Description 5 Catalytist-coated support, nethod for producing the sane,
reactor conprising the same and use thereof The present invention rel ates
to a supported catal yst |ayer having good adhesive strength and high
planarity and | ow tol erance of the |ayer thickness, a process for the 10
production thereof, the use thereof in heterogeneously catal yzed processes
and a reactor which contains such a catalyst |ayer. Many chem cal reactions
are heterogeneously catalyzed in a very wide range of reactors. Reactors
equi pped with catalytic |ayers have | ong been known. 15 DE 76 40 618 U
describes a process for the catalytic purification of exhaust gases, in
which a nmetal tube which is forned so as to disturb flowand is lined with
cat al yst terial is used. In addition to the direct application of the
cat al yst fg%ﬁWP‘glliquid phase or gas phase, the inpregnation of a porous
| ayer applied in the netal tube with 20 catalytically active material is

descri hed. ~Thj s .publi.cation also, su sts first applving a. firmly adhering
Layer, F o CERUHsICRsH SIpRgtt. mRMAM fRLPREHCiPg thermaing, Feacths SHwiriging ineysae
appl yi ng tdrel wsatthérgst t hereafter altogether with the firmy adhering | ayer.

DE 198 39 782 Al discloses a netallic reaction tube having a catalytic
coating 25 containing a nultinetal oxide material, which reaction tube can

be used i Mheatraset invegtitsrrelatease arsezgpebﬂtmead talﬂ'élday@ﬁhﬂciinﬁ g‘;csbdl AJHREIVE S app: : ed
in the formof, a L ytion,. enulsi or L rsign direct to,a netallic
reaction tsﬁrggg%qnﬁgmlﬁ RlRfrsty ﬂ’ﬁ?’g&ﬁfﬁ“ﬁﬁ 0} %giqyﬁé ickpess, py q,e_ssqunt.e can be
ef fectied Iprodyetiay thegeafrthé Duethetawfin Hatpiogaheduslyehtalyzed RRBEES @ida i N the
range of f rocg: 1qH.t 0 _10Q0 gmh For It{.ﬁ )pr oduction of thicker layers multiple
coating of €aBe WHE caniaing syehd gplalyst R¥eLormended. 2 DE 199 59 973 Al
describes the process for the production of arrays of heterogeneous
catal ysts conposed of a.bod i ch has continuoys channels in ich
di ff er ent I\gaaﬂyeﬁ%f/g’f(??reﬁp%onéﬁ%? pgt&.mg?HEO Yocatalzeddn a yery wige &g t he known
spect r um e¢acidrs Aactorh eqiipSEEwEh catalytic layers have long been known.
15
DE 76 40 618 U describes a process for the catalytic purification of exhaust gases, in
which a metal tube which is formed so as to disturb flow and is lined with catalyst
material is used. In addition to the direct application of the catalyst from the liquid phase
or gas phase, the impregnation of a porous layer applied in the metal tube with
20  catalytically active material is described. This publication also suggests first applying a
firmly adhering layer, for example of alpha-alumina, to the metal tube and directly

applying the catalyst thereafter altogether with the firmly adhering layer.

DE 198 39 782 A1 discloses a metallic reaction tube having a catalytic coating
25  containing a multimetal oxide material, which reaction tube can be used in catalytic gas-
phase reactions. The catalytic layer is applied in the form of a solution, emulsion or
dispersion directly to a metallic reaction tube without adhesion-promoting intermediate
layer. This can be effected by spraying or immersion. Typical layer thicknesses are in
the range of from 10 to 1000 um. For the production of thicker Iayérs muliiple coating of
30 the reaction tube is recommended.




can be automated. 5 It is known that sheet-like catal yst |ayers can be
applied by imrersing netallic or ceram c honeyconb bodies for coating in a
washcoat suspension. Either a catalytic conponent is already present in

‘'t he washcoat or said component is applied subsequently by inpregnation.
This is followed by drying, calcination and optionally 10 reduction. Such a
process is described, for exanple, in Catal. Rev. 2001, 43, 345-380. DE
699 06 741 T2 discloses a porous di esel2exhaust gas filter, a flowthrough
filter body having a honeyconb wall structure being used, the surface of

whi ch bodypi 596831099 a4 cfegcnb‘é@ttﬁé YlokEd fb%th@%ﬁéfdﬁ%ﬁ&ﬁ&f?ﬁ?& o[)ﬁété

arealncrea3|n§$<coat|ng 'S app led to t ter Yy cogglng with a
washcoat , daialysxeermpasedpf apptywhigh has oontisueys ¢hainnels mhnrch ditfetest cathlysts

particles ér@ abbfeldcﬂé; bl‘%@gssf lé Eé‘arto Bﬁ\%}{d e 3k Eétﬁ.ﬁvln hyarfﬁflst gffe %@g@és | ayer

can then y|rrpregna|ngt ywith a
met al sl urqayrbewsttmn@eela 661 descrl bes a process for the crystallization of
a zeoligte layer on a 20 .substrate. WO A-03133, 146 di scl oses supported
catal ysts for the selective oxidation of carbon nonoxide. These have a
catal yst |lbip&nowmihahshestdimeatalist laysoy earabe aptiied by impetsing mefgllic bayer of a

crystalli rzb‘éra%lb'hﬁﬁéﬁoﬁwp%oﬁieg'f&acog Oéjfn(‘z’l ﬁésho%ﬁte&ﬁasﬁ nl Efndn Bl %%E)y-rhe

adhesi on pronoting layer i's produced on I'C suppor applyingv
an aqueousonripenéitds alfeady praseal lmtmﬂawgwqoemresamrrgidnenhsspn:hedEP- A-1, 043, 068

di scl oses rakl I n which

a catal ystacgén t?}ﬁ?f'mﬁaédﬁgt'&f qTMs% 'ﬁq@!@@egf{’ﬁ a \%nﬁo ﬁ%ﬁ%aﬂg osited, by
spr ayilfig, r@q‘ucaon Iﬁl'cb @tmomses tasstibet, for exbople, tnh@atbb Rev.ri290p 041 3461380he
solvent. The process permts targeted deposition of the catalyst material
with large active surface area and good adhesive strength on a substrate.
3 DE- A- 10% 6% CA DA U2 distibens aperousi disaelaxhauss gasififesr a fibwdiresghviifiec hothave

hi gh ad heﬁh\‘/lfi% ; Zﬁoﬁ&?&}d} VIt RrE BAhG BLES, e irf%e bR Ginh Bdhy BGStedwih 2Cks

and a |l arge
catalytically active material. A surface area-increasing coating is applied to the filter body

15 by coating with a washcoat, for example by applying a sol comprising small colloidal
particles to the calcined filter body. A catalytically active metal layer can then be applied,
for example, by impregnating the filter body with a metal slurry.

US-A-5,316,661 describes a process for the crystallization of a zeolite layer on a
20 substrate.

WO-A-03/33,146 discloses supported catalysts for the selective oxidation of carbon
monoxide. These have a catalyst layer which is applied, above an adhesion-promoting
layer of a crystalline silicate and silica particles, to a metallic support. The adhesion-

25 promoting layer is produced on the metallic support by applying an aqueous mixture of
crystalline silicate and silica sol.

EP-A-1,043,068 discloses a process for the preparation of a supported catalyst, in which

a catalyst-containing material is mixed with a solvent and is deposited, by spraying, on a
30 substrate heated to above the bailing point of the solvent. The process permits targeted

deposition of the catalyst material with large active surface area and good adhesive

strength on a substrate.




| ength. According to the description, nost of these cracks end at the
surface of the 5 catalyst |ayer. The occurrence of cavities and ot her
porous spaces in the catalyst layer is not described. Recently,

m croreactors conprising catalytic wall elements having a wall spacing of

< 1 mm have been proposed. Exanples of these are described in DE 100 42 746
Al 10 and DE 101 10 465 Al. In these wall reactors, a reaction mxture is
passed through between in each case two® catalytically coated plate-Ilike
wal | elements arranged in parallel. Usually, such a reactor consists of a
series of wall elenments. OMng to the small spacing of the wall elenents, a
15 large wall-to-volune ratio is achieved, which ratio permts a high heat

renoval r A I 510 drsetasccoateadiratalysts supportibedies edbiohthav highadbegivesi ve
under nor %n&lﬂ%ﬁ}dr@&?alra&rgﬁze!a' e Q&%trrerﬁggrv %ckrsaali'uﬁ aqgrrg@tétall éé%% good

tenperature control while avoiding so-ca t spots©in

exot her ni dendizAdceising todhe desseption: mostof theserasacks endat thesugfaesiofdhea hi gher

t enper at ur, ' . ' r 1 of
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react ors. "Phfesedbedindesired effects of hot spots, such as |oss of
selectivity and deactivation, can also be circunvented. OMmng to the good
heat transport, it is also possible in particular to use active catal ysts
whose evdiagentdm micipigactorsccomptisingcatalytic wal efeneants baving a walkspacing of5 I n t he

known react t | I I SLJ  t

appar at uscs, Ty MR R oK chépdll RIS U Gsa s SLicfleln 5 WBhE 86l on
si de, 1Phe apd BE1Ha) #56Abr nore flat catal yst-coated sheet-1ike el ements.
The back of the plate may have a varied design and often channels for
cooling of heating nedium are expedient. 30 For such mcroreactors and

ot her wal In theag well 2actoss, @ reactignmmeislurd ispapsad thowigh betweleninregeh cashdéwo ng

cat al yst . ' ' ' S to
at or | o CREBlcoll B oyt BATR AU eiah ST RCARE o0, S ABEER L oo
t her ewi t hcensists of & perias ofieall elementsrSivingtoethe small spanjng eftpewal elefients, aknown

Pr oceg5es g SAMBRLofurhé it i€ alfiuedSEnidh ratio permits a high heat removal rate and a
procedure with reaction mixtures which are explosive under normal conditions. The high
heat removal rate permits very good temperature control while avoiding so-called hot
spots in highly exothermic reactions. Wall reactors can therefore be operated at a higher
temperature than in the case of the polytropic procedure. As a result of this, higher

20  space-time yields can be achieved in catalytic wall reactors. Further undesired effects of
hot spots, such as loss of selectivity and deactivation, can also be circumvented. Owing
to the good heat transport, it is also possible in particular to use active catalysts whose
evolution cannot be controlled in conventional reactors.

25 In the known reactors, catalytic wall elements consisting of a plate with apparatuses for
fastening and sealing are already used. On the reaction side, the plate has one or more
flat catalyst-coated sheet-like elements. The back of the plate may have a varied design
and often channels for cooling of heating medium are expedient.

