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PALLADIUM-GOLD CATALYST FOR VINYL ACETATE PRODUCTION

BACKGROUND OF THE INVENTION
This invention relates to a novel process for the preparatxon of a palladium-gold catalyst
with improved selectivity in vinyl acetate productxon i

A well-known commercial process for the production 'otz" 5i'nyl acetate is by the gas phase

-reaction of ethylene, acetic acid and oxygen in.the presence of a supported catalyst which

- contains paliadxum

A preferred type of vinyl acetate catalyst is one having ajf_}.__c.;ontcnt of palladium metal and
gold metal distributed on the surface of a support substrate suchas silica or alumina.

Prior art references which describe supported palladlum-gold catalysts for vinyl acetate
producnon include United States Patent Numbers 3,761,513; 3 775 342, 3,822,308; 3,939,199,
4,048,096, 4,087,622; 4,133,962; 4,902,823; 5,179.056; 5.1 79,057., 5.194,417; 5,314,858;
5,332;7i0; and references cited therein; incorporated by refererrée;

A standard process for preparing a vinyl acetate catalyst ee;\mining palladium and gold
deposited on a catalyst support medium comprises .

(H impre-gnating the support with an aqueous solution of wat__er_—@luble palladium and gold

cornpouh"c}s, (2) precipitating and fixing water-insoluble pall;xdix_x_iﬁj and gold compounds on the

catalyst support by contacting the impregnated catalyst support \_m'_th an aqueous alkaline solution
capable of reacting with the water-soluble palladium and gold eérrxpounds to form the water-
insoluble brecious metal compounds, (3) washing the treated catalyst with water to remove

anions which are freed from the initially impregnated palladlum __and gold compounds during

precipitation, and (4) converting the water-insoluble palladium "'d gold compounds to the free

metal state by treatment with a reducing agent. An optional ﬁn procedure usually involves (5)

impregnaﬁng the reduced catalyst with an aqueous alkali metal -éa'l_léehoate solution, and drying
the final catalyst produ'ct. | -

The activity and selectivity properties of a supported paljlééi:um-gold catalyst are affected
by the physicochemical form of the palladium and gold metalcontent on the catalyst support
substrate. o

U.S. 4,048,096 describes a catalyst which consists of a palladxum-gold alloy distributed
as a shell coating on the exterior surface area of a catalyst supporg_ §uch as porous silica. The

shell distribution of palladium-gold alloy provides an improved ,s_}';.éce-time—yield activity in a
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vapor phase reaction of ethylene, acetic acid and oxygen for yiny_l;ecetate production.

The selectivity of a palladium-gold catalyst in vinyl aceta':t'_e'_' synthesis also ie influenced
by the extent and uniformity of the palladium metal and gold meia;l distribution ox; the exterior
and/or interior surfaces of a porous catalyst support substrate, sueh_fas carbon dioxide selectivity
and oxygen conversion in an ethylene, -acetie acid and oxygen vapor phase reaction.

Attempts to provide a uniform distribution of the 'palledien;--and gold metals on the
catalyst support has involved manipulation of the catalyst preparauon steps and/or by using
support substrates having various specified pore dimensions. Pamcularly useful improvements
in preparing highly active catalysts for vinyl acetate production a_r___e__ _dlsclosed inU.S. 5,314,858
and U.S. 5,332,710. These references describe process embodir.n.e;i'ts for improving palladium
and gold distribution on a support by manipulating the precipifatidn-stcp in which the water-
soluble precious metal compounds are fixed to the support sui’féce“ 'es water-insoluble
compounds. In U.S. 5,314,858, fixing precious metals on the sup'pert is achieved utilizing two
separate precipitation stages to avoid using large excesses of fi xmg agent U.S. 5,332,710
describes fixing the precious metals by physically rotating an 1mpregnated catalyst support while
the impregnated support is immersed in a reaction solution at least__q_:_iunng the initial precipitation
period. The novel rotation immersion procedure yields catalysts ih which the precipitated carrier
metals are more evenly distributed in a thin shell on the support surface

The prior art has addressed other physicochemical aspects that affect the properties of
palladium gold catalysts which are adapted for vinyl acetate produ_ct_lon.

