Met hod for the acetoxylation of olefins in the gas phase 5 The
present invention relates to a process for the acetoxylation of
olefins, in which a gaseous reaction stream containing an ol efin,
acetic acid wmpd2opgosbayvazoxygen i s passed over at f@?ﬁﬁPidﬁF@é%‘iyﬁt
zones of differing reactivity arranged in series. Furthernore, 10 the
invention relates to a catal yst systemfor the gas-phase oxidation of
olefins to form acet oxyl ated products, in particular for the
preparation of Netlod ster adthe adbetdxybapiosestabléfiss imotkatqhyst
zones which are arranged in |layers and_have a reactivity 15 nmatched
to the course of the reaction. Proces®8&8€or the acet oxyl ation of
ethylene in the gas phase are of particular industrial interest. It
is knowmn fromthe literature that acetoxylations can be 20 carried
out industriH¢y DEPSERtal JOVEN§ienphuedabrEdatd o obrokesensteucitias
et hene or propeng..i j xed-hed rs.. These.reactions are .
preferably carri ed}y%hu%i?&ﬁ g?eﬁ%egﬁlg%%ub%nr gglcltccl)’lr s* BRESPUP ARt s
such as vi nydtxemt atentanbhiéngaking,olafimr epeseilc 25chy @@ snfedli S
reaction. Incti%gneral. this‘%ﬁaction is carried out by passing a

gaseous ni xtUrEFOnpFi BHFGHDI BFGF aPtoxdGRFE &iool @l vt aeresc of
acid thr Oughii%ﬂeﬁr%'iq)r reblg@ ik tysS Ut yndade 1of §e§5§%|. - %nu(.if'tthlégﬁore,
n

reactor_in which a plurality of "‘reaction tubes are 30 arranged |
par al | eL%andheh a@niomhrehatesint® oanceaadl st sylsaege fios Itheatgecs -

The excess f I i nvgd ved.is.renoved by neans of a heat
transfer ne |uns1é)An5g§§%r%$§nof osuchg%leféﬁétortq s go"B[Bi | PG SRR ted
reactor. WD2EARMR300I8- rRartEERR0E4066290 pherkatdlivh Cat | ¥rinyl
active conmponents of the catalysts used here, It i's possible to use,

inter alia, 4 untaheRoC IBNGSIR s 2bhek@RFt akdoal Ratalyiet alzones

conpounds arghi?l §eeadgh-}i | y; .gol ;%H_‘y o] o] ds, t fo s
(Pd/ al kal i et al /Aﬁ gysﬁ%ﬁg%stjg?}s 1%' nposeéngf ”ig%#d%] aa'm g%é%%rlw'ty
conmpount3 t R&tedied kdy dliealdounstealqdfiCdhey steergt dam bar i um and/ or
conpounds thereof (Pd/alkali metal/Ba systen) and al so systens
containing palladium 10 alkali netal conmpounds and m xtures of gold

and/ or cadmPumcasdesr fmaf itk asec8bs9lHEeEn A éﬂg%rﬁ’sfr?r@hér Gas
usual ly pr esgnt on a suitable support material. Industrially,

preference PEa§EveRiTEo @S5I APal FakRtin slus katal ysintarssdns. 115 As
al kal i et akng@ppPOoAdS, e i I 0 sSsium conmpounds,
for exanple Bot assi um a(%&t%at jéft%%#ﬁlggo@%;i %ﬁgg%’%ﬁi%gﬁg{l?oﬁ"’}ﬁ f’ﬁe
al kal i Zfet akasyapdundous usbmdbytckalled dyt | rawadenico cgapeppake
20 corresponglci.rglg al kal i rretﬁl | osses within the catal yst bed. Despite
various net RBUSS5FPegtf at PhgEiRe tSHPRr f%ir £9GR% PronPERBEPEI oin

art, local faxeutbed Ofedckorgialimpaly LAmeralie peak Liorbbehg
hi gher tenperature prevails than in the remai nder of the tatalyst bed

can occur ifi2tKéeeat @Wyst iBedshahbsandehpbeat veacpeaks (Unsawuratdfot
spots") brigge3Psabout, i o% desirable effects during the
course of tﬁe react ?lon.%l—slsf‘é:’frﬁa ﬁggaﬁ?m LS ANE i3S e%g%p‘?ﬁe@he
starti 2§ nmabgr mghneoncenthasi eeacitaati.ng) InWaeglriag , efHMAl £84 £ Pon
limtation of the sggce-ti r’ga yield, and secondly an increase in total
oxi dation i kSt XYL out by passing a gaseous mixture comprising
molecular oxygen, an olefin and acetic acid through a
reactor. Use 1is usually made of a shell-and-tube
reactor in which a plurality of reaction tubes are
30 arranged in parallel and in each of which a uniform
catalyst charge is located. The excess heat of reaction

involved is removed by means of a heat transfer medium.

An example of such a reactor is a boiling water

reactor,



WD 2013/ 030073- 3 -PCT/ EP2012/ 066390 reaction m xture can occur
(reduction in selectivity to the target product). The latter is, in
particular, reflected in a higher specific raw materi al usage and has

a‘'significanwby20e84080e7effect on the ecanom cs of pT2EPsLLPE66390
Furthernore, hot spots bring about premature aging of the catal yst.
Particularly in the case of fresh catal yst beds and also in the case
of reactions with a high oxygen 10 | oading, irreversible damge to
the catal yst_can occur jn this sensitive range when heat renoval is

i nsuf fi ci ent®SFFdtRtrbterlly daGteidte ioPmpmassnta t Phg Fheer¢ataligsts

concentrati oRg€Q@MLPed Wit B gapsisahan jner [ e t
concentration occurs as thesr ga%l?ti on%p?%;r%leéség’esﬁg'fong #‘;' cﬁ%%@%um
bed. The i nc#edbdPngepmpdundscoherrbfatindn addm ltiheretagai comgathd® and
inhibitign o oduct . f.or mation and.thus tq ,a decrease in 20

sel ecti v;%t y ia%%_f, coné%/&edrlst?%?ﬁa %cegﬁggp f ofan’(f)il‘{é’race?‘a‘???‘a‘ﬁiﬁn dihereof
ethyl ene in {ih&/gEeaphasamariigad ea§¥gfgﬁ) yi eldssiimy/i npbmpegkat e s e
of great econopic inportance. 25 WO 2008/ 071610 di scl oses a process

and a cat al YRR e ARBIRY | SORPORNSS akhereali chPdbapkatbs metal/cd

pal | adi um J a I | | an, bl .
support hav?ﬁ%g%éﬁgr %gi ??J%%{?é gﬁgzbgn%a%&gz&%pgﬁgfégf%(éacipaé'kall
space-tine yietal Ba meyetehhnaB@0algo( Bteisc aidita ati e} helldadium,
sel ectixéti es, of _great er. than 92% and at. a | ow degree of formation of
ethyl acotate ratat iMRFah FOTpRe afBd WEESYY8F030H7old  and/or
- PCT/ EP2012/ 663900 Ush§/ 3498881 dinS 6 QS @81 b PEOSESSal 0" tHe@RATHAL ems
vinyl acetate by reaction of ethylene and acetic acid in the presence

of an oxyge®X®nt&EUAildY BEe89BE i ghl suitablevesyppondi matgotichl .

