| N'THE MATTER OF a Si ngapor e
+PCT/ EP2006/ 003502 RWS Group Ltd,
Cross, Bucki nghanshire, England, her
that, to the best of its know edge an
prepared by one of its translators co

with the English and Gernman | anguages,

the PCT Application filed under No.
2007 C. E. SITCH Managing Director -
behal f of RWs G oup Ltd Description

Application corresponding to PCT Application
of Europa House,

Mar sham Way, GCerrards
eby solemly and sincerely decl ares

d belief, the follow ng docunent,
npetent in the art and conversant

is a true and correct translation of
9 Cct ober

For and on
met hod

PCT/ EP2006/ 003502. Dat e:
UK Transl ation Division
5 Catalytist coat ed support,

for producing the sanme, reactor conprisi nd use thereof The
present invention relates to a suppor#itﬁgggé1gggqﬁaﬁgF@m%Wan good
adhesive strength and high planarltyu@ngmﬁgw%gdgs ﬂﬁ oOf - the layer

t hi ckness, a process for the 10 production thereof, e use thereof in
heterogeneously catal yzed processes dﬁdfapphanmnPCWMEEHM6mmBﬂxhs such a
catal yst layer. Many chem cal reactions are heterogeneously catalyzed in a
very w de range of reactors. Reactors equipped wth 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 netal tube which is fornmed so as

to disturb flowand is lined with catalyst material is used. In addition
to the ﬁh@f g i_.cation of _the catalyst_fromthe |iquid_ phase or. gas
phase, ‘f’FﬂP 5}431 06 FUEPPas Heuice Matshgra r Wagp CGegards nC][*')I% Retkanchapshirgi t h 20

]‘fﬂ 2't y;%fg@iﬂxd/ h@m%&r USRS Rinck R GR BB, o'k BeR'WPiL &AL REAhRPyetidggest s

.the followmg document, prepared by one of its translators competent in the art and conversant
with the English and German languages, is a true and correct translation of the PCT
Application filed under No. PCT/EP2006/003502. '

Date: 9 October 2007

Pt

C. E. SITCH
Managing Director - UK Translation Division

For and on behalf of RWS Group Ltd




«firmy adhering | ayer, for exanple of al pha-alumna, to the netal tube and
directly applying the catalyst thereafter altogether with the firnly
adhering layer. 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 in catalytic gas- phase phase reactions. The
catalytic layer is applied in the formof a solution, emulsion or
di spersion directly to a netallic reaction tube w thout adhesion-pronoting
internediate |ayer. This can be effected by spraying or inmersion. Typical
| ayer thicknesses are in the range of from 10 to 1000 pm For the
production of .thicker layers nultiple coating of 30 the reaction tube is
r econmme MpYoN pE 199 59 973 Al describes the process for the production
of arrays of heterogeneous catalysts conposed of a body which has
continuous channels in which different catal ysts are applied. The process
i s sfi d Galalylistesnatedheupnrstumalived farpipdicing theysamaeagton comprisiog thdeame
autonat%ﬁdlgeub E%fknomm that sheet-like catalyst |ayers can be applied by
i mrersing neta FIT or  ceranic honeyconb bodies for coating in a washcoat
suspension. Either a catalytic conponent is already present in the

o T IR REE  AEIOn RS i SHPRaHE G BHIdAYSy M O AT eNa Ch &
process s'trénﬁﬁhséﬁd Ibi?ﬁ1pfér@rrit)ﬁémo_férﬂn6@bﬁﬂhe Iﬁi@f-thi@@l?ésls, 4Prodéadffhe DE

699 06 741 T2 discloses a porous diesel exhaust gas filter, a flowthrough
filf@r woeductingfhergoh theykes thergofialheterogenaausly ¢edalyzed pegessemcandiaf ace of

whi ch b?é’é(ctbtswﬁﬂﬁtc%ﬁta‘fﬁ§&chcﬁl%?t:aé)&.{ faggty active material. A surface

aI}--EE-I ncreasing coating IS ap ‘he filter body 15 by coating with a
washcoat, for exanple by applying a sol conprising small coll oidal
particl

Do o S PSSR ok e e SRR oAb bR B ) LT
netal skaddtyrs. Reabtofs 8dipped wilk 2afdBRYafeBHACE 6nd Béert Rfoveh.yst al | i zation of
a z$gllte | ayer on a
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 multiple coating of

30 the reaction tube is recommended.



+20 substrate. WD A-03/33, 146 di scl oses supported catal ysts for the

sel ective oxidation of carbon nonoxide. These have a catal yst |ayer which
is applied, above an adhesion-pronoting |ayer of a crystalline silicate
-and silica particles, to a netallic support. The adhesi on 25 pronoting

| ayer is produced on the netallic suppFét by applying an aqueous m xture of
crystalline silicate and silica sol A- 1,043,068 discloses a process for
the preparation of a supported catalyst, in which a catalyst-containing

mat er i alDE 999150637 3 § AescristlsMAB prededsifer eRREHi@dn dﬂérr%%%y he@rogéhedus 30
substrate heated to above the boiling point of the solvént. The process

pernits 9@l )ﬁ% @em@ese% pta @ﬁ%rvmcrtbhe%mtwpumh@m%r invhigh rdatteg,entac@talsr@s
surface 4 %@ E’é&eﬁ's\éf‘d tosé>& ﬁ}%& %tear '%r&&e%ss‘r’ 510
c gt ed cat a ave Sanesi

descri bes ysts support |es

st r engt caarke autemaltad.act eri zed by the occurrence of cracks and a Iarge

totalL crack Ilength. According to the description, nost of these cracks end
at the surface of the 5 catal yst |layer. The occurrence of cavities and

ot her pat isknospansisstcetlike caialyat laybrs eirehe bpplidtty rataﬁérsln’@eﬁhetdﬂﬁ,caﬂt ly,
m croreactors conprising catalytic wall elenents having _a wall Pacr ng of

<1 mm WG&MGMF%B?@HIGS@%@E@ iB@ wmahﬁlésmm Eéaer acgrlytioo 42 746
A 10 %ﬁtdaﬁeﬁgé ahaf§ préent Lrt‘tht—:-hﬁa%‘ﬁc%t or & ?g%ﬁ@gpeﬁt |§%§Pfé%9n mxture is

passed t hrough between in each case two cat y €O pl ate-1ike
wal | el @Mbﬁew@rﬂvammdregﬂarhanaTﬂnehs follwead by, drﬁiug,hcaicinmimt and optiomallgt s of a

15" 167 g2eailffion, SLETReash B¥heran for SR R . Rev i Be 3Rl hen ™
re_k val rate and a procedure with react ion m xtures which are expl osive
e o Boa GRS BB ol o S8801 A S Al T ror o
exot her HaGing@Aréleledmoteall stEd6ieBeing 88ed, NS SLiRbE BEWRRARLG % Bdatdd i@her
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
(j 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 agqueous 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 boiling 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.



stenperature than in the case of the polytropic procedure. As a result of
this, higher 20 space-tine yields can be achieved in catalytic wall
reactors. Further undesired effects of hot spots, such as | oss of

-sel ectivity and deactivation, can also be circunvented. Onving to the good
heat transport, it is also possible indyarticular to use active catalysts
whose E evolution cannot be controlled in conventional reactors. 25 In the
known reactors, catalytic wall elenments consisting of a plate with
apparatuses for fastening and sealing are already used. On the reaction
side, the plate has one or nore flat catal yst-coated sheet-like elenents.

The baclP-1439P1P degarbassrated galalvsts siiogrbodigswhich diave highnadhesiver
cool i ng ¢fbn dd‘ﬂre’@%réﬁféﬁie% By e ﬂdc%g!?re ndQof Wafﬁé']ﬁnd ?Iﬁrh%rtgﬁ\?[al%rcﬁ and

ot her waII eactors there i s a nee parti cula

cat al ystengily.checonding he) the dedcription,| ragstroftihesskerasiss amd:lat tim suem:e mmses to

mat e |aI tr i .4 The known .proce s _and cata ers roduced
her B A BORPI T Reqpies e CRulibs a6 Biter RRMoHr AR R SH St e
pr ocessmtﬂémm@ﬂtly require the use of special conbi natlons of substances
or the achievable | ayer thickness tolerances and/or 5 adhesive strengths
are unsatisfactory. In particular, catalyst |ayers which can be

mist  haue ey TRERS Ao udTieg Bataie WA mE R e RS 8l sacing gr &Y er <
i nst al | &1 own Aade baen piopmsed akEkamplestdf éheseadre| desygrilogd mr@EH@pe%MﬁJAﬁ be
ens%ed ﬁMeEFE % elp‘ﬁ%/gﬂysubj ected to thermal stress at reaction

tenpera ure or cal cination required for deconposing catalyst
pre ursors - the layer thickness nust be as uniform as possible so that the

vel ogit the 15 reactor .is virtually constant over the reactor
\M dt h aHaﬁ\Eéémrl' repetQrR: 11 regRtian piixtuteis passed nguglh befweendn gapky casp Bvo

par ti cukagivlichly £4ted phfte-Nke Wall CHREME Yr@anged in parallel. Usually, such a reactor

consists of a series of wall elements. Owing to the small spacing of the wall elements, a

15  large wall-to-volume ratio is achieved, which 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 aiso be circumvented. Owing
to the good heat transport, it is also possible in particular to use active catalysts whose

7 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 material
transport.



