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pal | adi um and/ or 1"t s conpounds, cadm um conpounds, al kali netal conpounds
and at | east one |anthanoid nmetal conpound, and to its use for preparing
vi nyl acetatwofesomesrdi c acid, ethyl ene and oxygen opPCT{E®98/008Lai ni ng
gases. 10 It is known that ethylene can be reacted with acetic acid and
oxygen or OX)YIIRIMAT HASEY QBFRLIADINE gadMIvase AKALTI METAL AND

pal | adi um cadm ' | = LN j y gi ve vinyl
acet ate. Accop]é#ﬁggbgakgsr&é@g- Zﬁgggégﬁ@ﬂéﬁﬁ@%g@g ﬁggghé&%r&?%% 819,
the catalytically active netal salts are applied to the catalyst carrier by
i mpregnat i ONThS Prwd SEh©N, i MARRT i SIEPQH QL ItFeLS| @A tan yteckRiEAt i on.
The pr epar ation of a pall igl m cadm um and, fﬁ.’gt assi um contai ni ng, 20

cat al yst %i s QF8R* k¥oWwn, P& QHFFWQ APE4PT ert it eFPEPOUREEHh h5SIPEER

provi ded wi tdompdimder, £ltalexampit@alancahpalihdsetathd oratal Kalaste eaet h net al
car boxyl at e, j f [ gpat | LEhan [ nd being
treated aftelr%t?%lg |grr\%$2rg%%%?o%&§§%$%’ lr)r%ég §§ %EE{XS% §%§ g%%%?gtg%-o 634
209 discl osesinhe prepakat fsamoRcgglilcadiaid, ctdrilgnanind oxygen or

pot assi um cohtk ¢ Ndos8d 8h ¥i§d Sgdded he carrier particles being inpregnated
by bei ng intimately 30 m xed wwth a solution of palladium cadm um and

pot assi M salts and then bei ng inmedi ately dried, the dynam c viscosity of
t he sol uti onIbeiisg katowreashad. e@ByRasecanthi hbesdeastdterl vl timeatetithe

i npregnati on i n t % of . t e - arsie 5 rticles.
EP-A-0 639 iﬂ%ﬁgig??oé%éégﬁ%‘%asgg%g ﬁp?gg#ggﬁfﬁé Egggﬁuﬁfgn£§%|g§§ whi ch
is nore tharPiBB9gof e [RAlafsiugfeasiniimy dderdiier pateilcrestpépinge _
anregnatlOnfik@MBNQﬁ,c&téhaﬁﬁsStérQQ@QUanykhhéeSQEQSSﬁbﬁo&@iﬁ@'Q@t a ;lne
efore startjng the dryi [ S.S y.,2002 - rt at, after
t he endslor’f t‘lﬂg'%i?gi %@5 aggﬁm I 8g’r’}\53t§3§0§/§3f tHg 80%6%& Etrcrg’co Fi ses
said netal sahtslyPacdhtlyumctdaem metahd soitasskom capphiadngcathkysts 5
can al so be &Presges; i : in - 8:0 6 2| sprayi ng
the carrier %é???%%gstb\%n]ﬁle beﬁggaﬁlﬁﬁeﬁﬁi&q‘ﬁi nggaﬁ%ﬂga?béxdl ut%la_}rérof
pal | adi um c@eRPSHt e, poPRSSF LR sart BrPAiPhEaE6PHr of PEr BFSPATEK1IAA aver age
di aneter of @f | @astpflBadiu) | Radheulmor mdd oboltiagdidm-ebataandnghen
i mredi a y dryi hem the dynam c viscosjty of the solution being at
oot 02005 PakelPal "R &5Fec kBRNG! REFEL iR "aor S EE b e BT8R %500 of
t he pore vol whkchf heke ke irroyiatad cvieth a5 binglePCT fgupl fsampbe WD

96/ 37455 di sglipses hbahicatabyRhsift bhAisnt ¥BEataBakRBokQAgkdeEr 8hk Y gl Mproved
by adding at | ea?sﬁs gn% rhenium and/ or at, | east,  one zircopium cgrrgound.
B & v

Thus, a pal | %37 AFGm S0 PRI LontLiFhi 4G atd 238aP§iIshows a
space-tinme yteédtédr amadtevi nylthacet atngrfeymaad.gper |witeh of acat bhgst and
hour) of. 5922(£9L%_hé,, Sy\ge5$§§_ an initial productivity of 950 g/1h is
observed after addition of zirconiumunder conditions which are ot herw se
t he

EP-A-0 634 209 discloses the preparation of palladium,
cadmium and potassium-containing catalysts by the
carrier particles being impregnated by being intimately
30 mixed with a solution of palladium, cadmium and
potassium salts and then being immediately dried, the
dynamic viscosity of the solution being at 1least
0.003 Pa‘*s and the solution volume for the impregnation
being 5 to 80% of the pore volume of the carrier
35 particles. EP-A-0 634 208 discloses the possibility of
using a solution volume which is more than 80% of the
pore volume of the carrier particles for the impreg-
nation. However, with this procedure it is necessary to
select a time before starting the drying which is so



