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1 5 Process for preparing a coated catalyst and coated catalyst The
present invention relates to a process for preparing a coated catalyst
which comprises a porous shaped catalyst support body with an outer
coating in which at least one 10 catalytically active species is present,

Pregafc EQLIRESEAT PR sES Tafle PRéprElcn fFePRESRNGRF Y ST

the prior art. In coated catalysts, the catalytically active species - and

frequently also the promoters - are 15 present only in a more or less broad
The Bhfe? TBgiontEGAING) bf & SRASEU EdtaflysPSTpEOTTbodY, iR iy dd*Hof
coateampleiglyveeneirateithe shpped eatalyst suppert bady &f., fartexayaple,

EP 565 952 Al, EP 634 214 Al, EP 634 209 Al and ElgP 634 208 Al). With
SuPp%&telaoc%i'aI%tE%?ﬁor%%te?erctﬁgaﬁﬁrﬁgac]tf&n?fgbg sible inThany Sases
catalhaniwith catadysts ine whielr thessuppartris daden. with the catalytically

active species right into the support core ("through-impregnated"). Vinyl

acetate monomer (VAM), for example, is currently prepared in high
Coatselectitity predemimantlyroycmeans of ceated 25.catalystst The midgjeritycdf are

the,currently used coated catalysts .for prepari VﬁM are coated_- ... 3
knowgatla@sélvevitﬁ %llf’)d:/A%rc%o'ati?n% on’ aatp%o}oﬁ 5%2 g’rsfz) ols %%ugm %%giﬁégtél cally

act iwpm;rtacdnf'@ urecas af sphersdnd basedbon natural-sheet siticatesre
pxesgg@howe Reen, thioughdmpreanated with RAIBSSUPACEIAE A3 s0q) ot

romoter.in 30 the u system of these catalysts, the active metals P
a shapedArareprestnmalbp notpresdat inihe forihemeétal pariciesiot the Ly

pene@%giEgla‘EdB%res%%ldbwa@q%rg@ t@%ﬁjgg@r%f '%Q!éy %‘U;Ofy E’arfiglfsgamp}_e,
iffe t

possibly rent composition, although™ the presence of unalloyed
EP Sfdrtitled dahnotbe pdlédbit. F5LThEN AM toafedl datalyss are typically

EP 6@§p§5§jgﬂ?FQW¥¥@d:oated catalysts, a more selective

reacticn is possible in many cases than with catalysts in
which the support is laden with the catalytically active
species right into the support core ("through-impregnated”).
Vinyl acetate monomer (VAM), for example, is currently
prepared in high selectivity predominantly by means of coated
catalysts. The majority of the currently used coated catalysts
for preparing VBM are coated catalysts with a Pd/Au coating on
a porous, amorphous aluminosilicate support configured as a
sphere and based on natural sheet silicates which have been
through-impregnated with potassium acetate as a promoter. In
the Pd/Au system of these catalysts, the active metals Pd and
Au are presumably not present in the form of metal particles
of the particular pure metal, but rather in the form of Pd/Au
alloy particles of possibly different compcsition, although

the presence of unalloyed particles cannot be ruled out.

The VAM coated catalysts are typically prepared by a so-called
chemical route in which the catalyst support is impregnated

with soluticns or appropriate metal compounds, for example by
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chemical route in which the catalyst support is impregnated with solutions
or appropriate metal compounds, for example by 2 5 immersing the
support into the solutions, or by means of the incipient wetness method
(pore filling method), in which the support is laden with a volume of a

immegEiiticn E6FeSpOIUMG to-Hspore wofifme Lo TiHe PAAL goatigief &7 the
inciY¥AMcoqted catalystds phtained, for exa bydirstigpregnating the +re

shaped catalyst support bodies with an Na2PdCl4 solution in a first step
SuprgEd theh HMGthe P camperemsvitt NaCH $51Lti6R oRfo-thesextarysty to
its SMRROrNthgLorm of a palladium hydroxide compound in a 15 second

step. In a subsequent separate third step, the catalyst support is then

impregnated with an NaAuCl4 solution and then the Au component is

The likewise fixed by means:ofNaOkHe Hisq foraxample, also pessiblete, for
impregnate the support first with alkali and then to apply the precursor

3

exampafinobustbiifie 207 SUtBithtR DretiEard2RfEr (haTobi metdPPor®
bodiemparents have baen fixeshon thencatalyst support, theladenatalyst
.__.support is then washed to very substantially. free it of chloride and

flx%ﬁi%@ioﬁé? tﬁé’%ﬁ%ﬁ?&n&’ﬁﬁ%ﬂ%%%cé with'&hyfeheat ‘{508 2 v 5t
suppBdfAuicoating abtained typicallylhasia thicknesscof i25:fremrahout 40010 2

500 m, and the thinner the thickpess of the, coating of a coated catalyst !
S2Coha GRS e BrOTI ERaANG CoRAIRTE. TTRaE SRar (e g b7 Y=t
suppreductien stepnthiengcatalyst 30dsupipont loaded ithlithesndhie inetalsris then
the .U[ggn loaded with posta si%m acetatg. Thﬁ I%adin% with pottaﬁsai@gf acetate

is ef?é)é[fgg%%Pgnl§/ in the 83@?%%&5{5 oatted with noble me s, bu =S
for rativernthe catalyst suppetrtlis insteadithpgugh: dmpregratedicomptetélyrst
witHNyiggi@DQ%ge%hen to apply the precursor compounds to the
support thus pretreated. After the noble metal components have
been fixed on the catalyst support, the laden catalyst support
is then washed to very substantially free it of chloride and

sodium ions, Tthen dried, and fTinally reduced with ethylene at

150°C. The Pd/Au coating obtained typically has a thickness of

from about 100 to 500 pm, and the thinner the thickness of the
coating of a coated catalyst, the higher the product

selectivity generally is.

Typically, after the fixing or reduction step, the catalyst
support lcaded with the ncoble metals is then loaded with
potassium acetate. The loading with potassium acetate is
effected not conly in the cuter coating leoaded with noble
metals, but rather the catalyst support is instead through-

impregnated completely with the promoter.

According to the prior art, the active metals Pd and Au are
applied thereon by means of impregnation in the region of a

coating ¢f the support proceeding from chloride compounds.
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35 According to the prior art, the active metals Pd and Au are applied

thereon by means of impregnation in the region of a coating of the

support proceeding from chloride compounds. 3 5 However, this

technique has reached its limits as far as the minimum coating
Howeffigkneshas ahd ehaxinuem Aadoadinglaeel consefnedi Theahinfiest as the
mins ACHievaple cogting thigknese.of camespandingly RIePRIed, VAM satalysts

is in the best case approx. 100 pm and it is not foreseeablé that even
conchimrest-10 Esatingsvanie ebtairmstbyl means of imptdghatiogss of

corrEQBB%@E%&%%EQ?@pWr%%W§ of impregnation have ..
nonuniform coating thicknesses and a very nonuniform concentration o?
appr@étal;&i%awd%zctﬂf@gsﬁéciéssomt cémparsivelylargehrgionscof theitnner
coat€OAUNG-thickness,which 3 ean have,an ggversg affect on the product

selectivity and on the activity of the catalyst. It iS therefore an object of the

FUrt BRIdBAT frwehticn fRprovite: B CUHtEd ESfAlyaY pREpHRaLGH plotiess Byat ion
haveMeans:of whieh itis: 20-ppssible 10, prapare goated catalysts whigh -over

comparatively large regions of their coating thickness, have a substantially

v

CONCHRitdT CORcentration of ¥atdftichlly acive Spetiss afd aC¥aBstantially
compHRfernyeqating:thickness;12n $hisrobiect is- achigved By 8-preeess Ysingn i cr
! an apparatus which is designed to generate, by means of a process gas,
can A%ffidizBd Bel i ¥haped Tatalfdt SuppoRt BIdEStniHies tHe shapead on
the eatalyst syppart badiescireulase elliptically or toroidally, preferably
toroidally, said process comprising the 30 following steps a) charging the
apparatus (10) with shaped catalyst support bodies and generating a

It ishaped-cdtalyst suppdstbedy of the present invention to provide
a coated catalyst preparation process by means of which it is
possible to prepare coated catalysts which, over comparatively
large regions of theilr coating thickness, have a substantially
uniform concentration of catalytically active species and a

substantially uniform coating thickness.

This object is achieved by a process using an apparatus which
is designed to generate, by means of a process gas, a
fluidized bed of shaped catalyst support bodies in which the
shaped catalyst support bodies circulate elliptically or
toroidally, preferably toroidally, said process comprising the

foellowing steps

a) charging the apparatus (10) with shaped catalyst support
bedies and generating a shaped catalyst support body
fluidized bed by means of a process gas (40), the shaped
catalyst support bedies circulating elliptically or
toroidally in the fluidized bed, preferably torcidally;

b) impregnating an outer coating of the shaped catalyst
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fluidized bed by means of a process gas (40), the shaped 35 catalyst

support bodies circulating elliptically ar toroidally in the fluidized bed,

preferably toroidally; b) impregnating an outer coating of the shaped

catalyst 4 5 support body with a catalytically active species or precursor
thePasE Spraginy the Shapedthtalystistppoit bodiey girellatigs or
elliptically.aroraidallydn the fluidized bed with-a splution comprising-a support

catalytically active species or a precursor thereof; 10 c) drying the shape

cataffst 8dpport BBdRE Shrayed-with 1the sotutioR. e found thate
surptisingly, oy raeans, ot theprogess 15-according La the invention, {discal1y
possible to prepare coated catalysts which, over large regions of their
codtifig-hfckiess e stbstantiaifyGriformecdticentration of
catalytically active species and a substantially uniform coating thickness.
Furthermore, it is possible by means of the 20 process according to the .
Sihvehtidi t ﬁLJr}é%aFél BRETStE WithY §éry THiRFEOatingS FoRExampreRds W1 th

than-E0Qsmn1 Frurhiiermore, the coated catalysts prepared by means of the
process according to the invention, compared to catalysts 25 prepared by
means of processes known from the prior art, feature an increased

It hactivityel the coatedicatalystis ta centain g plusglityof diffesentt he process

acocgiglytcally active species in the coating, for.example.a, 30 plurality of .
active'metals or'one active metal'and one promoter metal; shaped

catadatalyst stippdnt badyecani begsubjectedrcorrespandinglydfreguemndly to the

ehi JIPEEES aRrding 10 the inyeation Altsmatively. the process arcording to
catalytically active species and a substantially unifcorm
coating thickness. Furthermore, it is possible by means of the

process according to the invention to prepare catalysts with

very thin coatings, for example less than 100 um.

Furthermore, the coated catalysts prepared by means of the
process according to the inventicn, compared to catalysts
prepared by means of processes known from the prior art,

feature an increased activity.

If the ccated catalyst 1s to contain a plurality of different
catalytically active species in the coating, for example a
plurality of active metals or one active metal and one
promoter metal, the shaped catalyst support body can be
subjected correspondingly frequently to the process according
to the invention. Alternatively, the process according to the
invention can also be carried out with mixed solutions which
comprise the desired different catalytically active species or
precursors thereof. In addition, in the process according to
the invention, the catalyst supports can be sprayed

simultaneously with different solutions of different
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invention can also be carried out with mixed solutions which 35 comprise
the desired different catalytically active species or precursors thereof. In
addition, in the process according to the invention, the catalyst supports
can be sprayed simultaneously with different solutions of different 5 5
catadatalytieallyyactiveispeciascorirecorsops thevesfoBy nidanseofthe process
according to the invention, it is possible to prepare coated catalysts
whose concentration of catalytically active species, over a region of 90%
By mefthe 10cidtingithieRAESs, ahe peglon beiry dpacetrapantiiom thé todter

pos=aRd innex coating. baundary in each case by 5% of the. goating thickness, ¢

deviates from the mean concentration in this region of catalytically active
catagpdciésifrom /- B4H Mot RGASHhan e 20%. 15Futthefrhofd) the rédess

coataceordingtethe invention has the advantagethat byspeans efthis +ne

process, charges comprising a multitude of coated catalysts can be
Outeﬁre‘f)%ijedl,rm?d”se%ﬁ&b?ﬁh SpAISHERY deViatiB R of Beteceatingthickness

coatelafiverto 20the aneap of thescoating thicknessisessthan/equal 10,20%.
. Such values are not attained by means of the processes known in the
Chi sy F§HPFor Preparingy ddated %iﬁél)?s‘%.l'i"ﬁe SRsSEFSodies EpiayedwiftP not
mo rathersplution-aredried, in the 25 process according to the invention,
preferably continuously by means of the process gas. However, a
separate final drying step may also be carried out after impregnation with
Furteentinuods drying dadhe fisstcase rtor example; he itemperature aktheche
process gas and of the shaped bodies can be 30 usecjﬂto individuall

2V e AE & tiYing Tte Sl Heride thet peRefaior depth {tHickhesSTdf fiig Tn9 @
rmul tdoatig);df thevseeohd-atalysts can be prepared, whose ratio of

the standard deviation of their coating thickness relative to
the mean of the cocating thickness 1s less than/equal to 20%.
Such values are not attained by means of the processes known

in the prior art for preparing coated catalysts.

The shaped bodies sprayed with the sclution are dried, in the
process according te the invention, preferably continuocusly by
means of the process gas. However, a separate final drying
step may alsc be carried out after impregnation with
continucus drying. In the first case, for example, the
temperature of the process gas and of the shaped boedies can be
used to individually adjust the drying rate and hence the
penetration depth (thickness of the coating); in the second
case, drying can be effected by any drying method known to be

suitable by the person skilled in the art.

Apparatus for performing the process according to the
invention is described, for example, in documents

WO 2006/027009 A1, DE 102 48 116 B3, EP 0 370 167 Al,

EP 0 436 787 Bl, DE 129 04 147 Al, DE 20 2005 003 781 U1,
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case, drying can be effected by any drying method known to be suitable
by the person skilled in the art. 35 Apparatus for performing the process
according to the invention is described, for example, in documents WO
2006/027009 Al, DE 102 48 116 33, EP 0 370 167 Al, EP 0 436 787 31,
who BE Q9@ 147 AL DER0C2005003 791 1UL, 6t Bawhossseoritentsareécat ion
by ggci%rp&@gq into the present application b_y reference. Furt_her suitable
fluidized bed systems which are preferred in accordance with the
invention are sold by the companies Glatt 10 GmbH (Binzen, Germany),

Furﬂ%QPUEﬂ@égﬁwgrf%%ﬂ@ﬂ%&99§m§W§ l@ﬁgx£wﬂgﬁ“%@g'g¥g9g%red in
Illinois, USA), Huttlin GmbH (Steinen, Germany), Umang Pharmatech
acciAaper (Mdtarasisrad, 1HaRY Ad 1dsiecPdchrdlodigs (%itachpies Glatt

Gmb eI Fluidized hed apparatis whichrispasticulady 18 preferred for

. the performance of the process according to the invention is sold by .
SwifgRejetTechndldygied Uhter e namest mdietd Vehiikistor INFGjet0 Hittlin

cmbHAIrGeater these-apparatusesrinslydera eylinddeal vegsel withia fixed
vessel base installed so as to be immobile, in the center of which is 20

(Ma B a8 GBS spral oz zle? Fhe THsR IGhsits breitGiariamehde “whith are

GerriRgyntedin stagesene-above-anathel: sThenpregess al Sflaws-betweep the
'ndivi%%al lamellae horizontally and eccentrically with a peripheral flow

P e S6herit butWardAif The “difdEtion of the' fesdet WaRInIRe VSEE. Fhisthe

invdamsso 25 called shidingraic teyersenmvhich-thesshapedsatalyst suppost
bodies %re ini,t'ﬂllg transported outward in the direction of the vessel wall.
t

InnY T e otside Stthd VesBER WA s THstaRU S Gerticafy SligHaFprocEss S
inclaicstreamyhiehl xdirecls thescatalyst stpportsiupwards Hayingrarsved at

insggﬁied 50 as to be immobile, in the center of which is
mounted a spray nozzle. The base consists of circular lamellae
which are mounted in stages one above another. The process air
flows between the individual lamellze horizontally and
eccentrically with a peripheral flow component outward in the
direction of the vessel wall into the vessel. This forms so-
called sliding air layers on which the shaped catalyst support
bodies are initially transported outward in the direction of
the vessel wall. On the outside at the vessel wall is
installed a vertically aligned process air stream which
directs the catalyst supports upward. Having arrived at the
top, the catalyst supports move on a tangential path in the
direction of the center of the base, in the course of which
they pass through the spray mist of the nozzle. After passing
through the spray mist, the movement operation described
begins anew. The process alr control described provides the
basis for a substantially homogeneous toroidal fluidized bed-

like circulating motion of the catalyst supports.

The interaction of the spraying with the fluidized bhed-like
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30 top, the catalyst supports move on a tangential path in the direction of

the center of the base, in the course af which they pass through the spray

mist of the nozzle. After passing through the spray mist, the movement

operation described begins anew. The process air control described
elliprovicel the 35duasisifor acsubstantially honwgemeoas téroflal fitiiizeslt
supcRgd:dike.circplating, motion.of the patalyst.suppoets The interaction pfthe ., ,

spraying with the fluidized bed-like 7 5 elliptical or toroidal circulating
corrmpRenottHe caanan supporns inlthecluidided déd Hadsahe effect pgiividual
catad0AiasLIR.8 cartesponding conventional flidized bed  that thedipdividual

catalyst supports pass through the spray nozzle with approximately equal
aPPpagieney . FuftRgfnorer Bié @rctifation 10 6peraticy alsé @nsiires that ten
ope rfdividual catalyst supparts :carry:ol rotation abont their-own, axiss Which-+ s

is why the catalyst suEports are impregnated particularly uniformly. In the
carigotess a6datdiny tothe vehtitn -a fititiZsdFed 1" 15'yeneratbd, ihhe
catavhish the shaped badies girgulate. elliptically: or toroigally; Inthe prgn art,

the transition of the particles of a bed into a state in which the particles

are completely freely mobile (fluidized bed) is referred to as the
In thudigatier:peink anskthercgrrespending:fhiidhvelogily as 20dhe fluigization 1s

velocity. It is preferred in acc%rdance with  the inyention that, i

. nthe .
9eNE5REESY addbrdig o the fve ﬁBﬁfitt?eoﬁ&iﬁ%/e(chﬁ%%ﬁﬁ%?&éﬁﬁﬁé@liy
or tbedluitization velocity, prefesablytip, torthecectimes the Buidizatione

velqcity an mog}egre.fer,ably up to ;Cwice the Iuid'gati n 25 velociy. In an
pa}rbllc e%.o fo | 8 ll’%t? a state in whic %e i‘%artlc ?ﬁ are
alternative embodiment of the process according totheé mvention, the

conmfluid welpcify mayybewup id d.4(timesdie«d bed) is referred to as the
fluidizaticon point, and the corresponding fluid velocity as
the fluldization velocity. It is preferred in accordance with
the invention that, in the process according to the invention,
the fluid velocity is up to four times the fluidization
velocity, preferably up te three times the fluidization
velocity and more preferably up to twice the fluidization

velocity.

In an alternative embodiment of the process according to the
invention, the fluid velocity may be up to 1.4 times the
common logarithm of the fluidization velocity, preferably up
to 1.3 times the common lcgarithm of the fluidization velocity
and more preferably up te 1.2 times the common logarithm of

the fluidization velocity.
The terms "shaped catalyst support body", "catalyst support”,
"shaped body" and "support™ are used synonymously in the

context of the present invention.

In the process accerding to the invention, the shaped catalyst
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common logarithm of the fluidization velocity, preferably up 30 to 1.3 times
the common logarithm of the fluidization velocity and more preferably up
to 1.2 times the common logarithm of the fluidization velocity. The terms
"shaped catalyst support body", "catalyst support”, 35 "shaped body" and
supPaHppbAUaRE used SYRGriANGusly i the? édnteRtofthe Present nventibRe

£1u1k:the process accordipg 19 he inventian,the shaped gatalyst &; o.suppart
bodies circulate elliptically or toroidally in the fluidized bed, preferably

impresidaly. 94 order totfive AR CRThrassion of Rethe shapéd %%HPe‘%JrﬁS\‘?e ped,
it ii0 the fluidized\hed, itis stated that, inthe case of ielliptical circulationsn ",
the shaped catalyst support bodies in the fluidized bed move 10 in a
the Glifieahl&ic bha-elfpie patt Wit Varying 528 of liheMdifithnete move
in asecopdansaxis)krthegaserof storaigali eirculgtion’, the:shapedyaatalyst ze of
support bodies move in the fluidized bed in a vertical pJane on an elliptical
the Bt it YamAfl RO (RE idin Lhd <Eon 4" s, o 558
cirdiorizontal planeen acifeslarpath Wthvatying size ekthecradiusrOnin the
average, th shaped bodies move,.in the case of "elliptical circulation”
flul{?@iéff apﬁgné n aﬁ’%ﬁ.ﬁ%gg]? ath®drd,h 1 thE c§ casfé{g or0|(¥alp eh With
vardircylatinns, et attoroidal pathnide. @sbapiaj:@oay{travelsm@hcaﬂyaalong
h the 20 sur alce of a torus with a \iertlcalay %Ill%tl | section. _In the case %h%the
omtﬁe procesps accor&mgato?he inventi oﬁ s carried out by megns ofa
radisgutidtnofzar precyrsortofa catghytitatly dctve speties,the precessse of
. llfgrtleer camgrlses ? 5. step of convertlng the precursor t%rtlhe
correspondlng ca a? |caﬂy active speues e Conversion o
patipreemsor icanthe camied out withothe ald of any method which istknawn

toroidal path, i.e. a shaped body travels helically along the

elliptical
ﬁ] &

surface of a torus with a vertically elliptical section.

In the case that the process according to the invention is
carried out by means of a sclution of a precursor of a
catalytically active species, the process further comprises a
step of converting the precursocr to the corresponding
catalytically active species. The conversion of the precursor
can be carried out with the aid of any method which is known
to be suitable for the process according to the inventiocn by

the person skilled in the art.

