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WO 94/27720

Title: CATALYST AND PROCESS FOR USING SAME FOR
THE PREPARATION OF UNSATURATED CARBOXYLIC
ACID ESTERS

Background of the Invention
Field of the Invention

This invention relates to novel catalysts
useful in the preparation of unsaturated organic
esters from olefinic compounds, oxygen, and
carboxylic acids and to processes for using these
catalysts.

Description of Related Art
A number of processes for preparing

unsaturated organic esters are well known to those
in art. The predominant industrial use of such
processes is for the preparation of vinyl acetate.
Processes for preparing vinyl acetate include, for
example, U.S. patent 3,346,624 which describes a
liquid phase process for the oxidation of ethylene
to vinyl acetate and acetaldehyde by contacting
ethylene with oxygen in a reaction medium comprising
a carboxylic acid in the presence of a platinum
group metal salt and a redox agent such as chlorides
of copper. The redox agent functions as an oxidant
to keep palladium in the oxidized state and prevent
the palladium from precipitating out of solution and
thus becoming inactive for the process.

British patent 976,613 describes the
reaction of an unsaturated organic compound, a
carboxylic organic acid, oxygen Or an oxygen
containing gas in the gas phase in the presence of a
group VIII noble metal catalyst to form the
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corresponding ester. The catalyst may be
unsupported or supported on a material such as
carbon, silica or alumina and may contain 1:10
equivalent per equivalent of catalyst of a metal
halide promoter such as cooper chloride.

British patent 1,521,652 describes a
catalyst for making vinyl acetate in the gaseous
phase from ethylene, oxygen and acetic acid. This
patent describes catalysts in the form of particles,
each particle comprising a mixture of palladium and
gold as noble metals and a support material and
having (a) an outer layer of low or zero noble metal
content, (b) an inner shell rich in noble metal and
(c) a core having low or zero noble metal content.

U.S. patent 4,048,096 describes a
palladium-gold catalyst for the production of vinyl
esters such as vinyl acetate by the vapor phase
reaction of ethylene, oxygen and a carboxylic acid.
Described is a catalyst prepared by impregnating a
catalyst support with aqueous solution of water
soluble palladium and gold compounds, precipitating
water insoluble palladium and goid“compounds onto
the catalyst support by contacting the impregnated
catalyst support with a solution of compounds
capable of reacting with the water soluble palladium
and gold compounds to form water insoluble palladium
and gold compounds (e.g., sodium siliéates),
converting the water insoluble palladium and gold
compounds into palladium and gold metal by treatment
with a reducing agent, washing the catalyst with
water, and contacting the catalyst with alkali metal
acetate and drying the catalyst.

U.S. patent 4,119,567 describes a
supported catalyst composition for the preparation
of unsaturated organic esters by the vapor phase
reaction of an olefinic compound, oxygen and a lower
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carboxylic acid; the catalyst containing a Group
VIII noble metal. Described is an alumina carrier
having an alumina content greater than 99%, a
crystalline alpha-alumina content of greater than
96%, a theta-alumina content of less than about 3%,
a total calcium and magnesium content of less than
750 ppm, a surface area of about 2 to ém‘/g, an
average crush strength of from about 20 to 45 lbs.,
a bulk density of less than about 1.35g/cc, and an
acetic acid loading of less than about 1.5% in 200
hrs. The catalyst is also described as generally
containing an alkali metal carboxylate activator and
optionally a metal such as gold and copper.

U.S. patent 3,743,607 describes a catalyst
for the catalytic, vapor phase production of vinyl
acetate from ethylene, acetic acid and molecular
oxygen. Described is a catalyst comprised of
palladium and an alkyl metal acetate or formate
supported on a carrier and is activated by including
metallic gold therein.

There is still a need, however, for
catalysts and processes for the production of
unsaturated organic esters such as vinyl acetate
which provide improved activity and selectivity.

SUMMARY OF THE INVENTION

This invention relates to catalysts and
processes for the preparation of ethylenically
unsaturated organic esters.

In one embodiment, this invention relates
to a composition suitable for use as a catalyst for
the preparation of ethylenically unsaturated organic
esters in the vapor phase from olefinic compounds,
oxygen and carboxylic acids comprising (i) one or
more palladium group metals and/or compounds
thereof, (ii) gold and/or compounds thereof and
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(iii) an effective amount of one or more promoters
selected from the group consisting of copper,
nickel, cobalt, iron, manganese, lead, silver and
compounds thereof, wherein the gram-atom ratio of
metal in the promoter to palladium group metal is up
to about 0.4.

In a further embodiment, this invention
relates to a composition suitable for use as a
catalyst in the preparation of ethylenically
unsaturated organic esters in the vapor phase from
olefinic compounds, oxygen, and carboxylic aids
comprising (i) one or more palladium group metals
and/or compounds thereof; (ii) gold and/or compounds
thereof; and (iii), optionally, an effective amount
of one or more promoters selected from the group
consisting of copper, nickel, cobalt, iron,
manganese, lead, silver and compounds thereof;
wherein (i), (ii) and, optionally, (iii) are
deposited on a support material and said support
material is treated with one or more alkali metal
bases and one or more alkali metal silicates prior
to said deposition.

In another embodiment, this invention
relates to a process for preparing ethylenically
unsaturated esters comprising reacting in the vapor
phase at least one olefinic compound with at least
one carboxylic organic acid and molecular oxygen in
the presence of an effective amount of a catalyst
composition comprising (i) one or more palladium
group metals and/or compounds thereof, (ii) gold
and/or compounds thereof and (iii) an effective
amount of one or more promoters selected from the
group consisting of copper, nickel, cobalt, iron,
manganese, lead, silver and compounds thereof,
wherein the gram-atom ratio of metal in the promoter
to palladium group metal is up to about 0.4.
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In a still further embodiment, this
invention relates to a process for preparing
ethylenically unsaturated esters comprising reacting
in the vapor phase at least one olefinic compound
with at least one carboxylic acid and molecular
oxygen in the presence of an effective amount of a
catalyst composition comprising (i) one or more
palladium group metals and/or compounds thereof;
(ii) gold and/or compounds thereof; and (iii),
optionally, an effective amount of one or more
promoters selected from the group consisting of
copper, nickel, cobalt, iron, manganese, lead,
silver and .compounds thereof; wherein said catalyst
is deposited on a support material and said support
material is treated with one or more alkali metal
bases and one or more alkali metal silicates prior
to said deposition.