25 sane. It has now been found, surprisingly, that palladium cadm um and
‘pot assi um cont ai ni ng catal ysts can be distinctly inproved by adding at

| east one | anthanoid 30 netal conpound, i.e. they afford a hi2gimay 2002
space-tine yield with identical or greater selectivity for vinyl acetate.
The invention accordingly relates firstly to a process 35 for preparing
vinyl acetate in the gas phase from ethyl ene, acetic acid and oxygen or
oxygen-cont ai ni ng gases on a catal yst which conprises palladiumand/or its
conmpounds, cstesitinthagpouifde rarthell ded i ofetak @aping??2 al\/taaheam?of 8 pounds
on a carri er, V\$1§J’EI I d na r t ast one

| ant hanoi d me? corr%o%nd %e ‘ﬁ%%n‘tgl%éﬁlé)e ‘lé %sgaslérnéédn ea;l t%gléceécat al yst
which 5 conprises palladiumand/or its conpounds, cadm um conpounds and

al kal'i metal p£OMROURAS QM iGA! I hRE, ﬁ@t%@é{hrﬁl&r?@éﬁlﬁx%t agéai%,geglly

conprises at |east one | ant hanoi d net al conmpound. 10 The term" ant hanoi d
metal s" Rean@@R he@dsP r e RAFIMPEFLmet s W | lﬂﬁocﬁlséseﬁléﬁﬁllaﬁ? neb’dlym um
promet hi um BErEf0 uG34 emopbymspg-a@djmgmuhe t&r bl e palyspe bss urhibel m um

er bi um thuI| yt.ter. nd | ti and _t I yttrium
and | ant hanu rrrlé at}tge ?"'aa el% ir ée(rgn gg:phb avslogﬁltrﬁege egggzggwépthe rare
earth el enencadmBynt abfe R@é;rarﬂsell@ aFalthelrRndhe ifoem fardiews ndithial s

such as siligg, a@lek'gbaadl%lnié'f'e'lo%ﬁ'é:@-t Qéas%' |ol GahRS 0r20id | tRdi smn@x' de,
zirconium oxi de, .titanates, silicon carbide and _carpon. Particul a

sui t abl dOcar?¥ etdaBf It Hist §ry panr Ehﬁﬁo%qlﬁtﬁléfpéjc‘mﬁ”@ stheBcet ?ea of 40
to 350 n2/g dymasic edvbycvbetBETofet bhd) anduatoavebagrgpoae radass of 50
to 2000 ~ (Ang o e y r @St et

i1 ca (5 08 20a 8 b ATdns Ray FOLTERGE ke IR okl | S3BEGLAL Y,

form such asbeiwn® e‘3<arﬁ9l e80fn @ﬁe the mpsfreped@duneatdlet $her ﬁg§rl§{fars or
particles of Q£B§é1§§lapes with a diameter or length and thickness

general | of 30 to 9 mm Carriers of these types can be prepared, for
exanpl e, rom aerogenic Si02 or an aerogenic Si 02/ A1203 m xture which can
be prepared, Ther er@Npl eapmyiddaisdn hy df®l 96137465 of ddiskilosest et thahl ori de

or a sili Conggggggggfgkd%; Wéga CBLOBbAS: BLKANTP Lhp 2O, XYBYr ogen

flame (US-A- 2002 -
addlng at least one rhenlum and/or at least one
zirconium compound. Thus, a palladium, cadmium,

20 potassium-containing shell catalyst shows a space-time
yield (gram of vinyl acetate formed per 1liter of
catalyst and hour) of 922 (g/l-h), whereas an initial
productivity of 950 g/l-h is observed after addition of
zirconium under conditions which are otherwise the

25 same.

It has now been found, surprisingly, that palladium,
cadmium and potassium-containing catalysts can be
distinctly improved by adding at least one lanthanoid
30 metal compound, i.e. they afford a higher space-time
yield with identical or greatef selectivity for wvinyl

acetate.

The invention accordingly relates firstly to a process
35 for preparing vinyl acetate in the gas phase from
ethylene, acetic acid and oxygen or oxygen-containing
gases on a catalyst which comprises palladium and/or

its compounds, cadmium compounds and alkali metal com-



Sui tabl e solvents for the palladium cadm um alkali netal and |anthanoid
metal salts arerall conpounds in which the selected salts are sol uble and
whi ch can easily be renoved again after the inpregnation by 22May 2602
Suitable for the acetates, if they are used, are in particular,
unsubstituted carboxylic acids having 2 to 10 carbon atons such as acetic
acid, propionic acid, n- and iso-butyrix -acid and the various valeric

aci ds. Anpong the carboxylic acids, acetic acid 10 is preferred because of
its physi caPopn&iferall e GABrioF. ckbAGALE tEgs talimteradditamalct arl y

sui tabl e for:dipg iGRIsOLitdesaghd otll QbatARdodEehata1CceBRpbe%Rg. Additional use
of another solvent is expedient if the salts are insufficiently soluble in
acetic acid or in 15 water. Thus, for exanple, palladiumchloride can be

di ssol ved cahsi déenabhyibet teelatesan sguedlils acet | @ acathlpain iwhigitaci al
acetic id, It.ahl e 11410 S S t i.¢h are in and are
m sci bl ngm' tcﬁﬁgjlc%{%i%cs ag?aghoér&vqﬁ ergll‘efﬁg%e \%&lgch%%g@m\ggd%ént icgane as

addi ti ons fGompeamids aand apbkibi ofeatalycifoapoadsisonenaml aedisietoet one,

al so et her s ygeglids £Bér AWM IGfIH AR t doRX BN, d¥Mpralssd hydr acayrdons such

as benzene. 25 It i s poss; bl o appl plurality of salts of palladium
cadnmi um al RAS lt‘?‘é‘ttz‘la“z‘i’r’r(ii f"ﬁgab!al’:f’g‘gﬂ%f‘ﬁa'l anthanoid netal, but generally

exactly one salt of each of these elenments is applied. 30 It is possible to
prepare; @i t el sPsfRl hednthuhby 4 ’I}%t%ﬁ%a* efleafit 3nLSt sy ""93‘&% et

catal ytically active nmetal conpounds have penetrated into the carrier
particl es a§iefiends tferévie, asgalyndguyy| peadyBhER; ErAgEtidMpher e t he