-- the layer thickness nust be sufficiently great in order to introduce
sufficient catalytically active material into the reactor; typical |ayer

t hi cknesses are from 20 pmto 3 mm 20 - the catal yst |ayer nust have
-sufficient catalytic activity, i.e. sufficiently large internal surface
area and porosity - the resistance to npterial transport in the catalyst

| ayer nust be sufficiently low n It is an object of the present invention
to provide a catal yst |layer which neets these 25 requirenents. A further
obj ect of the present invention is the provision of a process by neans of

whi ch tal yst | ayers havjn ood adhesive strength and high porosity and
| ow t ol VgY ProRessq C@qﬁgéklﬁlé%@ %ﬂ@%ﬁhﬁ@"ﬁ%@éﬁ'”ﬂ g?&‘gof o materi al

t r anspotigpfdveniéht i BIANG PEsddbtd THAUsSk SR ' i ch
can be dsepd_ uni ver sal |§ WIF% h a Iafbeﬁ%ﬁg?&so Cg(gﬂaefr@lgtr yﬁﬁsﬁSﬁnThe
i nvent i GRepial eerabinations el ghstances\or the achiavatly idyer thickness taJerapces and/oat

:o(r%elz[8'n?%S’QEQ@%%@8%*%%@?‘?5@5‘5‘0&]i ch has cavities. In the context of the

Ies are understood as neaning irregul ar spaces
havi ng di nensions greater than 5 pmin at |east two di nensions or having

cross-sectiqnal areas of at |east 10 pnt. 5 These spaces are substantially
cl osed Thaadicala sataat usTo MEGh Fa PEiPdusTaly Ueg) GRVe S0 Togt Diolpnaher
cavity ogdyirdteri?®r €s having dianmeters of less than 5 pmor by cracks

having a width of less than 5 pm Cavities can be recogni zed in scanning
el ectron i SreolgvarsHsusichaveaufisientsidheaivalsirengthdpeveid flakingydenngd wit h
reskg. The Cfr%?aﬁfaﬁsmahg%lriné% gfaqﬁmof t he di nensi ons can be determ ned by
met hods known per Se, for e allr)p e by quantitative mcroscopy. In the
cont ext of- t Hiesstabiigmdfitbe Jayiers egst be eapaedevenafizn deingtsubibctebtontianhalg

saces havi Q&SP :tn]ter%iagﬁcln faerlll%e%tu?g %!f Idlrjlr?rqd gr%ll c 8i?ta I(tJFI; ¥eq\ﬁ'{i1rieg %lgcgeec%trrll 0sing
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.



.deviates fromthe ideal spherical and/or cylindrical shapes and whose
rnternal surface consists of |ocal 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 particularly |arge
macropores. In the context of the | UPAC definition, macropores are pores
havi ng a dianeter greater than 50 nm 20 The proportion of cavities in the
catal yst layer is preferably chosen so that the visible area fraction of

the cavifeagyddii ré se BotErAGfd h Iy @Ak SoMPding, 4t bhe
A)an t|c %rypr eré)byf

preferably from very pa romb5 to 35%
ar eas grpemtacatalmaﬁayer yamich Was chvitie Initlse bbmtektnofithe pgesent desctripitinage bei ng

rated as_c contrast and the resol uti in the

eval at CBNTERALT Ao g s nesh Bl irodllal b ERgviny e o greattidhen | »
| ayers equmiin at lR@st@sl difesisionkop Magingarbss-seaiohy] stabk of anleaasto pmAnd no
| ayer material, and no pores or cracks emanating fromthe caV|t|es and

hawﬁg dianeters of |ess than 5 pm are detected. In case of doubt, the

arit h”Et‘Fh(ésg%EQcéH aﬂef@bsq]rﬁ.alht &nagéd aﬁg% ngsésnmggeﬂwct Sltﬁﬂeng?PCt i onal

i mges distributed over t ayer S e us I n t e case
i nhonogéHEaces of fuyibes cavitytdtdy by poesst hayﬁng tiameters@filessdban 5ijpnicoby cfaks6

| duc | d d h
odbcedagt g BLiEs Marh B, S, canl EHEBOnERA B S ncire oo T cn "o
| ayers hiivregreaphisi af geatidns off talystdagss rap Righaitat With rédid. oiet crbes-sgctionaf t o
| to two active effects: 5 1. The

825 i .hgg%} %&/Bﬁ#"?'%g&taﬁéga@y?{dé%ﬁnéﬁ] 'ai Rethpdsknpwmien s8, £or &R RIBEY hel p
. nsﬂ ;leldggls%ﬂr‘]fag\t@m.&a&dbyorn fhB&IRR Bf tHAE B RticH, TS spates afé!Lihadlfdodd
as meaning spaces having aspherical and/or acylindrical geometry which greatly
deviates from the ideal spherical and/or cylindrical shapes and whose internal surface
consists of local 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 particularly large macropores. |n 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
P area fraction of the cavities in a representative sectional image is from 2 to 60%,
‘*3 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.



-the catalyst or during operation. In mcrographs of sections, it is evident
that cracks occurring in the layer end in cavities and "die out" (cf.
figure 1). In the case of cavity 10 free |ayers such cracks run through the
-entire layer and |l ead to nechanical instability (cf. figure 2) 2. The
cavities pronote the renoval of the solyent or suspending nedia in the
drying process during the coating and thus prevent the pressure buil d-up
which leads to nechanical damage to the layer. 15 The |ayers according to

the lnV%’UrbﬁﬁnQWhlh@p‘itenghbﬁdhﬁ.ﬂly\/r@d%écﬁ%%é?ﬁl abssityaiidchend®aehagdsal and
thermal | oadi ng. These advantagesS result in |low sensitivity duri n? t he
Y

handl i nGORIRSt 8&ea of the hayer-demmipg partiplas; su@u@amta(sflchfiayerém\@p@rthuw rtjgh
N | tg
nihesi vadtBiv@ dienBlS! iRl odiEa 1t tne it RN Rorlds S uEo g

4624), iactipaeffectsl ar > 10 kPa and very particularly > 50 kPa. C In

addiLion to the cavities, the catalyst |layer according to the invention
pref€rably has further macropores of smaller diameter in a high

pr opor t i1on.Thékcavitied praé\@‘r@meegrogagﬁﬁbrn@mracﬁmutmattﬁé Veer A BiusCdlb @ NS a
pore systemln whi ch at | east % Ci)uj:ferably at least 70% of the pore

vol une’ ar e "¢YaRMeERAMERIY S Shermalininduged strgpspr@sreatt aurmmmta"smm Por e
volune is ydess h/]?.mﬁr &ﬁi rQﬁbﬁ hﬁhl(‘f E{/ﬂ?\ 'd?sBQtr tﬁ?gbﬁg%@hgf SHEkE"

greater than 4 n e neasure orosinetry
accor di ng eciring @Bﬂ:@ﬁay@( erwhinaavities gind “die dmo&f aﬂgﬂtr&ﬁdn ﬁlwe:eaﬁeemfsoayﬂyof

480 m f rcury are ssu d Fo t surement,. the sanple (s.dried
at 18 105 er B Sl baghe e TSRS ATRA PR EPEH el
det.er m ned (dfyfigurergury por 03| rret ry. The high proportion of nacropores
accbrdl ng tr% the particularly preferred enbodi nent is
e cavmes promote the removal of the solvent or suspending media in the drying
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 instailation and
operation. Typically, these layer systems exhibit adhesive strengths of > 1 kPa
20  (measured on the basis of DIN EN I1SO 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 fo 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



-5 the cause of the low resistance to material transport within the catal yst
Fayer. It is this which actually permts the use of thicker |ayers wthout
sacrificing selectivity and activity. Thicker |ayers have the advantage of
-providing nore catalyst material per unit area. The costs, in particular
of a mcroreactor, increase with the ahﬁa requi renents and consequently
potential cost reductions result fromthicker |ayers. 10 The conbi ned pore
and cavity volunme of a catalyst |ayer, which can be determ ned by

sat ur at i10G°@aTes prdprlidh bORedife JolUhRY iR HhaGbpoRisad iikkvisé Setetied By from 30
to 95% preferably from50 to 90% based on the total volune of the |ayer.
15 I n a MeCURROTBEIBTEN: ed enmbodi ment, the support coated according to the
invention has a uniform|layer thickness with a tolerance of, preferably,
| ess than 30 pm Because of the uniformlayer thickness and due to uniform
axi al arde higle peaporiowof meoiporesascoadinguta the partculame prefémed dinbbdintrrttiison i n

the Lea r n stabl.ished, This. .20 | eagds.to tium sel egtivjties and
an opti %%ng%c%ﬁﬁﬁﬁ%wW%’Ftapc%%m?kﬁﬂ%ﬁ?ESFPfﬁewﬁél\?éﬁgﬁﬁ{%@éfarygaqg'édh’ét ry and
nmay conwiith aftugllypsnnii tle usangehicker [ARIre Withbet sabiifising lseRyctiomyakPactivity.
exanpl e__ t ube Sheet -1 i ke bodi es are preferably used, .in particular

pl at es. ToiRker féyﬁk%h%\@dﬁhssa%PWGM@@\QWBemqrﬁW@¥aiwﬁ@@t§rialrgerttwitme%-hTh%e 25
cat al ysteok@Y ¥ PO | i ; ' L4 o0 sheet-like
depressi(c))nsy a‘?aerﬁ%g?tlcurg%P%agﬁgf@P% é%gt@e\éié?t%‘ﬁ%ﬁ%‘etggp%pmnt of the
suppor t sooseguently potantiohtosd dedistipne xesdirfoemn phickerdayefhese  are under st ood as
gen?{’ally nmeaning at | east two netal sheets which are arranged 30 parall el
in atl | east sonme cases and are connected to one another in point-1like

cpnﬁ act Theaginthised pore ndacaplity voyurie bila _etalyst ijed a4lhiol cafbe dutémingd By ance
apart outside these  contact agﬁn}ons. ' to this structure

. OmM.n ) thi
heat - ex SAUHRNGValEE @bpRPHOR apd SHfesRDY W@'@%n%’t'? bically from AR te8BRk. | i ke
channel KRkl o Sibtol SURELaRL NPMR bR $6ILAY bARETaydr, the metal sheets

whi ch are conrected to one another via the contact regions and face one
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 ym.