DESCRIPTION OF THE PREFERRED EMBODIMENT
As previously stated this invention

provides catalysts and processes for the preparation
of ethylenically unsaturated estefé by the vapor
phase reaction of one or more olefinic compounds,
molecular oxygen and one or more carboxylic acids.
The catalysts of this invention contain palladium
group metals and/or compounds thereof. As used
herein, "palladium group metals" shall mean noble
metals selected from the group consisting of
palladium, ruthenium, rhodium, osmium, iridium and
platinum. The palladium group metal is preferably
in the metal form, but can also be a compound
thereof such as an oxide or salt thereof, either
organic or inorganic. Specific examples of which
include palladium, rhodium, platinum, ruthenium,
osmium, iridium, palladous benzoate, palladous
acetate, palladous propionate, ruthenium acetate,
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platinous benzoate, rhodium acetate, palladous
chloride, palladous oxide, palladous bromide,
palladous sulfate, platinum disulfide, platinum
oxide, rhodium chloride, rhodium trichloride,
rhodium oxide, ruthenium chloride, ruthenium oxide,
iridium oxide and mixtures thereof.

Catalysts of this invention also contain
gold in the metal form and/or compounds thereof
which include oxides, halides, sulfates, nitrites,
acetates, etc. Suitable gold compounds include gold
chloride, AuCl,;, tetrachloroauric (III) acid
(H[AuCl,] -4H,0) and sodium gold tetrachloride
(Na [AuC1,] -4H,0) .

In a preferred embodiment, the catalysts
of this invention also contain one or more promoters
selected from the group consisting of copper,
nickel, cobalt, iron, manganese, lead, silver and
compounds thereof. These promoters may be in the
form of metals or compounds thereof, either organic
or inorganic, including oxides, hydroxides and
salts, such as acetates, chloroacetates, carbonates,
bicarbonates and cyanides thereof. Particularly
preferred are copper, nickel, cobalt and silver.

When the promoter is present in the
catalyst, it is in an amount which is sufficient to
be effective in promoting the catalytic reaction of
one or more olefinic compounds, molecular oxygen and
one or more carboxylic acids to form ethylenically
unsaturated organic esters. Typically, the gram-
atom ratio of metal in the promoter to palladium
group metal does not exceed about 0.4; preferably is
at least about 0.04 and more preferably is from
about 0.1 up to about 0.2.

The catalysts of this invention shall
typically have a gram-atom ratio of gold to
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palladium group metal of from about 0.1 up to about
0.5, preferably from about 0.2 up to about 0.3.

The catalysts of this invention may be
unsupported or supported on a suitable material.

The catalysts are usually in a form suitable for use
in a fixed bed reactor or a fluid bed application.
Typically, the catalyst of this invention is
supported. The support suitable for use in this
invention is an inert carrier such as alumina,
gilica, silica-alumina, silicic acid, titania,
carbon or mixtures of barium, strontium or calcium
carbonates with silica and/or alumina.

The carrier may be of any configuration,
shape or size which exposes the catalyst supported
thereon to the reactants being catalyzed. For
example, the carrier may be a powder or formed into
shapes such as tablets, pellets, spheres, cylinders,
irregular granules, rings, stars, etc. The tqtal
porosity of such carrier as measured by the
absorption of liquid water at room temperature and
under atmosphéric pressure is typically in the range
of from about 0.1 up to about 1.5 ct of water per
gram of support and preferably from about 0.25 cc
per gram up to about 0.45 cc per gram and more
preferably from about 0.45 cc per gram up to about
0.85 cc per gram.

In a preferred embodiment, the support
material is pre-treated with one or more alkali or
alkaline earth metal bases and one or more alkali
and/or alkaline earth metal silicates. The amount
of alkali or alkaline earth base used in the
pretreatment of the support is typically from about
0;02 mole up to about 1.25 moles per liter of
support. Preferably the amount of such base is from
about 0.15 mole up to about 0.8 mole per liter of



WO 94/27720 PCT/US94/05382

10

15

20

25

30

35

-8-

support and most preferably is 0.2 mole up to about
0.4 mole of such base per liter of support.

The amount of alkali or alkaline earth
gilicate used in the pretreatment of the support,
calculated as silicon dioxide and expressed as an
amount which is a percent by weight of the support,
is typically from about 0.15% up to about 15%;
preferably it is 1% up to about 10% and more
preferably from about 2.5% up to about 7%.

The base and silicate may be applied
sequentially or simultaneously by means known in the
art. The pre-treatment can be accomplished by such
conventional treatments as.spraying, washing,
immersion, etc. The preferred method is to spray
the support with an aqueous or alcoholic solution of
the pre-treatment agents. As previously mentioned,
the base and the silicate may be applied to the
support separately and drying between applications
is optional. It is preferred, however, that the
pre-treated support be dried prior to deposition of
the catalysts of this invention. After pretreatment
but before drying, the pretreated support may be
aged by holding it for up to 100 hours or more at
ambient conditions; preferably, from about 16 to
about 48 hours at room temperature in a closed
vessel at atmospheric pressure. Following the
treatment of the carrier with the base and silicate
solution, the carrier is dried to lower the water or
alcohol content. As used herein the pretreated
carrier is typically considered dry when the
residual moisture (alcohol or water) content of the
support is less than about 35%, preferably less than
about 15% and more preferably less than about 7%.
Conventional drying procedures may be employed here,
although a warm, inert gaseous stream is preferably
passed over or through the carrier. The gases used
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for this purpose include air, nitrogen, argon, and
the like as well as mixtures thereof. The
temperature of the gaseous stream is not critical
and may vary from about 40° to about 150° C., but
preferably from about 50° up to about 100°C.

The alkali and alkaline earth metal bases
and silicates can be derived from any alkali or
alkaline earth metals, however for cost and
availability reasons, the sodium and potassium salts
are preferred. The preferred bases are alkali metal
bases such as sodium hydroxide, sodium carbonate,
sodium bicarbonate, disodium hydrogen phosphate,
potassium carbonate, potassium hydroxide and the
like or mixtures thereof. The silicates can vary
from sodium orthosilicate (Na,SiO,), through sodium
metasilicate (Na,$i0;), sodium disilicate (Na,Si0s) to
commercial alkali silicate or water glass solutions
of indefinite compositions (M,0:XSiO,) where M is one
or more alkali metals and X is from about 1.6 to
about 5. The preferred source of silicates are the
commercial alkali silicate solutions such as those
supplied by PQ Corporation, Valley Forge, PA and
designated as N, O, E, Kasil, etc.

The palladium group metals, gold, and
promoters can be dispersed onto the support by means
that are known in the art such as co-precipitation
or impregnation. They can all be impregnated
simultaneously or sequentially in any order.
Impregnation is the preferred method. . Impregnation
may be carried out by techniques well known to those
of ordinary skill in the art.

For example, the carrier may be
impregnated with a solution containing compounds of
the desired metals. The solution may be an aqueous
solution, one using organic solvents or a mixture of
the two, with an aqueous solution being preferred.

