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WO 2008/145392 PCT/EP2008/004333 1 5 Pd/Au shell catalyst
- WQoentain#asprIifO2, process for the 10 preparation and use therevs Aiues/604333
present invention relates to a shell catalyst for the preparation of vinyl
acetate monomer (VAM), comprising an oxidic porous catalyst support
which contains hafnium oxide 15 units with an outer shell which contains
metallic Pd and Au, and also the preparation thereof. VAM is an important
monomer building block in the preparation of plastic polymers. The main
fields of use of 20 VAM are i.a. the preparation of polyvinyl acetate,
polyvinyl alcohol and polyvinyl acetal and also co- and terpolymerization
with.Qther monagmers such as for example ethylene, vinyl chloride
acryéépfuma%é\aa e ForArdEtasy ‘Q‘/ngte%ggz\’m @cﬁﬁﬁaﬁeﬂr the
predominantly in the gasgpheseiftom acdtie sacidcRadedtylene by reaction
with oxygen, wherein the catalysts used for this synthesis preferably
contain Pd and Au as catalytically active metals and also an alkali metal
Th30 qompenent asipromater, preferaldy patassiunsindthe foreteflitst for the
acetate. The catalytically active metals Pd and Au ar sumably not in
=308 Torts OF mecdl part e ofing Foepecive piré mot Byt ramein e "% =7
oxformmaof PdiAw alloy: patticles efipossibly differemt compesitien,tadthouigh. oxide
w0k Sp;alioved Peicles cannal Do ied Al CLUENIN YAMIS. po ang au,
ed she ich The

predominantly prepared by means of sc ca catalysts in w
arghtalyfically active aWe:2008/145382 PCT/EP2008/004333 2

VAM i1s an important monomer building Dblock in  the
preparation of plastic polymers. The main fields of use of
VAM are 1.a. the preparation of polyvinyl acetate, polyvinyl
alcohol and polyvinyl acetal and also co-— and
terpolymerization with other monomers such as for example
ethyiene, vinyl chleoride, acrylate, maleinate, fumarate and

vinyl laurate.

VAM 1s prepared precominantly in the gas phase from acetic
acid and ethylene by reaction with oxygen, wherein the
catalysts used for this synthesis preferably contain Pd and
Au as cataiytically active metals and also an alkali metal
componant as promoter, preferably potassium in the form of
its acetate. The catalytically active metals Pd and Ru are
presumably not in the form of metal particles of the

respective pure metal, but rather in the form of Pd/Au alloy

o)

articles of possibly different composition, although non-

alloyed particles cannot be ruled out.

Currently, VAM is predominantly prepared by means of so-

called shell catalysts in which the catalytically active
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~ 5 metals of the catalyst the catalyst support formed as a shaped body are

contained only in an outer area of greater or lesser width, the so-called
shell of the catalyst support shaped body (cf. on this EP 565 952 Al, EP
meg84 21410 ANEP 6342095 and EP 6342b8A) THe aress ofthemed as &
shSERROTLlyiNg further inside are alrmest free,of 16 :catalytically agivere shaped
metals. With the help of shell catalysts, a more selective reaction control

Poliyossibie i AR ca8&E thaRWith CatdlyR& invwhich tRE sUPpoRs arelEs  ©F
griapregnatedistodbe coie ofthe:support-with the catalytically agtive catalyst

components ("impregnated t

hro

S USRI of (REHEROr tHE Prelarati

ugh") The shell catalysts known from the

O of VAN hiVe fi6rexanplé catalist €74 414

- wonotsonagietely present in the entire shaped body, but rath@caneP2668/604333

Alsuppertsdased (20 onisiligon oxide, @umitiom oxide, aluminosiieates,of the
titanium oxide or zirconium oxide (cf. on this EP 839,793 Al, V%O c
WG 3605/06 TX07-Al) Hbievet,

cacatalyst supports basedwon titagiumlexide ori ziiconium oxide are curfentlghell

SUgBI18553 AL YWO 20007058008 A%

rare

o {arely used, singe these 25 caiglyst supports display no lon
resistance to aceﬁc acu:?angf are relatlve(fy expensive. WOS'[

g-term

the

=

is pogsible in

catarysts

maused @ presentfon the preparatien. gEVAM iare shelbeatalysts withgorts are
in%g%{?%r%eelldon aj[nng%idic perous 30 catalyst support formed as. a shaped

, for examp

cO . , SUPDOIrT .
€ a porous, amorp%ous albmlnosﬁlcate s}apport In tﬁe

the

c aforrofiac spherebaset: on ergturalk racid-tré ated cadcined: behtonites 1 The
catalyst support is usually impregnated. through with potassium acetate
as a so-called promoter. 35 Such VAM shell catalysts are usually

Thsreparedibyowet chehsicaiimeanst irrwhichahe tatafysesuppott isfdadedr the

prWith cortesponding £qluigns of-metal prepLsor Compounds. oLy o res based

on gilicon oxide, aluminium oxide, aluminosilicates,

titanium oxide or zirconium oxide (cf. on this EP 8§29 7

893 AL,

WO 98/018553 Al, WO 2000/058008 Al and WO 2005/061107 A1).

However, catalyst supports

based on titanium

zirconium oxide are currently rarely used

catalyst supports display no

,  since

oxide or

these

long=~term resistance to acetic

acid and are relatively expensive.

Most catalysts used at present for the preparation of VAM

are shell catalysts with & Pd/Au shell on an oxmidic porous

catalyst support formed as

a shaped body,

porous, amorphous alumincsilicate support in

sphere based on natural,

The catalyst support is

for examples a

the form

of a

acid-treated calcined bhentonites.

ugually

potassium acetate as a so-called promoter.

Such VAM shell catalysts

impregnated. through

are usually prepared by

with

wet—

chemical means, in which the catalyst support is loaded with

corresponding solutions

of

metal precursor

compounds,

fron
Lor
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WO 2008/145392 PCT/EP2008/004333 3 5 example by dipping the
wEapgoresasthe solutions or by means of the incipient wetness proeERS /004333

(pore-filling process), in which the sugport is loaded with a volume of

solution corresponding to its pore volume by steeping. 10 The Pd/Au shell
eXgfihecatalytean Beprodacet e example bY First stedping the“catalystneans
o rsupportin asfirst-step in.a solution,of a.Pd salt.g.g-an Na2PdCla solutian, 5,

and then in a second step fixing the Pd component by applying an NaOH
wIgslition Bfito BEPEAAlyst SEppoftHT fie fof 6t itsPd G Mtfroxiele  solution

cosampgund.ilndhe following..separate thirdistep; - thecatalyst support can
be steeped in a solution of a gold salt, e.g. an NaAuClo solution, and the
An components are then likewise fixed by means of NaOH. After the

THixing gk ihes neble-raetak-cempenents it an-guter shell-of the catatyst 20xamp e
b su pﬁgrtﬁtheéloaded catalyst suppart is then very largely washed free of
Yohtoride-arid REFIORS, théer dfied andFinafy FedadedWitFethyiehe at-eP 17 2
s0l150G othe produead £o/Ay shell is asually approximately 160,10 500 pMer. in
thick, 25 The catalyst support loa with the noble metals is usyall .
SR i b ALt ihe Brom DB IRRF e g sy =0 e
soreduting step-wherein, ratherithan theiloading with potassiumracetatei ts  Pd-
hytglé@}gi%gcec%! in the outer shell Iqa(?%qd with noble metals, thetc;%q_ﬂlxst

SUppPOItiS com eot1e1@ 0 irh%re@ngted(% fough with the promoter. A step,

th8ud-Chemie AG .gphericalsuppod called HCA-160" based on haturally a gold
sa %C,“”'é‘gg"".c'd:%e a%%'f',;.”egob?g‘%‘%%e,s Wft‘hcé‘ hasa BET éb‘%ﬁ%‘%gr%as are
of approx: 160'm2 g can be used for example as catalyst support. 3 The
thealectivities i thelprepdration ofasaN usingfe®@Pd/Autter the fixing of
the noble-metal components in an outer shell of the catalyst
support, the loaded catalyst support is then very largely
washed free of chloride and Na ions, then dried and finally
reduced with ethylene at 150°C. The produced Pd/Au shell is

usually approximately 100 tc 500 pm thick,

The catalyst support lcaded with the noble metals is usually
loaded with potassium acetate (the promoter) after the
fixing and/or reducing step wherein, rather than the loading
with potassium acetate taking place only in the outer shell
loaded with noble metals, the catalyst support 1s completely
impregnated through with the promoter. A Sid-Chemie AG
spherical support called "KA-160" Dbased on naturally
occurring acid-treated calcinec bentonites which has a BET
surface area of approx. 160 H@/g can be used for example as

catalyst support.

The seclectivities in the preparation of VAM using the Pd/Au
shell catalysts known from the state of the art are approx.

390 mol-%, relative to the ethylens used, wherein the
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shell catalysts known from the state of the art are approx. 90 mol-%,
wodeii/essaahe ethylene used, wherein the WO 2008/145392CT/EP2008/004333

PCT/EP2008/004333 4 5 remaining 1§ mol-% of the reaction products

substantially consist of C02 which is formed by total oxidation. of the

T eBigamid’@ducts/pFsducts. Variouspodsibifiids Rave Bedniiroposelitoantially
colgrease the &6 activityof such shell.catalysts, inparticular the doping Of  +ne

the catalyst support or else the shell with further promoter metals. Thus
Orgars, 846 34381 BESCHESS in addition to the use of 15 Ti02 as a

constituent of the catalyst support, the use of barium and cadmium as
additional promoter metal components. In particular, neodymium,

VetitaRttim, FagheStit, Zirednidhi? Sttt orasEGdRfim, Enthanciasamg the
actbidium and also-thedrhinary eambinaftons arendiselesedimds the doping
006/0135809.20 Al as additional promoters in the shell of the shell

oTcatalyist. EdftAerhidre, e HSE of MGVNDXEatalysts fot the breparationt bF =2ex
préAMisknoww:frem US 6,605,739, wherein X is selected 25 from

phosphorus, boron, hafnium, tellurium, arsenic or mixtures thereof. EP 1

102 635 B1 also teaches the use of one or more hafnium compounds
Thwhicly arecargdrigeticn the sdppart,iingarticillar 80dntheshelkof the:shelle of

.catalyst, with the _result that the.catalytically active_component conforms to
T il PUALIEIOS I pArcUIY the EonCns of fleThree o a2 ©F
baatiove-mentionedn 36rdoeyments L oflintrodugimghafrum nrto 4he shelpohent s .

r:{he, 2bel catabist in addiion fa-paladium,and.gold, Jae PIOYEN %0 cons um,
ineffectual, in particular because of the

yttrium, praseodymium, lanthancids and rubidium and also
thelr binary combinations are disclosed in US 2006/013%8009
Al as additicnal promoters in the shell of the shell

catalyst.

Furthermore, the use of MoVNbX catalysts for the preparation
of VAM i1s known from US 6,605,739, wherein X is selected
from phosphorus, boron, hafnium, Tellurium, arsenic ox

mixtures thereof.

EP 1 102 635 Bl alsc teaches the use of one or more hafnium
compounds which are arranged on the support, in particular
in the shell of the shell catalyst, with the result that the
catalytically active component conforms to the formula

Pd/AU/HEO,.

In particular the concepts of the three above-mentioned
documents, of introducing hafnium into the shell of the
shell «catalyst 1In addition to palladium and gold, have
proven to be ineffectual, 1In particular because of the

inadequate solubility of hafnium compounds.
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inadequate solubility of hafnium compounds. WO 2008/145392
wWEADHER208A8/004333 5 5 Furthermore, it has been established/tirabos/004333
although these catalysts have an incr@ased activity in terms of VAM

conversion compared with the previously known catalysts with a pure
FUBHATSHEIE theit actiVityfis iRFéased by fbEaSrélatiVel) shoktieriveiof these

celime andJapidiydecreases; again ; 1Q after a maximum. Jtwas thefefore,an yay
object of the present invention to provide a new shell catalyst, in

COparféTarfor tREFGrEREration dbf VAM RiRith fieRarakierived B9 erhigRis with
a astivity angd NAMsselectivity apd which fusthey retains the-dngreased. 1y for =

activity and selectivity over a long period of time. This object is achieved

thesrovisioncofa StelGialydt, 267 particular Fordhe p

a Avry acetate mangmer (VAM), comprising an oxidic porous catalyst

support with an outer shell, wherein the outer shell contains metallic Pd

and Au and wherein the framework structure of the porous

catalyst

RsparatioTer 202in

Itsupport cantairs” hataiumroxide yais (HIQ2). 2bBy theexpressioftrention to

"hatnium oxide units (HfOZBlls meant

Phn p%tcrit?cle form Which adReres firm y 3f@f e framBwork Structivedf th

preatalyst-support for example by sirterinig and thus:forms an-integral 30
afonetiuent ot he framewprisyugture of the suppart 4, funher possibilty,
particu grly preferred accordclng o the inventionis the replacement of for

here either discrete hafnium oﬁde
“or  the

high

i rexaeaple Silieart dioxide, aluminiamoxiderorzZrO2 units of theong period
. %crf%responding support materials with Hf02 units which can take the place

“of the

L

e

of

This object is achieved by the provision of a shell catalyst

in particular for the preparation of vinyl acetate monomer

(VAM) , comprising an oxidic porous catalyst

suppcert with an

outer shell, wherein the outer shell ¢ontains metallic

and Au and wherein tThe framework structure of

catalyst support contains hafnium oxide units

By the expression "hafnium oxide units (EfQo,"

{HEOz) .

2d

the porous

is meant here

elither discrete hafnium cxide in particle form which adheres

firmly to the £framework structure of the catalyst support

for example Dby sintering and thus forms an integral

constituent of the framework structure of

the support.

A

further possibility particularly preferred according to the

invention is the replacement of for example silicon diocxide,

aluminium oxide or Zr0O; units of the corresponding support

materials with HEO, units which can take the place of

E
ko

the

510y, Ai0y or Zr0, tetrahedrons 1n the structure for example

in the form of HfOs; tetrahedrons and thus

bhond to the framework structure and therefore are

an integral part of the framework structure.

have a chemical

In short,

it

likewise

is
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35 Si04, Ala4 or ZrO4 tetrahedrons in the structure for example P. the
wharmsof4sidtetrahedrons and thus have a chemical bond t@tEEP2008/064333
framework structure and therefore aredikewise an integral part of the
. framework structure. In short, it is WO 2008/145392 PCT/EP2008/004333
LG 8o rtartt Scebrding totRe ihvéntioR TFat HOR intérfe-or Féther fofm e o

otk integrakgonstituent of the-framework -structures The replacementafthe work
framework constituents can be 10 achieved by a person ski'-led in the art

SLEiRg hiéthods known per se, for example already during the direct

synthesis of such support materials or by solid Lon exchange or liquid

ion exchange, for example in the case of aluminosilicates. 15 The
Thisadvantages 6t the hBfnium dxide ZoditioHs Khowr hithertd are voidéd  °©
= oy the<integrationof the hafnium oxige: ynitsintosthe fiameworkstrueiise known

of the support or into lihe support, inst adw,of onto the support, as hesi ¢
O reviBitsly rome (L State GG At The CALA st AGcording fo the'20 =t
sunventiopis thereby-eharacterized by.a higheraactivity andchighee VAN 1iguid
. selectivitg than the hafnium oidde;-cor]tttj;élienincga\S{AMO #:atily%smnknown.fro

lOt]ﬁe(;%}'[izf\ft]re1 otthe art. Tt maintains this ac ity and se ecétlivr%y over fb“h"fjca ves

service 'Lives. 25 The activity and selectivity were related to the conditions

guring:the cuistomany.VAMLpreparation: keualy, the feaction fordhe . oo,
preparation of is carried outin installations With a 45% oxygen )

higomversiors and tve space-timetyield Of. V&M a(kgWAM et litre lof Catalyst cx 1 de

< th A hafoium doni Lt T
urﬁe{é“":!@#%t endneasured, 3O,A "%QL%‘{‘EM?B'”%Fccé’fﬁg'”%ryulog\%]r;m%/%. into

invention leads to an increase in the STY of >5%, preferab
tITEhes GioBivit- advartage dam furthiet be'trensformedrinto as previously from

the state of the art. The catalyst according to the
invention is thereby characterized by & higher activity and
higher VAM selectivity than the hafnium oxide-containing VAM
catalysts known from the state cof the art. It maintains this

activity and selectivity over long service lives.

The activity and selectivity were related tc the conditicns
during the customary VAM preparation: usually, the reaction
for the preparation of VAM is carried out in installations
with a 45% oxygen conversion and the space-time yield of VAM

(kg VAM per litre of catalyst per hour) is then measured.