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
(\J 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 point-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



.another. This channel pattern can firstly serve as a reaction space treated
with a catalyst, and secondly coolant can be passed through said channel
pattern. Heat 5 exchange plates are described, inter alia, in DE-A-101 08
-380 and DE-C-100 11 568 and are conmmercially available from DEG I ntense
Technol ogi es & Services GrbH, CGermany._, The support substrate preferably
consists of netallic or ceramc materials. For exanple, 10 the support may
consi st of an alum num, iron-, copper- or nickel-containing netal or of a

net al aldtigtur@fa hbtwWork-lik® BEasicl phttERY FEThEG fornfedbbt@ten tivdseotaRbE of e
alumna, titanium oxide or silica, zirconiumoxide, silicon carbide or

cor di er inetal shgets whichyarecopsesiad do o angiher i thgeantadd regiensaed face ewdi ti on
to snoot f g be_used. The
Sur { ace “moer PASThant ARUATEREISRY sBerEa RUCBARPaBB ollcHWila 05 | Syer
of addi tcataiyst] gnchpptansly enxtlantican,bef passedthrgigh said charshe! patjemn. Heake

t hi h talyst | : , ' ' t he 20
appl Poatieends Pl g eGR4t b BBt S7LAE BBRG RINCF) S8baed
1000 pmaré hobﬂhmiallp_Qﬁ@iialbhe?frémeEG_Glnié@li;_@"l&é%hnbl@gi_%& & Sehfcesmmesed of _
I ndi vidual |ayers which nmay have identical or different conpositions. r |

Very part§B@Wr|ly preferred supports are those in which the catal yst |ayer
conprises an 25 adhesion-pronoting |ayer which is applied directly to the
surface of the support and which may have no catal ytic action. Typical
t hi ck ne§§|§§tt§>portrﬁugsmﬂe@efmalqdy eongistsflnagtsliic oarcerdmis snatbeals 108 example,

f ; P i. cul | f d adhesi on: [
Py dF < Bue subfoR g B ot Aol b RopboP oE e e ARBERL AP prgra | "
m.cron hetgiealiydopit afagrcipkist obedramics)@utindbViod eRAmplel, e huhara, ditaniomr € t han

Si\ﬂ;_pJn in djaneter, as may form for exanple, with the use of coarser
parti cl 8idg orsificg, E‘[Fsoﬁ'é‘ﬁgioéwef SficRIh RIS PTRordistiiene support. In contrast to
the catalytic top layer, the

The support substrate may have any desired surface. In addition to smooth surfaces,
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.

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 pym, preferably from 100 nm to 80 um.

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



~adhesi on-pronoting | ayer has no cavities. At |east one macroporous |ayer of
catalytically active material which has structures 5 having a dianeter of
nore than 1 pmis applied to this first layer. The material of the first
-adhesi on-pronoting | ayer nay be of any desired one, provided that it does
not change under the reaction condition$ under which the catalyst |ayer is
used. Said material may conprise typical binder materials, such as

i norgani c oxides 10 and/or heat-stable plastics. The first layer may al so

cont ai n inacaispeysibn fépapplitationoo thasappaitIndonihsiab théeathiytistiop layer, the

adhesi on-pronot i n%' I_aﬁ:r cgnsi sts are silica, alumna, zirconium oxide,
tit ani uA9GLPRE-AMONNY {aYeE Qa8 RECBURIES15 At | east one further |ayer

containing cavities is applied to the first adhesion-pronoting and
cavity-free | ayer. However, |ayers containing cavities can also be applied
di r ect | Ytieastohe raagrpperous Jayen of catahdicaliihactivermatedabwhinly haa gt ctuiese

cavi ky- I.0j Lcald : | reuct.ures which are
attrlsbu?%gfr@ %]gggnaért I@“{rgé%ﬁgéﬁr‘]ld}'rg %ggér@%ore‘?) t@#’" fﬁ%r@“%han 1 pm and conpri se
catalytically active material and optionally further, inert material. 20
The cat tic, mater,ial be wi dely chosen. rticular interest are
cat al ys'ﬁJ %ﬂ?f@ﬁﬁ’} ?tjf’tb? .ﬁiﬁt%ﬁ'ﬁf”?.“@(@inﬁ quyeémaé/%ﬁ)gﬁ@mﬁ%s'rﬁémy erRvidgd,

par ti culedt if dlfesﬂ?(dtd:hbh?@ uh88Cthka8actidriotondieiRRInder WhRhiRE |09Y&I)E§i’ YR jPe
mentioned as_basic systens to be varied wth pronoters: - noble netals
suppor t d§ednSaid ragirdalgnay sempese bipigah birsler materialsesush asxnarganishbddesconsi st
of sel | ) i e fe. LS adi um tungsten,
phog%hora ﬁgfdrg'r%ta F%%‘P{/éepilggﬂé% ?Hgglk%ﬁ%yéggﬁ%r&gﬁgh%%%%g}a‘(@. base bodies in
addition to further dopants - zeolites, such as, for exanple, nolecular

si-eVes sed,on titani ym.cqnt.ajni | ecul ar sjeves of the general

f or mul alé?(gpﬁﬁsl?ft'ﬁ?@?%?fé’auw g‘? f?r% %ﬂfﬁﬁ'ﬂ@m"&%{ln&'%\ferwn@# e9iBavi ng an
MEL - cryalumhing! Zikkohing oxite! @BhIM Skibik @RI rhtutes therédf. havi ng an MEL crystal
structure, titanium beta-zeolite having a BEA crystal structure and

titaniumsilicalite-48 having the crystal structure of zeolite ZSM 48.
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 (Si0,)1.4(TiO52), 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.




10 - Fischer-Tropsch catalysts, in particular based on Co or Fe - Fe-,

Ni -, Co- or Cu-based catalysts - solid bases or acids - m xtures of these
systens 5 The follow ng catal yst systens are particularly preferably used:
-- titaniumsilicalite-1 - metals of group VIII B of the Periodic Table of

the Elenents, preferably of the platinumnmetals, in particular Pd,
conbined with netals of group | B of the 10 Perlodic Tabl e of the El enents,
preferably with Au and an al kali netal salt preferably of an organic acid,

very prefer ahiééheﬂtﬁ)'i}%bH%%@tlﬁpaﬁﬁ@la‘?%%bﬁa%'O’o o,fluét her pronoters in an

oxi dic support matrix, preferab an oxi ving a high proportion of
silica - met&es N, Qm@r&mb@sm ¢ataBSt$f the Periodic Table of the Elenents,

preferably Ofsollidﬂ'ﬁ?s%‘r’orpalctﬁ]' numnetals, in particular Pd, conbined with

metal s of group Periodic Table of the Elenents, preferably

with Cd and amixtatdsadfithese®istdmsalt preferably of an organic acid, very
preferably potassium acetate, and optionally further pronoters in an
oxi drc support matrix, preferably in an oxide having a high proportion of

silica Wefoﬂ!ﬂvﬁh?‘bﬁ&ly%ft s&ﬁén@%r@%ﬂﬁﬁu‘i’arﬂﬂﬁf@%réﬁngéﬁi of M, B, Fe, Co, N

and opti onal I_%/ urther additions such as K - mxtures
of the oxi-dettaaim giligaldedxi des of Md, V, Cu, Wand optlonally further

S e S IRV S b Fob S T LA bRl e 1.
of the El erreplahnumZﬁenaiseﬁrepabebyiaNE’d; cémbimedavithanetalnerf giouph B of theef er abl y
t JI(? ast par {:’L‘.‘MOAIC fagFe c?fl tﬁe%lgments, SPeC#erabiy with Au and an alkali metal salt
) preferably of an organic acid, very preferably potassium acetate, and optionally
b 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 If B of the
Periodic Table of 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
b 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
- Agon 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 VII 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 VIl B of the Periodic Table of the Elements, preferably of the

platinum metals, in particular Pd and/or Pt on an alumina.



.optionally further additions, such as, for exanple, alkali nmetals, such as
Cs, and/or netals of the group VII B of the Periodic Table of the

El ements, such as Re - vanadi um pyrophosphates and optionally further
-additions 30 - vanadi um oxi de on an oxidic support and optionally further
additions - netals of group VIII B of the Periodic Table of the Elenments,
preferably of the platinumnetals, in particular Pd and/or Pt on an

alum na. The catalytically active naterials nmay be present in an inert or
supporting matrix of inorganic oxides or heat stable plastics. Preferred
mat eri al_s of thls matrix are oxides of Si, Ti, Zr and/or m xtures

t her eof .Th6 qatalytically @gtive malsTials mayheesettia arndnert ot SUPRQIIAG MAYRERY

conponefysiq Sh'iéto(ifﬂé@brfh‘é% siabfe ﬂhgﬁ;&ctlon of catalyst |ayers may al so be
present. Exarrp es of suc materials are anong many ot hers, alkali netal

and al k&lrefesredanaleriaistailthis ongioy aos oxidas phSt, iAdTiaZr andat mixtuiesdherant

ot byt T ERPh Catehithel BORE e BRNRIAI el Rt ot oneiis NIRRT B 10
di sti ngmesbmdiubyomoﬁd:ajhiypi laparsi rhaty aisd o7 ;br@sserﬁtoEgampm ofButhYy®itelidls akaess.
This is denpnstrate %I% asure s of the Iager t hi ckness with the whirl

pool pr PANA Ban%e krgetgl gn ﬁ 'qaé@ £38h MgiaeerapRipdseln RAreHaR lkali

devi ati ﬁﬁ&apénéa|§§|.manmmiﬁrh%haas ﬁésﬁmtewaha sfifdfest i tude of
measur enents. However the | ocal roug ness is relatively high. This | ocal

roughnei@edbﬁkne@tofdhe estalytivallyactive Ipyeri l@nadmulaurlwtun@‘atm,r\estrwe!aw i$5 times

overnth r ce and

cat a?ystalsgiﬂglf/[\ébg& Byt heg'# g\%n%i{ll on O??ov{l queas a'? |%\&'F@m?§%ﬂﬁhi§ flowin the
heag spdeminstratmmwmdasurﬁhmnlts of thedayre thleMMsSmEh harhid lﬂoa][ b!ynhcmilén
structure of.t | ens etration of _the reactants.
Thi s og@ﬁ (ﬁfgwr}?tﬁlﬁlc%@ﬁgo Jgg}f Iﬁ'ﬁﬁ SH j%‘g&%rﬂ‘jiag‘ig?'l‘f@t‘o’ﬁ@feﬁgf’é'ﬁ’ by open,
that is PF&?@réb'lgPSZ’Slpﬁf Wtﬁ@ﬁmuﬁftud@&f ﬁ]b§§urﬁﬁf}é‘nw Hiiwm‘f 'tr%‘ﬁ)cgrr%ﬁbﬁﬁe%%t han 5
pmin at |east” two di nensions, which are &Iesent on ayer Surface. The

i nner  &elativabebighf Thisdecal spuahness does netaldeat dhe d@trthmgn@i ctitica! segigrrnce
POSHESS iR G'o?/e\“’fHe %1 th hH& (?mb{b%e% %ﬁé’s t?efnsﬁt)rttb}é‘fwggﬁ ﬂl—:-é’t.ri 'sﬁ:%é gnc?ﬁél’axlgt

| ayer and THUS e Mass ansport
layer as the formatlon of at least partlally tubulent flow in the head space is improved.

