SUPPORTED-CATALYST; - F’R(XZESS ‘FOR | TS PREPARATI ON, AND ITS bs Y FOR
PREPARATI O\I G: V ce(ACETATE It is known that gfhyl el lBe 4

in- tﬁéﬂs Wi th acetic acid and oxygen 0-" : _ , PR
over mﬂ ve vinyl acetate. Suitable catdlysts ontain, 7
pal | ad oundgtM eof and alkali 5 nmetal conpounds, ol -

addi ti onal I y cadm um conpounds and/ or gold and/or conpounds thereof.
The preferred al kali  netal con;poundsl dre - potassium CcONpDhoB
(US-PS 3 939 199 and US-PS 4 668 819) These active corrponents are

applied to suppQl tsSy léi&xbﬁl ‘éha‘le d ey 1lhe VTN PR ifh Ganer gg
used as the support US-PS 4 048 096 and US- 842

describe a spedfiffh acel’:d'rcm %‘F"ﬁl &4 Y8R 0P ffé“lf%‘l‘ec?r‘éf‘ai’-glnign FEen

t he over catalysts to give vinyl acetate. Suitable catalysts
contain palladium and/or compounds thereof and ali:ali

5 metal compounds, and additionally cadmium compounds

and/or gold and/or compounds thereof. The preferred

alkali metal compounds are potagsgium compounds

(US-PS 3 939 199 and US-PS 4 668 819). These active

components are applied to supports, silicic acid or

10 aluminum oxide in general being used as the support

material.

US-PS 4 048 096 and US-PS 3 775 342 describe a special
form of distribution of the noble metals, in which the

15 noble metals are present in a shell on the support .
particles, while the core of the particles is largely
free from noble metals. An increased specific yield (g of
vinyl acetate/g of noble metal) is obtained by this
measure. The distribution of the noble metals in the form

20 of a shell is achieved by impregnation and aubaequeﬁt
precipitation of the noble metals with alkaline

compoundsQ

According to US-PS 3 939 199, the total pore volume of a
25 highly efficient support should be 0.4-1.2 ml/g, and less
than 10% of this volume should be formed by "micropores"
having a pore diameter of less than 30 A (Angstrdém). Such
supports can be prepared from aerogenic $i0, or an aero-
genic S$i0,-~Al,0; mixture which is present in the form of
30 vitreous microbeads, which can be prepared, for example,
| by flame hydrolysis of silicon tetréchloride or a silicon
tetrachloride-aluminum trichloride mixture in an
oxyhydrogen gas flame. These microbeads are commercially
available under the name ?Aerosil or ?Cabosil.
35 '
DE-O0S 39 19 524 describes a support of the type j;st
mentioned, which comprises of §i0, or an Si0,-A1,04
mixture having a surface area of 50-250 mz/g and a pore

volume of 0.4-1.2 ml/g, the particles of which have a
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15 noble netals-are present in a shell on the support particles, while

the core of the partlcles |s Iargely free fromnoble netals. An
|ncreasedl'h§ vinyl acetate/g of noble netal) is
obtalnedb ‘ sure The di stribution of the noble nmetals in the
form 20 chi eved by inpregnation and subsequent

preci pi tat | on of the noble netals with alkaline conpounds.

According to US-PS 3 939 199, the total porg wofume of a 25 highly
efficient support should be 0.4-1.2 ni/g, and |e€ss than 10% of this

vol ume shoul d parfdrolesl &yz&nbér dparcess mm, Shaei 29% @brehei poriecrvalwhess

S err] of andlerdd dlppottivelng, BRI by Mot MAVERG| cailE B 60" ©
present in the tfoorJrQQﬂ Boandl ﬁloe&% Herobeblis, PR Ve ebpiogarfakmédr

exanpl e, B fpjcﬁrg\s hygi;g,?tskgdgg_ Sl i7goned etdgcdl oride or a silicon
tetrachl or| de-allum num trichloride m xture I n an oxyhydr ogen
gas flane.3These microbeads are conmmercial ly avai | abl e under the nane
Aerosil or Cahegidrdidy to EFEA(S 4 1m&2481¢e§eaibeezalwpparte OfsHdpfed
tSIYqueJr :,JiSt Al [ er P}rlean:tg:x%n drtMeh Congrkzﬁen a f a%.'tgger rtlsfy prepared from

the microbeads, for example by tablet-making or extru-
sion, with the addition of one or more carboxylates of
10 Li, Mg, Al, Zn, Fe or Mn ag binders and with the addition
of organic fillers (such as sugars, urea, higher fatty
acids, longer-chain paraffins or microcrystalline cellu-
lose) and lubricants (such as kaolin, graphite or metal
soaps). The shaped articles are then roasted in

15 0O,-containing gases.

Attempts to generate a ncble metal shell on these shaped
articles, which have been pressed with a binder, by
impregnating with noble metals and then treating them
20 with an alkaline compound fail. Instead, a homogeneous
noble metal distribution in the entire shaped article is

obtained.

It has now been found, surprisingly, that a shell-like
25 noble metal distribution is obtained if, before the
impregnation with noble metal, the shaped articles are
washed with an acid until no further cations of the

binder (Li, Mg, Al, Zn, Fe or Mn) are washed out.

30 The invention relates to a process for the preparation of
a catalyst which contains palladium and/or compounds
thereof and alkali metal compounds, and additionally
cadmium compounds and/or gold and/or compounds thereof,
on support particles which have been pressed from SiO, or
35 an Si0,-Al1,0, mixture with the aid of a binder comprising
one or more Li, Mg, Al, Zn, Fe or Mn salts of a C,-~0Oy4-
carboxylic acid and have subsequently been roasted in
oxygen-containing gases at 500-300°C for a period of

0.25-5 hours, and thereafter have a surface area of
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xt ur e havi-ng-a-surf-ace-area of 50-250 nferr]/g and a pore vol une of
4-1.2 m /g, the particles of which have a
5 . :

i
0.
- pdhis S aegd 15 9 m 5 to 20% of the pore vol une of

t he support be pores having radii of 200 to 3000 [err] and
50 to 90% of t ' bei ng forned by pores having radii of 70
to 100 [err]. 5 According to EP-A-0 431 478, shaped articles, i.e.
shaped support particles, are then advantageously prepared from t he
m cr obeads, for exanpl e, by tablet-making or_ extru- sion, with the

addition of or@0oR5Rore’£{Gr G| & cBOBEE 1YPlume qffy Cat-1z2 md/s Ak as
binders and wighy-the12ddibdedne 1-19TmB) 9o 0%fbk| €he povehvel A Sing
urea, higher fggé%ed by pores having a radius of 200-3000 A and 50-90%
of the pore volume being formed by pores having a radius
5 of 70-100 A, which comprises
a) washing the roasted support particles with an acid
which does not react with 8§iO, or Si0O,-Al,0; mix-
tures, until no further cations of the binder
employed during pressing of the support particles
10 are released from the support particles;
b) then impregnating the support particles with pal-
ladium, and gold or cadmium;
c) - then bringing the impregnated support particles into
contact with a solution of a base at leaat until the
15 thickness of the noble metal shell generated in this
way on the support particles no longer changes
substantially; and
d) then impregnating the support particles with an
alkali metal compound.
20
The invention furthermore relates to a supported catalyst
prepared in this manner, and to the use thereof for the
preparation of wvinyl acetate in the gas phase from
ethylene, acetic acid and oxygen or oxygen-containing
25 gases.
Because of the distribution of the nobel metals in the
form of a shell which is achieved in this manner, these
are more readily accessible for the reaction, which means
that better specific yields are achieved than in the cage
30 of a homogeneous distribution. Either more vinyl acetate
. can therefore be produced for the same amount of noble
metal in the catalyst than in the case of homogeneocus
distribution, or the noble metal content of the catalyst
can be decreased for the same amount produced, and hence
3s costs can be saved. It is particularly surprising here
that in spite of the acid washing, in which the bindex* is
removed almost completely, the mechanical stability of

the support does not suffer.
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acids, longer-chain paraf fins or mcrocrystalline cellt4-—-—-—_lose) and

| ubricants (such as kaolin, graphite or netal soaps). The shaped
articles are then roasted in 15 {err]-containing gases. ThISSheetHaSMeexﬂivp

to generate a noble netal shell on these shaped artic

been pressed with a binder, by i npregnating wi th noblE ,een
treating them20 wth an al kaline conpound fail. Instead, a om)geneo
noble netal distribution in the entire shapéd-article is obt ai ned. '
It has now been found, surprisingly, That a shell-like 25 noble netal

di stribution i Thebtcaintesht fQf lpdbladitm on thenphedhatime wataliobt elseinl ,
the shaped arti ﬁaneérﬂe 0.5- 2W§§herW W i taCI Cbﬂ-’é‘féi-aﬂﬂyfubt hego@él%;

of the (Li , Al Fe_or are washed

i nvention rel at‘*’@é&lﬁia ibPoéE's%t "d+i§ﬁe pPeﬁat‘;&t iRh UFlght ab%%?‘él P8 ShEch

contai ns pal | agigHaaNYeHghOMERINEhe supptaiand autalyeti nefalgold is
compounds, anda %d' tn{cg)r?a ¥ applied, its content is 0.2-0.7% by weight, -

based on the total weight of the supported catalyst.

The alkali metal compounds employed as activators are in
general applied in an amount of 0.5-5% by weight, based .
10 on the total weight of the catalyst.

If cadmium 18 used as an additiomal activator, its
content is 0.5-5% by weight, based on the total weight of

the catalyst.

The percentage figures satated always relate to the
amounts of the elements palladium, gold, alkali metal and
cadmium present on the catalyst; any aniona are not
included in the calculation.