To accomplish a shaped catalyst support body fluidized bed in
which the shaped catalyst support bodies circulate
elliptically or toroidally in a manner which is simple from a
process technology point of view and hence inexpensive, in
accordance with a further preferred embodiment of the process
according to the invention, tThe apparatus comprises a process
chamber with a base and a side wall, the process gas being

introduced into the process chamber through the base of the
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to be suitable for the process according to the invention by the person
skilled in the art. 30 To accomplish a shaped catalyst support body
fluidized bed in which the shaped catalyst support bodies circulate
elliptically or toroidally in a manner which is simple from a process
proceghnclogyipoit of View:and heneé sraxpensivenint3dsiatestdancewith a
p1urikifier psiened emboriment phibe Hgoess, accaring (o hedavenrion.
the apparatus comprises a process chamber with a'base and a side wall,
laidinernsroeesd-§as béingl intisdice8 HtedEa procesh chaftbet tpagh et s
are Basegtthed Sprocess ehamber, whichispreferahly construgted from 2
plurality of mutually overlapping ring-shaped guide plates laid one on top
radigfldnothert Hetfeen which ring-shaped slots are formed, with a horizontal
movement component directed radially outward. 10 By virtue of the
process gas being introduced into the process chamber with a horizontal

BY VhbvEfeht coipoRERCEirected fadiaily duiwdras efipfical diredlafibi oprocess

chardhercalalyst suppersinthefluidized bed is-bravghtabout; Hdhe shapediially
bodies are 15 to circulate toroidally in the fluidized bed, a geripheral

outwibGemeht conpoRentmistadditeialy be'fpardfothc shapedrts 1
the Bodies|iwhigh#erges the shaped badiesonta & ciieulagpaphedThisdies are

peripheral movement component can be imparted to the shaped bodies,
%0 R elkple, by Al abBrophately 20 Uheckd Gilde pats ot L
mov eside walldoslefleetthecatalysts supperis. 1y adurthefpreferredto the shaped

.embodi}t;n.e t of the Rrocess a%:ordi g to the invengéon, however, a
bodies W lIC[f}ﬁ orces L Gt%-S- =} eg Qgpres oONnvo 4 ca_trc&lar %:fxth.
peripheral flow component is |m6>are 0 the process gas introduced mto

Thistheeripheral movement component can be imparted to the
shaped bodies, for example, by arranging appropriately
directed guide paths on the side wall to deflect the catalyst
supports. In a further preferred embodiment of the process
according to the inventicn, however, & peripheral fliow
compcnent 1is imparted to the process gas introduced into the
process chamber. As a result, the generation of the shaped
catalyst support body fluidized bed in which the shaped
catalyst support bodies circulate tqroidally is ensured in a

simple manner from & process technology point of view.

In order to impart the peripheral flow component to the
process gas introduced into the precess chamber, in a
preferred embcediment of the prccess according to the
invention, correspondingly shaped and aligned process gas
guide elements may be arranged between the ring-shaped guide
plates. Alternatively or additionally, the peripheral flow
cempeonent can be imparted te the process gas introduced into
the process chamber by introducing additional process gas into
the process chamber with a movement component directed

obliguely upward through the base of the process chamber,
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process chamber. As a result, the generation of the shaped 25 catalyst
support body fluidized bed in which the shaped catalyst support bodies
circulate toroidally is ensured in a simple manner from a process
technology point of view. In order to impart the peripheral flow component
prefpthe 130 proceks gasdatrodudedtint thedsroressicliambércirpaocess
charieferred embodiment of the process according to the invention,
correspondingly shaped and aligned process gas guide elements may be
arranged between the ring-shaped guide plates. Alternatively or

The agditignally, the paripheral flow 33 compopent can.be imparied t%m?culating

. _process gas introduced into_the process chamber by introducing
10 Tfdlitionat PEEES RS iffo- tné Proce’s ehambeF ithemevementl out by

mearGOnagonant sirected obliguely, ppyard threughsthebase,ofthe proeass, 4, in
chamber, 10 5 preferably in the region of the side wall of the process

-

Wil Shanissr. ThE sbraifirig Bf tHeYSRpeticatalyStsppoRBbdids Sifcutatgs b1y
rundnthe Huitizeddeed-with the selutien€ra becarried eut By k0 means of ap, 1+

nnu p nozzle which sprays a spray cloud, in which case the plane of
of tj?%r#aér y of ﬁ%eéﬁ'ai?%lo%ep@?éﬁﬁlycﬁtﬂ%a@ﬁ& t8 the planeorRe vwhich

fallequipmenhbase: Ascsa tesult- ofi the-36Qexteatiofthespray eleud, the: formly
i thSht gd boicglecs,which all down in the centre can be sprayed particularly.

Unitormiy~ 15 With the Sofution Thé anfitkr §8p fozzle’ 1.6 - thetbperitsg i 9
thetheneof iis preferabty enbeddedcompletehrindhe fluidized: hedrliniadized

further preferred embodiment of the process according to 20 the

‘invention, the annular gap nozzle is arranged centrally in the base and

the opening of the annular gap nozzle is embedded completely in the
In Jh¥ﬂ%%%ggd§yg%§?§gr%&Qggtfﬁg% of the process according to
the invention, the annular gap nozzle is arranged centrally in
the base and the opening of the annular gap nozzle is embedded
completely in the fluidized bed. This ensures that the free
path length of the droplets of the spray cloud until they hit
a shaped body i1s comparatively short and, correspondingly,
comparatively little time remains for the droplets to coalesce
to larger droplets, which might counteract the formaticn of a

substantially uniform coating thickness.

In a further preferred embodiment of the process according to
the invention, a gas support cushion can be brought about on
the underside of the spray cloud. The cushion on the base side
keeps the base surface substantially free of sprayed solution,
i.e. virtually all of the solution sprayed is introduced into
the fluidized bed of shaped bodies, such that barely any spray
losses occur, which is of significance for reasons of cost
especially with regard to expensive noble metals/metal

compounds or enzymes.
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path length of the droplets of the spray cloud until they hit a shaped body
is comparatively short and, correspondingly, 25 comparatively little time
remains for the droplets to coalesce to larger droplets, which might
counteract the formation of a substantially uniform coating thickness. In a

In afufther brefelre @ Eafbodimenbofihegirocess adcoraingdes30 fecording to

the iﬂﬂ@eﬁ%&ga%ﬁ%of%%%li#‘é‘e” gé@&@&roygh@%ﬁ@r%ﬁnderside
of the spray cloud. The cushion on the base side keeps the base surface
confgpstantilly free dfSsprayed s6lutiba f pETvirgal alPsf the sohgtichipport

aboudPrayed isintroduced inta fhefluidized bed of shaped, bedies, syehtbal o i on

barely any spray 35 losses occur, which is of significance for reasons of
of tessteaspeckatly Wittrsyakd to BRpéisive Aoble hstalimetd corhpélidsally
actiOenzymesd4l S In afurther preferred embodiment of the process

according to the invention, the catalyst support is of spherical

configuration. This ensures uniform rotation of the support about its axis

The aRd.asgeciatadwith this,waiforamimpregpation: of the-eatalysh SURROrt he

, with the solution of the catalytically 10 active species. The catalyst .

Ve nrghd e dif the preteeS Hecdiding to tife” véntiofl WBPbE il Fot6ds

whicshaped catalyst-supporthodies iwhich canpecgirculaied eliptically,Ofeans of
toroidally by means of 15 a process gas, an thefs%pgpo(éts can be farmed

& PHRSHST Aateridls or MiatefiaFmixtires “Preféfencs i given i aétordance

matewith the inventiors hibwevet stoithese catalyst supports svhjckreamprise at

acedg3stone metal oxde or are formed from.such a metgl oxide or.a mixture
thereot. The cata ys? 20 support préferably coniprisés a Siiiconoxide Y &n

suppaluminuh ioxidecapalusminesilidate sa zoroeniumtexXide < titaniumare formed

from such a metal oxide or a mixture thereof. The catalyst

support preferably comprises a silicon oxide, an aluminum

oxide, an aluminosilicate, a zirconium oxide, a titanium

oxide, a niocbium oxide or a natural sheet silicate, preferably

a4 calcined acid-treated bentonite.

The term "natural sheet silicate", for which the term
"phyllesilicate" 1s alsc used in the literature, 18 understood
Lo mean untreated or ifreated siliéate mineral originating from
natural scurces, in which 5i0; tetrahedra which form the
structural base unit of all silicates are crosslinked to one
ancther in layers of the general formula [81,051%7. These
tetrahedral layers form alternate layers with so-called
octahedral layers in which a cation, in particular Al and Mg,
1s surrounded octahedrally by OH or O. For example, two-layer
phyllosilicates and three-layer phyllosilicates are
distinguished. Sheet silicates preferred in the context of the
present invention are'clay minerals, especially kaolinite,
bidellite, hectorite, saponite, nontronite, mica, vermiculite

and smectites, particular preference being given to smectites
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oxide, a niobium oxide or a natural sheet silicate, preferably a calcined
acid-treated bentonite. 25 The term “natural sheet silicate", for which the
term "phyllosilicate" is also used in the literature, is understood to mean
untreated or treated silicate mineral originating from natural sources, in
and @RGSO tetiahadra WhithLibharthe struBkfdlbasearnit offalldikicates ™

" shedfe grosslinkedte qne, 30.angtherdn layers @&Q;@pq%r}er%fpﬂ@m%m der

[Si205]2-. These tetrahedral layers form alternate layers with so-called
anorgafahedrd tayetsTh ®hich'@ Eatier in particufar 3 and Mg etsistrFolnded

Hol l@ﬁ%df@ly@?gﬂq@ @ Rorexample iwe-layer: phyllosilicates argy 97g-3-
three-layer phyllosilicates are 35 distinguished. Sheet silicates preferred in
11=0fe/ dbtitéxt GFtné Mpredérinvestionare Clagiifcrals: @specialRadinfe,

Lex i biglellite, 1heglorite ; sapanite; BgntoRite, nisas vermiculite, and smectites,
articular preference being ]%iven to smectites 12 5 and especially to

"PhY frdntmoriltéife. DerRRtibns of tHE temPidheet SiliedtesNcn be fothed: feheet

s111iexamples intlelubuehider anpeganischen Ghemiegsftexthaeok of -1

, inorganic chemi%}, Hollemann Wiberg, de Gruyter, 102nd edition, 2007

incligdpn §78-32110617770%0) i “Rorpp ek C AEmi{Rompb

calcthemistty. 1:lexiconk a0tk editions Georg: Thieme-Yedag snder thedesnrd

: "phyllosilicate”. Typical treatments to which a natyral sheet silicate is

i Tor e Bo B STRROh MATHAT HEiud 161 BETARLES

Benttreatrentavith acids mndloral calciration: Ainaftirak sheetisilicatetual

sens art}gg!:?rll\_( #gferrreéj %5 inttgeecongext of éh(?n E)Trneg%g&invgrjl_téon 1'7?% cals
onite.” Behtonites are not natural Sheet Silicates in tiie actuar s%n%%, o

whichuttatldr s mixXtoretefspredeninarthnday mineralsdn whicissheet the

pres%@%mgggg?p¥§eg%§n§§@§?ggmg g%%“%ilicate is a bentonite,

this should be understood to mean that the natural sheet

silicate is present in the catalyst support in the form of or

as a constituent of a bentonite.

A catalyst support configured as a shaped body and based on
natural sheet silicates, especially based on an acid-treated
calcined bentonite, can be prepared, for example, by shaping
an acid-treated (uncalcined) bentonite as a shaping mixture
comprising sheet silicate and water with compaction to a
shaped body by means of apparatus familiar to those skilled in
the art, for example extruders or tableting presses, and then
calcining the unhardened shaped body to a stable shaped body.
The size of the specific surface area of the catalyst support
depends especially on the guality of the (crude) bentonite
used, on the acid treatment process of the bentonite used,
i.e. for example, on the nature and on the amount relative to
the bentonite, and on the concentration of the inorganic acid
used, on the duration and the temperature of the acid

treatment, on the compressicon pressure, and on the duration
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present case, if the natural sheet silicate is a bentonite, 20 this should be
understood to mean that the natural sheet silicate is present in the
catalyst support in the form of or as a constituent of a bentonite. A

catalyst support configured as a shaped body and based on 25 natural
and SRERTTCAIES edpetiafly based b arPacid #redied Talciied-Béntonite,

calcean be prepargdsforexample, by shaping an acid-treated (uncalcined)
bentonite as a shaping mixture comprising sheet silicate and water with

compaction to a shaped body by means of apparatus familiar to those

Aciaskiled ine30 the.afor example extrugers of tapleting presses.randsthen
calcining the unhardened shaped body to a stable shaped body. The size

pentgiheshekific sutfata Hed of the catalyst §GHRore depends eSpétiafly on

pho sthedqguality ofi the{erude) bestonitei sed,:en. the atid ireatment process=oferm

" the bentonite used, 35 i.e. for example, on the nature and on the amount
Peniepliivetto the Bohtdfits el o the contentiatiGn of fie indrganic akit® > et

inveused;onitheduration anc the-temperaiurerof theadid, treatmenigon thiesorg

compression pr s%%rgh%rﬁd on the duratjon 13 5 and temperature o

Thiemy g3 part cu(nki referyed 1n tggm
Calcinafion, “nd ais6 on'the calcination é?mogpk?ere. Kcid<treated

conthentonifes ban be obtained bydreatment ot beatonites withustiongracids,
cont {9t example sufuric.acid, 10 phospharic agid or hvdrochlofig a0id A (.
definition of the tefm "bentonite” which 18 alS6 valid in the context of the
a smpresent Inventiohds gwven imRoempg, LekikonChémie; d0th éds@eorgt, the
sentlEMe Verlag, Rentonites panieulaly preforred In the Gantextof eoung o
present invention are natural aluminum 15 containing sheet silicates whic
a pceomprise montmorillonite (as a smectite) as the main mineral. After the
acid treatment, the

It has been found that, by means of tThe process according to
the invention, it i1s also possible to achieve comparatively
high coating thicknesses. Indeed, the smaller the surface area
of the suppcrt, the greater the achievable thickness of the
coating. In a further preferred embodiment of the process
according to the invention, the catalyst support may have a
surface area of less than/equal to 160 m?/g, preferably one of
less than 140 m®/g, preferentially one of less than 135 m'/g,
further preferably one of less than 1290 m*/qg, more preferably
one of less than 100 m?/g, even more preferably one of less
than 80 mg/g and especially preferably one of less than

65 m°/g. In the context of the present invention, the term
"surface area™ of the catalyst support is understood to mean
the BET surface area of the support, which is determined by

means of adscorption of nitrogen to DIN 66132.

In a further preferred embodiment of the process according to
the inventicn, the catalyst support has a surface area of from

160 to 40 m?/g, preferably one of between 140 and 50 m?/g,
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bentonite is generally washed with water, dried and ground to a powder.

20 It has been found that, by means of the process according to the

invention, it is also possible to achieve comparatively high coating

thicknesses. Indeed, the smaller the surface area of the support, the
pre fgreaterithe aghievablerthickness of thes caating dnafusthef preferred

embodiment of the process 25.according to the invention, the catalys
e Rl el & SLIREE oy of fee taiobal 10060 o renly one
of bpreferablyldie efdessthan/t40 m2dy rpreferentiafly omelof lesssthaf 185 ween
100 m2£9,6%11r'%pe/ré)referably one of less than 120 m2/g, more preferably one

of less than 160 m2/g, even more preferably one of less 30 than 80 m2/g

and especially preferably one of less than 65 m2/g. In the context of the

resent.in ion, the term. “surf rea’ of the catalyst support.is ;.. &

e ROt e ihe BET Sufaca aroh of the Supart whieh len9 0
the detemminedby whieanssofaadseiptivmeofaitégerrtd BIN66E32 351n a
me criyither preferred embodiment.of the pracess.according to, dhe invention,

the catalyst support has a surface area of from 160 to 40 m2/g, preferably
attgrielofbetivéen 140-aRd BO BRI Se4 °F pfeferptialiPofé bR beftech E3 Lt s,
espith30 M2/, further preferably-one of betwegn 120,apd, 50 m2fg, more

preferably one of between 100 and 50 m2/g, and most preferably one of

Lspasehivber 100 aht B0 h2/gkABrWRER thé Supporidiareicifdutatéd i thest

supdR¥ocess aseordingtopthejnuentiop; the catalyst.supportsiare sirssednas a
mechanically, which can result in a certain degree of attrition and a

nar Hrpain BEgREEG damAage it/ EataRst SGppdits) -espetiiydr the Rigfor? bf
gredhe £oating WHeiforms. 30 N, further preferably one of greater

than/equal to 40 N and most preferably one of greater
than/equal to 50 N. The determination of the hardness is
determined by means of an 8M tablet hardness tester from

Dr. Schleuniger Pharmatron AG on 99 shaped bodies as an
average after drying at 130°C for 2 h, the instrument settings

being as follows:

Hardness: N
Distance from the shaped body: 5.00 mm
Time delay: 0.80 s
Advance type: 6 D
Speed: 0.60 mm/s

The hardness of the catalyst support can be influenced, for
example, by means of varying certaln parameters in the process
for its preparatiocon, for example through the selection of the

support material, the calcination time and/or the calcination
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15 Especially in order to keep the attrition of the catalyst support within
acceptable limits, the catalyst supportshas a hardness of greater
than/equal to 20 N, preferably one of greater than/equal to 30 N, further
preferably one of greater than/equal to 40 N and most preferably one of

- temrgreater 7o thanfeyualtfes0 N Thesdetefrinatony of thetfatdAesdisa

corrdeternined by-means of an 8M tablethardness,testerfrom Lr. -

Schleuniger Pharmatron AG on 99 shaped bodies as an average after
addidrirySat 180C foFPR R INStUMER SettRgchéifig BR8N s tearate.
Hardness: N Distance from the shaped body: 5.00 mm Time delay: 0.80
s Advance type: 6 D 30 Speed: 0.60 mm/s The hardness of the catalyst

For dipdrtcarbe fitRiencéd SoP ExaRisle SBYP medRs of Valyify B&t4iRsS

accdpaiameters inthe process: tor its preparation forexamplestheeudh theowever,
selection of the 35 support material, the calcination time and/or the

For SHiGRRtsH 1.5 éimpératire St anfuritiard&fe PBRAPETbOdy Shgpetr Gt ST
the ree@Iresponding suppatoiuee; of throughparticuar, additives, feed

example methylcellulose or magnesium stearate. For reasaons of cost, the
COMESaEESY gas tisEd ?ncﬁ%sprggés%lfﬁ CCErliny o thBngehtibRGs = 9as. for
exarpréferalily mig Shoutd; thoavever, s forexample,-the catatytically agtive carbons,

species or the precursor thereof react with atmospheric oxygen to give
S el AL it e R A

hal dgerexaatplé nitrogenr imethame sshoit:thair saturated hydrocarbons, e

abone of the noble gases, preferably helium, neon or argon, or a

In a further preferred embodiment of the process according to
the invention, the preccess gas, in particular in the case of
expensive gases, for example helium, argon, etc., can be

recycled into the apparatus in a closed circuit.

In a further preferred embodiment of the process according to
the invention, the catalyst support is heated bhefore and/or
during the application of the solution, for example by means
of a heated process gas. The degree of heating of the catalyst
supports can be used te determine the drying rate of the
solution of the catalytically active species applied. At
relatively low temperatures, for example, the drying rate is
comparatively low, such that there may be formation of
relatively great coating thicknesses in the case of
corresponding quantitative application owing te the high
diffusion of the active species or of the precursor thereof
caused by the presence of solvent. At relatively high
temperatures, for example, the drying rate is comparatively
high, such that solution coming into contact with the catalyst

support dries almost immediately, which is why solution
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halogenated hydrocarbon or a mixture of two or more of the above. In a

further preferred embodiment of the process according to 20 the

invention, the process gas, in particular in the case of expensive gases,

for example helium, argon, etc., can be recycled into the apparatus in a
appléided Birdlie IF A RMHEF praféired BnfbbiRént6itRe processeeording 1°-

at cl9ngathe invention;the qatalystsuppedds heatad: before,and/or dWingyve 1y
the application of the solution, for example by means of a heated process

sma ldad: PHelaETEE Df Heating SR theealaRet Shppobrtd E8n BEbAToCaR hus

he cfetermine thedrying rate of thenselution-ef.the gatalyticallyactive speeiest of
applied. At 30 relatively low temperatures, for example, the drying rate is

the gompaatvelyTowcatich fHat tiste TRAFHE 6ifvationcof ety grat 12

heateeating:thicknasses indhe case, et coriesponding cpantitative application o
owing ta the high diffusion of the active species or of the precursor

40" CiePect 95 Aliskd by thehraseidd6rsbivnt. Atretatvaly figh' 27/ equal to
60 ° temperatuses, ferexampley theodryingrate isscomparatively ebigh rsuch

that solution coming into, contact with the catalyst support dries almost
thar R SRy Wik Sy S Ko 16 5 iped o the LB G upper° T
f roncaginot penétrdte.deep into it. At comparatively high temperatures,

coatings with relatively small thicknesses and high loading of active

species can thus be obtained. Accordingly, in a further preferred
In cenibadiment ofthe processadccoedidg 10 the invention; the pracessigasdpray

cloutd heated, preferably t%%%%”%&’:er&“g%&é%{%}t%th fequal 1o, 40C,
preferentially to a temperature of greater than/equal to 60C, further
accopréfergblydo bhteniperature ofigredter thantedual ¥6:70Ckarbmesbeing

intﬂ%&ﬁ%@@yéﬁééegﬁé”%%$%9£tus, may be enriched with the

solvent of the golution, preferably within a range of from 10
to 50% of the saturaticn wvapor pressure {(ab process

temperature).

In a further pfeferred embodiment of the process according to
the invention, the solvent added to the process gas and
solvent from the drying of the shaped bodies can be removed
from the process gas by means of sultable cooler units,
condensers and separators, and recycled iﬁto the solvent

enricher by means of a pump.

It may be preferred that the solution of the catalytically
active species is the sclution of a biocatalyst, preferably
the sclution of an enzyme. Especially enzyme solutions can be
processed in a rapid and simple manner to give coated

catalysts by means of the process according to the invention.

It is also possible to use solutions of metal compounds of any

metals in the process according to the invention. However, it
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- SelefkfiferthYiv

from 60 to 100C. 15 In order to prevent premature drying of droplets of the

spray cloud, in a further preferred embodiment of the process according

to the invention, the process gas, before being introduced into the

apparatus, may be enriched with the 20 solvent of the solution, preferably
is RiitHiA BaaRges ot a 05 -80%0T the saturatior-vaporpressure fat

cong¥QEESS, fempgratyre) s in a &r@?rﬂ%‘fﬁr@qe‘e'@%@}%e@&z‘?&?’i@t&rﬁ’&e%dsf the

according to 25 the invention, the solvent added to the process gas'an
trangphieritFrons fiel dryilff BEtheeshiapebBodied dan B térhdved from the

process gas by means of suitable cooler units, condensers and
. seg)arators, and recycled into the solvent enricher by means of a pump.
n

it m&be preférredthatthersoidti-erihe Baniyiitally sctivelspeiescess

accdsdhe solution ot a:higeatalyst prefecably the sehttion of @ enzyme:
Especially enzg/me solutions can be processed in_a rapid and simple

CBated'35'Eataly3EPEY ritah¥ of the’ protess acédidfiiy to

nitAhedventionr itisalse pessibledp usesoluionsof metabcempeynds-ef-ates,
any, metals in the process according to the invention. However, it 17 5is
hyd gf‘e(?ﬁe%'wﬁé’r?%ﬁ’eg%&%%ﬁ%lﬁ%%ﬁmoﬁr%]f%emgf%ﬁ‘%ﬁ’fb%ﬁna%f%ﬁﬂé‘féjrc

comgseiecnied froorthexgrappsconsistiingof the: deasisition metals, especially the
1%gple mcetals. In addition, in a further t%referred fmbodimgnt of the process
2Ce Pl 55Cording 16 the Tention tha metaf cBmbauRdS May 8 Setected

from the halides, especially chlorides, oxides, nitrates, nitrites, formates,
To Egggggmg’gé%@gﬁiéﬁ@gﬁﬁ%t for oxidation reactions, in a
further preferred embodiment of the process according to the
invention, the solution is a solution of a Pd precursor

cempound.