PCT/US94/05382
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The impregnation of a carrier can be
accomplished by spraying the carrier with a solution
of the metal compound or admixtures thereof. Metal
compounds include salts such as halides, sulfates,
nitrates, acetates, etc. When mixtures of metals
are to be simultaneously deposited, the salts of the
metals are preferably the same, although this is not
critical. The preferred anions are chlorides,
bromides and nitrates, and the use of chlorides is
especially preferred. Aqueous solutions are
preferred, although other solvents can be employed.
In general, the concentration of the metal salts in
the aqueous solution will range from about 1% to
50%, preferably from about 2% to 25% by weight based
on the total weight of the solution. The pH of the
solution may vary from about 0.5 to about 6.5. When
two or more metals are to be deposited, they may be
present in varying amounts and deposited
simultaneously or sequentially. This step is
generally carried out under ambient conditions of
temperature and pressure, though these operating
conditions are not critical. | )

After the palladium group metals, gold and
promoter metals have been placed on the carrier
support, they are usually subject to reduction
treatment to convert metal oxides or hydroxides to
catalytically active metals. Conventional reduction
procedures and agents such as hydrogen, carbon
monoxide, diborane and the like may be utilized.
Thermal decomposition of the metal salts as well as
direct reduction in aqueous and non-aqueous
suspension by such materials as aqueous formic acid,
aqueous salts of formic acid, aqueous solutions of
formaldehyde, aqueous alkaline formaldehyde, aqueous
hydrazine, aqueous or alcoholic sodium borohydride,
triethylaluminum, etc., can also be employed. Use

PCT/US94/05382
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of molecular hydrogen at temperatures ranging from
50° to 250°C is especially preferred because of
simplicity. The amount of reducing agent required
is preferably only enough to reduce all of the
metals on the carrier to their elemental state,
although amounts in excess of the requisite
stoichiometric amount of reducing agent may be used.

In some instances, it has been found
advantageous to wash or reduce the catalyst
particles with deionized water one or more times to
remove excess base or by-products formed by
reduction of the metal salts. If this is employed,
the catalyst is finally dried at temperatures of
from 80° to 150°C under in an inert atmosphere or
under reduced pressure.

The catalysts of this invention may also
contain one or more alkali or alkaline earth salts
of an organic acid such as lithium, sodium, calcium
or potassium acetate as a promoter and activator.
These organic acid salts may be added to the
catalyst in amounts up to 50 grams per liter of
catalyst and preferably in the range of 15 to 35
grams per liter of catalyst.

The above-described catalysts can be used
in the vapor phase preparation of ethylenically
unsaturated esters from olefinic compounds, oxygen
and carboxylic acids.

The olefinic compounds used in accordance
with this invention may be any olefinic or
diolefinic hydrocarbon. Suitable olefinic
hydrocarbons are ethylene, propylene, alpha-
butylene, beta-butylene, pentene, and its homologs,
cyclohexene, and styrene. Mixtures of olefins or
gases containing olefins or other unsaturated
compounds may be used in the reaction of this
invention provided they are capable of reacting
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under the reaction conditions. Olefins containing
two or three carbon atoms constitutes a preferred
group of starting materials. Under certain reaction
conditions it may be necessary to adjust temperature
and pressure so that the reaction will go forward
with the particular olefins taking into account
their physical properties. Where higher olefins are
used, the products will have a correspondingly
higher boiling point which may also require
corresponding modifications in the reaction
conditions. The unsaturated organic acids used in
accordance with this invention have the formula

R’ (COOH),, wherein R’ is any hydrocarbon radical
having one to twenty carbon atoms and m has the
value of 1 to 5. Where R’ is an aliphatic radical
the following acids are intended: acetic acid,
propionic acid, n-butyric acid, isobutyric acid, n-
valeric acid, trimethylacetic acid, caproic acid, n-
heptylic acid, caprylic acid and perlargonic acid.
Where R’ is an aromatic radical and alkylaryl
radical, an aralkyl radical or the like, the
following acids are contemplated: benzoic, o-
toluic, m-toluic, p-toluic, salicylic, anisic,
phthalic, terephthalic, hemimellitic, trimelitic,
trimesic, prehnitic, phenylacetic, hydrocinnamic,
gamma-phenyl- butyric, delta-phenyl-N-valeric,
epsilon-phenyl-n-caproic, homophthalic, o-
phenylenediacetic, m-phenylenediacetic,
p-phenylenediacetic, o-phenyleneacetic-beta-
propionic acid.

Alkali and alkaline earth metals salts of
these acids in mixtures with the acids may also be
used. Thus, the reaction can be carried out using
sodium acetate, calcium acetate, potassium
propionate, barium iscbutrate, calcium acetate,
magnesium acetate, magnesium butrate, sodium

PCT/US94/05382
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valerate, lithium trimethyl- acetate, barium
caproate, and the like as part of the acid-producing
ingredients. \

Examples of R’ groups coming within the
foregoing definition are methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, amyl, isoamyl,
hexyl, isohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, and
eicosyl groups. Other acids that can be used
include isovaleric, methylethylacetic, isocaproic,
methyl-n-propylacetic, diethylacetic, sec-
butylacetic, dimethylethylacetic, tert-butylacetic,
methyl-isopropylacetic, methyl-t-
butyneopentylacetic, myristic, palmitic, margaric,
and dicetylacetic acid.

The preferred ethylenically unsaturated
ester is vinyl acetate which in general is prepared
by passing acetic acid, ethylene, and molecular
oxygen or molecular oxygen-containing gases over the
catalysts described herein at temperatures of 100° to
220°C, preferably 120° to 200°C under pressurés of 1
to 25 bar, preferably 2 to 15 bar.

The oxygen concentration is advantageously
kept below 15% by volume (based on the total feed
gas composition including carboxylic acid vapor in
the mixture), preferably below 10% and more
preferably below 8%. In any case, it is preferable
to keep the oxygen composition of the gas such that
it is below the explosive range so that the process
can be conducted safely. Under certain
circumstances, however, dilution with inert gases
such as nitrogen or carbon dioxide, is also
advantageous. CO, in particular is suitable for
dilution in certain processes since it is formed in
small amounts during the reaction. Within the

PCT/US94/05382
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limits shown above the oxygen concentration, the
amounts of the other reactants such as acetic acid
and ethylene may vary widely. It is desirable,
however, that the olefinic compound be kept in
stoichiometric excess over the carboxylic acid such
that the volume ratio of olefin to acid vapor in the
feed mixture is from about 1.8 up to about 5.0 and
preferably from about 3.0 to about 5.0.

Examples of this invention are included
hereinbelow. Of course, these examples are not
intended as limiting this invention as modification
of the examples by ordinary expedient will be
readily apparent to those of ordinary skill in the
art.

Unless otherwise indicated in the
following examples and elsewhere in the
specification and claims, all parts and percentages
are by weight, temperatures are in degrees
centigrade and pressures are at or near atmospheric.

