- 1 - 5 Catalyst support, process for its preparation and use The present invention relates to an
open-pore catalyst support 10 consisting of a materigl which comprises a natural sheet silicate and Zr02.
Alkenyl acetates are an Important monomer building block in the synthesis of plastic polymers. The main
fields of use of 15 alkenyl acetates are i.a. the preparation of polyvinyl acetate, polyvinyl alcohol and
polyvinyl5acetal and also co-and terpolymerization with other monomers such as for example ethylene,
vinyl chloride, acrylate, maleinate, fumarate and vinyl laurate. 20 Alkenyl acetates are prepared for
example in the gas phase from acetic acid and ethylene by reaction with oxygen, wherein the catalysts

used for this synthesitRisfetakiyseniain Ressadiveopelals Atrdp RIIEPE aiidapsalkali metal

component as 25 co-promoter, preferably potassium in the form of the acetate. In the Pd/Au system of
these catalysts, the metals Pd and Au are not present in the form of metal particles of the respective pure
metal, but rathes ip the éorm of RelAuecalloyeparticlescof passibirdifferentccompesitioapatihetigh the 30

presengg, of ‘é%%'éoé’setdﬁ%r“&kesac%ﬁ%%&%][EU I5A;Q4t @S'm%%'stérsngpﬁvﬁa@u%zf% ifx@mple Cd or Ba can
also be used as co-promoter. Currently, alkenyl acetates are predominantly prepared by 35 means of
so-called shellidatafysts i#hictPthe noble metals Pd and Au do not fully penetrate the catalyst support
formed as a shaped body, but rather are contained only in an outer area (shell) of greater or lesser width
of the catalyst_-2- 5 support shaped body (¢f. on this EP 565 952 Al, EP 634 214 Al, EP 634 209 Al and
EP 634 208 Aljihiié tRer8as of e c%%/alyl/éﬂp Sdppott IyiRg titherinside Bfe fre8GF ndble metals. With
the help of shélkcatatysts,sa more sélective readtiorecontr@his passibléininany tases thdn with catalysts
10 in which the supports are_Impregpated into the cgf@ﬁi the suppPoHt with actiye component

("Impregnated through™). The shell catalysts known in the state of the art for the preparation of alkenyl
aceuuescanqﬁ?ﬂﬁﬁﬁanﬁﬁ%ﬁiﬁﬁﬁktalCOhOl and polyvinyl acetal and also co-

and terpolymerization with other monomers such as for example
ethylene, wvinyl chloride, acrylate, maleinate, fumarate and
vinyl laurate.

20
Alkenyl acetates are prepared for example in the gas phase
from acetic acid and ethylene by reaction with oxygen, wherein
the catalysts used for this synthesis preferably contain Pd as
active metal, Au as promoter and an alkali metal component as

25 co-promoter, preferably potassium in the form of the acetate.
In the Pd/Au system of these catalysts, the metals Pd and Au
are not present in the form of metal particles of the
respective pure metal, but rather in the form of Pd/Au-alloy
particles of possibly different composition, although the

30 presence of unalloyed particles cannot be ruled out. As an
alternative to Au, for example Cd or Ba can also be used as

co-promoter.

Currently, alkenyl acetates are predominantly prepared by

35 means of so-called shell catalysts in which the noble metals
Pd and Au do not fully penetrate the catalyst support formed
as a shaped body, but rather are contained only in an outer

area (shell) of greater or lesser width of the catalyst



15 supports based on silicon oxide, aluminium oxide, aluminosilicate, titanium oxide or zirconium oxide
(cf. on this EP 839 793 Al, WO 1998/018553 Al, WO 2000/058008 Al and WO 2005/061107 Al). Catalyst
supports based on titanium oxide or zirconium oxide are currently scarcely used, however, since 20 these
catalyst supports display no long-term resistance to acetic acid and are relatively expensive. In the case

of shell catalysts coated with Zr suspension, problems with sion resjstance chanical
stability Cga:ise% Lé%pﬂ% g?gglp %g{ajogrﬁ% of g bagéjly%gslg’u ﬁgm%;? %se %orzgf{;{e‘ic')gr{bep%la@rg]atiglril1 %fl}gﬁ(enyl acetates
are shell catdlysts3fitR @Pa/Arshell Bne pordifs amorphbis aliinosikicete suppott formed as a sphere

based on natusal-shest siligates which ase smpregnatedsthieugh with-petassiymacetate as co-promoter.
30 Such alkenyl acetate shell catalysts are usually prepared by the so-called chemical route in which the

catalyst suppbrti&Stedped’in} $oldtfors SfcarrEdpording nietal précliiSbf cOMFSUNGS for example by
dipping the suppottinto then35 sdlutions, o tylmeansmaithe dacipientieetnessimethodl (pore-filling

method) in whjch the support is loaded with a vol lution, cor onding to its pore volume. -3-5
The PSJ?I/%\U shréll%%ﬁz c%%%yé?i%%rgaacégeforl %ggrlﬁ%% %%/éfllrétrq gft%e%%l%g S[%é'l ?:atoa%y;%%upport in a first
step in a Pd SalPBelifiofiand #er iffaseeenastep fixify i PatesmpbrerReWith-a base, e.g. NaOH, onto
the catalyst support in the form of a Pd-hydroxide compound. In a subsequent, separate 10 third step, the
catalyst support is he? stee@eq in an Qu-salt soluti%n antd tthen t|£le Au comtpc%nenttis likewise fixed by
means of a base. After thé fixig 5t the AOBIR-mtal Componentinthe Stitsr SRl bf the catalyst support,
the support ipwashed tiven dfied] bptighaklyeakeired and firallyaedeasedpld Tdretthussproduced Pei/Au

shell is f@ualg{lgggrpggn@gggéo&pghtpiggg o)l ibjgl,(- Qf‘d?x%i@ﬁ Q%E%Hé? support loaded with the noble

metals is loaded with potassium acetate after the last fixing or 20 reducing step wherein, rather than the
loading with PotaBsitin acktatetaking prate ity i the butersiéligaded with Hoble Metals, the catalyst
support is conpletety Irnpeegrieted through wath/thesss-prempterc Acsplenica support ecalted "KA-160"
from SUD-C e A ich, Germ sed on a natural sheet 25 silicate, which has a BET surface
area of apprgge(olrrnna glyg/;/ldgéoT %@g%ﬁr%ﬁ?ﬁﬁﬁy %%%%Oarsgcszal%?fs?g{su%%o% ﬂelf’fli&e%}f/ﬁ§ce:etate
selectivities achieved by imeans bfthe shelt eatalystevkoven s the stté of thearebased orePd and 30 Au

and alspo)KA-180RUPROrEs gie-apprgxipately 20 mol-% orelative 1@ the supplied gthylege, wherein the
remaining 10 mol-% of the reaction products are essentially CO2 which is formed by total oxidation of the

organic educt$Bprodudfs 35716 ifdreaks tR& Bttty GFakEhyl acetdte CitalRtE B¥fofd the deposition of
the noble metalt eatadyst supports fréelofZr suspension, problems with the

abrasion resistance and mechanical stability arise.

25 The great majority of the catalysts currently used for the
preparation of alkenyl acetates are shell catalysts with a
Pd/Au shell on a porous amorphous aluminosilicate support
formed as a sphere based on natural sheet silicates which are
impregnated through with potassium acetate as co-promoter.

30
Such alkenyl acetate shell catalysts are usually prepared by
the so-called chemical route in which the catalyst support is
[steeped in] solutions of corresponding metal precursor
compounds, for example by dipping the support into the

35 solutions, or by means of the incipient wetness method (pore-
filling method) in which the support is loaded with a volume

of solution corresponding to its pore volume.



active metal, based on natural sheet silicates, are first surface-doped with zirconium cations. For this, for
example -4-5 ready-formed catalyst support shaped bodies are Impregnated with a solution of a
zirconium salt compound and then calcined. Although, compared with the corresponding catalysts without
zirconium doping, such catalysts are characterized by increased activity with respect to alkenyl acetate

productign, 10 the jncreased activity is not of long duration, as because of the corrosjve atmosphere in
alkenyl ;%ceta 8 %yﬁﬁ?e%slfs ehee %gr is’ %Igggeg argfﬂtig(/%ﬁ/ rlaspi3I§/%%r%et%e%c%]iaﬁf§?gﬁg80r *and is therefore no
longer availablecfor attivationofthe catdlysty Thesziremmumi appliéd bytinfpregnation i$Aot 15 sufficiently

resistant to aggti¢ acid under, process-eonditions gvepafterthbg calcining eha madified support. The object
of the present invention is therefore to provide a catalyst support, by means of which alkenyl acetate

catalysts 20 E&ABRsepaled WHich até chardcteli28H by A relatiVey RighigTé SFakenyl dcetate activity
over a relativehelofgrperad.a Fhishohpeck islachievedinda first ependpose catalystssyppaert 25 consisting
of & majgrial which comprisas a najural sheel slicais.and 2102 in the gtradopal mogification. Surprisingly,
it was discovered that, by means of an open-pore catalyst support consisting of a material which
comprises a 80 iHtdfdl shieet SiiRaté apd Zr02oWiEIe i thesZ ioX ipreseht e the tetfggotfal modification,

alkenyl acetate catalysts.carrbe prepared,whisharercharasterizad-by a relatively: high level of alkenyl
acetate activi% over a relatik\l/ellyilonfg @%riod. %5 erOZ occurs in thrge modificatigns. Zr02 is present in the
monoclinic modffication at room tSmperaturs, i the tefragBRAF modification af 4 téfperature above
1170C and invtheredbicthedifitation abovel 283 20Cw i td thienptelimg! pointalt 2690Cluc&L.5 In the catalyst

SUPPOrtl@CCOMQQSHJQ%%%%t%VM'%E%@H%L@E%&%}‘%}EQ@E@%Q%P;‘;”i% #'0p is stable at

room temperature. 10 According to a preferred embodiment of the first catalyst support according to the
invention it isgorovitted thalt'thé catalyst support in boiling acetic acid releases less than

Usually, the catalyst support loaded with the noble metals is
loaded with potassium acetate after the last fixing or

20 reducing step wherein, rather than the loading with potassium
acetate taking place only in the outer shell loaded with noble
metals, the catalyst support is completely impregnated through
with the co-promoter. A spherical support called "KA-160" from
SUD-Chemie AG, Munich, Germany, based on a natural sheet

25 silicate, which has a BET surface area of approximately 160

nf/g, is predominantly used as catalyst support.

The alkenyl acetate selectivities achieved by means of the
shell catalysts known in the state of the art based on Pd and
30 Au and also KA-160 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.

35 To increase the activity of alkenyl acetate catalysts, before
the deposition of the noble metal, catalyst supports free of
active metal, based on natural sheet silicates, are first

surface-doped with zirconium cations. For this, for example



0.06 wt.-% Zr calculated as Zr02, relative to the weight of the Zr02 contained in the catalyst support. 15 It
was found that the solubility in acetic acid of the Zr02, contained in the first catalyst support according to
the invention is relatively low and the catalyst support therefore loses little Zr02, with the result that
relatively little Zr02 20 needs to be contained in the catalyst support in order to maintain the Increased
activity of a corresponding catalyst.over a relatively lon riod. It was alsa possible to show that by
means of he B Lot SO g B e ROt o e SparSon of b SABTEs & pport according to
the 25 inventior;isupportsicar bedbtairedrwhich have Zr02 eviriekist oahyd0 105wt.-% to 0.0001 wt.-%
soluble in boiling.acetic.acid. relative to.the weight,af the. 202 containeshin: the catalys support.
Accordingly, according to a preferred embodiment of the first catalyst support according to the 30
invention, it i¥ proVided that e Chtailist Sipportidle&6e€ 1855 thah ¢ 08 WE3% Zrin Bollily acetic acid
calculated asiZr}z; aetativedoithetweight of the 2602 containedry the catalyst support, tjireferably 0.05
% 19 9.0001 6, are. Preferably 0.1 wi % 16:0.0008 wis%, st mare preferably 350.008 wi-%6 to
0.0005 wt.-% and further preterably 0.003 Wt.-% to 0.0008 Wt.-%. -6- 5 'In‘order to determine the Zr
release of thé _atdl9STaipptIt AEBSRIAG 16 the ineition 10 ¢edrthe dryrdatarst stipportin powder form
is boiled in 25@ miaf96%dbailing acetic acid (are1analysh fend h-atnokmal pressyte uader reflux
conditions. The c&galjystf support iﬁthen segaratgfd vlia aflO filtert, the tfiltrate eva orated until dry and the
mass of the refnaining Solfd réSidu8 Yetérminat: This résidud by Comsatison with the quantity of catalyst

support useds prevides informationcom how seipblesthégatahyst suppoibis inacetic acid. The zirconium
content,af the selid residue.js 15.determined by meaps of ipdyctively ed Rlasma-(CRJ and from this

the quantity of Zr released from the catalyst support is calculated as Zr02. It is assumed that all the
zirconium cofit4ifled frr tie §0Pp6RIS predéntds 2irforitiin BibxIYE PP quantities of sample and agents
used for 20 determining the support's solubility in acetic acid can if required be scaled up, in each case by
the same faq&%r inogrderttooafchci%\ée bI?reater accuracy. The total %irconrjum content of tr%le catalyst support

is 25 determlne% by theans of suitable ?r?f%rrlr%ajt"lré\rﬁeandl FéP-laSnaﬁyéalléean%rﬁom tHis the fotal zirconium

dioxide contetit'of thie suppePos toal@lateth 1Biscdssumed thatkalh tHe ziredniuen eshtained in the support is
presenbas zircanivm dipxjde. e, Z1 release afthe catalystsuppart in boiling;aeetic acigh
level of alkenyl acetate activity over a relatively long

period.

This object is achieved by a first open-pore catalyst support
25 consisting of a material which comprises a natural sheet

silicate and Zr0O, in the tetragonal modification.

Surprisingly, it was discovered that, by means of an open-pore
catalyst support consisting of a material which comprises a

30 natural sheet silicate and Zr0O,, wherein the ZrO, is present in
the tetragonal modification, alkenyl acetate catalysts can be
prepared, which are characterized by a relatively high level

of alkenyl acetate activity over a relatively long period.

35 Zr0O; occurs in three modifications. ZrO, is present in the
monoclinic modification at room temperature, in the tetragonal
modification at a temperature above 1170°C and in the cubic

modification above 2370°C up to the melting point at 2690°C.