A hafnium doping according tc the invention leads to an
increase 1in the S8TY of >5%, preferably even >10%. The
activity advantage can further be transformed intc a
selectivity improvement of the catalyst according to the
invention of »>1% by a targeted adaptation of the surface
area and porosity of the support (smaller surface area and
larger pores). The rule 1s: the higher the Hf0O, doping is,

the smaller the support surface area must be. Typical values
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selectivity improvement of the catalyst according to the 35 invention of
woldedysastargeted adaptation of the surface area and porosityr gfphss/004333

support (smaller surface area and larger pores) . The rule is: the higher

the Hf02 doping is, the smaller the support surface area must be. Typical

a5flueS WO 20087145582 PET/EPROOS/0G4333 FBlarerdo-40 m2fd (BET) m'/g
(derpureHf02.and approx..6Qr120.m2/g 4 (BE D for %ﬁ'gifsg-@e%d-mﬁgdan HEO,

sheet silicates with an Hf02 content (framework doping) of 0.01 to 5
CARHE-98, prefeFatty V0.0 t612B 1td%. 20 Aeedrdingto tHe imfention, theeferably
0 Qxidig porous,catalyst support is either already formed per se as a
homogeneous shaped body or is applied to a porous or non-porous
shaped body of e.g. steatite, bentonite, aluminium dioxide, etc. or other

n&siablermaterial, such as £¢2,er mixturesf th%ﬁé@mz@mén tRetalyst
following, the terms "catalﬁt" and "shell catalyst" are use

S GRBhymously 26 e hafiGrbkide Ui arePrefefdbly?dvedly lomogeneous

srdigtebuteddy the framework stucture of theGatalystsuppert,-dah:s shaped
b u(%gveg distribution in the framework structure is also  provided for

Yetording t&theSni&itidr: 25 8y tHe tehfi "evert tistiButddCtsétfab&iles - ©F
otinmeanteither] tha the=hafnium exide units arehomoageneetslyes of these
mﬂ%ﬁ?g@g’ as already said, in corresponding form in the structure of the

porous catalyst support as individual hafnium oxide units or groups of

same or that the hafnium oxide is present 30 in the structure of the

catalyst support in the form of hafnium oxide particles whigh are evenl "
Indisa}?)éute%éJ EFrF]i %%l?r%?ne%ﬁk f%?rﬁg]t%re & Xﬁ%elc% aﬁyst%ﬂ%por?ﬁﬁ% hecr":LytatlySt
amgordsgdhe latter ynearssLthat the framework structure of the

The hafnium oxide units are preferably evenly distributed in
the Iframework structure of the catalyst support, but an
uneven distribution 1in the framework structure is also

provided for according to the inventicn.

By the term "evenly distributed”™ used above is meant either
that the hafnium oxide units are homogeneously distributed,
as already said, in corresponding form in the structure of
the porous catalyst support as individual hafnium oxide
units or groups of same or that the hafnium oxide is present
in the structure of the catalyst support in the form of
hafnium oxide particles which are evenly distributed in the
framework structure of the catalyst support. In other words,
the latter means that the framework structure of the
catalyst support is formed of a solid structure of sintered-
together particles of porous oxidic catalyst support and
hafnium oxide units. In the case of Zr0; framework-doped with
HIOz, HEOz-2r0, mixed oxides, which are preferred according

to the invention, often form.
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catalyst support is formed of a solid structure of sintered 35 together
wpastslespdporous oxidic catalyst support and hafnium oxide wntSoes 333
case of Zr02 framework-doped with H§02, Hf02-Zr02 mixed oxides, which
are preferred according to the invention, often form. WO 2008/145392
PCT/EP2008/004333 8 5 The expression "evenly distributed” used

Traccardingta.the, inventiom consequently, excludes,catalyst suppgrts where 1,

. only the inner or the inner and outer surface of the porous catalyst
LrSiidportis coverstrodoatdd Wifth tHE Yoping 'okides 10 driieré thelfopsisonly

treoncefeatedonly im an quter shell,such.asds kngwnfrem ther  tre porous
above-cited state of the art. Such catalyst supports are obtained for

Cexanigie by iRiprédnatifi thaSSUFAcE bf & PBFtS dkidie catafyststigport oxide
orshaped Hody, avith epsolytionefa-eorrasponding compeundandthen r15s he11 ,
caonverting the compound into the corresponding oxide. The catalyst

SUibpdft contaifing hatritth oXile Thfts TnCother wordd:@he tatdiyst 2t - Such
casuppestdopedpwithc Bafaiue axide)i can ber obtaineddior exampleibyregnating
means %fﬂthe foILowin% 20 process,gpmprisip the steps of: a)rmixin%ad _

powdery oxidic pordus SUppait matetiar with = b%%ﬁef%‘ﬁé%ﬁﬁjm shaped body
wicompeundsaridiod asolution af suspensiopf@ikhafniunysalt; 2&1b) and  then
co%ha irntgLa shgggd c?o}%g J{lql tq% @ixtgﬁeeobtg!rnggs agglordijln to Sltﬁg a); C)

ca‘fcmingptﬁe s‘hapea ody 0 tained acconﬁng to st%p‘ §6 by. THe hafium

compound is preferably converted into the oxide during the calcining,
Tﬁgﬂeggggﬂ§§¥eag¥£5@y%n]8§g%aining hafnium oxide units {(in
other words: the catalyst support doped with hafnium oxide)
can be obtained for example by means of the following

process, comprising the steps of:

a) mizing a powdery oxidic porous support material with a
powdery hafnium compound and/cr a solution or

suspension of a hafnium salt;

b} shaping a shaped body from tThe wmixture obtalned

accerding to step a):;

c) calcining the shaped body obtained according to step

fo) I

The hafnium compound is preferably converted into the oxide
during the calcining, unless it 1s already hafnium oxide.
Suitable hafnium compounds include, but are not limited to,
(NH4) 2 [HEFg], HECY,, HILC,, HfI., HEfCls, HfCl,, HfOC1l;, HEOC(NO;3),,
HEO(OAc)2, HfBs, Ks[Hf{(CN)s], [Hf(bipy):], HE{8Qs},, Na.HfOs,
NasHEO,.
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Suitable hafnium compounds include, but are not limited to, 35 (NH4) 2
wHtesh ¢$36C 14, Hf02, HfI3, HfCI3, HfC12, HFOC12, HfO (NOBr2/Er{fos/004333

(OAc) 2, HfB5, K5 [Hf (CN) 51, [Hf (bipy) 3], Hf (S04) 2, Na2HfO3,

Na4Hf04. WO 2008/145392 PCT/EP2008/004333 9 5 According to a
ACHfeTErFEd erhBodimetit df #ie SHellaalystnaécordifg thithe inventondgisalyst

acRrovided thalthe parous, oxidic catalyst SUpPOIt COMPESESOLIS the porous
constructed from a silicon oxide, aluminium oxide, aluminosilicate (e.g.
OXz8bite sy AZifcbhitim 6XBBCHtaNIGRTEXIAE o8 caléindfaci@1otestedd from &

s ibentenite, yerygenerally.sheet siticates.qr-a mixtyne.ftwosornmere of the o .
above-named oxides, Pure zirconium dioxide and calcined

?®Pentofites/sHeet Shicatds Whict contairfip 8720t St zro2 Gt cined acid-

t rparticularly preferrede 15 Itis.quitepartieulany, prefesed if the hafpiuay,  or  a
_oxide units are contained in the framework structure of the catalyst

&Pt id profSrtion of 803%0 20 wttE rélRNE o RBStkightoffe:  Fure

z1purercatalystisupport: If thel hafaiunl oxide unitsrareipreseniriadhe silicates
framework structure %O 0 @he catalyst support in a progortlon f less thﬁgrre q.

“IG03 We e thenthe Stfeet of the properties bftheHatmitrm bxide Whit

increase the activity of the shell catalyst according to the invention is only

I tsm,all, Whllehabongaar ([Proporti of 25 wt.-% the increase, in thg activity of

the 25 catalyst is‘accompanied By a clsar décrease in VAN sefectivi y. It oxide
urhassbeemr establishied. tivat, thersmaller the sarfage area ©of thetatadystof the

/RO e e YA ey o S e St g,
resypporeis the tgreater the thosentthitkpesssofthe PdfAn shelppamrbe, If the
hafnium oxide units are present in the framework structure
cof the catalyst support in a proportion of less than 0.03
wt.-%, then the effect of the properties of the hafnium
oxide which increase the activity of the shell catalyst
zccording to the invention is only small, while above a3
proporticn of 25 wt.-% the ingrease in the activity of the
catalyst 1s accompanied by a clear decrease 1in VAM

selectivity.

It has been established that, the smaller the surface area
of the catalyst support, the higher the VAM selectivity of
the shell catalyst according to the invention. In addition,
the smaller the surface aresa of the catalyst support is, the
greater the chosen thickness of the Pd/Au shell can be,

without appreciable losses of VAM selectivity.

According to a preferred embodiment of the catalyst
according to the invention, the specific surface area of the
catalyst support has a value of less than/egual to 160 m®/g,

preferably less than 140 m®/g, preferably less than 135 m’/g,
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without appreciable losses of VAM selectivity. 35 According to a preferred

wemhedinent of the catalyst according to the invention, the sp&agifi®eos/004333
surface area of the catalyst support hgs a value of less than/equal to 160
m2/g, preferably less than 140 m2/g, preferably less than 135 m2/g, WO

£ 08I 145392 RCF/ER2008004333110- 5 furthierpreferalsly less thamt29 less

£HB4/0; MOre, preferably less (than 139: m2/g. %iﬂ%;noirg preferably less than,
80 m2/g and quite particularly preferably less than 65 m2/g. By "specific

qrfadetareac i thelcataly St SUsporvisimeantt 18 within the ramework of

the present invention the BET surface area of the support which is

determined by means of adsorption of nitrogen according to DIN 66132.
BYaccording o @ qiifte pafficuidifipadvantadedus develspmeptiBoafthe s meant

wishell-catalyst accogding 4@ the iwentign, it gan beprovidedthat the +he grr
catalyst support has a specific surface area in the range of 160 to 40

SYhaRy: préferdoly betivedn 1UBPEAd 58S, prefeiably Between 235BRa"S ©f

ahbmig.durtber preferaply between 129 and 50rm24g; quite particularly
20 preferably between 100 and 50 m2/g. According to the invention,
"catalyst support" denotes either a shaped body made of the

Achovenamedmateripls ok nixtures-theseofor adayerwhiel has beer 1 cpment
pplied to a 25 porous or non-porous, shaped body e.g. in the form of a i
oG08t 1 b1k AGTOSE STRHEICH 5t 1 abie raEA ardferals o620 D
prixtures thereef, and:thus:kikewise fosmsyee *shelts Functienallyigccording face
to the invention, "catalyst. support” thys means the part of the shell )
I atalyst agcrclgrdlfnagngﬁ toothe%i%\gen%i%n%%at%arﬁés ﬁ;l%@ 8@%@:% jﬂ%iﬁ(?ﬁn 140

arcbntaihs ihe ®d/Aucatalyst Iry the present casedt iselearsfiomuthe, further
pf%¥%%§ﬂw¥ﬂh%%%%%%%jb%?%SCQE%S“@%Of§F7g, guite particularly

preferably between 100 and 50 m®/g.

According to the invention, "catalyst support™ denotes
elther a shaped body made of the above-named materials or
mixtures thereof or a layer which has been applied to a
porous or non-porous shaped pody e.g. in the form of a
washcoat, i.e. an agueous suspension of the above-named
materials or mixtures therecf, and thus likewise forms a
"shell"™, Functicnally according to the invention, "catalyst
support” thus means the part of the shell catalyst according
te the invention that carries the metallic shell which
contains the Pd/Au catalyst. In the present case it is clear
fTrom the context whether shaped bodies consisting of the
porous catalyst suppert material are meant. Otherwise,
"catalyst suppcrt" refers both to a shell containing or
consisting of the catalyst support material and to a shaped

body made of the materials.
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porous catalyst support material are meant. Otherwise, "catalyst support"
woefers agtto a shell containing or 35 consisting of the catabyst uRpE 04333
material and to a shaped body made gf the materials. WO 2008/145392
PCT/EP2008/004333 11 5 The porous catalyst support shaped body of
Thihe cataRist accordihgdd thedimneniion cambe prepared forexamsle omtalyst

ad@&éﬁ%ﬁ%oﬁﬁﬁi%%kPX@§#¥H¥¥B§a@E@d&ﬂ?dégﬁgéquF”EHﬁe£&amp1e on

_grinding a powdery (uncalcined) acid-treated bentonite with a powdery
thigon edfigoursd andfor arf fron FO:6tatienzme alse wvatérand thes hvixipgeated

pethoreughly until homageneous. Theresake also naturally 0ceurming ; 5+ reated

bentonites which already contain iron as an impurity, from which a ‘
begreaterior lesSerquantityP6FiFs ¢an bétiashedBit with aRitfinGrdeffo iron

s Areparg.aniron-doped syppart witheut 13having to add additionaliren. unci:
The resulting mixture is shaped accompanied by compression to form a

hog@%&)%%w by! fifeahs 6fGevitedTamifiarpér'se’to A5erson SKilletfn- onites
wHbenart; sueh as forexample extryders or tablet pressesyand thewncureten a
shaped body is then calcined to form a stable 20 shaped body. The _ _
STEHidifiing 7 prefeiabily catdoutat empéaiuréSat wiiicha 86 o1t with
acsteuctire issebtained andpeptienally the iran-cempopad is capyerted intei thout
" iron(lll) oxide. ?e siéa of the sRecific surface area of th%doped catalyst ,
Sligport 88pefts in pafticular'sh the' §GAlity of tie 255TRtreafsd) Bertonites 2
shugesl] thecacicktreatmentirpethod of thes bentonite vsed, i.e. fornexamplecdy by

ndle nature and the quanty, selalive to the bentonite and he. 1y 4 e
concentration of the inorganic aciti Used “the Acid-treatment dirationand”

axtemperatiire zen the moeiding pressurerani: o thercalciting 80 durations, and
+1fihd jgmperature. and alsq the calcining atMospRErs. o5 o form a stable
shaped body. The calcining 1is preferably carried out at
temperatures at which a solid structure i1g obtained and
optionaliy the 1iron compound is converted into i1ron{III)

oxlde. The size of the specific surface area of the doped
catalyst suppoert depends in particular on the quality of the
{untreated) bentonite used, the acid-treatment method of the

bentonite used, i.e. for example the nature and the quantity,
relative to the bentonite, and the concentration of the
incrganic aclid used, the aclid-treatment duration and
temperature, on the moulding pressure and on the calcining

duration and temperature and also the calcining atmosphsre.

Acid-treated bentonites can be cobtained by treating
bentonites with strong {(Bregnstedt) acids, such as for
example sulphuric acid, phosphoric acid or hydrochloric acid.
The definition, used within the framework of the present
invention, of the term "bentonite" is given in: Rompp,
Lexikon Chemie, 10" edition, Georg Thieme Verlag. Bentonites

particularly preferred within the framework of the present
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Acid-treated bentonites can be obtained by treating bentonites with strong
w(Bragatedtpacids, such as for example sulphuric acid, phosghoreaeshos333

hydrochloric acid. 35 The definition, uged within the framework of the

present invention, of the term "bentonite" is given in: Rompp, Lexikon
inehemie 1 0thraditiont Gedtg FHismeN evlay Bemdnitesd partiqfarlys i1 icates

wrRreferred withip the framework of the.present WQ 2008/145392; et ite) as

PCT/EP2008/004333 12 5 invention are natural aluminium-containing .
mageetsificates -which-6ontairt nortmidtillorie(irthefornt-6Fsmeetite) ast¢ 1
ndPRHmminerak hiter he acig:ireatment,ithe bentonjte s pormally washed:

with water, dried and ground to a powder. 10 The shell catalyst according'
to the invention is usually prepared by subjecting a plurality of shaped

THeodiesde a bateh piesess dutingithesindividual progessesteps, Af whichysuai1y
the shaped bodies are for example are subjected to relatively high

PrfiBeRANical load sfre§ses commiunitatéd by 15 sfifringBAd Mixin todts: I 2

baaddition: the-eatalyst- ageording ta thei invention ganhe subjeatedto ar which
strong_mechanical load stress during the filling of a reactor, which can

thr%sulgi}ﬁaéf?ﬁndek%?r@ﬁ(?rmaﬁiﬁﬁ of Eggt and8aRhge tGiHe catdlysccred  to

r SUPPpOTte inyparicytar tadtsn 20 catalyticalhractivershedldyingdpaneutee ted by

area., Irﬁartim#ar to keep the Wea{fhof the catalys%cgccording to_the

SYinvéniton withif reaSonabfé linits the catalyst SUPport- therefore' S ©3Fa-yst

acpretetably has a hardness-greatesthanfequabéo 25:20 N;peeferably = strong
reater than/egual to 25 N, quite, particularly preferably greater than/equal
metﬂqg % o) CE dl{tjrltl’}}]%n/é}{lg F*bq%}%?he%% a reactor,

N&hd most pre?ér%%ﬁ/ greater qual to4 ardness is
whascertaired incthespresent.case byumeans ofdn 8M tablet-drardnéssdust and
o Agsting maching, from Dr, Schleuniger Fharmatron AG, - v 5 cnlar  to  its

catalytically active shell lying in an outer area.