Unless otherwise noted, the following
examples are prepared using a spherical silica bead
known as KA-160 commercially available from Sud-
Chemie which is nominally 5mm in diameter and is
characterized by a water adsorption pore volume of
from about 0.52 to about 0.67 cc per gram of bead, a
bulk density in the range of about 565 to 590 grams
per liter and the B.E.T. surface area is about 160 m’
per gram.
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Example 1

Pretreated silica beads are prepared by
impregnating 7-1/2 liters, 4350 grams, of KA-160
with 2400 cc of an aqueous pretreatment solution
containing 123.1 grams of potassium hydroxide and
954 grams of a potassium silicate solution
commercially available as KASIL No. 6 from the PQ
Corp. of Valley Forge, Pa. containing 26.5% by
weight of silica. The beads are impregnated by
uniformly spraying the pretreatment solution on the
beads over a period of about 20 minutes while they
are tumbled and mixed in a rotating plastic coater.
On a per liter basis the support is pretreated with
16.2 grams of KOH and 127.2 grams of potassium
gilicate solution. The pretreated beads are aged in
a closed vessel at room temperature for about 60
hours and then dried with a flowing air stream at
about 70°C in a vibrating laboratory drier to a
residual moisture level of less than 2%. The
resulting pretreated beads have a water adsorption
porosity of 0.52 cc/gram and a bulk density of 667
grams per liter. ' i

Example 2

A Pd-Au-Cu catalyst is prepared by
impregnating the pretreated beads of Example 1 with
137.8 cc of an aqueous solution containing 9.95
grams of sodium palladium tetrachloride solution
(16.49% Pd), 3.26 grams of sodium gold tetrachloride
solution (22.09% Au) and 0.32 grams of cupric
chloride dihydrate. The impregnation is
accomplished by uniformly spraying the pretreated
beads with the Pd-Au-Cu solution while the beads are
tumbled and mixed in a rotating coater.

The Pd-Au-Cu impregnated beads are aged in
a closed container for about 44 hours at room
temperature and then reduced in 250 cc of deionized
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water containing 6 grams of hydrazine, held in
contact with the hydrazine solution for two hours,
washed with flowing deionized water until the wash
water has a conductivity of under 100 micro mhos,
and then dried at 110-120°C to a residual moisture
content of less than 2%. The catalyst obtained
nominally contains 4.1 g of Pd, 1.8 g of Au and 6.3
g of Cu per liter of catalyst.
Example 3

The catalyst of Example 2 (400 cc, 260
grams) is further impregnated with 132.6 cc of an
aqueous solution containing 8.8 grams of potassium
acetate dissolved in deionized water by uniformly
spraying the acetate solution on the catalyst while
it is tumbled in a rotary coater. The potassium
acetate impregnated catalyst is dried overnight in a
forced air oven held at 110°C to a moisture content
of less than 2%. The catalyst obtained has a
nominal loading of potassium acetate of 22 gfams per
liter of catalyst.

Example 4

Pretreated silica beadé‘are prepared by
impregnating 20.6 liters, 11361 grams, of KA-160
beads with 7150 cc of an aqueous pretreatment
solution containing 2,260 grams of the potassium
silicate solution identified in Example 1 and 333.7
grams of potassium hydroxide. The béads are
impregnated by uniformly spraying the pretreatment
solution on the beads over a period of 35 minutes
while they are tumbled in a rotating plastic coater.
On a per liter basis, the support is pretreated with
16.2 grams of KOH and 109.7 grams of potassium
gilicate solution. The pretreated beads are aged at
room temperature for five days and then dried with a
flowing air stream at 50°C to 75°C while being
tumbled in the rotating plastic coater. The
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resulting pretreated beads have a bulk density of
627 grams per liter and a water adsorption pore
volume of 0.5 cc per gram.
Example 5

A Pd-Au catalyst is prepared by
impregnating one liter of the pretreated beads of
Example 4 with 314 cc of an aqueous solution
containing 4.2 grams of palladium (as 24.33 grams of
sodium palladium tetrachloride solution having a Pd
concentration of 17.27%) and 1.84 grams of gold (as
14.81 grams of sodium gold tetrachloride having a
gold concentration of 12.46%). The impregnation is
accomplished by uniformly spraying the pretreated
beads with the Pd-Au solution while they are tumbled
and mixed in a rotating coater. The beads are aged
over 48 hours at room temperature and then reduced
in 450 cc of water containing 6 grams of hydrazine
for about one hour, then washed and dried as in
Example 2. The resulting catalyst is further
impregnated with potassium acetate to a level of
30.5 grams per liter by uniformly spraying on the
catalyst an aqueous solution of 30.5 grams of
potassium acetate diluted in deionized water to a
volume of 330 cc., then dried at 110°C overnight.

Example 6

A Pd-Au catalyst is prepared by repeating
the procedure of Example 5, except Pd-Au impregnated
beads are aged for 40 hours in a closed vessel,
reduced in 450 cc of deionized water combined with
17 grams of 35% hydrazine solution for about two
hours, the beads are washed with flowing deionized
water until the wash water conductivity is below 100
micro mhos and then dried in a forced air oven at
110°C for 16 hours. The catalyst is further
impregnated with potassium acetate as in Example 5.
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Example 7

A Pd-Au-Cu catalyst is prepared by
impregnating one liter, 575 grams, of KA-160 silica
beads with 339 cc of an aqueous solution containing
4.2 grams of palladium (as 24.31 grams of Na,PdCl,
having a Pd concentration of 17.27%), 1.84 grams of
gold (as 10.05 grams of NaAuCl, having an Au
concentration of 18.31%) and 0.307 grams of copper
(as 0.824 grams of CuCl,-2H,0). The impregnation is
accomplished by uniformly spraying the beads with
the Pd-Au-Cu containing solution while being tumbled
and mixed in a two liter titanium coater. The Pd-
Au-Cu impregnated beads are aged for two hours at
room temperature, soaked in a 5% aqueous solution of
sodium meta silicate for 16 hours, then 17 grams of
35% aqueous hydrazine is mixed with the silicate
solution containing the beads and held for about two
hours, and then washing with flowing deionized water
until the conductivity of the wash water is below
100 micro-mhos. The resulting catalyst is dried in
a forced air oven at 110°C, then spray impregnated
with 30 grams of potassium acetate dissolved in 324
cc of deionized water and dried again to a moisture

level of less than 2% in a forced air oven.

Example 8

Pretreated silica beads are prepared by
impregnating one liter, 575 grams, of KA-160 silica
with 170 cc of deionized water containing 22 grams
of potassium hydroxide by uniformly spraying the
beads while they are tumbled and mixed in a rotating
coater. The KOH treated beads are aged while
tumbling in the rotating titanium coater for about
15 minutes then the following Pd-Au-Cu solution is
uniformly sprayed onto the KOH treated beads while
they are mixed and tumbled in a rotating coater: 0.3
grams of copper, as 0.804 grams of copper chloride
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dihydrate, 4.1 grams Pd, as 23.74 grams of sodium
palladium tetrachloride solution having a Pd
concentrate of 17.27% by weight, and 1.8 grams of
gold, as 9.83 grams of sodium gold tetrachloride
solution having a gold concentration of 18.31% by
weight, diluted with deionized water to a volume of
170 cc.