20
The following catalysts are preferxred:

Palladium/cadmium/potagssiumandpalladium/gold/potassium,
it being possible for the palladium and gold to be
25 present on the finished catalyst in the form of metals or

compounds.

The preparation of the shell-type catalysts is divided
into the following steps:

30

-2 Vitreous microbeads are firast produced, for example by
flame hydrolysie of silicon tetrachloride or a silicon
tetrachloride-aluminum trichloride mixture in an oxy-
hydrogen gas flame (US-PS 3 939 199). Microbeads which

35 have a surface area of 150-250 m?/g and consist of at
least 95% by weight of Si0O, and not more than 5% ¢ by
weight of Al,0; are particularly suitable.

Shaped articles are then produced from the microbeads
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cadm um conpounds and/or gold and/or conpounds TtThereof; - - on support
particles which have been pressed fromSi (Jerr]

3 n
SiJerr]-Al[err]dJerr] mxture with the aid of a S'Sheg{as' L ‘i‘lg
one or nmore Li, My, Al, Zn, Fe or MWh salts of a m ' _
carboxylic acid and have subsequently been roaste :

oxygen-contai ni ng gases at 500-900[efr] G f®r- a period of 0. 25-5
hours, and thereafter have a surface area of *
- 3- 50- 25@indherefé gaddd td oporef veheneromotred -, -2, pt tgrboxylatiesc|€E Si ze

- - 0 1 i

Fadi us of 200540088 e drig S Gt aebinden sl oB WIkID RS SR |

pores havi ng efr afganscofildexa0 fsuchi aR SYGRTSsedirea, ghigharhifiakthe

roast ed suppogaiﬁ%r,t I1dfSedl éba Pl pakdffing or mIBEERrYERa1NGNLL GRANIWI LD

SiJerr] or Sigerr]-Aferr]gerr] mx- ) .

5 loge) and lubricants (such as kaolin, graphite and metal
soaps) . Preferred binders are salts of Mg, Al, Li or Fe,
in particular salts of Mg or Al, with Cg-C,,-carboxylic
acidg, but above all C,,-C,,-carboxylic acids. The carbo-
xylate or carboxylates are in general employed in amounts

10 such that the sum of the amounts of Li, Mg, Zn, Al, Fe
and Mn (calculated as elements) is 0.1 to 5% by weight,
baged on the support material, preferably 0.3 to 1.5% by
weight. The shaped articles are then roasted in O,-con-
taining gases at about 500-900°C for about 0.25-5 hours

15 to remove the carbon introduced with these additives. The
surface area of the support, its pore volume and the
proportion of the pore volume formed by pores of a
certain radius (pore radius distribution) is determined
by the nature of the shaping, the temperature and

20 duration of the roasting, the relative amounts of
binders, f£fillers, lubricants and microbeads and by the
.surface area of these microbeads. These parameters are to
be chosen such that, after roasting, the shaped articles
have a surface area of 50-250 n@/g and a pore volume of

25 0.4-1.2 ml/g at a particle size of 1-15 mm, 5-20% of the
pore volume being formed by pores having a radius of 200-
3000 A and 50-90% of the pore volume being formed by

pores having a radius of 70-100 A.

EXY The particle size is preferably 4-9 mm, particularly
.2 preferably 5-7 mm, it being possible for beads, tablets
or particles with other shapes to be used as the shaped

articles.

35 All the acids which do not react with SiO, or Si0,-Al,0,
mixtures and have cations - if these have a deactivating
action (such as sulfate or chloride) - which can be
removed from the support by washing out can be used for

acid washing of the roasted shaped articles (i.e. the
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tures, until no further cations of the binder enpl oyed during

pressi ng of th %%&?ﬁ artlcl es 10 are released fromthe support

particles; ‘ﬁatlng the support particles with pal-
| adi um and gol d '", t hen bringing the inpregnated

support particle contact with a solution of a base at |east
until the 15 thlckness of The nobl_e setal shell generated in this
way on the support particles no |onger changes * substantially; and

d) t hen irrprlgcgggﬁ g e | Lk R188) . al kali et al
conpound. 20 %3 ?;r}@eﬁtlon fur%‘?%ﬁ#gﬁ?g‘f%t es t)o a supported catal yst

prepared in this manner, and to the use thereof for the preparation of

vinyl acetate pfbiélﬁraas aRh@dse {F¥é&mineratt bwzem mnasaayar@a_dnwg@n
or oxygen-contain strihution of th

g 2 ases. i
nobel detal o 19t 1o bLturdfnaid, ARAORRTLH PeldoRFsETAR Be
t hese 5 ar enymf@cnlaaﬂnby m@sssblpan‘mcam1papmaﬁe,rndd,ch'rnearaﬂ::.ds

that better CAf tééﬁi&'%e@“fnaSP{;ﬁ&‘échP@Qn't?a@&% %qs%.l%.Qltt%er 2

honbgeneous d| St her nore vin ace or e %e
produced fortqﬁgq%m@ Desahblef teomse m;xtures of different acids. The

acid wash is carried out until no further cations are
released from the binder. This can be determined by
10 removing the support from the acid after a certain period
of time and then washing it in fresh acid; if catioms
from the binder are no longer detectable in this acid,
the treatment time was sufficient. The duration of the
acid treatment depends inter alia on the nature of the
15 acid and on the degree of dilution; dilute acids
generally require a longer treatment time. The acids are
preferably 5-50% strength acids, paiticulary preferably
10-20% strength acids. The nature and amount of the _.
binder and the temperature during the acid wash further-
20 more also play a role. A treatment time of 10~-14 hours is
in general sufficient for the particularly preferred
embodiment of the acid wash using 10-20% strength hydro-
chloric acid. The amount of acid employed is preferably
chosen so that the catalyst is completely covered with
25 liquid.

After the acid wash, the anions of the acid are washed
out if they would be harmful to the catalyst (such as
chloride ions or sulfate ions); this is most easily
30 effected by washing the support with running distilled
.l water until anions are no longer detected by customary
analytical methods (for example precipitation with silver
nitrate for chloride or precipitation with barium
chloride for sulféte). Preferably, however, washing with
35 water is also carried out in the case of acids having

anions which are harmless to the catalysis. ’

Before the impregnation of the support with palladium and
gold or cadmium which now follows, the support 1is




metal in -the-eatalyst than in the case of honpbgeneous di stribution, or
the nobI e netal con nt of the catalyst can be decreased for the sane

hence 35 costs can be saved. It is particularly
| m ‘that in spite of the acid washing, in which the binder
st corrpl etely, the mechanical stability of t he

support does not suf 4 The
content of pall adi um on t he shell -type cat aI yst' is general 0.5-2. 5%

by weight, r ef rab

wei ght, based Bﬁe? t%cftl a. Th"ﬁ)im& %%}; po%?e‘gfégjtsgﬁbi? jca%‘é;’b?%
5 additionall 9uappi!| addings teohhenﬁuPBOGthﬁtEWéB ¢ #adde o th%m%ﬂ
the total wei gft,efohied aiRReILed ¢at 8l ¥8lvent. Water or alcohols, such

as methanol or ethanol, are particularly suitable sol-

surpr

5 vents. The amount of solvent advantageously corresponds

to the integral pore volume of the support.

possible compounds of palladium are all the salts and
complexes which are scluble and leave behind no deactiv-
10 ating substances in the finished catalyst (washed, if
necessary, as deacribed above). Chloride or other soluble
salts which are accessible to a precipitation as
(hydrated) oxide, such as ﬁitrate, oxalate and sulfate,
are particularly suitable.
15
Gold chloride or the soluble salta of tetrachlorocauric

acid are particularly suitable gold compounds.

Possible cadmium compounds are the compounds which are
20 soluble, for example carboxylate, oxide, hydroxide,
carbonate, chloride, citrate, tartrate, nitrate, acetyl-

acetonate and acetoacetate.

The base treatment of the impregnated support, which is
25 preferably dried again first, is now carried out.
Poasible Dbases are, in particular, alkali metal
hydroxides, alkali metal silicates and alkali metal
carbonates, alkali metal hydroxides are preferred and
potassium hydroxide and sodium hydroxide are particularly
30 preferred. Mixtures of different bases can also be
employed. The base should be dissolved in a solvent in
which the compounds of Pd and Au or Cd employed in the
impregnation are also soluble; possible solvents are, for
example, water and alcohols. To avoid losses of noble
35 metal during the base treatment, the volume of the
solvent should preferably correspond to the integral pore
volume of the support; however, it is also possible to
employ larger amounts of solvent. The ainount of base

needed is obtained from the stoichiometrically calculated
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The al kali metal conpounds_enployed as activators are in gener al
applied in an anount of 0.5-5% by wei ght, based 10 on-the total weight of

t he catal yst. Th18$lfeet(}hdm mRenl&dJsed as an additional activator, its
content is 0.5- 5% d on the total weight of t he catal yst.
15 The percent tated always relate to the anount s
of the el enents pal I adi um go al kali ngfal and cadm um present on
tEe ]E:a][ ial yst; any ani ons are not. = included i'n the cal cul ation. 20

The fol |l ow ng ¢al £5h

Pal | adi unf cadm u%ﬁ a55| cf?{(ﬁ; ad| uni‘f;;hollcdg gcﬁeaggﬁgr?]d ee conveétné:he
possi bl e for Plﬁélmﬂilaﬂl 18 (qF gademjum, into, thg hydroxigesied t

catalyst in tB%Ju@énégvaﬁ?ﬁa”ééoﬂé to us€ AP @KIéBs of base, for example
100-200% of the gtoichiometrically required amount,
5 preferably 105-150% of the stoichiometrically required
amounts and particularly preferably 110-140% of the
stocichiometrically required amount. The support must
remain in contact with the base at least until the
thickness of the noble metal shell generated no longer
10 changes substantially. This can easily be ascertained by
removing catalyst particles after certain intervals of
time and cutting them open. The duration of the treatment
with the base depends on the concentration thereof and
the ambient temperature, the treatment preferably being
15 carried out at room temperature. In the preferred case of
the use of potassium hydroxide or sodium hydroxide in
water, a treatment time of about 6§ hours is in genexral
sufficient; however, longer treatment is in general
harmless. If the salts employed during the impregnation
20 with palladium and gold or cadmium contained constituents
harmful to the catalyst (for example chloride orx
sulfate), the catalyst is now washed with running dis-
tilled water until these deactivating substances are no
longer detectable.
25
The catalyst can now be reduced, for example with a
solution of hydrazine hydrate or by passing over reducing
gases, such as ethylene or methanol, at room temperature
or elevated temperature, the reducing gas advantageously
30 being diluted with an inert gas, such as nitrogen. The
.2 amount of reducing agent depends on the amount of palla-
dium and if appropriate of gold employed; the reduction
equivalent should be at least 1-1.5 times the oxidation
equivalent, but larger amounts do no harm.
35
After the base treatment, or if appropriate after the
reduction, the alkali metal compound is applied to the
catalyst; the catalyst is preferably dried beforehand.

