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It is known that vinyl acetate can be prepared in the gas
phase from ethylene, acetic acid and oxygen; the sup-
ported catalysts used for +this synthesis comprise
10 palladium and an alkali metal element, preferably
potassium. Further additives nsed are cadmium, gold or

barium.

In the Pd/K/Au catalysts both noble metals are generally
applied in the form of an impregnated layer on the

15 support; they are produced by impregnation and subsequent
precipitation of the metal salts by means of alkaline
compounds (US-A 4 048 096, US-A 3 775 342).

In Pd/K/Ba catalysts the metal salts are applied by

impregnation, spraying on, vapor deposition, dipping or

20 precipitation (EP-A-0 519 436). The same methods are

' known for PA/K/Cd catalysts (US-A 4 902 823; US-A 3 393 199,

US-A 4 668 819). Furthermore, the production of a

Pd/K/Au or PA/K/CA surface impregnated catalyst is known,

with a specific support material being washed with an

25  acid prior to impregnation and being treated with a base
after impregnation {EP-A-0 519 435).

The German Patent Application P 42 11 780.1 describes
obtaining Pd/K/Au, Pd/K/Ba or Pd/K/Cd catalysts built up
in the form of an impregnated layer by atomizing a
30 solution of corresponding metal salts by means of ultra-
sound and then, in a limited amount and over a limited
time applying this to the support particles and commenc-
ing the drying thereof in ségﬁna way?that fhé‘c&tai&tib—’“
ally active metal salts capnot penetrate into the core of



vuth a specific support naterlal bei ng washed with an acid prior to
i mpregnation mshéa&ias enResdacedd with a base after inprégnation (EP-A-0 519
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support partlmhans\Mhaﬂ1th§¢m1qmmﬂ is applied in the form of drops
10 having an average diameter of at least 0.3 mm or in the

form of liguid jets to the particles.

The invention provides a process for producing a surface
impregnated catalyst comprising palladium, potassium and
cadmium on porous support particies, which comprises

15 gpraying the support particles, while mixing intimately,
once or a plurality of times with at least one solution
of at least one salt of each of the three elements in the
form 6f drops having an average diameter of at least 0.3
mm or in the form of liquid jets and drying the support

20 particles immediately after each spraying, with the
dynamic viscosity of the solution being at least 0.003
Pa®*s and the solution volume in each spraying being from
5 to 80 % of the pore volume of the support particles.

The invention also provides a surface impregnated

25 catalyst produced in this manner, and also the use
thereof for preparing vinyl acetate from ethylene, acetic
acid and oxygen in the gas phase.

Preferably the solution volume in each spraying is from
15 to 60 %, in particular from 25 to 40 %, of the pore

30 volume of the support particles to be impregnated with
Pd, X and Cd salts.

The invention also provides a process for producing a
surface impregnated catalyst- comprising palladium,
potassiom and barium on porous support particles, which



sprayi ng the support particles, while mxing intimtely, once or a
plurality of t'ﬂhﬁBEeeﬂMaEbeeakeﬂ}a%@St one solution of at |east one salt of each
of.the three el 3 form of drops having an average di aneter of at
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I medi ately aft ng, with Lh? dynam c viscosity of the solution
betng at | east 0.003 PaJerr]s and the solution volunme in each spraying

being fromb5 9 féa‘k}_ea SURBY. ardy cl . The
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The invention alsc provides a surface impregnated .
catalyst produced in this manner, and also the use
thereof for preparing vinyl acetate from ethylene, acetic
acid and oxygen in the gas phase.

15 Preferably the solution volume in each spraying is from
15 to 50 %, in particular from 25 to 40 %, of the pore
volume of the support particles to be impregnated with
Pd, X and Ba salts. '

The invention alsco provides a process for producing a

20 surface impregnated catalyst comprising palladium,
potassium and gold on porous support particles, which
comprises spraying the support particles, while mixing
intimately, once or a plurality of times with at least
one solution of at least omne salt of each of the three

25 elements in the form of drops having an average diameter
of at least 0.3 mm or in the form of liquid jets and
drying the support particles immediately after each
spraying, with the dynamic viscosity of the solution
being at least 0.003 Pass and the-solution volume in each

30 spraying being from 5 to 80 % of the pore volume of the
support particles.

The invention also provides a surface impregnated

catalyst produced in this manner, and also the use

thereof for preparing vinyl acetate from ethylene, acetic
35 acid and oxygen in the gas phase.



spraying, with the dynam ¢ viscosity of the solution being at |east 0.003
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The surface area of the supports is, measured by the BET
method, generally from 50 to 250 »*/g; the pore volume is
generally from 0.4 to 1.2 ml/g.

The metal contents of the finished catalysts are as
is follows:

The palladium content of the Pd/K/Cd and the Pd/K/Ba
catalysts is generally from 0.6 to 3.5 % by weight,
preferably from 0.8 to 3.0 % by weight, in particular
from 1.0 to 2.5 % by weight. The palladium content of

20 the PA/K/Bu catalysts is generally from 0.5 to 2.0 % by
weight, preferably from 0.6 to 1.5 % by weight.

The potassium content of all three tybes of catalyst is
generally from 0.5 to 4.0 % by weight, preferably from
1.5 to 3.0 % by weight.

25 The cadmium content of the Pd/K/Cd catalysts is generally
from 0.1 to 2.5 % by weight, preferably from 0.4 to 2.0 %
by weight.

The barium content of the Pd/K/Ba catalysts is generally
from 0.1 to 2.0 % by weight, preferably from 0.2 to 1.0 %

30 by weight. o
The gold content of the Pd/K/An catalysts is generally
from 0.2 to 1.0 % by weight, preferably from 0.3 tc 0.8 %

. by weight.

Suitable salts are all salts of palladium, cadmium,
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10  Suitable solvents are all compounds in which the selected

' salts are soluble and which after impregnation can easily

be removed again by drying. Suitable solvents for the

acetates are, in particular, unsubstituted carboxylic

acids having from 2 to 10 carbon atoms, such as acetic

15 acid, propionic acid, n~- and iso-butyric acid and the

various valeric acids. Owing to its physical properties

and also for economic reasons, acetic acid is the pre-

ferred carboxylic acid. For the chlorides, water is

particularly suitable. The additional use of a further

20 solvent is advantageous if the salts are not sufficiently

soluble in acetic acid or in water. Suitable additional

solvents are those which are igert and miscible with

acetic acid or water. Additives for acetic acid which

may be mentioned are ketones such as acetone and acetyl-

25  acetopne, furthermore ethers such as tetrahydrofuran or
dioxane, or else hydrocarbons such as benzene.

At least one salt of each of the three elements to be
applied to the support particles (Pd/K/Cd, Pd/K/Ba,
Pd/K/Au) has to be applied. A plurality of salts of one

30 element can be applied, but in general exactly one salt
of each of the three elements is applied.

The three elements to be applied in each case can be
individually applied in the form of salt solutions, or
otherwise in any combination. Use is preferably made of
35 a single solution which contains all three elements to be
applied in the form of salts. Particular preference is
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amount of the salts which are to be applied to the
support. '

The solution of the salts is applied to the support
particles by spraying these once or a plurality of times
with this solution, with the total volume of the solution
being unsed all at once or divided into two or more
subvolumes. Subsequent to spraying, the support
particles are immediately dried; in the case of spraying
in order with a plurality of subvolumes, the support
particles are immediately dried after each spraying.

The *immediate” drying here means that the drying of the
sprayed particles has to be commenced promptly. It is
here generally sufficient for the drying of the particles
to be commenced at the latest after 1/2 hour after the
completion of one spraying.

The dynamic viscosity of the solution is at least
0.003 Paes; the upper limit is determined by the
solubiiity of the salts used in the selected solvent.
Preferably the dypnamic wiscosity is from 0.005 to
0.009 Paes, in particular from 0.006 to 0.008 Paes.