These Pd-Au-Cu impregnated beads are aged
at room temperature in a closed vessel for 16 hours,
the catalyst is reduced, washed, and dried in the
same way as for the above Example 7. The catalyst
ig further impregnated by spraying it with 30 grams
of potassium acetate diluted in deionized water to
350 cc. The catalyst is then dried in a forced air
oven at 110°C overnight.

Example 9

Pretreated silica beads are prepared by
impregnating one liter, 566 grams, of KA-160 silica
(dried overnight at 120°C) with 362 cc of a solution
containing 25.56 grams of potassium hydroxide using
the spray coating technique described in Example 1.
The pretreated beads are then aged and dried in the
same way as Example 1. The pretreated beads are
then impregnated with 328 cc of a solution
containing 4.1 grams of Pd, as 23.74 grams of
Na,PdCl, having a Pd concentration of 17.27%, 1.8
grams of Au as 14.45 grams of NaAuCl solution having
an Au concentration of 12.46%, and 0.3 grams of Cu
as 0.8 grams of CuCl, dihydrate. Prior to diluting
the Pd-Au-Cu solution to 328 cc, the solution is
adjusted to a pH of about 6 with 7.17 grams of
sodium bicarbonate. The Pd-Au-Cu impregnated bead
is dried to about 1% moisture, then reduced in 1550
cc of boiling water containing 56 grams of sodium
formate. The catalyst beads are held in contact
with the hot formate solution for 30 minutes then
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washed and dried as shown for the above Example 7.
The catalyst is spray impregnated with 31 grams of
potassium acetate diluted to 350 cc with deionized
water and dried overnight at 110°C.
Example 10
Pretreated silica beads are prepared
according to Example 4, except that the one liter,
576 grams,.of KA-160 is pretreated with 24.3 grams
of KOH and the amount of potassium silicate solution
is 97.5 grams which is diluted with deionized water
to 339 cc.
Example 131
A Pd-Au catalyst is prepared by repeating
Example 5, except that the catalyst is further spray
impregnated with 30 grams of potassium acetate
diluted with deionized water to 298 cc of total
volume and again dried at 110°C overnight.
Example 12
Pretreated silica beads are prepared by
impregnating one liter of KA-160 silica beads with
16.2 grams of potassium hydroxide and 127.2 grams of
potassium silicate solution identified in Example 1
diluted with deionized water to 319 cc in total
volume. The impregnation is in accordance with the
procedure of Example 1. The impregnated beads are
aged for 40 hours and then dried as described in
Example 1. Following the procedure of Example 2, a
Pd-Au-Cu catalyst is prepared by impregnating the
pretreated silica beads of this example with 330 cc
of an aqueous solution containing 4.1 grams of Pd,
as 23.74 grams of Na,PdCl, having a Pd concentration
of solution 17.27% 1.8 grams Au, as 14.45 grams of
NaAuCl, solution having an Au concentration of 12.46%
and 0.15 gram of Cu, as 0.8 gram of CuCl, dihydrate.
This catalyst is also further impregnated in
accordance with the procedure of Example 3 with
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potassium acetate at a level of 22 grams per liter
of catalyst and dried overnight at 110°C.
Example 13
The procedure for Example 12 is repeated,
except 1.47 grams of copper chloride dihydrate is
used place of 0.15 grams of copper chloride
dihydrate.
Example 14
The procedure of Example 12 is repeated,
except that one liter of KA-160 silica beads is used
and the silica is pretreated with a mixture of 105.4
grams of a sodium silicate commercially available as
N-BRAND from PQ Corp. containing 28.6% by weight of
silica and 10.28 grams of NaOH.
Example 15
A Pd-Au-Cu catalyst is prepared by
impregnating one liter, 575 grams, of the pretreated
beads prepared in Example 14 by uniformly spraying
the pretreated beads while they are tumbled and
mixed in a rotating coater with the following
solution: 4.1 grams Pd (as 23.74 grams of palladium
tetrachloride solution having a Pd concentration of
17.27% by weight), 1.8 grams of gold (as 9.83 grams
of sodium tetrachloride solution having a gold
concentration of 18.31% by weight) and 0.3 grams of
copper (as 0.804 grams of copper chloride dehydrate)
diluted with ionized water to a volume of 340 cc.
The Pd-Au-Cu impregnated beads are aged
for 40 hours in a closed vessel and then reduced in
450 cc of deionized water combined with 17 grams of
35% hydrazine solution. After contact with the
hydrazine solution for about two hours, the beads
were washed with flowing deionized water until the
wash water conductivity was below 100 micro mhos.
The reduced catalyst is washed and dried as
described for Example 2.
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The catalyst is further spray impregnated
in a rotating coater with 22 grams of potassium
acetate which was diluted to 335 cc of total volume
and then dried overnight at 110°C.

Example 16

In this example, the silica beads used are
commercially available as AF-125 from Kalie-Chemie
Company which have a nominal diameter of 3-5mm,
surface area of 300 square meters per gram and water
adsorption porosity of 0.86 cc per gram. The
procedure of Example 1 is repeated except that two
liters, 954 grams, of AF-125 are impregnated with
837 cc of an aqueous solution containing 209.5 grams
of KASIL No. 6 potassium silicate solution and 32.4
grams of potassium hydroxide.

Example 17

The procedure of Example 2 is repeated
except that one liter of the pretreated beads
prepared in Example 16 are uniformly spray
impregnated with 388 cc of an aqueous solution
containing 24.33 grams of Na,PdCl, solution (17.27%
Pd containing 4.2 grams of Pd), 14.81 grams of
NaAuCl, solution (12.46% Au containing 1.84 grams of
Au) and 0.83 grams of CuCl,-2H,0 (containing 0.307
grams of copper) .

Example 18

The procedure of Example 3 is repeated
except that catalyst of Example 17 is further
impregnated with 297 cc of an aqueous solution
containing 21.25 grams of potassium acetate. This
results in a loading of 25 grams of potassium
acetate per liter of catalyst.

Example 19

In this example, 1/8% inch x 1/8® inch
silica tablets are used as the support. These
tablets have a nominal water adsorption pore volume
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of 0.63 cc per gram, a bulk density of 650 grams per
liter and a surface area of 195 square meters per
gram. The procedure of Example 1 is repeated,
except that 975 grams, 1.5 liters, of the above
tablets are impregnated with 613 cc of an aqueous
solution containing 24.3 grams of potassium
hydroxide and 172 grams of KASIL No. 6 potassium
silicate solution.
Example 20

The procedure of Example 2 is repeated,
except that one liter, 651.5 grams, of pretreated
tablets prepared in Example 19 are impregnated with
345 cc of an aqueous solution containing 24.57 grams
of Na,PdCl, solution (17.27% Pd, containing 4.24
grams of Pd), 14.95 grams of NaAuCl, solution (12.46%
Au, containing 1.86 grams of Au) and 0.83 grams of
CuCl,-2H,0 (containing 0.31 grams of copper) and in
accordance with Example 3 impregnating 850 cc, 552.5
grams, of the reduced, washed and dried catalyst
with 285 cc of an aqueous solution containing 21.25
grams of potassium acetate. This results in a
loading of 25 grams of potassium acetate per liter
of catalyst. The catalyst is then dried overnight
at 110°C.

