- 1 - Method for producing catalysts and their use for the gas phase
oxi dation of olefins The invention relates to a process for producing
catalysts on 5 stable, high-purity shépéd bodi es conprising pyrogenic
nmet al oxi des w thout additional binders and their use in the

gas- phase oxi dation of olefins. Pyrogenic nmetal oxides have an
extrenely small particle size, 10 high specific surface areas,

defi ned herical primar, articles hav def i ned s rface
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t hey havexadueiynhifloledfdmiscal purity. 15 Due to the properties
outlined above, pyrogenic silicon dioxides, for exanple, are
attracting increasing interest as supports for catalysts (D. Koth, H
Ferch, Chgm inventifatirelases 628a (O39S 200 Eowdveing ow iRl 2 e
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Shaped bgpHhes seiguiismernelakinxi de powders are generally produced
by pressing or 25 extrusion using binders and lubricants in order to
obt ai n stabl e shaped bodi es. The binders and |ubricants are inorganic
and or gaRyrogeiic imsl brédganhevaddi tdxresmed yg smablriesitiimlst edizat e,
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conpounds, ~e, g, magnesi um oxide. Organic additives, too, can result
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used, enl 2 is therefore lost in 35 the shaped bodies
produced Fﬁg ﬁygh purity and the high surface area, a
very Iom1bu|k den5|ty of the catalysts is a further desired - 2 -
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transport in the future catal yzed reaction and, Second | ow nmass
of suppo@%°¥%ﬁ%ﬁﬂeﬂ°r §XPERLEr e PRS- 10E FPFFe%sfﬁﬁt%QﬁﬂE%Stré§ctor
vol une. disotdprionesathdyeost (o. raidlg of. Fepppltcheherim. ttecheact or
vol une ap SU% rocess nore econom cal . Low bul k densities
can be athi eved, xanpl e, by nmeans of catal yst shapes whi ch have
at | east one passage through them 10 for exanple rings.

20 However, owing to the particularly small particle size of
pyrogenic metal oxides, the production of shaped bodies as are
used, for example, as catalyst or catalyst support from these
pyrogenic metal oxides is difficult. Shaped bodies comprising
metal oxide powders are generally produced by pressing or

25 extrusion using binders and lubricants in order to obtain
stable shaped bodies. The binders and lubricants are inorganic

and organic additives.

Inorganic additives, e.g. magnesium stearate, remain in the

30 shaped bodies produced in the form of inorganic compounds, e.g.
magnesium oxide. Organic additives, too, can result in
impurities such as carbon in the production process for the
shaped bodies. The desired wvery high purity of the pyrogenic
metal oxides used, e.g. pyrogenic S5i0;, is therefore lost in

35 the shaped bodies produced.

Apart from the high purity and the high surface area, a very
low bulk density of the catalysts is a further desired



Ri ng- shaped bodi es having a very |low wall thickness are particularly
useful . However, |low wall thicknesses |ead to shaped bodi es whose
mechani cal strengths are no | onger n sufficient for catalyst
preparation and/or filling of the reactor and which are therefore
unsui tabl e as catal yst support materials. As catalytically
active conponents It is possible to use, 20 inter alia, palladium

and/ or }ﬁ 52%9%91%1@%&' %fstri%t aha6o g%ﬁ!ﬁm@m @@%&toaﬁl ly

gold and It s~ compou al kal'i /[ Au syste cadm um
and/ or ﬂ@t@m%uﬁﬁ%n%wtm%ﬁh%ﬂlapréd%@%h&ﬁd 5@319§rlpanﬁaﬂd/ or its
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to fill a particular reactor volume. This improves the cost
5 ratio of support material to reactor volume and makes the

process more economical.

Low bulk densities can be achieved, for example, by means of
catalyst shapes which have at least one passage through them,

10 for example rings.

Ring-shaped bodies having a very low wall thickness are
particularly useful. However, low wall thicknesses lead to
shaped bodies whose mechanical strengths are no longer

15 sufficient for catalyst preparation and/or filling of the
reactor and which are therefore unsuitable as catalyst support

materials.

‘as catalytically active components, it is possible to use,
20 inter alia, palladium and/or its compounds and alkali metal
compounds, and additionally gold and/or its compounds
{Pd/alkali metal/Au system) or cadmium and/or its compounds
(Pd/alkali metal/C4 system) or barium and/or its compounds
(Pd/alkali metal/Ba system) or palladium, alkali metal
25 compounds and mixtures of gold and/or cadmium and/or barium.

The prior art describes many possible ways of producing
catalysts on shaped bodies comprising metal oxides. In these,
binders or other strengthening steps are necessary to achieve
30 later strength and the surface areas of the catalyst supports
obtained require high bulk densities of the catalysts.

EP 72390 describes the production of pressed bodies frcm a
mixture of pyrogenic metal oxides, water, silica sol and a

35 pressing aid. A polyfunctional alcohol {(e.g. glycercl) is
claimed as auxiliary.

EP 327722 discloses mixing pyrogenic silicon dioxide together



25 «conpounds and m xtures of gold and/or cadm um and/or barium The
prior art describes nmany possible ways of producing catalysts on
'shaped bodi es conprising netal oxides..ln these, binders or other
strengthening steps are necessary to achieve 30 |ater strength and
the surface areas of the catal yst supports obtained require high bul k
densities of the catal ysts. EP 72390 descri bes the production of
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descri bes rocess for producing pressed bodi es conprising pyrogenic
silicon dioxide, nmethylcellulose, mcrowax 10 and pol yet hyl ene gl ycol
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pyrogenlc silica and aquequs-al co it anmonia solution. I'n contrast
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the m xt e sh trongly al kaline. The use of al cohol brings
with it #%gy 9%‘ %H§%8§ contam nation in the resulting catalyst

suppdf¥t. Accordlng to DE4142902, stabl e shaped bodies .can be
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20 alcoholic ammonia solution makes the mixture to be shaped

strongly alkaline. The use of alcohol brings with it the risk
of carbon contamination in the resulting catalyst support.
According to DE4142902, stable shaped bodies .can be obtained
from pyrogenic silica and ammonia solution or from pyrogenic

25 silica and silica sol containing alkali metal only when the
shaped bodies are subjected to a hydrothermal treatment. In the
case of the additional ammonia, the mixture once again becomes
very alkaline. It is known that this excess of base (pH > 10)
leads to partial dissclution of 5i0,.

30
US 4048096 describes the production of surface-impregnated
Pd/Au catalysts in which the noble metals occur in a layer
thickness of less than or equal to 0.5 mm from the cuter
surface of the support bodies. Alkali metal silicates are used

35 as base for converting the soluble neble metal-compounds into
the respective noble metal hydroxides and a pH of 6.5-9.5 is
set during this step for a time of 12-24 hours. Supports having

surface areas of 10-800 square meters per gram are used as



US 24048096 describes the production of surface-inpregnated Pd/ Au
catalysts in which the noble netals occur in a |layer thickness of

| ess than or equal to 0.5 mmfromthe. auter surface of the support
bodies. Al kali metal silicates are used 35 as base for converting the
sol ubl e nobl e netal -conmpounds into the respective noble netal
hydroxi des and a pH of 6.5-9.5 is set during this step for a tine of
12- 24 hounfppoitppatesibayi hgr thid aver aneasyots eH0) tnraoa.neters
per gramare used as - 4 - support materials for the VAN catal ysts
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EP 997192 Bl describes supported palladium catalysts
(Pd/Au/alkali metal, Pd/Cd/alkali metal or P3d/Ba/alkali metal
30 systems) which are based on shaped bodies comprising pyrogenic
mixed oxides. The shaped bodies on which the catalyst is based
have an external diameter of from 0.8 to 25 mm, a BET surface
area of from 5 to 400 m?’/g and a pore volume of from 0.2 to
1.8 ml/g and are composed of at least two oxides from the group
35 consisting of Si0;, Al:0;, TiO; and ZrQ, in any order, but with
the exception of $i0,/Al;0; mixed oxides, with other
constituents being < 1% by weight. In addition, the support
materials described have compressive strengths of from 5 to



pal | adium cadm um and al kali netal conpounds or palladium 5 barium
and al kali netal conpounds are clainmed. The alkali metal conpound is
potassium acetate in a preferred enbodinent. The catalyst is used for
preparing unsaturated esters, e.g. an?I‘acetate nononer, in the gas
phase. 10 EP 464633 descri bes a catal yst which has at |east one

passage having an internal dianeter of at |east one mllinmetre going

t hrough Lt .and cont ai | l.adi um and/ or in an
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20 of an olefln (e.g. ethene) with an organic carboxylic acid
(e.g. acetic acid) and oxygen in the gas phase. In the

examples, hydrazine hydrate is used as reducing agent.

The documents of the prior art show that the production of

25 stable shaped bodies hasg hitherto not been possible without
inorganic or organic additives such as extrusion aids, pore
formers, sols or additional strengthening steps. Furthermore,
the catalysts from the prior art display unfavourable bulk
densities and low activities.

30
It is an object of the invention to improve on the prior art
and provide catalysts which have lower bulk densities and are
based on pyrogenic metal oxides, e.g. pyrogenic 8i0,, and have
very little contamination by metals, carbon and phosphorus, at

35 the same time possess a high strength and have an improved
selectivity and an increased activity compared to known
catalysts.



(' conversion of the coagul ated suspension into a shaped body, (V)
drying of the shaped body, (VI) calcination of the shaped body
obt ai ned, 20 (VII) conversion of the shaped body into an active
catal yst by application of one or nore catal ytically active conpounds
or one or nore precursor conpounds and/or one or nore pronoter
conpounds whi ch can be converted 25in a subsequent step into one or
mor e cat ahyt iy - t'i‘&vﬁ)égf’%u herpyr9o6Mi i APtcak a9%kE8 for
powder s g#% 3§?§bﬁégﬁf?on1 ame gggfggysis or_flanéﬁgxidat?gn of a
netal oxitde FeechPase Pﬁl%@@%ﬁ? BGEALBR Yy gERL Tt HATPIASSFoXk PP BFYS:
spherical primary particles are initially fornmed and these sinter
t oget her ring the reaction to_formaggregates. T g C
subsequen&lliy cl unps?%%%lﬁfeorn tO(J)S %r %%a%%%%%@"&e"lqﬁc @gg%rfag%ﬁ?% J?Ifqea
aggl orser at es whi chsechvemfeneral |y be separated relatively 35 easily
into the aggregates by introduction of energy, the aggregates can be
broken up further only by intensive introduction of energﬁ, if_ at
all. - 7AIDAs pyreoRieesinn &F shpdestal (oxide nbpd aetide SFFfedw
oxi de (Six0y), alupiodwrirexiz-d€indl xQ¥pendidmibpmeaxisdet(di ddypersing
zi rconi um oxi de (Zrx0 cerli oxj d Oy) or mxtures of these
netal oxides. Pref@/R %F%%;aﬁggéﬁ V%Euégﬁzéégﬂi con oxide, 5
partioul arly preferably silicon dioxide (Si02)(WACKER HDK(r) T40). To
produce th§ 1§USPenss Qi1 MARISH ChERERLOS s RWEKeOh BhXtdl BskOf
various netal oxide powders are slowy introduced i nto a sol vent,
preferably water, By ¥reans of stirring energy. WTo avoid premature
gelling, this preferably occurs within from5 to 90 mnutes. To
activate met al [ . usegd, e s V, Lpto; haped
high-ener@ﬁﬁstate %§%ﬂgﬁ$¥%b%%rtb§ §§% SE%%&Q&%{ %%Fé?nglggo a suape
appar&tus. This isbpdeferably carried out in the presence of a
sol vent, preferably water, which renoves the heat evolved during
processing. It is alsp possible to uge organic solvents, but these
i ncur thé%@isk of €5¥B%£‘Eiﬁ?ﬁn?hﬁ??%nb%égthe future catal yst
support. Particular preference is given to using water
(VI) calcination of the shaped body obtained,
20
(VII) conversion of the shaped body into an active catalyst
by application of one or more catalytically active
compounds or one or more precursor compounds and/or
one or more promoter compounds which can be converted
25 in a subsequent step into one or more catalytically

active compounds.