To prepare a silver-containing cecated catalyst, in a further
preferred embodiment of the process according to the
inventicn, the solution of the catalytically active species or

of a precursor thereof is a solution of an Ag compound.

To prepare a platinum-containing coated catalyst, in a further
preferred embodiment cf the process according to the
invention, the solution is a sclution of a Pt precursor

compound.

To prepare a gold-containing coated catalyst, in a further
preferred embodiment of the process according to the
invention, the solution of the catalytically active species or

of a precursor therecf is a solution of an Au compound.

Accordingly, to prepare a nickel-, cobalt- or copper-

containing cecated catalyst, in a further preferred embodiment
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hydroxides, hydrogencarbonates, amine complexes or organic
complexes, for example triphenylphasphine complexes or 15
acetylacetonate complexes, of the metals mentioned. To prepare a coated
catalyst for oxidation reactions, in a further preferred embodiment of the

Of tBRodess HRESIdNTS rthe” fhveRtion the soRition 8 a Solftioofa Par of the

cataPKRCUFSOr 120 conmpeundpko-prepare asiver-gontaining-coated catadystaif be
a further preferred embodiment of the process according to the invention,

& sofLtd@Intic ofthie iy ticdlfyittive SpetidBRT 25 E prétiirsor thereof

is a solution of an Ag compound. To prepare a platinum-containing coated
catalyst, in a further $referre embogLQent of the process according,to

I THe IARTSH the Soliiton™8 % Sdlutidly oP4 Pt prétursor30 Esmpaand oo
coatprepase algoid-eobtairing coated ecatalyst; jn adfurtikerc prefeyedvailable

embodiment qf the process according to the invention, th so% ign of

oL R oAl A0ie SeResy 36 o1 & pristiéor nerbots S Solion of Bhr<C1-

or HAuCbmpeurid:tAccordinghe to preépare aynickedd cobaltvereopperiterature,
cantaining coated catalyst, in a further preferred embodiment 18_5 of the

et e Eoriinc b thd (Rieation: e Solihan b chry e aive

Pd (NSpeciedor.of & prétiysof fileieofemdy Baul solution eflEnickekdobdltese

.QRper cCompoun r s;descri in.the priorart repari
P R 10 Lol CABI LS Gec on Bl A Corhrar el Sualatg
chloggldtionsdfithe precurdorcernpoands; stich 38N aZPdCn NaAuG 42 bt

ac1 ghfAugl4- soutions, are typically used. In recent literature, chloride-free Pd
or An precursor compounds, for example Pd(NH3)4(OH)2,
Pd(NH3)2(NO2)2 and KAuO2, are also used. These

In principle, the Pd and Au precurscr compound used may be any
Pd or Au compound by means of which a high degree of
dispersion of the metals can be achlieved. The term "degree of
dispersion" is understood to mean the ratic of the number of
all surface metal atoms of all metal/alloy particles of a
supported metal catalyst relative to the total number of all
metal atoms of the metal/alloy particles. In general, it is
preferred when the degree of dispersion corresponds to a
comparatively high numerical value, since a maximum number of
metal atoms are freely available for a catalytic reaction in
this case. This means that, in the case of a comparatively
high degree of dispersion of a supported metal catalyst, a
particular catalytic activity thereof can be achieved with a

comparatively small amount of metal used.

Examples of preferred Pd precursor compounds are water-soluble
Pd salts. In a particularly preferred embodiment cf the
process according to the invention, the Pd precursor compound
is selected from the group consisting of Pd(NHz)4{(OH)2,

Pd (NHs) s (OAC}2, PA(NH3)s(HCO3),, PA(NHi),(HPCy), Pd(NHz).Cly,
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15 precursor compounds are basic in solution, while the classic chloride,
nitrate and acetate precursor compoumnds are all acidic in solution. In
principle, the Pd and Au precursor compound used may be any 20 Pd or
Au compound by means of which a high degree of di%ersion of the

Pd (Npretals EaRbeachietel) Thelteri Hegree of Hisperfolis Lnd¥rsiced to
pd (NEG3N tag yatiowftheymber ol ,alk sudace melakatoms obaltmgtaligbey ,,

particles of a su(gforted metal catalyst relative to the total number of all

(NHe D Hfetar aforisof thé irbtifalicl partictés. 3R géhdR it preféfted2r 1t 1s

alsowpendhe degree ofdispersion eorrespondsie a eempanativelyfigh
numerical value, since a maximum number of metal atoms are freel

L . Y.
prefavaifible fots catalylic téadivh 't eade TRIS MEARE Tkl i thd Thed
havigba compagatively;3¢ highvdegreenof dispersien ofa suppoded metabnate

catalyst, a particular catalytic activity thereof can be achieved with a .
2 Lt Ginparitnely STAl Bkt of MU ExAMples of prbféned pAo S 01e
to upEECHISOr compoundsare yvater-seluble: 33 dvsalts. én apasticudddynine or
pre erred emabsodjcrgentlof the process according to the invention, the Pd

ethapr%cﬂrrﬂsjbr%%ompoun% islgeaiggtéd from the group consisting of

Pd(NH3)4(OH)2, Pd(NH3)4(0Ac)2, Pd(NH3)4(HCO3)2,
Pd(NH3)4(HPO4), Pd(NH3)4Cl2,.19 5 Pd 2, K2Pd(QAC)2(QH)2, .
I R AT AR OB, o (e, 3 T0a3 g hlgse €0
the 4rNa2Rd (NO2pd] PA(DAT)E, PACED, HERACISo INHAZRIODA may also
K2PdCl4 and NagPdC14, In additign to PA(QAC)2, it s. sihl
e Fiss of }éeri%cgrb%ldg(?/ a%é:s%fi P |$§diér%g%%e e%gbﬁé)%etégltg (?%gg%ﬁgr%?g unds
are,monocarbaxyliccacids ¢ 6having-fromr3: tb cafborcatomsy forrexapiple

ax=dfe.propionale sall o the bulyrate adnsiead f N3, s also possible

to use the corresponding Pd compounds with ethylenediamine or
Examples of preferred Au precurscr compounds are water-soluble
Au salts. In a particularly preferred embodiment of the
process according to the invention, the Au precursor compound
is selected from the group consisting cof KAuO;, NaAuO:,
NMeyAuO,, KaAauCl,, (NHg)AuCl,, HAuCL;, KAUINO;),, NaAu{NO:)4,
AuCls, NaAuCl,, KAu(OAc);{CH), NaAu(CAc}3(CH), HAu(NG:),; and
Au{QAc)z. It may be advisable toc make up the Au{OAc): or the
KAuO, freshly in each case by means of precipitation of the
oxide/hydroxide from a gold acid solution, washing and
isolating the precipitate, and taking it up intoc a acetic acid

or KOH.

Examples of preferred Pt precurscr compounds are water-soluble
Pt salts. In a particularly preferred embodiment of the
process according to the invention, the Pt precursor compound
is selected from the group consisting of Pt (NHs),(OH),, K;PtCls,
KoPtClg, NasPtClgs, PLI{NH3).Cl,, Pt {NHs}4{(HCO:3}2, Pt (NH3},(HPO,),
Pt (NQO3) 2, K:PL{OAc),(0OH)z, PL (NH;)z{(NOz)z, PtLCl,s, H;PL{OH),
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ethanolamine as the ligand. 15 In a further preferred embodiment of the
process according to the invention, palladium nitrite precursor
compounds may also be preferred. Preferred palladium nitrite precursor

compounds are, for example, those which are obtained by means of
Na: PHissdiutionfef Pd(dAe)2 i B NEND2 sBRutioh. 19 ExaRiplésiof preféiréd. and

Na,pAUIRrecHrsar compoynds are water-soluble. Ausalts: In g partigiarly

preferred embodiment of the process according to the invention, the Au

othegreeaiksor EonipotRd s seledtéa wom teedroupleblisistifg 82 KAuGE the

aliﬁ%%@%%é\%%&%@ﬁ@&&%&%ﬁiﬁ HAUGL4, KAU (NO2) 4,
NaAu (NO2) 4, AuC13, NaAuC14, KAu(OAc)3(OH), NaAu(OAc)3(OH),

ALOMIAUENER) A HHEP A% (OBR) P TRy b &dVi 5 miake dptheiad©@ A3t -
or the KAuO2 freshly in each case by means of precipitation of the

oxide/hydroxide from a gold acid solution, washing and 30 isolating the
In apr%‘éfﬁtgfe‘f aﬁﬁﬁgﬁiﬁﬁﬁ%rﬁ?ﬁ@%%‘%%% aefd BRROMCERTIRpReGIrding to

the preferred Bhpresursor compoungdsarewater:solublecBhsalts:dB anay also
cularly preferred embodiment of the 35 process according to the

par
be %65 Pthe P Brecursst donpound” iS'délected R e group=ompounds
are,Cansisting-0f Pty HIMIOH) 2HK2RIGHA: KBRE6: Na2PtEles &5 INHSn of
o 0@2, Pt (NH3&4 cos&é, Pt (NH3) 4 (HPO4) , Pt(NO3)2,
"RopOkL)2(bHTB P NR3)ZNG2)2, PtCI4, H2PH(OH)6, 20 5 Na2Pt (OH)
y, K2Pt (OH) y, K2Pt (NO2) 4, Na2Pt (NO2) 4, Pt (OAc) 2, Pt012 and

ExamN§2I?StCI4]]f. Inradgitjpgletg F%gOAg?% &US glso p%ssil%llg éo use othejé —solubl
) ar%oxﬁate% of p?ailnum, ePeradlyThge Salts Of the aﬁpha]fi% watermsoiuble
Ag smonecarboxyicracids haviag Ironp B¢d Srcarorratomsy.foriexaipladhe

proé%QQQQQS%%%%%@”%%P%%%ﬂ%g%@négon, the Ag precursor compound
is selected from the group consisting of Ag{NHiz),(OH), Ag(NOCs),
silver citrate, silver tartrate, ammonium silver oxalate,
K:Ag (OAC) (OH)2z, AgQ(NH3)z(NO:), Ag{NO;), silver lactate, silver
triflucrcacetate, silver oxalate, Ag;CC;, K;AQ(NO0:)sz,

NapAg (NCy) 3, Ag (CAc), ammoniacal AgCl solution or ammoniacal
Ag,CC3 solution or ammeniacal Ag0 solution. In additicn to
Ag{QAc), 1t is also possible to use other carboxylates of
silver, preferably the salts of the aliphatic monocarbexylic
acids having from 3 to 5 carbon atoms, for example the
proplonate salt or the butyrate salt. Instead of NH;, it is
also possible to use the corresponding ethylenediamines or

other diamines of Ag.

In a further preferred embodiment of the process according to
the invention, silver nitrite precursor compounds may also be
preferred. Preferred silver nitrite precursor compounds are,

for example, those which are obtained by means of dissolution

of Ag{OAc) in an NaNC; solution.
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In a further preferred embodiment of the process according to the
invention, platinum nitrite precursor campounds may also be preferred.
Preferred platinum nitrite precursor compounds are, for example, those
which are obtained by dissolution of 15 Pt(OAc)2 in an NaNO?2 solution.
The EgampldssofisreférietrAt precukssr compodndsiarelwatepsoiubfe Aepcies

of pSAls,ina-particylady preferred embodimentof the process Accordingto: ¢ g

the invention, the Ag precursor compound 20 is selected from the group

met adoRsisiiorAGINHD 2OHYT AGINOS)L silver &itiats, dilver earfrafecation to
the DMENWM %wgb@z&a@te@ HK2RAUQAGUQHEZ, AGNEZ)2INQ2), AUNOLY o

’ silver lactate, silver trifluoroacetate, silver oxalate, Ag2CQO3,
by mReRG(NO2YE YNBIAGINGDSIAGIOAE). BAThéNi ac&aRGE sdiutivh sietal

ace tamaoniacal 2o-AG2CE0 3 sollion-erammoniacalAge selifion. In addition
to Ag(OAc), it is also possible to use other carboxylates of silver,

unsUSatdrabhthe EREOF e SliRTtitinoRGER BoRtiE Y aGilE hiaGingHio b

ket o garhan-atoms, feraxample 4he; prepionate-salterthedutyateisall. in
Instead of NH3, it is 30 also possible to use the corresponding

Partaylehedidings OF StherSRmiHES BERY O & P! preferred

embodiment of the process according to the invention, silver nitrite
recursor compounds may also be, 35 ferred. P eferreg ilyer nitrite ,

LE R T CBMHoLGR TS Tar bR HhoeRieh Brs Shtingd by acetic
acidneans of dissolition+ef Ag@QAC)HN@n NaNO2solutiaoni Rt usdhethereot,

solvents used for metallic, catalytically }L_ive species of precursors
RO 18 ol SHRane T whieh e Soloeteir T Sfod nd i1 1Y

to témd whicherfter thenapplication te dlie catalyst suppartccarsbéceraoved
pmfgegf}iﬁg%i‘?g ?;*ﬂe%ﬁér% LLmeans of drying. Rreferted SONeNS -, e ferred
solvents which are suitable as an additive to acetic acid
include ketones, for example acetone or acetylacetone, and
alsc ethers, for example tetrahvyvdrofuran or dioxane,
acetonitrile, dimethylformamide and solvents based on
hydrocarbons, for example benzene.

Preferred solvents or additives which are suitable as an
addition to water include ketones, for example acetone, or
alcohols, for example ethanol or isopropancl or
methoxyethanol, alkalis such as aquecus KOH or NaQH, or
organic acids such as acetic acid, formic acid, citric acid,
tartaric acid, malic acid, glycexylic acid, glycolic acid,

cxalic acid, pyruvic acid or lactic acid.

It is preferred when, in the process according to the
invention, the solvent used in the process 1s recycled,

preferably by means of sulitable cooler units, condensers and

separators.

In a further preferred embodiment of the process according to
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10 acetates as precursor compounds are in particular unsubstituted
carboxylic acids, especially acetic acid, or ketones such as acetone, and,
for the metal chlorides, in particular water or dilute hydrochloric acid. 15 If
the precursor compound is insufficiently soluble in acetic acid, water or

the dilutehydrothldritcacil of aiixtoras thesdofs wtiversolVierily mayfalse beeing

sprayRed alternatiyely of addifignally: to fhe solvents:mentjoned, Useful other. ; .

solvents here preferably include those solvents which aré inert. Preferred
oL oJ0 3oWERSWRIER dréStitable ascarf aBARIVE tslatsticadid ihaldetep to

fix ketanes,dQn exampleiaceions oracelylacetong, and.also Sthersforon the
example tetrahydrofuran or dioxane, acetonitrile, dimethylformamide and

catadgifents asedon hy8rotariohs, fordkdiiple befizene 25 Pief&fadp e,

withSahwenis or additives which anessuitahle as an: addition fo waterdnglyder with
ketones, for exame[;Ie acetone, or alcohols, for example ethanol or

a1 k5dgpropahofdf PrethokyetiaielYalkalid aGénh 88 hguediss RBMPErNabH,the
app:QfaO(gan|¢ acids sueh asacelic acick farnicagid; gitdc agidy 304aHakC o the
acid, malic acid, glyoxylic acid, glycolic acid, oxalic acid, pyruvic acid or

SUPHREic 46id°1S prefelrBE witeh? in (HEHOESE Scébrding %o tHe TRvERTH. 19

met athesohentused in the precessissecycledo3n.preferally by meansaf
suitable cooler units, condensers and separators. In a further preferred
embodiment of the process according to 22 5 the invention, the shaped

In ttatalystsupporthedy; afteohengtsprayecthpdith-ihe solution ofithe: been
iU el ppren oL S et Saeciores
base, the support may subseqguently be calcined to convert the
metal compeonent of the metal compound to the corresponding
oxide form. After the loading with the precursor compounds or
after the fixing of the metal components, the support may be
calcined to convert the metal components to the corresponding

cxides. The calcination is effected preferably at temperatures

of less than 1000°C.

To prepare supported transition metal or noble metal catalysts
in the form of coated catalysts, the metal components are also
reduced before the use of the catalyst, in which case the
reduction can be carried cut in situ, i.e. in the process
reactor, or else ex situ, i.e. in a specific reduction
reactor. The reduction in situ is preferably carried out with
ethylene (5% by volume) In nitfrogen at a temperature of about
150°C over a period of, for example, 5 hours. The reduction ex
situ can be carried out, for example, with 5% by volume of
hydregen in nitrogen, for example by means of forming gas, at
temperatures in the range of preferably 150-500°C over a

-

period of 5 hours.
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catalyst support. The fixing step may include, for example, 10 with regard
to noble metals, the treatment of the support with alkali, for example by
spraying base onto the support in the apparatus (fluidized bed apparatus)
or by a calcination of the support to convert the metal components of the
Gasegorpesporgling mnetal eompounds: i ahydioxidetcompaambértd-gn okide.
£ormb ML HNgscase ot ransition, metal compoungds which. higve been sfixed.on \¢oq,
the catalyst support, for example; by means of a base, the support may
in whisdeqtieftly beccalcined i coriigrtthed nictalcomporent bfthebmethl Luted
withCARReUNd fos thesearr ing 20.0xde farm, After the jogding with,the oo,
precursor compounds or after the fixing of the metal components, the
Prefeyspsremay el caltined toiddtieft the HHetalComp6aents 13 tHeed with
i ne reOTERSPONAING: Oxides. The calcination s effectedpreferably dtogen with
. temperatures of less than 1000C. 25 To prepare supported transition
N1TIRGEHE of hobldfietalTatdlfsta ih the Forhi Bf Codted catkysts thé Fhétal
betweHNPAREMS are Blse- reducedsnefere theluse-0f the catalyst, in which
case the reduction can be carried out in situ, i.e. in the process 30
reactor, or else ex situ, ! _.e. in a specific reduction reactor. The reduction
The iRsHuds preferably garriecsou withoethylena 6% byrwatumeyiniiregenn
at a temperature of apout 150C over a period of, for example, 5 hours.
2120TKE (HATON U it carr B L DL ToP b AIE aritn B B S0fnfs <5

reduefi3syhydregen impitogei;tor exampie bymeansweffermingdasnatormate,

temperatures in the range of preferably 150-500C over a . periqd of 5 :
ZOTT SR 38 5 SedotS B BuAPIRIe PRduAIG gBhts: for BVAmpIERYoEL e

NH3,
The amount of reducing agent is preferably selected such that,
during the treatment time, at least the equivalent needed for
complete reduction of the metal components i1s passed over the
catalyst. Preference is given, however, To passing an excess
of reducing agent over the catalyst in crder to ensure a rapid

and complete reduction.

Preference 1is given toc reducing at ambient pressure, 1l.e. at

an absolute pressure of approx. 1 bar. For the preparation of
industrial amounts of inventive catalyst, preference is given
to using a rotary tube oven, moving bed reactor or fluidized

bed reactor in order to ensure uniform reduction of the

catalyst.

The present invention further relates to a coated catalyst
comprising a porous shaped catalyst support body with an outer
coating in which at least one catalytically active species is
present, wherein the concentration of the catalvytically active
species, over a region of 90% of the coating thickness, the

region being spaced apart from the outer and inner ccating
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formaldehyde, methanol and hydrocarbons, can likewise be used, in
which case the gaseous reducing agents may also be diluted with inert
gas, for example carbon dioxide, nitrogen or argon. Preference is given to
using a reducing agent diluted with 10 inert gas. Preference is given to

boungiiresroftiefogerswithynirogen of BfgGit, prefetably havimges, deviates
£ ronh¥areoen content etween 194 byvalume and;15% by volumeThe ccies in

. reduction of the transition metals or noble metals can 15 also be
thisyggeriakentl Iig0id prase, breferably by Mlears 6iths Afetiichyg dgentdore

thanhydrazing patagsivine farmate.;sodiumformalte, feraicacid, H202,1 95, such
hy ophosg)éhforous acid or sodium hypophospite. The amount of reducing
ot g5t préfefablyt SEleciireiER AL 20 AN araatheRE e a

accoeastiheeguivalentnegded-for complete reduction of the metal
components is passed over the catalyst. Preference is given, however, to

passing an excess of reducing agent over the catalyst in order to ensure
whera tapid cand complete reductiony 25 Hreferercesispiven thredueingaier is a
mbient pressure, i.e. at an absqlute pressure of approx. 1 bar. For th
met e natation of | ]d}ﬁ%{fr?a?%nféﬁn%gf iﬁ%gﬁt%tcaﬁg ysE%rglf%Féenrc%lirsleglveb
prodiadising a retary iube ever;imoving bedseactovor Huidizetle30 pedalving

cne 'SSIOL I OIS to ensuge uniform reductin of he catalyst, The present ..,
RVERTON-further relates 1o a coated catalyst “Eorprising & porous shapéed

di s teatalystisuppoft hody with ancouter:35 coating intwhichatitegst onectal can
enerCAAVICAly aclive specias is present, uherelp the cancentraion of the
catalytically activé “species, over a region of 90% of the coati gythlckness,
(wathéeregion-beingespated apartfrond i€ oatar amd)innehdadtings24 1 so
referred to as EDX spectroscepy (energy dispersive X-ray) In
this case, a measurement head is conducted over the sample and
is sensitive to the active metal, preferably palladium, or the

promoter metal, preferably gold, such that the distributicn

therecf in the area can be determined.

By virtue of the substantially homogeneous distribution of the
catalytically active specles within the coating, a
substantially uniform activity of the inventive catalyst over
the thickness of the coating is ensured, since the
concentration of active species over the coating thickness
varies only comparatively little. In other words, the profile
of the concentration of active species over the coating

thickness describes approximately a rectangular functicn.