mﬁt al sal tssJa@mae;:_iatlawan'é;a@\opalu)gl,35@;151&1&,iglixamuﬁau}1 eilf?ﬂ@il?m, ﬁfdy/s%fﬂc?é?l.:lﬁ‘nﬁi ze,OI of
the carrier rticles, i.e, t 0-ca "shell" o articles, and not
b tar ast KRR enbi Gy | B55I%ERE Vihe i 284 pAREabR b i um

al kal i met alth@ndellamehaﬂo!atamiignm,t oyberappl iagdl | haptbhnoasdamudre appl i ed
in the {or mgfe;sal Ehéfﬂh%hor‘?eﬁég?&‘ Ve RS dd FRUSULEADLE COf %y.‘é‘at' on 1n
any suitable sequence, 5 preferably using a single solution which contains
t hese el enemastto dem@pdiSi-ed in the formof salts. It is particularly
preferred to use a single solution which contains exactly one salt of each
of these el ts.to be applied. This,soluti.on y_oreover_.contain a 10

i xture of gsrérlleltncs? o act""rlrelélggrtS tWo dslr}* S 14K J':rr?f;lnco"‘l‘rarlr(reertaast,erbld"f %his

sol ution prefwhabky cddtigians ehentadt eflupnhpsdéddchaasharwild gatted, Were

the fol pow ng tshgalks @xAG3! | ¥ifbontilR sekubton dbrSlatde, salisi'aod he sane
appl i es anal ase where a p of . sol utigns are_enpl oyed

ogous to the luralit

P Cequence SRR b CR*E0Rral T G A DRLERRL OPRFFLGEST Sl (e § )
be applied, tihissiygde case tihes¢ ovathod shecifidevisdudlacpapireaarfum® to the
total 20 quanfiish Qrfz/%_;al (<R ARPlinRd B L& H) 1 &g aW%JHfﬁéjure for
preparing fully inpredgnated catalysts is . preferably as follows (US A-4 902
823, US-A3 PoFelgpadigs Aof 688 #70)200% fhel(hngaty@m) cdreprepred ibipregnat ed
Wit h t he5solm#doarryof ddie sittd sy )Gonmespdisalily Suctl iccavay(diwmt) t hendarri er
material is ver,ed w ol ut,i ) e pL.opr.iLate,. excess

sol ution isst%'ﬁ)éﬁz\‘g 8 eh‘qgﬁ:p%(?%'f ﬁl}e%%e?hq% Jicé‘%gd\%gln Sgé‘odé‘, a\‘/ﬁfh regard
to | osses offoswl utsugh, te,enpboy examplice dmouttheof fephuteodHn erdwspondi ng
to the inteqral) e yohyae of fhe catabystiCALE| &5 8PHelO dHapddi s amount

carefully so that the particles_of the carrier material are _uniformy
vwetted. It i H5 axPEYNeTRT t 8F cAPPYEBuBPEh&EDLFFrEgRagcdsétldy &fd 1 he
m xi ng 30nmuldcarseausl y, for exanple in a rotating drumor a tunble drier, in
whi ch case the drying can follow imediately. It is further generally

expedi ent for the conposition of the solution used for inpregnating the
Carriers of these types can be prepared, for example,

from aerogenic Si0Op or an aerogenic Si02/Al,03 mixture
which can be prepared, for example, by flash hydrolysis

35 of silicon tetrachloride or a silicon tetra-
chloride/aluminum trichloride mixture in an oxyhydrogen
flame (US-A-3 939 199).



22 May 2002 - 6 catalyst carrier to ~be such that the required quantity of
active substances is applied by single inpregnation. However, this quantity
can al so be applied by a plurality of inpregnations, in whi chzzqmapzmh
inpreg 5 nation is preferably followed by drying. The procedure for
preparing shell catalysts is preferably by one of the follow ng three

nmet hods, al ways using a solution of at- ldeast one salt of at |east one 10 of
the el ements palladium cadmum alkali nmetal and | anthanoid netal with a
dynam c vi scésiitybdf agtolwmsts 0003 Has, parldfagtialnl,y O0a@fbunp RI0GA iPas: 1.

The carrier parbhCles of  SRIAYEH ROEa 9T s%‘i"t% ]zﬁ:é' § %h\ %upﬁgng_n

intimately mxed with the solution of the salts In rops with
an average diBisPerthy &elecied 0ss ﬁ‘ﬁ] o‘?r?nstqﬂiéﬂ?]@r maéihd I‘f’}éﬁcﬁlél j%@ns and,
after each saa@yggg bemméih@v‘zediy &ic_r;aﬁnd aftfﬁﬁiEdltai@ ﬂﬁp'ié*ﬁlmaﬂgﬁ !m,hzo this
connectl at .dryi ra particles must be started w fhout

el ay. 1057 sSBuiBphl 1§ Ernic: ERE KGR FRORIALET THE poliey RBS "tk ot ar t ed
no | ater thaarBO mimutesrtbfcwrat he endubftiatypedyi wgrbdixeldel utdaaims/ol une

for a 25 sprayiRdqi S25 ¢ 8P farifiey PREBmYLO! HUEhOfaéhea&é’{{ée adddy ticles.
This nmethod i1s descrlbed in detail in EP-A-0 634 214, which is |ncorporated

herein by reP&PRAEBiC3gCRd: TRe @RF ii6P- Béhttylrépes’m&tde qr}ﬁjprtét?né‘taéd% or
nore tines whalerbei agidsti maicelgy tmexeday\béiayihe aeliuki, orcand careid i ed

i mredi ately after each i.npregnatiq di_ate" dr rreanS| his
connect i Th t Ré. SEAEoEeeroBeERLC L Lhst MBYistd $S4eNE SRR areh A7 une 1or
each i npregnetopmis 5Sreas@00. oWattles pbs e pagitumllefr ivhesuvatabbe famicl es.