The pyrogenic metal oxide powders are obtained from flame
hydrolysis or flame oxidation of a metal oxide precursor in a

30 hydrogen/oxygen flame. Approximately spherical primary
particles are initially formed and these sinter together during
the reaction to form aggregates. The aggregates can
subsequently clump together to form agglomerates. In contrast
to the agglomerates which can generally be separated relatively

35 easily into the aggregates by introduction of energy, the
aggregates can be broken up further only by intensive
introduction of energy, if at all.



20 in high-purity form(Fe < 2 ppb), as can be obtained, for exanple,
by met hods known fromthe literature or can be obtained conmercially.
Preference is given to using specially purified water which has a
resi stance of 18 MegaGChntcm 25 To produce the active, finely divided
suspension, it has been found to be advantageous to mll the
conmponents in a frictional mll, for exanple an annular gap mll. In
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silicon carbide, silicon nitride or other material s known to those

skilled in the art. Preference is given to materials conposed of
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suspensi,on J| 3, VLREYALLY 188 Of 30LAMBE 2 €8 A OTRIALES ) ar che
30 bottom, is comminuted in the annular gap between the milling
cone and the interior wall of the housing and leaves the mill
in the upper part of the mill, which is also referred to as a
bell mill. The suspension obtained can be collected in a |
container and recirculated to the inlet of the mill.
35 As an alternative to annular gap mills, it is also possible to
use all other types of mill which are known to those skilled in
the art and are suitable for wet milling, for example an

upright or horizontal stirred ball mill. The solvent is



- 9. - produce inhonogeneities in the future ceram c mcrostructure of
the respective use, e.g. as catalyst support. To ensure freedom from
aggl oner ates, the suspensions can al so_be freed of residual

aggl onerates by sieving at the end of fhe di spersion 5 step. A low
viscosity (e.g. <2 Pa s) and flow limt are inportant for optinal
honogeni zati on of the suspension. These can be achieved by alteration

of the p ek@ %Bﬁr%@é&f e %Bﬁgﬁghﬁﬁégt‘#é ﬁP%lq:'c%hg‘iontﬁs?ﬁa” be

ef fect ed” an aci d kept 1nh a range from2.0
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suspensi %oamaeéum Nghd hg1actinvathen 6éedlinitecarmperathest ed by
optional addition oh lfﬁ an acid or a base. As acid or base, it is
possi bl e 38 Ehgﬁtﬁl‘f’ Hhé¥al °5F"honni neral acids or bases known to
t hosesskilled in the art which |ater |eave no inpurities, or only

negl i gi bhe amouni s, of, JIPULLLI €5 bt e shaned bady . Hrgrockligyi c

acid or I'cacrd 15 pre féfa y Used as” aci
prefer abhlyzaﬁ@ afi eEuBous dFpersang ohppaoa; uses preeber apl yeased s

base. soI ds_conte nt of _they oxid [ egferably
From s GLA0R By SaryLrsr e pPaT R aBT ot 1 rishero s SB5REyPHETEN and
parti cul @Dw;lepresé edmn@ma‘adorxnlﬁater%%mamlmta d2ssPhisridisc and

i ndependent _ of e ot t on e %gﬂped
int i gpﬁ?a?%g@t%%%hoerpgﬁgg g a{’}é‘lﬂg&fﬁ{somgeq%gg@%eeg %%SI only
during tBemdst i pa@fa{rmksltyept lrashelz oafml attcrroratstlepﬁtt BB wimpersi dv
cont ai ni th tiv t o] varted f
change oggﬁ p%u f& (ﬂrt%lggggo %n%é%forlﬁ%ﬁag%ﬂesﬁa% o%%eé@% &Oﬂa i
hom)geneﬁmsselgtémmrsfdduwrsaat dehnt 022 wimttees Pywhieghst be @uspen3| on

coagul at i r a %ﬂ#ﬂ ated
state caﬁE ggggégf glfg Stogllgl gg% 5%???%% %&fﬁigso{bﬁe st'or age
nodulifils €nekrgy sevel afr thugélé.yt héepnskahbdullls G'. The netal oxide

added for coagulation can differ fromthe nmetal oxide added in the

relimnary suspension and/or th ctivation
P syan af ternative to prel?mfhary suspension of the metal oxide

in the liquid and subsequent activation of the suspension in
two separate steps, the solid (metal oxide and/or mixture of
20 various metal oxides) can also be added to the solvent during
the activation step. Regardless of whether the solid is
introduced beforehand or during the activation step, the
treatment is preferably continued for a time of from 0.5 to
4 hours after addition of the solid is complete.
25
For the production of the activated metal oxide suspension by
milling, it is possible to use milling media such as beads made
of steel, glass, aluminium oxide, =zirconium oxide, zirconium
gilicate, silicon carbide, gilicon nitride or other materials
30 known to those skilled in the art. Preference is given to
materials composed of zirconium silicate, zirconium oxide,
gilicon nitride, particularly preferably silicon nitride. The

milling bead diameters are usually from 0.8 to 2.0 millimetres.

35 A very homogeneous suspension should be produced in the
production of the suspension. For the purposes of the
invention, a homogeneous suspension is present when the
suspension is virtually free of agglomerates. Agglomerates



- 10 - step. If the coagulation to forma paste-like nmass is carried
out by stirring further, pulverulent netal oxide or m xtures of 5
various netal oxides into the suspensign, this can, if appropriate,

al so be acconpani ed by additi onal addi?ibn of a base, for exanple
aqueous ammoni a solution, in order to aid the gelling process. 10 Up
to the end of the addition of further pulverulent netal oxide, the pH
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t he imit&haliant idiatedenethl s ozanl ebs usfffertiedn banddd ithiosm geheirt iaed.di. n

the paste-like mass are avoided. Mxing of the netal oxide powder

into the suspension using high shear forces should be avoided S|nce
ot her wi sBh¢ HeH plsadiepEi £ of range nesn whidfckoi § - ApppepferriEl Y drofha . 5

subsequeid §®plmﬁhsaa@1h §39eiﬂ§ina3.@alsﬂls§€ﬁsibﬁ FBS SabeGy R SRet 00 -
l'iquid. Leavi as B on whi §t g BUId tp stand

onger tTHe (A Bor Pot Thon 5t isreroBen PYoPt dhe Msiiisn afe
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alteration of th I s enbodi nent e invention, no furt
metal oxfkfe 3 a’@aéa lr-%% Loz NatipHref ipfe hsPRNSINGFLLF1bELect ed
on: y by axiwrgjd mgnft Empﬂk'h.bj(eéﬁﬁ&?s thtﬁ)fshapeadedpr }Qam;h erllbrng@Qa@aaeoﬁf
silicon dioxid ep er th the a

Such s MHa R Rebb o FeFRrTY Al a3 e o e e
sl owkly, queﬁmwadmgpws%qlu@qrhe izcpriredesdbiyspratsiaon besea final 5
value in the range from4 to 10, particularly preferably from5 to 8.
Particul ar preference is given to using NH3 here. The suspen5|on can

be conve?lieecﬁodﬁdéd&PPF‘éﬁt oPf NHER el PEIABNBYERRRNTCD dsaprelerphin
range i nixpra 5 aege O%nby:hweigﬁme TR R epab DA G €0 ard 3Ri Bikens.

ot el Rl B SSPNL L eaba b N SHOPE R WRRY wadobE on of

NH3. 25A tTipiscdls rlatiapenﬁelpiyr@’@emectlwiri itbenmdt@kuqtelda/\kﬂuﬁpemlpnsh@sm
has a phdh Hreuded iR Aud sdfrb@NEBeps or the metal oxide powder

has been added only during the activation step.

In the coagulation step, the suspension containing the

30 activated metal oxide is converted by means of a pH change ox
by further addition of one or more metal oxides from its
homogeneous, stable, fluid state into a state in which the
suspension coagulates and thickens to produce a paste-like
mass. The coagulated state can be regarded as a viscoelastic

35 solid, i.e. the storage modulus G’ is several times the loss
modulus G’'‘.
The metal oxide added for coagulation can differ from the metal
oxide added in the preliminary suspension and/or the activation



M solution is 45:1. Stable shaped bodies can be fornmed when the
suspension is brought to a pH of from5.6 to 6.9, preferably from®6.0
to 6.4. The pH of the resulting suspgr@%]o_n is thus just bel ow the
neutral value of 7.0. After being brought to the above pH, the
suspensi on coagulates within a few mnutes to 20 form a shapabl e mass
havi ng vi scoel astic behaviour. Viscoel astic behaviour neans that in a
rheol ogi ¢al.,def ormati on experinment in oscillation, the storage
modulus G Ts greater than the | oss nodulus G'. The noduli G and G
can be 25 determ ned according to the equationr =y(t) * (G sinwm +
G' coswt xf vher eodgiubatitm s €8smr aspasise- bifkd hrasspéei manrtedtdet by
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50 000 PR2S§ndiPReSFHIRIS @IECUEHBIFE iR ws%tﬂﬂﬁlanlf OpBT er ALt
t han 0. 5Geandnyepyogeddi cul arly preferably | ess than 0.25. The
respective 35 nodul us was neasured by neans of a plate-plate geonetry
havi ng a shearing gap of 1.5 mmor in another enbodi nent of 2 mMmmat a
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nost to 00 u he ﬂ:%q_y i asured by
means of %gﬁplg gﬁ?kﬁgélﬁeﬁe?’r gﬁ\‘iﬁ%@. n%gers ear | n% 2 EQ ?E 5 mm or
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din osition is, for_exa e case of support nmterials
baseéoontf}?r BHeRRe o (2ilveraAeRd T@t%% FoADpdfditdgrpal ly added to the

metal oxide present in the suspension is usually from 1:1 to
1 part of pulverulent metal oxide to 2 parts of metal oxide in
suspension. While stirring in the metal oxide, care has to be
taken to ensure that the metal oxide introduced is distributed
25 very uniformly in the initial activated metal oxide suspension
and inhomogeneities in the paste-like mass are avoided. Mixing
of the metal oxide powder into the suspension using high shear
forces should be avoided since otherwise the plasticity of the
mass which is appropriate for the subsequent shaping step is
30 lost again and the mass becomes too ligquid. Leaving a
suspension which is too liguid to stand for a longer time {(a
number of hours to days) can restore the appropriate plastic

properties required for the later shaping steps.