coat ed cat al ; 399 I.S¢l oses hi ghly_active .
f1 ui di zed- beﬁ vfn%ll%'clg{’at e %é't%g%%%c%n a gﬁpporgxg%ﬂ'posetoo of M
m cr ospher oirgal 1gshintm /Gad sl catpdsest afysidnson oxi de, zirconi um oxi de

or alu 'gum oxi de and having a defined 10 pore distribution. In view
of then]g eat econom c inportance of acetoxylated products and the

hi gh-per f or mncaikatal yakeaknowBmbbaAuEhe RELON | &F Lo [ DEr.$ itléadae grgat
15 need to optim ze the course of "the reaction in respect” o
conver si on, P&¥EEALIW t woamdunidise off orhe ecampllyest pot@sEGT 1até49aed\\O

2006/ 042659 e I | e,. nthesi.s reactors for preparin
vinyl acet a'(tﬂ)(lé&glﬁ%snor? %é:ra‘%% i E&ég e ec O H*€angt &ucf“legiag-y,
in which gasempeueichylenesaalilpcehi-eiag dudndidl §8déP to compensate
oxygen-cont ai ni n as react_catalytically, with the synthesis

react or<? beFRG L& Ingact HFabhdmekalc sk @954 % c wiEhimeste bephglyst
carried outpem a plurality of 25 reaction spaces and at | east one

wal | of the reaction spaces being coated with catal yst and at | east
one wall of the reaction spaces being indirectly cool ed. Reactions

whi ch descrbggpgtaer*\ira?éic%sf arrrllgggggts Oc];f agfegulating the temperature
known from the prior art, local formation of a

25 stationary temperature peak in which a higher
temperature prevails than in the remainder of the

catalyst bed can occur in the catalyst bed.

These temperature peaks (known as “hot spots”) bring
30 about a series of undesirable effects during the course
of the reaction. Firstly, they limit a further increase
in the starting material concentration (loading), which
is equivalent to limitation of the space-time yield,

and secondly an increase in total oxidation in the



30 least two reactors which can be charged with catal ysts of
differing reactivity are |likewi se known fromthe prior art. However,
a di sadvantage of this arrangenent is the large outlay in terns of
equi pment. W@ 2013/030078- 5 - PCT/ EP2032/ 066390 |bopsp 6 2Ph €63 o @F
the invention to provide a novel process for the acetoxylation of
acetic acid using a catal yst system by neans of which, in particular,
hi gh space-tre®cyiehdaixbugh saheoticvir! | (@eddtidPWbseRd¥ BAUS to
formation and an ideally isothermal tenperature profile in the

catal yst bedtBfe HRFFVedroductesTiie oflaffiedh Aslentheprrigioilane
life and al tact - j I I b i eve
and at the Sormit) ret he Ceror i enngBarion ool akeflRl, Bae R
reactors canmag® aesagneficanthgsnegapivei eflifpcteen ftendkdhainide sBe
of a catalyst systemcopprising at |east two catal yst zones which
have di fg erifhg? ’)r(%%%?? Vi ?@rﬁﬁarﬂf”é‘aar F‘Q?‘igé@c’ltﬁ Jiréyé}l%o"}tn REfESF 17
direction enabirg &f hilgbecasppgertine yield, better selectivities
with | ow by-product formation, conbined with a virtually isothernmal
tenperature profile in the catalyst bed to be achieved. 20 The
invention proyides, cQss t acetoxyl at on _of ;ol efins.in a
gaseous reaclt%ly%n st?%%frfcg'n a'lglgrglénéﬁ%ﬁe 0 gf ﬁ?g%ﬂéeﬁa%aél i aﬁﬁdﬁn and
oxygen- cont @¥sag igas thehereise t b€ reasttoongaswishpassadidly erodigen

| east t catal yst zopes of differing reactivity arranged in 25
series, era]eoat Lat é??%YeJZEﬁ}égeaFlé%FS@attéﬂ FRE oRBLBLYABr €ape &A9WN

tubes arrangeg i Rha@r al kehsifSveXY WedGONt YiHANY géat prefgsence 15
gi ven to using nol ecul ar oxygen. 30 The process of the invention can
be used for PHEaffidienmsat urated esters fromolefins, organic acids
and oxygen in the gas phase. In particular, it can be used for the
production of vinyl acetate nononer. For this WD 2013/030073- 6

- PCT/ EP2012/fa66380mmteposea etibemeasacetirc aghd apdapliagul aimt@evgan
or air are reacted in the gas phase, optionally wth addition of
inert gases,Co%C r‘g%“'lé’rn?‘iiow-'i 03 cSYNpltanrPe? apAbspHer iia

or super at m&@erﬁfodai@@suesncéf&eatﬁesﬂ”p'o%édx%ﬂ (]ﬁén 3 ggefﬁgeac%i%%e

presence of the nulti-zone catalyst systens accor
i nvention. Pyygasisses spulcmaeltvét i estalyste bad. phabe ofinkressitgo

to 10 000 s rd |jters .of .gas mxture per |iter of catal yst .and
per hour ar é%%%c%vé!&’qcﬁqtﬁ Orrfacfallotlé?fgl?gﬁﬁﬁ-ﬁ'ﬁﬁg F@a&i%‘ﬁg’.ltllﬁ’n
t he processoffor gepard Nofyimytiaset ah@ Menemer td hes cagakyshe8ystigm
having differing activities of the individual catalyst zones

can, conpar e§SLECE1VE tyo ARGh COBYAT sdv-or m cat al yst zone of a
particular activity, be run up quickly to a high space-tine-yield
with a significantly inproved selectivity. According to the prior
art, uniforRrogeaslsest fdavilng acehokplathochi wift yetisidaldey nitehe gheir

final level _gonly after 20 daysg .or. weeks. The arrangenent according to
the inventi8 aﬁ% (-t g??@t%ﬁ?al’%‘ﬁfgﬁ &fedv"f*%Ygt RESEEECo3T At Pn
of ol efins guehtascphepgReimpdrihnds surprisingly been found that
even the juxtaposition of two catal yst zones having differing

activit4®s leads to a significant increase in the
WO 2008/071610 discloses a process and a catalyst

system comprising a catalyst which comprises palladium,
gold and potassium acetate and is applied to an Si0,
support having a large surface area and can be operated
30 at a space-time yield of more than 800 [g (VAM)/1
cat*h] at ethene selectivities of greater than 92% and
at a low degree of formation of ethyl acetate relative

to vinyl acetate.