This method kgedesg{idedids dghgi | dhrlo'%% A‘Q\c§34a%g%at¥w” Cébrdpslé;eégew se
i ncor por ated_herein bi ref erence. 2002 5 10 15 20 3." . The carrier
t

particles ar 8dPdbiegaat &Fswith ?H@t%FuF’P Nedite it RvPEILEREs tAndh® i ed
after each | ganegnaideonimsuiffikidetrlyngsdbLobléhan2ngbaeidiodecidhersalniti on

vol une has no.ygber MhpLl. Al T8, 00M 110" &4 NaIL AQ% ok 1LG 4RO &, Yolyure for

each i npregnafion.” Becalse the S0 me s larger, 1nti rrate M xi ng
is not absol duebylwe@leseasydatrehéurghegeﬁéralnl ﬁnbemﬁ%malaceltng geddit is

now necessar Y nhar tihe M@élan 05cEech lare&agnatsluqrtam% tm&mtllt%rgqf ore the
subsequent dryi n% starts, the time fromthe star

each_i mr egndCL8RIES tHEE sFQPPeothfh‘eh s@FSeqtRntt drasﬂd% are, P hor t
that, after whehendeafict heidastr dnay:lerrg Thoslkeewh iefh Sy r&OGna)ftJIdTecpore

vol une o% th%sca”!d?('{:lﬁﬁét' J%gs %bnsa&p% g% al ytd &lméé’ agldyve &l enents.

The durafion®sf £ |s short trne osen or this purpose can
easily be degeerred B p?%ﬂh%%%?‘yo%l%st glsphiethagthodurl @sdatBed in

detail in EPhAdRo834a30&r WHiLERahe, i Nt patabech iefftdrivhd ekgerness Drying
of the inpre%nated or sprayed catalyst carrier 25 is preferably carried out
under reduce pressure

25 It 1is possible to apply a plurality of salts of
palladium, cadmium, alkali metal and the particular
lanthanoid metal, but generally exactly one salt of
each of these elements is applied.

30 It 1s possible to prepare either so-called “fully
impregnated” catalysts where the catalytically active
metal compounds have penetrated into the carrier
particles as far as the core, or else so-called “shell
catalysts” where the metal salts have advanced only

35 into an outer part, of variable size, of the carrier
particles, i.e. the so-called “shell” of the particles,
and not as far as the core.



(0..01 to 0.08 MPa) both for fully inpregnated catalysts and for shell
‘catal ysts. .The tenperature during the drying ought generally to be 50 to
80C, preferably 50 to 70C. It is further generally recomend2?May 2002ry 30
out the drying in a streamof inert gas, for exanple in a stream of
nitrogen or carbon dioxide. The residual solvent content after the drying
ought preferably to be |l ess than 8% by weight, in particular |ess than 6o
by weight. 35 The finished palladium cadmum alkali netal and at | east
one | ant hanoirderreéabmeomsai piamgadatml,yst:adhamm t halkalliowneg aret alnd

contents:  22nbixn3002 m.df 19020, Palladiug opnt entey, Caduulngenient:
general |y prererably in partlcular
wei ght, 1.0 apelsedbynwéhghfog@n@f-arsla}tpﬁ@flelrtabny snnsélyt iogulediselikal i

metal cont enhng@l%ﬁi@éﬂﬂe P%mmmwn prfrf, eraafﬁ} y éiﬁ@:%bl(é 1 sechred@elY
wei ght, 0.4 - E ﬁ % 0o by WEIght

Pot assi um coﬁF@ﬁFraBiﬁePﬁ P9 8. 5159(11%158 [y 19! Wlhﬁcﬁatcf}“(?@llé‘rs fhese

Zant hanoi d meflainenent erd : bgengidliled 0101 thef €pahl yoH. @alits .parti dyl ar 0.2

3é?;h?¥ 8?ggB%rt§c81ﬁP¥ym§ﬁ%Q%rr% %xpyugglgptsfﬁbfgvg@igpgbnow%ﬁc%y
contalns exactly one salt of each of these elements to

be applied. This solution may moreover contain a

10 mixture of salts of at least two different lanthanoid
metals, but this solution preferably contains one salt

of only one lanthanoid metal.

Where the following speaks generally of “the solution
15 of the salts”, the same applies analogously to the case

where a plurality of solutions are employed 1in

sequence, each of which contains only part of the

totality of salts to be applied, in which case the

total of the individual parts amounts to the total
20 quantity of salts to be applied to the carrier.

The procedure for preparing fully impregnated catalysts
is preferably as follows (US-A-4 902 823, Us-a-
3 393 199, US-A-4 668 819):

25
The catalyst carrier is impregnated with the solution
of the active components in such a way that the carrier
material is covered with the solution and, where appro-
priate, excess solution is then poured off or filtered.

