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WARBIREY, il
O

The present inven a catalyst which 5 conprises

and/or its conpounds and/ or its conpounds, al kali nmetal conpounds and
at | east one |ant han0| 'Wetal and/or its compounds, and to its use for
preparing vinyl acetate fromacetic acid, ethylene and oxygen or

erygen.Cont oL SRRRERSE: phdbl ol sHERABatRE! Oy tducar ngontes e i

t he gas phase dr “oxyden-contai ni n ses on

pal | adi um gol d/ AIZEIHANGE | ANDEROGESS) FOXcBRBBARENE aV yNY 5 ?\ﬁggg\?ﬁnyl
acetate. 15 The pall adium gol d/al kali netal -containing catal ysts have a
particul ar ndie muesentstinventien wehatés nbdl eanmetatalpetngwhiebent in

a shell 0§ theGeridss E@rltl'aQill% M}@r”ﬁscoa&nﬁéuﬁﬁg pﬁj&fo@'gﬁdi/ér

substan 20 tially free of noble netals. Catal nob
di stribution % SPRPPHRHF s hed Ky Lame bidy e%%féﬂoglb@%l fnd @todkrasyi @ye(g of

vinyl acet at &/ ghttameid emeehal Jand/iter Nobs e cBripdune P ke shed lysermis
achi eved by i@)rgﬁgnati on_and .su s% nttoegrgci itation 25 of the noble
netal s usi ng ‘dkaPF B2 EORABoIHEY. et;?r e E i 86R62Ed AT s Athybane 0o6
for prepari ngmmld:aﬁ_iexmopommjsgémm@m’dagmidgcgasesm ng catal ysts entails
initial jgpregnation of the carrier material 30 with an aqueous sol ution

whi ch conprises a m xture of palladiumand gold salts. The netal salts are
t hen convert et byst kagwiRerthad t athykene s cant devatervesbeédblia ddmpoasls and

are fixed onglhescaRitRe a'EE@tthc' Acild) 444 So¥gYe nsw%%nlééﬁéﬁ?ﬁin&“h a

35 reduci ng agent reduces Bal I ag ?m and’ gol d conpounds to

correspondi n 31 &N FPﬁ 91 prgotd Plléﬁl&at‘é??zﬁi FeRbadPHeh paFeddi um
and gold is tehtetalydranmt&arinyrtatetseéate sol ution and dried. The
|rrpregnai50n step with the aqueous sol ution containing 24 April 2002 - 2
pal | adium and gold salts is characterized by the volune of the inpregnation
sol ution cor r¥sporpdhladbumhigopds 2l kal iine meft atlhecrdradindngrat eatal ysfihie

resul ting Catt?al\yétfh @tﬁ?@iérS%B(ifeur:ﬁejcalv"fqlcétﬁ%d@l%ﬂlm %@hg%?e are 5
hel | a

di spersed in t hi ckness of about 't meter over the surface of
the carrier rﬁﬁkélﬁ aRetassabeing BESsanto idi s@| §hedla PP oddEs $dFTHR%pari ng
pal | adi um paassidasndeygol 8- enat aiotienpLathéyphsthy1E6 Iﬁor@gﬁlﬁtax@n Wi th

:I ig: :Jt I Qﬁuﬂ ogaﬂlllﬁdkﬁmr Zggl ?‘s ﬂns\?\/la r-slb%s %u%?g gglt VE%% d %% J;Ean
conpounds pr ewstyFEk aﬁ#ﬁgreh)utth@ncaareer@lﬁrmhmyi%lm}ée@wenanr ethicreasedf t he
metal compoungsedixfdepselietivity (g of vinyl acetate/g of noble
metal). The noble metal compound in shell form is
achieved by impregnation and subsequent precipitation
25 of the noble metals using alkaline compounds.

The process disclosed in US-A-4 048 096 for preparing
palladium, potassium and gold-containing catalysts
entails initial impregnation of the carrier material
30 with an aqueous solution which comprises a mixture of
palladium and gold salts. The metal salts are then
converted by treatment with alkalis into water-
insoluble compounds and are fixed on the carrier
material in this way. Subsequent treatment with a
35 reducing agent reduces the palladium and gold compounds
to the corresponding metals. Finally, the carrier
material loaded with palladium and gold is treated with
an alkali metal acetate solution and dried. The impreg-
nation step with the aqueous solution containing

LT
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15 ponding noble nmetals. Treatnment of the carrier material with an al kal
nmetal acetate solution.can-take place before or after the regy %@Qoéiep.
US-A-5 185 308 discloses a palladium potassiumand 20 gol d-contal ni ng
shel |l catalyst in which the noble netals are dispersed in a shell thickness
of 1 mllineter over the carrier material. The known catal yst has a ratio
of gold to palladiumin the range fren20-6 to 1.25 by weight. 25 It is
further known to prepare a palladium potassi um and gol d-containi ng shel
catal yst by washiafiur candiepld galspi &, chRirartiead desedypridig deellwineh a

bi nder, for e nphe ampakkaki il &lo1QitidkakdPee 886081 AR b IR Lapbpxy! ate,
before the inpre natlgnéwﬁth an acid, and treating wwth g base after the
1

i npr egnat i on BRI (° 3SPITHET (PRESF Hess TP s ASSWF g (e byes2 710
for pre35 pamaig @ pakladistgug@olfe and pbiadsipu Codiwh nang sfald £asal yst,

the carrigr ijmpregnated, with _an.aqueou al l adium an ol.d s .solution is
imersed Tn éﬁ%é) esodsa T xPn %é%liu#i on EOH Aj ?dL'na Q4 4i msh)}'&llraioilfrﬁ%t%? 24
April 2002 patvassithm murisdalend. théy. carBienmlatgrialed Lrierein for at

| east It has now been found, surprisingly, that catalysts of 5 this type

can be distinctly inproved by adding at |east one |anthanoid netal and/or a
| ant hanoi d nmtSHAcbnpbandis .alspr diradoaehi ghePrepate- ore BAepar g h

identical or gyighefie! epbit¥iskY ufOr aid NYo 13-t i nihgTNEatAY§BELO Ly

accordingly relates firstly tqQ a process for prepar vinyl acetate in the
gas phasgéfr&ﬂ%qﬂﬂaetﬁé?“ ad”étng &ci §° H(':'Ilﬁ'fi‘yggﬁ oPasaE%ﬂ%WFco‘WP i i gases
on a cat al ystsadtisgh lspngibseguénbd- Eréathgntewdith @h pdldaddi woluntiet, i ts
conmpounds, 0.2-.1.3s i_ght. of ol. roi nd an 3-10%
by wei ght of wéﬁ](cakh r%tua s\(C:,orlrf)lou‘h" gegnhgsgggﬁ)?gré%g%gﬁ?ﬁ%t h%n%at(g?g%t

addi ti onal | y commpairsiss pre¢ipotbgingi gint bthearcaradstr,omnd ahvhahdigenet al

and/or its CERAWNIBedhBEiBR" ANt EYESMEEL AL iIdhddudde &t @heCY LS. based
on 20 the total nass of the catalyst. The invention secondly relates to a

cat al yst1dhi @PERT it Beva ks hT rRRERRP LoP fpdhicafidthistd/RAtetkal
conpounds, O.d-th 3anbyMeilght metagoldbeaedr sbllat2bncargipundke girhde 3-1 00
by wei ght of ,alkali net conpounds ont_ha carrier, wherein the catal yst

addi ti onal | ybc? § & Tt %yr‘?/@iwg %Orbfs%&pl east one | anthanoid netal

and/or its conpounds, the percentages relating to the netal contents, based
on 30 the to%-mslgg tg‘GBCa&f‘éé’féses a palladium, potassium and

20 gold-containing shell <c¢atalyst in which the noble
metals are dispersed in a shell thickness of
1 millimeter over the carrier material. The known
catalyst has a ratio of gold to palladium in the range
from 0.6 to 1.25 by weight.