In particular to keep the wsar of the catalyst according to
the invention within reasonable limits, the catalyst support
therefore preferably has a hardness greater than/egual to
20 N, preferably greater than/equal to 25 N, quite
particularly preferably greater than/equal to 35 N and most
preferaply greater than/equal to 40 N. The hardness 1is
ascertained in tThe present case by means of an 8M tTablet-
hardness testing machine from Dr. Schleuniger Pharmatron AG,
determining the average for 9% shell catalysts after drying
of the catalyst at 130°C for 2 h, wherein the apparatus

settings are as follows:
Hardness: N
Distance from the shaped body: 5.00 mm

Time delay: 0.80 s
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30 determining the average for 99 shell catalysts after drying of the

woatmysiaol30C for 2 h, wherein the apparatus settings areg@sAahays104333
Hardness: N 35 Distance from the shgped body: 5.00 mm Time delay:
0.80 s WO 2008/145392 PCT/EP2008/004333 13 5 Feed type: 6 D
Speed: 0.60 mm/s 10 The hardness of the catalyst support can also be

influenced. for.example by varying the process parameters during its
preparation, for example through the selection of the support material and

the type of hafnium starting material and also its quantity, the calcining
dugationyand/or the 15 calcining temperature gf ap upgcyred shaped body
formed from a corresponding support mixture, or by particular optional
loading materials, such as for example methyl cellulose or magnesium

Trstearate;20;5he eatalyst accordingdo theinyentionstherefare comprises @rced
_ shaped body as an actual catalyst support, preferably based on a

L odorrE&paRtifighy dopBa feaitied a6 d-FEAEE Shenksiite 6t GiFa mikeg ng  its
prexde based pn zirgeniugkaxide Or midurggitherepk 25sEhe-expressions the

"based on” meaps that in this case the catalyst according to the invention .
S ESiprisee s dopéd calcihed Widtéstedbentsmite: s pretérred thal e T 1at
arproportien ofthe calcined,-acid-treated-bantonite.is 3Q.greatecthan/equalr  the
cggggHg%§”%§g3g¥gg5¥grof an uncured shaped body formed from
a correspoending support mixture, or by particular optional
loading materials, such as for example methyl celluloss or

magnesium stearate.

The catalyst according to the invention therefore comprises
a shaped body as an actual catalyst support, preferably
based on a correspondingly doped, calcined acid-treated
bentonite or on a mixed oxide based on zirconium oxide or

mixtures thereof.

The expression "based on" means that in this case the
catalyst according to the invention comprises a doped
calcined acid-treated bentcnite. It 1s preferred that the
proportion of the calcined, acid-treated Dbentonite is
greater than/egual to 50 wh.—%, preferably greater
than/eqgual to 60 wt.-%, preferably greater than/equal to 70
wt.—-%, further preferably greater than/egual to 80 wt.-%,
relative to the weight o¢f the catalyst support containing

hafnium dioxide units.

It was found that the VAM selectivity of the catalvst
according to the invention was ralised when the integral pore

volume of the catalyst support increases. According to a
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than/equal to 60 wt.-%, preferably greater than/equal to 70 wt.-%, further
wpeeisratdysgreater than/equal to 80 wt. relative to the weightof e 0668/004333

catalyst support containing hafnium djgxide units. 35 It was found that the

VAM selectivity of the catalyst according to the invention was raised when

Euihelifitegral pofe Vatlnem6itHe BatdlystSupport inerdeses SAccafdiftg f6-8Y Lo
+nWO 20Q8/149392 PCIVEP2008/Q04333 14 pfudher preferfedore  has  an

,_embodiment of the catalyst according to_the invention, the catalyst
In§GssGHtheretere’ Rad @R infsgraricre velunie AcEorditiy®® BIHRBf Mofe ™1/9,

orhan:0:25 ml/g preferably more than 0,30 miig, anehmaost preferablymore o re
than 0.35 mI/g. In the case of pure ZrO2, as a comparison, 10 the pore

“h§Glurhe figs Th-thé range 6162 SOEmilg. Fhetiftegra’poré YolimeBiRRE T som
theatalyst:supparhis detasmined aecordingdodie BJH methad by means of
nitrogen adsorption. The surface area of the catalyst support and its 15
integral pore volume are determined according to the BET or according to
Thibe Bkt methad. TheBET surfage:-areads determired aceardingdathert  is
4 %ET mlqteh d according to I%IN png ;.a publication of the BET me od,isr
“a1S6 Found in"T; “Bm: Chem: Soc. 60, 1538y T 6rder i Hteftning thé ©9=™
ad20 sptface aredhandthefiategralpore yolume: of the:Cafalysts auppart ornd its
the catalyst, the s&&%g can be rr&%%sured for ,.example with a full

integral’ pohr me  are i) d dl Yi 2ET
autgma IC %ltrc?gen por05|me7fer from el\ﬁlcjfg%erlt?c%? );:p(%,;L RgAE%O&B?by whoor
agneans ofwhich at radsapption awd desorptibhdésoth&fim isrecbrded. 26rEa is
de%@é%ﬁﬁwg&hea%uééa%&%%r%a %%d the,poresity of the, catalyst supgortor the - 1y
catalyst according to the BE
66131; a publication of the BET method is also found in J.
Am. Chem. 3Soc. 60, 309 (1938). In order to determine the
surface area and the integral pore volume of the catalyst
support or the catalyst, the sample can be measured for
example with a fully automatic nitrogen porosimeter from
Micremerltics, ‘type ASAP 2010, by means of which an

adsorption and desorption isotherm is recorded.

To determine the surface area and the porosity of the
catalyst support or the catalyst according to the BET
process, the data are evaluated according to DIN 66121, The
pore volume 1s determined from the measurement data using
the BJH method (E. P. Barret, L. G. Joiner, P.P. Haiends, J.
Am. Chem. Scc. 73 (1951, 373)). Effects of capiliary
condensaticn are also taken into account when using this
method. Pore volumes of specific pore size ranges are
determined by totalling incremental pore volumes which are
obtained from the evaluation c¢f the adsorption isotherms

according to BJH. The integral pore volume according to the

BJH method relates to pores with a diameter of 1.7 to 300 nm.
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process, the data are evaluated according to DIN 66131. The pore-

waokhigedseetermined from the measurement data using 30g¢he /Bokhog/604333
method (E. P. Barret, L. G. Joiner, P.RsHaienda, J. Am. Chem. Soc. 73

(1951, 373)). Effects of capillary condensation are also taken into account
Ltwhen Using thsis méthodt Pore velumeswof$pecific pore sizetdngesmreferred

enfiIBIMINEE BYAORHDO I Ein Dl POIR OUMES MG 218,33 ANt 3 o
from the evaluation of the adsorption isotherms according to BJH. The
1 fintcral'pore Vokinge aeeoreihgeto the=BJIHE hidthed relatestotpores hither 75%,

pradlameterof 1:4t0.300-not. W&%%Q%é@wésp%{gP%QQ%/QQ“%%?&Eéafé!et due

is further advantageous according to a further preferred embodiment o
CGhe YRR EataRREaEEorditYy to tRE fveAlicrd HtheGvater @bsofserfoyiofithe by

st@é@i’ﬁr}fup@o% is-A40 @h@w%’uﬂgfct?@bya; 107004 caleulated.-asthesrar for

weight increase due to water absorption. The absorbency is determined
> Cpyrigisteaping 163 oftHE Btpport:Sampledf Behzddtwatérfor Boeminiprort

= 24l gas bubbles.ne longgrescape fromthe supparhsample. dhe excesseeped
water is then decanted and the steePed sample blotted with a cotton

S3Biwefto reROVEEdhé&ring: méisturd frofh the-Saifiple. The WateRIEdergchering
mcSUPPOrts thepn 15 weighedand theraksorbepey calcylatedasfollews:i s then
(amount weighed out (g) - amount weighed in (g)) x 10 = water
AR ey (9h) S0 ftis Qtbantagetts ffihé tﬁélf& SUPpofthias an
integral pore volume according to BJH in the range of 0.25 to 0.7 ml/g,
referably 00.55 and quite particularly preferab

in.a range of 0.3”£ ml/ | ly .
(FRHE Fandé BF O35 16 0.5 miFg. 25 It K Bréferred 4ctording © & father® 2°
w garetereeccembediments of the catalyst according to the invention that at
least 80%, preferably at least 85% and preferably at least 90%, of the
It is advantageous if the catalyst support has an integral
pore volume according to BJH in the range of 0.25 to (.7
ml/g, preferably in a range of 0.3 to 0.55 mi/g and quite

particularly preferably in the rangs of 0.35 to 0.5 ml/g.

Tt is preferred according to a further preferred embodiment
of the catalyst according to the invention that at least 80%,
preferably at least 85% and preferably at least 90%, of the
integral pore volume of the catalyst support according to
BJH is formed by mescpores and macropores. This counteracts
a reduced activity, effected by diffusion limitation, of the
catalyst accerding te the invention, in particular with
relatively thick Pd/Au shells. By micropores, mesopores and
macropores are meant 1in this case pores which have a
diameter of less than 1 nm, a diameter of 1 to 50 nm and a

diameter of more than 50 nm respectively.

Likewise In wview of a small pore diffusion limitation, it is

preferred according to a further embodiment of the catalyst
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integral pore volume of the catalyst support according to BJH is formed

wohYmesepeses and macropores. This counteracts 30 a redugeg astuiig/os433a
effected by diffusion 'limitation, of the jgatalyst according to the invention,

in particular with relatively thick Pd/Au shells. By micropores, mesopores
acand dnacroporestate mear in this cdse-pdres whickelaveta diameter ofias an

a+1€58 than 1 nm, a diameter of 1 tg 5Q 9%%%% 35 %gmgi%fb%g e than, o .y

50 nm respectively. Likewise in view of a small pore diffusion limitation, it

ard preférredadcordihg:to & furttier embodiment of the catalyst WO
2008/145392 PCT/EP2008/004333 16 5 according to the invention that
the catalyst support has an average pore diameter of 8 to 50 nm,

Thereferdbiy 96 26 AAT BmaNsreféfably 1D té- 15 9t TFHe catalystaceotdirgrably

nhalodhe inuentionshauld preferably - 10 have,a Bulk dzgﬂaiix ofypore.thamQ,4 o re
g/ml, preferably more than 0.45 g/ml and particularly preferably a bulk )
“hgghsity bF Betfieer 0Us anRd 075 §Mdly IFdraér g ensura ficiefns ity of

peahemigalstability-of the 715 gatalyst according to the invention, in the case
that the support contains calcined acid-treated bentonite, it has an SiO2
content of at least 65 mass-%, preferably at least 80 mass-% and

Trprefecably 9510 89:5 mass-%; kelative to;the dnass et thedwngdopedty of the
calcined acid-treated bentonite. 20 In the gas-phase synthesis of VAM

CH{6m HeetiCEa JNd  BthEfe, d Yelativei§ Tow A1203 Bonltéfit i e that the

saleined aeid+ treated bentanitels seargetyrdisadvantageois; Wwhereas has an
5 with high AlgOS contents a mark6e_d reduction in inde tat%n 25 hardness -
hustHé expectéd. Adtordifiy’to a prefsired Smbdditiert of the Catalysi® St

naaccotding o thediaventian, thes to 9%.5 mass-%, relative to the

mass of the undoped calcined acid-treated bentonite.

In the gas~phase synthesis of VAM from acetic acid and
ethene, a relatively low Al,C: content in the calcined acid-
treated bentonite 1s scarcely disadvantageous, whereas with
high Al:0: contents a marked reduction in indentation
hardness must be expected. According to a preferred
empodiment o©f the catalyst according to the invention, the
acid-treated bentonite therefore contains less than 10
mass—% Al,03;, preferably 0.1 to 3 mass-% and preferably 0.3
to 1.0 mass-%, relative to the mass of the calcined acid-

treated bentonlite.

The acidity of the catalyst support advantageously
influences the activity of the catalyst according to the
invention during the gas phase synthesis of VAM from acetic
acid and ethene. According to a further preferred embodiment
of the catalyst acccrding to the invention, the catalyst

support has & Bayer acidity of between 1 and 150 uval/g,
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acid-treated bentonite therefore contains less than 10 mass- A1203,
wopreieraldyn®.1 to 3 mass-% and preferably 0.3 to 1.0 massg@;ralptive 4333

the mass of the calcined acid- 30 treajed bentonite. The acidity of the

catalyst support advantageously influences the activity of the catalyst
praécordingito the imgartion duringthe gas phasessynthesisief VAN filohgularly

pragelic.35 acid.and.etheng. Agcording to.a further preferred embodiment

of the catalyst according to the invention, the catalyst support has a
Bayer acidity of between 1 and 150 oval/g, WO 2008/145392

nsPGT/ER2008/004333 .17 5 preferably between 5 and,130 uval/g@nd .t a1 yst

particularly preferably between 10 and 1100 oval/g. As already
aCriehfioRéd, the catdlyst SUppér of theTtatalyst tdingicPthielihverfior? S°-
calseferably preseptas a sorid called ‘shaped bodyr.cThegatalystprinciple
support can in principle assume the form of any geometric body to which a

ASSHBIE ekpiained il detdil belolv, HRRAEdONtainS G Iytically” Adtive nietafde L

exganbe agplied. However it is preferred:it, the catalyst support issfosmedica11y
as a sphere, cylinder (also 15 with rounded end surfaces), perforated

=y lifer(8I<d WithfoUnded &R stffdces). HHOBEE "capped tablBFe L srred if

tHetralobe,l ving, doyghnut, star, cartwlheel a'seversepaantwheel;oriasiar (also
.strand, preferably as a ribbed strand or star strand. The .spherical shape .

5 ute BARTEUIaTy refdtfed Giice it Z0'care 156 be GabIy Brovided with 1t"

roafshell". dhe diaméterof the lengilvard thicknesse of thelcetalyst suppost cbe,
.of the gg@%rg ﬁgcorg;{lggo thei V@ggon is preferarbflsyez to9m

rl(%Ileqpien mg-on e’geomé“tfygfatﬁe r%]attorifueb%ein Whicﬁﬁ%c@;}gﬁétisor a8

a toteaused. Htheé ccatalyst suppeartis ldrmedsasraspghere, theathetcataty$t The
spherical shape 1is qguite particulariy preferred, since it

can also be easily provided with a "shell".

The diameter or ifhe length and thickness of the catalyst
support of the catalyst according to the invention 1is
preferably 2 to 9 mm, depsending on the geometry of tThe
reactor ftube in which the catalyst 1is to be used. If the
catalyst support 1s formed as a sphere, then the catalyst
support preferably has a diameter o¢f wmore than 2 mm,
preferably a diameter of more than 3 mm and preferably a

diameter of 4 mm to 9 mm.

In general, the smaller the thickness of the Pd/Au shell of
the catalyst, the higher the VAM selectivity of the catalyst
according to the invention. According te a further preferred
embodiment of the catalyst according to the invention, the
shell of the catalyst therefore has a thickness of less than
300 um, preferably less than 200 um, preferably less than
150 pum, further preferably less than 100 pm and still more

preferably less than 80 um.
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support preferably has a diameter of more than 2 mm, preferably a

wdéliameiegeh more than 3 mm and preferably a diameter of $M0%:19R4804333
30 In general, the smaller the thicknesg of the Pd/Au shell of the catalyst,

the higher the VAM selectivity of the catalyst according to the invention.
According to a further preferred embodiment of the catalyst according to

ThthetigventioenS éheo 5 %\lgll ggttﬁlcatal sttherefore has a thickn%f of less

than éS IE)m, preferably Iesset an %%% pm, &%Fesrgﬁ:@%gslﬁ%ﬁ go%%,means

o ffuaherrefesably dessThan E0Gpmiand still niores kmefe@blples&ﬂwhs%?d/ Au
ar4m ?:li\élp% 399@6143%%% P/ %‘;ﬁ%‘%%’ 0%?333’? 18,5 The tuckness of the 1

shell can be measured visually by means of a microscope. The area in
newhich th@noble meétalssPd/Al dre depesitetiappbarsblack; whileithen areas

codfeag fteg;otngble metals appear white, AsA tile, the boupdary between . ..,

areas 10 containing noble metals and areas free of them is very sharp
angnd-édh cle&iy beé rétdgrized visuafy Ifthe ebove-named thoundanyig—named

bo@ﬂ&gﬁymigewg%j@H%@B%yd@gbw%§§k§ﬁu %@88@@%% E@aﬁw¥iégearly
thickness of the shell corresponds to the thickness of a shell, measured

I e3P E5 Hom thelGiter stirface 6fthe catllystsifpport, which dontains shell

cc98%:9fdhe noble meial deposited o8 thersupparke fowever, EWas) starting
likewise found that in the case of the catalyst according to the invention,

Tifbarticdar 25 surtade afifis, the PA/AT sheh canibe-formeaRfittira  which
coelatively lasge thicknessreffecting a-high astivity: efdheeatalyst, without .

effecting an appreciable reduction of the VAM selectivity of the catalyst
according to the invention.

