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VAM shel | catal yst, nethod for producing the sanme and
usé thereof The present iFnvention relates to a shel
catalyst for the 5 production of vinyl acetate

0 r|S| ROr O cat Sst_.suppor t
RO, ol £ OB 0 B0 U G0 ALY bl R e
particular based on an ﬁﬁéﬁédfeated caIC|ned

bentonite, said catal yst support being | oaded with Pd
and Au and being designed as a shaped body. 10 VAN is

e e R

producan_@,n iaft eriralli & cdther ¢ mothaia on(VofM pp|cy&tn[5wisﬂog3tait1:&)rous
yvi nyl al cohol and pohérlnyl acetal and als

Catah@&p WAL s 351 Tl A5 Slsai o mlhlﬁfr?er in

partldﬁqewasseai% &h afé!trd—aé(laé'ﬁ%&i @attwn%t@ bW ite, said
chl oride, acrylate, naleinate, fumarate and vinyl

catalmsatursamor\mbalanarmm Vplrﬁhm?d land rAu endydssjphagtesigned

etjic acid and 20 ethylene by reaction wth
as 4 Sha%%%ﬁ%)ﬁ%ereln the catal ysts used for this synthesis

preferably contain Pd and Au as active netals and

al so an al kali netal conponent as pronpte
VAM 1spags aipeInF a5dt ASNAAY Puhelimst R loick ne atéze? ateithgpis of

plastltcht%oﬁ%t%lfssy%h%mnglﬁ rﬁseelcfsat@f }{f-ges’of_t %D@Catfé’e 1nhter

IS Pd and Au are 25 assuned to exist not 1nt
alia, fubempofoduettdlorpart irellesviofylt keatespactiodey/purel retathol
her_in.the orn1of Pd/Au allo part| es of
and poﬁé’éfslu Llya\(fgrtﬁlnga "Corfposi 15 6%913%1% C:*esence

terpol@eunalitoyed waaH icdirs calitele sm&redwutfoﬁseﬁmple,
alternative to Au, use may al so be nmade for exanple
ethylege, OF 16w B&IS® Hela het Satlic adta bl stal  IoBpotiehtand
resent, VAMis produced nmainly by neans of
vinyl ?%“géﬁ%éd shell catalysts, in which the catalytically
active netals of the catal yst do not conpletely
penetrate the ca ort 3 deS| ned as

st s
VAM lssﬁgﬁél&cﬁgd?rﬁata%@t% 0&“:?&%“6% acid and
ethyteheseyb&ea@tqu)tnewtegIcgtyg(eﬁheldr)eﬁglrt %@&!ﬂa@sts used

support shaped
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
assumed to exist not in the form of metal particles of Lhe
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

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

less broad outer region (shell} of the catalyst support shaped
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- 2 - body (cf. in this regard EP 565 952 Al, EP 634
214 A, EP 634 209 Al and EP 634 208 Al), whereas the
nore inward-1ying regions of the support are al nost

ree of nople netal . _ Usi l].c I S,. It _is
vody (8251 1P natyr chebe 157 The bbactiorss Fb phbueRl 634
209 AT Seb ectd vehy ADan whd he£at athy ShSrd Niph €8-1Hheng
supports are inpregnated with the active conponents

regiong ghff i ocsumeoBuppor taber et (fraorolightyle metal. Using

[ d"),. :The I tal ENt prior. .
she L1 L O e 1t ot o A ot IR e e b ool 48 tion
to praaidad ysdres UppDs ¢ Si babed o Sirl tic ofa oxi gdet s al g id ¢t the

oxi de, alum nosilicate, titaniumoxide or zirconjum
Suppo%%ﬁcﬁ¥?cﬁmp¥?93%ﬁ%@r%&ﬁﬂcﬁﬁﬁ>%%@lW@SC%WPOW??tS right into

the s 018533 Ay M. 2000/ OR80PS; AL + g€y WO 2005/ 061107
). However, catal yst supports based on titanium

oxi de or zirconium 15 oxide are hardly used at
resent, since these catalyst_ support re not durably.
The SHS LD GH G D r e Eet™ t " acHT iRE AeF P hnd’ GF e Fol BT ORryion
of VAMXRENIYefoMastamdld hea ol pdty sé Sppisets ataps@sentsf Dicon
. the production of VAN 20 are shell catal ysts .

Oox1de ¢yt P Au SHEMP Ohal poF bus, tandir pRBuexide or
zircorSRAPIdLale At nasi{ CalG SUPROEE H35EFl oM Pl Al

sheet-sheet-silicates, in particul ar based onh natura
1998 /A b3 rAelat et ¢l @i AEek bEhtAhi 4's Whi 200 2 @61 hoT oughl y

[ regnat e ith potassi acetate as pronpter. 25 .
Howeveg | F AL el TR ST SHE T & Usait Ty P otficsd 97 & 1heom um
oxide S@realdef ghedcalt rptesnd Ne WS he i dge cat @l ¥pdt supports

support is inpregnated with solutions of suitable

are nqpet@lrarlet wsHtle odoundssPeelr exanprel pyadi Py ake

.SiRRor . . 1 he solutions or by neans 30 of the
relatﬁ ncﬂgf%%%ﬂan%gSs nmet hod (pore filling nmethod), in

whi ch the support is |oaded with a volunme of sol ution
orrespondi@%ito its pore volune._The Pd/ Au shel| of

Most ofnd NealTAl RS sl BiGr> SXantPe HYF fTeaygtion of VAM

are sHJIPr egnating 4 hegatad Supppeit shaped,hodynd i@,
first step wwth an Na2PdCl4 solution and then, in a

amorphghlsse cEtb 15itaEy, alginndNaiOH sl it $epp e ot fhaeeheorPdiatural
sheet—%?fg%ocg—e tondhe o %:rt%géﬁé@b%l%@% AL ihe form_

or a ydar oxi de “corpound:. n a subsequent, separajte
treateldhidad Sitrepl ddie @aittad 3y séhistippord tisotdh@dhly impregnated

with potassium acetate as promoter.

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
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

second step, using NaCH sclution to fix the Pd component on the
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I mpregnated with an NaAuCl4 sol ution and thereafter

the Au conponent is |ikew se fixed by neans of NaCH.

After fixing the 5 noble netal conmponents in an outer

shell of the catal yst suppor the | oaded cat al yst
Catalié%‘bp%‘mp%tt%fént%s%%ﬂnu‘g’? # 7¢ ped ¥%¥Jg<éﬁfyc@ﬁlé%u%@ a
subse | de, ﬁ%%% dr i, ed-ang; ue hen

® %égégethyleneQ%t 150C:§Q§% P%/Au shg pro uc%@@ §dt ©
impregrsafadd ywhids an t¥ikhbs s afutdappr @ndrd:t@qealfﬁ@m dsOGu
ter the %IX n

comoofiit Ve Ufs Tt i TR ROk ol roa £ 08, giing che

noble Usdted1 yodmasiash w thy pot asstam acet ater vhereitalher
| oadi ng with potassium acetate does not take place

suppoly yehe trrdesht@rtahert FeRRIREC Wit htiob| apeedl snbid 1T 1s
large%ﬁ?f%%e éﬁﬁé¥g§%y§ﬁdsﬁ§p96% Stﬁ@ﬂpéflgéyan% finally

oroughly inpregnated with e’ pfonot er
reducarhtval tistesuplerd ,alusks0 5C pr BdenPdaht | yhebtepobdaced
spherical support bearing the reference "KA-160" from
usuallsum NG e oh FertPainakry tHeRated Dehtivhites
as the natural sheet-sheet-silicate, which has a BET
surface area of 20 approximately 160 nR2/g. The VAN
After seleciivind esr achievedobystde, stied | ceat ay yst sumonn loaded
u as active

fromt prior.art based. on
with trﬁ?é?%bhla%d“%@ 13 665 stpipott¥ i%a‘g%ga‘w*s]% %%%?Jc‘éma?‘éetatef

wherel@pptf}%' T8l e 991 4wl ﬂ&tz§s§§uzﬁt LVEr 10 thige @Dyt t&’]f;e place
et hyl ene supﬁ{led with the remaining 10 nol % of the

only Jreddtd omfmondittkl bebadesubstiantdlal ¢ ynGoRl s whinehrésher the

rmed b total oxidati an
cxtalydl R o T i h, eaet SRR s aarat iy ehe
promotier desd ratd ecd s Oy slers o 3ot | edsicei s her€@stsndOrly awade of
material | osses and to make it easier and therefore

a SPherae lox BRI e RGP rapar &S t Rt PEReET 0T beftict & SN, SUD-
Chemid g abi&gt of ﬁa{%ﬂfs&@idl@!@ﬁé@%é&é@ﬂ% 01 {Ke

prOV|de a 35 shell catalyst for the production of
naturaVANheshicthdest-si Ui cathardei e i sed dbyBE! relafavel yrea of

N_s e@t|V|ty and also a high activity.
appro%i@%h%ﬁ%} 49%hel | catalyst of the generic type,
thi s object |s achieved in that the catal yst support

has a surface area of |ess than 130 n2/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$
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
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

shell catalyst for the production of VAM, which is



Summary In a first aspect, there is provided a shel

catal yst for the production¢of vinyl acetate nononer,

conprising a porous catalyst support based on a

I t. si Ny, t I ;

chara g Hed 80« A e e L nEBhe VA, B SRR 8D B a1so a
high Supperittheing | oaded with Pd and Au and belng

desi gned as a shaped body, wherein the catal yst

support has a surface area of |less than 130 n2/g. In

egongd as th1 pLev d 0 r :

Starﬁngductlo% %?%1.3&%?51 %%Iégttﬂgng%g??ﬁguggﬁgé gﬂgFIObJECt
is ach&é&bﬁeunamMmﬂhﬁnptmatn&ysi stpppreckdbng shaifeee area of

conpri the steps: a) providing a porous catal yst
less §hgpo %1 {Be basis of a natural sheet silicate, in

particular on the basis of an acid-treated cal cined
summapent onite, said catal yst support being designed as a

shaped bod wherein the cataly r .
T a i fiacerarbn GPmeLs Pﬁ%‘ﬁd%?oa pa%a& °% g€ production of
mylsgégégtoe ms%}oﬁeﬁdcefn GYLS Ol Caorﬂzswsis t@awf@(e@t eh%gsrt based on

port; a solution of an ecurs

a nat@npbwmkdt)Si&ucata}ysh paporctylad) h&mm%nhnnguﬁC1d~treated
Pd_conponent of the Pd precursor conpound
CalC%fh%d HREAFPRE For P $ n@umﬁ%r%uggaﬂgoﬁeﬁeeef with

pd aﬁch]%q@uaﬂaeeaﬁggr deQRAw date éﬂep@et@bhyc f8ERein the

4da- In a th aspect, there is provided a nethod
cata¥yst t fleppootubiisor @Nﬁi@ﬁ%l@r%%tefyeesslhhparﬁﬁ@umafg

a shell catalyst according to one of the preceding

cl ai s, conprising the steps: a) providing a

pulverulent s _support. eLi | B
In a BEAePE) AEREEr %Flca%g pﬁﬁw1g§Pt%cﬁ%gﬁﬁaoggﬁﬂgﬁiggfgﬁ% on

of aaﬁuﬂdldﬂtakﬁseﬂ:uﬂbarnedNMHM(HNahElLWEHEaIW$heaccordlng to

ne SUPROI HBLE:A)y I 4 QRdedoyhbl; 2580 RIRCUSOLS:

© conpounag'Ig % an AU precursor conpound or wth Pd and
Qe ibiag! SopBREuI AL A St LBEBoE B OtnkoBR1AM0 s &
natural sheet silicate, in particular on the basis of an
acid-treated calcined bentonite, said catalyst support

being 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.



b) applying the | oaded support material to a support
structure in the formof a shell; c) calcining the

| oaded support structure of step b); d) optionally,
converting the Pd and the Au conponent of the Pd and
Au precursor conpound itfito the netallic form In a
fourth aspect, there is provided the use of a

1 o SOLEYSL accordi ng L0 one, of UG PEeed N0, AR 25

ot o Dygrogenat i on/ dehydogenati.n cAlY stac Ay A A YSg 1o

in rogenati ng desul phurisation,as a
one hfdriedemewgeniatd aim £aha| yebmp@ssng the steps:
hydrodenitrification catalyst or as a catalyst in the
synthesi s of al kenyl al kanoates, in particular in the
a) PEYTAERY s2 OPLYVRYMIESEL RO FHhOTHIE ST n FRr T it o6 i hhe
pddie; 03 Pase,pxhdablan ofs ldil &ne ANk ACRLILa AChH the
1% Vi hyl ~aceétate nonomer. e invention therefore
bael ates 40 acsheklrecatal ystlciomst ilsimigprai treat wlagrein the

sheet -sheet-silicate, in parti.cul to a catal yst
SURRfEF thahabealbody l@@ﬁi&?f g aﬁwa%dci%ﬁi%%%%% compound
ark@l S ned ;gf@&@?'sb% AR BB PUkEh sheldnaiEhparticles
contains Pd and Au in rnetallic foim the catal yst
arsiippoving hapedrifedye kadiangpi BER sdrdmce3Gred Gf | ess
than 130 n2/g. -4h- Shell catalysts conprising a
support with an outer shell into which the active
b} apPBFifs FRS Peaekuatedpre alsterefleried teuppothe
pricor art as "egg shell" shell catalysts. It has
stgurgprine ngh ytheeforsusd thathehk’ shel | cat al yst
according to the invention is characterised by a VAN
selectivity which is at |east 1 nol % higher that that
c) cdfcidengofkespondiedy statral st st knowre of hetepilor; art
for the production of VAM The increase in
selectivity can essentially be attributed to a
: - | P | I t g opthdakih ORoRboRERt | 6f the
@) R e N T o v The ot ot -
Pdacoat dingptectheocirnvempicomdasntd Het inetglihat fosmat
| east as high as that of the correspondi ng catal ysts
known in the prior art for the production of VAN
Furthernore, it has been fou that the _actiyvi of -
In 2 fpurcht aPRRTE adtsrdi hY E’bo‘flr%%i ﬁ%ﬁﬁ%ﬁ%ﬁﬁ%@ﬁﬂ
accoRlng der aid Yoii Rekepsededing nOLeASERYahhexti ALEKRESS a1 vst, as
. the Pd/ Au, shel | éﬁthout having tf accegt apgrecia e .
a hy 3Tt AP SBY BECOATAF  FhCE hd ¥t r e3poRdragalyst in

hydxgc%%%)é‘@%lggrE.@%lip@ldﬂesﬁi&ﬁ: Qgt | W?]‘%Bgéggﬁg?é%ﬁéﬁpy catalyst,

“thickness is associate a co
as aWMgEfécﬁiﬂmcaEanyher BRI 85 ge@@ttaq}gstts in the
tjv ] sSur e area, . .i.e. _5.despite’its
Syntpgfgf%égﬁyafggﬁ J}%%%éﬁ%ﬁﬁh%i %ﬂepéﬁgéFVigra&BoF@@néynthesiS
of wimyheadcevant imsndasrexeal bart imohaniGalcrst ahid idyase
. and exhiPits hi gh chem cal resistance against the

oxidalignt}r &tdypraftricirdt acheigs ediand calvsiaii gitetate monomer.

thermal resistance against the tenperatures used in

VAN synt hesi s. :
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 mz/g-



10 If the reaction conditions for industrial use of
the catal yst according to the invention are |eft
unchanged conpared to a correspondi ng shell catal yst
of the prior art, it is thus possible to produce nore
VAN per reactor volume and per unit 15 tinme, which
equates to an increase in-gapacity and al so
addi ti onal expenditure. Furthernore, it is easier to
work up the resulting crude vinyl acetate since the
VAN content in the product gas is higher, which | eads
Sheilt@a@&l?@@éQ%oﬁé\ﬂi@Qn%Waﬂ R PAN-WOF KchiPan hEabBl €hell into
wor k- up net hods are disclosed for exanple 20 in US
which 5t1066a865vA apdchEs28ass pEIgetalated amm 2heo ofkberred to in

hand, _the_V duct i ity of an installati
the DY RR0Ga by £  REOCRLAel SReht 1T 6 Che | nvent i on

is kept constant at the |evel of a correspondi ng 25
known shel| catalyst, then the reaction tenperature
It hagfHBRIIDWRFEY WRER GSURG (T tedthd yHie ReceihgSt o
inventio ' esul i ohy r
recorq iy o e CUARPRET LT Py (5 oan Be Shrained ol ahg
selecitit ¢ heh advans ageolsaeff dctmoIferdticmed @bovethdn of the
this case, the amount of Q02 which result

