VAM shel | catal yst, nmethod for producing the same and use thereof The
present invention relates to a sheld icatalyst for the 5 production of
Vi nyl acetate nmononer (VAM), conprising a porous catalyst support based
on a naty t- t-si |n partlcular sed_on an_.acid-treated
onl o ned Bl eBRFE oo 2EETYEEL, HRShP, ERrOPFOREFHEY) SRToq =Rt APRASERd Ay and
bei ng desi gned as a shaped body. tfle¥ANri s an inportant nononer buil di ng
bl ock in the synthesis of plastic polyners. The main fields of use of VAN
are, inter alia, the production of polyvinyl acetate, polyvinyl alcohol
and V) e I I t oLymerisation
thpg$%e¢9%%%%ﬁe%§$%ﬁgﬂog §8%298gxg§§%eéﬂgh%ngggl§§Fn§ 4 h%orlde
aérylpt@ﬁu@ei@mnafevimyhaaaEeaaadmvnamérlaUAHte cVANrisipgodupedopsi marily
in the hase fromacetic acid and 20 et hylene b¥ reacti on wi th oxygen,
a

wher e?"ﬁ ¢ a?‘a?@/%tg bRagf g FhP§t§§ﬁth§§?§thEF§ abl'y€8hFai APd and Au

as aQééﬂﬁléﬁiéiSbé@@daé§0aﬁna@£&atke5€8é|cS@HPH@@nBeﬁﬁoHEQEDtgéld
preferably potassiumin the formof the acetate. In the Pd/Au system of

- thesec@aalat@%t%upm:et detineg headbd PdthndcAandrdu2Bndsbased tesaghst not

in the for$%iéﬁ al _particles of the respective pure netal but rather in
the foOrm a?¥by particles of possibly varying conposition,

abt hough the presence of unalloyed particles cannot be ruled out. As an
alternative to Au, use nmay al so be made for_exanple of Cd or Ba 30 as the
secontitictd v nééfl%@rtc%*ﬁofﬂeﬂ?me%\t bpibdénd, PYaRKi $npEBAUEEBTRBFAFYCBY neans

of sgcalied sheleral abystaaihnewbigh bheucatgbyihoally agtiye metals of

t he catal yst do not conpletely penetrate the catal yst support 35 desi gned
as acshapedﬂbedymeQCEEQMeefapelgmmnalnedetﬂta,npoéymnnyeselbobaﬂ out er

region (s §ﬂ§Ql°f1t£§é§a Xétaf”8p8££of9%8§95a£i§n'and
15 terpelymerisation with other monomers such as, for example,
ethvlene, vinyl chleoride, acrylate, maleinate, fumarate and

vinyl laurate.

VAM is prcduced primarily in the gas phase from acetic acid and

20 ethylene by reaction with oxygen, wherein the catalysts used
for this synthesis preferably contain Pd and Au as active
metals and also an alkali metal component as promoter,
preferably potassium in the form of the acetate. In the Pd/Au
system cof these catalysts, the active metals Pd and Au are

25 assumed to exist not in the form of metal particles cof the
respective pure metal but rather in the form of Pd/Au alloy
particles of possibly varying composition, although the
presence of unalloyed particles cannot be ruled out. As an
alternative to Au, use may also be made for example of Cd or Ba

30 as the second active metal component.

At present, VAM is produced mainly by means of so-called shell
catalysts, in which the catalytically active metals of the
catalyst do not ccocmpletely penetrate the catalyst support

35 designed as z shaped body but rather are contained in a more or

less broad outer region (shell} of the catalyst support shaped



body (cf. in this regard EP 565 952 Al, EP 634 214 Al, EP 634 209 Al and
EP 634 208 Al ), whereas the nore i nmard-1ying regions of the support are
al nrost free of noble netal. Using shell catalysts, it is possible in nmany

cases _fqgr the reaction 5 to proce r | ectivel an.wth tal ysts
insm;P8ﬁytKEESUﬁBo%k%SaFggFﬁgr%Enggéggéﬁt%ﬁfhé aésﬁzgago@ﬁonéﬁtg%%igﬁt
into the suppaxt Eeokg4( 2bRonayghlycirepLegnat adr)k. ifha-shekl ngat al ysts

known in the prior art for the production 10 of VAN may be for exanple
cat al y¢¥1i8nppeoift shbasedrentsilreceAmoRicdéregl om nckbreoredel . Using
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Haweveo, peatakyshogeppeitsthasegd @hahi tvanhumaaxilgeter iz waorhumhi5 oxi de

are hardly used at present since these catal yst supports are not durably
st abl BURPPhtFedpBctPESqBELPE Yl &RE &aFE1FEl SPMPeryRexpénsgive lntost of

the catal yghaousedoal presenbuhan 4t RRpReedustizen of VAN 20 are shel
catal ysts conprising a Pd/ Au shel? ona porous, anorphous, spherical

al um nosilicate support based on natural sheet-sheet-silicates, in

partigcul ar, based_on-natural acid-treated.cal cined bentonites whi.ch are
Phor ollFi T by 6BRat datt LRoRh: 2Bl BR4bd: 8-he Spronbtepr o3s SiER YA
ghel | ccavAby®b§ BEEfbgsuakhyppeoddeadyyiast:pecsdscaklsed ehemticakbonoute, in
whi ch the catal yst support is inpregnated with solutions of suitable netal
pr ecuf¥dfe coRpBURBS UM 6171 8RaNBIEMBHY Ol ppLAG Sy hé LsappoFt OXALS ©Ke sol utions

or by.IEans: 4R ok hbe (kaci phent wetagasqeknedo(Raneah! | lipng method), in
whi ch the support Is |oade mntﬁ a volume of solution corresponding to its
pore VobanelsThe PRi, AWOsheDD/ofsDhe Bat ahys#Woi 20pbddaaded’f ai)exanpl e by

first i npregnat i he catal yst support shaped body .in a first step with
an NEVICTRT SOT At T ofe B BRER ) o 2735086 0nd 'St B SAASFng NGGRESB L on 1 0
fiisx thei Pd gpaPRALAL yOlstheat- p3eschat aliysk suppertakBithe kappuetsa Pd
hydr oxi de conpound. In a subsequent, separate third step, the catal yst

suppor¥eiBOot henwrfpregnabPed With AASRAGALCIZ S6kGficoAcaddapHeps&fter the Au

conpo i ik [ xed by means of NaOH After fixing the 5 noble
netalpgg%%%ﬁ%% sg%% gﬁigéfer shel |l of the catal yst support, the |oaded

catal yst support is then washed until it is largely free of chloride and
Na i%Qs, gggn dried and finallé ggduggge%%tgogthxlen% at 150C. The_Pd/ Au
shel | %§% efhe catalysts use P the production of VAM
20 are shell catalysts comprising a Pd/Au shell on a porous,
amorphous, spherical aluminosilicate support based on natural
sheet-sheet-silicates, in particular based on natural acid-
treated calcined bentonites which are thoroughly impregnated
with potassium acetate as promoter.
25
Such VAM shell catalysts are usually produced via the sc-called
chemical route, in which the catalyst support is impregnated
with solutions of suitable metal precursor compounds, for
example by dipping the support inte the soluticns or by means
30 of the incipient wetness method (pere filling method), in which
the support is loaded with a volume of sclution corresponding
to its pore volume. The Pd/Au shell of the catalyst is produced
for example by firstly impregnating the catalyét support shaped
body in a first step with an Na,PdCl, solution and then, in a

35 second step, using NaCH sclution to fix the Pd component on the



usual |y has a thickness of approximtely 100 to 500 pt. 10 After the
fixing or reduction step, the catal yst-support | oaded with the noble
netals is usually | oaded with potassium acetate, wherein the |loading with
pot assi um acet ate does not take place only in the outer shell | oaded with

nobl e“frefal § ChGHPPACher 't hBC15OCEt &y §t “Suppore=isicc srpPerery thofoughl y

| mpr egnakeguhih LREaPLREDERR raAStERe ¢REAlNSE 1SURPALLEYRE iIsS then
predom nantly nmade of a spherical support bearing the reference "KA-160"

from SuDChenttcAGbabednoNahatur aboaet dotr eatdethbeaz bhéteshasAthe nat ural
sheet -sheet-sili.cate, which_has .a BET surface area of 20 approximtely 160
12/ 9. CHHECVAR S r edt FTT L PEs TAGRTeU4a By ThaToNErT cALAFystadRAgwn Fr om t he
pr3 ornaplebasedionoRdoandrAuias zactivermgthalls amd tkA- k6@ 1s¢pports as
catal yst supports are approximately 90 nol % 25 relative to the anmount of
et hyl 8ABPSLppl 88, LaRfRAt RetRreFEnSREPPO tndlBy-6f Tt We SPesle tnéa lpAddaét s

bei ng nt-i.al.l ; A,eh i r by al i.datior:of ~the organic
reage%%g?%Eng%%%.giﬁgﬁ%gﬁgggeapﬁ ﬁﬁeq%%ﬁ’séﬁgbtﬁ6??€?éddgégfééﬁg in

or der r£0uB6dr edubeethgleonst stf a60-aw Makeridahul cisdd amddiaenmke it easier
and therefore | ess expensive to prepare the reaction product VAN

The obpeetlyf ngReapFBsERNSPAVEAt PERICE1TRELSNOLE Ot OpPEYi #8-a 35 shel
Gatalyst for the production of VAN, which is - 4 - characterised by a
relatively high VAN selectivity and also a high activity. Starting froma
shel |Atatal yst ofi xt he generticctype, sthkis abieecttias yvacthisewpedritn lohatked he
catal%st sug ort Eas a rface are | ess than, 130 mZ/géJl Summary In a

S of
firstvaspeths PRBIE TELP 8vF8eHSHa§H¥I906§F§|V§Fhf8Ptﬁﬁé FodGELRGH  of

Viny|wﬁé@éﬁhetHEHQHEHinQPWEEhSFBEaQsB%hQ%%e%%%@'H%%s$HBE0%%k€a§§@c%ﬂ a
natural sheet silicate, "in particular based on an acid-treated cal ci ned

bent opirt ¢, 1safHecarabysehslppéredidi g thoadédewimelals but rather the
15 catalyst support is completely thoroughly impregnated with the

promoter. As the catalyst support, use is predominantly made of
a spherical support bearing the reference “KaA-160"” from SUD-
Chemie AG based on natural acid-treated bentonites as the
natural sheet-sheet-silicate, which has a BET surface area of

20 approximately 160 m®/g.

The VAM selectivities achieved by the shell catalysts known
from the prior art based on Pd and Au as active metals and KA-
160 supports as catalyst supports are approximately 90 mol$

25 relative to the amount of ethylene supplied, with the remaining
10 mol% of the reaction products being substantially CO,, which

is formed by total oxidation of the organic reagents/products.

An increase in the VAM selectivity 1is desirable in order tc
30 reduce the costs for raw material losses and to make it easier
and therefore less expensive to prepare the reaction product

VAM.

The object of the present invention is therefore to provide a

35 shell catalyst for the production of VAM, which is



Pd and Au and being designed as a shaped body, wherein the catalyst
support has a surface area of less than~130 n2/g. In a second aspect,
there is provided a method for the production of a shell catalyst, in

particyl.ar shell ,c ta%ay i 19, Q6 t i o ns,

corrpri(:slaf"\ﬁa? %r;s?%%s: a %%%\%?g?rﬁg}g%ﬁ ous cg{ea %%%Jﬁ%gér%@onit e basis
of a natgk adcisheetysilicate, in particular on the basis of an acid-treated
cal cined bentonite, said catalyst support being designed as a shaped body,

wherein the catal yst support has a surface area of |less than 130 nR/g; b)

appl yi : j f r FRQU 1 al ; C)
appl yiér%gﬂgtl:rgé ﬁ%% %fS%f%ue%)?gggrggor()%gorrpoga%a-}e%olc?ﬁcﬁa't a%?/issf S p%%t;

d) coneerdémigewdd the RdicotpeneatadlystheuRdqriedwsa conpoumdciad of he
metal lLic form e])C3 converting the Au conponent of the Au precursor conpound
into tRSSETEN i YR HI- -4a- In a third aspect, there is provided a

met hod for the production of a shell catalyst, in particular a shell

cat al ys1mm@egordi ng to one of the preceding clains, conprising the steps:

a) providing a pulverulent porous su rt material on. the. is 0o .
nat ur af® séhégFSEi 3§ReSite, tpﬁx‘gaﬂﬁ ipéﬁi"égg f t%’gaga%%salg ta?gag%%-ff?%‘%tcgaon of

calcingd bentonite, rei Qtng% - SUPPOrL BBLeLLak k-5 1L Qad ' R
precurg%l}yblc%ﬁ%gh% an %ae%’%u recurs%r clganpound glr‘;gwi&%% %glp?ﬁ%QAu ased on
parti chepadndahashagtasslitadce, arica mirtesgleéhabad8@ nfl/ gn biriappkyisregd he

| oaded s ort, material to a s ort.structure in the farmof a shell; ¢
cal ci nFﬁgggﬁ@dl @m%or?ajs#%é{'ﬁ}é’sgg s?%@ﬁrllj}) bed‘)ngogltqalff?ﬂ WA T :

conver bingnhh@uPa N dihe; A sogReaeaE af shig <Rd najt , AwHYRGY Safe cOMpound
into the netallic form In a fourth aspect, there is provided_the use of a
cat al ys¢talyst support has a surface area of less than 130 Hf/g. :

In a second aspect, there is provided a method for the producticn
of a shell catalyst, inparticular a shell catalyst according to

one of the preceding claims, comprising the steps:

a) providing a porous catalyst support on the basis of a

" natural sheet silicate, in particular on the basis of an
acid-treated calcined bentonite, said catalyst support
béing designed as a shaped body, wherein the catalyst

support has a surface area of less than 130 m%/g;

b) applying a solution of a Pd precursor compound to the

catalyst support;

c) applying a solution of an Au precursor compound to the

catalyst support;

d) converfing of the Pd component of the Pd precursor

compound inte the metallic form;

e) converting the Au component of the Au precursor compound

into the metallic form.



according to one of the preceding clains as an oxidation catalyst, as a
hydr ogenat i on/ dehydr ogenati on catal yst, as a catal yst in hydrogenating
desul phuri sation,as a hydrodeoxygenation catal yst, as a

hydrodeni trification catal yst or gs_a catal yst in the synthesis of

al kenyl al kanoates, in particular” T the synthesis of vinyl acetate
nmononer, in particular in the gas phase oxidation of ethylene and acetic
acid to vinyl acetate nmononmer, The Lgygntioqpkge g;q! relates to a shel

cat al y&r ®difprds pRBEE n&PEEEl TS HET15hBet - ST Cat €, P% Bﬁ?%VEﬂPEr to a
t al t b Y { d- (W]
catal ysi SupRont (shaRRd Dofy, LOMRLLSlng, alhari delt eaved Salelneds oo

bentonite, ing an-outer I ch contalns d Au*In ne
foim bthe odt ahgsprsuppont shaped ,bedmtiawing aBEtupd.ace area of |ess
than 130 n2/g. -4h- Shell catalysts conprising a support with an outer
shell into which the active ggggies has penetrated are,abso referred to in
the prRorpPapviddntegyPsHareruldet | PRAPHFYSHBPOTFt MRAEETLALpPESERG vy been
found tha ) el_| t r di t he,i : | S ogh cterised
by 'a VAN SEPegt Do £y AT SET catr YT RSl ok B ey Thar t hat o 1 he
cor r.espongkBg scatakys s khowedired heapcioedabentonithe phededni sheof VAM
The increase in selectivity can essentia Ig Esdattributed to_a reduction

a

in the un8BBPPES TEL&Ti®d dil i tIROT atietfc PrethyPene “SRE“VAN to fom
2. The Gakalbyshrapeacdiithd GddigohANeBL anchasdaanachvbhy thhbaksi s at
| east as high as that of the correspondi ng catalysts kpown in the prior
art for thedphedicti ansefrigde Fea hefnbess Fhahas3BeBn/%ound that the
activity of the catalyst according to the invention can be consi derably
i ncreased by increasing the thickness of the Pd/Au shell, w thout having
to aCCBPtaéﬁﬁyﬁﬁbaEh% hessasd i auppdt-seheetiryhlytol B shepeetr espondi ng
catal ysts known in'the prior art, an increase in shell -5 thickness is
associ at edtwiichuaeconsitder abtym refiire8N9AN sel ectivity. Furthernore,
despite its relatively small surface area, i.e. 5 despite its relatively
| arge pore volunme, the catal yst according to the invention has excell ent
mechantpatastahihigt yhand cadedi ssphdgh shenictaker esi stapcelagai nst the
reagents and products to be used and al so high thernmal resistance agai nst
the tenperatures used in VAN synthesis. 10 [If the reaction conditions for
i ndust g al, pse-af 1Lhe catalysinaccprdbRgata the hoveshbehedte dfefthe
unchanged %onpareé fo a correspondi ng shell catalyst of the prior art, it
i s thus pBdsabHeAtioppeotuce noteEnANgeinteather mesRdAd Cad@Per unit 15
time, which equates to an increase in capacity and al so additi onal
expenditure. Furthernore, it is easier to work up the resulting crude
vinyl acetate since the VAN content in_the product_gas js higher, which
| eads t'& AnteweryyS®8GFngtRins g VKRIVW)E?CE-%IS. U2 5B 62 WoHetup net hods are
di scl osedotain@xanphe 20 tie WS dredbfiy 36t sansd HF 28 A5 k3 Alralfstongthe
ot her hand, .the VAM pro u%t%?n ca acitx of an installation Ioadedymﬁth t he
e (e cata

cataly§% 6?@?%6t9 It ydrogeriatio yst, as a catalyst in
hydrogenating desulphurisation,as a hydrodeoxygenation catalyst,

as a hydrodenitrificaticmlcatalyst or as a catalyst in the

rsynthesis of alkenyl alkanocates, in particular in the synthesis
of vinyl acetatie monomer, in particular in the gas phase

oxidation of ethylene and acetic acid to vinyl acetate monomer.