U.S. 5,179,056 and U.S. 5,179,057 are related references which are directed to the
improvement pailadium-gold catalysts for vinyl acetate productmn from ethylene, acetic acid
and oxygen. The described invention catalysts have increased. actmty because of a reduced
sodium content. :

In a preferred catalyst preparation embodiment of the t?vo. ;;ejferences, the sodium content
of a supported palladiuth-'gold is reduced during catalyst preparaliéri"-by washing the palladium
and gold metal-containing support medium with an ion-exchan:g_e.q _____ii‘_eous solution of a
potassium compound. In the catalyst preparation processes of the two references, the use of
precious metal sodium salt compounds is permitted, such as sod_im%}_.‘ﬁalladium tetrachlorate
(Na,PdCl,). The added sodium content in the precious metal-ti'ei\'té&i";catalyst support substrate
subsequently is removed by washing with an aqueous ion—exchange.:eolution.

There is a continuing interest in the development of catalyst. eompositions which exhibit
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an improved combination of properties for the production of vinyl acetate.

-Aceo’rdingly, it is an object of this invention to provide. e'supportcd pallaoium-gold
catalyst composmon with improved carbon dioxide selecnwty m vmyi acetate productxon from
ethylene, acetic acid and oxygen.

It is another object of this invention to provide a supported viny! acetate catalyst which is
essentnally sodium-free, and is charactenzed by a thin palladxum-gold metal shell coating on the
support surface

It is a further object of this invention to provide a process for preparation of a supported
palladzum-gold catalyst for vinyl acetate production from ethylene acetic acid and oxygen, in
which process all of the catalyst support-impregnating reactants are essentially sodium-free
potassx_ur_n salt compounds. |

Q_ther objects and advantages of the present invention shall become apparent from the

accompanying description and examples.

| DESCRIPTION OF THE INV-ENTION
(jne or more objects of the present invention are accomplished by the provision of a
process for the preparation of a catalyst for production of vinyl _zicetate from ethylene, acetic acid

and oxygen which process comprises

(Di 1mpregnatmg a porous catalyst support medium with an aqueous solution of water-soluble

potassmm-palladxum compound and water-solubie potassnum-gold compound; (2) precipitating
water-msoluble palladium and gold compounds onto the catalyst support surface with an
aqueous-.solutlon of basic potassium salt fixing agent; and (3) reducmg the water-insoluble
palladium and gold compounds to palladium metal and gold metal to form a catalyst with
xmproved carbon dioxide selectivity. '

The catalyst support medium is selected from porous suosrrates such as silica. alumina,
silica/alumina, or titania, in the form of spheres, tablets, Raschlg rmgs and the like. For
purposes: of the present invention, it is preferred that the support medrum has little or no content
of sodium, i.e.. a sodium content less than about 0.1 weight percent of the support medium.

A‘--typical catalyst support medium is illustrated by porous silica spheres which have a
radius of- l -8 mm, a pore volume of 0.1-2 cc/g, and an internal surface area of 10-350 m%/g.
Commerclal catalyst support media are widely available, such as porous 5 mm silica spheres -

sold under the tradename KA-] 60 by Sud-Chemie.
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In one method of preparmg the improved vinyl acetate catalyst of the present invention,
the catalyst support first is impregnated with an aqueous solutlon of water-soluble potassium-

palladium compound and potassium-gold compound. Suxtable:-.wg_ter-soluble palladium and gold

compounds are illustrated by potassium palladium tetrachloraté ,PdCl,) and potassium
tetrachloroaurate (KAuCl,). o

- The volume of the aqueous impregnating solution prefcrab)y is between about 95-100%
of the absorptive capacity of the catalyst support, which is-c)_xaraéii;i'zed as an "incipient
wetness" technique. -As an alternative procedure, the water-solubi;;;ﬁotassiumlpalladium
compound and the potassium gold compound respectively can be i_‘-:rﬁpregnated on the support
successively in separate aqnéous solutions. -

In step (2) of the invention process, in accordance with a étghdard method the
impregnated catalyst support is treated with an aqueous solution of. a basic potassium salt, such
as potassium silicate, potassium carbonate or potassium hydroxidé-.:_The treatment with basic
potassium salt solution fixes }t’he palladium and gold compounds o__r__:;.__the catalyst support, i.c.,
palladium hydroxide and gold hydroxide are precipitated and are .i;;_orporated onto the catalyst
support surface. | | |

The amount of basic potassium salt fixing agent employed m step (2) of the invention
process is such that the ratio of potassium metal to anions from the water-soluble precious metal
compounds is from about 1:1 to about 2:1, preferably from about 1 2 1 to about 1.8:1. By
treatment with the basic potassium salt solution, the precious meta}l,water-soluble compounds are
converted to water-insoluble 'compounds which mainly appear to h#i;bydroxides and/or oxides.

