PF0000054417/ WV "As ofiginally filed In situ recoating of catalyst beds 5
The present invention relates to a process for coating intg&halS.h

reactor and a use. In chemcal procgss engineering, a nultiplicity o
reactions is carried out under 10 heterogeneous catal ysis, the catalyst
bei ng present, preci m r&ly in the formof a solid and in rare cases also -
in the fﬁﬁﬁﬂ@_&;ﬁ_ and the reactants and the catal yst being different
- phases which are in contact with one another. In the case of heterogeneous
cat al ysis,—thereactionm takes prace atthesurface of the catatyst—15

I nternals which have a very_large specifjic surface area wth catal ytic
activity are therefore int FbHHEESS® tr'FP%“#%ﬁ B‘i'lgedgor carrying out

het ef ogeneous i i s X

dunped packi ng beds or stacked packings. Dunped packi ng beds consi st of

i ndi vi dual packings which are in the form of unsupported 20 catalysts or
of suppoticdiiesent BysRion retpics to A BTopPthfar cosbag infgrnaks di p reacn epd A 4sq
catalytically active material or is produced by coating an inert support
with catalytically active material . t s an.object of the present
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catal yt !iﬁ?’%uIe%aQe%taﬂs\{)einztﬁ ff‘@ﬁI‘PPf Fhigffa, Whd Bae%&@h‘rié M n{eoéat&lgst‘?.b%&’g R Of
catal ytical Ty active material, i."e. to permt 1n situ coating-of rnternals
in a regbnss whieh arain gomiert ouith onetagpibigeneousl y catal yzed reactions. The
process should in particular permt regeneration of deactivated catal yst
M-thout it being,  necessary to renpve the catalyst for this purpose and
hence wilPRsuase phhsieTogaproUf syalysisghe reachpn ak@%?lyaé%ﬁﬁ the purface ol dbgcgatplystso we
haves f oundrdalkaivhichitbvelaj wey ldrge grelbifRvaefaby arapridcesslylioactbant ird ghdréfosy nal s
in a react%{, eéceeot fof}art he .coat{nqq of ele tritgfl lcY hetat ab#ed .a% Ia?ast
partly OPENvEeq [olg BAFIOT (Rt CATYNE O DEITPRAEPINSY Selaivged TRt P Uy intgrnals

pr ecur saue, tftweaxaoiple, dnmpbd pickarg wds osshekeldipatkisgmt ai ns the catalytically
active material or the precursor thereof as a disperse phase is provided
and the 35 aerosol is passed throuah the reactor at a rate which is

est abl i dhenpespackiag bede consigof sndiyihagl @ackings whicheroyotheiferndepusivppertesh t he
i nt gy nal Gialyiist Beof 8fFJoREd catalysts. The individual packing itself consists of catalytically

active material or is produced by coating an inert support with catalytically active material.

It is an object of the present invention to coat internals which have already been introduced
into reactors for carrying out heterogeneously catalyzed reactions with catalytically active
25  material or with precursors for the formation of catalytically active material, i.e. to permit in
C situ coating of internals in a reactor for carrying out heterogeneously catalyzed reactions.
The process should in particular permit regeneration of deactivated catalyst without it being
necessary to remove the catalyst for this purpose and hence without significant losses of
- time-on-stream for the reactor. '
30
We have found that this object is achieved by a process for coating internals in a reactor,
except for the coating of electrically heatable, at least partly open-cell foams, with a
catalytically active material or a precursor thereof, in which an aerosol which contains the
catalytically active material or the precursor thereof as a disperse phase is provided and the
35  aerosol is passed through the reactor at a rate which is established so that the disperse phase
of the aerosol is deposited on the internals in the reactor.



PFO000054417/ WV -2 It has surprisingly been found that it is possible to
coat internals in a reactor for carrying out heterogeneously catalyzed
reactions w thout tine-consum ng and expensive renoval t hermofoos4mwie
reactor itself with catalytically actiye naterial or a precursor for the
preparation of catalytically active material. 5 For this purpose, it is
first necessary to provide an aerosol which contains the catalytically
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S chosentaﬁxﬁ t q*sper alphase for the aerosol, which material is present
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subsiances since nost industrial catalysts are mxed catal ysts or
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| oadi ng dohwérteddhtotthecagiastly astitd fotinspey Befurh@sgocdsistepd.ch t he aerosol can
still be pneumatically transported, is not exceeded. A further, frequently

used preparation nmethod for the aerosols is the atom zation of a liquid 30
phase whiteheenaspl caonddviantagesslyi Itk prodsaidutartng drom thesaspdginsilpncive mbterial

at oy Zatﬂr@s@nf){n i€ form of a solid or from a precursor thereof which is present in the form of a
solid, by dry comminution thereof, preferably in stages, and in particular by preliminary
comminution, for example in a hammer mill, or very fine comminution in a jet mill,
metering, for example via a brush metering means, and dispersing of the comminuted

