface of therno- plates. In the figures,
identical reference nunerals denote identical or corresponding features. 25

Figure 1 shomgu@ §0hﬁevédh@mahc JuEGatiod forl theMnstallfsH of aRaniditivé davephages 1
wth inter iate ﬁgr r& ‘M@hﬁh the fixed catal yst bed has been
i ntroduced. In the m?pé? rrent shown, a sleeve 3 is disposed

centrally in the gap 2 and encl oses a
20 Figure 6 a schematic of preferred weld point distributions on the surface of thermo-

plates.
In the figures, identical reference numerals denote identical or corresponding features.

25 Figure 1 shows a schematic of a section from a reactor having thermoplates 1 with
intermediate gap 2 into which the fixed catalyst bed has been introduced. In the pre-
ferred embodiment shown, a sleeve 3 is disposed centrally in the gap 2 and encloses a
thermoelement 4 which, by way of example, has 4 measurement points. The sleeve 3
and the thermoelement 4 project out of the reactor through a nozzle in the reactor

30 jacket.

The cross-sectional illustration in Figure 1A illustrates the cylindrical geometry of the
sleeve 3 with thermoelement 4 disposed therein.

35 The schematic illustration in Figure 2 shows a section from a reactor in longitudinal
direction, in the region of a gap 2 between two thermoplates which are not shown. in
the gap 2, at the lateral boundary 6 thereof, is disposed a sleeve 3 having thermoele-
ment 4. Between sleeve 3 and lateral boundary of the gap 2 is provided an insulation
element 5.

40



t her noel enent 4 which, by way of exanple, has 4 neasurenent points. The
sl eeve 3 and the thernoel enent 4 project out of the reactor through a

nozzle in the reactor 30 jacket. The cross-sectional illustration in Figure
1A illustrates the cylindrical geonetry of the sleeve 3 with thernoel enent
4 di sposed therein. 35 The schematic illuglration in Figure 2 shows a

section froma reactor in |ongitudinal dlrectlon in the region of a gap 2
bet ween two t hernopl ates which are not shown. In the gap 2, at the |l ateral
boundar y 6 t Mheevdss-desticha llusestion ialFRNe 23Iskataadhé Ittearrmﬁlaees tremdiuding Beirmeen

sl eeve 3 and .
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the t her mopl #i¥Toelement  aap iy fiing degigr atthadiption#lamedal boundary 6, and
al so the cylindrical design of the sleeve 3 with thernoel ement 4 and
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of its end pm;qacﬁmgnmg thatgapt e gapve hae psHeatiendas thpewghowhich masples dfhtheugh
whi ch sanpl eg, Et'pﬁ,dugeecadﬁtdqukén xture can be taken. 10 The schematic
illustrati on | n ure 4 shows a | ongitudinal section through a further
enbodi ment having a sleeve 3 with perforations 7 in the sleeve 3 to take
sanpl es i@t oThelsehemald illngtratidhein RAguréhe showe acloBgitadinal seotidr ti'gomgl'beﬁu&er
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schemati ¢ of beysedhé aoz4le 8m a reactor having parallel thernoplates 1 wth
internedi ate gaps 2. By way of exanple, a sleeve 3 is shown and projects
into a 2 betwee t her nopl ates 1 di,rection

t her eof , %gnd?aﬁca'?séﬁﬁ'i’%‘a %?E‘?tﬁ’é‘ "E'ﬁJ W%éé\t'wt's"ialtﬁso@g ?”tepféh‘? BleeYR 3
react or j ackimcro$s gspetien,Gritthariiise 7vamdosapipling dbe®| d poi nt di stri butions on the
surface of thernmoplates: in each case, a rectangular surface section of a

t hernmopl ate 1. cor onding to five tipmes 25 the aration_ on
Lhe hori sont BIoUG ShaS Sr4temaicats shuRF et Jenciel bRl pere I BRR AT o
i s illustratwih infemadiate gaps [2u By very afrexampld, gusiee® 3lirosioven pnad prjeatsiinig ad
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shown of a
outside the reactor through a nozzle 9 in the reactor jacket.