The invention therefore relates to a shell catalyst comprising
a natural sheet-sheet—-silicate, in particular to a catalyst
support shaped body comprising an acid-treated calcined
bentonite, having an outer shell which contains Pd and Au in
metallic form, the catalyst support shaped body having a BET

surface area of less than 130 nﬁ/g-



invention is kept constant at the | evel of a corresponding 25 known shel
catal yst, then the reaction tenperature can be | owered when using the
catal yst according to the invention, as a result of which a further
increase in VAN selectivity can be obtained along with the advant ageous
effects nentioned above. In this case, the anmount of 002 which results as
a by-product 30 and which therefore-lds to be renoved is lower, as is the
| oss of entrained ethylene associated with this renoval. Furthernore, such
a way of carrying out the nethod on a corresponding installation leads to
an extended |ife of the catalyst due to | ower tenperatures. - 6 - The
expregseen -hasad Qn %dﬂﬁiﬁ@in&h@%uﬁgggﬁ- ghkthcahebuks rundenst ggdchere to
nmean that the catal yst support Shaped body conprises a natural

sheet whhebt thiel iacdtioe Wrer®ies tives naeDehkashdefrshaésosireifearednmay ba
contajiped_in the catal yst_su »5_eLt her ] ntreated or in a treated
forn1£$§pPEéPItF§ ﬁ@htquJéﬁﬁiila?ﬁ%ﬁgrgﬁkgﬁggggéheet-siIicate may be
subjected prior to being used as a support material include for exanple
treatnment with acids and/or calcination. In the context of the present

i nventFohast RErpaismingdiurges Hedtnd hedetsHrcabetli satglyfder st ood to
mean SLlicat ecial .ari.gi-natl f oir,ces d in which SiO4
tetra%%é?ggaﬁﬂrgh %ggnﬁtVggg?%%%?%?a%ﬂggg?%g%%%$ao§§aﬁlV%ﬁlicates, are
crosstéhkedivotonehdnat Her dtn laywer s1 ahog@nkighefochakath8it205] 2he These
layers of tetrahedra alternate with laygﬁs of .so-ca Igd o%%%hedra, in

whi chC@ri8SRaPAORY E8PEHYAITSY MICYhd- Mt PsPELPF ofihled by and/or 0 in
the shape.efisn e¢t ahpdr ehe Al dd et i AnskscaBUQitor caxappkenbeLween

t wo- |'ayer sheet-sheet-silicates and three-layer sheetsheet-silicates. 20
Sheetbsheetribhitedt 69 whireldvare iy efler Fod Phdepdredntexelopxidatppasent
invention are clay . mnerals, in rt1,¢ul ar liLpite, beidellite,
-hectd?#t%geg%ﬁoﬁFggf ﬁ%h?ﬂgﬁ? éfcﬁﬁ?g? %@r%&%ﬁl??é’and snectites, with
particul ar preference being given to snectites and in particular to
montnorillonite. Definitions in 25 German of the term "sheet-silicates”
can B¢ gimrvrterafpréing "o hsuchhBert afbr §ani IEhdRtERéRYethatiolBenann
W berg, - uytet ; :102nd it ion, 0 - 3- - in
oM LorRon Cnabe " 25PN et e GBor o Ry ShRver T agY dhder "ChS 1 erm

" Sheein: silte katfor Qaetnabur @heslpeetdisit icat ef wikBh Fsr8Bepmotecularhys
preferred in the context of the present. invention is a bentonjte

Bent %Qxi%ﬁ%ﬁnB?aEaFﬁ?a?c§H§§FQ%f1'é%?%sc? ai%ﬁtaﬁ?ﬁaFgéaﬂstoth?he wor d
but alf,dist @adean bt HER sQleFRIDILY Gl @¥e A8 BY Si£6AEALMhHTthe '
sheet-silicates. Therefore, in the case where the natural sheet-silicate
her e titsl akrirgn obf t ehe 3BdY Rui shed lpe Wirdee'st oorv i hat te hecaaptr al .

Shee’a‘pﬁézlé iaékfelé an b es.CgBa'v)l@t SHRRAT o Sy Presentel BobPeLORM QL or as a
constrtuen ol a pbentonite.
catalysts known in the prior art, an increase in shell



It has been found that the smaller the surface area of the 5 catal yst
support, the higher the VAM sel ectivisty of the catal yst according to the
invention. Furthernore, the smaller the surface area of the catal yst
support, the nore the thickness of the Pd/Au shell can be selected to be
gr eat EPLICKRERUL Safy SappreEPabli &l gs seasdfleyakilyerestiosidt yA¥hsui ng. 10
Accorggﬁgcggvggg-preferred enbodi nent of the catal yst according to the
invention, the surface area of the catal yst support has a size of |ess
than 125 nR/g, preferably less than 120 nR/g, nore preferably | ess than
100 ng/ even nor referably less than 80 n2/g and particularly

prefe ggFQeF@§§eth§ﬁg@%tﬁ2F6? Fﬁ?fglﬁﬁiycﬁﬁﬁé}t%BFfﬁﬁg frédent:-nvent i on,
the taeppisurfacerangalvef marea\t,ﬁbxét voyppert the undensteod to nean the
BET surface area of the support, ich is determ ned by nitrogen

adsor pEFeRdaBEOFEi hjet 6NPENt66R3Ras20xACdEdENgetbaancrhestpbeflétyed
enbodi gen T, I o ding.to_the invention, it ma e pravi ded
That The exfapy e BonBo ety LB h iR a0 bk Roan "130°R0G 260me) o
pr ef epabtiycbet weene 128candnB0aBhgh: gar ehpreker abky shehweeagk26sand 50
n2/ g, _even nore preferably between 125 and 50 n2/g, 25 still nore
prefeFHﬁl§e%8?ﬁégﬂr§50u§ﬁﬁ 58 WPMgSHRANRE4E-preferably between 100 and 60
N/ g. A catal yst support designed as a shaped body and based on natural
sheet-silicates, in particular based on an acid-treated 30 cal ci ned

bent ohft ehewheret honheopdialiyst Sappontiubasialsusftacé aheacetalgss t han

130 erab a,surface area of _between 130 and 40 Lg, may be
prodﬂ%égo¥§¥g xéﬁp%%ebﬁnﬁ%ﬂfﬁ?ﬁgaﬁengﬁngHacﬁ?Qgﬁ ec888F£Fﬁ?ﬁ§ &n
aci d-toeptedofdneal ehoed) cheat pptt erashshpet osi hireat ecand wat.er, by 35

conpression, to forma shaped body using devices famliar to - the person
ski | RS FHPIRetarpProdyed BSrexVAliders sPAEhBE eV OprESsaBSf BETexaApl e, and

bien {hge unculed shapedsbedyahsigalehoedifockoLm g, SLah ¢ saped body.
Here, the size of the specific surface area of the  catal ySt support
dependgddini&nphrexgemaditonct hBugthbirmyref fheiérampibentoniwbekused, the

id treat thod for_the. benton;t d, i.e f le the t
N CUAPLT Ty LT R at T YE5T 07 A benE N oy "and EBRCUALY Pl oA of LERBhe

" i norgand ecachss usedai fher ackditreat ABBt tbi BB andr-Henpetahyr 8ur-the
. conpression force and also the calcination 10 time and tenperaturé and the
cal ci &t i o At s phiekeab ke suprlabbe Bathryst asapporeclhnaeiingos suphate area

ob appraxd matety 409 ARlgyi s, sebd, by, $OD; Chenie AG under the name "KA-0".

If, on the other hand, the VAM production capacity of an
installaticn loaded with the catalyst according to the
invention is kept constant at the level of a2 corresponding

25 known shell catalyst, then the reaction temperature can be
lowered when using the catalyst according to the invention, as
a result of which a further increase in VAM selectivity can be
cbtained alcong with the advantageous effects menticned above.
In this case, the amount of CO, which results as a by-product

30 and which therefore has to be removed is lower, as is the loss
of entrained ethylene associated with this removal.
Furthermore, such a way of carryving out the method on a
corresponding installation leads to an extended life of the
catalyst due to lower temperatures.

35



Acid-treated bentonites can be obtained by treating bentonites 15 with
strong acids, such as sul phuric acidg phosphoric acid or hydrochloric acid
for exanple. A German definition of the term"bentonite" which al so

applieh in the context of the present invention is given in Ronpp, Lexikon
Cheni El1® 10FRT B8Pt PBn, P8&EBRg Thiehe “VERI ag*BENEBRFTeS TWAFEh ar &5
partigykarky 89 peetersegebn EhgtcQﬁgeégtaﬁYEEeseﬁgggetshaﬁ@atbgayare

nat ural al um nium contai ning sheet-silicates which contain nontnorillonite
(as stemprieysas theumailnshinéraheepfeelichécaciwtetreeat rbat natheabent onite

is usuall shed with ter ried _and_ground,to a_powder. 25 The

hoi o oot T RECk e bty Se e L Ens: PrnESmRR st Bo sty Brh P Sk stRRe ot i vi ty
ofs t heiental yst aacaet dbAgcliockheni Avertkoad fotkhe ggp-iphasersynmbesiss of
VAM from acetic acid and ethyl ene. According to another preferred
enbodifrevib 6P @ heaBoreat ahgst -abesrdragita tehdeynbPentiionectRe patafyst

130 mea/ e p e P oy 2br i bet eta 0 and 160 req g and barti cal arly
prefeta@é&m@etm&éhhl@caﬁd 60dreq/ galtheaadicdi.t fnottheheovakaltystt sbpport is

determ ned here as _follows: 1 g of the -9 finel round.cat al yst support
o m REASWRE hUTO0T R OBt haFel ST ¢ AASALF BRR CVAFUE) And LeREPacted for 15
Monut @sqsM-£No841 £61 A8anTEE1aEEER hStkheR1Ccakhiiged0uhqusirag Qa@kra1NaCH
solution at least until pH 7.0 is obtained, with the titration 5 taking

pl acespnreeagesd speehitkafi(y: fekwahgdnan wiichkhtoNaohsoftrreruTal added
dropw . se: to t t (1 Lse d ) re i i
A BT T e S - S
S0 onlaydes bbankevatae d66rimbeawdberodised Tisedet Bapenedofindet hehadidity

calculation is 10 corrected accordingly. The titration ggrve (m 0.01 NaCH
again%%t%$ﬁa?%.YhE% b?ﬁf?%dognaOfﬁ@lg8ﬁnPCGPhﬁﬁFérsé@tW ACOF 2t he titration
qurve-ati Pl 7ok scdel 1 i Bedsndhegiok ar sequbyakent pyane eakovhabednin 15
10-6 eqg/ g of support, tesulting ?ron1the NaOH consunption for the point of
i nt erseet $lompatopHriZ, octahedron. A distincﬁion is made for example

between two-layer sheet-sheet-silicates and three-layer sheet-

sheet—-silicates.

20  Sheet-Sheet-silicates which are preferred in the context of the
present invention are clay minerals, in particular kaolinite,
beidellite, hectorite, saponite, nontronite, mica, vermiculite
and smectites, with particular preference being given - -tc
smectites and in particular to montmorillonite. Definitions in

25 German of the term “sheet-silicates” can be found for example
in “Lehrbuch der ancrganischen Chemie’, Hollemann Wiberg, de
Gruyter, 102nd edition, 2007 (ISBN 978-3-11-017770-1) or in
“Rompp Lexikon Chemie”, 10th editicn, Georg Thieme Verlag under
the term “Sheet-sgsilikat”. Cne natural sheet-silicate which is

30 particularly preferred in the context of the present invention
is a bentonite. Bentonites are not natural sheet-silicates in
the actual sense of the word but are instead a mixture of
mainly clay minerals containing sheet-silicates. Therefore, in
the case where the natural sheet-silicate here is a bentcnite,

35 it is to be understocd that the natural sheet-silicate in the



Total acid:(10*m 0.01 n NaOH)/1 support = peqg/g 20 Wth regard to a | ow
pore diffusion limtation, it may besprovided accordi ng to anot her
preferred enbodi nent of the catal yst according to the invention that the
catal yst support has an average pore dianeter of 8 to 50 nm preferably 10
t o 35-hrf-andt ndrRPPERf &F aBF§SERTt 6130NANT OB TReCEaldl FSECREESFHERG to the
i nventton y produced by subjecting a | arge nunber of catal yst
suppg%{ %H%%%géﬁgg%és to a "batch" nmethod, during the individual nethod
steps of which the shaped bodies are subjected to relatively high

nechani cal 30 | oads appljed for exanmple by neans of stirri nd m xin
Mool o s e Eou Rt R et L FBL SHETREE Yol e Ralnotrel oh ran pe ' M
sgbj e@é@&%@t conshder ablgempehnBLCahestERSScdUELNG i theoki Lhing of a

reactor, ich may |lead to the undesirable creation of dust and to damage
to theseatedysiceuppend, tentBs parentubar toribsrearal ytheakhglasgri ve

shel | C i - 40, ¢ 0 i Particularl Lth the ai m of
keepi%%gtﬁgfg%%%sggﬁao?%t %ec§%2%§g§9a§§8P8?%g gget 8¥Fﬁ%éﬁtion Wi t hin
reasortabtlends e ¢85, thbercAbal ystl1hbhasaa bar doésstefi goebternrthantequal to 20

N, preferably greater than/equal to 25 N, nore preferabl¥ 5,greater
t han/®efu4PUt 23% APRRECHBRL S pt 8FEFELPY Eﬁgaﬁéﬂe%éﬁ%ééuﬁ SHo40 N. The

har dness, i et es e Hé%@ﬁrédtéﬁbééiﬁéﬁén6§5tBQSE§Ea§P%ErQHbBBQiﬁgnpany
Dr. Schl euni ger Pharmatron AG as an average over 99 shell catalysts after

dryi nep tHee catetysionat 130Cshofagehareit hit heedevteeyset sbpngsrbehag as
10101 otes e dess (PsLance, ) il shapey bosy 9 135 T, 0o 2 0. 0
more preferably less than 100 m®/g, even more preferably less
than 80 m?/g and particularly preferably less than 65 m?/g. In
15 the context of the present invention, the term “surface area”
of the catalyst support is understood to mean the BET surface

area of the support, which is determined by nitrogen adsorpticn

according to DIN 66132.

20 According to another preferred embodiment of the catalyst
according to the invention, it may be provided that the
catalyst support has a surface area of between 130 and 40 m?/g,
preferably between 128 and 50 m?/g, more preferably between 126
and 50 m’/g, even more preferably between 125 and 50 m‘/g,

25 still more preferably between 120 and 50 m?/g and most
preferably between 100 and 60 m/g.

A catalyst support designed as a shaped body and based on
natural sheet-silicates, in particular based on an acid-treated
30 calcined bentonite, wherein the catalyst support has a surface
area of less than 130 m?/g, preferably a surface area of
between 130 and 40 m*/g, may be produced for example by
moulding a moulding mixture containing an acid-treated
{uncalcined) bentcnite as sheet-silicate and water, by

35 compression, to form a shaped body using devices familiar to



The hardness of the catal yst or catal yst support can be influenced for
exanpl e by varying certain paraneters of the 20 nethod for its production,
for exanple through the choice of sheet-silicate, the calcination tine
and/or_ the calcination tenmperature for an uncured shaped bod{ formed from
a sui taBl Be5apPofti M REUFE, tBE BytneaHshofsSceKktalAcEddPLi ¥eblstich as

met hyb eeLLuk 0sgy oL, JRONES! UMSLaahate.f of 6XaaPLA. 23 T8 cLal ys!
according to the rnventron conprises a catalyst ogy de5|§ne as a shaped
body amtchasddtonfarmatusakbsheehapeti batlg, Harpar theukacebasednen an
acid-treated calcined bentonite, In thiycontext of the present invention,

the 3BP8Xpt eSsF ORI 2Based Bn® L nedRs CRhaLYPhe SERPRFYsECRERPFI 4Bs a nat ur al

sheetpsiticater bh PBRY heaprelerrednif (Lhe)cophent:ot paturathe zcid
sheet-silicate, in particular acid-treated calcined bentonite, in the
cat al yseatnppbrireiiodr éarethehhanequatet ns80% byeweiEght expmef er abky

greater_th equ to 60% weight, r ef er abl reater thanlequal to
Toos b5 51 ohd duSun! ur TR RERETROPY MBL PRt PREkPe ! EEhEhutns taeant
stillofotlee bipsefenabl ycgdeaked, t haa/ equal ttea98¥mbytireghhdand nost )
preferably greater than/equal to 95% by weight, relative to the weight of

t he c%%%?%g%t%ﬁ%poF%¢ FPIRESSPeBA fBGRE fRdt LA VAR SBLeéPryiPy of the

Q@taryﬁme1Qn@0@@ﬁ9éﬂgta9etgﬁdiEM@n&&@BiggegeesaeﬂogBﬁekateﬂrghieg gevol une
of the catalyst support. It i1s preferred if the catal yst support has an

i nt egtatappre voppeet atgviding torBdecohrbet wEeappra2siantde0y7 /g,
pref | y> between .0, 3 and. 0.6 m/ d nore preferably.fromO0.35 to 0.5
n / gﬂ@@rr}e{,}%ﬁ he isrﬁledgiéf r%]oige&i%mv%%uﬁe? h@]%alf%ﬂ‘?/st upport is

determ ned by neans of nitrogen adsorption in accordance with the BJH

met hod.  The surface area of the catal yst support and its integral pore
vol ur ki et ¥Rt e? i PRUC PRl Beeof 8AnEe APTAIRAE BETLARATBIM hephedlites

sp iwe, e surface. ar j er,m pned, | - da 20_with the
R T Lk Lk g et e U R M
Am ChemroSocorH0,aB309 {d838kampheor HetetowadetiefEmmheibheocsuthacecanea and

! SOl B P 0T N CSLPLYE! SURROT Lo GRSl Lhe samle can

the invention is given in Rémpp, Lexikon Chemie, 10th edition,
Georg Thieme Verlag. Bentonites which are particularly

20 preferred in the context of the present invention are natural
aluminium—~containing sheet-silicates which contain
montmorillonite (as smectite) as the main mineral. After the
acid treatment, the bentonite is usually washed with water,
dried and ground to a powder.

25
The acidity of the catalyst support may advantageously
influence the activity of the catalyst according to the
invention in the gas-phase synthesis of VAM from acetic acid
and ethylene. According to another preferred embodiment of the

30 catalyst according to the invention, the catalyst support has
an acldity of between 1 and 150 peqg/g, preferably between 5 and
130 peqg/g, more preferably between 10 and 100 peg/g and

particularly preferably between 10 and 60 peg/g. The acidity of
the catalyst support is determined here as follows: 1 g of the
35



25 conpany Mcroneritics, type ASAP 2010, by neans of which an adsorption
and desorption isothermis recorded. Jn order to determ ne the surface
area and porosity of the catalyst support or catalyst according to the BET
theory, the 30 data are evaluated according to DIN 66131. The pore vol une
i s detféPRilfed PUER C19é afwadursemmer tdatsa misiasy witd BIH met vdd Wtz Barret,
L.G i.ner 2P le . oC.- 13 (1951, .373))....This net hod
al so #§E§§ gc?§u%€§%# ?%gugﬁfecq%E%Qﬁggﬁﬁff§F§'égh&@ﬁ%%f?%ﬁ%tﬁbre vol unes
of cestarmipeor.eTditzet3brr drgehear eadetierdricned Wy rgumiong 4 nergnent al pore
volumes. - 12 -ﬁf?tained fromthe evaluation of the adsorption isotherm

accor dPng=ten FRET HPddralPord vl @t 3ecsdiviidt & hené 1833 tiétthod

ref at esxtagppriesechayi 3¢ a.di;a i fQfcal 14t ¢y Acgordin

~anot her érgfgrpeg enbodﬁ%ént o} ?ﬁggéfﬁéﬁysglggggngngﬂtgﬁfﬁgk?%5%%ﬁion,

it mapobetproviigeddthat drivewimtert calider bertoycsf (tlhelreat/aeysindiypporen i s 40

to 759 referably.50 to.,70% cal culated as the increase in i ght due to
wat er g ggrﬁ i8nW¥+ﬁe0§b§oF%§H§ SVst%§t§ 1ﬁe&eﬁf*iﬁgF§bﬁ§FW£%ri §10 of
t he suppunvHsagphededt Ardeariesednaater ohar T3Q MW1fn KURtTh:NQ MR gas
bubbl es | eave the support sanple. The excess water is then decanted and
the | KpFBgnaEel sanpPEIBiggsbedcnittls &CcE6iton el attd aredsve any

QOerEggrgggégu5@cg&8gh%22}sanple. The support |oaded with water is then
wei ghed and the 15 abso ncy is calculated as follows: (end weight (g) -

initial weight (g)) x 10 = water absorbency (% 20 According to another
preferred_enbodinent of the.catalyst according to the invention, it may be
prefe?é%dt%EQQEngagPr§8@85% h@liﬁ98§r§9a68ﬁg o und Sferhelestady st
supposhdacger gbngrt etBihkbsskorned off mpsopores abd %@%%pg&e§ﬂ preferably
at least 85% and nore preferably at | east 90% This counteracts 25 any

reduced-aETi Pty Bhetmelaat anysivadesssding relrhéaitrdenti on brought about
El DUl e/ LN Al e PALIE AL Yl % CARE o Bl A she e

with rel at y lar t'hi'ckneésses. e terms mM Cropores, opor es
and nelee opoies shoihtebecundenstooght G.nean pores which have a di ameter of
|l ess than 30 2 nm a dianeter of 2 to 50 nmand a dianeter of nore than 50

nm respectively. The catal yst support of the catalyst according to the
i nventéea nByifave a bokkidensity Qhom®re t0ano%¢3=0fal,/ preferably nore

20  With regard to a low pore diffusion limitation, it may be
provided according to another preferred embodiment of the
catalyst according to the invention that the catalyst support
has an average pore diameter of 8 to 50 nm, preferably 10 to
35 nm and more preferably 11 to 30 nm.