. material in an inert gas stream, preferably nitrogen. The metering of the catalytically active

( /25 material into the inert gas stream should preferably be carried out in a manner such that the
upper loading limit of the aerosol with disperse phase, in which the aerosol can still be
pneumatically transported, is not exceeded.

A furiher, frequently used preparation method for the aerosols is the atomization of a liguid
30  phase which may contain a solid in solution or in suspension or the atomization of an
emulsion by means of nozzles. Coarse particles, i.e. havin;g> a particle size above about 10
wm, are separated off by inertial deposition and the fine particles are sprayed into an inert
gas stream. The liquid dispersing medium or solvent is preferably evaporated, in particular
by drying or by superheating.
35



emul si on by neans of nozzles. Coarse particles, i.e. having a particle size
above about 10 gm are separated off by inertial deposition and the fine
particles are sprayed into an inert gas stream The |i qui BFYPEdEHTIVYG
medi um or solvent is preferably evaporated, in particular by drying or by
super heati ng. 35 PF0000054417/WN -3 In addition, it is also possible to
use further methods for producing aerosols, for exanple desublimtion from
t he gas phagkitjorf, I11ar$ealsypmdsﬂ)&1'm meﬁxftheramembds adrgodiaingoaerosiy, dopksaniidy i ng a
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particul ar e’range are preferably
pr oduced. The aerosol i's then passed t hrough the reactor, the velocity of
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the internals int eactor. The aer vel ocity or this
pur pese %ﬂceelﬂeqe&rﬁblﬁwﬂwa%emeé tg i Winee preferAly Rreduged.t he basis of
the 10 known deposition nechani sns, taking into account the particle
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The fr ee, a‘tiﬁ&se? eﬁgc%gﬂgan@&g rdsﬁatﬁ:?o&g under st ood as neani ng t h_e

Cross-sec ona FsCaccessible to the aerosol, i.e.
internals are not included in the free cross- sectional area. In principle,

all typeg, Bf ARLEHRRES, HHe HERAGIRSS vEBRHPSf CRALEGsYs PhEerfNShbroRERCHE She

range from 0.1 to 10, particularly preferably from 0.2 to 4, more preferably from 0.2 to 2,
20 mfs.

The term empty pipe velocity denotes in a known manner the quotient of the volume flow

rate of the aerosol and the free cross-sectional area of the reactor through which the flow

. takes place. The free cross-sectional area is to be understood as meaning the cross-sectional
C_}‘ZS area which is accessible to the aerosol, i.e. internals are not included in the free cross-

sectional area.
In principle, all types of internals in reactors can be coated by the novel process.

30  These may preferably be internals comprising moldings which move relative to one another

and which may be present in particular as a fixed bed, as a fluidized bed or as a moving bed.

The internals to be coated may also be present in the form of a consolidated, porous, at least
partly open-pore system, in particular in the form of woven fabric, knitted fabric, braid or
35  foam, excluding electrically heatable foams. Here, consolidated designates a system that is



30 These nmy preferably be internals conprising noldings which nove
relative to one another and which nmay be present in particular as a fixed
bed, as a fluidized bed or as a noving bed. The internal sPF@Ee143oMEd may
al so be present in the formof a consalgdated, porous, at |least partly
open-pore system in particular in the formof woven fabric, knitted
fabric, braid or 35 foam excluding electrically heatable foans. Here,
consol i dggredd dash goatitpuslySoohhedntd balid whidAFQRO0B bAK Litfe\Wikibi v sdparagd ifto om
continuogﬁﬁ fﬁ cted SO|Id which can be only irreversibly separated into
i ndi vidu ‘%g? % nternal s havi ng ordered flow channels, in particular
stacked packings or nmonoliths, can 5 also be coated by the novel process.
The geo n and,
The Ge0RC s A, Bk hoNht BIAIRTSE b ol QuPRLTELRIGs Adhohdfh, 2
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through whiiahitéd andefdl eRenpB dobid bSpd rodGeb o A%eAPRE pERILIONS, the
catal ytically active materi al dep05| ed onto the internals is present
in finished formin which the heterogeneously catal yzed reaction can be
carried Th imérhbigub befdoatelanayahfilse bergpdsmanpartitilat Fieb&l pipss hroagh ediicha of