The microscope reveals a particularly open structure of the surface, which ensures good
penetration 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
X 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 inferior of the catalytic
25 layer via macroporous channels may be present and/or individual connections between
closed cavities within the catalyticaily 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



-CM~ the catalyst layer. Furthernore, 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 nay be
‘present and/or individual connections between closed cavities within the
catalytically active |ayer may be present. The | ocal roughness is
denonstrated in a profilogramme which da&n be recorded by neans of a probe
and shows a high nunber of naxina m ninma and zero crossings per unit

I h Th I furth

di st ngdl AU ubr i dahanr s & Tae-hERen P 5etRen) st et Bedpathg « he
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per b dhe profilewith [he eeriediae. The Mghpﬁé%éwtédnmuﬁewt@m prabe andf
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section is sufficient. "A zero |ine passage i K e’i‘ntersection
poi nd ofprefesaiyly afli20qumivith armeveralhimeasures lefigih afdllmghneamd dejrighe measuregld by a

probe a to DIN EN | SO 4287 is >70 pm preferably
>100 pm rf&]aﬁ%g%&rgsrﬁhggg?'iggga{% ?f‘g> 120 pmwi th an overall neasured | ength of
40 nm amtbramsemgjeecamysuaws Whizggldandje dbtamet dekandple bYdknbsm diedy | nvent i ve
catal yst layers, whic obt ai ned for exanple by known spray

d At i

pr ocess ®E0CETFEP@N W%e%%%sen@f@méﬁmwargﬁbvanaélpgépf €l ati ons
of | ayekhickdtsekig ffede o ﬁ&es?%\nﬂ@er@@o&g@lw fé&f? r&@%’%s@%@aﬂl Fockoyghness.

Coati ng processes 10 which are known to resu precl s€ adj ust ment of
| ayé@ t Mhigaresknosuncte resulCvia pracise ad;ugtmelnabbiaaeethmkdess]caucbtasmbvmrme wi th

| oC e can optionally be reduced by
Q 2f t egg's} ?8&% a-suc‘? mgﬁi‘?%dY"H'ﬁ, loa?ﬁfj Sﬁ‘gﬁﬁﬁg The support accordi ng
to t he Wheenﬂglmesa/mfctﬂie baﬁa@e cart aptydinatly be&téditli@dct@naﬂiiﬁftéﬂ@@ﬂﬁédt BMch a5 a
particul ar nd econom cal process. This is |ikew se a subject
g BngrRslshis

matter &N Ji nventi on.
The support according to the invention which has a catalytic coating can be produced by

15 a particularly simple and economical process. This is likewise 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 ¢) 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 (D5

(\} 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 ¢).

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 process conprises the neasures: a) initial introduction of a support
substrate, b) optional application of an adhesi on-pronoter |ayer, 20 c)
sprayi ng on of a suspension having a solids content of at |east 30% by
‘weight, containing particles of catalytically active material having a
medi an di aneter (D50 value) of at Ieaig 5 pm (determ ned by | aser
diffraction in suspension) and/or the “precursor thereof and optionally
further constituents of catalytically active layers, and 25 d) optionally

one or IPbcedseRebidin@isthelinedriBnCa strdQBrdPWARRSS rduighcei tHeadicPa sédle HAN @
way that coal escin e sprayed-on suspension on the support substrate

l of th
i's subst%ﬁtqrﬂpﬁlabgé@@ﬁéﬁPrqdrucéﬂher words, the noisture content of the

drops 2yviithit bARI<Y, 1ROBLAGH kel APBRMLrP 0t Bl LRIANENRAT Al suen

sufficientl Vi scosit reven ree coalescence

hand t ha shraying hesudt feora diié paraemeters FGolidg bortegt, egsds fiow, mpveying distsined, firn y
to the | r. underneath. .-This can be checked, under the optical m croscope;
coal spé‘igﬁ% ty%'?esaﬂ%\?HB%_raJﬁt?&fjﬁ“§H??%{€'éP%%?r@%’_,e' in the 13 process

accor di mring sph&yingEB ipréRratile 86 14K b Woeziehb&thidfe WRILAbPMts BBodf6duRMhgScal e
and has orifices and valleys is produced. Wth this proviso, the person
ski | | ed of the srray et sedhatthe syerseray. ngothemptaniaplossidus te sprayed reatedli ng

resul t ] | i : i:ng di stance,
5 ar opl S REARSHRTRor & S oife SORbGT RIS rot be RRERUED T ol he.

it is pmafienizéd. & orexaspla the MLE neazienteghmiquaiirc whiphrthe sprayommhef canutss ng  of

the,spray.j so, t.hat  the overspray, i.e. t. terial |loss due to sprayed
mat ial’ﬁ%'ﬂ?ﬁhylaqq&'oﬁ‘@&?oTBre[Sﬁgg'éﬁlUﬂ%’&Fllﬁs(5? Slﬂgf’?’m‘gﬁﬁe'the support which are
not. to be coated is mnimzed. For exanple, the HVLP nozzle technique in
wh_—i__.%h the spray cone can be 10 limted by additional conpressed-air nozzles

i s suitdbPPA r gmpodimgnt ithe peppaheihstizias atiekvaiedismreratuse bpbbeloys at
el evat eghd GERSS BOE 6f tAdlsu2BbAdihg 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 D,=(Dgg-D10)/Dso > 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 ITC-Floridin).



the boiling point of the suspendi ng nmedi um during 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 a span DX (DOo-Dio)/ D50 > 1.5. Here,
DX designates the particle dianmeter ofjsthe |argest particle in the volune
fraction of the snmallest particles with a volune fraction of x% of the
total particle volune. 20 In a further preferred enbodi nment, the particles
of the suspension have a rough surface and an irregular shape, as forned,
for examqple, .y mlli r crushing. In a further preferred enbodi nent, a
bi nder i ’gﬁﬂt?g‘ﬁ“‘{’%f mﬂ@%gﬁs%ﬁg W%qddﬁrleé"lﬂa p%)@l%pﬁplq, SHFY 3R fré"or
or gani ¢ gxahiplé,ajlycerdideyldndrdircol Bﬁ?@l?@inyllerb&ﬁﬂ,twﬁé,%olyﬁ@l Bcetd®d Xelllinst Y

di vi ded suspensions or $Solutions of the oxides of A, Si,” Ti, Zr or

nmi xt ur eSeriNaives; sugthapmaiRderioserrscgtuiose fibatger materials. Furt her
prefgrred inorganic binders are very finely divided oxides having a nedian
particle size (D50 value) 30 of <2 pm such as, for exanple, pyrogenic

oxi des d¥ prederyed varidnt ofithd prbcpsseacqurdiagdd theokiveetion canprasescthé optiosallpanki ng
agents, C | ass fibers.or special acicular or rqd- like crystalljtes,
Soch. as SRS Be SAiha dr A o p Bt nelin LS mBaMopastienists gl paoul

Or gani ¢ pativley hanh@ HiaahatehofTho@aial © |1 DMt duifaeardsitkas@spd?Oinyd cohol s, .
such as, for  exanple, glycerol, ethylene glycol or polyvinyl alcohol,
PTFE, pawmuclag%f@tf&s adhesignorremdiiagilayarihaving athickngss ebtpyo 881HMil ose or

cel hyl osgeth} 30u fyrskerred variant of the process according to the
inventio%ﬁecoﬁi?ses theroptional part- step b), the spraying on of a first

suspensi on contai ni ng nanoparticul ate material w thout particles having
suent ndi 2 iR ria s BRSBE HBee a6 TRedlin CampHPER et R A B 0
pm above, the optional step b) and c’) the spraying on of a suspension having a solids
content of at least 30% by weight, containing particles of inert and/or catalytic materials
15 having a median diameter (Ds value) of at least 5 um (determined 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 paris thereof,
(j these can optionally be dried and/or calcined before further treatments of the layers are
N 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 pretreaiment 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




.10 preferably 5-30 pm fornms. In a further variant, 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

.l east 30% by weight, containing particles of inert and/or catalytic
material s 15 having a nedi an di aneter & 0 value) of at least 5 pm

(determ ned by laser diffraction in pension) and optionally further
constituents of catalytically active layers, and d') optionally one or

mor e 1 eRRbthbHENEhi® brétroat@BA: may 1R aeburm ﬁﬁpﬁob@d Bﬂﬁé’éISﬁ bPtheQbySda8 b

| ayer system the inpregnation thereof wth catalytically actlve materi al s
and/ or gppbedisthessupperte bhisamarvsahye dnasticuian for metalliesunnertsplbesitber s

t her eof f f ot al
aver o upBaftshBRBSuTRESS BE Ol ool Idighbhed By pidbhShBaPipefods: fud

cal ci neciastm‘mrtﬂaétmgtd*rg;nnﬂmabnbyltlsemfcal hmtﬂnca;gsesacraasetdﬁinvg witht acidledr 25 By
means of cal cination,, for npl e at erature of from 250 to 1200C,

or gaRi ¢ PGFesd T‘?ésed%%ﬂﬁﬁo%%fbg%@@@’% ¥Se MSe renoved. The pretreat nent
may consist in a conbination of these individual processes which is

vari able with respect to the sequence. 30 The support substrate used in

t he proJél@scaé@l&@trSdisngw@nttmbe ﬁnxﬂefﬁﬁlomlrpczfaaﬂnﬁptI%ﬁgomqmb@or@ﬁ%&ah@aaléﬂ bef ore

t he coa heni ng of the support substrate surface
ta'cp\gegl rgég'.% ﬁ%cpf]sopél e?é’&

which is yst, by mechani cal, chem cal and/or
physical 15 nethods. This pretreatnent may | ead to a further inproved
ort. This is dVIS ble, in

dh f th to b th

ar T cuPPCsPS Rk P: o Sxdpple et exalates, oShBRes. acrladsiar otiarsalEe " o
be..coat %.aﬁ@arbseb@ﬁ@l@ﬁemt@bxmgwthémhalr&to&mﬁve ge6dmpasitigand bl asting or
gfi nding, or by chem cal nmethods, Such as etching with acids or 5 bases.