Another method of palladium and gold fixing agents as insg__l;ixble compounds on the

n U.S. 5,332,710

ersion" process.

impregnated support in stép (2) of the invention process is disélo$
(incorporated herein by reference), and is described as a "rotation in
In this altemative fixing procedure, the impregnated supp:_== om step (1) is immersed in

the basic potassium salt solution and rotated or tumbled therein durmg ) the initial stages of the

precipitation of the water-insoluble precious metal compounds. Th o otation or tumbling of the
support in the alkaline fixing solution preferably proceeds for at least-about 0.5 hour upon the
initial treatment and most preferably for at least about 2.5 hours. The rotation immersion
treatment can be conducted up to about 4 hours before the treated st pboﬂ medium is allowed to
stand in the fixing solution to insure that precipitation of the preciqg_,s;-};metal compounds is

complete.
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Any type of rotation or tumbling equipment can be utiliﬁed Qllich provides a rotation
action that is effective for c_ont?cting all of the support surfac_es_cyenly with the basic potassium
salt solution. The rotation action preferably is sufficiently geﬁllé to prevent perﬁm_ncnl loss of
water-insoluble palladium and gold compounds from the catalyét support surface by abrasion.

The rotation immersion method is effective for achievi_ﬁé.a thin shell coating of
pailadium and gold metals on the catalyst support surface with a_"c_:ontrolled degree of thickness,
e.g., a shell thickness between about 0.1-0.5 millimeters. For purposes of the present inventioﬁ,
a thin shell coating of palladium-gold metals on a catalyst.supp_o_;rt surface contributes to the
improvement of carbon dioxide selectivity in vinyl acetate production from ethylene, acetic acid
and oxygen. |

Another fixing procédure in step (2) of the invention process is by an “incipient wetness"
method. In this technique, a specific volume of aqueous basic potassium salt solution, cqual to
the absorptivity of the air-dried catalyst support medium from stéb (1) is applied to the support
medium. The reactive admiktum is allowed to stand until precipitation of the insoluble
palladium and gold compounds is complete.

Another fixing procedure for step (2) of the invention process is described in
U.S. 5,314,858, incorporated herein by reference. In this method, the step (2) fixing procedure is
divided into at least two separate stages of support treatment with aqueous basic potassium salt
solution.

Subsequent to the invention process step(2), the fixing 's_t_ége by any of the methods
described above, step (3) is performed. In step (3) the fixed supp_§rt medium is washed
repeatedly with deionized water to remove anions (e.g.. chloride jons) which have been
introduced by the impregnating solution in step (1) of the invention process. After the catalyst
support medium is washed completely free of the anions, the catalyst is dried at a temperature up
to about 150°C under an inert atmosphere. B B

After the step (3) treatment is completed, in step (4) the catalyst support is contacted with
a reducing agent to convert the fixed palladium and gold compo_ﬁnds into a shell coating of
palladium and gold metal particles on the catalyst support surfacé. Illustrative of reducing
agents are hydrazine, formaldehyde, ethylene, hydrogen, and the like.

If the reduction is performed with a solution of hydrazine hydrate, the reaction normally
is conducted at ambient temperature. When the reduction is condl;cted in the gas phase with

ethylene or hydrogen, it is advantageous to perform the reaction at an elevated temperature
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between about 100°-200°C. The reducing agent preferably is employed I excess to assure the
complete conversion of the water-insoluble palladium and gold compounds into the free metal
form. When hydrazine is employed, the weight ratio of hydrazme to precious metals ranges
from about 10:1 to about 15:1. After the water-insoluble pal-ladz_l_,!_gt- and gold compounds have
been reduced, the catalyst support is dried in an inert atmosphere at about 150°C.