t he depog g ed dls erse ggase of the aerosol by neans of van der Waal s
forces i I'cient. However, it nmay al so be possible 15 for the
depdS$i t ed dlsperse phase subsequently to be subj ect ed to further process
steps, i [ t |s
al so pos% %F@; Eﬂ(gﬁ #Lt?gnst ﬁé C(%%lzft fal a&ﬁrte I%%%Igego d|)S)1(ntgg plura I}t‘%@h‘gfl §1ﬁl%seenlrt S,
lfeiing poisstiniphed forp in waichribe bfi:ta@apnqoaylérroglaésﬁsd resgtiomeabe eapedputs FWshaw her

to be i dgpmifater@Eatbhl B @Ble cabds, hdhesdR o?@l%sdéﬂbﬁtedfd% e?s’é%iﬁﬁie%f thd 5e3bsdl O
apply a base coat as. an £%§SIOH- ronD d%gﬁqa yer via a_ suitab ISFaerosol and

then to BppIepns Hlevancdes AV adls forrsp is @g e et Howeves it My yse be passblei n a
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pretreate

artl tatlcally charged, before the
aer 0sol %ﬁ'ﬂ H“‘%ﬁ%ﬁ%ﬂ“mﬂnﬁfﬁfTFg 8% g of internals in reactors can
be carried out by the novel process. However, a particul ar advantage of the

novel pragesto ipassﬁlﬂgrto fdrml e %Hﬁtﬁr%bxk’ﬁh fa&rosélqﬁ%tﬂh\fﬁmf'(gf layers, it being possible

for the individual layers applied one on top of the other to be identical or different. It is

20  possible, for example, first to apply a base coat as an adhesion-promoting layer via a
suitable aerosol and then to apply the actual catalytically active material, in particular in a
monolayer.

It may also be advantageous if the internals to be coated are pretreated, in particular
( 25  electrostatically charged, before the aerosol is passed through.

An initial coating of internals in reactors can be carried out by the novel process.

However, a particular advantage of the novel process is that it is suitable for reactivating
30  deactivated catalysts in situ, i.e. without time-consuming and expensive removal thereof
from the reactor. This reduces catalyst costs and costs due to the loss of production owing to
the shutdown of the reactor during the catalyst change and costs for removing and installing

the catalyst material.

35  The introduction of catalytic packing beds into reaction tubes, i.e. catalyst tubes, is as a rule
very complicated, particularly if, owing to the reaction profile, mixtures having different



30 deactivated catalysts in situ, i.e. without tinme-consum ng and expensive
renmoval thereof fromthe reactor. This reduces catal yst costs and costs
due to the loss of production owing to the shutdown of thePH0BRESFE7T HW i ng

t he catal yst change and costs for renmovikng and installing the catalyst
material. 35 The introduction of catalytic packing beds into reaction

tubes, i.e. catalyst tubes, is as a rule very conplicated, particularly
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-5 conp ri.si i nert erl ve cat al
Subst anoanabised Ay ARRARRIAvaL I IRFH o Perli s 306 Atkbindll H i
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in order to ensure uni orm rou catal yst I'n e novel
proceds, Aragess.dhis gffortifgr rofidling ¢atalyst éldzeaus/ é‘fm@%@émﬁ%ﬂ@%g d@fwtwted catalyst
reacti vatmﬁgngqlagﬁﬁvat ed catalyst material in situ. The plant parts
already installed, in particular the conpressor, can advantageously be used
for transporting the aerosol. 10 The novel process is particularly suitable
for use iThergiaatpars afroadyCinstaliéd)dn Qhitticobar dat ¢aamprasdr, cde hy candgrenadiy ®8 used
reacti ons, . pI ef erflalblﬂy ge(%r ynt hesi zi ng mal ei ¢ anhydri de, phthalic

anhydri de, TAPBYS: A, e( ‘acrylic acid or ethylene oxide. 15 The invention
is ekplained in nore detail below with reference to a drawi ng and worki ng

exanpl es. et gl%ééstXshg ?lﬁﬁ‘lggﬁx?abie RPQUE n?‘r%'cﬁ’:% ﬁﬂ‘cbxlrkfﬂﬁtdu%kgﬁn&’i‘g%