25
The catalyst according to the invention is usually produced by
subjecting a large number of catalyst support shaped bodies to
& “batch” method, during the individual method steps of which
the shaped bodies are subjected to relatively high mechanical

30 loads applied for example by means of stirring and mixing
tools. Furthermore, the catalyst according to the invention may
be subjected to considerable mechanical stress during the
filling of a reactor, which may lead to the undesirable
creation of dust and to damage to the catalyst support, in

35 particular to its catalytically active shell located in an



- 13 - than 0.35 g/m and particularly preferably a bulk density of
between 0.35 and 0.6 g/m . In order- to-ensure sufficient chem ca

resi stance of the 5 catalyst according to the invention, the natural
sheet-silicate contained in the supggrt has an Si 02 content of at |east

65% bYUherghediphef EpAbLFUAE THYa¥t LE03 By 2Bl Ght K&&& 16r &5 SRR from

95 10,99 3% Q&t%%}glﬂt acESk@ltiinﬁe 10 thBe 1 Welkght oof iR Sheel-Siddreate. 10 In
t he gas-phase synthesis of VAMfrom acetic acid and ethylene, a relatively
| ow AL203teontbnat cehallfetsheet asihhirdate sr afeby chdsra tdissadvadtlageous

ef fec ereas a rked reduction ,in hardne as_to be taken.i.nto
Sccounl M oREER - Doy Gaeptarorhen hurdr BP0 2S oS rietal Sk BRI oo
erbodyrent cef chha/eghalyst ascar dndgmbett beciraventiyorrzhe sheet -silicate
contains | ess than 10% by meight of Al 203, preferably 0.1 to 3% by wei ght

and nbRenprERetabPy<8. B-t éhe. Dorpyensi §ft dereradned 16 e andidgietof t he
sheet psLhhgake .20 IhemCal-alystes %Bng)raEy_?_LDrt. h%cﬁlﬁ%%ﬂ?f&ra%%&%a'@:ow the

invention I's designed as a shaped body e catal yst pport may in

pri nckpl est akeavheaghapecof 9&8nyphgédnetitiad vibtdy atfa ewhicely iags titteabl e nobl e
nmetal shell: can b pp! i_ed. wever, it is 25 preferred if the catalyst
CupRoFE s VShaBba AL Eoherer cRERAGHS( LRSLGR 56 DTl Girided g
flaces¥o1peiyEoerated cylinder (including with rounded end faces), triple

| obe, "capped tablet"”, quadruple |obe, ring, doughnut, star, cartwheel,
"inverse" cartwheel, or as a strand, preferably as a 30 ribbed strand or
star-shﬁgggngggand, preferably as a spheqf. The di anmeter and/or |ength
and t hickness of the catal yst support of the catal yst according to the
invention is preferably 2 to 9 nm depending on the geonetry of the

react orp35thnbe Fpomhitnb bhepeat abyist is 3 0benused. |f the catalyst - 14
- support is shaped as a sphere, the catal yst support preferably has a

di aneter of nore than 2 mm preferably a diameter of nore than 3 nm and
nore prEtBEaBEye%’ di ameter of nmore than 4 A to

15 7 Ty@e of advance: 6 D

Speed: 0.60 mm/s

The hardness ¢f the catalyst or catalyst support can be
influenced for example by varying certain parameters of the

20 method for its production, for example through the choice of
sheet-silicate, the calcination time and/or the calcination
temperature for an uncured shaped body formed from a suitable
support mixture, or by means of certain additives such as
methylcellulose or magnesium stearate for example.

25
The catalyst according to the invention comprises a catalyst
body designed as a shaped body and based on a natural sheet-
silicate, in particular based on an acld-treated calcined
bentonite. In the context of the present invention, the

30 expression “based on” means that the catalyst comprises a
natural sheet-silicate. It may be preferred if the content of

natural sheet-silicate, in particular acid-treated calcined



9 mMm 5 In order to increase the activity of the catalyst according to the
invention, it may be provided that the-catal yst support is doped with at

| east one oxide of a nmetal selected fromthe group consisting of Zr, Hf

Ti, Nb, Ta, W My, Re, Y and Fe, 10 preferably with Zr02, Hf 02 or Fe202.

It naycBECpiéfer FBATRE FREGTSLeFUPPPIdoddntUr6Ritds itharHe watalipst> (Suppor t
is be : 1 9 i k r.apl -0 A4a 10% hy: i ght..and

nor e %?2 g%@ﬁ?y gggg%gé%g% &gFgEFF gg%%?ﬁ%%aﬁo%Phg&“b%gk%g%#%ﬁ%qugghlyst
suppoptefEmebdyagtetycof tdapadrtyuedi de deépemds wES gprti, marvidry maret he type of

dopant _oxi de ?ein u%ed. hn %gner I, t%@osnallet he thi.ckness of the
Pd/Aup§ﬁ§FF?b Heg%?é &F TREMVANYSE &6t PV yYof' SiRé eati T9¢Eording to
the i pyertirapl vAgeeEdLRIthanareiRer thr eber red erbedi ment ofsit he 20

catal yst according to the invention, therefore, the shell of the catalyst
has aPrBifeknpbsy erepess than/s@oapmtopiPéfierabveibss tiedmtioe ¢gm timsr e

prefe | ess,t han m _even _nore preferably | ess than 100 pm and
stiII%%gbétpggfgbngﬁéggggttﬁgﬁp§5tRn1 The thickness of the shell can be

measured optically 25 using a mcroscope. Specifically, the region in

whi ch_the noble netals are degosited appears bl ack, whereas the regions
whi chlar B2fr B8®Bf LAYBF et hetalF&capplar ewkictd ¥ ifhe Bolhgary Hoilae thet ween t he

rnegi ops-6ent aningcnebl gy BREaLS and.the Legiens jwhich, r?ofrree%oqtun@)b! e
netals is usually very sharp and 30 clearly visible. | he af orementi oned
boundafythgneashoubt aopprbetshatpiandradeoreidnglfy tbkearlty lyissi bl e, t hen

(he DLgknreopeh LheyspeLLoortsspeniaatocthe thickasen ol co ol

95% of . theanabbe7nmel at;, depesii-ed 19NbER@=8UPPQBt and- 018 ml/g and more
preferably from 0.35 to 0.5 ml/g. Here, the integral pore

15 wvolume of the catalyst support is determined by means of
nitrogen adsorption in accordance with the BJH method. The
surface area of the catalyst support and its integral pore
volume are determined in accordance with the BET and BJHE method
respectively. The BET surface area is determined in accordance

20 with the BET method according to DIN 66131; the BET method is
also published in J. Am. Chem. Soc. 60, 309 (1938). In order to
determine the surface area and integral pore volume of the
catalyst support or catalyst, the sample can be measured for
example using a fully automatic nitrogen porcsimeter from the

25 company Micromeritics, type ASAP 2010, by means of which an

adsorption and desorpticn iscotherm is recorded.

In order to determine the surface area and porosity of the
catalyst suppert or catalyst according to the BET theory, the
30 data are evaluated according to DIN 64131. The pore volume is
determined from the measurement data using the BJH method (E.P.
Barret, L.G. Jeoiner, P.P. Haienda, J. Am. Chem. Soc. 73 (1951,
373)). This method also takes account of the effects of
capillary condensation. Pore volumes of certain pore size

35 ranges are determined by summing incremental pore volumes



However, it has also been found that, in the catal yst according to the
invention, the Pd/Au shell (as a function of the BET surface area of the
support) can be fornmed with a relatively large thickness giving rise to a

high activity of the catalyst, 5 w thout causin _any_apgreciable reducti on
in t HeOYAM8d| BEPTVERY BF2 H@téQPaP§th§c€958FﬁglPB tREPRYBNtion. In this

case, ; Lbe, L ckpgss ef #he ﬂﬁpgsrgﬁtgbréh%bhuﬁénabeeég§ﬁs LB @Re BIE

approxi matel'y”i nversely proportional  manner to the BET surface area of the
cat alysthsdppetstedctordongst basgnother cpeebeeredf10. énbodBAEnbmef t he
catal yst according to the invention, the shell of the catalyst therefore
has a thickness of between 200 and 2000 pm preferably between 250 and

1800 Ko r@igy PHehebehby g@éféﬁﬂeaogmﬁadiﬁéﬁ@ pm and ewenlpere preferably
bet ween 400 and 1200 pm 1 In order to ensure a sufficient activity of

the caeepydinacterBhngirecnhéonnvént Mel, PEhEregAteAt thrt PPN ERE cat al yst
L of SRR T E ey YT aSh B bar PLELEr B0bkoOL 711048, 8 DY shCbORESBALLIONE 1 yst

prefera | to y Welg tive to 'the weight of 20t
suppotd Toadedaiwrtbatebl esnetal inEBuether dor egiphtmayebécpweterred if the

catal yst according to the jnvention _has a . Pd content of 1 to 2 /1,
or ef ABBPLOBL PR 1805/ IOMHAPHEEE bEofBr By St §Y16PGFPIPIE  RPkde Se i n

apderyt o-RASHSp8r8UE et enfyiaRt Hukby iard sekeet kvi-t yoohihheusatal yist
according to the invention, the Au/Pd atomic ratio of the catalyst is
advamageotst yobepheenl gauadthe2suppefér gbinp lbet WEeneBCEsandaLermBEe

preferably 30,0 an p Leul arl e y .between 0.4
and 6¥§gn qggéﬁggﬁb?g%vgg? %8p%%§n%gg8rgéébggdﬁff&Fﬁégﬁu&gghtgnt of the
cat al ystt@ccor diRgt b oréhevenyent konersndy moi20ugkl frpmeterabhyplss to 15
g/1 and nore preferably 2. to 10 g/l. 5 1n order to ensure a largely

uni f oFke aB¥PRPEY bPadn@ vhthI yetSacdsr PR ¥61PHEd AVENEREN across the

4R ckness 9fnthe; PdLAu-shelLy Lhespoblesmetal concentration should vary
only relatively Iittle across the shell thickness. In other words, the

profile of the noble netal concentration of the catalyst
{end weight (g) - initial weight {(g)) x 10 = water

absorbency (%)

20 According to ancther preferred embodiment of the catalyst
according te the invention, it may be preferred if at least 80%
of the integral pore velume of the catalyst suppert according
to BJH is formed of mescopcores and macropores, preferably at
least §5% and more preferably at least 90%. This counteracts

25 any reduced activity of the catalyst according toc the invention
brought about through diffusion limitation, particularly in the
case of Pd/Au shells with relatively large thicknesses. Here,
the terms micropores, mescpores and macropores should be
understood to mean pores which have a diameter of less than

30 2 nm, a diameter of 2 to 50 nm and a diameter of mocre than

50 nm, respectively.

The catalyst support of the catalyst according to the invention
may have a bulk density of more than 0.3 g/ml, preferably more

35



10 across an area of 90% of the shell thickness, with the area being
spaced apart fromthe outer and innersshell limt by in each case 5% of
the shell thickness, differs fromthe average noble netal concentration of
this area by at npst +/- 20% preferably by at nost +/- 15% and nore

pr ef ec&Bly Oy Satd /fes Bngs PR tigwl acivorirgd speibdons thd ke stealsyisty adcor di ng
to the.li tionca | eads t0-.a deactivation thereof. According to another
prefe??gg%gﬁbgdﬁée%gdoﬁ'%hg/g%falyst according to the invention, 20
therefore, its chloride content is |less than 250 ppm preferably | ess than

150 ppm In addition or as an alternative to the dopant oxi des nmentioned
above Tt RECEAL &Py SLSHEEoPHiTAG CEEEhEERI&TY &% S 286t &itn T8E 25 | east one

alkal LafBt gkrcappound (3s +a fut Nek PRAMRL efen Prefienall vra LatassidiMe
sodi um caeési um or rubidi um conpound, nore preferably a potassium

conpogadtasuietabhe thrd spaprircubars grpriséfer redtpotassi am teapbuhl® brcl ude
pot assi u cetate K pot assi_um.carbonat e 1K2CO3, pot assi format e KFA,
potasg?ﬁﬁbgo ﬁ%&%&ﬁéﬁigaﬁgongFg%Kﬁ®CB ghg@5 S n@nFﬁ?&rgfﬁﬁgE Yand al so
al | potassp8mceowpourds yWiicGAheonyerta tiiRte0 tROass éNgheelodt e hKkOAC under

t he respective reaction conditions of VAM synthesis. The potassium
conpoiif8enayiBeécappli ed to the catal yst support either before or after the
rneduction of the nmetal conponents to 35 formthe netals Pd and Au.
According to another preferred enbodiment of the catal yst according to

t he | huehheopgastbeacat avpshesant aifnyAdn falokalticerBicalacacetatle, preferably
pot assi acetate, Ln _this case, .in order to ensure a sufficient pronoter
Bt v EE DT BRS, SaopE PEaraIF TRrePar?ed o THe omithio e w13t % ot o
acet aterényt hescat ali ystivhatlgtotie Qrfa@l/ hihpleafzezablay k@43 rt@ults Jil/ 1.
According to another preferred enbodi nent of the catalyst according to the
i nventoRareResal Rari thebal fP4eat 6Rte FaCOHNts 20 letwéenC1 and 12,

pr=ef ex, t 1 r.ticul.arl.) ref.er e d 9.
B o S T ol h o
| ower céhelgbkahcoetiahtPdoatam dnvahitdonlb thkee shreeserti linwert i on al so

relates to.a first t ho or the productiqon of a shell catalyst, in
partiﬁﬁvg?l?ﬁeigﬁélgﬁan ?O% gy welggt cf Al,C3;, preferably O.f/to 3%

by welght and more preferably 0.3 to 1.0% by weight, relative
to the weight of the sheet-silicate.

20
The catalyst support cof the catalyst according to the invention
is designed as a shaped body. The catalyst support may in
principle take the shape of any geometric body to which a
suitable noble metal shell can be applied. However, it is

25 preferred if the catalyst support is shaped as a sphere,
cylinder (including with rounded end faces), perforated
cylinder (including with rounded end faces), triple lobe,
“capped tablet”, guadruple lobe, ring, doughnut, star,
cartwheel, “inverse” cartwheel, or as a strand, preferably as a

30 ribbed strand or star-shaped strand, preferably as a sphere.

The diameter and/cr length and thickness of the catalyst
support of the catalyst according to the invention is
preferably 2 to 9 mm, depending on the geometry of the reactor

35 tube in which the catalyst is to be used. If the catalyst



catal yst according to the invention, conprising the steps: a)providing a
porous catal yst support based on a-natural 20sheet-silicate, in particular
based on an acid-treated cal ci ned bentonite, said catal yst support being
desi gned as a shaped body, the catal yst support having a surface area of
| ess FHARCIBO1ARAGECZShRSapplphRgca $HkuCiedr ot ta sReperécprséerebdpound to

the c | yst,. rt:. -C plyi.ng-a_sol uti Au . pr rsar. conpound
R o Rl A R
precutsen conpoand mote bhefaetdllli @ toemeter of more) tt@nver tinngot he Au
conpogent of the Au precursor conpound 35into the netallic form - 18 -
In prinBifple, the Pd and Au precursor conpound used may be any Pd or Au
caoyrpound whi ch makes it possible to achieve a high degree of dispersion of
the netals. Here, the term "degree of dispersion” is understood to nean
the rani 0réfrt he aumbersef thesarctave tyevdl throrstefl valtl amebalbiakl ap

parti s.0of _a. supported nmetal catalyst relative t he total nunber of

al | n§%§|lgFgﬁEl8 ’tﬁ% et'a FaPF8V18§§tF@ng%hﬁncagﬁgﬁgﬁ,SPPPP§ pr-&ferred
i f theodegreetnf adi sparsi enecokiasperds meta1r ekakively fhioghthuneri cal
value, since in_ this case the highest possible nunber 10 of netal atons
are fYE8Yy SEB8$8FBPE Por2a-cHfal yiicNPeadtirol,s Mi-oRBer YwePdsFewith a

ne) athyeky bbb deghee.of dispelsl ool arsupporied.petal-catayst. a
certain catalytic act|V|fy t her eof cdan be achieved th a relatlve?y | ow
guant ceytefit mefafiopsed. cAcder dnnghtocahefler pueberrtedsebbodizrant) .Ofl t he

cat al stnél,?9 cording. to the invention, the degree of %is rsion of the

al | adi% §a§ytge§§g§’lPrﬁ§ rﬁéi rgf@ngdﬁpf gﬁewﬁﬂgg daﬁg Bré&€ur sor

p

conpopndsc8EBly 3 to 8% by welght, relative to the weight of the
catalyst support. The quantity of dopant oxide depends

15 primarily on the type of dopant oxide being used.

In general, the smaller the thickness of the Pd/Au shell, the
higher the VAM selectivity of the catalyst according to the
invention. According to another preferred embodiment of the

20 catalyst according to the invention, therefore, the shell of
the catalyst has a thickness of less than 300 pum, preferably
less than 200 pm, more preferably less than 150 pm, even more
preferably less than 100 um and still more preferably less than

80 pum. The thickness of the shell can be measured optically

25 using a microscope. Specifically, the region in which the noble
metals are deposited appears black, whereas the regions which
are free of noble metals appear white. The boundary line
between the regions containing noblie metals and the regions
which are free of noble metals is usually very sharp and

30  clearly visible. If the aforementicned boundary line should not
be sharp and accordingly clearly visible, then the thickness of
the shell Corresponds to the thickness of a shell, measured
from the ocuter surface of the catalyst support, which contains
95% of the noble metal deposited on the support.