Optionally, the present invention process for catalyst. preparatlon can include an
additional procedure (step (5)) to enhance the selectivity of the catalysl in vinyl acetate
production. The palladium-gold catalyst obtained by the 'above-dess;tibed process is treated with
an aqueous solution of potassium alkanoate, and then dried. The :-ﬁtltassium alkanoate content
can be in the range between about 2-10 weight percent, based on the ‘weight of the finished
catalyst. Suitable potassium alkanoates include the potassium salt of formic acid, acetic acid,
propionic acid, butyric acid, and the like. - |

Typically a present invention catalyst is employed in a'vir_xyl.ﬁ;acetéte process by
contacting ethylene, acetic acid and oxygen or air with a catalyst etiemperatures between about
100°-200°C and a pressure between about 1-10 atmospheres. The teaction usually is conducted
thh an excess of ethylene. |

A present invention catalyst is characterized by a high level of palladium metal and gold
metal retention, and exhibits improved selectivity in vinyl acetate p__r_oductxon from ethylene,
aeetic acid and oxygen.

A present invention catalyst can provide efficient ptoductiell of vinyl acetate, with a
lower yield of carbon dioxide than conventional commercial-type thyl acetate catalysts. The
beneficial selectivity properties of the invention catalyst are attributél)le to the unique features of
the present invention process for catalyst preparation, i.c., the exclﬁéfve use of sodium-free
potassium salt derivatives in all the catalyst support impregnation steps

The following examples are further illustrative of the present mventlon The components

and specxﬁc ingredients are presented as being typical, and various modxf cations can be derived

in view of the foregoing disclosure wnhm the scope of the mvenngg___t__._._i_

The Vinyl Acetate Stirred Tank (VAST) Reactor in the EXén}ples is a Berty reactor, or a

continuous stirred tank reactor of the recirculating type that is run at'constant oxygen conversion
a measured amount of
acetic acid, ethylene, and oxygen is added in a nitrogen diluent, and;'-_'t_l__te reactor is brought up to

temperature by means of a heating mantle, and the temperature is measured above and below the
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catalyst. The reaction is terminated after approximately 18 hgui'_s at a temperature at which 45%
oxygen conversion is maintained. Products are measured by gas-phase chromatography.

[

EXAMPLEI -

This Example illustrates the preparation of a present mventmn Pd-Au catalyst by a
standard method using potassnum Pd-Au salts and potassxum""' fdrox:de as the fixing agent, and
demonstrates the properties of the catalyst in the production of vmyl acetate from ethylene,
acetic acid and oxygen in a VAST reactor system. '

A 250 cc quantity of 5 mm silica spheres (KA-I 60, Sud Chemle) was impregnated with
87.29 mL of aqueous solution (5.13 g K,PdCl,and 1.46 ¢ KAuCl.,) to incipient wetness. The '
impregnated support was dried, and then treated with 87.29 mL _df aqueous potassium hydroxide
solution (2.62 g KOH), and the treated silica support was alloweé to stand for about 16 hours.
The silica support was washed with water until a negative AgNO, text'was obtained.

The silica support was dried at 150°C for about 16 houfs under a nitrogen purge. The
dried support was reduced with 5% ethylene in nitrogen at 150 C for 5 hours. The reduced
support was impregnated with 10 g of KOAc in 87.29 mL of water, and the resultant catalyst
was dried in a fluid bed drier at 100°C for one hour.

The Pd-Au catalyst as prepared had a weight content of 0.9% Pd, 0.32% Au, 8.2%

' KOAc, and 945 ppm CL.

The properties of the invention Pd-Au catalyst for vinyl acetate production were

determined in a VAST reactor, as summarized in Table A (Caﬁaiyﬂ .

EXAMPLEII

This Example illustrates the preparation of a present inv;gn;tion Pd-Au catalyst by a

standard method using potassium Pd-Au salts and potassium hﬁ}oxide fixing agent, and
demonstrates the properties of the catalyst in the production of '._;_ :_:_nyl acetate from ethylene,
acetic acid and oxygen in a VAST reactor system. _

Following the standard procedure of Example 1, K,PdCl,, (5 13 g), KAuCl, (1.45 g),
KOH (2.86 g) and KOAc (10 g) were employed. ]

After reduction with ethylene, the Pd-Au catalyst as pr;:j_aéged had a weight content of
1.0% Pd, 0.41% Au, 7.5% KOAc, and 1000 ppm Cl. B

The properties of the invention Pd-Au catalyst for vinyl acetate production were
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determmed in a VAST reactor, as summarized i in Table A (Catalyst In).
A long term ageing test (23 months) indicated that a present invention type of all-
potassnut_x__;;._eatalyst maintained a high activity level, and exhibited a low long term carbon

dioxide s&__}i"ectivity in vinyl acetate production in comparison with commercial Pd-Au catalysts.