35 As an alternative, the coagulation step can also be effected
only by alteration of the pH. In this embodiment of the
invention, no further metal oxide is added. Here, coagulation
of the suspension is effected only by changing the pH by means



If tableting is carried out |ater as shaping step, it is advantageous
to choose a significantly higher solids content. If precipitated

nmetal oxide particles are added to the 125 pyrogenic netal oxide
particles, it is possible, for exanple in the case of precipitated
silica, to increase the solids content of the dispersion from 40% by
wei ght to up to 60% by wei ght. The shaping of the mass can be
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The cal ci nation ep reduces the surface area o e'cafal
* sinwt. The absolute values of G’ and G’’ are determlned in
30 the plateau region of the storage modulus G’. The storage
modulus G’ should, for the purposes of the invention, be at
least 10 000 Pa, preferably at least 50 bOO Pa, and the ratio
G''/G*' should be less than 1, preferably less than 0.55 and
very particularly preferably less than 0.25. The respective

35  modulus was measured by means of a plate-plate geometry having

a shearing gap of 1.5 mm or in another embodiment of 2 mm at a



support, which is an inportant parameter for the catal ytic process.
However, since the support materials according to the invention
denonstrate satisfactory stability evehZw thout cal cination or after
calcination at | ow tenperatures because of their excellent
honbogenei ty, they have not only the higher purity but also
significantly higher support surface areas and pore vol unes conpared
to the prieopegerturd FWINer nore, the shaped catal yst bodi es obt ai ned
fromthe process of the invention are produced w thout the customary
addi tion of auxiliaries/additives, for exanple extrusion aids, pore
formers Ghesvubs. aCropding g wheh iaugntion @b tdifaBnysnthEenhpghs
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l ess ,5 thanid PPMGAN,Leproduced by the process of the invention. As
dopants it 1's possible™to select inorganic netal salts. These can
be, for exanple, halides, oxides, nitrates, nitrites, silicates,
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he case of precipiltated silica, to increase the solids content

of the dispersion from 40% by weight to up to 60% by weight.

The shaping of the mass can be effected, for example, by

30 extrusion, tableting or pressing. The shaped catalyst body is
preferably produced by extrusion. Here, it is possible to
conceive of all apparatuses known to those sgkilled in the art,
e.g. extruders, screw extruders, tableting machines, continuous
presses, ram extruders. Preference is given to using a ram

35 extruder which when used for the moulding composition exerts no
further shear forces, or only small shear forces, which could
lead to liquefaction of the composition or phase separation of
the moulding composition.



15 The use according to the invention of finely divided oxides
results in formation of shaped catal yst bodies having very high
surface areas. The BET surface areag_%éhleved are in the range from
30 n2/9 to 500 nR/g, preferably from I50 nR/g to 450 n2/g 20 and
particularly preferably from250 n2/g to 400 n2/g. The finely divided
oxi des al so result in production of a shaped body having a high pore
volunme in the range from0.5 mM/g to 1.3 n/g, preferably fromO.7
m/g to 1.25 m/g and particularly preferably fromO0.9 m/g to 1.2
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all customary processes known to those skilled in the art.
Preference is given to calcination in the furnace under an air
25 atmosphere, with the oxygen content being able to be varied. A
further gas can be mixed into the air. Various protective gases
are possible here. Suitable protective gases are all protective
gases known to those skilled in the art, particularly
preferably nitrogen, argon or helium. The air can likewise be
30 replaced completely by the protective gas. The calcination is
carried out at temperatures in the range from 500°C to 1250°C,
preferably from 700°C to 1100°C and particularly preferably
from 850°C to 1000°C. The sintering time is in the range from
0.5 to 20 hours; a typical sintering time is in the range from
33 2 to 10 hours. The calcination can be carried out under
atmospheric pressure or under reduced pressure. The process of
the invention enables equal strengths to be achieved at lower

calcination temperatures than are customary in the prior art.



25 As catal ytic conponents for coating the shaped bodies, preference
IS given to using one or nore systens fromthe group consisting of
Pd/ Au/ al kal i netal conpounds, Pd/ Cd/alkali metal conpounds and

Pd/ Ba/ al kal i netal conpounds in the process of the invention. 30
Here, one or nore of the abovenenti oned conponents are applied to the
support by inpregnation, spraying, vapour deposition, dipping or
precipitation of the Pd and/or Au and/or Cd and/or Ba netal
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suppdPted catal ysts for the exanple of the system Pd/al kali metal/Au.
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likewise not critical for the invention.

25 Owing to the high purity of the starting powders and the high-
purity production process, targeted doping of the high-purity
metal oxide with another high-purity metal oxide is possible.
An example is the production of acidic catalyst supports by
doping pyrogenic Si0O; with pyrogenic Al,0s;. This doping creates

30 Lewis-acid sites in the 8i0;. High-purity mixed oxides can be
produced according to thig principle from the high-purity
oxides Si0O;, Al;0;, Zx0, and TiO,.

The high purity of the undoped shaped bodies produced also

35 allows doping with other inorganic dopants. A condition is that
the sum of impurities, i.e. all elements apart from the metal
oxides M0, used or mixtures of various metal oxides, for

example when using silicon dioxide Si and O, is always less



In a further enbodi nent, the shaped body can firstly have one 35 or
nore basi c conpounds applied to it before one or nore solutions
‘cont ai ni ng noble netal are added. An-iy¢ ernedi ate drying step can be
carried out between the - 18 - application of one or nore basic
conpounds and the application of the noble netals. The conmpounds in
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25
Shaped bodies having fine pores can be formed from the finely
divided metal oxides by means of sintering. The proportion of
pores having a diameter in the range from 10 nm to 20 nm is
typically more than 60%, preferably more than 70% and very
30 particularly preferably more than 80%.

The conversion of the shaped body into an active catalyst is
achieved by application of one or more catalytically active
compounds or one Or more precursor compounds and/or one or more

35 promoter compounds which can be converted into one or more
catalytically active compounds in a subsequent step. Here, it
is possible to use all processes known to those skilled in the
art which lead to catalysts for the gas-phase oxidation of



5 conmpound shoul d be enployed in a 1- to 10-fol d stoichiometric
excess for a shell thickness of up to 1.0 mm The noble netal salts
and the basic conpounds can al so be ap{fl i-ed to the catal yst supports
by the nethod of pore volume 10 inpregnation. If internediate drying
i s enpl oyed, the volunmes of the two solutions are chosen so that they
each correspond to from90 to 100% of the uptake capacity of the
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Here, one or more of the abovementioned components are applied
to the support by impregnation, spraying, vapour deposition,
dipping or precipitation of the Pd and/or Au and/or Cd and/or
Ba metal compounds. If appropriate, these components can also
35 be applied by reduction of the reducible metal compounds

applied to the support and/or washing to remove any chloride
present, by impregnation with alkali metal acetate or alkali
metal compounds which are converted completely or partly into



25 for the exanple of the systens Pd/al kali netal/Ba and Pd/al kal
metal /Cd. In the production of Pd/al kali metal/Ba and Pd/ al kal

netal /Cd catal ysts, the netal salts_pqg be applied by known net hods
such 30 as inpregnation, spraying, vapour deposition, dipping or
precipitation. The detail ed production of supported catal ysts of the
systens Pd/al kali netal/Cd and Pd/al kali netal/Ba on suitable support
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the palladium compound and gold compound into their hydroxides.

The application of various noble metal compounds can be carried
out in one step or in a plurality of successive steps.

25 Between these steps, it is also possible to carry out
intermediate drying and/or calcination and/or one or more

reduction steps.

As an alternative to the addition of a base after application

30 of the solution or solutions containing noble metal, the
addition of base can also be carried out simultaneously with
the solution or solutions containing noble metal.

In a further embodiment, the shaped body can firstly have one
35 or more basic compounds applied to it before one or more

solutions containing noble metal are added.

An intermediate drying. step can be carried out between the



35 To prepare the inpregnation solutions, the appropriate anmounts of
t he pal | adi um and gol d conmpounds can be dissolved in a vol une of

wat er which corresponds to from about 10 to about 100% of the water
upt ake capacity of the initially charged - 22 - support material.
The basic solution can be prepared in an anal ogous way. The shaped
bodi es according to the invention display or make 5 possible | ow
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proddet i bRtHFC Sa@&t9te monomer. For this purpose, ethene,
acetic acid and nDIecuIar oxygen or air are reacted in the gas phase,
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cat aPYst “GRF per” ﬁ$ ur éFeS?yﬁl RIS 210 (b SEmUItaneouéiy with
the noble metal solution or after application of the noble

metal salt or salts. In the case of successive impregnation of

the catalyst support with the two solutions, intermediate

drying and/or reduction and/or calcination can be carried out
25 after the first impregnation step.

The thickness of the surface shell can be influenced by the
amount of basic compound applied to the support material
relative to the desired amount of the noble metals. The higher

30 this ratio, the lower the thickness of the shell formed. The
ratio of basic compound to noble metal compounds required for a
desired shell thickness can depend on the nature of the support
material and on the basic compound and noble metal compounds
selected. The required ratio is advantageously determined by

35 means of a few preliminary testsg. The shell thickness obtained
can be determined in a simple manner by cutting open the
catalyst particles.



- 23 - In the process for preparing vinyl acetate nononer, the
reactants are initially passed over the catalyst at a | ow space
‘velocity. During this running-up pha_sel,9 the activity of the 5

catal yst increases and usually reaches”its final level only after
days or weeks. The supported catal ysts of the invention achieve a
significantly inproved product yield because of an increased activity
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The space-1.i i of Lh t i . invl, a oper
per hour GHIT He 9F EubarpeR oty Poakpibes AL n S RELELEGREOES
measti e BHe tHOvEaconddtigeei With ther Behidi oki ges iwdicnidualf yphwaesi n
35 partiseidy ol eenbustion 0f:. ef hene, i .| pkepdsahsetiey gined and
used to assess the catal yst sel eogf(tjl vity, In addlilo%tq the .

det er m ndtEOH 0P £h&° B‘ﬁ%t?%trﬁ%r FECF Pnit hetQab phase™ PRETIFULFE
reacti onl pr ddudrefarencel iecgietkn ncausingdwatersselsalowngd ihobdbE and

t he condgnsat e ehtakped;{s; I a t%figl hy to
determine the I qu?g?byjﬁ]% Oﬁ(’}&é&%?&g_@!& yPéalgéé?gétq%) . %g%%ﬁgég? %{)Jf
i quitd BAYFVDEICEIPSF nedt W%l ways reported as a ratio to vinyl

acetate nononer, 5 e.g.. ethyl acetate formation in ng(ethyl

acet at XA YA, Te BER, sUbate 210 L FeLSTNge i RR50r 82058
solution to form insoluble noble metal compounds can occur
slowly and is, depending on the method of preparation,

25 generally complete only after from 1 to 24 hours. The water-
inscoluble noble metal compounds are then treated with reducing
agents. It is possible to carry out a wet reduction, for
example using aqueous hydrazine hydrate or formaldehyde, or a
gas-phase reduction using hydrogen, ethene or a

30 hydrogen/nitrogen mixture, for example. The reduction can be
carried out at room temperature or elevated temperature and at
atmospheric pressure or superatmospheric pressure, if

appropriate with addition of inert gases such as nitrogen.