30 It is advantageous, with regard to losses of solution,
to employ only the amount of solution corresponding to
the integral pore volume of the catalyst carrier, and
to mix this amount carefully so that the particles of
the carrier material are wuniformly wetted. It 1is

35 expedient to carry out the impregnation step and the
mixing simultaneously, for example in a rotating drum
or a tumble drier, in which case the drying can follow
immediately. It is further generally expedient for the
composition of the solution used for impregnating the



I f nore than one lanthanoid netal is used.to dope the palladium cadm um
and al kali .netal -containing catalysts, the term"lanthanoid netal content™
means the total content of all the |anthanoid netals present 22iMayh2002
finished catal yst. The stated percentages always relate to the anmounts of
the el enents palladium cadmum alkali nmetal and | anthanoid netal present
in the catalyst, based on the total weigght of catalyst (active el enents
plus anions plus carrier material). Suitable salts are all salts of
pal | adi um catlaiust anralikal itorgieal swarid @hdanthaneeduékredenuanhiclh are

sol uble; thgeagel alessubleafRkar idesppandal By 2964300 AR GRLATGCOMPI exes
are preferred. wever, 1 n the case BP interfering aniohs such as, for
exanpl e, inHetievease bhigh| @ppAEELY| t CAlist 2BECenblr edPPAhAEJt hB¥e anions are
subst anti al pyurerpvedokefiaih ddgR tabnishe iGatwahyet - cdde sehakesnphage by
washi ng _t he doPed carrier foi e%affle gﬁth %ater after the netals have
been comver PRELON 255 \BFe5859P 1Y gEOLIqved Y AE¥ i1 e form for exanple by
reduction and/or by reaction with conpounds having an al kal i ne reacti on.
Particul arl ui t f i the ylate preferably
the salts O¥h§|#§ af%%ﬁﬁ%ngogér%géégg%HgggggﬂﬁavF%Egg§$g§5J%%r gﬁ at ons,
for exanplef?ﬁéngePMXﬁn%rﬁﬁiGhatéQ%1QﬂH%ﬂfﬁQ£e¢%m?h%@déui?&U?§Sexanples

ar etthe {li Eﬁ@lﬁg gi tsrdltlﬁic?xifﬁ gwdgabsf %_)ﬁi%! tagaa,t aretyt ?@géﬁﬁ?bﬁe%

acetl oa ate ecause | 0 SOl Uni, i1 ang,aval | apnl e
part i cﬁﬁar | §9F pridier ?gﬂmﬁﬁgfsaﬁm 4 sCpdft Wi uﬁqgéétlat’%‘?tﬂr %‘Pﬁiul arly
sui tabl e aslgzathaomidomedwid wistht he #@ynacétatwe.schbisetyl kafl i atretlabstonpound
preferably gupboyed.Ls gtckeashigne. 6641 g oPogassim rubidium or caesi um

conpound, in particular™at [east” one potassium conpound. 20 Particularly
sui t abl e conpounds are carboxyl ates, in particular acetates and

propi onat eisi.f:pnwaénfiéaﬂbi@h %aﬁrtCiﬁﬂ\&tf%Cieunépf:a?é@ rcﬁ'@éi';]idln gomRdi t ﬁns
into t al kal i tal acet.gte, .such as, for_exanple, the oxi de, the
oxi de g% the car btf&ee, ™ em:&?%ﬁ?__%ﬁﬁ%?ﬁﬁ%?& Fﬂﬁf?%ul5¥gé sﬁgFable as
| ant hanoi d net al scbupdandoér eheheathboihdébe AormavEsdrapet ai&d and

acetyl acet onat eSaVQQ%éE aibRdveli gp gt thgspabl adjWm EONROYALS shgmcarri ed
out, which is sonetines beneficial, a gaseous redu0|leagent can be used

for this purpose®fExahpiesdof Q5% abP89redudf h§T ag&d ar EPERAASgen,
met hanol , fornal dehgdeatathyl @heed pr opithedd] a ts'Obuirylienre, maungl eaa or 35

ot her fins. The.reduction . t.enper re i eraldy we nd 260C,
preferg% y betmegﬁl7o SHE BTN t ?%g%engggﬁﬁg egﬁtdigﬁé t%gﬁégég reduci ng
agent which is dPpuotédlest musier begagtantedormtigihenty. delap- 500% by-sSvol une,

preferably 0.5 tgeRR0abYyValuim,ci@int’ efiei B yind2 MYt RO0Sartl@1e83 10 agent
for the reductiopn. Nitrogen, %arbog %ioxngf or @ nobl e gas fortﬁxanple, IS
suitabl e as inerfPgks THErreHuR?i §AEAN Hib BL BHHYSY BhESF n tPPqui d
phase at a tenpeeatiureffromCay0C, Theef epdbt yofir omlibug o £26C. aExanpl es
of redug{ ng agen I ; e eglgar gugou | Wiy of¢h azi ne,
fornicqgtid or a%égﬁ?&ﬁgtgﬁybgréﬁidg?degfain a???guﬁg?ggghj%ﬁ1%g%ohydride.
The amount of thE2FEdEEI nBREbERtetlepditss offethedanbiintdsic HRThdildnm ~t he
reducti on equi vabeakishoish d Hye-zat0 lgsast2 1le@guakvht 6ht hies oXind@trpotaeedi val ent
in quantity, but Iarger annugts of reduci ng agent are not harnful. The

reduction is carPFga BubYaff FrFHSedrying.

30 2. The carrier particles are impregnated one or more
times while being intimately mixed with the
solution and are dried immediately after each
impregnation. “Immediate” drying means in this
connection the same as for the first method, and

35 the solution volume for each impregnation is 5 to
80% of the pore volume of the carrier particles.
This method is described in detail in
EP-A-0 634 209, which 1is 1likewise incorporated

herein by reference.



