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1 5 Zirconium oxide-doped catalyst support, process for its preparation
and catalyst containing a zirconium okide-doped catalyst support The
present invention relates to a porous catalyst support 10 consisting of a
material pomprisir%a natural sheet silicate. VAM is an important

AoToRTET Bl o QORI he & hiosRo S BRRIE poly? &S tie Hffin s
priigldsot e cdvd\M ata 1 gsthecprepatationnofp aly\siaderaiate dielgvidpbed
alcohol and 15 polyvinyl acetalaafd qFo- and terpolymerization with other

ca S Sy o .
monomers such as for examptfe e?ﬁy ene,%y é::hlorlde, acrylate,

maleinate, fumarate and vinyl laurate. VAM is prepared predominantly in
The thee as | hasrclevfror{l.%cetig % gcisd %nd ethylene bsy reagtj(in w{th oxg}g}eglt
€ Rherein the” ca%ﬂyés%s‘eﬁ Grthis antﬁ‘e is E?el?era%‘?y Eontain Pdand”
consAgtasgctive metals andaalse-anatkal inetakcompaomerit ash prometericate.
preferably potassium in the form of the acetate. In the Pd/Au system of
these catalysts, the active metals Pd and 25 Au are not present in the
VEM formeof metad pariclesofitheerespedtiveipyrelmetak hut rather iFvthetforms of
p1asRhiRAAUAoy, particles of nossihly. different compositiop, githouah the ;.
presence of unalloyed particles cannot be ruled out. As an alternative to
prepAlafor eRampleCH W0 By ar afsbecusathay 30 second aetive netal

polyeampenent.cuirently, VAM is predominantly prepared by means of. .

so-called shell catalysts in which the catalytic active metals of the
MONOE&AySEHE Robfully penttiatsthe clidlydtsippoitfoimed as 35 & Shaped

acrylQ®% bup rather.are.contained only in-an quter area, (shell) of greater or
lesser width of the catalyst support shaped body (cf. on this EP 565 952

Al, EP 634 214 Al, EP 634 209 Al and EP 634 208 Al), while the areas of
vam the supper-lingfucther inside are almost freg of nghlesmetals With dhe

acid and ethylene by reaction with oxygen, wherein the
catalysts used for this synthesis preferably contain Pd and Au
as active metals and alsc an alkall metal component as
promoter, preferably potassium in the form of the acetate. In
the Pd/Au system of these catalysts, the active metals Pd and
Au are not present in the form of metal particles of the
respective pure metal, but rather in the form cf Pd/Ru-alloy
particles of possibly different composition, although the
presence of unalloved particles cannot e ruled out. As an
alternative to Au, for example Cd or Ba can also be used as

second active metal component.

Currently, VAM is predominantly prepared by means of so-called
shell catalysts in which the catalytic active metals of the
catalyst do not fully penetrate The catalyst support formed as
a shaped body, but rather are contained conly in an outer area
{shell) of greater or lesser width of the catalyst support
shaped body (cf. on this EP 565 %52 Al, EP 634 214 Al, EP 634
208 Al and EP ©34 208 Al), while the areas of the support

lying further inside are almost free of noble metals. With the
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2 5 help of shell catalysts, a more selective reaction control is possible in

many cases than with catalysts in which the supports are impregnated

with the active components into the core of the support ("impregnated

through"). 10 The shell catalysts known in the state of the art for the
helpprepagationlof ¥ AMLeET be for example catalyst stppers based comsiticdn is
poss2¥de: aMiAHY RYde-aluminosiicate, Haniul, LXdg o Ao, oxide

(cf. on this EP 839 793 Al, WO 1998/018553 Af, WO 2000/058008 Al'and
SUPPW 2005/H611DT7 82 15 Tatalyst suppoits based rmttaniint oxiteor the

coreZisconium axide are curenfly scarcely used, however, as these catalyst

supports do not display long-term stability compared with acetic acid and
are relatively expensive. 20 The great majority of the catalysts currently

The Ysed forthe preparationaf,VAM are shell catalysts with a,Rd/Au.shellon

a porous amorphous aluminosilicate support formed as a sphere based
PTePEA PatUtal Sheet&ificatss ifithe fornt SEAAMUFAl GRiR tiedted Ealemels Lased

on shenteniteswhich argtheroughly impregnated .25 with potassium acetate ; un
. as promaoter. Such VAM shell catalysts are usually prepared bé}the
031 dg, RAled Themic rotte in wiich the catalydt Sipportis 18adéd withor

199ssteeped i salutions of corresponding:metal precursond0 cempounds,;for
. gxample by dipping the support into the solutions, or by means of the
Cat o et WRAGSS mRthd (ore HIHAG FISHhGaS iR Sufich i SapporFisx e
are loadedwithyorssteeped inaswlumeef sokutipn correspendingia its pore
volgmedThe Ed/dAu shell of the catalyst is produced for exam[gle byrfjr§ltrl
SUPPSE kfoeping fhe catSRstSuppBtEshaped Bodyin a first SEPAAaT WL°
acetNa2RdCH soldtienr and ¢hen inva Sgcendg step fixing the Pd component
with NaOH solution onto the catalyst support in the form of a
Pd-hydroxide compound. In a subsequent, separate
The great majority of the catalysts currently used for the

preparation of VAM are shell catalysts with a Pd/Ru shell on a
porous amorphous aluminosiliicate support formed as a szphere
based on natural sheet silicates in the form of natural acid-
treated calcined bentonites which are thoroughly impregnated

with potassium acetate as promoter.

Such VBM shell catalysts are usually prepared by the so-called
chemical route in which the catalyst support is loaded with or
steeped in solutions of corresponding metal precursor
compounds, for example by dipping the support into the
solutions, or by means of the incipient wetness method (pore-
filling method) 1n which the support ils loaded with or steeped
in a volume of solution corresponding to its pore volume. The
Pd/Au shell of the catalyst is produced for example by first
steeping the catalyst support shaped body in a first step in
an NaPdCl, sclution and then in a second step fixing the Pd
component with NaCH solution onto the catalyst support in the
ferm of a Pd-hydroxide compound. In a subsequent, separate

third step, the catalyst support is then steeped in an NakuCl,



10

20

30

35

third step, the catalyst support is then steeped in an NaAuC14 3 5 solution
and then the Au component is likewise fixed by means of NaOH. After 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
sclughloride and Neetiord/ehén drietpealeined and finbly reducethwith by means

of nethylengAQat {%%C-fmHBJS@@O-QHQG%E%U-&@?Q% %&@ggqen*s in an

approximately 100 to 500 ni thick. Usually, the catalyst support [oaded
outewith tigd Aoble rhatals st foaded Wit petassiubmacetatcafterthe dikirgtor

Supp@ycw 15, step,w rqiﬁr@éﬁ%r than the loading with potassium acgtate

, taking place only in the outer shell loaded with noble metals, the catalyst
1onSgyppottistohipletelintpregAateewith thel prormetércASphetitalsppbarne
at 1called "KAr160' fremSOR:Chemie; AG based on natural. acidstreated
calcined bentonites as sheet 20 silicate, which has a BET surface area of
app rapproxinsately 180 m-/§,08 preddribantly used as catalyst support. The
VAM selectivities, achieved by means of the VAM shell catalysts known
in the state of the art based on Pd and Au as 25 active metals and
Usuak AVI60-Suip poitssdsy Catalysp sapports; are dpprokimatety 90 mel-ovrelative 1s
1oad@dng supplied ettylene. wherein thecemaining 10,mol% of the Jeaction,
products are essentially C02 which is formed by total oxidation of the
st ePorganirédutts/prodits. B0ETo ietedseathersetivity: bf thesetatalysts cthieate
cakidgfivermetal-frae catalyst support shaped bodigg hased onnafural o nerais,

silicates were firstly surface-doped with zirconium oxide before
Lhe gégssitichrofthBRfoble AetaICEBr tHiS ¥or exEmisiena 35%inidhdd the
prorRenienite-based shaped body was impregnated: witha) Soltion efidb-chemie
_zirconium oxide precursor compound and the
AG based on natural acid-treated calcined bentonites as sheet
silicate, which has a BET surface area of approximately 160

m°/g, is predominantly used as catalyst support.

The VAM selectivities, achieved by means of the VAM shell
catalysts known in the state of the art based on Pd and Au as
active metals and KA-160 supports as catalyst supports, are
approximately %90 mol-% relative to the supplied ethylene,
wherein the remaining 10 mol-% of the reaction products are
essentially CO; which is formed by total oxidation of the

organic educts/products.

Tc increase the activity of these catalysts, the active-metal-
free catalyst support shaped bodies based on natural silicates
were firstly surface-doped with zirconium oxide before
deposition 0f the noble metal. For this, for example, a
finished bentonite-based shaped body was impregnated with a
solution of & zirconium oxide precursor compound and the
precursor compound converted into the corresponding oxide by
caicining of the shaped body. Rlthough, compared with the

corresponding catalysts with a Pd/Au shell known in the state



15

20

30

precursor compound converted into the corresponding oxide by calcining
of the shaped body. Although, compared with the corresponding catalysts
with a Pd/Au shell known in the state 2 5 of the art, such catalysts are
characterized by an increased activity in respect of VAM production, the

of thgtivitfrearfbeinErebadd 36 dnfyra limited extent Jasthe ZrG2 coats pores d

act ¥t swhieh P.and.Au of exigaiiop stage Q ake,alsofg bedeposited . Jtthg,
k support is overloaded with ZrO2, a decrease In the 10 activity of the .
LNCT gafiyst eanberobserved MHelobEEEs the PPesErt irErntiorrs tHerefgres 11

whiclo Providesa neatalystsupport by means.of which. VAM catalysts.cag bgs: ted.
prepared which are characterized by a relatively high VAM 15 activity.
L “HhisSoBjEES athievsa by LAt porous catRlyst 8upeit césisisting-6fa
actiMmaterialcomprising a naturaksheetssilicate, rwherein ZrO2 is contained
distributed in the material. 20 Surprisingly it was found that, by
incorporating ZrO2 into a material comprising a natural sheet silicate of

The which-theo mattx obtheparous supper is-formedycatalyst-supports-ean de a
__be optained by means of which VAM ‘catal%?sts can be prepared 25 which

catalye éh&r%%%?%&d% FFSatvely high FAM attivity. - fi ddditiorr “JANE

prepgatalysis: prepased: by meanscefithedirstooatalyst suppart are hiogh VAM

acti(:hi racterized by a relatively high VAM selectivity and tend only slightly

owards thermal aging over 30 relatively long service lives. The first
catalyst support according to the invention is also characterized by a high
ch%mical resistan?e in thg \éAM synthesis, While th(gZ{Of ingorgoratedL

This; 56 e sheet silicate 35 matfix i [argély résiStant to acetic’acid, and the *

conssapport théreforezdisplays adigheriongterm stabilitypandheet silicate,

wherain Zr0, is containsd distributed in the material.

Surprisingly it was found that, by incorporating Zr0; into a
material comprising a natural sheet silicate of which the
matrix of the porous support is formed, catalyst supports can
be obtained by means of which VABM catalvysts can be prepared

which are characterized by a relatively high VAM activity.

In addition, VAM catalysts prepared by means of the first
catalyst support are characterized by a relatively high VAM
selectivity and tend only slightly towards thermal aging over

relatively long service lives,

The first catalyst support according to the invention is also
characterized by a high chemical resistance in the VAM
synthesis. While the Zr0, incorporated into the sheet silicate
matrizx 1s largely resistant to acetic acid, and the support
therefore displays a higher long-term stability and
accordingly a corresponding catalyst hes a high activity over
long service lives, with supports of the state of the art the

surface-impregnated Zr0, 1s converted relatively guickly into
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accordingly a corresponding catalyst has a high activity over long service

lives, with supports of the state of the art the s

urface-impregnated ZrO2 is

converted relatively quickly into J 5 zirconyl acetate, which does not act as

a promoter in the VAM synthesis, and washed

out. In addition, the

zlrceatalyst Suppér acedreing frthe iRvéentioh” isyParficlafy ebstfavburabte. VAN
syntHOEreparation of the, 10 catalyst support according to the invention
includes only one calcining step in which for example a mixture of a
pulverant sheet silicate and a pulverant zirconium oxide precursor

In =88MPoYAd is calcineds and is thusdn this sespect more cgst-ifavaurable: i on

than a surface-doping of a previously calcined

15 support with zirconium

15 PRkidePréedrsdr E6mMpohAdS TolfdWEd: by & SsétoRb Taftmifg of thé &

cataapplicatiopof zirconigRy-axidg RPrECUFSOr COMPOUINS ag:sHsPERSIons 1q; one
previously calcined supports (W02005065821) and their subsequept

CaLCeBitiHing: -Wherdin this process 4ctGal 4ls6 rébufiesdh addiftoral 26720t

sheebinger,usuadly ziteonyl acetate asintordertocobiain an: adequatesirength of
the catalyst sq%port. A VAM catalyst prepared by means of the first

COMPERIAY st suppor

S35 diRG Yo the Invention is chaadtEsed by B0 CoSt™

favopaticularyh 25 highs\/ ANk aetivityrandyseléctivity ifdthe Zr@2 is caritainedd

<oy disributed. preferably homageneous
PPZE02 &an be ‘tontained'in the matefial in the for

y..in the material. The
v o 80 hdividaal zios= " ©Y 2

secougnitswhichrdredntegrated intothé skeleton sfrueture ofithenmateriad. But it
isrpreferred that th& ZrO2 is presentin Eamculate form. A firm
precu = i B

incorporation of the 202 in the materia

DEevions calcined
and thus a ﬁlgh thérmal

suppresistanee (0AGIAG oF 7 catalyst prepared by srears:6f the firstrcatalyst
whe r34RPAE, 33 3gcording.to the invention, Ihe 210, particles preferably have

binder, usually zirconyl acetate, in order to cbtain an

adeguate strength of the catalyst support.

A VAM catalyst prepared by means of the first catalyst support

according to the invention is characterized by a particularly

high VAM activity and selectivity if the Zr0; is contained

uniformly distributed, preferably homogenecusly, in the

material.

The Zr0, can be contained in the materizal in the form of

individual Zr0O; units which are integra

ted into the skeleton

structure of the material. But it is preferred that the Zr0; is

pressent in particulate form. A firm incorporation of the Zr0;

in the material and thus a high thermal resistance to aging of

a catalyst prepared by means of the first catalyst support

according to the invention. The Zr0; particles preferably have

an average diameter of 1 nm to 100 um,

diameter of 0.5 pm to 20 pm.

preferably an average
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an average diameter of 1 nm to 100 pm, preferably an average diameter
of 0.5 pm to 20 pm. E 5 Within the framework of the present invention,
the terms "catalyst support shaped body", "catalyst support”, "shaped
body" and "support" are used synonymously. The object according to the
Withidvention is airier akhievedby & 10ssstond porsus. catalysh supsom s

"cat farmed as ashapedibody with @m outer shell, wherein the catalyst.y, . o

.. support, at'least in the “area of the outer shell, is formed from a matrix
body compiising & Friatiiral SHEet-sifcats il Parfittite-e'matrix comprising an
acid-treated calcined bentonite, in which zirconium oxide 15 (ZrO2 )

o particles are contained uniformly, preferably homogeneously, distributed.
The TheSEeont CakalystSupportatcordig to-the invertioht dsplay/sithe Lamey &

secoRdvantages asthe fitst catalyst support 26 agcording terthe dnvention, Itis «»
preferred if the whole second catalyst support is formed from a matrix

an oubfbrigiig'a nattitashtet SliCatedhwhic: ZeBRioRToxidé (2fojt in the
area paiclesare contaiged unifornaly 25-distribpteds TheZro2 particles ri sing =
N ﬂpreferably have an average, diameter of 1 nm to 100 pm, preferably an
natUsferagetameter of-0.8 pm'to 2B UM SFHé predehtinberntion itheriore a0
acidrelatesdod thirdqoreds Béhcatalystsupport.comprising adratural sheet=
S|I|cate7)y\]/whq_re|n the cataiy% support cggggsq—s at least 3 mass-%

LEE 0% Cohitun “oxide, Preferably T partictifate form. whevéini thé 2rd2 particles

homopeeferabdy haveladiametet ©f 1 nm to 100 pm, preferably a diameter of
0.5 um to 20 um. 35 The preferred embodiments below relate both to the
first and

The second catalyst support according to the invention

displays the same advantages as the first catalyst support

accerding to the invention.

It is preferred if the whole second catalyst support is formed
from a matrix comprising a natural sheet silicate in which
zirconium oxide (Zr0;) particles are contained uniformly
distributed. The Zr0, particles preferably have an average
diameter of 1 nm to 100 um, preferably an average diameter of

0.5 ym to 20 um.

The present invention furthermore relates tTo a third porous
catalyst support comprising a natural sheet silicate, wherein
the catalyst support comprises at least 3 mass-% zirconium
oxide, preferably in particulate form, whereln the Zro,
particles preferably have a diameter of 1 nm te 100 um,

preferably a diameter of 0.5 um to 20 pm.

The preferred embodiments below relate both to the first and
second and also to the third catalyst support according to the

invention.
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second and also to the third catalyst support according to the invention. 5
It is preferred that the zirconium oxide particles are contained in the
catalyst support at a proportion of 1 to 25 mass-%, preferably at a
proportion of 3 to 20 mass-% and by preference at a proportion of 5 to 20
It ImassYrrelstivettbahe thass ot thercatalysesuppopta fthe ZiFgomium oxide

cont BilQ Lepresenteddn the catalyst suppart at a proportign of less than 1., 52

mass-%, the activity-increasing properties of the zirconium oxide have
masspRly & Shghtieffett, whilelaliovers Propertion of 25mass-U6 e increaded

prer8clivityofthe ;calalyst.can bg aceompapieg by clear decreasejn VAM: 1.
15 selectivity. According to a preferred embodiment of the catalyst support
mass gedordiiy forthe ineéntioRP RS Selubility acetic Heid s TesSthalt 8iit.-%,
reprprefgrably lessithan 4wt % and 20-particularly preferablyless than2; o s
wt.-%. To determine acetic acid solubility, 5 g of the catalyst support are
thanglofitPte™ powder afé treated'in {25 i 9619 acetie &cid (pa.Pfor 17

z1ircyndenreflix conditipns oFhe; catalyst suppert is=separatedicff oveta filter.
The eluate is evaporated to dryness and the 25 mass m (residue) of the

sl

PLOPESIid-fdsidife detefmitied ard the” Ac&6iE 46id Solbfifty Ealchlaied a8°
catafoflows: agetie:acid -solphility==< (m(residue)/5¢)*3800.d=00¢ selkubility:
) valyes tg’)f the catalyst support according to the 30 invention can be

sele5htalned by treating the catalyst support with acid after its preparation.

Accordingly, according to a further preferred embodiment, the catalyst

support is a SLj?pog treated with an acid. 35 It is further preferred if the
Reo0Z Ayt SapBort Hiepieye e Skity ot Bbtween 1 sd Tothuallg, ~ TLoTE
accopreferabtybetweeiv b and 1130 pvalhy, suitelpiéfetably betweeni 10 andd is
lesslggé%a%QSQQ—%, preferably less than 4 wt.-% and
particularly preferably less than 2 wt.-%. To determine acetic
acid solubility, 5 g of the catalyst support are ground to
powder and treated in 125 mi 96-% acetic acid (p.a.) for 1 h
under reflux conditions. The catalyst support is separated off
over a fllter. The eluate 1s evaporated to drynesgs and the
mass m (residus) of the solid residue determined and ths
acetic acid sclubility calculated as follows: acetic acid

solubility = {m(residue)/5g)*100%.

Low sclubility values of the catalystT support according to the
invention can be obtained by treating the catalyst support
with acid after its preparation. Accordingly, according to a
further preferred embodiment, the catalyst support is a

support treated with an acid.

ih

It is further preferred 1f the catalvyst support displays an
acidity of between 1 and 150 puval/g, preferably between 5 and
130 uval/g, guite preferably between 10 and 100 pval/g and

particularly preferably between 10 and 60 uval/g.

=,
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particularly preferably between 10 and 60 val/g. B 5 The acidity of the
catalyst support can advantageously .influence the activity of the catalyst
according to the invention during the gas phase synthesis of VAM from
acetic acid and ethene. The acidity of the catalyst support is 10
determined as follows: 100 ml water (with a pH blank value) is added to 1
g of the finely ground catalyst support and extraction is carried out for 15
The fifmites AcBompafied iy Stifting® TRRtON 163 1645t PREPOSHINFH:01 n
inf1Na@k: soltiondollows whereintheditrationds caried-eutig 15:stages; 1
_ ml of the NaOH solution is firstly added dropwise to }he extract (1 ‘
ANV EGopTdeconty, TlIdwed B5 2 2iiinite Wit tie -pH T redd! afaRtfe £ i ©
acidNa@i added dropwise seteJThe blank: walue 0f the waterusedds is
determined and the acidity calculation corrected accordingly. 20 The ,
ot AR odtoe (i DN abl adhinStor o fer BBl o gk T2lue) is
addeiitersecdtion pdint bkthé tttkation chrvendetesmineds at pHpkdhe mote
2cc Guivalents which result from the NaOH. consumption for the intersection
”pomtlatnplﬂlsi are calcutatéd 25 i 106 equiv/a’support. 5% mi .O?Bn
stirNaOH. Totat aeidi sroval/gat suppert Ipaddition it ishpreferiechthas the
.. catalystsupport has an_30 average pare diameter of 8 to 30 am, . .
o by G 1030 nit S by G oTrnEe 10 16 A A s i
stagthesmalier the stirface ePthescatalystsupport aceorting:tdcthe inverntionse to
The tgggygl&%r ﬂ{@ %Mpgﬁs%%%ﬁtmt}/ 0% &H@L 8%@&/ %?Cgorgu}gﬁ%}pg wait, the

Invention. By
PH is read, a further 1 ml NaOH added dropwise, etc. The blank
value of the water used is determined and the acidity

calculation corrected accordingly.