25
It is further known to prepare a palladium, potassium
and gold-containing shell catalyst by washing a carrier
material, which has been provided with a binder, for
example an alkali metal or alkaline earth metal

30 carboxylate, before the impregnation with an acid, and
treating with a base after the impregnation
(EP-A-0 519 435).

In the process disclosed in US-A-5 332 710 for pre-
35 paring a palladium, gold and potassium-containing shell
catalyst, the carrier impregnated with an aqueous
palladium and gold salt solution 1is immersed in an

aqueous fixing solution containing sodium hydroxide or



The procedure for preparing the catalysts according to the invention is
preferably as follows (US--A-3 775 342, US-A-4 048 096, US-A%§#§$§&ﬁ§9

24 April 2002 - 3a 5 10 (1) First the carrier particles are

one or nore tines by being intimately m xed with at | east one solution of
at | east one salt of the elenents palladiumand gold, and of at |east one
salt of at |east one |anthanoid netar.3(2) The pretreated carrier is
treated with a fixing solution with an al kaline reaction, which results in
t he nobl e nepaltsssiaint heydook hdeoiaddreal tathed nghpredinpificit edti dedst form
of water-insgl ubhe 24 April 2002 - 4 conpounds on the surface of the
carrier particles, and thus being fixed. (3) The noble netal conpounds
deposited on the carrier 5 particles are reduced to the correspondi ng

metals by treat I Nbk NbaeheFetindg aélﬁfﬁrlsl/h etﬁsﬁaha%aﬁygtgow with

I
at | east one |anthanoid netal is produced,in ﬁﬁﬂP way on . the Surface of the
carrier ﬁ%rtléﬂéstYﬂ?(qﬂnIqﬁeﬂ¥%ﬁ+?@F%M|mer%Y%erﬂD9QQlBQ Ré&sHiEdFt he

treated catabyst.16hrhdheitir anéesl caimi st BbS ﬂameﬂaﬁblaotm@myecb'iﬂc 15
(6) The dried carrier. is treated with a. gﬁ ution which contaH§§ S | east
d

one alkali mBPE%ompolind. PEFY RPnafl V! F o RReT CHS i oS & at not
above 20 150&defid garloeedlrigrhar sieelpec(ﬂi)v:dan isoityt acgpdte t he sal t
sol utions containing catalytically active substances to the carrier by

single or nultiple spraying on, vapor 25 deposition or inmersion.
10 The invention accordlngly relates firstly to a process

for preparing vinyl acetate in the gas phase from ethy-
lene, acetic acid and oxygen or oxygen-containing gases
on a catalyst which comprises 0.5-2.0% by weight of
palladium and/or its compounds, 0.2-1.3% by weight of
15 gold and/or its compounds, and 0.3-10% by weight of
alkali metal compounds on a carrier, wherein the
catalyst additionally comprises 0.01-1% by weight of at
least one lanthanoid metal and/or its compounds, the
percentages relating to the metal contents, based on
20 the total mass of the catalyst.

The invention secondly relates to a catalyst which
comprises 0.5-2.0% by weight of palladium and/or its
compounds, 0.2-1.3% by weight of gold and/or its
25 compounds, and 0.3-10% by weight of alkali metal
compounds on a carrier, wherein the catalyst
additionally comprises 0.01-1% by weight of at least
one lanthanoid metal and/or its compounds, the
percentages relating to the metal contents, based on
30 the total mass of the catalyst.

The procedure for preparing the catalysts according to
the invention is preferably as follows (US-A-3 775 342,
US-A-4 048 096, US-A-5 332 710):



The term "l ant hanoi d netal s" means the 14 rare earth el enents cerium
praseodym um neodym um pronethium samarium europi um gadoﬂﬂwp 02
terbium dysprosium 30 holmum erbium thulium ytterbiumand Tu é!IUW]
and the el enments scandium yttrium and | ant hanum because their chem cal
behavi or resenbles that of the rare eart3z el enents. 35 Suitable carriers
are the known inert carrier materials such as silica, alumna,

alum nosilicates, silicates, titanium oxide, zirconium.oxide, titanates,
silicon carbide and carbon. Particularly suitable carriers of this type are

those with a(gpecipfiirtsS WHeAC&n B¥F £8r OpafPicld4 AREI impP@gnated one3xdx N/ g
(nmeasured by the BET nethod) .and an avergggéggie radlgs qof 50 tq 2000 A
, I

(angstrom (measufed oy Y Betbei B ¥pBaFEF Y14 Ata 1&8%2) and
Si 02/ A1203 mi xt ur eshe THESeLiCat ro€r atcards ussd salanyfs ther mlswedntas, for
exanple, in the faqr f..beads, .t ts, Lings,,.stars,.or parti.cl es. of. ot her
shapes, with a di ﬁb#%dgﬁﬁlﬁﬂ%négééﬁ ?ﬂ?cgﬁegg %gﬁgFaPP% §%1§ é?sfﬁnn 10
Carriers of theseliegsds opan Iz thaspaiddpetak. exanpl e, from aerogenic Si 02
or an aerogenic Si 02/ A1203 m xture which can be prepared, for exanple, by
flash hydrolysis of silicon tetrachloride or a silicon o

t et rachl ori déPal ubSUNPEPTERRBEAICFT XIRF e 18n BRCd%GRY dFiddena f 1T g

(UCS;- IA— 3t 339 _139) : tsslqidtalb)trﬁ vspirve%as afma]tihga pﬁééﬁﬁwﬁ} : ﬁﬁ'i@h agletgaidliwﬂ al
an ant hanoi d net.a S aje a ogpoun [ [ e selected salts
are sol ubl e and V\Hi"chigﬁn Baé'ﬁrey B@EQ reﬁB@ed&é ai#%‘ftﬂaer?oi e S eynat i on
by dryi nb0 Suitabbeingr piwecihoitated dne then Parmi ofl avgtemsutsilivhited
carboxylic acids having 2 to 10 carbon atons such as acetic acid, propionic
acid, n- and iso-butyric acid and the various valeric acids. Anong the
carboxylic 25 acids, acetic acid is preferred because of its physical
properties and al so for econom c reasons. Water is particularly suitable
for the chlorides and chloro and acetato conpl exes. Additional use of

anot her solvent is expedient if the salts are insufficiently soluble in 30
acetic acid or in water. Thus, for exanple, palladiumchloride can be

di ssol ved consi derably better in an aqueous acetic acid than in glacial
acetic acid. Suitable additional solvents are those which are inert and are
m scible with acetic acid or water. Those which 35 nay be nentioned as
additions for acetic acid are ketones such as acetone and acetyl acet one,

al so ethers such as tetrahydrofuran or. dioxane, but also hydrocarbons such
as benzene. 24 Aprii 2002 - 6 It is possible to apply a plurality of
salts of palladium gold, alkali netal and the particular |anthanoid netal
but generally exactly one salt of each of these elenents is applied. 5 The
el enents pal |l adi um and gold which are to be applied in each case in the
procedure of step (1), and the lanthanoid netal to be applied in each case,
can be applied in the formof salt solutions, singly or else 10 in any

sui tabl e conbination in any suitable sequence, preferably using a single
sol ution which contains these elenents to be applied in the formof salts.
It is particularly preferred to use a single solution which contains
exactly one salt of each of these elenments to 15 be appli ed.