The solution drops or solution jets are produced by
driving the solution under an appropriate pressure
through orifices of suitable size. The pressure is to be
selected in such a way that the liquid impinges on the
support particles in the form of drops or jets. Low
pressures give drops, higher pressures give jets.
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sol vent i s advant ageous 1t the satts are not sufficiently soluble in acetic
acid or in water. StﬂistSEeIQJfﬁls dilional solvents are those whitch are inert

and niscible with ac ter. Additives for acetic acid which may
be nentioned are ket m cetone and acetyl- acetone, furthernore
ethers such as tetr di oxang,. or el se hydrocarbons such as
benzene. At |east one salt of each of the three elenents to be applied to
tlhe slurnfortfpmﬂ%@aaﬁ Pde/f_ltBt Btéiﬂ@e% R4/, K{fﬂé diep tﬁoﬁﬁa@ﬂﬁhl% Atl
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of sal ts.5Paruppmt alnu‘iefca'r &heedrop size is determined by the laws of -6-
given to the QS t f t of
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her ei nafter t®ize esiored  ofhds taﬂéoséﬁf-gmi-h%ss"é?ﬁa ulesedestd®Busiy to

the case in V@fCIEhléS‘%mﬁ:Hme the Urddicedl. a Phefal brlbitﬁf is0l b pes which
each contain on]y E%cli)art of total salts.tq b%m%pl i.ed, \glrth th

i ndi vi dual pafeLed n@"u?f"t'b" 3hilgast that ives drops o

10  the abovementioned size, but naturally the width must not
be so high that no drops at all are formed.

If the solution is to im'pinge on the support particles in
the form of jets, which is preferred, an appropriate
pressure must be used to drive the liquid throngh the
15 orifice or the orifices of the spraying apparatus. The
spraying apparatus can, for example, comprise one or more
types of tube or a perforated plate. The width of the
orifices of the spraying apparatus is, depending on
pressure, to be selected so as to be at least that which
20 gives liquid jets. 1In general, the width is at least
0.3 mm, preferably at least 0.5 mm. The upper limit of
the suitable width is determined by the object of produ~
cing surface impregnated catalysts, i.e. supported
catalysts in which the catalytically active metal salts
25 have not penetrated into the support particles to the
core, but only intc the outer part, the impregnated
layer. This is effected according to the invention,
inter alia, by the soclution volume in each spraying of
the support particles being from 5 to 80 % of the pore
30 volume of the particles. The width of the orifices and
the number thereof is therefore to be selected in such a
way as to give liquid jets whif:h, on each spraying of the
particles, apply the solution volume limited in the

manner just mentioned to these.

35 During the spraying, the suppport particles muast be
intimately mixed, for example in a rotating flask or a
mixing drum, to ensure a uniform impregnated layer



ahount of the salts which are to be applied to the support. The solution
of the salts is apisSkedt HagBechBerdnagport particles by spraying these once or
a plurality of tine lution, with the total volunme of the

sol ution being used r divided into two or nore subvol umes.
Subsequent to spraying, e pport- pacticles are immedi ately dried; in

t hé case of spraying in order vmth a plurality of subvolunes, the support
particles are tiiisdicaie! o daidsappert-epabt ey NgThe Thet: stioRdiate’
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In the selected solvent. Preferably the dynam c viscosity is fromO0.005 to.

0.009 Pa[&gr] s gyl adilel ﬁuﬁ:ﬁbdféfrﬂ(f@b%}\ﬁ}got@%éﬁ&%@ i¥str gﬁti%‘“ Ion

drops or solutlon ets are produce ng the solution un
appropri ate pref impsegnated ieﬁsroﬁhéakaaw%s sfomprimes peuttipg is to

be sel ect ed lrbﬁéiﬁhaar\é%‘tehhﬂi:aﬂled nimber B rﬂﬁ&: tier i t aparticles
in the form of drod?rs or %ts Lowgres ur.es gl krP h| ghe [%r essures
give jets. measuring e impregna layer thicknesse de

microscope. Here, preferably less than 5 % of the

10 particles should have an impregnated layer thickness
which deviates by more than 15 % from the average.

The solution of the salts should be at a temperature
which is high enough to prevent precipitation of the
salts during application to the support. However, the
15  temperature should generally not be significantly above
70°C to prevent excessive -evaporation of the solvent.

Dur.ing the drying of the support impregnated with the
solution: of the active catalyst components, it is
advisable to match the temperature to the type of metal
20 salts used. In the cdse of the acetates, which are
frequently used for the production of Pd/K/Cd or Pd/K/Ba
catalysts, drying is preferably carried out at reduced
pressure. The temperature should here generally be from
50 to 80°C, preferably from 50 to 70°C. Furthermore, it
25 is generally advisable to carry out the drying in an
inert gas 'stream, for example in a nitrogen or carbon
dioxide stream. In the case of the PA/K/An catalysts,
which are generaliy impregnated with the corresponding
chlorides, the drying can, in contrast, be carried out in
30 a hot air stream at from 100 to 150°C. The residual
moisture content after drying should preferably be less
than 6 % by weight for all three types of catalyst.

If a rednction of the palladium salt and, if applicable,
of the gold salt is carried out, which is sometimes
35 useful, this can be carried out using a gaseous reducing
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selected in suchmsﬂm pd of an average dianeter of at |least 0.3
Iaor

nmg preferably at in particular at least 1 nm are forned.
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15 Such a reduction is carried out subsequent to drying.

The preparation of vinyl acetate is generally carried out
by passing acetic acid, ethylene and oxygen or oxygen-
containing gases over the finished catalyst at tempera-
tures of from 100 to 220°C, preferably from 120 to 200°C

20 and at pressures of from 1 to 25 bar, preferably from 1
to 20 bar, with unreacted components being able to be
recirculated. The oxygen concentration is advantageously
kept below 10 % by volume (based on the gas mixture free
of acetic acid). However, dilution with inert gases such

25 as nitrogen or carbon dioxide is sometimes also advan-
tageous. Carbon dioxide is particularly suitable for the
dilution, since it is formed in small amounts during the
reaction.

The catalysts of the invention make it possible for the
30 process to be carried out more- selectively than when
using catalysts in which the support particles are
impregnated right into the core ("impregnated through"),
or make possible an expansion of capacity. To achieve
expansion of capacity, it is possible to keep the reac-
35 tion conditions {e.g. pressure, temperature, throughput,
oxygen concentration) unchanged in comparison with the
known catalysts, and to prepare more vinyl acetate per

.



Buring the spraying, the support particles nust be intimtely m xed, for
exanpl e in a rot at MHgSHed: AsdBe RePlad¥i XI Ng drum to ensure a uniform |

i npregnat ed | ayer ness in all support particles. The
rotation rate has, img*uwﬂa’mﬂﬂd to be | arge enough to ensure good

m xi ng, but on the not- kD so hi gh that the support materi al

I ssignificantly abraded. A suitable nethod of determ ning the desired
di stribution afescteri volepeatad tiper tfhiknmakes thepwoxlesupuwdfitlyeopen a

representati V%r%"é%be%jéﬁl S%@%ﬁ&epa&ﬁﬂa@ﬁr 259%%%3 ug%ﬁget h8.d {Tﬁiax?fgat ed

| ayer thicknessSes un a m Croscope. b erabl'y | ess .o % of
the particl es asiedalte heontent | dpr ddeat edit ages thraknthe wieackoteviates by
more than 15 %. t BR1A%C1898s fAPERSP 1Y I0Ra¥finkNBeS8hisqe e fhde at a
t enperature W%i)lg? i S %&% .enougﬁ to prevent pr 38’?‘3% ation oﬁﬁt%g sa‘?ts
during ap® i caoFTuRo seetioRypord . shhlvie  Worleur fise rdggreiathy| for
general |y not angiia) finCagthysabggesg®lerr]C to prevent excessive
evaporation of the solvent. During the drying of the support inpregnated
with the solution of the active catal yst conponents, it 1is advisable to
mat ch the tenpd,atiur eohrbrase, thipe plantetapashty Sisikegt constaetgatsiee of the
acetates, which are freguently, used for .the,produgtion. of,Pd/ [
il K Ba cat al FOPOTIGR,  HEPerdiRe T caf, Re, APRETHY, ‘A [ bhelehy "L
reaction can be carried out more selectively at the same
10  total output, which saves starting materials. BHere the

amount of carbon dioxide, which is formed as by-product

and therefore has to be removed, and the loss of

entrained ethylene associated with this removal are also

smaller. In addition, this mode of operation prolongs
15 the operating life of the catalyst.