. S as_a
corre SRR 42 SOLkRA S WITER™ ST &t & HHEY 14 be Pented
produdtSidiOWef . vas i shthenkesssef entdaidiad eithylene essentiaily

associated wth this remval. Furthernmore, such a way
be attgfilpareyithg auredhetiaerhdd dhe wolasssprrhdigigpl oxidation
iLnstallation .|leads to N2xd d | fe of the
of aq%ﬁﬁ%ﬂ%&ﬁékhﬁFQ%f?gﬁan?enperaqhﬁggw'éb% - The
expression "based on a natural sheet-sheet-silicate"

I s understood- here to nean that the catal yst support ,
The cadpdivst oo dhpei BesthendtureatiHedtiasidetasiividal hat is
| ergl -tjjhe t eeheSReRlr kAl M P&/ sts &
at leaConfg%gg' |ﬁﬂ?Hgﬁ%§t§ ysteéuppg}tgg elther I n §ﬁ;s nown
in theuptrieat ed-torfom dhérpabddcfdrom Ofypiidhl Rumdtermirse,t dt has

whi ¢ nat yral _sheet-sheet-silicat be subj ected
been TG W el HeelrAGY aCLulEET TS IS AR THE figt the
invent@$ATRIS WLealdpa dvt-hP1 @Ch e rantel BAlGidtatd Phg Ithe
_ the context of the present invention, the term
thickneggt wfalthshsd/ Aheshesi} i vatdouts hey g dis tissiento

] si,l i cat e .mtef,,.a LQi i.ng lﬂfg )
apprecfEll S Lol Al " P i N & B enonine
catalystisuthuwival ihatles upiioofaakl, sin iicatresseariéy shell

crosslinked to one another in |ayers of genera

formula [ Si 205] 2-. These | ayers of tetrahedra

alternate with |ayers of so-called octahedra, in

whi ch a 15 cation, especially Al and My, is

surrounded by OH and/or O in the shape of an

octahedron. A distinction is nade for exanpl e between

two-1 ayer sheet-sheet-silicates and three-|ayer

sheet sheet-silicates. 20 Sheet-Sheet-silicates which

are preferred in the context of the present invention

are clay mnerals, in particular kaolinite,

beidellite, hectorite, saponite, nontronite, mca,

vermculite and snectites, with particular preference

being given to snectites and in particular to
nontnorillonite. Definitions in
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25 German of the term "sheet-silicates" can be found
for exanple in "Lehrbuch _der- anorgani schen Chem e",
Hol | emann W berg, de Gruyter, 102nd edition, 2007
. . (I'SBN 978-3-11-017770-1) or in "Ronpp Lexikon
thickiegdi 82 29K Fehd i HHth @o@@nwwﬁbrm@u%@ﬁw he
Selec’r\%ﬁ ;Sheet-silikat". One natural sheet-silicate
Ichiis 30 particularly preferred in the context of
the present invention is a bentonite. Bentonites are
not natg{gal sheei-silicat ,es%j'rn t he actual sense of
]aV

FUrt e or R S el Fhsteat o i ke el bi S wai Ay eFegr 1-e-
despitB nﬁi@'ﬁeﬁéﬂﬂ@éﬁh%ﬂ@%dﬁé lyoates, dhereforeysin

the case where the natural sheet-silicate here is a
accordigit o tigle 3mvantson dide encielbiwodnediatntdel natapal ity

t.-Si|d gate 1n. catal yst_support, i resent_in

anc a8 e NafP ol oS grel filiee L Pt 580 0tE 2na
produdtas tieere fuoed dribditaldie g | efethel suwd BeeamELaa®iinst

the 5 catal yst support, the higher the VAM
the teMTATIATS BToT hid: c4ihl S EhRToiding to t he

invention. Furthernore, the smaller the surface area

of the catal yst support, the nore the thickness of
If the medrd/ian sheldittambe seloviwmktimbeigr eaf erthe catalyst

it haqut .any .appreci able | osses of .VAM sel ecti'vit
accordfuditty TR RMETATY 4% oridd prat AT S LrboRaERt o @
correddt diatnl radl Jaceordi g tor tihes igivieddt i o6, the surfaee

..area of the catalyst support has a size of |ess than

possibilgs Gip My OqNCE SR VAN SR HRR A iy gimeored per unit
time, RAEIEN abladeSs 4 han 100 i BV ! erably
e | ess t%g}n 80 n2/g andl par%%%l%?l%bpér%a g%% %jg%c,
addititdnend @xpe@/dg.tune 15 thehaommext iof theqresentc work up

i nvention, the term"surfgce area" qof the catalyst .
the resifforts 148 Aitdar Stood 10 it LHE B Sttt 40 i da Gt the
produdthsURROM gheH CRyHisHleteldd ned Ry dHdrPgehving during

adsorption according to DIN 66132. 20 According to
VAM wogikotter SyridRdriceda mathasts e et yestat cordiapmple
in us B0 cldse 3'6%V%”%Jn%f"q$ b Jmay ke provided that the

catal yst “support has "a surfacé area of between 130

and 40 n2/g, preferably between 128 and 50 nR/g, nore

pr ef er abl etween 126 _and 50 nR/g, even nore
-t O%@%Pﬁ&% Meﬁhﬁ§%@r§@%3ﬁn SBERAGHIY oy 1
instalPeefiehablydhet wvaem 12Q and D0, 3R/0 AN iMetts the
preferably between 100 and 60 n2/g. A catalyst

inventggppast kepsi gragtasta ashaped Ilsowyl afd sbasedwponding

r.al t-silicates, in _particular based on an
nown 3RL41PLRHE o Cufl Bl BeAde PR A et e

loweredatvakystsiuppeht kasad ysur ace ralieq ofo ess thamtkd, as
preferably a surface area of between 130 and 40

n2/ g, ,

& resugp i Hay CPeplodubed flocréeatlie By thodlddig wty can be
obtainBBULALAG Ok XhULECORLAINRNG AR adid-treated : o4 above.
(uncal cined) bentonite as sheet-silicate and water,

In thipyc3dbecofpressbont ©d oemvhishapedubbdyaaskngy-product
and whggﬁl%ﬁérg%gkglggst%o be removed is lower, as 1is 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.
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- the person skilled in the art, such as extruders or
tabl et presses for exanples -and then the uncured
shaped body is calcined to forma stabl e shaped body.
Here, the S|ze of the eC|f|c surface area, of the,

The expRefisian s Lirp s ShEticirestonttherte” is
underAUld e ﬂ&%éér@%h?@nﬁ@'é&w‘c 4 @ﬁ&dskflaped body

treatment nethod for the bentonite use
comprle-)easrrm elatﬂmecatlyp@'lwmﬂylm@t@x iweeteln hehe natural

nt qQni t.e) conc rati.on. of ,the '.inorganjc_ acid
sheetJHRFL e A (TRACTEr LI HE At | rber e f b1 £ hetbport
eithe€OMPrAsSirA daice @andimlso tde-cal ednal i Dfpldel iteeatments
and tenperature and the caIC|nat|on at nosphere. A

to whigj tsablad WWatlal A e STpRR T hialvd FR- @ By fag eS@hdecstd prior
d
to bef}ﬁgo nagaqtsﬁ&yoﬁlﬂ%A%%gmééelsﬂdﬁ B%:ﬁ% C@g}_:n @x%@i@ er

treated bentonites can
treatnebtaiviad: by itdeatnddeiberd onitaesi &b, wit htise romgt et dsf the

h | phur.i id,. "
presery iRt oy di T s e d el i i e 1S
underdth®d &fdNndanton £ et e al $0 @%&@iﬁﬁkiﬁgtfﬁbm natural

context of the present invention is given in_ Ronpp,
sourcesedikor ICheri @ A0 tedirahenir aGe oy Crhifam érd @gﬁructural

pasic %%ﬂttto%é =1 V"‘chfhc.az{@e aréf&“%%é%l%@k&ﬁ 9&?%&9 A4S in

ext esen invention are natu
layersaldﬂng’edriﬁba:}orﬁcamm]&g shieel, : §i.1 iltatses lwhieats ednttaitrahedra
nmontnorillonite (as SnECtIHﬁi as_the main mnera

alterngte it Hoiar S rdatierita L 1He Herlorite | 57 uikrt 2
catlonwa%%%dmammleramﬂrmged Ands gF oMnehd @ 1By POMERd /@D o in

he acidity of the catalyst support nay
the sk@@mmfa@eomtyaheﬁﬂmno% dhet ot vin yl vfmade tar dyzple

rdH g to the |nvent|on n_the gas-phase sy ntheS|s B
bEtweenfcc\‘?’ Pom aceeieJC %k%:(?e ance e(féht e%ae dA@%‘%‘?% gy? et
sheet-anqtiker-gy.ef erred enbodi nent of the 30 catal yst

according to the invention, the catal yst support has

an acidity of between 1 and 150 eqg/g, preferably
SheetJa%Ed vg%e%ﬁim&%m G & AL ef &g apl ytp@ta&%@e};lé) FE the

100 nmeg/ g an articu rIy preferably between
presen&ndn@@nnéqﬁganTheihn;dnlqexﬁlihel@a@@i@s¢uS@ppb&¢llﬂute,
beidel %&%ﬁmﬂg% J??géfﬁkgégéf%%i noékron{te, mica, vermiculite
and smectites, with particular preference being given - -tc
smectites and in particular to montmorillonite. Definitions in
German of the term “sgheet-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
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,

it is to be understocd that the natural sheet-silicate in the
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-9 finely ground catal yst support is mxed with 100

m of water (with a pH bLank val ue) and extracted for

15 mnutes with stirring. Titration is then carried

out using 0.01 n NaCH solution at least until pH 7.0
catalysd sHPANEd, I SWMRIPIHE ti1 ridts ot Bt taki $y $F aeecgitituent

£ 5% lok tx;pe0|f|cally firstly 1 m of the NaCH
or @ u?ﬁbn i s added dropMAse to the extract (1

drop/second) then there is a wait of 2 mnutes, the

pHis r n a other s added
Tt hashBe: FEg e I e e S S e h the
cataly{é%e@dpfpdi% erﬁné]e@ll the agiMidon €l ol @ i On dise 10

corrected accordlng y. The titration curve (m_ 0.01
catalméo&élcwaﬁdmg 9 the tiierergliom edandh e mec fRoi thofsnaller

the su&rft eclcr_’t thehecéﬂaa?slva <£Sf/te aghepl_ljmﬁé Sth

tern1ne e nolar € are calculated in

thickntss10-6 terqa! eofasuppard | caaresad ts;mlgedtr@inttdwmd\la@-daatez,
consunption for the point of |ntersect|on at
withoufoeRly FARFIIGHE 0L CEF 10 &3}

Accordihih teafd 4 &l ,w %&%&Lﬁéﬁ@'@ﬁ ﬂﬂelm éeﬁ!d%t 'éccordlng
may be provided according to another preferred

to theem@lnrmmn,oﬁhdneswaiaatwﬁr@:m dﬂrfg carahest nveridon has
t he ta support _h S a aver age  pare 2
a Slze less %?1 2%} BFS era i&s%ot n- 120 g,/g,

dlaneter nm-an
more prr@rf@r@mfyerwysy tlb:laﬂ a B0 =g, Zéthenmba@t%tferably less
according to the invention is usually produced by

than 8§um 68t PRE BAFREGELAGAYePrEf ecakaly € Ssuppert 6sh In

th m@' 8S J10 & ATBLNAG, - A | érheefrﬁ‘d*éﬂﬁf%ﬁl ”
=9 t hod stepéagglmhf%h t sﬁ%ped odi es are subjé%t%ﬁfa

of thet @artellaits‘a/eitl;ppmrgh erch“a:mrcﬂ:locsnl) Hoadsarappia &8ET ogurface
¢ -
area o P RIS he Ce | Y R T T e 1T AT et Lon

accordiRyy Be s$ubj extiexd to considerabl e mechanical stress
during the filling of a reactor, which may lead to

t he undeS|rabIe creation of dust and to damage to the

Accordid a%%ﬁ%ﬁ%ﬁ réf% #“H#Béé&ﬁg g(%ftfhe C%Falyst

catal yti cal active s ocated 1n an
according to the 1nventlon, 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,
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
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

compression, to form a shaped body using devices familiar to
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“bentonite” whi

outer region. Particularly with the aimof keeping

t he abrasion of the catalyst according to the

invention within reasonable limts, the catal yst has

a hardness of greater than/equal to 20 N, preferably
the pefrsdt et e edualine e P5 NUGRras mefeidnry o graakel

3 I t .
pressd ] E MBS0 N Ul LR PR BEN Sy s
calcired dd etormaradnessiestieapd8Mibsam thereondanys Xe of the

. Schl euni ger Pharmatron AG as an average over 99 shell
SPec i A YT AR EE dryi TP (T Sl (PR 1 SRPTEE 2 h,

particdidy (he dayvige salfidgscihel nghws JOQd O used, the acid
Har dness: Di stance fromthe shaped body:5.00 nm Ti e
treatmigltaped 8@ fasTyipe wintaividica1sed Speed: DeBeEramisle the

hardness of the catalyst qr_ catalyst support can .
type %12{3 iqnuf%\rﬁcelné/ed(o eolrahce&vaerrp e %i/e \%a?@rionngl%ee)r taari]&ri rcciitkation
of thepdrareiLeris ofcitdie:20d nethhwdidiof dtsapratuctimn, adfor

exanpl e through the choice of sheet-silicate, the
temperafudiShatiiéh IR SHIY Gt TN T %l r?a]tﬁicbrﬁt%rﬁfé]r‘?altrtﬁfelon

time QHH'5@%ﬁ§ﬂé&ﬁ§a%ﬁﬂPQQMPQ%ﬂéfHJ%¥E{réﬂﬁé%éﬁ# Abl£ syitaple

support m xture, or by neans of certain additives
catalysuc sugpardt A wigld W oser rcarsgnss | uim atearsate folry

-exampl e, .25, The.catal yst cording.to the inyenti,on
100 m ggnﬁ i§8§%abgagglgy§$e§6§‘y% est'giéd t&‘? gagﬁap@ &)ody
and based on a natural sheet-silicate, in particular
based on an acid-treated cal cined bentonite. In the

Actd-tegrrést Do e PresEt hnvEritaoind the Brakiredsgpnites
R R ST it &R R Be rerer e e o
hydrootdntrent agfi chdiour adxasiyelet - i |Gecatas; defjparticulal the term
acidutr aEﬁFa %éﬂgg%ﬁie% in the context of the present
invention is given in Rémpp, Lexikon Chemie, 10th edition,
Georg Thieme Verlag. Bentonites which are particularly
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.