Figure 6 shows two preferred weld point distributions on the surface of thermoplates: in

each case, a rectangular surface section of a thermoplate 1 corresponding to five times
25 the weld point separation on the horizontal axis and five times the row separation on

the vertical axis is illustrated. The upper illustration in Figure 6 shows a preferred weld

point distribution having a total of 33 weld points on the surface section shown of a

thermoplate 1 having five times the weld point separation and five times the row sepa-

ration, and the lower illustration a further preferred arrangement having 25 weld points
30 on a surface section of the same dimensions.



thernoplate 1 having five tines the weld point separation and five tines the
row sepa- ration, and the lower illustration a further preferred arrangenent
having 25 weld points 30 on a surface section of the same di nensions. 15
What is clainmed is: 1. A process for nonitoring, controlling and/or

regul ating reactions of a fluid reac- 5 tign m xture in the presence of a
het er ogeneous particul ate catalyst, in a reactor having two or nore

t hernopl ates (1) arranged vertically and parallel to each other while in
each case leaving a gap (2), the heterogeneous particul ate cata- |yst being
instal | ed | npifRidiPel4dd: and the fluid reaction m xture being passed

t hrough t he gaps ?%? whi'ch conprises selecting as a nonitoring, control
and/or 10 regul ation paraneter one or nore tenperatures which are neasured
in one or nbre gApsodeds,foamoniteing) conrodlingeasioravguibtingoreatonshof chilud esac-
distributgd over .m%gﬁiheoarega\ge09aﬁe(&b%e&oulp%neneg@éaa@acwaﬂféaetotro

claim 1, Wnerelnt € conposit I on E?iln one or
more gaps (2) is GaMng My ondnelestigmnplates, A1) 3randed vestirally|andpatals! to each
regul ati on par anesteer white inseabbtoaseilesihgad gap€2) thenbeterogeasausarestitulate catat S

whi ch are distribykgdy ﬂst&llgzghﬁieggﬁopsongl%ﬁﬁhhgﬂﬁld(r%hcti m&'ﬂ.lr %ﬁf a‘é%et]tlor

carryl ng out t he I’OCG accor aracterized eeve

(3) which is di sp8&ghithegaes &Hpwiish Camr'ﬁﬁeﬁ@eglﬁ‘gsqso%"loﬁgorﬂ@a@?’btfo Evils A
each cas® encl osesgolaton eapenattore oeaste Empdraturesewhict{ 4)e meeasurgd omeneor

nore measur ement rﬁ@u‘e“éé%s é Jt"t?nea&%&%tﬁ'\éa R{eﬂ{P& ﬁ%ﬁi (b8 énstriﬁﬁfe»ﬁed\ﬂ&rt he

sl eeve is arrang I N (2) |nt l ongitudinal direction. 5. The
appar at us accordlﬂ h?lgthépﬁ "‘Fﬁ?@a&z)ﬂf wher ei n the thernoplates (1) are d| s-

posed in 30 - one or nore cuboidal thernoplate nodules (10) which are each

formed fromtwo fe HRCEsd E%ﬂ%ﬂcﬁélanhh?r\ﬁﬁ&leﬂ e cfoH o@ftubﬁ%@% fﬁ!ﬁd ?édcﬁbn to
each other while ) p each case |eavin é R h errm% I]J es
(10) are'Tonpl et EMFUE P SR MGEE gaﬁ’?@sgrg‘s' ctefl @sp ythes Taay "HQHFWm
cylindrical shel |andidr, regglatios pararmeater asd ng dateryineddarone3sr jrack steagdremenhd
hoods (12, 13) whididis GlrAsarblaistiodil Syt Mohagt méﬁ)ghgw tudinal axis is

aligned parallel to the plane of the thernoplates - ‘'one or nore sealing

el enents (14, 15) are arranged in such a way that the
3. An apparatus for carrying out the process according to claim 1, characterized by

20 a sleeve (3) which is disposed in the gap (2) and opens outside the reactor and
in each case encloses one temperature measurement insert (4) having one or
more measurement points.