30(calculated as Zr02) relative to the total quantity of Zr02 contained in the catalyst support is calculated
as follows: Zr release of the catalyst support (calculated as Zr02 release) [wt.-%] = (Zr released from the
sample (calculated as 35Zr02)[g]4(total zirconium dioxide content of the sample [92] * mass of the
catalyst support sample [g]) *100 wt.-%. For example: 10 g of catalyst support with a Zr content of 7.40
wt.-% (cerresponding to 10 g of Zr02) are treated in acetic -7- 5 acid. 0.074 g of Zr is detected in the
eluate. The Zr release is calculated as (0.074 g*(123.223)/91.224))/10 g = 0.1%. The present invention
further relate$no Ehsecerid: taly stustupport whichrdehieves theabovesénitioneéd ebjectThis second 10

open-pore C%QW}%E%EHQQ cp@@i&i’g&gﬁam@fi@&M% cgmprisesza patyral sheet silicate and Zr02,
wherein the catalyst support in boiling acetic acid releases less than 0.06 wt.-% Zr calculated as Zr02,
relative to thé R&ghtaRthE 210 contained in the catalyst support. 15 The Zr02 contained in the second

catalyst support according to the invention has a relatively low solubility in acetic acid, with the result that

relativelyiti, 2102 needs g be soatained in Ui catglyst supportin arder {o mainigip the 20 increased
activity of a corresponding alkenyl acetate catalyst over a relatively long period. It was also possible to
show that by THERAS bf #t€ pFEEess &€cording iy tHe-iFventibnfor H® picisaratibnof theé catalyst support

according to the invesntios, sgpperts.casobe ohtainedwhichhiave 2102 which iss25emlyr0.05 wt.-% to

0.0001 wt.-% sq| bletin_lgoilzing acetic actid,drelative too the vvlei%ht of tthe Ztr02 conta&ilnted ifn thhe catalyst
support. Accordingl¥ it is providet that he Setdnd citalyst stppbrt accdraing to e invention releases

less than 0.081Wt-%oZit mnibeitingracetie acid calculatedras 7102,

15
It was found that the solubility in acetic acid of the Zr0,
contained in the first catalyst support according to the
invention is relatively low and the catalyst support therefore
loses little Zr0O;, with the result that relatively little ZrO;

20 needs to be contained in the catalyst support in order to
maintain the increased activity of a corresponding catalyst
over a relatively long period. It was also possible to show
that by means of the process according to the invention for
the preparation of the catalyst support according to the

25 invention, supports can be obtained which have ZrO; which is
only 0.05 wt.-% to 0.0001 wt.-% soluble in boiling acetic
acid, relative to the weight of the Zr0O, contained in the
catalyst support. Accordingly, according to a preferred
embodiment of the first catalyst support according to the

30 invention, it is provided that the catalyst support releases
less than 0.06 wt.-% Zr in boiling acetic acid calculated as
72r0,, relative to the weight of the Zr0, contained in the
catalyst support, preferably 0.05 wt.-% to 0.0001 wt.-%, more
preferably 0.01 wt.-% to 0.0003 wt.-%, still more preferably

35 0.008 wt.-% to 0.0005 wt.-% and further preferably 0.003 wt.-%
to 0.0008 wt.-%.



30 relative to the weight of the Zr02 contained in the catalyst support, preferably 0.05 wt.-% to 0.0001
wt.-%, more preferably 0.01 wt.-% to 0.0003 wt.-%, still more preferably 0.008 wt.-% to 0.0005 wt.-% and
further preferably 0.003 wt.-% to 0.0008 wt.-%. The Zr release in acetic acid is determined 35 as
explained above. -8-5 The following preferred embodiments of the catalyst support according to the
invention rel e tgrbo?th the first and th% sgggn% cajtt%lﬁt supps t %gorcda't@g o the invention. According to a

preferred em odiment of ﬁ\edggt%ﬁ%]t%upport 0] accoroﬁng to the inven |on,¥tsig psrgefé%]atthat at least 50

wt.-% of the ZrO2edntained irf-the catadyst isuppbit is préseheirfthe tettagoral nsodifieation.nAs the

proportion 0?@%@92%%teltga%werawEicgﬁgwpr@@i@@l%nﬂaﬁl%@ly%élee@og@@&ording to the
invention is determined_by means of X-ray 15 diffractometry (XRD), said pr%portion refers only to X-ray

diffraction actiVé Zr63 WHichis EohtainBd it thE Aty St &ioport abebfding %6 tHe invention. According to
the inventiondbisqireferted thatatleast 56 20:whetraf the Zidhcertained idtheieatalyst support

according lo fha invention s X-ray difraction active. praferably af lagst 70wt more preferably at least
80 wt.-%, still more p'.re erably at least 90 wt.-% and.furtrher preferably at least 95 wt.-%. 25 A relatively
large proporticiirefthe’2rPéontaiived i theleariyststppottaccsitigiis thePinvention is present in the

tetragonal medifisation chetraganahzircanium; dipxide has a1 rplatively high speeific surface area. However,
the phase 30 stable at room temperature is monoclini%zirconium dioxjde which has a relatively low

Lo rovides, information .on how soluble th caaa%%§t.suﬁ$%ft iS-l?
specific surfdte’area; Surprisingty; by simply ficsrporating undopeéd Zircdnium hydroxide into a support
matrix comprigirg acsheetcsiliddte followedbyncaleiningtthefsurfacesrichdetragoiakZiG2 phase 35 was

successiul piaducecnAbigh Vield apd Fabiiaed,dyScagpseMuziconym, dipide specifc

surface area is provided in the catalyst support according to the invention using relatively little expensive
zirconium. TH& 20- B tatdlyst Spsport kidoh fromrtheSstaté! of Hi&aft'ihichts prépared by impregnating
a catalyst suppersvith azirconiumsattselutiandollowediBy galcining is Xarayamarpbous as regards the
zirconium. This normaIIIX means that the zig%onium isdpresent in the form of nanocrl){stalline particles
and/or in zlrconlium contained In e Suppdrt 1S présent as zlrcornlum

dioxide. The quantities of sample and agents used for

20 determining the support’s solubility in acetic acid can if
required be scaled up, in each case by the same factor, in

order to achieve greater accuracy.

The total zirconium content of the catalyst support is

25 determined by means of suitable information and ICP-analysis
and from this the total zirconium dioxide content of the
support is calculated. It is assumed that all the zirconium
contained in the support is present as zirconium dioxide. The
Zr release of the catalyst support in boiling acetic acid

30 (calculated as Zr0;) relative to the total quantity of Zr0O;

contained in the catalyst support is calculated as follows:

Zr release of the catalyst support (calculated as Zr0O; release)
[wt.-%] = (Zr released from the sample (calculated as

35 7Zr0;) [g]l/ (total zirconium dioxide content of the sample [%] *
mass of the catalyst support sample [g]) *100 wt.-%. For
example: 10 g of catalyst support with a Zr content of 7.40

o

wt.-% (corresponding to 10 g of Zr0O;) are treated in acetic



10 amorphous form. Accordingly, it is provided according to a further preferred embodiment of the
catalyst support according to the invention that at least 50 wt.-% of the Zr02 contained in the catalyst 15
support according to the invention is present in the tetragonal modification, preferably 50 wt.-% to 100
wt.-%, more preferably 70 wt.-% to 99 wt.-%, still more preferably 85 wt.-% to 98 wt.-%, further preferably
90 wt.-%_to 97 wt.-%, further preferably 92 wt.-% to 96 wt.-% an sti{gl further 20 preferably 93 wt.-% to 95
w05, The ABOVE prapond Saat elate 18 178 Wiy Bk AGuaH SEHVE 2103 cohambaiihe support. A
proportion of 100-wi.slefretragondd 2002, whickeis particulaklyjsreferréd agcording te the invention,
means that only signals from tetragonal Zr02 can be identified in a 25 corresponding XRD spectrum and
no signals from Zr02 of monoclinic or cubic modification. According to a further preferred embodiment of
the catalyst sUPporE&EETTIng 16 tHe mivehtioh it is Provitied that i &F F0"KREFSFedtPim of the support
the ratio of theumtensitywafithie sighakat2 theta ef2S.2ntertheédntensity jefdhe signal atsxtheta of 30.2 is
less than/eq 1, preferably.less t preferably less than_O. il mare preferably less than 0.05
and stiﬁf%rthtgarg%%e e(r%:k%yée%tgu%][ ¥§ %Qlﬁ%%sr ’Furi(gtgr%loéélﬁ]r%sfél:?eg t §t§t E%%D@ﬁé%rum of the support
is free of sigrist8irohs Teibfc Zr02 'FHe peaRof gréatestintendity {Rkt 1TEP6£AToridedinic Zr02 lies at 2
theta of 28.2 ~the-peak of grgatest intensity (hid 1049 of tetraganaldwZslies at2s5theta of 30.2. The XRD
spectrum is %sgécallted_éRD-diffelrenﬁe gggctrumz. 'I;)he XRIIl) dif,ferentce SE%ectrum iﬁ LgenFera%ed by having
an XRD spectrum df & catafyst Supportaccording to the fivention and aréference Catdlyst hpport
recorded undérddenticabdorditions @mel subitedctiny theoXRD: spectrum of the 10 reference catalyst
support from that of the catalyst support according to the invention. The reference catalyst support is
prepared analogously to the catalyst support according to the invention, with the exception that Zr is not
added to the Teferénce Gtalyst8GPpoR. The XREPSPedird atd prefRrabIy s Afeddtiéddntan X-ray
powder diffractemeterdramddrukes AXScmotel &4, ENREAYOR i iniBraggrBsertane geametry. The device
parameters are preferably: C ipla,1.5406 A, current.valtage 4Q kV, current strength 40 mA and the
scan parame‘f]elr@arfce%%o]r‘)l/|ﬁﬁ%tjﬁ<§cs%3ﬁ, 5% 8ttalgi%§fo ]thgt?ée?) éIrZ%GZ =n(?.8§82 E8t gta, time per step = 0.5
s, divergencesshitt=2 129%m vatiables amtilstHtterstipert? immovaliablé csample rotatiohe30 rpm.

According to a.further preferred, empodiment of the catalysi,23 sHPROIt according totheripyention, it is
provided that the Zr02 is_present in particulate form. If ZrO2 is present in the_catalyst support according to
the inventioniK $he tetragGhalmbdificaltivn ffe 2902 ¢ clAthined 30°RTREBUpport i Particulate form.
Otherwise, thenZr02ganda psinciple lads@ beccortainedondhesupporhin thevtermiohindiidual Zr02 units
which are Inc&ggo%@tgg for example |rggethg§‘£%@§§\1@r§élgrfgjg]gqea%fctg?dpgger@. ByLitis preferred that the

Zr02 is present in the catalyst support according
invention, supports can be obtained which have Zr0O, which is

25 only 0.05 wt.-% to 0.0001 wt.-% soluble in boiling acetic
acid, relative to the weight of the Zr0O, contained in the
catalyst support. Accordingly it is provided that the second
catalyst support according to the invention releases less than
0.06 wt.-% Zr in boiling acetic acid calculated as ZrOg,

30 relative to the weight of the Zr0O, contained in the catalyst

¢

support, preferably 0.05 wt.-% to 0.0001 wt.-%, more
preferably 0.01 wt.-% to 0.0003 wt.-%, still more preferably
0.008 wt.-% to 0.0005 wt.-% and further preferably 0.003 wt.-%
to 0.0008 wt.-%. The Zr release in acetic acid is determined

35 as explained above.



35 the invention in particulate form. A stable incorporation of the Zr02 in the material and thus a largely
low solubility in acetic acid (Zr release) of the Zr02 c@ntained in the catalyst support is thereby ensured. 5
If the Zr02 is contained in the catalyst support according to the invention in particulate form, it is provided
according to a further preferred embodiment of the catalyst support according to the invention that the
Zr02 ha%an a eragoeﬁ% gj?rtlcle d@meger dso bog at mosCtSSO gmdaoreferggly an average Eartlcle diameter

dso of at most 30 pm an urther %réefgraeb yeénn avé%%% par?lcle rameter d¥ssot01‘S at most 20 pm. The

average particie disgheter dsotisedetermiried by edément distiibttiory by rieans ofefedthen microscopy

(SEMBEDX) sEor this the-maximuny1s gimensions: ofthe>Q largest identifiable Zr02 particles ina 1 mm
x 1 mm area selected at random, but representative of an EDX spectrum of the catalyst support, are

measured and the dso value calculated from them. The EDX measurement preferably takes place on a
LEO 1530VPrscaning electren mierascope 20eqaippedwith ameneegy:dispersivespectrometer from

Bruker XS Eordhe easurepent, i Getalyst Suppart 5. thiough.and, glugdLin.a graphite sample
holder. A nitrogen-free Silicon drift chamber ete;:tor](XF ashB 4010) with an energy resolution of 129 eV
for the mangiiese Kalpla finé 21 30keps PHFisipreférabfptised us deteetort AbeoRrdiA§as fa further

preferred embgdiment eftheseatalyst supporsaccardingstothe inveption: ks provided that the Zr02 is
contained statist[_igalgly eveng/ diftribu eg in trtle 30 matetrial. Itdwas fc% nd theg tE\e more evenly distributed
the Zr02 contaimnidd i e ATatix Fthe stpport the Greae? the Hehievabié mMechanicaratabitity of the
catalyst support: 4tr85 weas alsofoundvthat catalyst sigportsiwith evenvdistributiorkefrtne Zr02, not only as
spheres but 3se 4p the form of hpliew, ‘;‘y'g&'ﬁ‘isf%fé lopes, Haye goed mechapical staility. According to a

further preferred embodiment of the catalyst - 5 support according to the invention, it is therefore
provided thattheZ@t s CortainetFeveénly distriButéd, praterally hotodéitesifsty of Statistically evenly
distributed, insthe-materak dOAseording te aifurtbet peeferred embodiment of the catalyst support
according to the invention, it is provided that the Zr02 is contained in the catalyst support in a proportion
of 1 wt.-% to 30 wt.-%, relative to the weight of the catalyst support. 15 If Zr02 is contained in the catalyst
support in a proporticn of fesstihani D vwanvd,dheldlkényracctater activitiesf a cohespondihg catalyst

according to fhe inventiops Ipceased ophyrslightly, while-ahowe, apropggion of 38y Yadhe

to the invention is X-ray diffraction active, preferably at
least 70 wt.-%, more preferably at least 80 wt.-%, still more
preferably at least 90 wt.-% and further preferably at least
95 wt.-%.