35



selected fromthe halides, in particular chlorides, oxides, 20 nitrates,
nitrites, formates, propionates, oxahlates, acetates, hydroxides,

hydr ogencar bonat es, am ne conpl exes or organi c conpl exes, for exanple
tri phenyl phosphi ne conpl exes or acetyl acetonate conpl exes, of these

met al §OWSECExanpl 83Sof ! Freberned P@dpirdelnsér ¢orpsatdd varte ammcerdigal ubl e
Pd sakbscnécenudbngobe aract/ed anly preletr ed emadinnt of dhe met hod
according to the invention, the Pd precursor conpound i'S sélected fromthe
gr oupsoonscst emgaobfPUENH3)EOHE2, cRd( NE3)Y4chAd) 2,1 tH2RdCH atively

Pd( NH3) 4( HC04) 4, Pd(NH3) 4(HPO4) , 30Pd(NH3) 4C12, Pd(NH3) 4 | ate, Pd
x| U5 PN R= B CKES) o4 SENB) RoPu SHORE T2 (e o ¢ N 3P {I0AC /) 2
(GH) %&tR@uﬁNﬁéhsgn%hEK? 2o pH2Rd JENGR )4 4 hegen( 1h102) Ragh (OAC) 2 f
K2PdC14 (NR4) 2P dCl 4 P"dCl2 and Na2PdCl4, it al so being possible to

use nERLBFESVOHEYL WO bBhenvréadlysthecabodémenticonde dalvies.t ilomst dad tofi sNH3 as
i gan - - et hyl eneam.ne, or _et hangl am,ne al_.so .be used as i gand.
Besi dg‘ésﬁa(%}%%) Esgﬁ}éggﬁ%yoéﬂ gélebélogr?g e M4t ﬁ}e];erﬁéarcggxﬁlnactréegsgf alradi um
pref eapbbyxtihetsalt snotregengcarbexykionaci ganhavi ng 3hieo BETCankaa cat ons,
for exanple_the propionate or butyrate 5salt. According to another
prefe?Fgg-OgnBBEiﬁéEFlBFttﬁépﬁﬁfﬁodA§€86ﬁépﬁgtpoapﬁéhﬁﬁV§ﬁﬁﬁ9¥Fe§reference

my absBobenghyeBrt onPd AkhLAiLe BLeenLsoh eemggnﬁﬁv %{?%fogr,r% Pd nitrite
precursor 10 compounds are for exanple those o talneg y di'ssol ving

Pd( QAghelinocantNaNCRtsolati sherEfampl essofk phefténced Af preéewesor 00
conpounds_are water-saoluble Au salts. According to one particularly
prefe??@dz@H%oﬂ?neﬁfeB?riglﬁhgeﬁ¥?58dzégcépéi% OfoMfhe™PHEent i on, the Au

d, | ted .f th i sti f 02, HAuC14,
R MBS o R NEBY 3o ATE D Rt AL 1 S RATI ORe T SCCR 2 ik NCB) 4.
NaAUOZ, - NVEAAUDR,  RRANOZ (3AUO2, NaAu(QAc) 3(CH), RbAu(OAc)301-1,
CsAu( OAc) 30H, NMe4Au( QAc) 30H and 20 Au(QAc)3. It is recomended that the

Au( OAc) 3 or the KAuO2 be freshly prepared in each case by precipitating
the In order to ensure a sufficient activity of the catalyst
according to the invention, the content of Pd in the catalyst
is 0.6 to 2.5% by weight, preferably 0.7 to 2.3% by weight and
mere preferably 0.8 to 2% by weight, relative to the weight of

20  the catalyst support loaded with noble metal.

Furthermore, it may be preferred if the catalyst according to
the invention has a Pd content of I to 20 g/l, preferably 2?2 to
15 g/1 and more preferably 3 to 10 g/l.
25
Likewise in order to ensure a sufficient activity and
selectivity of the catalyst according to the invention, the
Au/Pd atomic ratio of the catalyst is advantageously between 0
and 1.2, preferably between 0.1 and 1, more preferably between
30 0.3 and 0.9 and particularly preferably between 0.4 and 0.8.



, OXi de/ hydroxi de out of an auric acid solution, washing and isolating the
precipitate and taking up the latteridn acetic acid or KOH, respectively.
25 Suitable solvents for the precursor conpounds are all pure solvents or

solvent m xtures in whjich the sel ected precursor conpounds are sol uble and
mhichmoé??ﬁ?rapﬁFi%%Yi%ﬁ Péeﬁﬁérégté¢y§ esﬁﬁp&PPteBEnO§a§PﬁyCﬁéaﬁgﬁﬁved

agai N tAgret LoM By B0 9ﬁ¥éﬂ910§xégphe%ooﬁOpbﬁﬁerb%@f%%%%%@ti 50k ot he net al

acetates as precursor conpounds are especially unsubstitufed carboxylic
aci dsl5ia/parnicubaes mrefecahiivd? or afepdme, and for the netal chlorides
are especially water or dilute hydrochloric acid. - 20 - If the precursor
conpounds are not sufficiently soluble in acetic acid, water or dilute

hydr ochl o ti&ragbdeREupt X4 UL 88 gk her eafi foehhakt$@livenbs why: aksailetused as
an alternative or in addition to the aforenentioned solvents. O her
sol venE8OBCihE cho mblye preTenbbPy BETREAt LERedNhEKBCGSe OfhdsE $61/¥ent s whi ch

are 'Qﬁéilangﬁéaﬂoﬁfemhé %1“@59c@8%%5?188‘ngEl&a%% &Qreferfed-

sol vent S whi ch aré suit & as an addition to acetic aci mention may be
made nélkéim@b§ libtlexaupbesathEOBeemﬂ atetyhacet one, cahdrakwsadet hers,
for anple rah drof uran oxane, acetonitri gylfornanlde

or I
and s %éﬁ? %eﬂ o Rykd? &ﬁrﬁﬁﬁg 588HC§§t68ﬁ28ﬁeO?oFggxgﬁﬁlé

Q@efe&é@@s§0éﬂe@£éa0éfa§@%tbfeﬁh@hbﬁalar@hiukhaage 23 tan taddistie@n to
water, nention may be nmade of ketones, for exanple 15 acetone, or

aIcoH@$sﬂgf@Pa@§@n®P@I@tﬁéﬁmltbﬁ p§§9¢09aﬁonnaﬁrnﬁbﬁé%yéﬂWaﬁoby alkal i ne
SO!“‘é%@ﬁ -S4ghsa 8“§héﬁg*9§ %?GQSS?rd959%950f§%hd%ge5 G %§ gacetic
ar gl yoxyl

aci d ormc aC|d |c aci aric’aci | i'C aci ic acid,
gIycommmlacm@tabxabmce@trﬁtlpyruflchaeldxeexayietamb@t Hactmezo acid or
am no acids such as glycine. If_chloride conpounds are used as precursor
conpdﬂﬁ%%er?? YulY Be BnShr&d—t haf eRe @ﬁFSrPH@fﬁéﬁ?lﬁr@Yréﬁu@éﬁtto a

tel erapl e sesi dual quantity before using the catalyst produced by the

Chloride poisons the catalyst according to the inventiocn and
leads to a deactivation thereof. According to another preferred
emboediment of the catalyst according to the inventicn,

20 therefore, its chloride content is less than 250 ppm,

preferably less than 150 ppm.

In additien or as an alternative to the dopant oxides mentioned
above, the catalyst according to the invention may contain at

25 least one alkali metal compound as a further promoter,
preferably a potassium, sodium, caesium or rubidium compound,
more preferably a potassium compound. Suitable and particularly
preferred potassium compcunds include potassium acetate KOAc,
potassium carbonate K;CO3;, potassium formate KFA, potassium

30 hydrogen carbonate KHCO; and potassium hydroxide KOH and also
all potassium compounds which convert into potassium acetate
KOAc under the respective reaction conditions of VAM synthesis.
The potassium compound may be applied to the catalyst support
either before or after the reduction ¢f the metal components to

35 form the metals Pd and Au. According to another preferred



25 met hod according to the invention, since chloride is a catal yst poison.
To this end, after the Pd and Au coenponent of the Pd and Au precursor
conpound has been fixed to the catal yst support, usually the catal yst
support is abundantly washed with water. This generally takes place either
inned?%?%@?mﬁﬁﬁe?fth%EBGaFﬁ%Vﬁé B¢ CRYdribgi de Egscﬂaﬁﬁa i8R’ of“fhe Pd and
AU Coggegf?gtUébﬂgaﬁﬂsagﬁag%Qslﬁohgkggnacgkaﬁgtep Lhe rLedychiensaf uhe
nobl e netaf “conponents tfo the respective nmetal/a Foy. However,
accordcagate. ohe phefecasd, erbodirnemt tof enkhersethed 35 caentr drngotert he

invention,.chlorjde-free Pd and.Au precursar. - 21 - ¢ unds e._used

o ongr £ BRI of F 45 1 PEEE SoPYBLY. PRePRERS o TkbBE FRETERFoPrdE lEahtont of
thhe catabystcasalow astpesekbkeyandikopavoid any wbMeigopsureRgpwgshing to
renove chloride. In this case, the precursor conmpounds used are preferably
t he 50cdrtespohdinny/ beet ate, hydroxide, nitrite or hydrogencarbonate
conpounds, since these contam nate the catal yst support with chloride only

to a very limted extent. The deposition of the Pd and Au precursor
conmpolndsraing heo 18ncathal ystresapperit embotihecnegbdntok aatadtyet shel | of

t he catalgst suggort can be achieved b t hods E ogp Eer,se. For .
insta%%%? ?ﬁ%gp CEPEO%HE%PE%PBn Caf B kggﬁlﬁﬁaa QP nﬁ 8@ﬁ§t?6ﬁ}op95_
digppi NGt ;0&n SUPRRAt 1H Nt OrLRE - RHEGURERLSQ! Ut LAAS 106 shAPLagRatLNg it i N

accordance with the incipient 15 wetness nethod. A base, for exanple

sodi wprayeralki debsbvatinoh andpdt asselinrhydivoxicie sovbdflesnhies suséacappl i ed
to the_catalyst support,.as a resul f i.ch e | | nponent s
are p?%%?p?%a?%% %%?aiﬁthgngPﬁEOf%Héd%ggF eghgna? glgug%%%%/%ﬁt is also
possibtenforrgxanple to i npregnate the 20 support firstly with al kaline
solution and then to apply the precursor conpounds to the support thus
pre-treated. According to another preferred enbodi nent of the nethod

agcorpng,LosLhe {AYeRtion Lt <bsLhekekore Rrevi-ded kbhabgt he-PdndS and Au
precursor” conpound 1s applied to the catal yst support by inpregnating the

cat alys¢dsuppont o & hshaelsohttilygatef inhpaPdipréeur $0r ebrpound and with
the solutjon_of the Au precursor compound or with.a s %uti n_whi ch .
conta?%%a%%?ﬁ ?ﬂ%of%lﬂgeﬁﬂrg%? &8%855&8“anﬁopﬁélﬁ&ngrg SrE%Fpgonpound. 30
According to the prior art, the active netals Pd and Au are applied

starting fromchloride conpounds in the region of a shell of the support
to the lat®epvbyingansPef oLApFe§aalissnSURBREFeP2SER 87t 8cRATHGEhas

hed its limits; wth £ egard Lo, 38,AL0i guaLghel! hhicknessescapd maxi num
%@ac . s%$§Q—§1¥4 L EORL 0L e PRu a t
u | oadi ng. e smal | est
calcined bentonite, said catalyst support being designed
as a shaped body, the catalyst suppeort having a surface

area of less than 130 m?/g;

25 b) applying a sclution of a Pd precurscr compound to the

catalyst support:

c) applying a solution of an Au precursor compound to the
catalyst support:;
30
d} converting the Pd component of the Pd precursor compound

into the metallic Lform;

e) converting the Au component of the Au precursor compound

35 into the metallic form.



- 22 - shell thicknesses of the correspondi ng known VAM cat al ysts are at
best approximately 100 pm and it nots foreseeable that thinner shells nmay
be obtai ned by nmeans of inpregnation. Furthernore, higher Au |oadings
within the desired shell by 5 neans of inpregnation can be achieved only
to a VBryriRRiped ekhenfc 3NAcAlt RECAYTFPEC FREPPUEENPEGRdT2eRE BOYdi f fuse
fromthe . shell . L.Aner :zan f. the t . Su r; hap ody, which
| cads Ho i B8 AnERa R B B e a e e PR e R, 10
The adepveenetfalbdsperthenppécuhsometaipoundset heheot emay “alksaele odppl i ed
to thg,sug?ort,”for exanpl e by neans of Ep-caILed ghx i cal tho%s. To
this BndP ﬁéOEUprrPnﬂggsﬁeegr&Pn@eFG the FAveRt Pon “prefeéfQbly %be sprayed
wig h thergsekukieniohebhe 4% RAECHESAN /6QTRQURHS 1 WhkhR b aCat@lyshesupport
being noved in a coating druminto which hot air is blown, so that the

sol vemetgli ckEplegeapordtes veHowerdre, tatedr diungeto odne lparmeited! atiops
preferred enbodipent .of 20_the.nethad according.to.the invention, it is

b ovi b TRal e Re” S8 01 BATbr CERe Pa pCabarSdr dompSuRd “and "Ehe Lol ut! on
of thendAudpyeedr 56r deepposndnare rappipicedst aot he reakaliyst ystpport by
spraying the solutions onto a fluidised bed of ;the catal yst support,

pr ef eFaBFYi63 I nEahECof SaRCSerlBs 616t CERE $SEUPEEREST ROSS1PHE AMIPETsed

hed, &PeméEQEthQHQ!§§epE§E§ﬂ§bE%c%%%%%h%t%099aaEa%bh&EHbC%%a%Eihﬂﬁp'da'
course. To give an idea of how the shaped bodi es nove”in such fluidised
beds, it ophgrbecmdnt i shed shaelaitnively tage dkgare" elfl idpisipealsion of
circulation", the catalys upport shaped badies in the fluidi sed bed nove
b VRPPPEEPASBE bR A A TR e! i CECAN oo G Wi Sk IS nat i ng. si 26
of thenhgakprandnapxi bbRi¥vayi &ichnat heleaseeoly "1bor oudalk i¢iyr el akicen”, the
cat al yst sugport shaped bodies in the fluidised bed nove in the vertical
pl anedRdanferPratingalrocalP§BeHi PHeaR TarCe FREPPAGSECZz & Tof-heh&2ivait W Sand

il d.jp t -L.zont.al. pl 35 on- Lrcul.ar rse with an
T erma e, O e P e, B o e e o es i
t he caselafliliel Lepli tal 38kLcul ati on" nove in the vertical plane on an
elliptical course, and, in the case of "toroidal circulation", on a
toroi dal course, which neans that a shaped body. travels

It may be preferred if the Pd and Au precursor compounds are
selected from the halides, in particular chlorides, oxides,

20 nitrates, nitrites, formates, propionates, oxalates, acetates,
hydroxides, hydrogencarbonates, amine compliexegs or organic
complexes, for example triphenylphosphine complexes or

acetylacetonate complexes, of these metals.

25 Examples of preferred Pd precursor compounds are water-soluble
Pd saltsg. According tc a particularliy preferred embodiment of
the method according to the invention, the Pd precursor
compound 1is selected from The group consisting of Pd(NH3).,(0H),,
Pd (NH3) 4 (OAC) 2, H;PdCl,, Pd(NHj3),(HCO3),, Pd{NH3)4{HPO4),

30 Pd (NH3).Cl,, Pd(NHs}, cxalate, Pd oxalate, Pd{NO3),,

Pd (NH3) 4 (NO3)2, KzPd(OAcC):(0OH)z, NazPd(OAc):({OH)z, Pd(NH3)2(NOz)z,

KoPd (NCz) 4, NaPd(NO;),, PA(0OAcC)., K;PdCl,, (NH.).PdCl,, PdCl, and
Na,PdCls, it alsc being possible to use mixtures of twe or more
of the aforementioned salts. Instead of NH; as ligand,

35



5 helically over the surface of a torus with an elliptical vertical cross
section. As a result, the shell thickfess can be snoothly adjusted and
optim sed, for exanple up to a thickness of 2 mMm However, very thin
shells with a thickness of |ess than 100 um are al so possible. 10 The
aboveREAYILEREATERBO B NBAT28P LERE "R fRYd 2aECoPEi N§SCoaBhé 1%AvENt i on can be
carri usi fluldi b y ar ki LS. given
o o FIoiarSed Ded ybom iRt SOt er as o cont ool a0 r P Eres P ayer.
On t hpadhedhand, ptsfehebdat ahgstadtpporit nehapedbbadilés aredshbroughl vy
nixede tge cogtrolled air_. slip layer, and at ,the sane éine rot ate about
their~o xFEIPRE FtPBSul £O8f SRAFEH St k&Y RFEPEPBALS &Fi B4 ¥y effe process
aig. ©aithe other hand, on account of the resulting orbital novenent of

t he shaped bodi es which is brought about by 20 the controlled air slip

| ayer, the catal yst support shaped bodi es pass through the spraying
proce icati t.h recur sor s). a n_al t const ant
rate.ﬁéﬁﬁgegéguﬁésgﬁﬁ%gefa égFgrﬁﬁﬁf89%%gﬁg%ﬂ%t%Fc%%%s?ggg§§35 a treated
bat chaotosHapedtbodhes in¥bhsiahsopiedeschhat mbiye anebl eemgtiakn2ho pPd
concentration varies only very in%htIy across a relatively |arge area of
the sheFF tRi BKREYSSOr. EOMPREPAENe TREBIFE TiEL AF Bohédntr REFGHIEE oss a

l1ar gecamgaunfist Beeshel! cthlckness deschi-hes approxi maLeLY 8 Susbarted
square-wave function with a high nmetal concentration on thé outside and a
somewhat aholeNO30settalooncentrati on on the inside, as a result of which

a largely uniformactivity of the resulting catal yst across the thickness

of the Pd/ Au shell is ensured. Sui tabl e coating druns and fl uidi sed
bed syst@pBekobfCcpreyengedbnrauprithargetrhedmpecandi aget @athe-kvepticon in
accordance. wth - 24 - preferred enbodinments are known in the prior art

and afe EalHSfofCERAADPIE by PRE EaApaniéd IR REFERTBEGCRELCRBMSCA Pél d,

r ma » mEREK sens : ), eghe y), DRI AM
e e S A S

Di vi stoneovedniici atueat ¢@stepinarhkt grplp HOBERBhangaohE&dhionen GrbH (Wil
am Rhej n,,. Ger_man L. B. Bophl.e Maschi.nen + Verfa n H (Enni nger| oh,
Ger na ??ltnggé%%ﬁgéhiﬁ@ﬁﬁgﬂoéhﬁH erﬁéﬁHﬁleeP%§%9 4’ Manesty

(Mer seysidee) Uit ed dnaeom,, Nestor, Gamepnal,l orboMaL | ofsakdy,, USA), 10

Aeromati c- Fi el der AG (Bubendorf, Swtzerland), GEA Process Engi neering
( Hanp$#h ¥ 692 0hi (@8 KiFefdor§ac FHAli-d GRAC (Qfes) sPAur §Ma AT [PrabiBl agsh) |

ettt e A e S R e et (T

(Lorracéshlp Ceepanydl. iRPachthubtarepbef erendceiitsatdgngenhto fl ui di sed bed
oxide/hydroxide out of an auric acid solution, washing and
isclating the precipitate and taking up the latter in acetic
acid or KOH, respectively.