4. The apparatus according to claim 3, wherein the sleeve is arranged in the gap
25 (2) in the longitudinal direction.
5. The apparatus according to claim 3 or 4, wherein the thermoplates (1) are dis-
posed in
30 - one or more cuboidal thermoplate moduies (10) which are each formed

from two or more rectangular thermoplates (1) arranged parallel to each
other while in each case leaving a gap (2),

- the thermoplate modules (10) are completely surrounded by a pressure-
releasing, predominantly cylindrical sheli (11, 12, 13}, comprising a cylinder

35 jacket (11) and hoods (12, 13) which close it at both ends and whose longi-

tudinal axis is aligned parallel to the plane of the thermoplates (1),

- one or more sealing elements (14, 15) are arranged in such a way that the
fluid reaction mixture, apart from flowing through the reactor interiors
bounded by the hoods (12, 13), only flows through the gaps (2}, and



fluid reaction mxture, apart fromflow ng through the reactor interiors
bounded by the hoods (12, 13), only flows through the gaps (2), and 16 each
t her nopl ate nodul e (10) having one or nore nutually independent tenperature
measurenent inserts (4) is equipped preferably with two or three, nore
preferably with three, tenperature neasurgent inserts (4). 5 6. The
apparatus according to any of clains 3 to 6, wherein the tenperature
measurenment insert (4) is a nmultiple nmeasurenment insert, preferably a nul -
tithernoel ement. 7. cAch thppaoniate Inedue (tR)Npving ang opfmeiednwialy ingeeendghkr ei n
é he sl eeve isha preftem?aeraﬂmrghhﬁaémémbhti sk ed) RSeRAppdd yrehs&&lblyigvimnt\mgbern%
iameter in the ran r re | to
nm nore preferabl yg‘iﬁr i ﬁ}? '? 85?5%""&'? rv@ﬁﬂ%r%{a b‘feg{p%m%t}‘l'Ben@e%%&?ﬁgﬁtqﬁsrge#g?jabI y
having a wail thickness of from0.8 to 1.5 nm preferably of 1 nm 15 8.
The apparsat L&daccmedhpmrhwsamcoﬂiing: iy & élgimés 3woeseivheldre tisd wm%rét&}e has
one or nore disc t fhe r . [

appar at us accordi'ﬁgég%gé'{a%& @g é'@l@ #ﬁggh P %’b%, mﬁﬁ%ﬁ%ﬁ%nt wé%ﬁegéeﬁ?éﬁ'\gn emuplbi nts
of the tenperat urlBherm@elamantnt insert (4) are arranged with a relatively 20
smal | separation fromeach other in reactor regions having expected tenpera

ture extremss andpor aeoga%rrétpg %&grh%%' 18’2y of ClRiS %HW% WHeA8hhL Stoefd L %Ng?é?- a
rela- tively large separation trofm each other in tHe remaini ng reéactor

regi ons.1010. The «ppnimatalic kibeorenasiplly HavRg aprexteraahdiarnetes inthejgagefromihe

E I eﬁveb( 3) whijcg to 38 nenCpreferably iretheaamsy fdri B6eto MBaAkl, A1ed brafarakly tin thé)rasgens
ot h above an agipP t t r I

measur enent inse?kowg)tbﬁlrﬂc’:"ﬁ I'S {UHP E?g%ﬁ%??,@eﬁgg?ﬁgp%@;a\}'fp ﬁk%%é}jﬁif&%grqg to
measur ement poi ntsS BYh Asefesahly efeli™@bn- tinuously in the sleeve (3) for

uni nterrupted neasurenent of the tenperature profile. 30 11. The apparatus

Tnaort (8 a1 e Rl docoRiy o AL idin 3o FHPEIGH Mo RASHRTER,

nore preferably fAf§iAre siscenngstign goigts withi epeief By from 20 to 30,
measur enent points. 35 12. The apparatus according to claim 11, wherein the

tenperat ure greasui@Medaratus according to any of claims 3 to 8, wherein the measurement
points of the temperature measurement insert (4) are arranged with a relatively
20 small separation from each other in reactor regions having expected tempera-
ture extremes and/or particularly large temperature gradients, and with a rela-
tively large separation from each other in the remaining reactor regions.