30 For such microreactors and other wall reactors there is a need for particularly firmly
adhering catalyst layers having a uniform layer thickness and low resistances to materiai
transport.




speci al conbi nati ons of substances or the achievable |ayer thickness

tol erances and/or 5 adhesive strengths are unsatisfactory. In particular,
catal yst layers which can be industrially used have to neet the foll ow ng
requirenents: the |ayers nust have sufficient adhesive strength to avoid
flaking during 10 installation and during operation - the stability of the
layers nmust be ensured even after being subjected to thermal stress at
reaction tenmperature or during any cal cfnation required for deconposing
catal yst precursors - the layer thickness nmust be as uniform as possible so
that the flow velocity in the 15 reactor is virtually constant over the
reactor wdth and reactor | this criterion | ays an outstanding role

en
par ti cul ar [3E Knpwnptogesses gpd q%’Vﬁr’@’&& Rrpduceditherewitly are stilinrenssef must be
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material into, [he reactor: ga\n | ayer thicknesses
CaRY!

mm 20 - t HPeciat cakinations of Slfh§ @hgaﬁlwﬁzqt&mlay@rath!akrmss@l%r@ﬂm qryf/)on

sufflC|53ntd¢heg,aég@engt;ﬁg@@%ga@ﬁ&&ge area and porosity - the resi stance to
material transport in the catalyst |ayer nust be sufficiently low It is

an object of the present invention to provide a catal yst |ayer which neets

these 25 Iﬁ?ﬁﬂbﬁlﬁﬁ‘%ﬁia@st léyér'dmrcaﬁtﬂeQE&us@fall% t]fedf’ﬁa%qmne'epﬁa”f&uo%ngg s the

provi sion o rocess by means of which I"ayers havi ng
adhesi ve JBIURGIERSANd hi gh porosity and |ow tol erance of the |ayer

thickness and {hyayas o N&8IsaiRRAPadrRsHBSAEAGH 6 LAiERNd digfghe pr oduced

in a 30 sinple and econoni cal nmanner can be used un?versal ly with
a lard& nunber'“S@f'att%tad‘ldf@f'%?@%’éw 5 The invention relates to a support

having a cat.al istatRpéf the | emﬁu@b@%n reti €984 aRE1D ng;%' s Q%%J.éf | ayer
whi ch has caviti es. ?ﬁéthe agont ext of tgl% present de UB% ¥ il
stress at reaction temperature or during any calcination required for decomposmg

catalyst precursors
- the layer thickness must be as uniform as possible so that the flow velocity in the
15 reactor is virtually constant over the reactor width and reactor length; this criterion
plays an outstanding role particularly in the case of microreactors
- the layer thickness must be sufficiently great in order to introduce sufficient
catalytically active material into the reactor; typical layer thicknesses are from
20 um to 3 mm
20 - the catalyst layer must have sufficient catalytic activity, i.e. sufficiently large
| internal surface area and porosity
- the resistance to material transport in the catalyst layer must be sufficiently low.

It is an object of the present invention to provide a catalyst layer which meets these
25 requirements.

A further object of the present invention is the provision of a process by means of which
catalyst layers having good adhesive strength and high porosity and low tolerance of the
layer thickness and having low resistance to material transport can be produced in a

30 simple and economical manner and which can be used universally with a large number
of catalyst systems.




cavities are understood as neaning irregular spaces havi ng di nensions
greater than 5 pmin at |east two di nensions or having cross-sectional
areas of at |east 10 pnR. 5 These spaces are substantially closed and are
substantially connected to the layer surface or further cavity only by
pores having dianeters of less than 5 pmor by cracks having a wi dth of
|l ess than 5 pm Cavities can be recognized in scanning el ectron

m crographs of sections of catalyst |ayers inpregnated with resin. The
cross-sectional 10 area of the dinmensions can be determ ned by met hods

known per. 8 nldfiof B & Dl AL LA (SRR, Aokl discpant ext of

this invention, Irr es ar e under g6 havi ng
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of thegpore system They are particularly |arge macropores. In the context
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than 50 rThese SiGaCER@rgsulstantialycleded@mdiare ssbstantinheconatetby $d thedayer i s
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present dasints pflpcal roughnesses and macropores. In contrast to cracks, these cavities do

15 not have a unique preferred direction.

Cavities are a part of the pore system. They are particulérly large macropores. In the
context of the IUPAC definition, macropores are pores having a diameter greater than
50 nm.

20
The proportion of cavities in the catalyst layer is preferably chosen so that the visible
area fraction of the cavities in a representative sectional image is from 2 to 60%,
preferably from 3 to 50% and very particularly preferably from 5 to 35%, areas greater
than 10 um? which are visible in the sectional image being rated as cavities. The

25 contrast and the resolution in the image evaluation should be chosen so that exclusively
spaces — detectable in layers comprising cast resin from a particularly dark contrast —
and no layer material, and no pores or cracks emanating from the cavities and having
diameters of less than 5 ym are detected. In case of doubt, the arithmetic mean of the
area fractions of five randomly selected sectional images distributed over the layer

30 should be used in the case of inhomogeneous layers in the context of the present
description. |




6 Surprisingly, in spite of substantially reduced material density and
hence reduced contact area of the layer-formng particles, such
cavity-rich |l ayers have particularly high adhesive strengths. Wthout
being tied to one theory, the inventors attribute this to two active
effects: 5 1. The cavities prevent the propagation of cracks within the

| ayer and thus help to reduce nechanically or thermally induced stresses,
as result during installation of the catalyst or during operation. In

m crographs of sections, it is evident that cracks occurring in the |ayer

end in CaVS&ﬂpﬁﬁni\ﬁqn 'éﬁﬂeeof%‘dbgtaﬁﬁllg rddu@E ﬁa@rial &éhsﬁtgg 8ﬁ%ﬁce%d&c%\ﬁi ty 10 free
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| ayer. 15 aqi¥epH§@$'s according to the invention exhibit high adhesive
strengtgns al so after nechanical and thermal | oading. These advant ages
result in low sensitivity during the handling and use of the catalyst

| ayer, such d&e cayliesenrgwgtéhe propagajion o cratksawithimtheriayer apd thusihsip toTypi cal | y,
these |ayer sy&lcg BRIt ' eI red on
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| ayer 18ont ai fge dRypesrsaich gracksmunthighigh thesgntirelager ansidead formeéchanichlinstabilitgast
70% of the RQr wPhune are formed by macropores having a dianmeter of at

| east 50 nm _Pore volune is understood as neaning that volune in pores
havi ng a @& afBe eavitisquemptetthe removahofithe solventor bespendingmestidin the dryingof

mercury process during the coating and thus prevent the pressure build-up which leads to
mechanical damage to the layer.

15
The layers according to the invention exhibit high adhesive strengths also after
mechanical and thermal loading. These advantages result in low sensitivity during the
handling and use of the catalyst layer, such as, for example, during installation and
operation. Typically, these layer systems exhibit adhesive strengths of > 1 kPa

20 (measured on the basis of DIN EN ISO 4624), in particular > 10 kPa and very
particularly > 50 kPa.

In addition to the cavities, the catalyst layer according to the invention preferably has
further macropores of smaller diameter in a high proportion.

25 '
In a preferred embodiment, the catalyst layer contains a pore system in which at least
50%, preferably at least 70%, of the pore volume are formed by macropores having a
diameter of at least 50 nm. Pore volume is understood as meaning that volume in pores
having a diameter greater than 4 nm which can be measured by means of mercury

30 porosimetry according to DIN 66133. A contact angle of 140° and a surface tension of
480 mN/m for mercury are assumed. For the measurement, the sample is dried at




.30 porosinetry according to DIN 66133. A contact angle of 140 and a surface
tension of 480 mN'rn for nercury are assuned. For the neasurenent, the
sanple is dried at 7 105C. The proportion of the pore volunme in nmacropores
is |likewi se determned by nercury porosinetry. The high proportion of
macropores according to the particularly preferred enbodinent is 5 the
cause of the low resistance to material transport within the catal yst

layer. It is this which actually pernifs the use of thicker |ayers without
sacrificing selectivity and activity. Thicker |ayers have the advant age of
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saturating water absorption and differential weighing, is typically from30
to 95% prherhighpoportien af wecropoBe Becdsdine tb e parisutady areferdderbastimentds | ayer .
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paralle S a

arranged I n at” 1 east some cases and are’ connected to one
anot her in point-1like contact

15 In a further preferred embodiment, the support coated according to the invention has a
uniform layer thickness with a tolerance of, preferably, less than + 30 um.

Because of the uniform layer thickness and due to uniform axial and lateral flow
conditions, a narrow residence time distribution in the reactor can be established. This
20 leads to optimum selectivities and an optimum space-time yield.

The supports may have any desired geometry and may consist of a very wide range of
materials. Thus, they may be, for example, tubes. Sheet-like bodies are preferably used,
in particular plates. Sheet-like bodies which have sheet-like depressions to which the

25 catalyst layers are applied or which have grooves in addition to sheet-like depressions
are particularly preferably used.

A further development of the supports comprises so-called heat-exchange plates. These
are understood as generally meaning at least two metal sheets which are arranged

30 parallel in at least some cases and are connected to one another in pofnt—like contact
regions, for example by welding or soldering, and are a distance apart outside these
contact regions. Owing to this structure, heat-exchange plates have a cushion-like




regions, for exanple by welding or soldering, and are a distance apart
‘outside these contact regions. Omng to this structure, heat-exchange
pl ates have a cushion-like 8 structure, a network-1like channel pattern
bei ng forned between those surfaces of the netal sheets which are
connected to one another via the contact regions and face one another.
This channel pattern can firstly serve as a reaction space treated with a
catal yst, and secondly cool ant can be passed through said channel pattern.
Heat 5 exchange plates are described, inter alia, in DE-A-101 08 380 and
DE- C- 1001 . | Q] ), I e
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application; it is typically from50 to 3000 pm preferably from 200 to
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15 roughened or porous surfaces may also be used. The surface may consist of the
material of the support substrate or of a layer of additionally applied material, for
example an oxide layer.

The thickness of the catalyst layer may cover a wide range depending on the

20  application; it is typically from 50 to 3000 um, preferably from 200 to 1000 pm, it being
possible for the catalyst layer to be composed of individual layers which may have
identical or different compositions.

4 Very particularly preferred supports are those in which the catalyst layer comprises an

25 adhesion-promoting layer which is applied directly to the surface of the support and
which may have no catalytic action. Typical thicknesses of this adhesion-promoting layer
are less than 100 pm, preferably from 100 nm to 80 pm.

Particularly preferred adhesion-promoting layers exhibit a matrix which is substantially
30 homogeneous in the micron range and preferably contain no individual structures of
more than 5 ym in diameter, as may form, for example, with the use of coarser particles




nmore than 5 pmin dianeter, as may form for exanple, with the use of
coarser particles 9 in a suspension for application to the support. In
contrast to the catalytic top |ayer, the adhesion-pronoting |ayer has no
cavities. At |east one nacroporous |ayer of catalytically active material
whi ch has structures 5 having a dianeter of nore than 1 pmis applied to
this first layer. The material of the first adhesion-pronoting |ayer may be
of any desired one, provided that it ddes not change under the reaction
condi tions under which the catalyst layer is used. Said material may

conprise tifRi fRberbidhIBF aﬂ’ﬁ&ﬁfo'n% ?he sillf)ﬁgrtaiﬁ chRADRIURE S?Op l 8 raf?lg/ or

heat - st abl e pl astics. The first may al so contain Exanpl es
of mat eri AesONRFGBFingHayer haspo ﬁ@m’é,ﬁﬁ on- pronoting | ayer consists are
silica, alumna, zirconiumoxide, titaniumoxide and m xtures thereof. 15
At | east one further layer containing cavities is applied to the first
adhesi on- pMdeast PRY MagiogowNG lavet ef catalytivally active malerial Wﬁ'&bé\as stresturesni ng

caviti &s %I@'Maxﬂ@tea%bi%qhﬁi § @t lgﬁggfﬂad th'ifis ﬁﬁépf&gé} w thout the

adhesi on-pronoting |ayer. The cavity-contail ning er typically contains
structures which are attributable to particles having a dianeter of nore

than 1 pmadnsemmior #R fﬁé}ta"élh&l?lﬁSHnYotﬁ?ngtléy\é?rrnE?tbgroif?hy meg%w@%\hhyd

further, inert material ti'c eria y chosen.
Of parti cdnatit dags sptehange andeyithe gpgapﬂ@ygqr@hf@nsuwergvmmigwa@wt laygenis ¢ or

endot her myged, @é?& hﬁfb?lal 8y Béthp ls%L{ @[‘,alfbﬂ{depmaf@falsogu%ea%%br@ﬁ@c oﬁ‘aEs exanpl e,

thefollovmn/g errentlone asic systens to be var

pr onotl@r s andlor heﬁf%a%t)las@ssﬂm)ﬁrst femerdnascaimmrﬁamra catalyste carbon 25 -