Grease resi dues can be renpved by sol vents. The catal yst suspension to be

sprayed 18 CRR RNy adlivd fArak6r fecllofs Herddnthay B bYesent in molecular,

colloidal, crystalline and/or amorphous form. The actual catalytic materials or precursors
15 thereof may be present 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 para'meters 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, the spraying distance, the spray angle,



.active materials or precursors thereof. 10 Precursors may be, for exanple
nitrates, oxal ates, carbonates, acetates or other salts which can be
converted, into oxides by thermal or oxidative deconposition. The
.catalytically active materials or precursors thereof nmay be present in

nol ecul ar, colloidal, crystalline and anor phous form The act ual
catalytic materials or precursors }ﬁereof may be present in the
suspensi on or nmay be subsequently applled by inpregnation. Acids or bases

can be agéladvime \ﬁe?éc?(g'df e Sgral R zPi- orFi‘r'lrthQ%Elé@B?a sPJt%Bth;ﬁQFﬁBtilé‘eth S
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used_for the, 25 s in it bein sible for jet guidance to be

ef f eet e@NAGHAPPIENERI rﬂégé'l‘%ﬂﬁ'?'orh&?%t ically. In the autonmated procedure,
it is advisable to nove the nozzle under conputer control over the surface
to be sprayed and to nonitor and adjust specifically the application of
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the pra of the spray nozzle qr,
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t he rrat 8bilinh 0||rﬂ\Uf[}f§§3|@é}ﬂdsag geonetry of the spray jet. Furthernore, t he
probertles of the suspensions to be sprayed may influence the quality of

the resulti ng | ayers, for exanple, density, dynamc viscosity, surface

tension fté o Egucﬁ’r%ﬁ%'r@égg%étp&'?&ye?%@ed?%8%é+ﬁféqtreﬁﬂﬁeﬁtg%rpér?ﬂﬁ%don of

t he suppor accordin e 1 nventlon
calcination can be effected. If the applied layer has not already dried, a 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
f\j 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 iayer thickness of + 25 um can preferably be produced so that no

30 further processing is hecessary. 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 respgctive |ayer one or two thernal
treatnents for drying and calcination can be effected. If the applied

| ayer has not already dried, a separate drying, 15 for exanple at
tenperatures of 20-200C, or drying in conbination with a cal cination, for
exanpl e t enper at ur es .of . 200- 1000C, be effected. The drying and the
cal o) natATish & MRS SnsalciBatiof oPEANalY fydhes ARG EAHRPARIE OF PERCUSRp| e i n
air, or théredfcan B@%lbpﬁéd"ﬁﬂ?ﬁﬁfre%nafi&{ oRis!rBlafihg &&g@p«osaggp'énd s al so

possible first to apply a | ayers and then to dry~an al’'cine the | ayer
syst em ecpremicspitds gencrally adyisablalte egrmppul suohran impregnationpordnatienanychinal y

acti ye j 9 t sition: .in this.case, the
cameSoudfedHrtet reAfRG TG wispotRtte 8 sOBRTL ESERE ol huh e oiudBe, of
?n adhesuspensicmod Iﬁairiirfg/m!e.cdﬂwmmtl I $ of itnmérsaﬁ:irlos@id%l@ihhioﬁ og_&?fsp@]mroduce
conposi SPEVEdoTNETEra0asLoR Mayhs ElIPHEA By drvies enfy siatomn appl i cati on of
the individual |ayers, as far as possible planer |ayers having a | ow

tol erance of the total l|ayer thickness of f 25 pmcan preferably be

pr oduced hesupRatts geatedrocarding to thedaeisiongandenusaskivag yery Midgetange oft i s

al senpossi QE'Q': I exanpl e by grinding the
sur?gce?%#&{)ﬁéﬁqg(gﬁﬁsé;@[%m p Bg(&{:g@{@ér B?I&%Fﬁ'l ing, for exanple using CNC
maehi nes. 17 After the drying or calcination, optionally further catalytic

conponent s .or_precursors thereof can pe appli.ed i pre tion. For
reasons E]{hgl 'ﬂ‘ﬁrﬁ'ﬁnt B”WP?P@ é‘F@%ﬁ tgnadreagg)(g HBE&',‘E',‘Q ?Fé%%g{' FI%‘/’PEBW sabl e
to carr ycesrdingtetha hveWRo S WhadH Raveos bitafiit @baiiy. final 5 nmechani cal _
treatment. For this purpose, the support |layer 1s coated with the solution

or suspension containing the conponents or imersed in said solution or
SUSPENSHAR fibports according to the invention are preferably used in wall reactors, which also

include 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
rectanguiar 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



Sprayed. The inpregnation may be followed by drying and/or cal cination. 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
.invention furthernore relates to a reactor containing at |east one of the
supports according to the invention %ch have a catal ytic 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 cr or eag bQiatidligry Srehsired' OMBHANMRANA, BE JBAYdMioh MORRIARAR Yr Folrdl ¥ ch at

| east one of the dinmensions transverse to the direction of flow of the
react i oPnépeitediprension akthe £5eas saetigndcs onesidelesgthhenihe diametepriefrethgbl y

| ess th?@i%n%ﬁkm@%ﬁéﬁQH”ﬁﬁly preferably less than 0.5 nm 20 Wall reactors
and in pa? I'cular mcroreactors have a plurality of reaction spaces,
preferably a plurality of reaction spaces parallel to one another. The

di mepsi qni ng of. the reaction spaces may be arpjtrary, provided that at
ensp orthe Matiiph BRRSRG e eAckis Shah WAy b a8l RikidRs iat | HanBact i on
spaces dePMérehetsicomifidRSaHdige rmifs I AitiettHeal FerRO @A The siifadiPbfitheul ar
rectangul ar or square, cross sections. The or one dinension of the cross

sect i on reactioprsppee dbr9mpletely ohaartlycoatad with thedayersystera ascerding todhgt h or
t he or %\%'nﬂgﬁt@tfmmﬁﬂmlg]&tm#ﬁbaﬂ&%ﬁ\@ ﬁl‘é'lcfrfall.y preferred enbodi nent, the cross
ar or tound and only

section is rectangu one di nension of the cross
section, i.e. one side length or the dianmeter, is in the region of |ess

t hap,10 5T erial | osing .th tion . i t
br 030 ded MERsgestt ERUBh fereiR aBD Biates B fsaooanan rbwe taed ipopMictlet
suffici %ﬁthé%terb??ﬁ%’@]slﬁéﬁia&ﬁ&jhgﬁbﬁ?@e fdactiBR, cd@idingn space is

y e

conpletely or par coated wt ayer systemaccording to the
i nvention, cdbntalileast@nedeagtion space wf which/at lpdstanegdimension is less than
10 mm, and

i) 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 paraliel 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 pum, preferably less than

1500 ym and particularly preferably less than 500 um, and a ratio of the smallest



+10 The present invention therefore also relates to a reactor which can be
used in particular for the heterogeneously catal yzed gas-phase reaction,
conprising: i) at |east one reaction space of which at |east one di nension
‘is less than 10 mm and ii) the surface of the reaction space is coated or
partly coated with the above- 15 defined | ayer system containing
catalytically active material. A preferred mcroreactor is one which has a
" large nunber of spaces which are arranged vertically or horizontally and
par al | elpespehditiilahdibianee adetwesastivooataderd dphcareclamdntsrte thelslot heightof thee
each, the aces being forned. b acked ate r Layers,,and sone of 20
The spadSatBR SRacBRIRl conliaits L@ 3L Bad it akend B BAL 0RANE B ¢ he
regi on o, beserabiyiess IanaB0 andlphRituRt) prefeRMhERsE A Ggat transport
spaces, the feed lines to the reaction spaces being connected to at | east
two distributor units and the discharge lines 1 fromthe reaction spaces
being c : t i I ot r

pet ugen roany onduRhorniite o 6ithe 855 of the Srports Mesbiftg id fRRRETr

| east 2Gadling argamio cospauadsal Heselman be sedations dn the gascpinasen irplhatliguidA
particul arl referably used mcroreactor of this type has spacer elenents
arrange@%ﬁﬁgogqaEbgﬁ%ﬁ?"@%ﬁt%pﬁgﬂﬁ'&?a§t§t§t material applied at |east 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

quot i ent! NEireREIGF istprfesablla wialbteactor: particulady praferanty amisrergackorof the free
flogygcross section, in the reaction spaces of |ess than 4000 pm preferably
| ess than 1500 pm and particularly preferably less than 500 pm and a

r at --iéo offherreactital dfarganio copwopadsliscrrefaerably st stromghbestateenmic wo endptheenic

spaéer elepents to.the t hei ght the reaction space after coating
with cal SS9 (BRINELdS Pﬁ&ﬂ gg%éegﬁ’@ngéoel&pg}ol)t han or equal to 10, preferably
| ess than 450 and particularly preferably |l ess than 100. 5 The invention

furthernore relates to the use of the supports described in a reactor for
react i n§xamplas of reastinnsire oxidalion angdarpmoxidation mestipns, tfhcexamapliphase, in the