principle of an experi oratory unit coat | £rgi ﬁ;
FeGure 2 @hms@g@agpaprpa@ﬁomsmepwéq—r@blm dors| yathesizing yoelpien anby es oBHANC

chtori de énﬁ?dncﬁzeﬁ&éléln (ﬁ@ﬂhﬁdé%dﬂe)acm d‘ﬂ?ﬂe@bp@@é osol conprising a catalyst
for the preparation of naleic 25 anhydride as disperse phase, Figure 3

shows a graph of the percentage of deposited sodiumchloride per segnent of
t he pRckerheciakenondn@xplained in more detail below with reference to a drawing and working

examples.
Specifically,

20  Figure 1 shows a diagram illustrating the principle of an experimental laboratory unit for
coating a packing bed,

Figure 2  shows a graph of the particle size distribution for a sodium chloride test aerosol
) (curve 1) and for an aerosol comprising a catalyst for the preparation of maleic
(, 25 anhydride as disperse phase,

Figurte 3 shows a graph of the percentage of deposited sodium chloride per segment of
the packed column and

30  Figures4a
and 4b show graphs analogous to figure 3 but for dumped packings having different

geometric dimensions.

The experimental arrangement shown in fig. 1 comprises a Collison aerosol generator A in
35  which an aqueous sodium chloride solution, NaCl, is atomized in a known manner via a
binary nozzle by means of a nitrogen stream, N,. There, coarse drops are deposited by the



30 Figures 4a and 4b show graphs anal ogous to figure 3 but for dunped

packi ngs having different geonetric dinensions. The experi nental
-arrangenment shown in fig. 1 conprises a Collison aerosol gERWPAOEI7T/AWNn 35
whi ch an aqueous sodi um chl oride sol utigan, NaCl, is atom zed in a known
manner via a binary nozzle by neans of a nitrogen stream N2. There,
coarse drops are deposited by the PFO000054417/WV -6 action of gravity and
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counter (OPC). Trom Pal as Gn?%—( rl sruhe, having the following 10

t echni calCHRFRE FRRge f0ayabogh &9 3P Hune stream vari abl e up to about 300
I/h, Pressure range: up to about 100 nbar, Tenperature range: fromO to

100C and, 15 uri. r ange: 0. 2,10 to 105 .particl.es .per cnB
Char act e‘rAf‘s?R%éx B#Uf ecq%%é ‘Siﬁcgg%?% ]P%lﬁs (%).?mlgl{f,} %ﬁuﬁﬁ’l Q?)Vé'gg iﬂ&q g()lgogﬁﬁ ers
i s flie dethmvd dbfaovasabed:a smal |, honbgeneously illum nated neasuring vol une
t hrough which the particles nust nove individually. The intensity of the
scattered light which they emt thereby is a measure 20 of the particle
T2ze. Theuciionvghmmitream: scat Yasiabl up (gRPowt0@iki t y and particle size is
effect edpreyarerngs:i Ment al cald RrabhOmoishay a test aerosol. In addition,
the particles aré counted, from whi @Q tagtf nunerical concentration can be
cal cul at Eemperuresangfat er mi ni BYMPHLPt 0 €984 ze di stribution and particle
conggnt r Mlehfing Rarigee nanonet @smen@e20 R5; G 1010’ bartickes§RPcmf) , t he aer osol
was additional [y passed through a scanning nobility particle sizer (SWPS)
fromTSlI Inc., St. Paul, USA, having the follow ng technical data:
Characteristic for the mode of operation of all optical particle counters is the delimitation of

a small, homogeneously illuminated measuring volume through which the particles must
move individually. The intensity of the scattered light which they emit thereby is a measure

20 of the particle size. The assignment of scattered light intensity and particle size is effected
by experimental calibration using a test aerosol. In addition, the particles are counted, from
which the numerical concentration can be calculated.

- For determining particle size distribution and particle concentration in the nanometer range
<”,,.-3 25 (from 15 to 800 nm), the aerosol was additionally passed through a scanning mobility
particle sizer (SMPS) from TSI Inc., St. Pavl, USA, having the following technical data:

Suction volume stream: typically 18 /h,
Pressure range: up to 100 mbar,
30  Temperature range: from 0 to 100°C and
Measuring range: from 15 to 800 nm; 10® particles per cm’

The principle of measurement of the SMPS is based on electrostatic classification into
monodisperse size fractions which are then passed through a condensation particle counter

35 for measurement of the numerical concentration. By changing the voltage applied to the
classifier, the particle size fractions determined by the apparatus are changed.