The titration curve (ml 0.01 NaCH against pH) is then plotted
and the intersection point of the titration curve determined
at pH 7. The mole eguivalents which result from the NaOH

consumption for the intersection point at pH 7 are calculated

in 107°% equiv/g support.

. 10 * mi 0.01 n NaOH .
acid: = uval/g
1 support

-
O
[
{1
|.....J

In addition, it is preferred that the catalyst support has an
average pore dilameter of 8 to 30 nm, preferably 9 to 20 nm and

by preference 10 to 135 nm.

It was found that, the smaller the surface of the catalyst
support according to the invention, the higher the VAM
selectivity of the catalyst according to the invention. By
“surface™ of the catalyst support is meant within the

framework of the present invention the BET surface area of the
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"surface" of the catalyst support is meant within the framework of the
present invention the BET surface area of the 9 5 support, which is
determined by means of adsorption of nitrogen according to DIN 66132.
Therefore it can be preferred that the catalyst support has a BET surface
supparda less than/équalao<d4b:m24), preferabheless 10 tharpedual to142

ity %gég hy. roeg%r%q(%ﬁ El%s%tfﬁn/@@fskt_o 140 m2/g, further preferably less

than/equal to 137 m2/g, more preferably less than/equal to 135 m'/g, still
more preferably less than/equal to 133 m'/g and particularly preferably

The €85 than/equal 1,130 ma2/g. 15 It i%ﬁ%r@e{kﬁ)éefggr@gl%c{?rcgﬂé%ﬁ%% has a
invention that the catalyst support has a BET surfagce area of 60 to 145
BET  miprg,2 preferably betvecn 65:aad 140 m2/g} pleferalily betveeer 2D andless

t han ¥30:M% 19, furtherpreferably between 70 and 1@9&@2/9@9;%&9%35@5&9%0

between 70 and 110 m2/g and most preferably between 70 and

m*/ g mAG L IS Alse irefarred that thescataiy st Suppott has a hardndss greater
prerihan/aqual fa 20:N,preferably greaterthapequalde 125 2aN.Jupher:c 411 ¢

preferably greater than/equal to 35 N and most preferably greater
Les sy RIte 40 ™. Fhechdrdifesd tmdentstibf thefdnessy isteely less
+handetgrained-as stated below. By "natural sheet silicate”, for which
"phyllosilicate™ is 30 also used in the literature, is meant within the
framework of the present invention untreated or treated silicate material

Tt ikomnatueal spuEcesrinewhich £i04i tefrahedrawhich ferm the, stugturak,c
Catagase unit of all silicates, are cross-linked with each other in layers of the

idraPtormiuta [S1265]3- Fhess 85 tatranadfoh [ayers alfetnate with 9
prefeo-called betahedrorslayears: inwhich’a ¢atipn,qarincipally Al@ndaMg, 150 and

hedr, ; ;
135 g@?@Fdfﬁfeger preferably between 70 and 120 m°/g, more
preferably between 70 and 110 m°/g and most preferably betwesen

70 and 100 mf/g.

It is also preferred that the catalyst support has a hardness
greater than/equal to 20 N, preferably greater than/equal to
25 N, further preferably greater than/equal to 35 N and most
preferably greater than/egual to 40 N. The hardness

{indentation hardness) 1z to be determined as stated below.

By "natural sheet silicate™, for which “phvlicsilicate™ is
also used in the literature, is meant within the framework of
the present invention untreated or treated silicate material
from natural sources, in which 8510, tetrahedra, which form the
structural base unit of all silicates, are cross-linked with
each other in lavyers of the general formuls [S1,0:]1°7. These
tetrahedron layers alternate with so-called octahedron lavers
in which a cation, principally Al and Mg, is octahedrally
surrounded by OH or €. A distinction is drawn for example
between two-layer phyllosilicates and three-laver

phyllosilicates. Sheet silicates preferred within the



10

20

30

surrounded by OH or 0. A distinction is drawn for example between
two-layer phyllosilicates and three-laygr phyllosilicates. Sheet silicates
preferred within the 10 5 framework of the present invention are clay
minerals, in particular kaolinite, beidellite, hectorite, saponite, nontronite,
f rammica; verriculite and smettitesywheligin smeetitesz andiim paditualar in
~montmarillonite.are particularly preferred Deanitio s of "sheet silicates"
pat areut""érgbe o?f%dJTorl e?émpffe""lo %“'gl‘_%ﬁfb&]c%c e?ra%%?ganﬁg&oeph%ﬁémie",
nontHollérhannWiberg, e Groyter 0 2nadedition; 12007 ISBNerein smectites
ang 98-3:11-017770-N,0r-in. Rqmpp L exikon Chemie:,;10th edition, Geprq., .
‘Thieme Verlag under "phyllosilicate”. Typical treatments to w |cﬁ a
bef 1pathiglsheet silivateis subjéctéd before Use tas suppdrtumatefiakinetusierle
in vifonexample 2 tg%%%%Mg@r%%d%ﬂ@q{%%}'%m&h&eﬁw%i%%%egt, de

silicate rﬁarticularly preferred within the framework of the present invention

Gruyisshentonite. AHmmitEHly, BEAONItES Hte hot réally natdral SReétsilicates:

“remplore. amixtineof predominantly clay-minerals coptaining sheet/silicates. g -
w.. . I'hus 20 in the present case, where the natural sheet silicate is a
PhYRdmBnite; Gfisto be Urdeératoot TRt HaturaPsHéetCilidatBas presentiieet

=11 1thecatalystsupportinthe form-of o asacanstituant of a:hentonite: Jis yqe

. particularly preferred that the bentonite is acid-treated and calcined. 25 It .

EOT pstletfedthaf e Broportibh of rturar shést siiicate: iff e Batalyst natural

sheeSURPOItisgreates than/equal to 50-mass-% prefenably greater thap/egual o+
to 60 mass-%, preferably greater than/equal to 70 mass-%, further

£he SrefeiaBly grekter thatieqial 30 5 80 Tass 6! fibre préferably Greatar: ©=2
are than/egual 10,90 mass=% andmost preferably greateethansequal 093 ¢
predgﬁiiggéfgugfa§)%fﬂg?gigfgﬁﬁ?ﬁ?%ﬁ%ﬁ”@%ﬁ%t silicates. Thus
in the present case, where the natural sheet silicate is a
bentonite, it is to be understood that the natural sheet
silicate is present in the catalyst support in the form of or
as a constituent of a bentonite. It is particularly preferred

that the bentonite is acid-treated and calcined.

It is preferred that the proportion of natural sheet silicate
in the catalyst support is greater than/equal to 50 mass-%,
preferably greater than/equal to 60 mass-%, preferably greater
than/equal to 70 mass-%, further preferably greater than/egual
to 80 mass-%, more preferably greater than/equal toc 90 mass-%

and most preferably greater than/egual to 93 mass-%, re

]

ative

to the mass of the catalyst support.

It was found that the VAM selectivity of a VAM catalyst
depends on the integral pore volume of the catalyst support
according to the invention. It is therefore preferred that the
catalyst support has an integral BJH pore volume of between
0.25 and 0.7 ml/g, preferably between 0.3 and 0.55 ml/g and by

preference 0.3% to 0.3 ml/g.
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It was found that the VAM selectivity of a VAM catalyst 35 depends on the
integral pore volume of the catalyst sypport -according to the invention. It
is therefore preferred that the catalyst support has an integral BJH pore
volume of between 0.25 and 0.7 ml/g, preferably between 0.3 and 0.55
ml/g and by preference 0.35 to 0.5 ml/g. i1 5 The integral pore volume of

the. catalyst support is-determined . according to the BJH method by . ‘
The mean “o%initpooglg% a slourl;;)ﬂtefor?.%T%(}e1 Sur g%é?‘ %?Zt#e c%?ﬁ?&%upb%rt%ﬁde its" ~ned
accointegral poret yolumel aredetermirediaceording totherBET or adeordirg to .
the e 4QBJH method. The BET surface area is determined according to_the
BET method according i l%N 661%1%,)61 pub |g£ioﬁ%f the %E?ame%%a?s
volugsodgend it dAmn Chent: Soct 609309 (1938) B order 1o detatfrige the the

prH swiaceandihe integral pare volume aOfoe&é@éX%%QBOQc?élcF}%ing to

. catalyst, the sample can be 15 measured for example with a fully
the BEbnigicitogenr Potdsitndier frdm Miefohieriticse BipelASAP2D10E biyhe

seT Meansof which an adsorption,and dgsorption isotherm isggcorded. Togsg) |
determine the surface and the porosity of the catalyst support according
1IN ofgihe BET thedyMthesdata aré evalated® 20 acesrding & /DN 66238, volume

of thBe porevelymesisdetermined fiom the-measuremery datausing the, BJH
method (E.P. Barret, L.G, Joiner, P.P. Haienda, J. Am. Chem. Soc. 73
measgsd | 373)) S EHelSof ddpillaty thhdensiiioAié Bisd takEA IO account

porowhen usingrthisimethoes Rore veolumes-efspecHicpore size 25 ranges-arer
determined by totalling incremental pore volumes which are obtained

WhiCﬁomh@%%ri&*ﬁbﬂfbf%ﬁéiaag&r@ﬁsg i8BtheRns Beebrding (B SFhe
To dintegraliperesolume aceerding do the:BdHmethed relates to peres with-a

suppgggmg%E%}%ZQ% %%ngg BET theory, the data are evaluated
according te DIN 66131. The pore velume is determined from the
measurement data using the BJH method (E.P. Barret, L.G.
Joiner, P.P. Haienda, J. Am. Chem. Soc. 73 (1951, 3731V,
Effects of capillary ccendensatiocon are alsc taken into account
when using this method. Pore volumes of specific pore size
ranges are determined by tTotalling incremental pore volumes
which are obtained from the evaluation of 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.

It is preferred according to a further preferred embodimeht of
the catalyst support according to the invention if at least
80%, preferably at least 85% and by preference at least 90%,
cf the integral pore volume of the catalyst support is formed
by mesopores and macropores. This counteracts a reduced
activity, effected by diffusion limitation, of the catalyst
according to the invention, in particular with relatively
thick Pd/Au shells. By "micropores™, “mesopores™ and

“macropores™ are meant in this case pores which have a
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30 it is preferred according to a further preferred embodiment of the
catalyst support according to the invention if at least 80%, preferably at
least 85% and by preference at least 90%, of the integral pore volume of
the catalyst support is formed 35 by mesopores and macropores. This
diameounteralcts a seduced: activity, effectegdmtdiffusion? imdtatitonof thel =
a1 am&atalyst faccgrd&ilr%% lo %t}leairrllvg|aticl;lr]g[,l ir% ggrticg@{ \\!viT relatively thick
Pd/Au shel%. %y “micropores”, "mesoporgg' and - cropores" are meant

in this case pores which have a 12 5 diameter of less than 2 nm, a

1o sfiameler o2 ia50.0m and adiameler ot grealeb an 50,00 respactively.
It is also preferred if the catalyst support has a bu density of more than
densgBvg/af, preferablyanofe than/ 0135 gimk 10wzid particularly prefefably ag /m1

and B'é!”f@%'l%?fl _emqg’éﬁp% O'Lﬁlg/}@“dgl@sguﬁl/‘leéP_r%cgg%gé-fnthg.35 and

natural sheet silicate contained in the support has an SIi02 content of at
0.6 p&8L65 15 mass-o, preferably at least 80 mass-o0 and by preference 95
to 99.5 mass-0. An adequate chemical resistance of the catalyst support

.according to the invention is thereby ensured. in the gas-phase synthesis
1T igf VAN fr6rh dcetic abiband ethighe, TP0-a Felativéls fow A1203&bhtent in

contthernatural sheet siligate is scarcely,disadyantageoys, whereas with-high s
A1203 contents a marked reduction in indentation hardness must be

wassgihedied t ALEoTHING o a preterred eRfsotiment'or the catayststppen®> o

99. saecording tothe invegtion-thernaturak sheetsilicate, 28 therefore containg =«
less than 10 mass-o A1203, preferably 0.1 to 3 mass-% and by

SUPP S terdnc 73 P10 mass o Felafie o the Smhass b the AamrEIEheet

silicate. It is preferred according to a further preferred embodiment of
In the gas-phase synthesis of VAM from acetic acid and ethene,
a relatively low Al:03 content in the natural sheet silicate is
scarcely disadvantagecus, whereas with high Al,0: contents a
marked reduction in indentation hardness must be expected.
According to a preferred embodiment of the catalyst support
according tTo the invention, the natural sheet silicate
therefore contains less than 10 mass-% RAl,0;, preferably 0.1 to
3 mass-% and by preference 0.3 to 1.0 mass-%, relative to the

mass of the natural sheet silicate.

It is preferred according to a further preferred embodiment of
the catalyst support acceording to the invention that the

catalyst support is formed as a shaped body, for example as a
sphere, cylinder, perforated cylinder, trilcbe, ring, star or
as a strand, preferably a ribbed strand or star-shaped strand,

preferably as a sphere.

In addition, it is preferred that the catalyst support is
formed as a sphere with a diameter greater than 2 mm,
preferably with a diameter greater than 3 mm and by preference

with a diameter greater than 4 mm.
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30 the catalyst support according to the invention that the catalyst support
is formed as a shaped body, for example as a sphere, cylinder,
perforated cylinder, trilobe, ring, star or as a strand, preferably a ribbed
strand or star-shaped strand, preferably as a sphere. 35 In addition, it is
preferred that the catalyst support is formed as a sphere with a diameter
- reater than 2 mm, preferably with a diameter greater than.3 mm and b
2 25T Rrete win & isthetes grater tdn 4 Kim" 3 5T &ddihén, e ~°°
cataprefarred:that the maximeamisize of the ZTatatyst suppdrt is:smallerthanab
. . preferably smaller than 10 mm. t can also be preferred, in order
chanM Rreferabl ller than 10 101 Iso b ferred, in ord
""" toincrease the activity of a VAM catalyst, that the catalyst support

according to the invention is doped with at least one oxide of a metal,
1+ Sglected fram the group copsi tmg?{f f TL(J)\Ib,, Ta, W, Mg. .Re, \(,:%nd,

“Fe, prefera%l%/ with Hf02 or ffe%O:f t% urther ig%%g erredinthis- - 1BV of

a VAHprindetion at thé propdrtion of dbping oxide dn thexcatalyst sgppart ishe
inveReNGeN Gang 204nass preferably 1.0 19, 10 pagsaeand,oy preference 3

to 8 mass-%. The doping can take place for example by surface doping,
selegd il khswi fioke tie State 6Pthe! &rt, iorthe mnétal oXide/mital 28 oxides™Ma,
re, €anheincorperated.ine the matrix afthe catalyst suppart, like the 2102

of the catalyst support according to the invention. In the catalyst support
prefgdddidingtto the veRtios theé2b Zifcohium Dxriegparticles are breferabhg
oxidpresentindhe form (of imierggrystallites and/gr-nanacrysiallites, wherein,

the zirconium oxide is not necessarily present therein as pure
preferably 1.0 to 10 mass-% and by preference 3 to 8 mass-%.
The doping can take place for example by surface doping, as is
known from the state of the art, or the metal oxide/metal
oxides can be incorporated into the matrix of the catalyst
support, like the Zr0; of the catalyst support according to the

invention.

In the catalyst support according to the invention, the
zirconium oxide particles are preferably present in the form
of microcrystallites and/or nanocrystallites, wherein the
zirconium oxide is not necessarily present therein as pure

ZrQz, as it can also be present in the form of a mixed oxide.

It can pe preferred that the Zr0, particles themselves are

doped with Y05 or HEO,.

It can be provided according to a further preferred embodiment
that the water absorbency of the catalyst support 1s 40 to
75%, preferably 50 to 70% calculated as the weight increase
due to water absorption. The absorbency is determined by
steeping 10 g of the support sample in deionized water for 30
min until gas bubbles no longer escape from the suppert

sample. The excess water is then decanted and the steeped
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ZrO2, as it can also be present in the form of a mixed oxide. 30 can be
preferred that the ZrO2 particles thegléelves are doped with Y203 or
Hf02. It can be provided according to a further preferred embodiment that
the water absorbency of the catalyst support is 40 to 35 75%, preferably
samp b0 tb 76% ealculated as the weight dnerease, duertowaterabsarpioncikRe ure
i%orbenc js determined t%h_séee ing 10 g of the ,supIEort sample in
hized water fdr 30 ‘Fin‘ntit 945 bubbids Wolonger S5capeTrom e ¢
the suppatbesampleaThe excess watefds thensdecanted and the steeped 5
sample blotted with a cotton towel to remove adhering moisture from the
sample. The water-laden support is then weighed and the absorbency
{amogaleulated as follows: (@amountweighed.ou {Ge=amauntweigheddn £9)) X: =
10 = water_10 absorbency (o) The present invention also relates to a
absophsaesd forthe preparation of a catalyst support, in particular a catalyst
support according to the invention. 15 The catalyst support according to
h the invention can be greé)%red for example by grinding a pulyerant
I2e Rireaidited)” 46id réited behtdnite as sheet silicRtewitl & puiveraht
prepireanivm compouwktkand waterandthen mixing=thotoughiy-uatil20: 21 vst
oy ngoggggg%s?,nshaggght‘ge rggt&ltigg&%ture, accompanied by
pp(:orﬁpact‘l"on, into-a shap“e‘debod‘y Ey means of devices familiar to a person
skilled in the art, such as for example extruders or tablet presses, and
then_calciping the unhardened shaped bqdy_ to, form a stable shaped
he Bgﬁﬁiﬁfhseg a%gi%ﬁﬁ%rig carried out é’£ o5 té’r%%er’*a%fr%%%a"‘t%hiéﬁ% solid
prepstractufesis ebtamedandvoptionatly the zirconium compounddis converied
acialo2leanug. peide.210- Ihe.size of the spedlfic syiace.area (BET) of
the catalyst support depends in particular on the quality of the
zirconium compound and water and then mixing thoroughly until

ab
fromdg

homegenecus, shaping the resulting mixture, accompanied by
compaction, intoc a shaped body by means of devices familiar to
a person skilled In the art, such as for example extruders or
tablet presses, and then calcining the unhardened shaped body
to form a stable shaped body. The calcining is carried cut at
temperatures at which a sclid structure is obtained and
optionally the zirconium compound is converted into zirconium
cxide ZrO:;. The size of the specific surface arez (BET) of the
catalyst support 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 guantity,
relative to the bentonite, and the concentration of the
inorganic acid used, the acid-treatment duration and
temperature, on the moulding pressure and on the calcining

duration and temperature and the calcining atmosphere.

Acid-treated bentonites can be obtained by treating bentonites
with strong acids such as for example sulphuric acid,
phosphoric acid or hydrochloric acid. A definition, also valid

within the framework of the present invention, of the term



&)

10

15

20

30

(untreated) bentonite used, the acid-treatment method of the 30 bentonite
used, i.e. for example the nature anqghe guantity, relative to the
bentonite, and the concentration of the inorganic acid used, the
acid-treatment duration and temperature, on the moulding pressure and

bent 6 the caleining «duratiorrang temperature-anththe icalcining: atmesphere.

35 Acid-treated bentonites can be obtained by treating bentonites with
ST diroflg abids ‘Stch Hs fof ekample-&iphdric acid, phodpRorc adidsr W1thin
the bydrechloric acid. A definitierralsa vaka within the-framewesk ohitheni nium-

. present invention, of the term 15. 5 bentonite is given in Rompp, Lexikon
contehbnig, Ot Bdition: Georg Thishms Verfag “Bentohites paricutatly - (29
sme ¢ preferred within the framewarkzof the presentinventiore arenaaturalt he

aluminium- containingjsheet silicates.which c;t)ntain ontmorillonite (as
bentonit 5 4 ridie iater

smecﬁtejjsasamain mineral “After t ewéLc}ﬁ tréatmerit, xélf(fl behtonite is Iég £o
a poadele.washed with water, dried and ground to a powder. The process
according to the invention for the preparation of a catalyst support, in
particular a catalyst support according 15 to the invention, comprises the
The stepscapmixing apuherant nataralshertsiicaté cin pariiculae pepulverant o f
= caBdldbliRated penianite, with pbvaraRt ZrconT IIETEL oL BUNAIADL coraing
zirconium compound; 20 b) calcining the obtained mixture. The -
Lo tprepaiatioh-ofa catadysh suppert aceordigrtd the process according to
the invention thus has only a single calcining 25 step and is thus in this
respect more cost-favourable than a surface-doping of a previously
acalSinet SuppoRUWitIE ZEifconitmt BXide pré@wrsorédrmpeinds followedbycatlar
seqond,GaleiniNg: Ofcid-treated bentonite, with pulverant

zirconium metal or a pulverant zirconium compound;
b} calcining the obtained mixture.