25
A relatively large proportion of the ZrO, contained in the
catalyst support according to the invention is present in the
tetragonal modification. Tetragonal zirconium dioxide has a
relatively high specific surface area. However, the phase

30 stable at room temperature is monoclinic zirconium dioxide
which has a relatively low specific surface area.
Surprisingly, by simply incorporating undoped zirconium
hydroxide into a support matrix comprising a sheet silicate
followed by calcining, the surface-rich tetragonal Zr0O, phase

35 was successfully produced in a high yield and stabilized.
Thus, a relatively high zirconium dioxide specific surface
area 1s provided in the catalyst support according to the

invention using relatively little expensive zirconium. The



20 increase in the activity of the catalyst can be accompanied by a noticeable loss of alkenyl acetate
selectivity. Accordingly, it is provided according to a further preferred embodiment of the catalyst support
according to the invention that the Zr02 is contained in the catalyst support in a proportion of 1 25 wt.-%
to 30 wt.-%, relative to the weight of the catalyst support, preferably in a proportion of 5 wt.-% to 20 wt.-%
and further preferably .in a proportion of 8 wt.-% to 15 wt.-%. Ac orﬁing to_a further preferred embodiment
of the ca alys%%%aesiggﬁor 3 é)ﬁﬁn%%vfﬁe\%lﬁ\%lnt}%hneitslg %ﬁ)eviagﬁ at ﬁl'n]fatZFHL%Zl Sgrtﬁ:f'es are contained
evenly distribetes dr tive Supporauhthelsgpport i fregstr essartially figéobapercokation network of Zr02
particles. 35 Aggerding (e afurther preterred embodimens of the catalyshsuppest acgarding to the

invention it is provided that the Zr02 particles are evenly distributed over the cross-section of the - 13 -5
support and tha? 1€ SupPortis Tred oHBssantially e ot B p8icdition Abtwdrk &f 2t pdfticles. In the
catalyst suppost aceareing totheninventiondhernzn2content isipreferabty chesenaecording to the particle
size of 10 thealrn%s]ﬁgtril%%grg%PIQyticles in the support such that the percolation threshold in the support
matrix is not reached. As is clear for example from the following EDX photographs, the ZrO2particles are
essentially present as discrete units, not linked with each other and statistically evenly distributed in 15

the support matrixr Byregreolation: thrgsheldiwithindhemeaningofpercolation theory(seq Stauffer D. and
Aharony A. : Intgoductiontto Iger%olatiortl Theory, Taylor Qnd Frangis, Londotn},1 19,94%is meant any
threshold rel&fivg to 1e Gofdentration of Z¥02 it e RatalyStSUPport wiereits for the 20 fifst time a
three-dimensidral Z021lretwork passescompletely Zhfougl e sSuppotin Itisassaned that when the
percolafion thygshold.s excaedadduing iopiegnalion of a.cqnesonding,supgort with metal salt

solutions, the diffusion runs into the support matrix along the Zr02 units, which leads to a higher or 25
more uneven-ntrodiiclish dftfetal Salt’solutidit fit6 tRE SUppdri‘Core®and tHi¥ hifiders the formation of
shell catalystgso Acnatueaishest silicate ts eantained inythe eatalystisupport 30 accordingtodbe invention.
By "natural sh%et_s/ili%%teé'gfortvvrlig:h t?ggggngr"phwl%silic%tf; i. glsmcintus_eﬁd jcn tf‘bglitmtre{atyge, is meant within

. WL .—%,. erera . «. 0 . .
the framework of the present invention untreated or treated silicate mineral from natural sources, in which

S104 tetrahedlra, Wkichrforhethelstiuctdral B5Base ubft oftall-Silieatéss aid trdssrlimicad with each other in
layers ofthe gepetal fgimuls[3i20312. dhese tetrahedran laygyrs altegnatewith Soscallgd gctahedron
layers in which a cation, principally Al and Mg, is octahedrally surrounded by ,

relate to the X-rfay diffraction activée Zr0O, contalned in the

support. A proportion of 100 wt.-% of tetragonal Zr0O,, which is

particularly preferred according to the invention, means that

only signals from tetragonal Zr0O, can be identified in a

25 corresponding XRD spectrum and no signals from ZrO, of

monoclinic or cubic modification.

According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that in an

30 XRD spectrum of the support the ratio of the intensity of the
signal at 2 theta of 28.2° to the intensity of the signal at 2
theta of 30.2° is less than/equal to 1, preferably less than
0.5, preferably less than 0.3, still more preferably less than
0.05 and still further preferably equal to 0. It is

35 furthermore preferred that the XRD spectrum of the support is
free of signals from cubic ZrO;. The peak of greatest intensity
(hkl 111) of monoclinic Zr0O, lies at 2 theta of 28.2°, the peak
of greatest intensity (hkl 101) of tetragonal ZrO; lies at 2



5 OH or 0. A distinction is drawn for example between two-layer phyllosilicates and three-layer
phyllosilicates. Sheet silicates preferred within the fragnework of the present invention are clay minerals, in
particular kaolinite, beidellite, hectorite, saponite, nontronite, mica, vermiculite 10 and smectites, wherein
smectites and in particular montmorillonite are particularly preferred. Definitions of the term "sheet

silicates'_are to be fou c;% r.example ip "l.ehrbuch der anorganischen C ie", Hollemann Wiberg, de
Sruytor, 10oHG SR, 2007 (BN SR 1 TG T 1y b1 TR Mo CI =1 oth ention,
Georg Thiemer¥etagrunderehéMeadingrelr Rimglositikat'r Typical teatments! té whicty antatural sheet

silicate is subjectegbefore Usgas, sURPRH Mmatesial Q“u%li;!@%n particylan g0:a tregtment with acids, in
particular mineral acids such as for example hydrochloric acid, and/or calcining. A natural sheet silicate

particularly préférret Rithit the raMEWSTR TF the pregeht inVBREGH i RTGHATSHIIGNTE” which 25 is
preferably useddntthedormeofd bentoniten Benionites ate snixturesrd different clayominerals which contain

as predgmingnt,gqmpenent monymeriloniis (epproximately 5w (0.9 w20, Eyrlher accompanying
minerals can be i.a. quartz, mica and fe%%par. 30 According to a further pre¥erre§ embodiment of the
catalyst suppdPEaECaraing fo tHeinventibhi itlis pfovided thaciHeEnsfural siveetssikemets Bh acid-activated

sheet silicate, 35 Acidactivated sheel silisatesare.knoynin dhgstate ofdtberart (ef. Rompp Lexikon
Chemie, 10th edition, Geor% ,'I;rllliegne Verlag, Qeadwordé‘Bgntonite")}.tln %rger tct) inctrease the adsorption
force of the cAtaIvaFsUBport actordiRg T8 ThE 25 - B hveftion™ tHE faftitarshéét dilicate is preferably
present in the sGppertda the fermof arvacid=activited Sheet siicate Itissfupther greferred that the

acid-activated sheef silicate is,acidzacfivated montmarllonite which acerding, to.the,ipyention is further
preferably contained in the support 10 according to the invention in the form of an acid-activated
bentonite. Actordihgto & HitthePreferred etiBodinterittorthedtalysy suppriHceording to the invention,

itis providedghattherers are preferably: Cu Kaipna 1.5406 A, current voltage
40 kV, current strength 40 mA and the scan parameters are:
continuous scan, 2 theta of 5° to 90°, step size = 0.03° 2
20 theta, time per step = 0.5 s, divergence slit = 12 mm
variable, anti-scatter slit = 12 mm variable, sample rotation:

30 rpm.

According to a further preferred embodiment of the catalyst
25 support according to the invention, it is provided that the

Z2rO, 1s present in particulate form.

If ZrO, is present in the catalyst support according to the
invention in the tetragonal modification, the Zr0O, is contained
30 in the support in particulate form. Otherwise, the Zr0O, can in
principle also be contained in the support in the form of
individual Zr0O, units which are incorporated for example into
the framework structure of the material. But it is preferred
that the Zr0, is present in the catalyst support according to
35 the invention in particulate form. A stable incorporation of
the Zr0O, in the material and thus a largely low solubility in
acetic acid (Zr release) of the Zr0O, contained in the catalyst

support is thereby ensured.



15 catalyst support has an acidity of 1 mval/g to 150 mval/g. The degree of acidity of the catalyst support
according to the invention can, at least indirectly, advantageously influence the performance of a
corresponding catalyst with regard to the 20 gas-phase synthesis of alkenyl acetates from acetic acid and
ethene. According to a further preferred embodiment of the catalyst support according to the invention, it
is therefore  provided that the catalyst support has an acidity of 1 mval/g to 150 mval/g, preferably an
acidity of 5 mval/g to 130 mval/g, 25 preferably an acidity of 10 mval/g to 100 mval/g and particularly
preferably antdcidity of 20 mvalfgrtoted neval/ig THee acidity lofthe Supportcas forreiamplecbe Increased

by impregnating the, supRQE.With agid. 30-The acidity.of a catalyst.suppetis determingd asfollows: 100
ml water (with a pH blank value) is added to 1 g of the finely ground catalyst support and extraction

carried out fot 15 MmimGtesHccoNpanied B St Titratid (& at felast bH 750 #ith 0.01 n NaOH solution
follows, whereirr theititrgtion 35his carriedutiin stages;Hemd of thedda©tl sokitionds firstly added

dropwise,to thg extract (gid %lsegogd (g Ilowe%cpé/ a Zsmipute w%i%, thgqu i%rqe%q], %(g rther 1 ml NaOH
added ropWEijser, etc. The J[:)%ankt\e/aluef’ogf t%ea\tf\?ater uged is detefmined - 16'- 5 and the ;%dity calculation

corrected ac&sr8ingly STHe dtion cirve Imt0.0PNacH againsthH ) sHheh piotéd it the intersection
point of the tigratigncye at pH 7 determined: dihesmolereguivialents xvhigh result frona the NaOH
consumption for '%he inter ,ectioQFpoigt atpH7 are calculé"ﬂed loin 10 ESteguivé?E supgort: Total acid:10 * ml
0. 01 n Naaf 2ivai/g™1 SuBport Acttding 16 A TURAEF Préféried Binbodiment of the atalst 15 support
according to the invenfion] #ds providedithat tirey cat@ilystEpporthas aniaverage poreidiameter of 8 nm to

30 nm. T keep ihepore-diffusion.limijation of the catalyst-supprt 20acearding { the invention largely

small, it is provided according to a further preferred embodiment of the catalyst according to the invention
that the catalSt Supp8it s ah average o digthest of Hhm-P36 Fifh. faretféiahf of9.5 nm to 20 nm
and particuladypreferabhuef 1@.5chm toala Dy angdZponast pieterablysofrbl 540413 hamas The average

pore diametey I3 determined according to DIN, 66134 (dstermination of the pore:size distribution and
SpeCIfIC surface area o mesoporous
takes place on a LEO 1530VP scanning electron microscope
20 equipped with an energy-dispersive spectrometer from Bruker
AXS. For the measurement, the catalyst support is cut through,
and glued to a graphite sample holder. A nitrogen-free silicon
drift chamber detector (XFlash® 4010) with an energy

resolution of 129 eV for the manganese Kaiipna line at 130 kcps

25 is preferably used as detector.

According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that the
ZrO; 1s contained statistically evenly distributed in the

30 material.

It was found that the more evenly distributed the Zr0,
contained in the matrix of the support, the greater the
achievable mechanical stability of the catalyst support. It

35 was also found that catalyst supports with even distribution
of the Zr0O;, not only as spheres but also in the form of hollow
cylinders or trilobes, have good mechanical stability.

According to a further preferred embodiment of the catalyst



solids by nitrogen sorption (process according to Barrett, Joyner and Halenda (BJH)). 30 According to a
further preferred embodiment of the catalyst suppart,according to the invention, it is provided that the
catalyst support has a specific surface area of less than/equal to 180 m2/g. 35 It has been established
that, the smaller the specific surface area of a catalyst support according to the invention, the higher the

alkenyl gcetate selectivity of an. alkenyl acetate - 17 - 5 catajiyst repared_using the catalyst support
coording t0 TS FGEnoR WA A AUl SonSt SIRAY of e LatoSe Reroring s Rartioutarly
preferred embbdiméheofthe catalystrsupport acterding 46 the idvertion, itds thersfde provided that the

catalyst suppost-nas Aespecific surface @rea10,0f lessthanipqual to 180.-m2/9.:preferably less than/equal
to 160 m2/g, preferably less than/equal to 140 m2/g, further preferably less than/equal to 137 m2/g, more

preferably le€&tHani8dual to 135 m2/g, still more preferably less than/equal to 133 m2/g and particularly
preferably less than/equal to 130 15 m2/g. The specific surface area of the support according to the

inventiqnis detenine according,ta PIN 66134 (desermination of the spegffic suage, grea of solids by
gas adsorption according to Brunauer, Emmett and Teller (BE‘B) %y means of nitrogen. 20 According to
the inventionSHR® firthererorepieterred that tHe eatalyst suppotth&s avspisific-Saifatéarea of 60 m2/g to

180 m2/g, prefesably: ok 65402/g-to 160 yA2/0; Praferably-efof m2/gto150-m2ig fusthes preferably of 75

m2/g to 140 m2/g, 25 more %ref%ra_biy of 7? m2/ tot13ghm2/vg an(g tmost ptrgferablty ?f 80 m2/g to 120
m2/g. The size 8F the’ spcifié sliface’ arsa: of the averages pbre dinmeter -BFtHeintegrar pore volume, etc.

of the catalyst8&support depends in particular on the quality of the natural sheet silicate used, the
acid-treatment method, i.e. for example the nature and the quantity, relative to the sheet silicate, and the

concentration of the mineral acid used, the acid-treatment duration and temperature, on the moulding 35
pressure and'én #A&caléinfity dardtish and témpetatute And>A_BhE cHlcifiny aftRdsptere®

less than 1 wt.-%, the alkenyl acetate activity of a
corresponding catalyst according to the invention is increased
only slightly, while above a proportion of 30 wt.-% the

20 increase in the activity of the catalyst can be accompanied by
a noticeable loss of alkenyl acetate selectivity. Accordingly,
it is provided according to a further preferred embodiment of
the catalyst support according to the invention that the ZrO,
is contained in the catalyst support in a proportion of 1

25 wt.-% to 30 wt.-%, relative to the weight of the catalyst

support, preferably in a proportion of 5 wt.-% to 20 wt.-% and

further preferably in a proportion of 8 wt.-% to 15 wt.-%.

According to a further preferred embodiment of the catalyst

30 support according to the invention it is provided that the Zr0,
particles are contained evenly distributed in the support and
the support is free or essentially free of a percolation

network of ZrO, particles.