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

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
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bentonite, in the catal yst support is greater

t han/ equal to 50% by wei ght,_ preferably greater

t han/ equal to 60% by wei ght, nore preferably greater

_ t han/ equal to 70% by wei ght, even nore preferably
finelyrgneerdt Gaha byahl SEBP8O% by Wekght wishi 1POnplecs water
1 prefer n/ I 0% wei ght _and

e B o] e B e FRERr ot dar O o SsHh By v, Bhe"
stirriefatTierdoidheivetpbh ohritbedcatal ysingupportn kkoH

has been found that the VAN selectivity of the . .
solutiQh 41§ steAD" atebidi Ag oVt hé PRUBHPEBN WepknlieoRithation

takind NbEgEAl i@?é@a%@!syngp&f:iﬂ]éaﬁﬂ/?l y$tssuppPort: Lt Lfe waom
preferred if the catalyst support has an integra
solut o el ¥ ch@ed adropding to BI& ekthatteéh Qrdp/aadofd¥, then

n referably between 0.3 d.0.6 m /g, and nore
therep%%?%rﬁ%?@ ?$0%1%?%%t?%’Og%engﬁg?skﬁ?%g'thge?n?%aFa?r 1 ml
of Na@udries lodaed uitoefiitbe satakySbnsuppert1hiskdelenai pedine

by neans of nitrogen adsorption in accordance wth
water (JReBHT I The 0Ffeke aFedloy taeceirhigstis

Correéﬂggxgéc€¥ﬁgﬂé§¥integral pore volume are determ ned
I n accordance" wth the BET and BJH net hod

respectively. The BET surface area is determned in
4 20 wt h T et hod accor di to DIN
mhe < QoA E B0 D L) S LA RRth BEEREF) 9 B Mot

and tHNGBir0GE 6ht 309 ddO38)or | Mmorderrioideterpinesthsy 7 s
surface area and integral pore volunme of the catalyst

determgififsbr tThs matal yadul TheeRanphec canl del apeduied for
1076 e, sl a opaLjc.nit n_porosi meter
I s R e e I
the pampeans ofinttd ode@in @dsor phi oh. and desor ption isotherm
is recorded. In order to deternm ne the surface area

and porosity of the catal yst support or catalyst

Total &GGQM:di ng tiw-thwe BE theeson) ﬁfes&%%@@é aarey/q
eval uated according to DIN 66131. "The pore volune is
determ ned fromthe neasurenent data using the BJH

- E..P., Barret . Joiner, P.P.. Halenda, J.
wich TR e LT e B T Lo o i oo
provideakes:cacedunt wf drmectelff aotsf ofre&@ptd & dnent of the

condensatjon. Pore volunes of certain pore size 35

catalysinges odde Ndettsr rﬁl'i“?e_dirb‘ﬂ/e@iﬁrﬁﬁ g3 tncrieetit 61 L Yoy eSupport
has anV@vdBSe poke giokiaided, 4 rom d he ‘%ﬁﬂl #ﬁ}éﬁé’ka%l)} he to

adsor ptiion i sothermaccording to BJ e integra
35 nn gore mpgleu e edecaridingl t d-d HE) BiH

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
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

particular to its catalytically active shell located in an
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met hod relates to pores having a dianmeter of 1.7 to
300 am 5 According to anabher preferred enbodi nent
of the catalyst according to the invention, it my be
provjded that the water absorbency of the catalyst

outer SiRfpT- i YOOI A5 B bt etlabl B0t ok TRREC the abrasion

of theatsulaled as-4hg hHct agee | Phyeh 9t duerf OnWek8Eonable
absor ptlon. The absorbency is determ ned by

limitsnprlegnatiagy S0 kpdOa ofatdecsuppbryrsanpt echbnhequal to
dei oni s water for 30 m,n, untjl re gas_bubbl e

20 N, Rt LR 1t e Sl kel Sarse R copHERr Ly

greatdecaetqnd the 35N eghnateds sappt et sbUabhedaveth a
cotton cloth to renove any adhering noisture fromthe

than/egipl -0 THe Bupper thaodeess wh e hd%\b@fémim%dt%iaﬂqeiﬂ ghelglet
hardné\lag\ekﬁg%%@i%? @p?%%ﬁgf %c?%rﬁﬁi\x‘ggl)!?f)e(dsj_@lzé%%gg Phéfﬂgtron

AG as abrsorbencye (HPe200 Acslortl ngat @l anot heftprefieyied the
enmbodi ..0f _the catalyst according to the .
catal  iodtit | o ¢ Eiiay? o pFLEbr Sed SV Hre | Sat 88T BF LR

followdt egral pore volune of the catal yst support
according to BJH is forned of nesopores and
macropores, preferably at | east 85% and nore
eferably at least 90% This gounteracts 25 any
Har#ﬁﬁéﬁéd activity of the catalygt according to the
i nvention brought about through diffusion [imtation,
Distpardd cddd [9hd shdeegasedof PdEAQOsSheal |s with
relatively large thicknesses. Here, the terns
. mcropores, nmesopores and macrgpares shoul d be
TimgiHferst'ood to nean pores whi ch®nh&fesa di aneter of
|l ess than 30 2 nm a dianmeter of 2 to 50 nmand a
Typdi AMBL &f.,Qfe more than 50 nm respectively. The
catal yst support of the catalyst according to the
i nvention may have a bul k density of nore than 0.3
Spegd:, preferably nore - 13 - ©haf 635 g/ and
particularly preferably a bulk density of between
0.35 and 0.6 g/m. In order to ensure sufficient
chem cal resistance of the 5 catalyst according to
The hdfhddwent i dheandurat sheglyst|ieabereoniai ped
! in the support has an Si 02 content of at |east 6596bg
influsggiashtfoprasfasmb Y atvaeastd s09% byl ey mahersopk Lhe
r r 51to 59 [ lativ
methoc?hﬁgraelﬁcggp%o;cﬂ{%%%rheefggie[/%%%{gjé\s '&tﬂ{ou(ﬁﬁ ALLVERLOce 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.

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
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
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10 In the gas-phase synthesis of VAMfrom acetic acid

and ethylene, a relativelyil ow Al 203 content in the

sheet-silicate rarely has a di sadvant ageous effect,

wher eas a marked reduction in hardness has to be
bentoppken imtehacevumtvat ARBRCAF 203 I5eebhf ehban/equal to 50%

T f di f i t
by welcgfg,le ﬁ%@fe%{# n%Pg%ﬁtgﬁgtﬂgs/sgﬁsﬂ @g‘gg@% gDt 0l b8 rore

accor I nventl on,
prefesdhieet -@idavat etlcaomf agnsl | ess7{hany 190846 by wee ght: nbre

Al 203, preferahl .1 to 3% by, weight, and nore
pretelgtld Bl & Mhdn Redus D, et oy Pt ai e Fhi] homore
prefem@Ohtg 0fatdie sheeteghdi cab eao20oJhee catal Y5t sypport

of the catalyst according to the invention is .
preferpsl Yrvthalsea Yhapeddbolyto The? cay avysghsuppetatimy to the
;o ri.nci take 1 he shape of any geonetric body to
welghm%hﬂrgecs%faaﬂa%t n%%? orrrjgt al shell can be appli ed.
However, it is 25 preferred if the catal yst support
i s shaped as a sphere, cylinder (includin

i th
It hag Qfifded VM s ) thpe¥ r%l?Je%ICEW]rEHe‘Pf(%ﬁ%V: CRFRYYSt

accordddd dounded and, f 86eS)epd hdP! 6n | ORE. i n CAPPLEE pore volume
tabl et”, quadruple |obe, ring, doughnut, Star,

of theagratwhleslt, supverise"Ittars wheeferoedasf atlbe randalyst
referably as a ri bbed strand or_star-sh
suppollf ANV Al Aee ohihe S RS R0 P Tana7 petwesn
0.25 drengt v and/ d higknessaiof v thecwasal yst swppors @f /§hend more
catal yst according to the invention is preferably 2
preferiply mRomdpehditiy bne the/ edhetey Bie t Heleeaet oPoBS
Lumd Y€ 4 ' tiis | !
Ve unlcatal;giwnﬁﬁﬁuﬁ$@§ﬁg£or%§i%és%%%%§ﬁ§§§§q% HE?%@gt%E
nitrogeat aldsstrsuigporin prefercddnye hastla dianeiiermefhodr eThe
than 2 referably a dianeter of nore than 3. mm
surfadg dhet: B o g et ST o ot € ¢ HB & K679
volumdMired det ahdeled Ol NEd@aseathe ACth ity BfTthes BIE method
catal yst according to the invention, it may be

respeqiisidlded thvattiThe waliat sy strsuppordcisrmbped Vit thcaprdance

: Lea i | C r .

th thRASETOne 19X f it
wich SRR RS AT RSt ol | g R Ghfpoc 1o
also phdliHhepr efrerdablam widhenZr (2c HHO2, 030 Fel2D238) 1 Mayobger to

referred if_the content of do aqf oxide in the

deter g@aﬁ%& %ﬂﬂﬁiﬁ% q%?%xﬂWQxﬂp?ﬁ%%? pore volume of the
catalyst support or catalyst, the sample can be measured for
example using a fully automatic nitrogen porcsimeter from the
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
data are evaluated according to DIN 66131. 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

ranges are determined by summing incremental pore volumes
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and 20% by wei ght, preferably 1.0 to 10% by wei ght

and nore preferably 3 to-8%-by weight, relative to

the wei ght of the catal yst support. The quantity of

. dopant oxi de depends 15 primarily on the type of

obtalwﬁaﬁﬁ%ﬁ% 6t it Uy O R S IP A skt 1T he

hj f P t j ;
2T L TTNTLY o T he s yer Secordi g 16 {hend o che 370
method medmttison.t Agearal e tion@rtdisrmgref ert ed. ‘erbodi Gemm.

of the 20 catal yst according to the invention,

therefore, the shell of the catalyst has a thickness

Accordind 688 dd@ha300 e el s yih@ss dham2Uhgmyst
nore preferably | ess than 150 gm even nore

accordimef drabite [{esentham 100 giaankk SRTPT1RA - hittefldranfger
absorﬂrcragxgc}utor?r{hgeo J?;qall}b:g%tgﬁsé‘é%‘ﬁésigzld he, shell canbep1y 50

| red opti usi'ng a m croscope.
to 70%5pecfddaldey ddhechregiromreasavnichwd hghinoble metwiser

are deposited appears bl ack, where the regions,
absorRiiGty aTE FHoE KO HobI & et 4T EN HppoarY WIS T no 10 9
of thdounpdat |dhgketwean ddesk £GLONSa €Nt AN 1@ D) Quintil no

metal's and the regions which are free of noble netals
nore dgass UsuElles VaraysHdrp s Sot csaawly. Vviks bicess falesr 1s

forenenti o bo ' t
chen, BLASTENIA DML L8 Shale) Loty stan s
cottor ke sheldo a@miespands ddhdhind hhekaesse of rem stied | sample.
nmeasured fromthe outer surface of the catalyst

The sUQRET tLoaRAE I iddht" ikt 95% deR h"éewi R gthe

absorrfieRasifted an.ding SUpportc115wdd - However, it has
al so been found that, in the catalyst according to

the invention, the Pd/Au shell (as a function of the
BET surface area of the,suppor{% can be formed with a

(end wegicat vidlly 1 e it ckiredst gf Wi hg ri%e %% hi gh

psor@eidVity of the catalyst, 5 without causing any
aosor appézc$éble reduction in the VAM sel ectivity of the

catal yst according to the invention. In this case,

t.he thick f_the nob tal shel | i
BOCOT AR PGB X a5 T IVER SETS GrBEor tTorats bt 1o

accordifgy BET tsu fiagerarsm ofi ¢ heagatal ysdssuppOric =t least 80%
According to another preferred 10 enbodi nent of the
of thecdtdlapsaladesiaditg wee thle o emtidhyst heurpert dFCeHelng

co nnESANS D ERR o2 i oftess ol etypn, 200, 5
least §5% and more preferably at least 90%. This counteracts
any reduced activity of the catalyst according to 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

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
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preferably between 300 and 1500 pm and even nore
preferably between 400 and;;1200 pm 15 1In order to
ensure a sufficient activity of the catal yst
according to the invention, the content of Pd in the
than @efal yé8liand. Barblioubss by mee§htabpresebabkydengity of
3% ght -a re preferably 0.8 to 2% by
betwe%%igh?? # @lvegg%ﬂ?he wei ght of 20 the catal yst
support Ioaded with noble netal. Furthernore, it may
$ preferred if the catalgst according to the
tn or %eﬁ?u%s%% P et bntiBri 22t ot 2B gE RN Hr e eF BBl y

catal sanééoﬁéﬂn@ngonPﬁg prelgrably §héon§9u95i sB@et-silicate

kewi se in order to ensure a sufficient activity and
ContaS@¢@clmvth@ ﬁmp@hetcb@alystsaﬁﬁcﬁqhquﬁ(pﬁrﬁi least 65% by
|nvent ratio cat al

t c is
wetant g e b LTV et tieh Y Sv5Palt 18R S5 S TR Ly
from @5 lt@ango 152 r@i&nf@f@fﬁ'@f abtyabetuween 80=0w3ighd Of S-pad

particularly preferably between 0.4 and 0.8. - 16 -
sheet i bb%etS- it may be preferred if the Au content of
t he catalyst according to the inventionis 1 to 20
g/l, preferably 1.5 to 15 g/1 and nore preferably 2
In the wdO-gfidse Ssymtoesles ¢DO %ﬁ&ufeom aaegbtyaondfmmﬂw
act|V|t of th aly accor venti
cthy G o A FHF T ekhebe” S Lo AT AL s Bl et RBCROBFGLLcate
rarel TEHAE £oNCOM VAt LfeShoUL Hryary @Héi’e£§|§tmé(§ké(d reduction
little across the shell thickness. In other words,

in hagdre sy dfad etfbfb‘f‘e He fribl &N et aFCRBRE oAt rat §onhbf0:t he
conteﬁﬁgzﬂ?ﬁ%réf% % @ﬂdfﬁfatgf g §£1£Q§ éﬁ@#élmen% of the

ckness e area beln aced apar
catalyoutt e&rcmncﬂlrrmetro stres | 11hvmt1@1y, [ ﬂhe%he@*%&E%&)tﬁet he
shell thickness ffers fron1the aver age nobl e neta

contaichnceint? dtith OfF thY s¥ar®a” by! at ‘st PFFIezgey 0.1 to 3%

by weﬂﬁﬁﬁ‘ﬂﬁﬂﬂﬂbfélﬁﬂef@%ﬁbf% 013% and. o®rgy prefghabl Ye byt ive
at nmost 15+/- '10%
to the weight of the sheet-silicate.

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
preferred if the catalyst support is shaped as az 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

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

tube in which the catalyst is to be used. If the catalyst
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Chl ori de poisons the catal yst according to the
invention and | eads to a_dgactivation thereof.
According to another preferred enbodi nent of the
catal yst according to the invention, 20 therefore,
Suppoft slghtpppee adnt erPhese} eslie t Hahe PBOt ppaprpreferabiyably
I 1 tio I te Lve
nes o EEECED I R ket of S8 P Qe ot more
than Zoweoratdgndce theefavenl ¥ on deynmeoatabh @br25th&a8s4 mm to
9 one al kali netal conpound as a further pronoter,
M- preferably a potassium sodium caesium or rubidium
compound, nore preferably a potassi um conpound.
Sui tabl e and particularly preferred potassium
In orcgmnpoundsciersedehporassy Ly actt the ®OAcl ypotassiuming to
. carhbonat e 1K2CO3,, pot assi format e KFA tassium 30 .
the PROOA oo Bomarel ESR AT ot asertm YAFbaT egrE Lo
doped and:ial S0 Bdd s Pabas sbri€ P ounalst i €b1 sOtwer trdmtehe
pot assi um acet at e KOAc under the respective reaction
group (Gt o T VAM st hesi S Thea pol asdd unkeonpoiimd Fe,
[ t e.catal yst t. el for.
o o on of CHhe ot eormoRanra e 45 he
conterfioraf tdveparet abssi e Bmdthe. cPoxby &if nguppoanot hevetween 0.01

referred . enmbodi ment. of the catalyst accordin 0
and 2Q R o DA oY T ot Bl ha G R | ST
prefertgtat®, tpref efpbly: pot assd wm aeetad exnd Nud st (@& he

in order to ensure a sufficient pronoter activity, it
catalyss e arfhe preteryied ¢F doraciorteide ofergnddi 5

: t.al t.e i e ySt. - nol/ 1,
rina R Ry 0896 0 Sy L RSt H 10" Snot her
preferred enbodi mrent of the catal yst according to the
inventign, the alkali netal/Pd atomc ratio is 10
I genSilger 'E dFLET prét orGT T vidert % Ak AlD hl, the
higherPaid auhardy preferaplyr bataeen 4 and Q.- Prefey abl Vone
_ the smaller the surface area of the catalyst support,
inventijgs .| dwrondhie @altaldnatdtal /fek g oM@ erktd@inads: Thie the

r.e went.i o | so relates to a first t hod f.aor
C:‘—jt‘—ilylt% ﬁe%g%oglf{:%ggﬁc OO][]C h} SHE T cathn yetS o § i ar ?%:eulsg}e]gheOf

the ca¥h@listCa{al ¥st HICOOIH NG 4 O dNe §MeNEd PNm CURIASINY v
the steps: a)providing a porous catal yst support

less thasedOon pa, nalddlpreferably 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
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
clearly visible. If the aforementioned 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.
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acid-treated cal cined bentgnite, said catalyst

support bei ng designed as a shaped body, the catal yst

support having a surface area of |ess than 130 n2/g; _
Howeverh)lapptyihgSa Refut Fennef thaPd preklie sertebipbupadcording

to thd OiANe, CALRl VS S#&Pzgﬁté;h& 1aP£’£y+ ”Entlﬁcé%}ft%fnggé ?ET
Au precursor conpound to the catalyst supporft; d
surfacorvesd iog the Hdpoonppnemt o fhendd piecuasoelatively
c ound into the netal]ic form . e
large 17y Thet A %bﬁ%o%‘éni‘ ot hééc%wp’f}éc%?fsBPe catalyst,
witho @O MRah M Ox bhe-RBLRl i Lafi@tMon-1A8che | Pam
principle, the and Au precursor conpound used may
selecherdry oPdie Pt zbnpoundcahilchg nekeshet iposstbbe. t én this
| eve. [ degree of, dispersion of.the netals. :
case, AR MR STt T R L 1 Tenaer G dage v e
approtionaesaly tiersadd Dy obréber el mdnde surd acke nBEAl surface
atons of all nmetal/alloy particles of a supported
area Quptldl® GRS refRRP Ve tACTPEI1RY af© nimderebfPagferred

embod ITRIA! &t iR ofathe ot allalh oy pas tigd es, i ggner gl

it 1s preferred if  the degree 0of dispersion
shell gof réspomisatvsta rledetfoed yadd gh tubekicad vl lbetween 200
since in this case the highest possible nunber 10 of
and 2Gt M sattoifs AP+ Y adcesst e et 0G Wat dlytE c
reacti.on. _In r r with a relatively hi
prefe i St ol T o000 bt i e Lo B SRt Y
betwedtBldd Ny, cat@ytig,activity thereof can be achieved
- weWith a ﬁgﬁa?%ve“§n1OM/quantity ef netal used.
According to another preferred enbodi nent of the
I atal yst 15 accordipg to the inventiég, t he degree of
T O Hits pét STTHI O & e Tl U Fs 1t BbokhT t eyl Bt
accordiiRf &ld athd fi i Pband- i RERCAH S £ CONPOMNGS: 3k £ralyst
. selected fromthe halides, in particular chlorides,
is 0.%yides 5% by weight, preferably 0.7 to 2.3% by welght and
mere preferably 0.8 to 2% by weight, relative to the weight of

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.