The following examples illustrate the invention.

The catalyst support used was Si0, in the form of pellets
having a diameter and a length of 6 mm in each case. The
pellets had been pressed from ®Berosil powder with the

20 aid of magnesium stearate as binder in accordance with
DE-A 3 912 504. The surface area of the support was
120 m*/g, its pore volume was 0.784 ml/g and its bulk
density was 500 g/l. The pore volume of 1 1 of support
was 392 ml. '

25 Comparative Example la
1 1 of silica support was impregnated at 60°C with a
solution of 24.3 g of palladiam acetate, 21.3 g of
cadmium acetate and 23.8 g of potassium acetate in 392 ml
of glacial acetic acid (solution volume = 100% of the

30 pore volume of the support). The material was
subsequently dried in a drying cabinet at 200 mbar under
nitrogen to a residual acetic acid content of & % . by
weight; the drying temperature was 65°C. The finished
catalyst contained 2.3 % by weight of Pd, 1.8 % by weight

35 of Cd and 1.9 % by weight of K.



pressure. The teﬁbmﬁ'@ﬁiﬁre generally be from50 to 80C,
preferably from 50his8hef0i3s BeechRegidagy nore, it is generally advisable to carry

out. the drying in ream for exanple in a nitrogen or carbon
di oxi de stream In
0

e Pd/ K/ Au catal ysts, which are generally
| npregnated with the corres g chloriges, the drying can, in contrast,
be‘*carried out in a hot air streamat from 100 to 150C. The resi dual

][mi st Iulre ﬁont em refalction yﬂwm@' mwlhfd ahefiftebhal héidmetert hrufl £g uﬁﬁbatm}ivei ghlij

or a three typ 0 a reduction pal,l adl.u alt an

i f applicabl e, aoff @I:Bol % i% A58 ?ﬁ‘? tPhh§% Frrergﬁﬁ%eful

thi.s can be can:ia:tad.ysmt. u!heggas ga:sbeuseaeﬂudlwags then pasaed over the

-9- agent. The n,t r er t 0

260[err] C, pr ef;e(r%‘a Q’f nﬁ%&& fZ@B&ér rg?g (?Jﬁ%te"ﬁgr (ig? afi{lij a

advant ageoﬁs tGaWWtomempMaﬂ!decPfth 8¢ ng Thiwdas @Wedill'bt%d Wi th

| nert gas, NSy ¢f tgeb | y4 rom 0. 5
%%'1 %f %‘Eﬂy@eﬁé 95 Q ﬁ/% byo Mk BX ﬂﬁf&jép :%i LY

to 20 % by voI u reduci ng agen ert gas used can
exanpl e, nitro8¥ Qilél"!?o Pl petke arid %%I@ §aby s@lums é’frééPEBES% agent s

are, for exarrplme Redadggnaraehhowe! in fitidaldaleyde, ethyl ene, propyl ene,
| sobutyl ene, butylene or other olefins. The anpunt of the reduci ng agent

depends on the anount of palladiumand, if appli- cable, on the anount of
gol d; the redu(‘.‘b'mparaﬁmbuaﬂtaﬁpwomd be at least 1 to 1.5 tines the

oxi dat i on;gaui yg- 5 '§bs BYE1AGIER acUBURY, S 28" o SE USRI B HY e A% hd'A ™
25.3 g of potassium acetate were dissolved at 65°C in
137.2 m1 of acetic acid {solution volume = 35 % of the
pore volume) and the highly viscous sclution was placed

in a reservoir preheated to 65°C. 1 1 of catalyst

15 support was likewise heated to 65°C in a mixing drum able
to be temperature controlled and were mixed at a rotation
rate of 150 rpm. The impregnation solution was applied
to the catalyst support by means of an ultrasound
atomizer (100 kHz) over a period of one hour.

20 The material was subsequently dried as in Comparative
Example la. The finished catalyst contained 2.3 % by
weight of Pd, 1.8 % by weight of Cd and 1.9 % by weight
of K. The impregnated layer thickness was 0.8 mm.

The catalyst was tested as in Comparative Example la and
25 the results are shown in the table.

Comparative Example 2a

The catalyst was produced as in Comparative Example 1la,

except that now 4.0 g of barium acetate were applied in

place of cadmium acetate. The finished catalyst con~
30 tained 2.3 % by weight of Pd, 0.4 % by weight of Ba and

1.9 % by weight of K.

The catalyst was tested as in Comparative Example la and
the results are shown in the table.



Ssuch a reduction is carried out subsequent to drying. The preparation of
vinyl acetate is JtinshealbhyBenRdplad out by passing acetic acid, ethylene and

oxygen or oxygen- s over the finished catal yst at tenpera-
tures of from 100 t
pressures of from 0 r,

referably from 120[err]to 200C and at

eferablyp ~rom 1 to 20. bar, with unreacted
cenponents being able to be recircul ated. The oxygen concentration is
advant ageous| goligRtabetreVEtangi®y2yol une (based on the gas mixture free of
acetic acid). wever, dilution w.th Lnert, ' r carbon
di oxide is so'ﬁggi ﬁﬁga?ﬂ@t WA¥RrofuGed a8 fﬁﬁ%@%ﬁ Iﬂs %a!é rickgﬂ arly
suitabl e for gheept! whiatn,narndeldi y icf flsaumiaoe | acetate wevenusedurimg the
reaction. The,catal ysts of. the_] i on Keg sl te Si the.process
to be carri edpﬁﬁ?enﬁ’ﬁ %%%C#Pv?e%’%wﬁ?a'n V\Hg% %ﬁéﬂggt'é%?tl in which the
support partithésedr2.3nkrbynuwedght i ghtPdnt®-4 He hibr‘éel(ghwfgd‘ﬁ’at*’gﬁi _
through'), OT1TBE PSR ¥ R(PERS! i RlortBAC L byer fenAGkAEHE waans] on
of capacity, it7is ssible to keep the reac- tion conditions (e.g.
pressure, tenfeBa®ire, throughput, oxygen concentration) unchanged in
conparison wth the known catal ysts, and to prepare nore vinyl acetate per
-10 - reactor_volune_and tine. This nakes the work-up,of the ude, vi nyl
acet at e obt ai BE€ %%%Fg?ts‘l’?\%et‘?sﬁree‘fli |1“a88{_“8?‘ﬁaébﬁ?e mf'%f' h]gé e‘%‘q gas

fromthe reacthé résults are shown in the table.