This solution preferably contains a salt of a single |anthanoid netal, but
it is also possible to .use a solution which contains one salt g 91 rd of
different 20 |l anthanoid netals. Were the foll ow ng speaks g@ﬂ %ﬂ'fz& 6f
"the solution of the salts”, the sane applies anal ogously to the case where
a plurality of solutions are enployed +n4d25 sequence, each of which
contains only part of the totality of salts to be applied, in which case
the total of the cemPeuads grarthe afwfreetoft hbet cralrigramantiaifeshe
salts to be appligddt @niufde vedhly &ixed) For the procedure of step (1), the
solution of the salts is appliéd to the carrier particles by inpregnating
the latter one or nore times with this solution, enploying the total vol une

of the sol utiigp afrheathdplee mtadi Visigsbumd® H8PooLtEAr SnpaiHe CAMIRS:
However, it 35 1is ex%l?dl ent to use.the,t vol une of thg salt sol.ution

t al .
all at ormce, so tRAECEFdCarieripaPerd| &9 L0e i GPFEGRRPEGIRO: Metid s
requi red anount obyeltarestingerito wetlappl rediuayny Sgegite. | Aphedpieat intali n
whi ch case drying f i i atelhy..Ln e k ti, 24
Aori1 2002 sequeRteatt R BB ALnkast il BT ol GRERAT Y
carried out imedpapduges tigr tddch Wathreynblh¢ opurfagaedifatde dannignreans
in this connectiopathakidisying 5 the inpregnated particles nust start
wi thout delay. It is generally sufficient for this case to start drying the
particlés0 no |ater than half an hour after the end of an inpregnation. 10
The inpregnatdpn ohteb€etdng eanfjanis Clage Wirdhovizel s®wt iwasiiing hahal ts to
be applied is car i%d o%t cb)(:gﬁo%%ri ng the carrier particles with the
sol ution and, wheré 368roptai &> "hen pouring off or filtering off excess
solution. It is advantageous, with regard to 15 |l osses of solution, to

enpl oy only tge q'I‘Fx@t it'rléa‘%fe.ds‘&'a‘ﬁ:aitl%thrsr %g:ﬁ%ﬂiaﬂ;g ddt it pge et pore

vol une of the catalyst carrier. is expedient to mx the carrier
particld® intimtely 20 during the inpregnation, for exanple in a rotating

or agitated filepskrae Ariied RGrAiER i whésbegasetHr ¥i BY 1627 dnOWhI¥h

i mredi ately. The sgegd.of rotation or ingg(naali.t%ﬁgf the agitation nust, on
the one hand, be SOPFRPENEY &8F¢uPESYSod i 3%63 MY of the 25
carrier particles but nmust, on the other hand, not be so great that there

is considera ahtasi of th dEr £Lials dhgegoLyti f e salts
shoul d have gﬁen‘?&?%tlai é St&tev\/fﬁ%tirs hcl:a(g?f;lt enoug% to %r e\lallgntn {Eh%bs?tglé}s
preci pi t% i ng durtB§ fhe application to the carrier. The tenperature

shoul d, however, generally not be nuch above 70C in order to avoid .

excessi ve evaporati on of the sol veni, .and dec osition of .t he_ nobl net al
conpounds. 3§g?h8rf)f:§9t“ﬁ§ntmof5%t€1?e rr$E ?)gg%)i@?egoi ﬁBPéanind% Step
(1) with a seblittdpnwsi tdordraialikgl icetalgicicahl xoagkites shbstalntesofta he

applied el enppts d00 YA BL sy bl AQPtiple spraying on, vapor

25 deposition or immersion.

The term "lanthanoid metals" means the 14 rare earth
elements cerium, wpraseodvmium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium,
30 holmium, erbium, thulium, ytterbium and lutetium, and
the elements scandium, yttrium and lanthanum because
their chemical behavior resembles that of the rare

earth elements.

35 Suitable carriers are the known inert carrier materials
such as silica, alumina, aluminosilicates, silicates,
titanium oxide, zirconium .oxide, titanates, silicon
carbide and carbon. Particularly suitable carriers of
this type are those with a specific surface area of 40



. g _insoluble conpounds, aria' they are thus fixed to the surface of the
carrier (step (2)). Exanples of fixing solutions which can b24u\§ﬁd20626 5
aqueous solutions with an al kaline reaction. Exanples of such solutions are
aqueous solutions of alkali nmetal silicates, alkali nmetal carbonateh and

bi carbonates or al kali netal hydroxides._10 An aqueous sol ution of the

al kali nmetal hydroxides, in particul ar"th assi um or sodi um hydroxide, is
preferred. Ague iﬁ?(ﬂ?% i Nt AL n r Olén?§ e used
as soluti ons(&\%\/i ?’E’%a%@a/llé}(a I ne%e%t%nﬁﬁ%a]ra??cugégﬁwsU| abﬁn?‘%é][s%?% case
are aqueous P®reol xadbus off bbPaxte pdPadsi him thaasdbromit e (measiuxedr dsy of

al kali netal mBydi@y de oy dinatrand b@é%;éc@sudy Thealdeal | pes gpl uti o may
have bufferi ng properties. The ampynt of the conpound with an ‘al kali ne
reaction 20 gro2éftaPa MREtATESHg SR | GATFLCERp&ERerRE yUSEEN HThaRNYt s
at | east suffogmenbutlr akpi chbeneéxamptenveisi ophef tHenmappfi ases@ds | adi um
gol d and Ian%hgrioi d metal salts_into water-insalubl e _conpounds. 25 However,
it is also pb&SrHits t 0¥ t88%an TREs Ui ﬂ‘?&%&ﬁﬁnﬂfm? heR SFhePesSe
reacti on presérh iah dimndted ngr sdbngitan ardetlekelesss gegenalrhy 1geiorg 1 to 10
times the ampunt ;"?lqui red by the stoichiometry. 30 The volune of the fixing
sol ution nust bé at 'l east sufficient to cover the inpregnated carrier
conpletely with the fixing solution. The fixing preferably takes place by
the rot atd onchiFBEss0b £ €6hBLEUR yHe3C! 0380 beN MR 332610 e WHSTE i S

i ncorporated_herein by refe g5 rénce. This techni'que conprises aditating
the carrier WiPEh a}esr%%ﬁﬁﬂcét £92 c8%eral BGTPHEDE XS 2 &%%H“Hgt‘f’fﬁ ation
fromthe stawhieh dag Weegrapired t hféheekanple, SBYUEIAEL hykdrdPFdis 2002 -
9 'Every tyg? osf. oégrtli gré or %ilrri I?r t(r)eat ment . whi ch kete s .the .C(fl‘ ier
particles agPfatB tEH b&CTE8F 18E Ts et hé eXatt CRRNFSETIACHST L9547 cal .
The intensitplofinem agriebionide imizorwaat .irhoaeverxyhydsbgehd fanke
suffici f t he ~ertigr rface area of the inpregnated carrier to be
wet t ed Sﬁfo?r{wjﬁyawia’t %3t9h292PKal ine fixing solution. The treated carrier is
then left to stand in the fixing 10 solution at roomtenperature for up to

16 hours in gpdeapie eRIWehtshator h&@gpi_awadmalnl, agbua), @alkdiangnd @t hanoid
nmetal salts are conpl etel in the _formof water-i nsqll.ugle

Y. precipitate
conpounds on@Pfle H}W‘y%a?‘ﬁﬁf. Sfé‘t'ﬁneaf‘@a&lilorf:?f???‘ﬁ% Tarfi &f
however, al sthee sedrerated] aidlted &fevabédbilenparditwhiiasch f oanexasilly de 70C.
20 After,d4 he L] ion | np t up rn&g_l_%m fi %1 Ngy.sol ui.i | S
pour ed aZV\(/;ay. r%h{égrecl?an %)%a'ﬁgl I %%%r V\hh%% agp.oprl aatte.l,ai_lby I\nghilgnfftr}}#e'
treated carrSERtER1Er dOr ttdhe AR/IR IR BCUDLE PSHSEGNdS Yor aFEHDYHLt he
treated carric@ted @ar®oailie thad kalvid@tal tehhor cdedonl kaoihs ratad in
the fixing step_and.any excess which is_present of the c ound with, an
al kal i ne realfi S‘Hegrlé:sé’rﬁl n RW%’JT‘?%%ga“gb%m Ponanfy J\ﬁé’s‘ﬁ’l A e

purpose, theandeatke carriwmrsi yadesticnuessidy.30Amasgedtive t feartiewsit ng
liquid, yefgrablsy Wohi'UUP is preferred because of its physical

properties and also for economic reasons. Water is

particularly suitable for the chlorides and chloro and
acetato complexes. Additional use of another solvent is
expedient if the salts are insufficiently soluble in
30 acetic acid or in water. Thus, for example, palladium
chloride can be dissolved considerably better in an
aqueous acetic acid than 1in glacial acetic acid.
Suitable additional solvents are those which are inert
and are miscible with acetic acid or water. Those which
35 may be mentioned as additions for acetic acid are
ketones such as acetone and acetylacetone, also ethers
such as tetrahydrofuran or. dioxane, but also hydro-

carbons such as benzene.