35 Before and/or after reduction of the noble metal compounds, any
chloride present on the support can be removed by thorough
washing. The washing of the catalyst is carried out using

water, particularly preferably a basic agueous solution (pH >



The. pore distribution is determ ned by neans of nercury 10

porosi netry. The determ nation of the pore volune is carried out in
accordance with DIN 66134 (Langmuir, P[Po= 0.9995). The strength is
determ ned by neans of a Zwick Z 010 rmaterials testing machine fitted
with a load cell having a nomnal force of 1 kN, nodel II. - 25 -
Exanpl es: Exanpl e 1 (Support production by neans of mlling and

addi tion nmet al . de f i
T40) ar eai%t’l rreg tl%ﬂ%’% ogr ar@ﬁ@%?ﬂl |%%%%@g§bhcﬁ%%ﬁ@ Eﬁla%
mlled fér13. péfi‘—@d wislpingouithe gaaby sk ke fnyablyi FPnbaing szs ddipn

nitride mpbl Hpg beads: ddi@etarcobul he1 i hid na-dAgds ess2e Ratimoslaginee
of fill = 70? gol une). Thtggarﬁgu}lar v%nl%m ty du?:jngsio tarl]e m | Iql%]g

step is Pf ﬁE@PEé er second. After conpletion of mlling, 5 kilogram
of pubkverul ent pyr ogeni c silica (WACKER HDK(r) T40) are stirred into

Lhe disPersl AUouivil Srdasie. SELbhkS Ros iAdRLRd. A 5, esd o

extruded “on a ra a sul e tool
desired shdpéinahlly 15nprsadnstEd Vlébtai—]@a3éhé“€€fe%;1 ra@etﬁéﬁgt%roqlllwel

shaped bﬁl@¥a1T98m§&%El§éj e s rebtahiested rb&r&yl%t@ageofl ﬁﬂﬁtmviﬂ@: a
| engt h of external dianeter of a _hole of

mm are élli{@g Fe'égfeﬁ‘ﬁfétraé:te&r yngergse aﬁ%a%t?'f‘cg’t rﬁ?é“%ﬁ&ﬂ'?ﬁs htfi tolf“? y of
75% fior péoblaut somnsif sxuhgﬂqlaeetbyecrabnorrmd atmpa@EGatdpn29iigh hour s.

The e n#g;];é ff‘%ﬁ.lﬁl’ T
surfzggp rea%%’g']?‘ﬁ %gg '%' gggth%EExO Lo 1§;AE @é%:&ﬁ?
mechani c&Rnspgei@tProfey Yr lbﬁg§mPFa°Yﬁ‘é t?lb‘rfs\i@aé“(? dFP@c%’?%ﬂt’%‘i 10 N.
The bul k agenstt ¥fi ﬁoeé’ék:gfnamc@%tél L5 edlg&lﬁa@amlne azsésu@@@rt

production ans of mII|n ust men

pyr ogeni & §??\é’r’g§ Y EEER Il'flfilgi'(E gﬂ‘% a?%£§%§pr aﬁpgog@gﬂ,? racr”nto &

dei one zedpmkercapaq:):lrt}ofofz 8e snselLah]:rgj charged support material for
the total solvent. This volume is approximately equal to the

total pore volume of the support material.

The finished catalyst can subsequently be dried to a residual
20 moisture content of less than 5%. Drying can be carried out in

air, if appropriate under nitrogen as inert gas.

The coating step of the process of the invention is described
in more detail below for the production of supported catalysts

25 for the example of the systems Pd/alkali metal/Ba and Pd/alkali
metal/Cd.

In the production of Pd/alkali metal/Ba and Pd/alkali metal/Cd’
catalysts, the metal salts can be applied by known methods such
30 as impregnation, spraying, vapour deposition, dipping or
precipitation. The detailed production of supported catalysts
of the systems Pd/alkali metal/Cd and Pd/alkali metal/Ba on
suitable support materials is described in US 4,093,559 (Pd/Cd)
- and EP 565952 (Pd/Ba without ultrasonic atomization), which are

35 hereby incorporated by reference.

For the synthesis of vinyl acetate monomer, it is advantageous
to coat the catalyst with from 0.1 to 5.0% by weight of



30 kept constant by addition of hydrochloric acid. Wiile stirring
continually, a further 4.5 kilogram of pyrogenic silica (WACKER
HDK(r) T40) are stirred in. After addition of the metal oxide powder
is conplete, the mxture is honngenrzéﬂ for a further 10 m nutes
before the suspension is mlled in a stirred ball 35 mll for 45

m nut es using silicon nitride nilling beads (dianmeter of the mlling
beads = degree of fill = 70% hy volune) at a constant pH_of

2.8 mai nP%L]r}l%@I“B? SAWiEEPBN Cof Foird m¥ %HF&@HFOP#&%@ Pr 'Iﬁd?é’“hr?gt}l 5p
vel oci t y3dsgimng weietht- 026 cadimibhi dvg Sicap oi. a td petsasy parigacaerd.

After mlling. is | et.e eous a utlonlsad
he suspRRT SN S 11G08 Prpi R SohimIa T tuRE: Poatner Oy GrporEn tlee
obt ai nedbaseld gat |tlh$g veflghheofughe counpay tatiseli sThei lmadi'lfm m@svary

obt ai fedgdSe g Ggu‘iﬁad thR éa{:éi@rél%(té)%f‘erm h@’éﬁ“%dﬁ};&%}éﬁénﬁ t9lgt 0

gi ve the desired shapes and ogtlona cut to t desired I'ength of
the shapB¥SHIHPT Fid BehapEESBLdi B Bt £2F6d°0Ti Aat Rl 85t MPDOTREs

h?VIan ah&eng fhdqa‘ulgc afmF9M§xt§madxagip%§¢t 860 0§/13 EtHEtn and a hole
(0] . rl,e a tenperature an at nos

un ity SRS S RBEPE BT SRS e PPy O B S A CBBBESF 61
hours. TbE Suppdr.tS5 teng@s gébomﬂlpﬁglltanilmheandvémmoh thave 1& .Sugfacef

ar ea,{ BE], fa”c}raffe:oﬂ{ %a)s e§ zﬁ ;g?/lg &ﬂ%ag RAMEoY OF iR Pfs 1ol 191.&9%1

The mschanl cal strength s in the transverse direction
10 N. Thef BRgH aél'én§FP§? 25 280 r @hlpef PPEResitanpl e 3: (Support
production w thout mlling and pH adj ust ment) 1155 g of

tw ce-di |II d HZg ilrg |l aced in_a re plastic 20 beaker. 345 ¢

of pyrog N C S|aI1Y5' n%i% ?%dﬂilgeﬁﬁk F) T40) are stirred in using
a pl ast i Bhegaldaddiugsobubenatol 00 Mofalkhéinhatal Au sageigegaens! y

stirfed Ao 84S LRMf gﬁ ﬁ&‘%@ﬁht?’o tﬁPe’fHEgﬁlny]Porﬁld B IS, Grgasferred

to a planetary m xer having 2 coated beamstirrers. At~ 100
rpm 7.5YLBE-1% 25 strength (%by wei ght) aqueous ammoni a sol uti on
are adderhdlrgenwi sentdht esf tfiee asdij/iauikauli &eﬁ@mlet@.tamj@t@i XBUE€ohS

stirred an r. 10 m tes re en roduced jnto a
ram ext r%ger %hggl }8 we:’ §‘§:ﬁfl § Err%n:s Ejt%l yp‘é{?éﬂ"gl :
G . 200 OOUe: p@taszﬁumocpnmt- ﬁ Ihﬂ@dfhékﬁissme@_hém undtd;dlgataisam
extryders iy Qughed shktepl g ippl, tgge%aesbig I & t%hgl g pgnd cut

to the desired | ength of” the Shap body shaped bo bt ai ned,
in thi s %&€d%ings having a length of 6 nm an external diameter of 6

mm and arfwlp@lobd3uimtoténtdrdedhatl pa/LERREL abad 8 afa 83Crandlral i
metal/Ba catalysts is from 0.1 to 5.0% by weight, preferably
from 0.2 to 4.5% by weight.

25 The cadmium content of the Pd/alkali metal/Cd catalysts is from
0.1 to 3.5% by weight, preferably from 0.2 to 3.0% by weight.
The barium content of the Pd/alkali metal/Ba catalysts is from
0.1 to 3.5% by weight, preferably from 0.2 to 3.0% by weight.
The Ba content is preferably in the same range as the cd

30 content in Cd systems.
The potassium content of the Pd/alkali metal/Cd or Pd/alkali
metal/Ba catalysts is from 0.3 to 10% by weight, preferably
from 0.5 to 9% by weight.

35 To prepare the impregnation solutions, the appropriate amounts
of the palladium and gold compounds can be dissolved in a
volume of water which corresponds to from about 10 to about
100% of the water uptake capacity of the initially charged



35 atnospheric humdity of 70% for 24 hours. The support rings
according to the invention have a surface area (SET surface area) of
350 1T12/g and a pore volume of 1.1 nl/g._ The mechanical strength of
the rings is 17 N. The bulk density 1s°340 gramper - 27 - litre.
The shaped bodi es produced in this way contain the foll ow ng
inmpurities (all figures in ppm: Cu (0.03), Fe (2), Ti (0.05), Al

(0.3), : ). ) ) PR\ ), P
(0.06), C%u&%t %ef%c%%g a%%éa%l% gogu%gglt%a ‘?A\Ibe(E%r%ar% QQSgg gram
of an Si GRaegPYst Akterial from Exanple 1 are inpregnated with 600
m of an aqueous solution containing 10 27.60 gramof a 41.8%

strength (% b g é sol uti on. .of chl oroguric acid and_42.20
gram of %’%’?firgﬁ T8 (FIRF d\%‘lgg?:l ‘8I’cFEY g display or make
t et r aghl @axsaﬂalladﬂowapr@kssﬁd: eiro@shoulow btlle datsltyists,i $adgeedxtarsal

subsequent,, 3,60 keg LEPRGIALYA Ak B9Caupder rafuaedhr egsunenlor. S

hour s. um car bonat e soI ut eth
364 ofansﬁ dealt| cdanafer and PPseguearly epmaxad tﬁzf ﬂfEPWQ holtaw

the catalyst nise rdr beE @Eh@r t&iﬂi@r%t 4hepek mw@fm@?@eﬁgdsn@égure
for 5 hours. The catal S sgb g ﬁntl washdg an agueous
ammoni a SOPRCFGNMAEST %m LZ2EEAY eAECTR RS Ef%aﬁﬁ?%l §hteB8tH or
45 howr s.anBhebtakabystes tsttaaeced by nmeans of a hydrogen/ nitrogen

m xture (95% of N2/ 5% of H2) at a tenperature of 200C for 5 hours.