However, it was likewise found that in the case of the
catalyst according to¢ the invention, in particular tLhe
surface arms, the Pd/Au shell can be formed with a
relatively large thickness effecting a high activity of the
catalyst, without effecting an appreciable reduction of the
VAM selectivity of the catalyst according to the invention.
According to ancother, likewise preferred embodiment of the
catalyst according to the invention, the shell of the
catalyst therefore has a thickness in the range of 200 to
2000 um, preferably in the range of 250 to 1800 um, guite
particularly preferably in the range of 300 to 1500 um and

further preferzsbly in the range of 400 to 1200 wum.

In order to ensure an adequate activity of the catalyst
accerding to the invention, the proportion of Pd in the
catalyst 1s 0.5 to 2.5 wt.-%, preferably 0.6 to 2.3 wt.-%
and preferably 0.7 to 2 wi.-%, relative to the weight of the

catalyst support loaded with noble metal.



10

1t

20

25

30

35

According to another, likewise preferred embodiment of the 25 catalyst

wa@eegdingdo the invention, the shell of the catalyst thereforgdag @ ges/n04333
thickness in the range of 200 to 2000,ym, preferably in the range of 250

to 1800 pm, quite particularly preferably in the range of 300 to 1500 um
I tanckfurthes preferably 1 therrange 6f 400:to 4208 jpre.c30eln@rderitoy to the
. ; equate.activity of the catalyst .accordin the_invention,-the
o norion aTPu i (ko CaLh S 0.8 102G 30 pilmratly DB o2l 2 o
1owe% and prefefably DIto32 we.-94) relative to the weight of the 35
catalyst support loaded with noble metal. WO 2008/145392
PCT/EP2008/004333 19 5 It can also be preferred if the catalyst
Tnaccording to e invertidhdras £Pdcontertdof 13620t preferdbly 2ty and

se&%g&@@%preé%raleye?tga%%g@ orderfolikewise ensure anadequate .o
activity and 10 selectivity of thé catalyst according to the invention, the

AUABRPdoat6ficratié bf the catalyst ispreferably befweerrd s, between O
arpreferably between 0.1 and.1; preferably petween 0.3 apnd 09.and ; Letween

particularly preferably between 0.4 and 0.8. 15 In addition it can be

- preféired if thé Cataifst aeEorting i BiE irfvBRtion has aneas cOntentbfl1 0 - 8 .
to 20 g/l, preferably 1.5 to 15 g/l and preferably 2 to 10 g/I. In order to
ensure a largely uniform activity of the 20 catalyst according to the

Ining&ntion-6Ver-the thickridssof Stha BdAu ‘shelt thie Fobfetifigtal2 cCOrding to
theoncentrationbshauld vary enly relatively litthe over the shellghickngsseferabiy
This mea%n?ﬂ hat, over an area of 90% of the shell thickness, the area

*Beih§ a tante Of o4 GFtha sheélithickness fidr-each 25 of the outer

and inner shell limit, the profile of the
In order to ensure a largely uniform activity of the
catalyst according to the invention over the thickness of
the Pd/RAu shell, the noble-metal concentration should vary
only relatively little over the shell thickness. This means
that, over an area of 980% of the shell thickness, the area
being at a distance of 5% of the shell thickness from each
of the outer and inner shell I1imit, the profile of ihe
noble-metal concentration of the catalyst from the average
noble-metal concentration of this area by a maximum of
+/- 20%, preferably by a maximum of +/- 15% and preferably

by a maximum of +/- 10%.

In further preferred embodiments, hafnium oxide units are
likewise present additionally in the shell of the catalyst
according to the invention, preferably in a quantity of 0.1

- 20 wt.-%, relative to the weight of the whole catalyst.

Furthermcre, the shell can also contain zirconium dioxide,
wherein the zircenium oxide content is 1in the range of 10 to

20 wt.-%, relative to the weight of the whole catalyst.
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noble-metal concentration of the catalyst from the average noble-metal -

weangenEason of this area by a maximum of +/- 20%, prefesablyrpd @s/004333
maximum of +/- 15% and preferably By a maximum of +/- 10%. 30 In

further preferred embodiments, hafnium oxide units are likewise present
additionally in the shell of the catalyst according to the invention,

crRteiarablyn a.quantity, of 0.1 - 2Qwt.-2, rslagiye fo the weight githe. s o ang

whole catalyst. 35 Furthermore, the shell can also"contain zirconium
L egidside; cwhereiit thetZifconium oxide cortent isA o9 ehirige of 00 t§ 20urther

prtop elativedothe weight of the whole cafalyst, WO 2008/145302 -  +pe
PCT/EP2008/004333 20 5 Chloride poisons the catalyst according to the

1rikgestichland: 16adsto ardeketivativicofsaie. ACEordingtd alfaftherthan 250

opRreferrec-embodiment.of the catalysy a%:}glgfding to the invention, its
chlo?ifde content is therefore less than 250 10 ppm, preferably less than

150 ppm. The catalyst according to the invention preferably contains, in
Tradditiontothe hafaivpiexide af least onealkali metal .compayndasantzins,
._further promoter, preferably a potassium, 15 sodium, caesium or rubidium

e gHipound préferabliFa potdssitin ComSouna Suitabié and pafictfddy metal

ccpteferred patassiums gempeunds inglude potassium agetale KQACpotassium,
potassium carbonate K2CO3, potassium hydrogen carbonate KHCO3 ,

S S Hotdesiiim Hydroxide ROt 4Rd aidBPal Potassitm compounds 3P £35S 1um

canbichrbecome patagsism agetate (KOAG)LNder the respeetives feactiona s s iumn

conditiocrps of VAMls Ct?thesis. The gotassium com ound %%r}%be deposi%ed -
coénr?ﬁ]%ncaftalys%gﬁpb%r?botrPB)etf%Fe ang  acetate “ro Pobassium

carbonate K;CO;, potassium hydrogen carbonate KHCO; and
potassium hydroxide KOH and also all potassium compounds
which become potassium acetate (KGCAc) under the respective
reaction conditions of VAM synthesis. The potassium compound
can be depecsited on the catalyst support both before and
after the reduction of the metal components into the metals
Pd and Au. According to a further preferred embodiment of
the «catalyst according to the inventicn, the catalyst
comprises an alkall metal acetate, preferably potassium

acetate.

It is particularly preferred in order to ensure an adeguatle
promoter activity if the alkall metal acetate content of the

catalyst i1s 0.1 to 0.7 mol/1l, preferably 0.3 to 0.5 mel/L.

According to a further preferred embodiment of the catalyst
according to the invention, the alkali metal/Pd atomic ratio
is between 1 and 12, preferably between ¢ and 10 and
particularly preferably between 4 and 9. Preferably, the
smaller the surface area of the catalyst support, the lower

the alkali metal/Pd atomic ratlo.
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after the reduction of the metal components inte the metals Pd and Au.

wAsesIARgq0 a further preferred embodiment of 25 the catalystaceQniingszs
to the invention, the catalyst comprisgg an alkali metal acetate, preferably

potassium acetate. It is particularly preferred in order to ensure an
adequate 30 promoter activity if the alkali metal acetate content of the

Th%at |¥§tsi§3 Qil E%xggn@ Iqélfl p@&%rggglrogtg cc)) '5rr€£l9 glc e@ccgrdigg }Dor% cess for
further preferred embodiment of the catalyst according to the invention,
thihe atkatiometdlRehatoniic ratio 35 lbetween dlarmk12 greferdblyg  to  the

mb]eet}qlgggr% aggﬁ%gnig i%agrtig%lgrlgipgggr%hﬂ between 4 and 9. Preferably,

the smaller the Surface area of the catalyst support, the lower the alkali
metal/Pd atomic ratio. WO 2008/145392 PCT/EP2008/004333 21 5 The

pr%?e%kfly\?%l?%ur_t%%{ also: relates tg aprocess.far ther ep%(?gﬁIlBBPJ,a the
shell catalyst according to the invention, comprising the steps of: 10 a)
providihg BREG3diIE pérotis Catdlyst Sdppvitithe framewonestiugfuté st oxide
which cantains hafpjum oxide (Hf02) units. b) depositing a solution of a

Pd precursor compound onto 15 the catalyst support; ¢) depositing a

solution of an Au precursor compound onto the catalyst support the

framewark struetig of which, eantains hafnivm gxide-units,(Hf02%20.8)4 onto
converting the Pd component of the Pd precursor compound into the
metal fofth; EFEEVET NG HEPAd tomponent of the Au precursor

c) depositing a solution of an Au precursor compound conto
the catalyst support the framework structure of which

contains hafnium oxide units (HIO:) ;

d) converting the Pd component of the Pd precursor

compound into the metal form;

e} converting the Au component of the Au precursor
compound into fhe metal form.

In principle, any Pd or Au compound by means of which a high
degree of dispersion of the metals can be achieved can be
used as pPd and Au precursocr compound. By “degree of
dispersion™ 1s meant the ratio of the number of all the
surface metal atoms of all the metal/alloy particles of =z
supported metal catalyst to the totali number of all the
metal atcoms of the metal/alloy particles. In general it is
preferred 1f the degree of dispersion corresponds tTo a
relatively high numerical wvalue, since in this case as many
metal atoms as possible are freely accessible for a

catalytic reaction.
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25 compound into the=metal form. In principle, any Pd or Au compound by

woeas eHwhich a high degree of dispersion of the metals garerigas/004333
achieved can be used as Pd and Au psecursor compound. By "degree of

dispersion” is meant the ratio of the number of all the 30 surface metal
Thatemsrofall the rietdl/alloyparticles of a rsuppoitedimetahcatalystdethes of
a:108Al pumber of all t m&&%(');;%?‘%‘éoof the metal/alloy padicles. Ingeneral ;¢ -

it iIs preferred if the degree of dispersion corresponds toa relatively high
cagmerical valtiel since inthis Tase asméy 38 metakatomsids possibletively

sndl € freely;accessible for a cafalytic reaction. WO-2008/145392, ¢ reney
PCT/EP2008/004333 22 5 This means that, given a relatively high degree
crsttdispetsioretbadiuppoited metalldatalystaa speeific catalyticd astvitytof the

1 rSAIme cgp begchieved with ayelatively small guantity glmetatusedy, ;-3 c1 e
_ Acgordlng toa further preferred embodiment of the catalyst according to
1het105Avention, thé Bedgiée 'of Bispersidhbf the AFatdl pafticlds sgareton are

d=40%rThe yalues,of the dggr%ofatéigee:?’tqrb@are determined by means of
CO adsorption. It is preferred to select the Pd and An precursor

compounds 15 from the halides, in particular chlorides, oxides, nitrates,

T Hhitritesy fermates,propionates coxalates racetales, s Ny roxides Jaydreget o unds
carbonates, amine complexes or organic complexes, for example

EiBhényiphbisphaRia compléxes or™ atetylacetonate Complekes 6 thesé =3 &5/
niroetats: 20 Examplesof particufarlypreferredPd pregssercompoungsetates,
alts. According to particularly preferred

are water-soluble Pd s .
B8 obto OF (e 1 0Be<E HoRORING T e Lne SomSlcies or ozganic

complexes, for example triphenylphosphane complexes or

acetylacetonate compiexes, of these metals.

Examples of particularly preferred PdJd precursor compounds
are water-soluble Pd salts. According to particularly
preferred embodiments of the process according to the
invention, the Pd precursor compounds are selected from the
group consisting of PA{NHi),{(CH):, Pd(NQ03):, KPd(OAc),(OH):,
Pd (NHz) 2 (NOz) 2, PA(NH3)4(NOs)2, KoPd(NOz)4, NazPd(NOz)s, PdI(OAC):
PdCl, and NapPdCl, and HzPdCl; and K;PdCl, and (NH,).PdCl,; and
PAd(NHs3) 4Cl: and Pd(NH:):{HPO,} and ammonium Pd oxalate and Pd
oxalate and EK;Pd(C:04)2 and Pd{(II) trifiuorcacetate. In
addition to Pd{OAc), other carboxylates of palladium can also
be used, preferably the salts of the aliphatic
monocarboxylic acids with 2 to 5 carbon atoms, for example

the propionate or butyrate salt.

According fo a further preferred embodiment of the process
according toc the invention, Pd nitrite precursor compounds

can also be preferred. Preferred Pd nitrite precursor
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invention, the Pd precursor compounds are selected from the 25 group

woanssinggf PA(NH3)4(OH)2, PA(N03)2, K2Pd(OAC)2(OH)Bc R erddbiAnds33
(N02) 2, Pd(NH3)4(N03)2, K2Pd(N02)4, Na2Pd(N02)4, Pd(OAC)2,
PdC12 and Na2PdC14 and H2PdC14 and K2PdC14 and (NH4)2PdC14

coamth POENH3)r4C 12and R ENEB} 4 (HROE) andranumonims Pdodxaddtecd by

a1, xplate apd KZRACR042, aad RAI) iluproacetate. In 30

I
addition to'Pd(OAc)2 other carboxylates of palladium can also be used,
preferably the salts of the aliphatic monocarboxylic acids with 3 to 5

£:Carpen atoms, f%ﬂ@é&ﬂ!@dtheawopfg@%%Bytyr@@mh%ﬁ%@n%t@z—

to a further preferred embodiment o the process according to the
Sqrvéntion, Pd nitftetSrecufsor comigblindse can alsw be breferretly preferred

en{%&rmE’d@ftri%er%y&%é@o&@&aﬁﬁf%%c,{@%%@é%ﬁﬁﬁ 231e nu

5 compounds are for example those which are obtained by dissolving
PISHEAD? i SRRENO2 s8lufiéd.cExefiplés eF prefeiredatpreedrsorsting of

Kreempounds:are watesz seluble Awsaliso Accordingde a pasticnlarly, | gauci,,
“\Preferred 10 embodiment of the process according to the invention, the

At pretursor cofpoliitGs sétécted frotdfthd Gisup EBhsistingtBiukRtD2, and

aHARC14, NaAuO2g K%M@e‘hMl%mdéplﬁwﬁ:ﬂaéﬁh4wcﬁrepa re
. KAU(OAC)3(OH), NaAu(OAc)3(OH), HAu(NO03)4 and Au(OAc)3. Itis
e E‘mnzféhﬁgéhc\z/ﬁerg Approptiate 10 Prepare 15 reSH AKORSIP FRALED the
o:eiath e by-preeipitatingnthe: oxidelhydrexide frose agaldacid seldtighg  and
. Wwashing and  isolating the precipitate and taking up same in acetic acid or
OB 20N <bTvents imihich the SBRcted Tracurssr cotfisourids are =1 ¢ acid
osaluble and which, after deposition onto the catalyst support, can be

easily removed again from same by means of drying are suitable as

solvents for the precursor compounds.
All solvents in which the selected precursor compounds are

soluble and which, after deposition ontoe the catalyst
suppeort, can pe easily removed again from same by means of
drying are suiltable as solvents for the precursor compounds.
Preferred solvent examples for the metal acetates as
precurscr compounds are above all unsubstituted carboxylic
acids, in vparticular acetic acid, and for the metal

chiorides above all water or dilute hydrochloric acid.