EXAMPLE IIl |

Thxs Example illustrates the preparation of a Pd-Au catalyst by a standard method using
potassium__Pd-Au salts and sodium hydroxide fixing agent, and de:;ripnstrates the properties of
the catalyef in the production of vinyl acetate from ethylene, acetic acid and oxygenina VAST
reactor system

Followmg the standard procedure of Example 1, KanC14(5 13 g), KAuCl, (1 45 2),
NaOH (2. 04 g) and KOAc (10 g) were employed.

After reduction with ethylene, the Pd-Au catalyst as prepared had a weight content of
1.1% P4, 0, 46% Au, 7.7% KOAc, and 725 ppm Cl.

The properties of the Pd-Au catalyst for viny! acetate production were determined in a
VAST reaetor as summarized in Table A (Catalyst I1I).

EXAMPLE v

Thls Example illustrates the preparation of a Pd-Au catalyst by a standard method using
sodium Pd-Au salts and sodium hydroxide fixing agent, and demonstrates the properties of the
catalyst in the production of viny} acetate from ethylene, acetic acid and oxygen in a VAST
reactor system. ,

Foliewing the standard procedure of Example I, Na,PdCl, (1 ;_65 g Pd), NaAuCl, (0.75 g
Au), NaOH ( 1.766 g), and KOAc (10 g) were employed.

After reduction with ethylene, the Pd-Au catalyst as prepared had a weight content of
0.92% Pd, 0. 38% Au, 7. 98% KOAc, and 750 ppm Cl.

The properties of the Pd-Au catalyst for vinyl acetate produ?_:t_ion were determined ina

VAST reactor, as summarized in Table A (Catalyst [V).

EXAMPLE YV
This:'_.;"Example illustrates the p_r,eparation of a Pd-Au catalyst by a standard method using

sodium Pd-Au salts and sodium hydrbxide fixing agent, and demonstrates the properties of the
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catalyst in the production of viny} acetate from ethylene, acetic acid and oxygen in a VAST
reactor system. '

Following the standard procedure of Example I. Na,PdCl4 (I 65 g Pd), NaAuCl,, (0.75g
Au), NaOH (2.04 g), and KOAc (10 g) were employed.

After reduction with ethylene, the Pd-Au éatafyst as preparcd had a weight content of
0.89% Pd, 0.46% Au, 7.5% KOAc, and 770 ppm CL. |

The properties of the Pd-Au catalyst for vinyl acetate p_foduction were determined in a

VAST reactor, as summarized in Table A (Catalyst V).

EXAMPLE V1
This Example illustrates the preparation of a present invention Pd-Au catalyst by a

standard method using potassium Pd-Au salts and potassium silicate fixing agent, and
demonstfates the properties of the catalyst in the production of Qinyl acetate from ethylene,
acetic acid and oxygen in a VAST reactor system. |

Following the standard procedure of Example I, K,PdCI., (1.65 g Pd), KAuCl, (0.75 g

Au), K,Si0; (2.0 g of K), and KOAc (10 g) were employed.

After reduction with ethylene, the invention Pd-Au catalyst as prepared had a weight

_ content of 1.0% Pd, 0.44% Au, 7.6% KOAc, and 665 ppm Cl.

The properties of the invention Pd-Au catatyst for viny! acetate production were

determined in a VAST reactor, as summarized in Table A (Catalyst VI).

EXAMPLE VII
This Example illustrates the preparation of a Pd-Au cata_iys‘t by a standard method using

sodium Pd-Au salts and potassium silicate fixing agent, and demonstrates the properties of the
catalyst in the production of vinyl acetate from ethylene, acetic gg:i_d and oxygen ina VAST
reactor system. - :

Followmg the standard procedure of Example I, NaquCl‘ (1.65 g Pd), NaAuCl, (0.75 ¢
Au), K,Si0, (2.0 g of K), and KOAc (10 g) were employed.