The preparation of a catalyst support according to the process
according to the invention thus has only a single calcining
step and is thus in this respect more cost-favourable than a
surface-doping of a previcusly calcined support with zirconium
cxlde precursor compounds followed by a second calcining, or
the application of zirconium dioxide or zirconium oxide
precurscr compounds as suspensions to previously calcined
supports (WO2005065821) and their subseguent calcining,
wherein this process actually also requires an additicnal
binder, usually zirconyl acetate, in order to obtain an

adequate strength of the catalyst support.

The calcining is preferably carried ocut at a temperature of

400°C to 800°C, preferably at a temperature of 500°C to 700°C.

According to a preferred embodiment of the process according

to the invention, the latter further comprises the step:
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the application of zirconium dioxide or zirconium oxide precursor
compounds as suspensions to previously calcined 30 supports
(W02005065821) and their subsequent calcining, wherein this process
actually also requires an additional binder, usually zirconyl acetate, in
shap0rderdo obiais an- adequaterstrength-gkthecatalyst:suppert. 3sdherably
calcining is preferably carried out at a temperature of 400C to 800C,

belopraterably al'd téiiperatdrd ¢t'500C to 700C. According to a preferred
embodiment of the process according to the invention, the latter further

h cgmgrises1 the step: 16 5 shz;gin ] ggaggd bod¥fr9m e obtained g
© FhRGrS DHSTerABIy CBelore EAMing Sut Stept). The ZFeamBRcormpaand, ™
oxidprovidedit ¢S natalteadyzirconiuml axide; is:preferabty convertedinto an
C(3)1_,(1iﬂde during the 10 calcining. The above-named process results in
cat?i?)%t supports with a solid structure of sheet silicate and zirconium
oxide particles sintered together, wherein the zirconium oxide 15 particles
e Moy disrbuted in hestuclure of he patidesInthe. . .
above-named process, zirconium dioxide , Zirconium hy&%%d”e, zircony
solidcetateiorother zifcoryg earboxylates; =26 zifconimmacarbonate ore
parESAUD.Qcatonale, Zicony| niate, Zicanium. naphihiengie of 4.
ammonium zirconium carbonate, preferaf)y zirconium ydromde, are
partpreférabhrased: aspuiveradt Afcohium compounds Wiere Zr02 s gded;lie
g}amg;;u%qgg_stabilized with Y203 and/or_ Hf02. A sintering of the 25
constituents of the matrix of the catalyst support shaped body to form a
stable structure of sheet silicate and optionally zirconium oxide particles
In tiedherebyguaranteed. Accarding to,a-further preferred embodiment of the

process ‘ . ) )
hydroxide, zircenyl acetate or other zirconvl carboxyvlates,

cal

zirconium carbeonate or zirconium oxycarbonate, zirconyl
nitrate, zirconium naphthenate or ammonium zirconium
carbonate, preferably zirconium hydroxide, are preferably used
as pulverant zlrconium compound. Where Zr0O, is used, it can be
stabilized with Y2053 and/or HfO:. & sintering of the
constituents of the matrix of the catalyst support shaped body
to form a stable structure of sheet silicate and optionally

zirconium oxide particles 1s thereby guarantesd.

According to a further preferred embodiment of tThe process
accerding to the invention, the process further comprises the
step: treating the calcined mixture with an acid. A low
acetic-acid sclubility of the support when used in VAM

synthesis 1s Thereby achieved

As an alternative to a pulverant zirconium compound, colloidal

ZrO; in a solution cr a corresponding scol can also be used.
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30 according to the invention, the process further comprises the step:
treating the calcined mixture with an acid. A low acetic-acid solubility of
the support when used in VAM synthesis is thereby achieved 35 As an
alternative to a pulverant zirconium compound, colloidal ZrO in a solution

Acco@uakcgrrespanding sol-canalsaheiused. 37,5 According Lo apreferted;: ng
embodiment of the process according to the invention, it is provided that

O e Zifthiitim Yompound®isiéonverted ifoPdn oxidie tipbRTaldiing oo und
is cAseerdingitoia further prefered grbodiament gf the process 10 according
to the invention, it is preferred that zirconium oxide and/or zirconium

hydroxide is used as zirconium compound. It can also be provided that in
Accostepra) Y203 and/or HEQ2 isrd 5 durthermoreusedeThe present inventiens
- also relates 0a cata%ystguggort which can be obtained according to the
BCCOLRiEREs alcorling fothe “invention. 20°THE présent thvehtion furtier™ =
oxidrelates fo henise~afrthesfirsty secandiandthicd: eatalyst supperh aceording

com@t&tj}lg invention in the preparation of a catalyst, in particular in the

“preparation of a shell catalyst. 25 According to a preferred embodiment of

the use according to the invention, it is provided that the shell catalyst is a

1+ Shellcatalyst for the preparation of,vinyl acetat omer,, in parficular. a
Cs%hel catalyst Wéose sﬁeelﬁc%nt;ﬂnslr%e%d% 33 g?c? Au?q'%/elopgeéeﬁﬁ” o
furtipyentior furthie? relates to a shell catalyst for the preparation of VAM,

comprising the first, second or third

The present invention alsc relates to a catalyst support which
can be obtained according to the process according to the

invention.

The present invention further relates to the use of Lhe first,
second and third catalyst support according to the invention
in the preparation of a catalyst, in particular in the

preparation of a shell catalyst.

According to a preferred embodiment of the use according to
the invention, it is provided that the shell catalyst is a
shell catalyst for the preparation of vinyl acetate moncmer,
in particular a shell catalyst whose shell contains metal Pd

and Au.

The present invention further relates to a shell catalyst for
the preparation of VAM, comprising the first, second or third
catalyst suppoert accerding to the invention, whose shell

contains metal Pd and Au.

Thus the present invention relates i.a. to a shell catalyst
for the preparatlon of VAM, comprising a porous catalyst

support shaped body with an cuter shell which contains metal
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catalyst support according to the invention, whose shell 35 contains metal
Pd and Au. Thus the present inventiolrg relates i.a. to a shell catalyst for
the preparation of VAM, comprising a porous catalyst support shaped
body with an outer shell which contains metal 18 5 Pd and An, wherein
po aiie calalyst-support shapedhody, at leastinthe area of the.auter shell, is ;5.
; formed of a matrix comprising a natural sheet silicate, in particular a
I TRt eBniprisiitfa seriitredted, caléifed DEREshiter irPwhRRRI 2iFconium
compoXide (4102) Particles are.contaiped uniformly; 10.preferably -+ 2 macrix
homogeneously, distributed. it was established that the advantages of the
compdheifctalyst Hocording fo-the invention? Shci 88 Trtrédsed aétivity &nd
z1ircselectivity-ate-already, obtained: it oaly the.outer-shellpf 45 the catalyst,
.support, in which the noble metals Pd and An are deposited, is formed of
Preighibtiy cOMPrsHYS Ratufal Shedt Siicaté Sn which zirconium oxide
(Zr02) particles are contained uniformly distributed. However, it is
. referred .according to the invention if the whole catalyst support of 20 the
L @astaﬁ/é%ggclolralgrﬁ%gto HE Invehtiofl 19 ftmedtrori & matrix comprisiga ¥s*
acconatiral sheet silicateyisrwhich zireoninnm: ©xide-{(Z£02):partelesaiey and
Selecocn“{t%in d unéfggmb/lq_jstri uted. tAaqcrg)_rging #o a Hrefetr%ed empggim%nt of
théca a%t ac"cor&“lngQZ% & the invention;'i isoﬁlrogide that‘the zireonium ©
the oxde lparticles@re contaimedrinithe catelystsupporiat @l praportioiobl are
t0.25 mass-%,-preferably.at a proportion of 3 to 20 mass-% and by _.
Clepoprle eerghce?E at éeprrroape)grtig/ﬁ of 59'%  nass-o0, relative t6 the mass %f fhe ="
silicatalyst suppdrt. 30 Adcordingum acfuitber piaferredsmbodinent ef the

contGAtASt acearding fo theinyention, it is provided that the, catalyst. .

according to the invention 1f the whole catalyst support of

the catalyst according to the invention is formed from a
matrix comprising a natural sheet silicate, in which zirconium

oxide (Zr0;) particles are contained uniformly distributed.

According to a preferred embodiment of the catalyst according
to the inventiocon, i1t i1s provided that the zirconium oxide
particles are contained in the catalyst support at a
proportion of 1 te 25 mass-%, preferably at a proportion of 3
to 20 mass-% and by preference at a proportion of 5 to 20

mass—-%, relative to the mass of the catalyst support.

According to a further preferred embodiment of the catalyst
according to the invention, 1t is provided that the catalyst
support has an acidity of between 1 and 150 uvali/g, preferably
between 5 and 130 pval/qg, quite preferably between 10 and 100

uval/g and particularly preferably between 10 and 60 uval/c.

According to a further preferred embodiment of the catalyst

according to the invention, it is provided that the catalyst
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par tézﬁ%@%% éc\,/coprjé%getg 25 the invention wit

support has an acidity of between 1 and 150 gval/g, preferably between 5
and 130 gval/g, quite preferably between 10 and 100 35 oval/g and
particularly preferably between 10 and 60 yval/g. According to a further
preferred embodiment of the catalyst according to the invention, it is

suppBravidedsthat the,eatalyst ,Q bsupparhas-an,average pore diamefer e£8.1,1
. to %O nm, preferably 9 to 20 nm and by preference 10 to 15 nm.
? toaclordingteta Rufther préfefredembodimeht of the catalyst according to

the invention, it is provided that the catalyst 10 support has a surface of

less than/equal to 145 m2/g, preferably less than 142 m2/g, preferably
BCCOLs Warr 246 nt 275" Farther prefer ably TESEHan 37 mig iforeatalyst
accopteferablyless «than-dabtmaig, stk mose preferably lessdhan 133482/91 st

and %articularIX&E%efgrably Ie§s than 130 m2/g. 15 Acc?rding to a
SUPPGeterrad efbodimantof the tatalyst 46¢6 L o theiftvertion it is
pre fprovided thatthe:catalystiSupport has ra sutface of 6@ ;2/gte 445 Mm2/g: /o,

,‘ referably between 65 m2/qg .and m2/g, by preference between 70
£ Gad 130 Iy, 20 LriRG proferAbly BERR 70 Mo and 126 At

thanmbié preferablrhétiveens70 m2ifand 110 m2/gandmostpreferably and
between.70 mZ/% ang 100 T%@é Ir1L B%rrtlicz% to L(gep the wear of the
in reasonable limits, the
catalyst has a hardness greater than/equal to 20 N, preferably greater

Acco‘ihg?{le u*?&toazgPéé%q/'}%@@ﬂ%%%'yz%%%t%5—'“@:’14%‘4%%! 19,32, N and.most ,,
preferably greater than/equal to 40 N. The hardness IS asce talnedqby i
Lo tneans of ahBM tablét-hardhesy 304estingemachinedrom DrsSchilepniget has
2 subaumalon 46, determining iheaverage for: 33 shell ctalysis afters 2,
drying of the catalyst at 130 C for 2h; wherein the apparatus settings -
and 140 m?/g, by preference between 70 m°/g and 130 m?/g,
further preferably between 70 m;/g and 120 m?/g, more
preferably between 70 m°/g and 110 m?/g and most preferably

between 70 m?/g and 100 m?/g.

In particular to keep the wear of the catalyst according to
the invention within reasonable limits, the catalvst has a
hardness greater than/egqual to 20 N, preferably greater
than/egual to 25 N, further preferably greater than/equal to
35 N and most preferably greater than/egqual to 40 N. The
hardness is ascertained by means of an 8M tablet-hardness
testing machine from Dr. Schleuniger Pharmatron AG,
determining the average for 9% shell catalysts after drying of
the catalyst at 130°C for 2h, wherein the apparatus settings

are as follows:

Hardness: N
Distance from the shaped body: 5.00 mm
Time delay: 0.80 s
Feed type: 6D
Speed: 0.860 mm/s
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are as follows: 35 Hardness: N Distance from the shaped body: 5.00 mm
Time delay: 0.80 s reed type: 6 D Speed: 0.60 mm/s 20 The hardness of
the catalyst can be influenced for exa’rchple by varying certain parameters
of the process for the preparation of the catalyst support, for example
through the selection of the natural sheet silicate, the calcining duration
and/or the 10 calcining temperature of an unhardened shaped body

The SRABERREMC the-E6rrésiohtbliiy: siisgbremixtirel o thietgh speéifie™ple by

varyadditives-such.ag far-example methykcellyloseor magnesivm stearates s on
15 According to a further preferred embodiment of the catalyst according

°F tthedmdention, itisProvided that e Propdrtion” of Baturaishizet Sificate) ©F
the ingpartieulacacid:treated ealcined: hentonite; in:the catalyst:SUPPeHdS or the
. _greater than/equal to 50 mass-%, prefgrgbl;gg)reater than/equal to 60
3 LOasE B THTBERErably 26 gfeatérthan/eghiafis™ro mussss, fipther shaped from
the preferablygreater thantequalto 80 mass-norepreferabhrgreater
. .. than/equal tqg1 90 mass-o and most preferably greater than/equal to 93
29 a8 96, 5 1AV to the MASEdt the Catast Support: 25°Actording 15 &t v
steafusther preferred embodiment of the catalyst according to the invention, it
is provided that the catalyst support has an integral BJH pore volume of
between 0.25 and 0.7 ml/g, preferably between 0.3 and 0.55 mi/g and by
Accopreference betweert B35 and:05:mig. 8QrAscording to a further-atalyst
ccciElened empediment of the catalyst. support according fo the invention It ; .,
IS provided that at
of natural sheet silicate, in particular acid-treated calcined
benteonite, in the catalyst support is greater than/egual to 50
mass~%, preferably greater than/equal to €0 mass~%, preferably
greater than/egual to 70 mass-%, further preferably greater
than/equal to 80 mass-%, more preferably greater than/equal to
90 mass~-3 and most preferably greater than/equal to 93 mass-%,

relative to the mass of the catalyst support.

According to a further preferred embodiment of the catalyst
according to the invention, it is provided that the catalyst
support has an lntegral BJH pore volume of between 0.25 and
0.7 ml/g, preferably between 0.3 and 0.55 ml/g and by

preference between 0.35% and 0.5 ml/qg.

According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that at
least 80%, preferably at least 85% and by preference at least
0%, of the integral pore volume of the catalyst support is

formed by mesopores and macropores.

According to a further preferred embodiment of the catalyst
according to the invention, it 1s provided that the catalyst

support has a bulk density of more than 0.3 g/ml, preferably
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least 80%, preferably at least 85% and by preference at least 90%, of the
integral pore volume of the catalyst support is 35 formed by mesopores
and macropores. According to a furthiier preferred embodiment of the
catalyst according to the invention, it is provided that the catalyst support

morenag apulk density.of mare than,0.3,gml, p{/efsaaé%%;bwog%mog&sity

g/ml and particularly preferably a bulk density of between'0.35 and 0.

of bgeABcSrding f7d futtiferpraferred embodiment of the catalyst
according to the invention, it is provided that the natural 10 sheet silicate
contained in the support has an Si02 content of at least 65 mass-%,

BCCoputEfabl atleaStiB0 TASE 0% GHEY prteRMEBU: 10790, 5 Haswdm Ly st

accofecerdingfoafurther preferied embadiment,ofithe catalyst 1pacgarding, 1
to the_ invention, it is provided that the natural sheet silicate contained in

sheefheSSuppott-Cortains dss°than™ 167 nass2s R120% préferablyo. £igi3ent ©f
at 1E@ss-% anddyspreference 03140 1.0 mass26:26 Acgarging: tasa further
__ preferred mbpdim%nt of the catalyst support according to the invention, it
prefEnibiided thatthe “catalyat &apport is formed as a shaped body,
preferably as a sphere, cylinder, perforated cylinder, trilobe, ring, star or
RecodSa strand, grejerapjy as a ribped strand qr star-shaped 25 strand,
CObretéiably-asa sphere: Adbrding 16 a farthet prifetred embodinteétt vt Y =
acccotheicatalyst aveording:toctherinventions itis-provited thattherecatalyst-ural
support.is formed as a sphere with a diameter greater than 2 30 mm, A
oo i & A refer e SRt and B FrLG enes haia™ 1¢
mas sdianfetegreater tharmd ym0 lnladdition nitis préfeered that theemaxisure 0. 3
fo 1 §i5e Hcgg'gshse_ %:gtalyst support is less than 25 mm, preferably less than 1-0

According te a further preferred embodiment of the catalyst
support according to the lnvention, it is provided that the
catalyst suppcrt is formed as a shaped body, preferably as a
sphere, cylinder, perforated cylinder, trilobe, ring, star or
as a strand, preferably as a ribbed strand or star-shaped

strand, preferably as a sphere.

According to a further preferred embodiment of the catalyst
according to the invention, it is provided that the catalyst
support 1s formed as a sphere with a diameter greater than 2
mm, preferably with a diameter greater than 3 mm and by

preference with a diameter greater than 4 mm.

In addition, 1t is preferred that the maximum size of the
catalyst support is less than 25 mm, preferably less than 10

i .

According to a further preferred embodiment of the catalyst
according te the invention, it i1s provided that the catalyst

support 1s doped with at least one oxide of a metal, selected



10

20

30

35

35 mm. According to a further preferred embodiment of the catalyst
according to the invention, it is provided that the catalyst support is doped
with at least one oxide of a metal, sefécted 22 5 from the group consisting
of Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe, preferably with Hf02 or Fe203.

£ romACRQIAING,(0-A furthey QE%E?!{ egerbodiment gf the,catalyst gocording to . 4

the invéntion, it'is preferred that the 10 proportion of doping oxide in the
Fe, patalyststupportisthetéen Orand20:mass-%, preferably 1.0 to 10

mass-% and by preference 3 to 8 mass-%. In general, the smaller the

thickness of the Pd/Au shell of 15 the catalyst, the higher the VAM
Accogglbpfivitycofihé eatalist Accordingas thavehlich. tAccording to atfurther

accoRrefered erabediment of the,catalyst acearding Lo the nventiopthe shell
of the catalyst therefore has a thickness of less than/equal to 300 m,
PLOPReterdbly less #raléqGal t6206'm L26 preterabEless tharégualtoasoreen

0 an@mg furthes preferahly jess. thap/equal to 100 pm agd marepreferablydess.nce
than/equal to 80 m. The thickness of the shell can be measured visually

Lo MEHIS™ 35 of a microscope. The area in which the noble metals are
deposited appears black, while the areas free of noble metals appear
white. As a rule, the boundarg between areas containing_noble metals

I 95R§ bfeas fré€ of thent fvery shhfp GAd €& Géarly'Be réddghizete -+ ©%
the visually dfithe @bove-named boundany is 3040t sharply defined-andtalvst
oo gcgordin%}/ not clearly reco Qizagle visyally, the thickness of the shell o
O&5rrESponds 1o the "thitkhess of 4 shelt madsursd Startihg Fom tHe oder ©
embosiirface: of the-tatalyst suppart, which eontains-95%<of the apblecmetal he
shelgegggq%ﬂ9Q£Q€§}$§gntherefore hes a thickness cf less
than/equal to 300 um, preferably less than/equal to 200 um,
preferably less than/equal to 150 um, further preferably less

than/equal to 100 uwm and more preferably less than/equal to 80

L .

The thickness of the shell can be measured visually by means
cf a microscope. The area in which the noble metals are
depcsited appears black, while the areas free of noble metals
appear white. As a rule, the boundary between areas containing
noble metals and areas free of them 1s very sharp and can
clearly be recognized visually. If the above-named boundary is
not sharply defined and accordingly not clearly recognizable
visually, the thickness of the shell corresponds to the
thickness of a shell, measured starting from the cuter surface
of the catalyst support, which contains 95% of the noble metal

deposited on the support.

It was iikewise found that in the case of the catalyst
according to the invention the Pd/Au shell can be formed with

a relatively large thickness effecting a high activity of the



10

20

25

35 It was likewise found that in the case of the catalyst according to the
invention the Pd/Au shell can be formed with a relatively large thickness
effecting a high activity of the 23 5 czaBtaIyst, without effecting a noteworthy
reduction of the VAM selectivity of the catalyst according to the invention.

cataPgeording to.anptherspreferred embodiment.of the catalyst;accordingita
the invention, the shell of the catalyst therefore has a thickness of
selepiiedn200 ahd 2008 tin YED preterably Between 250 ard $806 # by

necoprefarence hetween 300 -anrd 1509 poysRd further preferably between -
400 and 1200 m. In order to guarantee an adequate activity of the

accoggiaiist Hecording 10 e invention: €hé prdporfidn 6FPdda Hie 15 catalyst
the rSfQp4012:3 masspo - preferably-0i6.10,2.3 mass: %, and by prefgrence 0.7

to 2 mass-%, relative to the mass of the catalyst support loaded with
preinobleimetat iveamalkbbeprefertéd ifithe chtalyst aearding:tothen20:=n 300

. invention has a Pd content of 1 to 20 g/1, preferably 2 to 15 g/1 and by
and pretereifie o 10°gM it ol 16 Tikbwise Guaraittee 4 adetiiate ACHVE
and selectivity of the catalyst according to the invention, the 25 Au/Pd
Tn gtorrlic ratio of the catalyst is preferably between O and 1.2, preferaﬂbﬁ;

T Oh&fiveen 0.9 Hd T 55 praferdhed batwedlt0.3” and 0°¢ ahd particuiaris -
accopteferablcbetweenri4 and0:8. It canalsoshe preferred ifithe catalyst
Cahai\ccqﬁrdiﬁn t§g tlge 30i ve5ntion has an Au content of 1 to ZOP%II, Zprgferablg_g

“415% 15 g/T and bypreference 2 to 10/ Tt order to &nslire’a farfiéiy® ~*
and brifernedetivitycof thie Catatyst accerdifg tathesinvestionovertheass of the
C:a‘Latlhicsktnegs og)thw PQ/OAéudg %heél\, thv?o %tgaleznmgtgl concentration should

““vary reFéTll]\D/efflﬁi tle overthe s eﬂ thickness. Tt is therefore preferred if,

T A

It can also be preferred if the catalyst according fo thes
invention has a Pd content of 1 to 20 g/l, preferably 2 to 15

g/l and by preference 3 to 10 g/1.

