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PALLADIUM-GOLD CATALYST FOR VINYL A(:'~TATE PRODUCTION 

BACKGROUND OF.THE INVENTION 
. ·;-·_,· . 

This invention relates to a novel process for the preparatjon of a pal1adium-gold catalyst 

5 with improved selectivity in vinyl acetate production. 

A well-known commercial process for the production ofvfnyl acetate is by the gas phase 

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

contain~· palladium. 

A preferred type ofviny1 acetate catalyst is one having a, ~ontcnt of palladium metal and 

10 gold metal distributed on the surface of a support substrate such':as silica or alumina. 

15 

Prior art references which describe supported palladiumlgold catalysts for vinyl acetate 

producticm include United States Patent Numbers 3, 76.1,513; 3J7S.342; 3,822,308; 3.939.199; 

4,048,096; 4,087,622; 4,133,962; 4,902,823; 5,179.056; 5.179,0S.7; 5.194.417; 5,314.858; 

5,332,710; and references cited therein; incorporated by reference. 

A standar~ process for preparing a vinyl acetate catalyst containing palladium and gold 

deposite~ on a catalyst support medium comprises 

(1) impregnating the support with an aqueous solution of water-soluble palladium and gqld 

compounds, (2) precipitating and fixing water-insoluble palladiW11 and gold compounds on the 

catalyst support by contacting the impregnated catalyst support with an aqueous alkaline solution 

20 capable of reacting with the water-soluble palladium and gold co~pounds to form the water­

insoluble precious metal compounds, (3) washing the treated cat~lyst with water to remove 

anions which are freed from the initially impregnated palladium fJ.Dd gold compounds during 
: .· ... · 

precipitation. and (4) converting the water-insoluble palladium a#d gold compounds to the free 

metal state by treatment with a reducing agent. An optional fin~f 1~rocedure usually involves (5} 
: . .··::·:··'. 

25 impregnating the red~ced catalyst with an aqueou~ alkali metal al~~noate solution, and drying 

30 

the final catalyst product. 
. ·· .. ' 

The activity and selectivity properties of a supported palladium-gold catalyst are affected 
• '>" .•. 

by the physicochemical form of the palladium and gold metal c~~~,ent on the catalyst support 

substrate. 

U.S. 4,048,096 describes a catalyst which consists of a palladium-gold alloy distributed 

as a she}) coating on the exterior surface area of a catalyst support such as porous silica. The 

shell distribution of palladium-gold alloy provides an improved space-time-yield activity in a 
:·· 
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vapor phase reaction of ethylene, acetic acid and oxygen for viny(acetate production. 
. . . 

The selectivity of a palladium-gold catalyst ·in ·vinyl acetat¢ synthesis also is influenced 

by the extent and unifonnity of the palladium metal and gold metal distribution on the exterior 

and/or interior surfaces of a porous catalyst $Upport sybstrate. such.as ·carbon dioxide selectivity 
~ ~. . . : : 

5 and oxygen conversion in an ethylene, acetic acid and oxygen vap9r phase reaction. 

Attempts to provide a uniform distribution of the ·paJJadh,i:fll, and gold metals on the 

catalyst support has involved manipulation of the catalyst prepara,tion steps and/or by using 
. ~ ... 

support substrates having various specified pore ·dimensions. Parti~ularly useful improvements 

in preparing highly active catalysts for vinyl acetate production are' disclosed in U.S. 5,314,858 

l 0 and U.S. 5,332,710. These references describe process embodiments for improving palladium 

and gold distribution on a support by manipulating the precipitatic>n ·step in which the water­

soluble precious metal compounds are fixed to the support surface· ·as water-insoluble 

compounds. In U.S. 5,314,858. fixing precious metals on the support is achieved utilizing two 

separate precipitation stages to avoid using large excesses offixi~g,agent. U.S. 5,332,710 

15 describes fixing the precious metals by physically rotating an impJ'C?gnated catalyst support while 

the impregnated support is immersed in a reaction solution at least cluring the initial precipitation 

period. The novel rotation immersion procedure yields catalysts in which the precipitated carrier 

metals are more evenly distributed in a thin shell on the support s~rface. 