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
0.3 and 0.9 and particularly preferably between 0.4 and 0.8.
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20 nitrates, nitrites, formates, propionates,

oxal ates, acetates, hydroxisdes, hydrogencarbonat es,
am ne conpl exes or organi ¢ conpl exes, for exanple
tri phenyl phosphi ne_conpl exes or acetyl acetonate

MoreovSinplidx &gy ¢ e et @l st 25° Bxanptessof pf eflefreatalyst
accor :L%gorteé:l*trlﬁaorirﬁ%'fp@i%}gsi@rf vt ef '@Pi,u%fef@réﬁi%'s%fS to

According to a particularly preferred ‘enbodi men

15 g/1 evdretchod maccerdiingy tD thel® nwéhtion, the Pd
precursor conpound is selected fromthe group
consi sting of Pd(NH3)4(OH) 2, Pd(NH3)4(0Ac)2, H2PdC14,

In ord2d Nd3)AHFGR4)A, 1 B NHB) A{ HROA) , 2 SORH NS ACIRe catalyst
Pd(NH3) 4 -oxal ate, Pd oxal ate, Pd(NO3)4, Pd (NE13) 4
accorqiNgg)tke Pd e GAY It {@H)a P oNa 2P (OAEC e oHy T 2FhpdPd/Au

4. P OAC
shell {NI Sl R b e o a1
relatiateslyy Beitng possidd e tioe ustiee I xthui @sned s t Won ovt iner ewofds,

t he _af or ntioned salts, Instead of NH3 as |i gand,
the DIoBg W I TOR RS bt HCr B ol ha B ot el Lyt
acrosfSl 10and.c Begjdesr RHLOAG) 21 1 Usiei MBye 4 SO, Den NBide Ofca

~other carboxyl ates of palladium preferably the salts
being gcanntbEmATOxylian dditlsoead i@ 10nsr calidoh hilhs, by 1in

%A t he pi buf, » 5 .
cach e ST SISO DAL L UL ALE, SR g verase
noble meithad aeeeirdimg tan tdhe ithnvendteon, bpref enenscer ray20%,

al so be given to Pd nitrite precursor_conpounds.
prefermpidie ed PdH % rite PrecrSdioad Riotfotmtdsy are $ormost
+/- 1c@xanpl e those obtained by dissolving Pd(OAc)2 in an

- NaNQ®2 sol ution. Exanples of preferred Au precursor
conpounds are water-soluble Au salts. According to

.one particularly preferred enmbodi ment of 15 the .
Chlor il Kb SeCording' 1S HHe I RUCATTON! Chel AL prECUrsER 2n

leads GROWRG JtS S ieat ethd ¥ | ec @ o€ oNSi StbNgepfpreferred
KAuO2, HAuCl14, KAu(NO2)4, NaAu(N2)4, AuCl3, NaAuCl4,
embod iR A1 AR CADB(CH) , 2 FPRUTNCBY 45° Nelti 020V KVB4RR02,

e R OAE) SO Kb AL( OAC) 30F Kt 20 A GR) 7T 1 5

preferaddomesded Hamatl 3thepAau( OAc) 3 or the KAuO2 be freshly
prepared in each case by precipitating the

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

form the metals Pd and Au. According to another preferred
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, oxi de/ hydr oxi de out of an auric acid solution,
washi ng and isolating theprecipitate and taking up
the latter in acetic acid or KOH, respectively. 25
Sui t abl e solvents for the precursor conpounds are al

embodiMATE Ui VEtt 313 50T v Rt CH I €50 i i e heen, the

cataly?seé 9&51% HLEH S&%k&%é‘@gf @tac‘@é,u%_@e%@am C&mfassjuu:rn
after application to the catalyst support, can easily

acetatie rlenoveid agaiay therefdem by S0wryiagsuEkanptes pfomoter

socsv i S S SOINOE Tor Uie FELal, obplaLes 85 pnc o w1

metal GRIDQOH 16, atidssaddmpartigub ar asedi T el , Qbreferably
acetone, and for the netal chlorides are especially

0.3 tondt-€r mrl/did{ute hydrochloric acid. - 20 - If the
precursor conpounds are not sufficiently soluble in
acetic acid, water or dilute hydrochloric acid or

Accordiing wesartdigreofy raf drere $ odmiesd smarsty af sichdecarsety sis

an alternative or jn addition to the %{Prinentioned .
accoraggid dit N OHAE ¥ent §7S Guhfch Miy- B ef Srapty peratio i

betwedfENt igRed heng are-fihps e solvent s phicio argq i perti dnthriy
can be m xed wth acetic acid or water. As preferred.
prefersdliverdteswatcH ared sUi tRbteersb b, adut t$onl tor aeket i gurface
[ nment.i.on .may_be made et one, f e
azen Gt PTG e oL KGO0 e LSO Ear e
atomicexaiqle tetrahydrofuran or 10 di oxane, acetonitrile,
di met hyl f ormam de and sol vents based on hydrocarbons
such as benzene for exanple. As preferred sol vents or

The praddifd ‘&%ﬁzémﬂbi% a%leséuféﬁ@&@s as, an addit irﬁguﬁlaédm@&frme

menti on may be made of ketones, for exanp
producddetond, sorshallcohud sz 1¥or, ekanphet ethbrnol tioe shell

I sopropangl or_nmethoxyet hanol , al kaline. sol ution )
catalygie it S AU KGE of REGH Ot TR CAGI i SURRS
as acetic acid, formc acid, citric acid, tartaric
acid, malic acid, glyoxylic acid, glycolic acid,
a) poeal ik rgciad PPN @Rt it oxapReradrased aoit i @ petural

%%E%tQ%'ﬁqkﬂﬁfﬁcH%§é§¥£{&@§1£4M&égga éﬁcégﬂé%iﬁﬁkreikfd

compounds are use precur sor comnmpoun It nust
epduriedd hath tiohe tehl ard e cons] wrte sgohueed bairag designed
tol era

| e .
as a s%aped body, the catalyst support having a surface

area of less than 130 m?/g;

b) applving 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} converting the Pd component of the Pd precursor compound

into the metallic Lform;

e) converting the Au component of the Au precursor compound

into the metallic form.
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residual quantity before using the catal yst produced
by the 25 nethod accordi ngsto the invention, since
chloride is a catalyst poison. To this end, after the
Pd and Au coq&gnent of the Pd and Au precursor
In prigwoimd W Peend i XedPoCtheCtatANyREnG upped tmay be any
port. i t e -
o I S e PO e A c T R nin
degres mmedibdmetys Bdit erf t tiee I0efa ks ngHbdYe hydnexteden “degree of
: recipitation of the Pd and Au conponpent _using a
dlspe%%%ﬂli me® STIUWRTDLOOr LA t hieCre ch‘fi%% b€ tpgnber of
surfadObher Metal oeOPeNeNt sndai hg1 185 Pecti Ve bRt &/ Al bQ¥ported
However, according to one preferred enbodi nent of the
metal metholdy 95 meborditigt® othihet ¢ hwbnpimper chf orl denttab atoms

Pd an recursor - - 21.- compouhds. are_used.along .
of the\:/viril%at th/AaulZPcaye_I?artlcl?%.en%n en rae,r Jfo :i_(see%r%]fq%rreg if

=1
chl or ree so S tn or

the dehtoside Copend:iof theregbahysttasal ow asiposgihigh

and to avoid any tjnme-consum ng washing to renove
numerIgilory@eie 4 e %%s%?l¥h%a%$e%%?s%%g%%%ﬁoﬂﬁﬁ%l%%%dﬂumber

of metd P Pr&heral Yfﬁé@ié L£OrLespoLdi pgragetd £1ytic reaction.
hydroxi de, nitrite ‘or hydrogencarbonate conpounds,
n otlsimoeotdmser contantabtel vaby clat gt ydtgseppof tdwsparsion of
chl.oride only to very limted extent., The s
@ SUPRfEpost 110 arhofcﬁaeﬂb%t and AG° PR u?%%?i%%%o%%%%“o%y
theredhea-di0 KatadysdvsUppDrh 4 Nréhet{egiPnief @hauiey of metal
shel | of the catalyst supgort can be achi eved by
used. RFHOTELKhdvh PFertler merlehstandelodheen eelirsop catalyst
accor '%&tﬂ@%@%%ﬁéﬁ?dﬁﬁg 4 f@@n@f!@fspe?ﬁ[sgbﬁ%f‘gthe
the support into the precursor solutions or
palladinpr egnalt itng 3@% i n accordance with the incipient 15
wet ness nethod. A base, for exanple sodi um hydroxi de
sol uti on or potassium hydroxi de solution, is then
It ma@pR i@k tothe catalystd SHRROLL , pASc@r $ 88 Ubdm@bumits Chre
the noble netal conponents are precipitated out in
selectafe finmnidie Hyadrioe desivrpd el upporehlieriges gl @pides,
; si hl.e f e [ he or
nitrafle b e SIS o TR RO ER et nar e bRy FREEe
hydroxrdecyr sordeanpotndsonot ¢ he supportohhiksxeps est reafedic

Accordi ng to anot her preferred enpodi ment. of the
Compl%%‘é"csnootl%fgced‘ra&? tior LI RV PO B FYRHeERT or e

acetyl¥Hded & haindhe Pd 25- ande AU pLecus sor conmpound i s
applied to the catal yst support by inpregnating the

catal yst support with the solution of the Pd

precur sQr_.conpo and with the solution of the Au
Exan B IR o oo o seP IR ok o oh taedgiunte

Pd salbei.h Adwe R rpy ecurs gfa CoNPOLNL Ansré fer Abd pLicod BEnt of
the me%:ol'zré%o%ncdéor%%ng to the invention, the Pd precursor
compound is selected from tThe group consisting of Pd(NH;z).(CH)»,
Pd (NH3) 4 (OAC) 2, HpPdCl,, Pd(NH;3),(HCOj3),, Pd(NHj3)4(HPCs),

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

Pd (NEz) 4 (NO3) 2, KePd(OAc)(OH):z, NazPd(OAc),(O0OR)z, Pd(NHz),(NO2)z,
EoPd (NGCp)a, NaPd(NOz),, PA{OAcC)., KyPd(Cl,, (NH;).PdCl,, PdCi; and

Na,PdCls, it alsc being possible to use mixtures of twe or more

of the aforementioned salts. Instead of NH; as ligand,
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According to the prior art, the active netals Pd and
Au are applied starting friem chl ori de conpounds in
the region of a shell of the support to the latter by
means  of inpregnation, However, this technique has
ethylgRehbie | 95 FHARQLRERe rBgard-t9 B WHAR nin shetnd-

B . i S i qeg! !n§ -
ESldég §&gﬁ%? ”tﬁ?%}neésggg%f%% e cé?%ggponélng45$§ﬁ¥%ﬁ§ﬁs ot
palladatmel ystsfarsb by testsapps oxf natedyaADOxphi c asmchi d¢ having
ot foreseeable that thinper_shells may be obtai ned
3 £0 DuewEate O K pr CunatF R LFUF ShaPHOP oR AT Gher ity ate
salt. loadings within the desired shell by 5 neans of
I mpregnation can be achieved only to a very limted.
extent, since the Au precursor conpounds tend to
' e | into i n t
Accorcg%{éau&? JI{&{%éPtp%%rr cgo%%ggﬁlﬁeﬁ £P &ﬁ? Jﬁe\f\};h T

| yst suppor ape ch ' leads To

| accordel | so wht€ hi e stoien f egrofsréacdl iyagont &b nbanyiPRsh to Pd

.. .10 The active netals or the_precursor conpounds

NI HERFUTRRT SF P B Eppl %%fgﬁr?‘ﬁef"é Uppbftte flofecursor

compolSXEITRA £ Do TRANSHOf - SOn&ak | 88 Physk Cl &BLHO0S: nd Opd (0Rc) ,
this end, the support may according to the invention

in an giaier allythensprayed with the solution of the 15
precursor conpounds, with the catal yst support being
noved in a coating druminto which hot air is bl own,

Examplss tdmtpidessedveni itk €kt yo evaparaiess Howeverer-soluble
according to one particularly preferred enbodi nent of