In order to likewlise guarantee an adequate activity and
selectivity of the catalyst according to the invention, the
Au/Pd atomic ratio of the catalyst i1s preferably between ¢ and
1.2, preferably between 0.1 and 1, by preference between (0.3

and 0.9 and particularly preferably between 0.4 and 0.8.

t can also be preferred 1f the catalyst according to the
invention has an Au content of 1 t G

o
15 g/l and by preference 2 to 10 g/1.

in order to ensure a largely uniform activity of the catalyst
according to the invention over the thickness of the Pd/Au
shell, the noble-metal concentration should vary relatively
little over the shell thickness. It is therefore preferred if,
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
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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 24-5 and inner shell limit,
the profile of the noble-metal concenrtration of the catalyst varies from the
average noble- metal concentration of this area by a maximum of +/- 20%,
preferably by a maximum oé+/- 15% and by pr éerence a_ maximum of
and F-10%. ﬁ)c[Lh* pr?o]ﬂlrés dan bé %é)lrj%ﬁ %y%/hfg f esp?é)yj?r% described
concpelons of suppdrts orptoca flaityized. vEhldride poisonsithe gatalyste noble-
net z2ccQrding to the invention and_leads to.a deactivation of same. Ac %:Iing
e ato a%Furthe'r preﬁérred embodiment of thgsea?ali/nsat}%lcrgg%ir?gj?o {he% !
prefipwention bts chlodde vomenttherefoie fessithaiequale tee250:ppyy a

max 1 REeably, less than/equalio 150.npm. The, cataly %%%%%fgié‘@ ‘ighlh%he

invention preferably contains; in addition to zirconium oxide as further
sprapioriotet st deaste20 bae atkalivhetalepmpbandpreferablya potassium,

sodium, caesium or rubidium compound, preferably a potassium

compound. Suitable and particularly preferred potassium compounds
ChlLomefifderpotassiamtacetae ROAEE potassitf éarbbRate k2GoBent Lon and

leagROtasSkIM:Bydrogen carbonate KHCO3and pofassiumnydrexide KOH 25
and also all potassium compounds which change into K-acetate KOAc
prelgadéitharespective readtion Condificns v AMCsyrthesist Phe e

inveP@t@ssium eempaund can bedepgsited onthe ;catalyst SURPOTEBA /& quail
before and after the reduction of the metal components into the metals Pd

©O 230 BRI ACES TGt d 30 FGf e preferfét émbbbimert ¢fRfe catalyst

according to the invention, the catalyst comprises an alkali metal acetate,
preferab{l%potassium,acetate. It is particularly preferred in order to ensure

TR G adbdiate profoter sctivity if the wikal metal dtbtite cdhtent of the 17«
in acatalysbis Q.4 te Or-molidSpreferably G3te 0H-melbdn the-case ofleast
one ggﬁ%i%n%g%g tEEéompound, preferably a potassium, sodium,
caesium oy rubldium compound, preferably a potassium compound.
Suitabkle and particularly preferred potassium compounds
include potassium acetate KOAc, potassium carbonate K,COs,
potassium hydrogen carbonate KHCO; and potassium hydroxide KOH
and also all potassium compounds which change into K-acetate
KOAc under the respective reaction conditions of VAM
synthesis. The potassium compound can be deposited 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
invention, the catalyst comprises an alikall metal acetate,
preferably potassium acetate. It is particularly preferred in
crder to ensure an adequate promoter activity if the alkali
metal acetate content of the catalyst 1s 0.1 to 0.7 mol/l,
preferably 0.3 to 0.5 mel/l. In the case of potassium acetate,
the potassium acetate content of the catalyst according to the

invention is preferably approximately 40 g/1.
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the potassium acetate content of the catalyst according to the invention is
preferably approximately 40 g/l. 25 5 According to a further preferred
embodiment of the catalyst accordingrto the invention, the alkali metal/Pd
atomic ratio is between 1 and 12, preferably between 2 and 10 and

rticularly preferably between 4 and 9. Preferably, the smaller the
Reco (ke bi 1he CalAlyACSupport e Shaliar (e 10 ‘ikell meaPLatoie

accorationd hegresentiinventioncalso rélatesito=al firstprogcegs fordhernic ratio

: reparation of a catalyst, in particular a shell catalyst, comprising the

o bgftehgg:elf;%) %?é%pa?rtgﬁoﬁ of mee“flar%% %e%ce)ﬁ&' or Fhir%/ cata yrgtB sﬁfolgort

partaccardingytorthe fmvention; brdepasitien efhal sélution of aRdprecurscr

sma1§2EPEHRd aja 20.Ihe calalyst SUpRPIL: £) depositgn ofg soluin of an .
Au precursor compound onto the cataszt support; 25 d) conversion of the

alkapy componeit of tharkg precurser compound into the metal form; and e)
conversion of the Au component of the Au precursor compound into the

- metal form. 30 The outer Zr02-doped shell of the catalyst support
The pecording o tHeiaventichlias AthiekAess Whieh torrespoidsackeaset the

- pr epgﬂeat@i_%@ ess of t%&%?f'ﬂgtakﬁh%%@tQ% g%%%i@ds H)é 16Xam IB|§1§/ st

thickness of 500 m. 35 In principle, any Pd or Au compound by means o
compyhich4 hight d8§f8eSef dispersion of the metals can be achieved can be
used as Pd and Au precursor compound. By "degree of dispersion” is

a}) preparation of the first, second or third catalyst

support according to the invention;

b} depeosition of a solution ¢f a Pd precursor compound onto

the catalyst support;

c) deposition ¢f a solution of an Au precursor compound onto

the catalyst support;

d} conversion of the Pd component of the Pd precursor

compound into the metal form; and

e) conversion of the Au component of the Au precursor

compound into the metal form.

The outer ZrO,-doped shell of the catalyst support according to
the inventicn has a thickness which corresponds at least to
the thickness of the noble-metal shell to be deposited, for

example a thickness of 500 um.

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 Pd and Au precursor compound. By “degree of dispersion™ is

meant tThe ratio of the number of all the surface metal atoms
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meant the ratio of the number of all the surface metal atoms 26 5 of all

~ metal/alloy particles of a supported metal catalyst to the total number of all
the metal atoms of the metal/alloy patticles. In general it is preferred if the
degree of dispersion corresponds to a relatively high numerical value, as

of a'Tlthis ase as many metta_! atoms a possible are freely 10 accessible fO{‘: ‘
& catSiyic (EHCtoN. THIS Means that, gaﬁvesnugpr%ifa‘tﬁgl}ﬁéﬁ egregof °° °©

the dispetsiomoba:supporiéd metal watadystza specific catalytioactivity:ofl oy

same can be achieved with a relatively small quantity of metal used.
paft}fé@&*‘amgl 08 FTel?rﬁﬁrearf|éJré1fIEerrleSd e%%%é?n‘e%‘f o%t%eica?alégtgfﬁ é('§1cc<,?()grding
disptorthednventions, sheodegreecofalispersionwet the metal particlesds 1 toalue,

. 30%, The values of the degree of dispersion are determined b ans.of
2 lCO{ads%r%ﬁor? a%%orgglgnﬁ'g)? tgmo' fﬁegéor?z%&gnd?nsg Bﬁ\?%%a%%r . tcan
accepreferred fo selectthesRd bahd Ateprecursor ompoarrasfromnithe hatidesn 2

re 1 alliRATICUIRE ghlogdes.axides, nitrates, ngeéffogm@ﬁ%pgg%@ganﬁgﬁa1
oxalates, acetates, “hydroxides, hydrogen carbonates, amine complexes
catagiyrganic TORPIEXES, fortexamiplé taphenyighipbsphineagoipléxeser 25

achi@cetylagetgnate camplexes; of these mefals. Examples of referred Rd

precursor compounds are water-soluble” Pd salts. According to a
Accopggiiedlafy preferretleibddifient of theprecEsssdeeofding fetheataly st

accofyention,dheRd precursor 3Q compound,is selected;fram.the.group s « e
consisting of Pd (NH3) 4 (OH) 2, Pd(NH3)4(OAc)2, H2PdC1E, Pd (NH3)
netag (HED3Y 21 Pd(NH3Y4(HPGD) ! PAINARACTE PAINHS)AE oK &S PP ©

dispexalater RANORZ.LPAINHI)HNOIZ K2RKOAS)YMDRst ion according
. Na2Pd(OAc)2(OH)2, Pd(NHB)EZ(NOZ)Z, K2Pd(NO2)4, Na2Pd(NO2)4,
Lo TBR(CREE: RRPUEIE B (NHS)2PHEIAPdC12 and Na2PdCl4. Instead of
NH3 the corresponding complex salts can also be used with
ethylenediamine or

It can”be preferred to selesct the Pd and Au precursor
compounds from the halides, in particular chlorides, oxides,
nitrates, nitrites, formates, propionates, oxalates, acetates,
hydroxides, hydrogen carbonates, amine complexes or organic
complexes, for example triphenyiphosphine complexes or

acetylacetonate complexss, of these metals.

Examples of preferred Pd precursor compounds are water-soluble
Pd salts. According to a particularly preferred embodiment of
the process accerding to the invention, the Pd precursor
compound 1s selected from the group consisting of

Pd (NHz) 4 {OH)z, Pd(NHz)4(CAc),, HPdCl:, Pd(NHz),(HCOs),,

Pc (NH3} 5 (HPOgs), Pd(NHz)4.Cl;, Pd(NH:)s oxalate, Pd oxalate,

Pd (NC3)z, Pd(NH3)4(NO3)2, K:Pd(OAc),(OH),, Na;Pd{QAc):{0H},,

Pd (NHz) 2 (NQsj s, EPAd(NC2)s, NaPd(NOz) 4, PA(0Rc),, K PdTly,

(NHg) ,PdCl,, PdCl; and NayPdCl;. Instead of NHy the corresponding
complex salts can also be used with ethylenediamine or
ethanolamine as ligand. In addition to Pd{QAc), other

carboxyliates of palladium can also be used, preferably the
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ethanolamine as ligand. In addition to Pd(OAc)2 other carboxyiates of
palladium can also be used, preferably the 27 5 salts of the aliphatic
monocarboxylic acids with 3 to 5 carbén atoms, for example the
propionate or butyrate salt. According to a further preferred embodiment

.. of the process according to the invention, Pd nitrite precursor.compaunds
581587 10 Btk B AT, PRAISTEN P M pRéctior Compourids. aré = oo

atomfor exampie: thaseswhich are obtained by dissolving RdEOAe)2: in an
NaNO2 solution. Examples of preferred An precursor compounds are
water-soluble 15 Au salts. According to a particularly preferred

Accoembodimentof L thetprocessradcording terthe ihiveation the Aweprecursor s

cQ und is selected from the group cansisting of KAuQ2, HAUC14
=CCORAGINO2)4, AUCH, KAUCTA. NaAGC14, KAUCIH, KAG(ORGB(ORL "4 ="
alsoHpe(NO3H4NaAUO2 rNMedAtO 2 RbAIDZ, :CsAud®2 NaAu(QATY3(OH) 5

are ZLRNAUDACISIR CAU0130, NRAMHOAS) (l\%?ggé\t{ho&f)%-d“iomz

is recommende ere appropriate to prepare fres c)3 or
in aRANE eacl linfellsy precipitating the oxide/hydroxide from a gold (lI1)
hydroxide solution, washing and isolating the precipitate and taking up
same in acetic acid or KOH. 25 All pure solvents or solvent mixtures in
Examphieh thé seletted TrecdrsoPésifipssnds arasvlubleandimhichtaftersoluble

ny sHepesition. anto the,catalyst support, can be easily femoved againsfrom, -
same by means of drying are suitable as solvents for the 30 precursor

the edifip6aRds PreftretFsolvents for'matil htelates &8 greclrssprrsor

compeRMBoURds;are-for examplg-acetane ok Upsubstituted ; carboxylie:agids, in
particular acetic acid, and for the metal chlorides above all water or dilute

HAUCHvdrochioHtscier. 354Fthe prettirdor cOmpbinds afe Hotsufiibigntignc) s (0H)
HAau (saluble inipure solventssuch asaeetone, acatic-acidy wateraardiluter, |

RbhAu {(QAC)30H, CsAu (OAc)0H, NMe:Au (CAc):0H and Au{OAc)s;. It is
recommended where appropriate to prepare fresh Au(OAcis or
KAuC: each time by precipitating the cxide/hydroxide from a
geld (ITI) hydroxide solution, washing and isclating the

precipitate and taking up same in acetic acid or KOH.

A1l pure solvents or solvent mixtures in which the selected
precurscr compounds are soluble and which, after deposition
cnto the catalyst support, can be easily removed again from
same by means of drying are sultable as solvents for the
precursor compounds. Preferred solvents for metal acetates as
precurscor compounds are for example acetone or unsubstituted
carboxylic acids, in particular acetic acid, and for the metal

chlorides above all water or dilute hydrochloric acid.

If the precursor compounds are not sufficiently soluble in
pure sclvents such as acetone, acetlic acid, water or dilute
hydrochloric acid or mixtures therecf, other solvents or

solvent additives can also be used as an alternative or in

addition te the named =zolvents. Solvents which are inert and
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hydrochloric acid or mixtures thereof, other solvents or solvent additives
can also be used as an alternative or in addition to the named solvents.
Solvents which are inert and 28 5 miscible with acetic acid or water
preferably come into consideration as other solvents in this case. Ketones,
example acetone or acetylacetone, furthermore ethers, for exam

. for nple cetor > le
oy ot ral B dionan, Seetomte, Sy oh et e 2h0 Soents
consbasedan bydrocashonrs-suchlas: 10 foriexanple benzene may-be: namee:-
o xanfi] Breferted solvents which, are suitable foradding to aceficacid. ¢,

Retones “for examplé acetone, or alcohols, for exampte ethanol of ~*

e X amisbpropanok oy mettioxyethanol dyes; such as«<gquedus KIGH or 15 NaOH,

a1meRHOBRNIC AGIdS, such as acelic acid, formic acid, citne acid, tartaric acid,
matic élCld[T1 gﬁ%/oxylic acid, gTycoIﬂc acuf1 oxalic acigl,yoxam|c“"aC|<§1,”egC|ne', -
for pyravielacid<ordactic aeid ey benarmetsaspreferred dolventsaort s which

are aQditives which ate;suifable for adding to.water. 20 If chioride compounds

are used as precursor compounds, it must be ensured that the chloride
ions are reduced to a tolerable residual quantity before using the catalyse

et oplepared,according, fo theprocess according foinvention, as chiofidedsa. )
25 catalyst poison. For this, the catalyst support is as a rule washed with
Or pleRl eraRater afteRfHefiXING of thecRd ahd Aur cBHiponeatsieithe P 6£H or

NaoHAU precursareompoynd onto the  catalyst support. {n gepgralthis, 5 4
. happens either immediately after the fixing by hydroxide precipitation of
cltrthe PFafd AW30 edripoRenthy feans of fyedor aftetthis feductivh®of the

g1ychoble- metal componentstoithe respectivemetal/allay, Howeves, ruvic acig
according to a preferred embodiment of the process according to the

or lmgéﬁﬁbﬁyaﬂbmﬁyﬂggP@@ﬂﬁpAéi”é&ﬁgggred sclvents or additives

which are suitable for adding to water.

If chloride compounds are used as precursor compounds, it must
be ensured that the chloride ions are reduced tcec a tolerable
residual guantity pefore using the catalyst prepared according
to the process according to invention, as chloride is a
catalyst poison. For this, the catalyst support 1s as a rule
washed with plenty of water after the fixing of the Pd and Au
cemponents of the Pd or Au precurser compound onto the
catalyst support. In general, this happens either immediately
after the fixing by hydroxide precipitation of the Pd and Au
compenent by means of lye or after the reduction of the nobkle-

metal components to the respective metal/alloy.

However, according To a preferred embodiment of the process
according to the invention, chloride-free Pd and Au precursor
compounds are used as well as chloride-free solvents to keep
the chloride content in the catalyst as low as possible and
avold a laborious "washing free of chloride™. The
corresponding acetate, hydroxide or nitrite compounds are

preferably used as precursor compounds, as they contaminate
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35 compounds are used as well as chloride-free solvents to keep the
chloride content in the catalyst as low as possible and avoid a laborious
"washing free of chloride". The corréSponding acetate, hydroxide or nitrite
compounds are preferably used as precursor compounds, as they
contaminate 29 5 the catalést suplgor,t with chloride to only a very small

the S3eRt The depddition SFthe Pd'and AUSre€ursdr sompdtnds o tte

exteeatalyst support in the area of an outer shell of the catalyst 10 support
can be achieved according to processes known per as. Thus the
precursor solutions can be deposited by steeping, by dipping the support
The ethe predursorsolutiensdr steeping it according-to-thegdncipent wetness
method. A base, for example caustic soda solution or potash lye, is 'hep_
cate R TE 15 oy S ongh, Aoty the ADBmal e < talyst
suppearmporentsare precipitated onta thensupportdin the foras okhydroxides. ke .
Thus'ot |(§0ﬁ99€§§[p£es£0l[ e&‘@i@PJ% grsy ﬁt%eep tg%?%@f%g&n%e g “%@%H.g, by

- applyt e precursor compounds to the thus-pretreated support.
dippAseording tourfurthier prefefrediemisodiment eftheprocess aceordingi toy 1t

acco%iimﬁen}g)_ n, Hés E%%%@I%&EOWQ%%M t%eetetqaénd f‘uxg%rgglfrsl%r example
compound is deposited on the catalyst support by steeping the catalyst
Caus§ipotindhe Soliitibirof 25 the P precufsor tonipotinddicbinithed on the

catafzglgt&org%?@ﬁq RreEWsQr compoynd or ina solution.which contains,

both the Pd and the An precursor compound. According to the state of ’
P echidre HRe! aefive nidtals PoPaRd B0 An ttarting o thiviitleccompéundst 15

a1sdndhe area of %ébe!c,l;@gnxeg@ueeorﬁ,ﬁ@@qpliggégéam?ebxém&g@%@fin lye
steeping. However, this technique has reached its limits as regards
and then apply the precurscr compounds to the thus-pretreated

sSuppoxrt.

According to e further preferred embodiment of the process
according to the inventicn, 1t 1s therefore provided that the
Pd and Au precursor compound is deposited on the catalyst
support by steeping the catalyst support in the sclution of
the Pd precursor compound and in the solution of the Au
precursor compound cor in 2 solution which contains both the Pd

and the Au precursor compound.

According to the state of the art, the active metals Pd and
Au, starting frcom chleride compcunds in the area of a shell of
the support, are applied to same by means of steeping.
However, this technicue has reached its limits as regards
minimum shell thicknesses and maximum Au lcading. The shell
thickness of the corresponding known VAM catalysts is at most
approx. 100 um and 1t 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 only with difficulty, as the Au precursor compounds

tend to diffuse from the shell inte inner zones of the
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minimum shell thicknesses and maximum Au loading. The shell thickness
of the corresponding known VAM catalysts is at most 35 approx. 100 um
and it is not foreseen that even thinnét shells can be obtained by means
'of steeping. In addition, higher Au loadings within the desired shell by
means of steeping can be achjeved only with diffgculty,,as the Au
catarjl%%ﬁrsso‘ﬁ%%ﬁ%ou%lagpfe%d%%fﬁugglﬁﬁﬁ théE SHEIF hid IniBr Yo e of the
shel3@,5 catalyst stppori shaped bady, whick resultsiia bread An shells,
areas of which contain very little Pd. The active metals, or, put another
way, their precursor compounds, can also be deposited on the support for
The exdample by:10Imeans of so-calet physical processesrForthis; the
Sl{pﬁp&sﬂ according tg the invention can p{ggf% bly be s r%ledcfor example

compo N i 3 o LA
FWith a <oldtion &f the precur%%%ompound‘s, wher8in the cataﬁfét %5859 it® oy

meanis movedinca coatingdrum into whickchets af is Blowr, viith thetresult that > ©
accollfselvert aujckly: 1o evaposates, But acearding (p 3 lurther preferied
At fis pr%w ed that

embodiment of the process according to the invention, i

examhessolition af tvelRd Precurof-compoentiand thesolation of thevAr 2011
the PHECUFSQLCOmpound.are deposited onto.the cafalyst support.oy. spraying, .

the solutions onto a fluid bed or a fluidized bed of the catalyst support,
alr preférablyiby mehhs bianaetossl of il solutionsl The shelt ihikkness
evapeathereby be continuously adjusted and optimized, for example up to a
" thickness of 2 mm. 25 But even very thin noble-metal shells with a
thickness of less than 100 pm are thus possible. It is preferred if the

sut shapeddodies girculate elliptically ok toraidally:in the fluidized-bed, To, . oo s
give an idea of how the 30 shaped bodies move in such fluidized beds, it
SCCONay B stated” that Y e d4sk oflellipficalcircufiion® itfe catafysto L ut ion
of the Pd precurscr compound and the solution of the Au
precursor compound are deposited onto the catalyst support by
spraying the solutions onto a fluid bed or a fluidized bed of
the catalyst support, preferably by means of an aerosol of the
solutions. The shell thickness can thereby be continuocusly
adijusted and optimized, for example up to & thickness of 2 mm.
But even very thin noble-mstal shells with a thickness of less

than 100 pm are thus possible.