The alkali metal compound is dissolved in a suitable
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The preparation of the shell-type catalysts is divided "—i—ﬁﬁa—the

follow ng steps: 30 Vitreous m crobeads are first pro C o

exanpl e by flame hydrolysis of silicon tetrachlori de ‘s ePﬂ"?ed
tetrachl oride-alumnumtrichloride mxture in an oxy-

flame (US-PS 3 939 199). M crobeads which 35 have a surfac

150-250 nferr]/g and consi st of at | eagt_95% by wei ght of SI and not
nore than 5% by wei ght of A1203™are particularly suitable.

Shaped articl egodhv@dthen £pr0lekekipl oAt er Mog CbEe6Bol, the amount of
"o solvent preferably corresponding to the integral pore
volume of the support material to be impregnated. The
alkali metal compounds employed can be carboxylates, for
5 example potassium acetate, sodium acetate or sodium
propionate. Other alkali metal salts, such as hydroxides,
oxides or <carbonates, are also suitable if they are
converted into the acetates under the reaction condi-
tions. Potassium compounds, in parﬁicular, potassgium

10 acetate, are preferably employed.

The catalyst should preferably be dried before being

introduced into the reactor.

15 The wvinyl acetate is in general prepared by passing
acetic acid, ethylene and oxygen or oxygen-containing
gases over the finished catalyst at temperatures of 100-
220°C, preferably 120-200°C, under pressures of 1-25 bar,
preferably 1-20 bar, it being possible for unreacted

20 components to be passed in circulation. Because of the
known flammability 1limits, the oxygen concentration
should not exceed 10% by volume, based on the acetic
acid-free mixture. Under certain circumstanceg, dilution
with inert gases is advantageous, nitrogen or carbon

25 dioxide,lfor example, being suitable.

The following examples are intended to illustrate the

invention.

30 Comparison Example 1:

.2 A support was first prepared from SiO, microbeads having
a surface area of 200 m /g with 10% by weight of magne-
sium stearate as the binder. The f;nlshed support con-
tained 0.4% by weight of Mg. The surface area was

35 186 nﬁ/g and the pore volume was 0.8 ml/g, 78% of the
pore volume being formed by pores having a radius of 70-
100 A and 16% of the pore volume being formed by pores
having a radius of 200-3000 A. The support particles had
the shape of cylinders with domed front faces (6 mm

o
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with the addition of one or nore CJerr]-Cferr]- carboxyl ates of Li, M,
Zn, Al, Fe or Mh as binders and with the addition of organic fillers
(such as sugars, urea, higher fatty acids, longer-chain paraffins or

m crocrystalline cellu- 5 lose) and lubricants (such as kaolin, graphite
and net al soaps). Preferred binders are sal tsl'mfoh&gHasﬁemﬂebla&H Fe,

In particular salts of Mg or Al, with C[er -(Jerr] aci ds,
but above all Cerr]-Cerr]-car boxyl“l’c aci s The c Mm{u ate or
car boxyl at es a@,_dn{b,g@ge;ggl gn;ynouggghg)armunts 10 suc e sum of

t he amounts of Li, M, M (cal cul ated as el errents) |s

0.1 to 5% by wei ght, based on t he support material, preferably O.

1. 5% by waioghtg BliEe atapedpgb&tclmarmﬁbegnaeaat i 92 é&ihtmn
tai ni ng gases at about 500:- 900[ e C for about -5 hours 15 to_renove

the carbon i nt rSEIESPRIIH -9 e é’ a t BPES “f‘ﬁ%“me °§uFP&ces‘a1PB‘ar6f) tAE
support, ibs pdrle S e I%chdmd!mte. 1propprof otrdoécébatpoaadvajmrm d asped

by pores of a g a éﬁéé" lmp dPYLad Bl Upedh £LTARNEI ORY 15 50 S & Do

by the nature € tenperature
the roasting, reﬂi@uaf]el"a?l‘ﬁén afsakeat &t 2% by wedoht fat| 69§C under

| ubricants andn&‘t@d@}&ﬂ%@ﬂﬂi&é’r tahfbressulsé“'cf@%@rﬁaff i‘ﬂ§§ef@ﬁ{]ﬂ)§&ds'

These par anet er,s ar e.ch sen such that after roastin
shapedpartrcles Soplng of 9 3% y'welgﬁt og 1.8% by weight of cd

10 and 2.0% by weight of K.

50 ml of the finished, homogeneously impregnated catalyst
were introduced into a reaction tube having an internal
diameter of 8 mm and a length of 1.5 m. The reaction gas
15 consisting of 27% by volume of ethylene, 55% by volume of
nitrogen, 12% by volume of acetic acid and 6% by volume
of oxygen was passed over the catalyst under a preasure
of 8 bar at the reactor intake and at a catalyst tempera-
ture of 150°C. The results can be seen from the table.
20 |
chparison'Example 2:
The same support as in Comparison Example 1 was impreg-
nated with a solution of 2.6 g of Pd chloride and 3.3 g
of Cd chloride in 83 ml of water. After drying, 1.5 g of
25 NaOH in 83 ml of water were added and the mixture was
stirred for 6 hours. After the catalyat had been left to
stand at room temperature for 16. hours, it was washed
with a large quantity of water and then dried. There-
after, it was impregnated with a solution of 12.5 g of K
30 acetate in 83 ml of water and dried again. A homogene-
" ously impregnated catalyst with a doping of 1.5% by
weight of Pd, 2.0% by weight of Cd and 5.0% by weight of
K was obtained. Testing was carried out as in Comparison
Example 1.
35
Comparison Example 3: ' .
.The same sgupport as in Comparison Example 1 was impreg-
nated with a solution of 2.8 g of Na,PdCl, and 0.7 g of
HAuCl, and dried. After precipitation with 1.1 g of
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have a surface area of. 50-250 n2/g and a pore vol une of 25 0.4-1.2 mM/g
at a particle size of 1-15 mm 5-20% of the pore vol unme being forned
by. pores having a radius of 200- 3000 A and 50-90% of the pore vol une
bei ng formed by pores having a radius of 70-100 A 30 The particle
size is preferably 4-9 nmm particularly preferably 5-7 mm it being
possi bl e for beads, tablets or partle{es with ot her shapes to be used
as the shaped articl es. 35 Al Lci ds which do not react W|th

Si rr r ]
Qerr] o er &agﬁ]O[E b cat ,Egﬁt%aeé dsﬂl?d’ew%%l ons }argmch

t hese have a d% F? Etl as sultfate or oride
can be r eqqazadityonft vasemppand gyiedshidffesutimprednaticer worh an

aci d washi ng 05qﬁQ8uQ°@%@ﬂifﬂH”3¥i¢U6'§”6¥5ﬁ'aébti@@, the catalyst was
dried again. The catalyst contained 1.0% by weight of Pd,
5 0.4% by weight of Au and 2.8% by weight of K. No shell
was present, i.e the catalyst was impregnated homogene-
ously again. Testing was carried out in a Berty reactor
at 154°C using a gas mixture of 8% of 0,, 37.5% of C,H,,
15.7% of HOAc and 38.8% of N,.
10
Example 1:
The catalyst was prepared as in Comparison Example 2,
with the exception that, before the impregmation with
palladium chloride and cadmium chloride, the support was
15 brought into contact with 10% strength hydrochloric acid
at room temperature for 14 hours and was subseqguently
washed free from chloride under running water and then
dried. A shell-type catalyst was obtained. The residual
content of binder cations (Mg) was 0.01%. Testing was

20 carried out as in Comparison Example 1.