The catal yst is subsequent npregnated with an acetic
aci d- contlieniiag pét b Iééaéﬁmaée@ooBHPP@ht (Tt s88 agsaanothpotakel yah e

acetate igr @8Q ghLveht AGetdaAEd) adnd gbvéd r@ﬁdwhtdwfeqogieametalh the
e

t enperat ure f 80C, under, reduc pr or hours. The fi
e 0L e et Ledused Presstie, for & Dalie . Tect! Blanethe
g/ 1),152. Hchhewebght gfeauid diGtdngé| fiaodeds&bolloponeght sohbility at
pot assi up(16.6.9 é%lV:L N &g %@Eahxﬁi | d'l%%dgﬁgtshﬁ ol pyention
was teste In the ctor under t above-descri condltlons
activiti @érhéﬁvséoa'g(tx}msam@atsmaﬁlp%a (BiaboVy /asdVHFYafast henechieved

sel ecti vigtl @se0bafd. ;.B&{quméxd] ke apehi eypd. HIherat, hxélln@@ezaat e formation

5 035 aramol eliul doelate Rstakhl OOty BErhars, Hem

20 Pd/Cd or the Pd/Ba) which is too high leads to catalysts which
reach excessively high temperature maxima with correspondingly
greater formation of undesirable by-products, the catalyst
composition has to be matched to the support material and
balanced by the reactor geometry (heat removal).

25
The supported catalysts of the invention can be used for
preparing unsaturated esters from olefins, organic acids and
oxygen in the gas phase. In particular, the supported catalysts
of the invention can be used for the production of wvinyl

30 acetate monomer. For this purpose, ethene, acetic acid and
molecular oxygen or alr are reacted in the gas phase, if
appropriate with addition of inert gases, at temperatures of
from 100 to 250°C and at atmospheric or superatmospheric
pressure, for example from 1 to 25 bar, in the presence of the

35 supported catalyst of the invention. Space velocities based on
the gas phase of from 1000 to 5000 standard litres of gas
mixture per litre of catalyst and per hour are typically

realized.



500. gram of an Si 02 support material from Exanple 1 are prepared in a
manner anal ogous to Exanple 4, but the - 28 - concentrations of the
i npregnation solutions are selected so that the finished catal yst has
a concentration of 2.0% by weight of palladium (6.4 g/l), 2.0% by

wei ght of gold (6.4 g/l) and 6.5% by wei ght of potassium (20.8 g/l).
5 Wen this catal yst according to the invention was tested in the
react or under the above-described conditions, activities of 930
g(VAM /Il cat*h (145 g(VAM/grid*h) at ethene selectivities of 92.5%
could beIachhevpmbaé&meﬁmmyte@aeiagevimylnﬁdamatbsmenaﬁegramneﬁ et hyl

acetate penckbhogram ofn ivhy agelaLe d0.d ried. xpupl & & 1 80 gran

of an Si support materia are 1 npr gna
of an aqi¥eeéasity! RWOMI GRig pwnglrm—up ahapeamtbe acniveoy st ddigt h (%

by wekghthts®l gﬁlﬂ&bféaste%t baahlLehQawy | feAHh and Elgélgmreloforaym 0%
strengthﬁ(@_%b wei g e&?{:utlgn of tetrachl or E)/alla |c acid. Aftfer 2

hour s eat%?xf%m ¥ A SUBRRERl &ALy S Pt at b rgBieitiod of
80C undencheducedl gairpsificentoy memrr@d edcrl yd)éla HecEﬁJlSial’ 20 an

sodi um c e tllled wat er are
subseque%@?ﬁg%%% Saoéd}w&? ?’e%gg%gu%%\,\ir{‘% C{ﬁs %¥I ed at a
tenperature of 80C under reduced pressure for 5 hours The cat al yst

i's subsegﬂsn&éa'awged;fthha @ﬂv@ﬂyfgy&:m&babéowéa%ﬁaeﬂéﬁg an
ammoni a cont ent_ of 25% ht 25 for 30 hours. The catalyst is

reduced B?eﬁ%ﬂpsatdfona %8385%‘?\? NPEFI fh BROPETRe (95% of N2/ 5% of
1-12) at Thet Bsliesvaiing exafip2868Cil Distrdminhe Phefoan@hystof She

b ti t
SubSSIuCBb Yo SNl LB APARGELE A6 Jo0ORL AL RO\ IOS LTy
aci d) andyBondexysal (gingr P-éérmia*ae$ enpler atantd col a8 Crimglearxtmdigtes

pressyr ephosd %ﬂlgyr%gemg ELDié@&dd&ﬁthe\éSbrEaéeécfﬂ%&r!@ﬂ Jr@n 10f

1.6% by wei ght of palladium (4.5 g/1), 2.1% by weight of gold (5.9
g/l) and 5.2% by wei ght of potassium (14.6 g/1). Wen this catalyst
accor di ngh¢ ooulie demsenticonindscd esd edrd Idetb&msﬁedielaﬁtf)jrlliﬂ@ea thee

above- dggﬁi%l?gecgncq 'e%gﬁsiiigxﬁééé’ tdf%f%ﬁg@g /Icaci ch (167

g( VAV / at ethene selec IVI i es of be achi eved. The
ethyl acetate formation is

20 Activity and selectivity of the catalysts from the following
examples and comparative examples are measured over a period of
up to 200 hours. The catalysts are tested in an oil-cooled flow
reactor (reactor length = 1200 mm, internal diameter = 19 mm)
at an absclute pressure of 9.5 bar and a space velocity (GHSV)

25 of 3500 standard m*/(m’*h) using the following gas composition:
60% by volume of ethene, 19.5% by volume of carbon dioxide, 13%
by volume of acetic acid and 7.5% by volume of oxygen. The
catalysts are examined in the temperature range from 130 to
180°C, measured in the catalyst bed.

30 The reaction products are analyzed at the outlet of the reactor
by means of on-line gas chromatography. The space-time yield of
the catalyst in gram of vinyl acetate monomer per hour and
litre of catalyst (g{(VAM)/l.a*h) is determined as a measure of
the catalyst activity. Carbon dioxide, which is formed, in

35 particular, by combustion of ethene, is likewise determined and
used to assess the catalyst selectivity.

In addition to the determination of the reaction products in

the gas phase, the liquid reaction products are collected in a



0.55 gram of ethyl acetate per kilogramof vinyl acetate - 29 -
formed. Exanple 7: 80 gram of an 8102 support material from Exanple
3 are 5 inpregnated with 88 nl of an_ eous solution containing 5.14
gramof a 41.6% strength (% by wei ght) solution of tetrachloroauric
acid and 8.47 gramof a 20.0% strength (% by wei ght) solution of
tetrachl oropalladic acid. After 2 hours, the catalyst is dried in a

subsequeq;es%tegpcgg%gdt%o@ Ve ‘Eilelgo§<§?&1éia['tfiaeroﬂt%(i%@d1§r 885U £ed OF

5 hours | ar sodi um carbgnate sol ution together with
43.5 m & ARSPF| PEdIRL I e GEEEBYubAt IS HPpitce d oA £81H1S Wbur s,
the cat alptsfducssdiéeg. adtiaylt enpenabyl eThé &tHuriindeEr lnqdmdeﬂy@mw&
for 5 hogrs. Ehgrcatfways I|_es s%b%eguent Ly, ) schev tlhaggtggue“qugor%S
ammoni a oA oR™Ra¥ gY Mona cont €N ."25% by "Wei ﬁt oo
hourss Thaegcataahy%ta¢@tateijLf@emabyoneansm@fe@ﬁy@:c@g@n/ewgr(wbéh

m xture (95% of N2/5% of 112) at a tenperature of 200C for 5 hours.
The cat al IS subsequently inpregnated with an acetic

aci d- cont enﬁﬁg BBT B33} (NS dfa e T EBTERPON R FCLF 23 Gr HATBIDIN 66131
pot assi ursaaet ﬁﬁ_erc@eﬁ&B m of acetic acid) and fi naIIy dried at a

t enper at yure of 80 el r.educed essur ey . _The finished
cat al ystl‘ir conc $ ch?ﬁl o f%/r%y me.béht‘“ec?P% ?I g |§lf1n}('6 5
g/l),102, Mrbyslmel:gm 'ﬁfe gistgrgnatgon) ofinthes r@¥ehyolinghisofarried
pot assi ug2Qn4 agééz}dar?c% Wien bhivSegatal ysdnAkQeY, dbng,L % tsfb%s

invention was tested i n the reactor under the above- describ

condi ti ofde SELFRPHR &S cﬁe%@l&F@AW/ peans I‘Pf( PZEWQ(JVAK@ %ﬂf‘ﬁﬁ‘t%ﬁlals
et hene seleettihyi hielsind HE 2% edthdabkoad hievethavihg et hyhisgket Bimce
formation ?:OQN45 am et hyl acetate per kilogram of vinyl acetate
30 for rrea) rrpara ive Exanple 1:



60 gram of spherical support materials having a dianeter of 6
mllinmetre based on bentonite (KA-120, from sad Chem e; bulk 35
density = 540 granlitre) are inpregnated with 36 m of an aqueous
sol ution containing 0.80 gram of gold%hloride and 2.0 gram of

pal | adi um acetate. After 2 hours, the catalyst is dried in a
subsequent step at a tenperature of 80C under - 30 - reduced
pressure, for 4 hours. 28.2 m of a 1 nolar potassium carbonate

sol uti on®¥BHRIART with Bl nl of distilled water are subsequently
applied. After 2 hours, the catalyst is dried at a tenperature of 80C

under re r ssure a t sgauept 'y
washed RRERGLOE (Eg%%%l:go‘%%fﬁutl on 1’lhagrl Frqgé%% %fm%rig%:ig ?o'ﬁl?gnt of
0. 25% by wei ght for Oaﬁ%Féonaf%é“%la%tie?s reduced by neans of a
hydr ogenj pi ki%tmmdﬂ tgﬂye:o(gaﬁﬁ/@ oéli\ézdé%mwczdﬁa) HBK® arqognpeeakyi ered

2ceti o abREe chhOH A D S eabet o A R S o AL PONEL S SIS Tof

pot assi um peetad eofi 12 IGumk oh acetixcretibd)llamdlili naliny srliiednat a

tenper at %@rﬂie %(3‘( 141 Beﬁagugr?garp%%ﬁilgfe t&@r mll?%%sqeagﬂﬁm ?”'os Fﬁﬁ\d

catal yst has a concentration y weight o

g/ 1), 0.degnse @b gfﬁ{llof= d8Fdby 5Yslwngy/ | \Thgngnguisy b‘;ﬁlﬁﬁlg'-m dygring

pot aggi uphé La,li%l:g{d )steW"@B i i rﬁetﬁﬁé@'@&t saeenndi Agrdo dch@llel&\iaht ben
was testedl n th% ctor ? ‘ﬁf e-descri bed Cjelt éa%?{ER
hetivi i B b ERG GERAEPTCOF P (R F SIS oL

sel ecti vADKe§46) 88e08t tucsd Jb'eioa(thneevledpeﬂ’heomtlmmlaaePaBer opedt i on
is 20 1.96g nprﬁaesof fetf%eaceinﬂ@ s kid QUEH0E M rylraafp%&@&»ﬁder _

formed. Exa syste gram of an Si 02 support mat eri al
from Exabpreidh & suisabhsr bgnht %“E% theodppived fhapss iand
aci da&on&mmm]golcmm Gl cbetcaestl:mi 3.ehityr am ohe cathpadnbadet. atrtle