The prior art has addressed other physicochemical aspects ihat affect the properties of 

20 palladium gold catalysts which are adapted for vinyl acetate produ_cth:m. 

U.S. 5,179,056 and U.S. 5,179,057 are related references wh!.ch are directed to the 
: . ··. 

improvement palladium-gold catalysts for vinyl acetate productionfrom ethylene. acetic acid 
,. 

and oxygen. TI1e described invention catalysts have increased activity because of a reduced 

sodium content. 
. .. 

25 In a preferred ca~alyst preparation embodiment of the two references. the sodium content 

of a supported palladium."gold is reduced during catalyst preparati()ll~by washing the palladium 

and gold metal-containing support medium with an ion-exchange ~q-heous solution of a 

potassium compound. In the catalyst preparation processes of the t~o references, the use of 

precious metal sodium salt compounds is permitted, such as sodiuin·palladium tetrachlorate 

30 (Na2PdCl4). The added sodium content in the precious metal-treate(fcatalyst support substrate 

subsequently is i:emoved by washing with an aqueous ion-exchange ~olution. 

There is a continuing interest in the development of catalyst. compositions which exhibit 
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an impre>ved combination of properties for the production of vinyl acetate. 

~ccordingly. it is an object of this invention to provide a supported palladium-gold 
.. · ' catalys(coniposition with improved carbon dioxide selectivity in vinyl acetate production from 

ethylene, acetic acid and oxygen. 

S It is another object of this invention to provide a supported vinyl acetate catalyst which is 
essentia,.lly sodium-free, and is character~zed by a thin palladiwh-gold metal sbell coating on the 
support ~urface. 

Jt is a further object of this invention to provide a process for preparation of a supported 
palladiµ(n-gold catalyst for vinyl acetate production from ethyle~e. acetic acid and oxygen, in 

10 which process all of the catalyst support-impregnating reactants are essentially sodium-free 
potassium salt compounds. 

15 

Other objects and advantages of the present invention shaU become apparent from the 
accompanying description and examples. 

DESCRIPTION OF THE INVENTION 

One or more objects of the present invention are accomplished by the provision of a 
process ~6r the preparation of a catalyst for production of vinyl acetate from ethylene, acetic acid 
and oxygen. which process comprises 

(I) imp~gnating a porous catalyst suppo11 medium with an aqueous solution of water-soluble 
20 potassiufu-palladium compound and water-soluble potassium-gold compound; (2) precipitating 

water-in~oluble palladium and gold compounds onto the catalys~ support surface with an 
aqueous-~olution of basic potassium salt fixing agent; and (3) reducing the water-insoluble 
palladium and gold compounds to palladium metal and gold me~] to form a catalyst with 
improved carbon dioxide selectivity. 

25 The catalyst support medium is selected from porous substrates such as silica. alumina, 

30 

silica/alumina, or titariia, in the form of spheres. tablets, Raschig:_r.ings. and the like. For 
:•.·· 

purposes:ofthe present invention, it is preferred that the support medium has little or no content 
of sodium, i.e .• a sodium content less than about 0.1 weight perc_~nt of the support medium. 

Atypical catalyst support medium is illustrated by porous :silica spheres which have a 
radius of 1-8 mm, a pore volume of 0.1-2 cc/g, and an internal stirface area of 10-350 m2/g. 
Commer~~al catalyst support media are widely available. such as_ porous 5 mm silica spheres 
sold und~~ the. tradename KA-160 by Sud-Chemie. 
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In one method of preparing the improved vinyl acetate C?t~lyst of the present invention. 

the catalyst support first is impregnated ·with an aqueous so)utio11.?f water-solubl~ potassium­

palladium compound and pQtassium-gold compound. Suitable::w~ter-soluble palladium and gold 

compounds are illustrated by potassium palladium tetrachlorate (~iPdCl4) and potassium. 
. · .. ""'·.·<. 

5 tetrachloroaurate (KAuCl4). 