Au Sa%ﬂ?i!ﬁ??ﬁﬁ@ﬂﬂﬂeﬁﬁxﬁ%ﬁrRﬁ%%F@%%a¥hwé®¥$%ﬁEr¢@ ¢gocdiment of
the md¥Hd %@ca 'tngﬁn?o &Fi%?{i%ﬁ? ﬁqepﬁﬁﬁg?‘fé&ﬁrsor
conmpound and the solution of the Au precursor
compowghpou e lare- appified tioe tdreocat abystssipport BHUO,,
sp i he utions onto.a flujdised ped, of the
HAUCl4Ca%§¥J§%2£Up_ Lfhg%%ﬁer§3?§3by§%%%$§“o#8%%jéeroso
xau (0rQfy Jt(oe) sokati (@as) . | m2tud e Middihdosedribrgh, t lvesrsitaped
bodi es preferably circulate on an elliptical or
Nahu (Qlgtloi (@8l - c BPgd OATg sgllveCanti(@ia) oPl hoWig e gpe@ll and
2Au (ondadi ve_i.n £ yidi.s ody
R 8 g B ek S o Bl oY o5 KAuO: be
freshloi mowdEtdean "in tdweclcatad oy Shy Spppoitisdhaped todi es in
. d /%Pe flﬁgg%sed bed nove in the vertjcal 30 plane on an
oxide/Qydngiic Bhur¥e M 1HEH AF TET nat i Wy Stz G and
isolathBid and ppdild At axd iy ddcihe ¢asendf1at@oi dalacetic
. circulation", the catal yst support shaped bodies in
acid om&dH,uinfissedtettibve in the vertical plane on an
elliptical course with an alternating size of the
mai n and auxiliary axes and in the horizontal plane
Suitakd% @ laregivCulcal tQouse it s ancahpeimad | Atk si Ze wire
th dius. On
solventgaggigéf%ent mixtures in which the selected precursor
compounds are scoluble and which, after application to the
catalyst support, can easily be removed again therefrom by
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.
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- 23 - average, the shaped bodies in the case of
"elliptical circulation"-move in the vertical plane
on an el liptical course, and, in the case of
"toroidal circulation", on a toropdal course,
TE PheeaisCihet T IR %o%fizet?%e?%ggl%?n@aﬁ’l%/Ojo%}eth%
acetiSWEAce Rt toF usi Wtd pebdihpbical svpitdeah: ££@8ss
section. As a result, the shell thickness can be
thereshporthihgr a%@hmre‘@s Ay opt i 1@@du8¢®rafex@rmp$let@pnemrae or
i ckness ver, .ver hin s
in acqif EENGRE Gle e aial St drral B0 S0 Pote bl e Ve

which They abovenesalpned r@ﬁ@@:@bm@@th@fet@ﬁe et hosl a@mém@gwhich
to the |nvent|on can_be carried out using a fluidised
are Hkﬁelbts%)“s‘t‘ F*%ﬁtriljcf’éﬁf%rwb?}éf%‘?%%%‘é ‘"f‘%l%ﬁ?/%nw‘%%e% As

prefeﬂéﬁgsf %%r?@sd »ﬁi/fék? fé‘ é’\@iwﬁé‘bié‘%@ &3 Qd&PEBF 01 &80icetic

air ayer. e one hand, 15 the catal yst
acid, sugpporen ghapdek bmﬂ@soﬁrleettm@ugmg/ e el byatdieone or
controlled lip laye nd at_the sane
‘5‘Ceteraociea‘iOene‘amoanﬂOll i %%g%% s O%se}éarP%ﬁ%‘Ee%¥a%r$%%furan o

dioxarddieys @ tenement ye drdﬁﬁe@yﬂt@rx@éz@ﬁ@é&a@cﬂ rsoFetth® based on
ot her hand, on account of the resulting orbital

hydroGrgiirsht S Wi tae ReTaRRE bodl eaXahpeh: i s br ought about
by 20 the controlled air slip layer, the catalyst
support shaped bodi es pass through the spraying

As prgffeoocess {appinicatdomnadadi tivee precieis orre onpouaddsy at an
an al nost, constant. rate. This r

|
2dditigh £ el TH Skt dE AP o SeEGE h Jiea]f%%‘”b%%[ﬁg%? example
acetoraped podies.s Thisr aé%@ﬁ@r@tﬁa%lt@ﬁ nabh eop@t sl or

25 concentration varies only very slightly across a
methoxve tatanaly aldiagel e e it 1dies shehdh tag ckaneseys | K@ or

b
a0k, S AT A e OB 2o A 2 8
citridistiar,t eth Soare-awe, frvectd ofnc it t‘g:aydsbtglucfre:_t@dd

concentration on the outside and a sonewhat | ower 30
91ycolggt ACichncetitridt it dn RAeH T Hei el daso@ibs d¢ior Lactic

acid dMﬂdalﬁ%Iégﬁgg)gdgﬂfégraf§giﬂg;y of the resultlng
catal yst across the thickness of the Pd/ Au shell is

ensur ed. Sui tabl e coating drunms and f1 ui di sed
Syst ens fo carry e§j35 out the nmethod acc rdlng

e Chltorltcﬁe CiOrI{H\Per]ﬁl on I n COF (ﬁﬁ]cperec%%sor %DinpOLb e? er recfnuSt

be enseirkedidRM sy Q:anmxms; ndhe Pré ofedidednth af eSS0 ehble
for exanple by the conpani es FblanCh Brucks GrbH

residuey fpiadtider mERNTe ERAEK CrfH (Hetisetis I U et manyyhe
me*ﬁ:lrlodS %Cd?ﬁl l(n%erﬂ'gincme 1@@&1\4% am %ﬂc@ 'isé('éccj,natalyst

GrbH (Bi nzen,
pOlSOD To thls 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
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

according to the invention, chloride-free Pd and Au precursor
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5 Germany), G S. Divisione Verniciatura (Gsteri a,
Italy), HOFERPharnma Maschizhen GrbH (Weil am Rhei n,
Germany), L. B. Bohle Maschinen + Verfahren GrbH

Enni nger | oh r many).,, Lodi ge. Maschi nenbau H
compo Rl A T ) WBrGAKSE (VT Cayel Her VT T etf? oFoer
to kedfd RGEOMKh1MedOrc Lo atd aihd Mt Oy st Aes USA) , adOpossible

eromati c- Fi el der AG (Bubendorf, Switzerland), CEA

and  topragicsh G e R (HRAPS 3 1R tedr MaRionyLoride. In

_ Cd A c 0 A ’
ehis GHS LI St tlar i P B P e
corredgenmaimy ,addmng: Phaydmdeche Puiittide ¢Munharasdmearbonate
I ndia) and I nnojet Technol ogies (Lorrach, 15 .
COMDP OV Sra i) CPar'td I%nﬁﬁl%“ffé?’g%c“eh sc"?ﬁ%]eﬁs‘i o> FPR BF st

chloriked gdem) ces J ramt heieompany:4noj et bearing the nane
Innojet(r) Aircoater and Innojet(r) Ventilus.

According to another preferred enbodi nent of the

The deg)Etslﬂ}&thoznPsoai gcared I(]§1C9 at.l'lod tﬁl%ehé]’_nﬁ:yg $(9]F]’ C(BIEIJISO“?I?@%L(%/%t the

ppor ed during the application o

catalysal Wimhsnt fiof wexampei by skans oftdeatledl protesise
air. The drying rate of the applied solutions of the
catalyigh|RHRAH e SHTREoMrbUndEarrde Het @ PHedSSi at o

instardd® degres of,.heating of; dhe catgl y%pfi”@@%% -heAt

rel’ativel'y 25 1ow tenperatures for exanple
impregirajding r dtve digpwigiatihel supowt sonthathe i precsusenbl e

: tity. | lied, relatively | hel | .
sorue AL BRRLSS, Felal gl atge Shellre sncioiens

wetnedd ndigdH eQUNSENe COMpPOUNEsNHIOUGhY i @bonyabyxide solution
presence of solvents. At relatively high tenperatures

or polisgysismarpidrodifte 3P iAoy rat ethet raPrtieR1 yO hilyh,

t y i f,ot r
cxtaly 3 By SBnractoith The Lhaped bod oe dry 65"
comporalntes ta damyedi aitrel yg tahdbitherref ore Sotmt o Hnhappbiedes oon

the catal yst support cannot penetrate deeply into the
the SURRAG T rerti elS TG « BperHeth 65, St niPef cyes L8 the
supportelatiMmely sl |alﬂm:ﬂn§5s$m@m5§ﬁ§ whéh eohbgbly the

nobl e nmetal |oading can be obtained. - 25 - In the
precungstthedsrfeyetd fed Ghe tHeepritortlans poe-tHeapedduct i on

of VAM shell catalysts based on Pd and Au, use is

usual |y made of commercially avail abl e sol utions of

Accordiliey pice Glifcife 1€ QPOLNCS: & utib @di MNa2PAEH 4 h darderGidd or
HAuC14 solutions. In nore. recent literature, ag
accordgiideddy di%s USSR 4ove; Use 1T At et naey pfed that the Pd

and AL desdr el g Al RIS SO+ £ 0ROUAgS, BUSH 8Spport 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.

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

minimum shell thicknesses and maximum Au loading. The smallest
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Pd( NH3) 4(OH) 2, Pd(NH3) 2( NO2) 2 and KAuO2 for exanple.
These precursor conpounds xeact basically in
sol uti on, whereas,the conventional chloride, nitrate

and acetate precursor conmpounds 10 all react

shell 4diidilet 3503 oot iR i Pt revPORAERI t bappl YA heatalysts are
: to.th | e i

R i e e

thinndda A3 sahay imnsobThesed ney ahesattoSolmprensaaien.

usual | 15 applied, to.the support at roomtenperature
Furthe i o s ) L oot atar e Fhgedontt fUREhel oSy
means ¥ Ol €500k 085 Al hyigkk oxilesvedhenl padeds sYpperiihsted

then usual ly washed with water until_ it is
extentoh|giti¢Re-Thediu Thes AU $OKRi PPPAURAS t teudaFohdsffuse from

: iI-sadvant-ages_such as | on ctli ti t he
ehe s A R o ot ST e edpp el e PEB8a poay,
which tUetadc il ©rol dorph exhel Neowpl €t ei pr ecmi tayi ons andrdbhe
associ ated |lack of Au retention. According to another
contaigy Guf (&Y enbodi ment of the nethod 25 according to
the invention, the nethod conprises the steps: a)
providing a first solution of a Pd and/or Au
The agiretursoralconpourts bH)eprovidi aguacsedandhsovtof i vayoflso
Pd, and/.qr Au_precursor_30co und, the first
be AP iih ChusTHPS pr ecT i TATIOR of ¥ (He Robl e Rergriled
physiccameneds,) of dies preeursos €oppoeundqsy 8fcth€ing to the
, second solution, and vice versa; c) applying the
lnvenWHQQnP%ﬁﬁFﬁqﬁiké%bﬁ%%ﬁﬁ%ﬁi%ﬁF@otF%es%g?é¥9%tOf the

SR U ogn?S, “wilithh Seeibodi fent ¢ of fret hod d i
precu accoré%ﬁﬁn¥g£$héﬂﬁg%ent$gn u%%g tmou%$§¥erent g moved in 4
coating ebumsdmtsolwitiang;ecofaivhi Th lbhewtcpontai nsat Fde solvent

quickly evaporates.

However, according to one particularly preferred embodiment of
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
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
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

on a circular course with an alternating size of the radius. On
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precursor conpound and the other contains an Au
precursor conpound. Preferably, usually one of the
solutions has a basic 5 pH and the other has an
acidic pH The solutions are usually applied to the

averaggat AnEstsISUBIboBET i FStIRE i GRtRdiat | gt el Subpor t
th t t t I
ctreulfiegbel{hald B PO TR, s D e e
coursejeserd,beich abioyve-dne nEtari‘StcnfozstalklatgrcuNmtmcurﬁé, sscoend
solution is plied, the two 10 solu i.on r

coroicddntsihdd on ‘“Ekﬁé:%d?ﬁﬁﬂ% t5al’ 4 (UERTS GO, O
hellcaqflg heysolitd ons-ehanges andthe Pdang Aéwgsw@pt

the respective precursor conpound on the support
verth@rlemqmafatwfdmn &) rﬂ)mewrngth% Hpply tloi¢kress can be

cnooSYPRSLAy SR EUL L s B EENECE KO 08 (e

of 2 nﬁfﬁt I}mﬁqeamo,r dingy tih trheshigventvorh i s tibrlefosre dasesss
I npregnating the catal yst support with the first

than %ﬁﬂlHW(ﬂ?%ﬁa%§Q%PQﬂﬁHQﬁeﬁm precursor compound and t he
20 second solution of a Pd and/or Au precursor
conpound, wth the two sol utions being inconpatible

The abwivtemeoriel ot erhodtent sof ct@@yneﬂrmdtarﬁecqswismg to the
sol ution causes;fng |tat10n of

H

no
Inventdsin St s)-or" ST ohboinbey o ften-

Partlcﬁﬁ%n%rséﬁéﬂérﬂfé angl g/ivi@n\f@isﬁ f 501 dhedd H)ékitshﬁstem in
contact zone of the 25 two solutions, both the

which dhesenpse dndted- el ed c%wpo?rﬂe%ﬁ (53Y%hd Phethe one hand,
t t
the caQI%ELT}/St S.Waneou% eﬂé Seh@f@&@pi}t,%fx@al by the

y and thus lead to an inti mat
contrdﬂﬂa&JamDusmpp[lagem} ﬁayicﬁirbmal$@m©etc®¢rremhtﬂﬂabOUt _

bet ween the two i eps. 30 Suitable .
their FHots ok o DI P probitsor RomETnELoRbf dried by
the prdBLgnatd ommdihe I@Q@ématame SOl koSt a6 SHOWeHYlting
way of exanple in Table 1. - 27 - Table 1: Precursor

orbitadompoipmENataf e-fof tlhpedlkpdns which is brought about by
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
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
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

out the method according to the invention in accordance with
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PdC12 aci dic Pd(NH3) 2(NO2) 2 basi ¢ Na2PdCl14 neutr al
Pd(NH3) 4(OH) 2 basic Pd(NO3x2- aci di c K2Pd( OAc) 2( OH) 2
basi ¢ by dissolving palladium acetate in KOH Shoul d

NH3 have an excessively reducing action with regard
prefefipd SRRGAHMATE AR FRIFITHNT | tfl'n? FEeH %%s@rbqi ealf% sold

I
For e corr esgj\/t ?ﬁe q{dowgg%o@gf exes Wi t &et hyl'e dAam ne’

Germaras) | iRRIWRK cﬁm}:é{ se{dzmmmatm,po@mrmse)t,I‘laﬂoécamhe((sermany)

DRIAM ﬁr@%ﬁ%ﬁf&%m bij%]ffl]f (%}Hi?l ut, on Jhatt AéjmbH (Binzen,

Germar ACONPA | hileflssolc_sﬁé ORSr 2 &1 SNOV ttysﬁ/@lyl@,f BXATP) £ HOFER-
Pharmazﬁﬁé%ﬁinézugéiH.{Weil am Rhein, Germanvy), L. B. Bohle
Maschinen + Verfahren GmbH (Enningerloh, Germany), Lddige
Maschinenbau GmbH (Paderborn, Germany), Manesty (Merseyside,
United Kingdom), Vector Corporation (Marion, IA, USA),
Reromatic-Fielder AG (Bubendorf, Switzerland), GEA Process
Engineering (Hampshire, United Kingdom), Fluid Air Inc.
(Aurcra, Illinois, USA), Heilnen Systems GmbH (Varel, Germany),
Huottlin GmbH (Steinen, Germany), Umang Pharmatech Pvt. Ltd.
(Marharashtre, India) and Innojet Technologies (L&rrach,
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
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
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
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

thicknesses with a high noble metal lcading can be obtained.
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15 Precursor conmpound Nature of the solution Au013

aci di ¢ KAuO2 basic by dissglving Au(OH)3 in KCH

NaAuCl4 neutral HAUCL4 acidic KAu(OAc)3(OH) basic by

di ssol ving Au(OAc)3 in KOH HAuU(NG3) 4 acidic(stable in
In thegdpgthods 2@escribed in the prior art for the production of
VAM shell catalysts based on Pd and Au, use is usually made of
commercially available solutions of the precursor compounds
such as Na;PdCl,, NaAuCl, or HAuCl, sclutions. In more recent
literature, as already discussed above, use is also made of
chloride-free Pd or Au precursor compounds such as
Pd(NH3)4(OH)2’ Pd (NHs) 2 (NO2} - and KAulC, for example. These
precursor compounds react basically in solution, whereas. the

conventional chloride, nitrate and acetate precursor compounds

all react acidically in solution.