233 or s AR PLREFheN N LD AR v A R R TR RS,
a tenperaturenofarB@gtendat Abairrr mieSsgr amf and 52 Hwtres 0LTRe Sf imi shed

30 catalysd &lai%cﬁ a(EO 2(8 Eaﬁbéﬂgﬁ‘r@fof?’ gB¥CbY neL S h&trﬁgsﬁ?@ﬂl%d huﬁhél@y
9/1), 2.0% f cadm
oot Assi L (P10 T P taREVES 2598 PP HRACERECHY FaAGLFRBET 200°8 for
200 8 hours. The support rings according to the invention have a
surface area (BET surface area) of 290 m?’/g and a pore volume
of 1.2 ml/g. The mechanical strength of the rings in the
transverse direction is 10 N. The bulk density is 320 gram per
litre.
25
Example 2: {Support production by means of milling and pH
adjustment)
4 kilogram of pyrogenic silica (WACKER HDK T40) are stirred
into 35 kilogram of deionized water. A pH of 2.8 is set and
30 kept constant by addition of hydrochloric acid. While stirring
continually, a further 4.5 kilogram of pyrogenic silica (WACKER
HDK T40) are stirred in. After addition of the metal oxide
powder is complete, the mixture is homogenized for a further
10 minutes before the suspension is milled in a stirred ball
35 mill for 45 minutes using silicon nitride milling beads
(diameter of the milling beads = 2.0 mm, degree of £ill = 70%
by volume) at a constant pH of 2.8 maintained by addition of
further hydrochloric acid. The angular velocity during the



(0.8 g/l). When this catalyst according to the invention was tested
in the 35 reactor under the above-described conditions, activities of
900 g(VAM/lcch (74 g(VAM/gpd*h) at_efhene selectivities of 92.8%
coul d be achieved. The ethyl acetate formation is 0.70 gram of et hyl
acetate per kilogramof vinyl acetate - 31 - formed. Conparative
Exanpl e 2: (Pd/ Cd systen) 100 gram of spherical support materials

havi ng a e m t b N AreRbopitei AKA 420, from
sad Chemrr{ehggﬁ%kéagéls%?%fgtgggn?lgft%&%c?erﬁ%%%gat édé\;"\‘nlt h 60 m

of an ac&CFelgEs d-WiBEISHUSTy 2EBPHL R oROE IO 5tGr Bif of cadni um
acet at e, sﬁsﬁéngmﬂm wHi mm&mmgaeehaimaﬂﬂhrwﬁnaowpaf | adz uis

t at t
catal yst PEaarPa Al BTl B8 BRSO e shidetb i Tl e
5 houfs. obhemeﬂusane@ctcatd@ldygn hasan evhcdan &hr@ﬁgbfaZSB%%‘ylﬁ?\éinH{
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dopant) 1155 g -distilled H20 are\P ced inadlitre Iastlc
accor lng to t e invention have rface area (BE surf
area) of 260 m?’/g and a pore volume of 1.1 ml/g. The mechanical
strength of the rings in the transverse direction is 10 N. The

15 bulk density is 280 gram per litre.

Example 3: {Support production without milling and pH
adjustment)
1155 g of twice-distilled H;0 are placed in a 4 litre plastic

20 beaker. 345 g of pyrogenic silicon dioxide (WACKER HDK T40)
are stirred in using a plastic-coated dissolver at 1000 rpm.
The mixture is subsequently stirred at 8000 rpm for another
30 minutes. The slip is transferred tc a planetary mixer having
2 plastic-coated beam stirrers. At 100 rpm, 7.5 g of 1%

25 strength (% by weight) agqueous ammonia solution are added
dropwise. After the addition is complete, the mixture is
stirred for another 10 minutes. The mixture is then introduced
into a ram extruder. Rheology and pH of a sample are measured
in parallel: G’'=200 000, G''= 25 000, pH = 6.1.

30 The mass is extruded on a ram extruder through a suitable tool
to give the desired shapes and cut to the desired length of the
shaped body. The shaped bodies obtained, in this case rings
having a length of 6 mm, an external diameter of 6 mm and a
hole of 3 mm, are dried at a temperature of 85°C and an

35 atmospheric humidity cof 70% for 24 hours. The support rings
according to the invention have a surface area (BET surface
area) of 350 m?’/g and a pore volume of 1.1 ml/g. The mechanical
strength of the rings is 17 N. The bulk density is 340 gram per



25 beaker. 345 g of pyrogenic silicon dioxide (Wacker HD e T40) are
stirred in using a plastic-coated dissolver at 1000 rpm The m xture
is subsequently stirred at a circunfergntial velocity of 14 mis for
40 minutes. The slip is transferred to a planetary m xer having 2
plastic-coated beamstirrers. At 30 100 rpm 8.5 g of 1% strength NH3
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pall%?'”ﬁ@ég&f§gy ied %tO/bpgﬁper Iuieogfggbgc under reduced pressure
for 5 hours. The finished catalyst has a concentration of 1.6%
by weight of palladium (5.1 g/l), 2.1% by weight of gold (6.7
g/l) and 5.2% by weight of potassium (16.6 g/l1).
When this catalyst according to the invention was tested in the

3¢ reactor under the above-described conditions, activities of
800 g(VAM)/lcac*h (156 g(VAM)/gea*h) at ethene selectivities of
90.5% could be achieved. The ethyl acetate formation is
0.35 gram of ethyl acetate per kilogram of vinyl acetate
formed.

35
Example 5:
500 gram of an Si0; support material from Example 1 are

prepared in a manner analogous to Example 4, but the



(7.4 g/l) and 6.5% by wei ght of potassium (24.1 g/l). 35 When this
catal yst according to the invention was tested in the reactor under

t he above-described conditions, activi4d es of 870 g(VAM /Il cat*h (118
g(VAM / gpa*h) at ethene selectivities of 92.4% could be achi eved. The
ethyl acetate formation is - 33 - 0.35 gram of ethyl acetate per

kil ogram of vinyl acetate forned. - 34. Exanple 100 Z 0" Z o S9 o
OL9 811 ygpcentrations of the impregnation solutions are selected =0

that the finished catalyst has a concentration of 2.0% by
weight of palladium (6.4 g/l), 2.0% by weight of gold (6.4 g/1)
and 6.5% by weight of potassium (20.8 g/l).

5 When this catalyst according to the invention was tested in the
reactor under the above-described conditions, activities of
930 g(VAM) /lecar*h (145 g(VAM)/ges*h) at ethene selectivities of
92.5% could be achieved. The ethyl acetate formation is
0.35 gram of ethyl acetate per kilogram of wvinyl acetate

10 formed.

Example 6:
80 gram of an Si0O; support material from Example 2 are
impregnated with 88 ml of an aqueous solution containing
15 4.43 gram of a 41.6% strength (% by weight) solution of
tetrachloroauric acid and 7.03 gram of a 20.0% strength (% by
weight) solution of tetrachloropalladic acid. After 2 hours,
the catalyst is dried in a subseguent step at a temperature of
80°C under reduced pressure for 5 hours. 37.8 ml of a 1 molar
20 sodium carbonate solution together with 50 ml of distilled
water are subsequently applied. After 2 hours, the catalyst is
dried at a temperature of 80°C under reduced pressure for
5 hours. The catalyst is subsequently washed with an aqueous
ammonia solution having an ammonia content of 0.25% by weight
25 for 30 hours. The catalyst is reduced by means of a
hydrogen/nitrogen mixture (95% of N./5% of H,) at a temperature
of 200°C for 5 hours. The catalyst is subsequently impregnated
with an acetic acid-containing potassium acetate solution
(11.46 gram of potassium acetate in 88 ml of acetic acid) and
30 finally dried at a temperature of 80°C under reduced pressure
for 5 hours. The finished catalyst has a concentration of 1.6%
by weight of palladium (4.5 g/l), 2.1% by weight of gold
(5.9 g/l1) and 5.2% by weight of potassium (14.6 g/1).
When this catalyst according to the invention was tested in the
35 reactor under the above-described conditions, activities of
750 g {VAM) /lcar*h (167 g(VAM) /gpa*h) at ethene selectivities of
90.5% could be achieved. The ethyl acetate formation is

0.55 gram of ethyl acetate per kilogram of vinyl acetate
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formed.

Examgle 7

80 gram of an Si0, support material from Example 3 are
impregnated with 88 ml of an agqueous solution containing

5.14 gram of a 41.6% strength (% by weight) solution of
tetrachlorocauric acid and 8.47 gram of a 20.0% strength (% by
weight) solution of tetrachloropalladic acid. After 2 hours,
the catalyst is dried in a subseguent step at a temperature of
80°C under reduced pressure for 5 hours. 44.5 ml of a 1 molar
sodium carbonate solution together with 43.5 ml of distilled
water are subsequently applied. After 2 hours, the catalyst is
dried at a temperature of 80°C under reduced pressure for

5 hours. The catalyst is subsequently washed with an aqueous
ammonia solution having an ammonia content of 0.25% by weight
for 30 hours. The catalyst is reduced by means of a
hydrogen/nitrogen mixture {(95% of N»/5% of H,) at a temperature
of 200°C for 5 hours. The catalyst is subsequently impregnated
with an acetic acid-containing potassium acetate solution
{13.43 gram of potassium acetate in 88 ml of acetic acid) and
finally dried at a temperature of 80°C under reduced pressure
for 5 hours. The finished catalyst has a concentration of 1.9%
by weight of palladium (6.5 g/l), 2.4% by weight of gold

(8.2 g/l) and 6.0% by weight of potassium (20.4 g/l).

When this catalyst according to the invention was tested in the
reactor under the above-described conditions, activities of
800 g(VAM) /lecar*h (124 g{VAM) /gpa*h) at ethene selectivities of
90.2% could be achieved. The ethyl acetate formation is

0.45 gram of ethyl acetate per kilogram of vinyl acetate

formed.