After reduction with ethylene, the Pd-Au catalyst as préﬁéréd had a weight content of
0.98% Pd, 0.42% Au, 7.2% KoAc, and 910 ppm Cl. ' _

The properties of the Pd-Au catalyst for vinyl acetate pro'auction were determined in a -

VAST reactor, as summarized in Table A (Catalyst VII).
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EXAMPLE VI
This Example illustrates the preparation of a Pd-Au cataljés‘t by a standard method using

sodium Pd-Au salts and sodium silicate fixing agent, and demdn_étratcs the properties of the

catalyst in the production of vinyl acetate from ethylene, acetic -_aic}id and oxygen in 2 VAST |
reactor system. _

Following the standard procedure of Example I, NadeCL {1.65 g Pd), NaAuCl, (0.75 g
Au), Na,Si0; (7.23 g), and KOAc (10 g) were employed. '

After reduction with ethylene, the Pd-Au catalyst as prepared had a wéight content of
1.0% Pd, 0.44% Au, 7.4% KOAc, and 765 ppm Cl. -

The properties of the Pd-Au catalyst for viny! aéetate production were determined in a
VAST reactor, as summarized in Table A (Catalyst VIIT).

EXAMPLE IX
This Example illustrates the preparation of a present invention Pd-Au catalyst by a
rotation immersion method using potassium Pd-Au salts and potassium silicate fixing agent, and

demonstrates the properties of the catalyst in the production of vinyl acetate from ethylene,

* acetic acid and oxygen in a VAST reactor system.

The procedure of Example 1 was followed to impregnate 5 mm silica spheres with 87.29
an of aqueous solution (5.13 g K,PdCl, and 1.46 g of KAuCl,) to _incipiém wetness.

The impregnated support was treated with 300 mL of aqueohs potassium silicate solution
(2.0 g of K). Following the procedure described in U.S. 5,332,710, the treated silica support was
transferred to a rotation immersion flask, and the flask was rotated _ﬁ_)r 2.5 hours. The silica
support then was washed until a negative AgNO, test was obtained;_ :

The silica support was dried, and then reduced with 5% etthl_ene in nitrogen at 150°C for
5 hours. The reduced support was impregnated with 10 g of KOA_é_;_ m 87.29 mL of water, and
the resultant invention r:zitalyst was dried in a fluid-bed drier at 100°C for one hour.

The invention Pd-Au catalyst as prepared had a weight conté:r\t 0f 0.83% Pd. 0.34% Au,
7.8% KOAc, and 430 ppm Cl. '

The properties of the invention Pd-Au catalyst for vinyl acet;iie product were determined

in a VAST rcactor, as summarized in Table A (Catalyst IX).
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EXAMPLE X
This Example illustrates the preparation of a Pd-Au catalyst by a rotation immersion

method usmg sodium Pd-Au salts and potassium s:hcate ﬁxm;, ageut and demonstrates the
properties of the catalyst in the production of vinyl acetate from ethylene acetic acid and oxygen

in a VAST reactor system.
Following the rotation immersion procedure of Examp!e'I'X Na,PdCl, (1.65 g Pd),

‘NaAuCl, (0.75 g Au) K,Si0, (2.09 g of K), and KOAc (10 g) were employed.

After reduction with ethylene, the Pd-Au catalyst as prepared had a weight content of
0.94% Pd, 0.19% Au, 7.5% KOAc, and 1165 ppm Cl.

The properties of the Pd-Au catalyst for vinyl acetate productlon were determined ina
VAST reactor, as summanzed in Table A (Catalyst X). _

The comparative data in Table A demonstrate that a Pd—Auj catalyst prepared exclusively
with potassium-containing reactants exhibits lower carbon dioxfd__e‘ selectivity in vinyl acetate
productien, in comparison with a corresponding Pd-Au catalyst.ﬁgltich is prepared with one or
more sodium-containing reactants.