To further increase the selectivity of the invenitive catalyst,
viewed over the thickness of the coating of the catalyst, the
maximum concentration of catalytically active species is in

the region of the outer coating boundary and the concentration

declines in the direction of the inner coating boundary. It
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5 boundary in each case by 5% of the coating thickness, deviates from the

mean concentration of catalytically active species in this region by not

more than +/- 20%, preferably by not more than +/- 15% and

preferentially by not more than +/- 10%. Such coated catalysts are
may ostaimablechy meansof thé process dftaccoiding ¢d theainwéntiore AVhen

.the catalytically activ cies and/or the promoter is a_metal, |
et i§trf§%%§rzf ?nsthcgeégu"hgp%%g cagnggeS g%’?etr neodvgf paroéﬁgﬁa a soe%cstigﬁ 0 east
25% thé caltalystofor exanidié byrhading 45 the suppert dndhe efectioa inner

icro three-di ional . distributign e active.m Of ~o

O amotes Tl S Then be dSiarmingc wath M 48 F WXL L0% of
the gpettroseopy (WwavelengindispersiverXgay difractionewhichisalson of
eronfefRfredtosas, EDX spectioscopy, (energy. dispetsive X-ray) In 20 this case,

a measurement head is conducted over the sample and is sensitive to the

active metal, preferably palladium, or the promoter metal, preferably gold,

In =Suchtbatthe distrbution thereof inthe.arga canbe determingd. 238y o,

virtue of the substantially homogeneous distribution of the catalytically
the sivespetsWithin the€ 86ating; 5° ddbstaftall ithifoPmd@ivity oF theres
=ppribvantivecajalysteuernthe thickngss.ghthergoating ds ensuredssince the, 404
concentration of active species over the coating thickness 30 varies only
O HympParativey liftfe T binet wistts the r6file [61HRé toRcertrdtivh épner

coatactiyerspecies oyer fhe-eeating thicknessdassebes approximatebran 70 to
rectangular function. To further increase the selectivity of the inventive

0% Grag8E FEViclHel R T tHiGknERE. of the coating of the catalyst, the

maximum concentration of catalytically active species is in the region of

the outer coating boundary and the concentration declines in the direction,
The(ﬁ%ﬁgﬂ%ﬁﬁ%ogﬁ&5%8ﬁné% aﬁes to a coated catalyst comprising

a porous shaped catalyst support body and at least one
catalytically active species which is present in an outer
coating of the shaped catalyst support body, wherein the
coated catalyst 1s one element of a charge of a multitude of
coated catalysts, where the ratio of the standard deviation of
the coating thicknesses of the coated catalysts of the charge
relative to the mean value of the coating thicknesses of the
coated catalysts ¢f the charge is less than/ecual to 20%,
preferably less than/equal to 15%, preferentially less
than/equal to 12% and more preferably less than/equal to 10%,

or from 3 to 18%, preferably from 2 to 15%.

The standard deviation is determined according to the formula

N

1 <732
Ux“\/mz(x; ~-X)

i=]

in which
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25 5 may be preferred when the concentration of catalytically active
species declines constantly over a region of at least 25% of the coating
thickness in the direction of the inner coating boundary, preferably over a
region of at least 40% of the coating thickness and more preferably over

oy 1iaregienofdodam 30:=t0i80%:of the coating thickness. In a further
preferred embodiment of the inventive catalyst, the concentration of
catalytically active species declines approximately constantly to a

N (=cortentratorn obfreanbQ to 90%:15 nhithieemaxifmurnh goacdentsationinithe

direction of the inner coating.bqund preferably to a concentration of
Su@pf?or% ;%Otol%%rga‘ the r%g%%llurqﬁ %ogc{:}\gr‘:tfation. The invention further

relates to a coated catalyst comprising 20 a porous shaped catalyst

. SURROrt . catalytically. active_species which is present
%, 1JURRItbody an a%xlfl A lypically a
} 3";gn an outer coating o fl%sﬁggeg ca#a%%stjéu%éorﬁ?% )@;3 Wﬁgg:e?r%“ théE SUPPOTT
bedycoated batatystislene element of a charge of a multitude of coated
catalysts, where the ratio of the standard deviation of 25 the coating

__ thicknesses of the coated catalysts of the charge relative to the mean
X ivalue of the-coatingthickaesses akther ceated catalysts of the-eharge isr the
less than/equal to 20%, . preferably less than/equal to 15%, preferentially
s=mlgs thaflequafio E2v AHE Thord Bréfe/ablyGs BFAIAG.A1 (5105 Jokor
det dram:3:t0 8% opreferablyrams3 tria%l Ihe standard deviation is
determined according to the formula 1 N 6X (X, -X) 35 in which 26

1 N
Xz?v-;}(,.

Such coated catalyst batches can be prepared by means of the

process according to the invention.

The catalytically active species may be a biocatalyst,
preferably an enzyme. Alternatively, the inventive coated
catalyst may comprise one metal or any combination of metals
which are suitable as catalytically active metals or as a
promoter metal. The metal may be present, for examples, in
metalliic form, in ionic form or, for example, in complexed
form. It is preferred when the metal is selected from the
group of the transition metals, preferably from the group of

the noble metals.

Catalysts preferred in accordance with the invention comprise
two different metals in metallic form in the coating, the two
metals being combinations of one of the following pairs: Bd

and Ag; Pd and Au; Pd and Pt. Catalysts with a Pd/Au coating
are suitable especially for preparing VAM, those with a Pd/Pt

coating are suitable especially as an oxidation and
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5 ax is the standard deviation; N (= 100) is the sample size (number of
shaped catalyst support bodies; N i equal to 100); 10 X]j is the coating
thickness on the i-th shaped catalyst support body of the sample; X is the
empirical mean value of the coating thickness of the sample (i.e. the
hydrgftmedticonesn b tHessampley, whiehds ¥5 deterntined aceording o thee

suitsmwia N X 1'!§:Jf%%°f%_ﬁ%at§gf@@ﬁ%’%@#@?@a&% prepased byy o ye s
means of the 20 process according to the invention. The catalytically '
and geEespediesohay bie & bictatdlystl prefefably an@nzyme. AfteriatreRr ing

purithedgventive coated, catalystumay compiiss ane-metal of any combjnation
of metals 25 which are suitable as catalytically active metals or as a

Presgiymoter etalc THe tmétaPriaybe present, for example, in metallic form,
in ionic form or, for example, in complexed form. It is preferred when the
metal is selected from the group of the transition metals, preferably from

WiThyeSEronE of 30-tHe molsld hietals. ehtdlyStaiprérefrediin GREGrdahte Wit

suf ftheiipventioncamprise two differest metals in-metallie foranin thg coating,
the two metals being combinations of one of the following pairs: Pd 35

COMPRAGAY: PAand KuPd and P ehtalySts Withe PEFAU Eating” afdd A0, and
the suitable especialty forpreparing,¥AM; thase with a:RMPh ceatingares by

suitable especially as an xgdation ané?gz 5 hydrogenation catalyst, and
e S B i A PtTAG oAy Are SLitable e GedAOP o SHBHRREN a1y
fromhydrogenationsaf alkynesss, based on the mass of the catalyst

suppcert laden with noble metal.

Furthermore, it is preferred in the aforementioned context
that the Au/Pd atomic ratic of the catalyst is between 0 and
1.2, preferably between C.1 and 1, preferentially between 0.3
and 0.9 and especially preferably between 0.4 and 0.8.

In the case of a Pd/Au cocated catalyst, this catalyst
preferakbly comprises, as a promoter, at least one alkall metal
compound, preferably a potassium compound, a sodium compound,
a cesium compound or a rubidium compound, preferably a
potassium compound. The suitable and particularly preferred
potassium compounds include potassium acetate KOAc, potassium
carbonate K:COs;, potassium hydrogencarbonate KHCO:; and
potassium hydroxide KOH, and alsc all potassium compounds
which can be converted under the particular reaction
conditions of the VAM synthesis to potassium acetate KOAc. The
potassium compound can be applied to the catalyst support
either before or after the reduction of the metal components
to the metals Pd and Au. In a further preferrad embodiment of
the inventive catalyst, the catalyst comprises an alkali metal

acetate, preferably potassium acetate. To ensure a sufficient
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and dienes in olefin streams, i.e. for example, for preparing purified

ethylene by selective hydrogenation:af acetylene present in the crude

product. 10 With regard to the provision of a VAM coated catalyst with

sufficient' VAM.activity, it is preferred that the catalyst comprises, as the
promegalytically Héthe spdcidss Fand Ahl ahd Ythe5toporfioa if Bif cadafyst
cont2hPd 13, rome0.640.2:0%:by, 15 Mass: preferably femQ.¢do 8% 0.1 +o

mass and preferentially from 0.8 to 1.5% by mass, based on the mass of

0.7 felddtalyst shpper laderi ®ith hoble metal > Fiiterore, it is preferred in
the aforementioned context 20 that the Au/Pd atomic ratio of the catalyst
is between 0 and 1.2, preferably between 0.1 and 1, preferential

|
In apdiwdditd 3P4Rd 070 &Ad ¥8pe aﬂs?ia?efaeabmﬁetméﬁm‘éﬁd%ﬂ.é%

catathgscaserofa Bdifu eoated caralysts this catalyst 25 preferably cemprisesd
as a promoter, at least one alkali metal compound, preferably a

Y
12, BoaSEHRT S mPE NG S s6dithf cdmpdlifid "8 ceskint E6mpbuKd sF aveen 4
and mbidivereampoynd, piefegably Be potassium eempoundcEhe suitakle and

particularly preferred potassium compounds include potassium acetate .
a5, S SRS KOO8 Bt T oD aee £ Lo
KHCO3 and potassium hydroxide KOH, and also all potassium

compounds Whi% gan Pe converte unde{;’%hee parti%ular reaction
A

It héﬁosn itions éﬁﬂ%@ asyth%%isSFéap&tggsium acetate KOAS. ‘IeﬁeOf the

catadotassisnpeampoeund eah berapplied o the catalyss sdpport. 85 either of the

. before ot after the reductign of the metal components _to_the metals P
* nve&ﬁcdl AG. %n%a%‘f rtﬁeargpargf%??%d eIt m bgné%"% At of ’thg?llr?ve%rﬁeg %%%al?shfth%ur face
areacatélysheomptisésy/an atkationetal doetater preeferablypotassiomracetatel the

meténgggg%ﬁasgwggnégg be selected without having to accept
significant losses of product selectivity. In a preferred
embodiment of the inventive catalyst, the surface area of the
catalyst support therefore has a surface area of less
than/equal to 160 m?/g, preferably one of less than 140 m®/g,
preferentially one of less than 135 n@/g, further preferably
one of less than 120 m*/g, more preferably one of less than
100 m?/g, even more preferably one of less than 80 m°/g and

especially preferably one of less than 65 m’/g.

In a further preferred embodiment of the inventive Pd/Au
catalyst, the catalyst support may have a surface area of from
160 to 40 m?/g, preferably one of between 140 and 50 m/g,
preferentially one of between 135 and 50 m®/g, further
preferably one of between 120 and 50 m?/g, more preferably one
of between 100 and 50 Hﬁ/g and most preferably one of between

100 and 60 m*/g.

With regard to a low pore diffusion limitation, in a further

preferred embodiment of the inventive Pd/Au catalyst, the
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5 promoter activity, it is particularly preferred when the content in the
catalyst of alkali metal acetate is froms0.1 to 0.7 mol/l, preferably from 0.3
to 0.5 mol/l. In a further preferred embodiment of the inventive Pd/Au 10
catalyst, the alkali metal/Pd atomic ratio is between 1 and 12, preferably

catabgtwechipnd 0@ move prefersly betweehidremiced. Rréfdrably, theto

so nMmallerthe surface area of the, catalyst.suppart, the Jower thecalkalie s 11
metal/Pd atomicratio. 15 it has been found that the smaller the surface

one grealfatthe LdathlystSupport, the higher the product selectivities of the
inventive Pd/Au catalyst. In addition, the smaller the surface area of the
catalyst support, the greater the thickness of the metal coating that can

The pe seletiedwithdat ety toSacceprRoSigrificant #0535 3 produuct affect

the SelegtityyIna preferred empodiment:of the inventive catalystdhepreferred
surface area of the catalyst support therefore has a surface area of less

enboghbfetua? fo 166 miZig SreferabAdiie ofless tih f40-m2/g~ Suppors has
an MEREQURY e Liens fhaiss MR- er pisieabydy ope T dess

than 120 m2/g, more preferably one of less than 100 m2/g, éven more
hetwareferablyrahel llegs than 80.en2igande esfgeciallylpreferablydris=tofdess: 10
than 65 m2/g. In a further preferred embodiment of the inventive Pd/Au 30

and dREIKRETHE catdlyst 3GPEGT & have a SuHace afed BFRGHT 166 to 40
det PRhch prefesably one.af between 1401a0d:5hw2{g, gRreferentiathsorne of
between 135 and 50 m2/qg, further preferably one of between 120 and 50
Suppmérg,ﬂrﬁor%%f@sbwﬂo%% of Befive et 106 5fid 56'M3/g dhdPholtans
valuereferablyconerei-heiwesn 35 400 anth60 mxfg. With regard4o a low pore
diffusion Jimitation, in a further ,%refe,rred em odim%ntéJf gle vang\}/ie

Sub%gﬂ%%qﬁﬁgwsg?ﬁéﬁﬁxture is titrated wit

solution at least to pH 7.0, the titraticon being effected
stepwise; first, 1 ml of the NaOH solution 1s added dropwise
to the extract {1 drop/second), there ig a wait of 2 minutes,
the pH is read off, another 1 ml of NaOH is added dropwise,
etc. The blank value of the water used is determined and the

acidity calculation is corrected correspondingly.

The titration curve (ml of 0.01 NaOH against pH value) is then
plotted and the point of intersection of the titration curve
at pH 7 is determined. The molar equivalenis are calculated in
107% equiv/g of support, which are found from the NaOH

consumption for the point of intersection at pH 7.

. 10 * ml 0.01 N NaOH
Total acid: = neq/q

1 support

The Pd/Au catalyst is preferably configured as a sphere.
Accordingly, the catalyst support is configured as a sphere
with a diameter of preferably greater than 1.5 mm, more

preferably a diameter of greater than 3 mm and most preferably



10

15

20

25

30

35

5 catalyst support may have a mean pore diameter of from 8 to 50 nm,
preferably one of from 10 to 35 nm aggl preferentially one of from 11 to 30
nm. The acidity of the catalyst support can advantageously affect 10 the
activity of the inventive catalyst. In a further preferred embodiment of the
w1ithneenthaereatalyst the catalystsupport hasman acidity of between 1 and
150 eq/g, preferably one of between 5 and 130 eqg/g and more preferably
one of between 10 and 100 eqg/g. The acidity of the catalyst support is 15
To igetemaimedtdsfollows vl gyofihe fihelylgroend tatalyst Supposttis Lyst, the

cataqq;gkxega%gmgorwfgﬂ@t%g@@ & piblapk value) and.extracted with
stirring for 15 minutes. Subseqguently, the mixture is titrated with 0.01 N
metaNa Of 86hfibniat deastie pH P Opthectitbtiohibeing éffécted D0, stEpwiss .

Ta, WSt aktheNaQH selutiqn is addeddropwise to-the extragt (1 po 0., 1t
drop/second), there is a wait of 2 minutes, the pH is read off, another 1 ml
may NGOG atRed irepwisee etE PR blanRk valueldtahe datergdedisrror t

of cdgterminedsand the geidifycalcylation is gorrected correspordinglyn29 £y op
The titration curve (ml of 0.01 NaOH against pH valueé is then plotted and
1.0 the poirtt drinfersettivn of e fitafoH carveYatiey i deferfiinéy, THe S/

basdBOlak eguivalents are caleulated: im 49t6 eawivig-ef support, which are
found from the NaOH 30 consumption for the point of intersection at pH 7.
Total acid: 10 * ml 0.01 N NaOH = ,peq/g 1 support The Pd/Au catalyst is

In freterablyrconfiguresasaspbere. 35 Accordinglyy the,eatalyshsupport ist
coﬁnfigured as sghere with a diameter of preferably greater than 1.5 mm,
COME R brefbralby & IAMRISH of GFdatbr B TR st frafetaby "o

and, in order to ensure a sufficlent activity of the catalyst,
preferably in the hydrogenation of acetylene, the proportion

in the catalyst cf Pd is from 0.01 to 1.0% by mass, preferably
from 0.02 to 0.8% by mass and preferentially from 0.03 to 0.7%

by mass, based on the mass of the catalyst support laden with

noble metal.

Likewise in order to achieve a sufficient activity of the
catalyst in the hydrogenation of acetylene, the Ag/Pd atonmic
ratic c¢f the catalyst is between 0 and 10, preferably between

1 and 5, and it is preferred that the thickness of the noble

metal coating is less than 60 um.

In a further preferred embodiment of the inventive Pd/Ag
catalyst, the catalyst support is configured as a sphere with
a diameter of greater than 1.5 mm, preferably with a diameter
of greater than 3 mm and preferentially with a diameter of
from 2 te 5 mm, or as a cylindrical tablet with dimensions of

up to 7 x 7 mm.

In a further preferred embodiment cof the inventive Pd/Ag
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30 5 with a diameter of from 4 mm to 9 mm. To increase the activity of the

inventive Pd/Au catalyst, the catalystsupport may be doped with at least

one oxide of a metal selected from the group consisting of Zr, Hf, Ti, Nb,

10 Ta, W, Mg, Re, Y and Fe, preferably with Zr02, Hf02 or Fe203. It may
categey pieferrad whehathesgroportion it thexcatalystsdpport ©f depait dxida 1 to

50 nis/ge,twsee @eafg%zg"/%@y masgepreferablyfrom 420 [p 10% by mass and

preferentially from 3 to 8% by mass, based on the mass of the catalyst
support. 15 In an alternative embodiment of the inventive catalyst, it

Tr oRAMRriSes, as the catalytically active specigs, Ad,and @\%gﬁﬂ% ip, grder to
n

ensure a sufficient activit% of the catalyst, preferably in the hydrogenation
surfgreediede the HiSFortibA 20GA e catalyst ofPMis fiom DEOBRLY.006 less

tharPysmassy peaferably frona th?a@l%% by masswanchpreferentially from
0.03t0 0.7% by mass, based on the mass of the catalyst support laden
with noble metal. 25 Likewise in order to achieve a sufficient activity of

A pribeccatalyst intbetystogenalion of acetyleng; the AgRd atomaig - ratio-af
the catalyst is between 0 and 10, preferably between 1 and 5, and it is

d :
Comggafied fhat AR SY bf tHetrdblé Shnbtdt cBBfNg ffless that6o At the
prop¥fyiniafurtherprefered-embediment of the iayentive Rd/Agr catalysti-the

.catalyst support is configured as a sphere with a diameter of greater than
e R BRIty O e ra ol o P tha SN AR T Lom 011 <o

2 . Sypreferentiallyamith a ciaiaeter of 35 front 24a SOmns, arasia eyingyicaks s,
baségb€£m% énggg§og§cgﬁg)ggigfgg%néupport laden with noble

metal.

In a preferred embodiment of the inventive Pd/Pt catalyst, the
Pd/Pt atomic ratic of the catalyst is between 10 and 1,

preferably between 8 and 5 and preferentially between 7 and 4.

In a further preferred embodiment of the inventive P4/PC
catalyst, the catalyst support is configured as a cyliinder,
preferably with a diameter of from 0.75 to 3 mm and with a

length of from ¢.3 to 7 mm.

In addition, it may be preferred that the catalyst support has
a surface area of from 50 tec 400 m®/g, preferably one of

between 100 and 300 m’/g.

It may also be preferred that the catalyst comprises, as the
catalytically active species, metallic Co, Ni and/or Cu in the

coating.

In a further preferred embodiment of the inventive catalyst,

the catalyst suppcert is a suppert based on a silicon oxide, an



10

15

20

25

30

35

In a further preferred embodiment of the inventive Pd/Ag 31 5 catalyst,
the catalyst support has a surface area of from 1 to 50 m2/g, preferably of
between 3 and 20 m2/g. It may also be preferred that the catalyst support
has a surface area of less than/equal to 10 m2/g, preferably of less 10
alumthap® wRigland prefetentially of lessahan 2am2/gr Aqpréferregkihdentive
£ 1 £ 2idlation.arydrogenaion gatalyst comprises, as the, catalytically active . .
species, Pd and Pt, the proportion in the catalyst of Pd to ensure a
prefgyficient B5 astivity'seing frofiT 0.0526 5% lbyHiass! preferably from 0.1 to
2.5% by mass and preferentially from 0.15 to 0.8% by mass, based on
the mass of the catalyst support laden with noble metal. 20 In a preferred
RS ZgmBadiment df fife mverifive PPt Catalysts thes PeifPt-dtofic Fdtfo offtHentive

catLalystis between 10:and.1,-preferably between 8 and 5A00-51 stress in

preferentially between 7 and 4. In a further preferred embodiment of the
the Rgsive Pd/Pt25Taialy st i edtalysEsuppotEisitdfigtred ad'g inventive

cat zoylinder preferahly with adiameter of frop Q7bdeAmm,and Withia eq into
length of from 0.3 to 7 mm. In addition, it may be preferred that the

4 Ieafa98rsipport Fas 3b% Shrfice: afea o rom B0%o MO0 RERE pF&terably
evolang eh betwesns 10Q and800-m2/0: i may alsehe preferseg that the
catal(i;it comprises, as the catalytically active species, metallic Co, Ni

SSPEHlor Eu Y the” 35°E0ating T 4 furthe? préfetredémbodinfentbegi 1n an
outdpvenityecalalyst dbecatalystsuppod:is acsuppert hased:onca siticem of the

, oxide, an 32 5 alumin xide, an aluminosilicate, a zirconium oxide, a
1nveg%1ve catéﬁyst wgqgin acceptg£Qe ifﬁits, the catalyst

support has a hardness of greater than/equal to 20 N,
preferably one of greater than/equal to 30 N, further
preferably one of greater than/equal to 40 N and most
preferably one of greater than/equal to 50 N. The pressure

hardness 1s determined as described above.

The inventive catalyst may, as a catalyst support, preferably
comprise a catalyst support based on a natural sheet silicate,
especilally on a calcined acid-treated bentonite. In the
context of the present invention, the expression "based on”
means that the catalyst comprises the corresponding material.
According to the invention, it is preferred when the
proportion in the catalyst support of the bentonite is greater
than/equal to 50% by mass, preferably greater than/equal to
6C% by mass, preferentially greater than/equal to 70% by mass,
further preferably greater than/equal to 80% by mass, more
preferably greater than/egqual to 90% by mass and most
preferably greater than/equal to 95% by mass, based on the

mass of the catalyst suppoxrt.