If the precursor compounds are not sufficiently soluble in
acetic acid, water or dilute hydrochloric acid or mixtures
thereof, other solvents can also be used as an alternative
or in addition to the named =olvents. Solvents which are
inert and miscible with acetic acid or water preferably come
into consideration as other sclvents in this case. Ketones,
for example acetone or acetylacetone, furthermore ethers,
for example tetrahvydrofuran or dioxan, acetonitrile,
dimethylformamide and solvents based on hvdrocarbons such as

for example benzene may be named as preferred solvents which
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Preferred solvent examples for the metal acetates as 25 precursor
WwEomRasds are above all unsubstituted carboxylic acids, ippgrieviak/eo4333
acetic acid, and for the metal chlorideg above all water or dilute
hydrochloric acid. If the precursor compounds are not sufficiently soluble
arp 80 Heetie acidh watsiordilutehydrochlorie acidl ormixtires thépsofbe used
: nOther seivents canalso be.used,as ap alternatiye, or in addition to the
named solvents. Solvents which are inért and miscible with acetic acid or
water preferably come into consideration as other solvents in this case.
xeKetones, 35 for e@mmfgla&et%%a%%tylas%tongi@gmﬂ@ore BerSe yanple
for example tetrahydrofuran or dioxan, acetonitrile, dimethyfformamide
eLhAd Solvehts baseth 8AhydFdcarbsns Bhich a5 Yok example bergéne nfayEh  as
acPe pamed@s preferred solvents,which;WO.2008/145392, o5 acetic acid,
PCT/EP2008/004333 245 are suitable for adding to acetic acid, but may
Loz186 be 8% othérémBodifferts as RSy s6lvertc Ketonedaforc — acid,
glexanmpleacetone, ogalgehols: fog example: gthanoker: ispprepaneher acid or
methoxyethanol, lyes, such as 10 aqueous KOH or NaOH, or organic
lagdid§ shict as 4cstic Aid, TOME afid, GAE BBfF TArtaRt Atk niali¥ Aeidy  2re
suglyaxylic agid: glyeelie gcids oxalicacid, pyruvic:gcid D dactic acidmayrbesther
amed as preferred solvents which are suitable for adding to water, but
emm%?/lafpseongé uS8d ' GthEr-¥5 mbodiments as the only solvent. If chloride
compounds are used as precursor compounds, it must be ensured that
Ifthe tﬂlorid ions are reduced to a tolerable residgal guanti}y before usiré% s
the catalyst 20 prepared according to the process according torinvention, -+
musinceichlodde isracatalyst poison. Fdrithis] the catalyst supportdsassd to a

td%@%gﬁfged%@gf@%gxOfg%§%@¥§§mebefore using the catalyst

i
.

prepared according to the process according to invention,
since chloride 1s a catalyst peison. For this, the catalyst
support is as a rule washed with plenty of water after the
fixing of the Pd and Au components of the Pd or Au precursor
compound onto the catalyst suppeort. In general, this happens
either immediately after the fixing by hydroxide
precipitation of the Pd and Au component by means of lye or
after the reduction of the noble-metal components to the

respective metal/alloy.

However, according to a preferred embodiment of the process
according to the inventicn, chloride-free Pd and Au
precurscr compounds are used as well as chloride-free
solvents to keep the chloride content in the catalyst as low
as possible and aveoid a laboriocus chloride-free washing. The
corresponding  acetate compounds are preferably used as
precurscr compcunds, since they contaminate the catalvst

support with chloride to only a very small extent.
e Y Y
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fixing of the Pd and Au components of the Pd or Au precursor compound ~

wonsiheseatalyst support. In general, this happens 25 eithepimyaediatedazs
after the fixing by hydroxide precipitatign of the Pd and Au component by
means of lye or after the reduction of the noble-metal components the

Threspeptivel tnetal/aliby -3¢ However ateoiing tors preferad @mibodiment the

ca@Linerocess, according todfe inyention, cloride-free Rd.and Al ;¢ the

precursor compounds are used as well as chloride-free solvents to keep
Cathelotiéridé epirtent in thelcaladysta@1owv s possibie-dadi@voleba processes

knidbgrieus chigriderfrge washing, IThe 35.corresponding aCBe he deposited

compounds are preferably used as precursor compounds, since they
bycortafifiRatedthe catalysSt Bappert WitlechoHaets bnlyla very Small e&stirsor

soWQ 2008/145392 BCT{ER2Q08/ %%?dgéﬁs The deposition;of the Pdyetness
and Au precursor compounds onto the catalyst support in the area of an
meSier shéll oftRe rcatalyststppBitcan PeSacievd cBRtiHg to¢ ©or potash

1 vRrocessesn known pekse.ckhus:the prectrsor spitions gan:be depasitedy the
by steeping, by dipping the support into the precursor 10 solutions or ;
NOstbBping if according 16 thedingipfent Wetésst Afetod A Base’ for SVPPOrt  in

+ hexample caustie soda:soldion orpotash zlyeis thendepesited ondbemple to
catalyst su%)ort, whereby the noble-metal components are precipitated

1 5hto the stpFGH in thE fori8FMJdroxidgs. It als6 BOssible%or exapié  =he

priocli firstly steepathesupport imlyerandsthenapphethed peegissart . The same

campounds to the thus-pretreated support. The same applies if hafpium
EEld6 s adkitgHa pilbentiniRe Sl Wherai WAH SOIbE Hafhiunt ™ the
shedmpourts arel againa peeferablyuged. 2@ fnium  compounds are again
preferably used.

According to a further preferred embodiment of the process
according tToe the invention, 1t i1s therefore provided that
the Pd and Au precursor compound is deposited on the
catalyst support by steeping the catalyst support in the
solution of the Pd precurscr compcund and in the solution of
the Au precursor compound or in a solution which containsg

both the Pd and the Au precursor compound.

According to the state of the art, the active metals Pd and
Au and also opticnally Hf, starting from chleoride compounds
in the area of a shell of the support, are applied to same
by means of steeping. However, this technigue has reached
its limits as regards minimum shell thicknesses and maximum
Au loading and maximum HEf lecading. The shell thickness of
the corresponding known VAM catalysts 1s approx. 100 pm and
it is not foreseen that even thinner shells can be obtained
by means of steeping. In addition, higher Au loadings within

the desired shell by means of steeping can be achieved conly
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According to a further preferred embodiment of the process according to

wdhRaaMasiian, it is therefore provided that the Pd and Au pregwigesoos/o04333
compound is deposited on the catalysg support by steeping the catalyst

support in the 25 solution of the Pd precursor compound and in the
wisolutioniofithel Ay presursoe carmpouid op neasoletion whighccondains:end  to
-.bath the Rd and W;,I\ Au precursor compound. According to the state of the -
Qlarf,utﬁ% acﬁ?:v%mfné%a% P a%%dli3olR§ and' gl%%bpti%%%ﬁyg Hf? gtar Fﬁ% frgr%talys -
sughilonide ebmipodndsdi thevarea ofrasheltof the supperd, dre appliedio areas

-£5ame Ry means.of ste 'nq.ﬂ.l;lagvi/g_v%rd this technique has reached its
‘Limits as regards minimum shell thicknésses and maximum Au loading

and maximum Hf loading. The shell thickness of 35 the corresponding

Th@o‘é’&\%’}é Cﬁl@ya?i% i,s aBQEOXleQO pm %'gjc{té?f nQ};I r,eset%tj@t _%\ie@cuzsor
thinner shells can be obtained by means of steeping. In addition, higher
ComE fortFgs Within athedesired! SReIE by fieans of teepifgicantbel or example

biAChHENed only-WQ 2008{145392, PC/ER2008/004333, 26 5 with difficuly, 1.

since the Au precursor compounds tend to diffuse from the shell into

SURREr Zoriesoiife tatalyst “Sifppori'sidpee body which resalis in hroadrraved

£ AU shells,areas, ot which captain very litle Pd.10 Theactive metals, @ ounds,
put a better way, their precursor compounds, can also be deposited on
YtRESUp POt for-éxampie by Higistofso-Exiéa physical progedsss. gopm into
wiihisa theosupport ageording fe theinventiom sanpreferably besprayed don vent
example with a solution of the precursor compounds, 15 wherein the
Satalyst SUPPOrtis ricved in a coating drum into which hot air is blown,
with the result that the solvent quickly evaporates. According to a further
referred embodiment of the process ) i , : ,
According to a further prelferred embodiment of the process
according to the invention, it is provided that the solution
of the Pd precursor compound and the solution of the Au
precursor compound 1s deposited ontce the catalyst support by
spraying the soluticons ontc a f£luid bed or a fluidized bed
of the catalyst support, preferably by means of an aerosol
of the solutions. The shell thickness can thereby be
continucusly adjusted and optimized, Zfor example up to a

thickness of 2 mm. But even very thin shells with =

thickness of less than 100 um are thus possible.

The above-named embodiment of the process according to the
invention can be carried out using a fluid bed or fiuidized
bed unit. It is particularly preferred if the unit contains
a so~called controlled air-glide lavyer. For one thing, the
catalyst support shapesed bodies are thoroughly mixed by the
controlled air-glide laver, wherein they simultaneously
rotate about their own axis, whereby they are dried evenly
by the process air. For another, due to the conseguent

orbital movement, effected by the controlled air-glide layer,
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20 according to the invention, it is provided that the

solution of the Pd

wlardrepigpmpound and the solution of the Au precursor CI%M ')%04333
deposited onto the catalyst support by27spraying the solutions onto a fluid

bed or a fluidized bed of the catalyst support, prefe
o faerasol 2mefdthesolitions tThe shelkthicknesscan

ntin
tﬁ%%&
mm.

rably by means of an
therehybes bodies pass

qtsklyead'éusted and optirgizgd r example up to a_thickness of 2

0 f
Ut even very thin Shells With' & trﬁ%&% Gt tesd thair 100 (im Bre®CUre0*

cdhpspogsibles: 30aT ve. abowe-hamashernbodinfert @f ¢he:process according
to the invention can be carried out using a fluid bed or fluidized bed unit.
It is particularly preferred if the unit contains a so-called controlled

A ait-glide layerFof one thilg; the catalystsapportss

haped bediesdareératch of

51090 gﬁéfdﬁ‘%@dib%’ “&%bg’?eC@‘?ﬁm.rgﬂ%%%%iqeAay%&xw@l%ﬁ?i”rtg% Eydiy et

Simultaneously rotate about their own axis, where

y they are dried even

thsy thenprotessaira For anothetrdue to. the consegient orbitalymovement ively

sﬁéﬁ%‘i by, fhe cantrglled.aiczglide layer, WQ 2008/145392 .+ .17 tnickness

- PCT/EP2008/004333 27 5 of the shaped bodies the catalyst support

1 -shapéd'bodids pass tthfoughthe spriyeprocedure (dpplication oiakeribes an

aIEUrSaE (compounds) ata virtually, canstant frequency. i laggely ppiforgy ¢ p e
shell thickness of a treated batch of 10 shaped bodies is thereby

Shithieve I A'fiRASr reslifisTRaEt the roble hibtal toREdHtratien Vaties only the

rdelatively; slightly overa relativelydarge area,efthe shell thicknessie. o e
such that the noble-metal concentration describes an approximately

PFEHAngUIE-functidhiove? bar§e aréd 8f tHe 15 he

IfthickAessewhereby-a and

£ largely- unifopm-activity-af the resulting catalystis epswred oveethe sccording

thickness of the Pd/Au shell. Suitable coating drum
O

s, fluid bed units and

the invention according to preferred embodiments are

known in the state of the art and sold e.g. by Heinrich

Brucks GmbH (Alfeld, Germany), ERWEE GmbH (Heusenstamm,

Germany), Stechel {Germany), DRIAM Anlagenbau GmbH

(Eriskirch, Germany), Glatt GmbH (Binzen, Germany), G.S.

Divisione Verniciatura {Osteria, Italy), HOFER-Pharma

Maschinen  GmbH (Well am Rhein, Germany), L.B. Bohle

Maschinen + Verfahren GmbH (Enningerl
Maschinenbau GmbH (Paderborn, Germany),
United Kingdom}, Vector Corporation

Aeromatic~Fielder AG (Bubendorf, Switz

oh, Germany), L&dige
Manesty (Merseyside,
(Mzrion, IA, USA},

aerland), GEA Process

Engineering (Hampshire, United Kingdom), Fluid 2air TInc.

(Aurora, Illinois, UsA), Helnen Systems GmbH (Varel,

Germany)}, HUttlin GmbHE (Steinen, Germany), Umang Pharmatech

Pct 1Ltd. {Marharashtra, India) and

(Lérrach, Germany).

Innojet Technologies

According tc a further preferred embodiment of the process

according to the invention, the catalyst support is heated

during the deposition of the solutions,

for example by means
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fluidized bed units for carrying out the process according to the invention
w@aQootdingdo preferred embodiments are 20 known in the stpterafithe atlo 4333
and sold e.g. by Heinrich Brucks Gmbgl (Alfeld, Germany), ERWEK
GmbH (Heusenstamm, Germany), Stechel Germany), DRIAM
o TARIagERBal GisH S(Eriskircli Geravary) sGlattiGaibeb(BinZen; he deposited
scGgrmany), G,8. Diyisions Vermigiatura (%%%%J%\Q’ F&%’ngn@ M&on be
25 Maschinen GmbH (Weil am Rhein, Germany), L.B. Bohle Maschinen +
deerfahren G mbHR(Ernirfgerdho Getmany), LBdigel Maschihenbag Gmistialyst

sugﬁéiﬁ%qm, sermany).:Manesty (Me(seyside,

eyQ@%igg@dgﬂQ'V@fyﬁng—off

orporation (Marion, IA, USA), Aeromatic-Fielder AG (Bubendorf, _
SPSRtzetHand)? G SAPIIceSs 3T Engineeting (Hampshirel Ukited Kifigdern), that
wikldid Airdpe - 4AdFara; Winois, MSA): Heingn Systems GmhH (Matelcer chell
_Germany), Huttl_n GmbH (Steinen, Germany), Umang Pharmatech Pct,
Chhe “NartaFashtra, fdiaf ahdindisterectnologies (Eoftadh Geranyyon ©F
=135 Aceordingde adurther preferred embpdiment ot theiprocess aceerdinge or
to the invention, the catalyst support is heated during the deposition of

SGh&Bdlutions” for'éxatipid by mednd WO SUbgAAs3e5es  the drying-off
stREH/EP2008/004333128:5 ekheatedprocess qir, The drying-eff speadiof +hat

the deposited
S eierhed it

olutions of the noble-metal

the degree of hieafing of the

recursor compounds can be

t&198t 8dppdtts” At Plativety ¥ =0

tHew temperatures thexdrying:off repeedds farexampesretatively dJow,cwithi s why

the result that 10 wit

30 U*l?ﬁ deg051;ed o?
shell " thicknesses can be for

deprecursarcompounds that is caused bytthe piesenceiof selweat#Atures such

réE§¥W$QT¥9Q£%Y egwgfft@%ggﬂ%%ggés can thus be c¢bfained with

a high noble-metal loading.

ha corresg)on%iggaqluan_titative de%osition, reater

il

med becads %F’th%ﬁ@r?

SO Of thg > 2t

With the process described from the state ¢f the art for the

preparation

of VAM shell catalysts

based on Pd and Au

commercially avallable solutions of the precursor compounds

such as Na;PdCl,, NahuC

s or HAuCl, sclutions are customarily

used. In the more recent literature, as already stated

previously,

as for example Pd(NH3).(OH),,

used. These

chioride-free Pd or Au precursor compounds such

precursor

PA{NHs) 2 (NG 2 and KAuD, are also

compounds react base 1n solution,

while the standard chlioride, nitrate

compounds all react acid in solution.

and acetate precursoer

To depesit the precursor compounds onto the catalyst support,

preferably
customarily
applied to
components

hydroxides.

aqueous  Na,PdCly, and NakuCls solutions are

used. These metal-salt

the suppor
then fixed

Then the

t at
with NaOH as

loaded support

solutions are normally

room temperature and the metal

insoluble Pd or Au

is customarily washed
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speed is for example relatively high, with the result that 15 solution of the

wE@RarsereomMpounds coming into contact with the shapedihegyapaembaizs
immediately dries off, which is why solgtion deposited on the catalyst

support cannot penetrate deep into the latter. At relatively high
friemperattres sucte relatively snatl-shitl thickriessesacantthas be obtained has
q:With 20,3 high noble;metal loading, W'H‘C‘P&szoc%ﬁqgsscg?edﬁhoem g;‘gse in
state of theart for the "preparation ogf VAM shell cata ysts based on P
orgrd An tcomraéartially avaiable solations obtheqgrecursor confpourdsRse  Au

te3uch-as NagPdCl-NafuCld or HAUCIQ splutipns are gystomarily, used. In-

the more recent literature, as already stated previously, chloride-free Pd
COBICAD pESEUTSORECIRPBaNdS Suchr alsgBi éxample PA(NH3)4(0H)2,

Pd(NH3)2(N02)2 and KAuO2 are also used. These precursor compounds

react base in solution, 30 while the standard chloride, nitrate and acetate

AChieEdidtl coPpdurids ailfdacka@d fi S6RiticHITo ddisosk tive prebgrserocess
actompaunds:onte the catalystsupport; ipreferably. agu ¥a2RdCld:ands ceps
. NaAuC13 solutions are 35 customarily used. These metal-salt solutions
1arédrmally applied to the support at room temperature and the metal
components then fixed with NaOH as insoluble Pd or An hydroxides.
Then the loaded suppart is customarily washed WO 2008/1..45392
PCT/EP2008/00433%° 295 ffBe of chidtide With3Water fin paHtichiar the AgH T sor
fixing hasmgisatvantagescsucheas; long action times of the base in order
to induce the precipitation of the stable Au tetrachloro complex,
incomplete precipitation and concomitant inadequate Au retention. 10
Accprding teadurthes pieferred emmbodimentiof thedpregessn au  precursor

compound is provided, wherein the first solution
effects a precipitaticn of the ncoble-metal component (s)
of the precursor compeound(s) of the second solution

and vice versa;

¢} the first solution and the second sclution are

deposited onto the catalyst support.