10.  The apparatus according to any of claims 3 to 9, wherein the sleeve {3) which

25 encloses the temperature measurement insert (4) opens both above and below
the reactor, in such a way that the temperature measurement insert (4) which is

preferably equipped with equidistant measurement points can be shifted con-

tinuously in the sleeve (3) for uninterrupted measurement of the temperature

profile.
30
11.  The apparatus according to any of claims 3 to 10, wherein the temperature
measurement insert (4) has from 5 to 60 measurement points, preferably from
10 to 50, more preferably from 15 to 40 and still more preferably from 20 to 30,
measurement points.
35

12.  The apparatus according to claim 11, wherein the temperature measurement
insert (4) has 20 measurement points and an external diameter of about
3.8 mm, and the sleeve (3) has an external diameter of 6 mm or of 1/4 inch and
an internal diameter of 4 mm or of 5/32 inch.
40



insert (4) has 20 neasurenent points and an external dianeter of about 3.8
mm and the sleeve (3) has an external dianeter of 6 mmor of 1/4 inch and
an internal dianmeter of 4 mmor of 5/32 inch. 40 17 13. The apparatus
according to claim11l, wherein the tenperature neasurenent insert (4) has 40
measurenment points and an external diametey of about 2.5 mm and the sleeve
(3) has an external dianeter of 5 nmor of 3116 inch and an internal
dianeter of 3 nmor of 1/8 inch. 5 14, The apparatus according to any of
clains 4 to 18, whies appaiales sdcdedisy (Srlairs Wi, svhepels afle ittmpéraiga pndadlrement

centrally in the fongidyidingh rﬁéa[sﬁpénha? ohls aFCaPARRIA wganq@sphﬂapg{tggfny

of clains 4 to

boundary (6) of t'I“iE1 gap thesleevs(3) das ap s %ﬁ*t‘i’éa”?ﬂ,t%‘?(ﬁprﬁﬁ‘ PPt 1g ipeh gnd an
wher ei n an i nsul ahiengalefigneet of Smpr ovdfdeglinchet ween the | ateral boundary (6)
of the gap (2) and the sleeve (3), the sleeve (3) is preferably i nstall ed

in the gap (2) in_a fixed manner, and the sl eeve é nor e preferably has
a square or ¥eni cT'FQ:ﬁH’%ﬁ’aEﬁs@é@O’gé@ttP&ﬁ'y of plaim$ 4 tg BaWﬁ%rl%‘ he slaeyrid) 6 Fisany

of clains 3 or 5 pasedidn thhgare(2h celteaily iretiedordgifudingl dicdctipesed in the gap (2)
horizontall'y. 20 18. An apparatus for carrying out the process according to
claim2, wherein,_in addi- tion to the apparatus defined in any of clains 3

to 16, in eath cathe #praraiusapeordng)tojany of siairaed te A3owaersin the sleeya §d) is sis- and

has perftrati ons goépdainthelagpaldiounti®&ggs) oiniee gapd)i ng tube (8) for
I ntroduction into the sleeve (3) said sanpling tube being disposed in the
sleeve (3) in such a way that the fluid reaction mx 25 ture flows through

the perforatl®ns ("9 aFPF??’?‘Hé agpEing to slaim 5o Whaeeins aRnsuiagng glsament &) prgwgeqi s
removed from t he zawpdn ity latdral j&indant §) dé thehgap ¢carar tharsteeve By, 2kel sleei@

The appar at us acg(girggﬁﬁ%;é;tgg@bﬁéetansﬁigvtwa%j?g&l @) W8 AeERhariter, dRHeedve

nected in a fixe suc hat an orific of
the 30 Panpling TSP Bigyabiy has 2 sauarg Od fpyiabﬁmés 5%‘1"‘%’& ation (7) of the
sl eeve (3). 20. The apparatus according to claim 18, wherein the sanpling
tube (8) is g Spoﬁi’eda Cda?a&?%c&?r&% t&ah oﬁblﬁﬁ’{ses()?‘ls t HsawﬁéﬂeﬁttﬁQ's%eU@rﬁ)% and

has two or nore ovef its jacket surface offset in such a
way that the fl uF[!S‘?oéﬁSt' gﬁgﬁpgéggoqq?p@ % ways flows into the sanpling tube

(8) only through one of the orifices.
20 18.  An apparatus for carrying out the process according to claim 2, wherein, in addi-
tion to the apparatus defined in any of claims 3 to 16, in each case one sleeve
(3) is provided in one or more gaps (2) and has perforations (7) and also at
least one sampling tube (8) for introduction into the sleeve (3), said sampling
tube being disposed in the sleeve (3) in such a way that the fluid reaction mix-
25 ture flows through the perforations (7) in the sleeve (3) into the sampling tube
(8) and is removed from the sampling tube (8) outside the reactor and analyzed.