In order to apply the precursor compounds to the catalyst
support, use is usually preferably made of agueocus Na,PdCl,; and
NeAuCls solutions. These metal salt solutions are usually
applied to the support at room temperature and then the metal
components are fixed with NaCH as inscluble 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
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

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
compound, the first soluticn causing a precipitaticn 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.
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concentrated HNOG3) Suitable conbinations of
i nconpati bl e solutions for:ebase-free precipitation of
the noble netal conponents are for exanple a
Pd012' sol uti on and a- KAuO2 sol ution; a Pd(NGO3)2
This epeAimEamt &5 KPSt CEP B NG Pel(N1S 13y on uses

Bo i R L0 Snsther pr el a1 o Sroat et or the s @ P

precummombmumcﬂierrgj ttohd hetheweand;mtnmn@obmam a;bjsmﬂmsor
ci pi with 10 conpat i I Pd sol utions, and
compofidy | Biq b Tk ot G 0 St L H L el HeaL T o o7 AP ic
pH and il i Onser Ffs exanpl eqby b i nEhO0s 1 G2 sobutioha11y
into contact with a Pd(N 4(()—|)2 solution or b

y
appligsn mrfgufrige are HALGTY %@mrbrby nf ot Toht attP 0k ¢ha al KAuDR2e

| u I t hi gh
Suppo%’o C ep05| g JTrnslii h\(/e\ajsl/ Iiﬂ%’ 1?‘lﬂou‘t Jhasl ﬁg&%ggﬁéeﬁ@ns’tep’

lmprejnaﬁﬂng(Xﬂﬂﬂﬂﬁﬁ%ﬂhﬁi§é&¢ﬁd0@@lu%&ﬁﬁﬂaﬁrmpicmEMQﬁh&bove by
enmbodi ment of the nmethod accordjng to the invention,

means \ofe $RAKHI%0 HEHEdE ot MR b ut PonsS viehiate the two

solutf&{g’aatfé?"t%é’ﬂ thpne, anathery and whi gh, f0r, thesnpbl er
nmetal 20 precipitation, can be brought into contact

which viilteh i sof thec)rswﬂmtzzlrpms ¢mcoppat dipl etk t B t dved nixed
a mxed solution,is

compori i q B R T B IS e R O LR g B et 4RO
precifioponens: ofw il canvbeg preciphiptes thé hs@ppdu®2an
solution, or a solution containing Pd(NH3)4(COH)2 and
auxil i WARE, tTHENGHT &lafdi T ciporent 55 gFUThHPRAT Eak bene
ipitated with a solution containing PdO12 and
prior gﬁﬁ%ﬂ Anot her exanple of a m xed solution is the
pai r HAuC1l4 and KAuO2. Inpregnation with the

conmpatible sqlutions is ref rabl carried, out
5310 PR OO dla T T et SR
thereMdd dhad r&@tﬁ}?@ﬂé&@@ﬂ@tw@scmﬁ@s@pg@/@@lr@nwuh the

si mul t aneously through one (dual substance nozzle) or
first morlaitdivdl HozZz | SNBroB| il PEReetsry ymeand airdt e

secondHELER Y B8 %, S 0052153 e SALEP! LALLLDY TREDS e
two sdlmmhidd satiiren i(fdotmg)iofe thetetad 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
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.

Drying may optionally be carried cut between the two

impregnation steps.

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

example in Table 1.
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15

conponents of the precursor conpounds in the shel

and the associ ated shortenred Pd and Au diffusion,

i mpregnation with the inconpatible solutions may | ead

to thinner shells than the 5 conventional use of

éonpatible sol utions. Using inconpatible solutions,

it is possible to achieve high noble netal contents

in thin shells, inproved tal retention, faster and

Precumserc@nppeuadprecrprtarlchQ#uxﬁeOﬁoﬁh% seletion g
doecrponacao + ho i ' Na roct dital ~~nt AN af t+hao
T UOoT TUoT 1TT11 CITCarosrru [ | V TNCL, CDI uual L:UIIL CIIL UI 11T

PAClaypport S|nultaneousP10 fliZ g of Pd and Au in just

pd (NODE, fNo¢hDg step, and al'so thes k1 mnation of the NaOH
costs and NaOH handling and prevention of nechani cal

NazP@@hkening of the support tjhreughakontact with excess

géiﬁ?ﬁgﬁs it is possible %@gfh%t a single fixing

pd (NBL EP, mhrch |ncludes only [theigapplication of two
inconpatible solutions, far larger noble netal
K:Pd (@Mt ent@)tzo be deposit ed oth%%CdQYaﬁy%$O%pp®®rt t han
i s possible by means of th I O
fixPng. 20 Inyparticular, 5%§ff%$ﬂ%“ﬁ%%%€93 e of
I nconpatible solutions, it Is easily possible to
achi eve high Au contents with an Au/Pd atomi ¢ ratio
ShouldofNHy, BaxRd 2RoPECERRIYR 1iVs AN Wesitias & ifilt fregard to

premat ggand, tQ 4 pareasi ng the é@@&éﬁéﬁ%l%g LY 2 ey 1nstead of

According to anot’her preferre ment o
the paﬂﬂﬁhbdmaemumm|ﬂngiaxﬁﬁarﬁmﬂn¢@mme$pomdummcﬁaaﬁmhe

hat t al yst ort on e the Pd d/ or. Au
cOmplepire?c H&E} %&Tﬁ}ﬁﬁd{]&%’ s ?%a ' bee ra%g Ted*to the
corres@tndliys! SURPMamirte sthiEcdedsto a fixing 30 step in

order to fix the noble netal conponent (s) of the

precursor compound(s) on the catal yst support The

Sultablkx5. Hﬁﬁf#ﬁﬁf% %ﬁ?ngepfééﬁgg§%n 5 déup&Prt

Table

Wit B an I'ne utron or an aci i ng on
impre@MmﬂﬂuH uﬂnhrnnﬂnmpﬂnlhmnnmmﬂmt1®nacar&csmmwmasycwaprof
cal.ci nation of the support in - 30 - order to

exampl@oﬁ@eﬁp'lﬁ%;%oble met al conponent(s) into a hydroxide
conmpound or an oxide. The fixing step may al so be
omtted and the noble netal conponents may be reduced

Table di:rectly, for exanple by treatnment with a reducing
gas phase, e.g. ethylene, etc. at

Precursor compound Nature of the solution

AuCl, acidic

KAu0, basic by dissolving Au{OH);3
in KOH

NaAuCl, neutral

HAuC1, acidic

KA1 (CAc) 3 {OH) basic by dissolving Au(QAC) ;s
in KOH

BAu {NO3) 4 acidic (stable in semi-




10

15

20

25

306

35

5 increased tenperatures of 2070 to 200C. By neans of
an internediate calcinatiaea step, the Pd and/or Au
precur sor conpounds can be converted into the oxides
and-thus fixed—ltis alsg possibletoproducea
sheet-si | i cat e- based suppqrtOAeeatardl M &)a ponder
and—to thoroughty Tnmpregnate the ratter w ththe
precursor conpounds of the active netals. The
Suitalpreetaedt ot tpowdere T amddrara theb appsd bdt ions heof oraseffree
. & "washcoat" to a suitable support structur for
Precirdfaithal 4 s gHET & Hadfe 1T 0M STRIRTIE o & R b0 erple

PACL, 86PROMLn RMef ar aphy,b¥cMeansnef zaraqablng s Hiwn and a
and then can be further processed by cal cination and

KAuO: peductioon ©o FEdMHst hORat fladdttion aact ardifvglly, sphation
or HAdcﬁyeg%h%Qi%%]ates to a second nethod for the
dduction of a shell catalyst, in particular a shel
catal yst 20 according to the invention, conprising

the steps: a rovidin | verul ent porous s rt
Accordrfﬁ}@éﬁ%@%%%%lp G ht gﬁ%}gﬂgw%‘m at’®? PRLROd
accordidd 1l @&le based,onban Bgi datreatedhcabcéhpditated with

bentonite, the support nmaterial being 25l caded with a

incompRd: igrler IR o¥0 loowpoum R sh 0S Jnl e by eRur s eonpbundrbEated

v, AL M DAL L% A8, Doy oM o 88 81oac.

solutisipporto radrerded wocia SupPonl;)3astinucsuretiontbe Horm
. of a shell; c) calcining the | oaded support structure,

brlng%rﬁ%t%@){ solution iRty Gyt yitdbivdrti%g Spﬁétlon'
R t tp.0f d u rs

T o o TRt a T T oran o4 PEIPLasHESRlin the

shell alittdranst iheeyirsaith mesdoui giayy absuchet cared edobut 1pys -
firstly applying the pul verul ent support nmateri al
(not | oaded with noble nmetal) to a support structure,

Accordidy o Yaddee apphyddnd e nobteemeéahsd Sccording to the

invention, use may also be made of mixed solutions which are

compatible with one another and which, for the noble metal
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
KAu0,, 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

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).
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Directly after loading with the precursor conpounds
or after fixing of the nohkle-netal conponents, the
support may be calcined in order to convert the noble

nmet al egonents into the corresgondlng oxi des. The

bue teaths n%% f PREPer hbFYt t AkeST 1B PP hcet at "¢ ehpeFht ur es
compoﬂéﬁ@stﬁﬁntﬂg e@@fééﬁué&ﬁ JuREST ehabhy belyeemdny the

00- 450C, under a supply of air. The calcination tine
assocmpemdeh@ntem@d cldl cimatAondi Bhper et ur emprdgnation with the

abl selected w thin the_range of 6 hou
incomg CLSIE NI GRE Slaburar S O orE BT F bt it By BG0
convertheseal cmgeatcbprbcﬁm;ﬁ@tiksléSs@I@t%ﬂ@l yudidg hw&empﬂlme
‘calcination tenmperature of 300C, the calcination tine
solutjangyr e]f‘erﬂa%l BORLRbe 6t PorebleThel bylacipht atrohet | xemEents
in thﬂ?ysk?éf i rr@gﬂ(ﬁ%&? rﬁ‘é@%i he. i opr egnat f%ﬁ@%tén P

cal'cined y in order to convert the neta
compl cionporernipitdtol@an oki des ﬁh@l@rméealed enbedireeme in the

Nnsi sts i nterne cal ci pation of the
dleUWY%i%aedr%%fp%ﬁf ‘Eig/ﬁ“i?%r %U%ﬁ)% ou%lﬂmgtaneous
fixindr&Cim tadd on, f4Xi Nedt aénélppﬂaﬁ@mgeépf, 4908 4 Ns o1 gigs

to formPdO, followed by an Au application and
eliminasgian i oh, the b@@ﬂss@@ﬁ%fawl BHOAUh st Ry ngnd aprpeention
V. b e r
ot meéh g{u %L ‘;?Bo}gée}%u n%;j?tﬁ ca ys?,n&P]ng]‘r%)@l:i n%é%%%ésligb‘rlth
excesé(ﬁa@me reduction to be carried out in situ, i.e. in
t he process reactor, or ex situ, i.e. in a special
reduction reactor. Reduction in situ is preferably
By medidy rdfedlmegﬁat{h&{ nyie@elz(éc/ﬂ@a(ty@iém@&lu@l@ﬁé rogen; s
at a 30 tenperature of approximtely 150C over atime
pessilgfe $shalrst fa:rsemh%lelxne@uetepn elxlcshltun@hwd@e only the
app11 L Ol Of EXATDY & 1L th, 220 DY YOl OB Of _Dydrogen,
PP ni rogen for-exanpt & %y means o orn1ﬁ%
metal aiortt@mer atres ddﬁpdé‘tﬁtée’ﬂr@e oiie pdsetf_em@t ysdﬁﬁorﬁoﬂﬁn is
..over a tinme of 5 hours. - 32 - Gaseous or ,
possiRigy &y N i h ayEm sl eieh Basef tia@khnbielineo,
NH3, formal dehyde, nethanol and hydrocarbons may al so
be used, it al so being possible for the gaseous
In pantdduciany ageims the berdidipkd of t hncomrat gass swbhtisns,

carb di oxi en or 5. argon for, exanple
it 1o AR BPS B it gt T CE B TH FeHE S gain e/ 2d
atomid Satsed.oPreferancend s glMej_bkﬁ oi g ki g B @fs hyssDgenith
with nitrogen or argon, preferabl mnth a hydrogen
regardce drit ditcia Petawdeir g\é“%ysﬁlkﬁ%%v %ﬂ 15% by vol une. 10
The reduction of the noble netals nay al so be carried
out in the liquid phase, preferably using the
Accordlemjdjm@r&gﬂsz thydfaziare, ekoddrmat e, oNat Hormeat eod

accor%&w ror, rmteg_&{Ponr T@%‘?ajg%, d%o‘ﬁjy%%gp os}eh%ktéee ciastalyst
support, once the Pd and/cr Au precursor compound(s) has (have)
been applied to the catalyst support, is subjected to a fixing
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
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The quantity of reducing agent-is preferably sel ected
such that, during the treatnent tine, at |east the
equi valent - required for the conpl ete reduction of

oo Wi SRl el qmonents e passed buer the i
compodRAUS NG, agee | srRassied QY et dhenLatal istnd oirdedd and

to ensure a rapid and conpl ete reduction. Reduction

the ndls emasftaylablynaratited Il kfnderdurepraissiftely i for @xample
an _absol ut.e pressure of roxiJmtely 1 |.n. or

by tret‘—%C ' S!Cpr""elptgjr & i'ndus %l}qalga‘ag{fﬁi(&}{re?’esé ot cegcﬁ{éf ly":'ere’ HEL. at

increAQeDrdingg: 0 dhes ioveationoe s 6. Beferald yoirade of
arotary kiln or, a fluidised bed reactor_in order to

intermgiifte @Ak FomPedici on bt Thet et st P URe”
compoddient P alsgyelates 1 the use ffs thes catd ystxeq.

according to the invention as an oxidation catalyst,
as a hydrogenation/ dehydrogenation catal yst, as a

It is c@:ﬁ%l)é)ziﬁsltlﬁlp%ggﬁ)ﬂ)%oa Lgc%‘]eglaildg%'lel ah—usraji:ffcg&iltoen—’baassec? support
materidrgdepxygenat i cad alstofhias anced@laysd it Tatder

. - the synthesis of alkenyl alkanoates, in particular
with fhe (e SYPiHetERTURdhytt dded gt @& nohdirdralgsn The pre-

treateglgg&“&@larcd@o&{gg} gas phase i dati one ofy, eaf]syal ang, and o~

t1c acl m Vi acet ate nononer.
to a sPriefsrlablysprdie cetmlgsirececordievwpmol ¢ ke spivent inprde from

i s used for the production of VAN This generall :
steatifhdt pl At FUSHIAF mduie SO Y B RYTEHe Gnct coating
drum, PHOSheQ! Y aN-GoRRE NI G3sesd aly teReradti@s ofd

100- 200C, preferably 120-200C, and at 10 pressures of
reductiops tsarf oqsr dfhey ati 52 90 bar, over the catal yst

according to the invention, wherein unreacted

reagents can be recycl ed. Advantageously, the oxygen
Accordiondent ridfd omsentkiept telaved 0% by sotame.mdtrhebn®or the

circunstances, however, dilution wth inert gase

S
producdych &5 it t¥6den GitTafbon Ui g det T & b AL catalyst
accoréﬁ&fﬁkﬂgﬁﬁyﬁmﬂgﬁg¥ghf“éaﬁékﬁéfh@aﬂk;@ﬂ%?éy sui tabl e

or dilution purposes, since it is formed in snmal
quantities in the course of VAM synthesis. The

) ST A St g T e ard SRty SF Bk 3% on
ESn5t066. 136t Ml licate, 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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The foll ow ng exanpl es of enbodi ments, in conjunction

With the conparative exanple, serve to explain the

i nvention: Exanple 1: 25 225 g of spherical catalyst

support shaped bodies, formed froman acid-treated
As an cdltEHed Ioknt G e neEhed aRs ShsetRsi1aeae FHomY

SO, - t 7 ' ( ' : i
sirst GBI O B S A SN SR R Do
with reliown natalablie 30Fuppor34 striiablwers: and Guoletithaen

sha sphere D a r i
applyingl¥%e oble met;¥gg 5 nm Moi sture content

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.
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< 2.0% by wei ght Conpressive strength > 40 N Bul k
density 528g 1-1 Water -absorbency 69.5% Specific
surface area(BET) 106 n2.g-1 Si02 content 95.8% by

c wei %ht Al 203 nt ent : . _
aseous of vaporisable reducing agents such as, for example,
CO, NH;, formaldehyde, methanol and hydrccarbons may also be

used, it also being possible for the gaseous reducing agents to

be diluted with inert gas, such as carbon dioxide, nitrogen or

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.

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.

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
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
prepare industrial qguantities 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.

The invention alsc relates to the use of the catalyst according
to the invention as an oxidation catalyst, as a
hydrogenation/dehydrogenation catalyst, as a catalyst in
hydrogenating desulphurisation, as a hydrodenitrificatiocn

catalyst, as a hydrodeoxygenation catalyst or as a catalyst in
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0. 95% by wei ght Fe203 content 0.11% by wei ght 1102
content (total)< 1.5% by_weight MO content CaO
content K20 content Na20 content Loss on ignition

1000C
the synthesis of alkenyl alkanocates, in particular in the

synthesis of vinyl acetate monomer, in particular in the gas
phase oxidation of ethylene and acetic acid to form vinyl

acetate monomer.