This embodiment of the process according to the invention
uses two different precursor solutions, of which for ezample

one contains a Pd and the other an Au precursor compound.

Generally, one of the sclutions preferably has a basic, and
the other an acid pH. Generally, the solutions are deposited
ontc the catalyst suppert by firstly impregnating the
support with the first and then in a subseqguent step with
the second scluticon, as described previously, by steeping.
Upon deposition of the second solution the two solutions are
then combined on the support, whereby the pH of the

solutions changes and the Pd or Au component of the
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according to the invention, the process comprises the steps in which 15
w@rendirsissotution of a Pd and/or an Au precursor compoungdsRipxMieedn4ss

b) a second solution of a Pd and/or arygAn precursor compound is

provided, wherein the first solution 20 effects a precipitation of the
repolsleimetal componentts) of theprecuisoricompotmd{s)iofahedecont o the
suggition apdice.versy; c) the frst solulion.and tbe.secood solufion e .

deposited onto the catalyst support. This embodiment of the process

cTacebrdirgfo thé iifenticn Nises twig- different preedisor sélatidis, 6bwhiehd to
+nior £xample. one contains a Pd and the other an Au precursor compound.

30 Generally, one of the solutions preferably has a basic, and the other

an acid pH. Generally, the solutions are deposited onto the catalyst
Th%JpF&%'ir@ﬁf'rSQ}ﬁ}HBB&%%}%ng the SQBQOTtM%‘c@gsﬂr?té’é@otP&!ﬂr{% 4 to  the
~ subsequent step with 35 the second solution, as described previously, by
ingteepihg! Updn depdsifier 8fthe seédhd SRtioH theltiwo sefutichg areatalyst
suipgn.combined en thessupports wherabyqthe pH:ofthe solutionschangesursor

and the Pd or An component of the WO 2008/145392
COBRIER2008/004333° 30 respretive-prectisot cbhpdlifd ¢ petigitatsd T SO~
ccatedhel, suppertawithouhan auxiarybase; eustomary in the-state: ofthe with

art, such as NaOH or KOH, needing to TbAe applied to. the support. 10 The |
°farfidd etibodimefit of thE prddess attotting'tb the’ frivefition RihngP tation
ofbased oncan krpregnationop the=catalyst sdpporéwithdhe fiest sobtiop©ind (=)
ofigggngggéggpgg E%{om and vice versa, with the result that
in the contact zone of the two solutions both the pre-
impregnated Pd/Au component (s} and the post-impregnated
Pd/Au component (s) precipitate almost s=imultanecusly and
thus lead to an intimate thorough mixing of Pd/Ru. Drying

can optionally take place between the two impregnation steps.

Suitable agquecus solutions cf Pd precursor compounds for the
impregnation with incompatible solutions are listed by way

of example in Table 1.

Table 1:
Precursor compound Character of the solution
PdC1, acid
Pd (NH3) 2 (NO») 2 basic
Na,PdCl, neutral
Pd (NH3) 4 {OH) » basic
Pd (NO3) 2 acid
E-Pd {OAC) - (OH) 4 basic through dissolution of
palladium acetate in RCH
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compound and the second solution of a Pd and/or Au precursor
weQupaurtiwherein the two solutions are incompatible withpkor@neoeg/064333
another, i.e. the first solution effects aggrecipitation of the noble-metal
component(s) of the precursor compound(s) of the second solution and
Ttvice Versar svitartRetresalt tHzinthe eohtact zoime bf the twlsoltioAs to have
zoRothuthe pre- 'rgpr%%@@}@@%%%@&@oem@ean@é%egg%'HMﬁgna%%mine

20 Pd/Au component(s) precipitate almost simultaneously and thus lea
CORPAEFfifate thcroagh Riixing of PAIAGL Drying! ean dptishatly ake plagad or

« nRetween, the.two impregnation steps

itable aqueous solutions of Pd . =

ot

he

precursor compounds for the 25 impregnation with incompatible solutions
P agredfsted by Waye of eX&mplesih-Table 1. Table 1: Precursor compound
Character of the solution PdC12 acid Pd (NH3) 2 (NO2) 2 basic
Na2PdCl4 neutral Pd(NH3)4(OH)2 basic Pd(N03)2 acid
SURIPH(GAAZIGAYS basic throtigh dissoftition of paliaditinfagatateinkdAr the
1m0 WR 2008145392 PCTHzR2008/004333- 31 61 lhrwith-regardite©ed by way
remature Au reduction, NH3 were to have too strong a reductive effect,
O thetdiespondingtiamine complexes can also be used with
ethylenediamine as ligand or the complexes with ethanol amine as ligand
Taigiteag of the palladium amine complexes. 10 Suitable aqueous solutions
0

Au precursor compounds for the

Precursor compound

Character of the solution

AuCl; acld

KAau0, basic through dissclution of
Au{OH)s in KOH

NaAuCl, neutral

HALCL, acid

KA (CAC) 2 (OH)

basic through dissolution of

Au{QRc)s; in KOH

HAL (NCs) 4 acid (stable in senl-
concentrated HNOs)
Suitable combinations of incompatible solutions for the

base-free precipitation of

the noble-metal components are

for example_a PdCl, and a KAuG:; solution; a Pd(NO3); and a

Khu0, solution; a

solution.

Pd(NHz) 2 (OH)» and an

AuCls or HAuCL,

According to a further preferred embodiment of the process

according to the invention Pd can alsc be precipitated with

incompatible Pd

incompatible Au solutlons,

solutions

and analogously Au with

by bringing a PBdCl, sclution

into contact with a Pd(NH:),{(COH); sclution or an HAuCl; with a




10

20

30

35

impregnation with incompatible solutions are listed by way of example in
w(d afig 2453, Table 2: Precursor compound Character of the solehi®hges /004333

AuC13 acid KAu02 basic through disgglution of Au(OH)3 in KOH

NaAuCl< neutral IHAuUCI4 acid KAu(OAc)3(OH) basic through
Khgdigsolation ot Au(OAE)3 il KOHHAU(NGS)4 &cid {stdblerin 8emisontents can
o-cendentrated HNOS). puitable combipalians, of Incompable soluliags oy, 5, -

the base-free precipitation of the noble-metal components are 20 for
Coggples PACa2laHd a KAuO?2 solution; a PA(N03)2 and a KAuO2

solution; a Pd(NH3)4(OH)2 and an AuC13 or HAuC14 solution. According

to a further preferred embodiment of the process 25 according to the
ACRYSRHGH P earfaldd be précisitated With hcorhpatible Pdsofitidnsargrding

t cAnalegoushe AU with incampatible Ancsolutions,eg: Py bripging & RACIZ, - e v
solution into contact with a Pd(NH3)4(0H)2 solution or an HAuCI4 with a

Caly02008/185393 FET/EPZ008/004333032 SKAUOTSAlUtIBAT RIS wayth 2
schigh Pehand/ee Aurcontents cap; precipitate intheshellwithouthavingtor  tre
use highly- concentrated solutions. According to a further embodiment of .
Lo protess adtofding* 16 to the inbentisiPikedl sotutiori& corbatiblé it 1
a oneanothee:ean atlsarhe-useg-whish ase beovight inte contagtwitharle-metal
solution incompatible with the mixed solution, for the ,
components ol which can be precipitated with a KAuO; scolution
or a Pd{NH;),(CH), and KAuC,~containing solution, the noble-
metal components of which can be precipitated with & PdCl.
and HAuCl;-containing solution. A further example of a mixed

solution is the HAuUCL,; and KAuO; pairing.

The Impregnation with the incompatible sclutions will
preferably take place by means of steeping or by means of
spray impregnation, wherein the incompatible solutions are
for example sprayed simultanecusly by one or more double
nozzle(s) or simultaneously by means of two nozzles or
nozzle groups or sequentially by means of one or more

nozzle(s).

Because of the rapid immobilization (fixing) of the metal
components of the precursor compounds in the shell and the
concomitant shortened Pd and Au diffusion, the impregnation
with the inccmpatible sclutions can lead to thinner shells
than the conventional use of solutions compatible with one
another. By means of the incompatible solutions, high noble~
metal contents in thin shells, improved metal retention,
more rapid and more complete precipitation of the noble
metals, the reduction ¢f the disruptive residual Na content

of the support, the simultanecus fixing of Pd and Au in only

r



15

20

30

35

noble-metal precipitation. An example of a mixed solution is a PdC12 and

wé\éa1aentaining solution, the noble-metal 15 components gfyvhish&aio 4333
be precipitated with a KAuO2 solutionzzor a Pd(NH3)4(OH)2 and

KAu02-containing solution, the noble- metal components of which can be
ongrecipitated wit-atPd€r2 ahtHAaCd4rcontaining Boltifion: Asfarthend NaOH
n2BXRIRlE of adnixed SOLION.IS Ine BAUCIA B00IANAZ PAILID. 20 1o ¢ che

impregnation with the incompatible solutions will preferably take place by
suneans of steepiny érisy meahs of sprayirepregaatidinvherein the achieved.

incompatible solutions are for example sprayed simultaneously by one or

more double 25 nozzle(s) or simultaneously by means of two nozzles or
B¥hoZZBltoups of- SEqueRialf by neans of e ofimereradiklé). solutions,
orBecause gidhedapidimmobilizauon (ixing).of the metal 30,compapents,,  the

of the precursor compounds in the shell and the concomitant shortened
CHG aKa Au diIfESIEA ‘the fipragiatior? with tRE fritompatibleBolufib g cariich

cdege e thinnershells, dhansthescanventional use ofisolutions-compatile it i ons
with one another. By means of the incompatible solutions, high noble 35

ERBtalconienfSinthin sHelld! infirdVed fretdP fstentiéN 2 Pidre rapfd afd  Shell

cdvare eemplete: pregipitation of the,nakle metals; the reductiopjofithe contents
disruptive residua \”%conte,nt of the support, the simultaneous fixing of
%4 &rid AG i o 20081145342 PETIEP 2008004333 33% dhefiking'e a1
prstep apd:Abe absence of NaOH costs and NaOH handling and an
avoidance of a mechanical weakening of the support through the contact
with excess NaOH can be achieved. By means of the impregnation with
Irincompatible selutions;0greaiennebleanetalcontentsicatrbe atomic ratio

ipi n th . . : .
oﬁ”%qgmggnggr%, which 1s very desirable with regard to the
increase in VAM selectivity, can be easily achieved by means

of the principle of the incompatible solutions.

According to a further preferred embodiment of the process
according to the invention it is provided that, after the Pd
and/or the Au precursor compound has/have been depcsited
onto the catalyst support, for the fixing of the noble-metal
component (g} o©f the precursor compound(s) onto the catalyst
support, the catalyst support is subjected to a fixing step.
The fixing step can comprise, as already stated above, the
treatment of the support with lye or a calcining of the
support for converting the noble-metal component(s) into a
hydroxide compound{s} or into an oxide. The fixing step can

also be omitted and directly reduced, e.g. in the gas phase.

It is likewise pessible to introduce the doped catalyst
support as powder and to impregnate this through with the
precursor compeounds of the active metals. The pre-treated

powaer can then be ccated in the form of a washccat onto a
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catalyst support through a single fixing step which comprises just the
wdepesitieryof two incompatible solutions than is possible wigh-gtapsltho433s

base (NaOH) fixing. Shell catalysts with particularly low residual Cl and

Na contents 15 can be obtained by acid fixing of chloride-free noble metal
sUpretirsorsNapattdutaty high Au comBatsawith &iPAaiPd atbmicrtiplok or a

KAO-@W %G@ﬁ%%ﬁicgﬁV%%Q‘?SE%@é@% @g%d: 1}91@? %Qﬂ%cr%ai%e i@a talyst

VAM selectivity, can be easily achieved by means of the principle of the
SYinedmpatibiedscitiforias Aéebrdifig to a further preferred embodiment of the

process according to the invention it is provided that, after the Pd 25

and/or the Au precursor compound has/have been deposited onto the
ACCAARSTESuppott for the'fikifig 8P thé hobletfetalP comporent(@) dftReess for

£ HRIECHRSOr SOMPOoLd(s) ontithegatalyst suppart, dhe catalyst SURROItis,  the
. subjected to a fixing step. The fixing step can comprise, as already stated
“THi5dVe! tie 30 trEatrhant gf theSsupportwith fye or a calcining of the
support for converting the noble-metal component(s) into a hydroxide
compound(s) or into an oxide. The fixing step can also be omitted and

difectly redliced 8.g. I the §as phase’ 58 1ifis FeWiSe posaibfe Pt support

introduge the doped- catalyst suppartas powdes anddedmpregnatedhisin  its
througl%with the precursor comgound of the active metals. Th

pre-treated powtier Can then Beé codted R tRE Farth of ewéjéarﬁ:%i%’sﬁto Fpport
WO 2008/145392 PCI{ER2G08H043383 345 suitaplesshaped:bodyrterund or
exampxlﬁq a spggre of dstﬁagtite ora Cg(A—Sl(_SO support, and then processed

further |r"i"tohthé ca?aﬂyst B‘y %glrcfnlng” and reduction. Accordingly the

invention relates to a second process for 10 the preparation of a shell

Caajlységgggrggﬁ%%)ﬂ%%e ioaded catalyst support onto a shaped
body in the form of a shell;

¢) calcining the loaded shaped body according to step b);

d) optionally converting the Pd and the Au component of

the Pd or Au precursor compound inte the metal form.

Alternatively, the named process can also be carried out by
first depositing the powdery catalyst support not loaded
with noble metal onto a shaped body and only afterwards

applying the noble metzls.

After loading with the precursor compounds or after fixing
the ncble-metal components the support can be calcined to
convert the noble-metal components into the corresponding
oxides. Calcining takes place preferably at temperatures of
less than 700°C. Particularly preferably between 300-450°C
accompanied by the addition of air. The calcining time

depends on the calcining temperature and 1is preferably
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invention, comprising the steps of: a) providing a powdery oxidic porous

wEatak/sisypport which contains hafnium oxide (Hf02) unitspga-ig pbaes/o04333
framework structure and wherein the ggtalyst support is loaded with a Pd

and an An precursor compound or with Pd and Au particles; b) depositing
chthecloaded catabyst suppart onfo arshapet-20 body s the form of a shélbining

c efheAlgining.the boﬁde%[%[%%%q bodysaecording fo step.b)..d),optionally . -

converting the Pd and the Au component of 25 the Pd or An precursor
pregrapebnd into the'meatabfortAlternztielyn ivandmed prodesscan &lse00 " C,

+nhe carried quiby first depositing dhe powdery catalyst support not loaded

with noble metal onto a shaped body and only afterwards 30 applying the
noble metals. After loading with the precursor compounds or after fixing

Thibe pople-metal. components the suppod can.be caleined te,, convert the, 1,4

noble-metal components into the corresponding 35 oxides. Calcining
Pefakes pldee préferably ‘st ferfipératures of 1ess tiah 700C. Pataciany can be

caRreferably hetwgen 30Q-450C .acﬁﬁm@@@ie@ﬂyc@§sad§@m%f@ir- dJhes1s0 ex
_calcining time depends on the calcining temperature and is preferably

SN 2008/145802 PERIFERL260870604833 O35 5 8R6SEH in theTHAGE from . situ

150.5:6-houts: At @ calcining= temperature:efrappeex A400C; the galcining -2y in
time is preferably 1-2 hours. At a calcining temperature of 300C, the

NLEHiGRfG tithe 5 prefEraBIy upd e hotEPLEFhe hoble-m8iat tompsiiere® °f

f care dypiealhefurthen seduced rbefare: thenusesof thereatalyst, whereintheed out
reduction an be z]arr ed oyt in sity, i.e. in the process reactor, or also ex

£og S &ML il reduTion TeadtSr HSRIRtOR i SHaECO ST, £oF exampLe

by means of forming gas, at temperatures in the range of

preferably 150-500°C over a period cf 5 hours.