) q’i’é d s epoxidation of olefins, such as the oxidation of propene to propene oxide or of
ethylene to ethylene oxide or of allylchloride to epichlorohydrin
e 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

(\) » oxidation of butane to give formic acid or to give acetic acid
e oxidation of isobutane and/or isobutene to give methacrolein and/or methacrylic
acid
25 e oxidation of xylene and/or naphthalene to give phthalic anhydride

» oxidation of butane and/or butene to give maleic anhydride
e ammoxidation of propene to give acrylonitrile

e ammoxidation of aromatics to give benzonitriles



.phase or in a phase having a supercritical state. The reactor is preferably
a wall reactor, particularly preferably a mcroreactor. 10 The reaction of
organi ¢ conpounds is preferably a strongly exotherm c or endothermc
-reaction (magnitude of AH greater than 50 kJ/nol). Exanples of reactions
are oxidation and amoxi dati on reactioB%, for exanple: 15 epoxidation of

ol efins, such as the oxidation of propéne to propene oxide or of ethylene
to ethylene oxide or of allylchloride to epichlorohydrin oxidative

coupl i nFupiheReRhmpledGf fedidnS taky hed@ gbRaiin/@akiidhd oﬁ&géﬁib%omﬁbnhaé,tfbpn of
et hane and/or ethene to give acetic acid oxidation of propene to acrolein
20 oxi GxEMpe Bre ydseeanation of groragiics andhotiitrgicompaungs aod de gelectdve dat i on

of prop 9’5&“353'3???@%9" %@Qﬁaﬁk Lao%%sdncasaci d oxidation of butane to

gi ve form c Taci 'V C aci oxi dation of isobutane and/or
| sobutene to give nethacrolein and/or nmethacrylic acid 25 oxidation of

xyl epe d/ or napht halene to give .phthalic, anhydride oxi dation of butane
A/ Bt BAPERETFERENS B e Core e SHFHHBRE ds: IPnAS POREEED. gi ve

acryl onifigdne T réEeR e SetidnOdh dDine MR Eyritfedis, ¢H condBRERRIN rebblidis, Slch F4Ir t her
exanpl es of reactions are hydrogenation reactions of organi c conpounds, for

exanpl e ¢ EOMNRIPIBN Ghacelone §¢ isepBAtANees and of nitro conpounds and the

sel ective hydrogenation of unsaturated organi c conpounds. 5 Further
reactions of interest are reactions of synthesis gas, such as, for exanple,
Fi scher -Thedpeiliondsa deswibedriklove withrefersyoe toasorkingexampieensat i on reacti ons,
sucpoas t he conversion of acetone to isophorone.

£ Example 1: Wall catalyst TS-1 on aluminum 99.5

R

A 1.0 mm deep and 20 mm wide groove was cut in each case in the middie 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 patrticle size distribution
D1o/Dso/Dgo : 8.05/41.5/78.4, 20 g of a silica sol, 1.8 g of waterglass and 2.8 g of
ﬂ 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 D;o/Dso/Dgg : 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 ym 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 pm was produced in



.The invention is described belowwith reference to working exanples: 10
Exanple 1: WAll catalyst TS-1 on aluminum99.5 A 1.0 mm deep and 20 mm w de
groove was cut in each case in the mddle of three 100 mm|ong, 30 nm w de
and 3 mmthick plates of alum num (A 99.5). The plates were 15 pickled
for 30 mn at roomtenperature in a ni tzrlic acid solution, passivated wth a
hydr ogen peroxi de solution after washing with dem neralized water, and then
washed again with dem neralized water. After drying, the webs of the

pl ates Wﬁegﬁ\@tﬁéeﬁ\&ﬁ@steéghﬁé'pYeﬁeé‘N@?eaﬂéd R 8A@PER o 4aniflrat l40ec ONfdY
50C. 20 At the sane tinme, a suspension of 16 g of TS-1 having the partic
si ze di $he finakstem thepateswempdried prdg/mat 80°€8. 4, 20 g of a silica sol, 1
g of waterglass and 2.8 g of dem neralized water was produced. After

m xi ng of all substances, the resulting suspension was dispersed for 2 mn
at 15 0@n opeplede, the @atilsd sysiengthap peodiiced. wak ineestigater dits pegastdidg, a

particle size distrjbution of the, suspensign of Dlo/ D50 Q.m0 6/43.1/77.4
b5 Whe rebiedieaiEhath 3 RBadieahis ARORTDIA ccBosiis Strenalh A JODAFANER i <
suspensingshstired FUTH#5S FUhAkss Gn’aitAmeliY nSddrAouBBn&ss valud oPboiuml why of steps
with a spraying distance of 20 cm A binary nozzle having a nozzle

di arret eimeAsured ang tha dolange of the tedalflayerithiskrgss wad 1erarohi ck 30 | ayer was
applied; in the subsequent steps, 40 pmthick |layers were applied in each
case. Thus, a catalyst |ayer systemhaving a total thickness of 740 pm was
pr oducedfigure Rlshold & tegtbnaPaicregraphitd asdatgigst [aye gybRine proticed @ct@dingtoeach
case_ for. 4 mn at 40C. After the final step, the plates were dried for 12
h a§080@'59’fa'@ﬁ -pl ate, the catalyst systemthus produced was investigated
wi th regard to 5 adhesive strength and topography. An orthogonal adhesive
stréngth of 100 kPa was neasured. For the roughness, an arithnetic nean

r oughned&eippertion of gayjtiesiekthe matalysteysteanthus psodusask ia 3286 of thersectionall

layer t mé:ai(ﬁ@%d%ﬁe ée%tiBHél image. The pore distribution measured by means of

mercury porosimetry shows that 95% of the pores have a diameter of > 50 nm and the
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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



‘Figure 3 shows a sectional mcrograph of a catalyst |ayer system produced
according to 10 this exanple. The proportion of cavities of the catalyst
system t hus produced is 32% of the sectional area viewed in the sectional
“itmage. The pore distribution neasured by nmeans of nercury porosinetry
shows that 95% of the pores have a diaggter of > 50 nmand the 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 forned
‘a 20 mm mbdﬁemﬁérﬂuféfdnmhh@mWBn evash&d meatrhl with gemineesiiveidstvateg Affer

pr opene, , gase rogen ,de .and nitrogen fl t hrough this 20
channel 9#WNg Qo '%%feﬂ?ﬁwgﬁ “F@ @%‘?él‘“ﬁﬂ@&ogﬁ’r@ é’\"ﬁ] @g‘%ﬁ"ettﬁ e@& al yst
system pibhSate@¥PS0I@ENt Was carried out at a tenperature of 140C and a
pressure of 1.2 bar over a period of 270 h. A constant propene conversion

of 10%in conbination with conplete conversion of hydrogen peroxide was
achl ve 25

8 q:20 r-[&glc? f&ﬁigﬁﬂgw&g&ﬁ g@pggggtgp%p ai n%@gcg tés}? e?o'%?s}mg%’{)mn deep and
30 mﬂ wisdladinog geldarsd silica,i avewch padiske size distributidnl IDao/06./Dby :€823/2200 nm | ong,
40 mMm w and o es .of .stai st eel teri 4571)
30 The it A wdeTigd it FL25 5508 sikiatedl ob8 et s o Wl S ha ispgiasetas o
and t he fgr e\ at 95 DEOGHR l%hgva%@e@ﬁ@ssamﬁdﬂ m@rpwﬁm@b% dstAb@RTLAneT 3
bar. After renoval of the tenplate | ates were pickled in a solution

of n|tr|3é'sa%n§ﬂ°'hﬁﬂeh‘§‘§rdd$9%‘éiﬂ9¢s Bm/fasoéﬁgozﬁ 8/168B%@nperature for 30 nin and
t heggwashed neutral with dem neralized water. After drying of the plates,
the webs of the plates were covered with adhesive tape and preheated to
50C, 5 Hde prahsatedtsmqts:lateqmremoatedwiqhethisis:uspehsiaﬂ abagredsune bf 8@ wathyl yst,

g?gt Ir f;:ﬁgﬁa(y%qﬁ%?npgg}j' 3} 090 e%;s% 1&) spraylng cp satanceq o? 28 %rrnt rgrlneplastlezs%rface to
spray nozzle. A binary nozzle having a nozzle diameter of 1.8 mm was used. In the first
step, a 20 pm thick layer was applied; in the subsequent steps, in each case 40 um 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
(3 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 pm.