10 Comparative Example 3a -
1 1 of silica support was, in accordance with EP-A-0 519 435,
washed with 10 % strength hydrochloric acid and then with
water to remove the binder interfering with formation of
the impregnated layer and dried.  The support was
15 subsequently impregnated with a solution of 13.8 g of
sodium chloropalladaté and 4.0 g of tetrachloroauric acid
in 392 ml of water. After drying with hot air at 150°C,
5.5 g of NaOH dissolved in 392 ml of water were added (to
produce an impregnated layer by precipitation of
20 palladiom and gold}. The material was subsequently
stirred for 6 hours and allowed to stand for 16 hours at
room temperature. After the support had been washed free
of chloride with water and dried with hot air at 158°C,
35.1 g of potassium acetate in 392 ml of water were
25 applied. After drying with hot air at 150°C the catalyst
contained 1.0 % by weight of Pd, 0.4 % by weight of Au
and 2.8 % by weight of K. The thickness of the impreg-
nated layer produced by the treatment with sodium
hydroxide solution was from 1.3 to 1.6 mm. The catalyst
30 was tested in a Berty reactor at 152°C using a gas
mixture of .8 % by volun'te of 0,, 37.5 % by volume of C,H,,
15.7 % by volume of HOAc and 38.8 % by volume of N,; the
results are shown in the table.

Comparative Example 3b
35 13.8 g of sodium chloropalladate and 4.0 g of tetra-
chlorocauric acid were dissolved in 78.4 ml of water



hi gher, which | eadsp .‘éfxetehfr tg a_saving of energy in the work-up section. A

suitable work-up is i BEehyample, in USSA 5 066 365. If, in
cantrast, the plant lﬂ
be | owered and there

pt constant, the reaction tenperature can
n can be carried out nore selectively at
the sane total output, which saves startihg materials. Here the anmount of
carbon di oxide, which is fornmed as by-product and therefore has to be.
renoved, and t{selutionofvelimai red28t Wyl efie tdssopbreedraliuniejt.ni s Tkeoval
are also smal | adgifi 1NiaS d Sg%j ol Qn he
operating I|i fg%gptg%g g‘g%%l ;%?Fﬁ%e&?o?f’% %) ar?pqﬁ%ggi *’?ugltsrgt e°jf= he
i nventi on. Tasadyss ysupportboby mesmswost Sag arlfraseounde dbemizérpel | ets
having a di amgtyg a th ' se. Enad been
O A 7 o 8 P o b S B e

pressed from/[err] powder e al, magnesi um st earat e as
bi nder i n3acceorpssapeptdy grieds moashot =iye shraameatyr 4200€-t héTaupport

was 120 nierr pr@cipitaker patdadiam\andO godd, Ma/ Gcaaeibhs oFulsk sdepsety was
500 g/l. The orgs\(ol ggE of . 1 %rpOf squ%rt vvase%%i.md. Colﬁ)aratwe Exanpl e
la 1 1 of silft dBpdPranil PhpFatsnas dheso tRdatQ R i BPTR924. 3 g
of pal | adi um aetled esupiort gusingadiiel miAmistnfdandtodd iy of NEotw&EsSi um
acetate in 39 of . gl agi al etjc acid {solution vo = Q% .pf the
pore vol une %8?11% h"'élgl g Sposf%%f *QYT%g #‘r’ﬁt gf)fng?ra ‘ggrs%f)‘sagé’ggnt %/'dri ed
in a dryilfy cubshed fireg0efnichlorider andt dojed. t oIt wasi skbsequently aci d
content of 6 ¢ |g@5y the d{,ﬁ%{%l; r e 5 r 9'-( ]%%ﬁinished
cat al yst cont #ﬁég@ olt) ﬁ]’Wei g agg, 1@%{1};@%%@%?9%?04 and 1.9 %
by wei ght of ®cetate in 392 ml of water and dried using hot air at
150°C. -

The finished catalyst contained 1.0 % by weight of »d,
15 0.4 % by weight of Bu and 2.8 % by weight of K; the
impregnated layer thickness was 0.7 mm.

The catalyst was tested as in Comparative Example 3a and
the results are shown in the table.

Example 1

20 25.3 g of palladium acetate, 25 g of cadmium acetate and
25.3 g of potassium acetate were dissolved at 65°C in
130.0 ml of acetic acid (solution volume = 33 % of the
pore volume} and the highly viscous solution (7 mPaes)
was placed in a reservoir, preheated to 65°C. 1 1 of the -

25 catalyst support was likewise heated to 65°C in a mixing
drum able to be temperature controlled and mixed at a
rotation rate of 10 rpm. The whole of the impregnation
solution was sprayed onto the thus mixed catalyst support
over a period of half an hour by means of a single tube

30 having an internal diameter of 2 mm, i.e. it was impreg-
nated using a single solution jet.

The material was subsequently dried as in Comparative

Example la. The finished catalyst contained 2.3 % by

weight of Pd, 1.8 % by weight of Cd and 1.9 % by weight
35 of K. The impregnated layer thickness was 0.8 mm.



-+ 11 - A reacti o Tube havi nganm tnternal dianmeter of 8 mMmand a | ength of
1.5 mwas char gedTms $xaet B stkn 5l S catal yst. The gas to be reacted was

M’ﬁ &a pressure of 8 bar (reactor inlet) and a
i

t hen passed over t
catal yst tenperatu ’m . This gas conprised 27 % by vol une of
et hyl ene, 55 % by ! gen, -121£0-by volunme of acetic acid and 6 %

by- vol ume of oxygen. The results are shown in the table. Conparative
Exanpl e | b 251hey catalyisttadastaeseedtes b GpmparasdeeuBxanpleat kaaandd?25. 3 ¢
of potassi um gget at re_dissolved. at [en Cin 137.2 mM of acetic acid
(sol ution vol 3%3 %.e%él\i%)sof‘rfhéﬁﬁgﬁel@opg%eseab f the hi ghly viscous sol ution
was placed in a reservoir preheated to 65[err]C 1 1 of catal yst support
was | i kew se ?iétm?ﬂetQ 65[err]Cin a mxing drumable to be tenperature
controll ed and were m xed at a rotation rate of 150 rpm The inpregnation

sol uti on was ke icatalyst pnas predpneds @spon Bxampdan sl ofexgept t Ehabund

atom zer (5100 gz )s.QVET of INSF1 1l alet@R® BOKE used 19 PRAEE 8F ¥&@mium
subsequently dried . as”in Co %rcﬁeﬁ ive Ex i.ni shed cat al yst

nple la. , The f
cont ai ned 2. 3 2G8@tRei ghbe ed 9a¢@@ys&e?@mﬁamedca-§na by gvea gt ei ght
of K. The i npiggmeat,ed J4ayerby hieigifts ofvda Gl M09 % by weight of K,

the impregnated layer thickness was 0.8 mm.

The catalyst was tested as in Comparative Example la and
10 the results are shown in the table.

Example 3 '
13.8 g of sodium chloropalladate and 4.0 g of tetra-
chloroauric acid were dissolved in 78.4 ml of water
(solution volume = 20 % of the pore volume). The
15 solution was applied at room temperature over a period of
half an hour as described in Example 1, in a single
solution stream to 1 1 of catalyst smpport; the material
was subsequently dried in a hot air stream at 150°C. To
precipitate palladiom and gold, a solution of 5.5 g of
20 NaOH in 78.4 ml of water was then sprayed ontc the
impregnated support over a period of half an hour by
means of the tube having an internal diameter of 2 mm.
It was then, in the same way as in Comparative Example
3a, washed free of chloride and dried. It was
25  subsequently reduced with H,, impregnated with 35.1 g of
potassium acetate in 78.4 ml of water and dried using hot
air at 150°C.

The finished catalyst contained 1.0 % by weight of Bd,
0.4 % by weight of Au and 2.8 % by weight of K; the
30 impregnated layer thickmess was 0.7 mm.

The catalyst was tested as in Comparative Example 3a and
the results are shown in the table.