Example 21

Pretreated silica beads are prepared by
impregnating 12 liters, 6,960 grams, of KA-160
silica beads, which have been dried overnight at
115°C, with 4,275 cc of an aqueous solution
containing 191.3 grams of potassium hydroxide and
1449.2 grams of KASIL No. 6 potassium silicate
solution described in Example 1. This solution is
sprayed on the beads while they are being tumbled in
a rotating coater over a period of about 35 minutes.
This corresponds to pretreatment with 15.9 grams of
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KOH and 120.8 grams of potassium silicate solution
per liter of support.

The pretreated beads are then aged in a
closed container at room temperature for 40 hours
and returned to the coater and dried with flowing
warm air of 50-70°C while tumbling until the
residual moisture content is 0.5%.

The pretreated beads are then uniformly
spray impregnated in a rotating coater with 4143 cc
of an aqueous solution containing 50.43 grams of
palladium as 292 grams of Na,PdCl, solution (17.27%
Pd), 22.14 grams of gold as 177.69 grams of NaAuCl,
solution (12.46% Au) and 9.9 grams of CuCl,-2H,0
(containing 3.69 grams of copper). These Pd-Au-Cu
impregnated beads are aged, then reduced with 71.4
grams of hydrazine dissolved in 6 liters of
deionized water, then washed and dried in the same
fashion as in Example 2.

Example 22

A catalyst is prepared by impregnating 10
liters, 5930 grams, of the catalyst prepared in
Example 21 with 3498 cc of an aqueous solution
containing 220 grams of potassium acetate in
accordance with the procedure of Example 3. This

corresponds to a potassium acetate loading of 22

grams per liter of catalyst. After impregnation,
the catalyst is dried overnight at 110°C.
Example 23

A catalyst is prepared from by
impregnating 850 cc, 504 grams, of the catalyst
prepared in Example 21 with 297 cc of an aqueous
solution containing 29.75 grams of potassium acetate
in accordance with the procedure of Example 3. This
corresponds to a potassium acetate loading of 35
grams per liter of catalyst. After impregnation,
the catalyst was dried overnight at 110°C.
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Ex le 24

A Pd-Au-Ni catalyst is prepared by
uniformly spray impregnating 400 cc (268 grams) of
pretreated beads prepared in Example 1 in a rotating
coater with 140 cc of an aqueous solution containing
9.95 grams of sodium palladium tetrachloride
solution (16.49% Pd), 3.26 grams of sodium gold
tetrachloride solution (22.09% Au) and 0.486 grams
of nickel chloride hexahydrate. This corresponds to
metal loadings of 4.1 grams of palladium, 1.8 grams
of gold and 0.3 grams of nickel per liter of
catalyst.

The Pd-Au-Ni impregnated beads are aged
overnight at room temperature, reduced in 250 cc of
deionized water containing é grams of hydrazine for
two hours, then washed with flowing deionized water
until the wash water had a conductivity under 100
micro mhos and then dried at 110-120°C to a residual
moisture content of less than 2%.

This Pd-Au-Ni catalyst, now weighing 264
grams, is further spray impregnated in a rotary
coater with 134.6 cc of an aqueous solution
containing 12 grams of potassium acetate dissolved
in deionized water. This corresponds to a potassium
acetate loading of 30 grams per liter of catalyst.
After impregnating with potassium acetate solution,
the catalyst is dried overnight in a forced air oven
held at 110°C to a moisture content of less than 2%.

Example 25

The procedure of Example 2 is repeated
except the Pd-Au-Cu impregnated beads are aged
overnight instead for 44 hours. This catalyst is
uniformly spray impregnated in a rotary coater with
potassium acetate to a level of 30 grams per liter
by impregnating it with 130 cc of an aqueous
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solution containing 12 grams of potassium acetate
then drying at 110°C overnight.
Example 26
A catalyst is prepared by uniformly spray
impregnating 850 cc, 504 grams, of the catalyst
prepared in Example 22 in a rotary coater with 297
cc of an aqueous solution containing 12.75 grams of
potassium acetate. This corresponds to a potassium
acetate loading of 15 grams per liter of catalyst.
After impregnation, the catalyst is dried overnight
at 110°C.
Example 27
A catalyst is prepared by uniformly spray
impregnating 850 cc, 504 grams, of the catalyst
prepared in Example 22 with 297 cc of‘an aqueous
solution containing 25.93 grams of potassium
acetate. This corresponds to a potassium acetate
loading of 30.5 grams per liter of catalyst. After
impregnation, the catalyst is dried overnight at
110°C.
Example 28
A Pd-Au catalyst is prejared by uniformly
spray impregnating one liter, 575 grams, of KA-160,
in a rotary coater with 339 cc of an aqueous
solution containing 16.2 grams of potassium
hydroxide. The KOH-impregnated beads are aged in a
covered container at room temperature for about 40
hours and then dried at about 70°C on a vibrating
lab drier to a moisture level of 0.5%. After
drying, the beads are placed in a two liter titanium
rotating lab coater and uniformly spray impregnated
with 300 cc of an aqueous solution containing 4.1
grams of Pd, 23.74 grams of sodium palladium
tetrachloride solution with a Pd concentration of
17.27% by weight and 1.8 grams of gold, as 9.83
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grams of sodium gold tetrachloride solution with an
Au concentration of 18.31% by weight.

The Pd-Au impregnated beads are aged at
room temperature for about 40 hours, reduced in 500
cc of deionized water containing 5.9 grams of
hydrazine, washed and dried in accordance with the
procedure of Example 7, and then spray impregnated
with 30 grams of potassium acetate dissolved in 306
cc of deionized water and dried overnight at 110°C.

Example 29

Pretreated silica beads are prepared by
impregnating one liter (575 grams) of KA-160 beads
with 300 cc of a solution containing 138.5 grams of
the potassium silicate solution identified in
Example 1 by uniformly spraying this solution on the
beads while they are tumbled and mixed in a rotating
coater. The silicate pretreated beads are aged and
dried.

These pretreated beads are then
impregnated with 300 cc of an aqueous solution
containing 4.1 grams of Pd (as 23.74 grams of sodium
palladium tetrachloride solution having a Pd
concentration of 17.27% by weight) and 1.8 grams of
gold (as 9.83 grams of sodium gold tetrachloride
solution having an Au concentration of 18.31% by
weight) by uniformly spraying the Pd-Au solution on
the pretreated beads while they are tumbled and
mixed in a rotating coater.

The Pd-Au impregnated beads are reduced
with 5.9 grams hydrazine dissolved in 500 cc of
deionized water, then washed and dried in the same
fashion as Example 2. One liter of this catalyst is
uniformly spray impregnated in a rotary coater with
30 grams of potassium acetate diluted with deionized
water to a volume of 315 cc. The catalyst is then
dried overnight at 110°C.