mul ti metal oxides which consist of a selection of the oxides of nol ybdenum
bi smut h, vanadi um tungsten, phosphorus, antinony, iron, nickel, cobalt and
copper as Eya@elesofmaterials Qimﬂ'ithtbﬁfltsbaﬂmmrommhxelmomstsae sticgh as, for

exanpl e, Eﬂhﬁﬁé"zﬁrforﬁn{ A %gf?ﬂ?ﬁl Xotelésngir}hmecsqﬂ Abpi ng nol ecular sieves of

the general fornu anfumsilicalite- 30 1
(TS-1) having an MFl crystal structure, titaniumsilicalite-2 (TS-2) having

an 15 At least one further layer containing cavities is applied to the first adhesion-promoting
and cavity-free layer. However, layers containing cavities can also be applied directly to
the support, without the adhesion-promoting layer. The cavity-containing layer typically
contains structures which are attributable to particies having a diameter of more than
1 um and comprise catalytically active material and optionally further, inert material.
20
The catalytic materials may be widely chosen. Of particular interest are catalyst systems
for strongly exothermic or endothermic reactions, in particular for oxidation reactions. For
example, the following may be mentioned as basic systems to be varied with promoters:
- noble metals supported on ceramic or active carbon
25 - multimetal oxides which consist of a selection of the oxides of molybdenum,
bismuth, vanadium, tungsten, phosphorus, antimony, iron, nickel, cobalt and
copper as base bodies in addition to further dopants
- zeolites, such as, for example, molecular sieves based on titanium-containing
molecular sieves of the general formula (Si02)1.4(TiO2), such as titanium silicalite-
30 1 (TS-1) having an MF| crystal structure, titanium silicalite-2 (TS-2) having an
~ MEL crystal structure, titanium beta-zeolite having a BEA crystal structure and
titanium silicalite-48 having the crystal structure of zeolite ZSM 48.




MEL crystal structure, titanium beta-zeolite having a BEA crystal structure
and titaniumsilicalite-48 having the crystal structure of zeolite ZSM 48.

10 - Fischer-Tropsch catalysts, in particular based on Co or Fe - Fe-,
Ni -, Co- or Cu-based catalysts - solid bases or acids - mxtures of these

systens 5 The follow ng catal yst systens are particularly preferably used:
- titaniumsilicalite-1 - netals of group VIII B of the Periodic Table of

the El ements, preferably of the platingmnetals, in particular Pd,
conbined with netals of group | B of the 10 Periodic Table of the Elenents,

preferably wth. & a ali.nmetal salt referably of an organic acid,
very preferabl ylsglg%rgfggqslgﬁ]cglgtytsgt E,paﬁ"d“%g’ﬁﬁ%%gﬁ 1%9 OrFErt her prondbters in an
oxi di ¢ suppor t FenNi- &o- grrGai-easedlcatadystoxi de having a high proportion of
silica nmetals ot roup, VIIl B of the Periodic Table of the El enents,
preferably of g‘ﬁ'«g bg%gﬁrlaa‘fq numnmetals, in particular Pd, conbined with

metal s of gr-oumiXtureBolthedehsystdey | odi ¢ Tabl e of the El enents, preferably

W th and an al kaline netal salt preferably of an organic acid, very
preferably potassium acetate, and optionally further pronoters in an

oxi di ¢ suferfoliomiriy datalysp seftenableyparticudryprefdeablyausedg a hi gh  proportion of
silica 20 - mxtures 'lOf 'tt ge oxi des and m xed oxi des of Mo, Bi, Fe, Co, N
and optionall y'fm'{"mﬁ"ﬁ?[f fer additions, e.g. alkali metals, such as K -

m xtures of -t heeials afgsoupdil B ofalke Prfictis Table bbthe \Elerfents \Wrefeehbhpdiithaal | y

Lyrtner s 2 8 o FHEag R B Ry SEag L Brel  oh
of the0El enentBeriodic Table of the Elements, preferably with Au and an alkali metal salt
breferably of an organic acid, very preferably potassium acetate, and optionally
further promoters in an oxidic support matrix, preferably an oxide having a high
proportion of silica
- metals of the group VIl B of the Periodic Table of the Elements, preferably of the
15 platinum metals, in particular Pd, combined with metals of group I B of the
Periodic Table df the Elements, preferably with Cd and an alkaline metal salt
preferably of an organic acid, very preferably potassium acetate, and optionally
further promoters in an oxidic support matrix, preferably in an oxide having a high
proportion of silica
20 - mixtures of the oxides and mixed oxides of Mo, Bi, Fe, Co, Ni and optionally
further additions, e.g. alkali metals, such as K
- mixtures of the oxides and mixed oxides of Mo, V, Cu, W and optionally further
additions, e.g. elements of group V A of the Periodic Table of the Elements,
preferably Sb and/or metals of group V B of the Periodic Table of the Elements,
25 . preferably Nb
- Ag on an alumina which is preferably at least partly in the alpha-phase and
optionally further additions, such as, for example, alkali metals, such as Cs,
and/or metals of the group VI B of the Periodic Table of the Elements, such as Re
- vanadium pyrophosphates and optionally further additions-
30 - vanadium oxide on an oxidic support and optionally further additions
- metals of group VIII B of the Periodic Table of the Elements, preferably of the
platinum metals, in particular Pd and/or Pt on an alumina. '




25 preferably Nb - Ag on an alum na which is-preferably.at..|east partly-in...
t he al pha-phase and optionally further additions, such as, for exanple,
al kali metals, such as Cs, and/or netals of the group VII B of the
Periodic Table of the El enents, such as Re vanadi um pyrophosphates and
optionally further additions 30 - vanadi um oxi de on an oxidi c support and

optionally further additions - netals of group VIII B of the Periodic
Tabl e of the Elements, preferably of thHd platinummetals, in particul ar Pd
and/or Pt on an alumna. ...... . ZI The catalytically active materials

may be present in an inert or supporting matrix of inorganic oxides or
heat - stable plastics. Preferred materials of this matrix are oxides of Si,

A, Ti, zrhefatayticaliyacive materialsanay be praseatie An inestorsupparing Mebixe el enent s

and ot her |§@?Qﬁ]gafq}de§m§@5[§ Fgégq’(cgrrary for the production of catalyst
layers may_a resent. Exanples of such materials are, anong many
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Thi s | ocal roughness does not I'stribution of critical residence
15 ti Afs @pdprgyisheddyn WJ'@!PI@"&WM anﬁ@rl@vé@erﬁrﬂ%lﬂtﬂamﬁﬁp@m@s&é’men head space
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t he head space iIs |HProve m croscope revea open
“structur eaéﬁorﬁ'ﬁ@ tah ﬁﬂéso\ﬂ?ﬁlwh&h@mwmg@tﬁﬂdaqﬂeiﬂ!@ﬂamﬁ o< 3 uhe react ants.

- Thi s open ppae@ply <l ¢t With S m b BB & nRESAEMHAR. HBWERS the local roughness is
relatively high. This local roughness does not affect the distribution of critical residence
15 times over the gap width and improves mass transport between head space and catalyst
layer as the formation of at least partially tubulent flow in the head space is improved.
The microscope reveals a particularly open structure of the surface, which ensures good
penetratibn of the reactants. This open pore structure is formed, according to the
invention, by open, that is non-closed preforms of cavities having dimensions greater
20 than 5 ym in at least two dimensions, which are present on the layer surface. The inner
surfaces of these open structures directed towards the support possess pores which run
into the interior of the catalytically active layer and thus ensure the mass transport into
the catalyst layer. Furthermore, individual connections between the open structures
occurring on the surface and the closed cavities present in the interior of the catalytic
25 layer via macroporous channels may be present and/or individual connections between
closed cavities within the catalytically active layer may be present.
The local roughness is demonstrated in a profilogramme which can be recorded by
means of a probe and shows a high number of maxima, minima and zero crossings per
unit length as well as a high roughness depth. The layers are further distinguished by
30 especially exact and narrow peaks. When determining the topography with a probe
according to DIN EN ISO 4287 the average number of zero line passages is typically in
the range of >2 per mm, preferably >2.5 per mm and most preferably 3-8 per mm




I nvention, by open, that is non-closed preforns of cavities having
di mensi ons greater 20 than 5 pmin at |east two di nensions, which are
present on the |layer surface. The inner surfaces of these open structures
directed towards the support possess pores which run into the interior of
the catalytically active |layer and thus ensure the nmass transport into the
catal yst layer. Furthernore, individual connections between the open
structures occurring on the surface and the closed cavities present in the
interior of the catalytic 25 Iayer vi a macroporous channels nmay be present
closed cavities within the
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Coati ng praocesses, 10 which are known to result 1h a precise adjustnent of
| ayer thi SRMlRGandpRlishiRg. cvD, are very el aborate and show structures with
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an aftertreatnment, such grindi ng RO I sh
a particularly simple and economical process. This is hkew:se a subject matter of the

present invention.
The process comprises the measures:
a) initial introduction of a support substrate,
b) optional application of an adhesion-promoter layer,

20 c) spraying on of a suspension having a solids content of at least 30% by weight,
containing particles of catalytically active material having a median diameter (Dsg
value) of at least 5 ym (determined by laser diffraction in suspension) and/or the
precursor thereof and optionally further constituents of catalytically active layers,
and

25 d) optionally one or more repetitions of step c).

The process is carried out in such a way that coalescing of the sprayed-on suspension
on the support substrate is substantially prevented. In other words, the moisture content
of the drops at the time of contact is chosen so that on the one hand a sufficiently high
viscosity prevents free coalescence but on the other hand the drops have a sufficiently
30 high aggregation power to bind firmly to the layer underneath. This can be checked
under the optical microscope; coalesced layers have a smooth surface whereas, in the




The support according to the invention which has a catalytic coating can be
produced by 15 a particularly sinple and econom cal process. This is

| i kewi se a subject matter of the present invention. The process conprises
the neasures: a) initial introduction of a support substrate, b) optional
application of an adhesi on-pronoter |ayer, 20 c) spraying on of a
suspensi on having a solids content of at |east 30% by wei ght, containing
particles of catalytically active mateflBal having a medi an di anmeter (D50
value) of at least 5 pm (determined by |aser diffraction in suspension)
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catal yti cal active Fayers, —and one or nore repetitions
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content, nmass ow, sprayi'ng di stance, size'a Strate and
suspefi8i otimitedrpy paditional canpriessedsar oazieg is suitablke heref er abl e to use a nozzle
t echni que which permits good focusing of the spray jet so that the ,
overspray, i.e. the material loss due to sprayed material striking next to
t he suppoin a partipuiat gmbédimhet, themupport eibistratedis at elevated tdmpearatatectitibslow

the boiling point of the suspending medium during the coating. The preferred
temperature in the case of aqueous suspensions is 30-80°C.

15
In a further preferred embodiment, the particles of the suspension have a broad particle
size distribution with a span Dy=(Dgg-D10)/Dsp > 1.5. Here, D, designates the particle
diameter of the largest particle in the volume fraction of the smallest particles with a
volume fraction of x% of the total particle volume.

20
In a further preferred embodiment, the particles of the suspension have a rough surface
and an irregular shape, as formed, for example, by milling or crushing.

in a further preferred embodiment, a binder is added to the suspension. Suitable binders

25 are inorganic or organic materials and mixtures thereof.