35 According to a further preferred embodiment of the catalyst
support according to the invention it is provided that the ZrO,

particles are evenly distributed over the cross-section of the



- 18 - 5 The catalyst support according to the invention has a relatively high stability. According to a
further preferred embodiment of the catalyst suppart,according to the invention, it is provided that the
catalyst support has a hardness greater than/equal to 30 N, preferably a hardness of 50 N to 10 75 N and
particularly preferably a hardness of 55 N to 70 N. The hardness (indentation hardness) is measured on

spherical samples (diameter; by means of the tablet-hardness testing machine from Dr.
ehlouniyer PRETAStoN A (Rt Betre e baebnt 1 Sorpiad agé fied ovlr a 15 period
of 2 h at a teiwpetatiré of 1 30C.WThek hafddess ivealcufdted as the average of 99 measurements. For the
measurements the choosable parameters, named below, of the 8M tablet-hardness testing machine are

set as follows: 20Hardness_(dimension): Distance from the sample:5.00 mm Time delay:0.80 s Feed
type:6 D Spetd:3:8D ml/d 25 Actbrding to & fivertiont &t is Brefeiéd tHatth&Sropbition of natural
sheet silicatedorthercatakysp seppartacgosdingeto thednvention issmate thamnfeqriat ta 50awt£6, preferably

55 wt-%l0 9,036, Preferably, 6 i Jo 9730 wtBt, further preferably,gi wtef.to 95 wt.-% and sil
further prefera ?y 70 wt.-% to 90 Wf.-g}o, rellatlve to the weight of the catalyst support. According to a
further preferréd eptisddifderitioiaRe cefalyst 35Supporcaccarding to te mventibaihRYrobided that the

catalyst suppost bas ap Integral pere volurse of 025 mligia A7 kY. phd8op-&emparegiwith a catalyst
support of the state of %Qec f\rt, which has been ﬂrface-doeped with Zr02 by means of a zirconium salt

solution, the Gataiy3t Stippont actordiny’to the invéntidi Hasa Flafively15ide Pore VoluMe, as, when Zr02
is introducedldurkwgithel preparation Ofi¢re catalystsupportactordingtdy distributed in
15 the support matrix. By percolation threshold within the
meaning of percolation theory (see Stauffer D. and Aharony
A. : Introduction to Percolation Theory, Taylor and Francis,
London, 1994) is meant any threshold relating to the
concentration of ZrO, in the catalyst support, wherein for the
20 first time a three-dimensional Zr0O, network passes completely
through the support. It is assumed that when the percolation
threshold is exceeded during impregnation of a corresponding
support with metal salt solutions, the diffusion runs into the
support matrix along the Zr0O, units, which leads to a higher or
25 more uneven introduction of metal salt solution into the

support core and thus hinders the formation of shell

catalysts.

A natural sheet silicate is contained in the catalyst support
30 according to the invention. By "natural sheet silicate", for
which the term "phyllosilicate" is also used in the
literature, is meant within the framework of the present
invention untreated or treated silicate mineral from natural
sources, in which Si0O; tetrahedra, which form the structural
35 base unit of all silicates, are cross-linked with each other
in layers of the general formula [Si,0s]? . These tetrahedron
layers alternate with so-called octahedron layers in which a

cation, principally Al and Mg, is octahedrally surrounded by



10 the invention, the pores of the support are not blocked. It was found that the alkenyl acetate selectivity
of an alkenyl acetate catalyst prepared by means af the catalyst support according to the invention
depends on the Integral pore volume of the catalyst support. It is therefore preferred that the 15 catalyst
support has an Integral pore volume of 0.25 ml/g to 0.7 ml/g, preferably 0.3 ml/g to 0.65 ml/g and
preferabg/ 0%91 ml/ fo OASOdmI/ . The. Inteqral ore vopme IS detﬁrm@tr)led accorginoq to DIN 66134
. . . 1S Nnc.ti1on S rawn.ror Xam e tween wWoO—1la r .
(determination of the pore-size distri ution an specific surface area of mesoporous s6lids by 20 nitrogen
sorption (proeéss aeearding te Barretlt, Joyper bngdeHatdridal (BIH)) cAtesrdifg ¢s fa further preferred
embodiment of the. catalystsuppart acgarding to the invention, it is provided,tbat at 25 |96}St 80%,
preferably at least 90%, preferably at least 98% and most preferably at least 99%, of the integral pore

volume of the CEENStRUgPdH BHofmBt oM Mesbporés hhd'matrdifttes"AT8duced activity, effected by
diffusion limitagione 0f Analkeryl acetate, catatyst preparechby ondanrs 3f)iofdihecatalystisupport according

to the inyention.,in.particlar.a PeiAy shell satalyst with.relatively large shell thickness is thereby
counteracted. By "micropores", "mesopores” and "macropores” are meant pores which have a diameter of
less than 2 nfP - Bimete? df 2enmite 50 hid andos 38 diametér 6Fmadre than Goeam reSpektively. The

volume properign ofdhednesopores-ard macropsres ircthe, integral poseyvolume is ascertained using the
pore-volume distribution of the catalyst sthSp ort according to th?[ invention, which is - 20 - 5 determined

according to DIN 66154 (§&terAiTation of thePore-siBeistribution SAd spatific Surfate area of

mesoporous Golids &y, nitrdg&h soiptiom (proeess atedrtifgdo Bartetd 1 JoyHerlandHalenda (BJH)). 10
According to afyrther prefarred emhodiment efithescatalyst support aggarding;to e inyention, it is

provided that the proportion 03" the integral pore 'yolume accounted for by pores of the support with a
diameter of 6 M t&°BOHRT 75 MotE than 66%2preferably 66% to 80% and particularly preferably 68% to
15 75%. The percentages are calculated from the pore-size distribution which is to be determined

according to PIN.66113 {rdet rmination of g]e Bore-siz disqib tion and fgecific surface area of
mesoporous solids %y ;}Cltr(e)aglﬁes%rrs)tigr? (grolccessaacnc%%ﬁ% to%gﬁgtt,sjoyﬁéart and Halenda (BJH)). 20

According to auferthel gteferfed emissdinent whthe catalystrsupport ateording toae verion, it is

provideghthatthe,calalyst suppert has abulk depsity of more thaniequalte Qid glmiyprederably more

than/equal to 0.45 g/ml, [Breferably more , o
for example hydrochloric acid, and/or calcining.

A natural sheet silicate particularly preferred within the
framework of the present invention is montmorillonite, which
25 is preferably used in the form of a bentonite. Bentonites are
mixtures of different clay minerals which contain as
predominant component montmorillonite (approximately 50 wt.-%
to 90 wt.-%). Further accompanying minerals can be i.a.
quartz, mica and feldspar.
30
According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that the

natural sheet silicate is an acid-activated sheet silicate.

35 Acid-activated sheet silicates are known in the state of the
art (cf. Rompp Lexikon Chemie, 10 edition, Georg Thieme
Verlag, headword "Bentonite"). In order to increase the

adsorption force of the catalyst support according to the



25 than/equal to 0.6 g/ml and particularly preferably a bulk density of 0.6 g/ml to 0.75 g/ml. According to a
further preferred embodiment of the catalyst suppart,according to the invention, it is provided that the 30
natural sheet silicate contained in the catalyst support has an Si02 content of at least 65 wt.-%, preferably
at least 80 wt.-% and particularly preferably 85 wt.-% to 97 wt.-%. A high chemical resistance of the

catalyst guppﬂgtv %%%olrgrilng Q}the iné/g]rg;@nsi\% %h% aslklelnlyl a?%cetate S nt?gsisbiﬁ thereb%/ 3% egsured. -21-5

sheet silicate is scarcely’disa&vélr?tageous, Breds with @hlﬁlz 5%conténts’a marked reduction in the

indentation hakdneswobthie ¢atalyst sbipporiorhust beexpettéd VAEeoding t6- apréfereéd embodiment of

the catalyst sypppgt acearding to the invention, the natural; sheetsilicate therefore contains less 10than 5
wt.-% AI203, preferably 0.1 wt.-% to 3 wt.-% and preferably 0.3 wt.-% to 2.50 wt.-%, relative to the weight

of the naturalShé&t liéate cohtamn SR the Suppat 46cSTdhTg 16 e rivelioh® 15"&ccording to a further
preferred embodimentaf the catatyst suppericactardingtocthenkwentionhit isspravided that the catalyst

support s formet 23,3 shaped hody, I pattigular withJegaid to e, preparglion af el 20 catalysts it s
favourable that the catalyst support accordllng to the invention is formed as a s%aped body. In principle
the catalyst SpperEiéas have any form known to a person skilled in the art to be suitable for the purpose
according to the invention. For example the catalyst support according to the 25 invention can be formed
as a sphere, cgllnder, erforated_cylinder, trllol%e, ring, star, torus or strgng grefera{l?&}é/l as a sphere,

perforated cylindeF or tfilobe. AdcoraiNg td°a Fafthér pretaned Sinbodiment'sf e -catafy/st 30 support

according to themventiong itis providedtthat thereatalyst supporshas evimadimahesizerof 1 mm to 25 mm,

prefera?g/arcna é“f%]cs'é?p‘go?ig"ﬂatg 1a5nmarg'idity of 1 pval/g to 150 pval/g.

The degree of acidity of the catalyst support according to the
invention can, at least indirectly, advantageously influence
the performance of a corresponding catalyst with regard to the
20 gas—-phase synthesis of alkenyl acetates from acetic acid and
ethene. According to a further preferred embodiment of the
catalyst support according to the invention, it is therefore
provided that the catalyst support has an acidity of 1 uval/g
to 150 uval/g, preferably an acidity of 5 uval/g to 130 uval/g,
25 preferably an acidity of 10 pval/g to 100 pval/g and

particularly preferably an acidity of 20 pval/g to 60 uval/g.
The acidity of the support can for example be increased by

impregnating the support with acid.

30 The acidity of a catalyst support is determined as follows:
100 ml water (with a pH blank value) is added to 1 g of the
finely ground catalyst support and extraction carried out for
15 minutes accompanied by stirring. Titration to at least pH
7.0 with 0.01 n NaOH solution follows, wherein the titration

35 is carried out in stages; 1 ml of the NaOH solution is firstly
added dropwise to the extract (1 drop/second), followed by a
2-minute wait, the pH is read, a further 1 ml NaOH added

dropwise, etc. The blank value of the water used is determined



According to a further preferred embodiment of the catalyst 35 support according to the invention, it is
provided that the catalyst support is formed as a sphgre. - 22 - 5 According to a further preferred
embodiment of the catalyst support according to the invention, it is provided that the sphere has a
diameter of 2 mm to 10 mm, preferably a diameter of 4 mm to 8 mm. 10 According to a further
embodiment of catalyst ort according to the invention, it is provided that the catalyst support is
opect wih ot kst CA i o A SO At E ey G CANSBar) of TET:, Nb. T, W Mg, Re
Y and Fe, préfetablyiwith ¢o2eTHalactivity df &pHalkenayhadetate 15<cadtalyst piepdred usidg the catalyst

support accorgingtathe Javention can.be ncreased by the daping. It capbe,provided that the catalyst
support is doped with Y203 and/or Hf02. A high_level of stabilization of the tetr%%onal 20 modification of

g .
the Zr02 accOmpanied by a Righ rE3iStafids of e X216 Hodtittid is Enslirdd By ¥ré¥ 203 doping. The
Hf02 doping effesisran increase inlike activity of aicorregsponding atkenylacetatelcatabystdThe Zr02 itself
can be doped I\{vi%Yez%%ulj@/ZgorsUg)%% nd Y203. The proportion of Y203 in the doped 25 Zr02 can
amount to 1 wt.-% to 8 wt.-%, preferably 3 wt.-% to 5 wt.-%, and the proportion of Hf02 in the Zr02 to 0.1
wt.-% to 5 wt.-%, preferably 1 wt.-% to 2 wt.-%. According to the invention it is however particularly

preferred thatthe ZrQ2 centained in the catalydisfigib P Ok MBGEHIng oxide 30 stabilizing the
tetragonal phase, in particular free of Y203. Even withdinpRspitig with a metal oxide stabilizing the

tetragonal phase, the tetragonal Zr02 in the support according to the invention is stable. 35 It is provided
according to adarthei pgeferred émbodimept of the edtatystslipport acdordirg te the imention that the

proportian of '%QPX?&&%%‘?‘@B/SE%‘pPQ@Qﬁ@ﬁSW,e_eDtl yd.-%6.80d 2Q W%, Preferably 2 wt.-% to
10 wt.-%, and - 23 - 5 preferably 3 wt.-% to 8 wt.-%, relative to the weight of the catalyst support. The

doping can t&ke-platetfof exaniple B s dface 86Ty, Ruch 45 ARG Horf thE st&te df the art, or the
metal oxide(s)ncan be incorporated into the matrix of the catalyst support. 10 According to a further
preferred embodiment, it can be provided that the water absorbency of the catalyst support is 40% to

75%, preferably 50% to 70%, calculated as the weight Increase due to water absorption. The absorbency
is determined©o keep the pore diffusion limitation of the catalyst support

20 according to the invention largely small, it is provided
according to a further preferred embodiment of the catalyst
according to the invention that the catalyst support has an
average pore diameter of 7 nm to 30 nm, preferably of 9.5 nm
to 20 nm and particularly preferably of 10.5 nm to 15 nm and

25 most preferably of 11.5 to 13.5 nm. The average pore diameter
is determined according to DIN 66134 (determination of the
pore-size distribution and specific surface area of mesoporous
solids by nitrogen sorption (process according to Barrett,

Joyner and Halenda (BJH)).

30
According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that the
catalyst support has a specific surface area of less
than/equal to 180 m?/g.

35

It has been established that, the smaller the specific surface
area of a catalyst support according to the invention, the

higher the alkenyl acetate selectivity of an alkenyl acetate



15 by steeping 10 g of the support sample in deionized water for 30 min until gas bubbles no longer
escape from the support sample. The excess water is, then decanted and the steeped sample blotted with
a cotton towel to remove adhering moisture from the sample. The water-laden support is then weighed
and 20 the absorbency calculated as follows: (amount weighed out (g) - amount weighed in (g)) x 10 =
water abforbggggl(%s)tZS g’heapree ent invention aclgg I Iz_:lst%s to a process, in rp%r%lcq]tag f%(t%he preparation
of a catalyst suppor¥ acc%rc%ﬁg]io he invention, comprlglng fhe’ reparaﬁon of a mixtare, comprising a
powdery 30natvahsheet gilicatecand powdery zirconiumthyadroxidet thefcaltinirgpobinestixture at a
temperature @9@&%@%@&-&5 it ‘%%%Eﬁ%nxﬂ that,a 5@@&?&@%}%9@%@@ byrmeans Of the process
according to the invention has a relatively low solubility in acetic acid of the Zr02 contained in the catalyst

(Zr release), Wit théSfesttRRaT Feldfivay ditthe 162 Meeds™Y24%'$ 1o be'cortainedintheatalyst support
in order to maintaindbe Increasad-activitylgisa cotespondingsatkenytacetate catalystovarea relatively
long period. | ili ic acid the catalyst ort red by ns of rocess according to the
inventi?){r? hav%fta)lqs%) gbﬂ%@%ﬁ%c%%qaﬁg g%‘%l%o ?#2 'rO% %o%%%ﬁe i %%%;fﬁﬁﬁ%l%ggt g?less than 0.06
Wt.-% to 0.00030WR-96) reRitRvEctortrb v Riht of Bie 2202 TbntainedinTthékathlyst &Bpport. The solubility in
acetic acid oftherZrQd-contained imthe eatalystsupport is*determined asalkeagy explained above. 15 It
was also fourtlgl that 50%f°t10%°§>5°f tjcw)e X-raé/qiffraction activfe Zr Zi co?tainedkiln a catal lst support
prepared by MEAHSOHPE Process acdatding to the INGENHOR 1S bresent iff He teffBgSHA modification. 20
According to eofuttherpréferred evabodiméntrdfithesrocess hecbeding tbahé dnveritiornit 1S provided that
the natyral sheetsilicate is an agid-activatednatyiral %?eéﬁglcg&%p%f}{n the progess accqrding to the
invention a mixture is prepared, which contains a powdery natural sheet silicate and powdery zirconium
hydroxide. THE hafiiraP8héét SiiEate iy b ancacid Httivatét! NaftraP sShdeesifcaten AkidActivated
natural sheetsilicatesaredinomn it state of the ark(ef.136 Rogmppd exikon-£hemie, 10th edition,
Georg Thieme Verlag, headword "Bentonite"). They are prepared ting a natural sheet silicate with
a mineral acia?[C)Pe]?%?éﬁy%tkgﬁ%rao%ﬁdri? Igc%t.%Sa &gr(%ﬂge fo %gtﬁzr%%e%?rae%ser% odiment of the
process accordirigPtiethe invention it is provided that the powdery zirconium hydroxide has a 6110 value
between0.1 pm and 3.0 pm,

According to the invention, it is furthermore preferred that
the catalyst support has a specific surface area of 60 m’/g to
180 m?/g, preferably of 65 m’/g to 160 m?/qg, preferably of 70
m?’/g to 150 m?/g, further preferably of 75 m?/g to 140 m?/g,

25 more preferably of 75 m®/g to 130 m?’/g and most preferably of
80 m*/g to 120 m?/g.