.87.2 pm was mxed with 31..25 g of a silica sol and 31.25 g of water and
then dispersed for 2 mn at 15 000 rpmusing a dispersing apparatus. The
particle size distribution of the suspension after the dispersing is

.Di o/ D50/ D90 : 3.8/17.2/67.0. 10 The preheated steel plates were coated with

this suspension at a pressure of 0.8 bgr3 by spraying onin a plurality of

steps with a spraying distance of 20 cmfrom plate surface to spray
nozzle. A binary nozzle having a nozzle dianeter of 1.8 mmwas used. In the
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each case 40 pmthick 15 | ayers were applied.” The catdl | ayer system
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plates were dried for 4 min at 40C. After the final step, the plates were
calcined for 6 h at 250C. On one plate, the catal yst systemthus produced
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----- §8% gkbe other two plates were then installed in an experinental reactor
o.that their grooves 5 forned a 0.53 mm high and 30 nm wi de channel .
Reactlon gas consisting of ethylene, oxygen and acetic acid was passed

through g8 %€ Bael A)&ié){;ﬂgfys{ On SEIAEN BEef Ne

15 A 1.05 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 tape and
preheated to 50°C.

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

25 EPQO900774, 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/Dsp/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 um was applied; in
the subsequent steps, layer thicknesses of 40 um in each case were applied by



catalytic property of the catal yst system This experinent was carried out
at a tenperature of 155C and a pressure of 9 bar over a period of 180 h.
10 Ayield of 1300 g of VAM (kg of catalyst h) was achieved at a
-selectivity of nore than 95% Exanple 3: M xed oxide catal yst on stainless
steel 15 A 1.05 mm deep and 30 mm wi de_groove was cut in each case in the
m ddl e of three 400 mmlong, 14 mm wi 46 and 8 mm t hi ck pl ates of stainless
steel (material no. 1.4571). The webs remaining at the edges were covered
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corundum at a pressure of bar. After renoval of the tenplate, the pI ates
wer e pi €kieddon 4 min ebbOTG; oq‘ft%flh&lflﬂah%eracﬁaﬁﬁ alﬁtpsrw@rﬁcﬂaiqmd for &ch &t 450°80 r oom
tenperature for 30 min and then washed neutral with dem neralized water.
After drying of the plates, the webs of the plates were covered with
adhesi véfteapeolinlof the plates, dbe tatabfflayerdaerd investigated with respeictto adhesive

susp n5|€n of EJZHDS qch;wf acr ol ekn catal yst according to 25 EP0900774,

exa epgthe RROZY B RAPSIN st 2), 31.25 g of a silica so] and 31.25 g
of dem neralized water was prepared, and then dispersed for 2 mn at 15

000 rpmusing a dispersing appar at us Utra Turrax). The particle size
distri b&ﬂ@thqgmaradhe@w sirpnodh at> 10BkbRDEas DBesvied: Agne® I@Ighness valge The
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havuﬂ]gwggr nozzI e 81 anet er_of In the first step, a |ayer of

iameter; ¢fe §QIH§EJJ@FFPt%PQﬁ%S'ty|Wé7 4%i cknesses of 40 pmin
each case were appl ied by 24 increasing the material flow at the nozzle.
Between the individual steps, the plates were dried for 4 nin at 50C
After the final step, said plates were calcined for 8 h at 450C. After
cooling of the plates, the catalyst |ayers were investigated with respect
to adhesive :



5 strength, topography and porosity. An orthogonal adhesive strength of >
100 kPa was neasured. A nean roughness value of 25 pmin conbination with
a layer thickness tolerance of 15 pmwas neasured. The pore distribution
-measur ed by neans of nercury porosinmetry showed that 76% of the 10 pores
have a dianeter of > 50 nm The total B%r05|ty was 57.4% 25 Patent clains
1. A support having a catalytic coating conprising at |east one porous
catal yst layer containing cavities, cavities being irregular spaces having
di mensi et @gihey than 5 5 pmin at | east two dinensions or having
cross-sectional areas of at |east 10 pn2. 2. The support as clained in
claim1, wherein the cavities account for an area fraction of from2 to

60% detser g gﬁisqéxf}gg é’bh%tdo%n g@fnsﬁwg%t?é ?ohé %Hl%néat%llgsttl er

cat al yst ) ayer ran t on nn| ng e
m cr ogr aphsontaiiing cavities, sapities tbea@ lubguiaesbauesmaanng d;rrmnsibmswjnwter tlnaat

Ieas 50% @f th re voI ne are rmed by macr.o or &s ha anmpt er of
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15 4 The support as cl ai rred in any of clains 1 to 3, wherei n that vol une

of the catalt_ yst layer which is fornmed by pores and cavities is from30 to
95% baed |68 SURECH S Alaimed)ip &g 1, t"ﬂlé”@mﬂé@ cavtiesraecoims friran areadiagtioRd in

any of cl aigffom 3 é@‘y ﬁfe‘ﬁ‘nfhetchfs e &Fﬁ?‘ﬁ%ﬁc ﬁieamﬁ tﬁ@%ﬁéayﬁactlo%g in %e:oml S 6.

from50 to 3000 man e variation o thi ckness 1's

The suppor catadyst lay neﬁflvmraa}dpnﬁy selealedsettional Scaminng leldréronamicrographs.

adhggi on-pronoting --~ layer which is applied directly to the surface of

t he Support y substrate and whose thickness is preferably from 100 nmto 80

pm~  2537. Theeupporasiclamealinickid 1 6r Zviereid at Wit 80% bhiie pore volume are
adhesi on- pronDtln | ayer has a
formed b mac opores having a diameter of at least 50 nm, determined by mercury

porosimetry according to DIN 66133.

15 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

20 iayer is from 50 to 3000 um and the variation of the layer thickness is < 50 pm.

_ 6. The support as claimed in any of claims 1 to 5, which has an adhesion-promoting
(—\ ) tayer which is applied directly to the surface of the support substrate and whose
thickness is preferably from 100 nm to 80 um.
25
7. The support as claimed in claim 6, wherein the adhesion-promoting layer has a
thickness of up to 80 um and is composed of nanoparticulate material which

contains no particles having diameters of more than 5 ym.

30 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-

stabie plastics.



t hi ckness of up to 80 pmand is conposed of nanoparticulate material which
contains no particles having dianeters of nore than 5 pm 30 8. The support
as claimed in either of clainms 6 and 7, wherein the material of which the
‘particles of the adhesion-pronoting |ayer consist are inorganic oxides
and/or heat- stable plastics. 26 9. Thg support as clained in any of
clainms 1 to 8 wherein the support substrate is a sheet-|ike body having
sheet-1i ke depressions on which the catalyst |ayers are applied, or
wherein the sheet-1ike body has grooves in addition to sheet-like 5

d [ h taI ti.c coating as clained in any
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| ayers which consist of ditfferent or of 1dentical materi 1. The support
as cl ai med aPRligghyoravheseisithe sheetdikediodytascgraovercinadditioasto sbeet-ier ous and

10 cagvity- cRRtald n§9 catal yst |layer contains particles of catalytically
active materP?g particles of inert binders, preferably inorganic

oxi des difd/Tdve s*.w@brtsltaavbigea phiadttic ceatidas Elaémed rpany obdainisal ted, whicany of
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cl ai ns to 12, wherein neasurenents with the whirl pool principle
accor di ri‘d {{HESURPEN, asaesimegtin @Wﬂﬁé'at!rﬁiidliﬁégs wherein theal lanstiane parous ang
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ai med 1n-an Fern e Su g ca tic
coating shmﬂt@smtfgmnt burdlers, puefereddis inexgaris oxides andior heat- agblermaskms of zero
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accordi ng adhélibé sir@hdthOof 287kRd (M aY aBESTHRTPR! YINERGSPsA) Gnost
pref er abl yp;rtllcu%r%f > 10 kPa and very particularly of > 50 kPa.

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

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

20 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 1SO 4287 of >70 um, preferably >100 um, and most preferably > 120 pm.

R 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

25 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 cataiyst 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 1 B of the Periodic Table of the Elements, preferably with Au

30 and an alkali metal salt of preferably an organic acid, very preferably potassium
acetate, and optionally further promoters in an oxidic support matrix.



.15. The support as clainmed in any of clains 1 to 14, wherein the at |east
one porous and cavity-containing catalyst |ayer contains a catalyst from
the series consisting of the 25 nolecular sieves, preferably a
titani um containing nolecular sieve. 16. The support as clained in any of
clainms 1 to 14, wherein the at |east ong, por ous and cavity-containing
catal yst layer contains the netals of group VIII B of the Periodic Table
of the Elenents, preferably of the platinumnetals, in particular Pd,

conbi nedi7. Wie's &5 élémil{d)IHan:{ cﬁcmfm%hetopﬁf W@r&nTﬁ@bﬂeQ& dreep FoagBRALS.
preferably wth 30 and an al kali netal sal preferab X an organi c
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Peri Qdi c Tale the | e ts ferab of .the platinumnmetals, in
partlgcul ar ¥§2 %' &aEl & ?'%Ib ima§id, \@r@prqfﬁ lll7?5fe'fi’ci”‘8§f‘i"'E!mTabI e of
the El erfenta%eta@é eérﬁr@;htdhawy futhed pﬁ:rﬁ@tér@ih a1 babic sWpstt nsatik. of perferably

an organic acid, very preferably potassium acetate, and optionally further
pronmoters in an oxidic support matrix. 18. The support as clainmed in any of

catal ysi' e, PRoR daik8 i ank RR il G WA tnd iR NGOl B

opt i on?I | ycamna(:mntamﬁrw satalyst |pyertdontaing the elamehnis MoeB; ﬁ'@dlCtu allm‘sN;é.rSl:l The

supp@ert as ¢ ein the at |east one

porggs and P %%qﬁlflié%h Yé\lﬁ Nbpg@pﬁf@g aﬂ%f?er&ﬁtbﬂ s the el ements M, V,
nd Wand optionally elements of group V A of the Periodic Table of the

EI'e nts, Eﬂgeferably 15 Sb and/or netals of group V B of the Periodic Table
of the BPertdRYPPRHASHaimed NPy °§§|3Frﬂ$t1ﬁér14a&5’6?f¢‘6ﬁ!$ atigastiie RQIPBHANd as
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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 porous 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.