In particular, sols, very finely divided suspensions or solutions of the oxides of Al, Si, Ti,
Zr or mixtures thereof can be used as inorganic binder materials. Further preferred
inorganic binders are very finely divided oxides having a median particle size (Ds; value)

30 of <2 ym, such as, for example, pyrogenic oxides or very finely milled precipitated
oxides, mechanical crosslinking agents, such as glass fibers or special acicular or rod-
like crystallites, such as, for example, Actigel™ 208 (manufacturer TC-Floridin).




m nimzed. For exanple, the HVLP nozzle technique in which the spray cone
can be 10 limted by additional conpressed-air nozzles is suitable here. In
a particul ar enbodi nent, the support substrate is at el evated tenperature
but below the boiling point of the suspending nmedi umduring the coating.
The preferred tenperature in the case of aqueous suspensions is 30-80C 15
In a further preferred enbodi nent, the particles of the suspension have a
broad particle size distribution with % span DX (D9o-Dlo)/Deo > 1.5. Here,
D, designates the particle dianmeter of the |argest particle in the volune
fraction of the snallest particles with a volume fraction of x% of the

t ot al partgcle voI 20 In a further preferred enbodi nent, the particles
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m xtures t er of can be used as inorganic binder materials. Further
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Organic binder materials which may be used are Tn particular §/a1 cohol s,
such a8 reeferablynrgl BM. Nfser ol , et hyl ene gl ycol or pol yvinyl al cohol ,

PTFE, pol yvi nyl acetate cel I ul ose derivatives, such as nethylcellulose or
ceIIquse f| ers preferred varjant of the process according to the

i nventi on %8 heéé%r'al’l#éh%ﬁchéﬁﬁamcﬂﬁ*ﬂgtoéh%wVﬁ')t'OntquimSaV\Bﬁ@m defined f i r st

SUSpensi orbews) tiw optdeanASeBdid OUhsralbohictl sispdHiitn having a solids

content of at least 30% by weight, containing particles of inert and/or catalytic materials

15 having a median diameter (D5, value) of at least 5 um (determihed by laser diffraction in
suspension) and optionally further constituents of catalytically active layers, and d’)
optionally one or more repetitions of ¢') and, as step e) after the production of such a
layer system, the impregnation thereof with catalytically active materials and/or
precursors thereof and/or promoter materials and/or precursors thereof.

20
After the spraying on of the individual layers or of the total layer system or parts thereof,
these can optionally be dried and/or calcined before further treatments of the layers are
effected.

25 By means of calcination, for example at a temperature of from 250 to 1200°C, organic or
other decomposable residues can be removed. The pretreatment may consist in a
combination of these individual processes which is variable with respect to the
sequence.

30  The support substrate used in the process according to the invention can optionally be
pretreated before the coating, in particular by roughening of the support substrate
surface which is to be coated with catalyst, by mechanical, chemical and/or physical




particles having dianeters of nore than 5 pmonto the surface of the
support in an anount such that a first adhesion-pronoting | ayer having a
t hi ckness of up to 80 pm 10 preferably 5-30 pm forns. In a further

vari ant, the process according to the invention conprises the step a)
defined above, the optional step b) and c') the spraying on of a
suspension having a solids content of at |east 30% by wei ght, contai ning
particles of inert and/or catalytic matl®rials 15 having a nedi an di aneter
(D50 val ue) of at least 5 pm (determ ned by | aser diffraction in
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colloidal, crystalline and/or amorphous form. The actual catalytic materials or precursors

)

15  thereof may be presenf in the suspension or may be subsequently applied by
impregnation.

Acids or bases can be added for establishing the pH. Furthermore, organic constituents,
such as surfactants, binders or pore formers, may be present. A suitable suspending

20 medium or solvent is in particular water. However, organic liquids may also be used.
This suspension to be applied is applied by spraying or atomizing. Parts which are not to
be coated can be covered or masked.

Commercial airless high-pressure nozzles or binary nozzles can be used for the

25 spraying, it being possible for jet guidance to be effected manually or preferably
automatically. In the automated procedure, it is advisable to move the nozzle under
computer control over the surface to be sprayed and to monitor and adjust specifically

the application of the material and further parameters of the method.

30 The spraying on of the individual layers can be effected in a manner known per se, a
large number of parameters of the method being available to the person skilled in the
art. Examples of these are the spray pressure, ths spraying distance, the spray angle,




The catal yst suspension to be sprayed on contains at |east one or nore
catalytically active materials or precursors thereof. 10 Precursors may
be, for exanple nitrates, oxal ates, carbonates, acetates or other salts
whi ch can be converted, into oxides by thermal or oxidative deconposition.
The catalytically active materials or precursors thereof may be present in
mol ecul ar, colloidal, crystalline and/or anmorphous form The actual
catalytic materials or precursors 15 tifereof may be present in the
suspensi on or nmay be subsequently applied by inpregnation. Acids or bases

tch a5 sule 24AncBILRE T Srbl TPt pf I AT S sBFRRN G RS, P 7
suspendi ngh@Bubsicite, theonozglel dimneter, 2he mafeaiat flowwulater awbihergeotdetng vkthe spragani ¢

| i qui ds ' i e ' ' l.ied by
sprayi ng. obt ElBflerirt i¥bropd s oPHERGRRHABInt & SRR By MBS 0E) o Ly or
masked. Comalityaf Hie rasullirgslaydrs ghr gxangselrdensityz dyresnio visbosityy surfaoe iEnelencan be
used f t ' ' j ssible for jet guidance to be

ef f ect g"{i %}ﬁuzﬁﬁsﬁagét%?ﬁﬁ%PQ%‘F’)?‘%QS%%% ically. I'n the automated procedure,
it is advisable to nove the nozzle under conputer control over the surface
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i ndi vi idationy tean! leermede dvantag forfeemt t teriah
e o e T e 2 1
the art. anp 93‘?9 R{égﬁg §$8 e %r?pg@/e é?@s@u (Z\fan‘?%?gogﬂggb'i% %i st ance,

t he splay applidation dball layes.athessuppoit éd prefergblphedtdrbtosptempenatne elaw thei n t he
case of ab§f’ﬁ§k§@?§%{1¥éﬁ%ﬁﬁﬁé&l e, of the substrate, the nozzle di anet e{ ,he

the materi geonetry of the spray jet. Furthernore,
properties of the suspensions to be sprayed may influence the quality of

tonsi on AaRieREBlcgp 8 e IRt re B st e et 1o P T on o
t he supporhlichatidrechrainreffattet] Ifithe appliediayv@nhaonot areatiydried; @ separate drying,
- 15  for example at temperatures of 20-200°C, or drying in combination with a calcination, for
example at temperatures of 200-1000°C, may be effected. The drying and the
calcination can be carried out in an oxidizing atmosphere, for example in air, or in an

inert atmosphere, for example in nitrogen.
20 Itis also possible first to apply all layers and then to dry and to calcine the layer system.

When spraying on a plurality of layers containing catalytically active material, these may

have the same composition; in this case, the same suspension is therefore always used

after the optional application of an adhesion-promoter layer. However, it is also possible
25 to produce layers containing catalytically active material having a different composition

or some layers consisting of inert material.

On application of the individual layers, as far as possible planer layers having a low
tolerance of the total layer thickness of + 25 um can preferably be produced so that no
30 further processing is necessary. However, it is also possible to smoothen applied layers,
for example by grinding the surface of the layer system produced or by milling, for
example using CNC machines. ) '




application is effected. It may furthernore be advantageous to heat the
support material at least during the spraying on of the first suspension
but advant ageously during the 10 application of all layers. The support is
preferably heated to a tenperature below the boiling point of the sol vent
used. After the application of the respective |ayer one or two thernal
treatnents for drying and calcination can be effected. I'f the applied
| ayer has not already dried, a separaté”rying, 15 for exanple at
tenperatures of 20-200C, or drying in conbination with a cal cination, for
exanpl e at tenperatures of 200-1000C, nay be effected. The drying and the
cal ci natl on can be carried out in an oxidizing atnosphere, for exanple in
air, i Afiat the dnding oncalpisplingy. eptignatly ithendatalytic aempopgets or p@clinsoiss al so
posSi bI e fthé,%bféé?,b%O% @b gﬁ% ne the |ayer
system \Wen spra ng]e il"}@ggﬁaﬁwﬁ%r? angesr)esfgfz g{%rr#%af&gaﬁgl ytically
active rrat%qonamlcsv is generally amﬁévlet h@asmnnt whposmpteanathnmrﬂynftereaxﬁnalt he
sane suspensipRichRrdAREf PoA tion of
an adhesi on- pr o'r(r:ot rer lﬂﬁa er. p%\&%%%e%ggu%ﬁrﬁtlﬁ%erﬁ%g%ﬁﬁ Mﬁg@e S%m%h ﬁce
| ayers corﬁuépmsmjl @atam"}g th@allomrooaemts weimragreed il saﬁchsqlmg)naprctumeesnentor
conposi ti On application of
t he indivi 1 ayer éﬁﬁ%{"? ?‘93{’)'!39%8%&" d7?"tac%edr"g”lt' Avi ng a | ow
t ol erance of the t ot aI | ayer thickness of 25 pmcan preferably be produced
so that nepe3f @ﬁfd 0
possi bl e toes 5 %s;%%gegﬁ%%g atgg?%ﬁ\l&?ﬁﬁ%gﬁ%x UPEE’EFA’%WMOA < r'aﬁ éFsurface
of thd0l ay@act@rysfpwqmmjlmaé@tedypebgrtnbulanra@qtorsor exarrpl e usi ng CNC machi nes.
17 After the drying or calcination, optionally further catalytic
conponents or precursors thereof can be applied by inpregnation. For
reasons r dhatnveptiarcfutbennate felates tnal reagtop nomtaining 4t feassongofdhablippoadvi sabl e
to carry I y final 5 nechani cal
t r eat ment %H{;:oranH &f;ﬁ@ 't@é@gm{bh%v%gCXtaF'E{:gé/aetrﬁal s coated with the solution
or suspension containing the conponents or imersed in said solution or
i;fg?ﬂg It 0%8 suppttts2tEkding 16 tﬁmoﬁgﬂﬂ%FeO&eQXbIP GsdPih WG Sadis Wi gsgna/ or
mclude microreactors. In the context of this description, microreactors are to be

understood as meaning those reactors in which at least one of the dimensions
transverse to the direction of flow of the reaction space or of the reaction spaces is less
than 10 mm, preferably less than 1 mm, particularly preferably less than 0.5 mm.

20
Wall reactors and in particular microreactors have a plurality of reaction spaces,
preferably a plurality of reaction spaces parallel to one another.

The dimensioning of the reaction spaces may be arbitrary, provided that at least one
25 dimension is in the region of less than 10 mm.

The reaction spaces may have round, ellipsoidal, triangular or polygonal, in particular
rectangular or square, cross sections. The or one dimension of the cross section is
preferably less than 10 mm, i.e. at least one side length or the or a diameter.