The size of the specific surface area, of the average pore
diameter, of the integral pore volume, etc. of the catalyst

30 support depends in particular on the quality of the natural
sheet silicate used, the acid-treatment method, i.e. for
example the nature and the quantity, relative to the sheet
silicate, and the concentration of the mineral acid used, the
acid-treatment duration and temperature, on the moulding

35 pressure and on the calcining duration and temperature and

also the calcining atmosphere.



- 25 - 5 adm value between 0.5 pm and 10 pm and a dm value between 1.0 pm and 20 pm. It was found
that the mechanical stability of a catalyst support prepared by means of the process according to the 10
invention depends on the patrticle-size distribution of the zirconium hydroxide used. If a powdery
zirconium hydroxide is used in the process according to the invention, with a dm value between 0.1 pm
and 3.0 pm, ]Intg a grg]a\ialue bs%twecc)ento.gcpjrgr ld 10 omt%nd \{vrilther%l1 9% valyéasb%tween 1.0 pm and 20 pm,
15 catalyst suppoﬁs are %%%aine%?wlhlch - pre erglgly ormed as 5 mm sﬁheres --are characterized by an
extremely higtehrechemicallstabilitebdp 16 morcthan3aN. Qveraflthoveveprad 6w 2702 content in the

catalyst supportingreases. dlewer mechanicalstabiiies canbe determingd. in.the,case pfthe 20 use of
shaped bodies of a size greater than 5 mm or of cylindrical shaged bodies, mechanical stabilities of more

than 90 N, preferaby hfdrethdn 129 N Can SRT0E Dht&iBEC AccBiding t8 & firHeET preferred embodiment
of the process2& aecording te dre invention iiNjs providedtiiat theravetage particlecdismeter dm of the
powdery sheet silicate,uged is greater than that ofythe zircpnium Jydrgxide-used, Jt was found that the
mechanical stability of a catalyst 30 support prepareg by means of the process according to the invention
is greater if tA& average pafticlé tiembtdriam SRthenRitaral shart 3litats uSBJSRRE Proéess according to
the inventiondsgreater than the averagepartisie giameterrdm.ef the zirgoniumpRydrexide used, at least

the majority otf 35 which is %aner%ed intg the tehrggonal ZrOZPguring tEhe pracess according to the
invention. According To S fUHHE prefdired entsddimeht Bt the prolass 8Bcording to the invention it is

therefore provided that the @veradge patticle diametemdf thiee - 26103 sheet silicatesis greaterthan that of
theZWC9§man¥quﬂ@%.2 h at a temperature of 130°C. The hardness is

calculated as the average of 99 measurements. For the
measurements the choosable parameters, named below, of the 8M

tablet-hardness testing machine are set as follows:

20 Hardness (dimension): N
Distance from the sample: 5.00 mm
Time delay: 0.80 s
Feed type: 6 D
Speed: 0.60 mm/s

25
According to the invention, it is preferred that the
proportion of natural sheet silicate in the catalyst support
according to the invention is more than/equal to 50 wt.-%,
preferably 55 wt.-% to 99 wt.-%, preferably 60 wt.-% to 97
30 wt.-%, further preferably 65 wt.-% to 95 wt.-% and still

further preferably 70 wt.-% to 90 wt.-%, relative to the
weight of the catalyst support.

According to a further preferred embodiment of the catalyst
35 support according to the invention it is provided that the
catalyst support has an integral pore volume of 0.25 ml/g to

0.7 ml/g.



The average particle diameter dso of the raw materials (and also the d10 and dm value) is determined by
means of lasers on 10 a Master Sizer (Malvern Instrygnents, GB) according to the standard method (other
measuring apparatus Includes e.g. Horiba LA 500 (Horiba Ltd., JP) or Helos (Sympatec GmbH, DE),
which use the same measurement principle). For this, the Zr(OH)4 or sheet silicate samples are
mtroduc_%d m&% a vesesgl %?tv}vllth vvcaggr, nsdtthls vessel IS fth%[%1 éolas%%dcln t measuring apparatus. The

a
ar a,. 1 .S or r
measuring proce%lure is automatic and aiSo includes thé mathematical determination’of the dso value.

The dso valuetis By definitien deterniimedfromethevielativePcumulative cupfe of the panticle-size

distribution, wherein 20, theJptersgetion pointof tBﬁﬁ%WE-'%%%‘&P@iqi@a%“@%thﬁn%%@éwe curve on
the x-axis provides the desired dso value. According to a further preferred embodiment of the process

according to 1€ irfverftibh it I provided thatthe cHidinity 25 F¢ ciiidd 6aPat Stehhiperafie™sr 620C to
800C. It was dound ¢ghatha catadystrsupport preparedday aleats slutheoprocessactondingdo the invention is
charactgyized by & aticlaly Iy solubilty of £107n ageti,acid and thus iy, 39 alow loss of Zr in the
alkenyl acetate preparation process, If the mixture comprising the natural sheet silicate and zirconium
hydroxide is Falgirfetlafa tempetaturé ofE20C & 80BECS preferablyvatta terhpefatéite®r B30C to 750C,

preferably at ateraperatuiesof 8206102000, The zireapiusm 35bydroxide,isccoaitad into Zr02 during
the calcining of the énixturg. -t27 -51t wats,alsoo{oundéhat thet¥1ield, oftzircoriium, expreised as Zr02 yield,
in the catalyst SGPPOIE partictiary high duid'to CaiciHiNg ' the' temperatlife raige dé8cHBéd above. The
Zr02 yield relafes tethen Ze0 sontertwithe catalyst shppoert after e fiestrealcining: andafter treatment
with miperal agid., T 9&1@%2%%]}’@'9&% defermiped.as follows: 219 yield = gr sonfantjnthe catalyst
support (converted Into Zr02) after the mineral acid treatment * quantity of catalyst support obtained /
quantity of ZPuded{¥dchvettsd fr2F92). The 15 2502 idld bf éatalystSuppoteprepared biPmeans of the
process accarding toothe.inventigh amoeuntsitoileastd>%, preferablysatdeast-95%=and most preferably
at least 97%. According tq a furthe ferr mbodiment of ¢ ocess 20 according to the invention, it
5 provided (7ot o it 1 arFed ot BUr o BEHBS o1'3 o S o S5t 15 enre a largely
complete corfiegsionoftherzircohigipelnyidrogideigsed in #ve prodesscaceordingstethel 25 imsention into

Zr02 angha largely.cemplete fermatiqn of the tetragenalimgdification.of the Zr02y,the mixture to be used in

the process according to the invention is calcined over a period of at least 3 h, preferably over a period of
3 hto Halenda (BJH)).

According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that at

25 least 80%, preferably at least 90%, preferably at least 98%
and most preferably at least 99%, of the integral pore volume
of the catalyst support is formed from mesopores and
macropores. A reduced activity, effected by diffusion
limitation, of an alkenyl acetate catalyst prepared by means

30 of the catalyst support according to the invention, in
particular a Pd/Au shell catalyst with relatively large shell
thickness is thereby counteracted. By "micropores",
"mesopores" and "macropores" are meant pores which have a
diameter of less than 2 nm, a diameter of 2 nm to 50 nm and a

35 diameter of more than 50 nm respectively. The volume
proportion of the mesopores and macropores in the integral
pore volume is ascertained using the pore-volume distribution

of the catalyst support according to the invention, which is



24 h and particularly preferably over a period of 5 h to 10 h. 30 According to a further preferred
embodiment of the process according to the invention it is provided that the mixture is moulded into a
shaped body before the calcining. The mixture can be moulded into shaped bodies by means of any
process and 35 any device known to a person skilled in the art to be suitable for the purpose according to

the invention.. The moulding of shaped hodies ca for.example be.carried qut by means of a tablet
pross. 28 - RCEI 1 S O prefert o BOamUA o H BRodh Shog g 5 e inventon. tis
provided thatstheemiktaterisotegated with esiineral acithaftectheacaleiring 6 dpordersto clean the solid

mixture obtaipgd afterthe calcipingand i particular o rerpoye the majority, og residyal Zr02 which is
soluble in acetic acid, it is provided according to a further preferred embodiment of the process according
to the inventidRYRGE tHE fhiktarE i fredtsdWith a mineral acid 15 after the calcining. There can be used as

mineral acids any mineral acids which are known to a person skilled in the art to be suitable for the

purposg qcoqrding tn e nvention, Examales of preferied mingral acids arehydiaetario acid. nitric acid,
sulphuric acid and phosphoric acid, preferably in 20 each case with a pH value of lesb than pH=2, more
preferably wiftBR5H vafee6FR53%han pHlrel 1nyeebtding tota fuitheiprefeded Enibédiment of the

process accsdinghio-theninventies, it is provided that theminerak25.acid is hydraghlerig-asid. It was found
that the calcined mixture resultian, from the process acco ding to the inventjon can be garticularly
bl 3o h :

effectively pu?i ie%hv(\e/itrsllll@%cr’géhloﬁc acid ?ré%?nrplé’ wi 173 9/0 H?drloschrpgr}fce acid rAccording toa

further preferééd enpediarernitlof thé procesd aceoripg 16 tlve Irventiary; dtfis mdecoydifgly provided that the
minerahacid isshydrpehlqric, acid, 33 According.to.a furthar prefgred.embodirneptof the process

according to the invention, it is provided that the calcined mixture is washed after the treatment with
mineral acid.? 28%1% W order aftel tHe treatment fith mingral acikP T temove &dill résitities and
components, disselvedroit i the hatukal sbeet silicateiby the woinesal acid, Epatrtheicalcined mixture, the
calcined mixture {_S washed aft%r the treatment Witli a id,kprefergblc}/ with water..
surface area Of mesoporous solids By nitrdgen sorption
(process according to Barrett, Joyner and Halenda (BJH)).
20
According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that the
catalyst support has a bulk density of more than/equal to 0.4
g/ml, preferably more than/equal to 0.45 g/ml, preferably more
25 than/equal to 0.6 g/ml and particularly preferably a bulk

density of 0.6 g/ml to 0.75 g/ml.

According to a further preferred embodiment of the catalyst

support according to the invention, it is provided that the
30 natural sheet silicate contained in the catalyst support has

an Si0O, content of at least 65 wt.-%, preferably at least

80 wt.-% and particularly preferably 85 wt.-% to 97 wt.-%. A

high chemical resistance of the catalyst support according to

the invention in the alkenyl acetate synthesis is thereby

35 ensured.

In the gas-phase synthesis of an alkenyl acetate from acetic

acid and ethene, a relatively low Al,03 content in the natural



10 According to a further preferred embodiment of the process according to the invention, it is provided
that the calcined mixture is again calcined after the washing. 15 According to a further preferred
embodiment of the process according to the invention it is provided that the calcined mixture is again
calcined after the washing, preferably at a temperature of 400C to 800C, preferably at a temperature of
500C to 600C, The second calcining step has the effect of 20 further reducing the Zr release of the
aterial T ESbnt K S0 JETRES 1§ o A SEpRo hich S 69 chranelt Stbording o the
process accarding tothédnventiomasAdcording to enprefeirbd embediméntoof therchtalyst support which

can be obtaingd pydneans pf the %@%ﬁﬁ%aMQirﬂ%"%ﬂiﬁe@é@@ﬁoﬂc'ﬁé&@{% ided that the catalyst
support comprises a natural sheet silicate and Zr02 in the tetragonal 30 modification, wherein it is further

preferred thab AF fsast &6 WS 0RR 202 &ftafifddiin'the SAER/SE Suppontis Préséht inthe tetragonal
modification, preterablyn90 wie Yo andrparticulasly preferadty: 9bhwtr-96 dod 0bwt.e%mn S51ERke present
inventiqrbfurtpgg;qoge Vrv%lgge%s gol?oggt%ﬁéttseulpﬁ%oﬂ/ W&thlar;lv E(R_[; specyum gggoogdrggg to Figure 2. -30-5
The present invention furthermore relates to the use of the first catalyst support according to the invention
and of the seebRdCERBIYEt Suppdit accobding t8thBtinventidit dabiofthedtalyst'sagpért¥hich can be

obtained by mgans £ofthe preeess agearding £o the invantioniand of the gatalystsuppart 49 according to
the invention char%cterized by the XRD spectrum of Figure 2 in the preparation of a catalyst for the
synthesis of atl(ﬁeﬁy[eaéé]t‘é?éls.l@@c’ording to a preferred embodiment of the use according to 15 the
invention, it is provided that the catalyst is a shell catalyst in the shell of which Pd and Au of the oxidation

numbey, § arg containgd. o Thegxampleshelow serye.in,caninacton mith the. drawing, to 20 describe

the invention. There are shown in:
support according to the invention, it is provided that the

catalyst support is formed as a shaped body.

In particular with regard to the preparation of shell

20 catalysts it is favourable that the catalyst support according
to the invention is formed as a shaped body. In principle the
catalyst support can have any form known to a person skilled
in the art to be suitable for the purpose according to the
invention. For example the catalyst support according to the

25 invention can be formed as a sphere, cylinder, perforated
cylinder, trilobe, ring, star, torus or strand, preferably as

a sphere, perforated cylinder, or trilobe.

According to a further preferred embodiment of the catalyst
30 support according to the invention, it is provided that the
catalyst support has a maximum size of 1 mm to 25 mm,

preferably a maximum size of 3 mm to 15 mm.

According to a further preferred embodiment of the catalyst
35 support according to the invention, it is provided that the

catalyst support is formed as a sphere.