Suction volune stream’ typically 18 Unh, Pressure range: up to 100 nmbar, 30
Tenperature range: fromO to 100C and Measuring range: from 15 to 800 nm
108 particles per cnB The principle of measurenent of the BRPS0G5441HAESEd on
el ectrostatic classification into nonodi sperse size fractions which are

t hen passed through a condensation particle counter 35 for neasurenent of
the nunerical concentration. By changing the voltage applied to the
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ol 'uti ontMThe Iomer curve Il shows the neasured partlcle size distribution
for an aerosol. which contained, as disperse phase, t he
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distribution for an aerosol. which contained, as disperse phase, the vanadium-phosphorus-
oxygen-based catalyst usually used for the catalytic oxidation for the preparation of maleic
anhydride.
20

Figure 3 shows the experimental results of experiments V1 to V4 described below,
spectfically the relative amount deposited E (amount deposited per segment, based on the
total amount deposited) in % for each of the n segments 1 to 10 of the packing bed.

Q__,,,"" 25  Analogously, fig. 4a and 4b show the experimental results of experiments V5 and V6,
respectively, describéd below, specifically likewise the relative amount deposited E in % for
each of the n segments 1 to 10 of the packing bed.

Working examples
30
Laboratory experiments for the determination of the deposition of aerosols in a packing bed

were carried out using an experimental arrangement shown in fig. 1.

Annular steatite pellets were used as packing, specifically having the dimensions 5x3x 2
35  (external diameter x height x internal diameter) typical for the catalyst support for the
preparation of maleic anhydride for experiments V1 to V4 and having the dimensions 8 x 6



total anmount deposited) in %for each of the n segnents 1 to 10 of the
packi ng bed. 25 Anal ogously, fig. 4a and 4b show the experinental results
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The table below shows the concentrations of the sodium chloride starting solution, in % by
weight, from which the sodium chloride test aerosols were produced in a Collison aerosol
20 generator, and the aerosol velocities, in m/s:

Experiments 7 V1 V2 V3 V4
Concentration of sodium | 1% bywt. | 1%bywt. | 5% by wt. | 5% by wt.

chloride starting solution,
(, in % by weight
Aerosol velocity, in m/s 1 m/s 2 m/fs 1 m/s 2 mfs

The experimental results are shown in figure 3, in particular in each case the relative amount
deposited E in % for each of the n segments 1 to 10. The foremost row of bars denoted by

25 V1 represents the results of experiment V1 and analogously the subsequent rows of bars V2
to V4 each represent the results for experiments V2 to V4. The experiments show that the
deposition takes place in the form of an exponential curve, the exponential curve becoming
steeper with increasing concentration of the sodium chloride starting solution and aerosol
velocity.

30
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The comparison of experiments V5 and V6 shows that, depending on requirements,

20 different distributions of the deposited particles over the length of the bed can be achieved.
In experiment V6, for example, virtually uniform deposition over the total length of the
packing bed was achieved.
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The conparison of experinents V5 and V6 shows that, depending on
requi r ement’s, 20 di fferent distributions of the deposited articles over
the length of the bed can be achieved.  In experinment V6, OO/ & W
virtual Iy uniform deposition over the t8ra| | engt h of the packing bed was
achi eved. PF0000054417/ WV -10 Clainms as enclosed to IPRP W claim 5 1. A
process fq Qoatlng i | s ,._reactor except for the coating of
el ectri calM b HS A :

Lk it : gartly open-cell foans, with a
catalytlcally actlve material or a precursor thereof, in whi ch an aeroso
which contains the catalytically active naterial or the precursor thereof
as a di sp@f@sféalﬂhase is provided and the aerosol is passed through the
reactor at arate in the range fromO0.1 to 10 nis, which is 10 established

so that the disperse phase of the aerosol is de osi.ted on the ernals in
The raact br . 22 TROGeD dgh ouQE R Tt RGN
passed thr oughhdambler efdémt paitly épevaleticlotiys,f witm aocﬁalgzﬁcaﬂly mﬁéemﬁbﬂlad bt oM