25
Sultable sclvents for the precursor compounds are all pure
solvents or sclvent mixtures in which the selected precursor
compounds are scoluble and which, after application to the
catalyst support, can easily be removed again therefrom by

30 drying. Examples of preferred solvents for the metal acetates
as precursor compounds are especially unsubstituted carboxylic
acids, in particular acetic acid, or acetone, and for the metal

chlorides are especially water or dilute hydrochloric acid.

35



devices fromthe conpany Innojet bearing the nane Innojet(r) Aircoater and
I nnojet(r) Ventilus. According to anot her preferred enbodi nent of the
nmet hod 20 according to the invention, the catal yst support is heated

during_the application of the solutlons - .examp by ns .of heated
o ocedt Bie BERESas0g oRaDE O PRE BBb1 PN C4GL BT NS St U8 bl o et o

precupsat i eogpoUNdgacan be Q@Eﬁ%@‘H?Qr&bﬁlb@%cd%@&%eonmH%%hE@Q of the
catal yst support. At relatively 25 low tenperatures for exanple, the

dryungheaeefvsotéeatﬁ@éwyntéwmayoaﬂﬁ@tbeiﬁsedsastablelqeaneﬁﬁyeierapplied

el atixelyslrige shell thicknssnes oan hejLarmed dug o the pigh di ffusi on
S

of the préecursor npoun rou resence of “86Fvents. At

reﬂatwueby haghptemeeéanyree ﬁ@hte&a@ﬁlﬁerbhér&OtﬁbEbngoﬂ&b@tBSwh@b@tIVely
hi gh, so that any solutjon of the precursqr conpounds conlng i nto contact
with £he éﬁﬁﬁédaBQdFé§ B?l@éxﬁﬁnﬂéFhlﬁﬁ@&ﬂ&tépﬁd aAdvEREref 8fe sol ution

app"ﬁﬁe%@rk@é %8%%%%%% §HEEHrErQaEBQE B@%e%ra%% Q%%ﬁkXohnE% %E%tl%tter

atively t enper at ur es, ere ore relatively small shel
;tthkﬂe$Sesmanthoa maghbaombdeneﬁaketoaeﬁmgfoanebempbeaanedone-025 - In

t he nmet hods descri bed or art. for the.product of VANIsheI
ol Se e bACERohh pamina AT, Bhbe e SonarroTRate to te b s PR LFr,

avai | abbeasel ut-easnotrihe, pﬂ@ﬁ@tﬁ?&f@@ﬁﬁﬁﬂﬂésaﬁuCEo§$eN@%P6§ééd NaAuCl4
or HAuCl4 solutions. In nore recent 5 literature, as already discussed

abovelv@secpsbansoshaleast PEREBREIECLT 6€2P@L6r Au precursor conpounds such
as Pd(NH3)4(OH) 2, Pd(NH3)2(NO2)2 and KAuO2 for exanple. These precursor
conmpounds react basically in solution, whereas,the conventional chloride,
nitrate andfacetdt eoprentssor eddpounds mﬂlahlameaSUiaedeCablynin
solutigg. ln_order go ap lé t he Ere rsor co og gs to the catal
suppott91 bs8%i sOu¥affy %? FePHLIY Y niGe "6 Cague6ts °RGEPd ?E ana EuCls
czl utieasondhese ABLahosalt rsel ekhﬁﬁieaeehee@al by 13c.8pBbhed1t ort he

upport at roon1tenperature and then the netal conponents are fixed with

NaCHJQ%t$Q§E¢Hbﬁ@Obd atkalingdepokbhdesnsTheukbadedaguppost XPE ehien usual |y
vasheg, uhthopal el HPLT Leshh 18,601 oL destiee, The AU, fiixigg;Ln particular
citric acid, tartaric acid, malic acid, glyoxylic acid,
glycolic acid, oxalic acid, pyruvic acid, oxamic acid, lactic

20 acid or amino acids such as glycine.

If chloride compounds are used as precursor compounds, it must
be ensured that the chlecride ions are reduced to a tolerable
residual quantity before using the catalyst produced by the

25 method according to the invention, since chloride is a catalyst
poison. To this end, after the Pd and Au component of the Pd
and Au precurscr compound has been fixed to the catalyst
support, usually the catalyst support is abundantly washed with
water. This generally takes place either immediately after the

30 fixing by hydroxide precipitation of tThe Pd and Au component
using an alkaline solution, or after the reduction cof the noble

metal components to the respective metal/alloy.

However, according to cne preferred embocdiment of the method

35 according to the invention, chloride-free Pd and Au precursor



has di sadvant ages such as long action tines of the base to 20 induce the
precipitation of the stable Au tetrathtoro conpl ex, inconplete
precipitation and the associated | ack of Au retention. According to

anot her grefgrred enboﬂingnt of.ége Egthogrg§ accaording.to.the invention,
the nEPHOG EORpFTSed>Phe®SPRAs" LY Frovfaifa &°Fi FSTVEbIrdt ron 64 Pd
and/ of o Ade Bp €EHESEh1 60MREUAEH tBht PEOVEEENGa823660NE sSAbUt BeNnpek sabRe

and/ or Au precursor 30conpound, the first solution causing a precipitation
of th@nﬂobpeaﬁ@%éla@ﬁnﬁéﬁ@n@?@?uﬁﬂnghﬁaﬁhééﬁr§@rI@@ﬁﬁ@uﬁ&&@Fléﬁ-tﬁ@ second

sol ut | Vi \Y; : a i h [N a o] solution to
t he c%ﬁngQQQEUpgg?tEEéguﬁgEF ?E#ébg%g%d?ﬁ%gtagf P%g%%gﬁﬁgg gggording to
t e | nventspondses bwotditf ehgdropddeyr sotriokutironycrotyenkiachoanéd e

contains a Pd precursor_ conpound and thetgther contains an Au cursor

h
conpotaPOPref er 3bI'GE uBGEFI FOBRBTOPEtRe L6l GFI6 gsﬁa§u§p8§§i¥g§%pH and

the other-has éﬂlgCEQ!g PEryThemsekyt baRanare usually applied to the
catal yst support by firstly inpregnating the support with the first

solution and then,  in-a subsequent step, inpregnating it with the second

sol uti.on as. desctlbed-apavechy. neags of. saking. yhen e secqad sol uti on

is app ofuti'ons are then conbi ned on the support, as a

nesul tao4&1wht chupperpHiaf thbersolvhi edsaehanges ahdlthefPdhand Au
conponent of the resgective precur sor. conpound on_the support precipitates
out, GRERBYUETHhAVPRGTEoCAPPPY BERERESHuPBolE aRISUKPPIEr PebasE, $G&h as

NaOH or s KObb-c 8S:18 FUSLOPBEY LB1LPEoA5-RAI B @bblied by
impregnation, by dipping the support into the precursor
solutions or impregnating it in accordance with the incipient

15 wetness method. A base, for example sodium hydroxide solution
or potassium hydroxide solution, is then applied to the
catalyst support, as a result of which the noble metal
components are precipitated cut in the form of hydroxides on
the support. It is also possible for example to impregnate the

20 support firstly with alkaline soiution and then to apply the

precursor compounds to the support thus pre-treated.

According to another preferred embodiment of the method
according to the invention it is therefore provided that the Pd
25 and Au precursor compound is applied to the catalyst support by
impregnating the catalyst support with the solution of the Pd
precursor compound and with the solution of the Au precursor
compound or with a solution which contains both the Pd
precursor compound and the Au precursor compound.
30
According to the prior art, the active metals Pd and Au are
applied starting from chloride compcounds in the region of a
shell of the support to the latter by means of impregnation.
Hewever, this technique has reached its limits with regard to

35 minimum shell thicknesses and maximum Au loading. The smallest



Sai d enbodi ment of the nethod according to the invention is therefore
based on inpregnating the catal yst sgpport with the first solution of a Pd
and/ or Au precursor conmpound and the 20 second solution of a Pd and/or Au
precursor conpound, with the two solutions being inconpatible with one
anot heRel{ habiFEness§ay of haf et RETFREPPNSANGt KorvEadds ptedivFifatitén of
the ”QP'BeEfgt Q#EEBEIEBQ‘EBHQSM@“ tNe aRLEG YT S0k %%%%‘é%%g)e @k the second
solution and victe versa, 5o that, 'in the contact zone of the 25 two

sol uttbnsnebhosheihe pre- bapreghahed Bd/ Awacenmpdneénto(s)gnand onhe

ost -] regnat ed Pd/ conponent (s recipitate out .al npos [ | t aneousl
D Bl e, PR A F oo TR P R E el g A S T eoustY
calrigdaRut obetweenghhe: bWwochRPhegRahkeRest @RSy 3@ SUiviall e jagueeus

solutions of Pd precursor conpounds for inpregnation with inconpatible
sol ut ¢vhenkr essheanthy Myrotcexanpl eomporalise tend Lo iffnglsl drom

P oCULRBLGEIROUCLN IR, Alatlie BOLuL! 90 (RIGL2 2t PUHRIZLNR) 2
which leads to wide Au shells which in some regions hardly
centain any Pd.

10
The active metals or the precursor compounds thereof may also
be applied to the support, for example by means of sco-called
physical methods. To this end, the support may according to the
invention preferably be sprayed with the soclution of the

15 precursecr compounds, with the catalyst support being moved.in a

cecating drum intc which hot air is blown, so that the solvent

quickly evaporates.

However, according to one particularly preferred embodiment of
20  the method according to the invention, it is provided that the
solution of the Pd precurscr compound and the scluticn of the
Au precursor compound are applied to the catalyst support by
sprayving the sclutions onto a fluidised bed of the catalyst
support, preferably by means of an aerosol of the sclutions. In
25 the fluidised bed, the shaped bodies preferably circulate on an
elliptical or torcidal course. To give an idea of how the
shaped bodies move in such fluidised beds, it may be mentioned
that, in the case of an “elliptical circulation”, the catalyst
support shaped bodies in the fluidised bed move in the vertical
30 plane on an elliptical course with an alternating size of the
main and auxiliary axis. In the case of “toroidal circulation”,
the catalyst support shaped bodies in the fluidised bed move in
the vertical plane on an elliptical course with an alternating
size of the main and auxiliary axes and in the horizontal plane

35 on a circular course with an alternating size of the radius. On



basic Pd(NG3) 2 acidic K2Pd(OAc) 2(OH) 2 basic by dissol ving pal |l adi um
acetate in KOH Should NH3 have an-excessively reducing action with regard
to 5 premature Au reduction, it is also possible to use, instead of the
pal | adi um am ne conpl exes, the correspondi ng di am ne conpl exes with

et hyl @redEradi nehasshepaddeefiersent RBScoRrFBsPoNdFAGLIEFASALI ami ne

compl exes.1dP; Sk tABLE afueRUS,SALUELENS) gheAdnPLACHI 0P carROUNdS f of

i mpregnation wth 1 nconpatible solutions are shown by way of exanple in
Tabl ecQurdapl en2;, 1b Precoasercfohpounddbiat uiecofiathensSol ohi en Au013

aCidigoggy §1b§§£§sgy %ﬁ%gglxgggsAgﬁgtbg Eﬂaégﬁ ygégc%%avels
5 helically over the surface of a torus with an elliptical
vertical cross section. As a result, the shell thickness can be
smoothly adjusted and optimised, for example up to a thickness
of 2 mm. .However, very thin shells with a thickness of less
than 100 pm are alsc possible.

10
The abovementioned embodiment of the methoed according to the
invention can be carried out using a fluidised bed system.
Particular preference is given to a fluidised bed system in
which there is a contrelled air slip layer. On the one hand,

15 the catalyst support shaped bodies are thorcoughly mixed by the
controlled air slip layer, and at thé same time rotate about
their own axis, as a result of which they are evenly dried by
the process air. On the other hand, on account of the resulting
orbital movement of the shaped bodies which is brought about by

20 the controlled air slip layer, the catalyst support shaped
bodies pass through the spraying precess (application of the
precursor compounds) at an almost constant rate. This results
in a largely uniform shell thickness across a treated batch of
shaped bodies. This also means that the noble metal

25 concentration varies only very slightly across a relatively
large area of the shell thickness, i.e. that the noble metal
concentration across a large area of the shell thickness
describes approximately a distorted square-wave function with a
high metal concentration on the outside and a somewhat lower

30 metal concentration on the inside, as a result of which =
largely uniform activity of the resulting catalyst across the

thickness of the Pd/Au shell is ensured.

Suitable coating drums and fluidised bed systems for carrying

35 out the method according to the invention in accordance with



neutral HAuCl4 acidic KAu(OAc)3(OH) basic by dissolving Au(OAc)3 in KCH
HAuU(NGB) 4 acidic(stable in sem- - 28-- concentrated HNO3) Suitable

conbi nati ons of inconpatible solutions for base-free precipitation of the
nobl e metal conponents are for exanple a Pd012' sol uti on and a- KAuO2

sol ut PERLCATPE( RIEBY2LEBIEEI 8AakBoy5 1RALDS BEERE 88T a"PdeNE- $3)4( OH) 2
sol ut 1 o] 4_s50 orgi 0 anot her
prefe??gdég%%ggeAyg gh% Eggb%g%%%dﬁggg%%gﬁngyﬁggg géﬁﬁve%%?gﬁh Pd can al so
be préerpahal edERWER GﬁandHHpaEnbtemﬁd Sekuehghs 5thhEﬂl|§Ekmaﬂy)Gan be

pr eci nco | e uti.ons rin |ng a

B oDRb Rl R o b AT be Gomat: b A%t B¢ NASTRECH) 2 Bopoti Gchr By BERRg, ng
ary HAUSkA=80) Ut £08. i DL o1 69BhacCWhiihiarKAH02080kut honTthn vt hi soway, hi gh
Pd and/ or Au contents can be deposited in the 15 shell w thout having to

use hPghryachneeninaredmstl (iirdns amMABESE B nGerBaatior hér 8anQhﬂn§nt of the
”EthOQaQSEQBQh”Q ggr%Qﬁ HVEﬂghoggﬁﬂiﬁgggxmﬁfc e9§8 ?e ok g éed sol utions

whi ch "aré conpat i one~an he no F& metal 20
pr eci patahinanbganGhel br pagbhtbbrho Genmaat)) mﬁMhnassgluMemaewhudb,ls
incongatlble wth the m xed solution.  An exanE
ited Kingdom), Vector Corporatlon o1, IA USA},
10 Reromatic-Fielder AG (Bubendorf, Switzerland), GEA Process
Engineering (Hampshire, United Kingdom), Fluid Air Inc.
(Aurcra, Illinois, USA), Heilnen Systems GmbH (Varel, Germany),
Hittlin GmbH (Steinen, Germany), Umang Pharmatech Pvi. Ltd.
(Marharashtre, India) and Innojet Technologies (L&rrach,
15 Germany). Particular preference is given tc fluidised bed

devices frcm the company Innojet bearing the name Innojet®

BAircoater and Inncjet® Ventilus.

According to another preferred embodiment cf the method

20 according to the invention, the catalyst suppori is heated
during the application of the sclutions, for example by means
of heated process air. The drying rate of the applied sclutions
0of the noble metal precursor compounds can be determined via
the degree of heating of the catalyst support. AL relatively

25 low temperatures for example, the drying rate is relatively
low, so that, if a suitable guantity is applied, relatively
large shell thicknesses can be formed due to the high diffusion
0of the precursor compounds brought about by the presence of
solvents. At relatively high temperatures for example, the

30 drying rate is relatively high, so that any solution of the
precursor compceunds coming into contact with the shaped bodies
dries almost immediately, and therefore scilution applied fto the
catalyst support cannot penetrate deeply into the latter. At
relatively high temperatures, therefore, relatively small shell

35 thicknesses with a high noble metal loading can be cbtained.



m xed solution is a solution containing PdCl2 and AuCl3, the noble netal
conponents of which can be precipitated with a KAu02 solution, or a

sol ution containing Pd(NH3)4(OH)2 and 25 KAuO2, the noble netal conponents
of which can be precipitated with a solution containing Pd012 and HAuCl4.
Anot hér &kanpréhefisadppredbsel uri ghe pribe paitr fHAUCLS amddkAGd2n of

LT egRRt LaR W L CLAGLOCIRaN Bie 2oLty A0S L8 Pl eLaghy 30 garried out
by neans ot "Soaki ngor “by. nmeans of’ Spray i impregnat i on, with 't Be

i nconpatinbreisolyt hoas 1Pl BY sspayedson skl baseauskby thhpuahdene (dual
subst ance nozzlg%dor nmor e dual nozzle&s) or simultaneously by nmeans of two

nozzl 888r 2§r BepSiote ndFEs 10P s Bgtiert i 8Pyt bynfreah® BPrONEEGR  Fror e
nozzl e(skratnrd?d asDg@regdyhai%@e'sggu%%usaﬁgfgsg %gé'on%d%f olghe metal

conponents of the precursof compounds in thé s the associ at ed
shor t ehédrPdeandeAuPdi bfudioprecupsegnatimprundshstible esconpati bl e

sol ut | nay ad i,nner. shells th he 5 conyentional use of
conpa?ggﬁg3%5FJ POH%Q“%EﬁﬁgﬁPﬁi%ﬁﬁﬁfﬁ§V§ﬂs%PatFBHQPY?r # ®56ssible to
achi eyeebizghonobbephehak eeAtenbssikatiliynishebhssibAPr QveecaBt he

retention, faster and nore conplete precipitation of the noble netals, a
decr eaSBVERTLABA| shupEide  Nalfesi-guandc6AEEAESCOPLEREISAPPEPMPOUNdS

%kﬁu!5§@?99§c%0?%2559%%?% Pd @gggé%g%g just one fixing step, and also the

elimnation o Na oSsts an handl i ng and prevention of
nmechani cal weakening of the support through contact with excess NaOH 15

By negns of ingregna&iog with inconpatible s Iutionﬁ, it ii possi bl e by
j ust ns?ﬁa?ﬁ PxPhg ¥t b RRPEHTPALI GABECYBRFY tRet &ppRIed¥Pon of t Wo
i nconpap @k@,sﬁéétign§su£9ﬂy|§E§§érﬁ@@gemﬁﬁéabfCQQE@BE§ 19, becdeResi ted on
the cata %St support than is possible by neans of the conventionhal base
( NaOHyadukilngso 20 Ianparkhesd arctasi syl t heo i heipl arofuiwmebhpat i bl e
| ut i bt ]S Si.) sibl ' i.gh ntents with.an Au/Pd
S0 ur 4808 chlche PR LioRar ol Robf SERLEYLbLAT M COmheta MLl -
I ncr eashpgnéhes VAN:sél eefli wity. NaOH as insoluble Pd or Au
hydrcxides. The loaded support is then usually washed with
water until it is chloride-free. The Au fixing in particular
has disadvantages such as long action times of the base to
20 induce the precipitation of the stable Au tetrachloro complex,
incomplete precipitation and the associated lack of Au

retention.