Fig. 1. Section of an EDX photograph of a first catalyst support according to the invention according to
example 1;25 Fig. 2: XRD spectrum of the firstgatalyst support according to the invention; Fig. 3:
Section of an EDX photograph of a second catalyst 30

10

15

20

25

30

35

According to a further preferred embodiment of the catalyst
support according to the invention, it is provided that the
sphere has a diameter of 2 mm to 10 mm, preferably a diameter

of 4 mm to 8 mm.

According to a further embodiment of the catalyst support
according to the invention, it is provided 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,. The activity of an alkenyl acetate
catalyst prepared using the catalyst support according to the

invention can be increased by the doping.

It can be provided that the catalyst support is doped with Y,03
and/or HfO,. A high level of stabilization of the tetragonal
modification of the Zr0, accompanied by a high resistance of
the Zr0O, to acetic acid is ensured by the Y,03 doping. The HfO;
doping effects an increase in the activity of a corresponding
alkenyl acetate catalyst. The Zr0O, itself can be doped with
Y,03, HfO, or HfO, and Y,03. The proportion of Y,03 in the doped
Z2r0O, can amount to 1 wt.-% to 8 wt.-%, preferably 3 wt.-% to 5
wt.-%, and the proportion of HfO, in the Zr0O, to 0.1 wt.-% to 5
wt.-%, preferably 1 wt.-% to 2 wt.-%. According to the
invention it is however particularly preferred that the Zr0,
contained in the catalyst support is free of doping oxide
stabilizing the tetragonal phase, in particular free of Y,0s.
Even without doping with a metal oxide stabilizing the
tetragonal phase, the tetragonal ZrO, in the support according

to the invention is stable.

It is provided according to a further preferred embodiment of
the catalyst support according to the invention that the
proportion of doping oxide in the catalyst support is between

1 wt.-% and 20 wt.-%, preferably 2 wt.-% to 10 wt.-%, and



support according to the invention according to example la; Fig. 4: XRD spectrum of a catalyst support

of the state of the art according to example 4; 35 _ Fig.5: Section of an EDX photograph of the catalyst
support according to example 4. - 31 - 5 Example 1: 500.0 g of an acid-treated dried powdery bentonite
(acid-activated bentonite) with the main constituent montmorillonite as sheet silicate was mixed with a

quantity of Zr(OH)4 10 customary in the trade cogresponding to 18759 of Zr with a dig value of
approx. nér%ggg%ﬁ%ga%prox pr% aﬁcd with aEd ?)lc\%luego pm and’ %I%o Vél'[h 89 of a

customary orghicl bindesipareformifiteagenting can take place for example by

surface doping, such as is known from the state of the art, or
the metal oxide(s) can be incorporated into the matrix of the
catalyst support.

10
According to a further preferred embodiment, it can be
provided that the water absorbency of the catalyst support is
40% to 75%, preferably 50% to 70%, calculated as the weight
increase due to water absorption. The absorbency is determined

15 Dby steeping 10 g of the support sample in deionized water for
30 min until gas bubbles no longer escape from the support
sample. The excess water 1s then decanted and the steeped
sample blotted with a cotton towel to remove adhering moisture
from the sample. The water-laden support is then weighed and

20 the absorbency calculated as follows:

(amount weighed out (g) - amount weighed in (g)) x 10 = water

absorbency (%)

25 The present invention also relates to a process, in particular
for the preparation of a catalyst support according to the

invention, comprising

- the preparation of a mixture, comprising a powdery

30 natural sheet silicate and powdery zirconium hydroxide;

- the calcining of the mixture at a temperature above

620°C.

35 It was found that a catalyst support prepared by means of the
process according to the invention has a relatively low
solubility in acetic acid of the Zr0O; contained in the catalyst

(Zr release), with the result that relatively little ZrO; needs



15 Water was added to the resultant mixture and it was processed by means of a mixer into a dough from
which spherical shaped bodies (d = 5 mm) were prepared under pressure by means of a tablet press. For
hardening, the spheres were dried and calcined at a temperature of 650C over a period of 5 h. After 20
the calcining, the shaped bodies were treated with 20% hydrochloric acid over a period of 30 h, washed
with plenty of water and alcine@? at a temperature of 600C over a period of 5 h. The thus-obtained
<haped Bodicl ndue (16 CRarAGe IRt ce Mot T able LBt - 33 s TaBle 17 GABEE R Sphere
Diameter 5 rahe Maistire somtentt 08w -% Cemprassive stdhgth 260 Bulledensity

catalyst over a relatively long period. In boiling acetic acid

the catalyst supports prepared by means of the process

according to the invention have a solubility in acetic acid of
10 the Zr0, contained in the catalyst support of less than

0.06 wt.-% to 0.0001 wt.-%, relative to the weight of the ZrO,

contained in the catalyst support. The solubility in acetic

acid of the Zr0O, contained in the catalyst support is

determined as already explained above.

15
It was also found that 50% to 100% of the X-ray diffraction
active Zr0O, contained in a catalyst support prepared by means
of the process according to the invention is present in the
tetragonal modification.

20

According to a further preferred embodiment of the process
according to the invention it is provided that the natural

sheet silicate is an acid-activated natural sheet silicate.

25 In the process according to the invention a mixture is
prepared, which contains a powdery natural sheet silicate and
powdery zirconium hydroxide. The natural sheet silicate may be
an acid-activated natural sheet silicate. Acid-activated
natural sheet silicates are known in the state of the art (cf.

30 Rémpp Lexikon Chemie, 10" edition, Georg Thieme Verlag,
headword "Bentonite"). They are prepared by treating a natural
sheet silicate with a mineral acid, preferably with

hydrochloric acid.

35 According to a further preferred embodiment of the process
according to the invention it is provided that the powdery

zirconium hydroxide has a djo value between 0.1 pm and 3.0 um,



607 g/1 Water absorbency 58% Specific surface area(BET) 133 m2/g SIO2 content 81.6 wt.-% Zr02
content 12.8wt.-% Zr02 yield 98% Proportion of tetragonal Zr02 (determined according to XRD
diffractogram) >90wt.-96 AI203 content

5
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a dsg value between 0.5 um and 10 pm and a dgg value between

1.0 ym and 20 um.

It was found that the mechanical stability of a catalyst
support prepared by means of the process according to the
invention depends on the particle-size distribution of the
zirconium hydroxide used. If a powdery zirconium hydroxide is
used in the process according to the invention, with a dig
value between 0.1 pm and 3.0 um, with a dsy value between

0.5 pm and 10 um and with a dgy value between 1.0 pm and 20 um,
catalyst supports are obtained, which - preferably formed as 5
mm spheres - are characterized by an extremely high mechanical
stability of up to more than 55 N. Overall, however, as the
Zr0O, content in the catalyst support increases, lower
mechanical stabilities can be determined. In the case of the
use of shaped bodies of a size greater than 5 mm or of
cylindrical shaped bodies, mechanical stabilities of more than

90 N, preferably more than 120 N can also be obtained.

According to a further preferred embodiment of the process
according to the invention it is provided that the average
particle diameter dsy of the powdery sheet silicate used is

greater than that of the zirconium hydroxide used.

It was found that the mechanical stability of a catalyst
support prepared by means of the process according to the
invention is greater if the average particle diameter dso of
the natural sheet silicate used in the process according to
the invention is greater than the average particle diameter dsg
of the zirconium hydroxide used, at least the majority of
which is converted into the tetragonal ZrO; during the process
according to the invention. According to a further preferred
embodiment of the process according to the invention it is

therefore provided that the average particle diameter of the



2.5 wt.-% Loss on ignition 1000C 1.5 wt.-% Acidity 62 uval Integral pore volume 0.377 ml/g Zr release
0.001wt.-% Average pore diameter(according to BJH)(4V/A) 10.5 nm Proportion of the Integral pore
volume accounted for by micropores < 1%

5 sheet silicate is greater than that of the zirconium

hydroxide.

The average particle diameter dsy of the raw materials (and
also the djp and dgp value) is determined by means of lasers on
10 a Master Sizer (Malvern Instruments, GB) according to the
standard method (other measuring apparatus includes e.g.
Horiba LA 500 (Horiba Ltd., JP) or Helos (Sympatec GmbH, DE),
which use the same measurement principle). For this, the
Zr (OH) 4 or sheet silicate samples are introduced into a vessel
15 with water, and this vessel is then placed in the measuring
apparatus. The measuring procedure is automatic and also
includes the mathematical determination of the dsg value. The
dsp value is by definition determined from the (relative)
cumulative curve of the particle-size distribution, wherein
20 the intersection point of the 50 wt.-% y-coordinate with the

cumulative curve on the x-axis provides the desired dsy value.

According to a further preferred embodiment of the process
according to the invention it is provided that the calcining

25 1s carried out at a temperature of 620°C to 800°C.

It was found that a catalyst support prepared by means of the
process according to the invention is characterized by a
particularly low solubility of ZrO, in acetic acid and thus by
30 a low loss of Zr in the alkenyl acetate preparation process,
if the mixture comprising the natural sheet silicate and
zirconium hydroxide is calcined at a temperature of 620°C to
800°C, preferably at a temperature of 630°C to 750°C,
preferably at a temperature of 650°C to 700°C. The zirconium
35 hydroxide is converted into ZrO, during the calcining of the

mixture.



Proportion of the Integral pore volume accounted for by pores with a diameter of nm to 6 nm 2.0 14.3%
Proportion of the Integral pore volume accounted for,by pores with a diameter of nm to 50 nm 6.0 70.2%
Proportion of the Integral pore volume accounted for by pores with a diameter of nm to 50 nm 2.0 84.5%
Average patrticle size dso of the Zr02 (determined from EDX mapping) 20 um - 33 - 5 A catalyst support
according to example 1 was halve d.the cut surface of one half measured by means of
aorcy-dlopei e ) S Be b S o (DX R, SOk & SEAU of f16 BB inrograph. The
homogeneousrétatistieadistribution eftiel yst support is particularly high due to

calcining in the temperature range described above. The Zr0,
yield relates to the Zr0O, content of the catalyst support after
the first calcining and after treatment with mineral acid. The

10 Zr0O, yield is determined as follows:

Z2r0, yield = Zr content in the catalyst support (converted into
Z2r0;) after the mineral acid treatment * quantity of catalyst
support obtained / quantity of Zr used (converted to Zr0O,). The
15 Z2r0, yield of a catalyst support prepared by means of the
process according to the invention amounts to at least 85%,

preferably at least 95% and most preferably at least 97%.

According to a further preferred embodiment of the process
20 according to the invention, it is provided that the calcining

is carried out over a period of 3 h to 24 h.

In order to ensure a largely complete conversion of the
zirconium hydroxide used in the process according to the
25 invention into Zr0O, and a largely complete formation of the
tetragonal modification of the Zr0,, the mixture to be used in
the process according to the invention is calcined over a
period of at least 3 h, preferably over a period of 3 h to
24 h and particularly preferably over a period of 5 h to 10 h.
30
According to a further preferred embodiment of the process
according to the invention it is provided that the mixture is
moulded into a shaped body before the calcining. The mixture
can be moulded into shaped bodies by means of any process and
35 any device known to a person skilled in the art to be suitable
for the purpose according to the invention. The moulding of
shaped bodies can thus for example be carried out by means of

a tablet press.



10 Zr02 particles (dark spots) in the support matrix is clearly visible. A catalyst support according to
example 1 was ground to a powder and measured_by;X-ray diffractometry. The resulting XRD 15
spectrum is shown in Figure 2. Only signals from tetragonal Zr02 can be identified in the XRD spectrum.
No monoclinic or cubic Zr02 can be identified in the spectrum. Example la: 20 Catalyst supports were
prepare% analogously to example 1, differing only in that a quantity of Zr(OH)4 customary in the trade
corresponding to 132 g of Zr02 was used. The thus- obtained shaped bodies have the characteristics
listed in 25Tabledadi39 L5Tableuat GeometriccforarSpherel Digmeterts e Moistarsscontent 0.4wt.-%

Compressivestrength 33 N.Bullcdensithtion, it is provided that the mixture is

treated with a mineral acid after the calcining.

10 In order to clean the solid mixture obtained after the
calcining and in particular to remove the majority of residual
ZrO, which is soluble in acetic acid, it is provided according
to a further preferred embodiment of the process according to
the invention that the mixture is treated with a mineral acid

15 after the calcining. There can be used as mineral acids any
mineral acids which are known to a person skilled in the art
to be suitable for the purpose according to the invention.
Examples of preferred mineral acids are hydrochloric acid,
nitric acid, sulphuric acid and phosphoric acid, preferably in

20 each case with a pH value of less than pH=2, more preferably

with a pH value of less than pH=1.

According to a further preferred embodiment of the process
according to the invention, it is provided that the mineral

25 acid is hydrochloric acid.

It was found that the calcined mixture resulting from the
process according to the invention can be particularly
effectively purified with hydrochloric acid, for example with
30 10-30% hydrochloric acid. According to a further preferred
embodiment of the process according to the invention, it is
accordingly provided that the mineral acid is hydrochloric

acid.

35 According to a further preferred embodiment of the process
according to the invention, it is provided that the calcined

mixture 1is washed after the treatment with mineral acid.



580 g/1 Water absorbency 67.1% Specific surface area(BET) 132 m2/g SIO2 content 69.5 wt.-% Zr02
content 24.5 wt.-% Zr02 yield 99% Proportion of tetraganal Zr02 (determined according to XRD
diffractogram) >90wt.-96 AI203 content 1.8wt.-% Loss on ignition 1000C 1.6 wt.-% Acidity 23 uval

10

15
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25

30

35

In order, after the treatment with mineral acid, to remove
acid residues and components, dissolved out of the natural
sheet silicate by the mineral acid, from the calcined mixture,
the calcined mixture is washed after the treatment with acid,

preferably with water.

According to a further preferred embodiment of the process
according to the invention, it is provided that the calcined

mixture is again calcined after the washing.

According to a further preferred embodiment of the process
according to the invention it is provided that the calcined
mixture is again calcined after the washing, preferably at a
temperature of 400°C to 800°C, preferably at a temperature of
500°C to 600°C. The second calcining step has the effect of

further reducing the Zr release of the material.

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

invention.

According to a preferred embodiment of the catalyst support
which can be obtained by means of the process according to the
invention, it is provided that the catalyst support comprises
a natural sheet silicate and ZrO, in the tetragonal
modification, wherein it is further preferred that at least

50 wt.-% of the Zr0O, contained in the catalyst support is
present in the tetragonal modification, preferably 90 wt.-%

Q.

and particularly preferably 95 wt.-% to 100 wt.-%.

The present invention furthermore relates to a catalyst

support with an XRD spectrum according to Figure 2.