The comparative data in Table A also demonstrate that a -.P_.d-Au catalyst with potassium-

containing reactants including potassium silicate fixing agent such as Catalyst IX, exhibits

exceptional carbon dioxide selectivity improvement in the vinyl acetate process. The thin Pd-Au

shell coating in Catalyst IX is a contributing factor in the carbon :d'ioxide selectivity
improvement, as compared to the Pd-Au catalyst with a thicker Pd—Au shell on the catalyst
surface, The rotation immersion procedure provides a thinner Pd__-)\u shell which is beneficial
for improvement of carbon dioxide selecthty '

Other important advantages derive from the use of potassxum silicate as a fixing agent, in
comparison with the use of potassium hydroxide. Potassium sxhcate is a mildly basic

compound, and does not attack a silica support medium as does z_x s_trongly basic compound.
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TABLE A
, Pd-Au %
Example Pd-Au Caustic % Fixing Shell - - Selectivity Relative

I Potassium  0.96:1 032 KOH 0377 912 0.088 1.06 1.73

I ~ Potassium - 1.04:1 041 KOH 0.352 940 0.097 127 2.00
m l_;otassium 1.2:1 046 NaOH  0.409 995 0.096 145 2.18
v Sodium 1.04:1 038 NaOH NA. 024 0073 1.02 | .81
\Y Sodium 1.2:1 046 NaOH 0497 1021 0.084 120 205
VI Potassium  1.2:1 044 K,Si0, 0232 948 0.093 143 2.16
Vil S’Eodium - L2: 042 K,Sio, 0.216 11.45 0.087 122 1.97
VI S.:'(')dium 1.2:1 0.44  Na,SiO, 0.419 19.60 0.083 1.17 211
IX Potassium | .2:.1 024 K,Si0, 0.129 8,:1 3 0106 1.13 1.58

X Sodium 1.2:1 0.19 K,Si0, 0.103 967 0087 094 1.12
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What is claimed is:

1. A process for the preparation of a catalyst for production of vinyl acetate from
ethylene, acetic acid and oxygen, whnch process compnses (1) impregnating a porous catalyst
support medium with an aqueous solution of water-soluble potassium-palladium compound and
water-soluble potassium-gold compound; (2) precipitating water-insoluble palladium and gold
compounde onto the catalyst support surfaces with an aciueous solution of basic potassium salt
fixing agent; and
(3) reducing the water-insoluble palladium and gold compounds to palladium metal and gold

metal to form a catalyst with improved carbon dioxide selectivity.

2. The process in accordance with claim 1 wherein the catalyst support medium in step
(1) is a silica or alumina substrate. .

3. The process in accordance with claim 1 wherein the catalyst support medium in step
(1) is in the form of (a) spherical structures, (b) tablets, or (c) Raschig rings.

4. The process in accordance with claim 1 wherein the potassium-palladium compound -
and the potassium-gold compound in step (1) are applied in the same aqueous solution or
successively in separate aqueous solutions.
| 5. The processin accordance with claim 1 wherein the potassium-palladium compound
in step (1) is potassium palladium tetrachlorate (K,PdCl,), or potassium tetrachioroaurate
(KAuCly). ‘

6. The process in accordance with claim 1 wherein the basic potassium salt in step (2) is
selected from the group eonsisting of potassium hydroxide, potassium carbonate, potassium
metasilicate, or the like. '

7. A process in accordance with claim 1 wherein the precipitating and fixing of water-
insoluble palladium and gold compounds in step (2) includes a rotation immersion procedure.

8. A process in accordance with claim 7 wherein the catalyst product is characterized by
a palladium-gold metal shell having a thickness of about 0.1 to 0.5 millimeters on the support
surface. |

9. The process in accordance:wi:ih claim 1 wherein the reduction of palladium and gold

compounds in step (3) is with ethylene or hydrazine reducing agent.
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10. The process in aci’;Ordance with claim 1 wherein the catalyst product has a palladium
metal content between about 0.4-2.5 weight pcrf:ent, and a gold metal cohtent betwgvéen about 0.1-
1.0 weight percent, based on th.e catalyst weight. ‘

11. The process in accozfdance with claim 1 wherein the catalyst product has a
palladium:gold weight ratio between about 1-10:1.

12. The process in accordance with claim 1 wherein in an additional procedure the
catalyst product is impregnated with an aqueous solution of a potassium alkanoate activator.

13. A process in accordance with claim 12 wherein the activator additive is potassium
acetate.

14. The process in accordance with any of the above claims wherein the support-
impregnating reactants are essentially sodium-free.

15. A catalyst composition for the production of vinyl acetate from ethylene, acetic acid
and oxygen, prepared in accordance with any of the processes of claims 1-14.

16. Vinyl acetate prepared from the reaction of ethylcne, acetic acid, oxygen and a

catalyst prepared in accordance with any of claims 1-14.
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