space-tinme yield and selectivity in the preparation of, 30 in
particular, vinyl acetate fromethene, acetic acid and oxygen in the
gas phase. According to the invention, at |east two catal yst zones

having diffewbngoagybsbbysare juxtaposed. A juxtapogétyepe@iz ®E6390
than WO 2013/030073- 7 -PCT/EP2012/ 066390 two zones is |ikew se
possi bl e and part of the present invention. The catal yst zone nearest

the gas entrysesdippeber alycbobas an | pmyceadd i ioky ?ngéi??n?dj@iﬂﬁfﬂg
catal yst zones have an increasing activity in order through To the
gas exit en®PCHRRtPrb¥erCacsion raf aethel§ne oandcpiceitiy aatial yin theae

10 at the gas,& enge makes J S : hi gve nsi der abl

short eni ng gﬁrtﬁéﬁ%?ner@? equi réﬂd&(?%qf?lrs teasjttng'r ~u %\(éf ?P{égca%amlsghﬁg

reach the deseaedivexpalbadpandgdbldecypated vadalystabl e operating

conditio%ﬁ. 15 It is uninportant in the process of the invention for
| t

using a i -zone catal yst whether the catalyst is present in the

formof a cagalysiobeghsfl Qi expimds & fhagdihedagatigbystid -
shel | -and-tube reactor) or Jis applied in ?ﬁ‘egfo?‘m of indi v:inidﬁza?d bed

regi ons (forviExghppeeateelctiadarst t ainacaupnert coanpngedi wfa inert

m crostruct | ar. red_enbodi t of.the invention
is the juxt gﬁ)ﬁ%ﬁ;}%@%@i@# eél%xé{%f%/% gc(?rlp g,se% {Tﬁ%t hgl}f?%? o i) Yst
zone near estzidmomghasm eokigleend REMimigndd dbbdé onaat haeting tay,defined
conpar eg[;iL to the second, and, third catal yst zones | ocated nearer the
gas exitlend® THREEHPH L@t al yst zone having the highest activity.
This catal yst system having an activity gradient fromthe gas entry

end to the gas exit end |l eads to further 30 considerabl e inprovenments
in respect ofnspagew i mefyi ektieandgsebbct i e¢onesic WIMGIRYHIOH73-08

- PCT/ EP2012/ 0 To contrgl t.he activity of _the individual_catalyst
zones, it isacgeg%%gb][agcef% usérSf?&CSF rmraen%f t k8%t ol | \i}]‘é’%%%ma&%ye
variation ofcathelyenud ehhonh adwi theCilcd | ARG, PLORRECISs i B thRat

catal yst (potassium acetate, lithiumacetate, sodium acetate, cesium
acet at e-5r uBISREUY QcEPEIBIER Fg FRY ST ehebles wsachioni finemespect

metal cont eniss Rl dhobal Aty LA PAse L AN AL o LAl A YS!
support variation of the mxing ratio of the nobl'e ne a(fs, r
exanpl e Pd: Au use of different BET surface areas of the catalyst

PP X LTzl R e L e A
di sper si ons edanipflicOn Bfntthad 1| rés6tdts PBAOPREPERL AbY $hinYhi Gletate
20 monomer with increased selectivity and productivity, in

which gaseous ethylene and acetic acid and also an
oxygen-containing gas react catalytically, with the

synthesis reactors being a wall reactor and the

catalytic synthesis being carried out in a plurality of

25 reaction spaces and at least one wall of the reaction
spaces being coated with catalyst and at least one wall

of the reaction spaces being indirectly cooled.

Reactions which describe a series arrangement of at
30 least two reactors which can be charged with catalysts
of differing reactivity are likewise known from the
prior art. However, a disadvantage of this arrangement

is the large outlay in terms of equipment.



is too active/"super-active" by neans of inert material 20 i. ) use
of a differing acidity and/or hydrophilicity of the catal yst support
j ) variation of the thickness of the active noble netal |ayer on
the catal ystwsupppsy038674s support shapes for the p@flaﬁyﬁﬁp@@mgot
is possible to use all geonmetries known to those skilled in the art
for e xanple spheres, cylinders, rings, shaped bodies havin g one or
nore throughithamselsn obgwotr idTySthaagarawigehs, tdmgﬁbvwé d rhbebes
or 30 tetral obes. WD 2013/030073- 9 _-PCT/EP2012/ 066 channel s,
make | ow pr dRERTESHr SO aFae| BREBERY 1adAsT | of |§§§§|ll§1 eaci¢ aging a
enbodi nent % Ml eRbss S t

bodi es are %%%Qﬁ]é?hgg%gﬂ -bygrﬂa cat a ggfﬁhé$§fe 2 |£)al’tl %ﬁ's&a aljlyg%
preference ispafeenine aniebdsdi nte:nghl nsebectivheies noithcalalydby-

zones coppri i ngs-havi t hi,c s of SS an 2 mm

parti cul g? I %Cr’% : aE?W?gggnt ﬁﬂﬂ f%é(efgifhéq%ii Wﬁa T De
adapt ed par tpm&mé yineldhen ddcd hps i de@f afd tdcrangegat &EY%J SYSL BB
and different_shaped catal yst body geonetries, as a function of the

tube geonet r§f oftid r @acLlBRItheningpaefi dihar 11¥AN sadal @«bse Fhegitn?2
supports or éﬂéﬁ@'§ﬁ gfmé§p89r£§e§ﬁecgﬁgggs%‘EgnFE% g%%?%&% des; uged
being able to be of" natural ori g. bentonites

pyr ogeni caI It;hepr sdmeedtltmrtiheulwase p reesf ecencentﬁoﬁﬁlglsrﬁljl-(hrﬁ-&&be
support artl cul ar S?O SU£fOF s based on pyrogenic silica.