It has been found that the greater the integral pore volume of
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titanium oxide, a niobium oxide or a natural sheet silicate, preferably a
calcined acid-treated bentonite. As already stated above, the catalyst
support of the inventive 10 catalyst is subject to a certain level of
mechanical stress in the course of catalyst preparation. Furthermore, the
the poeAtves catilystondy bélhighly adechanically stréssed whendilled ity af

the 'BR60:298 resyl of which here may be undesired eyplitiopof lust and

damage to the catalyst support, 15 especially to its catalytically active
emb ol idisPosetin-di dutdriegiont Espedially-irrorder folkedp theoport
the r@lbifion offhe inugntive catalyst withinaceeptable imits, thecatalyst,

support has a hardness of greater than/equal to 20 N, preferably one of
0. 30gmehtsr thRARGAARD30 R furfier 2095referalbiyonelof Hredtef thartéqual

ore f9-40:Nand Rost preferably one of greatenthan/egual to 50 N. The
pressure hardness is determined as described above. The inventive
catalyst may, as a catalyst support, preferably 25 comprise a catalyst

In asuppeorthgsed-omanaturab sheetsilicate, especially-onacalcined pport of
acid-treated bentonite. In the _context of the present invention, the

the &hE8siGR Hdseti-on? indars that theSChtalysCOprisesthe of between
0.3 eortesponding/matesiad £ Acgordingtosthednyentione i i prefered whene1 /g

g the 3 proigor,tio in the cat ysé zclijlgp rt of the be tonite is greater
SHC fRanfequal’t l@(ﬁ}oﬁﬁyoﬁl%sg, prefe b@/'g?egf‘ér%h /B4d& 1o 60% by

mass, preferentially greater than/equal to 70% by mass, further preferably
The I€ ter }gﬁn/egual tg BJS% byor?a sB mare, Eg&efertab(lgy greater than/ %JBJ to, g

9650%%/ Mass and most' 35 preferably greater ¥ivan/éq 56 '95% b ass e
by theseelion thet massoof the catalyst supperigk hasdeendount thattike surface
areagrg%te{gbae (I:né%%rﬁl/_ggres\l/l(g)lg(r}nretofa%% its integral pore volume are
determined by the BET method and by the BJH method
respectively. The BET surface area 1s determined by the BET
method to DIN 66131; a publication of the BET method can also
be found in J. Am. Chem. Socc. &0, 30% (1938). To determine the
surface area and the integral pore volume of the catalyst
support or of the catalyst, the sample can be analyzed, for
example, with a fully automated ASAP 2010 nitrogen porosimeter
from Micromeritics, by means of which an adsorption isctherm

and desorption isctherm are recorded.

To determine the surface area and the porosity of the catalyst
support cor of the catalyst by the BET theory, the data are
evaluated according to DIN 66131. The pore volume 1s
determined from the measured data using the BJH method (E.P.
Barret, L.G. Joiner, P.P. Hailenda, J. Am. Chem. Soc. (73/1951,
373)). In this process, effects of capillary condensation are
alsc taken into account. Pore volumes of particular pore size
ranges are determined by summing incremental pore volumes

which are cbtained from the evaluation of the adsorption
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5 the catalyst support, the higher the product selectivity of the inventive

Pd/Au catalyst. In a further preferred: #mbodiment of the inventive

catalyst, the catalyst support therefore has a BJH integral pore volume of

greater than 0.30 ml/g, preferably one of greater than 0.35 ml/g and 10
isotpreferentialy dae of gredteHthahi G40 milRp fa Addition, ivmayise according

to tﬂée‘c%rf%dM@?Hotﬁefé‘t%lé{%te%‘p&?”%%fx@g Rd/pu catalystinaga BIH, ¢ £rom

integral pore volume of between 0.3 and 1.2 ml/g, preferably one of

1.7 petwdeh 04 -and 1.1 ml/g 15 and preferentially one of from 0.5 to 1.0
ml/g. The integral pore volume of the catalyst support is determined by
the BJH method by means of nitrogen adsorption. The surface area of the

In acafal/shelippore ARd ieAngPaIbBre Vblutde Afee 20rdetemingd Bytheé YSt,

the BEIJnethodand by the-BJH methodgespectively- TheBET suHace Aea ne
is determined by the BET method to DIN 66131; a publication of the BET

fromyhdd cdr AlsoP B& f6dRd in’d ZARTmChB: otV o, $G9-ElosE)cfoas the

welgteteminesthes suface.atea and thedntegral pore vohkme pt thecatalyst
25 support or of the catalyst, the sample can be analyzed, for example

de tefh eI RUSHRARETRSAP 2010 Htr8dert BoroSitHELRF frorePle With
deioMicremerities, byrmeans ahyhicihan adserptiontsotherma ans:.deserptiescape
isotherm are recorded. 30 To determine the surface area and the porosit
EromoFihe CRIASE SugPO b of HECATAYSEDY HRBET teoipothe g gt 2nd
the evaluated=acsordingta BINS6131bEHe poravelumeriscaetetminedtftomree
the measured data using the BJH. method (E.P. rret, L.G. Joiner, P.P. .
the RATIRE. 3 ARG CHEN Bt T4 0T 08 SE e prEele belesen
suppeapillary coadehsationaret also:taker intd accduntcRoreNnalumesafcording

particular pore size ranges are determined by summing incremental pore
to: . . . .
volumes which are obtained from the evaluation of the adsorption

(Final weight (g) - Starting weight {(g)) x 10 = Water

abscrption (%)

In a further preferred embodiment of the inventive catalyst,
it may be preferred when at least 80% of the integral pore
volume of the catalyst support is formed by mesopores and
macropores, preferably at least 85% and preferentially at
least 90%. This counteracts a reduced activity of the
inventive catalyst brought about by diffusion limitation,
especially in the case of coatings with comparatively great
thicknesses. In this context, the terms micropores, mesopores
and macropores shall be understood, respectively, to mean
pores which have a diameter of less than 2 nm, a diametexr of

from 2 to 50 nm and a diameter of greater than 50 nm.

The catalyst support of the inventive catalyst is configured
as a shaped body. The catalyst support may in principle adopt

the shape of any geometric figure on which a corresponding
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34 5 isotherm according to BJH. The integral pore volume according to
the BJH method is based on pores haying a diameter of from 1.7 to 300
nm. In a further preferred embodiment of the inventive catalyst, 10 the
water absorption capacity of the catalyst support may be from 40 to 75%,
coatgreferably fiom 5016 7%, dalvwated as thel welight increaske by evatéhe

cat LRporPtion, The absorptign.is determined by impreqnating;10 g of the

~ support sample with deionized water for 30 min until no urther gas _
(Ingibsblesiesddpe 184Foin thesdppert samplé: Thecexcess waleris thagluding

witrdecanted.and the impregnated.sample is dabbed; with,a cotton towel {q,,, .

. free the sample of adhering liquid. Subsequently, the water-laden
T 1nGupPortis weighed aid 818 8bserbtion 1S €AlEGlateractanding  to?R0as an

ext Afinal weightdg):+ Starting weight:(gN=41Q z \Water-absorption, (Y03 I a, qat e .

further preferred embodiment of the inventive catalyst, 25 it may be
preferred when at least 80% of the integral pore volume of the catalyst

The SUPPeHds formed:hy mesoperes and fnaepperas. preferably atleast 83%s+«
and preferentially at least 90%. This counteracts a reduced activity of the

SUPHANEntive datlyStBiBlght Sboirt By difttsion liRTitatish 280 8speGdiylintthe

9 micasefcoatings with cempasatively greafothickhesses; Inthisicontextthe
tirms micro orePrs1, mesogores and macropores shall be understood,

catqp¥detivRly: Yo Hiean® Bores which have a diameter of less than 2 nm, a
diameter of from 2 to 50 nm and a diameter of greater than 50 nm. 35

In gghnee%%t? l,y S%ﬁlépgoor‘tﬂ%frthgﬁgvggﬁl Ce k%aé%lgstolg Cg Qgg%rggt ing of the

catalyst, the higher the product selectivity of the inventive

catalyst. In a further preferred embcdiment of the inventive

catalyst, the coating of the catalyst therefore has a
thickness of less than 300 pum, preferably one of less than
200 pm, preferentially one of less than 150 um, further
preferably one of less than 100 pm and more preferably one of

less than 80 um. The thickness of the coating may, in the case
of supported metal catalysts, frequently be measured optically
by means cof a microscope. The region in which the metals have
been deposited appears black, while the metal-free regions
appear white. The interface line between metal-containing and
metal-free regions is generally very sharp and can clearly be
recognized visually. Should the aforementioned interface line
not be sharp and accordingly not clearly be recognizable
visually or the coating thickness not be determinable visually
for cther reasons, the thickness of the coating corresponds to
the thickness of a cecating measured proceeding from the outer
surface of the catalyst suppert in which 95% of the
catalytically active species deposited on the support is

present.
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as a shaped body. The catalyst support may in principle adopt the shape
of any geometric figure on which a cagresponding 35 5 coating can be
applied. However, it is preferred when the catalyst support is configured
as a sphere, cylinder (including with rounded end faces), hollow cylinder
It harclddihgvwith rowsdediend faces} ttrilobe, tappethtablet,itetrafobes ring; ,

the QQUUL; § r’c‘%g%N%%Mgéﬁeﬁt‘@{a%%ﬁﬁ%x%’ﬁ%ﬂﬁok‘?i(ng_@Wickness
preferably as a ribbed extrudate or star extrudate. The diameter, i.e. the
whidangthland tHiskiessaofthelcatalysty support of-the inverivesdatalystisut

brirRreferablyfrem.l to;9 e acgording o the reactor tube geometry.in

which the 15 catalyst is to be used. In general, the lower the thickness of
selafplchaltingof thé' Tatalystithe'kighéi thkYprbdudtcselédtivity bR e se

cataDyentive,catalyst. Ip;a further prefered erabqdiment of thedpventive2Q 41 4
catalyst, the coating of the catalyst therefore has a thickness of less than

be Us§sm, Preferabiy hefdf idstthar 506 Al bréfeterftiall bhe ot Yess than

cat 2150, funther- peeferably-ene pkless than, 100 m.and more prgterably one
of less than 80 m. The thickness of the coating may, in the case 25 of

thicdippoitedimbtal catalystd frerudntly be rMeasumsd oprcalhy by heards bEtween
a micr. pe. The region in which the metals have, been depasited
250 e e fise T SbrEarARed. THL riiiace 00 b

and linerbetweepraetal-gontaining and metaldige regipnsis gepealiyvery
sharp and can clearly be 30 recognized visually. Should the
aforementioned interface line not be sharp and accordingly not clearly be

The recegaizablenvistally-ar theregatingthickness net hendetgrminables
visuallg foéj,ot%er,rea ons, the thickness of the coating corresponds to the
s&ot &

2PPARERH olfing Rieadlirt procéelifiyrdm the olifei™® ©f & process

gas, a fluidized bed of shaped catalyst support bodies in
which the shaped catalyst support bodies circulate
elliptically or toroidally, preferably toroidally, to perform
a precess according to the invention or in the preparation of
a coated catalyst, especially of an inventive coated catalyst.
It has been found that, by means of such apparatus, it is
possible to prepare coated catalysts which have the

aforementioned advantageous properties.

In a preferred embodiment of the inventive use, the apparatus
comprises a process chamber with a base and a side wall, the
base being constructed from a plurality of mutually
overlapping ring-shaped gulde plates laid one on top of
another, between which ring-shaped slots are formed, through
which the process gas can be intrcoduced with an essentially
horizontal movement componeni directed radially cutward. This
enables, in a simple manner from a process technology point of
view, the formation of a fluidized bed in which the shaped
bodies circulate elliptically in a particularly uniform

manner, which is associated with a rise in the product
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35 surface of the catalyst support in which 95% of the catalytically active
species deposited on the support is present. 36 5 It has likewise been
found that, in the inventive catalyst, the coating can be formed with a
comparatively high thickness which brings about a high activity of the

qua lggtalystwithoet! biingihgaaboti asigrificart radiction indhe peodustverted

to Selgcivity afthe inveptive catalyst.=aor tis.pyrpose, A0.GaIRlYSLSHRRAILS, ¢ |

with a comparatively low surface area should be used. In another
as Qyrefdrred enbbiment ofahe IATIHIVE  c&alSE thdEoaRTy 6f thé caialyst

e1enfDgrefore NAs agthickness of betyeen, 200 and 20004n, preferably,one. of
between 250 and 1800 m, preferentially one of between 300 and 1500

vertgiiah 85@ fiirtierfitefePably ORelot betivé 6 460 ARESIR 00RO kel

cirdfegentaventioniurthes felatesda the use of an apparatus which is
designed to generate, by means of a process gas, a fluidized bed of

shaped catalyst support bodies in 20 which the shaped catalyst support

In dedies cisculate, elliptisally: or toroidally: preferably targidally, temerfims Rapea
process according_to the invention or in the preparation of a coated

bodigfalySt espEEHHY 6f dn ventive Sodfddcatalyst it RAS beéh fGuriditiats*

pre fRrmeans:af suehapparaius, dhisi2e:possible o preparg coated-galalysts is
which have the aforementioned advantageoqus properties. In a preferred

con riiBodimetit of e hvehtiVe 5 3NE dpparatlis “Corfiprises @ proceds SP~aY

cloweharnberavith ahasemngha sidenwalh the 136@:base: being censtrugtedfromay

a plurality of mutually. overlapping ring-shaped guide plates laid one on top
be ao%ggﬁgt%&er,cbeelﬁ%ﬁglﬁy%\}ﬁi&ﬁlrih -sh%%%a slots are formed, through which

the process gas can be introduced with an essentially
In addition, i1t may be preferred that exit orifices for
support gas are provided between the opening of the annular
gap nozzle and the base below, in crder te bring about a
support cushion on the underside of the spray cloud. The air
cushion on the base side keeps the bass surface frese from
sprayed solution, i.e. all of the solution sprayed is
introduced into the fluidized ked of the shaped bodies, such
that no spray losses occur, which is of significance
especlally with regard to expensive noble metal compounds or

enzymes for reasons of cost.

In a further preferred embodiment of the inventive use, in the
apparatus, the support gas is provided by the annular gap
nozzle itself and/or by process gas. These measures permit
very variable configurations of the provision of the support
gas. On the annular gap nozzle, it is possible sven for exit
orifices to be provided, through which a portion of the spray
gas exlits, in order to contribute to the formation of the
support gas. Additionally or alternatively, portions of the

process gas which f£lows through the base are conducted in the
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horizontal movement component directed radially outward. This 35
enables, in a simple manner from a process technology point of view, the
formation of a fluidized bed in which the shaped bodies circulate
elliptically in a particularly uniform manner, which is associated with a rise

direptherprodudtsy B qedlity. Thisélliptical tircalating pstion chrsace
cont £ORVEed-to & fluidized bed: by, means,of %%?@Bgﬂng\éeéﬁem component,

as can be generated, for example, either by means of guide elements
mounted on the ring-shaped slots or of a further vertical process gas

In aCompeRent, whichenables toroidal 10 cireulation of the-shaped:badies,In
order to ensure particularly uniform sEraylng of the shaped bodies, for
noZZegample Witk RBbRArhetit $8IUtiBAS, G2 RIPREBF Hefeffel embddintent, an

circanaylargap negze whoseepening iss12 canfigured skeh that the nezzle
can be used to spéeg, a spray cloud whose mirror plane runs parallel to

SUPPHe5ast fRRE Sarargefediftray 37 the baseéin ad8itibARit tragvard
in abeprefemeddhat extorificesder 20.support gasaee pravided-hetweenthecn
openin% of the annular gap nozzle and the base below, in order to bring

1s SEBAHH suppbrt cuShioh eUcYsidialof e Shvay ciolf THeRiPT the

conecushion on the base side keeps the base surface free from sprayed
solution, i.e. all of the solution sprayed is 25 introduced into the fluidized
bed of the shaped bodies, such that no spray losses occur, which is of

In asignifichrce eespeciatly mitharégardtoexpensivemaiie metalccompeundsi s

provghrdggqmegggr reasons o{jcé%s‘:}. 301 a further preferred embodmg)erit of

the inventive usel,ﬁéler?’fl?hen appara%%l, t é%u%Bgf%b%% isaBrov?daesaeby e and
prefandldygdp sngzzlesitsedf and/drilye pratess gaspthéseymeaslitessperasiture
has the advantage that the aforementioned harmonic deflecting
motion at the cone is maintained by the continuation above the
frustocone and support gas can exit through the passage

orifices in this region and ensures the corresponding support

on the underside of the spray cloud.

In a further embodiment of the use, a ring~shaped slot is
formed between the underside of the frustoconical wall for the
rassage of process gas. This measure has the advantage that
the transition of the shaped bodies to the air cushion of the
base can be controlled particularly efficiently and can be
carried out in a contrclled manner beginning immediately in

the region below the nozzle.

In corder to be able to introduce the spray cloud into the
fluidized bed at the desired height, it is preferred that the

position of the opening of the nozzle is height-adjustable.

In a further embcediment of the inventive use, guide elements

which impart a peripheral flow component to the process gas



15

20

very variable configurations of the provision of the support gas. On the
annular gap nozzle, it is possible even for exit 35 orifices to be provided,
through which a portion of the spray gas exits, in order to contribute to the
formation of the support gas. Additionally or alternatively, portions of the
passprogess gagswhielr lows ibrovgh the baseard benducied iiees3s Biide
plat(gige_ction of the underside of the spray cloud and hence contribute to the
formation of the support gas. In a further embodiment of the invention, the
annular gap nozzle has a conical head and the opening runs along a 10

Workaireylar section face. This ensures that the cone supplies shaped
Mo res moving Vertically from the t

op downward in a uniform and
The sthitrolled MERAEBINBSHFAY é@ég,%hréﬁﬁ‘é%p?éyédl@ylﬁiéféﬁ%lé;rhe
i nveSiray,gap in the lower end of the cone. 15 In a further embodiment of the
use, a frustoconical wall is provided in the region between the opening
and base below, and preferably has passage orifices for support gas.
Exambnig measure has the advantage that the aforementioned harmonic
eflecting 20 motion at the cone is maintained by the continuation above
225 e fusSiolshe ahd SUPPORGAA G et thTolgi the FRSAGE onfite’SA Trom
an dbisregiomand ensuresthe corespending sYpROK 20n: the undesside of
.. .the spray cloud. 25 In a further embodiment of the use, a ring-shaped s|ot
51 G hnol BEWAGN The BRAGrsite of RETRIStoCoRTEAT Wall ol (hb. Psc
t racef pragess'gas-his meastuee bas the-advantage ghal i thedransition:efithe 1 :
shaped bodies to the air cushion of the base can be controlled particularly
efficiently and can be 30 carried out in a controlled manner beginning

immediately in
Geometric shape Sphere
Diameter _ 5 mm
Moisture content <2.0 % by mass
Pressure resistance > 40 N
Bulk density 550 ¢ 17
Water absorption capacity 67%
Specif. surface area (BET) 104 m? gt
31C; content 85.8 % by mass
Al,0C3 content 1.5 % by mass
Fe;02 content 0.3 % by mass
Ti0s content
Mgl content
CaQ content {sum) < 1.5 % by mass
K0 content
Na0 content
Ignition loss 1000°C <0.3 % by mass
Acidity 50 peq/g
BJH pore volume N» 0.4 cm® g™
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the region below the nozzle. In order to be able to introduce the spray
cloud into the fluidized bed at the desired height, it is preferred that the
35 position of the opening of the nozzle is height-adjustable. In a further
embodiment of the inventive use, guide elements which impart a

we repgriphereltiow: eompohént tdithe procebsagas 39 Bigadsing throngh afe
disposed between the,ring-shaped quide , plates, Working examples The
e s SxambIR Thiah TOTow Sove (3 TILATatSthe. T Avarian 1o oc®
AircExample ErkP5gofspherical shaped catalyst Suppait bodies, foymedans of
from_an acid-treated_calcined bentonite atural sheet 15 sjlicat
o o RE (Miach otmiart] ming e L /i TRACG"
bodiagnd thercharactetistics listed il Table - E . Tablwdd Geometvieshape L Ly

11 gnRferg; Piaroeter > mm Moistire content £2.0,%, by, mass Fressure .,

. lgres?lsetance 1{%0 N Bulgkdl(baénsﬁy 55091 Wgteraébsorption capacity 6%101/0 =+

rathSpddifisafaed ard@ (BET) 004 m2-g SiGXeontent 95.8 % by mass A1203
content 1.5 % by mass Fe203 content 0.3 % by mass Ti02 content MgO

content CaO content (sum) < 1.5 % by mass
Once the shaped bodies had been heated to a temperature of

approx. 75°C, 300 ml of an agueous mixed noble metal solution
containing 7.5 g of commercial Na,PdCl,; (sodium

tetrachloropalladate) and 4.6 g of commercial NaAuCl, (scdium
tetrachloroaurate) were sprayed onto the fluidized bed of the

shaped bodies over a pericd of 40 min.

After the catalyst supports had been impregnated with the
nmixed noble metal solution, a 0.05 molar NaCH soluticon was
sprayed onto the fluidized bed of the Shaped bodies at a
temperature of 80°C over a period of 30 min. In the course of
this, the NaOH is deposited predominantly within the coating
and fixes the Pd and Au metal components, without fthe support

being exposed to excessively great NaOH concentrations.

After the action of NaOH, the supports were washed copiocusly
with water in the fluidized bed apparatus, in crder to very
substantially free the supports of alkalili metal and chloride
introduced into the supports via the noble metal compounds and

NaOQOH.

After the washing, the shaped bodies were dried in the

fluidized bed apparatus by movement in hot process air (100°C).

After the shaped bodies had been dried, they were reduced with

a gas mixture of ethylene (5% by volume) in nitrogen at a
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K20 content Na20 content Ignition loss 1000C <0.3 % by mass Acidity 50

peg/g ------------- BJH pore volume N2,0.4 cm3 g- 20 40 5 were charged

into a fluidized bed apparatus from Innojet Technologies (Lorrach,

Germany) with the trade name Innojet(r) Aircoater, and converted to a
temifRifdized bed State bytmeans of iconipresgedidie (& bdr)eated 101600 sint o

givéN@C@&f}%ﬁh%%%d[ é}@d&%%gii%%tgd toroidally, i.e. moved on a vertically

10 aligned ellipsoidal circular'path and a horizontal circular path aligned
at right angles thereto. Once the shaped bodies had been heated to a

The 1@EDEIALIER,Of. @pPLOX. /G BQ:MLofanaqueous mixed nople meta) 5 q¢

solution 15 containinZ 7.5 g of commercial Na2PdCI4 (sodium

°f Rewaehlorsphlladaty aRd £6 Guitofthérial Nasicia(sodium a coating
£hi detiachjoaurate). were spraygd ontg the fluidized bed,of the ghaped

bodies over a period of 40 min. 20 After the catalyst supports had been
impregnated with the mixed noble metal solution, a 0.05 molar NaOH

The SOMIOD Was sprayed onto the fluidized bed OE%%P%D@&%%W%% ﬁ%e%yst

temperature of 80C over a period of 30 min. In the course of this,
LhusNZOHNS Bepositst pledonifianthawithinahe ebafifg 25 andHfixesahs o

£hi ANgAY me;akacoaa%q%%ntﬁewﬁeogﬁgéé&pggrérb@i%%%p%%d Witer and
‘ r

. excessively great NaOH concentrations. After the action of NaOH, the
1NNy ppo s Wete Wrasherrcopidushy St water iy thesflGidizedhegoat ing

thiapparaiusAngrdento yery30.sybstantially freethe supparts ghalkali v s
metal and chloride
region by not more than +/- 10%.