It is preferred 1f the shaped bodies circulate elliiptically or
toroidally in the fluidized bed. To give an idea of how the
shaped bodies move 1n such fluidized beds, it may be stated
that in the case of "elliptical circulation™ the catalyst
support shapsed bodies move in the fluidized bed in a vertical
plane on an eiliptical path, the size of the main and
secondary axis changing. In the case of "toroidal circulation”
the catalyst support shaped bodies move in the fluidized bed
in the vertical plane on an elliptical path, the size of the
main and secondary axis changing, and in the horizontal plane
on an orbit, the size of the radius changing. On average, the

shaped bodies move in the case of "elliptical circulation” in
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support shaped bodies move in the fluidized bed in a vertical plane on an
elliptical path, the size of the main and secondary axis changing. In the
case of "toroidal circulation" 35 the catalyst support shaped bodies move
in the fluidized bed in the vertical plane on an elliptical path, the size of
th the main and secondary axis changing, and in the horizontal plane on an
© ST tHerdiz® bF e ARG CRangifg: OF avBrAGa; the shafied Bodies:
"t ormoyelin therease:ofiefliptical circtdationtin 3125 the verdical plare.epad body
elgpglz%sel pathf%réthe case of torOéd%!QchulaF@n on a.toroidal path, i.e., a

t
Coves}‘fhape bosdly coversthe SUHAts of ATorusH 'rY:aW With \erticat % liptical

elligectionl 16 dheiabove-named embodiment of the process according to
the invention is preferably carried out by means of a fluidized bed in a
fluidized bed unit. It is particularly preferred if the unit contains a so-called

The eontrolledaaieglidedlayer.ortond tHing, the catadystsupportishaped the

nve cEqig are. thoroy kygg.? i&(egpyt e controlled air-glide layer.wherein

_mv ﬁwey giml%t:%eoﬁ%y rotaga%outltﬁgir%%n E%Sf“ v%ﬁégsreb?/”théy érm(laul rilééad

bed averly by the protessair. Fot anofhier iduetorthecednseguent erbitaked 1f

the ReYemenh elfected,by he qontiolied alt- dlige davel, of the shaned holesr. ¢
the catalyst support shaped 20 bodies pass through the Spray procedure

one (application'sf the tprecarsof weptpoundsfaca virrally eoastant horoughly

mixeHCAMENGYAcl3rgely unijorm i%ﬁiﬂi@%”%%@ A regtedbatch Ré?haped

. bodies is thereby achieved. A further result is that the noble-metal
imuddricentration vanes bRlySlightly BVEr A large 25 drea of the shell they are

drichickpess .8, sueh thatthe noblesmetalpconcentration desgrbesa. e
rectangular function over a large area of the shell thickness, whereby a

COn SERisttactivity of thé'PESHIRRG cafalyst s Gaararitderovet the thidkiesst r -

iid@tmgyer, of the shaped bodies the catalyst support shaped
bodies pass through the spray procedure (application of the
precursor compounds) at a virtually constant frequency. A
largely uniform shell thickness of a treated batch of shaped
bodies 1s thereby achieved. A further result is that the
noble-metal concentration varies only sligntly over a large
area of the shell thickness, i.e. such that the noble-metal
concentration describes a rectangular function over a large
area of the shell thickness, whereby a uniform activity ¢f the
resulting catalyst is guaranteed over the thickness of the

Pd/2Au shell.

Suitable coating drums, fluid bed units and fluidized bed
units for carrying out the process according to the invention
according to preferred embodiments are known in the state of
the art and sold e.g. by Heinrich Brucks GmbH (Alfeld,
Germany), ERWEK GmbH (Heusenstamm, Germany), Stechel
(Germany), DRIAM Anlagenbau GmbH (Eriskirch, Germany), Glatt
GmbH (Binzen, Germany), G.S5. Divisicne Verniciatura (Osteria,
Italy), HOFER-Pharma Maschinen GmbH (Weil am Rhein, Germany),

L. B. Bohle Maschinen + Verfahren GmbH (Enningerlch, Germany),
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Pd/Au shell. 30 Suitable coating drums, fluid bed units and fluidized bed
units for carrying out the process according to the invention according to
preferred embodiments are known intthe state of the art and sold e.g. by
Heinrich Brucks GmbH (Alfeld, 35 Germany), ERWEK GmbH
IJ.,di%—leusenstamm, Germany), Stechel (Germany), DRIAM Anlagenbau
OB MBI TERKT T Cer ), |Gt BIBA (BRZER2GErmallf) & 87
(MerBivisione VemiciatitaOsteriay) lfalyy HQFERPharma-Maschiner GmbH1 2,
(Weil am Rhein, Germany),_ L. B, Bohle Maschinen + Verfahren GmbH
U58) (TR e A a5 LG8 Vs henbat EinbFr(bhdetiin,
Proc@esmany), Menesty;(Merseyside r bnited Kingdom);, Yector Carparation: r
(Marian, 1A, A), Aeromatic-Fielder AG (Bupbendorf, Switzerland), GEA
-ne. Pl\:lc?sc‘:%jég Ji‘:ar{giLr#esie]?f%lrglgO(i‘—Isa’map{)!s%ﬁ?!l“:ﬁe’, nited |ng(§]/o“csrg)ef?—"?uign;hﬁ?I Ihp(\:/g.j‘gmE
Germ@urora, Hilindis LU SA)oHeingn<Systems @mhlr(Varel Ui GerBtamyna t=ch
Huttlin G ' Germany),_ Umang Pharmatech. Pvt. Ltd. .
ik '(&gﬁéra@%?a}%%%?%ﬁg fnnr%lgl%ﬁgch%%%gﬁgn {(Lorrac E?CC-?({}r?ngl‘laon =2
(Lo rparticuldflyprefeyred fiiAdized bedr eguipment isrsold Tihdedthesnamed
~cuiiBNOJ(r) Slreaater or, danojetfd viertiis by ipnglep Teelinglogies. 42
ccording to a further preferred embodiment of the process accor&ng to
Innefhetifvémtiont thes catalystsappsort Tstvédted cduring-deposition of the
solutions, for example by means of heated process air. The drying-off
speed of the deposited 20 solutions of the noble-metal precursor

Accogshpunds éan bé Ldeteriinedsi fite degredisttieating of fife eatalyess
acccUPROstS: Atrelatiyglydowstemperatures the dryingzqff speed isfor, . o v+ o o

_example relatively low, with the result that with a corresponding
durl&&mﬁﬁﬁﬁﬁ?ﬁéﬁﬁ%ﬁﬁ%,Bﬂ%ﬂépéﬁgponsf for example by means of

heated process air. The drying-off speed of the deposited
solutions of the noble-metal precurscor compounds can be
determined via the degree of heating of the catalyst supports.
At relatively low temperatures the drying-off speed is for
example relatively low, with the result that with a
correspeonding guantitative deposition, greater shell
thicknesses can result because of the high diffusion of the
precursor compounds that 1s caused by the presence of solvent.
At relatively high temperatures the drying-off speed is for
example relatively high, with the result that a2 solution of
the precursor compounds coming into contact with the shaped
body almost immediately dries off, which is why a scolution
deposited on the catalyst support cannot penetrate deep into
the latter. At relatively hich temperatures such relatively
smail shell thicknesses can thus be obtained with a high
noble-metal loading. For example the catalysi support can be

heated to a temperature of 40 to B0°C.

In the process described in the state of the art for the
preparation of VAM shell catalysts based on Pd and Ru,

commercially available scolutions of the precursor compounds
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25 thicknesses can result because of the high diffusion of the precursor
compounds that is caused by the presence of solvent. At relatively high
temperatures the drying-off speed is¥or example relatively high, with the
result that a solution of the precursor compounds coming into contact with

__..the shaped 30 body almost immediately dries off, which is why a solution
suoh s R e LR usforl Bk B ebiaks GEef Mot fo RHES ALY
usedrelativelyhighctempesateres Suclerelatively, small:shedldbicknessesican

thus_be obtained wi hg%il)%h ople-metal loading. For example th
Pre o o S oo 95 Rediad 1b i e OF a0 B BOL Hrugee” 2=
for processdedaribéd in thél statePof(thie:art fotthe prepardtich ok VAM: Shkell

,Catalysts based o and A mercially available solutions of the . .
uS@Qbrecursoer orr?%ou%%g%f%mﬁubcﬁgé% Né%éﬁ%l%?\?&d&fo?%ﬁﬁ&ﬁ while
the golations dretustomatily used: it themore redent fitepattre) assalreadypounds
reacStated preyiously, ¢chlaride-free Pd or Au precursor compounds such as

for example Pd(NH3)4(OH)2, Pd(NH3)2(NO2)2 and KAu02 are also

used. These precursor compounds react base in solution, while 10 the

To astandard chloride.nitrate-and.agelate, precyrsor compounds  react @&&ggert,

_solution. To deposit the precursor compounds onto the catalyst suppor
prelpicterablyPaqeeots Naz2Pdels anaNaRGC3 solEfions afs E5 eistomarily

custuaed-iThesedngtal-salt salutions are pormally; a@pplied to,the supportat,
room temperature and the metal components then fixed with NaOH as
aPPlingoluble PA%r&tPHyéroxides THentRBIGAdEd SUhportis Custdifiarity

compWashed free-af chlordde with:watenHn particularthe Aul fbdng hag 20

... disadvantages, such as long action times of the base in order to induce
YA fiig pretipitation of fie staBfé%Au fetrathidrocompfek itompletdsshed free
of chresiitation and concemitantinagleguatel ar the Au fixing has
disadvantages, such as long action times of the base in order
to induce the precipitation of the stable Zu tetrachloro
complex, incomplete precipitation and concomitant inadequate

Au reltention.

According to a further preferred embodiment of the process

according tc the invention, the process comprises the steps:

a) preparation of a first solution of a Pd and/or an Au

precurscr compound;

b) preparation of a second solution of a Pd and/or an Au
precurscr compound, wherein the first sclution effects a
precipitation of the noble-metal componenti(s) of the
precursor compound(s) of the second solution and vice

versar

¢} deposition of the first solution and the second solutlon

onto tThe catalystT support.
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Au retention. 25 According to a further preferred embodiment of the
process according to the invention, the process comprises the steps: a)
preparation of a first solution of a Pd and/or an Au precursor compound;
30 b) preparation of a second solution of a Pd and/or an An precursor
comgound, wherein the first solution effects a precipitation of the

Thi =, SBIESGHAFESMPONERLTs) 0T RE STl GEdF SompotAd (S af iHe'sadoren uses

cwo solutien-and vices 35versa; £) deposition of the firstsoldtion andthe = one
second solution onto the catalyst support. 39 5 This embodiment of the

cont5biEsE acCorditiy fo'thie TivetioRTuses thoHifféreAt prediiFsdisdtutions,

Geneofawhigh ferexampleranes sontains.a Rsk-and-theratherar Ay presursor o ng
compound. Ge , one of the solutions preferably has a basic, and

nerall > .
the g RN P %%gpﬁ?feeﬁ&faﬂﬁ% Y%oldtibhs Hré YepBsited 16 ontd fie” =29
ont ccathlystsupportscbysfiestly iropregnating she suppest withathe-firstard thefbort
.. .in sut;ger uent step, with the second_solution as described previously, for
Wlthe%}rﬁpl"‘élb‘?/s%tegﬁfgg{.‘:}fj%pnonl&eﬁos?t%nsgﬁ%%%%cgﬁg }%oi"ﬂﬁbﬁ tﬁ&?wé‘)écom
s¢ 1 ugolotionssarge then. cermibined-ointhe lsuppocty wherelyithelpH eftheping.
U}_:)C)ns%&utions‘ 15 changes %réd tShe ngr SAou1 c%m%%necnr;[eof %he respective

epositlon O H ST T, L . WL SO LT L O re
prectrsor compoun(fls précipitated onto the support, Without an - adxiiary

therbasertustemaryintthe staterofthe arhsuelipas NaOkbHord€OHLh bavingutoions
crari® 2PRlR fothesunpart, 0 Thgnamed empodinentof fhe pIogess, . oy roor

according to the invention is thus based on an impregnation of
compeataly st supporewith tthedigstagolutionmef & Pdandior AU precursem
auxiﬁ%@g@“@%@@d&E‘gé&ﬁg?@SQWUEHE@&%@Qng@rﬁy@p@%%soguch as NaOH
compound,
or KOH, having to be applied to the support.

The named embodiment of the process according to the invention
is thus based on an impregnation of the catalyst support with
the first solution of a Pd and/or Au precursor compound and
the second solution of a Pd and/or Au precursor compound,
wherein the two scolutions are incompatible with each other,
i.e., the first sclution effects a precipitation of the noble~
metal component({s) of the precursocr compound(s) of the second
solution and vice versa, with the result that in the contact
zone of the two sclutions both the pre-impregnated Pd /Au
component (s) and the post-impregnated Pd /Au component {s)
precipitate almost simultaneously and thus lead to an intimate
thorough mixing of Pd/Au. Drying can opticnally take place

between the two impregnation steps.

Suitable agueous solutions of Pd precursor compounds for the
impregnation with incompatible solutions are listed by way of

examplie in Table 1
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20

wherein the two solutions are incompatible with each other, 25 i.e., the
first solution effects a precipitation ef the noble- metal component(s) of the
precursor compound(s) of the second® solution and vice versa, with the
result that in the contact zone of the two solutions both the
. jLpre impregnated Pd /Au component(s) and the post-impregnated Pd /Au
an gorjnponent(s) 30 precipitate almost simultaneously and thus lead to an
intimate thorough mixing of Pd/Au. Drying can optionally take place

hot\nlnan ha-hnvo-impreanation.-stens Qlu ahle acueous colutions n'F

Moelvvoeoerruaine wtwuo IIII b rmacrom \JL\:P\J TCAAOTO aaauvuni u

Pr%recursor comBoun for the 35 |mpré:gna§|on With ficompatibfe SOFU'[IOHS

rdale listed by way of example in Tableé 355 Table 1: Precursor compound
C“aracter Gf the Snlnhnn DPI("’I 2 :\mrl Drl (I\II—IQ \’)(I\Iﬂ’)\’) hae|h Na - PdcCl4

DTG TG T o

2d [¥iitralz PU(NIH3)4(0OH)2 basic PA(NOS/Eadid K3Pd(OAC)2(OH)2 basic

Nallawiugb dissolution of palladium acetatesnt#QH If, with regard to a

ature Al rc\rhlr-'hnn NH3-were-ta-have-too-strona-a-reductive-effect
|\/|||ul.ul\l LAALZ B VAW | u A Touuouuve \/ll\.d\l'u

Pgﬁ%’{éoi*r%%lf)oﬂdmg diamine 10 compley%%stfa(h also be used with

td etlyylenediam_ne as ligand or the cofrespending ethanol amine

complexes-instead-of-the nnllnr‘lnlm amine-combplexes.-Suitable-ag ueous

UTHICAC O 1TTOtT Ao agquc oo pas

K2R hitfns A Precursor compounds 137 The 1“53??1%‘#8&&@15\% [tion of
incompatible solutions are listed by way=0f 1exampledn dable:2 i Takie:

Precursor-compol md-Character-of-th olution

[«
Urpouuhmu oAl actT o trTcoora o

If, with regard to a premature Au reduction, NH; were to have
too strong a reductive effect, the corresponding diamine
complexes can also be used with ethylenediamine as ligand or
the corresponding ethanol amine ccomplexes instead of the

palladium amine complexes.

Suitable aqueous solutions 0f Au precursor compounds for the
impregnation with incompatiblie solutions are listed by way of

axample in Table Z.

Table 2:

Precursor compound Character of the solution

AuCls acid

KAuG: basic through dissclution of
u(OH)s in KOH

NaAuCl, neutral

HAuCl, acid

KAu (OAc) (OH) basic through dissclution of
u(OAc)s in KOH

HA11 (NO3) 4 acid (stable in semi-
concentrated HNOj3)
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AuCI3 acid KAuO2 basic through dissolution of Au(OH)3 in KOH
NaAuC4 neutral HAuC14 acid KAu(OAc)3(OH) basic through dissolution
of Au(OAC)3 in KOH | HAu (NO3) 4 atid (stable in semi- concentrated
HNO3) 20 Best Viewed using 36 5 Suitable combinations of incompatible
solutions for the base- free precipitation of the noble-metal components

Sultareifor SSRMPIR & PEE 1S and C RARDZ Sdifitici a BdMG3)2 ndare Pase-
freeKAUEZ: solutionpa PSENHBM (@ 2-angk-an AuEda-rldAuGI2-selution: 10
According to a further preferred embodiment of the ﬁf:ocess according to
XA nFention: PE &8 also Be prédipitiredits incompatible®Pd sdIUtions?
soluandanalogoaslyrAn with incempatible 2Ag solutionsp el byshbringinga .
PdC12 solution into contact with a Pd(NH3)4(OH)2 solution or a HAuC14
with a KAuO2 solution. 15 In this way high Pd and/or Au contents can
Accoprécipitateinsthéu shelbwithoutthavirgitczuse Highlyhconcentratedo rocess

SO utionsE.DA%%%rd régvtg a further f;gpbodimg t %f tge process aqcc)_{cllgg to

i‘ +
accotﬁeﬁﬁ\gentlon, mixed solutions tompaﬁ%[ré With oneé ‘another 20 which aré th

incobroaghbibto Edntaet with@rsolatich mcempatiblel withuthe miked solutiopnible
Au s%%]”u%'f&%e, uged,for;the §89'§'E‘ Oﬁf' apr.ﬁﬁ@it?t'%’!g‘ 140 :?&(@L“fgr'& of a mixed .

solution is a PdCi2 angi uC13-containing solution, the n meta
withcemperiéhls) of Rhich cahwe:precipitatediwith . KAUO? soliifior).osaiution.

1n -RANKIAQH)P 25 and lsAauO2:containing salution, the pable-metal -, .y
componénts of which can be precipitated with a PdCi2- and
she lYAuCld eontalrifig e to use highly concentrated solutions.

According to a further embodiment of the process according to
the invention, mixed scolutions compatible with one another
which are brought inte contact with a solution incompatible
with the mixed solution, can also be used for the noble-metal
precipitation. An example of a mixed solution is a PdCl; and
AuCls-containing soluticn, the noble-metal components of which
can be precipitated with a KAuO, sclution, or a Pd(NHs),(OH).=-
and KAuGO;-containing solution, the noble-metal components of
which can be precipitated with a PdCl,~ and BAuCl;~containing
soiution. A further example of a mixed solution is the HauCl,

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 solutiocns are for
example spraved simultaneocusly by one or more double nozzle(s)
or simultanecusly by means of two nozzles or nozzle groups or

seguentially by means of one or more nozzle(s).

Because of the rapild immobilization {fixing) of the metal
components of the precursor compeunds in the shell and the

concomitant shortened Pd and Au diffusicon, the impregnation

Best Viewed using
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solution. A further example of a mixed solution is the HAuC14 and
KAuO2 pairing. 30 The impregnation with the incompatible solutions will
preferably take place by means of stééping or by means of spray
impregnation, wherein the incompatible solutions are for example

. hsgra ed simultaneously by one or more double nozzle(s) or
WI1T
smﬁ% lﬁggl

tanBoaEly by teans 8t twd R5221E8 Or no74le Groups ords Lavers

thanseguentially by imeans of:ere ormera noizle(s).Because-afdhe rapidone

ano#-r%moblgzatjpoen fi;(iﬂ Ojﬁ%e mrge(t:ecl)lmc%@ponentsgj&he(grescur oF L inie
z I, I TS R oRE LT i 1 -
compouﬁ]ds I the shelland the cor]i)comlFanef shorterned Pa’and An

net adiffasiohsthesimpreghatiors 3¢ bwith thecdncempatiblesolutonsrcandeadmore
.to thinner layers than the conventional use of solutions compatible wi
o g e By WEAS of B ACoOSIEIE SO oneh G hepId héat + £h=
reducartentsdn thinesshells rimproved metaldetention, mane sapidcend-more
suppGAmPlete pracipiation, of e noble:metals; the L0Jgduction offne , o
isruptive residual Na content o the upport, the simultaneous fixing of
fixipd apidsAu irronlyoheo fiking stés @ndealsd theabseretof NaGQHGosts

nanc@1d,Naghl handling and an. a%‘?ﬂd%”%?e%%ﬁle@?”%@é%ﬁ%?%”g ff the.

support through contact with excess NaOH can be achieved.
suLPmBaNS of theimpreynation withlincompatiblé solitions, greaenieved.
noble-metal contents can be precipitated on the catalyst support through
a single fixing step, which comprises just the deposition of two
By mipgsmpatible soldiohas the-isCR0 possible Wit sfandatd base (NaOR) «
greatbdng.Jnipadticylar, highAncontents with anAwPd atomic katio-of. 0.6

__and more, which is very desirable with regard to the increase in VAM _
catagglettivityPeart be 'eastly aehigved by Hiedns of thespifficiplelof ol comprises
Justineempatiblesolutionss £ two incompatible solutions, than is

possible with standard base (NaOH) fizing.