Example 2:

The catalyst was prepared as in Comparison Example 3,

with the exception that, before the impregnation with
25 palladium salts and geld salts, the support was washed

with hydrochloric acid as in Example 1 and then washed

free from chloride with water and dried. The resultlng

shell-type catalyst was tested as in Comparison

This Sheet Has Been Replaced REPL_ACE
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- 6 - roasted and pressed support particles). Preferred acids
are mneral acids, such as hydrochloric acid, sulfuric acid, phosphoric
acid or nitric acid, and 5 hydrochloric acid is particularly preferred.
The aci ds - can be enployed in either concentrated or dilute form It

I's al so possible to use mxtures of different acids. The acid wash is
carried out until no further cations are_ rel eased fromthe binder. This
can be determned by 10 renoving th® support fromthe acid after a certain
peri od of ki gnd st hen washing it in fresh acid; if cations from
the binder are no Tonger detectable in this acid, the treatuent tinme
was sufficient. The duration of the acid treatnent depends inter alia
on the nature ffpihe 15 acid and on the degree of dilution; dilute
aci ds generally require a longer treatnent tine. The acids are
preferably 5-50% strength acids, particulary preferably | 10- 2096strength
aci ds. Theinaqure and amount of the ; Comparison Example

Example ‘
1 P2 3 : 1 i 2

i |
| P | = r

bTY (g of vinyl ‘
1 . : )
10 hcetate per liter of = 773 ;440 657 | 752 698

hatalyst and per hour) ; : !

}
i

bpecific yield

1 . : i

(g of vinyl acetate .67.2 i158.7 i 93.%9 100.3 99.7
15 per g of noble metal

and per hour)

Fombustion(%) 14 16 :12.5 7.8 11.2;

20 Ethyl acetate 260 260 314 @ 120 222
content (ppm) . -

ngTY" denotes the space-time yield
"Combugtion" . denotes the percentage of
25 ethylene reacted which is

converted into CO,;

"Ethyl acetate content” relates to the content of
ethyl acetate in the conden-
sed reaction products.

30

e
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bi nder and the T eer(?_BTUFE_ﬂUTI ng the acid wash further- 20 nore also play

arole. A treatrmggﬁeﬂﬁs cﬁkm}acp 4 hours is in general sufficient for

the particularl enbodi ment of the acid wash using 10-20%
strength hydro ci d. The anount of acid enployed is
preferably the catalyst is conpletely covered with 25
l'iquid. After the acid wash, the anions of the acid are washed

out if they would be harnful to the catalyst3 (such as chl ori d8518435r
sulfate ions); this is st easily 30 effected by washing the support with
runni ng distil |eRtent ci%t‘ & °until anions are no |onger detected by
customary anal ytical nmethods (for exanple precipitation with silver

nitrate for chlpride,or RIGCIDI kgL Q@levm\glt%é)%rémn of. ghlﬁo 5 L0 whic

sul fate). Preferably, owever, washi water is arried ou
in the case of aci dschatrigs pala.mdgngn waRe oFr ecRBmPABES t Shexgeof and

catalysis. g Bef 9k81tihemb fRI € Hrhp Slind@é, t Aab URRAL b 1¥hkh 182! Ladind Bmand

gol d or cadm um whi Ccr:]o:rr]\g\gufn%lsl and/cgzheggijgp &/or compounds thereof, on
support particles which have been pressed from 8i0,
or an $8i0,-Al,0; mixture with the aid of a binder
comprising one or more Li, Mg, Al, Zn, Fe or Mn
10 salts of a C,-C,.,-carboxylic acid and have
) subsequently been roasted in oxygen-containing gases
at 500-900°C for a period of 0.25-5% hours, and
thereafter have a surface area of 50-250 m?/g and a
pore volume of 0.4-1.2 ml/g at a particle size of 1-
15 15 mm, 5-20% of the pore volume being formed by
pores having a radius of 200-3000 A and 50-90% of
the pore volume being formed by pores having a

radius of 70-100 A, which comprises
a) washing the roasted support particles with an
20 acid which does not react with Si0O, or 8iOQ,-
Al,0; mixtures, until no further cations of the
binder employed during pressing of the support
particles are released £rom the support

particles;

25 b) then impregmating the support particles with

palladium, and gold or cadmium;
c) then bringing the impregnated support particles
inte contact with a sclution of a base at least
until the thickness of the noble metal shell

30 generated in this way on the support particles
... no longer changes substantially; and
d) then impregnating the support particles with an

alkali metal compound.

35 2. A process for the preparation of vinyl acetate in
the gas phase from ethylene, acetic acid and oxygen

or oxygen-containing gases over a catalyst which

contains palladium and/or compounds thereof and

IIII'“' "ll" IIII”IIII " Illl alkali metal compounds, and additionally cadmium
* c L l; s * .

r————— vt - = s .-
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-7- . preferably dried. The inpregnation in preferaBTV“CarrFed*-——4mn_

by adding to the support nmaterial salts of the netals nti oned

di ssolved in a solvent. Water or al cohols, such as ﬂékmhmol
are particularly suitable sol- 5 vents. The anount of so

advant ageousl y corresponds to the integral pore volu

Possi bl e conpounds of palladiumare all thgssalts and conplexes

are soluble and | eave behind no deactiv- 10 ating substances in the
finished catalyst ( dd anawfceéiar&nd%rd%;s&wdabeuakeo@l Q4 de
or other soluble salts which _are gccesm to a pr e pi tatjon
as (hydrat ed) ofMBPOXL @REE T 7 R CBXB?XFe Elite) gﬁﬁﬁ%ﬁg om Si0,

or an 8i0,-Al,0; mixture with the aid of a binder
comprising one or more Li, Mg, Al, Zn, Fe or Mn
5 salts of a C,-C,g-carboxylic acid and have
subsequently been roasted in oxygen-containing gases
at 500-900°C for a period of 0.25-5 hours, and

thereafter have a surface area of 50-250 m?/g and a

pore volume of 0.4-1.2 ml/g at a particle gize of 1-

10 15 mm, 5-20% of the pore veolume being formed by
- pores having a radius of 200-3000 A and 50-90% of

the: pore volume being formed by pores having a

radius of 70-100 A, which comprises

a) washing the roasted support particles with an

15 acid which does not react with Si0O, or S5i0,-
A1,0, mixtures, until no further cations of the.
binder employed during pressing of the support
particles are released from the support
particles:

20 b) then impregnating the support particles with
palladium, and gold or cadmium;

c) then bringing the impregnated support particles
into contact with a solution of a base at least
until the thickneas of the noble metal shell

25 ' generated in this way on the support particles
no longer changes substantially; and

d) then impregnating the support particles with an

alkali metal compound.

30 3. The process as claimed in claim 1 or 2, wherein
‘.2 hydrochloric acid, sulfuric acid, phosphoric acid or

nitric acid is used as the acid in step a).

4. The process as claimed in claim 1 or 2, wherein
35 hydrochloric acid is used as the acid in step a).
]

S. The process as claimed in one of claims 1 to 4.

wherein an alkali metal hydroxide is used as the

T T SHIS SR Han ghiie
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are particul arly suitable™ I_S""""'g_/éol d chloride or the soluble salts of
tetrachl oroauric gétﬁsage@nﬂ@(atddcul arly suitabl e gold conpounds.

Possi bl e cadm um ¢ it conpounds which are 20 soluble, for
“ﬁ&ﬂ“ r oxi de, carbonate, chloride,

exanpl e carboxyl at §
citrate, tartrate, ni - acet onate and acet oacet at e.

The base treatnent of the irrpregnat-ed suppsrt, which is 25 preferably

dried again first, is now carri®d out. “ Possible bases are, in
particul ar, & .kaliTheeiprdocess agdrodeaiges] ihkeonie nef akleiimscal esoansl,
al kali netal car baonates, | o B Shp SE 2 Uap e P&l e s and
pot assi um hydr oxi de‘%ﬁ%%%di%%%%%%%ﬁe@%?e pa?%% cular I}';F/e 30l pre{tgr rgd.
M xtures of different bases can also be enpl oyed. The base shoul d be

di ssol Ved_ in g sol Vﬁ%ai&‘lyst wl’i%l?rhc;ﬁ&wrl@iﬁm Bﬂuﬁ/‘lﬁr Abnforisilds
For "% anpl e, vHkeroaRGafcoNET L ek GAFRRA ardh oo bR TLE

during the base téf£ahfaft, compeundsumand/ort hgold and/or compounds

thereof, on support particles which have been

pressed from SiO, or an S8i0,-Al,0; mixture with the

aid of a binder comprising one or more Li, Mg, Al,

10 Zn, Fe or Mn salts of a C,-Cyc-carboxylic acid and

have subsequently been roasted in_oxygen-containing

gases at 500-900°C for a period of 0.25-5 hours, and

thereafter have a surface area of 50-250 m?/g and a

pore volume of 0.4-1.2 ml/g at a particle size of 1-

15 15 mm, 5-20% of the pore volume being formed by
pores having a radius of 200-3000 A and 50-90% of

the pore volume being formed by 'pores having a

radius of 70-100 A, obtainable by '

a) washing the roasted support particles with an

20 acid which does not react with S§i0, or SiO,-
Al,0, mixtures, until no further cations of the
binder employed during pressing of the support
particles are released from the support
particles;

25 | b) then impregnating the support particles with
palladium, and gold or cadmium;

c) then bringing the impregnated support particles
into contact with a solution of a base at least
until the thickness of the noble metal shell

30 generated in this way on the support particles

. no longer changes substantially; and

L SR

d) then impregnating the support particles with an
TR O O alkali metal compound.
*» € L M 5
35 8. A catalyst as claimed in claim 7, wherein hydro-

chloric acid, sulfuric acid, phosphoric acid’or

nitric acid is used as the acid in step a).