According teo another preferred embodiment of the method

25 according to the invention, the method comprises the steps:

a) providing a first solution of & Pd and/or Au precursor
cempound;
b) providing a second solution of a Pd and/or Au precursor
30 compound, the first soluticon causing a precipitation of
the noble metal component (s} of the precursor compound(s)
of the second solution, and vice versa;
c) applying the first and the second solutiocn to the
catalyst support.
35



25 According to another preferred enbodi nent of the nmethod according to
the invention, it is provided that -the-catal yst support, once the Pd
and/or Au precursor conpound(s) has (have) been applied to the catal yst
upport, is subjected to a fixing 30 step.in order to fix the noble netal
conpoﬁ@hﬁ(§¥b@ﬁlﬂﬁ§tpPéth@oWeééﬁﬁoéﬁ§P§ﬁlﬁﬁ tRetEat ARYSRtIPPpEHELS The

f'x'nﬂwétBBf?SEgnﬁaﬁr Bﬁkggg Lheataeat obet he s SHPRALt Wit an al kgl i ne

solution or an acid e endi ng on whether "t he precursor conmpound i's acidic
or bagregumsocabompabndnanﬁ the - suppmrtomMalnSBQn-Aur@eechms©anvert t he

nobl e metal co into a droxid ound. or an.oxide. The fixin
RNt S ML RS gy B gl SRS R

dizy ecgi-zyanaomgxaﬁﬁla% hyst kgatpent cWokih anteddgiRgogas -PRaseu=01¢-
ethylene, etc. at 5 increased tenperatures of 2070 to 200C. By neans of an

i nt er apdilLaed éaléhna@abﬁlyﬁépsuph@rpdbﬁndﬂ@ﬁtAu pm@é@9§@ﬁl@@n§@@nds can be

convert to es h S f| is.also I it oduce a
sheet5 EEngte %ase suﬁﬁ%rt T nﬁ?grla gé%g p%&d%r5§%§ t %ho%g% Kl y
|npregmpkeghhelh@tﬁerwmthhthhespbeaursoaucaapouad@eebruheda@bdw& met al s.
The pretreated powder can then be a plled in the formof a "washcoat" to a

sui t aBFBNSuBpoFPa&titct HFER FBF é?&ﬁBQeSQ phePe  FadBPf 6 st-8&t i€ or a

KA 160,34PPBhL. aPLefREADLYBY HnABARS, leasagabkﬁg 33 drumsiandtthen can be
further processed by calcination and reduction to formthe catal yst.

Accordhhghy?hehgﬂiﬂﬁenhéoﬂOietaDes toaagsecend h@eh@d o e production

of a shell I¥s£ in garttcu ar._a she% ca%ag S %%%o%dln%r%o t he
|nven??%ﬁon38%p?'3|ﬂﬁ thebst 5¥e gfe5P5§|5l 8 5 é Pvgrulent SEP Us support
mat erpabchpsedtep aubatwiahosheBhvshli cat eppllp par theukaprbasednon an
acid-treated cal cined bentonite, the support material being 25| oaded with
a Pd prscliasy esRpouRdcAndsalail ﬁFe@QBsoﬁScéﬁpéﬁﬁaoﬁﬁﬁm R P&cand Au
parti kggragg having a surface area of less than 130 nm g; b)

appl y?ng the oaded support material to a support 30structure in the form
of a shel

Said embodiment of the method according to the invention is
therefore based on impregnating the catalyst support with the-
first soluticon of a Pd and/or Au precurscr compound and the

20 second soluticn of a Pd and/or Au precursor compound, with the
two solutions being incompatible with one another, that is to
say that the first soluticn causes precipitation of the noble
metal component(s) of the precursecr compeound(s) of the second
solution and vice versa, so that, in the contact zone of the

25 two sclutions, both the pre-impregnated Pd/Au component (s) and
the post-impregnated Pd/Au component(s) precipitate cut almost
simultaneously and thus lead to an intimate Pd/Au mixing.
Drving may opticnally be carried out between the two
impregnation steps.

30
Suitable aquecus solutions of Pd precursor compounds for
impregnation with incompatible soclutions are shown by way of

example in Table 1.

35



c) calcining the | oaded support structure fromstep b); d)
optionally, converting the Pd and thzr Au conponent of the 35Pd and Au
precursor conpound into the netallic form - 31 - As an alternative, said
met hod | so be carried out by firstly applying the pul verul ent support
mat er t &pL %n t loaded with noble netal) to a support structure, and only
then applying the noble netals. 5 Directly after loading with the
precursor conpounds or after fixing of the noble netal conmponents, the
suppor|tPreguiror gdipeehd n order to ,Uﬁtemﬁ piiethebselngiahr conpongnts
i nt o the-corresponrding—oxides—The—cateination—preferably—takes—16| pl ace
< ;
at ter 2ures | ess than 700C, part| 8afrarfy preferably bet ween 30D- 450C,
under qk§ggg|¥ Qb r. The calcrnatl ppakipe depends on the calcination
t enperiature and is preferably selected within the range of 0.5-6 hours. At
a calcﬁh&ﬁﬁ@d4tenperature of apprOX|TaEetya400C, the calcination tine is
15 preferahty hotr-s- a—calet-natton—tenperature—of—300€6—the
calcirégigﬁté E%ﬁ |5 preferably up to Eaﬁ6ﬁrs. The precipitation fiXxing may
al so heomdhed and the inpregnated sakhgiway be calcined directly|in
order [to convert the netal conponentiinto an oxide One preferred
enbodi|feRE (€883 $PE) of 20 the (inter bdisatepycaiesnaviioa of the Pd:loaded
supporit (with or w thout previous pre i n Lng) ;at proxi mately
400C ijn order to form PdO, foll owed %aElgiéhgpaFﬁégggoﬁﬁangﬁreduction, as
a result of which Au sintering can be avoi ded. 25 The noble met al
conmponents are further reduced before using the cataly it being
possi P FdrNEhd T BT b LarFedactu? FREsPR uwl*Fh eCCIRCEhEO pr ocess
[ GACHOFom O L LY Bl lHedhiciohl SrSPECLAL gduchign Feackar. ;Reducti ap in
situils pre erab?y carried out with ethyfene (5% by volune) in nitrogen at
a 30 tmﬁwmﬁzﬁamzmmfamp@eoxomplekgs15@6eo¢emrasppnélog Bihodns for exanpl e.
Reducti o situ e carried, out exanple wiith 5% by vol une of
Py ORISR { YO HRrE e ot SRRAhET by ek S 0P S5 BHAFnd Tgas, | ot
t enpesat itk §Sohdi hHeef 30961 OhipE ebemnpbkye:30- 500C over a tinme of 5 hours.
- 32 - Gaseous or vaporisable reduci ng agents such as, for exanple, CO
NH3, formal dehyde, methanol and hydrocarbons may al so be

10 Suitable aquecus sclutions of Au precursor compounds for

impregnation with incompatible sclutions are shown by way of

example in Table 2.

Table 2:
15
Precursor compound Nature of the solution
AuCl, acidic
KAu0, basic by dissolving Au{OH);3
in KOH
NaAuCl, neutral
HAuC1, acidic
1 (CAc) 3 {OH) basic by dissolving Au(QAC) ;s
in KOH
BAu {NO3) 4 acidic (stable in semi-




used, it also being possible for the gaseous reducing agents to be diluted
with inert gas, such as carbon di oxi#ze; nitrogen or 5 argon for exanple.
Preferably, a reducing agent diluted with inert gas is used. Preference is
gi ven t-o—mxtures—of hydrogenw-th nitrogen—or—argon—preferablby—wth a
hydr oden content of between 13 by vol GRECERATEE65 DY el ume. 10 The
reductTom of the nobt e nmetats may al so be carried out™in the Iiquid phase,
preferably using the reduci ng agents hydrazine, K fornmate, Na formate,

ammonswirt £ol aatenbioetrionaciod, iKchypephosphistépthyppephosphearsiec faeied, H202
or Na hypophosphite. 15 The guanti of reducing agent-is preferabhly
seIep?%%gﬁﬁﬁﬁagﬁSP,OEuFPﬁgnFﬂ etP@%%%eﬁPmPPﬁgﬁtgtaggagprtﬁ a@EEFvglent -
requi pgd1 f ofo tihe; SOMPhetLe RAICtIOMmOford he: ebh et ablcompenentsai s
passed over the catalyst. Preferably, however, an 20 excess of reducing
agent KheOpaasad-ovier a hed QHi=lySH) b nS ot dei o 02 eAstEr ePaC apicl HridTeonpl et e

reducé}o&Auggdq§51&¥Eé preferably carried out under no pressure, i.e. at
an absol Gte ptessure of approximately 1 bar. In order to 25 prepare

- industrial quantities of catalyst according to the invention, use is

preferably made of a rotary kiln or, a flui,dised hed reactor in order to
ensur%c%pﬁﬂ??ﬁrﬁ?r@HBE??BnéBFfFﬁéeéaP 5&@6@6 ?%e%Pﬁv@ﬁ%%Sﬁ'also rel ates

to the.useqohqthe eatakystnaceqr dppgche thed Reeptiken s sardoxiidat i on
catal yst, as a hydrogenation/dehydrogenation catalyst, as a catalyst in

Aydr ogerarpagidésuPpgharlsatpor, aad aimjdeadeniflr CRNCRE erscarditgsed as a.
hydr odepoxygenation.catal yst _or . as cat al i 133 = synt i s of
o kenyt CAl Ranaval BTk Bir pratrarnRa B Ehrkds brop irRir e dra”

monon®siutNopathteukanthott hetgas phase:pxicat eplok ienhylree and acetic
acid to formvinyl acetate nononer. 5 Preferably, the catal yst according
to thHerimyengi R HAUtdedETbittPe ProAUEPTBACHT ¥ VAN, 2 THPEOyeterd 137 t akes

Pl acexl?ytﬁfé%gg afe hC;éCqué%&hxhe@%n%@lw&%n Bl dRKYG8R=cONLAIMNY
gases at tenperatures of 100-200C, preferably 120-200C, and at 10
phesssinesl ok i lh@6tbhryiprefer abky hig2Q vbawoncevératikel eatlaltysmnsaccording to
the invention, wherein unreacted reagents can be recycl ed. Advantageously,
t he oxygen concentration is kept bel ow 10% by vol une. In sone

Ci r cumBtengesy NeWBMEEhedi kbb@Ament of the method according to the
invention, use may also be made of mixed solutions which are
compatible with one another and which, for the noble metal

20 precipitation, can be brought into contact with a solution
which is incompatible with the mixed solution. An example of a
mixed sclution is a solution containing PdCl, and AuCl;, the
noble metal components of which can be precipitated with a
KAuO, solutiocn, or a solutidn containing Pd{NH;),(CH), and

25 KAuO,, the ncble metal components of which can be precipitated
with a solution containing PdCl, and HAuCl,. Anocther example of

a mixed solution is the pair HAuCl, and KAuO;.

Impregnation with the incompatible solutions is preferably

306 carried out by means oOf so0aking or by means oL sprday
impregnation, with the incompatible solutions being sprayed on
simultaneously through one {(dual substance nozzle) or more dual
nozzle(s) or simultaneously by means of two nczzles or groups
of nozzles or sequentially by means of one or more nozzle(s).

35



with inert gases such as nitrogen or carbon dioxide is also 15

advant ageous. Carbon dioxide is partecularly suitable for dilution
purposes, since it is formed in snmall quantities in the course of VAM
synt hesi s, The resultln%myln acetate is .isolated means of suitable

met hoH8e GRi ERSaréPdesd Bgé{ﬂéﬁtéﬁﬁﬂﬁﬁéxﬁﬁguso§ 6@@ 3653A 20 The

fol I owhpgogxamel es %BeeE?@@bg%BEScoh@o%%@buﬁ%tE%% %%%ﬁltﬁ%dC%ﬁﬁarat'Ve
exanpl e, serve to explain the invention: Exanple 1: 25 g of spherica

cat al gseosuppert ssbhapedebod@idesndf umed Hfugrmoan a@pdegm@&u@@ waltti hee

b h I ok h S D-Ch AG
(Vi EhCEEF haRy T BEAPIRG ChE : 08 nie CRACG ARd JbavRG™L hEe

clrar agbatbatiegashowe bfi Takbetd83e svlddivnkableidy incoegretibile shape
sphere Dianeter = . , ,
solutions, it is possible to achieve high ncble metal contents
in thin shells, improved metal retentiocn, faster and more
complete precipitation of the noble metals, a decrease in the
disruptive Na residual content of the support, simultaneous
10 fixing of Pd and Au in just one fixing step, and also the
elimination of the NaOH costs and NaOH handling and prevention

of mechanical weakening of the support through contact with

excess NaOH.

15 By means of impregnation with incompatible solutions, it is
possible by just a single fixing step, which includes only the
application ¢f two incompatikle solutions, for larger noble
metal contents to be deposited on the catalyst support than is

possible by means of the conventional base (NaOH) fixing.

20
In particular, using the principle of incompatible solutions,
it is easily possible to achieve high Au contents with an Au/Pd
atemic ratio of 0.5 &@nd more, which is highly desirable with
regard to increasing the VAM selectivity.

25

According to another preferred embediment of the method
according to the invention, it is provided that the catalyst
support, once the Pd and/cr Au precursor compound(s) has (have)
been applied to the catalyst support, is subjected to a fixing
30 step in order to fix the noble metal component (s} of the
precursor compound{s) on the catalyst suppeort. The fixing step
here may include treatment of the support with an alkaline
solution or an acid, depending on whether the precursor
compound is acidic or basic, or calcination of the support in

35



5 mm Moi sture content < 2.0% by wei ght Conpressive strength > 40 N Bul k
density 528g 1-1 WAater absorbency- 89-5% Specific surface area(BET)
n2.g-1 Si 02 content
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order to convert the noble metal component(s) into a hydroxide
compound or an oxide. The fixing step may also be omitted and
the noble metal components may be reduced directly, for example
by treatment with & reducing gas phase, e.g. ethylene, etc. at
increased temperatures of 20°C to 200°C. By means of an
intermediate calcination step, the Pd and/or AU precursor

compounds can be converted into the oxides and thus fixed.

It is also possible to produce a sheet-silicate-based support
material as a powder and to thoroughly impregnate the latter
with the precurscr compounds of the active metals. The pre-
treated powder can then be applied in the form of a “washcoat”
fto a suitable support structure, for example a sphere made from
steatite or a KA-160 support, preferably by means of a coating
drum, and then can be further processed by calcination and

reduction te form the catalyst.

Accordingly, the invention relates to a second methoed for the
production of a shell catalyst, in particular a shell catalyst

according to the invention, comprising the steps:

a) providing a pulverulent porous support material based on
a natural sheet-silicate, in particular based on an acid-
treated calcined bentonite, the support material being
loaded with a Pd precursor compound and an Au precurscr
compound or with Pd and Au particles and having a surface

area of less than 130 m’/g;

b) applving the locaded support material te a support

structure in the form of a shell;
c) calcining the loaded support structure from step Db);

dy optionally, converting the Pd and the Au component of the

Pd and Au precursor compound into the metallic form.
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95. 8% by weight Al 203 content 0.95% by wei ght Fe203 content 0.11% by
wei ght 1102 content (total)< 1.5% bys:wei ght MO content CaO cont ent
content Na20 content Loss on ignition 1000C
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As an alternative, said method may also be carried out by
firstly applying the pulverulent support material (not loaded
with noble metal) to a support structure, and only then

applying the noble metals.

Directly after loading with the precursor compounds cor after
fixing of the nokle metal compenents, the support may be
calcined in order to convert the noble metal components into
the corresponding oxides. The calcination preferably takes
place at temperatures less than 700°C, particularly preferably
between 300-450°C, under a supply of air. The calcination time
depends on the calcination temperature and is preferably
selected within the range of 0.5-6 hours. At a calcination
temperature of'approximately 400°C, the calcination time is
preferably 1-2 hours. At a calcination temperature of 300°cC,
the calcination time is preferably up to & hours. The
precipitation fixing may also be omitted and the impregnated
salts may be calcined directly in order to convert the metal
component into an oxide. One preferred embodiment consists of
the (intermediate) calcination of the Pd-loaded support (with
or without previocus precipitation fixing) at approximately
400°C in order to form Pd0O, feollowed by an Au application and

reduction, as a result of which Au sintering can be avoided.

The noble metal components are further reduced before using the

catalyst; it being possible for the reduction to be carried out
in situ, i.e. in the process reactor, or ex situ, i.e. in a
special reducticn reactor. Reduction in situ is preferably
carried out with ethylene (5% by volume) in nitrogen at a
temperature of approximately 150°C over a time of 5 hours for

example. Reduction ex situ may be carried out for example with

5% by volume of hydrogen in nitrogen, for example by means of a

forming gas, at temperatures in the range of preferably 150-

500°C over a time of 5 hcurs.

- K20



< 0.2% by weight Acidity 50l.teq/g BJH pore volune N2 0.43cnB8g-1 were
filled into a fluidised bed device-fazomthe conpany | nnojet Technol ogi es
(LOrrach, Germany) bearing the trade name Innojet(r) Aircoater and, by
means_of conpressed aj rajélG bar) heated to 80C, were b%ought i nto a

f1 ui di3eerbed st T P25t ch  the? shEpPRY® bBdTBs® 2l reuf atdd ™ 8n"4a tor oi dal
cour s€, N, mMamk oA e ialdnb 1ordrentiag @l dd s dahapat hs@anse on a

hori zontal circular path oriented Eerpendi cular thereto. Once the shaped
bodi ess¢rdd beenl $v durfhits tleras tlehpefaf uklee of2 300appr BXVFaREl §E7BES 860 ni

of an_a us, m xed nobl e npt al %:t'n I Bt ngs £.5 g iall
. t SQLytLon GoptAl gi 0g; de> g ehogopmerci ally
avai | 4bl eﬁ&gﬁ%dﬁl sodr umngesf acﬁ 11(T)Iropa?%adate and ?1. 6 gl; o?gcon’merci ally
- 535 argon for example. Preferably, a reducing agent diluted with

inert gas is used. Preference is given to mixtures of hydrogen

with nitrogen or argon, preferably with a hydrogen content of

between 1% by volume and 15% by volume.

10 The reduction of the noble metals may also be carried out in
the liguid phase, preferably using the reducing agents
hydrazine, K formate, Na formate, ammonium formate, formic
acid, K hypophosphite, hypcphosphoric acid, Hz0z or Na
hypophosphite.

15 '

The quantity of reducing agent is preferably selected such
that, during the treatment time, at least the equivalent
required for the complete reduction of the noble metal
components is passed over the catalyst. Preferably, however, an

20 excess of reducing agent is passed over the catalyst in order

to ensure a rapid and complete reduction.

Reduction is preferably carried out under no pressure, i.e. at
an absolute pressure of approximately 1 bar. In order to

25 prepare industrial quantities of catalyst according tc the
invention, use is preferably made of a rotary kiln or &
fluidised bed reactor in order to ensure a uniform reduction of

the catalyst.