dem neralized water, at roomtenperature. The washing is continued until
interfering anions, for exanple chlorides, are substantiallylgggﬁyfép rom
the carrier. 35 The noist inpregnated catalyst carrier can t%en e dried,
which is expedient if the subsequent reduction of the deposited noble netal
conpounds to the corresponding netals fséep (3)) is carried out in the gas
phase. 24 Agri[ 2002 - 10 Reduction of the water-insoluble conpounds
fixed on thelkat&fysPogaibiler te tBEPAdr r éspoidindd ifet alof carlds cafri ed

out with a ggsepHaitRfuUCIgI BIENh1k8ieP m3thl 5 dh@ I educt iy digpgrat ure
is generally_between_ 40 andﬂZ)GO%wPr ef erably between 70 and 200C. It is
f t

general |y expefFBapotg Jugt r SGREEI e PEAGEWg QB8ntSHhT cIPf s
di | uted witheaohrbfgaheandedenkaitss i@ @prldeld 50% by vol une, preferably
0.5 to 2Q% by volume, of reducing agent. It is possible to use as inert
gas, for “exanple, nitrogen, carbon dioxide or a noble gas. Exanpl es of
sui t abl e redlbénglagents @ed lagdnoyemd mpehdnehichoaml tehpee apgtlhiydene,

propyl ene, i t yLene, ; but n r efd re ti can
al so be car r?gdj%u‘%wi }r%a%ig wl]g ﬁlﬁesg?%ﬁ%&%e}?gt ué'réebsﬁ)c r-(g?n?OC %3&96%{%

preferably ftenfhanesdogeetakafsl eke o PR ngPaRatls GRSEh cednb®eused
are aqueous gghuie@ninofthydFazhnef fO4M Csaaudioh 3! kaing et ak 2 se

bor ohydr.i des, preferab] S£d|un1 qorohydri de. The anount fg reduci ng agent
depends 16 tHB AMurtubrabhe GoBRE Iy 1R h &Nt Pl e qfed rshoul d

be at | east pgefitréblgxuddhigor exifiglsd esdvluignanhith, cbntaliasgaheswunt s

of reducing e.not _h |, It 1S enti sel ect _
reducti on co%gggégﬁé Fﬁ'Eﬁhg%gggﬁ%%%%h1%F%pf§%ﬁtﬁgtg%%égfiEgdls %%E
wat er - i nsol ubileuhable neraferdagouhds we redutidwle t€ed uddrarespdviding

nobl e netal seohtaifis @Ralha O band, oMaRlel ¢ BR-Ybethenehie foxed

wat er -i nsol ubl e I ant hanoi d netal conpounds are al so converted under the
sel ect ed > edd@t PBRLEBAI ti ons into the corresponding |anthanoid netals,
because it is not critical for the suitability of the novel catalysts for

preparing vinyl acetate whether. the.35 | anthanoid netals e_present as
Bl ehent o and it re Gt chareFABLEe GO ANe: & "ERLY | o ¢ heintus
catal ysts. lag#hapeit 289Ral, 1bul f ibko wasklgp srossibles pbacesaf t@er the

fixation is coiptebe Hith (CbhraPhsi bnkhesdedusti Uadpkss RI13¢@ Wnch an
aqueous solution of a reducing agent, the treated catal yst carrier nust,
l-e

after tHd reldpEPanoid BeEshSi-ete, be washed several tines to renove
interfering conpounds, for exanple to renove chloride residues derived from

the TP eonahoneStR apgh 181, eA5ed MGt OobRE-LiXgt i ADRLr edigliip of the
of the salts", the same applies analogously to the case
where a plurality of solutions are employed in
25 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

quantity of the salts to be applied to the carrier.

30 For the procedure of step (1), the solution of the
salts is applied to the carrier particles by impreg-
nating the latter one or more times with this solution,
employing the total volume of the solution all at once
or divided into two or more part-volumes. However, it

35 1is expedient to use the total volume of the salt
solution all at once, so that the carrier particles are
impregnated with the required amount of elements to be
applied by a single impregnation, in which case drying
can follow immediately. In the case of impregnation



10 For this purpose, the treated carrier is washed continuously wth the
washing liquid, preferably with running dem neralized mater,zgt rﬁ%ﬁh%
tenperature until interfering anions, for exanple chlorides, Apr ed.
15 I f an aqueous solution of a reducing agent is used in step (3), residues
of the reduci ng agent used can al so be_rgnqyed Wi th the washing step. 20
The catalyst is then dried at tenperatures not exceedi ng 150C (step (5) )

In step (6), s“weh.ﬁ:éi{é‘%l tali¥pt Lappi is h t ¢ fer
i npr egnat ed, one or %rmr éﬂt [arr_es vﬁ?t hl??aé%glt u‘??o:ﬁ;agﬁ: g'(réljla e%l"i %Pé{;%?g
conpound, thés sariggd ant ofmeediabelyi 8hteEi Agchnpmpyeanatioat once or
divided into part-volunes. However, it is expedient to use the total volune

of the solution al t once, . so that the carrier particles are inpregnated
Wth the 30 rOqUIEA Cho G biad BPRRF Helh §P BB ATERSy

singl e i npreghat | tmprddieaved upa reficlilee alst i sbaet wWhehahkaldelmtal It
conpound is, .in the ca of _singl.e qr L tipl.e i mpregpatiqn, .generally

bet ween 60 and ﬁ%‘a/gg%]r?g¥et53§f§%bl§tr\%keﬁg§0t§‘ﬁ& 1‘%?)? g? ﬁ%@rﬁor‘grmgme. 35
The sol uti ontdfe tpertaidkleds net dkteonpdiard kwahf absohbarapfiteed the tdwed

carrier by si Iqlqrgp.g | & $Praying on, vapor deposition or inmmersion.
24 April 200 -a12 mftegﬁr{t le treatnent with a solution of an alkali netal

conpound, the catalyst carrier is finally dried at no higher than 150C

(SEeF (t710. E_hﬂqei&bttébha@tcﬁﬂ t@qlrrpw%d hg\;@sﬁ?t} ;ﬁa?EiFmegntmlwﬁptéﬁ@{ ht he
catal yst carrier contains, 0. 00, by, wei of “alkali metal after the
drying. The. §yidd B ‘Eﬁetgﬁeﬁagt}:%ai:%l bst Hed 19 parisedamitedBut in

steps (5) andoiArimakeshel aaerdirem pareaolies hatthai ther sionuaishr eama of

inert gas, f a j re it carbon.dioxide. T

tenperature %&géng {’ﬁfég’é?i‘l‘?ﬁg ?f;%%lt'd%é%ré?)gl §%l§ea%'b ?6g&§5tf‘gpr%$€r ably

100 to |150C. eBogissg FelubiedverIt5 tar Adupndiageawsr e wapbr opegare, tmder

reduced psesyWsaesgener abbyution) 0- 84 Mipidy, 0.8 Manel fqﬁmﬁ%gemgff or s
p u

part of step (1) and, where appropriate, the other steps, "the reis
the same. 20SPHOHOR sPREFLPRPIAERTaINRt EhRodtdiSH LY PRPFRIVAMIMGo! Q6
al kali met al taed cftdigast e-ient hanoid nmetal have the foll owi ng netal
contents: 25 Palladiumcontent: Gold content:
It is expedient to mix the carrier particles intimately
20 during the impregnation, for example in a rotating or
agitated flask or a mixing drum, in which case drying
can follow immediately. The speed of rotation or
intensity of the agitation must, on the one hand, be
sufficient to ensure good mixing and wetting of the
25 carrier particles but must, on the other hand, not be
so great that there is considerable abrasion of the

carrier material.