Preferably, the catalyst according to the invention is used for
the production of VAM. This generally takes place by passing
acetic acid, ethylene and oxygen or oxygen-ccntaining gases at
temperatures of 100-200°C, preferably 120-200°C, and at
pressures of 1-25 bar, preferably 1-20 bar, over the catalyst
according to the invention, wherein unreacted reagents can be
recycled. Advantageously, the oxygen concentration is kept
below 10% by volume. In some circumstances, however, dilution
with inert gases such as nitrogen or carbon dioxide is also

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.

The following examples c¢f embodiments, in conjunction with the

comparative example, serve to explain the invention:

Example 1:

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

3:
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< 0.2% by weight Acidity 501.teq/g BJH pore vol une
N2 0.43cnBg-1 were filledinto a fluidised bed
device fromthe conpany |Innojet Technol ogi es
(LOrach, Germany) bearing the trade name Innojet(r)
TWhlpateer and, by neans of conpressed air (6 bar)
heated to 80C, were brought into a fluidised bed
state |n 25 which the shaped bodi es ci rcul ated on a

lUl UIU 1 IIUVCU Ull Aa VTl lI T 1 Ul I Clll CU
elli DS%I dlg%,ﬁpa?h anéeon a harizontal Ci (r:hcu ar path
ori ented parpendcul ar thereto. Once t e mghaped

bhodies had _heen hrnunht to a temerature of 30

appro%orthéllryE BOte300 of| an 'éq@ecﬂﬁshﬁﬂ@iiﬁﬁbl e
e RS ATRACIA Bt ilot Pachl or opal | Ahat &) _and

4.6 g oBuaemmerciialty - 35]- 528 g 1"
Water absorbency 69.5%
Specific surface area ({BET) 106 m?2 <;f1
510, content 95.8% by weight
Al>0; content 0.95% by weight
Fez03 content 0.11% by weight

Ti0, content

MgQO content

Cal content (total) < 1.5% by weight

KO content

Na,0 content

Loss on ignition 1000°C < 0.2% by weight
BJH pbre volume Ny 0.43 cm® g™’

were filled intc a fluidised bed device from the company
Innojet Technologies (Ldrrach, Germany) bearing the trade name
Innojet® Ailrccater and, by means of compressed alr (6 bar)
heated to 80°C, were brought intco a fluidised bed state in

which the shaped bodies circulated on a toroidal course, i.e.

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
approximately 75°C, 300 ml of an agueous mixed noble metal
solution containing 7.5 g of commercially available NapPdCl,

(sodium tetrachlcropalladate) and 4.6 ¢ of commercially
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avai | abl e NaAuCl4 (sodiumtetrachl oroaurate) were
sprayed onto the fluidi sedsbed of shaped bodi es over
40 min. Once the catal yst support had been

. inpr%%gfted wth the m xed 5 noble nmetal solution, a
avallaples Negiurl «<NAORCS oIty thesH aah LR TSNP A&t uME T6f SBFE YRESs Onto

the flsigf%ysﬁeqi %&P &ﬂ“e%r{alsg%’é'cﬂjiﬁ&?i&?do@ér sfipRed, bodi es over

ring thi nost of the NaOH Is deposited
within the shell and fixes the Pd and Au net al

ompbnent s,. wi t hout. the support being exposed tg .
once RNy it Wi TR0 Dl At P EG, Lihe mixed
noble Na@H has, aptied,, thep spppRrts WeieH abundandd yatwashed

wth water in the fluidised bed device in order to

tempenagvife 9 61 tthevat pporasedroztt ofthael dl il sedeted @nd
| ori de t . . i nt Nt ot t
shapefUAidle dhal Nad.do higen Jtnediced Lt Line, sipRerts

€ noble metal conpounds and ter
deposmashiwig:hitrhe: Ishagies] bogh@st Wwere tdie ettl iamd Heu metal

- fluidised bed device by noving themin hot process,
CompongIIES,1 00N CHce e SHiped Bt e HEF Foet (rTet, oL velY

high N4WY W& fediceshwith a gas mixture of ethylene (5%
by volune) in nitrogen at a tenperature of

approximately 150C in-the fluidi sed bed device to

f.arm [LAu. shel | ' cataly T r. ti
After ctgleal fscf'gchoan 5 e ’ag%}%%x%%%%e/s 1"? 0 b%/&%le?%ﬁ%i%fw?cp ed
with watkhadh amAW IR @i o CoddtdovDie appraxismted yréudye af rom
shel I thickness of approxjmately 160 %¥1and a
the SURRIES NI 38 NNB0" HEr b Sneir mrddl off oo & it had

been 1 Adl{l&c{c l‘.ﬂﬁﬁjs't% t&ﬂ%@r% bﬁ{@%m%%réompounds

romthe outer and inner shell Iimt by in each case
and Na&i%.of the shell thickness, the noble neta
concentration of the Pd/ Au shell catalyst thus
produced, 35 differed fromthe average nobl e netal

After GRNMEMJ atdin Hagdd Soodidb 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
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area by at nost +/- 10% The noble netal distribution
was determ ned using a s€aani ng el ectron m croscope
LEO 430VP, equi pped with an energy dispersive

ectronmeter, fromth ke I.n. order
area 32 HedWitle ‘the Tobl eﬁ}%t%‘? aLeﬂh 4asttrolrp YerWs " the
deterr$Nld difknesHard G %N@étl&ﬁh@ﬁl@:ﬂ&ﬁﬁcd‘p& LR e,

glued to an al um ni um sanpl e hol der and t hen
equipmepord e diw e T wﬁp%%twﬁr%@t@%@r%ﬂ the

'COmpal’\lr;éilf E%olg?n fZ{)&e % | I rﬂé tr%é:%%gc% $’}}e( )ﬂ% %%et"ralﬁ)

an energy reso 1 on or t € manganese

concerad phisor iateroskD tE)earm{eelE L6510 5 ,ofa cn‘setmiigasit sphere was
support shaped bodi es "KA-0" as defi le 1
cut thyUqhynBigitg &P it IR UEE T of2 St s%ﬂ tTioH

vaporlls%&%@{ NG 568,09 @i NaZRdGlde angh O. §@71T9r&§en free

HAuCl14 according to the pore filling nethod
silicqi rttrrlpﬁ‘ferdemmess et 410 whitdh ar sppeory Fesolution
e nat dwth a voI Iutlon correspondin

of 12%ggft V6Tt R ﬁgEthe ﬁnpregnatlon 29 17 8

of a 0. 35 nol ar NaOH sol ution are added to the

catal yst 20 support shaped bodies and the latter are
Exampliefd 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
65.02 Jg)%ﬂ\laﬁzmarmlmmmt( %mmdfmdﬂemd%(}%m%rdefined in

ning off the reduci t he cata
Examp i o) G S5 Na TS A [T ettt Foro% MR A ERton
contaiﬁ%ﬂ@'ﬂ“E%% QﬁQﬁﬁQ@ﬂﬁﬂKﬂgfahBGOWBE&Tg(bEFHHgUﬁhOMteordlﬂg
in order to renove Cl residues. The final

to tha/grcu:ee %rlhm dordied | (xmsflwe%evf%@wmﬂ%m%) onifswhich
S, T th
= supindh O AT b o B0t Y BE S epher s

corredfand nafed with @orm th'chlliﬁn@f Rﬁté’:@ thof iR redast KOAC

solutlon and 18. 55 and are le o) st nd f
89. 17 G hour b gk Pt at ole L n e yoged g e E8tatyse
suppof@rgﬂeﬁ%@lﬂoc{:&rs 40, i at 1 90C b natder & Fui € S§ﬂalb@d

The theoretical nmetal loading is 0.8% by
Overnlmlfgh?tt T FbratP 013% by %t@htdwam@n@ hféf@amesflxmg

det erm ned exper,i ?ﬁ y nt al 3% SLSqYSLAY, ith
solutiQip Gi et <y ‘tggﬁé %g a@%& ngere %gg )yby me?gﬁ
73.68 of & anhD. D?aﬁ-?{(Pb)}é wei ght.caf (Aluks) Tlﬁershehburs After

t hi ckness was 312 pm Cbnparatlve exangi
draining off the reducing solution, the cat ysts are washed
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.

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 bhed.
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10 A catal yst was prepared in the sane way as in
Exanpl e 2, with a support3fromthe conpany SCD-Chenie
'AG bearing the trade name "KA-160" and havi ng the
characterlstlc in . Tabl e 4 beln ed o
The thegratyselstishé tﬁQRQﬁQ@'Bﬁﬂle 5 PETAR 5%' ﬁg} rlc - 3%

by welﬁ%%P%f'%&he%%eDh%q%b%rdéiéﬂﬁﬂﬂadﬂéﬁﬁéﬁﬂmaﬁﬁﬁlly<5§(Wé
by wei ght Conpressive strength > 60 N Bulk density
elemental analysis using ICP (Inductively Coupled Plasmd) were

0.77% by weight of Pd and 0.27% by weight of Au.
The shell thickness was 312 um.

Comparative example 1

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:

Table 4:
Geometric shape sphere
Diameter 5 mm
Moisture content < 2.0% by weight
Compressive strength > 60 N
Bulk density 554 g 17°
Water absorbency 62%
Specific surface area (BET) 158 mz g "
810, content 83.2% by weight
Al,0; content 2.2% by weight
Fe,03 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
BJH porervolume Ns 0.38 cm?® g+
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554g 171 Water absorbency 62% Specific surface
area(BET) 158 n2 Si 02 content 93.2% by wei ght Al 203
cont ﬁnt . 2.2% by wei ght Ne203 content 0.35% by

we

By contf&%g gg %%a%%ﬂ%?%ﬁ impregnation was carried out with
39.1 ml of an agqueous solution containing 1.568 g of NaPdCl,

and 0.367 g of HAuCl,.

The theoretical metal loading is 0.8% by weight of Pd and 0.3%
by weight of Au; the values determined experimentally by
elemental analysis using ICP were 0.78% by weight of Pd and
0.27%. by weight of Au.

The shell thickness was 280 um.
Example 3
Reactor test

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
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
space/time yield is obtained as g VAM/L 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
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%.



(total)< 1.5% by wei ght MyjO content Ca content K20
content Na20 content Less -on ignition 1000C < 0.3%
by weight Acidity 53 peg/g BJH pore volume N2

The catalyst of Comparative Example 1 exhibited a selectivity S
(CoHs) of 91.0% and a space/time yield {(determined by gas
chromatography) of 576 g VAM / 1 catalyst / h for an oxygen

conversion of 36.1%.

The catalyst of Example 2 according to the invention exhibits
both a higher selectivity and also activity in VAM synthesis
compared to a catalyst of the prior art according to

Cocmparative Example 1.
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0.38cnBg-1 - 38 - By contrast to Exanple 2,
i npregnation was carried-out-wth 39.1 m of an
aqueous sol ution containing 1.568 g of Na2PdCl14 and
0.367 g of HAuCl4. 5 The_theoretical netal |oading is
0.8% by wei ght of Pd an&®*®% by wei ght of Au; the
val ues determ ned experinentally by el enental
anal ysis using 1CP were 0.78% by wei ght of . Pd and
Shet)llszaﬂsaﬂméi gimr oﬁhe\mrqmd%bo@r@f Ivﬁtw]ckaré@samsmcz@@ner,
React or test515 § a f||| ﬁgtural
Contpé:cjaﬁlgpsq as&hoel?oe%s of BV & PRAG ot T rrpar tati'V
shdoaml el dawer eid noeaciceRse Beded apaim ba/cﬂjiﬁﬁ@aﬂe@@
stream of 550 Nm /m n conposed of 15% HOAc, 6% O
ce BURSRIRETHPINE § n 225G x@- HeYS | uBER Xalct 77128 Jaoaded with
pa LBIPOLALUL 0; A0k &1 5203 10 DArsp A0l Uhgsf PaRkOFein the
I schar ge was ' ysed by nmeans of ‘gas
catehnonatography .hdhe sehettcviayed fobmeshyleme 130 m 2/g.
VAN) is calculated according to the fornula S(C2H4) =
mole VAN / (nole VAM + nol e 002/2). The 25 space/tine

. CatdBldt is-ot@inedasc a MANL 1 €d 2d yisdf hsed hen oxiygenthe

conversion is cal cul ated by (mole 02 in - nole 02
catouty) ol wBZ i fiaghe tereystaeta EXanpRes 2-hee ot 4b Ny /9,

vent i X el ect (G2H4)
prefp I L A L0 D R, e e e
10chr’grmt egreap hy)<ofo &l g DIAN ]/es]s ctartzal \RSY niz/lg fand an

oxygen conversion of 36.5%
partfg%larly preferably less than é% m'/qg.

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,
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.

. Catalyst according to one of the preceding claims,

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.

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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10.

- cafB Gy Aot BTG

The catal yst of Conparative Exanple 1 exhibited a
selectivity S (C2H4) of 9110% and a space/tine yield
(deterrri ned by gas chromat ography) of 576 g VAM/ 1
for an oxyge onversion of 36.1% The

P br H G E TR nvehtTon

ch&xdy i £ 55 b9t h ac i ghetie sedest ¥t tyaang wh 808t i ¥ftyreater
in VAN synthesis conpared to a catalyst of the prior

thap feaebrivr ndf 1 Conpierah e Beapte ghan/eggal to 30 N,
mod 4 1Be drayte d - C2LE) VLo PLLDE PO OB O hodt N
ac at e non

conpri Si ng por ous catalyst support
proasetbon arsmtenr athbshegtasiteocadey.in particul ar
based on an acid-treated cal ci ned bentonite, said
cat al yst support being | oaded with Pd and Au and

. CabgiNg designed as. @ shanse Dody, -abesehy H‘&rﬁ@t al yst

support has a surface area of l'ess than 130 n2/g. 10
charaat ol gt Jarcctin@lt nghe coedad il 40N c@ﬁr@@t@mée@heﬁﬁt-
si{fiEledne: CoAYSL, PUPROE! DAY A SUIACE, ALER.RT L 8580 ¢

Hah 25 rriZ‘E?gr % era ess Zf) rr%J/‘ !
of ptrrﬁ efatd Wy d essuphant 109 @ﬁé@teﬁvemmc@um ei@r@@% Yby

| ess than_ 80 n2/g and artlcul arly preferably |ess
weﬂt% 65 S P % %reff%w%ﬁm HREvdi by 6% ohe Belype more

ee&ggh [ fy C

support g%%ag&%r }3%2}%?%%1 o?ggé(? m%%aﬁ%%&%}da%%éﬂ%ore

pre@rgs,bilm ef erabty Ofamétqweh ’d_c288@1%1db}'50v¢$r2<jlgt nprell more

rablﬁ/ of bet enl%%Gac1 319%(5)8% ‘%?jr‘?eﬁlgnn%? Sost

préﬂéﬁéﬁﬁﬁ”@kéﬁt@@tﬁﬁﬁﬁVé%§bEﬂ@35@5@2%ﬁ WalgPstrelative to
preferably of between 1 and 60 n2/g 4. Catal yst
Ehegotor@ing & d-lshecdfatwet pygeeeihg cl ai ns,
25characterised in that the catal yst support has an
acidity of between 1 and 150 |lieg/g, preferably of

. Catetweere&rantling to one of the preceding claims,

characterised in that the catalyst support has an integral
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.

. Catalyst according to one of the preceding claims,

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%.

Catalyst according to cne of the preceding claims,
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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11.

12.

13.

14.

15.

16.