Integral pore volume 0.4 ml/g Zr release 0.001wt.-% Average pore diameter(according to BJH)(4V/A)
11.0nm Proportion of the Integral pore volume accoupted for by micropores < 1% Proportion of the
Integral pore volume accounted for by pores with a diameter of 2.0 nm to 6 nm 13.6% Proportion of the
Integral pore volume accounted for by pores with a diameter of 6.0 nm to 50 nm 71.7% Proportion of the
Integral goref/olume accounted for b Q%ur‘t’\ﬁth a diameter ch 2.0 m tg 50 nm
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sent 1nventi ermore re e use of the
first catalyst support according to the invention and of the
second catalyst support according to the invention and of the
catalyst support which can be obtained by means of the process
according to the invention and of the catalyst support
according to the invention characterized by the XRD spectrum
of Figure 2 in the preparation of a catalyst for the synthesis

of alkenyl acetates.

According to a preferred embodiment of the use according to
the invention, it is provided that the catalyst is a shell
catalyst in the shell of which Pd and Au of the oxidation

number 0 are contained.

The examples below serve, in conjunction with the drawing, to

describe the invention. There are shown in:

Fig. 1: Section of an EDX photograph of a first catalyst
support according to the invention according to example

1;

Fig. 2: XRD spectrum of the first catalyst support according to

the invention;

Fig. 3: Section of an EDX photograph of a second catalyst
support according to the invention according to example

la;

Fig. 4: XRD spectrum of a catalyst support of the state of the

art according to example 4;

Fig. 5: Section of an EDX photograph of the catalyst support

according to example 4.



85.3% Average particle size dso of the Zr02 (determined from EDX mapping) 20 um - 35 - 5 A catalyst
support according to example la was halved and thesgut surface of one half measured by means of EDX.
Figure 3 shows a section of the EDX photograph. The homogeneous statistical distribution of the Zr02
particles (light spots) in 10 the support matrix is clearly visible. Example |b: Catalyst supports were
prepare% an%ggouﬂg to example 1, 15 differing only in that the catalyst supports were treated with
hydrochloric riod of only 8 h. The thus-obtained shaped bodies have the selected
characteristics listed in Table Ib: 20Table Ib: Zr02 content 12.6 wt.-% Proportion of tetragonal Zr02

(determined ageorgling ta- XRP diffractograpy)>QWEDP8 Zhseleastentonite (acid-
activated bentonite) with the main constituent montmorillonite
as sheet silicate was mixed with a quantity of Zr (OH)q

10 customary in the trade corresponding to 61.875 g of ZrO,, with
a dip value of approx. 1 pm, a dso value of approx. 5 pm and
with a dgg value of 7 pm, and also with 10 g of a customary

organic binder/pore-forming agent.

15 Water was added to the resultant mixture and it was processed
by means of a mixer into a dough from which spherical shaped
bodies (d = 5 mm) were prepared under pressure by means of a
tablet press. For hardening, the spheres were dried and
calcined at a temperature of 650°C over a period of 5 h. After

20 the calcining, the shaped bodies were treated with 20%
hydrochloric acid over a period of 30 h, washed with plenty of
water and calcined at a temperature of 600°C over a period of
5 h. The thus-obtained shaped bodies have the characteristics
listed in Table 1:

25



0.002wt.-% Average pore diameter(according to BJH) (4V/A) 7.7 nm Zr02 yield 98.5% Example 2: 25
Catalyst supports were prepared analogously to exagaple 1, differing in that the first calcining was carried
out after the shaping at only 550C. The thus-obtained shaped bodies have the selected characteristics
listed in Table 2: - 36 - 5Table 2: Zr02 content 9.6wt.-% Zr release

5 Table 1:

Geometric form Sphere
Diameter 5 mm
Moisture content 0.5 wt.-%
Compressive strength 60 N
Bulk density 607 g/1
Water absorbency 58%
Specific surface area (BET) 133 m?/g
Si0, content 8l.6 wt.-%
ZrO, content 12.8 wt.-%
Zr0, yield 98%

Proportion of tetragonal ZrO,

(determined according to XRD diffractogram)

> 90 wt.-%

Al,05 content 2.5 wt.-%

Loss on ignition 1000°C 1.5 wt.-%
Acidity 62 pval

Integral pore volume 0.377 ml/g

Zr release

0.001 wt.-%

Average pore diameter (according to BJH) (4V/A) 10.5 nm
Proportion of the integral pore wvolume < 1%
accounted for by micropores
Proportion of the integral pore volume 14.3%
accounted for by pores with a diameter of 2.0
nm to 6 nm
Proportion of the integral pore volume 70.2%
accounted for by pores with a diameter of 6.0
nm to 50 nm
Proportion of the integral pore wvolume 84.5%
accounted for by pores with a diameter of 2.0
nm to 50 nm
Average particle size dsy of the Zr0O, 20 um

(determined from EDX mapping)




0.001 wt.-% Average pore diameter to BJH)(4V/A) (according 11.0 nm Zr02 yield 76% The
thus-obtained support has a Zr02 yield of only 76% and a Zr02 content of 9.6 wt.-%. 10 Example 3
(comparison example): A catalyst support commercially available from Sud-Chemie AG, Munich,
Germany with the trade name "KA-160" for example has 15 the characteristics listed in Table 3: Table 3:
Geometré'c form Sphere Diameter

A catalyst support according to example 1 was halved and the

cut surface of one half measured by means of energy-dispersive

X-ray spectroscopy (EDX). Figure 1 shows a section of the EDX

photograph. The homogeneous statistical distribution of the

10 Zzr0O, particles (dark spots) in the support matrix is clearly

visible.

A catalyst support according to example 1 was ground to a

powder and measured by X-ray diffractometry. The resulting XRD
15 spectrum is shown in Figure 2. Only signals from tetragonal

ZrO; can be identified in the XRD spectrum. No monoclinic or

cubic Zr0O, can be identified in the spectrum.

Example la:

20
Catalyst supports were prepared analogously to example 1,
differing only in that a quantity of Zr (OH)., customary in the
trade corresponding to 132 g of ZrO, was used. The thus-
obtained shaped bodies have the characteristics listed in

25 Table la:



5 mm Water absorbency 66.4% Specific surface area(BET) 161 m2/g SIO2 content 91.8wt.-% Al203
content 3.6 wt.-% Average pore diameter(according 1o BJH)(4V/A) 10.3 nm Integral pore volume 0.436
ml/g Proportion of the Integral pore volume accounted for by pores with a diameter of 2.0 nm to 6 nm
11.0% Proportion of the Integral pore volume accounted for by pores with a diameter of 6.0 nm to 50 nm
71.6% Pgopoq[,tcjt%q gf ﬂf’: Integral pore volume accounted

Geometric form Sphere
Diameter 5 mm
Moisture content 0.4 wt.-%
Compressive strength 33 N
Bulk density 580 g/1
Water absorbency 67.1%
Specific surface area (BET) 132 m?/g
Si0, content 69.5 wt.-%
Zr0O, content 24.5 wt.-%
Zr0, yield 99%
Proportion of tetragonal ZrO, > 90 wt.-%

(determined according to XRD diffractogram)

Al,05 content 1.8 wt.-%
Loss on ignition 1000°C 1.6 wt.-%
Acidity 23 pval
Integral pore volume 0.4 ml/g
Zr release 0.001 wt.-%
Average pore diameter (according to BJH) (4V/A) 11.0 nm
Proportion of the integral pore volume < 1%

accounted for by micropores

Proportion of the integral pore volume 13.6%
accounted for by pores with a diameter of

2.0 nm to 6 nm

Proportion of the integral pore volume 71.7%
accounted for by pores with a diameter of

6.0 nm to 50 nm

Proportion of the integral pore volume 85.3%
accounted for by pores with a diameter of

2.0 nm to 50 nm

Average particle size dsy of the Zr0; 20 um

(determined from EDX mapping)




for by pores with a diameter of 2.0 nm to 50 nm 82.7% - 37 - 5 Example 4 (comparison example): (cf.
US 5,808,136) 74.6 g of an aqueous solution of zircapyl acetate (Zr0(0Ac)2), which had a Zr content of
15.5 wt.-% was diluted with approx. 8.5 ml of water. 100 g of the catalyst 10 support KA-160 from
Sud-Chemie AG according to example 3 was Impregnated with the above solution. The Impregnated
support was dried and calcined at 500C. The resulting catalyst support had a zirconium content of approx.
10 wt.-% (calculated as corresponding to 13.53 wt.-% Zr02). Further 15 characteristics of the support are
listed in Tablé 4:J@ble 4t Georpetric forar Sphee Diametairs mipWeter Absoryerncy4 3196 Specific

SUﬁaceE”eagy%TE%§459%Kb%r89@“%%ﬁ%0§yg§&@ed by means of EDX. Figure 3

shows a section of the EDX photograph. The homogeneous
statistical distribution of the Zr0O, particles (light spots) in

10 the support matrix is clearly visible.

Example 1b:

Catalyst supports were prepared analogously to example 1,

15 differing only in that the catalyst supports were treated with
hydrochloric acid for a period of only 8 h. The thus-obtained
shaped bodies have the selected characteristics listed in

Table 1b:

20 Table 1b:

Zr0O, content 12.6 wt.-%

Proportion of tetragonal ZrO, > 90 wt.-%

(determined according to XRD diffractogram)

Zr release 0.002 wt.-%
Average pore diameter (according to BJH) 7.7 nm
(4V/R)
Zr0, yield 98.5%

Example 2:

25 Catalyst supports were prepared analogously to example 1,
differing in that the first calcining was carried out after
the shaping at only 550°C. The thus-obtained shaped bodies

have the selected characteristics listed in Table 2:

30



S102 content 80.9 wt.-% Zr release* 0.129wt.-% AI203 content 3.0wt.-% Average pore

diameter(according to BJH)(4V/A) 9.1 nm Integral pare volume 0.332 ml/g Proportion of the Integral pore
volume accounted for by pores with a diameter of 2.0 nm to 6 nm 20.0% Proportion of the Integral pore
volume accounted for by pores with a diameter of 6.0 nm to 50 nm 65.1% Proportion of the Integral pore

volume %CCOHQE@J% :by pores with a diameter of 2.0 nm to 50 nm 85.2%

10

15

Zr0O, content 9.6 wt.-%
Zr release 0.001 wt.-%
Average pore diameter (according 11.0 nm

to BJH) (4V/A)

Z2r0, yield 76%

The thus-obtained support has a Zr0, yield of only 76% and a

ZzrO, content of 9.6 wt.-%.

Example 3 (comparison example) :

A catalyst support commercially available from Sid-Chemie AG,

Munich, Germany with the trade name "KA-160" for example has

the characteristics listed in Table 3:

Table 3:
Geometric form Sphere
Diameter 5 mm
Water absorbency 66.4%
Specific surface area (BET) 161 m2/g
Si0O, content 91.8 wt.-%
Al,03 content 3.6 wt.-%
Average pore diameter (according to BJH) (4V/A) 10.3 nm
Integral pore volume 0.436 ml/g
Proportion of the integral pore volume accounted 11.0%
for by pores with a diameter of 2.0 nm to 6 nm
Proportion of the integral pore volume accounted 71.6%
for by pores with a diameter of 6.0 nm to 50 nm
Proportion of the integral pore volume accounted 82.7%

for by pores with a diameter of 2.0 nm to 50 nm




*For calculation purposes, the Zr02 content of 13 53 wt.-% 20 ascertained by calculation from the Zr
content is used - 38 - 5 Figure 4 shows the XRD spee¢trum of a catalyst support prepared according to
example 4. It is clear from the spectrum that the Zr in the support is not present in an X-ray diffraction
active oxide form. 10 A catalyst support according to example 4 was halved and the cut surface of one

half me ureg b means f EDX. Flgure 5 ShOV\iS section of the EDX photograph. No discrete
zirconium- corﬁ%ﬁ%%g—parﬂ%ﬁes*%mﬁﬁe—f%ﬁple 5 (comparison example): Catalyst supports were
prepared analogously to example 1, differing only in that 57.8 g of a 20% zirconyl nitrate solution diluted

with 19.7 ml qf. wateywas disech 20 Charasteristics.af the thus:ohtained suppert are isted in Table 5:

Table 5: Zr content* 2.6 wt.-% Zr release* 0.06 wt.-% 25 * For calculatlon E)purposes the Zr02 content of
3.51 Wt.-% acetate (ZrO(OAc),), which had a Zr content of t.-% was

diluted with approx. 8.5 ml of water. 100 g of the catalyst
10 support KA-160 from Sid-Chemie AG according to example 3 was
impregnated with the above solution. The impregnated support
was dried and calcined at 500°C. The resulting catalyst
support had a zirconium content of approx. 10 wt.-%
(calculated as corresponding to 13.53 wt.-% ZrO;). Further

15 characteristics of the support are listed in Table 4:

Table 4:
Geometric form Sphere
Diameter 5 mm
Water absorbency 49.1%
Specific surface area (BET) 134 m?/g
Zr content* 10.0 wt.-%
Si0, content 80.9 wt.-%
Zr release* 0.129 wt.-%
Al,03 content 3.0 wt.-%
Average pore diameter (according to BJH) (4V/A) 9.1 nm
Integral pore volume 0.332 ml/g
Proportion of the integral pore volume accounted 20.0%
for by pores with a diameter of 2.0 nm to 6 nm
Proportion of the integral pore volume accounted 65.1%
for by pores with a diameter of 6.0 nm to 50 nm
Proportion of the integral pore volume accounted 85.2%
for by pores with a diameter of 2.0 nm to 50 nm

*For calculation purposes, the Zr0O, content of 13.53 wt.-%

20 ascertained by calculation from the Zr content is used



ascertained by calculation from the Zr content is used. Note: On drying, enriched zirconyl nitrate
separates from the surface resulting in a high loss of;zirconium. 30 Comparative overview:
the average pore diameter, the integral pore volume and proportions of particular pore sizes in the

integral pore 35 volume of examples 3, 4, 1 and la are compared. - 39 - 5Table 6: Example 34 1 la
Averageaoor%dlamete{(a%cordmtqnto %ﬁ'ﬁ')(ﬁ\/m} 10.3 nm aglc Q@a}o 5nm11.0n
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OowsS pectrum

according to example 4. It is clear from the spectrum that the

Zr in the support is not present in an X-ray diffraction

active oxide form.

A catalyst support according to example 4 was halved and the
cut surface of one half measured by means of EDX. Figure 5
shows a section of the EDX photograph. No discrete zirconium-

containing particles are visible.

Example 5 (comparison example) :

Catalyst supports were prepared analogously to example 1,
differing only in that 57.8 g of a 20% zirconyl nitrate
solution diluted with 19.7 ml of water was used.
Characteristics of the thus-obtained support are listed in

Table 5:

Table 5:

yst support prepared

Zr content*™ 2.0 wt.-%
Z2r release* 0.06 wt.-%

* For calculation purposes, the Zr0O, content of 3.51 wt.-%

ascertained by calculation from the Zr content is used.

Note: On drying, enriched zirconyl nitrate separates from the

surface resulting in a high loss of zirconium.