Vinyl acetate is generally prepared by passing acetic 15 acid, ethylene and
oxygen-cont ai ni hg gases at tenpe ratures from 100 to 220C, preferably 120
to 200C, under pressures fromO0.1 to 2.5 MPa, preferably 0.122dMay 2002Pa,
over the finished catalyst, it being possible to circul ate unreacted
conponents. It is also advan 20 tageous in sone circunstances to dilute
with inert gases such as nitrogen or ecarlben di oxi de. Carbon dioxide is
particularly suitable for the dilution because it is formed in small
anounts during the reaction. 25 Wth the same reaction conditions it is

possible w th thergid of fher ”Ctyﬁtf&ﬂ@é yelre tQmBE@BﬁE@eHDRﬁEH nyheacetate
per reactor volune and time with, at the same tine nproved sel ect|V|ty by

conparison with kABhHEZENCANG yoFs MORS stMRF| |at“éit e%r%% ABFREp ©GCht he

resulting crude vinpkegagtaba hﬁﬁﬁ,usaltheryngylfmet éhe cz@mtmttuo@ the gas
di schar gegl fromth

rea r. 1S , ich furthe ikn a saving of
energy in’the vvorﬁﬁ ﬁ‘ﬂ“l% Rnsﬁlc%l WI&% PP ﬁlésé% gd F[*S'orlseﬂ'gl’?‘pl e, in
35 US-A-5 066 365m0Ir1’a duhainhe &Slfheroihandhel t ppsewi yioddmeo Keep telach
spacetine yield C?R?E@Bhatﬂ:n' S l%é%sd'u%'ee tt?né edESQuEbSnre%FhﬂQ tgnperature

and thus carry out the“reaction 22 May nore se ectlvely, W th
the sane total pré@dgefvityinfamahech ea%engheres| s BPLavidkFdrutsidcur sors.
This is also asso&b&b@éa\myt he lx ltaoyteagené pal bg aalmwitlc@falcarlbmtedidoxi de,

which is 6or nmed as(at hyg;(r)]lgeig\th“r?%cd her ef (%roe_, 5 %stﬁggﬁllegrpvedf arl ?] in the

| oss of ent rai ned 18 Mol 0ci at t s°F eoval”
addi tion, this préopdegaarésol tandnthe mzameaé:eefaqret hthesefublsequeatof t he

catalyst. 10 The HQlfyhﬁ W NG £X@41pl §s ear ep ot gngrd EQoﬂn' lepat r @t grd he e
invention but do nof _réstrict it. The percent ages of the elenents

pal | adi um cadni uRRCHot ARG SFRNP O @ h&PEarit ol ©F . thet Aubsegusatcent ages
by wei ght based Oﬂrtyliagt,ottaal bmug:htsmirtt hehsa} abyser theSkcfd was theed as

catal yst, carrier ri om Whl abl et h a,di a hei ght
each of % V\ereq%ngucre%lmé di scFose |(%1PD§ W%’ % %%‘E %esg) ;ébl ets
were used as cat avpdumear cifer .ththe qegrrd erol war toifclies] Z@nd'falé@rrltélle was 392
nm. Exanple 1 At %Qal%%l%aqlgfo aleAok) eie.ﬂéhtgdl urhacehdtbiodd @£25 (0.09

nol ) of cadm um acet até€, 0. pqt assi,um acefate and 6.82 g
(0.016 nol) of cetPam aﬁ%‘t’?\:ac‘g’tr%ena g \??E‘r em‘df'gsg?‘?/edmloﬁe% N 6’?‘19(‘1 aci al
acetic acid (sol upueposel usen =ca3%lef bae deirermvicladreby gk ltilneg nainghl y

vi scous sl ution was,i ntrggggedmé%gda JZ_'}% rgggby%e@reﬁeatoeeqﬁt g 65G 1 1 of

catalyst carrier was i kew Se heate and pl aced ask. All the
i npregnation sol uEFPoA~Ra$3hodPéd oveich hel%arlﬁcé%rpﬁ’élattieél REEHEN | Y mat el y
m xed until the ertifeeenapr.egnati on sol uti on had been absorbed by the
catalyst 35 carrier. This step was conplete after 3 mnutes. Drying took
place in a streamof nitrogen at 65C and 0.02 MPa to constant weight. The
fi _ni shed cat &rydmngconk ath@d imp@edmatesi gt Porayedddaralwisghtca@tiek. 7% by
wei ght Kyand ;Q. 389pdBe Maight &8rried out under reduced pressure
(0.01 to 0.08 MPa) both for fully impregnated catalysts
and for shell catalysts. The temperature during the
drying ought generally to be 50 to 80°C, preferably 50
to 70°C. It is further generally recommended to carry
30 out the drying in a stream of inert gas, for example in
a stream of nitrogen or carbon dioxide. The residual
solvent content after the drying ought preferably to be
less than 8% by weight, in particular less than 6% by
weight.
35
The finished palladium, cadmium, alkali metal and at
least one 1lanthanoid metal-containing catalysts have

the following metal contents:



22 May 2002 - 12 Conparative Exanple |a The procedure was as in Exanple 1,
but no | anthanoid netal salts were added to the inpregnation solution 5
containing pal |l adium acetate, cadm um acetate and potassi um azxmay 002 he
finished catal yst contained 2. Co by weight Pd, 1.7%by weight Cd and 1.70
by wei ght K The nethod used for testing the novel catalyst prepared 10 as
in Exanple 1 and the catal yst prepared-ag in Conparative Exanple |a was as
follows. 225 m of the particular catalyst were introduced into a reaction
tube with anBanfledhah abnaeeter of 20gemarandya |engtl of 365 e wdh@iy,the gas
to be reacted was passed over the 15 catalyst under _a pressure of 0.8 MPa
(reactor inlet) and at a catal yst te%":pe:tieé: é?% of ?58C_f To%géa\}%l.ghlthi s gas
consi sted of 58% by vol une et hyl ene, iR5@rbycydmund. i t rdgénpyl@eidne vol une
acetic acid and 5% by vol unme oxygen; the results are evident fromthe
table. 20 Exanpl eSpace-time yiel dCO2 sel ectivityl82007.0 (Conparative
Exampl e | a 7§¥3‘d11‘i“1g.‘€§”§685é-ti nme yi eJPSRLgY ans of - Vi nyd- Bckvareider liter
of catalyst and hour. 25 C02 sel ectipidferapl$o basedson 1 apoldiqgHaf,

et hyl ene reacted. It was found, surpyisingl t hat even snall additions of
| ant hanoi d netal conmpounds to the knhwaﬁgﬁ%/%]cﬁruma‘go'c fdRYuHE &

pot assi um contai ning catal ysts distinctly inprove the C02 selectivity and
the producti wik¥1{ sRaca- thAket 1 d) pdndAese catabysts fqr por g vinyl
acet ate. 2%0'@%’5 2002 WD 99/ 29419 -&413 - P%T/ EP9§/%78117@P§ eﬁ?ﬁjcdg;{i ns

ium 1s preferably used.