In particular, high Au contents with an Au/Pd atomic ratioc of
0.6 and more, which is very desirable with regard to the
increase in VAM selectivity, can be easily achieved by means

of the principle cf incompatible scluticns.

According to a further preferred embodiment of the process
accerding to the invention, it is provided that, once the Pd
and/or the Au precursor compound has/have been deposited onto
the catalyst supports for the fixing of the noble-metal
component (s) of the precurscr compound(s} ontc the catalyst
support, the catalyst suppcert is sublected to a fixing step.
The fixing step can comprise the treatment of the support with
lye or acid, depending on whether the precursor compound is
acid cor basic, or & calcining of the support for converting
the noble-metal component (s) into a hydroxide compound(s) or
into an oxide 1s provided for. The fixing step can also be
omitted and the nokls-metal components directly reduced, £.g.
by treatment with a gas phase with a reductive action, e.g.

ethylene, etc., at increased temperatures of 20°C teo 200°C.
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25 According to a further preferred embodiment of the process according

to the invention, it is provided that, once the Pd and/or the Au precursor

compound has/have been depositediénto the catalyst supports for the

fixing of the noble-metal 30 component(s) of the precursor compound(s)

onto the catalyst support, the catalyst support is subjected to a fixing

step. The fixing step can comprise the treatment of the support with lye
It ier acittzdepending:enmhether theqracuseneormpound is: agig-erhasie; to
fhe ga%ggl_‘g;ning gf threiz sup ortffor con\_zLertin 3@ the noble-metal a1

component(s) ifto a hydroxide cdmpot nro%g) o fHt8 A GXiEE & proVited 14+ -
compfol s Ehey fixing stepican alsSodae: omitted and the noblermetallcostpopnents:at e,
‘ directly reduced, e.g.. by treatment with a gas phase with a.reductive
+ péE\Lc}::t?ojfﬁf(l(le.Ega}Iet%rfgle%%e:,L %%E:Ffaeﬁﬁ?r%a\gg& fec%aéer%lt?rjés%?%ﬁ%:ctjo C.38
bentditis ikewisd possibleitoiprepaieithe(Catalyst aecardinig:to, thérimvention he

.of a_pulvera rous support material, comprising a mixture of

ST”Jppé%r{t?iqc es?o?E Jél:Lr?g”tu\ri('a% sgégtg Sﬁégfé% Sarr%%ulaa?%naa%i -ﬁe%t%e%cfé]éﬁ:?ﬁed
compggitcaicined)t10 Bentonite and zirconiumoxideh €ZroR) particles; wherpiport

mat < NE; $URRAQIt materigl Is Joaded with,a Pd %nds%@éyd%rggu%ﬁ%p%%ﬁ)%%g in

or with Pd and Au particles. The pre-treated support material can a

the ésatad oh a5 & 86E6HUENY SUpport @id.ak ltheformaf a washeoaten 80T
examgdilable prmap.supparh fr 15 example & sphere of sieafite oF A fAL60_

support from SUD- Chemie AG, and then processed further into a catalyst
Chemgy dafoinifgAndredueisis SeEdrdingly the invention relatestoxssfurther

calchrocess forshe 20,preparation of a shell catalyst, in particular a shell
catalyst according to the invention, comprising the steps

Accordingly the invention relates to a further process for the

preparation of a shell catalyst, in particular a shell

catalyst according te the invention, comprising the steps

a}) preparation of a pulverant porous support material,
comprising a mixture c¢f particles of a natural sheet
silicate, in particular an acid-treated calcined
bentonite, and zirconium oxide {(Zr0;) particles, wherein
the support material is loaded with a Pd and an Au

precursor compound or with Pd and Au particles;

b) depcsition of the support materizl from step a) onto a

primary support in the form of a shell;
c) calcining of the loaded support structure from step b);
and

d) optional conversion of the Pd and the Au component of the

Pd or Au precurscor compound into the metal form,
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a) preparation of a pulverant porous support material, comprising a

mixture of particles of a nature' sheet 25 silicate, in particular an -

acid-treated calcined bentonite, and zirconium oxide (ZrO2) particles,

wherein the support material is loaded with a Pd and an Au precursor

compound or with Pd and Au particles; 30 b) deposition of the support
AlTeppieral $rovn step &°0HE & priffaly sipport i theTBril alshellPe) Py
firsealgining-efthe leadad suppart structuee fremestep B)- 3% and:-d)-optionakbn + o

conversion of the Pd and the Au component of the Pd or Au precursor

2 SURSRPbuid 6 e etdiTofih 39 ‘5 Altetativelythe Hanted pratess gart

et aakso be carried out by firstly depositing the noble-metal-free support
material onto a support structure and only then application of the noble
metals. 10 After loading with the precursor compounds or after fixing the

Aftenobleanetal,campanents, the:=suppost-carche caleittedstp conwert thexing the
noble-metal comgoner%ts inggntﬂt\e correspondin alcin

0 > i xides. g ing .
DOblSrengr% y takes pfé%% ast’temp‘érastﬁ%%od%%es“’sa%;ﬁe756 ?6gﬁi§:uf%?lyconve*t
the praferably=betiveen300:45GC atcampahiedcis by theadditioncof aire s .
ca1cEANINg [me. depends.on the calcining temperature and s preferably, 1.,

chosen in the range from 0.5-6"hours. At a calcining temperature ©
700 ° approxr400C,L the salciniigetimelis preferabhn 1 20hours DACazalciming nied
by tiEMRgrature of aBEV%:L%QOSaE%%aﬂ%'IB'W%E%e éSeOB%* %‘ b!%’n 204pto 6
hours. The noble-metal components are further reduced before the use of
cal ctheleatalystiwherdin the reductionrcaniser eartigd Qut fresituni.alia thenge
£ronPIPCES reqlar, or also.ex-sity, §.. na 23 speciaf reduction 1eacter - 4opec,
Reduction in situ is preferably
the calcining time is preferably 1-2 hours. At a calcining
temperature of approx. 300°C, the calcining time is preferably

up to 6 hours.

The noble-metal components are further reduced hefore the use
of the catalyst, wherein the reduction can be carried out in
situ, i.e. in the process reactor, or also ex situ, l.e. in a
special reduction reactor. Reduction in situ 1s preferably
carried out with ethylene (5 vol.-%) in nitrogen at a
temperature of approx. 150°C over a period of for example b
hours. Reductlon ex situ can be carried ocut for example with 5
vol.-% hydrogen, for example by means of forming gas, at
temperatures in the range of preferably 150-500°C, over a

period of 5 hours.

Gaseous or vaporable reducing agents such as for example CO,
NHz, formaldehvyde, methanol and hvdrocarbons can likewise be
used, wherein the gaseous reducing agents can alsc be diluted
with inert gas, such as for example carbon dioxide, nitrogen
or argon. An inert gas-diluted reducing agent 1s preferably

used. Mixtures of hydrcecgen with nitrogen or argon, preferably



10

15

20

30

carried out with ethylene (5 vol.-%) in nitrogen at a temperature of
approx. 150C over a period of for example-5 hours. Reduction ex situ can
be carried out for example with 5 vole% hydrogen, for example by means
of forming gas, at 30 temperatures in the range of preferably 150-500C,

... overa period of 5 hours. Gaseous or vaporable reducing agents such as
W1thtoh exdmiphd B0, CRES formvaideliide, metRanaland i drocdibons can? e
ore fhikemdge be 35 used, wherein the gaseous reducing agents can also be

diluted with inert gas, such as for example carbon dioxide, nitrogen or
argon. An inert gas-diluted reducing agent is preferably used. Mixtures of
The hydrogenwithatitrogen acargompreferahly 4025 with-a: hydrogenCeoatentn
etween 1 vol.-% and 1? vol.-%, are preferred. The reductiém of the noble

the metals %aﬁ%?ssoebe ander éfgn in ‘tHe W&Lﬁ& %hgge,tﬂ%fé?g N/Wr%e%ﬁg nts
hydreftheaedicifig agents, 10.bydrazine,; tosmateyiH,02, Na-formate,

Na-hyppphosphite, Na-formate, .a njum formate, formic acid,
A O ROSaS o FyBapnoSPotc st HHe fUaAty ot fucing agent
hypoistpreferably chasemisuch that 15 during the treatment period at least the
equivalent required for complete reduction of the noble-metal
components is passed over the catalyst. Preferably, however, an excess

The @tfur@@l‘uéihg adertds passed evertheicatalystfin ordertoguarantesrh that

durit@pid and complete reduction. 20, Lhe reduction, is preferably pressurgless,.
I.€. at an absolute pressure of approx. | bar. For the preparation of

for ipgustial Yuantities-étcatalyst accordingaonthe inventiop avetdry tubepassed

ove rOVeNEoilyid-ped reaetor is. preferably. used in,order to.25 guarante€.an - i g
even reduction of the catalyst.
agent is passed over the catalyst in order toe guarantes a

rapid and complete reduction.

The reduction 1s preferably pressureless, 1.e. at an absolute
pressure of approx. 1 kar. For the preparation of industrial
guantities of catalyvst according to the invention a rotar
tube oven or fluid-bed reactor is preferably used in order to

narantes an even reduction of the catalvst.
Y

The invention alsc relates to the use of the catalyst
according to the invention as an oxidation catalyst, as a
hydrogenation/dehydrogenation 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
synthesis of vinyl acetate monomer (VAM), in particular in the
gas-phase oxidation of ethylene and acetic acid to form vinyl

acetate monomer.

The catalyst according to the invention is preferably used for
the preparation of VAM. Generally this takes place by passing

acetic acid, ethylene and oxygen or oxygen-containing gases
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The invention also relates to the use of the catalyst according to the
invention as an exidation catalyst, as a hydrogenation/dehydrogenation
catalyst, as a catalyst in 30 hydrogenating desulphurization, as a
hydrodenitrification catalyst, as a hydrodeoxidation catalyst or as a
catalyst in the synthesis of arkenylalkanoates, in particular in the _
OVEL synithesis ot Vi T aBétate motontet (VAM)- inSatiéMar f-theBas.phadees
of loxidatior of ethylenerand aceticoacid 4o formavinyla 35acetaie menarmer, -2 5
o The cgtalgﬁst acco%(/:gré; to the invention is preferably used for the
351 prdgaratioh of VANE Geterally this takés prace 5y passing Atietic acid? ©°
recyethytenerand:axygent or, oxyigen-conjaning gases4d-% over the catalysbe1ow
10 vagco_rginguto éhe invep%ion at temperatures_of 10Q-200C, %refera \V A
120-200C; ‘And ‘at préssurés of 1-28"bar preferably 196 bar, Witerein® - O
withndn«eacted eductsican be recycledabexpedientlysthe axygende is also
concentration is kept below_ 10 vol.-%. Un%er certain circumstances,
e oD it obnt gased S oh e oy oF LaiBoncaigside
diluisiglso sadvantageofis rGarbomdioxidelis particularlyssuitable-for dilutione of
it.is formed in,small quantities in the course of VAM synthesis. T. .
VAN %?r}%é%gv?r% écg%ja(%g?sols%%?eg %?ﬁ%}thg Cﬁe“ls%o? s&“ﬁaﬁlg?lﬁ“eatﬁgés,wv%?&h the
he lparefdestcribed for exampledn 1% US5066,3654 Thefollbwngzample in
us Sg@ggg%%nt}gxamples serve, when viewed together with a comparison
example, to explain the invention: 20 Example 1: 500 g of different
acid-treated dried pulverant bentonite mixtures as sheet silicate based on

The BRWIER,;PeNtonites with, mentmarilignite asmain ,Cowﬁ@weewﬁg%ig%zkg@mer

. _into an 25 intimate mixture by means of a ball mill with up to 50 g Zr0
withaid 127 PethyFcelitifgde-custorfafinthe fralige invention:

Exanple 1:

500 g of different acid-treated dried pulverant bentonite
mixtures as sheet silicate based on natural bentonites with
montmorillonite as main constituent were ground into an
intimate mixture by means of a ball mill with up to %0 g Zr0.

and 1Z g methyl cellulose customary in the trade.

The resultant mixture was taken up with water and processed by
means of a mixer intoc a dough from which spherical shaped
bodies were prepared under pressure by means of a tablet
press. For hardening, the spheres were calcined at a
temperature of 600°C over a period of 5 h. The thus~oktainable

shaped bodies have the characteristics listed in Table 3:
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The resultant mixture was taken up with water and processed by means
of a mixer into a dough from which spherical shaped 30 bodies were
prepared under pressure by means ot a tablet press. For hardening, the
spheres were calcined at a temperature of 600C over a period of 5 h. The
thus-obtainable shaped bodies have the characteristics listed in Table 3:

Tablg) 5 Taple 3: Geometric form Sphere Diameter 5 mm 10 Moisture
content <2.0 mass-% Compressive strength >35 N Bulk density 550 -
600 g 1- Water absorbency 55 - 70% Specific surface area (BET)

120-160-m-g--15-Si02-content-80-t0-90-mass-%-Zr02-content 3.7 10 9.5

UL OUT

mass Other BXes REsida mass in mass-%6! Loss%‘@ﬁﬁlon 1000C
<0. 4 mass- -% ADIﬂﬁMé_@d@ 100 val/g 20/BJH pore volumeN2 0.3-0.45

I nolet Te%ﬁr‘r&l%ﬁé@ (ESH'BEH ‘German)) fluidized-bed dBGRE With the
trade namedpaejet(nAiseoateand conyerted, by means 25:0f

C-\mnrnccarl air /F\ h:xr\ fnmnnrnhlrn controlled.-at-80C )|

state in whlcﬁﬂ}gsﬁaﬁesdlﬁé’dles circulated ~orofdally, 28§ Svéfd along a
v¢=rt|cally ahgagg Qﬁlm@tdg@agyand a hc rlzontal circytarpati aligned

p. pengicy N 30.0Once-the-shaped -bodi es.\\nere
tampérat cco?ﬁfbﬂ@d%t approx! A5, 300 ml oF i &c?l?e(%s Soble-metal
mixed solutionic, content 80 to 90 mass-%
10y content 3.7 to 9.% mass-%
Other oxides Residual mass in mass-%
Loss on ignition 1000°C <0.4 mass-%
Acldity 10 to 100 pval/g
BJH pore volume N, 0.3 - 0.45 cm®* g

225 ¢ of the spheres prepared as above were packed in an
Innojet Technologies (Ldrrach, Germany) fluidized-bed device
with the trade name Innolet® Alrcoater and converted, by means
of compressed alr (6 bar) temperature-controlled at 80°C, into
a fluidized-bed state in which the shaped bodies circulated
toroidally, i.e. moved along a vertically aligned =1llipsoid
path and a horizontal circular path aligned perpendicular to

this.

Once the shaped bodies were temperature-controlled at approx.
75°C, 300 ml of an aqueous noble-metal mixed solution
containing 7.5 g NaxPdCl, (sodium tetrachloropalladate)
customary in the tftrade and 4.6 g NakuCl, (sodium
tetrachlorcaurate) customary in the trade were sprayed onto
the fluidized bed of the shaped bodies over a period of 40

mirn.
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containing 7.5 g Na2PdCl4 (sodium tetrachloropalladate) customary in
the trade and 4.6 g NaAuCl4 (sodium 35 tetrachloroaurate) customary in
the trade were sprayed onto the fluidized bed of the shaped bodies over a
period of 40 min. 413 5 After the impregnation of the catalyst support with
.. _the noble- metal mixed solution the support spheres were sprayed with a
AEE26 05 TnotdPNEGA Sottfondh thé fludizet-Bet stitetifdér the “Bbove noPLe-
met aconditiens evera perod ok 30 miBoThe NaQh was,allowesh- to,aet-onthe, a

~Shaped bodies for 16 h. 10 Following exposure to the action of the NaOH, .
0.0 ‘)th%oguaprpo% ss%e?gj%\}aéﬁ%‘ with m%gty%f‘vvad(étz A theSidizéd-beld Hebicet &

abovin arded ta verydargehr-remaeverthesalkali metal and chieridesdntreduced) 1 owed

N into the support via the noble-metal co unds and 15 NaOH. After

- a\ifvtésﬁfﬁg,%%hég S %fﬁjeeddbéjd?esl\?v%re%ﬁegnﬁofh‘e fluidized- bed device at a
temperature of 90 to 110C. 20 After the shaped bodies were dried they

- - -were reduced to a_ Pd/Au shell catalyst with,a gas.mixture of ethylene
119 " 9 & oLt
£e J‘\?ol.l-r%g) ?nxﬁi?r%agﬁ a%%ter%%e?eﬁ%%ei%f gp%r%x.%l )lﬁﬁthe%ﬁu%%éz%%%:(e%

weredeviee.c2b Thelresulting shelfcatalyst contained dpproxiil2dnassi%iPdice,

: had an Au/Pd,atomia ratio_of rox. 0.5 (determined by meansof . .

R ndichvel, coublba e & Sl (hokasss. S spprok fab i oride

intrafdadvardnéss 6133 NuBDThe ndblethetahconcentration of tieoounds and

naopthus-prepared Pd/Au shell catalyst varied 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 noble-metal

Aftegongentration of this area by amaximumot4/ g1 eq in the fluidized-

bed device at a temperature of 90 te 1106°C.

After the shaped bodies were dried they were reduced to a
Pd/Au shell catalyst with a gas mixture of ethylene (5 vol.-%)
in nitrogen at a temperature of approx. 150°C in the
fluidized-bed device.

The resulting shell catalyst contained approx. 1.2 mass-% Pd
and had an Au/Pd atomic ratio of approx. 0.5 (determined by
means of ICP (inductively coupled plasma) ), a shell thickness

of approx. 180 um and a hardness of 33 N,

The noble-metal concentration of the thus-prepared Pd/Au shell
catalyst varied over an area of 90% of the shell thickness,
the area being at a distance of 5% of the shell thickness from
cach of the outer and inner shell limit, from the average
noble-metal concentration of this area by a maximum of +/-
10%. The noble-metal distribution was determined on a LEC
430VP scanning electron microscope, eguipped with an energy-
dispersive spectrometer from Bruker AXS. To measure the noble-
metal concentration over the shell thickness, a catalyst

sphere was cut in half, stuck to an aluminium sample holder
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35 10%. The noble-metal distribution was determined on a LEO 430VP
scanning electron microscope, equipped with an energy- dispersive
spectrometer from Bruker AXS. To nmiéasure the noble- metal
concentration over the shell thickness, a catalyst sphere was cut in half,

. Stuck to an aluminium sample holder 44 5 and then vapour-deposited with
a1 EdibBn "ARIrogEHEE SHicon “drift dEEETHoH (XF aSH(TF 426 Wit &R 5= -1c°n
drifenergy«eselution pf i 28ze¥ fon theimanganese:kkalphadine was usedhas 125

detector. Example 2: 10 65 g support, pre areé%accordin to Example 1
1 GO RRaT S reatimont W IRE ChAAERUCE NG T able 4
Table 4: 15 F Geometric form Sphere Diameter 5 mm Moisture content
gxanf%-é’ [’ggss-% 20 Compressive strength 50 N Bulk density 585 g -1 Water
cy 61.3% Specific surface area (BET) 158 m2 g-- 5102 content
83.3 mass-% 25 ZrO2 content 5.2 mass-% Other oxides Residual mass
= n -% Lass_on ignition 1000C. 3.6 mass:-% Acidity, 30 pvai/g,BJH
05 O elime N5 DB LS 30 e b oG AR Lsing (e orefitg: -7
acidmettvod-(icipient Wethbss method) timmwhich @ssupporeis imprégpiated 4 :
with a volume of solution corresponding to its pore volume, with 38.6

Table 4:
Geometric form Sphere
Diameter 5 mm
Moisture content <2.0 mass-%
Compressive strength 50 N
Bulk density 585 g 17
Water absorbkency ©l.3%
Specific surface area (BET) 158 m? g
S10. content 83.3 mass-%
7210, content 5.Z mass-—-%
Other oxides Residual mass in mass~%
Loss on ignition 1000°C 2.6 mass-%
Acidity 30 pval/g
BJH pore volume N 0.389 cm® g '

was impregnated, using the pore-filling method (incipient
wetness method), in which a support i1s impregnated with a
volume of solution corresponding to its pore volume, with 38.6
ml of an aqueocus solution containing 1.568 g NaxPdCly and 0.357
g HAuCl,. After the Ilmpregnation 8%.14 g of a 0.35 molar NaCH
solution was applied to the catalyst support and left to stand
overnight at room temperature for 21 h. After decanting of the

fixing sclution the thus-prepared catalyst precursor was
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35 ml of an aqueous solution containing 1.568 g Na2PdCI4 and 0.357 g

HAuC14. After the impregnation 89.14 g of a 0.35 molar NaOH solution

was applied to the catalyst support and left to stand overnight at room

temperature for 21 h. After decanting of the fixing solution the

thus-prepared catalyst precursor was 45 5 reduced with 73.65 g of a 10%
redugaRo PO sdldtén 6t 2h. Aftdi-drailfinlg The réddtiorPSoldtion the- After
dra:edtalystwas washed:with distilledwyaterfor 81 at kpom temperatwegthe +1
i tW ter eingﬁ conitantlé replaced (throu+ghflow_: 140 rpm) to remove cl .