S. A catalyst as claimed in claim 7 oxr_ 8, wherein an

[
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sol vent shoul d preférably correspond to the'ihtegral pore vol ume of

t he support; however, it is also possible to enpl oy | arger anounts of
solvent. The amount of base needed is obtained fromthe
stoichionetrically cal cul ated - 8 -
amounts of hydroxide ions which are needed to convert the pal | adi um and
the gold or cadmuminto the hydroxi des;-iL6 - proves advantageous to use
an excess of base, for exanple $00- 200% of ‘t he stoichionetrically
requi red anount, 5albaéﬁemaﬁqﬂlhﬁdt5&%ﬂefﬂﬂuu&ﬁdﬂaﬂibhetbh@al&nlgxp?red
anounts and particuLarly preferably 110-140% of the stoichionetrically
requi red anmount. The support nust remain in contact with the base at
| east until the t hi ckness of the noble netal shell generated no | onger
10 changes sul} anki ddtalydts snctasiled benasifd t 8eneshidims 7 o 9,

5 wherein a potassium compound is employed in step d).
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_ o N
renpving catalyst particles after certain intervg

them open. The duration of the treatnent wi th

concentration thereof and t he ambi ent tenper:

preferably being 15 carried out at roomtenper at ur

of t he use of pot a55| um hydroxi de or sodi um hy wat er, a
treatment time v51 5 ¢ I’F@RI :

| onger treatne sts PARATI aNyL ade ring

the inpregnation 20 W|th pal [ adi um an gol d or cadm um cont ai ned
constituents  Tthh® iFeewn cchafe ethylienn canpbecxaaptedchhothe qgay phase

sulfate), the caiahy&heuacn%ﬂwsm m{raeﬁuaal %@ﬂe&-concatﬁdlhgd %‘%eeé
until these deact i vati det ect abl

nce e onger

The catal yst cafl' Row® ng}gﬁ Se 'Q’eﬁ‘%eaﬁ‘ﬁt Suitable qatplysts

hydr azi ne hydr acentpipy qxislsidigmovend/educpmgounds gelseseof Uuahdasamédnd ene
th I t t e , educi ng

or methanol g atmgeam eansaahaa  and %a&iw @ﬁ %‘,3{*‘{ Lol

as advant ageously,30 belrng d I heft rogen.
'?'he arrguntaﬁ / Pﬁdu%?#\‘g a‘b‘é °’Eie é’?f??“b‘%"th g E?lft' ofbpalRzeferred dj um
and if approprialkadfi gomgtaipl oszenipouhésr edaxcé i Onpotassbami Vadsiowts | d

39 n lheaSt 1- 1(bstpBeS3t §890XbPatiQl vs-psLUYl ¥dCRle)bUt phaLgeT, QIPUNt S
O NO narm

components are applied to supports, silicic acid or

aluminum oxide in gemeral being used as the support
material.

10

US-PS 4 048 096 and US-PS 3 775 342 describe a special

form of distribution of the noble metals, in which the
15 noble metals are pregsent in a sghell on the support
particles, while the core of the particles is largely
free from noble metals. An increased specific yield (g of
vinyl acetate/g of noble metal) is obtained by this
meagure. The distribution of the noble metals in the form
of a shell is achieved by impregnation and subsequent
precipitation of the noble metals with
compounds .

20

alkaline

According to US-PS 3 939 199, the total pore volume of a
25 highly efficient support should be 0.4-1.2 ml/g, and less
than 10% of this volume should be formed by "micropores®
having a pore diameter of less than 30 A (Angstrdém). Such
supports can be prepared from aerogenic 810, or an aero-
genic 8i0,~A1,0, mixture which is present in the form of
30 vitreous microbeads, which can be prepared, for example,

by flame hydrolysis of silicon tetrachloride or a silicon

tetrachloride-aluminum trichloride mixture in an

oxyhydrogen gas flame. These microbeads are commercially
available under the name “Aerosil or ®Ccabosil.

35
DE-OS 39 19 524 describes a sgupport of the type just
mentioned, which comprises of 8i0, or an 8i0,-A1,0,
mixture having a surface area of 50-250 m’/g and a pore

volume of 0.4-1.2 ml/g, the particles of which have a



35 After the base treatnent, or if approprlate after t he
reduction, the alkali netal corrpound I s appl i edpto—t

+o—the catatyst; the
catalyst is preferably dried beforehand. TheRERLRAL MENBtSHEESohpound i s
di ssolved in a suitable _ sol vent, exanpte wag ef or
al cohol , the anount of sol vent pref grabl y poirgspanss nggz of t
I ntegral pore . volume of the support materi gl jto be inpregnht ¢d. The
al kali et al | oye ngbg..caghb ; '
pot assi um ackt g{%%%d??n?a‘g%tgt gao? ;&gdl é %y propi onat‘E;ei?xeggjk aT kal |

metal sal t's, ofudheaSURRATK RRARG Lormed ke PF

suitable if WReBOIE A andCOOVEH! 90% BIEO thiee ptr’d aﬁcﬂ.w(i%iﬁémféﬁﬁéél on
condi - |Yor£)s‘”:'_!s thassil_ngm I(;ggl)fungsvol Qopfﬁb Xul ar, potassium

According to EP-A-0 431 478, shaped articles, i.e. shaped
support par'ticles. are then advantageously prepared from
the microbeads, for example by tablet-making or extru-
gion, with the addition of one or more carboxylates of
10 Li, Mg, Al, Zn, Fe or Mn ag binders and with the addition
of organic fillers (such as sugars, urea, higher fatty
acids, lomger-chain paraffins or microcrystalline cellu-
lose) and lubricants (such as kaoclin, graphite or metal

goaps). The shaped articles are then roasted in
15 O,-containing gases.

Attempts to generate a noble metal shell on these shaped
articles, which have been pressed with a binder, by

impregnating with noble metals and then treating them
20 with an alkaline compound fail. Instead, a homogeneous

noble metal distribution in the entire shaped article is
obtained.

It has now been found, surprisingly, that a shell-like
25 noble metal distribution is obtained if, before the
impregnation with noble metal, the shaped articles are
washed with an acid until no further cations of the
binder (Li, Mg, Al, Zn, Fe or Mn) are washed out.

30 The invention relates to a process for the preparation of
a catalyst which containa palladium and/or compounds
thereof and alkali metal compounds, and additionally
cadmium compounds and/or gold and/or compounds thereof,
on support particles which have been pressed from §i0, or

35

an Si0,-Al,0, mixture with the aid of a binder comprising
one or more Li, Mg, Al. Zn, Fe or Mn salts of a C,-Cy¢-
carboxylic acid and have subsequently been roasted in
oxygen-containing gases at 500-900°C for a period of
0.25-5 hours, and thereafter have a sgurface area of



10 acetate, are preferably enpl oyed. The EEW@ﬂ?E&?ﬂﬁhQHggy referably
be dried before being I ntroduced into the re"btcr. e lvi nyl
acetate is in general prepared by passing agetyi @ @ ? ene and
oxygen or oxygen-contai ni ng gases over the i ed st at :
tenperatures of 100- 220[err] C, prefegably 12 -LUG[crr}P uhder
pressures of 1-25 bar, preferably 1-20 bar (it being possibleffor

unreact ed 20 su:ozsonmiﬁﬁgtanlae 2AGRAED | ﬁroGJu&rw] L3 e ter s

Kk fl bi | d
hooby Vol umabAbbleh e kg, B2 A 1505: YR [ ik pore Ve Heasd "
ci rcunst ancesfoxmedt bwnpores Wavingner raghisus ofs 2003100 domd 60 +90%N or
carbon 25 digxidfe LB8LeC¥BIRR b@%@ﬁ £, pores HEVIAL!A WhdPus

exanpl es are |ntende tqQ illustrat I nventi on.
5 of 70-100 A, which comprisges

a) washing the roasted syppgg;,pg;ﬁigiga_ni;p an acid
which does mnot react with 5i0, or §i0,-a1,0, mix-
tures, until no further cations of the binder
employed during pressing of the support particles

10 are released from the support particles;

b) then impregnating the support particles with pal-
ladium, and gold or cadmium;

c} then bringing the impregnated support particles into
contact with a solution of a base at least until the

15 thickness of the noble metal shell generated in this
way on the support particles no longer changes
substantially; and

d) then impregnating the support particles with an
alkali metal compound. '

20

The invention furthermore relates to a supported catalyst

prepared in this mammer, and to the use thereof for the

preparation of vinyl acetate in the gas phase £from
ethylene, acetic acid and oxygen or oxygen-containing
25 gases.

Because of the disgtribution of the nobel metals in the

form of a shell which is achieved in thig manner, these

are more readily accessible for the reaction, which means
that better specific yields are achieved than in the casge

30 of a homogenecus distribution. Bither more vinyl acetate
can therefore be produced for the same amount of noble
metal in the catalyat than in the case of homogeneous
distribution, or the noble metal content of the catalyst
can be decreased for the same amount produced, and hence

35 costs can be saved. It is particularly surprising here
that in spite of the acid washing, in which the binder i=s
removed almost completely, the mechanical stability of
the support does not suffer.



30 Conparison Exanple 1: A support was fi st prepared fromSi (Jerr]

m cr obeads havi ng a surface area of 200 rr[err]/g with 10% by wei ght of
magne- sium stearate as the binder. The fin TOT=:

tained 0.4% by wei ght of My. The surface area ?@g"‘%@s{‘ﬁﬂs"@in t he pore
volunme was 0.8 m /g, 78%of the pore vol unef bei ng Torned Dy} ppres -
havi ng a radi us of 70- 100 [err] and 1% ofj t eDﬁbrW‘Wdﬂ}S?rre bki ng
formed by pore g 0 0Q¢ :

particl es had The ?ﬁgééﬁg oegoé '%Ie'r‘élaﬁ % e[

-10 - di aﬂ’evera&ndOGSrrﬁw ﬁ&l ghl') welght, |
weight, in particular 1.0-1.6% by we:.ght, baged on the
total weight of the sgupported catalyst. If gold is

5 additionally applied, its content is 0.2-0.7% by weight,
based on the total weight of the supported catalyst.