19.  The apparatus according to claim 18, wherein the sampling tube (8) is con-
nected in a fixed manner to the sleeve (3) in such a way that an orifice of the
30 sampling tube (8) is disposed directly on a perforation (7) of the sleeve (3).

20.  The apparatus according to claim 18, wherein the sampling tube (8) is disposed
in the perforated sleeve (3) in a rotatable manner and has two or more orifices
disposed over its jacket surface offset in such a way that the fiuid reaction mix-
35 ture always flows into the sampling tube (8) only through one of the orifices.

21.  The apparatus according to claim 20, wherein the orifices of the sampling tube
(8) are designed as slots in the longitudinal direction thereof.



21. The apparatus according to claim20, wherein the orifices of the
sanpling tube (8) are designed as slots in the |ongitudinal direction
thereof. 18 22. The apparatus according to any of clainms 18 to 21, wherein
each sanmpling tube (8) has two or nore, preferably from2 to 4, nutually
separate chanbers, each having an orificq into which the fluid reaction

m xture flows through the perfora- tions (9) in the sleeve (3), and the
fluid reaction mxture is renoved separately 5 from each chanber and

anal yzeg- 232§.T hlelraeagbaﬂau&tag%mmﬂ i@:gaﬁyfl)tf %!aahf,rp% 2%&5@#&% sﬁh@ﬁi?@fu‘bear e
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plurality of chanbaviegias aliicd mhewhich the fluigtraactionenixboe flows shrpughytheyiriosa-
axis. 25. The apaai@ggn WHLHBEIB) [ SncPih fRd Fdadtio® mburelis 28moVdiesdpiafatbyo Or

nor e samgl i ng tuPes rebBrochdeq %\%g are each connected in a fixed
manner to°the 15"80¢ c%gsn A y that the orifice of each sanpling

tube (8) is disposed directly on a perforation (7) of the sleeve (3), and

the individugh samRé iappafatiResccotding RP8BIM D2 WSer8MPthe Zhakfels ale @rahighd enent
hei ght. 26. The a%ﬂr alus % cordin to”cl aim 18, wherein the sleeve (3) is
itsel f designed K ad13ce &Fﬂric%c W&@%-8). 27. A process for incorporating
an apparatus according to any of claims 3 to 17 and/or according to any of

1 om the Sanara) qoe Ppieas RLodWP(RY it RF onPa A 6 Sanplifd (b (BnRavl | o
e sa The BesrleTy d Bhbfhe s iFal e wiiue aBbilasdRdFRRL S,
is/fare installed and the fluid reaction mxture is fed into the reactor in
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oonC(2) 950" The' Pigciies Thiap drassahd ardedth iniRttin /54 BARL tolbe)
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26.  The apparatus according to claim 18, wherein the sleeve (3) is itself designed
20 as a sampling tube (8).

27. A process for incorporating an apparatus according to any of claims 3 to 17
and/or according to any of claims 18 to 26 into a reactor, wherein the appara-
tus(es) is/are installed from the same side of the reactor as the feed of the fluid

25 reaction mixture.

28. The process according to claim 27, wherein the apparatus(es) is/are installed
and the fluid reaction mixture is fed into the reactor in each case from above,
and the sleeve (3) has perforations (7) only in the upper region of the gap (2),
30 especially up to about the midpoint of the gap (2).

29. The process according to claim 27, wherein the apparatus(es) is/are installed
and the fluid reaction mixture is fed into the reactor in each case from below,
and a heat carrier is preferably passed through the thermoplates (1)} and par-

35 tially or fully evaporates under reaction conditions.