Furt her re t?%r ST e For e supports to be nodified by
target ed dopi ng or to be pretreated by washing. 25 As catal yst
supports, it_is possible to use high surface area, high-purity
silicon di oxitde PRFppEHEPTAS 1B | ge@ni nfpendooghar16tioe (iwsor pmﬁataed

by referenc h T reas he ra from 30

to 500 n2/ g‘%?altmﬂ]i %%E Séségfgggn%o%ﬁ:sei?%a %60 E?ﬁ'gﬁg mrteﬁg
have been dogedl nhavear§efedriay wddrtipiady. andD aﬁé?»/é)ﬁﬂ&?éed 1Qn
- PCT/ EP%?lZ/ 066390 5. 0%@_‘{% ¥\§ ‘ght of palladiumand fromO0.2 to 3.5%
by wei ght of-3&%F ot i 0f 1OV o I s eeBRPL 8¢ @adh%%%r SRS -

0.1to 3. S%t%éNeyglaldof B¢ 4 and o WJ.CIE:L%Q Owlég vt
al kali metal, in each case based on 5 e wel ght of t e supp6rt used.
The | oadi ng§oc:mt\miy as cambgneti; onwn;tht heat ypeLm:‘uaﬂailtyal yslsaﬁmd:mal

(T B0 Ve R A s B i S SRS
preferably fromO0.3 to 3.0% by wei ght The gol d content of the

Pd/ al kall L@I/Au catalysts is_ fromO0.2 to 5.0% by wei ght,
pr ef er af migVeEnRtcl ol O9% BYL9RF ght PrPsleﬁﬁe E@% afhe maeat csyARSALTOf

the Pd/ aI kablf rgelt@é._{féj t o f !JJQ
preferably from1.0 to %%A)%byg%mi? £’gﬁlecg um con%%e%%m*n?hgn
Pd/ al kal i rr@tlatf:'ﬂ@d orced/ia kaqldcretaa’nd Baanat akygeﬁ cesntaom gl Has5%

by 20 wei ght %refer bly from0.2 to 4,0% by wejght. The cadm um
content of URE E&Faﬁah rﬁﬁ?%?ﬁd?ﬁaﬁsﬁ’?*‘“@? roveD. 24 oleRrf, 59’0

wei ght, preﬁataﬁyﬁterSh@sz be 3d@%f€¥1ﬂ§'99&ac¥ﬁ@19§r'HEkSHBE9nt
the Pd/al kali nmetal/Ba catalysts 25 is fromO0.1 to 375% by wei ght

preferddly FREALE.2Whers (e Cakilyet Fnuesaacentlovetiest ein sone or

PLoterab!y hbrbhgeatitohRUBea® aientla"a fllaich® ca0e Of O

As oxygen-containing gas, preference is given to using
molecular oxygen.

30
The process of the invention can be used for pPreparing
unsaturated esters from olefins, organic acids and
oxygen in the gas phase. In particular, it can be used

for the production of wvinyl acetate monomer. For this



The alkali nmetal content of the Pd/alkali metal/Cd or 30 Pd/al kal i
nmetal fBa catalysts is fromO0.3 to 15% by wei ght, preferably fromO0.5
to 10% by weight. WO 2013/030073- 11 - PCT/ EP2012/ 066390 General test

conditions: wéckoysyyseogzselectivity _fg l.ow ng exalB@f%Mﬁo“”o
measured over a tine of up are tested in a flow tube whose
tenperature is controlled by neans of oil (reactor |length 1200 mm

internal di apetgosd) Wihede aNadbsok Ut 1 €8l Gdfedithbabx§Bdna or
space velocity (GHSV) of 4000- 10 5000 standard nB/(nB*h) usifng the

fol |l owi ng ga®'Eorfedi tienrtesbosisy Fdeunsast phaeme, aBtb9saYlyolwiteh
of argon, 13%8y.yghuge eheareblieaci d.and f sty nolure of, grygen,

The catal yst systens are tested I'n the tenperature

180C (gas ent50°Cloah@MREr At pHSIeadk Obupae -t ficarelr iRePre dlire,
characterize the course of the reaction, thé tenperature profile is

nmeasur ed>by FeBnsxampaemfinom pbi b t2npernt uie sErsopresetbe odft atlyst
bed. The re { ON_ u u d_starti.n terials are 20
anal yzed at t jéggu?%lg %%é?ﬁg%egggggngyaﬁggﬁglgg (r)pra?c VRV e Yas
systemin greypidaliyyl spaecatve DEnoness CbEONMEH®9HaRhphdd® of from

space-tine yjeld of er liter of catalyst (g (VAN)/| of cat.*h) is
hour and d-leq(Lq rﬁ‘?}ejdgagog ﬁ’é%’é‘g?lﬁdoﬁ-l?ﬁ€sc algpst Maettuyie perTHa ey

sel ectivity ds @aﬁ:allgigrﬁedaﬂaa gt hahi0 Hfe Vigiyls AR al§ Tiq{d@:l:fdi%blt ;

et hene reacted. In addition t0 determnation of the reaction pro

in the §8s pHuskl-and tubpixkeaetwts on products are 30 condensed in a
vessel maintained at from 10 to 15C and the condensate obtained is
anal yzed by neans of gas chromat ography. WO 2013/030073- 12

- PCT/ EP2012/1366389 prockics | Do oprépareafak¥eis: acthatll aduehies) #HHL
characterization of the individual catalysts for the exanples and

conpar at i ve “BEPIs i Tbnheetassi Whifferdng i pativiti@s of the

2008/ 071610.1 nH&-iBRE 1SUr {268, 18/8a of %.jées cat st %mﬁ 8 is
det er mi ned ilrll1 acclor dance wt %;DI N 66131 usi r%l%/ﬁ troge %ﬁFﬁde fi @
hei ght s1$ ndicsatved: tfigmatlhe umidiormdualatadiyest arzonk) hefsed opatitd cixdtsal

| ength (100%_.,qf .the test_reactor_described. endi ng on the
di nensi ons 6% e Peador FipeP &Jﬁéj&é’pﬁ%%gﬂ FERGRT &gy YBeld

speci fied. WHerlesigngaii Pl hﬂn%ﬁé@éd%e_l@&%iv%?, basedr@inghe oo
position in the flow direction of the gas, wth the Tirst zone being

the catal ystPPon®ri®x hetas vpidorsf ch&adysdsor havengt he nuhtifozone

| | 86 ENEsigmtor b he mi
whet her ooy CRLaRt o TRaT r GRChe boLEbh dvetl SFYFRonTithe. PaFeT

downwarZl i ndayseact eeekisor exanpl e an upright shell-and-tube
reactor). 25 Exanple 1:(Pd/Au type catalyst with differing pronoter
contents) For this purpose, a catalyst was produced as descri bed

The arrangement according to the invention of the
catalyst can also be used for the acetoxylation of
olefins such as propene.
25
It has surprisingly been found that even the
Juxtaposition of two catalyst zones having differing
activities leads to a significant increase in the
space-time yield and 'selectivity in the preparation of,
30 in particular, vinyl acetate from ethene, acetic acid
and oxygen in the gas phase. According to the
invention, at least two catalyst zones having differing

activity are juxtaposed. A juxtaposition of more than



in WD 2008/ 071610 with the exception that the catalyst of the 1st
zone contains 6.5% by weight of potassium 30 and the catalyst in the
2ndzone contains 3.0% by wei ght of potassium Designation |st Zone
2nd Zone 3r 0yl ONEL3 @138/ 030073- 13 _-RCT/ EP2012/(&§§ JP1AEde@s90
length (% 50 50 - )é%Zsupport BET(n2/g) 200 200 - P (% \Aelfg%fﬁes 2.0
2.0 - Au(%y we 2.0

10
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two zones is likewise possible and part of the present

invention.