The alkali metal compounds employed ag activators are in
_ general applied in an amount of 0.5-5% by weight, based
10 on the total weight of the catalyst.

If cadmium is used as an additionmal activator, its
content is 0.5-5% by weight, based on the total weight of
the catalyst.

15
The percentage figures satated alwaya relate to the
amounts of the elements palladium, gold, alkali metal and
cadmium present on the catalyst; any anions are not
included in the calculation.

20

The following catalysts are preferred:

Palladium/cadmium/potassiumand palladium/gold/potassium,
it being possible for the palladium and gold to be

25 present on the finished catalyst in the form of metals or
compounds.

The preparation of the shell-type catalysts is divided
into the following steps:
30
Vitreous microbeads are first produced, for example by
flame hydrolysis of silicon tetrachloride or a silicon
tetrachloride-aluminum trichloride mixture in an oxy-
hydrcgen gas flame (US-PS 3 939 199). Microbeads which
35 have a surface area of 150-250 m?/g and consist of at
least 95% by weight of S8i0, and not more than 5% by
weight of Al,0, are particularly suitable.

Shaped articles are then produced from the microbeads



100 g of the support were inpregnated with a sa g& tc
t he pore volunme of the support) of 5 11.5 g of! t

cpr jondi ng to
TSRO o

acetate and 10.8 g of K acetate in 66 m of {gllaci al acetic hciid and
dried to a residual solvent content of 2%Hh ilght MAR 88 ef r [C under
nitrogen and under a pressure of 200 nbar. Thigjresulted I n]ajdopi ng of

2.3% by weight of Pd, 1.8% by weight of Cd 310 |hnd 2. 0% by wei ght fof K

50 mMl of the fi eqh?lh%%@%%%%fy ‘J’t@regnPor ~Fat

i nt roduced |nto a reac aving an In

and a | ength oflil. MIn Zhe Aladie @F Q% apsbipdesesandgwhth 2086 mddibt L of

et hyl ene, 55% hys valrgaalef filleds I aeeh 48 "slyarsl Ui-edf, AtRHdr aFd e

6% by vol une

of 8 bar at the® ‘f’e‘g% %?51’(8 B BEra

e e b e

150[ err] C. SThe Yose} tandahubeieaabsf (suchhastkitdPin20graphitenmid i hétal

Exanpl e 2:
nated with a so

JopaR A P-SERROEY, FRahRek oAPg kel SETHLC A1 PG g

in 83 m of vvatje‘i pPartipudpy ﬁg*ltf »fy ¥y 2'5 Alp OMifth 833 Rez vtankexylivr e

added and the mcidsg B@S above all C,,-C,,-carboxylic acids. The carbo-

10

1S

20

25

30

35

xylate or carboxylates are in general employed in amounts
such that the sum of the amounts of Li, Mg, Zn, Al, Fe
and Mn (calculated as elements) is 0.1 to 5% by weight,
baged on the support material, preferably 0.3 to 1.5% by
weight. The shaped articles are then roasted in O,~-con-
taining gases at about 500-900°C for about 0.25-5 hours
to remove the carbon introduced with these additives. The
surface area of the support, its pore volume and the
proportion of the pore volume formed by pores of a
certain radius (pore radius distribution) is determined
by the nature of the shaping, the temperature and
duration of the roasting, the relative amounts of
binders, fillers, lubricants and microbeads and by the
surface area of these microbeads. These parameters are to
be chosen such that, after roasting, the shaped articles
have a surface area of 50-250 m?/g and a pore volume of
0.4-1.2 ml/g at a particle gize of 1-15 mm, 5-20% of the
pore volume being formed by pores having a radius of 200~
3000 A and 50-50% of the pore volume being formed by
pores having a radius of 70-100 A.

The particle size is preferably 4-9 mm, particularly
preferably 5-7 mm, it being poasible for beads, tablets

or particles with other shapes to be used as the shaped
articles.

All the acids which do not react with 8ioO, or 5i0,-A1,0,
mixtures and have cations - if these have a deactivating
action (such as sulfate or chloride) - which can be
removed from the support by washing out can be used for
acid washing of the roasted shaped articles ({(i.e. the



stirred for 6 hours. After the catalyst had been left to stand at room
tenperature for 16 hour, it was washed with a | arge—gquantity - of water
and then dried. There- after, it was inpregnated Wi RBPACGFAAMT gﬂp_gf .
12.5 g of K30 acetate in 83 ni of wat er and drlgd agqi P——-A—I;fem? 5 bos
ously inpregnated catal yst with a doping of 1. 5% by " 10%
by wei ght of Cd and 5.0% by weight of - 6 K was obt ai red\ABdl'g M‘ﬁ ﬁg |
carried out as son Exanpl . i 3
The same supporr‘?asa%e %@5??38?* E}?BEBFE E"ﬁgécﬁ'ﬁﬁ?eg- nated with 4
solution of 2.8 g of Na[err]PdCl [err] and 0.7 g of —HAucHerr—ard—

dried. After Flfxeéiﬁ'é)}i-é&i aBivkt Brl hi%e?al acids, such as hydrochloric

10

15

20

25

30

acid, sulfuric acid, phosphoric acid or nitric acid, and
hydrochloric acid is particularly preferred. The acids
can be employed in either concentrated or dilute form. Tt
is also possible to use mixtures of different acids. The
acid wash is carried out until no further cations are
releagsed from the binder. This can be determined by
removing the support from the acid after a certain period
of time and then washing it in fresh acid; if cations
from the binder are no longer detectable in this acid,
the treatment time was sufficient. The duration of the
acid treatment depends inter alia on the nature of the
acid and on the degree of dilution; dilute acids
generally require a longer treatment time. The acids are
preferably 5-50% strength acids, particulary preferably
10-20% strength acids. The nature and amount of the
binder and the temperature during the acid wash further-
more also play a role. A treatment time of 10-14 hours is
in general sufficient for the particularly preferred
embodiment of the acid wash using 10-20% strength hydro-
chloric acid. The amount of acid employed is preferably

chosen so that the catalyst is completely covered with
liquid.

After the acid wash, the anions of the acid are washed
out if they would be harmful to the catalyst (such as
chloride ions or sulfate ions); thig is most eagily
effected by washing the support with running distilled
water until anions are no longer detected by customary
analyi:ical methods (for example precipitation with silver
nitrate for chloride or precipitation with barium
chloride for sulfate). Preferably, however, wasghing with
water is also carried out in the case of acids having
anione which are harmless to the catalysis.

Before the impregnation of the support with palladium and
gold or cadmium which now follows, the support is




aqueous KaOH

, the catal yst was washed with a | arge ' of wat er ™
and dried. After inpregnation with an aqueous sol ufi REPPA r
acetate, the catal yst was dri ed again. The cat al yst C "é SU&T)

wei ght of Pd,
was present,

I .e the catal yst was inpregnated honogene
Testing was carried out in a Berty reacter7 - at 154[pr

5 0.4%by weight of Au and 2.8% by wefght of K
0 dur 9 ‘402

aga.

m xture of 8% of err], 37.5%of Cerr]Herr], 15 7% of HOAC an 8§8%
of Nerr]. 10 Pre lx dried. The inpxsgratien in [ red@onded i fon
EXftlrfplje 2, o dmi Ibyt h@cﬂzﬂéep:td Ql.!het bagpobefeaeekmavt aaneegatleme%%gtta t

pal | adium chlorid ride upport was roug Into
contact with 1657 %‘gﬁf 58# ent. HﬁPeFOB.ﬁ]? Wurteehy, 14

hours and was amseqtlbmby or emmid. fare pavtichlarilge sumidab el ngdIg
wat er and tghen ts dr4+68. afloalie! brt ¥RA é@%@ € |dual
content of bi nc}:aern csatlons (I\/gl was 0)68’1% %estl ng wds fctg?:h%%p%rg

i n Conpari son

as in Conparison Exanple 3,
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Possible compounds of palladium are all the salts and
complexes which are soluble and leave behind no deactiv-
ating substances in the finished catalyst (washed, if
necessary, as deascribed above). Chloride or other soluble
salts ‘- which aré accessible to a precipitation as
(hydrated) oxide, such as nitrate, oxalate and sulfate,
are particularly suitable.

Gold chloride or the soluble salts of tetrachlorocauric
acid are particularly suitable gold compounds.

Possible cadmium compounds are the compounds which are
soluble, for example carboxylate, oxide, hydroxide,
carbonate, chloride, citrate, tartrate, nitrate, acetyl-
acetonate and acetoacetate.