5T pesitfties” The finaPvaltie of e Eonauctivity 6F the'tvash 18 SollAibhwaE 1 ¢
const4pS.Theeatatyst wasthen: gried invthe fluid bedrat 90€ fos/OvmimiThe
ried spheres were loaded with a mjxture of 27.30 g 2 molar KOAc
Ston & f T Rar 1ot 15

re=188iGition and 13'85'g HZO Afid §ahd 6P 1 15 hou¥ at fodm® Wash

soluteimperatuse.lTd conclude, drying takes place for 70 min at 90C in the
fluid bed. The theoretical loading of the supports with Pd is 0.8 wt.-% and
0.3 wt.-% Au; the experimental loading was 0.78 wt.-% Pd 20 and 0.27
The wais AEetermined bydneans oflCR)eThe shell thickress Wds239 pnv 0
.. (statistical.aver mi of a charge of catalyst spheres, from Example
e 'vvsie?legzé ?rﬁ%é?ct%%?ll)ﬁ Jgajteff?(e"&-ebre% tﬁ%ﬁé?%eg&%%atg a %@%Egr%?ur%*ofz 50¢ 9 °
mo Lagt HPBar by adeedgasstream. 65550 Nrfl/minccompased: of 169 HOAC, 1

hour8%02, 390 L2k InNg and the reagtar aulput apalyzed by, means of . ¢,

gas chroma}ography. 30 The selectivity (of ethylene to VAM) is calculated
70 mageording CtdCtherformalaS(C2H2)=mole VAM / (mole VAM + mole
C02/2). The resultant space-time yield is given in g VAM/I catalyst/h. The

rate of oxygen conversion is calculated according to (mole 02 in - mole 02
The &hyﬁﬁg@QEp%_%gading of the supports with Pd is 0.8 wt.-%

and 0.3 wt.-% Au; the experimental loading was 0.78 wt.-% 2d

and 0.27 wt.-% Au {(determined by means of ICP).
The shell thickness was 239 pm (statistical average).

& mi of a charge of catalyst spheres from Example 2 were
impacted in a fixed-bed tubular reactor at a temperature of
150°C at 10 bar by a feed gas stream of 550 Nml/min composed
of 15% EOAc, 6% 0, 39% CyHs in Ny and the reactor outputb

analyzed by means of gas chromatography.

The selectivity {of ethylene to VAM) is calculated according
to the Iformula I {C;H:s) = mole VAM / (mole VAM + mole CO,/2%.
The resultant space~time yield is given in g VAM/1l catalyst/h.
The rate of oxygen conversion is calculated according te (mole

O, in -~ mole 0, out)/mole O in.

The catalyst according tce Example 2 according to the invention
prepared by means of the catalyst support according to the

inventicn displays a selectivity S{CpHy) of 92.4% and a space-
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The catalyst according to Example 2 according to the invention prepared
by means of the catalyst support according to the invention displays a
selectivity S(C2H4) of 92.4% and a space 46 5 time yield (determined by
means of gas chromatography) of 840 g VAN / 1 catalyst / h at an oxygen
___conversion rate of 49.5%. Comparison example: 10 100 g of a
t LS dhitonite-CORtAmMING STPpBit o SOM-Chightie AE IMGnieR GEimars) 840
g vawith the trade nagme KA-160" withdhe charaetetistics listed in-Table %9 . 53,
Table 5: 15 Geometric form Sphere Diameter 5 mm Moisture content
<2.0 mass-i i Compressive strength ' > 60 N 20 Bulk density 554 g 1
CompWlater-absorbency=62% Specific surface area (BET) 158 m3 g~ Si02
content 93.2 mass-i A1203 content 2.2 mass-i 25 Fe203 content 0.35
mass-o0 Ti02 content MgO content CaO content (total) < 1.5 mass-i K20

100 conrtént3®MNa20:comntentdross aniignitionANO0C €@.3mmassrecAecidity 585

(Mung%%i Germany) with the trade name “KA-160" with the

characteristics listed in Table 5:

Table b:

Gaometric form Sphere
Diameter 5 mm
Moisture content <2.0 mass-%
Compressive strength > 60 N
Bulk density 554 g 1°°
Water absorbency 62%
Specific surface area (BET) 158 m2 g~
SiC: content 893.2 mass-%
B1.05 content Z.Z2 mass-%
Fes03 content 0.35 mass-—-%

T10, content

Mgl content

Cal content {totaly < 1.5 mass-—-%

¥.0 content

Na,C content

Loss on ignition 1000°C <0.3 mass-%
Acidity 53 pval/g
BJH pore volume N, 0.38 cm® g *

was impregnated with 62 ml of a 9.1% {relative to Zr) agueous
zirconyl nitrate sclution according to the pore-filling method
{inclpient wetness method). The support was then dried at

120°C over a period of 5 h and then calcined at 450°C in air
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BJH pore volume N2 0.38 cm3 g_- 35 was impregnated with 62 ml of a
= 9.1% (relative to Zr) aqueous zirconyl nitrate solution according to the
pore-filling method (incipient wetness’method). The support was then
dried at 120C over a period of 5 h and then calcined at 450C in air 47 5
for 2 h. In this way a KA 160 support surface-doped with 5.2 wt.-o ZrO2
0% a8 obtdinéd: sitig ¥né stiftacé dopedRA t6 G SGppore #Catalystwas °- 2
wt . —prepared analogeushtedxample 2. 10 The experimental loading of the
supports with Pd was 0.77 wt. that with An 0.27 wt.-% (determined by
means of ICP). The shell thickness was 260 pm (statistical average). 15
Usinthe perfermance-etihecatalystiafthe compatison examplerwaswa s
deter inedlanal%% usly to Exam Ee 2 and shows a selectivity S(C2H4) of
prep&fiéjgﬁ A %ce%ﬁfmé’%ie &f&le‘%eﬁmi éd by gas chromatography) of
410 g VAM / 1 catalyst / h with an oxygen 20 conversion rate of 24.5%.
- 48 5 Claims. 1. Porous, catalyst support, consisting of a material ~
ek Aol Sk Sicate WHETan 2108 1 contanred isthblibd
%, tihdhe materidlu 10 2 Catalystsupportaccondinglty cledmrils charactérized
in that the ZrO2 is contained uniformly distributed in the material. 3.
Catalyst support according to claim 1 or 2, characterized in 15 that the
The Zig2is presemtiaparticlatedormm (statistical average).

The performance of the catalyst of the comparison example was
determined analogously to Example 2 and shows a selectivity
S{CoHy) of 92.1% and a space-time vield (determined by gas
chromatography) of 410 g VAM / 1 catalyst / h with an oxygen

conversion rate of 24.5%.
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4. Porous catalyst support, formed as a shaped body, with an outer shell,
wherein the catalyst support, at leas- in the area of the outer shell, is
formed from a matrix comprising 20 atnatural sheet silicate, in particular a
matrix comprising an acid-treated calcined bentonite, in which zirconium
oxide (ZrO2) particles are contained uniformly, preferably
homogeneously, distributed. 25 st taist support according to claim 3
or 4, characterized in that the zirconium oxide particles are contained in
1 p the catalyst su é),ort at a pr(}portion of ' to 25 mass-%, preferablyata .
© P Propcrioh of 35 20°Ma88 9k andByS preferénc ath proportichrof B0 5119
amassidpaelative ta thei 30 mass,ofithe catatyst suppos. 6oCatalystsupport

dfi\%c&org%n ttgcpnenoft%egmnsajiéq:g, fharacterized in that the solubility of the
catai:ys supporiL in acetic acid is Tess than 8 wt.-%, preferably less than 4

35 wt.-% and particularly preferably less than 2 wt.-%. 7. Catalyst support
according to.one of claims 1 o 6, charactetized in that the natural sheet ..
2 Casﬂﬁ:% eégor%Bﬁ gsr£ana§c?8-§féﬁ?€dd% c%llccffﬁléﬂdl b%tbnlhg.aff T8 Cataystt Fhat
thapporPaceerding toecnedf clainis tnd ¥, characterizedlinithat the material.
catalyst support has an acidity of between 1 and 150 pval/g, preferably
between 5 and 130 oval/g, by preference between 10 and 100 oval/g and
3. Capegarticularypreferabhrbetiieen 10 and ®0rpvallgr 92 Catalysesuppoitzed in

racgording to one otclaims 110 8; characterized inthatthe catalyst
support has an average pore diameter of 8 to 30 on., preferably 9 to 20
nm and by |5 preference 10 to 15 nm. 10. Catalyst support according to

4. pOReRf aIMSIL0 9 pport, formed as a shaped body, with an
outer shell, wherein the catalyst support, at least in the
area of the cuter shell, is formed from a matrix comprising
a natural sheet silicate, in particular a matriz comprising
an acld-treated calcined bentonite, in which zirconium oxide
{Zr0,) particles are contained uniformly, preferably

homogeneously, distributed.

5. Catalyst support according to claim 3 or 4, characterized in
that the zirconium oxide particles are contained in the
catalyst support at a proporticn of 1 to Z5 mass-%,
preferably at a proportion of 3 to 20 mass-% and by
preference at a proportion of 5 to 20 mass~% relative to the
mass of the catalyst support.

6. Catalyst support according to ons of claims 1 to 5,
characterized in that the solublility of the catalysi support
in acetic acid is less than 8 wt.-%, preferably less than 4

wt.-% and particularly preferably less than 2 wt.-%.

7. Catalyst support according to one of claims 1 to €,
characterized in that the natural sheet gilicate comprises

an acid-treated, calcined bentonite.
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characterized in that the catalyst support has a surface less than/equal to
145 m2/g, preferably less than 142 m2/g, 20 by preference less than 140
m2/g, further preferably less than 137 m2/g, more preferably less than
135 mz/g, still more preferably less than 133 m'/g and particularly
preferably less than 130 mz/g. 25 11. Catalyst support according to one of
claims 1 to 10, characterized in that the catalyst support has a surface of

8. Ca451tp-60 migopreferablyheiween40and 65 m2/g. by prefesence

9.

11.

12.

12.

petween 135 and 70 m2/g, further preferably between 120 and 70 m'/g, .
e FHELrT DAt 16 A 50 30 g SRS PRty o iy of

bbetw&ﬂm 10C:and 70 I+/g.al2. g:at@w@tsmxyamd@gﬂo ‘oneref claims
q 71 qt?aracterjlzed in that the catalyst su a9 a hard ess areater
aﬁ/gqua o EO?\F%?&%?&I?%T&’EI%HM%/ I% 51257 %rt‘ﬁ%
ppuﬂfemb@agrbatqrﬁbémeqha@to}:%: Msand most preferably gieater
than/equal to 40 N. 13. Catalyst support according to one of claims 1 to
12, characterized in that the proportion of natural sheet 50 5 silicate, in
Cypartictidr acigitreatedhcalcinédrioentonite;in the catalystssupport i$,greater
n %glggl mass:%, .pre erabl reater than/e qu | to 60 mass % b
Ip-)lnr%i‘érence'Ich%rge%lte?ﬁthaﬁ/‘%qua to fzogntiJa ﬁg %} fart gr prefglra%lyaare%
Dthian/ahjual €8 80 nvdSsE%s, mote praferably Greater than/equat A0rto %ﬁd by

pMags :%.and mastpreferably greater than/equal to 93 mass-%, relative to

the mass of the catalyst support. 14. Catalyst support according to one of
claims 1 to 13, characterized in that the catalyst support has an integral

1@%9%%@6 \qluspe of between;0,25 and 0./mlig. pffgemglyabetwegn
0.3 and 0.55 ml/g and by preference 0.35 to 0.5 ml/g.

characterized in that the catalyst support has a surface
less than/equal to 145 m°/g, preferably less than 142 m?/qg,
by preference less than 140 m°/g, further preferably less
than 137 m/g, more preferably less than 135 m“/qg, still
mere preferably less than 133 m?/g and particularly

preferably less than 130 m/g.

Catalyst support according to one of claims 1 to 10,
characterized In that the catalyst support has a surface of
145 to 60 m°/g, preferably between 140 and 65 m’/g, by
preference between 135 and 7C mz/g, further preferably
between 120 and 70 m’/g, more preferably between 110 and 70

m?/y and most preferably between 100 and 70 m%/q.

Catalyst support according to one of claims 1 to 11,
characterized in that the catalyst support has a hardness
greater than/egual to 20 N, preferably greater than/equal to
25 N, further preferably greater than/equal to 35 N and most

preferably greater than/egual toc 40 N.

Catalyst support according to cne of claims 1 to 12,

characterized in that the proportion of natural sheet
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14.

15.

17.

15. Catalyst support according to one of claims 1 to 14, 20 characterized
in that at least 80%, preferably at least 85% and by preference at least
90%, of the integral pore volume of thie catalyst support is formed from
mesopores and macropores. 25 16. Catalyst support according to one of
claims 1to 15, characterized in that the catalyst support has a bulk

S 4énsify 6 more #an 0-5 Y, préferably Aorethart 635 §fmPaRd onite, in
cparticytasly.prefesably alulk depsity ot:between /0. 35-and0.650/Mi=3Q 17,
Ca%al¥sLPsupport accordin%to one of claims 1 to 16, characterized in that
®thie fiatiral ShEFsilicHte CORENEL I thé stispdit RS an SIEROtET T~
gatleast-65 mass<, greferably atdeast 80 nass-%-and by preferance9%ater
t&o 99/.5 32 mass-%, 18. Catalyst _supgort according to one ojclgim§ 1 t9 nal
7" charicterized in thatthe Matdiat ShEdtsiichfe’ contdined” ff the a5/ &4ua
tsupponnesnrtainsdess thantlQ mass:%AL203r Spreferably0/ktm31 o 93
onass:Yo apgl@(tgr@gzergncg 0.3t01.0 mI:a\ss-%. 19. Catalyst sugagﬁ)fort

according to one of cla'ﬁ?)ns’“lh fo f@,sschgrac%ehr?zeaaiﬁ That ﬁe ta f/)sjit '

support is formed as a 10 shaped body, for example as a sphere,

cylinder, perfora inder, trilobe, ring, star or as a strand, preferably as

a ribbedyé%rand r sct}ar‘-lshga%pce(élrsgtr:'La:{1 : Lf?rjefg?};\ebl)? as Cé%%f)ﬂ‘esre.‘ 15020%/;
CQatalystsuppert actolding td-dre ofithairts to $9pcharacterizedrinthategral
sthe qaalystsupport is formed,asa gpherewith g diameter gregierihan 2

mm, preferably with a diameter greater than 3 mm and by preference with
b§§MQﬁ§Eﬁ.@eﬁﬁﬁtﬁaﬁﬂwﬁﬁﬂg and by preference 0.35 te 0.5

ml/g.

Catalyst support according to one of claims 1 to 14,
characterized in that at least 80%, preferably at least 85%
and by preference at least 90%, of the integral pore volume
of the catalyst support is formed from mesopores and

macropores.

Catalyst suppoert according to one of claims 1 to 15,
characterized in that the catalyst support has a bulk
density of more than 0.3 g/ml, preferably morse than 0.35
g/ml and particularly preferably a bulk density of between

0.35 and 0.6 g/ml.

Catalyst support according to one of claims 1 to 16,
characterized in that the natural sheet silicate contained
in the support has an SiC; content of at least 65 mass-%,

preferably at least 80 mass-% and by preference 55 to 99.5

=]

mass—

Catalyst suppert according to one of claims 1 to 17,
characterized in that the natural sheet silicate contained

in the support contains less than 10 mass-% Al.0:,
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19.

20.

R
-

22.

23.

20 21. Catalyst support according to one of claims 1 to 20, characterized
in that the catalyst support iscdoped with at least one oxide of a metal
selected from the group consisting of:Hf, Ti, Nb, Ta, W, Mg, Re, Y and re,
25 preferably with Hf02 or Fe203. 22. Catalyst support according to claim
21, characterized in that the proportion of doping oxide in the catalyst
PSGpportis Betvder 6 andTo°Miass ¥ preferably 6 %5 16 Mass-%and
36 byzpreference 3 to 8 mass-%. 23. Process for the preparation of a
catalyst support, in particular of a catalyst support according to one of
claims 1 to 22, comprising the following steps: 3 5 a) mixing a pulverant
naturallsheet silipaterwith: pulveram gzireonivm mmetatbora pulverant 18,

irconium compound; b) calcining the obtained mixture, 52 5 24. Process
e iariing t it 23, dHaractiiized i hat the” Process Ao SoiBTEes - =
stherstéphshiping a:shapedbodyfrom the obtained-mixtures preferabiy 1 ed
c?ﬁf%%g%rryingi(ﬁt%ep tl)) rgS. Pr(%%e§soa}£ccording tq claim 23 or 24

o) Tand, D ably as
aracterized’in

at zirconiuth dioxide, Zirconium %ydromde,“zﬁ%ogﬁ
zacetate=or otherzirconylscarboxylatesiziscorium cafbonate @p 1§ =s a
Sgiﬁ%qpé'qm oxycarbonate, zirconyl nitrate, zirconium naphthenate or
mmonium zirconium carbonate is used as pulverant zirconium
compound. 26. Process according to one of claims 23 to 25, characterized

20 in that the process.also.comprses the sigp: tgating the (calcingd, o
mixture with an acid.

characterized in that the catalyst support is formed as a
sprhere with & diameter greater than 2 mm, preferably with a
diameter greater than 3 mm and by preference with a diameter

greater than 4 mm.

Catalvst support accerding to one of claims 1 to 20,
characterized in that the catalyst support is doped with at
least one oxide of a metal selected from the group
consisting of Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe,

preferably with HfO; or Fe,0s;.

Catalyst support according to claim 21, characterized in
that the proportion of doping oxide in the catalyst support
is between 0 and 20 mass~%, preferably 1.0 to 10 mass-% and

by preference 3 to 8 mass-%.
Process for the preparation of a catalyst support, in
particular of a catalyst support according to one of claims

1 to 22, comprising the following steps:

a) mizing a pulverant natural sheet silicate with pulverant

zirconium metal or a pulverant zirconium compound;

b) calcining the obtained mixture.
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24,

25.

26.

27.

28.

29.

30.

31.

27. Process according to one of claims 23 to 26, characterized in that the
zirconium compound is converted into an oxide 25 upon calcining. 28.
Process according to one of claims 23 to 27, characterized in that
zirconium oxide and/or zirconium hydroxide is used as zirconium
compound. 30 29. Process according to one of claims 23 to 28,
characterized in that in step a) Y203 and/or Hf02 is furthermore used. 30.

Use ©f a-catalystsupporst according:to one ofclaimsileto; 3822ii0 theat the
plprei::paratiog of a catalxst, in particular in the preparation of a shell
a .

Jst. 31 °Gs& ALEGrHiY to-ciinT 36P¢haracterized in that the shell

catalyst is a shell catalyst for the preparation of vinyl 53 5 acetate

monomer, in particylar a shell catalyst whose shell, contains metal Pd_and
R 5B Shel AR Tar the e Parnion 1 Wiyt SEtate” o (ar > ¥
bedmprisingca catalystisuppor@acoording to 10 one of claims 1 to 22,
whose outer shell contains metal Pd and Au. 33. Shell catalyst for the
preparation of vinyl acetate monomer (VAM), comprising a porous
catalystsupport shaped 15badyawith ab cuterZshellakthich containsmhetal that

- Poand Ay, EQ’P{IS#‘%JE! he %%é?‘éys}lEHBP%%Q%E&%%Q?d%iartc':%aﬂJ;” he. area .
of the outer shell,’is formed of a matrix %ompnsmg a natural sheet Sﬁlcate,

ol particl iy amatribeetmpiising @, aciditreatédcaleined hentonite, in

- yhieh, zirgonium oxide, 20 (Zr02); parficles ate cpntained, ynifgrmly,
distributed. 34. Catalyst according to claim 32 or 33, characterized in that

NEFe ZircomGm odidéepattitiestareicorrained i theo eatlyst Sappert @t as

pRIORAHON Of 1,10 25:MASS: i cund.,

Process according to one of claims 23 o 25, characterized
in that the process also comprises the step: tCreating the

calcined mixture with an acild.

Process according to one of claims 23 to 26, characterized
in that the zirconium compound 1is converted Into an oxide

upon calcining.

Process according to one of claims 23 to 27, characterized
in that zirconium oxide and/or zirconium hydroxide is used

as zirconium compound.

Process according to one of claims 23 to 28, characterized

in that in step a) Y,0; and/or HfO:, i1s furthermore used.

Use 0f a catalyst support according to cne of claims 1 to
22 in the preparation of a catalyst, in particular in the

preparation of a shell catalyst.

Use according te claim 30, characterirzed in that the shell

catalyst is a shell catalyst for the preparation of vinyl
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32.

33.

34.

36.

25 preferably at a proportion of 3 to 20 mass-% and by preference at a

proportion of 5 to 20 mass-% relative to the mass of the catalyst support.

35. Catalyst according to one of claims 32 to 34, 30 characterized in that

the catalyst support has an acidity of between 1 and 150 oval/g,

referably between 5 .and 130 ,ov%i/a , by preference between 10 and 100 .