The catalyst zone nearest the gas entry end preferably
has a lower activity and the adjoining catalyst =zones
have an increasing activity in order through to the gas

exit end.

The presence of a relatively low-activity catalyst zone
at the gas entry end makes it possible to achieve a
considerable shortening of the time required on first
start-up of the catalyst to reach the desired maximum

space-time yield under stable operating conditions.

It is unimportant in the process of the invention for
using a multi-zone catalyst whether the catalyst is
present in the form of a catalyst bed (for example a
fixed-bed catalyst in a shell-and-tube reactor) or ig
applied in the form of individual regions (for example

relatively thin catalyst coatings in a microstructure).

A particularly preferred embodiment of the invention is
the juxtaposition of three catalyst zones, with the
first catalyst zone nearest the gas entry end having
the lowest activity, compared to the second and third
catalyst zones located nearer the gas exit end and the
third catalyst zomne having the highest activity. This
catalyst system having an activity gradient from the
gas entry end to the gas exit end leads to further
considerable improvements in respect of space-time

yield and selectivities.



2.0 - K(%y weight) 6.5 3.0 - This catalyst systemaccording to the
i nvention makes it possible to achieve maxi mum space-tine yields of
980 g (VAN)/1 of cat.*h at maxinum ethene selectivities 5 of 93.2%in

the test in wbe2oeagboooypder the conditg ans descripes/rfX#P/Fs6390
2: (Pd/ Au type catal yst having differing support BET surface areas and

pronoter contents) 10 Two catal ysts were synthesized as described in

WO 2008/ 071688; dheseodi fiies edduiwifgt be eatal Yﬁ&h{rﬂdﬁé?f ]éétaﬁ:g}/pﬁt

was produced on 5i 02 supports having a BET surface area of
and a pot assFe@eRontkht ¥ ESmIBLawiteht vesd ome caral yerei nof hetlzed

zone was prgfiyf upports having a BET surface area of
220 n2/ g an :E%E&aig %?né%%%?%nt of 3.0% by wei ght. Designation |

2ndZone 3rdZone reimiaviohendt hthe) cohteht bF02sepperty -Ho{tid ) ids0
220 - Pdg@by promoters in the catalyst (potassium acetate,
lithium acetate, sodium acetate, cesium acetate,
rubidium acetate or mixtures of these)
b.) use of different metal contents of gold,
palladium, cadmium based on the catalyst support
10 ¢.) wvariation of the mixing ratio of the noble metals,
for example Pd:Au
d.) wuse of different BET surface areas of the catalyst
supports used

e.) use of wvarious bulk densities of the catalyst

15 supports
f.) use of various catalyst support geometries
g.) use of different metal dispersions
h.) dilutiom of a vinyl acetate monomer catalyst which

ig too active/”super-active” by means of inert material

20 1i.) wuse of a differing acidity and/or hydrophilicity
of the catalyst support

j.) variation of the thickness of the active noble

metal layer on the catalyst support.

25 As support shapes for the catalysts used, it is
possible to use all geometries known to those skilled
in the art, for example spheres, cylinders, rings,
shaped bodies having one or more through-channels,
crown rings, wagon wheels, monoliths, trilobes or

30 tetralobes.

Particular shaped catalyst bodies, for example rings,

crown rings, rings having a plurality of through-



2.0 2.0 - WD 2013/030073- 14 -PCT/ EP2012/ 066390 wei ght) Au( Yby
weight) 2.0 2.0 - K(%y weight) 6.5 3.0 - This catalyst system
according to the invention nekes it possible to achieve maxi mum
space-tine ywel 2619f0306939(VAM / 1of cat o* hatnBX|rnugﬁfy§§§632/055390
selectivities of 93.51 in the test in the reactor under
condi tions described. Figure 1 shows the tenperature prof| I e of this
two-zone catehashe By St efawel N Bow arg@égsﬁet hef®ls t eaRgT aiWLe pylk
profile with opt|n1zed catalﬁét utiTization in the downstream regi on
10 of the relrBoities gpeesibldows the tenperature profile at 7.51 by
vol une of 02, 4500 standard nB/(e*h) and a gas entry tenperature of
138C. Exanple 3:(Pd/ Au type catalyst with differing EM 15 contents)
Two cat al ystEn wene esphdiiesirztedofis ties cihveast ion WOvaeeshe7? 'ettﬁ@ée
dlffered in t‘;T:at t he .cat alal:L i n tge 1st zone was produce Si 02
supports 5haf Qaggﬁ catdlyst bodies are used in the mult1 zone
catalyst system. Particular preference is given to an
embodiment in which one or more catalyst zones comprise
rings having a wall thickness of less than 2 mm,

particularly preferably less than 1 mm.

10
The heat management can be adapted particularly well
with the aid of multi-zone catalyst systems and
different shaped catalyst body geometries, as a
function of the tube geometry of the reactor.

15

In particular, VAM catalysts on Si0, supports or mixed
oxide supports are used, with the metal oxides used
being able to be of natural origin, e.g. bentonites, or
be pyrogenically produced. Particular preference is

20 given to 8Si0, supports, in particular Si0, supports
based on pyrogenic silica. Furthermore, it is possible
for these supports to be modified by targeted doping or
to be pretreated by washing.

25 As catalyst supports, it is possible to wuse high
surface area, high-purity silicon dioxide supports as
described in WO 2008/071610 (incorporated by reference)
which have BET surface areas in the range from 30 m?/g
to 500 m’/g. It is likewise possible to use §iO,

30 materials which have been doped in a targeted way with

metals.