The base treatment of the impregnated support, which is
preferably dried again first, is now carried ocut.
Poasible bases are, in particular, alkali metal
hydroxides, alkali metal silicates and alkali metal
carbonates, alkali metal hydroxides are preferred and
potassium hydroxide and sodium hydroxide are particularly
preferred. Mixtures of different bases can alsoc be
employed. The base should be dissolved in a sgolvent in
which the compounds of Pd and Au or Cd employed in the
impregnation are also soluble; possible solvents are, for
example, - water and alcohols. To avoid losses of noble
metal during the' base treatment, the volume of the
solvent should preferably correspond to the integral pore
volume of the support; however, it is alsc possible to
employ larger amounts of solvent. The amount of base

needed is obtained from the stoichiometrically calculated

Baafhe integral pexe yplune of” theREUBEPEFYST Wwas prepar ed



with.the exception that, before the inpregnation with 25 palladiumsalts
and gold salts, the support was washed with hydr¢ aCT |
Exanpl e 1 and then washed free fromchloride with Eéift@“dﬁﬁm The
resul ting shel | -type catal yst was tested as in O)nﬁETT§6ﬁ“‘~—~ _
-12- Exanple 3 . Tabl e -8 - 0 3 Man mépnpafi son
Exanpl e Exanpl e _ 1
2 3 Amounts of hydroxide ions which are neefled to convert the
palladium and the gold or cadmium into

proves advantageous to use an excess of base, for example
100-200% of the stoichiometrically required amount,
5 preferably 105-150% of the stoichiometrically required
amounts and particularly preferably 110-140% of the
stoichiometrically required amount. The support must
remain in contact with the base at least until the
thickness of the noble metal shell geneérated no longer
10 changes substantially. This can easily be ascertained by
removing catalyst particles after certain intervals of
time and cutting them open. The duration of the treatment
with the base depends on the concentration thereof and
the ambient temperature, the treatment preferably being
15 carried out at room temperature. In the preferred case of
the use of potassium hydroxide or sodium hydroxide in
water, a treatment time of about S'hours_is in general
sufficient; however, longer treatment is in general
harmless. If the salts employed during the impregnation
20 with palladium and gold or cadmium contained constituents
harmful to the catalyst (for example chloride or
sulfate), the catalyst is now washed with running dis-
tilled water until these deactivating substances are no
longer detectable.
25
The catalyst can now be reduced, for example with a
solution of hydrazine hydrate or by passing over reducing
gases, such as ethylene or methanol, at room temperature
or elevated temperature, the reducing gas advantageously
30 being diluted with an inert gas, such as nitrogen. The
amount of reducing agent depends on the amount of palla-
dium and if appropriate of gold employed; the reduction
equivalent should be at least 1-1.5 times the oxidation
equivalent, but larger amounts do no harm.
35
After the base treatment, or if appropriate after the
reduction, the alkali metal compound is applied to the
catalyst; the catalyst is preferably dried beforehand.
The alkali metal compound is dissolved in a suitable



STY of vinyl 10 acetate per liter of 773 440 65 75.2 :

698 (0 cat al>lyst and per hour) Specific yield REBLASEWENT ISHEET
acetate 67.2 58.7 93.9 100.3 99.7 15 per g of ng4blfEmMEtat-~——and
per hour) Conbust i on( % 14 16 12.5 1.9 (314D 0030

5t hyl acetate 260 260 314 129 - 222 ontent (pp )
"STY" denotes the space-tine yield T Conpusttoft
denotes the §ktereagdorfexample water or ‘alcohol, ‘ the eaipuite of .

reacted whiClholivent preferably corresponding t&ORHE ifllebTRT %{:vfé' I

I
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volume of the support material to be impregnated. The
alkali metal compounds employed can be carboxylates, for
example potassium acetate, sodium acetate or sodium
propionate. Other alkali metal_salts, -.such_.as.l;y:droxides,
oxides or carbonates, are also suitable if they are
converted into the acetates under the reaction condi-
tions. in particuiar,

acetate, are preferably employed.

Potassium compounds, potasgium

The catalyst should preferably be dried before being
introduced into the reactor.

The vinyl acetate is in general prepared by pPassing
acetic acid, ethylene and oxygen or oxygen-containing
gases over the finished catalyst at temperatures of 100-
220°C, preferably 120-200°C, under pressures of 1-25 bar,
preferably 1-20 bar, it being poassible for unreacted
components to be passed in circulation.
known flammability limits, the oxygen concentration
should not exceed 10% by volume, baged on the acetic
acid-free mixture. Under certain circumstances, dilution

Because of the

with inert gases is advantageous, nitrogen or carbon
dioxide, for example, being suitable.

The following examples are intended to illustrate the
invention.

Comparison Example 1:

A support was first prepared from $i0, microbeads having
a surface area of 200 lnzlg with 10% by weight of magne-
sium stearate as the binder. The finished support con-
tained 0.4% by weight of Mg. The surface area was
186 m>/g and the pore volume was 0.8 ml/g, 78% of the
pore volume being formed by pores having a radius of 70-
100 A and 16% of the pore volume being formed by pores
having a radius of 200-3000 A. The support particles had
the sghape of

cylinders with domed front faces (6 mm



"Et hyl acetate content” relates to the content ef

ethyl acetate in the conden- - sed reaction
products. 30 - 13}-REPLACHRES

Cl ai rs; 1. A process for the preparation of a ct C gnt;HEET
cont ai ns pal | adi um and/ or conpounds theregf and 5 h?é [
conpounds, and additionally cadm um conpounds} aihd Uéﬂdﬂﬁ?ﬁd or
conmpounds t her particles whichf h ressed
fromSiJerr] §2imellx andsgllmsq'er%?{t,&l[err]Qerr] ture with the aldfof
a bi nder conprising one or nore Li, My, A, Zr—e-es. '

100 g of the support were impregnated with a solution
{corresponding to the pore volume of the support) of
S 11.5 g of Pd acetate, 10.0 g of Cd acetate and 10.8 g of
K acetate in 66 ml of glacial acetic acid and dried to a
residual solvent content of 2% by weight at 60°C under
nitrogen and under a pressure of 200 mbar. This resulted

in a doping of 2.3% by weight of Pd, 1.8% by weight of Ccd
10 and 2.0% by weight of K.

50 ml of the finished, homogeneously impregnated catalyst
were introduced into a reaction tube having an internal
diameter of 8 mm and a length of 1.5 m, The reaction gas
15 consisting of 27% by volume of ethylene, 55% by volume of
nitrogen, 12% by wvolume of acetic acid and 6% by volume
of oxygen was passed over the catalyst under a pressure
of 8 bar at the reactor intake and at a catalyst tempera-
- ture of 150°C. The results can be seen from the table.
20
Comparigon Example 2:
The mame support as in Comparison Example 1 was impreg-
nated with a solution of 2.6 g of Pd chloride and 3.3 g
of Cd chloride in 83 ml of water. After drying., 1.5 g of
25 NaOH in 83 ml of water were added and the mixture was
stirred for 6 hours. After the catalyst had been left to
stand at room temperature for 16 hours, it was washed
with a large quantity of water and then dried. There-
after, it was impregnated with a solution of 12.5 g of X
30 acetate in 83 ml of water and dried again. A homogene-
oualy impregnated catalyst with a doping of 1.5% by
weight of Pd, 2.0% by weight of Cd and 5.0% by weight of
K was obtained. Testing was carried out as in Comparison
Example 1.
35
Comparison Example 3:
The same support:' ag in Comparison Example 1 was impreg-
nated with a solution of 2.8 g of Na,PdCl, and 0.7 g of
HAuCl, and dried. After precipitation with 1.1 g of



10 salts of a ({err]-Cerr]-carboxylic acid and have
subsequent |y been roasted in oxygen-containing gases at
500-900[err]C for a period of 0.25-5 hours, and t hereafter have a
surface area of 50-250 n2/g and a pore volune of 0.4-1.2 m/g at a
particle size of 1- 15 15 mm 5--2Q% of the pore volunme being forned
by pores having a radius of 200-3000 [err] and 50-90% of

the pore vol pamueeusg NaPled Whepsratakient nyvas washed mdthsaof 1laeg#00

[err], which SQIRELEPSOf water nd BBBANIAERR A3 I es
with an 20 ¥ wa er es not_react W|th Sigerr or gqs'ﬁrr]

Aferr]Q err]a‘ﬁ‘l‘??ﬁFe§°iHﬁ'li g ud ek & iasintakey pkhe catalyat was
bi nder enpl oydeiiddragadint eFhengatalybe soppaihed 1.0% by weighRablel phgs are

rel eased Jromt SUPRA; rticles. h

[ rrpregnatgl ngn(} h%gs gp_%i hat':r t?%l%% it 258 f $§1gﬁ\5_ 6’5 I%‘dib%?n Béﬁgqgol d
or cadmium was presegk. tihen the ngahalyat wepr depteghsiedohompgenies! es
into contact a&gtyaa§gmtl%éﬁuﬁ_f txa&& ghrkeagt out in a Berty gasbko&he

t hi ckness of the nhoble netal shel ner at TR thisoway on
the support piftiefe§ using a gas m’ﬁ‘&?‘?%r@%ﬂ%h&ﬁg@s'sﬁBsﬁ&ntqfal%}Imand
d) then i nregnet oEgHOAC IHA Y. gR¥rds @RS W th an al kal i

nmet al colr'g)ound

Example 1:
The catalyst was prepared as in Comparigson Example 2,
with the exception that, before the impregnation with
palladium chloride and cadmium chloride, the support was

15 brought into contact with 10% strength hydrochloric acid
at room temperature for 14 hours and was subseguently
washed free from chloride under rumning water and then
dried. A shell-type catalyst was obtained. The residual
content of binder cations (Mg) was 0.01%. Tésting was

20 carried out as in Comparison Example 1.