30 |




The supports coated according to the invention can be used in a very w de
range of 10 reactors, for exanple in plate-type or tubular reactors. The

i nvention furthernore relates to a reactor containing at | east one of the
supports according to the invention which have a catalytic coating. 15 The
supports according to the invention are preferably used in wall reactors,
which also include mcroreactors. In the context of this description,

m croreactors are to be understood as l8eani ng those reactors in which at

| east one of the dinensions transverse to the direction of flow of the

reaction L pn_spaces is |less than 1 pref erably

| ess thanﬁﬁgrcg%]n%%?ﬁ{' PkeE?r&%qE%ﬁté?ugmgﬁtaﬁefr?s ss§’°’t? R " ?@’%ﬂ%’%"mﬁ reactors
and i n pardniyareaiimensiorofthe toss sbetioa, ice. phasilkiléngtiobr the atdnmaier, B ties,
preferably | pral f reaction spaces parallel to one another. The

di nensi onirﬁ@c"gf)ﬂfaggeih%éa@tr?'gh spaces may be arbitrary, provided that at

| east one 25 dinension is in the region of less than 10 nm The reaction

spaces .na . . i psoi.dal . _triangul ar. or pol .. i articul ar
7 bet angur Aredieidl dhgosifo IneBRakiER spatd MARBE ity hVAER PR 5 pBERS 1 o
section i sindertbé exahibly coreditiont laad péfnitsngufficient hedt rbiagd! and ¢hessutiack enhieh or
the or a diapeter. 30 18 n a ticular. referred enbodi nent, the cross
secton i LREB0 Shass 2 coBplelel & v foaln B der BB AT teos
section, iinventioneostbitiingl catalyticallyr adtiendterizkt er, is in the region of |ess
than 10 nm 5 The material enclosing the reaction space may be arbitrary

.provided that it is stable wunder the reaction conditions and permts
suf f i d0enfTha esdseneinvardion dedlefoltcalsalrdisteetond rdaber whith€hh 08 used repdrticular

conpl et el [ rtly coated . with the |ayer stem according to the
ovent | onfordis PpicakaS Rl Ruataed oy Phedd (ol BOPRISTG0 The pr esent
i nvent i on t heief alrleasilone réation egademf avhichaxt lest o dimension Reessidni n
particular for %@%mh%tngrogeneousl y catal yzed gas-phase reaction,
conpri si ng: ’

ii) the surface of the reaction space is coated or partly coated with the above-

15 defined layer system containing catalytically active material.

A preferred microreactor is one which has a large number of spaces which are arranged
vertically or horizontally and parallel and which have at least one feed line and one
discharge line each, the spaces being formed by stacked plates or layers, and some of
20 the spaces being reaction spaces of which at least one dimension is in the region of less
than 10 mm, and the other spaces being heat transport spaces, the feed lines to the
reaction spaces being connected to at least two distributor units and the discharge lines
from the reaction spaces being connected to at least one collecting unit, the heat
transport between reaction spaces and heat transport spaces being effected by at least

25 one common space wall which is formed by a common plate.

A particularly preferably used microreactor of this type has spacer elements arranged in
all spaces, contains catalyst material applied at least partly by the process according to
the invention on the inner walls of the reaction spaces, has a hydraulic diameter, which

30 is defined as the quotient of four times the area to the circumferential length of the free
flow cross section, in the reaction spaces of less than 4000 um, preferably less than
1500 ym and patrticularly preferably less than 500 um, and a ratio of the smallest




i) at |east one reaction space of which at |east one dinension is |ess than
10 mm and ii) the surface of the reaction space is coated or partly coated
with the above- 15 defined |ayer systemcontaining catalytically active
material. A preferred mcroreactor is one which has a | arge nunber of
spaces which are arranged vertically or horizontally and parallel and

whi ch have at | east one feed Iine and one discharge |Iine each, the spaces
being forned by stacked plates or |ayers, and some of 20 the spaces being
reacti on spaces of which at |east one dinension is in the region of |ess

than 10 nmperpéfbiidule aRtdiee bﬁﬁ%ﬁfth%BBGem%ﬁécérrem qo tﬁé’%@ﬁelgﬁ R eced

lines to the reacti on spaces being connected to at | east i stributor

uni ts and TEREHOR SPRsRAIRE cpatinggwithy 1ti9élese theni89R a@ﬂ@@erﬁbamgr eBiehiect ed to
at | east OfE pfetbraByidsRInaHYUH0 arddarii&iny é)tréf@i%% RA&ds thed YGEn reaction spaces

and heat transport spaces being effected by at east 25 one commopn space
wall which is formed by a common plate. A particularly preferably used

m cror gactie lﬁ\ﬁenfttbh ﬁ%éﬁﬁor@?&at@@?&% L%E%‘?‘%ts% r’i@tﬁ%@ﬁb#}d‘m AlehcPRFeS.

contains catalyst material applied at |east rocess according
to the i fGRSINEORIAMNE GoMPoURdR ThEse May be "@?ﬁi‘oﬂ%ﬁdh? gas B'pﬁf@e@ the, iauicy

hydraul i c mi,bggg;ﬁra,pﬁg@éggv,gé)alsgpg,@ﬁﬁc?pg @s the quotient of four times the
area to the circunferential length o ﬂefree fl ow cross section, in the

reacti on spaces of less than 4000 pm preferably |less than 1500 pm and

part | oLl armhié rBaéias pRAstabIf 8 twali1adbtol) BalEblady teRedt & fiGbreblBfor Se | €St 19

perpend| cul ar di stance between two adj acent’ spacer enents to the sl ot
hei ghl®of the reaction space after coating with catalyst of |ess than 800

and great qhetr&fifioR bf &%Hﬁﬂ: c&rﬂ;ﬁ)]&t{as i® pRF&GHED ia%trbﬁ%f e%}ﬁ&nﬂ«?gr bl cul arly

preferably | ess than e Itnvention furt nore relates to the use of
t he supporeastior §pagnitude phAk greaesttoan $&kJ/moBact i ng or gani ¢ conpounds. These
may be reactions in the gas phase, in the liquid phase or in a phase

havi ng a supercritical state. The reactor is preferably a wall reactor,
parti cul aExgmpleséreablionsareroxidatianeartdoaramonridation reactions, for example:

15 e epoxidation of olefins, such as the oxidation of propene to propene oxide or of
ethylene to ethylene oxide or of allylchloride to epichlorohydrin
» oxidative coupling of acetic acid and ethylene to give vinyl acetate
» oxidation of ethane and/or ethene to give acetic acid
¢ oxidation of propene to acrolein
20 e oxidation of propene and/or acrolein to give acrylic acid
» oxidation of propane to give acrolein and/or acrylic acid
e oxidation of butane to give formic acid or to give acetic acid
» oxidation of isobutane and/or isobutene to give methacrolein and/or methacrylic
acid
25 » oxidation of xylene and/or naphthalene to give phthalic anhydride
» oxidation of butane and/or butene to give maileic anhydride
e ammoxidation of propene to give acrylonitrile

e ammoxidation of aromatics to give benzonitriles




The reaction of organic conpounds is preferably a strongly exotherm c or
endotherm c reaction (magnitude of off greater than 50 kJ/nol). Exanples
of reactions are oxidation and anmoxi dation reactions, for exanple: 15
epoxi dation of olefins, such as the oxidation of propene to propene oxide
or of ethylene to ethylene oxide or of allylchloride to epichlorohydrin
oxi dati ve coupling of acetic acid and ethylene to give vinyl acetate

oxi dation of ethane and/or ethene to gi?fe aceti.c acid oxidation of propene
to acrolein 20 oxidation of propene and/or acrolein to give acrylic acid

dat | v . i : . : ;
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oxi dati on I D i ve phthalic anhydride

oxi dati on hgprci%b%nﬂ)g ogg%aglr”a%%tog%%ﬁ% §&§?‘§/”i‘drgfa| ei ¢ anhydride ammoxi dation of
"propene to give acrylonitrile ammoxidation of aromatics to give

benzonict ri t .of reactions_ are hydro Lon reactions
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conpounds her r Lons af interest are reactions of synthesis gas,
such as, F%%C@%%h e?fa%%:&ééﬁoe??ﬁt}%%%ech reaction and net hanol synthesis, or

condensation reactions, such as the conversion of acetone to isophorone.
The i nventd IS¢ descr i owwth reference to working exanples: 10
Exanpl e 1%%\2?‘19?'3%[ %ﬁkﬁé&ﬁgg?’go%w'ﬁ ﬁ??ﬁrﬁﬁ%el@&og('w i’.(aénqu?ﬁ‘deep and 20 nm wi de
groovédOwas cut in each case in the mddle of three

Example 1: Wall catalyst TS-1 on aluminum 99.5

A 1.0 mm deep and 20 mm wide groove was cut in each case in the middle of three

100 mm long, 30 mm wide and 3 mm thick plates of aluminum (Al 99.5). The plates were
15  pickled for 30 min at room temperature in a nitric acid solution, passivated with a

hydrogen peroxide solution after washing with demineralized water, and then washed

again with demineralized water. After drying, the webs of the plates were covered with

adhesive tape and preheated in a drying oven to 50°C.

20 At the same time, a suspension of 16 g of TS-1 having the particle size distribution
D10/Dso/Dgo : 8.05/41.5/78.4, 20 g of a silica sol, 1.8 g of waterglass and 2.8 g of
demineralized water was produced. After mixing of all substances, the resulting
suspension was dispersed for 2 min at 15 000 rpm using a dispersing apparatus. After
the dispersing, a particle size distribution of the suspension of D1o/Dso/Dgo : 6.6/43.1/77.4

25 was measured.

The preheated aluminum plates were then coated with this suspension at a pressure of
0.7 bar by spraying on in a plurality of steps with a spraying distance of 20 cm. A binary
nozzle having a nozzle diameter of 1.8 mm was used. In the first step, a 20 um thick
30 layer was applied; in the subsequent steps, 40 um thick layers were applied in each
case. Thus, a catalyst layer system having a total thickness of 740 Mm was produced in




100 mmlong, 30 mmw de and 3 mmthick plates of alumnum (A 99.5). The
plates were 15 pickled for 30 min at roomtenperature in a nitric acid
solution, passivated with a hydrogen peroxide solution after washing with
dem neralized water, and then washed wagain with dem neralized water. After
drying, the webs of the plates were covered with adhesive tape and
preheated in a drying oven to 50C. 20 At the sane tine, a suspension of 16
g of TS-1 having the particle size dist2t bution Dlo/ D50/ Do :
8.05/41.5/78.4, 20 g of a silica sol, 1.8 g of waterglass and 2.8 g of

dem neral i roduced. , After m.xin | | a h
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di sper si nghaipairsteap, the pltee wetchdriedi fopt2 sahg)°Ca particle size distribution of
t he suspension of D10/ D50/D90 : 6.6/43.1/77.4 25 was neasured. The
preheated al um num pl ates were then coated with this suspension at a

pressur e ddn ofke plakegtheoatayst aysiarg tious prodaceplwasdhvesiigaiéd gitiepegavd toh a sprayi ng
di st an of .20 C A.bin nozzl.e having.a . nozzl e di f 1.8 nm was
used P (LeRs SyergtaFioboor3BRY A ot BgRRNE ST B0 «Ph wike
subsequentmedsapsi. F40thp moughiness, laa \aeittenatiemeeampplighedss naleaoh29 pmseas Thus, a
catal yst | ayer syst ving a,total thickness of 74 m was produced in 21
18 steps. rg%q% afnﬁg\]e pg@,%epf]@:eﬁslg{l@ger 'F@‘ﬁ?i‘“@ﬁ#%'@‘ﬁch case for 4 min
at 40C. After the final step, the plates were dried for 12 h at 80C. On
one plate,_.the_catal yst systemthu odyced was investigated with regard
0’5" e Fige 3ehuly Fresiiol RUHSY & SRSG NG, SR RGPS STt b of
100 kRa walis eR@apler ed. For the roughness, an arithmetic nmean roughness

val ue of 29 pmwas neasured, and the tol erance of the total |ayer
thi ckness was 16 pm Figure 3 shows a sectional mcrograph of a catalyst

| ayer systragppssaiiishest cavied 6fithd catalystld)steh thuSyasttbed is B2 sriagesstional of
cavities of the %?_t a*H%St S st_emtglg%d)%réod,ucigd,l S 32%%‘5& the sectional area
vi ened i n3f§Rvieueq indhapedtinhydmage, e gstiPHiBUMPRTIreRB% (1e8BS BY neans of
Mer cury pedersriBbrogintelgWwholv @lat 95% 6ithd péred AaGSa BRvRté df>BMRIRan@the> 50 nNm

and the . e
15  total porosity of the cavities is 49%.