30 The invention also relates to the use of the catalyst according
to the invention as an oxidation catalyst, as a
hydrogenation/dehydrogenation catalyst, as a catalyst in
hydrogenating desulphurisation, as a hydrodenitrificatiocn
catalyst, as a hydrodeoxygenation catalyst or as a catalyst in
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avai | abl e NaAuCl4 (sodiumtetrachl oroaurate) were sprayed onto the

fluidi sed bed of shaped bodies over. 40_mn. Once the catal yst support had
been inpregnated with the m xed 5 noble netal solution, a 0.05 nolar NaCH
solution at a tenperature of 80C was sprayed onto the fluidised bed of '
shapethpodvesheser 30 milhenBdr RAganbiesesnosn gRrtheuNadHins tdeposit ed

Wi t hi hel | cand_fixes the Pd _and Au netal .conphnent W t hout the
suppor Y Dar R e boull Po SR EELS: JETy 6 hilh DREGH Condents SPFOfes Al ter

t he Nakksbhasxactedont be suppoehs wade aabiAdaridiy wasFednwiviihywat er in the
fluidised bed device in order to renove fromthe supports nost of the

“al kal #CREERF BABCERFori de that had 15 been introduced into the support via
t ke nobl e netal conpounds and NaOH After washing, the shaped bodies were
dried in the fluidised bed device by noving themin hot process air (100C
Once Phefshabed, bodeesahadybéencdrirddngt iey twer e nvedaded vist hisedgder

1 Xxture of ethyl| ene % vol une) in nitrogen at t emper at ur e of
oy oo a O ES RS, (2 kB, T b ed  duo Lek By iR DY PaPAT &0l |
cat al ysétidhgcigsubthpgesbebhdcakagbyst o@ogwtg@eldc@@l%qxﬂimt glyel. 2% by

(0]

wei ght of Pd and had an Au/Pd atomic ratio approxi mately 0.5, a shel
t hi ckeB8RC bRt appf ok mab By 0860 ghraAgrabhar de€ss08f C38aNd 3¢ Across an

rea 0 e- shel hi ith_the,area i.n p . rt from
?ﬁe dﬁt%ggg%ggi%ﬁe% gﬁeF?Eri%??%333F2®e2cﬁ%cggé'5&?%% ?ﬁ% §%§Qﬂ§gﬁickness,
t he nabterdetal tconseninathohoof twherBdhAunskelcl edatrabyehtshuanpbeduced,

35 differed fromthe avera%i nobke netal concentration of this - 36 -
area by-¥4t Fdst A4y 2R B9FORREY noblE REYEETdFSPFFBITE PSR MRad s kept

below 10% by volume. In some circumstances, however, dilution
with inert gases such as nitrogen or carbon dioxide is also

15 advantageous. Carbon dioxide is particularly suitable for
~dilution purposes, since it is formed in small guantities in
the ccurse of VAM synthesis. The resulting vinyl acetate is
isolated by means of suitable methods, which are described for

example in US 5,066,365 A.

20
The following examples c¢f embodiments, in conjunction with the
comparative example, serve to explain the invention:
Example 1:

25

225 g of spherical catalyst support shaped bodies, formed from
an acid-treated calcined bentonite as natural sheet-silicate,
from the company SUD-Chemie AG (Munich, Germany) bearing the
trade name “KA-0” and having the characteristics shown in Table

30 3:



~determ ned using a scanning el ectron m croscope LEO 430VP, equipped with
an energy di spersive spectroneter fremthe -conpany Bruker AXS.

to nmeasure the nobl e netal

5 concentration across the shel

t hi ckness,

| n order
a

catal yst sphere was cut through, glued to an al um ni um sanpl e hol der and

t hen vaporFgedewsth carbon.
drift detector

manganese
bodi es "

aqueous s
accordi ng

a ssuppor t

pore vol ufe. /ﬁt¥ﬁl$%@r¢nﬁ®%§ﬁ%¥|on

are added

to stand overni g

sol uti on,
a 10% NaH2

The detector used was a nitrogen-free silicon
(XPl ashC0-410) with an energy resolution of 125 eV for the

m of an

Kai pha Iine 10 Exanple 2 65.02 g of catalyst support shaped
'\'O" db i i Il I:)\ IIIJI C J_ Al IIIIJI Ugll VAU LII ‘-|-O O
)Iutlon H@%ﬁ?ﬁinlnéﬁﬁ 568 g| of thPdCiﬁhg%% 0.367 g ¢

to the poreidméliéng nmethod (
is |nhrpnnafpd with a volune

nci pi ent wetmess net hod),
of solution corresponding

8

S

P RT 157 55 R0ur s,

to l.d:

raped—bodies, gng-theTatty
After decanting off the f

t he cat abyBk qe€urgor thus
PO2 sol ution (|:I||l(a\ for 2 h

pr oduced §38 rediced with

ur.s Af-t er _draini ng of f t

f HAuCl4
in which
toits

9.17 § 9f 0% by38ehBhar NaQH sol ution
rr are |eft

i Xi ng

13.68 g of

he

reduci ng SO|UtId%@t?%ea%%@%@@@@§ are washed 25 VMQQ15ﬁ stilled water for 8

were filled intc a fluidised bed device from the company

Innojet Technolcgies
Innojet® Airccater and, by means of compressed air

heated to 80°C,

25

{Ldrrach, Ge

were brought into

which the shaped bodies circulated on a toroidal course,

rmany)
(6 bar)
a fluidised bed state in

moved on a vertically criented ellipsoidal path and on a

horizontal circular path oriented perpendicular thereto.

Once the shaped bodies had been brought to a temperature of

30

approximately 75°C,

300 ml of an agueous mixed noble metal

i.

hours at g \glcg_lflscuglul lflé léb a[r%.él d((B%ﬁ” of —the \(Y%L E{z CthT nglll fow = 140
RBM in or 8r o rerove residues. The final value or the conductivity
of the washing sol stdpredrscent?2 pS. 30 [Ther edfit.@r%, HMyhevedaftal yst ijs dried in
the fl uidi m;dLM%Lépmyesayéng%km wth a
m xture of 27.29 g“%PszC%Fﬁﬁthc sol ution ar?c'l_’ﬁléjy‘s@eglg@ft H20 and are
left to stand—for gule NOgE . gL To0N tenper at @ g FiJiAatf Y g yrng|is carried
out for 40 nin at 96% in tﬁ Fluidised bed. - 37k8ﬁThe€% eoretical netal
| oading i s 0.8% byrwei ghintoéntPd and 0.3% by wei ght of Au; the val ues
det er m ned expafzwnn*ﬂ"v by-el enentaly anal ysis using I CP (Indugtively
?gupled Pl asrma) we P800 CoRgs H§ wei ght of Pd and 0.27% by wei ght of Au. 5

he shel | [Thickness Was 312 ,pM Lonparagtygagxaap1e5g b#0yés §at @l yst was
prepared |n the sane way as 1 n Exanple 2, with a support fromthe conpany
SOD- Chem & AG bear iKpg thetenade nane "[KA-160" and having the
.char act er sti+€s shuw“ i-n—Tabl-e-4-being used as the catal yst support shaped
bodi es: 15Tabl e 4;M&20 content

Loss on ignition 1000°C < 0.2% by weight
BJH pore volume N; 0.43 cm® g™’

bearing the trade name

.

solution containing 7.5 g of commercially available NapPdCl,

(sodium tetrachlcropalladate)

35

and

4.6 ¢ of commercially



Geonetric shape sphere Dianeter 5 nmm Misture content < 2.0% by wei ght
Conpressive strength > 60 N Bul k density 554g 171 Water absorbency '
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availlable NaAuCl, {sodium tetrachleoroaurate) were sprayed onto

the fluidised bed of shaped bedies over 40 min.

Once the catalyst support had been impregnated with the mixed
noble metal solution, a 0.05 molar NaOH solution at a
temperature of 80°C was sprayed onto the fluidised bed of
shaped bodies over 30 min. During this, most of the NaOH is
deposited within the shell and fixes the Pd and Au metal
components, without the support being exposed to excessively

high NaCH concentrations.

After the NaOH has acted, the supports were zbundantly washed
with water in the fluidised bed device in order to remove from
the supports most of the alkali metal and chloride that had
been introduced into the support via the noble metal compounds

and NaCH.

After washing, the shaped bodies were dried in the fluidised

bed device by moving them in hot process air (100°C).

Once theé shaped bodies had been dried, they were reduced with a
gas mixture of ethylene (5% by veolume) in nitrogen at a
temperature of approximately 150°C in the fluidised bed device

to form a Pd/Au shell catalyst.

The resulting shell catalyst contained approximately 1.2% by

welght of Pd and had an Au/Pd atomic ratic of approximately

0.5, a shell thickness of approximately 160 pm and a hardness
of 38 N.

Acecross an area of 90% of the shell thickness, with the area
being spaced apart from the outer and inner shell limit by in
each case 5% of the shell thickness, the noble metal
concentration of the Pd/Au shell catalyst thus produced,

differed from the average noble metal concentration of this



1 62% Specific surface area(BET) 158 n2 Si 02 content 93.2% by wei ght Al 203
content 2.2% by wei ght Ne203 contents -0. 35% by wei ght Ti Q2 cont ent
(total )< 1.5% by weight MyO content Ca content

area by at most +/- 10%. The noble metal distribution was
determined using a scanning electron microscope LEC 430VP,
equipped with an energy dispersive spectrometer from the
-company Bruker AXS. In order tc measure the noble metal

5 concentration across the shell thickness, a ;atalyst ephere was
cut through, glued to an aluminium sample holder and then
vaporised with carbon. The detector used was a nitrogen-free
silicon drift detector (XFlash® 410) with an energy resclution
of 125 eV for the manganese Kiipna line.

1¢C
Example 2

65.02 g of catalyst support shaped bodies “KA-0” as defined in
Example 1 are impregnated with 43.8 ml of an agueous solution

15 containing 1.568 g of NayPdCl, and 0.367 g of HAuCl, according
to the pore filling method (incipient wetness method), in which
a support is impreégnated with é volume cf solution
corresponding to its pore volume. After the impregnation,
89.17 g of a 0.35 molar NaOI solution are added to the catalyst

20 support shaped bodies and the latter are left to stand
overnight at RT for 22 hours. After decanting off the fixing
solution, the catalyst precursor thus produced is reduced with
73.68 g of a 10% NaH;PC, solution (Fluka} for 2 hours. After
draining off the reducing solution, the catalysts are washed

25 with distilled water for 8 hours at RT with continuous
replacement of the water (throughflow = 140 rpm) in order to
remove Cl residues. The final wvalue for the conductivity of the

washing sclution is 1.2 uS.

30 Thereafter, the catalyst is dried in the fluidised bed at $0°C
for 50 min. The dried spheres are loaded with a mixture of
27.29 g of 2 molar KCAc solution and 18.55 g of H:0 and are
left to stand for one hour at room temperature. Finally, drying
is carried out for 40 min at 90°C in the fluidised bed.

35



K20 _co'ntent Na20 content Loss on ignition 1000C < 0.3% by wei ght
Acidity 53 peg/g BJH pore volume N27 0.38cnBg-1 - 38 - By contrast to
Exanpl e 2, "inpregnation was carried out with 39.1 m of an aqueous

solution containing 1.568 of Na2PdC14 0. 367 of Cl4. he
t heor’&t% clf e et at CF o def TRy igjso‘“t“f?l%@/g bjys\/\%i%t %fw%gkg?ndogf%k) %If/dwgigﬁt of

Au; the val bes detgrmned expesds n@ot abhynd¥ experimentally by
elemental analysis using ICP (Inductively Coupled Plasma) were
0.77% by weight of Pd and 0.27% by weight of Au.

The shell thickness was 312 um.

Comparative example 1

10 A catalyst was prepared in the same way as in Example 2, with a
support from the company SUD-Chemie AG bearing the trade name
“KA-1607 and having the characteristics shown in Table 4 being

used as the catalyst support shaped bodies:

15 Table 4:
Geometric shape sphere
Diameter 5 mm
Moisture content < 2.0% by weight
20 Compressive strength > 60 N
Bulk density 554 g 17°
Water absorbency 62%
Specific surface area (BET) 158 m2 g
810, content 83.2% by weight
23 Al,0; content 2.2% by weight
Fe,0s; content 0.35% by welght
Ti0, content
MgQ content
Cz0 content (total) < 1.5% by weilght
> K,0 content
Na-0O content
Loss on ignition 1000°C < 0.3% by weight
Acidity 53 peq/g
35 BJH porervolume Ns 0.38 cm?® g+




el emental analysis using 1CP were 0.78% by wei ght of Pd and 0.27% by
wei ght of Au. 10 The shell thicknessiswas 280 um Exanple 3 Reactor test

156 mM of afill of catalyst spheres of Exanple 2 and of Conparative
Exanple 1 were in each c cted upon a feed r 50 Nm/mn
conpd@édc%@tﬁﬁﬁ%}¥?¥£x%ﬁ% Bgﬁmﬁﬁgﬁ ?ﬁl Fh°a” ?ﬁ% : 8 %egreactor at

a teﬁﬁﬁr?LMIebeaé5§§%é6ugoséQu@§6m @@ﬂtaﬁﬁlﬁ@aEtBGSdgsoﬁamgg%%ﬁ& anal ysed
by neans of gas chronmat ography. The selectivity (fromethylene to VAN is
cal cuhrad edl- et oy dbhgldeCihe fornula S(C2H4) = nole VAN / (nole VAM + nol e
002/ 2). The 25 space/tine yield is obtained as g VAN 1 catal yst/h. The
oxygen conversion is calculated by (nole 02 in - nole 02 out)/nole 02 in.
The ceial yiséopdt Bxanphec 21 atcadtdhggisolt he bpveaigbh exhPBi esdal30%®

selectivity S(C2H4) of 92.3% and a space/tine |e d gg ned by gas
chrodﬁYd@?h%%?)O%f a5t%ev¢@ﬁﬁei €3F§F§§Peﬁ ﬁx GF 155 Q;gg €onversi on of

36. 5/&1eme§9a1 Jﬁ§l§§$$l ysin §/ 1E€prparat pvesExpypleidnexbibbtiedna
0

selectivity S and a space/tine yield (determ ned by gas
chrom&tb@%a@%yWeo@h57ﬁfgAWANI/ 1 catalyst / h for an oxygen conversion of
36.1% The catal yst of Exanple 2 according to the invention exhibits both
a higher selectivity and also activity in VAN synthesis conpared to a

qat al yst ghetherpitpreastwascordi ng.to Conparati ve Exanple 1. - 40 -
Clainms 1. Shell catalyst for the production of vinyl acetate nononer,

Example 3

Reactor test
15
6 ml of a fill of catalyst spheres of Example 2 and of
Comparative Example 1 were in each case acted upon by a feed
gas stream of 550 Nml/min compesed of 15% HOAcC, 6% Oy, 39% CHa
in N, in a fixed bed tube reactor at a temperature of 150°C at
20 10 bar, and the reactor discharge was analysed by means of gas

chromatography.

The selectivity (from ethylene to VAM) is calculated according

to the formula S{CyH;) = mole VAM / {(mole VAM + mcle C02/2). 'The
25 space/time yield is obtained as g VAM/1 catalyst/h. The oxygen

conversion is calculated by (mole Op in - mole O out)/mole O

in.

The catalyst of Example 2 according to the invention exhibits a
30 selectivity S(CyHs) of 82.3% and a space/time yield (determined
by gas chromatography) of 615 ¢ VAM / 1 catalyst / h for an

oxygen conversion of 36.5%.
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conprising a porous catalyst support based on a natural 5sheet silicate,
in particular based on an acid-treat&d-cal ci ned bentonite, said catalyst
support being | oaded with Pd and Au and bei ng desi gned as a shaped body,
wherein the cgtalys% suggort has a_sur acg argabo% l.ess than 130t”9@9- 10
2. Cat@PyStlac¥srdPhg PBPRrarie, "EREPACt er FEEAPHRSPhat SEAE At Al yst
suppor¢,ihas o& sur.fracenar @a PfadeegSintchan ci2b i@ ropreienablgad ess than 120
n2/ g, nore preferably | ess than 100 n2/ g, even nore preferably | ess than
80 nP¢lyremdtparepbul apfySpfeteVall y LessteRantes hpfgr 25 3xYgafal yst
according 1o.one f3%h§9preceding clainms, characterised in that the
catal?%? %upport a3 a surface area of between 130 and 40 nR/g, preferably
ofs between 128 and 50 nR/g, nore preferably of between 126 and 50 nR/g,
20even nore prefeably of between 125 and 50 nR/g, still nore p%eferably of
bet weBhe 190t ahHS50CARFE2BRUSNBs RCFPEREFEDIEY GF b WESH L 2H0 XRd 66 Sne/ g

4, S - i f e.pLecedi-ng-:e¢hak peyarbehakactker sed in
thafa%ﬁ%Mc%tg?gg%gs8%%%?F9ﬂgg9aﬁhgcF%F?y%gFabe?agen 1 andQ%SO lieglq,

pref ecabbyrefi bet meentslantd ©30tpegbgiomoratpesterabhnyg 6P bet ween 10 and
100 1.teg/ nd particularly preferably of between 10 and 60 1.teg/g. 30
5. Cd?%?@@?agéXSrgﬁﬁapgg éne of the preceding clains, characterised in
that the catal yst support has an average pore dianmeter of 8 to 50 nm
preferably 10 to 35 nmand nore preferably 11 to 30 nm - 41 - 6.

Cat al yst according to one of the preceding clains, characterised in that
the catal yst has a hardness of greater than/equal to 20 N, preferably
greater than/equal to 30 N, nore preferably greater than/equal to 40 N and
nost Spreferably greater than/equal to 50 N. 7. Catal yst according to one
of the preceding clainms, characterised in that the proportion of natural
sheet-silicate, in particular of acid-treated cal cined bentonite,



10of the catal yst support is greater than/equal to 50% by wei ght,
preferably greater than/equal to 6G%dy weight, nore preferably greater

t han/ equal to 70% by wei ght, even nore preferably greater than/equal to
80% by weight, still nore preferabl reater than/equal to 90% by wei ght
and nost 15preferably greater thaﬁ?%ééhﬁ to 95% by weight, relative to the
wei ght of the catal yst support. 8. Catal yst according to one of the
preceding clains, characterised in that the catal yst support has an

i nt egtal SR8l1iporbavpbumeoactbrdprgductBIH of BénweermcelL2beandnOmerm /g,

o fer2bly belveen O 3,200:0:8.Tulg, andgmce pLelerahly [romg,3s.to 0.5

m/qg. 9.¢ precedrng cl ai s,

25charactgeksediinchbal ah beast c80%robakbe bnt egrakbipetecwakune of the
catal yst support is forned of nmesopores and macropores, preferabté at
| east 8596 ARHNABr ecpFefefabl Faat raastlys6oruBpCIs. Peardl ysfdgEcdrding to

one of t cedi cl at 0w, - ter.i sed.l h he l: s upport
nas a bulh Aomerty or RarEs: fan B o e 2 hreParan s ot et aan 6135 of
and partisubapby pneberabhysazbslik fdersitpzobtbétasenh@n3s38nt” 06 g/ ni .
- 42 - 11. Catalyst according to one of the preceding clains,

characterised in that the sheet-silicate contained in the support has an

Si02 gontgph) 0kt ahck62ginES¥by19eight,, cheekerakliyeat iheaskt8@¥eby wei ght
and nore preferably from595 to 99. 5% by weight. 12. Catal yst gccording to
one of thetpteeedbngrerhi iss ehavadeesi seaa At Rasst REaghder i fdcate

Cont o e bR, BUVREL RS 0L 55 0Rg 4D DYieLaltag 00
100 m*/g, even more preferably less than 80 m*/g and
particularly preferably less than 65 m*/g.