Periodic Table of the Elenents, such as Re, in an oxidic support matriXx.
21. The support as clainmed in any of clains 1 to 14, wherein the at |east
one porous and cavity-containing catalyst |ayer contains vanadi um

“pyr ophosphates and optionally 25 further additions, or contains vanadi um
oxi de on an oxidic support and optionallgy further additions. 22. The
support as clained in any of clains 1 to 14, wherein the at |east one
porous and cavity-containing catalyst |ayer contains netals of group VIilI
B of the3Pey pdiss falhe pradichién bhe shibport htasing r eftalyidtyatitlg d¢aipdatt ihnum

el enent s, in.r%a{ticular Ptﬁ and/or Pt, in an oxidic support matrix,
pr ef er abl y GHTal GTIRLSING the Measiwes: A" by gcess for the production of a

support havipg a ﬁﬂﬁ@limﬁdc@cﬁmbfquﬁﬁoﬁlsgbmei n claiml1, conprising the
nmeasures: a) Initial introduction of a sppport' substrate, b) optional

appl i cation & anoptena pepligationsif @n adgsion-worpterdaysri ng on of a suspensi on
havi gg a sol i.ds ¢ ] f | .. 3Q% | L Dd rtjcles of
cat a?yt i cal Wactl%\)%%ﬁgt@r?fg#s s?%ﬁ%gﬁg’gn% 23 “O%héadr%‘%@;&%k)%@ggg%eéy of at

| east 5 pm (det erweigbt] coptdiring padidds afotataipticaty astispeiatariah hawng/aonetian
precursor thereof .and,optional ly further constituent of catalytically
active layers, an arlrﬁt‘?f;)(bé%‘ﬁq‘(ﬁaqfl# "%ﬁ?g Sgm %@tgrmlggg;ytlgﬁéﬁf%@c P c). 24.
The process for taepehSIBHE NGB fe FreeURBPiHerdd b Richalpurthf cSRaiidifs as

claimed in claiml, conprising the neasures: a) initial” introduction of a
support subst r at eof cetalplcap@chymlayafsp@ndat i on of an adhesi on- pronot er

VT, b Sl BAR bod SiASTEbSohe raerzD 05 cont e of 2t | east
having a median diameter (D50 value) of at least 5 pm (determ ned by |aser
- 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,
15 b)  optional application of an adhesion-promoter layer,
¢’) spraying on of a suspension having a solids content of at feast 30% by
weight, containing particles of inert and/or catalytic materials having a
median diameter (Dsp value) of at least 5 um (determined by laser
diffraction in suspension) and optionally further constituents of catalytically
20 active layers,
d’) optionally one or more repetitions of step ¢’), and
e) after the production of the layer system, impregnation thereof with a

., catalytically active material and/or a precursor thereof.

25 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
30 the coating.



-diffraction in suspension) and optionally further constituents of
catalytically 20 active layers, d') optionally one or nore repetitions of
step ¢'), and e) after the production of the |ayer system inpregnation
‘thereof with a ) catalytically active material and/or a precursor thereof.
25 25. The process as clainmed in claim33 or 24, wherein a nozzle technique
in which the spray cone is |imted by additional conpressed-air nozzles is
used in the spraying. fi 26. The process as clained in claim23 or 24,

wher ei n 27h @ heyppceds sudlaimed in ary aficlaimisQBatoeb, niepsin at sUspebsibn oy t he
urin 30 the coating. 4
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whose partijgh@s have a broad particle size distribution with a span
D% D9o-D1o)/ D50 > 1.5 is wused. 5 28. The process as clainmed in any of
claims 23 to 27, wherein the suspension contains mlled or crushed

par  5c! 98, Wb e Al SHY A AL LAR AT IR BRselaRlige oS
bi nder, pr efiledabd grusiodds pantieleg vhicte hyvela voulgis erfempeansd oregular shapelt i ons of

the oxides of 10 A, Si, Ti, Zr or mxtures thereof. 30. The process as
claimed in any of clains 23 to 29, wherein, in step b), a first suspension

cont ai nigeg Tﬁéfm@@éﬁsla%bﬁlé‘l%mtaﬁ‘@'cﬁ|clé4\’n§ hab A2 Whiefdif th Sdpaasinadhtans Of

nore than 5 pm sprayed onto the surface of thé support In an amount such

that a 15 fjkirder Bly- S;salsﬁrv@m fingly diyidedrsaspensions bi siuians afftheipxides 80 pm
prejgrably ‘:‘SI Tid9 ﬁmmftﬁ’lre@ The process as clained in any of clains
23 to 30, reh[ e su u'strate
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30. 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 ym, preferably
5 — 30 um, 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.



used is treated prior to the coating, in particular by roughening the
support surface 20 which is to be coated with catal yst, by nmechani cal
chem cal and/or physical nmethods. 32. The process as clained in any of
claims 23 to 31, wherein, after spraying on of the individual |ayers, of
the total |ayer systemor of parts theggof, these layers are dried 25
and/or calcined. 33. A reactor containing at |east one support having a
catalytic coating as clained in claiml. 30 34. The reactor as clainmed in

cl ai m 335. itheakacter as plaeiz‘ned iryplaim=38 oy 32 whidhudunt@ins hehebplike Sithpodd. The
reactor as, claine claigms 33, and 34, which contains a sheet-like support
havi ng a cg'??!l'l"?tq %até@H? FRRINGRNT & 3Migrerescltct or . 36. The reactor as
claimed in any of clainms 33 to 35, which can be used for the 5

het er ogeneously catal yzed gas phase reaction and conprises: i) at |east one
react i oRBsJhedeastonas slained incary obelaims ¥ ts3%rwhich ces betused forliherm and i)

the gurfacgg fgro#}fec;uggc&#aga%ogﬁ §sé:%%tc Sjn 8511 %gé]tpb)[%ﬁgoat ed with the layer

system contal ning cat Ive rra erra med in claiml. 10
37. The react )r atisast arieedction epadeemfm‘ﬁ:chlaalelast&’iedurné%ﬁlorwlsilcé’s thas a | arge
nunber of spac$ V\:hl ch are arranged vertically or horizontally and

paral | el and whi at |east one feed |ine and one discharge |ine

each, the Spaﬁ)eﬁ]et&lrla@efdﬂltﬂ@#baléﬂoﬁéﬁéi‘@ﬂ co@k@@ﬁpé?ﬂy baéﬂ%a%mtrﬁfﬂé igpre of the
spaces being reaction s%es of which at |east 15 one dinension 1s in the

regi on of |ess $¥§@M LONtaling sataliisaly aetivespaiesis! aeciainedix claim aAnsport

spaggs, the feed lines to the reaction spaces being connected to at | east

two distributor units and the discharge lines fromthe reaction spaces

bei 3\2 8énhbetreactonasclaineed in either obtlagns BE@r 36| whichhmshekirgd nambppot

between egﬁéce% WhiBR a8 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 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 common piate.

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 ym and particularly
preferably less than 500 um, and a ratio of the smallest perpendicular distance
between two adjacent spacer elements to the slot height of the reaction space after
30 coating with catalyst of less than 800 and greater than or equal to 10, preferably less
| than 450 and particularly preferably less than 100.



.and heat transport spaces being effected by at |east one conmmobn space wall
which { 20 is forned by a common plate. 38. The reactor as clainmed in any
of clainms 35 to 37, which has spacer elenents arranged in all spaces,
contains a | ayer systemcontaining catalytically active nmaterial as
clainmed in claim1l at least partly on the inner walls of the reaction 25
spaces, and has a hydraulic dianeter, which is defined as the quotient of
four times the area to the circunferential length of the free flow cross
sect i on,39. Theheser efacsupport axpelaiesedin drgssf didims AP prpropegieefapthg | ess than
1500 pn1and tlcul rIy preferably | ess than 500 pm and a ratio of the
smal | est pé& P"d?§¥99ﬁﬂ§ 05&5&%@%Opﬂ5 adj acent spacer el enents to

t he sl ot helght of the reaction space after 30 coating with catal yst of

| ess than 800 and greater than or equal to 10, preferably less than 450
and par 0 dihgrysg gfracsunron 38 ¢laimed !ﬂaﬁrnymf@laimﬁ 1 RP2 ntocessesflortheupport as
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clains 1 taid@f éxygenocesses 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 claimed in any of claims 1 to 22 in processes for

the caual Theasexdfdaduppartals AAIRRRINA driy &F%léhh@'ﬂo@ﬂh%oé’ééséb'f&r #ei d. 10 42.
The use of a support as clainmed in any of clains 22 in processes for

the catal ?@'ia&t'éﬂxd’éﬂ'PBﬁfﬁfonﬂ%ﬁ@r?@r@ﬁ@/aﬂd/@@w@laﬂd o acrylic acid. 43.
Theqgise of a support as clainmed in any of clains 1 to 22 in processes for
the 15 catal ytic oxidation of ethene to ethylene oxide. 44. The use of a
suppor t 48s Theaiseead a suppoit asfclaiiveidna ahytod cRims 1 tpra2dagsesesses fortthe catal ytic

oxi-dation gétaﬁ/tic YoxidatoR of greo;)te%eea%d? AL P AN 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).

ey
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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.

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.



.20 45. The use of a support as clainmed in any of clains 1 to 22 in

processes for the catalytic oxidation of xylene and/or naphthal ene to
phthalic acid (anhydride). 46. The use of a support as clained in any of
“claims 1 to 22 in processes for the catalytic oxidation of butane and/or
butene to mal ei c anhydride. 25 47. Thesyse of a support as clained in any
of clainse 1 to 22 in processes for the «catalytic hydrogenati on of organic
conmpounds. { 48. The use of a support as clained in any of clains 1 to 22
in procedsteactn the reaction 30 of synthesis gas. 2 Abstract

Catal ytist-coated support, nethod for producing the same, reactor

Compr | o1 e aRfE s@iert FthORIGT FradHRE bsodlfih efofde EBlPydboling By S

descri beahd wsevihereed bei ng irregul ar spaces havi ng di nensions greater than
5 [e&r]m in at |least two di nensions or having cross-sectional areas of at
| east” 10 [err]nferr]. The catalytic coatings are distinguished by a high

adhesi vesigdgorRHaving Wl cAatie cBABMREbNiprifiRg 4eRAst SndThSFRE &R @ivity-containing
catalyst layer are described, cavities being irregular spaces having dimensions greater

“than 5 um in at least two dimensions or having cross-sectional areas of at least 10 um?.

10 The catalytic coatings are distinguished by a high adhesive strength and can preferably
be used in microreactors.
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