Comparative Example 1:

60 gram of spherical support materials having a diameter of

6 millimetre based on bentonite (KA-120, from Siid Chemie; bulk
density = 540 gram/litre) are impregnated with 36 ml of an
agueous solution containing 0.80 gram of gold chloride and

2.0 gram of palladium acetate. After 2 hours, the catalyst is
dried in a subsequent step at a temperature of 80°C under
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reduced pressure for 4 hours. 28.2 ml of a 1 molar potassium
carbonate solution together with 8 ml of distilled water are
subsequently applied. After 2 hours, the catalyst is dried at a
temperature of 80°C under reduced pressure for 5 hours. The

5 catalyst is subsequently washed with an aqueous ammonia
solution having an ammonia content of 0.25% by weight for
60 hours. The catalyst is reduced by means of a
hydrogen/nitrogen mixture (95% of N./5% of H;) at a temperature
of 200°C for 5 hours. The catalyst is subsequently impregnated

10 with an acetic acid-containing potassium acetate solution
(3.30 gram of potassium acetate in 36 ml of acetic acid) and
finally dried at a temperature of 80°C under reduced pressure
for 4 hours. The finished catalyst has a concentration of 1.5%
by weight of palladium (8.1 g/1), 0.7% by weight of gold

15 (3.8 g/1) and 2.1% by weight of potassium (11.3 g/l}.
When this catalyst according to the invention was tested in the
reactor under the above-described conditions, activities of
680 g(VAM) /lcac*h (84 g(VAM)/gpe*h) at ethene selectivities of
89.0% could be achieved. The ethyl acetate formation is

20 1.90 gram of ethyl acetate per kilogram of vinyl acetate

formed. -

Example 8: (Pd/Cd system)

100 gram of an SiO,; support material from Example 1 are
25 impregnated with 120 ml of an acetic acid-containing solution
containing 5.17 gram of cadmium acetate, 6.02 gram of potassium
acetate, 8.74 gram of palladium acetate and 1.33 gram manganese
acetate. After 2 hours, the catalyst is dried at a temperature
of 80°C under reduced pressure for 5 hours. The finished
30 catalyst has a concentration of 3.8% by weight of palladium
(12.2 g/1), 2.0% by weight of cadmium (6.4 g/l), 2.2% by weight
of potassium (7.0 g/l) and 0.25% by weight of manganese
(0.8 g/l).
When this catalyst according to the invention was tested in the
35 reactor under the above-described conditions, activities of
900 g(VAM) /lcac*h {74 g(VAM) /gpg*h) at ethene selectivities of
92.8% could be achieved. The ethyl acetate formation is

0.70 gram of ethyl acetate per kilogram of vinyl acetate
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formed.

Comparative Example 2: (Pd/Cd system)

100 gram of spherical support materials having a diameter of

6 millimetre based on bentonite (KA-120, from Sid Chemie; bulk
density 540 gram/litre) are impregnated with 60 ml of an acetic

acid-containing soluticon containing 4.55 gram of cadmium
acetate, 5.34 gram of potassium acetate, 5.17 gram of palladium
acetate and 0.36 gram of manganese acetate. After 2 hours, the
catalyst is dried at a temperature of 80°C under reduced
pressure for 5 hours. The finished catalyst has a concentration
of 2.3% by weight of palladium (12.4 g/l}, 1.8% by weight of
cadmium (9.7 g/1), 2.0% by weight of potassium (10.8 g/l) and
0.07% by weight of manganese (0.4 g/l).

When this catalyst according to the invention was tested in the
reactor under the above-described conditions, activities of

560 g(VAM) /lcac*h (45 g(VAM)} /gpa*h) at ethene selectivities of
92.8% could be achieved. The ethyl acetate formation is

1.30 gram of ethyl acetate per kilogram of vinyl acetate

formed.

Example 9: (support production without milling and pH
adjustment and with addition of a dopant)
1155 g of twice-distilled H;0 are placed in a 4 litre plastic
beaker. 345 g of pyrogenic silicon dioxide (Wacker HDK® T40)
are stirred in using a plastic-coated dissolver at 1000 rpm.
The mixture is subsequently stirred at a circumferential
velocity of 14 m/s for 40 minutes. The slip is transferred to a
planetary mixer having 2 plastic-coated beam stirrers. At
100 rpm, 8.5 g of 1% strength NH; solution are added dropwise.
The pH of the resulting mass is 6.4. 45 mg of Na,S$i0; are then
added. After the addition is complete, the mixture is stirred
for another 5 minutes. The mixture is then introduced into a
ram extruder. The rheology of a sample is measured in parallel:
G* = 320 000, G‘* = 35 000.
The mass is extruded on a ram extruder through a suitable tool
to give the desired shapes and cut to the desired length of the
shaped body. The shaped bodies obtained, in this case rings
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having a length of 6 mm and a diameter of 6 mm, are dried at a
temperature of 85°C for 24 hours. The shaped body is
subsegquently sintered at 850°C. The shaped bodies according to
the invention have a surface area (BET surface area) of

205 m?/g and a pore volume of 0.75 ml/g. The mechanical
strength of the rings is 45 N. The bulk density is 370 gram per
litre. The shaped bodies produced in this way contain the
following impurities (all figures in ppm): Cu (0.03), Fe (4},
Ti (0.05), Al {(1.1), Ca (1.2), Mg (0.3), Na (49), K (4), Ni
{(0.5), Cr (0.3), P (0.06), C not detectable and S not
detectable.

Example 10:
500 gram of an 8i0; support material from Example S are

impregnated with 375 ml of an aqueous solution containing
27.60 gram of a 41.8% strength (% by weight) solution of
tetrachloroauric acid and 42.20 gram of a 20.8% strength (% by'
weight) solution of tetrachloropalladic acid. After 2 hours,
the catalyst is dried in a subsequent step at a temperature of
80°C under reduced pressure for 5 hours. 236 ml of a 1 molar
sodium carbonate solution together with 138 ml of distilled
water are subsequently applied. After 2 hours, the catalyst is
dried at a temperature of 80°C under reduced pressure for

5 hours. The catalyst is subsequently washed with an agueous
ammonia solution having an ammonia content of 0.25% by weight
for 45 hours. The catalyst is reduced by means of a
hydrogen/nitrogen mixture (95% of N;/5% of H;) at a temperature
of 200°C for 5 hours. The catalyst is subsequently impregnated
with an acetic acid-containing potassium acetate solution
(71.65 gram of potassium acetate in 375 ml of acetic acid) and
finally dried at a temperature of 80°C under reduced pressure
for 5 hours. The finished catalyst has a concentration of 2.0%
by weight of palladium (7.4 g/l), 2.0% by weight of gold

(7.4 g/1) and 6.5% by weight of potassium (24.1 g/1).

When this catalyst according to the invention was tested in the
reactor under the above-described conditions, activities of
870 g{(VAM) /leac*h (118 g(VAM) /gpa*h) at ethene selectivities of
92.4% could be achieved. The ethyl acetate formation is
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0.35 gram of ethyl acetate per kilogram of vinyl acetate
formed.



| Et hene [k] Ethyl acetate It] based on VAM - 35 - Cainms: 1.Process
for producing catalysts for the gas-phase oxidation of olefins, which
conprises the steps: 5 (l)suspension of at |east one pyrogenic netal
oxide in a solvent, conversion of the netal oxide into an active
10state by producing a fine suspension by neans of a dispersing
apparatus and/or wet mlling, (111) coag#4kation of the suspension to
give a paste-like mass, 15 (1V) conversion of the coagul ated
suspension into a shaped body, (V) drying of the shaped body, 20 (V)

cal cination of f{he ghaped hody ¢btlal hed,
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(VI.I') conversion of the shaped body into an active catal yst by
application of one or nore 25catal ytically active conpounds or one or
‘nor e precursor conpounds and/ or one or,_nore pronoter conpounds which
can be converted in a subsequent step~into one or nore catalytically
active compounds. 30 2. Process according to Claim1l, characterized in
that one or nore conpounds fromthe group consisting of Six0y, Al xO0y,
Ti x0y, Zrx0y, CexOy are used as pyrogenic netal oxide. 35 3.Process
accordlncgl o Cla|n12 characterized in that 9i02 is used as pyrogenic
met al oxi - 36 - in that water is used as solvent. 5. Process
accordi ng to any of Claims 1 to 4, characterized in that the

act i vatipn i s GRIds gfeu%rb@u@lﬁglége 293 sSELL ! end il 0ap |

or a stlrred I OCESS acc aims 1 to 5,
char act er i zed”i%‘iiattﬁé’fl PRechef it |“6thscé’ﬁlPFiL§§S ot'tﬁe BFSRS4ns of one
or noye dispersing apparatuses fromthe group consi sting of

10di ssol vers | trasonic dIS er se n netar di ssolvers.. 7. |,
Process accorgﬂng to any"Ri" Qﬂ,ﬂfsf% g g gb?ﬁﬁ 815 Wwactl fietal ‘oxide

in a solvent,

(II) conversion of the metal oxide into an active
10 state by producing a fine suspension by means of
a dispersing apparatus and/or wet milling,

(ITI) coagulation of the suspension to give a paste-
like mass,
15
{TV) conversion of the coagulated suspension into a

shaped hody,

(V) drying of the shaped body,
20
(V) calcination of the shaped body obtained,
(VII) conversion of the shaped body into an active
catalyst by application of one or moxe
25 catalytically active compounds or one or more
precursor compounds and/or one or more promoter
compounds which can be converted in a subsequent
step into one or more catalytically active
compounds .
30
2. Process according to Claim 1, characterized in that one or
more compounds from the group consisting of Si,0,, Al,Oy,
TixOy, ZrxQOy, Cex0, are used as pyrogenic metal oxide.
s 3. Process according to Claim 2, characterized in that $Si0, is

used as pyrogenic metal oxide.

4. Process according to any of Claims 1 to 3, characterized



in that the prelimnary suspension of the netal oxide in the sol vent
is omtted and the addition of the netal oxide to the solvent is
carried out during the activation stepy3g 8. Process according to any
of Clainms 1 to 7, characterized in that the suspension is activated
for a period of from200.5 to 4 hours. 9. Process according to any of
Clains 1 to 8, characterized in that one or nore auxiliaries fromthe
group consisting of beads made of steel, glass, alum nium oxide,

zi rconi um 250x4h dghatZ izG@R YE ﬁbbacggesoﬁédtcon carbide and silicon
nitride are used as mlling nmedia. 10. Process according to any of

Claims 1 to 9, characterized in that the pH during prelimnary
suspensi 6n anﬂrmﬁém@cﬁﬁrﬂe‘ngctbvan}'rocm’ Stlepiniss 1i hot he chagectenimed] 0

to 4.0. 11. Pelgcxgqia% AHeoLEL 5909 f% ”&éxorle‘&f‘%%cﬁﬁrazfglé@léﬁﬁ the

pH i s regul at means o rochloric acid, nitric_acid, anmonia
or an5aqueousm%blutqrbﬁnpﬁéﬁéoEaPS‘Blllz oPra EdsETaec brdl ngii b any of
Clainms 1 to 11, characterized in that the SO|IdS content of the
activated net oxi de suspension is fr 0%

e b octse sEtuin e ToTa %P iy 1l PR I Fhb acrefise 11 iRy
t he coagul ati om datt khesaspematdoni §s CGHllel&ﬂﬁ @ult by means of ame war

mor e measur esnSal eeldal-leli o apPaga fald e Al nel oLBEp PELADLL L i1d A

addi ti on of one or Pr oces ording to any of
Claidd 1 to 1gpsqgﬁﬁqg@tepﬁ§§asonlc dlspersers and planetary

digsolvers.

7. Process according to any of Claims 1 to 6, characterized
in that the preliminary suspension of the metal oxide in

15 the solvent is omitted and the addition of the metal oxide
to the solvent is carried out during the activation step.

8. Procegs according to any of Claims 1 to 7, characterized
in that the suspension ig activated for a period of from
20 0.5 to 4 hours.

9. Process according to any of Claims 1 to 8, characterized
in that one or more auxiliaries from the group consisting
of beads made of steel, glass, aluminium oxide, zirconium

25 oxlide, zirconium silicate, silicon carbide and silicon

nitride are used as milling media.