PCT/US94/05382
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Example 30
The procedure of Example 29 is repeated
except 16.9 grams of potassium hydroxide is used in
place of 16.2 grams of KOH in preparing the
pretreated silica beads.
Example 31
A Pd-Au catalyst is prepared by
impregnating 1.2 liters (576 grams) of the AF-125
gsilica beads described in Example 16 with 490 cc of
a solution containing 27.57 grams of Na,PdCl,
solution (17.63% Pd, containing 4.86 grams of Pd),
and 10.08 grams of NaAuCl, solution (22.03% Au,
containing 2.22 grams of Au). These amounts
correspond to metal loadings of 4.05 grams of Pd per
liter of support and 1.85 grams of Au per liter of
support. The Pd-Au impregnated beads are aged while
tumbling in the rotating coater for about 10
minutes. A 200 cc portion of these Pd-Au
impregnated beads are then soaked in 100 cc of 5.2%
aqueous sodium meta silicate solution for 16 hours.
The beads are then removed from the silicate
solution and reduced in a solution consisting of 85
cc of deionized water combined with 15 cc of 35%
aqueous hydrazine for 2 hours, then washed and dried
as described in Example 2. After drying, 200 cc of
this catalyst is further uniformly spray impregnated
in a rotary coater with 6.2 grams of potassium
acetate and then dried overnight at 110°C.
Example 32
Pretreated silica beads are prepared by
impregnating 18 liters, 10242 grams, of KA-160
placed in a 40 liter plastic lab coater and sprayed
while tumbling in the coater with 3,000 cc of an
aqueous solution containing 224.2 grams of sodium
hydroxide. The beads are tumbled in the coater for
about 15 minutes after the NaOH solution is sprayed
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on to insure uniform mixing. The beads are then
impregnated with palladium and gold by spraying them
with 3040 cc of an aqueous solution containing 79.69
grams of Pd as 461.5 grams of sodium palladium
tetrachloride (17.27% Pd) and 35.48 grams of gold as
183.7 grams of sodium gold tetrachloride (19.31%
Au). These amounts correspond to 4.42 grams of Pd
and 1.97 grams of Au per liter of catalyst.

These Pd-Au impregnated beads are allowed
to age for 50 hours and then reduced in 9 liters of
deionized water combined with 300 cc of 35% aqueous
hydrazine solution. After remaining in overnight
contact with the hydrazine solution, the beads are
washed with deionized water until the wash water had
a conductivity of less than 5 micro mhos. The beads
are then dried overnight at 110°C before testing.
The dried catalyst has a moisture content of 20.1%,
a bulk density of 662 grams per liter and a water
adsorption pore volume of 0.31 cc per gram.

Example 33

A catalyst is prepared by impregnating 12
liters, 7944 grams, of the catalyst prepared in
Example E with 2480 cc of an aqueous solution
containing 360 grams of potassium acetate. This
amount corresponds to a potassium acetate loading of
30 grams per liter of catalyst. After impregnation,
the catalyst was dried overnight at 110°C.

Catalyst Evaluation

The results shown in Table I were
conducted in a fixed bed test reactor operating as a
vapor phase reactor. The reactor is a 3/4" outside
diameter 316 stainless steel tube with a catalyst
bed capacity of approximately 55 cc. Typical
operating conditions are: Temperature = 100-150°C,
Pressure=30-120 psig. GHSV 250-1000, Gas composition
76% CH,, 18% CH,COOH, 6%0,. Inlet gas flows are set
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through use of mass flowmeters and control valves.
Outlet gas compositions are measured through use of
a gas-liquid chromatograph. Temperatures are
monitored through thermocouples placed in a
fluidized and heated sand bath surrounding the
reactor and a thermocouple placed in the catalyst
bed. Gas preheaters are used to insure that all
components are in the vapor phase before they enter
the reactor. Reaction conditions and run sequencing
are controlled through use of data acquisition and
control computers.

Performance data are calculated through
the use of inlet flows and outlet gas analyses. The
performance data reported are space time yield in
grams vinyl acetate/liter catalyst hour and ethylene
selectivity in grams vinyl acetate produced/grams
ethylene consumed.

A catalyst evaluation sequence consists of
several steps. The reaction is started by fléwing
ethylene and acetic acid over the catalyst at 140°C
and 35 psig, then slowly increasing the oxygen flow
until the desired 6% concentration is reached. The
catalyst is held at constant conditions of
composition, flow, temperature, and pressure for a
period of time (50 to 100 hours) to allow any
initial performance changes to occur and allow the
catalyst to reach a steady state of performance.

The reaction temperature is then varied in 10°C
increments over a range from 100-150°C. Several gas
chromatographic analyses of the reactor effluent are
taken at each temperature, typically 120, 130, and
140°C. Space time yield and selectivity results are
generated from the chromatographic analysis and
reactor feed data. The results obtained at each
temperature are averaged and a selectivity and space
time yield vs. temperature table is generated. When
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two catalysts are compared, the superior catalyst
has greater activity at constant selectivity, and/or
greater selectivity at constant activity. The
results of the Examples identified in Table 1 are
compared at space time yields (STY) at 95% ethylene
selectivity and selectivities at 125 space time

yield.
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PERFORMANCE EVALUATIONS
SPACE TIME YIELDS (STY) & SELECTIVITIES

STY @ Sel. @
Example NoO. 95% Sel. 125 STY
3 158.3 96.3
5 130.6 95.3
6 132.5 95.6
7 137.0 95.9
8 130.5 95.4
11 117.0 94.7
12 137.2 96.5
13 137.2 95.6
15 128.4 95.3
18 160.0 95.8
20 : 147.5 95.8
21 96.4 91.4
22 155.0 96.1
23 143.0 95.7
24 131.7 95.3
25 120.0 94.4
28 135.3 95.6
29 87.6 92.5
30 109.4 94.0
31 101.3 93.1
32 <20 +
33 125.0 85.0
* 91.7 93.0

* Comparative example - a Pd-Au reference
catalyst supported on KA-160 (no pretreatment
of support with silicate and base and only
sodium salts used in Pd-Au metal deposition)
having 3.89 grams Pd/liter of catalyst, 1.79
grams of Au/liter of catalyst and a potassium
acetate loading of 30 grams per liter of
catalyst.
+ Cannot determine
The catalysts and processes of this invention
provide improved unsaturated ester yield and
selectivity of olefin to unsaturated ester and in
particular the catalysts of this invention can
maintain their activity in the absence of activators
such as potassium acetate during the process of

preparing unsaturated esters.
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Claims
What is claimed:
1. A composition suitable for use as a

catalyst for the preparation of ethylenically
unsaturated organic esters in the vapor phase from
olefinic compounds, oxygen and carboxylic acids
comprising (i) one or more palladium group metals
and/or compounds thereof, (ii) gold and/or compounds
thereof and (iii) one or more promoters selected
from the group consisting of copper, nickel, cobalt,
iron, manganese, lead, silver and compounds thereof,
wherein the gram-atom ratio of metal in the promoter
to palladium group metal is up to about 0.4.