Example 2:
The catalyst was prepared as in Comparison Example 3,

with the exception that, before the impregnation with
25 palladium salts and gold salts, the support was washed
with hydrochloric acid as in Example 1 and then washed
free from chloride with water and dried. The resulting
shell~-type catalyst was tested as in Comparigon
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35 2. A process for the preparation of vinyl acetate in t he

gas phase from et hyl ene, acetic acid and oxygen or
oxygen-cont ai ni ng gases over a catal yst which “-cont ai ns pal | adi um
and/ or conpounds thereof and al kal i netal CCﬁBﬁHﬁdsT-and_______
addi tionally cadni um EPLACEMENT SHEET
conpounds and/or gold and/or conpounds #Rereof, on StHpPot
particles which have been pressed from Si Jerr] ~a
Siqerr]-Al Exempder3] mixture with the aid of a bindér T3"MAR 19971 of ng
one or nore Li, My, Al, Zn, Fe or Mh 5 salts of ==
Cerr]-Cerr]-carboxylic acid and have spbsequent |y been
roasted in -contai ni ng gases ’
5 Comparison Example
Example .
1 2 3 1 2

BTY (g of vinyl
10 bcetate per liter of 773 440 657 752 698
ratalyst and per hour)

Fpecific yield _
(g of vinyl acetate 67.2 [58.7 { 93.% | 100.3 838.7
15 Per g of noble metal
hnd per hour)

Combustion (%) 14 16 12.5 7.8 11.2
20 thyl acetate 260 260 314 120 222

ontent (ppm)

"GTY" denoteg the space-time yield

*Combugtion® ' denotes the percentage of
25 ethylene reacted which is

converted into CO,;
"Ethyl acetate content®™ relates to the content of

ethyl acetate in the conden-
gsed reaction products.
30



at 500-900[err].C for a period of 0.25-5 hours, and

t her eaf t er M

have a surface area of 50-250 nferr]/g and a Vgt e u.
:@W

0.4-1.2 mM/g at a particle size of 1- 10 15 mm

vol une being formed by pores having a radius pf [Z00-3000 lc.

and 50-90% of

radi us of 70-100 [err], which conprises _ a) washing the roast
support parti @adent (Flagmas aci d Wwhi ch doek not react WT

the pore vol ume- bi&d ng forned by ppr @s3 hgaR nggz

D
o

Sigerr] or SiJerr]- AI[err]Qerr] m xtures, until no

further catiOQ§ of
t he support
particles; 20

pal ladiung and golgar
i npregnat ed support partlc

of a base at | east
shel|l 25

support particles

t he d duri
A "Brocesy, for. the FENTTAELI Prof SRLCIRRE, walen |

com)axna heval eatibgm atendy dxhe cmmwndqoalthiea:leesf wahid
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35 2.

compr:.sing one or more Li, Mg, Al, Zn, Fe oxr Mn

salts of a C,-C,.-carboxylic acid and have

subsequently been roasted in oxygen-containing gases
at 500-900°C for a period of 0.25-5 hours,. and
t:hereafter have a surface area of 50-250 m /g and &

pore volume of 0.4-1.2 ml/g at a particle size of 1-

15 mm, 5-20% of the pore volume being formed by

pores having a radius of 200-3000 A and 50-90% of

the pore volume being formed by pores having a

radius of 70-100 A, which comprises

a) washing' the roasted support particles with an
acid which does not react with Si0O, or 8§iO,-
Al,0; mixtures, until no further cations of the
binder employed during pressing of the support
particlea are released from the support
particles;

b) then impregnating the saupport partlcles with
palladium, and gold or cadmium;

c) then bringing the impregnated support particles
into contact with a solution of a base at least
until the thickness of the noble metal shell
generated in this way on the support particles
no longer changes substantially; and

4) then impregnating the support particles with an
alkali metal compound.

A process for the preparation of vinyl acetate in
the gas phase from ethylene, acetic acid and oxygen
or oxygen-containing gases over a cai:alyst which
contains palladium and/or compounds thereof and
alkali metal compounds, and additionally cadmium

) R




hydrochl oric acid, sulfuric acid, phosphoric acid or
is used as the acid in step a). 4. The process
1 or 2, wherein 35 hydrochloric acid is used
a). 5. The process as clainmed ip one of clai
wherein an al kali netal hydroxide is usetitas t he

claimed in one of SPEPRR"{s; gng/or gold aﬁﬁzﬂﬁﬂﬁ?ﬂ?ﬁm'

enpl oyed in Step @yppport particles which have been pressed from SiU;

30 3. The process as clained in claim1l or 2, mhereiﬁ-

} T C—~86-h
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base in step

:

or an §i0,-Al,0, mixture with the aid of a binder

comprising one or more Li, Mg, Al,

Zn, Fe or Mn

5 salts of a C,-C,c-carboxylic acid and have
subsequently been roasted in oxygen-containing gases
at 500-900°C for a period of 0.25-5 hours, and
thereafter have a surface area of 50-250 m?/g and a
pore volume of 0.4-1.2 ml/g at a particle gize of 1-

10 15 mm, 5-20% of the pore volume being formed by

pores having a radius of 200-3000 A

and 50-90% of

the pore volume being formed by pores having a

radius of 70-100 A, which comprises

a) washing the roasted support particles with an

15 acid which does not react with

Si02 or sj-Oz-

Al,0, mixtures, until no further cations of the
binder employed during pressing of the support

particles are released from
particles;

the support

20 b) then impregmating the support particles with

palladium, and gold or cadmium;

c) then bringing the impregnated support particles
into contact with a solution of a base at least
until the thickness of the noble metal shell

25 generated in this way on the gupport particles

no longer changes gubstantially:

and

d) then impregmnating the support particles with an

alkali metal compound.

30 3. The process as claimed in claim 1 or 2, wherein

hydrochloric acid, sulfuric acid, phogphoric acid or
nitric acid is used as the acid in sgtep a).

4. The process as claimed in claim 1 or 2, wherein
35 hydrochloric -acid is used as the acid in step a).
5. The process as claimed in one of claims 1 to 4,

wherein an alkali metal hydroxide is used as the

base in step c¢).
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7. A catalyst which contains palladi um and/ or conpounds 5 t her eof
and al kali netal conpounds, and additionally '

and/ or gold and/or conpounds t hereof, on suppo Eplpoefr&'\f'ﬂ‘l e§H®ETc
have been pressed fromSiJerr] or an SiJerj]-

m xture with the aid of a binderScenpri sing CUB”P!M {qqy ,
A, 10 Zn, Fe or Mh salts of a (Jerr]-Cerr]-cagbdxylic aC|dan

have subsequef§tl y Fhen prasees ias oglaimedordimi anmg of; | clz
500-900[err] C for gynardd Hipdbadisfun Uénbordilf! is

surface area of 50-250 nierr]/g and a pore volune o
at a particle size of 1- 15 15 mm 5-20% of the pore vol urre be| ng

f ormed by 7. 2 @ataa ymsk ngua:hr a:ebutamfs PAQ1HH A\ adidy dxO <Al f
t he pore vyol unme bei for S 7 00
[err], obfainable btqgerm’ge'méné):L %' ]’[ %%oémtded ?ﬁ‘f&ﬁﬁs‘&%ﬁ&%@é
with an 20 cadminn d mmumes aod/psacgo\mt hagid@oay 1. jcampSiridaerr ] -
Alferrfderr] m Xt yiesred! | loeoo.%aﬁasé Caéi:EElél% t RRiich have been

bi nder enpl oyed during preSS|ng e sup es
are released fromRresredsippsr$10; or an’ Sloz‘AﬂanlE‘Il&“rES“’Lth th%)

then inpregnating tdigd sepPparbindek eotpriidihg one or more Li, Mg, Al,
10 Zn, Fe or Mn malts of a C,-C,c-carboxylic acid and
have subsequently been roasted in oxygen-containing

gases at 500-900°C for a period of 0.25-5 hours, and

thereafter have a surface area of 50-250 m?/g and a

pore volume of 0.4-1.2 ml/g at a particle size of 1-

15 15 mm, 5-20% of the pore volume being formed by
pores having a radius of 200-3000 A and 50-90% of

the pore volume being formed by pores having a

radius of 70-100 A, obtainable by

a) washing the roasted support particies with an

20 acid which deces not react with Si0, or Si0,-
Al,0; mixturea, until no further cations of the
binder employed during pressing of the support
particles are released from the support
particles;

25 b) then impregnating the support particles with
palladium, and gold or cadmium;

c) then bringing the impregnated support particles
into contact with a solution of a base at least
until the thickness of the nobhle metal shell

30 generated in this way on the support particles
no longer changes substantially; and

d) then impregnating the support particles with an
alkali metal compound.

35 8. A catalyst as claimed in claim 7, wherein hydro-
chloric acid, sulfuric¢ acid, phosphoric acid or

nitric acid is used as the acid in step a).

9. A catalyst ag claimed in claim 7 or 8, wherein an

AR



pal I.adi um and gold or cadm um c) then bringing the

i npregnated support particles into contact with a sol ution
of a base at | east until the thickness of the noble neta
shel | 30 generated in this qu on the support particles

no | onger changes substantially; and - - d) then i npregnating the
support particles wi.th an al kali metal conpound., 35 8.

A catal yst as cl aPiderhh netal, bydypxide,ig papd as the bagg dm atap g,

sul furic acid, phegphoric acid or. nitric acid is used as the acid
in step a). 9. A catalyst as clained in claim7 or 8, wherein an

10. A catalyst as claimed in one of claims 7 to 9,
5 wherein a potassium compound is employed in step d).
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al kali netal hydroxide is used as the base in step c) . 10. A

catalyst as clainmed in one of clains 7 to 9, 5 wherei n a potassi um
conpound is enployed in step d).
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Abstract

5 Supported catalyst, process for its preparation, and its use for the preparation of
vinyl acetate '

The Invention rolates to a process for the preparation of a catalyst containing Pd,
alkali metals, cadmium and/or gold, which comprises
10 _

a)  washing the support particles with an acid which does not react with SiO, or
$i0,-Al,0, mixtures, untif no further cations of the binder employed during
pressing of the support particles are released from the support particles;

b)  then Impregnating the support particles with palladium, and gold or cadmium;

16 ¢} then bringing the impregnated support particles into contact with a solution of
a base at least until the thickness of the nobel metal shell generated in this
~ way on the support particles no longer changes substantially; and
d)  then impregnating the support particles with an alkali metal compound,

20 the catalyst and its use for preparing vinyl acetate.
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