The volume of the aqueous impregriating solution preferabiy is between about 95-100% 

of the absorptive capacity o:fthe catalyst suppo1t, which is charact~rized as an "incipient 

wetness" technique. ·As an alternative procedure. the water-solubl~_potassium~palladium 

compound and the potassium gold compound respectively can b~dtnpregnated on the support 

10 successively in separate aqueous solutions. 

In step (2) of the inve11tion process, in accordance with a st~dard method the 

impregnated catalyst support is treated with an aqueous solution of;~ basic potassium salt. such 

as potassium silicate, potassium carbonate or potassium hydroxide. The treatment with basic 
.. ,..· 

potassium sa)t solution fixes the palladium and gold compounds OI'),,the catalyst support, i.e., 

15 palladium hydroxide and gold hydroxide are precipitated and are fo~orporated onto the catalyst 

support surface. 

The amount of basic potassium salt fixing agent employed i~:step (2) ofti1e invention 

process is such that the ratio of potassium metal to anions from the \yater-soluble precious metal 

compounds is from about I: 1 to about 2: 1. preferably from about 1.2: 1 to about 1.8: 1. By 

20 treatment with the basic potassium salt solution, the precious metal. water-soluble compounds are 

converted to water-insoluble compounds which mainly appear to b~,pydroxides and/or oxides. 

25 

30 

Another method of palladium and gold fixing agents as insgluble compounds on the 

impregnated support in step (2) of the invention process is disclos~9,in U.S. S.332.710 

(incorporated herein by reference), and is described as a "rotation irtimersion" process. 

In this alternative fixing procedure. the impregnated supp9~{trom step ( 1) is immersed in 

the basic potassium salt solution and rotated or tumbled therein duJ-irig the initial stages of the 
: .·•. -.. ~ 

precipitation of the water-insoluble pl'ecious metal compounds. ~~-::rotation or tumbling of the 

support in the alkaline fixing solution preferably proceeds for at Je~~,:about 0.5 hour upon the 

initial treatment and most preferably for at least about 2.5 hours .. TuQ.,rotation immersion 

treatment can be conducted up to about 4 hours before the treated ~ti,~port medium is allowed ·10 

stand in the fixing solution to insure that precipitation of the preciou~metnl compounds is 

complete. 
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Any type of rotation or :tumbling equipment can be utilized which provides a rotation 

action that is effective for contacting aJJ of the support surfaces evenly with the basic potassium 

salt solution. The rotation action preferably is sufficiently gentle to prevent pe~1anent loss of 

water-insoluble palladium and gold compounds from the cata,lyst support surface by abrasion. 

5 The rotation immersion method is effective for achieving.a thin shell coating of 

palladium and gold metals on the catalyst support surface with a controlled degree of thickness, 

e.g., a shell thickness between about 0.1-0.5 millimeters. For purposes of the present invention, 

a thin shell coating of palladi1:1m-gold metals on a catalyst suppo,rt surface contributes to the 

improvement of carbon dioxide selectivity in vinyl acetate production from ethylene. acetic acid 

10 and oxygen. 

Another fixing procedure 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, equal to 

the absorptivity of the air-dried catalyst support medium from step (1) is applied to the support 

medium. The reactive admixture is allowed to stand until precipitation of the insoluble 

15 palladium and gold compounds is complete. 

20 

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 wit~ aqueous basic potassium salt 

solution. 

Subsequent to the inventioll process step(2), the fixing stage by any of the methods 

described above, step (3) is performed. In step (3) the fixed suppprt medium is washed 

repeatedly with deionized water to remove anions (e.g .• chloride ions) 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 caialyst is dried at a temperature up 

25 to about l50°C under an inert atmosphere. 