The noble metzal distribution was determined on an LEO 430VP
scanning electron microscope, equipped with an energy-
dispersive spectrometer from Bruker AX3. To measure the noble
metal concentration over the coating thickness, a catalyst
sphere was cut through, adhesive-bonded to an aluminum sample
holder and then subjected to vapor deposition of carbon. The
detector used was a nitrogen-free silicon drift chamber
detector (XFlash® 410} with an energy resolution of 125 eV for

the manganese Kipna line.

The following parameters were used for the analysis:

Scan resclution: 500 points

Separation of the measurement points: 1.8 pm
Magnification: Z00-fold

Jet voltage 20 kV

Jet current 20 nA

Input pulse rate: 50000 pulse/s

Measurement time for line scan: 200 s

For other elements (see subsequent examples), the
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introduced into the supports via the noble metal compounds and NaOH.
After the washing, the shaped bodies,were dried in the 35 fluidized bed
apparatus by movement in hot process air(100C). After the shaped
bodies had been dried, they were reduced with a gas mixture of ethylene
corrdyp bydolume)ia nittbgen atadd Biemperaturesef about 156C in the
nea shdidized bed apparatus to give a Pd/Au coated catalyst. The resulting
coated catalyst contained approx. 1.2% by mass of Pd and had an Au/Pd
atomic ratio of approx. 0.5, a coating 10 thickness of approx. 160 m and a
The AYDEsSS 0L38 N Thenoble megal coneentiation of the Pd/Au coated ; | .
catalyst S?hus prepared deviated ovser a range of 90% oﬁ%e coating ¥s
chanBrekhess ahe feGion beiity spacedelpare fromthecuterrasd 15mneratio of
the Goalingboundany in.each casehy. 5% ofithe coafing (hickpess, jror the

mean noble metal concentration of this region by not more than +/- 10%.
coatpre RBbR SR dRFributN Ras BetekmireeFormanLED 48DvPC2eting

thicSGaRRINgelgetron Microscape. equinRed with an.energy:-dispersive 1 os s
spectrometer from Bruker AXS. To measure the noble metal
thargoricéntration over the coating thickness, a catalyst sphere was cut
through, adhesive-bonded to an aluminum sample holder and then
subjected to vapor deposition of carbon. The 25 detector used was a
1-free silicon drift chamber detector (XFlashO 410) with an energy
Coatiegokiien Df 125 evefor thednarganese-Kaigha dne. The following 1, with
parameters were used for the analysis: 30 Scan resolution: 500 points

the Saithtion Bt i headtrentet pomts £ 2 soruton, & soluticn

containing 25 mmol of CuCl, was used and that there was no

Exa

fixing and no washing.

The resulting coated catalyst contained approx. 0.7% by mass

of Cu and had a cecating thickness of approx. 136 um.

The metal concentration of the coated catalyst thus prepared
deviated over a region of 90% of the c¢oating thickness, the
region being spaced apart from the outer and inner coating
boundary in each case by 5% of the ceocating thickness, from the
mean metal concentration of this region by not more than

+/- 20% (measurement as in Example 1).

The coating thickness of 100 spheres of the coated catalyst
charge prepared as described above was measured. The ratio of
the standard deviation of the coating thicknesses of the
coated catalysts of the charge to the mean of the coating
thicknesses of the coated catalysts of the charge was less

than 10%.

Example 3:
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Magnification: 200-fold Jet voltage 20 kV 35 Jet current 20 nA Input pulse

rate: 50000 pulse/s Measurement time for line scan: 200 s For other

elements (see subsequent examples), the 42 5 corresponding available

lines are employed for the measurement. The coating thickness of 100
Coatspheres of the-coated catatystackargerprépared akydaseribedrabbye ivasvith

fn red. The,ratio of 10 the standard deviafion of th ing .
o R e R e £OBS g ot vtion
contegdatiny thicknesses of thecbated cutadysis efthercharde wasiess thars

neité%%)- &Eﬁ@{%}'ﬁgi Coated catalysts were prepared analogously to
e

xample 1, with the exception that, instead of the Pd/Au solution, a
solution containing 25 mmol of CuC12 was used and that there was no

The 409 ANd/NO washing. %%EQW@%U'9,B%€9§E€Q§a£@f¥§lo%99tﬁif‘@% %?L‘?é%%ss

0.7% by mass of Cu and had a coating thickness of approx. 136 m.

of Pmetaltoneentratioradgfithe coatedicatalystthusyrepared? 25 ideviated over
a region of 90% of the coating thickness, the region being spaced apart
from the outer and inner coating boundary in each case by 5% of the

The gwdting thickness, from tte afiean tnetakbdondentratidry etthisusygigrbpared

devi%%t??ogev@fna” ?;%%‘%f"o@{“%afs%%‘e%a%ﬂéEé%@Q@njg)- 30 The coating 1,
thickness of 100 spheres of the coated catalyst

region being spaced apart from the cuter and inner coating
boundary in each case by 5% of the ccating thickness, from the
mean metal concentraticn cof this region by not more than

+/- 20% (measurement as in Example 1).

The coating thickness of 100 spheres of the coated catalyst
charge prepared as described above was measured. The ratic of
the standard deviation of the cecating thicknesses of the
coated catalysts of the charge to the mean of the coating

thicknesses of the coated catalysts of the charge was less

than 10%.

Example 4:

Ccated catalysts were prepared analogously to Example 1, with
the exception that, instead of the Pd/Au sclution, a solution
containing 26 mmol of Pd(NHz)4{0OH), was used and that there was

neither any fixing nor any washing.

The resulting coated catalyst contained approx. 1.0% by mass

cf Pd and had a coating thickness of approx. 71 um.

The metal concentraticn of the coated catalyst thus prepared
deviated over a region of 90% of the coating thickness, the

region being spaced apart frem the outer and inner coating
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charge prepared as described above was measured. The ratio of the
standard deviation of the coating thickdnesses of the coated catalysts of
the charge to the mean of the coating 35 thicknesses of the coated
catalysts of the charge was less than 10%. Example 3: 43 5 Coated

bourkRialystsivere-prepared analggously to Example 1 with the.exception, oy the
that, instead of the Pd/Au solution, a solution containing 26 mmol of

meanNRSPEE| 4 RASs Ueed Ahdthattheré Wast Agitirst any il REF&ny-1an

+/- washinge1Q Themesulting coateghcatalyst ggntained approx. 1.0% by
mass of Pd and had a coating thickness of approx. 93 m. The metal

concentration of the coated catalyst thus prepared deviated over a region

The @fR0%:0f the ceating:thicknessithepAb region bengspascee-apaitram, st
the outer andriﬁner crﬁatin boundary in each case by 5% of the coating,

Char@iIRESEHGITt tRE MEAN MetaFcoheeriration oF fHis Fegion by Hot hitre® ©f
the thaarda200cimeasutementas reExampiend). 20 ildieecating thickogss of

100 spheres of the coated catalyst charge prepared as_described above
Coatv%% Cr:naécaas%es& SI'hoe%ra T%eof%ﬁ#ﬁ%&&d%%iﬁ%%%f%e oatAg Y
thidhickaessedf theecoated«watalysts of thes chargeie thenmean ofdheless

+ harCOAlNg thicknesses of the coated catalysts of the charge was less 25

than 10%. Example 4: Coated catalysts were prepared analogously to
Example 1, with the exception that, instead of the Pd/Au solution, a

com U IO PEN00Te o of PAINACHZ s e and
65.Q%ngWgﬁaﬁham@@gﬂﬂﬁ@%Xﬁ@%ﬁ@ppﬁﬁ% bodies from Sid-Chemie AG
(Munich, Germany) with the trade name "KA-160" and with the
characteristic data reported in Table 2 are impregnated by the
pere filling method (incipient wetness method), in which a
support is impregnated with a volume of solution corresponding
to its pore volume, with 39.1 ml of an agueous solution
containing 1.568 g of NaPdCl; and 0.367 g of HAuCl,. After the
impregnation, 89.17 g of 0.35 molar NaOH solution are added to
the shaped catalyst support bodies and left to stand at room
temperature overnight for 22 hours. After the fixing solution
has been decanted, the catalyst precursor thus prepared is
reduced with 73.68 g of a 10% NaH,P0O» solution (Fluka) for

2 hours. After the reduction solution has been discharged, the
catalysts are washed with dist. water to remove Cl residues
with constant exchange of the water (flow = 140 rpm) at room
temperature for 8 hours. The final value of the conductivity

cf the wash solution is 1.2 uSs.

Thereafter, the catalyst is dried in the fluidized bed at 90°C
for 50 min. The dried spheres are loaded with a mixture cof
27.2% g of 2 molar KOAc scolution and 18.55 g of H.0 and left to

stand at room temperature for 1 hour. Finally, they are dried



of Pd and had a coating thickness of approx. 71 m. 35 The metal
concentration of the coated catalyst thus prepared deviated over a region
of 90% of the coating thickness, the region being spaced apart from the
outer and inner coating 44 5 boundary in each case by 5% of the coating
at abicknéss,tfhem fhe imtan-metat ¢oficentidtion:of this region by not more
than +/- 20% (measurement as in Example 1). The coating thickness of
100 spheres of the coated catalyst 10 charge prepared as described
The dbioverwas macasueed ITheoratiorof the stafdard deviatiohtof dife paatingd 0. 3%
icknes the, coated catalysts .of the charge to the mean af the
by Wf:%a%ﬂg %%sclgr%e‘ssgg%f thaej%:loeaste8t %g?a]fmsjtg of the %rrgléﬂ %%Q%ng tﬁgn
e lempQvha 15 Womparativée exampies 1 065.02 1) dfishdaped TatalystGuppord
ie ud-Ghemie unichGe y) With. the trade. name
L6 and i the GParaGIoRSic dath raRarad 1 Tabi 3 At ©F 4
impregnated by the 20 pore filling method (incipient wetness method), in
The WRICH &, SUPROT s, impregnatesqith, 3 volume of solution corresponding
to its pore volume, with 39.1 ml of an aqueous solution containing 1.568 g
of Na2PdCl4 and 0.367 g of HAuC14. After the impregnation, 89.17 g of
0.35umelas NaOH solution are added to 25 the shaped catalyst support
bodies.and.left to stand at room temperature overnight for 22 hours. After
the fixing sol SRS REE beehtizanted, the catalyst pFECrSGt thus

prepared’is  reduged Wity £3.68g of a 10% Nar2POZsaftion (Ftuka) for
it lution has |

2 ho en discharged, the 30
catalysts ar@\wastiet fith efisteWhter to remove €4 -résidagsmass
Pressure resistance > 60 N
Bulk density 554 g 1°°
Water abscrption capacity 62%
Specif. surface area (BET) 158 m? g+

5102 content 93.2% by mass

Al,04 content 2.2% by mass

Fe,0y content 0.35% by mass

T1i0, content

MgQO content

Cald content {sum) < 1.5% by mass

K20 content

Na:0 content

Ignition loss 1000°C <0.3% by mass

Acidity 53 neg/qg

BJH pore volume N; 0.38 cm? g"1

Example 5:

65.02 g of spherical shaped catalyst support bodies, formed
from an acid-treated calcined bentonite as a natural sheet

silicate, from SUD-Chemie AG (Munich, Germany; having the
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with constant exchange of the water (flow = 140 rpm) at room
temperature for 8 hours. The final valpe of the conductivity of the wash
solution is 1.2 pS. 35 Thereafter, the catalyst is dried in the fluidized bed
at 90C for 50 min. The dried spheres are loaded with a mixture of 27.29
t radpoh2meoldKKOREC30latiah and 18155rg of H20sand: teftltos standiat roemle 2

temperature for,1 hour, Finally, they are dried 45 5 at 90C in the fluidized
o or AL TheAhSaroh e ek Ty & 8% by Wit 3t and

TecHh3d%o byaveightef-Autthesvatiesdeterminediaxpetimentally-hy Innojet®
. elemental analysis by means of ICP_(Inductively Coupled 10 Plasma)

BT G8re . 7896 by Weidht 'of Pd ahd0. 269 By Wetghtst AU Ffre R8aliiign® ©F

comdhickpess was 280 pmrTablesd: 4seamedic shaperSphere nDigmeter o am

; o : X
Moisture c&yt%n&} d<2‘i% /o?by drgffs Pressure resistance > 60 N Bulk density

bOdjb%sdf 6’ 17 Wter absorf) ion capgc'ity 62% Specif. surface area (BET) 158

m2 g Si02 content 93.2% by mass A1203 content 2.2% by mass Fe203

content 0.35% by mass TiD2 content MgO .content.C % onten (%rm%f
J00 1 %O%Iy mass. K20 cContent NaZ0 c88Fe%n?3réln%t?& s go%c%%o. g6 by~
and Mas®’7 g of HAuCl, were spraved ontc the fluidized bed of

the shaped bodies over a pericd of 40 min.

After the impregnation, 89.17 g of 0.35 molar NaOH scolution
are added to the shaped catalyst support bodies and left to
stand at room temperature overnight for 22 hours. After the
fixing solution has been decanted, the catalyst precursor thus
prepared 1s reduced with 73.68 ¢ of a 10% NaH;P0, solution
(Fluka) for 2 hcurs. After the reduction solution has been
discharged, the catalysts are washed with dist. water to
remcve Cl residues with constant exchange of the water

(flow = 140 rpm) at room temperature for 8 hours. The final

value of the conductivity of the wash solution is 1.2 ps.

Thereafter, the catalyst is dried in the fluidized bed at 20°C
for 30 min. The dried spheres are loaded with a mixture of
27.2% g of 2 molar KOAc solution and 18.55 g of H;0, and left
to stand at room temperature for 1 hour. Finally, they are

dried at 90°C in the fluidized bed for 40 min.
The theoretical metal lcoading is 0.8% by weight of Pd and 0.3%
by weight of Au; the values determined experimentally by means

of ICP were 0.75% by weight of Pd and 0.25% by weight of Au.

The coating thickness was 205 num.
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Acidity 53 peqg/g BJH pore volume N2 0.3 8 cm3 g 15 Example 5: 65.02
g of spherical shaped catalyst suppogt,bodies, formed from an
acid-treated calcined bentonite as a natural sheet 20 silicate, from
SUD-Chemie AG (Munich, Germany) having the 46 5 trade name
ExamtKA-160" and the characteristics listed in Table 2 were charged into a

Reac@%i izggspced apparatus from Innojet Technologies (Lorrach, Germany)

with the trade name Innojet(c) Aircoater and converted to a fluidized bed
& mlstate by feansiofcedmpressedirgBarary heated to 90C; iEwhighltheS and
comesnaped; 10 hodies circulated toroidally | of queo ojution
C)mpcontai%qing 1.568%9 of Nazggélf é\(a%’;]ijld 8%%6%7%6% I—?ﬁu%lﬁlvé{légg s%?é?yétdl bulax
reacgm thé flaidizsdbbed bhthe shapéd bedies oVer aperiod of 40amih. 35S

st reAfterthedmpregnations 89,179 of 0,35 Jnglar NaQfd splutian are added ta

the shaped catalyst support bodies and left to stand at room temperature
C2Ha overiight Fot2 20RsurseAfiéPthes fiing Solutidhhad seerzgstditedianes of

gas Calalystprecursorshus 20 prepared is reduced with 73.68 g of a 10%
NaH2PO2 solution (Fluka) for 2 hours. After the reduction solution has

been discharged, the catalysts are washed with dist. water to remove Cl

The kesidueswith constantexchange of the water (flowez 140 rpa) @t KoMy ¢

temperature for 8 hours. The final 25 value of the conductivity of the wash

formygigichfs: 2 pS. Merdaffer/ the'Catalatis dribetinthe flidizéd Bed 2t e~

t ime9QQ for 5@ Mipcthe dsiedspheresarelogeed witha,mixture 6% 27 298 en
of 2 molar KOAc solution and 18.55 glof H20, and left
cenversion 1s calculated by (mcl Cp in — mol O out) /mol 0, in.

The catalyst prepared by means of the process according to the
invention in Example 5 exhibits a selectivity S(CyHy) of 92.3%
and a space-time yield (determined by gas chromatography) of

654 g of VAM / 1 of catalyst / h at an oxygen conversion of
38.7%.

The catalyst according to Comparative Example 1 exhibited a
selectivity S(C:Hy) of 91.0% and a space-time yield (determined
by gas chromatography) of 576 g of VAM / 1 of catalyst / h at

an oxygen conversion of 36.1%.

The catalyst prepared by means of the process according to the
invention in Example 5 exhibits both a higher selectivity and
activity in the VAM synthesis compared to a catalyst prepared

by a prior art process in Comparative Example 1.

Drawing
The description which follows of a preferred apparatus for
performing the process according to the invention and the

description of the movement paths of shaped catalyst support
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30 to stand at room temperature for 1 hour. Finally, they are dried at 90C

in the fluidized bed for 40 min. The thgoretical metal loading is 0.8% by

weight of Pd and 0.3% by weight of Au; the values determined

experimentally by means 35 of ICP were 0.75% by weight of Pd and
bodi®25%iby weight of AucT heicdating ¢hidkaessrwas 205pox 470 SiEXxampleate

the g:n%%acgciro test _9}@ cgraabed of castl%lﬁt spheres according to Example 5

omparative examp e 1Were each exposed in a fixed bed tubular
reactor at a temperature of 150C at 10 bar to a feed gas 10 stream of 550

fig .mhﬁ?\STP)a/ r@gﬁz@f&%olsegegj%@%q H]QL’%‘%’ 60%9 Og’ gg%feqrzrl_e'ﬂim N% argg&hse for
reactor effluent was analyze gy means of gas romatograp?f;j/. }Fﬁe
selectivitygotethylane fohVAMPiscalcwated bythg 1B forinula S{E2MAYn ;
= mol VAM / (mol VAM + mol C02/2) . The space- time yield is found as g
of VAM/I of catalyst/h. The oxygen conversion is calculated by (mol 02 in

fig.. MBI 02 d0t)ANGETD FNeTHe eatalyst preseted byrmeansiofithe prodesyd
according 10 the; 20 ipventiop.ip Example S.exhibits,a selectivity S(C2H4)

of 92.3% and a space-time yield (determined by gas chromatography) of
654 g of VAM / 1 of catalyst / h at an oxygen conversion of 38.7%. 25 The

£ig catalyst aceardingde:Gampaative Example 1 exhibited 4 selectivity
S(C2H4) of 91.0% and a space-time yield (determined by gas
chromatSgiaphe)-or576-§ of Vit / 116t CapalytF h-at akloxygén T

conversien of 361913Q Thecatalystiprgparedimeans of the RASEsS +
according to the inventign in Example 5 exhibits both a higher selectivity
[

and activiy e VFAMSSitResiS E6mphictbld Eatalyst prepared

fig. 2B a plan view of the preferred apparatus and the

movement paths according to fig. 2A;

fig. 3A a perspective section view of the preferred
apparatus, in which the movement path of a toroidally
circulating shaped catalyst support body is shown

schematically;

fig. 3B a plan view of the preferred apparatus and the

movement path according to fig. 3A.

Fig. 1A shows an apparatus given the reference numeral 10 as a

whole for performing the process according to the invention.

The apparatus 10 has a vessel 20 with an upright cylindrical

side wall 18 which encloses a process chamber 15.

The process chamber 15 has a base 16 under which is disposed

an infliow chamber 30.
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by a prior art process in Comparative Example 1. 35 Drawing The
description which follows of a preferrgd apparatus for performing the
process according to the invention and the description of the movement
paths of shaped catalyst support 48 5 bodies, in combination with the
The drawwing,servestonilusteatedhie anvention. Biie draweings shgwsfigrkAaring
vertical sectign vi f a preferred apparatus for performing the process
Pl drding 1o the INVERTOR: 10 . 6 ar aniargernant of the area framed” "
ringirgfigs $& and rmapked-with veference npmefal 4By fige2A supérspeetivean

out e IGEION Vﬁ‘{’{_cc?;%lea@eef%e%o%?n@pearf%‘dﬁei@n‘é’?ié’hrti“% noverment AN ; o

of two ellipt circulating shaped catalyst support” bodies are shown
the Sehematicallyfigh 28B4 pramvienlefithe preferretisippaiatos dndaheh2@ £

wh cfovemen! paths, Accorling o fig 24 1g. 34,3 persnsstivg section view of

the preferred apparatus, in which the movement path of a toroidally
circulating shaped catalyst support body is shown 25 schematically; fig.

ror $B& planyvievcotthe preferred apparatus and the. moyementipall yen ring
according to fig. 3A. 30 Fig. IA shows an apparatus given the reference

platgimerst 10%8a AikbIE ¥6F peitditifg Bive Protess aBeorbiiy e Lle the

two PYveRtion ~The apparatys 10 has avesseb 28 with-an wprightoylindical gy
side wall 18 which encloses a process chamber 15. 35 The process

VIt aiberts fas RS s (ndér ihlich i9afspased @ ring-shaped slot

28 is formed in each case between two ring plates, through
which process air 40 can pass through the base 16 as process
gas with a predeminantly horizontally directed movement

component..

In the central uppermost inner ring plate 29, an annular gap
nozzle 50 is inserted from below in the central orifice
thereof. The annular gap nozzle 50 has an opening 55 which has
a total of three opening gaps 52, 53 and 54. All three opening
gaps 52, 53 and 54 are aligned such that they spray out
approximately parallel to the bkase 16, 1.e. approxzimately
horizeontally with a coverage angle of 360°. Spray air is
sprayved out as spray gas through the upper gap 52 and the
lower gap 54, and the sclution to be sprayed through the
middle gap 53.