Thereafter, the other two plates were installed in an experimental reactor in such a way
that the grooves formed a 20 mm wide and 0.52 mm high channel. A reaction gas
consisting of propene, gaseous hydrogen peroxide and nitrogen flowed through this

20 channel in order to determine the catalytic properties of the catalyst system. This
experiment was carried out at a temperature of 140°C and a pressure of 1.2 bar over a
period of 270 h. A constant propene conversion of 10% in combination with complete
conversion of hydrogen peroxide was achieved. The selectivity with respect to propene
oxide was 93%.

25
Example 2: Wall catalyst Pd/ Au/ SiO; on stainless steel

A 1.05 mm deep and 30 mm wide groove was cut in each case in the middle of three
400 mm long, 40 mm wide and 8 mm thick plates of stainless steel (material no. 1.4571).
30 The webs remaining at the edges were covered with an aluminum template, and the
groove to be coated was plastered with corundum at a pressure of 3 bar. After removal
of the template, the plates were pickled in a solution of nitric acid and hydrofluoric acid at




15 total porosity of the cavities is 49% Thereafter, the other two plates
were installed in an experinental reactor in such a way that the grooves
formed a 20 mm wi de and 0.52 mm hi gh channel. A reaction gas consisting of
propene, gaseous hydrogen peroxide and nitrogen flowed through this 20
channel in order to determ ne the catalytic properties of the catalyst
system This experinent was carried out at a tenperature of 140C and a
pressure of 1.2 bar over a period of 22 h. A constant propene conversion
of 10%in conbination with conplete conversion of hydrogen peroxi de was

achi eved. Yy ' i dep %

Exanpl e 2: %tﬁﬂgéﬁ?r%&%%h%ap %&oﬁﬁasﬁgﬁﬁﬁ@@geﬁ%ﬁ?h&a?\{ag% %&geep and
30 nm wi dednjing 6§ theidates ibe wabeidhe plates ware chvered with edivdsivetiapeeandi00 nm | ong,
40 mm wi de,@Rghidy pyBgeRi ck plates of stainless steel (material no. 1.4571).

30 The webs remaining at the edges were covered with an al um num tenpl at e,
and the groove to be coated was plastered with corundum at a pressure of 3

a4 ST LRy o SRR % SRR BBGPLEKA 1 S0l 1 o

of nitric acid fl'uoric acid m u or 30 mn and
t hen washea@lliadiumg geld @nd isiliga haniag al nartiste siee distribpfianddo/Dde/Pion @ H22.0he pl at es,

the webs of7 3 hs @ 8y 4 i to
50C. 5 For f%nb$' cgt§a| g}tlﬁ{sh%t'eﬁ Bﬁggm%%ggﬂgﬁﬁgﬁ%#@@%ﬁ%g ﬂha{@gﬁdé %:%{jal yst,
consi st i ngod mirpal 15dlﬁ\Qﬂ?m Ypingk dispersing iapparatusy T heypartigasize distritsitior of the
di stributi e : . 2 mxed with 31.25 g of a
silica solsgg%%)égff%%/rg&gqls%e\g?gé %?Hébfoﬁge% 3@&?@2 " for 2 min at 15 000 rpm
usi ng 1@ di spersing apparatus. The particle size distribution of the
suspensi o f | ' | / ainde A3, 7 e
pr eheat edﬁg1 t% &gﬁ{eﬁ?%ﬁ’fségé'w éé@g%tdggte@%?ﬁ]%%sgg é)%ng %’2‘6“3.‘“ %esgs{upeaoﬁ'aeégh% of
0.8 bar bprayjngpiing phurality obstppawith a sprayingstistarscewif 2 cen fsem platagurtlicettance of
20 cm fr oyl 88,8 UK bRSR dddzle having a nozzle diameter of 1.8 mm was used. In the first

step, a 20 um thick layer was applied; in the subsequent steps, in each case 40 pm thick

15 layers were applied. The catalyst layer system thus produced had a total thickness of
786 um. Between the steps, the plates were dried for 4 min at 40°C. After the final step,

the plates were calcined for 6 h at 250°C.

On one plate, the catalyst system thus produced was investigated with respect to

20 adhesive strength and topography. An orthogonal adhesive strength of > 100 kPa was
measured. For the roughness, an arithmetic mean roughness value of 28 ym was
measured; the tolerance of the total layer thickness was + 15 pm.

Figure 4 shows a sectional micrograph of the layer system produced according to this
25 example. '

Figure 5 shows a profilogramme according to DIN 1SO 4287 of the surface of the layer

systems produced according to this example (determined with Form Talysurf Series 2,

Taylor Hobson Precision). The abscissa shows the scan width in mm, while the ordinate
30 shows the relative profile depth in ym.




spray nozzle. A binary nozzle having a nozzle dianeter of 1.8 mm was used.
In the first step, a 20 pmthick |ayer was applied; in the subsequent
steps, in each case 40 pmthick 15 layers were applied. The catal yst |ayer
system t hus produced had a total thickness of 786 pm Between the steps,
the plates were dried for 4 mn at 40C. After the final step, the plates
were calcined for 6 h at 250C. On one plate, the catal yst systemthus
produced was investigated with respect 230 20 adhesi ve strength and

t opography. An orthogonal adhesive strength of > 100 kPa was } neasured.

For the r ; Al ' r hness val u f 2 S
measurod: RO TarisrBiid hpaied by AR LOMANDR B ey dloe 1nBRAR Br pg 4
shows a sgurréphae andiometsr aph 50Mhnt. e tatgigroraesity withcpvitkehis€8%according to this
25 exanple. Figure 5 shows a profilogramme according to DIN | SO 4287 of the

surface of the layer systens produced according to this exanple
( det er mi nethevathér two pratdsavgrsiindn iBstallexkin 2n expayrhentaliobatonsdhatthsir gropvesihe

absci s wi dth 4 nome ile e.ordinate . 30 sh t he
Coat o 10 468335 did s A Whe Bk G R G e TR O mreans
of ner cur yoxpgeroandatetiy asid owes paksdd Brddgbtthis bieannebinesddray determinaties er of > 50
nm The t r QS| |t iti,es 1.8 68%. The ot her. two, nl ates were then
st alea PRAE R AR BT, T BprmeREnd Gt B8 Rs™ or rea & 0. 23
mm hi gh anempératune of tH5°C laad rgiressiesact 9 bar aqyesa porsd 6t 180ch. of et hyl ene, :
oxygen and acetic acid was passed through this channel in order to

determ ne the catalytic property of the catal yst system This experinent
was caor i édyieldiof 4300g of ¥AMEkabLERaIRSt - hPWwAS actievedRit asslectvigiof thobaithafver a
period of % O h. 10 Ayield of 1300 g of VAM (kg of catalyst 'h) was

achi eved &% sel ecti vi ty of nore than 95% Exanple 3: M xed oxi de

catal yst on stainless steel 15 A 1.05 nmm deep and 30 nm wi de groove was cut

in each C%?(Emgl k3 Rﬁxery éjx?cleeca?glyét r<1321es,?ainless steel

15 A 1.056 mm deep and 30 mm wide groove was cut in each case in the middle of three
400 mm long, 14 mm wide and 8 mm thick plates of stainless steel (material no. 1.4571).
The webs remaining at the edges were covered with an aluminum template, and the
groove to be coated was blasted with corundum at a pressure of 3 bar. After removal of
the template, the plates were pickled in a solution of nitric acid and hydrofluoric acid at

20 room temperature for 30 min and then washed neutral with demineralized water. After
drying of the plates, the webs of the plates were covered with adhesive Vtape and
preheated to 50°C.

For this catalyst system, a suspension of 37.5 g of acrolein catalyst according to

25 EPQ900774, example 1 (preparation of catalyst 2), 31.25 g of a silica sol and 31.25 g of
demineralized water was prepared, and then dispersed for 2 min at 15 000 rpm using a
dispersing apparatus (Ultra Turrax). The particle size distribution after the dispersing,
D1o/Dso/Dgg was: 0.49/13.24/24.98. The preheated steel plates were coated with the
suspension thus prepared at a pressure of 1.6 bar by spraying on in a plurality of steps

30 with a distance of 20 cm from spray nozzle to plate surface. A binary nozzle having a

' nozzle diameter of 0.8 mm was used. In the first step, a layer of 20 ym was applied; in
the subsequent steps, layer thicknesses of 40 ym in each case were applied by




400 mmlong, 14 mmw de and 8 nmthick plates of stainless steel (material .
no. 1.4571). The webs remaining at the edges were covered with an al um num
tenplate, and the groove to be coated was blasted with corundum at a
pressure of 3 bar. After renoval of the tenplate, the plates were pickled
in a solution of nitric acid and hydrofluoric acid at 20 room tenperature
for 30 mn and then washed neutral with dem neralized water. After drying
of the plates, the webs of the plates wé&re covered with adhesive tape and
preheated to 50C. For this catalyst systen1 a suspension of 37.5 g of

acrolein 9 exa 1 tlon of

cat al yst g@%ﬁ%ﬁég@gﬁ&%ﬁé&?lgxp/la:f)&hé%og? 8 %%W ‘fh 3]59 ! gg’? Iabeﬁﬁgh@geﬁ’q SeYRat er

was prepardsigd famdiminatib 000 sAfer Sredfirfabste, sdidplates Wer® 6dlcingdrfan i nat 450°C.

di spersing apparatus (U tra Turrax). The particle size distribution after

t he dispersing, Di0/D$0/ D90 was: 0.49/13.24/24.98. The preheated steel

pl at es werAdter satling ofihtelplathe the catplysidayers eresinpestigated dithrespept tosslihesiveof 1. 6

bar by 5SP y of steps 30 with a distance of 20 cm from
spray nozz%¥h@% %ﬁ @gpﬁkéwigiﬁét bi nary nozzle having a nozzle dianeter of
0.8 mnmwas used. In the first step, a layer of 20 lamwas applied; in the

24" nor e orBRon RV er B S Rl e BRE ABRSE SRR

steps, thefps amana oombmaudi wititla flayler thicknBsSfolebatGe offt18runt Was gaaliredt B  sai d
pl ates were c ed for 8 at 450 After cooling of the plates, the

cat al yst 98§Fe$§“ 'tﬂé OF MFRPYERS Pes trﬁerp%rgipgasxmq;ry wed $hat 78%:efiRe gt h,

t opogrephyossschave aakidrhater #> 50 bMODR Btal pdhRay Was 5T aggt h of > 100 kPa was
measured. A nean roughness value of 25 Nmin conbination with a |ayer

t hi ckness tol erance of 15 pmwas neasured. The pore distribution neasured
by means of nercury porosinetry showed that 76% of the 10 pores have a
dianeter of > 50 nm The total porosity was 57.4% 25 Patent clains: 1. A
support having a catalytic coating conprising at |east one porous catal yst

| ayer




containing cavities, cavities being irregul ar spaces having di nensions
greater than 5 pm in at |east two di nensions or having cross-sectional
areas of at |east 10 pnmt, wherein the catalytic coating has adhesive
strengths of > 1 kPa (measured according to DIN EN I SO 4624). 2. The
support as clained in claim1, wherein the cavities account for an area
fraction of from2 to 60% determned as the arithnetic nean of the area
fractions in the catalyst |ayer of fiws randomy sel ected sectional
scanni ng el ectron m crographs. 3. The support as claimed in claim1l or 2,
wher ei n apaibsasdim90% of the pore volunme are formed by macropores having a
di aneter of at least 50 nm determ ned by nercury porosinetry according to
DIN 66133. 4. The support as clained in any of clains 1 to 3, wherein that

vol une ofﬂhasu@pérahamgé@atayuc d&f@tnfd’bdn%)rfsmb@Bléa&)bn@(bb@%s@aﬂly@ﬁﬁyérl es Is from
30 to 95% based. on the tot vol u f P@Prt
claimed in a?P;}a'B'I”QG?‘éﬁ"??scai"'ttea bﬁmgmqu fﬁpﬁ‘ﬁé h?ﬂe{%ﬂ'ﬁ@%'%sr gfﬁﬁ@ é‘f‘él%t

| ayer is f moaniéeBt twd dﬂﬁa&uqmmoanﬁmdmomeoabmanare@é of ft@edstye mt MHkeiegr i s <

50 pm 6. Th or.t s g ai.ned in_ a |ns 1.to 5 i n

adhes! on- pr SHIA0T T EPait BT SRHER Srar QUi oo (eghersd piraraind B FREERG " e
support subd624te and whose thickness is preferably from 100 nmto 80 pm
7. The support as clainmed in claim®6, wherein the adhesion-pronoting |ayer

has a thickness of up to 80 pmand is conposed of nanoparticul ate materi al
whi ch cor#. ailhe suppopa@sclaghestin caiy it ngheteiartiet eavlies facenuntfot Amared frantiortof The

support as gLaijE %O"/o, Fnlﬂﬁéd %{] th& LfiniRi8 rn%?g of thF wherdlcloddf tHﬂéacEa‘ta‘e(lef?l of

whi ch t he articles o esi on- prono ayer consi st are 1norganic
oxi des and/ eyernifive @tnd@hbf seﬁgpfadtse@@nalmgnmm elgctrdnh@lcmm@bst as clainmed in
any of clainms 1 to 8, wherein the support substrate is a sheet |ike body

havi ng sheet -|i ke depressions on which the catal yst |ayers are applied, or
3. The support as claimed in claim 1 or 2, wherein at least 50% of the pore volume are

formed by macropores having a diameter of at least 50 nm, determined by mercury

porosimetry according to DIN 66133.