15 ‘ '

3. Catalyst according to one of the preceding claims,
characterised in that the catalyst support has a surface
area of between 130 and 40 nF/g, preferably of between 128
and 50 m?/g, more preferably of between 126 and 50 m’/g,
20 even more preferably of between 125 and 50 m?/g, still more

preferably of between 120 and 50 m?’/g and most preferably of
between 100 and 60 m’/g.

4. Catalyst according to one of the preceding claims,

25 characterised in that the catalyst support has an acidity of
between 1 and 150 peqg/g, preferably of between 5 and
130 peg/g, more preferably of between 10 and 100 peg/g and

particularly preferably of between 10 and 60 peqg/g.

30 5. Catalyst according to one of the preceding claims,
characterised in that the catalyst support has an average
pore diameter of 8 to 50 nm, preferably 10 to 35 nm and more

preferably 11 to 30 nm.
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1. 0% by weight. 13. Catal yst according to one of the preceding clains,
characterised in that the catal yst -support is shaped as 15sphere,
cylinder, perforated cylinder, triple |obe, ring, star or as strand,

referably. as ribbed strand _or star _strand, preferably.as sphere. 14.
gatal StCéEEEVEFnSCF8f8ﬁ§goFOtﬁ&epPécthnafsgﬁﬁ&EQ C%él@ﬁargcterised in

that theceatabystiseppont thstshapedaasigyehenashavingdacdizaget giaf =Hore
than 2 mm preferably haying a dianeter of nore than 3 mm and nore

pr ef er ablyahdgrnglatai dfetler P irsrelyhancatan thenisaueat &ysC Hecor ding
to one of, the 9%%%§gb@90§E%EQEEe%g%ﬁg%ﬁg%is%@ LB §h Bptggsgatalyst support

is doped Wi thfa eas € oxXi tal selecte romthe group

cansi sti pgedtrdpl yHoredterNohalideqWh 1My BE, NY and Fe, preferably with
Zr02, Hf02 or Fe202. 30 16. Catal yst according to claim15, characterised
in that the content of dopant oxide in the catal yst support is between

0.01 and:20%y Xt“@EQBEdiHbeE%r%HEYO¥-Qh%op%@%EQXn@eEQEHm%Dd nmor e
preferably 3 to 8% by weight. - 43 - 17. Catal yst according to one of the
pr ecedi nghekacterichdr aot ehiasedhenptrhaprthenskél hagstirehe sbgeatbyst has a

t hi ckness.of [ess than_300 preferably | ess .than 200 p : nor e
bref or abiy T B2ESE hall 80 GRT B UoR naF oip EFeran v o eeb el MR Ed i and
sto Il nob€ pnef enahlyskesspbban 88 Breat8r €atal/ystizaceor dickgbto one of
clainse 1 to 16, characterised in that the shell of the catal%st has a

t hi cknes¥eéEl bet REBRSIODLENGT 2606 pi2pY 6£8RabILY BEFWEEN S50 End™PEE0 pm

mor e 10pgeberabhyybatueen, 300.a0d,1500:Bm@ad oveR aREe RLeherably between

400 and 1200 p. al yst according to one of the preceding clains,
char act epkrsédrianlyhgtethercoheereqoilPdoi BOBheycaedlohst is$il83 0oB8eto 2. 5%

by wei ght referably 0,7 t0.2.3%0b ight.,and nore preferably 0.8 to 2%
by wei gneePRFaPTJe ST aaERE SORBIEUR Lt P CRFarYs b SRR B2dbd wit h
napl e nepakferably greater than/equal to 95% by weight, relative to

the weight of the catalyst suppcrt.

8. Catalyst according to one of the preceding claims,
characterised in that the catalyst support has an integral
20 pore volume according to BJH of between 0.25 and 0.7 ml/g,
preferably between 0.3 and 0.6 ml/g and more preferably from
0.35 to 0.5 ml/g.

9. Catalyst according to one of the preceding claims,
25 characterised in that at least 80% of the integral pore
volume of the catalyst suppecrt is formed of mesopores and
macropores, preferably at least 85% and meore preferably at

least 90%.

30 10. Catalyst according to one of the preceding c¢laims,
characterised in that the catalyst support has a bulk
density of more than 0.3 g/ml, preferably more than
0.35 g/ml and particularly preferably a bulk density of
between 0.35 and 0.6 g/ml.
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20. Catal yst according to one of the preceding clains, 20characterised in
that the Au/Pd atomc ratio of the-catalyst is between 0 and 1.2,
preferably between 0.1 and 1, nore preferably betmeen 0.3 and 0.9 and

articul arl r ef er abl et ween 0. do t according to
gne B%uthe %Fg%%ﬁFnﬁc%gﬁghﬁg Eﬂa?%%t%? 135 PﬁeFﬁ fnghg ﬁb%%e net al o

concentratipn-of-1he catal st BREOSBeaN-3feacotc90%notithe shethe
t hi ckness, with the area being spaced apart fromthe outer and inner shel

limt bysvmp@:a*chh@as@n 596@f adretayHel 9T i clars’s, 0o ferse BTt om t he

oV 202 SoPLEPLAL PSR LBhCR, oLoLihe BRaTeBonb TESL Ll FOly,

44 - 22. 9§Bt@|9§t5aCBprﬂ@ﬂghto one of the preceding clains, characterised
in that the catalyst has a chloride content of |ess than 250 ppm
preferably | ess than 150 ppm 23. Catal yst according to one of the

br ecedh ng 62l b chacackenksed bict bt tbeoeabalysh eombrbses an al kal

net al acet at e refera tassi um acet at e tal yst according to
claln123¢hahama£r3$e@edn|hhahathehehQGCOﬂ@émcabé abnéﬁﬂnﬁétah jBetate in

t he catm is 0.1 to f er abl 5 nmol/ 1. 25.
Cat al yst® %B%?Elﬁ%n?%l%ﬁez%FscFé?ﬁsig % %lgh% afacterised in that
tie al kapieretabl Pdo at ofb c3tablowbsghbbehuennrd pmdfézabmyebesabby bet ween
2 and 10 and nore preferably between 4 and 9. 26. Method for the
product i bn0sfbd ¥aedhtecatal yst, in particular a shell catalyst according
to one of the 20preceding clains, conprising the steps: a) providing a
porous catal yst support on the basis of a natural sheet silicate, in
partiBH[arC@ﬂal@etbasterdingntacbdetDéatéd pakcedédgbentoniste, said
CatalyStc har 8£érlseglng Eﬁgkggﬁg ggtalSh%pggpggg¥’i%h%&gbgdtg% catal yst
15 sphere, cylinder, perforated cylinder, triple lobe, ring,

star or as strand, preferably as ribbed strand or star

strand, preferably as sphere.

14. Catalyst according to one of the preceding claims,
20 characterised in that the catalyst support is shaped as
sphere having a diameter of more than 2 mm, preferably
having a diaméter of more than 3 mm and more prefcrably

having a diameter of more than 4 mm.

25 15. Catalyst according to one of the preceding claims,
characterised in that the catalyst support is doped with at
least one oxide of a metal selected from the group
consisting of Zr, Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe,
preferably with Zr0;, HfO:; or Fey0s.

30

16. Catalyst according to claim 15, characterised in that the
content of dopant oxide in the catalyst support is between
0.01 and 20% by weight, preferably 1.0 to 10% by weight and
more preferably 3 to 8% by weight.

35 "



support has a surface area of less than 130 n2/g; b) applying a solution
of a Pd precursor conpound to the catalyst support; 30 c) applying a
solution of an Au precursor conpound to the catal yst support; d)

converting of the Pd conponent of the Pd precursaor 35cgngound into the
metal £/ ¢ foOrhfLYSE48CCOBYLRENT Bl PRRgCENE RUPEGAHOREHAL Cof 'T'Re Au precur sor

compound;j at 9.t Be: gEhak i enEer fhe24n Mot Bedraecordhngstongkakm 26,
characterised in that the Pd 5and Au precursor conpounds are sel ected from

t he hal i gesckhespadti tukar chhhosDdegn, opirdésrabilyr akes, thehr RDESpm,
formates, propionates, oxal ates, acetates, hydroxi des, hydrogencarbonates,
am ne conprexeseberabganieseohphexés? fuyy éﬁaﬁpm@rﬁrPpﬁéﬁyﬁbgﬁséﬁﬁﬁe

conpl exes or acetyl acetonate 10conpl exes, of these netals. 28. Mthod
accor di ngRend bPe BE 2RE pEecbdPA§ScPAPABI2BRir d6F6r FE88 PA tHat the Pd
precursor conmpound is selected fromthe group consisting of Pd(NH3)4(OH) 2,
Pd( NH3) 4( 0Ac) 2, 15H2PdCl14, Pd( NH3) 4( HCO3) 2, Pd( NH3) 4(HPO4), Pd(NH3) 4012,
Pd(NHB} 4 oxatalestPdENOBY2ngPdONeBE4OHCOB)L2 imk2PdECOAGR2( CHp2acterised

29, "hot o Hchr iR R0 bnbTobhEnEobrYa Al e CRAF abtePFS8ASTh t hat

the Au p u r nd..| e t g p si,sti f KAuO02,
HAICLA, R REB) A7 RUBS, PREATCLE ¥ KAGC ORe) 3(ar) = Pl ioa) s, NaAdoz.

N 4AUO0Z, r RBAHOR: v CsAN2:n Nadu( ©AG) 3600) umRBAU( SHeh38brk, pEsAu@Be)30H,
25NVe4Au( OAc) 30H and Au(QAc)3. 30. Method according to one of the

pr ecedi ngetkaens¢00hanactetlspd.in that the Pd and Au precursor conpound
is applied to the catalyst support by inpregnating the catalyst
19. Catalyst according to one of the preceding claims,
characterised in that the content of Pd in the catalyst is
15 0.6 to 2.5% by weight, preferably 0.7 to 2.3% by weight and
more preferably 0.8 to 2% by weight, relative to the weight
of the catalyst support loaded with noble metal.

20. Catalyst according to one of the preceding claims,

20 characterised in that the Au/Pd atomic ratio of the catalyst
is between 0 and 1.2, preferably between 0.1 and 1, more
preferably between 0.3 and 0.9 and particularly preferably
between 0.4 and 0.8.

25 21. Catalyst according to one of the preceding claims,
characterised in that the noble metal concentration of the
catalyst across an area of 90% of the shell thickness, with
the areca being spaced apart from the outer and inner shell
limit by in each case 5% of the shell thickness, differs

30 from the average noble metal concentration of this area by
at most +/- 20%, preferably by at most +/~ 15% and more

preferably by at most +/- 10%.
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30support with the solution of the Pd precursor conpound and with the
solution of the Au precursor conpound,ar with a solution which contains
both the Pd precursor compound and the Au precursor conpound. - 46 - 31.
Met hod according to one of clains 26 to 29, characterised in that the
sol ut ¥en ofatkdYPE§ precurdssr conpendlafde waessiditicorrlefimshe Au precur sor

conpound _j L o:th t al yst It praying the sol utio onto
T Ui di S50 78558 0 °F1 i Bag of Fa oAy S s asane SRSy By
‘means oflear aemasalbOobphhe pselfetria®ny. 1e32. theihad cagear.di ng to one of the
preceding clains, characterised in that the catal yst support is heated

during 10the application of the solutions. 33. Method according to one of

the ppecedichgachaimccohanact e sed ir that B ki@l ution of a Pd
and/ or Au precuisor compound is provided; b) a second solution of a Pd
and/ or Aghprectiesosedofpothdti $her ovitdeéd s twrereim selse afi rdtkaddl oteiten

causes a_20preci pitation, of the_noble netal conponent(s) of the precursor
Compoundz ST CaF ot he  SLEoRH 0P TERGR, Bhd 64

ver sa, c) the first
and the second solutions are applied to the 25catal yst support. 34. Method
according to claim33, characterised in _that the precursor conpounds of
one séfuti BATAIESACPEFETARBI hEsE1GHM HE othér asbledtisen ale thadi &he30 35.

et hod_ag6atdhngok0a99g, of e PLeceding ¢l %ihgs’ca%l:‘ﬁ_%%t gl $ed Ly, that the
catal yst support, once the P and/ or “Al precur sor co oung(s) has (have)
been appPi@dmtod/l, preferably 0.3 tc 0.5 mol/l.

25. Catalyst according to one of claims 23 to 24,
characterised in that the alkali metal/Pd atomic ratio is
15 between 1 and 12, preferably between 2 and 10 and more
preferably between 4 and 9.

26. Method for the production of a shell catalyst, in
particular a shell catalyst according to one of the

20 preceding claims, comprising the steps:

a) providing a porcus catalyst support on the basis of a
natural sheet silicate, in particular on the basis of an
acid-treated calcined bentonite, said catalyst support

25 being designed as a shaped body, wherein the catalyst

support has a surface area of less than 130 m®/g;

b) applyving a solution of a Pd precurscr compound to the
catalyst support:;
30
¢} applying a solution of an Au precursor compound te the

catalyst support;

d) converting of the Pd component of the Pd precursor

35 compound into the metallic form;



the catal yst support, is subjected to a fixing step. - 47 - 36. Method
for the production of a shell catalygd, in particular a shell catalyst
according to one of the preceding clains, conprising the steps: 5a)

provi ding a pul verul ent porous support naterlal on the basis of a natural
sheet sificaeeyerhipartheuhar compphenbasitstof &R REFEUEPeAt €6T@&NeFned

bentonite, ghggetﬁetggtgfgggrkogﬁter|aI is loaded with a Pd precursor
an

conmpound an recursor conpound or with Pd and Au particles 10and
having a surface area of less than 130 n2/g; b) applying the | oaded

support materjial to a support structure in the formof a shell; 150
cal ci i ng Mﬁéhpaaaé80§absarFosﬁﬁa&@u?éfophéﬁéﬁtSflsaﬁ dpt ToRAl e

cenvertingsthg E@eéﬁgsgbecéﬂ gaﬂe%ns@E ab1bRe-Rdrand AH-PLEGYESAT ggwnound
into the netallic form ? of a catalyst according to one of the

precedlngactacntaascahooxddatloﬁldasalystraagsa nitrites, formates,

hyd / dehyd S hvd _
e R I T N

hydrodenhyﬁr&g@ﬁ&agnoﬁat@hysbm@hea&oapqakabyak brgbhecsystbesikesof al kenyl
25al kanoates, in Eartlcular in the synthesis of vinyl acetate nononer, in
parti cul BPTi AXEHE.gabT PRASEYRPEEPPéACOFOBPRFEERe OandCaEELPECAONd TR0 Vi nyl

3eet ate gphgone ) 8¢ @Qsﬁ act ;The present invention relates to a shel
catalystg$ ? %%Spro uétion o v?nyl acetate nononer (VAM, conprising a

por ous
28. Method according to one of the preceding claims,
characterised in that the Pd precursor compcound is selected
from the group consgsisting of Pd{NHs3)4(0OH),, Pd(NH;).{OAc),,
15 H,PdC1l,, Pd(NH3)4(HCO3),, Pd(NH;s),(HFC,), Pd(NH3).Cl;, Pd(NH3):
oxalete, Pd(NGs):, Pd{(NHj)4(NQ3)z, K;Pd(OCAc).(0OH),,
Pd (NH3) 2 (NO2) 2, K;Pd{NO2}4, NazPd(NC,)., Pd(0Ac}),, PdCl; and
Na,PdC1,.

20 29. Method according to one of the preceding claims,
characterised in that the Au precursor compound is selected
from the group consisting of KAuO;, HAuUCLs, KAu(NOGz}., AuCls,
NaAuCl,, KAu(OAc)z(CH), HAU(NO3}., Na’AuC,, NMe,sAuO,, RbAuO:,
CsAu0,, NaAu (OAc)a(0OH), RbAu{0OAc);0H, CsAu(0OAc)i0H,

25 NMe,Au {OAc) 30H and Au(OAC) 3

30. Method according to one of the preceding claims,
characterised in that the Pd and Au precursor compound 1s
applied to the catalyst suppcert by impregnating the catalyst

30 support with the sclution of the Pd precursor compound and
with the solution of the Au precursor compound or with a
solution which contains both the Pd precurscr compound and

the Au precursor compound.
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5 catal yst support based on a natural sheet-silicate, in particular based
on an acid-treated cal ci ned bentoni-tg -said catal yst support being | oaded
with Pd and Au and bei ng designed as a shaped body. In order to provi de a
shel | catal yst for the production of VAM which shell cataly IS

char adteri ¥g@hpg acToreendt F9ePPenPdh VANTSeFEcEPYFPY 8H8rép§8résﬁdgh

aCt'V'tylnlg%éﬁﬂfggpgéfgtigﬂto%h€h8a§@|ﬁ%%cﬁﬂ@@?rEoﬂﬁéuﬁdsﬁhﬁa%ﬁearea of

| ess t han
solution of the Au precursor compound is applied to the

catalyst support by spraying the solutions onto a fluidized
5 bed or fluid bed of the catalyst support, preferably by

‘means of an aerosol of the solutions.

32. Method according to one of the preceding claims,
characterised in that the catalyst support is heated during

10 the application of the solutions.

33. Method according to one of the preceding claims,

characterised in that

15 a) a first solution of a Pd and/cr Au precursor compound is

provided;

b) a second solution of a Pd and/or Au precursor compound is
provided, wherein the first solution causes a
20 ' precipitation of the noble metal component (s) of the
precursor compound (s) of the second solution, and vice

versday

¢) the first and the second solutions are applied to the

25 catalyst support.

34. Method according to claim 33, characterised in that the
precursor compounds of one solution are acidic and those of
the other sclution are basic.

30

35. Method according to one of the preceding claims,
characterised in that the catalyst suppcrt, once the Pd
and/or Au precursor compound(s) has (have) been applied to
the catalyst support, is subjected to a fixing step.
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37.

- 47 -

Method for the production of a shell catalyst, in

particular a shell catalyst according to one of the

preceding claims, ccmprising the steps:

a)

providing a pulverulent porous support material on the

pasis of a natural sheet silicate, in particular on the
basis of an acid-treated calcined bentonite, wherein the
support material is loaded with a Pd precursor compound
and an Au precursor compound or with Pd and Au particles

and having a surface area of less than 130 m*/g;

applying the loaded support material to a support

structure in the form of a shell;
calcining the loaded support structure of step b);

optionally, converting the Pd and the Au component of the

Pd and Au precursor compound into the metallic form.

Use of a catalyst according to one of the preceding claims

as an oxidation catalyst, as a hydrogenation/dehydrogenation

catalyst, as a catalyst in hydrogenating desulphurisation,

as a hydrodeoxygenation catalyst, as a hydrodenitrification

catalyst or as a catalyst in the synthesis of alkenyl

alkanoates, in particular in the synthesis of vinyl acetate

monomer, in particular in the gas phase oxidation of

ethylene and acetic acid to vinyl acetate monomer.