Gaseous or vaporable reducing agents such as for example COC,
NHz, formaldehyde, methanol and hydrocarbons can likewise be
used, wherein the gaseous reducing agents can also be
diluted with inert gas, such as for example carbon dioxide,
nitrogen or argon. A reducing agent diluted with inert gas
is preferably used. Mixtures of hydrogen with nitrogen or
argon, preferably with a hydrogen content between 1 vol.-%

and 15 vol.~%, are preferred.

The reduction of the ncble metals can also be undertaken in
the liguid phase, preferably by means of the reducing agents
hydrazine, K-formate, Hy00 or Na-hypophosphite, K-

hypophosphite, hypophosphoric acid.

The guantity of reducing agent 1s preferably chosen such
that during the {freatment period at least the eguivalent
required for complete reduction of the noble-metal

components 1s passed over the catalyst. Preferably, however,
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is preferably carried out with ethylene (5 vol.-%) in 15 nitrogen at-a

wemaeratyee of approx. 150C over a period of for example BcrOEIS008/604333
Reduction ex situ can be carried out fgy example with 5 vol.-% hydrogen
in nitrogen, for example by means of forming gas, at temperatures in the
2TraRge of Hreferabh 1505008 Dk a period 685 hourss 20 Gasecad ol yst in

or¥pporableseducing. agents such,as forexample CQ,, NH3, formaldehyde,

methanol and hydrocarbons can likewise be used, wherein the gaseous
reducing agents can also be diluted with inert gas, such as for example

rrearbon.dioxide, 25 nitrogen.qrargan,) A reducing agentdiluted with inert, . )
gas is preferably used. Mixtures of hydrogen with nitrogen or argon,
a95vetetaBly With°a Ayrogén éoHtEREbetWeeR T voF 9% andel5aictcgr afdon of

1 rRfeterved: B0The reduction of thenable metals.canalse be undgraken, i« ; op
the liquid phase, preferably by means of the reducing agents hydrazine,

& K-fdrtiale, G2 6r'Ra-hiBophoSpAite K- hypdphesphits, Preteranly used
irhypephesphore acide 35 T hewquantitysgtredugsingragent is-preferably.

chosen such that during the treatment period at least the equivalent

required for complete reduction of the noble-metal components is passed

Traverithe eatalyst. Preferablychewever, WO 2008/145392 of the catalyst
PCT/CIFP2008/004 33 36 5 an excess of reducing agent is passed over

2She catdlYst i’ ofdF to-&isUte Brapidand tormpiete rediictisi They St @s @

hyreductiorzisipreferablycpressurelessni.e catzanl absolute pressure: 9t alyst  in

h acplpgox'n]é Gill’. Forc‘ig% pie al_{’:?'tiozrali of olrg) indggtrialaqugngiregdof C"ataf:lxsrlicatior\

yac:c:o?{éalng o'tife invention a rofary%l}be bvelt or fltiid-bed reactoris ™ - ’
cepreferably usedainhordentteensute taivevereredugtian ofithecatalysitalyst in
the synthesis of alkenylalkanocates, in particular in the
synthesis of wvinyl acetate monomer, in particular in the
gas-phase oxidation of ethylene and acetic acid to form

vinyl acetate moncmer.

The catalyst according to the invention is preferably used
for the preparation of VAM. GCenerally this takes place by
passing acetic acid, ethylene and oxygen or oxygen-
containing gases over the catalyst according to the
invention at temperatures of 100-200°C, preferably 120-200°C,
and at pressures of 1-25 bar, preferably 1-20 bar, wherein
non-reacted educts can be recycled. Expediently, the oxygen
concentration 1s kept  below 10 wvol.-%. Under «certain
circumstances, however, a dilution with inert gases such as
nitrogen or carbon dioxide 1s also advantageous. Carbon
dioxide 1s particularly suitable for diluticn, since it is
formed in small quantities in the course of VAM synthesis.
The formed vinyl acetate is disolated with the help of
suitable methods, which are described for example in US

5,066,365 A.
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The invention also relates to the use ofthe catalyst 15 according to the
wdanysiQR®s an oxidation catalyst, as a hydrogenation/dehygroganabi®ne4333
catalyst, as a catalyst in hydrogenating desulphurization, as a
hydrodenitrification catalyst, as a hydrodeoxidation catalyst or as a
catalyst in the synthesis of alkenylalkanoates, in particular in the 20
rrynthesis of vinyl acetate.monomer  in.particular inthe gas-phase 1 5, e
oxidation of ethylene and acetic acid to form vinyl acetate monomer. The
1restalysractordingte the inventibh isprsferdbhpdsed 25iot thero 1t:
preparation of VAM. Generally this takes place by passing acetic acid,
ethylene and oxygen or oxygen- containing gases over the catalyst
EZgtatding o the invention at temperatures of 100-200C, preferably
120-200C, and at pressures of 1-25 bar, preferably 1-20 bar, wherein 30
_ hon-reacted educts can be recycled. Expediently, the oxygen .
> oncentrationtis kept Below 26 v 95 B REET cErtdifiCcirbliisfhtesbentonite
mihoweves, a diutiomwith inest gases such-asypifregen ongarben digxideristural
also advantageous. Carbon dioxide is particularly suitable for dilution,
O T €85 med i ShdllGuantifies irfthe’courdd dt VA Syniesig t  were
grihentormedvinyl acetate is-isolated- with the help:-ofssutable methodsi 11 with
which are described for example in US 5,066,365 A. WO_2008/145392
U CTEPLD 8/(904%3‘:9237a§dfh61#ollo%n5fe%bodi‘?ﬁ&t Satfiplesserve RV
ceeEXplaip the dovention-butiare et ta beamderstood as limiting it: Example
1: 10 500 g of different acid-treated dried powdery bentonite

The resultant mixture was taken up with water and processed
by means of a mixer into a dough from which spherical shaped
bodies were prepared under pressure by means of a fablet
press. For hardening, the spheres were calcined at a

temperature of 640°C over a period of 4 h. The thus-cbtained

shaped bodies have the characteristics listed in Tables 3:

Table 3: Properties of shaped bedies according to the

invention
Geometric form Sphere
Diameter 5 mm
Moisture content <Z.0 mass-%
Compressive strength > 30 N
Bulk density 580 - 680 g 1°-
Water absorbency 54 - 70%
Specific surface area 102- 164 m° g -
(BET)
S1i0» content ¢ to 78 wt.-%
HfO, content 1.2 -~ 1.6 wt.-%
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mixtures as sheet silicate component based on natural bentonites with

wopRknIqgstenite as main constituent were ground into an inpeeAePIXEHRI3 33
by means of a ball mill with 15 up to 1§ g Zr02 and 10 g Hf02, and also

13 g methyl cellulose customary in the trade. The resultant mixture was

taken|up with water aadrprecdssed by means ofia maixér. intera dotigh

"neEa P |

from which-spt {iﬁgirbicljc%w:g 20 bodieswere é%&%ilggliji}%ei’gl"cSSUfc by
'%t press. F‘or%ardening, the s&;
temperature of 640C over a period of 4 h. The thus-obtainéd shaped

means of a tab

bodie

pu |

eres were cafcmé“élat a

Y w
Z

d-im-Fabte3 <:t)T

eycs: ' ; ?biﬁts-_logupcltica
shaped bodies according to the inventign Geometric form

Sphere

Diameter 5 mm Mbistdrecgontent <2.0 n

nass-% Compressivesstrength >

fa)

30 N Buik %‘:jlﬁbi‘ %_%%?ﬁg%gﬁe ‘Elé%tm ah DUIIIBC.i}LéY 546-)-{;'4%

surface area 102-

T) Si02 content 7

Yo-Specific
e

8 Wt.-% Hf0?

content 1.2 - 1.6 wt.-% WO 2008/145392 PCT/EP2008/004333 38 Zr02

cantent.3.4.10 t.-% er oxi esidual m
a ignit%gngfd%o%%%%v V%@B%?%Cld%)(}%%%é%g p\?ﬁa?/gq'ngﬁﬂ pore volume

n Wi % Logs,

n .
filled
o

wig.p5 2 pA2cmiy- 1hreflgidizeddsed device castomanginethe tradetwas filledr face

area of 122 m2/g and the spheres were put into a2 fluidized-

bed state by means of compressed air temperature~controlled

at 80°C (6 bar).

Once the shaped bodies were temperature-controlled at approx.

75°C, 300 ml of an agueous ncble-metal

containing 7.5 g

customary in  the

mixed solution

Na-PdCl, {sodium tetrachloropalladate)

trade and 4.6 g NaRulliy

{sodium

tetrachlorcaurate) customary in the trade were sprayved onto

the fliuidized bhed of

min.

After the impregnation of the catalyst supports

the shaped bodies over

a period of 40

with the

noble~metal mixed sclution the support spheres were spraved

with a 0.05% molar NaQH scoluticn in

under the above conditions over a periocd of 20 min.

was allowed to act on the shaped bodies for 16 h.

Following exposure to the action of the WNaOH,

the fluidized-bed state
The NaOH

the supports

were washed with plenty of water in the fluidized-bed device,

in order to very
chloride introduced

compounds and NaOH.

largely remove the al

kali metal

and

into ithe support wvia the noble-metal
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with 225 g of the spheres, prepared as above, with a surface area of 122
waoniligganskthe spheres were put into a fluidized- bed state bygeapseeé /04333

compressed air temperature-controllegg 10 at 80C (6 bar). Once the

shaped bodies were temperature-controlled at approx. 75C, 300 ml of an
Afaqueous noblexmetal Hiized solatiord contaihing 7.5veNa2PdCi4¢sodium the

£ ietrachlorapalladate) 15 customary i fhe trade and-4 6,9 Nautd, - -
(sodium tetrachloroaurate) customary in the trade were sprayed onto the
fluidized bed of the shaped bodies over a period of 40 min. 20 After the

zAmpregnation; of. the catplystsupparts with- the, nohlesmetal mixed solutign ., -
the support spheres were sprayed with a 0.05 molar NaOH solution in the
Pfidizedtised-stafté tandertheabdve Gondifiéns BYEr periodifof 30-Riidene (5

vollne-NaOH, was:alloyeed to-act onthsshapgd bodiesfor,16 . 2959°c in the
Following exposure to the action of the NaOH, the supports were washed
EWilt pletity BFWat: in B fluidized-bed device, in order to very largely
remove the alkali metal and chloride introduced into the support via the
_noble-metal 30 compaounds and NaOH. WO 2008/145392
BCTREPY00sI604353 305 AftdrWashing (the Whiapaboties were dieee—* 2
arid theatiuidized-hed device-atd temperature of200t9.26QC. Aftesthea  shell
shaped bodies were dried (ﬁ@y were reduced to a Pd/Au shell catalyst
(

£
ERUIH R A Miktdre gt sthylend (3™1LG06).-96) 1A Hitkogen ata temperature
of approx. 150C in the fluidized-bed device. The resulting shell catalyst
containe rox..1.2 mass-% Pd_and had an Au/Pd atomic ratio of
Thé) ngkgéﬁﬁggﬁ con%%n%rat?on ofa €Ee ghus~premared Pd/Au
approx. 0.5, a she 8
shell catalyst wvaried over an area of 90% of the shell
thickness, the area being at a distance of 5% of the shell
thickness from each of the outer and inner shell limit, from
the average ncble-metal concentration of this area by a

maximum of +/~ 10%.

Example Z:

50 g of Zr0; powder with a specific surface area of 39 m2/g
was mixed with & g powdery HfO; and ground to an intimate
mixture by means of & ball mill. The resulting average

particle size was approx. 2 um.

The thus-obtained HEO,/Zr0O, powder has the characteristics

listed in Table 4:

Tablie 4: Properties of the Hf0,/7r0; powder

Geometric form Sphere

D50 2 um

Moisture content <2.0 wt.-%
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15 thickness of approx. 170 pm and a hardness of 37 N. The noble-metal
weoneeNEation of the thus-prepared Pd/Au shell catalyst vaneerauehaeo4333
area of 90% of the shell thickness, thggarea being at a distance of 5% of

the shell 20 thickness from each of the outer and inner shell limit, from

the average noble-métalléontantratipn of this area by @ maximum of +/-

10%. Exampte2:—25 Zro2-powder-with-a-specific surface-area of

39 m2/g was mixed W|¥hzy8‘éqb5’8r SR’/CHfOZ and ground to an intimate
mixture by meafseof afhiall mill: Thesresulting averagé®particie size was
approx. 2 pm. 30 The thus; % ned Hf02/ZrO2{powder has the
characteristics listed in Table 4: Table 4: Properties of the Hf02/ZrO2
powder 35|Geometri¢iform @pxhbﬁeﬁDSO 2 pm Mmstuﬂe ddﬂtent <2.0
wt.-% WO 2608/1453 L, 008664333 Dl_yo 620 g 1-1
Water absorbency Spge?:l ic éI:L?r agé LajL“rea 39 m'/c @‘% HfO2 content
11.1% Zr02 cbnteht 88.8 wt.i%1 boss 0Adgnitign 1800Cwt1 wit. - BJH

po“avmun]'“éugﬁﬁb“'ge volume Ny 0.28 cm” g™*

=

30 g of & 20% zirconium acetate ZrO{(OAs), solutiocn as binder
was added to the Hf0;/Zr0; powder, the mixture was stirred
for 1h and then sprayed onto 75 g KA-0 ({Slid-Chemie). The
thus-obtained spheres were calcined at 600°C for 5Sh. An

HEC,/Zr0; shell of 261 um resulted

A Tluidized-bed device customary in the trade was filled
with 225 g of the spheres, prepared as above, with a surface
area of 97 m2/g and the spheres were put intc a fluidized-
bed state by means of compressed alr temperature-controlled

to 80°C (6 bar).

Once the shaped bodies were temperature-controlled at approx.
75°C, 300 ml of an agueous noble-metal mixed solution
containing 7.5 g Na;kPdCl, (sodium tetrachioropalladate)
customary in the trade and 4.6 g NahuCl, (sodium
tetrachloroaurate) customary in the trade were sprayed onto
the fluidized bed cf the shaped bodies over a period of 40

min.

After the impregnation of the catalyst supports with the
noble-metal mixed scolution the support spheres were sprayed
with a 0.05 molar NaOH sgclution in the fluidized-bed state
under the above conditions over a pericd of 30 min. The NaOH

was allowed to act on the shaped bodies for 16 h.
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30 g of a 20% zirconium acetate ZrO(OAc)2 solution as binder was ~
waaolisd 4e3thre Hf02/ZrO powder, the mixture was stirred for HoamPtoasioo4333
sprayed onto 75 g KA-0 (Sud-Chemied1 The thus-obtained spheres were
calcined at 600C for 5h. An 10 HfO2/ZrO2 shell of 261 pm resulted. A
fluidized-bed device customary in the trade was filled with 225 g of the
roSRhgresqprepared asahove -with g surface @reaek97malg andithesupports
spheres were out into a fluidized 15 bed state by means of compressed '
WeRIR tétRperaturéiddntioled o S0C (Bhar. Oficd tHe dhidpedrisies frerésvice,

intemaperature«controlied at appraxi 7 5G<300,wl ot as agueeds noblesmetal and
mixed solution 20 containing 7.5 g Na2PdCl4 (sodium

Chretrathforopaitaditss Estomdry intheE tratt aihd 4.6 § NaAbCH (Sodidf metat
cotgtaghlosoaurate)-customary in the trade were sprayed onto the fluidized

bed of the shaped bodies over a period of 40 min. 25 After the

impregnation of the catalyst supports with the noble-metal mixed solution
A fthersupparispheres weare sprayedewith adki0% molardNaOH gelision inthe the

flui ige%ed state_under the above conditions over riod o%] %vmjn.
L KOH 50 B A5 eBho oy SHFRE ShabEd Bodieddor 167 Wor
2008/145392 PCT/EP2008/004333 41 5 Following exposure to the

ction of the NaOH, the supports were washed with plenty of water in the _
b ABER. I BHORF o VEry ot Ve e il Rl o = 2
Pdgiloridelimttdducedtiniorthie support via therpobleimetate10cOmpaindszne (5

vcAnd NaOH, Aftgr washing, the shaped bodigs were digd Inthe 1 coor 3, the

luldized~bed device.