The solution of the salts should have a temperature
30 which is high enough to prevent the salts precipitating
during the application to the carrier. The temperature
should, however, generally not be much above 70°C in
order to avoid excessive evaporation of the solvent and
decomposition of the noble metal compounds.
35
The treatment of the carrier particles impregnated in
step (1) with a solution with an alkaline reaction

converts the salts of the applied elements into water-



30 generally 0.5-2.0% by weight, preferably 0.6-1.50 by weight; generally

0.2-1.3% by weight, preferably 0.3-1. to by weight; Alkali nt :
generally 0.3-100 by weight, and potassiumis preferably usren(?%a‘*?c{ﬁ?gwum

content: generally 0.5-4.0% by weight, 35 preferably 1.5-3.0s by weight;
Lant hanoid netal content: generally 0.01-1% by wei ght, preferably 0.05-0O
So by weight. 24 April 2002 - 13 |f-nBre than one |lanthanoid netal is
used to dope.the I.I adi um qgol.d and_al kali rmnetal -containing, shell

catal ysts, tﬁQSP&E‘%L% aﬁf’ﬂﬁﬂgf‘ﬂsﬁet%‘llac Sht 2T Redriu? hd 5%l tRortRit of
all the | ant bardiaderetfaltheprezaanie> (stépe(2) ni shed catal yst. The-stated
percent ages always relate to the anounts of the el enents palladium gold,
al kali metal and | anthanoid nmetal present in the catalyst, based on the
total nmass oExeh@lest abfstfintngveselewbons whischnicars pleususedriare

materi al )g 1g§§séioh@b' So$atisnar \%ﬂ:"hl aal tasllgnpﬁé I adiugy ogo! %xéﬁg@a' i

nmetal and a nt hanoi d el enent ich are sol uble; the acetates,

chlorides, aR§ SHEhacltlUNY 2FE oRGUEBHPI ERAYLAPESpIOLt ikl matdder, in
the 15 case g@fi1iidk@fSr i 0kaN] ORs taUChBHhodde £XaAR! ®idatHdMR teas & ©f

chlorides, it t. be ensyred that these anions are substantially renoved
before use oﬁlgﬁzlcg‘(eé:la\;\s#’.yd%ﬁ’%lcieﬁ(m pl ace by Washing the doped carrier,

for exanple with water, after, for exanple, the palladium 20 and gold which

have be appl.i | oride. b c ed_into i nso] ubl e form
for Cevar o iy SmAED S0L0F10RY By Rk MOINEHL ekl o il didiats Se ot o
and/ or by repactiomlEst aqetysyiumdoy 3ppdins hydriozdlern| s prefdrrahl t s of

pal | adi um ang gelthsar 80Ghlkaonde, whlilcdr 0c6ARREBXCS0ARH CAGROSYAAL €San
preferably the salts of aliphatic nmonocar box?a/l ic acids_having 2 to 5 carbon

atons, for eRa&FHl LT h&S&Cetaf e SPWiVIat BLER KRt yRaka1ipg: tHRACIAR abl e
exanpl es ar ephhe iulliaatle; 38ulibkbillee, oOxi deHiydr at@aseoxahake, aqueous

acetyl aclles} onat g:r. acet oac toat & Bec gge.o;n thq__lga%ood sol ubi | i t%/ﬁtand

avai | abi tyF’OgP &€ e d® paPdd um BRAZGEEE s AT RY I pSFt iU A The

chl ori des andfchdldvad ic onptakebydiropdldeadiaim tdrmh gohd. b@5iThecdldal Theret al
compound pr eheiallin LTINS Sl BEAS Ofe SO YWopgtasatum rubl dium or

caesi um conpoun in particular a potassium conpound.” Particularly suitable
conpounds are carboxyl ates, in 24 April 2002 - 14

The amount of the compound with an alkaline reaction

20 present in the fixing solution is expediently such that
it is at least sufficient for stoichiometric conversion
of the applied palladium, gold and lanthanoid metal
salts into water-insoluble compounds.

25 However, it is also possible to use an excess of the
compound with an alkaline reaction present in the
fixing solution, the excess generally being 1 to 10

times the amount required by the stoichiometry.

30 The volume of the fixing soclution must be at least
sufficient to cover the impregnated carrier completely
with the fixing solution. The fixing preferably takes
place by the rotation immersion technique disclosed in
US-A-5,332,710, which is incorporated herein by refe-

35 rence. This technique comprises agitating the carrier
which is completely covered by the fixing solution by
rotation from the start of the treatment with the

fixing solution.



particul ar acetates and propi onates. Conpounds whi ch axe converted under
the reaction conditions. into the alkali netal acetate, suchaﬁ? fO( 2
exanpl e, the hydroxide, the oxide or the carbonate, are al so éﬂ? %ﬂﬂ e.
The | ant hanpi d netal conpound enployed is preferably at |east one
praseodym um neodym um samarium eurapigum or dysprosi um conpound.
However, it is also possible to 10 enploy m xtures of these conpounds. The
ChlorLFes,lﬁEW@?@StygeebatFstamdoacgkybmmﬂkﬂﬁ?ﬁxééﬁfém@f&Tﬁéhakbéps o
sui tabl e as nt hanoid netal . ¢ und.. .15 In the.nove atal ysts e nobl e
netal s and th%%a??l cufar pf"‘ﬁﬁ%ﬁg% i 89%&&3169 Sy &° t‘f?e‘?@' B ?ﬁﬁ%sgg?e
applied in aetmtt amnrer cadsri BotpacritiealVi e adettarsiity gefer ahey
prepared by i ng: acetic, 20 sac] yl e Xygen- co i.RiyNg ses at
t enper at ur espftf%&rr?%b%?to ‘gs‘zoc,l rdeinftea?{eﬂﬁl y ?‘% torgOOC?Qundg?lgB?gssuggs from
0.1 to 2.5 vmufbieientbl yfar 1 the2. EmMHxe ovenrfpreef i medad &t al yhe, it
bei ng possi bl find Lo g4 €ad Al 1T SACERD BOMANENES . ulli flo¥nlyS0wd®h the
advant ageous 1n sope circunmstances,to dilute with inert gases such as
nitrogen or cAHEYRRE okI¥ENICEPHRHI M oxide is particularly suitable for the
di lution because it is fornmed in small anounts during the reaction. 30 Wth
the sane reacg,ion_conditigns it _is_possibl.e wth the ajd of the_novel

catal ysts to(‘{)t}eep%lf%a n%ﬁaecefﬁ§?ra%8t g?'gnpétrefﬂzeé:& ot a\}'bci urfe 'él?ﬁ P ¢ h,

at the siafie tsodytiomr @ted roehecténpeyabyreoniyar i spn vt L &knbwerd5 in

catal ysts. Thi cili t h rk&p?o | hg: crud iy cetate
because the \f}?% Iaal(‘::gjt a‘%té&?:%%]t gﬁ}t‘wi nt efagglggg?‘:?ﬁ%irig%%lﬁbm O\#gjré%%tor i's
hi gher, whi chtanthangiq| meggd _saltsf grencforrketely | precipiitagest &her gy
in 'the wor kuthdakbrmA Sftii rabbe-1REKUALLE dRIMPINIRIE &A1 tEANPhEal 8L US- A- 5
066 365. 5 If, orb, the other hand, it is wished to keep the spacetine
yiel d constarft®*5¥€¥s possible to reduce the reaction tenperature and thus
carry oul5the reaction nore selectively, with the sane total productivity,

i n whi ch caseyjdieng & 4,83 N0k PLECHESE Sealli Snbded8ral s, agsoplat ed
with a decrease in e ‘anoun oft car bon (:Z'fl oxi de, “which 1s forned as
bypr oduct andcarmeked outmuet peleertsdd temrpiatutty | §9F ofxanpPlei ned

et hyl ene whi cjpi, associated with this renoval. In addition, this procedure
results in an increase in the useful 15 Iife of the catalyst. The foll ow ng
exanples are intended to illustrate the invention but do not restrict it.