For the synthesis of vinyl acetate monomers, it isg

advantageous to provide the catalyst with from 0.1 to



20 surface area of 180 n2/g and a Pd und Au content of 2.01 by weight
I n each case and the catalyst in the 2nd zone was produced on Si 02
supports having a BET surface area of 220 n2/g and a Pd and Au
content of 2Zyglabhyzwes@hysi n each case.  g@5_Desi gnatj PRRo66390
2ndZone 3rdZone relgﬁive length [1] 60 - WO 201% é%%%%-_%%

- PCT/ EP2012/ 066390 Si 02support BET(n2/g) 180 220 - Pd(%y weight) 2.0

2.3 - Au(\VDysves gk wefgRe3 of KEARYadBLhdN e Prom 0.2 to 3.5% by

10

15

20

25
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weight of gold or from 0.1 to 3.5% by weight of cadmium
or from 0.1 to 3.5% by weight of barium and from 0.5 to
15% by weight of alkali metal, in each case based on
the weight of the support used. The loadings can vary
as a function of the type of catalyst used (Pd/Au type,
Pd/Cd type or Pd/Ba type). -

The palladium content of the Pd/alkali metal/Au
catalysts 1s from 0.2 to 5.0% by weight, preferably
from 0.3 to 3.0% by weight.

The gold content of the Pd/alkali metal/Au catalysts is
from 0.2 to 5.0% by weight, preferably from 0.3 to 3.0%
by weight.

The alkali metal content of the Pd/alkali metal/Au
catalysts is from 0.5 to 15% by weight, preferably from
1.0 to 10% by weight.

The palladium content of the Pd/alkali metal/Cd or
Pd/alkali metal/Ba catalysts is from 0.1 to 5% by
weight, preferably from 0.2 to 4.0% by weight.

The cadmium content of the Pd/alkali metal/Cd catalysts
ig from 0.1 to 3.5% by weight, preferably from 0.2 to
3.0% by weight.

The barium content of the Pd/alkali metal/Ba catalysts
is from 0.1 to 3.5% by weight, preferably from 0.2 to
3.0% by weight. The Ba content here is preferably in
the same range as the Cd content in the case of ¢d
types.

The alkali metal content of the Pd/alkali metal/Ccd or
Pd/alkali metal/Ba catalysts is from 0.3 to 15% by
weight, preferably from 0.5 to 10% by weight.

The invention i1s illustrated by the following examples.



3.0 - This .catalyst systemaccording to the invention nmakes it
possi bl e to achi eve maxi num space-tine yields of 1200 g (VAM/1 of
cat.*h at ethene selectivies of 94.0%5 in the test in the reactor
under the copslidopnsosieees i bed. Exanpl e, 4: (Three Céﬁc’“ﬂ/}ﬁzoﬁ%%%esgo
having differing support geonetri es) 10 Three catal ysts wer

synt hesi zed as described in WO 2008/ 071610; these differed |n

di fferent BiEefdi{PCE-a¥ €asn®fridigs Si 02 supports, EM and potassium
contents and al'so i n redu i ckness in the 3td zone.

Desi gnati on 1stZone 2ndZone 3rdZone relative length [%9 50 30 20

> 02support SEHRLD) 00 20012805 9HRPOT brICRHE! M Lalll bl CKAY

following examples and comparative examples are

5 measured over a time of up to 200 hours. The catalysts
are tested in a flow tube whose temperature is
controlled by means of o0il (reactor length 1200 mm,
internal diameter 19 mm) at an absolute pressure of

9.8 bar and a space velocity (GHSV) of 4000-

10 5000 standard w’/(m’*h) wusing the following gas
composition: 60% by volume of ethene, 19.5% by volume

of argon, 13% by volume of acetic acid and 7.5% by
volume of oxygen. The catalyst systems are tested in

the temperature range from 130 to 180°C (gas entry

15 temperature upstream of the catalyst bed). To
characterize the course of the reaction, the
temperature profile is measured by means of a multi-
point temperature sensor in the catalyst bed. The
reaction products and unreacted starting materials are

20 analyzed at the output of the reactor by means of on-
line gas chromatography. The space-time vyield of the
catalyst system in gram of vinyl acetate monomer per
hour and liter of catalyst (g (VAM)/l of cat.*h) is
determined as a measure of the catalyst activity. The

25 selectivity is determined via the ratio of vinyl

acetate formed to ethene reacted.

In addition to determination of the reaction products
in the gas phase, the liquid reaction products are
30 condensed in a vessel maintained at from 10 to 15°C and
the condensate obtained is analyzed by means of gas

chromatography.



1.3 Pd(%y 2.0 2.3 2.6 WO 2013/030073- 16 - PCT/ EP2012/ 066390 wei ght)
Au(.96by weight) 2.0 2.3 2.6 Cd(tby weight) 0 0 O K(tby weight) 6.5
3.5 2.0 This catalyst systemaccording to the invention nmakes it
pdssible to ﬁ@hﬁ@yg/nggoﬁyn1space-tlnB ybelds of Jjgﬁk/EP2012/066390
g(VAM / 1lof cat . *h at maxi nunet hene

Production of the catalysts:

The production and characterization of the individual
catalysts for the examples and comparative examples is
5 comprehensively described in WO 2008/071610. The BET
surface area of the catalyst supports is determined in

accordance with DIN 66131 using nitrogen.

The fill heights indicated for the individual zones are
10 Dbased on the total length (100%) of the test reactor
described. Depending on the dimensions of the reactor

tube, other optimum fill heights may be specified.

The designations of the catalyst zones are based on the
15 position in the flow direction of the gas, with the
first zone being the catalyst zone as the gas inlet of

the reactor.

For the multi-zone catalyst system according to the
20 invention, it ig immaterial whether the reactants flow
from the bottom upward or from the top downward in a
reactor (for example an  upright shell-and-tube

reactor) .

25 Example 1: (Pd/Au  type catalyst with differing

promoter contents)

For this purpose, a catalyst was produced as described

in WO 2008/071610 with the exception that the catalyst

of the 1°*® zone contains 6.5% by weight of potassium
30 and the catalyst in the 2™ zone contains 3.0% by

weight of potassium.

Designation 1%  Zone 2°¢  Zone 3™  Zone




5 selectivities of 94.5%in the test in the reactor under the

condi tions described. Exanple 5:(Two catal yst zones having a | ow wal |
t hi ckness) 10 Two catal ysts were synthesized as described in WO
2008/ 07161054 hages fifd@ied i n different; wall thiclgs odf ,?g? P2
supports anJ7 pot aSSI um contents. Designation |stZone [E‘g}on one
relative length (t) GO 40 - S|025upport BET(nQ/g) 200 200 - support

geonetry e TdE GRITESS [MEE] 11 NgS 0. 61 Bpgs 13 = PY{I by werght)
023" length [%]

810, support | 200 200 -

BET (m*/g)

Pd (5 Dbyl2.0 2.0 -

weight)

Au (% by|2.0 2.0 -

weight)

K (% by |6.5 3.0 -

weight)

This catalyst system according to the invention makes
it possible to achieve maximum space-time yields of
980 g (VAM) /1 of cat.*h at maximum ethene selectivities
5 of 93.2% in the test 1in the reactor under the

conditions described.