130 peg/g, nore preferably of between 10 and 100
l.teg/g and particul arly-peeferably of between 10 and
60 1. teg/g 30 5. Catalyst according to one of the
reced |ng clalns char acter d in that. the catalyst
S e i Rl ot i L4 (5B
cha‘%ra%ft%rﬁ@e)ﬁ 1_&)1 131235 tHB ML Jre rafes abdtdilhd®@ 80 the
. Catalyst according to one of the
Fmtelfedlaﬁﬁg aa @J@& C:@héﬁa@t eEi 8&d leasthab %t By vatahyst

har dness f e
prerﬂll“?eé:fazjrlgbl & gLr eais'tQC ewqeulfl;q%n'{ qrg%%gloemzy&r&erably from
95 prcefer.aldl yygredtsrt han/ equal to 40 N and nost
S5preferably greater than/equal to 50 N. 7. Catal yst
according to one of the preceding clains,
C%E@J ackedsed dind hat dhe cpf %tﬁﬁb&ilﬂ@tﬂﬂms,
sheet-silicate, 1n particular of acid-treated
chegad cdieneics gk ntroriftag; tﬂ%fshdf%: mJanlqﬁs,te s@@p@lne@ in the

reater than/ equa 0% e

Supgﬁpﬁt &CHANY ealﬁ'ﬂ ﬁ[g) thh rgee%]?‘?gﬁér ably
predfeaatrary tthan/tequsd 530 ﬂélt@}‘hy aW&jl glhire eVeNffmdiely G.3 to

preferably greater than/equal to 80% by wei ght, stil
1. Qo piedfdrtabl y greater than/equal to 90% by wei ght

and nost 15preferably greater than/equal to 95% by

wei ght, relative to the weight of the catal yst

suppordt scdlatialysto azopral nghe oo oneeding h@laims,

precedln cl ai ch acterlse in that the cata
o Tt T e S A Gre UBTRRE aeor gy
spr%yal ofcaheltﬁ%eﬂl qaééf@fmzéa 7cﬂfr§ie1@)’ ef er @bt Yldﬁ}@é V\Bﬁﬂng,
0.3 and 0.6 n1/g and nore preferably fromO0.35,to 0.5
stam /og: G S@&Iaal@/rstp%%l’ra:ﬁhg a9 oot Theand el df PR
racte [ that at |east 80% of the
Stra e’grpaﬁe pegrae vol Ure Sspet%de%{e catal yst support is
for med of nesopores and macropores, preferably at
| east 85% and npre preferably at | east  90%

Catalyst according to one of "the preceding claims,
characterised in that the catalyst support is shaped as
sphere having a diameter of more than 2 mm, preferably

having a diameter of more than 3 mm and more preferably

having a diameter of more than 4 mm.

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.

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.
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17.

i8.

15.

20.

21.

30 10. Catalyst according to one of the preceding
clains, characterised inathat the catal yst support
has a bul k density of nore than 0.3 g/m, preferably

nore than 0.35 g/m and particul arl referably a
Gt 15 61 Tbbt e, 55 Gt OGS SLadpt.
chakk oAt al ypti paepyding to, one of tihe precedinthas a

clainms, characterised in that the sheet-silicate
thiciteained ieddhelspmrd has mreSO2oconte dfamt200 um,

| east 65% by wei ght, preferably at |east 80% by
mongeirgh £ earmb Iporle oy efterrabl 30 furom SO51 o969, B hyrably less

wei ght. 12. Catal yst according to one of the
thagy M8y 1R SHeL T lo IR E tRr § SRR 1Y tHed s t A b

silicate contained in the support contains |ess than

10% by wei ght of Al 203, 1Opreferably 0.1 to 3% by

G aglhit s tareck avordet rpy ef eraint yoH. Slaiomd . D% byl dweightradBerised

in S, SS9 0 o0 oL L1, 1 o 1AL B pecucen
200?%3%{:?% q,lm féﬁlfépeefabﬂfrgé){@é&qegyé | {}?@HB@@ !]H!l,e more

ring, star or as strand, preferably as ribbed

prefidil O sthe:StI@NGnPref@r abh Vs spherorddpreferably
Cat al yst according to one of the preceding clains,

betZarhat(@rtard st G nithat the catal yst support is
shaped as sphere having a diameter of nore than 2 nm
preferably haying a dianeter of nore than 3 nm and

dmrg preferably; havi N6, 4 dianetery 0881 £q t hagi fis M
25 15. Catal yst according to one of the preceding

chaglagitres; 1 sdvhrigctierd s ethe ncemaent hef cBd al ystheupportvées is
e ith at |.east one oxide. of net el.ected.
G. éggzgom% Vgs qayouwpelcq%h‘%q sgfref)ergb%}/’ 0 '6_? ’tq_ia% . 15%’ b)?_a&?gwht and

‘he’ gr Mg~ 0
morM) prREEere@ng Fe 1 eferapl yeghb, ZFOLat HO2tOrthe weight
Fe202. 30 16. Catal yst according to claim15
of iy stter)ieed THORMEE 1IRARDNTERE BPLHRPAREA bxi de in
the catal yst support is between 0.01 and 20% by
wei ght, preferably 1.0 to 10% by wei ght and nore
(erieflersablac @1 8%ty awe ght . the preceding claims,

characterised in that the Au/Pd atomic ratioc 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.

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
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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22.

23.

24.

25.

26.

- 43 - 17. Catal yst according to one of the preceding

clainms, characterised in_that the shell of the

catal yst has a thickness of |ess than 300 pm

referably |l ess than 200 pm nore preferably

253l Y Pl 50T g g evencndr ef piatepabrgdiegschehma, 100

I r r S a 8 '

ch%%%ﬁ?%g?é%%c%gg#ﬁagt%ﬂg ggkglgggi%%glgtggig?ldé content of
lechatlaat e25Gesbomn phafethiel ghetksothihelsatabyst has a

t hi ckness of between 200 and 2000 pm preferably

bet ween 250 and 1800 pm nore 10preferably between

éQQa@g.@It 1200, Rm ande SVER: "oE e pLef gL é@Mn&eEi\@?ﬂHs 400
00 p.m 19. Catalyst according to one of the

Chc‘plr@tc@@nged:l i rTBha‘c hbhfactetaégdtl pomthat seéheagoat kali metal
acé)é Pdlnt agba:{ % 31506t§25%by wei ght ,

pre era‘%ﬁ/ o k) O%%/S%ﬁu%?ﬁﬁtf hd rore preferably

0.8 to 2% by weight, relative to the weight of the

cat al yst support | oaded with noble netal. 20.
Cital yst Aecording 9 ohe-Bf 28 heChp BeebFRgSefaipsihat the

r?@éﬁ“ﬁﬁr@ft it f—f'rhélté al -Lhe: U:’uﬁ’d 0; ofgthe

“OCata yst % et ween g and 1. % t erg%fiiggé#mégn O![]fCO

0. amb /1 nmoree Predlel nbl y3 bet weeh IﬂoB/hnd 0.9 and
particularly preferably between 0.4 and 0.8. 25 21.

Catal yst according to one of the preceding clains,

chaspederdsask-dmd hat the sobles et apscopcentration
of the catal yst across an area of 90% of the shel |

charmeiaresied it HHhale bresd berhy BphebdPdpakenicomthe is
t
o U] Tbdnact Sl e Pt ol clusast S ote

pren&txaslb]f,}ortmeemqeatltbramﬁ ¢his area by at nost +/- 20%

preferably by at nost +/- 15% and nore preferably by
at nost +/- 10% - 44 - -

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

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
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:;

¢} applying a solution of an Au precursor compound te the

catalyst support;

d) converting of the Pd component of the Pd precursor

compound into the metallic form;
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27.

28.

29.

30.

22. Catal yst according to one of the preceding
clains, characterised in_tjaat the catal yst has a
chl oride content of I|ess than 250 ppm preferably
| ess than 150 ppm 23. Catal yst according to one of
e) e vmEded ridicc|fal meomedae t @t i Sl Ath RTREUEPRr compound
cat.al yst_ conpr.i-ses | kali netal acetate,
pl?let?%el)r(%bel‘ Eﬂ ep%a{lalslscf ulrancpra@'et ate. 24. Catal yst
according to claim 23, characterised in that the
10content of alkali netal acetate in the catalyst is

NETNAD TP IO, TPretetant § TR {EC G ddy/ 4 ¥Rt the B
andCH I S AL GG Q06 Af Sl Bl 8B2 3 {&n 2hne halides, in
characterised in that the alkali metal/Pd atom c
partatdwoldrs hhetiwesn loanded?2, npredeeabl ylitbeteen 2oamates,
10 and nore preferably between 4 and 9 26. Met hod
PTG S Br G O or e SHeTT” A AYAT9T 1 par t1 cul ar
hydrsheldagadad dsd, aaeDidi dgnp Deode of dhea20presesi dges,
clainms, conprising the steps: a) E;oviding a porous
fore fmse SUpiFTIIN BIPRPEPIbESE SCHFP 7T P Al 2Ghleptacetonate
[+ ] e, [ on the basis of an '
Congjcllé -1 r’eaotf'e(rj:}f:%lrécin:%elé entonite, said catal yst
support 25bei ng desi gned as a shaped body, wherein

cat al yst support has surface area of. | ess than
3 A T TR i w1 BT o SR BBt sor
chaReunddp trhe-cat al st pS UPPOElEsSP EImPPRAYI NY Selected
sol ution of an Au precursor conpound to the catal yst

Lrogupger tgroup consisf)inprvlrid Mylofh (PHé2 P OhponéRtic) 2/
1l Dep Bty BN GTHEREY , 3OFOMRAYNTRERL S, 1S (BRNALLLY pa )

oxalate, Pd(NO3)2, Pd(NH3)4(NO3)2, KgPd(OAC)g(OH)z,

’Pd(NHg)z(NOz)z, Kde(N02)4, Nade(N02)4, Pd(OAC}Q, PdClz and

NagPdClq.

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,

NMe Au {OAC) 30H and Au(OAC)s.

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
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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31.

32.

33.

34.

35.

e) converting the Au conponent of the Au precursor
conmpound into the netalliasform 27. Method according
to claim26, characterised in that the Pd 5and Au

recursor conpounds are selected fromthe halides, in,
Df%h%m%omr& il onNox Sl 2 HIT rat 60 it rfitegacterised

in FOfAt | Qnates, ¢ pXab @t e s, AL Al &Spound and th
ln h@ﬁxﬁesﬁlﬁ%&%eﬁar%nat eéﬁ:e%m ne corrpEfoe%(%s Eg% ©
solortgiani T dip éxesyrdarrsxanprep tunghiehydphiosphi e the
C | exes or acetyl acetonate 10c | exes, of the -
s, = BB O b o HCtHh t ng™ o OHE- o1 1 HE' P dteat hg 2o
befl@ MBLuChaacter iged dded hadt theyRe-pr estd &0Fably by
conpound is selected fromthe group consisting of

‘meaFd{ NHR ) G912 Pd(NH) 2 07 2t LasHpPdCL4,

Pd( NH3) 4( HCO3) 2, Pd( NH3) 4( HPO4) , Pd( NH3) 4012,

Pd(NH3) 4 oxal ate, Pd(NO3)2, Pd(NH3)4(NX®) 2,

MR OAC) 2{H)ry Tl (NHB) 2 NORg 2o r K2R NOPY Uz 1ms,

Na2Pd( NO2) 4, Pd(QAc)2, PdCl2 and Na2PdCl4, i? 29.d duri
chaaHed &b nd*dlo 'oHe OF P 3heSpr dddiinly ©f aiFicd auring
theharacterdsed do dhatsdhe: A precursor conpound is

sel'ected fromthe group consisting of KAu02, HAuCl4,

KAu(NO2) 4, Au013, NaAuCl4, KAu(OAc)3(OH), HAu(NG3)4,

A0 ST CShu( ac) 30EH S SRR AL DAL ST e
chaBtH{dAD)FeB0hn Matdwod according to one of the

preceding clains, characterised in that the Pd and Au
precursor conpound is applied to the catal yst support

a) oy 4mpregnatingd hes catal vstg B0Suppaste Whtdy rb‘fonri]pound is

solution of the Pd precursor conmpound and with the
sotatiiagtl;of the Au precursor conpound or with a
sol ution which contains both the Pd precursor
conmpound and the Au precursor conpound. - 46 - 31.

b) Methodracerditieod o one i ehafdd 26 poo@%sor compound is
characterised in that the solution of the Pd

5 ; COTRIsRIAY Bl ThesoP et PokPpfcahe s
RS, capound | s ahpl d el Lo thercalalysl) syppeRt
by <praying th 5

y sprayi ng e solutions onto a fluidized ed or
fdnd i dred oforigheircht=a)l yst Suppoetongred Briabdy, byna vice

versday

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

catalyst support.

Method according to claim 33, characterised in that the
precursor compounds of one solution are acidic and those of

the other solution are basic.

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.

"means of an aerosol of the solutions. 32. Method
according to one of the preeedi ng cl ai ns,
characterised in that the catal yst support is heated
during 10t he application of_ the sql.utions. 33. .Method
MaCEOrang LECoRECBh e prdc g 0l rpaiysty it
par%HgEQ%Ee%'%%ngncﬁﬁéﬁy%Qahd%dfdﬁmgSﬁiuﬁkﬂ@fO&h& Pd
and/ or Au precursor conmpound is provided; b) a second
preselditigorlefing , PdoardiclnAu Hce RS conpound i s
provi ded, wherein the first solution causes a
20precipitation of the noble netal conponent(s) of

a) Hhevhuesd s0buterpouRa(s ooafushewpecond medlegtiadn oraride
vice versa, c) the first and the ,second th
Seisiei s canetappli s8°6S tHe BBd&trallys % at gp the
?%%q%dcﬁcg%r%%&%—%Qé%f@d“é§i0ﬂ3337ﬁéﬁﬂdﬁﬂﬂéJI%Héﬁﬁin the

€ precursor conpounds of one solution are acidic
angpichos masfrtikd dtshépassdutiidh g €bayiacurzp s onpound

Met hod according to one of the pr di I8,

CR&r &5t & ?&ﬁqu?fstqﬁfatcwguggﬁlss@%?upﬂ%ratﬂ&ﬁep%ﬁ]temles
Ro\BMGAAM A BRGS0 GRMOUNds) tas (Ikve)’/been
applied to the catal yst support, is subjected to a
fixing step. - 47 - 36. Method for the production of

a_shel.l catal yst_ I | qulare a-sheld, catal t
°) &@@gﬁ)&nﬁg%{% éiz)e doéfCPt F}pdrﬁ((;ééedi ng l(:I ai r?s, cor%f:i;rsi ng
T thewstepss ima)ther dvidi ngf & prlladekul ent por ous support
material on the

c) calcining the loaded support structure of step b);

d) optionally, converting the Pd and the Zu 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.
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basis of a natural sheet silicate, in particular on
the basis of an acid-treatted cal ci ned bentonite,
wherein the support material is |oaded with a Pd
precur sor conmpound and n Ay precursor conpound or
with Pd and Au particlé@ fﬁan% havi ng a surface area
of less than 130 n2/g; b) applying the | oaded support

material to a support structure in the formof a
The prssant Ipyeptddreiss fehd o?ao%tﬁlslupfp%frétlfé‘ﬁ ufé%rféleof

L. ; t th %
pJ:Oducsc:L%I[?IOEQeJJEnt é”fﬁ dco%%ﬂaé/ndn%%}%erefecu%%r (;%o ound | %rous
catalytshe gmiraldt Gderdnor2G 3atldsel cﬁh@em:alysataccm d| ng

. to one of the precedi cIa| as an oxi dat i on,
Part Qs Yoo he s Hy A OgerR DTSy r Behats oron ter said
cataly%%t alysorah e it Bl ¥sdq 'v!?hﬂ'}ydﬁ“d)mt}hﬂgand being designed
desul phurisation, as a hydrodeoxygenation catalyst,
as a sé@p@dnmdo/derﬁrt r@lfd&:latﬁ@rprecavlesﬂﬁglsq grebb %aié%tha?rfysﬁor the
producta'LotnI & $XJ@\W‘;SI 1cq'1 ﬁ{{ﬁnyé %%%I n;}?& réc@terlsed by a

e synt hesi s acet ate nononer

relatﬂv@l@ﬂﬁiﬂg@ul\@m I 9 Tdret gaist phase m@aﬁummfa@mmime it is
and acetic acid to V|nyI acetate nononer. -
ProposgrsitiEdt e GHicRlENTt | FHRIMT o321 At 84T 1355 %Jﬁ%ﬁwof less
than 16 alzyst for the production of vinyl acetate nmononer
(VAM , “conprising a porous 5 catal yst support based
on a natural sheet-silicate, in particular based on
an acid-treated cal ci ned bentonite, said catalyst
support being | oaded with Pd and Au and being
desi gned as a shaped body. In order to provide a
shel |l catalyst for the production of VAM which shel
catal yst is characterised by a 10 relatively high VAN
selectivity and also a high activity, it is proposed
that the catal yst support has a surface area of |ess
than 130 nR/g.