Potassium content: generally 0.5

4.0% by weight,
3.0% by weight,
2.5% by weight

preferably 1.0

in particular 1.5

Lanthanoid metal content: generally 0.01 - 1% by weight,
preferably 0.05 - 0.5% by weight,
in particular 0.2 - 0.5% by weight.

If more than one lanthanoid metal is used.to dope the
palladiumn, cadmium and alkali metal-containing
catalysts, the term “lanthanoid metal content” means
5 the total content of all the lanthanoid metals present
in the finished catalyst. The stated percentages always
relate to the amounts of the elements palladium,
cadmium, alkali metal and lanthanoid metal present in
the catalyst, based on the total weight of catalyst

10 (active elements plus anions plus carrier material).

Suitable salts are all salts of palladium, cadmium, an
alkali metal and a lanthanoid element which are
soluble; the acetates, the chlorides, and the acetato
15 and chloro complexes are preferred. However, in the
case of interfering anions such as, for example, in the
case of chlorides, it must be ensured that these anions
are substantially removed before use of the catalyst.
This takes place by washing the doped carrier, for
20 example with water after the metals have been converted



1.) A process for preparing vinyl acetate in the gas phase from ethyl ene,
acetic acid and-oxygen or 5 oxygen-containing gases on a catalyst which
conpri ses pal | adium and/or its conpounds, cadm um conpounds 22dMay 2602

metal compounds on a carrier, wherein the catalyst additionally conprises
at | east one | anthanoid nmetal conpound. 10 2.) The process as clained in
claim1, wherein the catal yst conprises at |east one potassium conpound. 15
3.) The process as clained in claiml or 2, wherein the catal yst conprises
0.01% by wei ght to to by weight of |antHarfoid netal based on the total

wei ght of the catalyst. .20 4.).Th rocess as_clained i ny of clainms 1 to
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Particularly suitable as cadmium compound is the

15 acetate.

The alkali metal compound preferably employed is at
least one sodium, potassium, rubidium or caasium com-
pound, in particular at least one potassium compound.
20 Particularly suitable compounds are carboxylates, in
particular acetates and propionates. Compounds which
are converted under the reaction conditions into the
alkali metal acetate, such as, for example, the
hydroxide, the oxide or the carbonate, are also

25 . suitable.

Particularly suitable as lanthanoid metal compound are

the chlorides, nitrates, acetates and acetylacetonates.

30 If a reduction of the palladium compounds is carried
out, which is sometimes beneficial, a gaseous reducing
agent can be used for this purpose. Examples of suit-
able reducing agents are hydrogen, methanol, formal-
dehyde, ethylene, propylene, isobutylene, butylene or

35 other olefins. The reduction temperature is generally
between 40 and 260°C, preferably between 70 and 200°C.
It is generally expedient to use a reducing agent which
is diluted with inert gas and contains 0.01 to 50% by

volume, preferably 0.5 to 20% by volume, of reducing
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The amount of the reducing agent depends on the amount

of palladium; the reduction equivalent should be at
10 1least equal to the oxidation equivalent in quantity,
but larger amounts of reducing agent are not harmful.

The reduction is carried out after the drying.

Vinyl acetate is generally prepared by passing acetic
15 acid, ethylene and oxygen-containing gases at tempe-
ratures from 100 to 220°C, preferably 120 to 200°C,
under pressures from 0.1 to 2.5 MPa, preferably 0.1 to
2.0 MPa, over the finished catalyst, it being possible
to circulate unreacted components. It is also advan-
20 tageous in some circumstances to dilute with inert
gases such as nitrogen or carbon dioxide. Carbon
dioxide is particularly suitable for the dilution
because it 1is formed in small amounts during the
reaction.
25
With the same reaction conditions it is possible with
the aid of the novel catalysts to prepare more vinyl
acetate per reactor volume and time with, at the same
time, improved selectivity by comparison with known
30 catalysts. This facilitates the workup of the resulting
crude vinyl acetate because the vinyl acetate content
in the gas discharged from the reactor is higher, which
further results in a saving of energy in the workup
part. A suitable workup is described, for example, in
35 US-A-5 066 365.

If, on the other hand, it is wished to keep the space-
time vyield constant, it is possible to reduce the

reaction temperature and thus carry out the reaction
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!ay/!lOW&f()-ﬁﬁlch is associated with this removal. In addition,
this procedure results in an increase in the useful
life of the catalyst.

10 The following examples are intended to illustrate the
invention but do not restrict it. The percentages of
the elements palladium, cadmium, potassium and of the
lanthanoid metal are percentages by weight based on the
total weight of the catalyst.

15
Si0, was used as catalyst carrier material, from which
tablets with a diameter and a height each of 6 mm were
produced as disclosed in DE-A 3 912 504. These tablets
weré used as catalyst carrier. The pore volume of 1 1

20 of carrier was 392 ml.