Example 2: {(Pd/Au type catalyst having differing

support BET surface areas and promoter contents)

10 Two catalysts werxre synthesized as described in
WO 2008/071610; these differed in that the catalyst in
the 1°° zone was produced on $i0, supports having a BET
surface area of 150 m?’/g and a potassium content of 6.5%
by weight and the catalyst in the 2™ zone was produced

15 on Si0, supports having a BET surface area of 220 m?/g

and a potassium content of 3.0% by weight.

Designation [1°° Zone 2™  Zone 3"  Zone
relative 50 50 -

length [%]

810, support | 150 220 -

BET (m°/g)

Pd (& Dby|z2.0 2.0 -




Au(tby 2.0 2.3 - WD 2013/030073- 17 -PCT/ EP2012/ 066390 wei ght)
Cd(%y weight) 0 0 - K(%y weight) 5.5 2.5 - This catalyst system
according to the invention nmade it possible to achi eve nmaxi num

space-time Vel g619f0346939 (VAN /I of f£at.*h at megdsnup£4

f@ﬂ%_ﬂso

selectivities of 5 94.0%in the test in the reactor under the
condi tions described. Conparative exanple 1:(Pd/Au type catalyst) 10

A cat al yst
2008/ 071610,

Wesighoduced THh accordance with the descriprion im Wo

said catalyst having the faoll owi ng conposlition:

Desi gnati on

gt Zori& 2ndXond.8rdZone rel atdme length [9-
weight)

K (% by | 6.5 3.0 -
weight)

10

15
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This catalyst system according to the invention makes
it possible to achieve maximum space-time yields of
1050 g (vaMm) /1 of cat.*h at maximum ethene
selectivities of 93.5% in the test in the reactor under
the conditions described. Figure 1 shows the
temperature profile of this two-zone catalyst system
with a largely isothermal temperature profile with
optimized catalyst utilization in the downstream region
of the reactor. Figure 1 shows the temperature profile

at 7.5% by volume of 0,, 4500 standard m*/(m**h) and a

gas entry temperature of 138°C.

Example 3: (Pd/Au type catalyst with differing EM

contents)

Two catalysts were synthesized as described in
WO 2008/071610; these differed in that the catalyst in
the 1°° zone was produced on SiO, supports having a BET
surface area of 180 m?°/g and a Pd und Au content of 2.0%
by weight in each case and the catalyst in the 2™ zone
wag produced on Si0; supports having a BET surface area
of 220 m?/g and a Pd and Au content of 2.3% by weight in

each case,

Designation 15t Zone 2™ Zone 3¥  Zone
gn

relative 60 40 -
length [%]




100 - - SiO
weight) 2.0

whi ch is not according to the invention nakes it possible to achieve

Maxi mum spaggy
2013/ 030073-

2support BET(nR/g) 200 _ _ Pd(%y weight) 2.0 - - Au( %y
- - K(96by weight) 6.5 - - 15 This (one-zone) catal yst

@i of 850 g (VAN I of cat . ‘HedterByeioiyee 340
18 P /EP2012/066390 et hene selectivities of 92.0%in

the test in the reactor under the test conditions described. Flgure 2

shows the t
the i nventi

o]

%ER% AR JIOf 15§ Of a catalgshp which i's mar according t
%r]ET o(r:ne/é())ne) W t h

Pd (% by|[2.0 2.3 -

weight)

Au (% by|(2.0 2.3 -

weight)

K (% by |6.5 3.0 -

weight)

10

This catalyst system according to the invention makes
it possible to achieve maximum space-time yields of
1200 g (VAM) /1 of cat.*h at ethene selectivies of 94.0%
in the test in the reactor under the conditions

described.

Example 4: (Three catalyst zones having differing

support geometries)
Three catalysts were synthesized as described in
WO 2008/071610; these differed in different BET surface

areas of the Si0O, supports, EM and potassium contents
3rd

and also in reduced wall thickness in the zone.
Designation |1°% Zone 2™  Zone 3™  Zone
relative 50 30 20
length [%]

Si0, support | 200 200 220

BET (m*/g)

support rings rings rings
geometry 1.8 1.8 1.3

wall

thickness

[mm}

Pd (% by (2.0 2.3 2.6




5 clear formation of a hot spot in the upstreamreactor region. The
tenperature profile shows the one-zone catal yst systemat 7.5% by
vol unme of 02, 4500 standard n8/(nB*h) and a gas entry tenperature of

138C. 10 Thewvesyhbyosiot/Re i ndi vi dual ¢xanpl es (ExPéTgﬂgzgggpgggébge

exanpl es (Com ex.) are shown in Table 1. Table 1 Designation
ex.1l Ex.1 Ex.2 Ex.3 Ex. 4 Ex.5 Catalyst fill height Rl istzone
100 50 50 6Pwefgh®)2Zndzong = S0 50

Au (% by (2.0 2.3 2.6

weight)

cd (¢ bylo 0 0

weight)

K (% by |6.5 3.5 2.0

weight)

This catalyst system according to the invention makes
it possible to achieve maximum space-time yields of
1250 g (vaMm) /1 of cat.*h at maximum ethene
5 selectivities of 94.5% in the test in the reactor under

the conditions described.

Example 5: (Two catalyst =zones having a low wall

thickness)
10 Two catalysts were synthesized as described in
WO 2008/071610; these differed in different wall

thicknesses of the Si0; supports and potassium contents.

Designation |[1°® Zone 2™ Zone 3"  Zone
relative 60 40 ~
length [%]

8i0, support | 200 200 -
BET (m®/q)

support rings rings -
geometry 0.6 1.3

wall

thickness

[mm]

Pd (% byl|2.0 2.3 -
weight)

Au (¢ Dbyl|2.0 2.3 -




40 30 40 3rdzone - - - -

20 - STY g(VAM/1 of cat.*h 850 980 1050

1200 1250 1100 ethene selectivity 92.0 93.2 93.5 94.0 94.5 94.0 R ]

10

15

WO 2013/030073 - 17 - PCT/EP2012/066390
weight)

cd (% by |0 0 -

weight)

K (% by{5.5 2.5 -

weight)

This catalyst system according to the invention made it
possible to achieve maximum space-time yields of 1100 g
(VvaM) /1 of cat.*h at maximum ethene selectivities of
94.0% in the test in the reactor under the conditions
described.