The percent agetteaf the dlisariion pal | achphetgpl dhepetgesinahand dHixihe 20
| ant hanoi d el . are.per i, ght e n e t SsS he
SRR} 812 B2 B8Le ) ST RaS eagy AP 010l

catal yst. The catalyst car use carrier "availa rom
Sud- Cheri e WaRPEIRE i@, KAY 188shingh&hes treavedl dseadeiniith aréganteer of

S mMm The porgen@emnd LolubfleCatdhPbud@S Freddnt on the treated
carrier, for example the alkali metal chlorides 1libe-
25 rated in the fixing step and any excess which 1is
present of the compound with an alkaline reaction

present in the fixing solution, by washing.

For this purpose, the treated carrier is continuously
30 washed with the washing liquid, preferably with running
demineralized water, at room temperature. The washing
is continued wuntil interfering anions, for example

chlorides, are substantially removed from the carrier.

35 The moist impregnated catalyst carrier can then be
dried, which is expedient if the subsequent reduction
of the deposited noble metal compounds to the corres-
ponding metals (step (3)) is carried out in the gas
phase.



Exanmple 1 30 5.37 g (= 0.0164 nol) of potassiumtetrachl oropalladate, 3.36
g (0.0089 nol) of potassiumtetrachl oroaurate and 0.74 g (O. 0&1& ﬂpéaozof
praseodymumtrinitrate pentahydrate were wei ghed out together an
dissolved in 90 m of dem neralized water 35 (solution volune - 100 of the
pore volune). Wth gentle agitation, this solution was conpl etely adsorbed
onto 147.5 g of the carrier material at Y@omtenperature. To precipitate

i nsol ubl e pal |l adium gold and praseodym um conpounds, which |eads to
formation of 24 April 2002 - 16 a noble netal shell, the pretreated
carrier was Refifbtidm &F Sehdt yatepbidsblaplel NI diBxddlech negQ0 m
of dem neralized water. Immediately after addition of the gl kaline fixing
sol ution, th&EXANH KAITAGT atd &% n %P’?’iﬁ%ﬁ?fmg%?)of‘ﬁt@ﬁsr ofafi ntat a
rate of 5 rewansichoyperwininud egd s@ogs f pedacpryi adeat 2step MBYNs . To
conplete the precipitation, the mxture was left to stand at room
tenperature for a period of 14 hours. The supernatant sol ution was then
poured of f, dhie theduOtihprt reanpeas twasheidswigemedanlierbeétwednwaliOer andt i |
free of chlorgec~A 0 i f i y 5
hours was necjeeggacrfy %%%%%WT%%‘}?%%{} ?gr aﬂdeg omt('?'r ol%rc 8?%%@%% | ver
nitrate sol utSxRedientadded et Homashrngroduetiand 3 t radycaérgni agentor 15

tsilver tchl orivgﬁlcgfgs;%pidiqtdﬂaa ghe?catr@ﬂtstg&?s a‘ﬂébséﬁxh'@‘&ih% cd)r.ié)qd_?é a
enperatyre or_.a perio ours. n redyced wi a gas
m xt ure g@nsi%ﬁgﬁ ngyofv%%“B rvdl ALY efe 5an53°\3§£)3%y ol Hﬂiuﬁ‘iet'r ogen,
passi ng thi s mgauagiing wgemverIt his2posatibllgstoatuse tepareatturgaonf A60C f or
aperiodof%ﬂ s, T ed c t n ippr.eg Wi a

sol ution of gr‘i{)%e'pot}‘giséﬁ%fﬁ%%dceta%%ﬁ f_g n’#%% d%frrnpnagr gﬁ@éj% Vé%sef’

(sol ution volExapleggoadf thultmhrke voredrging proenrbhs awrl drydwoggnh hot

air at a 25 tempiRiure ¢bridideh’/ded Peekfgiehe? hogrspyTBRef i Ni shed
catal yst_contai ned 1. 1%1%/@%%? d, 1.1% wei ght = Au, 2.5%’,by wei ght K

Pd, y
and 0. 1638 by Riiygianepr . b P& PHASF Pbetilfe WHE FFAGEFIA tS2% hat of
Exanpl e 1 butalidwe lbé.nma&qiegi net el imolnpmxmﬂdumsaa%ﬂ: &l teoife f0dureol ) of
samariumtrinitrat ent a ate i e of praseodym.yumtrinitrate
pent ahydr at e. i eé)f Ri Eﬁeg’cﬁrﬁ%a%gé’ntéﬁ%dii %é) bZ;/gs V\C/te'i g]:ﬂ:far&%:,fesl_ 1% by
wei ght Au, 2. byedwsiigiy . Kgend 9. Mdly wedmghtbSmused4 aye i laQ@ddus 17
Exanpl e 3 Thepnacediy e&ﬁ%g&@&%@ tPoiffl QlcfxarR! ealxhyl Gndtdl

(0.0016 nol) of europiumtrinitrate pentahydrate was used as | anthanoid
met al Coaﬁoum?rohydrldes, preferably sodium borohydride. The amount

of reducing agent depends on the amount of the noble
metals; the reduction equivalent should be at least
equal to oxidation equivalent in quantity, but larger
amounts of reducing agent are not harmful.

25
It is essential to select the reduction conditions inm
the reduction step so that the fixed water-insoluble
noble metal compounds are reduced to the corresponding
noble metals. It is, on the other hand, immaterial

30 whether the fixed water-insoluble lanthanoid metal com-
pounds are also converted under the selected reduction
conditions into the corresponding lanthanoid metals,
because it is not critical for the suitability of the
novel catalysts for preparing vinyl acetate whether the

35 lanthanoid metals are present as elements and/or their
compounds in the noble metal shell of the novel
catalysts.



5. The 'finished catal yst contained 1.1% by weight Pd, 1.1% by wei ght Au,
2.5% by weight K and 0.15% by wei ght Eu. Exanple 4 10 The pro&e 2008
anal ogous to that of Exanple 1 but 0.34 g (0.0008 nol) of neodynium
trinitrate pentahydrate was used as | anthanoid nmetal conpound. The fini shed
catal yst contained 1.1% by weight Pd, 1.1% 15 by wei ght Au, 2.5% by wei ght
K and 0.070 by weight Nd. Exanple 5 The ocedure was anal ogous to that of

Exanple 1 but G ( i h i . hexahydr at e
was used as Ia%tfﬁar%oi‘gagrrg% %I nggéo %%]%vé_%gé‘#%%fsﬂéed %tg% a??ﬁ%@%%ntg%]ned 1.1%
by wei ght Pd, Tompdpyewds§ap Ad)) 2. 5% byf wehghrefuahiPm. ba%Hyrivtght Dy.
25 Exanple 6 Thathr ogedu@ewas aalrgous &9 tdhatre@bhcEX@mMlg@nd, buthd. 6 9
(0.0016 nol) of dg rosi trichloride he ahyd‘;_ate s used. 30 The

fini shed cal al JEESEORt SPRBHAC 198 BY: Soi BRRC P (T obly TRTUHIORI 15, 50 by
wei ght K anl 0ctffdbte neightashed Eempaaht ¢ imeExtanplemova Theepfeaciodur e was
as in Exanpl e J:oRP&uﬁ@s,l ahangk thof MRl rgablS R addedrd 0 4G

i mpregnation solution containing potassiumtetrachl oropall adate and

pot assi um t et r $ERFEPDatioRt £he impreggationogber 4ud F99¢% Jved teat al yst
contai ned 1. lothy #ekgbiokdand. Fedhgtien ght AheanbhleSandnaleei gittepK. The
novel catal yst§%8{§apared as in Exanples 1-6, and 5 the known cat al yst
prepared as in nparative Exanple la, were tested in a Berty reactor. The
average tehPerature of the jacket of the Berty reactor was chosen, so that
a constant oxypen cemver uripotle, 95 thewasrehsedVvedardixriha s estdshedare to be

found in the té@%é&n&%ﬁ%T@'%ﬁR%Cqﬂﬁgrﬁ%shing liquid, preferably with
running demineralized water, at room temperature until

interfering anions, for example chlorides, are removed.