Example 1

At 65°C, 25.3 g (0.11 mol) of palladium acetate, 25 g

25 (0.09 mol) of cadmium acetate, 25.3 g (0.26 mol) of
potassium acetate and 6.82 g (0.016 mol) of cerium
acetylacetonate were dissolved in 130 ml of glacial
acetic acid (solution volume = 33% of the pore volume),
and the highly wviscous solution was introduced into a

30 receiver preheated to 65°C. 1 1 of catalyst carrier was
likewise heated to 65°C and placed in a flask. All the
impregnation solution was poured over the carrier
particles and intimately mixed until the entire
impregnation solution had been absorbed by the catalyst

35 carrier. This step was complete after 3 minutes. Drying
took place in a stream of nitrogen at 65°C and 0.02 MPa
to constant weight. The finished catalyst contained
2.0% by weight Pd, 1.7% by weight Cd, 1.7% by weight K
and 0.38% by weight Ce.
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The procedure was as in Example 1, but no lanthanoid
metal salts were added to the impregnation solution

5 containing palladium acetate, cadmium acetate and
potassium acetate. The finished catalyst contained 2.0%
by weight Pd, 1.7% by weight Cd and 1.7% by weight K.

The method used for testing the novel catalyst prepared
10 as 1in Example 1 and the catalyst prepared as in
Comparative Example la was as follows. 225 ml of the
particular catalyst were introduced into a reaction
tube with an internal diameter of 20 mm and a length of
65 cm. Then the gas to be reacted was passed over the
15 catalyst under a pressure of 0.8 MPa (reactor inlet)
and at a catalyst temperature of 150°C for 5 days. This
gas consisted of 58% by volume ethylene, 25% by volume
nitrogen, 12% by volume acetic acid and 5% by volume

oxygen; the results are evident from the table.

20
Example Spacé—time CO»
yield selectivity
1 820 7.0
Comparative Example 1la 720 7.6

Space-time yield in grams of vinyl acetate per liter of
catalyst and hour.

25 COp selectivity in % based on the amount of ethylene

reacted.

It was found, surprisingly, that even small additions
of lanthanoid metal compounds to the known palladium,

30 cadmium and potassium-containing catalysts distinctly
improve the CO; selectivity and the productivity
(space-time yield) of these catalysts for preparing
vinyl acetate.
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1.) A process for preparing vinyl acetate in the gas
phase from ethylene, acetic acid and oxygen or
5 oxygen—-containing gases on a catalyst which
comprises palladium and/or its compounds, cadmium
compounds and alkali metal compounds on a carrier,
wherein the catalyst additionally comprises at

least one lanthanoid metal compound.

10
2.) The process as claimed in claim 1, wherein the
catalyst comprises at least one potassium com-
pound.
15 3.) The process as claimed in claim 1 or 2, wherein

the catalyst comprises 0.01% by weight to 1% by
weight of lanthanoid metal based on the total
weight of the catalyst.

20 4,) The process as claimed in any of claims 1 to 3,
wherein the catalyst comprises 0.05% by weight to
0.5% by weight of lanthancid metal based on the
total weight of the catalyst.

25 5.) A catalyst which comprises palladium and/or its
compounds, cadmium compounds and alkali metal
compounds on a carrier, wherein the catalyst
additionally comprises at least one lanthancid

metal compound.

30
6.) A catalyst as claimed in claim 5, wherein the
catalyst comprises at least one potassium
compound.
35 7.) A catalyst as claimed in claim 5 or 6, wherein the

catalyst comprises 0.01% by weight to 1% by weight
of lanthanoid metal based on the total weight of
the catalyst.



9: 10%& () - JINK#HL/ MANEN NzXJ<@)I 10
10! s 109 () -F ' sl 109 ()-! ' s! 109%&',()-!t"'s! 10%&' ()-%d0%& ()-' N( 4N,
NRNN] OOrP. @3 &109%&' ()-!" '109%& ()-t! 22 May 2002
F109%& ()-tt109%& ()-9910%& ()-#L109%& ()- 100PQLL"?. @3
810#10%& ()-!#109&' ()-#109&' ()-&F" 10%& ()-!} 3 &109%QX ()-!q 3
&10%>&' () - QLRRRAAQKL. @8 "#10%&' () - #10R&' ) - #109%&' ()-'8
AEL109R' () - #109%&' () - QQQORR RRNOL@ 8
’\#10%&' () -#189%& (- #£E0HR Y9t H#A9YR1eimet0%n ( R 10R ¢} a RRYVRRSSSSSHUH;

' 810e’ 10e" 10e’ %bégég &bk c%%'aw%é@ 8@&& Lgislégs 'dOG@% &bg) welgﬁt to
10%' & () - - #109%& U 10%
w L! 109" d& () - n8REPF0%Y &ewaﬁn Blflo%fgﬁ(a)n%%#m%@/ol h&S(G)dv‘e/n the
VIAGXXXXXX| obUA 3 + &k 30%:&16ht 936" dRe 10atd1 #O04 & () - ,)110% & () -

,)110% " n& ()-" 1"110%" n& () - XXYY| obW 31 @ 10% & ()-910" 10" 10"
7110% & ()- > 10% r& ()- 3#&10% & ()- 31 &ML0% & ()- Normal " "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font f ~") 0036<: D KPUVZ\ A" bdf hj | nprt G?3FWY; <=>?@
& . +e"98(,, 03[ 374v59R=?DGGE]" NOQURSVVXYABCDEFGHI JKLMNOPQRSTUVWNKYZ[\]~_"a6Ti m
es New RomanAri al Courier New'h Root EntryWrdDocunent

I"#B9R () *+,-./0123456789: ; <=>?@\BCDEFGHI JKLIMNOPQRSTUVWKYZ[\] " _"abc