10. Process according to any of Claims 1 to 9, characterized
in that the pH during preliminary suspension and during
30 the activation step is in the range from 2.0 to 4.0.

11. Process according to Claim 10, characterized in that the
pH is regulated by means of hydrochloric acid, nitric
acid, ammonia or an agqueous solution thereof.

35

12. Process according to any of Claims 1 to 11, characterized

in that the solids content of the activated metal oxide

suspension is from 5 to 40% by weight.



in.that the coagul ation of the suspension containing the 1l0activated
netal oxide is carried out by setting the pHto a value in the range
‘from4 to 10. 15. Process according tqg.any of Clains 1 to 14,
characterized in that the coagul ati on df "t he suspensi on cont ai ni ng
the activated nmetal oxide is carried out by further addition of one
or nore netal oxides. 16. Process according to any of Clains 13 to
15, characterized in that the adjustnent of the pH and/or the

addi tion of 20further metal oxide brings about a change in the

rheol ogy of the activated suspension. 17. Process according to any of
d ai ns 1130 IBxoasssr accerfized o amatch Kdadhgplnge stp dhnregterdgedut
by nmeans of ofie t¥at23MRr BcHBABAK £5h IdFOMHN@uapeHP: 6@NSd Hdrid e@f out
extrusion, tableting and pressing. 18. Process_according to any of
Jains 1 to % “E?r?éﬁsaé’tfePP‘ie‘ariWP?%é‘leatShlé’e§h§ﬁéﬁc‘b%‘5ii%’s°%h5\9‘é’ he
shapes of ri ngaltel@pabhets, thy | pindetds furvager abéet SowrofS pher ex. mble
Process accor“gé%% to?;ig@-‘, of Clainms 1 to 18, characterized in that the
shaped bodi es obtai néd are dried at tenperatures in the range from
25C to 200C. 35 20. Process according to any of Clainms 1 to 19,

charact ef4 zedbidrdsRabcbieasady i ald O £1628hE1 €dc UL UNARaRB el ked

at nosphere, wth_the Bxy en cont ent t {onal lé bej nn? able, - 38 - to

be varied andT ¥@ct hEF S%%Jpﬁf‘f%m thei RYSBEERLPT S igirg bhe

Process accoratitigattedangtal tiadarsisl daori@d charlgtsstitded the pH to
a value in the range from 4 to 10.

15. Process according to any of Claims 1 to 14, characterized
in that the coagulation of the suspension containing the
15 activated metal oxide is carried out by further addition

of one or more metal oxides.

16. Process according to any of Claims 13 to 15, characterized
in that the adjustment of the pH and/or the addition of
20 further metal oxide brings about a change in the rheology

of the activated suspension.

17. Process according to any of Claims 1 to 16, characterized
in that the shaping step is carried out by means of one or
25 more measures from the group consisting of extrusion,

tableting and pressing.

18. Process according to any of Claims 1 to 17, characterized
in that the shaped bodies have the shape of rings,
30 pellets, cylinders, wagon wheels or spheres.

19. Process according to any of Claims 1 to 18, characterized
in that the shaped bodies obtained are dried at
temperatures in the range from 25°C to 200°C.

35

20. Process according to any of Claims 1 to 19, characterized
in that the cale¢ination is carried out under an air
atmosphere, with the oxygen content optionally being able



S5in that the calcination is carried out at tenperatures in the range
from 500C to 1250C. 22. Process according to any of Cainms 1 to 21,
characterized in that the shaped catalyst bodies fornmed have a BET
10surface area in the range from30 n2/9 to 500 n2/g. 23. Process
according to any of Clains 1 to 22, characterized in that the
addition of one or nore pronoter conpounds is carried out in a
separate step after conversion of the 15shaped bodies into a

catal yst. 24..Prcessiaacaondi A0riA iy Rfs GbhiBRall} dbethg added to
characterized in that, as an alternative to application of one or

more catal yti%d¥ B Tacti ve conpounds or one or more precursor
20conpounds together with one or nore pronoter conpounds in one step,

the app'%E??i%c%fss098c8£g§}?§etc9r t cﬁ%ﬂﬂguﬂd%if&) Caz!ﬂair%l%t%%zed
separatel'y in'da process step” precedi ng orf follow ng the application
of on® or norig ddedl phecaplyingtive icomsarigd ountorle wempRKatures in

precursor 25GHPYIRES. £28m B OEESS, acsdi ng to any of Cainms 1 to
24, characterized in that the shaped bodies are coated with one or

nore of the systens fromthe group consisting of Pd/Au/al kali 30netal
conpounds?. Pd/fadiealskabtofging tomourds cdadmBdi Bab at kal chareictlerized
conpounds. 26, I?:'h%%eiﬁeagﬁgéga ”@aéaolﬁta'bg‘dgés phAnas et zed t hat
t he abovenent’ioned coriponents”are appl i ed by neans of " one_ or 35nore
neasd? es frorfwHacgr egpaconsihe i vapasf finepr é§natiore $90ay f4, vapour
deposi tion, dipping, precipitation of the Pd and/or Au and/or Cd
and/ or Cgﬁggﬁpgrgc%gggggggﬁdfﬂgté‘g SUPRY Ly hedugtion, of hhe redygl ke
in that the addition of one or more promoter compounds is
carried out in a separate step after conversion of the

15 shaped bodies into a catalyst.

24. Process according to any of Claims 1 to 23, characterized
in that, as an alternative to application of one or more
catalytically active compounds or one Or more precursor

20 compounds together with one or more promoter compounds in
one step, the application of one or more promoter
compounds is carried out separately in a process step
preceding or following the application of one or more
catalytically active compounds or one or more precursor

25 compounds.

25. Process according to any of Claims 1 to 24, characterized
in that the shaped bodies are coated with one or more of
the systems from the group consisting of Pd/Au/alkali

30 metal compounds, Pd/Cd/alkali metal compounds and
Pd/Ba/alkali metal compounds.

26. Process according to Claim 25, characterized in that the
abovementioned components are applied by means of one or
35 more measures from the group consisting of impregnation,
spraying, vapour deposition, dipping, precipitation of the
Pd and/or Au and/or Cd and/or Ba metal compounds on the

support, reduction of the reducible metal compounds



applied to the support, washing to renove any chloride present,
inpregnation with alkali netal acetate or alkali netal conpounds, in
.an appropriate order. Process according to Clainms 26, characterized
in that potassium conpounds are used &8 alkali netal conpounds.
Process according to any of Clains 1 to 27, characterized in that the
application of various noble netal conpounds is carried out in one
step or in a plurality of successive steps and one or nore steps

selected fromthe group consisting of internediate dry
cal ci nati on GPPLE8HCEP orarBRARLCon4PFY1RGr FP SEEBRIE @@HME@HOFh@§e
st eps. Proce@&eaeﬁardimgrégnaﬁﬁpnohlehaaMBa11tmeﬁ&i ehanaet ori 28l

t hat any chlgl%g§ 5S$%d§n Hp%_ gﬁ #r%%e ng%¥%g by thorough

washi ng bef or € and redact i € metal conpounds.
Process according to any of Clains 29, characterized in that the

washisng of t besgakal aééof&lrlfgartrd @da%g by, n@msa&fer%tear 1Hrtﬁ‘a@as' c
aqueous sol ution_havin

. Process_accor to any
Claims 1 to P8LaERAMAC %IPI?Oz’étﬂi% ﬁ‘rﬁhaﬁe@hés c%%l%ﬂ];ﬂstme&ﬁ‘ﬁaf:ﬂ@aounds
conprises, based on the weight of the support used one or nore

el | adt i 1 FooehS8 feCRGAITETEhIleP 1L, ¥ fd B PR RIGYELERa
wei ght of caéﬁlGhﬂtf?hﬁnQPEﬂuﬂﬁtsosw@ﬁyV@EAQFﬁ RﬁbhﬁaWE@ﬁﬂaﬂ@mm@@ﬂﬁS) 5

to 1% by weightapfi APIASSIWNoNBr Q68 Soﬁcﬂ‘i’réi'ﬂglrtaQ1%‘QYO9fsg@éé§uﬂe
to 31, characterized_in that the noble netal centration is

constant wi t RFRPE AP0 B0ET. SEEBE et & g £82aBYOW C ai s
1 to 32, charantkst eyl oﬁ1ﬂﬂuyrméﬁéanebafyimgﬁﬂcammmmamubatbnn

decr eases ”gg&ﬁ@@:},&?cﬁ%' 't%%{ig{[l é#if&? At e %‘ekeFEéQQ o ;Eé‘e

interior t he support ocess accor
Clains 1 to 33, characterlzed in that the sum of all |npur|t|es in

t he @at algy st Pfécé%sa&ichﬂln@o@opﬁ 35 cﬁ\irﬁé VistccObisdi BRSFSct i
process accordl

t st
accordi ng to'® gjlg Y %@n’:’gg&?r PE%ﬁel?‘h cfrhat[]het ﬁé‘p?ﬁﬁéeasbjé%@mﬁeaiyné'
sum of i rrpurtho:ecsuqlaIWashﬂmgr begbat sardibnal st cxanedncandn phbstphor us

and sul phur) ngf7 4 &8s dihalimpdBBaRpm 15 37. Use of the catalyst
according to any of Clains 35 to 36 as catal yst in chem cal

reactions. 38. Use of the catalyst according to any of Clainms 35 to
36 as s@pporteseast alysirdiny poegayi o cinsiatdinat edheshefsrifdednin

200l efins angég% éﬁéﬁugéﬁl%% g% the catalyst is carried out by means

of water or a basic agueous solution having a pH of > 7.

31. Process according to any of Claims 1 to 28, characterized
25 in that the catalyst obtained comprises, based on the
weight of the support used, one or more components from
the group consisting of from 0.1 to 5.0% by weight of
palladium, from 0.2 to 3.5% by weight of gold, from 0.1 to
3.5% by weight of cadmium, from 0.1 to 3.5% by weight of
30 barium and from 0.5 to 15% by weight of potassium.

32. Process according to any of Claims 1 to 31, characterized
in that the noble metal concentration is constant within
the support bedy.

35

33, Process according to any of Claims 1 to 32, characterized

in that the noble metal concentration decreases from the

accessible outer surface in the direction of the interior



39 Use of the catal yst according to any of Clainms 35 to 36 as
supported catal yst for the production of vinyl acetate nononer.

10

15

20

34.

35.

36.

37.

38.

39.

-~ 40 -

of the support.

Process according to any of Claims 1 to 33, characterized
in that the sum of all impurities in the catalyst is less

than 400 ppm.

Catalyst obtainable by the process according to one or

more of Claims 1 to 34.

Catalyst according to Claim 35, characterized in that the
shaped body has a sum of impurities (all other metals and
alsc carbon and phosphorus and sulphur) of less than

400 ppm.

Uze of the catalyst according to any of Claims 35 to 36 as

catalyst in chemical reactions.

Use of the catalyst according to any of Claims 35 to 36 as
supported catalyst for preparing unsaturated esters from

olefins and/or organic acids.

Use of the catalyst according to any of Claims 35 to 36 as
supported catalyst for the production of vinyl acetate

monomer.