15
If an aqueous solution of a reducing agent is used in
step (3), residues of the reducing agent used can also
be removed with the washing step.

20 The catalyst 1is then dried at temperatures not

exceeding 150°C (step (5)).

In step (6), the dried catalyst carrier 1is then
treated, preferably impregnated, one or more times with

25 a solution of an alkali metal compound, the total
volume of the solution being employed all at once or
divided into part-volumes. However, it is expedient to
use the total volume of the solution all at once, so
that the carrier particles are impregnated with the

30 required amounts of alkali metal compound to be applied
by a single impregnation. The volume of the solution of
the alkali metal compound is, in the case of single or
multiple impregnation, generally between 60 and 110%,
preferably between 80 and 100%, of the pore volume.

35
The solution of the alkali metal compound can also be
applied to the carrier by single or multiple spraying

on, vapor deposition or immersion.



yi el dC02

sel ectivityl7938.9727809. 2338028. 7947258. 5057339. 067229. 3Conparati ve

Exanpl e 1 a68310.9 Space-tine yield in gramof vinyl acetate pgf‘AHft'é-’PO%f 15
catal yst and hour. Q02 selectivity in a based on the anobunt of ethyl ene
reacted. 20 It was found, surprisingly, that even small additions of

| ant hanoid nmetals to the known pal | adi umiZgol d and pot assi um cont ai ni ng

catal ysts disti |y jnmprove the CO2 selectivity and the oductivity
(space-time yi efig&e%f{‘ﬁe‘é%eac%‘leéﬁtyé”ﬁs&i & ﬁr"éb‘&r‘féﬂfgi AdI ai&%fht‘é?tal 24
April 2002 - 19comawrd, cthe nsatalysA prapvess fisr fpirepdlyi riyieidnydt asetate in
the gas phase fyom&t mﬂa%n%oa@e@@elgc{sﬂ and oxygen or 5 oxygen-containing
gases on a catal yst which conprises 0. 2 0% by wei ght of palladi um and/ or
its conpounds, 0.2-1.3% by weight of gold and/or its compounds, and 0. 3-10%
bédWEi ght | Iofs al kied | alea Bl m@ﬁﬁbgmﬁ&paﬂrﬁd Cifar rd@r]d inhegegi I’anﬁﬂ&ﬁﬁcashﬁiWSt 1?
additionally co i 0119 i ght of _at ast,on nt hanoi.d neta
and/or its corrp‘giggn%é:%set %gqéég’é?én%aa]\é\%s%eoéﬁaﬁast§'?hfé°ng?%ﬁ°ycownﬁl %s, based
on the total nmeeE adikaliemghdhl §kker the2 dryIng. process as clained in claim

1, wherein the catal yst conprises at | east one potassi um conpound. 3.) The
process as cl ai eiL,n 2 he catal yst caonprises 0.05%

din claim% qﬁr 2, WneF
by weight to 0.5% by ¥&Mgnt®hf Tnt FARBFE et Y55se82 bt he ot 8F mass of
the catal y§0. 4&arriked prwcess ateplsai fed indan(/lof tekes mplaceo 3y 25 _
wherein the | anjhanpl bATeiét herPrAsendysl WhredAMRH UWRe QU §Ps UMeopeodym um
or dysprosium 5%_“?A cat al ys% whi ch corrgrl ses 0.5-2. 0%1%;( wWel ght of
pal | adi um and/ §F&PdecdRpBuftsead. 9f 103 PP g2 ERE o LG8 B andPBr i ts
conpounds and G(e3pe02tbye weughtg othab kdlkyingt ahoebdpgemeisaldly cbeabi er,
wherein the catg ﬁ%“@gd}:g%?ﬂﬁhfﬂycﬁﬁ'@r't%eisg’@.l' %%%\A@ggtabf%vé{ | east

one | anthanoid netal and its conmpounds, the percentages relating to the

metal 35 cOnt efRETiBdsEUt oVhiGRe RRBHCPRARES of URYRF CfiCpS; pressure,
generally from 0.01 MPa to 0.08 Mpa.

If the drying forms part of step (1) and, where appro-
priate, the other steps, the procedure is the same.

20
The finished shell catalysts containing palladium,
gold, alkali metal and at least one lanthanoid metal
have the following metal contents:
25 Palladium content: generally 0.5-2.0% by weight,
preferably 0.6-1.5% by weight;
Gold content: generally 0.2-1.3% by weight,
preferably 0.3-1.1% by weight;
30
Alkali metal content: generally 0.3-10% by weight,
and potassium is preferably used.
Potassium content: generally 0.5-4.0% by weight,
35 preferably 1.5-3.0% by weight;

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



24 April 2002 - 20 6.) Acatalyst as claimed in claim5, wherein the

catal yst conprises at | east -one potassium conpound. 5 7.) Ac ﬁ@
claimed in claim5 or 6, wherein the catal yst conprises 0.050 5 %ﬁt to

0.50 by weight of lanthanoid netal, based on the total mass of the
catalyst. 10 8.) A catalyst as cIai med in any of clains 5 to 7, wherein the
| ant hanoi d netal is praseodym um sanard a3} -europi um neodym um or
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* KNNENSNZNNUO Q@1 @96 the acetates, the chlorides, and the acetato

and chloro complexes are preferred. However, in the

15 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

example with water, after, for example, the palladium

20 and gold which have been applied as chloride have been

converted into an insoluble form, for example through

the fixation with compounds having an alkaline reaction

and/or by reduction (steps (2) and (3)).

25 Particularly suitable salts of palladium and gold are
chloride, chloro complexes and carboxylates, preferably
the salts of aliphatic monocarboxylic acids having 2 to
5 carbon atoms, for example the acetate, propionate or
butyrate. Further suitable examples are the nitrate,

30 nitrite, oxide hydrate, oxalate, acetylacetonate or
acetoacetate. Because of the good solubility and avail-
ability, preferred palladium and gold salts are in
particular the chlorides and chloro complexes of

palladium and gold.

35
The alkali metal compound preferably employed 1is at
least one sodium, potassium, rubidium or caesium
compound, in particular a potassium compound.

Particularly suitable compounds are carboxylates, in
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The chlorides, nitrates, acetates and acetylacetonates

are particularly suitable as lanthanoid metal compound.

15 In the novel catalysts, the noble metals and the
particular lanthanoid metals and/or their compounds are

applied in a shell on the carrier particle.

vinyl acetate is generally prepared by passing acetic
20 acid, ethylene and oxygen—-containing gases at
temperatures 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
25 advantageous 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.

30
With the same reaction conditions it 1is 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

35 catalysts.

This facilitates the workup of the resulting crude
vinyl acetate because the vinyl acetate content in the
gas discharged from the reactor 1is higher, which
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tlme yield constant, it 1is possible to reduce the
reaction temperature and thus carry out the reaction
more selectively, with the same total productivity, in
which case there is a saving of precursors. This is
10 also associated with a decrease in the amount of carbon
dioxide, which is formed as byproduct and therefore
must be removed, and in the loss of entrained ethylene
which 1is associated with this removal. In addition,
this procedure results in an increase in the useful
15 life of the catalyst.