4. The support as claimed in any of claims 1 to 3, wherein that volume of the catalyst layer
which is formed by pores and cavities is from 30 to 95%, based on the total volume of the

layer.

5. The support as claimed in any of claims 1 to 4, wherein the thickness of the catalyst layer
is from 50 to 3000 ym and the variation of the layer thickness is < 50 um.

6. The support as claimed in any of claims 1 to 5, which has an adhesion-promoting layer
which is applied directly to the surface of the support substrate and whose thickness is
preferably from 100 nm to 80 pum.

7. The support as claimed in claim 6, wherein the adhesion-promoting layer has a thickness
of up to 80 pm and is composed of nanoparticulate material which contains no particles

having diameters of more than 5 pm.

8. The support as claimed in either of claims 6 and 7, wherein the material of which the
particles of the adhesion-promoting layer consist are inorganic oxides and/or heat-stable

plastics.




wherein the sheet-1ike body has grooves in addition to sheet-Iike
depressions. 10. The support having a catalytic coating as clainmed in any
of clains 1 to 9, which contains, applied to a first porous and
cavity-containing catalyst |ayer, further porous and cavity- containing

| ayers which consist of different or of identical material. 11. The support
as clainmed in any of clains 1 to 10, wherein the at | east one porous and
cavity-containing catal yst |ayer contai2es particles of catalytically active
material and particles of inert binders, preferably inorganic oxides

and/ or hegt TRt 3B rlsa™ih&S$in ahg of JQiﬁmsSqL{Bl%Oi}vher%& the iR sthtn%'EB’us%fsh‘ébta' ms 1
to 11, wherein the catalytic coating ha adhesi ve strengths of > kPa

(measur ed a&wwyﬁ\av'ﬂ@smﬁh@\pm@wz@y Whi“ﬁ thepatalyetliayers fﬁﬁ applisg, R’Pa 13.

The support wisrefil Bk BRELtIIKe Baty HAE gfdodbdih abidfien dlshedhKeRicpredBiasdir ement s Wit h
the whirl pool principle according to DIN EN |1 SO 4287 of the thickness of

the catalytic coating show standard deviations of < 35 pm preferably of
<25 pm 1%, TH@Eum‘idxﬁp@f/hga&a&lyﬁb BMmb@s%mméﬁin%|n§lbﬂ§a|ﬂnst1QoDSwhWiledSrﬁbiﬁs,t he

surface of th ta i r oughness exp ressed in
on average RERIBER B bgigus ke Saiaod srads e e SPRLE AABES Yo 5. per

nm and nost coigihiag dEyess vihiéh @esistondifensht ar ofridergibaiessgerthtpt h RZ neasured by a

probe and determ ned according to DIN EN | SO 4287 3 t of >70 pm preferably
>100 pm and nost preferably > 120 pm 15. The support as clained in any of
claims 1 tloThelsupplograsictainiértinainy beclgitsdrie 1powiarsindimelat lest oteyparoud anchi ng

catal yst |aygp %8H5ﬁ‘n§%a%8ﬁragéryc%bta s PIHIRE of gétélﬁr?caﬁ)g?&fvé frla"?é}lapgnot he

mol ecul ar sreve ani um cont al st eve. 16. The
support as maracle@df inert anqerafprefe@btysnorgamc Q)dqeamf@uhﬁattah@l@plam@ast one
porous and cavity-containing catalyst |ayer contains the netals of group

VIIl B of the Periodic Table of the Elenments, preferably of the platinum
metal s, i Pae sireartas climedip@py aAbelainstiHo it whesein dhe eptalyiis coatinaftast he

Per i odi c TabhifesRE strbfytid &1 iha ab&ealbdordhg B IﬁI‘N B e ) Kabhritgbal
salt of preferably an organic acid, very preferably potassium acetate, and

optionally off,pQ Mea- pronmoters in an oxidic support matriX.

13. The support as claimed in any of claims 1 to 12, wherein measurements with the whirl
pool principle according to DIN EN ISO 4287 of the thickness of the catalytic coating
show standard deviations of < 35 ym, preferably of <25 um.

14. The support as claimed in any of claims 1 to 13, wherein the surface of the catalytic
coating shows a high local roughness expressed in an average number of zero line
passages of >2 per mm, preferably'>2.5 per mm and most preferably 3-8 per mm, and a
roughness depth R, measured by a probe and determined according to DIN EN ISO 4287
of >70 ym, preferably >100 ym, and most preferably > 120 ym.

15. The support as claimed in any of claims 1 to 14, wherein the at least one porous and
cavity-containing catalyst layer contains a catalyst from the series consisting of the

molecular sieves, preferably a titanium-containing molecular sieve.

16. The support as claimed in any of claims 1 to 14, wherein the at least one porous and
cavity-containing catalyst layer contains the metals of group VIl B of the Periodic Table
of the Elements, preferably of the platinum metals, in particular Pd, combined with metals
of group | B of the Periodic Table of the Elements, preferably with Au and an alkali metal
salt of preferably an organic acid, very preferably potassium acetate, and optionally

further promoters in an oxidic support matrix.




27 17. The support as clainmed in any of clainms 1 to 14, wherein the at

| east one porous and cavity-containing catalyst |ayer contains the netals
of group VIl B of the Periodic Table of the Elenents, preferably of the
platinumnetals, in particular Pd, conbined wth netals of group Il B of
the Periodic Table of the Elenments, preferably with Cd 5 and an al kal
metal salt of perferably an organic acid, very preferably potassium
acetate, and optionally further pronote?% in an oxidic support matrix. 18.
The support as clainmed in any of clainms 1 to 14, wherein the at Ieast one

porous and 17Cd &l)birﬁﬂ%adlaﬂﬂngg mCéHnyfké% fms Weh4 (‘v%tré\h e 4t s?b Bi ,

Fe, Co and Ni and 10 optionall met al s, artlcu ar urt her

addi ti ons. 19cavitygorigipingraataiyst {alyar Wéﬁlnﬁﬁhérﬁﬁ}e@ﬁ Oég@uné/I!LBtoétMeer@r ein the
at | east one 'P%I@Hﬁth@@em&ﬁé’ 'Hré/fé%gft lfléﬁ'lg iR r?ﬁe‘(aﬁé il rﬁéul&qfli %bfti‘x% nl%t]e

el ements M, V, W and gr oup
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addi ti ons. The support as clalne

at | east one ﬁf@ﬁﬂiﬁsaf\sﬂrﬂpﬂoe@lkvufwshewmmterﬁn@acaxrdlc;syppmametnx(:ont ains the

el ements Ag and optionally further 20 additions, in particular alKkali
nmetal s, such as Cs, and/or netals of group VII B of the Periodic Table of
the El emeni®, Thasuppad arslaimed ranyof damssUispbt, wherain the at fenst dTieeperopand  as

clained in a@év@-c&{tﬁihﬁﬁ c%ta?)@.t Ig-.afe r HREARI tHe ERMeRts MBaSH FO B Qbshnd

cavi ty-contai ni ng cat al contai ns vanadi um pyf ophosphat es and
option#ly 2P 'P'ﬁﬁ'b’f?é!?a“mﬁiﬂﬁ.l l@ﬁémckﬂﬁr I§.0a% farther adgitiess.um oxi de on an oxi dic
support and optionally further additions. 22. The support as clainmed in
any of clains 1 to 14, wherein the at |east one porous and

cavi t y- conthiTherryppait as glaimedip any ebelaimsrstorit, aheredi thgrab lgashaniel paows artche

Peri odi c Tabléﬁv:}f%n‘?;lln_)ﬁma%aéiy@ﬁgyrgr%oaﬁfnpsftﬁé le‘riénﬁsf IYIBI\? Al & K ec# é]tqe lenents, in

particul ar rix y on
al um na. 28 optionally elements of group V A of the Penodlc Table of the Elements preferably

15 8b and/or metals of group V B of the Periodic Table of the Elements, preferably Nb,
as further additions. |

20. The support as claimed in any of claims 1 to 14, wherein the at least one porous and
cavity-containing catalyst layer contains the elements Ag and optionally further
20 additions, in particular alkali metals, such as Cs, and/or metals of group VII B of the
Periodic Table of the Elements, such as Re, in an oxidic support matrix.

21. The support as claimed in any of claims 1 to 14, wherein the at least one porous and
cavity-containing catalyst layer contains vanadium pyrophosphates and optionally

25 further additions, or contains vanadium oxide on an oxidic support and optionally
further additions.