2. A composition according to claim 1
wherein the gram-atom ratio of the metal in the
promoter to palladium group metal is from about 0.04
up to about 0.2. )

3. A composition according to claim 1
wherein said promoter is copper and/or compounds
thereof, nickel and/or compounds thereof and
mixtures thereof.

4. A composition according to claim 1
wherein the gram-atom ratio of gold to palladium
group metal is from about 0.1 up to about 0.5.

S. A composition according to claim 1
which further comprises a carrier support on which

(1), (ii) and (iii) are deposited.
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6. A composition according to claim S
wherein the support is silica.

7. A composition according to claim 6
wherein the support is treated with one or more
alkali metal bases and one or more alkali metal
silicates.

8. A composition according to claim 7
wherein said support is treated by (a) wetting the
support with a mixture of aqueous alkali metal
hydroxide and aqueous alkali metal gilicate, (b)
aging the wetted support and (c) then drying the
aged and wetted support.

9. A composition suitable for use as a
catalyst in the preparation of ethylenically
unsaturated organic esters in the vapor phase from
olefinic compoﬁnds, oxygen, and carboxylic acids
comprising (i) one or more palladium group metals
and/or compounds thereof and (ii) gold and/or
compounds thereof; and (iii) one or more promoters
selected from the group consisting of copper,
nickel, cobalt, iron, manganese, lead, silver and
compounds thereof; wherein (i), (ii) and (iii) are
deposited on a support material and said support
material is treated with one or more alkali metal
bases and one or more alkali metal silicates prior

to said deposition.
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10. A composition according to claim 9
wherein said palladium group metal is palladium,
said promoter is copper and/or compounds thereof,
nickel and/or compounds thereof or mixtures thereof
and the gram-atom ratio of metal in the promoter to
palladium is from about 0.04 up to about 0.2.

11. A composition according to claim 10
wherein the gram-atom ratio of gold to palladium is
about 0.1 up to about 0.5.

12. A composition according to claim 9
wherein said support is treated by (a) wetting the
support with a mixture of one or more alkali metal
hydroxides and one or more alkali metal silicates,
(b) aging the wetted support and (c) then drying the
aged and wetted support.

\ 13. A composition according to claim 9
wherein said support is éilica. -

14. A composition suitable for use as a
catalyst in the preparation of ethylenically
unsaturated organic esters in the vapor phase from
olefinic compounds, oxygen, and carboxylic acids
comprising (i) one or more palladium group metals
and/or compounds thereof, and (ii) gold and/or
compounds thereof; wherein (i) and (ii) are
deposited on a support material and said support

material is treated with one or more alkali metal
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bases and one or more alkali metal silicates prior
to said depositioh.

15. A composition according to claim 14
wherein the gram-atom ratio of gold to palladium is
about 0.1 up to about 0.5.

16. A composition according to claim 14
wherein said support is treated by (a) wetting the
support with a mixture of one or more alkali metal
hydroxides and one or more alkali metal silicates,
(b) aging the wetted support and (c) then drying the
aged and wetted support.

17. A composition according to claim 14
wherein said support is silica.

18. A process for preparing ethylenically
unsaturated esters comprising reacting in the vapor
phase at least one olefinic compound with at least
one carboxylic acid and mélecular_oxygen in the
presence of an effective amount of a catalyst
composition comprising (i) one or more palladium
group metals and/or compounds thereof, (ii) gold
and/or compounds thereof, and (iii) one or more
promoters selected from the group consisting of
copper, nickel, cobalt, iron, manganese, lead,
silver and compounds thereof; wherein the gram-atom
ratio of metal in the promoter to palladium group

metal is up to about 0.4.
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19. A process according to claim 18
wherein the gram-atom ratio of the metal in the
promoter to palladium group metal is from about 0.04
up to about 0.2.

20. A process according to claim 18
wherein said promoter is copper and/or compounds
thereof, nickel and/or compounds thereof and
mixtures thereof.

21. A process according to claim 18
wherein the gram-atom ratio of gold to palladium
group metal is from about 0.1 up to about 0.5.

22. A process according to claim 18
wherein said catalyst composition is deposited on a
carrier support.

23. A process according to claim 22
wherein the support is silica.

24. A process according to claim 23
wherein, prior to deposition of said catalyst on
said support, the support is treated with one or
more alkali metal bases and one or more alkali metal
silicates.

25. A process according to claim 18
wherein said support is treated by (a) wetting the
support with a mixture of one or more alkali metal
hydroxides and one or more alkali metal gilicates,
(b) aging the wetted support and (c) then drying the

aged and wetted support.
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26. A process for preparing ethylenically
unsaturated esters comprising reacting in the vapor
phase at least one olefinic compound with at least
one carboxylic acid and molecular oxygen in the
presence of an effective amount of a catalyst
composition comprising (i) one or more palladium
group metals and/or compounds thereof; (ii) gold
and/or compounds thereof; and (iii) one or more
promoters selected from the group consisting of
copper, nickel, cobalt, iron, manganese, léad,
silver and compounds thereof; wherein said catalyst
is deposited on a support material and said support
material is treated with one or more alkali metal
bases and one or more alkali metal silicates prior
to said deposition.

27. A process according .to claim 26
wherein said palladium gfoup metal is palladium,
said promoter is copper and/or compounds thereof,
nickel and/or compounds thereof or mixtures thereof
and the gram-atom ratio of metal in the promoter to
palladium is from about 0.04 up to about 0.2.

28. A process according to claim 27
wherein the gram-atom ratio of gold to palladium is
about 0.1 up to about 0.5.

29. A composition according to claim 26
wherein said support is treated by (a) wetting the

support with a mixture of one or more alkali metal
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hydroxides and one or more alkali metal silicates,
(b) aging the wetted support and (c) then drying the
aged and wetted support.

30. A composition according to claim 27
wherein said support is silica.

31. A process for preparing ethylenically
unsaturated esters comprising reacting in the vapor
phase at least one olefinic compound with at least
one carboxylic acid and molecular oxygen in the
presence of an effective amount of a catalyst
composition comprising (i) one or more palladium
group metals and/or compounds thereof; and (ii) gold
and/or compounds thereof; wherein said catalyst is
deposited on a support material and said support
material is treated with one or more alkali metal
bases and one or more alkali metal silicates prior
to said depositioﬁ. |

32. A process according to claim 31
wherein the gram-atom ratio of gold to palladium is
about 0.1 up to about 0.5.

33. A composition according to claim 31
wherein said support is treated by (a) wetting the
support with a mixture of one or more alkali metal
hydroxides and one or more alkali metal silicates,
(b) aging the wetted support and (c) then drying the

aged and wetted support.
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34. A composition according to claim 31

wherein said support is silica.
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