The annular gap nozzle 50 has a rod-shape body 56 which
continues downward and contains the appropriate channels and
feed lines, which are known per se and are therefore not shown
in the diawing. The annular gap nozzle 50 may, for example, be
configured with a so-called rotative ring gap, in which walls
of the channel through which the sclution is sprayved turn

relatively to cne ancther, in order to prevent blockages of
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an inflow chamber 30. 49 5 The base 16 is composed of a total of seven
ring-shaped ring plates as guide platgs, laid one on top of another. The
seven ring plates are placed one on top of another such that an
outermost ring plate 25 forms a lowermost ring plate, on which the further

the gixinnes ringuplatestare then plageds eaeh of 1@ whichalyinghetewrangd out of
some of which overlapping. For the sake of clarity, only some of the total

the of gevgé rlon‘i'::jelf_)I;}(I(?el.'g3 a?%opror\/?(?eed WitH réfer c?éélnoumerals, for example
the two ring plates 26 and 27 lying one on top of the other. By 15 virtue of

the MR SURRIPASHON 0] spacing, 2 /ing-shaped sot, 281s foymetneach,
case betweentwo ring plates, through "which process air 40 can pass

opernthrgughatheddase 16 as process gas with a predominantly horizontally
directed movement component. 20 In the central uppermost inner ring
plate 29, an annular gap nozzle 50 is inserted from below in the central

Ir trifices thersob Thevarnutar g iozzle 80 has arcopening 55which hasall
sg s tolalafiee opaning gaps 52, 23and 54. Allthree gpening 25.9aps;5e. .

53 and 54 are aligned such that they spray out approximately parallel to
tromhéighsells, i.ehappioximatele Hotfizohtally withteoverage aviglelof860rests

on tRRVaY.plkisosRrayed oyt gs spray.gas thraugh, the ypper.gap 52 and the 1o
lower gap 54, and the solution to be sprayed through the 30 middle gap

undegs e Sandlatgas R6£6 B0lES a ¥od-5hape BBdy BB svHidh dcantinties 29
whicdownward-and,contains-the apprapriate channels and, fegd lines, whichs o ; o

are known per se and are therefore not shown 35 in the drawing. The

Lormgthul AR e Bz 18 56 may d6F éRamble, be can pass.

The outer ring 25 is spaced apart from the wall 18, such that
process ailr 40 can enter the process chamber 15 with a
predominantly vertical component in the direction of the arrow
given the reference numeral 61, and thus imparts a
comparatively great component directed upward to the process

alr 40 entering the process chamber 15 through the slcts 28.

The right-hand half of fig. 1A shows what conditions form in

the apparatus 10 in a state after runin.

A spray cloud 70 emerges from the opening gap 53, and the
horizontal mirror plane thereof runs approximately parallel to
the base plane. As a result of the air which passes through
the orifices 5% in the frustoconical wall 58, which may, for
example, be process air 40, a support air flow 72 forms on the
underside of the spray cloud 70. As a result of the process
air 40 passing through the numercus slots 28, a radial flow in
the direction of the wall 18 forms, by which the process air
40 is deflected upward, as shown by the arrow given the

reference numeral 74. The deflected process air 40 deflects



10

20

25

30

35

configured with a so-called rotative ring gap, in which walls of the channel
through which the solution is sprayed.turn relatively to one another, in
order to prevent blockages of 50 5 the nozzle, such that it is possible to
spray uniformly out of the gap 53 over the coverage angle of 3600. The
the anpylarigapaozze bdhasia conicathead Sarabovethe opening §ap Bze

10 In the region below the gpening gap 54, a frustoconical W?IJI.SS [
pmcgrsessezﬁtl, Wwhich fias nﬁ%eerg%%%ﬁﬁ?:ég’g E@.llé(és’ Ec, ésvlfggrﬁrﬁor%o |g:L elSB,erﬁe oe

treatraderside aftthe frastocoatcall wal b8 rests @ndhednmertiost ring plate 291 r

in.such a wa ttlglat getwe n the 15 underside,of the frustoconical wall 58
0 B e L ion it S Mere, oo BAEIOE nove
radieQ sy fermmed; dhromghavhick provess=aii’ 40 tan pags. The beted ring25biign of

the %%%Cf&%pé}{g%amiﬂﬂe IL18, %%MEQ& 20.progess air 49 cap.enter the,
process chamber 15 with a predominantly vertical component in the
downgigectionTfthe ampad ghvehithe referened hameral 61 and thastimpartda the

uppe%orQQﬁ@tig@Iyﬁ{gatsmg}'o%a.@ﬂreﬁﬁdaﬂﬁw%@etgggﬁ PrOCEss @ird0 re
entering the process chamber 15 through the slots 28. 25 The right-hand

medinglf 6Pl VIS shGis what egreitisRs RSt e theeapparatus™ o' agtate 10
the ierJURin, A spray glougd 7Q emerges framthe-opening.gan p3pmand the

30 horizontal mirror plane thereof runs approximately parallel to the base
anothigie. A3 AGesulRbfthe difdhickEpddse stRioughCier6tifitesT9 ihftRer 1na-

shafEustasenicalvalksB,suhich r%%af%y_engr% be-prosessab A0i Bea 15
support air flow 72 forms on the underside of the spray cloud 70. As a
ava%%@g&%fﬁﬂaﬁﬁ%e§§aped bodies. In the regicn of the spray

cloud 70, the shaped bodies to be treated meet liguid
particles and are moved away from one another remaining in the
direction of movement in the direction ¢of the wall 18 while
being treated very uniformly and harmonically with the process

air 40 and dried at the same time.

Figure 2A shows two possible movement paths of two
elliptically circulating shaped catalyst support bodies by
means of the curve profiles given reference numerals 210 and
220. The elliptical movement path 210 has - compared teo an
ideal elliptical path - relatively large variations in the
size of the main and secondary axis. The elliptical movement
path 220, in contrast, has a relatively small change in the
size of the main and secondary axis and describes virtually an
ideal elliptical path without any peripheral (horizontal)

movement component, as can be discerned from figure ZB.

Figure 3A shows a possible movement path of a toroidally
circulating shaped catalyst support body by means of the curve
profile given reference numeral 310. The toroidally

clrculating movement path 310 describes a section of the



35 air 40 passing through the numerous slots 28, a radial flow in the
direction of the wall 18 forms, by which the process air 40 is deflected
upward, as shown by the arrow given the reference numeral 74. The
deflected process air 40 deflects 51 5 the shaped bodies upward in the
5 surfiegionaf thewyalt 18.1TRe processmir40-arg thenshapedaatalystisuppett on

, dies to be treated are then separateq[from one anather, the process air

1S 40 bRing” ino% HFstigh gi%%é%ﬁif‘e theshapel bodiesmave sty

Figuaecotdingtotke anewscibeinwrard dra the ditextion of 18the tenical head
57 of the annular gap nozzle 50 vertically downward. The shaped bodies
are deflected there, guided to the upper side of the spray cloud 70 and
treated there with the medium sprayed. The sprayed shaped bodies then
move again in the direction of the wall 18 while moving away from one 15
another, since, after leaving the spray cloud 70 at the ring- shaped
opening gap 53, a greater space in terms of area is available to the
shaped bodies. In the region of the spray cloud 70, the shaped bodies to
be treated meet liquid particles and are moved away from one another
remaining in the 20 direction of movement in the direction of the wall 18
while being treated very uniformly and harmonically with the process air
40 and dried at the same time. Figure 2A shows two possible movement
paths of two 25 elliptically circulating shaped catalyst support bodies by
means of the curve profiles given reference numerals 210 and 220. The
elliptical movement path 210 has - compared to an ideal elliptical path -
relatively large variations in the size of the main and secondary axis. The
elliptical movement 30 path 220, in contrast, has a relatively small change
in the size of the main and secondary axis and describes virtually an
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ideal elliptical path without any peripheral (horizontal) movement
component, as can be discerned from.figure 2B. 35 Figure 3A shows a
possible movement path of a toroidally circulating shaped catalyst
support body by means of the curve profile given reference numeral 310.
The toroidally circulating movement path 310 describes a section of the
52 5 surface of a virtually uniform ég_rgsm\évhose vertical section is elliptical
and whose horizontal section is ring-sﬁaped. Figure 3B shows the
movement path 310 in plan view. 53 5 Claims 1. A process for preparing

a coated catalyst which comprises_a porous.shaped catalyst support body,
ARG SR oUIor 0 ARG M I B Tohst S CLta Aty Letae ! se2

speciestisymeséartie protesy beingperformedousing aniapparatusi1e)
which.i S| t rate, hy me of .a proce s (40), a .
OB 50 Do o harbed Eatal s ot Se o S the Shabed T ive
catalyst support bodies!15,citdutate etliptisalyoeritotoigally; prefetablg ing an

toroidally, Comprising the.sieps of al.charging the appargtys (10} with. .5 ¢
shaped catalyst support bodies and generating a shaped catalyst20
stipporcisedisflddized ed. byrmeans &f agsrobess gds 46); e §I§§|§éd’8t
cafalystsupparhhadies cirgulating ﬁ%ﬂ@@%@&t%@éﬂy&t%?ﬂp@@%dbodie s
bed, preferably toroidally; 25 b) impregnating an outer coating of the

shapedcatalyst support body Withra eatehiically detii spetieddly
Precurspainareor by sprayithiiesiapegdaatalyst

a; charging the apparatus (10) with shaped catalyst
support bodies and generating a shaped catalyst
support body fluidized bed by means of a process gas
(40), the shaped catalyst support bodies circulating
elliptically or toroidally in the fluidized bed,
preferably torcidally;

b) impregnating an outer coating of the shaped catalyst
support body with a catalytically active species or
precursor thereof by spraying the shaped catalyst
support bodies circulating elliptically or toroidally
in the fluidized bed with a sclution comprising a

catalytically active species or a precursor thereocf;

¢) drying the shaped catalyst support bodies spravyed with

the solution.

The process as claimed in claim 1, characterized in that
it further comprises a step of converting the precursor to

a catalytically active species.
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4.

support bodies circulating elliptically or toroidally in the fluidized bed with
a solution comprising a 30 catalyticalbé active species or a precursor
thereof; c) drying the shaped catalyst support bodies sprayed with the
solution. 35 2. The process as claimed in claim 1, characterized in that it

further sempeses asstep 9f genverting theyprecyisorie acataytically ciaims,
active species, 54 5 3. The process as claimed in either of the preceding

cl5itie A Eh&TacETZed n it the ABpaRitas DY ToimptiseS @Mprdcees 3

charobers(d 5y mithi-a base 16).ancha sideanall (18), the.progess gas &é@%z

being introduced into the process chamber (15) through the base (16) o

s et o KRR (D5 whikh o B aferaEhy CORGRICIE yoha he
plurality: ebmutuallycoverlappinging:siapedegiide plates ) (26 £26 127, 29 cess
laid one on t another, between which ring-shaped slots (28)_are
fo?%n%ﬁ%ﬁﬁhzqﬁg riz o‘“ﬁ%&l Cn’lzl1 oveme r?tec%%%:ﬁéo ne\gﬁt divedlettal %ﬁy obtNard
togenezxatet ¢ 5dtiefluidized bech v Themprocessas glarheg dniclaim 3 plates
characterjzed in,th peripheral flow component is imparted tp the .
prg%:rgés ééé ) iiét%dufc%%gnt%ﬁe %rrloc%g% c%]gmqbnecn?%g)“%ogf Thesn which
protess ab efaimedlin thaimZ4 )charactérzed:ini thatl the petigherabfiave L

copanshtJs KBRAad i e piogess, 9As(I0) NogUeCd MO 1NE onerate
process chamber (15) by means of guide elements which are arranged
bétheehthe ding=2b Sieabed guide plates (25, 26, 27, 29). 6. The process
as claimed in any one of claims 3 to 5, characterized in that the peripheral
flow component is

The process as claimed 1in c¢laim 3, characterized in that a

peripheral flow compenent is imparted to the process gas

(40} introduced into the process chamber (15).

The process as claimed in c¢laim 4, characterized in that
the peripheral flow component isg imparted to the process
gas (40) introduced into the process chamber (15) by means
0f guide elements which are arranged between the ring-

shaped guide plates (25, 26, 27, 29).

The process as claimed in any one of c¢laims 3 to 5,
characterized in that the peripheral flow component is
imparted to the process gas (40) introduced into the
process chamber (15) by introducing additicnal process gas
(61) into the process chamber (15) with a movement
component directed obliquely upward through the base (16)
of the process chamber (15), preferably in the region of

the side wall (18} of the process chamber (15).

The process as claimed in any one of the preceding claims,
characterized in that the spraying of the shaped catalyst

support bodies circulating elliptically or toroidally in
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1C.

1.

12.

imparted to the process gas (40) introduced into the 30 process chamber
(15) by introducing additional process.gas (61) into the process chamber
(15) with a movement component directed obliquely upward through the
base (16) of the process chamber (15), preferably in the region of the
sidaavaf (1B ot-the precess ehamher (;1:53)u3;5;<5’nTI31e precess-Aas @Ja'rmeq/

in any one of the prece clalms characterized in that the s ra

tHE %%%ea ca?aﬂy?tn EH(; t%%ale% cﬂ%gl%tnfm eillp‘fl%ii of toroi SII mSp}:ay
S5k Ithe fluidized bediwithithe selution isicarred but by meansofan: base
an&uﬁ r gap nozzle (50) which sprays a spray cloud (70) which runs

parallel to the plane of the base (16). 10 8. The process as claimed in

claim 7, characterized in that the annular gap nozzle (50) is arranged

traII in the base (1%&19@ dhe pe(gil% S%rof tﬁggg(@g arrg?&poz%l hat

(5 mgegﬁed into the fluidizec he process as claime
eutlrie¢ of the:aboveselaims 7zarel 87 Eharacterizedrin thateegas supgportn the

SR (7rd 5 Draugi Al ondge ynaeiide %@ea%ﬂgaxgtoug {Z0kozz1e

e process as claimed’in any one of the preceding claims
chev&cteiizecithi@d ik shdsed-batalystusupportbégylis formed on the
basis of a silicon oxide, aluminum oxide, zirconium oxide, titanium oxide,
niobium oxide or of a natural sheet silicate, especially of a calcined acid-
tréated beptonitd. 25 19l THestodsssead Blatmed intafy sheoetielaims 7 and

E@F@H&%@éxﬁ@éﬁ%“%%@ thatthe shaped.catalystsupportaady; o
as

brought about on the underside of the spray cloud (70).

The process as claimed in any one of the preceding c¢laims,
characterized in that the shaped catalyst support body is
formed on the basis of a silicon oxide, aluminum oxide,
zirconium oxide, titanium oxide, nioblum oxide or of a
natural sheet silicate, especially of a calcined acid-

treated bentonite.

The process as claimed in any one of the preceding claims,
characterized in that the shaped catalyst support body has
a surface area of less than/equal to 160 m?/g, preferably
one of less than 140 m?/g, preferentially one of less than
135 m®/g, further preferably one of less than 120 m“/qg,
more preferably one of less than 100 m®/g, even more
preferably cne of less than 80 m®/g and especially
preferably one of less than 65 m®/g.

The process as claimed in any one of the preceding claims,
characterized in that the catalyst support has a surface
area of from 160 to 4G m?/g, preferably one of between 140
and 50 m*/g, preferentially one of between 135 and
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13.

14.

17.

a surface area of less than/equal to 160 m2/g, preferably one of less than
140 m2/g, preferentially one of less than 30 135 m2/g, further preferably
one of less than 120 m2/g, more preferably one of less than 100 m2/g,
even more preferably one of less than 80 m2/g and especially preferably
0@ ofrfess, than 65na2/gp 357 Aieyprocessd@s tlaimedin any opa®f the

preceding claims, characterized in that the catalyst suppart has face
S St T B0 5 40 g S etersly Ohe i DeRetn 100 Endis3 gy o
preferentially one 6Ebetwieenctds arfd 565486 m21g,fusthdr preferably

one of between 120 and 50 m2/g, more preferably one of between 100

and 50 m2/g and most preferably one of between 100 and 60 m2/g. 13.
ThHé processassclaimediiniamdone obthe preeedifig clatmsrd@eding claims,

characterized in that fhe %ﬁbtf?kysér?ép%%rﬁQg?@ﬁ‘%qg%%srfPE%&%atgr ardness

than/equal to 20 N, preferably one of greater than/equal to , further
preferablyadrferoftdreater dthahn/aqual to 40 Noarsd miost preferablypéngvtater

gregter than/equal to;50.N. 18,14 Hhe process as rlaimed i%f‘;‘%?é‘gtcgr

the preceding claims, characterized in that the procéss gas (40) is
selegted efigmthé Yrédp Borsistiay et aib id/gealAitfogas and the erdbste

gasesy peeferably heliim;and argon. 20 15. The process as claimed in any
one of the preceding claims, characterized in that the process gas (40) is

heated, preferably to a temperature of greater than/equal to 40C,
prefereptialiyde s temperature of greatgr thanlequal 10,25 60C further c1aims,
preferably to a temperature of greater
characterized in that the process gas (40) is selected
from the greup consisting of alr, oxygen, nitrcogen and the

noble gases, preferably helium and argon.

The process as claimed in any one of the preceding claims,
characterized in that the process gas (40) is heated,
preferably to a temperature of greater than/equal to 4C°C,
preferentially to a temperature of greater than/equal to
60°C, further preferably to a temperature of greater
than/equal to 70°C and most preferably to a temperature of
from 60 to 100°C.

The process as claimed in any one of the preceding claims,
characterized in that the process gas (40), before being

introduced into the process chamber (15), i1s enriched with
the solvent of the solution, preferably within a range of

from 10 te 50% of the saturaticn vapor pressure.

The process as claimed in any one of the preceding claims,
characterized in that the sclution comprises, as the
catalytically active species, a biocatalyst, preferably an

enzyme.
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18.

15.

20.

21.

22.

23.

24.

than/equal to 70C and most preferably to a temperature of from 60 to
100C. 16. The process as claimed in;any one of the preceding claims, 30
characterized in that the process gas (40), before being introduced into
the process chamber (15), is enriched with the solvent of the solution,
preferably within a range of from 10 to 50% of the saturation vapor
ressure. 35 17. The process as claimed in any one of the precedin
e At e T Tt o SN Cor o A€ S cataicey
activerspecies; adsiodatalyst tprefesalsly ant énzymertys 588, Thes the

process as cIaiT?d in any one of claims 1 to 16, characterized in that the
Cla =1 1Ca gf =] h ve S]i)?.(‘:lﬁ,s or as a.ébrecursor - 1@3@015, a
solution comprisés, as the catalytically active species or as a precursor

theﬁé;@‘_;tamtab@mﬁpq_tﬁndiofaatmétalssél_ec@dcfrafm@he groupgi®up
cm@w&qfﬁge <.’>r§r.‘§ ﬁ'?f‘é?%ﬁf?é% E5P& Cﬁﬁ%ﬁ}%&%%@@ﬂ%zﬁ? A€ noble

process as claimed in claim 18, characterize at the solutio
camprdes, as the catalytically active 15 species or as a precursor thereof,
a Pd compound. 20. The process as claimed in claim 18 or 19,
characterized in that the solution comprises, as the catalytically active

SpetiePELES B précursdptierdofl an Arédmpound:IZOr2E thiel grodess that
as glaimed in-any, ope of ¢laims 18,10 20, characterized inthat the. 5 ;¢

solution comprises, as the catafytically active species or as a precursor
ﬂ@ﬂﬁﬁ?§ﬁ A cBfMpduRgEss rsor thereof, a Pd compound.

The prccess as claimed in claim 18 or 19, characterized in
that the solution comprises, as the catalytically active

species or as a precursor thereof, an Au compound.

The preocess as claimed in any one of claims 18 to 20,
characterized in that the scluticn comprises, as the
catalytically active species or as a precursor thereof, an

Ag compound.

The process as claimed in any one of claims 18 to 21,
characterized in that the solution comprises, as the
catalytically active species or as a precursor thereof, a

Pt compound.

The process as claimed in any one of claims 18 to 22,
characterized in that the sclution comprises, as the
catalytically active species or as a precursor therecof, a

Co, Ni and/or Cu compound.

The process as claimed in any one of the preceding claims,
characterized in that the shaped catalyst support body,

after being sprayed with the solution, is subjected to a
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25.

26.

27.

28.

22. The process as claimed in any one of claims 18 to 21, characterized

in that the solution comprises, as the. catalytically active species or as a
precursor thereof, a Pt compound. 30 23. The process as claimed in any

one of claims 18 to 22, characterized in that the solution comprises, as

thei eatalytically activerspecies:or-as alprecursorn thereof ia<CepNrand/obr the
Cu cggglpound. ;ng 24. The ro&z}ss as claimed in any one of the preceding

clglafns, characterized in that t %hgﬁé)é) 8§t5|yst support body, after

being sprayed with the solution, is subjected to a 58 5 fixing step to fix the
catalytically active species or the pbrecursor thereof on the support, 25. A_
c%atgg %%a a?yscf%%?n*p‘?%rngcg%%?c%slﬁgapaedp coajfgllﬁgt %ﬁﬁ‘ﬁé‘r&bgéﬁ\% -
arsoutercoatinglin which atrleasttone dO=datalyticatly-aictivé speciesist one
present, charact réj;e in.that the centration of the catalytically active .
spec?es,%ve% r% iog%gb%a %%ﬁ]%e%%osat%% tﬁféﬁﬁeesnic ’th%gaea%%tk%rjigz ed in
spdced dpgert fromahe outériand inher leoating bbuhdamylih eachicase by

S dhe coallng 15 dhigknass, deyiales fram (e meancqnoeniialiop of .
catalytically active species’in this region by not more than +/- 20%,
preférabRAyRotRorthapare d59rand prefarertiztly bytot more thaner

1z 10%4.:20 26, the,catalyst as claimed dn claig 25, eharacterized.in that,
viewed over the thickness of the coating of the catalyst, the maximum
contentiatien of éatalyiiealy ctive Spaciesasinheaegionaoithe oafer

cealingl ytically active species in this region by not more
than +/- 20%, preferably by not more than +/- 15% and

preferentially by not more than +/- 10%.

The catalyst as claimed in claim 25, characterized in
that, viewed over the thickness of the coating of the
catalyst, the maximum concentration of catalytically
active species is in the region of the outer coating
boundary and the concentration declines in the direction

of the inner coating boundary.

The catalyst as claimed in claim 26, characterized in that
the concentration of catalytically active species declines
constantly over a region of at least 25% of the coating
thickness in the direction of the inner coating boundary,
preferably over a region of at least 40% of the coating
thickness and more preferably over a region of from 30 to

80% of the coating thickness.

The catalyst as claimed in claim 27, characterized in that
the concentration of catalytically active species declines
constantly to a concentration of from 50 to 80% of the

maximum concentration in the direction of the inner
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29.

30.

31.

32.