Comparative example 1: (Pd/Au type catalyst)

A catalyst produced in accordance with the

description in WO 2008/071610,

was

said catalyst having the

following composition:

Designation [|1°° Zone 2" Zone 3™  Zone
relative 100 - -

length [%]

810, support | 200 - -

BET (m®/g)

Pd (% byi{2.0 - -
weight)

Au (% by|2.0 | - -
weight)

K (% by|6.5 - -
weight)

This (one-zone) catalyst which is not according to the

invention makes it possible to achieve maximum space-

time vyields of 850 g (VAM)/l1l of cat.*h at maximum




Hot Spot

[C 1stzone 163 164 164 170 172 165 2ndzone -

163 163 163 166

10

WO 2013/030073 - 18 - PCT/EP2012/066390

ethene selectivities of 92.0% in the test in the

reactor under the test conditions described.

Figure 2 shows the temperature profile of a catalyst
which is not according to the invention (one-zone) with
clear formation of a hot spot in the upstream reactor
shows the one-zone

region. The temperature profile

catalyst system at 7.5% by volume of 0O,, 4500 standard

m’/ (m**h) and a gas entry temperature of 138°C.

The results of the  individual examples (Ex.) and

comparative examples (Com. ex.) are shown in Table 1.

Table 1

Designation | Com, Ex. 1 |Ex. 2 |Ex. 3 |Ex. 4 |BEx. &
ex. 1

Catalyst

fill height

[%]

1°¢  zone 100 50 50 60 50 60

2™ zone - 50 50 40 30 40

3*%  zZone - - - - 20 -

STY 850 980 1050 1200 1250 1100

g (vaM)/1

of cat.*h

ethene 92.0 93.2 93.5 94.0 84.5 94.0

selectivity

[%]

Hot Spot

[°C]

1%t zone 163 le4 164 170 172 165

ond e - 163 163 163 166 162

3" zone - - - - le4 -




162 3rdzone - - - - 164 - dains: 1. A process for the
acetoxylation of olefins in a gaseous reaction stream containing an
olefin, acetic 5 acid and an oxygen-containi ng gas, wherein the

reacti on gasybSz2pas3g8opysr at least two catal yst z i i
reactivity arranged?i n series, where the catal yst z%%ﬁéggé% %é:g%ée%@

in one or mogpyfgaction tubes arranged in parallel. 10 2. The
process as clained in claim1l, wherein nolecular oxygen is used as
oxygen- cont ai ni ng gas. 3. The process as clainmed in claim1 or 2,
wherein 15 ethene_and acetic_acid are reacted to formvinyl acetate
monomer. 4.1 The pr BEEsesss £P%i B¢ i acakoxvlatiannefl eleBinghdnei s

the catal yslozousudeaieale it d82eaM! rdofbllilifng 20,2 Louptinactially

and the adjoining catalyst zones have an Increasing actrvity in order
through fo t¥eidagnéxin emygenscolbeipiogesssas wheaiennd tihe arya®fion
claims 1 to 4,_25 wherein the activjt ndi vi dyal cat al yst

of the i
zones i s contdl I'€d BISHE. SOX?ron%to?/lefﬁﬁte ceFfwot h&3FBI-YBhi ngenes of

measures: a.difgethidonrecthei epntertafedctivi tyet0 r ol  the
pronoters in the catal yst (potassium acetate, 30lithium acetate,
sodi um acet fFE2LEh uRCRES afEe rlpraradh abet s 0PTNi ROVE esragiction

these) b.) usgaf fdifd tﬂ“ﬁé ents of gold, palladium
cadm um based on taﬁJ'Le clg#a yJét al%%%? WD 2013/ 030073- 20

- PCT/ EP2012/ 066390 c.) variation of the mxing ratio of the noble
nmetals, for £xa e Pd: Au d.g use of di,ff%[ent BET_ surface areas of
the catal yst'suppott s bERgess as claimed 1in  claim 1, wherein

molecular oxygen is used as oxygen-containing gas.

3. The process as claimed in claim 1 or 2, wherein
15 ethene and acetic acid are reacted to form wvinyl

acetate monomer.

4, The process as claimed in any of claims 1 to 3,
wherein the catalyst zone nearest the gas entry end has
20 a lower activity and the adjoining catalyst zones have
an increasing activity in order through to the gas exit

end.

5. The process as claimed in any of claims 1 to 4,
25 wherein the activity of the individual catalyst zones
is controlled by means of one or more of the following
measures:
a.) variation of the content of activity-controlling
promoters in the catalyst (potassium acetate,
30 lithium acetate, sodium acetate, cesium acetate,
rubidium acetate or mixtures of these)
b.) use of different metal contents of gold,

palladium, cadmium based on the catalyst support



5 e.) use of various bulk densities of the catalyst supports f.)
use ot various catal yst support geonetries g.) use of different netal
di spersi ons h.) dilution of a vinyl acetate nononer catal yst

which 10 is 4®2@Liyyebosyper-active"_ byyneans of iﬂgijﬁgﬁfgjégsggd
use of a differing acidity and/or hydrophilicity of the catalyst
support j.) variation of the thickness of the active noble netal

layer on the:cat abysiaiORObE . thE mxihBe rBEA6ESE dhet YR fdt AW,
of clainmse 1 to 5, wherein the shape of fhe catalyst support in one or

more catal yst zonEeriexampl@ePd ol of spheres, cylinders, rings,

shaped bodi e avi e 2 hr - channel s, crqwn rin
wagon mheel§$’ﬂnﬁ%¥?t§§,d?$F€g%§E %F&tggggggﬁe??eas'?éaﬁh§[ﬁ%ﬁé£g§56
clainmed in clai m&uppdetreiwsedngs having a wall thickness of |ess
than 2 mm are used. 25 _8. The process as clained in_any of clains 1
to 7, whereift hd'¥at % sVeTiSMF aPu Ll cdeneibhesi 02f subppr at@lyst
m xed oxi de suppodiSpoMtdh the netal oxides used being able to be of

natural origin or be pyrogenically 30 produced.
use of various catalyst support geometries

g.} wuse of different metal dispersions
h.) dilution of a vinyl acetate monomer catalyst which
10 is too active/”super-active” by means of inert material
i.) use of a differing acidity and/or hydrophilicity
of the catalyst support
j.) variation of the thickness of the active noble
metal layer on the catalyst support.
15
6. The process as claimed in any of c¢laims 1 to 5,
wherein the shape of the catalyst support in one or
more catalyst zones dis in the form of spheres,
cylinders, rings, shaped bodies having one or more
20 through-channels, crown rings, wagon wheels, monoliths,

trilobes or tetralobes.

7. The process as claimed in claim 6, wherein rings
having a wall thickness of less than 2 mm are used.

25
8. The process as claimed in any of claims 1 to 7,
wherein the catalysts used are present on $i0O, supports
or mixed oxide supports, with the metal oxides used
being able to be of natural origin or be pyrogenically

30 produced.