22. The support as claimed in any of claims 1 to 14, wherein the at least one pordus and
cavity-containing catalyst layer contains metals of group VIl B of the Periodic Table
30 of the Elements, preferably of the platinum elements, in particular Pd and/or Pt, in an
oxidic support matrix, preferably on alumina. '




23. A process for the production of a support having a catalytic coating as
claimed in claiml, conprising the neasures: a) initial introduction of a
support substrate, b) optional application of an adhesi on-pronoter | ayer,

c) spraying on of a suspension having a solids content of at |east 30% by
wei ght, containing particles of catalytically active material having a
medi an di aneter (D50 value) of at least 5 pm (determ ned by | aser
diffraction in suspension) and/or theogrecursor thereof and optionally
further constituents of catalytically active layers, and d) optionally one

or nore rePRlyded8for e FTb&R 16N of YEUHE! Rafidg & CAINNERRY BTBLAH i Bhint$,
content, magsmbhisy thé Rica¥iBg di stance, droplet size, Substrate and

suspensi on t ergyer atid irdoWididRWr 4 SugpBRSERstM ch prevents the coal escing of
t he sprayed-on_suspension on the support substrate. 24. The process for the

production of P sugptene! aeplicaiign of enpdispiondreBetel Byeras claimed in claim 1,
conpri si ng t he)measpagmg of)of b Budgenbioh RhViREA §61id8 RoMEntaof SHIBRABLYSBIDRIGRL €, D)

oD ponst on”hevi a0 SouBt=Cis o) S Y ke LSt i BHALn Biar v g
particles of inert (Bydéiae) sfat RbyS @m (Et@mirddoyhassr dffractioeii sasperdioaret er
(D50 value) of at least,5 pm (deternine y laser diffractjon in .
suspensi on) and optap@ﬁéﬁhfsypefcﬂ%Pﬁ@’?reg)})ﬂ%qj?‘?%aﬂs&uqﬂer83?355'?“&??{300%???'%@'}'ve

| ayers, d') optionattive layees,andnore repetitions of step ¢'), and f) after

t he production,of the | syst L.opregnation thereof with a v
catal yticall y%);lcti \(/)gf:r‘onr% %?rlgea?r “i%r ﬁ&rek'g%ﬁrogéﬁbscgrwr&eﬁezrﬁ eof , wherein e) from
t he par anet er ®)sol ifrde the paremetersredigs Eordent, mpssiown gprayisg distmce, diropiétesizesi ze,

substrate and suspepsi,ap r%%@ﬁe%%?erﬁ%% n?{%’@@agg@fé@gﬂ@gt&ﬁ g[’é&%kﬁ%@ﬁé Tt he

coal escing of the sprayed-on suspension o he
process as cl ai med coalessingi ahitESsprryedon sypransion oa thrsurpertisekditaleqgue i n whi ch
t he spray

24. The process for the production of a support having a catalytic coating as claimed in claim
1, comprising the measures:

a) initial introduction of a support substrate,
b) optional application of an adhesion-promoter layer,
c) spraying on of a suspension having a solids content of at least 30% by weight,
containing particles of inert and/or catalytic materials having a median
diameter (D5, value) of at least 5 ym (determined by laser diffraction in
suspension) and optionally further constituents of catalytically active layers,

d) optionally one or more repetitions of step ¢’), and

f) after the production of the layer system, impregnation thereof with a
catalytically active material and/or a precursor thereof, wherein

e) from the parameters solids content, mass flow, spraying distance, droplet size,
substrate and suspension temperature a window is chosen which prevents the

coalescing of the sprayed-on suspension on the support substrate.

25. The process as claimed in claim 23 or 24, wherein a nozzle technique in which the spray

cone is limited by additional compressed-air nozzles is used in the spraying.

26. The process as claimed in claim 23 or 24, wherein the support substrate is at elevated

temperature but below the boiling point of the suspending medium during the coating.




cone is limted by additional conpressed-air nozzles is used in the
spraying. 26. The process as clainmed in claim23 or 24, wherein the support
substrate is at elevated tenperature but bel ow the boiling point of the
suspendi ng medi um during the coating. 29 27. The process as clained in any
of clains 23 to 26, wherein a suspension whose particles have a broad
particle size distribution with a span =(Dgo-Dlo)/ D50 > 1.5 is used. 5
28. The process as clainmed in any of clalnms 23 to 27, wherein the
suspension contains mlled or crushed particles which have a rough surface

\fmd i_rregEQarTwpegss%@.ciaTxheq ﬁf@ﬁﬁﬁ%_laﬁgs Q?:&imdvﬂe?eg?a)éuéﬁelﬁioﬁimszS tlo 28,
ereln the suspensl on contains . a, bir[ r.. prerera §OtS very 1i1.nely
di vi ded suspe'??é'&g?%h"’me %P%&P@ﬁgleéfzetdﬂ%rﬁ?ﬂ@@ygl‘éfsmﬁ xAPoo-Bj0)/ Dy > 1501s o

m xtures thergefi, 30. The process as clained in any of clains 23 to 29,

wherein, in step b), a first suspension containing nanoparticul ate
material wthout particles having dianeters of nore than 5 pm sprayed onto

t he surj aces.ofhetgrocess RB @Idimed infdhyasTelafths 3310072, Riberein e dukpéision c}ontai%sl c
referably -

adhesi on- pronoi i | ayer, having a thickness of up to 80 pm p

30 pm for ns.m'gq_‘i]gﬁ%\éélfﬁpd’@&%esg@'@] Bavesrorgh suacsrand imegriarshapy, 30, wherein
the support substrate used is treated prior to the coating, in particular

by roughen%é;grht he sugporg,su{gf ace 20 which is to be coated with catal yst,
by nmechani €al' NCAIRTHSE 2F CEHRFGI P claims 25,0 45 whereipthemygpeisioncoatalns

clai med in arybisderpraferdoh?sSols, veRlfineW Vit dsusPEASSNSH BUHIBRE SFth® bxiiEeof

i ndi vi dual |ayers,. of the total |ayer systemor of parts thereof, these
Iayers&are d%e{é T'Qgr_‘?”%lﬁfél'f‘?ﬁthﬁrépﬁi ned. 33. A reactor containing at |east

one support having a catalytic coating as clainmed in claiml1l. 30 34. The

reactor as clainmed in claim 33, which is a plate-type reactor_or a tubul ar
react or. 33y The process as claimed in any of claims 23 to 29, wherein, in step b), a first :

suspension containing nanoparticulate material without particles having diameters of
more than 5 pm sprayed onto the surface of the support in an amount such that a

15 first adhesion-promoting layer having a thickness of up to 80 pym, preferably
5 — 30 ym, forms.

31. The process as claimed in any of claims 23 to 30, wherein the support substrate
used is treated prior to the coating, in particular by roughening the support surface
20 which is to be coated with catalyst, by mechanical, chemical and/or physical
methods.

32, The process as claimed in any of claims 23 to 31, wherein, after spraying on of the
individual layers, of the total layer system or of parts thereof, these layers are dried

25 and/or calcined.

33. A reactor containing at least one support having a catalytic coating as claimed in
claim 1.

30  34. The reactor as claimed in claim 33, which is a plate-type reactor or a tubular reactor.



35. The reactor as clainmed in clains 33 and 34, which contains a sheet-like

support having a catalytic coating and is a mcroreactor. 36. The reactor
as clainmed in any of clains 33 to 35, which can be used for the 5

het er ogeneously catal yzed gas-phase reaction and conprises: i) at |east one
reaction space of which at |east one dinension is less than 10 mm and ii)
the surface of the reaction space is coated or partly coated with the | ayer
system containing catalytically active Haterial as claimed in claim1. 10
37. The reactor as clained in either of clains 35 or 36, which has a |l arge

number of 35pRRasavbi adiclsiffedal ERMELIB AT 84 GidhYcotaifPs SRIRS SuppaRd
paral l el and which %e. at |east, one feed |ine and one di scharge |line

each, the spdlP¥PIRSHRVICHOFHRO BYF s@LBIcEUeaG M at es or | ayers, and some of the
spaces being reaction spaces, of which at |east 15 one dinension is in the
nd the ?t he aces being heat transport

' f than 10 ,
Cpaces, 1 i TEIORIRERS TOMERan PRARHIHIRS 3336 46 WHHHEAUBmIRER Btiveo ot | cast

two di s ri butheterogariesuslp datalyeedlisChtisa9eddtios and b&ﬁpﬁé@.:reaotion spaces
bei ng connecte east .one col | ecti Pa?l unit, the heat transport

tQ at L . eal
bet ween reactioﬂ %@%&?&Q"eé‘?ﬂf”%%acﬁr‘ﬁ%% egstenesdipensign isslesscthan by at
| east one common $Paee anval | which 20 is formed by a common plate. 38. The

reactor as cl ai rsetg in an% o{‘ clainms 35 to 37, which has spacer el enents
arranged in al | 55 sudacsQfihe reastion spage s eipdechen Rast cratgd it e dawet i cal | y

active mnaterial @steth somBEHingRatlyitAlybchle MBRSHI RAG4IMsdM bipg1] Nner wal | s

of the1 reaction 25 spaces, and has a hydraulic dianeter, which is defined
as theoquotient of four tines the area to the circunferential |ength of

the free f370Whe reitore8&ldiBd irl ditheP6F AARGIISAR 36SRRIER Badh 14r§S AuhBanbr4000 pm
preferably | ess than 1500 pm and parti cul arlé{ preferably”l ess than 500 pm
and a ratio PR P ?“WW&R&‘“XGT"&‘P"Z&P wartpamgiiel pad whichdayejehcent

spacer el enefdagt driz feb@lisd Aid e @i8thaRie A% dch ARk sPAccsRRRRy Bih& bﬁ&a&?at i ng
with catalyst, of | ess than 800 and greater than or equal” to 10,” preferably
| ess plates or layers, and some of the spaces being reaction spaces, of which at least
15 one dimension is in the region of less than 10 mm, and the other spaces being heat
transport spaces, the feed lines to the reaction spaces being connected to at least
two distributor units and the discharge lines from the reaction spaces being
connected to at least one collecting unit, the heat transport between reaction spaces
and heat transport spaces being effected by at least one common space wall which

20 is formed by a comimon plate.

38. The reactor as claimed in any of claims 35 to 37, which has spacer elements
arranged in all spaces, contains a layer system containing catalytically active
material as claimed in claim 1 at least partly on the inner walls of the reaction

25 spaces, and has a 'hydraulic diameter, which is defined as the quotient of four times
the area to the circumferential length of the free flow cross section, in the reaction
spaces of less than 4000 um, preferably less than 1500 pm and particularly
preferably less than 500 um, and a ratio of the smallest perpendicular distance
between two adjacent spacer elements to the siot height of the reaction space after

30 coating with catalyst of less than 800 and greater than or equal fo 10, preferably less

‘ than 450 and particularly preferably less than 100. '




than 450 and particularly preferably |less than 100. 31 39. The use of a
support as clainmed in any of clains | to 22 in processes for the catalytic
oxidation of propene to propene oxide. 40. The use of a support as clained
in any of clainms | to 22 in processes for the 5 catal ytic oxidative
coupling of acetic acid and ethene to give vinyl acetate with the aid of
‘oxygen. 41. The use of a support as clajnmed in any of clains 1 to 22 in
processes for the catalytic oxidation ot propene to acrol ein and/or
acrylic acid. 10 42. The use of a support as clained in any of clains 1 to

22 in proce8stse fisy oftdetippo@ b biichéd MENGF tiaihsOf to20R PReLcaE4Y fF thacr ol ein to
acrylic acid. urgport as clainmed in any of clainms | to 22

.. The use of a s
in processes ?ag%ytf%@“dali'%" EQQTQPW‘? WIS PEE- of et hene to et hyl ene oxi de.

44. The use of a support as clainmed in any of clains | to 22 in processes
for the c tic gxidation of . al]lyl chlorjde tao _epichiorohydrin. 20 45.
The use of%%ﬁr&%%?'ﬁ?%’ﬁ”’?# érﬂ?yé’f claims; 11io 22 ip prooesses %F@&esse; for
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(anhydride). .46, The use of a support as claimed 1n any of clains 1 to 22

in processes 3OPTPHEMcatal ytic oxidation of butane and/or butene to maleic

anhydri de. 25 47. The use of a support as clainmed in any of clains 1 to 22
enation of organic conpounds. 48. The

in process or ‘th catal ytic. hydro .
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reaction 30 cafalytigrixidagérbofdRépene to acrolein and/or acrylic acid.
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42. The use of a suppor’t as claimed in any of claims 1 to 22 in processes for the
catalytic oxidation of propene and/or acrolein to acrylic acid.
43. The use of a support as claimed in any of claims 1 to 22 in processes for the
15 catalytic oxidation of ethene to ethylene oxide.

44. The use of a support as claimed in any of claims 1 to 22 in processes for the
catalytic oxidation of allyl chloride to epichlorohydrin.

20  45. The use of a support as claimed in any of claims 1 to 22 in processes for the
catalytic oxidation of xylene and/or naphthalene to phthalic acid (anhydride).

46. The use of a support as claimed in any of claims 1 to 22 in processes for the
catalytic oxidation of butane and/or butene to maleic anhydride.
25
47. The use of a support as claimed in any of claims 1 to 22 in processes for the

catalytic hydrogenation of organic compounds.

48. The use of a support as claimed in any of claims 1 to 22 in processes in the reaction
30 of synthesis gas.