33.

boundary and the concentration declines in the direction 25 of the inner

coating boundary. 27. The catalyst as,claimed in claim 26, characterized

in that the concentration of catalytically active species declines

constantly over a region of at least 25% of the coating 30 thickness in the
direetiomof thelnnercoatingteumnalaiy, preferablyrover anegiorrofat from 70
least 40% of.the coating . thickn nd.mote.preferably over a region of

fr&@n ég to O&‘%%? the. g&éﬂt}lr% t%lgcgk%%ggr éﬁ %p .gT'he cgtalyst as clgaimed in
claim 27, characterized in that the concentration of catalytically active

species deglines. ¢o %‘é‘ﬂ%&%@i@ﬂﬁsngag  of from;20.10.00% of {he
maximum concentration in the direction of the inner 59 5 coating
beumdary tpreferablytd & toncartationcoffrob® 7916 9896 of thet ive species

maximum;conceptration.;29. A coated catalyst GompIising.a Porois:
shaped catalyst support body and at least one catalytically active species

10 whicty BtpreseRbih arPeuter caty 61 the shaped tatdlyst stippoftcated

body, charactetized in thatthe goated .catalystis ane element of g gharge
of a multitude of coated catalysts, where the ratio of the standard

déiatice of fiesdosting thitkAESsd'6r tha fcoatet 15 BataR/sts ofthed
chargeJelative t¢ the,meap-pfihe coating.thicknesses afthe soates

catalysts of the charge is less than/equal to 20%, preferably less

thaRfetuat 6 1596 threférBREAIR [B8< fian/qudt t612968Ad nibre Ehe

preferablyjless than{egual 40 10%;r0r fram B 18%. 20 preferably fromeBarge
to 15%. 30. The catalyst as claimed in any one of the freceding claims,

chatadfefizel i tHat PHé Cafalytichlly abfive Sratly iess than/equal to

15%, preferentially less than/equal to 12% and more
preferably less than/equal to 10%, or from 3 to 1B8%,
preferably from 3 to 15%.

The catalyst as claimed in any one of the preceding
claims, characterized in that the catalytically active

species is a bilocatalyst, preferably an enzyme.

The catalyst as claimed in any one of the preceding claims
25 to 29, characterized in that the catalytically active
species 1s a metal in metallic form, selected from the
group of the transition metals, preferably from the group

cf the noble metals.

The catalyst as claimed in claim 31, characterized in that
the catalyst, as the catalytically active species,
comprises one, two or more different metals in the
coatings, especially the metals of cne of the following

combinations: Pd and Ag; Pd and Au; Pd and Pt.

The catalyst as claimed in either of claims 31 and 32,
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34.

35.

36.

37.

38.

species is a biocatalyst, preferably an enzyme. 25 31. The catalyst as
claimed in any one of the preceding ¢laims 25 to 29, characterized in that
the catalytically active species is a metal in metallic form, selected from

the group of the transition metals, preferably from the group 30 of the
nable metatsr 32eThe catalyst asrolaimedhibelaim-3inchasacterized ithe
that the catalyst, as the catalytically active_species, .comprises qne, two
orcrari{cr’)fﬁe(i di ereﬁllrﬁetaa%fh‘iﬁe so%ec%la‘?isngs,}?é%pae% I@l‘%he ?r?e&al%q}ﬁ one of
thefollowingooombinations:=Rd and Ag; PdPand Auf Pdrand.Rt. 83. Thes by

c%gl st as clagnedi either of claims, 31 n%gz 60 _5 characterized in
that the’ catalyst ggr%% isés, as t é?:]aféiyt?ca v adtive 356cied Pd and Au,

aipd thiee propiortidn in theocatélyst ofcPd iSfom;0.846 2,0%dyethass, the mass
ferahly om 0,7 Lo 189 by wass.and prefareptialyfron 0.8 to 1.5%

y mass, based on the mass 10 of the catalyst support n with noble
metal. 34. The catalyst as claimed in claim 33, characterized in that the

AufPd atomie ratio af the catalyst is befween 0 and 1,2, preferaply . jin chat

between 0.1 and 1, preferentially between 15 0.3 and 0.9, and especially
prefeérably/BetwebArDis andt0.8. 85. The catlyst as'eldimaddtieither 6f and

claims 33 apd 34, charagterized inthat it comprises analkalt metal 20, + yeen
acetate, preferably potassium acetate. 36. The catalyst as claimed in
cléint 35 ¢haracrerBel i izt Cthd contéritan Biebatalysesiaikali hetapnd

agetate is from 0.1 to 0.7 mot/l, preferably from 0.3 to 0.5 mol/I.

The catalyst as claimed in either of claims 33 and 34,
characterized in that it comprises an alkali metal

acetate, preferably potassium acetate.

The catalyst as claimed in claim 35, characterized in that
the content in the catalyst of alkali metal acetate is

from 0.1 to 0.7 mol/l, preferably from 0.3 to 0.5 mol/1.

The catalyst as claimed in either of claims 35 and 36,
characterized in that the alkali metal/Pd atomic ratio is
between 1 and 12, preferably betwsen 2 and 10 and
preferentially between 4 and 9.

The catalyst as claimed in any one of claims 33 to 37,
characterized in that the catalyst support has a surface
area of less than/equal to 160 m®/g, preferably one of
less than 140 m®/g, preferentially one of less than

135 m°/g, further preferably one of less than 120 m?/g,
more preferably one of less than 100 m®/g, even more
preferably one of less than 80 m®/g and especially
preferably one of less than 65 m%/g.
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39.

40,

41.

42 .

43.

44,

25 37. The catalyst as claimed in either of claims 35 and 36,
characterized in that the alkali metal/Pd atomic ratio is between 1 and 12,
preferably between 2 and 10 and preferentially between 4 and 9. 30 38.
The catalyst as claimed in any one of claims 33 to 37, characterized in
that the catalyst support has a surface area of less than/equal to 160

m preferably one of less than 140 m2/g, preferentially.one qf less t

o e AT K oines BrGTaraRTy ond bt R 1A 126 A Thorb To T8
preferablyteneioflléss tharh2@0 tizégcevenlmere preferably bae of lessrface
than 80 m2/g.and especiall eferably one qf less than 65 m2/g. 67. 5

39. The ca aglflé'? as ?:%%lmggyir%nrﬁ oﬁrge’ of cﬁg%fwesr ;L(}] 3§,n%h§rac?e?}:z"é%en ~40
inthat the catalyst supgort has asuifacenareadfifermd 60 td 40 m24g,

bl e g, preferentiall of
gg%vﬁié%n)%gg efar‘? (% %%%Oeé‘\%;f%ﬁé?% rgelfeéraglj%/ go née%gf %e%gwoggrq 12 CEand
501G/ morepreferatty enelot petwserpfOPan 56rm240 arddandst m*/g
prgtﬁamg@@%qe%%wgsﬂgogn@%@o 22/9.:40, Thecalglystas glajmed

in any one of claims 33 to 39, 15 characterized in that the catalyst support
has a bulk density of more than 0.3 g/ml, preferably one of more than

0.35 g/mkand especially.preferably; a bulk density of between 0:35 and 3

0.6 g/ml. 20 41. The catalyst as claimed in any one of claims 33 to 40,

cHafaciBAEed irtfat e caalyst SepPcttRay 8 meawpere: disieter BE LK
from 8:to:50 nm, preferably one ot figm 1010 e ferapiy one of more than

0.35 g/ml and especially preferably a bulk density of
between 0.35 and 0.6 g/ml.

The catalyst as claimed in any one of claims 33 to 40,
characterized in that the catalyst support has a mean pore
diameter of from 8 to 50 nm, preferably one of from 10 to

35 nm and preferentially one of from 11 to 30 nm.

The catalyst as claimed in any one of claims 33 to 41,
characterized in that the catalyst support has an acidity
of between 1 and 150 peqg/g, preferably one of between 5
and 130 peqg/¢ and more preferably one of between 10 and

100 peg/g.

The catalyst as claimed in any one of claims 33 to 42,
characterized in that the catalyst support is configured
as a sphere with a diameter of greater than 1.5 mm,
preferably with a diameter of greater than 3 mm and

preferentially with a diameter of greater than 4 mm.

The catalyst as claimed in any one of claims 33 to 43,

characterized in that the catalyst support is doped with
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45.

47.

48.

49,

35 nm and preferentially one of from 11 to 30 nm. 25 42. The catalyst as
claimed in any one of claims 33 to 41,,characterized in that the catalyst
support has an acidity of between 1 and 150 eq/g, preferably one of
between 5 and 130 eqg/g and more preferably one of between 10 and 100
eq/y. 3¢ 431 The eatalysiascciaimetkinanysonecefclainis-3xta 42, group

characterized in that the catalyst suppart is_configured as a sphere wijth a
digr%%?érstj%fjgr}gat%f thH;rrf 1. mmﬁ? lpr&%&blr’gl%v(/itr% & didrhetet of rédter ©</
thanSfmneaid 3 igrefetentiallyiwith adiafreter .of greater than 4 mm. 44.

The catalyst as claimed in any one of claims 33 to 43, characterized in

that the catalyst support is doped with 62 5 at least one oxide of a metal
sdlécted #romi e grotipccionsisting iof Ze LHf, i 4Nb, Taala Mpe Riez&Gaded that

Fe,.pr ith ZrQ2, 5 lyst as claimed in. ;
clegi}r%84 i%%g\g%%ig%n Iﬁ%g% i?%ﬁf% g%ﬁoﬁilé)%%ﬁ%h%%éta fs%%srg%pg%% s s
ddiiny eridels apstween and 209 by ness rpieferablycfrorh. D0te 1096 by

by, mass.and preferentigly rom 3 10 8% By masg. 44, The catalyst as

claimed in either of claims 31 and 32, 15 characterized in that the catalyst
comprises, as the catalytically active species, Pd and Ag, and the

prepertiondn the catalyst of Bdds from Q.01:10,1.0% by, mass, preferaply o
from 0.02 to 0.8% by mass and preferentially from 0.03 to 0.7% by mass,

baSed G tHe 20 RfassTof the Eatalist Sappdrt dencriay heBie/matal. 4w

The eatalyst as clajmedin ¢laim AL, characterizedinAhat thesAgiRd

atomic ratio of the catalyst is between 0 and
proportion in the catalyst of Pd is from 0.01 to 1.0% by
mass, preferably from 0.02 to 0.8% by mass and
preferentially from 0.03 tc 0.7% by mass, based on the

mass of the catalyst support laden with noble metal.

The catalyst as claimed in claim 46, characterized in that
the Ag/Pd atomic ratic of the catalyst is between 0 and
10, preferably between 1 and 5, and it is preferred that

the thickness cf the noble metal coating is less than

60 pm.

The catalyst as claimed in either of claims 46 and 47,
characterized in that the catalyst support is configured
as a sphere with a diameter of greater than 1.5 mm,
preferably with a diameter of greater than 3 mm and
preferentially with a diameter of from 2 to 4 mm, or as a

cylindrical tablet.

The catalyst as claimed in any one of claims 46 to 48,
characterized in that the catalyst support has a surface

area of from 1 to 50 m“/g, preferably one of between 3 and

20 m*/qg.
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50.

51.

52.

55.

10, preferably between 1 and 5, and it is preferred that 25 the thickness of
the noble metal coating is less than £0 um. 48. The catalyst as claimed in
either of claims 46 and 47, characterized in that the catalyst support is
configured 30 as a sphere with a diameter of greater than 1.5 mm,
preferably with a diameter of greater than 3 mm and preferentially with a

diameter of from.2 to 4 mm, or as a_cylindrical tablet. 35 49. The catalys
aslfqr(l: air%%&alé ﬁ;’ one of ¢ 51%% 46 10 % ,ycr%anr%c'?%ﬁzggcjﬁnl %ﬁsath%eﬁe%g b,
catabyst support hds arsurface area offtemisto S0y, tprefesably omeface

ohbelyesh 3.20d RN D 20, he slalyst seclalmedyy Aone: e
of claims 46 to 49, characterized in that the catalyst support has a sur1‘2ace
atdzeof |8ssithan/eqdaltoeliemeng; ivréferalsly one of lesss tidms ni2/g” /g -

and preferentially one of less than 2 m2/g. 10 51. The catalyst as claimed

in either of claims 31 and 32, characterized in that the catalyst comprises,
ad'fife catalytically agtive spBeids 1Pd anlPtrand tiel pisjsoriidn #the3 <
catalyst of-Rd {s fram; 0.05,19 5% by ](,5am§-§3sq eferably from 0.1,10 2,5%

by mass and preferentially from 0.15 to 0.8% by mass, based on the

a8 df e Eathlist SGHPOTE ISRPAHET noble Medl. 52: Thekatalyst as
clgimed in-glaim 54, eharactarizeddn that 20ithesPd/iRt-atomicsratig of the,.,

catalyst is between 10 and 1, preferably between 7 and 2 and

pretérentiaihPbétheeh G 0- 1 to 2.5% by mass and

preferentially from 0.15 to 0.8% by mass, based on the

mass of the catalyst suppcert laden with noble metal.

The catalyst as claimed in claim 51, characterized in that
the Pd/Pt atomic ratio of the catalyst is between 10 and
1, preferably between 7 and 2 and preferentially between 4
and Z.

The catalyst as claimed in either of claims 51 and 352,
characterized in that the catalyst support is configured
as a cylinder, preferably with a diameter of from 0.75 to

3 mm and with a length of from 0.3 to 7 mm.

The catalyst as claimed in any one of claims 51 to 53,
characterized in that the catalyst support has a surface
area of from 50 to 400 m®/g, preferably one of between 100
and 300 m®/g.

The catalyst as claimed in <¢laim 31, characterized in that
it comprises, as the cataiytically active species, Cc, Ni

or Cu.

The catalyst as claimed in any one of the preceding



N

15

20

25

30

35

57.

58.

59,

&0,

53. The catalyst as claimed in either of claims 51 and 52, 25

characterized in that the catalyst support is configured as a cylinder,
preferably with a diameter of from 0.75 to 3 mm and with a length of from

0.3 to 7 mm. 54. The catalyst as claimed in any one of claims 51 to 53, 30
chdrattesizedlir that the catadysi:suphart has@ surfased area afiffem Sttoor:
400 m2/g, preferably one of between 100, and 300 m2/g. 55, The catalyst
ag%i%m% ir]ig craim 1?%h§fpa%t§r?zsejdsin%ﬁata 35t comprises: 48 ’thé’ﬂ bt num
catalydicallyz activerspecies; Ci: Nitot€uib6 Theicatalyst agclaimedine or
. one of te.preceding,04, 5 claims, charaderized In that the shaped. ;
catalyst suppor Eody is formedon the basis ofa Silicon oxide, aluminam
oXideaziecbnhgm toxide; ¢itanium oxide, niobium oxide or natural sheet
silicate, especially of a calcined acid- treated bentonite. 10 57. The

catalyst as claimed in any one of the preceding claims, characterized in

thbt the-eatalyss sugport had me Haddness wf greaterthanfequat te 20 N

preferahly one,of. greater than/equalig 0.N, Juther preferably %%efef i3 a
greater than/equal to 40 N and most preferably one of greater}? an/equa
1050 NGBS TRE catystas dairfettiiivany drie 80thd precedingaslaimsne of

charagterized;in that the, praportion in the 20 catalyst support of natyral , -
sheet silicate, especially of calcined acid-treated bentonite, is greater

thERFSHURT tJ-50% By FRdss; préferablj efedterthaprafiat t60%Bye ©F
M@ss - pLeferantially greater thandegyal to 70% by mass, further

The catalyst as claimed in any one of the preceding
claims, characterized in that the proportion in the
catalyst support of natural sheet silicate, especially of
calcined acid-treated bentonite, is greater than/equal to
50% by mass, preferably greater than/equal to 60% by mass,
preferentially greater than/equal tc 70% by mass, further
preferably greater than/equal to 80% by mass, more
preferably greater than/equal to 90% by mass and most
preferably greater than/equal to 95% by mass, based on the

mass of the catalyst support.

The catalyst as claimed in any one of the preceding
claims, characterized in that the catalyst support has a
BJH integral pore volume of greater than 0.30 ml/g,
preferably one of greater than 0.35 ml/g and
preferentially one of greater than 0.40 ml/g.

The catalyst as claimed in any one of the preceding
claims, characterized in that the catalyst support has a
BJH integral pore volume of between 0.3 and 1.2 ml/g,
preferably one of between 0.4 and 1.1 ml/g and
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61.

62.

63.

64,

65.

preferably greater than/equal to 80% by mass, more 25 preferably greater
than/equal to 90% by mass and mostspreferably greater than/equal to
95% by mass, based on the mass of the catalyst support. 59. The
catalyst as claimed in any one of the preceding 30 claims, characterized in
that ¢Hie cataty'st Slpporthas & Bdehinfegraliporé volunie’ gf. greater than
0.30 ml/g, preferably one of greater than 0.35 ml/g and preferentially one
of greater than 0.40 ml/g. 35 60. The catalyst as claimed in any one of the
prgcediny: zldims, efaradtetized in thatthe catalyst sipporrhas adBiH

intgaral,pore yolyme,of between 0.3.and 1.8 mbg,, preferably eneof s, ogra;
between 0.4 and 1.1 mi/g and 65 5 preferentially one of from 0.5 to 10

mMigr 8 1V TheBatahst *@@%I@im@@iw%mywﬁhe preceding Elalmsnesopores
characterized,in that atleast 802, of thentegral pere.volyme of the. o v 1411y

catalyst support is formed by mesopores 10 and macropores, preferably
afleas€85% ahdtpreferentially at least 90%. 62. The catalyst as claimed
in any one of the preceding claims, characterized in that the coating of

the catalyst 15 has a thickness of less than 300 m, preferably one of less
tha 200 e preterehiiafly 8RBT Idds thal 150 O furthe? préferatly dhe

ofdess ihan 100 pyand moreqpreferably-one,ef less than8Q m. 2063, ke yat

catalyst as claimed in any one of claims 25 to 61, characterized in that
thescoatinglof ¢He earalyst has oS thiskiess o bdtwedr 206 ad 20000, of

pieferably gne of pelieen, 290 and 1800, preferenialy one ofbevuesy |,

an m, an}érrfortﬁerr pretera ween n
further preferably one of less than 100 um and more

preferably one of less than 80 um.

The catalyst as claimed in any one of claims 25 to 61,

characterized in that the coating of the catalyst has a
thickness of between 200 and 2000 um, preferably one of
between 250 and 1800 um, preferentially one of between 300
and 1500 wm, and further preferably one of between 400 and
1200 pm.

The use of an apparatus (10) which 1is designed to
generate, by means of a process gas (40}, a fluidized bed
of shaped catalyst support bodies in which the shaped
catalyst support bodies circulate elliptically or
teroidally, preferably toroidally, to perform a process as
claimed in any one cof the preceding claims or in the
preparation of a coated catalyst, especially of a coated

catalyst as claimed in any one of the preceding claims.

The usgse as claimed in claim 64, characterized in that the

apparatus (10) comprises a process chamber (15) with a
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e7.

68.

69,

70.

25 1200 m. 64. The use of an apparatus (10) which is designed to
generate, by means of a process gas£40), a fluidized bed of shaped
catalyst support bodies in which the shaped 30 catalyst support bodies
circulate elliptically or toroidally, preferably toroidally, to perform a

progess asoclained i arylend at thelprecedingecldifsor (A the being
preparation-ef.a;coated catalyst, gspecially-of.a coated calalysi 885 ing ring-

claimed in any one of the preceding claims. 35 65. The use as claimed in

clatmiBadcharadferizéd it thatdhe adparatls (38) comprsés g p%‘cé"éép of
chambel(15) with. 266 % hase (18)and g sidewall £18), theshased6} o rmed,

being constructed from a plurality of mutually overlapplng ring- shaped

gUilié PrsiBs (55,6, 272 2B¥ Ri¢ 8fie Trttop Of ' ariGthe” BetWdeiP i with
ringrshaped sipts (28):ase formead: 1 thfexahwhichheprecaess gaséd) e

can be introduced with 10 an essentially horizontal movement component
diréded radiay StAkSrd. 66. The use as claimed in claim 65,

characterized in that an annular gap nozzle (50) whose openlng (55) is

red 15 such that the no 50) n be used to s spra
IO POy SafS ESSort Al ALl i (e B paneae Ariahgbas 27

Ceirﬁﬁaﬂymti{[ﬁabasﬁ)éﬁlﬁ)e6l 5the u&@as claiemeddn clgim)66,s configured
characterize hat exit orjfi 59) for su as are rovided
be%\lfv%%ngtﬁe%o%én ing f5752) 06? t écoe% (c%r g%p nlﬁczézjgz;"fit g%@) aR q’Elﬁfe Dag& =Y
(16) below, i prderitoibringrabous assuppoiticushiomdr ¢he tndetsidé ek e

Itrk]]er%pi;r%/ cloudr( ):ia;;2e§d68ceTn Eaﬁas clalrygd in clalm ?16§:haracter|zed

The use as claimed in claim 66, characterized in that exit
orifices (59) for supporti gas are provided between the
opening (55) of the annular gap nozzle {(50) and the base
{16) below, in order to bring about a support cushion on

the underside of the spray cloud (70).

The use as claimed in claim 67, characterized in that the
support gas can ke provided by the annular gap nozzle (50)

itself and/cr by the process gas {(40).

The use as claimed in any cne of claims 66 to 68,
characterized in that the annular gap nozzle (50) has an
approximately conical head (57), and in that the opening
(55) runsg along a circular peripheral line of a cone

section.

The use as claimed in any one of claims 67 to 69,
characterized in that a frustoconical wall (58) is
disposed in the region between the opening (55) and the

base (l16) below and preferably has passage orifices (59)
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73.

support gas can be provided by the annular gap nozzle (50) itself and/or

by the process gas (40). 69. The usesas claimed in any one of claims 66

to 68, 30 characterized in that the annular gap nozzle (50) has an
approximately conical head (57), and in that the opening (55) runs along
a’cireular pefipReral in€ ®fa cone section. 35 70. The use as claimed in

any one of claims 67 to 69, characterized in that a frustoconical wall (58)
is_disposed in the region between the opening (55) and the base (16)

beldf éﬁd?pPe?ef%Wﬁ‘%{pé@sé@]eadﬂficg%r(SQP@'FaS:ﬁﬁlfHé@Gpﬁéﬁ Bagt 2
71iThe use gsclaimed inetaimsd), chacacigrized;in that a fingsshaped (40

slot (60) for the passage of process gas (40) is formed between the

undersitfd 6rthe Hustoconicat wall“£6 I58)Fariti the Base (18} Befow: 72+ wall

The sise asclaimed-m=anyne obelaims 66 to 71, characterized in that
the position of the opening (55) of the nozzle (50) is height-adjustable. 15
73. The use as claimed in any one of claims 65 to 72, characterized in

thai guigeselements:which impasta peripheral dowseompanent to the
e TAGe D08, 25, 53 oy e BoeTt PN WRINGRNE 155) o

the nozzle (50) is height-adiustable.

The use as claimed in any cone of claims 65 to 72,
characterized in that guide elements which impart a
peripvheral flow component to The process gas passing
through are disposed between the ring-shaped guide plates
(25, 26, 27, 29).