The catal yst wastested-as—in-Conparative Exanple |la and the results are
shown in the tahle. gom:kar ative Exanple 2a The catal yst was produced as

i n Conparative £ E‘Ept that now 4.0 g of barium acetate were
applied in plac H cetate. The finished catalyst con- tained 2.3
% by wei ght of i ght, of _.Bagand 1.9 % by weight of K -The

catal yst was tested as in Conparative Exanple la and the results are shown
in the tabl e.gzample 4 -12- Conparative Exanple 2b

0 of bari um AMockile gr &% oot I#AbECBt A EaamanPOBctg SF TREMPM chod
cat al yst con-adetidias ahd3 1%, D20V B potaBdinfl. Acdtdte warghtiissobwednd 1.9 %
s Teated adid B UGmiR 0o IERInBrELS WA T iRagh Solfhe T082 R 1 e!
table. Gonpasfat ithe Epxarel &oaamgzl @indi thea hdgblyr tvimeousd nsgdusigance with
P o0, 512, VI A8 "t 1A Ok AP Ny pihenea angsetan w
400 1 of catalyst support were likewise heated to 65°C in
a mixing drum able to be temperature controlled and were
.mixed at a rotation rate of 10 rpm. The whole of the
10 impregnation solution was sprayed in the form of 140
solution jets onto the catalyst support over a period of
half an honr. These solution jets were produced by
driving the solution through 140 orifices in a perforated
plate. The orifices had a width of 0.6 mm and were

15 unifotmly distributed over the support material.

The material was subsequently dried as in Comparative
Example la. The finished catalyst contained 1.4 % by
weight of Pd, 1.8 % by weight of Cd and 1.9 % by weight
of X. The impregnated layer thickness was 0.5 mm.

20 The catalyst was tested as in Comparative Example la and
the results are shown in the table.



the i npregnated-layer and dri ed. The support was subsequently inpregnated
with a solutigp of 13.8 g of sodiumchloropall adate and 4.0 g of

tetrachl oroau Baghcell of water. After drying with hot air at
150[err]C, 5.5 ijlsol ved in 392 m of water were, added (to
produce an i npr | by precipLtggion of palladiumand gold). The
mat eri al was subsequently stirred for 6 hours and allowed to stand for 16
hours at room-f&m,_erature After the support had been washed free of
chloride with water and dried with hot air at 150 .1 g of potassium

acetate in 394 m of wafer r%u{i’,&f" €0 spefiefLT| Fhfh QQauX\éataﬂncﬁ&t g7 sé‘f.cuvu
150[err] C the cat al yst cont i nggndy 01 % ba(lq;g@l g ;,Y Mi1gefl or nedeoden Wi g, O
Au and 2.8 % Hly wei ght of K The t hi ,knes(s, of eﬁaqmﬁggﬂag,gd | ayer

H = ool it

produced by tH# ' ereh-t de—Ssottt+-en—was—+gm—1+—3—+0
1.6 mm The c§ t@hg#s%tiwa&?a@ tedﬁF‘h a Bert’gﬂre tor at #P2[err] Cjlusi ng?s& gas
m xture of 8 oby“\ﬂmfﬁ‘i%“bf Qerri B7.5 % by olune of Cerr]Hlerr],, 15.7
% by vol ume of _J: % ys ume.,p@ Nerr]; thg yesultslare s

in the tabje. § % a,{,g;c“gf: anp e 3 13. 8 ¢

f sodi umchl oropgl | adate and
4. 0 g of tetH s

3
Y-S RRVY=Y L ——
- 13 - (solut |®mpnmivrmwl 0 Yewf t
o]
a

e pat.e v | une) . T#ses sol uti qn wass2.s
applied at rogm tenpé¥raeOrejto 1 1

cat al yst| support by neans jof an
ul trasound at ¢m Zerniw” KHE) oyer peri pg-orf-one hour ™ The magertal_was

} 2b (Pd/X/Be O}

10 Comparative Example 710 142.0  22.6 89.3
Aa (PA/R/Au #)
Conparative Examplel 740 144.0 24.2 50.0
b (PA/K/Bn 0)
Exemple 1 916 78.7 33.0 96.3
15 (pd/x/cdy
Example 2 218 79.8 33.1 95.7
{Pd/X/Bn) '
Example 3 742 148.4 - 24.2 90.0
{Pd/K/An)
20 Example 4 $10 79.1 32.8 96.7
(pdsR/Cd)
* Grams of vinyl acetate per gram of palladium per
hour :

0 Catalyst impregnated right through to the core of
25 the support particles
0 Surface impregnated catalyst produced by means of
ultrasound spraying
# Surface impregnated catalyst in accordance with EP-
A-0 519 435 (precipitation with base)



subsequent |y dr| d in a hot air streamat 150C. To precipitate palladium
and gold, a solu b¢edNaO—| in 78.4 nl of water was then applied
to the inpreg- na l‘ ng t he ul trasound atom zer. It was then,
in the sane way a e Exanpl e 3a, washed free of chloride and
dried. It was subsequently re uced W Ehl#[err], inpregnated with 35. 1 g of

potassi um acetate in 392 of water and dried using hot air at 150[err]C
The fini shed MtMImm éuonédot thesimpentiigh, edsénltidlly %ty sameght of

Au and 2.8 %}y, l(;%g% np | ay. C'&%%% .7 mm
The cat al yst was test as In da{r a?'lﬁggg%gge %a lgind resuv%s are
shown in the ¥xgmples flgnpll %bgl@f phmladtm Rt ¥ste s weres

cadm um acet abLodided Sh Qllera%hﬁaSI elat e g@f&ﬂﬁ&ﬂ edjgt 3@5[err]C
in 130.0 rri a‘? aceél C agl d (solution ﬁﬁ%eba 33 % of the yrelvollurre) and

the highl¥y %Eﬁu%%nahailrbapsf:ﬁfg%@ﬁ heqPrRdYC é@@r?&

pr eheat ed to $&Le" hliGh pelrftirndiveC adidfitile SURPOEdnated | ckeulpst heat ed to
65[err]Cin a,mxin

g.drumable to be tenperature controlled and Jrixed at a
rotation rate b9 F ’I%rm‘%é"?ﬁ PR '?’r%?edﬁ’%ﬁ oFFETTIE f sprayed
oPto t he lthusdmgbdts:abxal:ys&nsuqﬂbotl:he ovaznp Jal qeadtreido sh o@f dﬁahﬂmslwmd,by means
of a single tybe efka afpl \Q@? yTpr eg-
nat ed usi ng a si ng'ﬁe S &ﬁi‘#& B? thcal'he na erénal ugE}“JSl‘fg’seque y-dried as
i n Conpat@ti vbasyewrdieops. orrr@ern diigudd datsl ystsebfitadent. 2.3 % by wei ght

of Pd, 1.8 % by wei ght of Cd and 1.9 % by weight of K The inpregnated

| ayer thickness was O. 8.
Asg Comparatlve Examples la, 2a and 3a show, the perfor-

mance data of impregnated-through catalysts or a surface
impregnated catalyst in accordance with EP-A-0 519 435
are significantly worse.