0.2to 2, m 15 3. I

i sperse’ phasePBitrsite Mol it F* bRt Puch L ap®fpd oL dshfs,
preferably froma@risl ¢rothd ppenursdr th’ermfc&seasdlsmsacplmsmpmm@dwndfth@ hexpsd i to
3, Wwherein the REOFHby rgshsth%r%qasgg Qﬁra%r% tl?eora‘h%E”"ﬁd]th P'lo °1f0 ﬁllss%hlgh is

catal st or cat al rn parti

partilBl e size @ﬁabﬁshﬁﬁw that e rispgree pba@f@rtagwm@ldmdep@np@ os ﬂmnntfrfé@lérm ng
and dispersi ngeirdhcl, | Nert gas stream in particular in a nitrogen stream
5..A process as clained in any of clains 1 to 4, wherein the aerosol is
ptoduced by C.1 25 conminuting, by neans of nozzles, a |iquid which may
have been2heat Aravessad dlgfdied in lakhUr, &he@in thesietdddl 10 hassed BRSNS BB r@ictor at

Claime 1 to 5 B HOTRE b SERES A e P e ™ Fom ol i ngs whi ch are

m)vabﬁ_e relative to one another and are preferably present in the 30 form
of a fixeg bedy flddkdiZ88:RA%N aidBVdrDI whERin the disperse phase of the aerosol has a
particle size of from 0.1 to 10 pm, preferably from 0.5 to 5 pm.

4. A process as claimed in any of claims 1 to 3, wherein the aerosol is produced by dry
20 comminution of a solid catalyst or of a precursor of a solid catalyst, in particular to a
particle size of from 0.1 to 10 pm, preferably from 0.2 to 5 pm, metering and

dispersing in an inert gas stream, in particular in a nitrogen stream.

. 5. A process as claimed in any of claims 1 to 4, wherein the aerosol is produced by
(:, 25 comminuting, by means of nozzles, a liquid which may have been heated or a liquid
mixture, or a solution, suspension or emulsion which may have been superheated.

6. A process as claimed in any of claims 1 to 5, wherein the internals are formed from
moldings which are movable relative to one another and are preferably present in the

30 form of a fixed bed, fluidized bed or moving bed.
7. A process as claimed in any of claims 1 to 5, wherein the internals are present in the

form of a consolidated, porous system, in particular in the form of woven fabric,
knitted fabric, braid or foam, except for electrically heatable foams.
35



7. A process as clainmed in any of clainms 1 to 5 wherein the internals are
present in*the " formof a consolidated, porous system in particular in the
formof woven fabric, knitted fabric, Erai d or foam excepPFHEH054417/WW
electrically heatable foans. 35 PF0000052417/ WV -11 8. A process as
claimed in any of clains 1 to 5, which conprises internals having ordered
fl ow channels, the internals being in particular stacked packi ngs or

~nmonol i ths8. 5 9A pgropssecesdaiasd Ghainyed ¢lainany tofS, etachrsorhptices Sntewhdy Baving he
internals are C r. p g ng
mediumi s pass@ggﬁ.iioﬂoﬁ Cﬁ)%éléfss‘s%éé 13 en%)seg)e i %?1 &?Ju?#a?t%smf [‘1 &élbg%w#er ein
t he di sperse pmas@ilth@pomted on the internals in the reactor is subjected
to further process steps, in particular is 10 fixed, activated and/or
calcined. 11. A process as clainmed in_any of clainms, 1 to 10, wherein the
coatiAg i% an fAnMpeass as champhan any of zl medr {9c & ¥ hersing {hs; ipteanal g yiDess in
claims 1 to 1oparmélﬁﬁl%ﬁbea?q3e§qaidu@ﬂwmh@gﬁgﬁledm@fstpawdl on of catal yst
material on the surface of internals in a reactor. 13. The use of a process
as claimed in any of clains 1 to 12 for coating internals in reactors for
carrying bt hAtIﬁoageraeoluﬁn@la'm amlyafa:laﬁaﬁdt fiodn Syhelrerin plaer ﬂaispe:keaphasx iddpﬁsltém 20

or dehydrogenat i actl fera heS|
anhydri de, ph?[h e”|1(I:1 egrlﬂlﬁ/cf'r r@ﬁc:g%rr%l Se| ec{e totfﬁ%‘écrfg e (?P o IBrﬁameHyﬁrene
oxi déo fixed, activated and/or calcined.

11. A process as claimed in any of claims 1 to 10, wherein the coating is an initial

coating.

15 12. A process as claimed in any of claims 1 to 10, wherein the coating comprises a

reactivation of catalyst material on the surface of internals in a reactor.

13.  The use of a process as claimed in any of claims 1 to 12 for coating internals in

reactors for carrying out heterogeneous gas-phase reactions, in particular oxidation

20 or dehydrogenation reactions, preferably for the synthesis of maleic anhydride,
phthalic anhydride, acrolein, (meth)acrylic acid or ethylene oxide.