The following examples are intended to illustrate the
invention but do not restrict it. The percentages of
the elements palladium, gold, potassium and of the

20 lanthanoid element are percent by weight based on the
total mass of the catalyst.

The catalyst carrier wused was the SiO; carrier
available from Siid-Chemie with the name KA 160 in the
25 form of beads with a diameter of 5 mm. The pore volume

of 1 1 of carrier was 335 ml.

Example 1

30 5.37 g (= 0.0164 mol) of potassium tetra-
chloropalladate, 3.36 g (0.0089 mol) of potassium
tetrachlorcaurate and 0.74 g (0.0018 mol) of
praseodymium trinitrate pentahydrate were weighed out
together and dissolved in 90 ml of demineralized water

35 (solution volume = 100% of the pore volume). With
gentle agitation, this solution was completely adsorbed
onto 147.5 g of the carrier material at room
temperature. To precipitate insoluble palladium, gold
and praseodymium compounds, which leads to formation of
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(}109&\&}() dﬁ)dzmlﬂe@a&;@¢d water. Immediately after addition of
the alkaline fixing solution, the carrier was agitated
5 1in a rotary evaporator rotating at a rate of 5 revo-
lutions per minute (rpm) for a period of 2.5 hours. To
complete the precipitation, the mixture was left to
stand at room temperature for a period of 14 hours. The
supernatant solution was then poured off, and the
10 mixture was washed with demineralized water until free
of chloride. A water flow rate of 200 ml/minute for
approximately 5 hours was necessary for this. To check
for freedom from chloride, a silver nitrate solution
was added to the washing water and it was examined for
15 silver chloride precipitation. The catalyst was
subsequently dried at a temperature of 100°C for a
period of 2 hours. It was then reduced with a gas
mixture consisting of 5% by volume ethylene and 95% by
volume nitrogen, passing this gas mixture over the
20 catalyst at a temperature of 150°C for a period of 5
hours. The reduced catalyst was then impregnated with a
solution of 10 g of potassium acetate in 75 ml of
demineralized water (solution volume = 83% of the pore
volume) in portions and dried with hot air at a

25 temperature of 100°C for a period of 2 hours.

The finished catalyst contained 1.1% by weiaght Pd, 1.1%
by weight Au, 2.5% by weight K and 0.16% by weight Pr.

30 Example 2
The procedure was analogous to that of Example 1 but

the 1lanthanoid metal <compound used was 0.71 g
(0.0017 mol) of samarium trinitrate pentahydrate in
place of praseodymium trinitrate pentahydrate.

35
The finished catalyst contained 1.1% by weight Pd, 1.1%
by weight Au, 2.5% by weight.K and 0.16% by weight Sm.
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Example 4
10 The procedure was analogous to that of Example 1 but

0.34 g (0.0008 mol) of neodymium trinitrate
pentahydrate was used as lanthanoid metal compound.

The finished catalyst contained 1.1% by weight Pd, 1.1%
15 Dby weight Au, 2.5% by weight K and 0.07% by weight Nd.

Example 5

The procedure was analogous to that of Example 1 but
0.3 g (0.0008 mol) of dysprosium trichloride
20 hexahydrate was used as lanthanoid metal compound.

The finished catalyst contained 1.1% by weight Pd, 1.1%
by weight Au, 2.5% by weight K and 0.08% by weight Dy.

25 Example 6

The procedure was analogous to that of Example 5 but
0.6 g (0.0016 mol) of dysprosium trichloride
hexahydrate was used.

30 The finished catalyst contained 1.1% by weight Pd, 1.1%
by weight Au, 2.5% by weight K and 0.16% by weight Dy.

Comparative Example la

The procedure was as in Example 1 but no lanthanoid

35 metal salts were added to the impregnation solution
containing potassium tetrachloropalladate and potassium
tetrachloroaurate.



F10%Db& ()-  10%& ()-f&10%& ()- 9$@0%E ()-PQ QQ R R RaBME! ! 1 +10%¢& () -
11098 ()-"f10%& ()-sY9! 10%& () - g10%& ()-! N I 10%1bhb& () 28april 2002

. RLRNRRSUSSSa?1= 10HH! .

97109%4H8 () -, ! t 310%b& ()--"/L10%E () - - +&10%& () --' 10%& ()-1. 109%& () - SS
SSSTUUaB= 10HH! 10908 ()-! B @10%008 ()-! @10%00% () - S&10%0& () - #S10%08' () -

10HH 10HHUs VWWXK YQZ[ WU3B= - 18 -

1S (109ZOZQ& ()-!f  (10%rOn0& ()-! (10%00& ()-!S Ys109ZzQ& ()-!a Ys10%Oh0g
() -1 Ys10%008Th¢ - ELhEshel \catsd yst 10t {3né@ 1.1% by weight Pd, 1.1%

(\Yrderde") 1 10ZCzO 10ZCZO
1ozozo\|<]]()JARi’Z"]' %%4&’ %ﬁ% % o%&w(e)]lqﬁg I4)10%30& ()-M" 10%0% ()-M
109008 ()-M || TO%POPOE () - S10%0% ()-- __ aaaaaa~ @!!S : 109& () - #yS109%& () -

100 100 10008@OY% 1) - KBOIGYERY (3répard@¥ial (InMakahhtiu@el [0, @id ' L%
"10%J& )-'n Lf "10%J& (

" 1094 T& ES) than 1 05ROYR -1 L a%l/&%& ()RUDPRL Y- ee?f hhiitthz| COTPIIEHRIY ) -
10JJ 10JJ 10Hd4@plé/ #2)10%bt& (Dested in a Berty reactor. The average

temperature of the Jjacket of the Berty reactor was
chosen so that a constant oxygen conversion of 45% was
observed.

10
The results are to be found in the table.

Example Space-time CO,
yield selectivity

1 793 8.97

2 780 9.23

3 802 8.79

4 726 8.50

5 733 9.0

6 722 9.3
Comparative Example 1la 683 10.9

Space~time yield in gram of vinyl acetate per liter of
15 catalyst and hour.

CO; selectivity in % based on the amount of ethylene

reacted.

20 It was found, surprisingly, that even small additions
of lanthanoid metals -to the known palladium, gold and
potassium-containing catalysts distinctly improve the
CO,; selectivity and the productivity (space-time yield)

of these catalysts in preparing vinyl acetate.
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5 oxygen-containing gases on a catalyst which
comprises 0.5-2.0% by weight of palladium and/or
its compounds, 0.2-1.3% by weight of gold and/or
its compounds, and 0.3-10% by weight of alkali
metal compounds on a carrier, wherein the catalyst

10 additionally comprises 0.01-1% by weight of at
least one lanthanoid metal and/or its compounds,
the percentages relating to the metal contents,
based on the total mass of the catalyst.

15 2.) The process as claimed in claim 1, wherein the
catalyst comprises at least one potassium
compound.

3.) The process as claimed in claim 1 or 2, wherein
20 the catalyst comprises (0.05% by weight to 0.5% by
weight of lanthanoid metal, based on the total

mass of the catalyst.

4,) The process as claimed in any of claims 1 to 3,
25 wherein the 1lanthanoid metal is praseodymium,

samarium, europium, neodymium or dysprosium.

5.) A catalyst which comprises 0.5-2.0% by weight of
palladium and/or its compounds, 0.2-1.3% by weight

30 of gold and/or its compounds and 0.3-10% by weight
of alkali metal compounds on a carrier, wherein

the catalyst additionally comprises 0.01-1% by

weight of at least one lanthanoid metal and/or its
compounds, the percentages relating to the metal

35 contents, based on the total mass of the catalyst.
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10 8.) A catalyst as claimed in any of claims 5 to 7,
wherein the lanthanoid metal is praseodymium,

samarium, europium, neodymium or dysprosium.