A o‘?/a%ean?é%ﬁﬁ?cﬁiarfybr%?é’rﬁﬁlﬁ eén 10%nd 66 6dallg 35°36,5¢ Shets
cdCatalyst suppert aceording tmuone of claims 32 to 35, characterized in that

the catalyst support has an average pore diameter of 8 to 30 nm,

preferably 9 to 20 nm and by preference 10 to 15 nm. 54 5 37. Catalyst

atterdingctetane/ef-claims 3240 B6echaracterized fn that the eatalyst =

support h urface of less than/equal tg 145 m2/g, preferably less tha
T34 TRz, by preforence st thad 140 FalG. further Sréterably Reg fhan
ot87 oi2/g lmore pieferably lessithare 185 m2/gs5tHIL10 mone pieferabdyal PG

l%sz%k&an 133 m2/g and particularly preferably less than 130 m2/g. 38.

Catalyst according to one of claims 32 to 37, characterized in that the
catalyst support has a surface of 15 60 m2/g to 145 m2/g, preferably

between 65 m2/g and 140 ma/g, by preference between, /0 m2/g.and.130
m2/g, further preferably between 70 m2/g and 120 m2/g, more preferably

mpetween 70/MYlg aReroih2Rcannd Bose preferbi: betvedazoy riz/ghaped

b@@@ 199*{&2/:9;1 2039 §a§@}¥§t1aqg95%ﬁg &9@%9}@9%% 32 1038:nq Au,
characterized in that the catalyst has a hardness greater than/equal to 20

WRE pfeferablif grebliérthah/etdaPoDs R Fufthelpréferably gréafer 0 the
athan/equal tR.33N-aRd MRSt 1, is formed of a matrix comprising a

natural sheet silicate, in particular a matrix comprising an
acid-treated, calcined bentonite, in which zirconium oxide

{Zr0,) particles are contained uniformly distributed.

Catalyst accoerding to c¢laim 32 or 33, characterized in
that the zirconium oxide particles are contained in the
catalyst support at a proportion of 1 to Z5 mass-%,
preferably at a proportion of 3 to 20 mass~% and by
preference at a proportion of 5 to 20 mass-% relative to the

mass of the catalystT support.

Catalyst according to one of claims 32 to 34,
characterized in that the catalyst support has an acidity of
between 1 and 15C uval/g, preferably between 5 and 130
wval/g, by preference between 10 and 100 uval/g and

particularly preferably between 10 and 60 uval/g.

Catalyst support acccrding to one of claims 3Z to 35,
characterized in that the catalyst support has an average
pore diameter of 8 to 30 nm, preferably 9 to 20 nm and by

preference 10 to 15 nm.
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37.

38.

39.

40.

41.

25 preferably greater than/equal to 40 N. 40. Catalyst according to one of
claims 32 to 39, characterized in that the proportion of natural sheet
silicate, in particular acid-treated calcined bentonite, in 30 the catalyst
support is greater than/equal to 50 mass- preferably greater than/equal to
60 mass-%, by preference greater than/equal to 70 mass-%, further
pretérabKgredtér eyt t& 86 nidssS ‘?Mb?re?t?reﬁé?aﬁlé greater
cthanfeauat 160 29 mass+rand mest preferablrgreatardhan/eqgyaktoD3-35ce of
mass-%, relative to the mass of.the catalyst support. 41. Catalyst ,
L5 ECorting't6 Theof claims™32 th 48, cRaracterizetVin thitthe tatalyst” ™ /9
bsupposthasandntegeal BIH pore yolume; of between0.2band QB ml/g,e x5

. prefer 95 5 between 0.3 and 0,55 ml/g and hy preference 0.35t0 0.5
R, 17 Chtdiost ALSbRiNG B BA of e 325030, Chowduieredn -
mthat apleast80%lof the integral pofes 20 wolumeof thescatatyst support is

formed fr esopores ang acropores, preferably at least 85% and by
pgr% erence Bétn]lggét) 9}!&0?4 .B@Iatrglys(iI according to one of claims 32 to 42,

15 characterized in that the catalyst support has a bulk density of more

t [, pref l}{ re than O, ml and particul preferably a
bﬁﬁ%%gétgo? égt%(?@eqn (g?g%gar?él S.GOzfj)m i 50'44. ggtaws'?%lzéording to
cone ofclaims 82 t6 43} l'ehardcterized-in thattheuratorat sheet silicate face of

seonfained. in thessyppart hﬁ%é‘@es_ég%f?”i%‘{%%h'e@§t-ﬁ?/g‘aéﬁé%’a40 m?/g,
preferably at least 80 mass-% and by preference 95 to 99.5 mass-%. 25

by preference between 70 m‘/g and 130 m’/g, further
preferably between 70 m*/g and 120 m%/g, more preferably
between 70 m’/g and 110 m°/g and most preferably between 70

m‘/g and 100 m®/qg.

Catalyst according to cone of claims 32 to 38,
characterized in that the catalyst has a hardness greater
than/egual to 20 N, preferably greater than/equal to 25 N,
further preferably greater than/egqual to 35 N and most

preferably greater than/equal to 40 N.

Catalyst according to cne of claims 32 to 39,
characterized in that the proportion of natural sheet
silicate, in particular acid-treated calcined bentonite, in
the catalyst support 1s greater than/egual to 50 mass-%,
preferably greater than/egqual to 60 mass-%, by preference
greater than/equal to 70 mass-%, further preferably greater
than/equal to 80 mass-%, more preferably greater than/egual
to 90 mass~-% and most preferably greater than/eqgual to 93

mass-%, relative o the mass of the catalyst support.

Catalyst accocrding to one of claims 32 to 40,
characterized in that the catalyst support has an integral

BJH pore wvolume of between 0.25 and 0.7 ml/g, preferably
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43,

44 .

45,

45. Catalyst according to one of claims 32 to 44, characterized in that the
natural sheet silicate contained in the support contains less than 10
mass-% A1203, preferably 0.1 to 3 mass-% and by preference 0.3 to 1.0
30 mass-%. 46. Catalyst according to one of claims 32 to 45,
characterized in that the catalyst support is formed as a shaped body, for
bexatfipte db d sphére’ cylinder! ferfdratet 35 Eflirdei nifolie; Ting"Stal of
may @ strand, preferably as a ribbed strand or star-shaped strand,
preferably as a sphere. 56 5 47. Catalyst according to one of claims 32
to 46, characterized in that the catalyst support is formed as a sphere
with sadigmetergreaterithan 2 mme preferably: with v diagneter greater
han 3 mm and by,pref%[gnce with a dqiameég/r )greatﬁr than 4 mm. 10 48.
B Atalyet Hccrding th oné bf BiaimS 33 o 47 charadiSrizet mhat e
vedtatyst suppdrtiscdopethwith atideast onesoxide-oka nietakselected ftom and
the group consisting of Hf, Ti, Nb, . Ta, W, . Re, Y and Fe, referabl
it 85 %%’F&B%giﬁé %Yalézﬁt alc%%r%%ngél %ﬁclgﬁ4 e é:r%]%steegri%cci(?n ot
Levas the? proportion of doping oxide in the catalyst support is between 0
and 20 mass-%, preferably 1.0 to 10 mass-% and by 20 preference 3 to 8
mass-%. 50. Catalyst according to one of claims 32 to 49, characterized
inthatthescatalystoshieliriasta thickness of Liess than?30@ akAt, preferably
ckszdhan 200,00, by prgferenes 2a tase hag 10044, Lrhet PLeferpbly
less than 100 pm and more preferably less than §) um.
density of more than 0.3 g/ml, preferably more than 0.35
g/ml and particularly preferably a bulk density of between

0.3% and 0.6 g/ml.

Catalyst according to one of claims 32 to 43,
characterized in that the natural sheet silicate contained
in the support has an £10; content of at least 65 mass-%,
preferably at least 80 mass-% and by preference 95 to 99.5

mass-—-%.

Catalyst according to one of claims 32 to 44,
characterized In that the natural sheet silicate contained
in the support contains less than 10 mass-% BA1,0s,
preferably 0.1 to 3 mass-% and by preference 0.3 to 1.0

Hass~-%.

Catalyst according to one of claims 32 to 45,
characterized in that the catalyst support is formed as a
shaped body, for example as a sphere, cylinder, perforated
cylinder, trilcbe, ring, star or as a strand, preferably as
a ribbed strand cor star-shaped strand, preferably as a

sphere.
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47.

48.

50.

51,

52.

51. Catalyst according to one of claims 32 to 49, characterized in that the
catalyst shell has a thickness of 30 between 200 and 2000 pm, preferably
between 250 and 1800 um, by preference between 300 and 1500 pm and
particularly preferably between 400 and 1200 pm. 52. Catalyst according
to.one of claims 32 to 51, 35 characterized in that the proportion of Pd in
e CAANEE i€ 5502 BMaSs-96 préferabif 676 t0°2 37Hads9% and by
cheeferense 0:2D 2:mass:% relativestodhe mass.gfitbe rcatalystsuprortis a
quded with noblec[lnetal. 57 5 53. Catalys acco%jin'g}to one of cl%ims 32,
58552 Chitacteriz&d Hhat thedAGBT atomic fatio 8f theatalystfiey ¥1th @
chetween0 and 4:2; preferably hetweer Odyand & fby preference betweeimetear
Ogﬂ%%dro}ghand particularly preferably between 0.4 and 0.8. 10 54.
“Cata yst a‘c‘cgpdirig 16"6ne of claims 32 to 53, characterized in that the
noble-metal concentration of the catalyst varies over an area of 90% of
t hell thickness, the area being at a distance of.5%, of the shell
ONTES 16 formr Bt of (5 UL avct inmar Srelionit s the  average
chebleahetal eencentrationtoftthis area by esmaxinmum rof 4/ 209ped with at
1Brederably by,a maximum, of /- 1p% and by preference;by a maximum of
+/- 10%. 20 55. Catalyst according to one of claims 32 to 54,
Ceharagterized of that thé catdlyst has a Ehlofide comtent of:teksithan 250
pRRP. preferably legs than 150 ppm, 56. Catalyst according to one of
claims 32 t0 55, 25 characterized In that the catalyst comprises an alkali
metal acetate, preferably potassium acetate. 57. Catalyst according to

. d@ﬁ@é@y@@a@@g%gggﬂ%tmgtg@aim 48, characterized in that the

proportion of doping oxide in the catalyst support is
between 0 and 20 mass-%, preferably 1.0 to 10 mass-% and by

preference 3 to B mass-%.

Catalyst according to cne of claims 32 to 49,
characterized in that the catalyst shell has a thickness of
iess than 300 um, preferably less than 200 um, by preference
less than 150 um, further preferably less than 100 pm and

more preferably less than 80 um.

Catalyst according to one of claims 32 to 49,
characterized in that the catalyst shell has a thickness of
between 200 and 2000 pm, preferably between 250 and 1800 um,
by preference between 300 and 1500 pm and particularly

preferably between 400 and 1200 um.

Catalyst according to one of claims 32 to 51,
characterized in that the proportion of Pd in the catalyst
s 0.5 o 2.5 mass-%, preferably 0.6 to 2.3 mass-% and by
preference 0.7 to 2 mass-% relative to the mass of the

catalyst support loaded with noble metal.
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53.

55.

56.

57.

58.

59.

alkali metal acetate content of the catalyst is 0.1 to 0.7 30 mol/l,

preferably 0.3 to 0.5 mol/l. 58. Catalyst according to claim 56 or 57,

characterized in that the alkali metalfPd atomic ratio is between 1 and 12,

preferably between 2 and 10 and by 35 preference between 4 and 9. 59.

Process for the pre aration of a shell catalyst, in particular_a shell catalyst

aCEOTIMEFto G GFAlamTs 35 16758, Yomprisiithe stéds 7875 a)

cprﬁmramfe&i catalyst suppog aecording tocane of- glaimsdlrto-22; b)atalyst

de osition of a splution of a,Pd precursor ompound onto 10 the catalyst

sugp(?)or Qc"f qeepogltlon%ﬁazzdluf%n %llf'ean 93\% precursor compoun&%nt‘d the
peattdyst suppartiEdycdnversion di tle Pddcaomponent bk the/Pdreferably
,precursor, c%mpoa\g into the metal form; and 20 e) conversion of the Au

comp ohent of the Au precursor compound into the metal form. 60.

Process according to claim 59, characterized in that the Pd and Au

pﬁ%%éﬁifs%o’%%%pé %g selected from the halides,, 25 in particular

chlori es, nitrates, nitrites, formates propionates, oxalates,
cheeatates: hydrokides, thyadrogér carbohates: amine complexestorargadicthe

<Gemp vg%_%)éarggg H'Bpre@il@go%pp'%co@@leﬁ(ﬁé Olheli thickness,

acetylacetonate complexes, of these metals. 30 61. Process according to
BRI 59 obBO charhcteridéd it the Pd preturstt confpouridisckness

f%@ﬁcgﬁkﬂp@ﬁh%ﬂglﬁhter and inner shell Ximit, from the
average noble-metal concentration of this area by a maximum
of +/- 20%, preferably by a maximum of +/- 15% and by

preference by a maximum of +/- 10%.

Catalyst according to one of claims 32 to 54,
characterized in that the catalyst has a chloride content of

less than 250 ppm, preferably less than 150 pom.

Catalyst according to cne of claims 32 to 55,
characterized in that the catalyst comprises an alkali metzl

acetate, preferably potassium acetate.

Catalyst according to cilailm 56, characterized in that the
alkali metal acetate content of the catalvst is 0.1 to 0.7

mol/l, preferably 0.3 to 0.5 mol/l.

Cataiyst according to claim 56 or 57,
characterized in that the alkall metal/Pd atomic ratio is
petween 1 and 1Z, preferably between 2 and 10 and by

preference bhetween 4 and 9.

Process for the preparation of a shell catalyst, in
particular a shell catalyst according to one of claims 32 to

58, comprising the steps
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60.

el.

consisting of Pd(NH3)4(OH)2, Pd(NH3)4(OAc)2, H2PdC14, Pd (NH3) 4
(HCO3) 2, Pd (NH3) 4 (HPO4) , Pd (NH3) 2CI2, Pd (NH3) 4 oxalate, 35
Pd(NO3)2, PA(NH3)4(NO3)2, K2Pd(®Ac)2(OH)2, Na2Pd(OACc)2(0OH)2,
Pd(NH3)2(NO2)2, K2Pd(N02)4, Na2Pd(NO2)4, Pd(OAc)2, PdCI2 and
Na2PdCl4. 59 5 62. Process according to one of claims 59 to 61,
characterized in that the Au precursor compound is selected from the

agrasipe consisting ob KASOZ: HAUGIE" KAt(NO2) 4-AueiB. NaAuCWKy = of
KAUCI4, KAU(OAC)3(OH), HAU(NO3)h, NaAuO2, NMe4AuO2, RbAUO2,
Csﬁ\ﬁ%]é??v;Aut@A %?;(OH), RbAU(OAC)30H, CsAU(OAC)30H, 10
NMe4Au(OAc)30H and Au(OAc)3. 63. Process according to one of claims

bzg o 62 characten%ed m(jtﬁwagthe Pd and ti%e Anﬁprecursor comlgound IS

ep(%ft%gdl ontd the catalyst support by stééepﬁjﬁgﬁ & ‘catalyst sup BT i o

thetsolutiemn ef. thetPd precursor compound and in the solution of the Au

precursor compound or in a solution which contains both the Pd and the

An precursor compound. 64. Process according to one of claims 59 to 62,
ceharapterizedo20 irf that thel Pd precurSorcompopind: and the Aogprecursdr onto

cortgﬂgugg{saq ocsitgg g&gg{he catalyst support by spraying the

solutions onto a fluid bg or a fluidized bed of the catalyst support,
preferably by means of an aerosol of the solutions. 25 65. Process

aacearding fo:qne ofclaims $9;ta.64, chargcterized \jn thaf the cafalyst,
support is heated during deposition of the solutions of the precursor
compBRAYS. B0 66.Process aécordingd one of claims 59 to 65,
characterized in that a) a “irst solution of a Pd and/or an Au precursor

compound is prepared,;
and

e) conversion of the Au component of the Au precursor

compound inte the metal form.

Process according to claim 592, characterized in that the
Pd and Au precursor compounds are selected from the halidess,
in particular chlcrides, oxides, nitrates, nitrites,
formates, propionates, oxalates, acetates, hydroxides,
hydrogen carbonates, amine complexes or organic complexes,
for example triphenylphosphine complexes or acetylacetonate

complexes, of these metals.

Process according to claim 59 or 60, charvacterized in that
the Pd precurscr compound is selected from the group
consisting of Pd(NH3}4,(0OH);z, Pd{NH3)4(QAc),, H-PdCl.,
Pd{NHz) 4 (HCO3) 2, Pd{NH3)4(HPOs), Pd(NH3):Clsz, PJd(NH3), oxalate,
PA(NOz}z, PA{NH3}4(NO3)z, K:Pd(QOAc):(0H):, Na;Pd(OAc):(OH),

Pd (NH3) » (NOs) 2, EPd(NOy) 4, NaPd(NOzj:, Pd{OAc)., PdCl, and
Na,pPdCl,.
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62.

63.

64 .

65,

66.

35 b) a second. solution of a Pd and/or an Au precursor compound is
prepared, wherein the first solution effects a precipitation of the
noble-metal component(s) of the 60 B precursor compound(s) of the
second solution and vice versa; c) the first and the second solution are
deposited onto the catalyst support. 10 67. Process according to claim

66 ClEAGeTizE0 T thad the précurdor CampBind of fHe fitst soition e+ +2ed

i acidrand that of.the seeandssolutiomisdiasic. i1S 68 1Ryecess aeepidirigtog roup
one of claims 59 tg 67, characterjzed in that the catal sésup)gort is
‘g? curs

“lijetleti 16 £fxing Step oHee the PE-ARAISTther Al FEGmpbund
¥has/hayverreemdepositeld pntirthercatalystisupport, 20068, /Rrocessifonio.,

the prepatration of a shell catalyst, in partic a shell lyst according

LG B0 o AL 55 1o 08 LomEREInUL G tes a5 BrSb Ao a1 &

Npaherdmrporeis supportumaterial,. 25 comprising a mixture of particles of
a natural sheet silicate, in particular an acid-treated calcined bentonite,
and zirconium oxide (Z_-0O,) particles, wherein the support material is

lcadedarith a Poband ag Aue precursdr compoundér with P4, andhAgacterized
; paticles. §9%’)9 position é”ﬁ%s%%pe"éﬁ;@é‘éeﬁ%é% 0.3 4PRArt SHUCIYIE,
“in the form of a sieﬁ; c car?cinlng of the loaded supp%rt structure?ié m step
oﬁﬁogghﬁdcatalyst support by steeping the catalyst support
in the solution of the Pd precursor compound and in the
solution of the Au precursor compound or in a scolution which

centains both the Pd and the Au precursor compound.

Process according to one of claims 59 to 62, characterized
in that the Pd precursor compound and the Au precursor
compound is deposited onto the catalyst support by sprayving
the solutions ontc a fluid bed or a fluldized bed of the
catalyst support, preferably by means of an aeroscl of the

solutions.

Process according to one of claims 592 to 64, characterized
in that the catalyst support 1s heated during deposition of

the solutions of the precurscr compounds.

Process according to cne of claims 59 to 65, characterized

in that

a) a Iirst solution of a Pd and/or an Au precurscr compound

is prepared;

b) a second soluticn of a Pd and/cr an Au precursor compound
is prepared, wherein the first solution effects a

precipitation of the noble-metal component(s; of the
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67.

68.

d) conversion of the Pd and the Au component of the Pd or An precursor
compound into the metal form. 70. Use of a catalyst according to one of
claims 32 to 58 as an oxidation catahyst, as a
hydrogenation/dehydrogenation catalyst, as a catalyst in hydrogenating
desulphurization, as a hydrodeoxidation catalyst, as a hydrodenitrification
10 RAtISt Br s RARIST inftheSynthbsis 6 akEnyiakanoSs e V1 ce
partieulas in the synthesis of vinyl acetate monomer (VAN), in particular in
the gas-phase oxidation of ethylene and acetic acid to form vinyl acetate
monomer. 15

c) the first and the second scolution are deposited onto the

catalyst support.

Process according to claim 66, characterized in that the
precursor compound of the first solution 1s acid and that of

the second solution is basic.

Process according to one of claims 59 to 67, characterized
in that the catalyst support is subjected to a fixing step
once the Pd and/cr the Au precursor compound has/have been

deposited onto the catalyst support.

Process for the preparaticon of a shell catalyst, in
particular a shell catalyst according to one of claims 32 to

58, comprising the steps

a}) preparation of a pulverant porous support material,
comprising a mixture of particles of a natural sheet
silicate, in particular an acid-treated calcined
bentonite, and zirconium oxide (Zr0;) particles, wherein
the suppeort material is loaded with a Pd and an Au

precursor compound or with Pd and Au particles.

b) deposition of the support material onto a support

structure in the form of a shell;
c) calcining of the locaded supportc structure from step b);
and

d} conversion of the Pd and the Au component of the Pd or Au

precursor compound into the metal form,
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70.

o
o

Use of a catalyst according to one of claims 32 to 58 as
an oxidation catalyst, as a hydrogenation/dehydrogenation
catalyst, as a catalyst in hydrogenating desulphurization,
as a hydrodeoxidation catalyst, as a hydrodenitrification
catalyst or as a catalyst in the svnthesis of
alkenylalkancates, in particular in the synthesis of vinyl
acetate monomer (VAM), in particular in the gas-phase

oxidation of ethylene and acetic acid to form vinyl acetate

monomer.