-14- The catal yst was tesTE'd'_éfs in Conparative Exanple la and the results
are shown in Whtealﬁs@cenk ple 2 The catalyst was produced as in Exanple

1,. except that |um acetate were used in place of cadm um
acetate. The f st contained 2. 3 % by weight of Pd, 0.4 % by
wei ght of Ba an I ght of K- tige-i npregnat ed Imaarg:;ﬁy aggEss was
0.8 mm The catal yst was tested as in Conparative Exanple la and the
results are stbabmsn the table. Exanple 3 13.8 g of sodium

chl oropal | adate and 4.0 g of tetra- chloroauric acid were dissolved in 78.4
m of water (solution volunme = 20 % of the pore volune), The sol ution was

applied at robm t ehpeproaess ovinr apreducdngf &al suxfadeurimpredpadeded in

Exanple 1, in a siggl :i:tclug:lé" 0 he
materi al was subsequenti& ri l§&§'§aﬁsif%ﬁ&}st%g§rgnggt 53()"Ple?’%]g%El
preci pitate pall adﬁ’%rﬁ%’?féﬂ@cﬁ@lf@%m@%eﬁi whirh eampiges ﬁmyzr m of

wat er wasst hen Sprﬁﬂ@dtmtﬁﬁﬂ&ﬁ %&%&Bihﬁd §HQ£@rﬁ1ﬁfﬁj 1§1t§ﬁfdt@1y0f hal f
an hour by means of "“the tube havi ggF qé:t er nal ter ]?east onlt was

then, in the same B2 a®T n CBABE
solution of at least one salt of each of the three

" . elements in the form of drops having an average
diameter of at least 0.3 mm or in the form of liquid
10 jets and drying the support particles immediately
after each spraying, with the dynamic viscosity of
the solution being at least ©¢.003 Paes and the
solution volume in each spraying being from 5 to 80

$ of the pore volume of the support particles.

15 2. The process as claimed in claim 1, wherein the
solution volume in each spraying is from 15 to 60 %
of the pore volume of the support particles.

3. A process for producing a surface impregnated
catalyst comprising palladium, potassium and barium
20 on porous support particles, which comprises spray-
ing the support particles, while mixing intimately,
once or a plurality of times with at least one
solution of at least one salt of each of the three
elements in the form of drops having an average
25 diameter of at least 0.3 mm or in the form of liguid
jets and drying the support particles immediately
after each spraying, with the dynamic viscosity of
the solution being at least 0.003 Paes and the
solution volume in each spraying being from 5 to
30 80 ¥ of the pore veolume of the support particles.

4. The process as claimed in claim 3, wherein the
solution volume in each spraying is from 15 to 50 %

of the pore volume of the support particles.

5. A process for producing a surface impregnated



3a, washed free of <chloride and dried. It was subsequently
reduced wi th H[ ePls|Sheet mapleeed Wi th 35.1 g of potassium acetate in 78.4
m. of water and d air at 150[err]C The fini shed catal yst
contained 1.0 %b i d, 0.4 % Dby weight of Au and 2.8 % by wei ght
of K, the inpregnate ayer icknessavgps 0.7 mMm  The gegadysk Y98 tested
as*in Conparative Exanple 3a and the results are shown in the table.

Exanpl e 4 10.120 kgathlpat! ccipiiatn) datladfull) il windadugbegadrt e and
10. 120 kg of potassium acetate were lvﬁﬂ%‘%‘ 65C in 52. OQ? of acetic
ol

| SSO
aci d (sol ution vol BRECDSIFURROLL, E@‘rﬁb%’i‘% PR SFHTAY 2 ous
solution (7 nPa[ er the) suppopt quartiicles,r ehiley aiiximge hatindtéby fSnced00 1 of

catal yst support were_likew heated.to 65C in | XI dru le to be

t enperature controPfed & &wﬁéﬁgymoxegl‘gfmawc%i?a?‘?oﬂé%fsaé]go%? g]%ﬂ%‘olrﬁn The
whol e of Bhe i npregfabitodesstuphensadt  ofregell of the flree cbtldardntssl uti on
jets onto the catalsys u t @V pPeLi o,

solution jets vverel‘ﬁér tgg%cgg yogr ?\%Pﬁa tgﬁ{e'ﬂg%l%‘% ih%lr'lélt.ﬁ%qg : 4t0e-'%“ ices in
a perforated plateat teassr0.Bcem fad 1 ihket foom @ Iheudsd dedie amd fornl y

di stributed over tRey$HBPPhE SBGEEHR partilaeBRifhbdl atEfy SARSSHIER Y dried
as in Conparative spraying, with the dynamic viscosity of the solution
10 being at least 0.003 Paes and the solution veolume in

each spraying being from 5 to 80 % of the pore

volume of the support particles.

6. The process as claimed in claim 5, wherein the
solation volume in each spraying is from 15 to 50 %
15 of the pore volume of the support particles.

7. The process as claimed in any one of claims 1 to 6,
wherein the solution volume in each spraying is from
25 to 40 % of the pore volume of the support par-
ticles.

20 8. The process as claimed in any one of claims 1 to 7,
wherein the dynamic viscosity of the solution is
from 0.005 to 0.009 Pass.

9. The process as claimed in any one of claims 1 to 7,
wherein the dynamic viscosity of the solution is
25 from 0.006 to 0.008 Paes.

10. Use of the surface impregnated catalyst obtainable
by the process claimed in any one of claims 1 to 9
for preparing vinyl acetate in the gas phase from
ethylene, acetic acid and oxygen or oxygen—contain-
30 ing gases.

11. A surface impregnated catalyst comprising palladium,
potassium and cadmium on porous support particles,
obtainable by spraying the support particles, while
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by wei ght of Cd. Thintheet Hg BrerRe
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plagdght of K. The inpregnated | ayer thickness
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by wei ghi:lxﬂﬁ t:ﬂ@tﬁﬁlﬂﬂ&, once bE£ld ]pluraln.ty of times wx.th

sod reactor

33.0
5
10
12.
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14.
30
° 15,
35

ar

of th@&:!&ee dnen(eausmmm formCofipdrops eaEagsie
at;eSrgge d.lamet?gr of at least 0.3 mm or in the form
of liquid jets and drying the support particles
i:minediatély after each spraying, with the dynamic
viscosity of the solution being at least 0.003 Paes
and the solution volume in each spraying being from
5 tc 80 % of the pore volume of the support
particles.

A surface impregnated catalyst as claimed in claim
11, obtainable by the solution volume in each spray-
ing being from 15 to 60 % of the pore volume of the
support particles.

A surface impregnated catalyst comprising palladium,
potassium and barium on porous support particles,
obtainable by spraying the support particles, while
mixing intimately, once or a plurality of times with
at least one solution of at least one salt of each
of the three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form
of liguid jets and drying the support particles
immediately after each spraying, with the dynamic
viscosity of the solution being at least 0.003 Pa®s
and the solution volume in each spraying being from
5 to 80 % of the pore volume of the support
particles.

A surface impregnated catalyst as claimed in claim
13, obtainable by the solution volume in each spray-
ing being from 15 to 50 % of the pore volume of the
support particles.

A surface impregnated catalyst comprising palladium,
potassinm and gold on porous support particles,
obtainable by spraying the support particles, while
mixing intimately, once or a pluralii:y of times with

[ 9/ 1h]

g@ one sng{ gLl Vef aEe( ai?asei: one salt cﬁ:8 eacgh_LS

857



Corrpér ative Exanple 917~ 79. 7 331

95. 7 2b [ Pd/ K/'I'Basﬁb):tHasB@ﬁ c@etlve Exanpl e 710 142. 0
22. 6 (Pd/ K/ Au 1) Conpar ati ve Exanpl e
740 148 0 l,”"”l ,m 24. 2 90.0 3h (Pd/ K/ Au
0) 1 79.7 HOE S3¥F0 198
96. 3 Exanple 2 918 79. 8 33.1
ggg gan@t €ldast one solutlibn of at Nékst one salt of eabh?
: a 4 8
0.7 Gt e slemeitd p,chs fofil 0f drope having 3
hour [err] catadrqasage n@l@gﬁmle@f rdty eastr @uéhmmt er tlﬁetheo 13\‘

the support particlesyidlig jobif 368 dfAgo e dohppakyspatiadaear by

means of ras i ng Surtface |rrpre ed cat aI yst
in accordince wthlwlatﬂy af ) sach 41SBrapiegi pPEER| GH %t

viscosity of the solution being at least 0.003 Pa‘s
and the solution volume in each spraying being from
5 to 80 % of the pore volume of the support
particles.