Comparative overview:

In Table 6 the average pore diameter, the integral pore volume

and proportions of particular pore sizes in the integral pore

volume of examples 3, 4, 1 and la are compared.

In Table 6



Integral pore volume 0.436 ml/g 0.332 ml/g 0.377 ml/g 0.40 ml/g Proportion of the Integral pore volume
accounted for by pores with a diameter of 2.0 nm to §;nm 11.0% 20.0% 14.3% 13.6% Proportion of the
Integral pore volume accounted for by pores with a diameter of 6.0 nm to 50 nm 71.6% 65.1% 70.2%

5 Table 6:
Example 3 4 1 la
Average pore 10.3 nm 9.1 nm 10.5 nm 11.0 nm

diameter (according

to BJH) (4V/AR)

Integral pore 0.436 0.332 0.377 0.40
volume ml/g ml/g ml/g ml/g
Proportion of the 11.0% 20.0% 14.3% 13.6%

integral pore
volume accounted
for by pores with a
diameter of 2.0 nm

to 6 nm

Proportion of the 71.6% 65.1% 70.2% 71.7%
integral pore
volume accounted
for by pores with a
diameter of 6.0 nm

to 50 nm

Proportion of the 82.7% 85.2% 84.5% 85.3%
integral pore
volume accounted
for by pores with a
diameter of 2.0 nm

to 50 nm

The subsequent impregnation of the commercial KA-160 support
of example 3 with Zr according to example 4 leads to a

10 significant reduction in the integral pore volume and to a
narrowing of pores. The proportion of pores of 2 nm to 6 nm
increases significantly, at the expense of the mesopores
greater than 6 nm. However, compared with the catalyst support

of example 3, the catalyst support prepared according to the



71.7% Proportion of the Integral pore volume accounted for by pores with a diameter of 2.0 nm to 50 nm
82.7% 85.2% 84.5% 85.3% The subsequent impregpnation of the commercial KA-160 support of example
3 with Zr according to example 4 leads to a 10 significant reduction in the Integral pore volume and to a
narrowing of pores. The proportion of pores of 2 nm to 6 nm increases significantly, at the expense of the
mesopores greater than 6 nm. However, co red with the catalyst support of example 3, the catalyst
support éerepépevcf ?u%égrrtlzlir‘?‘gﬁ1 ?o the O-rfgl {1% i%[:aarcl ion %ﬁ%ce?cscsoraﬁﬂ)égot%&t%htggpr%o%egéeaccording to the
invention accordingttocexamplesiizmndta, despité doping withl22.848EWeter 2051WE-%2r02, has an
overall higher or gt |gast comparabie propartionof mesoporesinthe ¢ase of ap ipereased average pore
diameter. 10 The Zr releases of examples 1, la, Ib, 2, 4 and 5 are compared in Table 7. Table 7: 15
least comparable proportion of mesopores in the case of an

increased average pore diameter.

10
The Zr releases of examples 1, la, 1lb, 2, 4 and 5 are compared
in Table 7.
Table 7:
15
Example 1 la 1b 2 4 5

Zr release

[wt.-%] 0.001 0.001 0.002 0.001 0.129 | 0.060

The catalyst supports of examples 1, la and 1lb and 2 have a

clearly reduced Zr release compared with examples 4 and 5.



Example 1 lalb 2 4 5 Zr release [wt.-%] 0.001 0.001 0.002 0.001 0.129 0.060 The catalyst supports of
examples 1, la and Ib and 2 have a clearly reduced Zt release compared with examples 4 and 5. -41-5
Claims

5
Claims
1. Open-pore catalyst support, consisting of a material which

10 comprises a natural sheet silicate and ZrO, in the
tetragonal modification.

2. Catalyst support according to claim 1, characterized in that
the catalyst support in boiling acetic acid releases less

15 than 0.06 wt.-% Zr calculated as Zr0,, relative to the
weight of the Zr0, contained in the catalyst support.

3. Open-pore catalyst support, consisting of a material which
comprises a natural sheet silicate and Zr0O,, characterized

20 in that the catalyst support in boiling acetic acid releases
less than 0.06 wt.-% Zr calculated as ZrO;, relative to the
weight of the ZrO, contained in the catalyst support.

4. Catalyst support according to one of claims 1 to 3,

25 characterized in that at least 50 wt.-% of the Zr0;
contained in the catalyst support is present in the
tetragonal modification.

5. Catalyst support according to one of claims 1 to 4,
30 characterized in that the Zr0O, is present in particulate

form.

6. Catalyst support according to one of claims 1 to 5,
characterized in that the Zr0O, is contained evenly

35 distributed in the material.



1. Open-pore catalyst support, consisting of a material which 10comprises a natural sheet silicate and
Zr02 in the tetragonal modification. 2. Catalyst suppgrt.according to claim 1, characterized in that

the catalyst support in boiling acetic acid releases less 15than 0.06 wt.-% Zr calculated as Zr02, relative
to the weight of the Zr02 contained in the catalyst support. 3. Open-pore catalyst support, consisting of a
material é/vhicy C mtpr'isessta ngturarl gheet gi}l{iﬁgate agg ZOrIQZ 8§arcaj%erizseq 20(i)n at the catalyst support in
boiling acetic dcid réledses fess than 6.06 wi.-% Zr calculated as Zr02; rélative t6 the weight of the Zr02
contained in the catalystisupport 4nChakalysttdyppgor®adcording to-onée of tldints ta68, 25characterized

in that at least 5SQwt-%-of the Z2rQ2-centained inthe catalyst suppost isipresent in the tetragonal
modification. 5. Catalyst support according to one of claims 1 to 4, 30characterized in that the Zr02 is

present in particulate form. 6. Catalyst support according to one of claims 1 to 5, characterized in that the
Zr02 is containedzeneniy 854ligtributehindbednaterial. e o5 & 1Gatalyst support according to one of

claims 340 6. charagterized indnat ipe 4142 is confained In (e catalyst.supart in a proportion of 1 wt.-%
to 30 wt.-%. 8. Catalyst support accoralng to one of cfaims Sto 7, 10characterized in that the Zr02
particles are evehiy eistABGRE 6VErthe erosscsettivpcoftPre sUpporeafdRRort and in

that the support is essentially free of a percolation

network of ZrO, particles.

15 9. Catalyst support according to one of claims 1 to 8,
characterized in that the natural sheet silicate is an acid-

activated sheet silicate.

10. Catalyst support according to one of claims 1 to 9,

20 characterized in that the catalyst support has an acidity of

1 wval/g to 150 uval/g.

11. Catalyst support according to one of claims 1 to 10,
characterized in that the catalyst support has an average

25 pore diameter of 7 nm to 30 nm.

12. Catalyst support according to one of claims 1 to 11,
characterized in that the catalyst support has a specific
surface area of less than/equal to 180 m?/g.

30

13. Catalyst support according to one of claims 1 to 12,

characterized in that the catalyst support has a specific

surface area of 180 m?’/g to 60 m?/g.

35 14. Catalyst support according to one of claims 1 to 13,
characterized in that the catalyst support has a hardness

greater than/equal to 30 N.



that the support is essentially free of a percolation network of Zr02 particles. 15 9. Catalyst support
according to one of claims 1 to 8, characterized in that the natural sheet silicate is an acid-activated sheet
silicate. 10. Catalyst support according to one of claims 1 to 9, 20characterized in that the catalyst
support has an acidity of 1 mval/g to 150 mval/g. 11. Catalyst support according to one of claims 1 to 10,
characterized jn that the catalyst support has an average 25pore diameter of 7. nm tp 30 nm. 12. Catalyst
support éccoc%ri]hg ?chac?r?el of %Ia?r%%plofo% ﬁ,cgﬁé"%lcrtlgri%g)d ?nnt%acf hgalcaé%g\)s/s St}ﬁggr%)has a specific
surface area of lesx:tirrifequakd 180 Miz/g. B0<l R Catalyst suppbrinaceordingsteeeie of claims 1 to 12,
characterized in that the catalyst suppart hes-a spesific.surface,area.gk18@ gin2/g 10,60 m2/g. 35 14.
Catalyst support according to one of claims 1 to 13, characterized in that the catalyst support has a
hardness greater fhahédaaltd 36'R. "€431%5 95, é%?al%?@&ﬁﬁ&rt A¢kBfifg to one of claims 1 to 14,
characterized in that the proportion of natural sheet silicate in the catalyst support is at least 50 wt.-%,
relatlveltg thggv_elglata%fatpgsgatg!ygﬁ gggp%r:tc 10 d]i% gC%tglyC%[ esu(p}[ao(gtlgg%osrdingt%o oge of claims 1 to 15,
characterized in that the catalyst support has an integral pore volume of 0.25 ml/g to 0.7 mi/g. 17.
Catalyst support @eebrdirgid e ofclaing 1fe162t5eharacterriattin that atTeadst 8Os df the integral
pore volume of the catalystsppart is. iosmed/ iommespperes and macropores. 18. Catalyst support
according to one of claims 1 to 17, 20characterized in that the catalyst support has a bulk density of more
than 0.45 g/ml. 19. Catalyst support according to one of claims 1 to 18, characterized in that the natural
sheet silicateldontaiirath 25ttheucatalyst suppodilmas an Si02 conhteneohat leasb656,

15 characterized in that at least 80% of the integral pore
volume of the catalyst support is formed from mesopores and

macropores.

18. Catalyst support according to one of claims 1 to 17,
20 characterized in that the catalyst support has a bulk
density of more than 0.45 g/ml.

19. Catalyst support according to one of claims 1 to 18,

characterized in that the natural sheet silicate contained

25 in the catalyst support has an SiO, content of at least 65
wt.-%.
20. Catalyst support according to one of claims 1 to 19,

characterized in that the natural sheet silicate contained

30 in the support contains less than 5 wt.-% Al,0;3.

21. Catalyst support according to one of claims 1 to 20,
characterized in that the catalyst support is formed as a
shaped body.

35

22. Catalyst support according to one of claims 1 to 21,

characterized in that the catalyst support has a maximum

size of 1 mm to 25 mm.



wt.-%. 20. Catalyst support according to one of claims 1 to 19, characterized in that the natural sheet
silicate contained 30in the support contains less than 5 wt.-% Al203. 21. Catalyst support according to
one of claims 1 to 20, characterized in that the catalyst support is formed as a shaped body. 35 22.
Catalyst support according to one of claims 1 to 21, characterized in that the catalyst support has a
maximum size of 1 mm to 25 mm. 5 23. Catalyst support according to claim 21 or 22, characterized in
that the catalyst support is a sphere. 24. Catalyst support according to claim 23, characterized in
10that the sphére Hasta disrheteraf @ mm o A0, 25. Catalyst’Supporgaecording to one of claims 1 to
24, characterized i, that the catalystsuppert is,doped with at least one qxide of & metal selected from the
group 15consisting of Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe. 26. Catalyst support according to claim 25,
characterized in that the proportion of doping oxide in the catalyst support is 1 wt.-% to 20 wt.-%. 27.
Process, compgrisingathel preparation of aamixtuse, repmprisingia posydery nadurad sheet silicate and
powderyozirconiutrg di{(%)gdg' ﬁ@% eca)g%{ning (&fitgger@éx#uroef%a I%gmcooer?gjr%bove 620C. 28. Process
according to claim 27, charac?erlzed in that the natural sheef silicate is an acid-activated natural sheet
30silicate. 29. Process according to claim 27 or 28, characterized in that the powdery zirconium hydroxide

has a *0 valugshetwean0:1s - 45:pp30: Rrocess acsording:te ane ef glaims 274t 29, characterized in that

the average particle diameter of éhe sheet silicate is %reater than that of the zirconium hﬁ/droxide.
characterized 1n that the catalyst support 1s doped with at

least one oxide of a metal selected from the group

15 consisting of Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe.

26. Catalyst support according to claim 25, characterized in
that the proportion of doping oxide in the catalyst support
is 1 wt.-% to 20 wt.-%.

20
27. Process, comprising
- the preparation of a mixture, comprising a powdery natural
sheet silicate and powdery zirconium hydroxide;
25
- the calcining of the mixture at a temperature above 620°C.
28. Process according to claim 27, characterized in that the
natural sheet silicate is an acid-activated natural sheet
30 silicate.

29. Process according to claim 27 or 28, characterized in that
the powdery zirconium hydroxide has a di;g value between 0.1
pum and 3.0 pm, a dso value between 0.5 pm and 10 pm and a dgg
35 value between 1.0 pm and 20 pum.



31. Process according to one of claims 27 to 30, characterized 10in that the calcining is carried out at a

temperature of 620C to 800C. 32. Process according to one of claims 27 to 31, characterized in that the

calcining is carried out over a period of 3 to 1524 h. 33. Process according to one of claims 27 to 32,

characterized in that the mixture is moulded into a shaped body before the calcining. 20 34. Process

according to gge of claims 27 to 33 hara%terized ig fth(a:lg_jh.e rSni>§ re is E{%atec%‘ﬂth %miner% acid after
5 a ineral acid 1S

5, i . . :
the calcining. 35?%?8%355 accor |ﬁ§% c?al%n§4, characterizéd in that the minera ydrochloric

acid. 36. Process ddrordingcetoaciaim 324 0e35 icharadierirdcin that the caltisdd piikturetis washed after

the treatment with; 3Qmineral acig: 3% 2rocgss according g Glain 39, sharacterized in that the calcined
mixture is again calcined after the washing. 35 38. Catalyst support which can be obtained according to a

process according to one of claims 27 to 37. - 46 - 5 39. Use of a catalyst support according to one of
claims 1 to 26 or accosdingstoaclainm @8nin the prepacdatien ef a<catalysbfartheynthesis of adikenyl

aceta.t o 40. Use accor incgng glginc'ni?}% cgalrgctggi%?g eia tgatcthaetlgc%tg%s&% gus&ello%atalyst in the shell
of which Pd and Au of the oxidation number 0 are contained.
620°C to 800°C.

32. Process according to one of claims 27 to 31, characterized
in that the calcining is carried out over a period of 3 to

15 24 h.

33. Process according to one of claims 27 to 32, characterized
in that the mixture is moulded into a shaped body before the
calcining.

20

34. Process according to one of claims 27 to 33, characterized

in that the mixture is treated with a mineral acid after the

calcining.

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

mineral acid is hydrochloric acid.

36. Process according to claim 34 or 35, characterized in that
the calcined mixture is washed after the treatment with

30 mineral acid.

37. Process according to claim 36, characterized in that the

calcined mixture is again calcined after the washing.

35 38. Catalyst support which can be obtained according to a

process according to one of claims 27 to 37-
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39.

40.

_46_

Use of a catalyst support according to one of claims 1 to
26 or according to claim 38 in the preparation of a catalyst

for the synthesis of alkenyl acetates.

Use according to claim 39, characterized in that the
catalyst is a shell catalyst in the shell of which Pd and Au

of the oxidation number 0 are contained.