The resulting shell catalyst contained approx. 1.2 mass-% Pd
and had an Au/Pd atomic ratioc of approx. 0.5, a shell

thickness of approx. 210 um and a hardness of 43 H.

The noble-metal concentration of the thus-prepared Pd/Au
shell catalyst waried over an area of 90% of the shell
thickness, the ares being at a distance of 5% of the shell
thicknesg from esach of the outer and inner shell 1imiz, from
the average nocble-metal concentration of this area by a

maximum of +/- 10%.
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fluidized-bed device at a temperature of 200 to 250C. 15 After the shaped

wpodhes sere dried they were reduced to a Pd/Au shell catapyst withooegasss

L

mixture of ethylene (5 vol.-%) in nitrogen at a temperature of approx.
150C in the fluidized-bed device. 20 The resulting shell catalyst contained
approx. 1.2 mass-o Pd and had aff£&#®& atomic ratio of approx. 0.5, a
shell thickness of approx. 210 pm and a hardness of 43 N. The
noble-metal concentration of the thus-prepared Pd/Au 25 shell catalyst

-varigifover &t afea’6f00%6F thelshellP#icidiess i hie ared béihgat a acetate

distanee:f 5% of the shell: thickness fromsach.of the @Ut%oaﬂ'&gii@ne&atalyst
shell limit, from the average noble-metal concentration of this area by a
maSitatin of +1140%. WOP2008] 145592 PC FEPZ008/00433882 5. ¢ °d and
Claims LrShellcatalystigr the preparation of vinyd acetate; TRORGMEE of the
(VAM), comprising an oxidic porous catalyst support with an outer shell,
cortQhMGEMEtAIE PYHEnd TR CharaCiefized ih tHa the HFAmé&wgrks  units
structfre, 0f. the porous catalyst support contains hafnium oxide units

(H_'02) 2. Shell catalyst according to claim 1, characterized in 15 that the
catalyst support is selected from the group consisting of silicon oxides,

alumirium oxiges; ahuminesiicaieszireanium gxide, titanitia oxidesrized in

calctigegg acti -treate bentolnites or mixtures therepf. 20 3. Spell cata[gst
according to Glairi 2 charactefiZ&d i that the PrOpoHiGN of tatlun ox

L group
xide
unitsdn ¢he tfiameworkf structilie. ofsthe catalystsupportisifrom D01 tokfides,
wt.-%, relative to the weight of the catalxst 4 . . .
aitumilniosiiicatesy Z1YConlum oxide, titanium oxide,

calcined acid~treated bentonites or mixtures thereof,

Shell catalyst according to claim 2, characterized in
that the proportion of hafnium oxide units in  the
framework structure of the catalyst support is from 0.01
te 50 wt.-%, relative to the welight of the catalyst

support.

Shell catalyst according to c¢laim 3, characterized in
that the catalyst support has a specific surface area

(BET) of less than/equal to 160 m'/g.

Shell catalyst according to claim 4, characterized in
that the specific surface area (BET) of the catalyst

support is in the range of 160 to 40 n/g.

Shell catalyst according te c¢laim 5, characterized in
that the catalyst support has a hardness greater

than/equal to 20 N.
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support. 25 4. Shell-catalyst according to claim 3, characterized in that

wdhmexniakgst support has a specific surface area (BET) of lepsthasvggumlizzs

Ne;

to 160 m2/g. 30 S. Shell catalyst accojgling to claim 4, characterized in
that the specific surface area (BET) of the catalyst support is in the range

.of 180tbl40FA2fy] BS Shellcmalysraccording 16 thain® b, characiefizetiiped  in

35 that the catalyst supporthas.g hardness, greater, than/equalto 2Ny o
WO 2008/145392 PCT/EP2008/004333 43 5 7. Shell catalyst according

to cTain’8iSchiaratekized it that-the éatdlyst support has an integral BJH
pore volume of more than 0.25 ml/g. 8. Shell catalyst according to claim
7, characterized in 10 that the catalyst support has an integral BJH pore

-voltini8 i the¥aAge of 0.25 6 DX /llg. 9 SHelk édtalyst acéardifgrized in

claign 8 changcterized.in that the, gatalyst SUpROrthas an avgrage Pe8y pore
diameter 15 of 8 to 50 nm. 10. Shell catalyst according to claim 9,
chaf&ctefized h thét the tatalydt dipportitas’a %a%/g &cidity in the range

of 1 to 150 pval/g. 20 11. Shell catalyst according to one of the previous

claims, .characterized in that the catalyst support comprises a calcined

acid-treated BEnidnite” prafsrably A propdrtiénBf more thaéqiatd 56 i

wt.-Ob,arelativie to-2bahe seightof the-catalyst suppart 12; Shelh eatalystme te r
accgrfdi@g ;% c%mpl%, characterized in

10. Shell catalyst according to claim 9, characterized in

that the catalyst support has a Bayer acidity in the

range of 1 to 150 uval/g.

11. Shell catalyst accerding to one of the previous claims,

characterized in that the catalyst support comprises a
calcinead aclid-treated bentonite, praeferably in &
proportion of more than/equal to 50 wt.-%, relative to

the welght of the catalyst support.

12. Shell catalyst according to c¢laim 11, characterized in

That the calcined acid-treated hentonite contained in

the catalyst support has an Si0; content of at least 65

wt.—%.

13. Shell catalyst according to claim 12, characterized in

that the calcined acid-treated bhentonite contained in

the catalyst support contains less than 10 wt.~% Al;0s.

4. Shell catalyst acceording to one of claims 1 to 10,

characterized in that the catalyst support consists of

ZrOs.



that the calcined acid-treated bentonite contained in the catalyst support

whasnHid2 content of at least 65 30 wt.-%. 13. Shell catalygtiagceosghng 4333
to claim 12, characterized in that the galcined acid-treated bentonite
contained in the catalyst support contains less than 10 wt.-% A1203- 35
14. Shell catalyst according to one of claims 1 to 10, characterized in that

1 sthe gatalyst suppert consists of 1 £102. WO 2008/145392. 1 evious claims,
PCT/EP2008/004333 44 5 15. Shell catalyst according to one of the

previoas eriims! Zaaracterized-in'that thetcatalgst stipppfris applieriel ded to
poraus Rrnpneparous shapeghbady hich iscdificsent femdhe Galalistzcerent

support. 10 16. Shell catalyst according to one of the previous claims,
char&ctérizé® irFthat the catalyePAAS a bulk density of more than 0.4 g/mll.
15 17. Shell catalyst according to claim 16, characterized in that the outer

shell of the shell catalyst has a thickness of less than 300 pm. 18. Shell
1 Ccatalfist decordifig 16 bné oF eEimed 1616520 chiratietizBd i thidt the - & ims

outesrshellofthe shell igatalyst-has-a thicknessdn theskangerof 200density of
2000 pm. 19. Shell catalyst according to claim 17 or 18, characterized in

thaf thePd E8Rtent is 6.5 2.5 wt.-%, 25 relative to the weight of the

catalyst loaded with noble metal. 20. Shell catalyst according to claim 19,

haracterized i .
1%{ g%e?l caQalyst according to <¢laim 16, characterized 1in
that the outer shell o¢f the shell catalyst has a

thickness of less than 200 um.

18. Shell catalyst according to one of claims 1 to 16,
characterized 1in that the outer ghell of the shell

catalyst has a thickness in the range of 200 to 2000 um.

19, Shell catalyst according to claim 17 or is,
characterized in that the Pd content is 0.5 to 2.5 wt.-%,
relative to the weight of the catalyst lcaded with noble

metal.

20. Shell catalyst according to claim 19, characterized in
that the Au/?Pd atomic ratic of the catalyst is between 0

and 1.2.

21. Shell catalyst according to claim 20, characterized in
that Hf0O, and/or Zr0, is further contalned in the outer

shell.

22. Shell catalyst according to c¢one of claims 17 to 21,
characterized in that the noble-metal concentration of

the catalyst wvaries over an area of 90% of the shell
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that the Au/Pd atomic ratio of the catalyst is between 0 30 and "1.2. 21.

wshmleasabtest according to claim 20, characterized in that HO2/BpEie/604333

23

24

26,

27.

Zr02 is further contained in the outer shell. 35 22. Shell catalyst according
to one of claims 17 to 21, characterized in that the noble-metal o
coricehfrafiGn of tHe'Eataysttvanés Bder ah afeadt 9096 6Fthe ShelPwO® the

2008/149392-RC TAER2008/004333 4p B thickness, the area Reing.akd snhell

distance of 5% of the shell thickness from each of the outer and inner )
sheliTimit; froft e aléragenohiéShetal eBrcentfation of thi§ ardd By hon  of

maximum of &4 20%; 1923; Shell gatalyst aggerding to claim 22,
characterized in that the shell catalyst has a chloride content of less than
250 ppm. 24. Shell catalyst according to claim 23, characterized in i5 that

the shell catalyst further containsianyalkali metalracetgte. 25: Bhellerized in
catalyst according to_claim 24, characterized in that the alkali metal

acetate cohtsnt 5 the cacfai"l%‘tjlé’ $0 0!15t0 . 7MofiF 265 shélicailystt Less
according 16 clatmn25, characterized in that the alkali metal/Pd atomic

ratio is between 1 and 12. 25 27. Process for the preparation of a shell
catalyst, according to one of the previous claims, comprising the steps

of: 30.@) providing antoxidiccparous catalystsupportthe characterized in

that the shell catalyst further contains an alkali metal

aceltate.

Shell catalyst accerding to c¢laim 24, characterized in
that the alkall metal acetate content of the catalyst is

0.1 o 0.7 mol/1.

Shell catalyst according to c¢laim 25, characterized in
that the alkali metal/Pd atomic ratic is between 1 and
12,

Process for the preparaticon o¢f & shell catalyst,
according to cone of the previous claims, comprising the

steps of:

a) providing an oxidic ©porous catalyst support, the
framewcrk structure of which contains hafnium oxide

({HfO,) units.

b) depositing a solution of a Pd precursor compound onto

the catalyst support;
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28 AUO2 T

framework structure of which contains hafnium oxide (Hf02) units. b) =

wgepasitiagea solution of a Pd precursor compound onto 35 fhergatadysions3zs

support; WO 2008/145392 PCT/EP20@8/004333 46 5 c) depositing a

solution of an Au precursor compound onto the catalyst support the

frafmewbk &tructiure of wiidh: ttontaing hafhidim axitecunissHfo2ie)und onto

converting the,Rd component of.the Rd precutsar, 10, campgund info the 4y ; ¢,

metal form; e) converting the"'Au component of the Au precursor

compotifid fitéthe Ml fsrme 1538, Mo dess @dcording to claim 27,

characterized in that the Pd and Au precursor compounds are selected

from the halides, in particular chlorides, oxides, nitrates, nitrites,

fofmatés propibnates, bx&lates’ acetEes IRydroxides, ydrog8f precursor

carbonates; amine complexgs ar2Q organic.complexes, for example

triphenylphosphone complexes or acetylacetonate complexes, of these

metals. 29. Process according to claim 28, characterized in that the Pd

pregursor-cempaound isiselected fropvthe-gredp 2% eonsisting af.  precursor

Pd(NH3)4(OH)2, Pd(N03)2, K2Pd(OAc)2(OH)2, Pd(NH3)2(N02)2,

K2Pd(NOZ5A NS P02 4P G{OAD) 2 PGB, Na7PdCl4, and Pd

(NH3)4(N03)2' 30. Process according to claim 28, characterized in that

the 30 Au precursor compound is selected from the group . consisting of
AOCH, KAG (NIG2) 3, ACTS, NAAUCEA RAGIOAIS(OH), That the

HAWMNOI4andAu(DA)3.r3L Process acaarsing te:oneofdhe previousm the

clai{'{mjL 35 characterized ir]ﬁthat Ehe Pd a}rirgl the aAu precursor, compou,né:is v

are d‘aep%sietb’esd onto the '¢ata ﬁs(?lsu%f)ort%y erLees,  oxiaes, - hitrates,

nitrites, formates, propionates, oxalates, acetates,
hydroxides, Thydrogen carbonates, amine complexes or
organic complexes, for example tripnenyliphosphone

complexes or acetylacetonate complexes, of these metals.

29. Process according to claim 28, characterized in that the

Pd precursor compound 1s selected from the group
consisting of PA(NHz),(OH)2, PA{(NOz),, K,Pd(OCAc),(OH),,
PAd(NHz) 2 (NOzj} s, EKyPd(NOyz)s., NaPd(NO:)4, PJ{OAc),, PdCl,,
NapPdCly, and Pd{NHs},(NOs)z.

30. Process accerding to claim 28, characterized in that the

Au  precursor compound is selected from the group
consisting of KAuO,, HAuCLl:, KAU(NOs),;, AuCls:, NaAuCl,,
KAu (QAc) 3 (OH}, HAU(NO;)s and Au{Ohc)s.

31. Process according to one of the previous claims,

characterized in that the Pd and the Au precursor
compounds are deposited onto the catalyst support by
steeping the catalyst support in the solution of the Ppd

precurscor compound and in  the sclution of the Au
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steeping the catalyst support in the solution of the Pd precursor

wEanmpayeshand in the solution of the Au WO 2008/145392 poT/EP2008/604333

PCT/EP2008/004333 47 5 precursor gopmpound or in a solution which

contains both the Pd and the Au precursor compound. 32. Process
acdordifig 16 ©ne oPblAIMS 2710 300 charaeterizédrin that the solutien vk both
the.Rd preeursor 10 compaund andithe solytion.of the Au precursor

compound is deposited onto the catalyst support by spraying the

solutions onto a fluid bed or a fluidized bed of the catalyst support,

320referably y meansof angerosgl of thesolutiens. 15 33, Frocess 3,

according to one of the previous claims, characterized in that the catalyst
suppoftlis hiedted? dtirindg dépasitioRf tisoltticrs. 26 34hProgdsserecursor

accerling to.one aktheprevious claims, Gharaglerized inthat a) a-firsh npouna
solution of a Pd and/or an Au precursor compound is provided; 25 b) a

second S6Mti6n bFa P ard/dfEn AG brecliFsor SCORFGUINTIE pfdidedine the
wherein;thedfirst sehution effectsiaiprecipitation of the noble-metabed of the
component(s) of the precursor compound(s) of the second solution 30
andVité Vérsa; &P IRFSr ar-heSetbnd sOltitidiFaradeposifed 6its thet ©=
catalyst stppert. 3635. Process according to claim 34, characterized in

that the precursor compound of the first solution is acid and that of the

second solution is basic.

33. Process according to one of the previous c¢laims,

characterized in that the catalyst support is heated

during depositicon of the solutions.

34. Process according to one of the previous c¢laims,

characterized in that

a) a first soluticn of a Pd and/or an AU Dprecursor

compound is provided;

bl a second soluticn of a Pd and/or an Au precursor
compound 1s provided, wherein the first solution
effects a precipitation of the noble-metal component(s)
of the precurscor compound(s} of the second solution

and vice versa;

1

the first and the second scluticn are deposited onto

the catalyst support.

35. Process according to claim 34, characterized in that the

precursor compound of the first solution is acid and

that of the second solution is basic.
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WO 2008/145392 PCT/EP2008/004333 48 5 36. Process according to

woneefiagoprevious claims, characterized in that the catalysicupparésse43s3

subjected to a fixing step once the Pdignd/or the Au precursor compound

has/have been deposited onto the catalyst support. 10 37. Process for
3&thepreparation dF 8 Shell eatalyst, in opeirtictar a Shéll caralgstiastording a1ms

to one;0ftheprevious glaims. comppising, the;steps of: 158)Providingad e ot eq

powdery oxidic porous catalyst support which contains hafnium oxide

(Hf62) uhitstivits frare®iprk SRR tuFe and WhetBtRhE catalystsuppairt Ggrsor

loadeeh withra1Pdand anAu preclrsor carppaund.ar With-Rd and An 5121 yst
particles; 20 b) depositing the loaded catalyst support onto a shaped

bodiHiRtAE form of a shell; c) calcining the loaded shaped body according

to step b); 25 d) optionally converting the Pd and the An component of

the Pd or Au precursor compound into the metal form. ‘
37. Process for the bpreparation of a2 shell catalyst, in

particular a shell catalyst according to one of the

previous c¢laims, comprising the steps of:

a) providing a powdery oxidic porous catalyst support
which contains hafnium oxide (HfQ;) units 1in its
framework structure and wherein the catalyst support
is leoaded with a Pd and an Au precursor compound or

with Pd and Au particles;

b) depecsiting the loaded catalyst support onto a shaped

body in the form of a shell;
c) calcining the lcaded shaped body according to step b);

d) opticonally converting the Pd and the Au component of

the Pd or Au precursocor compound into the metal form.