10 16. A surface impregnated catalyst as claimed in claim
15, obtainable by the solution volume in each spray-
ing being from 15 to 50 % of the pore volume of the
support particles.

17. A surface impregnated catalyst as claimed in any one
15 of claims 11 to 16, obtainable by the solution
volume in each spraying being from 25 to 40 % of the

pore volume of the support particles.

18. A surface impregnated catalyst as claimed in any one
of claims 11 to 17, obtainable by the dynamic vis-
20 cosity of the solution being from 0.005 to 0.009

Paes,

19. A surface impregnated catalyst as claimed in any one
of claims 11 to 17, obtainable by the dynamic vis-
cosity of the solution being from 0.006 to

25 0.008 Pass.



I'n Exanples 1 to 4 of the | nvention, essentially the sanme results are
achi eved, therefore, in Conparative Exanples |Ib, 2b and 3b in which

t he cat al yst E“ﬂmgmg y ul trasound spraying. Surprisingly, it is
ﬂl y for the production of a very high

t herefore no
per formance surf&ce* i fpré&gnated catal ysi8te divide t HOE ﬁﬁrfﬁ'gﬂaﬁl os
scelution into extrenely fine droplets by neans of the canplicated use of
ul trasound, WHa#t hes sylredynedy i®fz t he i nvention using considerably |arger
drops or even liquid jets is sufficient. As Conparative Exanples la, 2a
and 3a show, the perfor- nmance data of inpregnated- through catal ysts or a
surface inprelgnat &l @rasieps iferacpsedunieg wia h sumface sigpregnated

significantly wor S@atalyst comprising palladium, potass1um and cadmiuml8 -

Cl ai s rocess roducin a surface regnat ed
catal yst conpri si rep ;ﬂﬂq‘ﬁ’cﬁ WPSEFaE§FE§? c?ﬁ%rﬁhuﬁl"a‘ﬁr&&fzﬁu?ggﬁggort

particl ess which %{@rﬁlﬁ@% particles, whlle mn_xh.lil@' e insppdyt,
particles, while m xing inti ﬁ_ ¥ e{_T raI|t of tinmes with at
| east one once “or a gBlRFRLitY °§t ‘ghé’ ]b?ase%cﬁ’ngf t he
three soluta.cﬁi e its laasthenfeomsmlal odr epehhail theathaeer age

di aneter of at IeasjtO e’b ?rmﬁgl ﬂh@.t 5?‘ %obhqlﬂa%ng an ‘“’efagr jets

and drying the sup?) es | medr at each
spraying, with theliymeter off atodeagtd.3 mm or in the form ofe ldguidi on

being atypeast 0.09% PalgarhSy?Rg tHE support particles immediately
_after each spraying, with the dynamic viscosity of

This Sheet Has Been Replaced the solution being at least 0.003 Paes and the

(LD

15 2. The process as claimed in claim 1, wherein the

solution volume in each spraying being from 5 to

80 % of the pore volume of the support particles.

solution volume in each spraying is from 15 to 60 %
of the pore volume of the support particles.

3. The process as claimed in claim 1, wherein the
dynamic viscosity of the solution is from 0.005 to
20 0.009 Pass.

4. A process for producing a surface impregnated
catalyst comprising palladium, potassium and barium
on porous support particles, which comprises spray-
ing the support particles, while mixing intimately,

25 once or a plurality of times with at least one
solution of at least one salt of each of the three
elements in the form of drops having an average
diameter of at least 0.3 mm or in the form of liquid
jets and drying the support particles immediately

30 after each spraying, with the dynamic viscosity of
the solution being at least 0.003 Paes and the
solution volume in each spraying being from 5 to
80 & of the pore volume of the support particles.

5. The process as claimed in claim 4, wherein the
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sol ution vol ume in each spraying being from5 to 80 uL
sol

%of
t he pore volume of thesupport particles. 'ﬁ” lmHM uLess as
cLai med in c H m he each
spraying is MI ll” [Tmm"l of the pore volunme of the
support particles. + 3. -Atgprocess foHOQR GQ/E NP8 @ssurface

| npr egnat ed catal yst conprising pall adi um potassium and
bari um solution Od‘bhme)dm saphospraping cle sfraahilsh teo S itses

?g[?)r/n-ately, of the po:r: 1}021 eug,&orghglogré#)g%gs%#% lJ’fegnwlxlt Egat | east

one solution of at | east one salt of each of the three

elements in the f%ﬁgo%r%%?ohggl ?g'f&ﬁ e8VESP0€1aim 4, wherein theli aneter

of at least 0.3 mor rmo ets and
drying the supportdmlﬂi%l’é’ss‘i’maﬂ %ﬁe solution is from 04 o ch

spraying,sw th thegdyggnpgei scosity of t he soI ution
being at least 0.003 Pa[err]s and the solution volune in

each spraying beingfrom5 to 80 % of the pore vol une of
the support pa[tichesprocess for produélngTh& Peuefese as_ngir&iglmtddﬂ claim

3, wh th I

5 (o 50 o | catalyst comprisipgoblidiiif MRapti R A B D | LT
5. A process for popcwsi sgpposurpaceicleqy sguatedomprises spraying

19 gg,tp%#gﬁgema;' Nhid 3G HE 1 POLBSE 1) byl d O

por ous support parffl cl conpr | Ses “sprayi n%
10 or a plural:.ty of times with at least one solution

of at least one salt of each of the three elements
in the form of drops having an average diameter of
at least 0.3 mm or in the form of liquid jets and
drying the support particles immediately after each

15 spraying, with the dynamic viscosity of the solution
being at least 0.003 Paes and the solution volume in
each spraying being from 5 to 80 % of the pore
volume of the support particles.

8. The process as claimed in claim 7, wherein the
20 solution volume in each spraying is from 15 to 50 %
of the pore volume of the support particles.

9. The process as claimed in claim 7, wherein the
dynamic viscosity of the solution is from 0.005 to
0.009 Pases.

25 10. A surface impregnated catalyst comprising palladium,
potagsium and cadmium on porous support particles,
obtainable by spraying the suppart particles, while
mixing intimately, once or a plurality of times with
at least one solution of at least one salt of each

30 of the three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form
of liquid jets and drying the support particles
immediately after each spraying, with the dynamic
viscosity of the solution being at least 0.003 Paes
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tthe support particles, while mxing intimately, once

times with at Teast one solution meﬁalt of
each of thet in the formof drops hal

d_| anet er mnﬂlmllﬁmnﬂﬂ"l“l least 0.3 mMmmor in the formof liquid jets
and L dryfng* the supper2bparticl es | HOEIBAVE }98f U8r each
spraying, with the dynam c viscosity of the solution

being at |east 0.Go8l Rieemolaition vhiume| in ieach sipraying being from

each sprayi ng bei .0 t % t o] ye!l une of
t he support partic eg: "8 P B efb bﬂﬁ# gg%‘rnggesosf asthgl alsnggol n claim
5, wherein the particles. solution volune in each spraying is from
15 to 50 % of the pore vol une of the support particles.
7. The process as clained in any one of cl

wherei n the sdi-ut PorPWrdiasf impregeted, spt HSYFE 'F‘?anlamed in claim 25
to 40 % of the porg vwmneblbhbywwumén volume in each sprayticl es.

8. The process as, cl i ped in_an 1t 7
wherein the dynam‘d‘%%’&%ﬁ é%‘f XP sgé uf %1% pore volume of the . .,

0.005 to 0.009 Pajspgexrt particles. 9. The process as clained in any
one of clains 1 to 7, wherein the dynam c viscosity of
the solutionis - fromO0.006 to 0.008 P‘Lerr]s

10 . Use of tiPe sd¥ fenxfaasiapragaated: srialysbt apngbpimed in’ claim

by the processl cl qr{*eswﬂaﬁ?%bl’ée@fhﬁbél fﬂ‘ynlmh@ Sviscosity of th?h IfOF
preparing vinyl acetate in e gas s ro et hyl ene,
acetic d and ofRJ&Fisn %Eﬁﬁtg ﬁo}’ £0'0.009 Pass. i ng gases.

11. A eurface [ rrpr egnat ed cat aI yst conprising palladium
POt a5e1 M a0 £2C) UL Rol oA BRI ILE Bhprining palladium,
potasa:.nm and barium on porous support particles,
obtainable by spraying the support particles, while
mixing intimately, once or a plurality of times with
15 at least one soluntion of at least one salt of each
of the three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form
of ligquid jets and drying the support particles
imhediately after each spraying, with the dynamic
20 viscosity of the solutionr being at least 0.003 Pass
and the solution volume in each spraying being from
5 to 80 % of the pore volume of the support
particles.

14. A surface impregnated catalyst as claimed in claim
25 13, obtainable by the solution volume in each spray-
ing being from 15 to 50 % of the pore volume of the

support particles.

15. - A surface impregnated catalyst as claimed in claim
13, obtainable by the dynamic wviscosity of the
30 solution being from 0.005 to 0.009 Paes.

16. A surface impregnated catalyst comprising palladium,
potassium and gold on porous support particles,
obtainable by spraying the support particles, while



20 ‘ mxing intimately, once or a plurality of tines
at |l east one solution of at |east one salt of each of m!u w
Hmmﬂmnﬁllm]“l“l of liquid f‘\e/te;agﬁddld?yl n t he sug‘port

Sdynami ¢

the formof d
mmor in the

particles
visscosity of the solution being at |east 0.003 Pa[err]s
the sol ution vol umiing istimatelyagenes RF prphyrality of times with go o of

the pore vol une ofa¢t NP RMd solutlon of at 1Bakti 6h8Ssalt of each 12. A
surface inpregnated catalyst as_clained in c

obt ai nabl e by t he @hthe thres ehenents i the 2‘9’5’“ of drops baving Pﬁg

from 1|5 to 60 %Ofa\iéﬁg%)rcﬁ.ddﬁﬂéfedff ath@east 0.3 mm or msunaofbm
particles,

pal | adi urﬁ
particles,
whil e

at | east one solution . )
three el enents in ank the madntdospyohume nit ;#pch spraying beinga$zphge

" This Sheet Has Been Replaced

i*médi atel y af2&r—each sprafiPBg? v(Ft A98h

of 11(11‘3{ d face |ﬁg_yﬁ§$at d cat aI ng iggg

K

nts in
st 0.3

and

bei ng

m;ed;a;elqbtaaﬁtmblmcﬁy aneaynmg tmmupp@rdypemibcl es,
viascdlityf' e W BbELYioR A MY ot Heds?! blbod! phbf®s Wi ih

east one sa

diameter of at |eapt ¢Q 3gfMm@r df" the 'P¥r¥B volume of the Obu Ppﬂk‘:td jets
and dryi (? t he support, particles i medi ately after each
sprayi ngi8wi t h t hePaktarhes - viscosity of the solution being

at least 0.003 PaJerr]s
sprayi ng bei

support

15

20

25

30

35

18.

19.

20.

n% f rom surface J.mpregnatedt ca%.alys €189h&d

%gfat he

16, obtainable by the solution volume in each spray-
ing being from 15 to 50 % of the pore volume of the

support particles.

A surface impregnated catalyst as claimed in claim

‘16, obtainable by the dynamic viscosity of the

solution being from 0.005 to 0.009 Paes.

A process for preparing vinyl acetate in the gas
phasé from ethylene, acetic acid and oxygen or.
oxygen-containing gases in the presence of a surface
impregnated catalyst comprising palladium, potassium
and cadmium on porous support particles, wherein the
support particles- are, while mixing intimately,
sprayed once or a plurality of times with at least
one solution of at least ope salt of each of the
three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form
of liquid jets and are immediately dried after each
spraying, with the dynamic viscosity of the solution
being at least 0.003 Paes and the solution volume in
each spraying being from 5 to 80 % of the pore
volume of the support particles.

The proéess as claimed in claim 19, wherein the
solution volume in each spraying is from 15 to 60 %
of the pore volume of the support particles.

and the solution volune in each
VehUBRagh the
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particles. 14. A surface inpregnat ed ﬁn ainmed in

claim . +3—obtarmabl e by the sol ut each spray-

ERNEE T L n;rhggnat i oo
i um and BRE BIF ptgfbdbg support

onprising pall

panrt I cles, obt ai nabl e b sprayl ng the support particles,
whi l e 21. - The priodesp | #%| FRAEMGC Jadim Bur ¢i5f ¥hemes with
- 21- niﬁ:%l':e%%ceﬂfﬁ%fttﬂé‘ Q«Shﬁhdxﬁaﬁt B Bl gopfegach of
the three el ements n e formof drops having an aver age

di aneter of at | ea8+0833PAf\For in the form of liquidjets
and drying the support part i cles i medi ately after each

spraying, wth_the_dynam Vi sc he_sqlution being
at |east 0.0032pa[ & rﬂ‘?cess for preparing YHLY Oi %??%F‘né gf‘ %é‘ ng? Bch
sprayi ng lBeing frophase from ethylentp SHbbief amadp(nm! vokygenofox he

support ar ]ﬁg@g
catal yst as cl ai rre&"i‘y'lsfepl cBhELfﬁing gases in T’L%é Pl%t al naebf)e %y t sol ution
vol ume in each spr a;npregnated catalyst ngmpoising pekladine, poYassisme pore

vol ume of the Sud %S 1 herdin Al f ace
i npregnat ed cat al yst as C al negp?ﬁfa% “5?33 particles, wo? C:I1a| 11 to

16, obtai nabl e: by EHppestutparticles are, while mixing intimately,
10 sprayed once or a plurality of times with at least

one solution of at least one salt of each of the
three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form
of liquid jets and are immediately dried after each

15 spraying, with the dynamic viscosity of the solution
being at least 0.003 Paes and the solution volume in
each spraying being from 5 to 80 % of the pore
volume of the support particles.

23, The process as claimed in claim 22, wherein the
20 solntion volume in each spraying is from 15 to 50 %
of the pore volume of the support particles.

24. The process as claimed in claim 22, wherein the
dynamic viscosity of the solution is from 0.005 to
0.009 Pass.

25 25. A process for preparing viayl acetate in the gas
phase from ethylene, acetic acid and oxygen or
oxygen—containing gases in the presence of a surface
impregnated catalyst comprising palladium, potassium
and gold on porous support particles, wherein the

30 support particles are, while mixing intimately,
sprayed once or a plurality of times with at least
one solution of at least one salt of each of the
three elements in the form of drops having an
average diameter of at least 0.3 mm or in the form

35 of liguid jets and are immediately dried after each
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vol une in each spraying being from25 to 40 % of the pore
vol ume of the Support particles. 18. A sur r}m
catal yst as cl aj{ygx of clai
obt ai nabl e by t mﬂmmmﬂﬁlll cosity of the sol utlon bei ng
ffom0.005 to 0.609¢ L ® s Pa[-er23 s- HOE 93/F Astirdsice
| pregnated catal yst as clainmed in any one of clains 11 to
17, obtainabl e by sheadingpieith $he dynamic viscosidyspfythefsolttdorsol ution
being from 0.006heiflg at least 0.003 Ba¥@SdRtHe k81ution volume in
each spraying being from 5 to 80 % of the pore

volume of the support particles.

5 26. The process as claimed in claim 25, wherein the
solution volume in each spraying is from 15 to 50 %
of the pore volume of the support particles.

27. The process as claimed in claim 25, wherein the
dynamic viscosity of the solution is from 0.005 to
10 0.009 Paes.