30 

After the step (J) treatment is completed, in step (4) the ~t~lyst support is contacted with 

a reducing agent to convert the fixed palladium and gold compounds into a sheH coating of 

palladium and gold metal particles on the catalyst support surface. Illustrative of reducing 

agents are hydrazine, fonnaldehyde, ethylene, hydrogen, and the .like. 

lftbe reduction is performed with a solution of hydrazine hydrate, the reaction normally 

is conducted at ambient temperature. When the reduction is conducted in the gas phase with 

ethylene or hydrogen, it is advantageous to perform the reaction at an e)evated temperature 
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between about 100°-200°C. The reducing agent preferably is empJ,oyed in excess to assure the 
complete conversion of the water-insoluble palladium and gold~9mpounds into the free metal 

. , : •.. 
~ 

form. When hydrazine is employed. the weight ratio of hydrazin~,;~o precious metals ranges 
from about 10: I to about 15: 1. After the water-insoluble palladi~ and gold compounds have 

5 been reduced, the catalyst support is dried in an inert atmosphere ~t about l 50°C. , 
Optionally, the present invention process for catalystprepaJ-~tion can include an 

additional procedure (step (S)) to enhance the selectivity of the cat~yst in vinyl acetate 
production. The palladium-gold catalyst obtained by the ·above-de.s~~ibed process is treated with 
an aqueous solution of potassium alkanoate, and then dried. Thc:potassium alk~noate content 

I 0 can be in the range between about 2-10 weight percent, based on t~e weight of the finished 
catalyst. Suitable potassium alkanoates include the potassium salt of formic acjd, acetic acid, 
propionic acid, butyric acid, and the like. . .... 

Typically a present invention catalyst is employed in a·vinyl acetate process by 
contacting ethylene, acetic acid and oxygen or air with a catalyst.at:~.emperatures between about 

15 I00°-200°C and a pressure between about 1-10 atmospheres. The-reaction usually is conducted 
with an excess of ethylene. 

20 

A present invention catalyst is characterized by a high levelpfpalladium metal and gold 
metal retention, and exhibits improved selectivity in vinyl acetate production from ethy1ene, 
acetic acid and oxygen. 

A present invention catalyst can provide efficient production of vinyl acetate, with a 
._·.,_ 

lower yield of carbon dioxide than conventional commercial-type vi.-pyl acetate catalysts. The 
beneficial selectivity properties of the invention catalyst are attribµ~!>le to the unique features of 
the present invention process for catalyst preparation, i.e., the exclilsi,ve use of sodium-free 
potassium salt derivatives in all the catalyst support impregnation. ste~s. 

25 The following examples are further illustrative of the preseni invention. The components 
and specific ingredients ~re presented as being typical, and various modifications can be derived 
in view of the foregoing disclosure within the scope of the invention._ 

The Vinyl Acetate Stirred Tank (VAST) Reactor in the Ex~ri;ples is a Berty reactor, or a 
. , .. 

continuous- stirred tank reactor of the recirculating type that is run at.constant oxygen conversion 
.··._,·:··' 

30 (about 45%). The catalyst (62 cc) is loaded in a basket in the reactc}f,a measured amount of 
acetic acid, ethylene, and oxygen is added in a nitrogen diluent, and: the 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 tem1inated after approximately 18 h~u(s at a temperature at which 45% 

oxygen conversion is maintained. Products are measured by ~~-phase chromatography. 

EXAMPLE I 

5 This Example illustrates the preparation of a present iO:vention Pd-Au catalyst by a 

standard method using potassium Pd-Au salts and potassiumJ~~~roxide as the fixing agent, and 

demonstrates the properties of the catalyst in the production of'~inyl acetate from ethylene. 

acetic acid and oxygen in a VAST reactor system. 

A 250 cc quantity of5 mm silica spheres (KA-160, S~1d Chemie) was impregnated with 

10 87.29 mL of aqueous solution (5.13 g K2PdCl4 and 1.46 g KAuCJ4) to incipient wetness. The· 

impregnated support was dried, and then treated with 87.29 mL.()faqueous potassium hydroxide 
~ 

solution (2.62 g KOH), and the treated silica support was allow~g to stand for about 16 hours. 

The silica support was washed with water until a negative AgN03 texf was obtained. 

The silica support was dried at l 50°C for about 16 hoµrs_ under a nitrogen purge. The 

1 S dried support was reduced with 5% ethylene in nitrogen at l S0°C for 5 hours. The reduced 

support was impregnated with IO g ofKOAc in 87.29 mL of water. and the resultant catalyst 

was dried in a fluid bed drier at 100°C for one hour. 

20 

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 11cetate production were 

determined in a VAST reactor, as summarized in Table A (Cata~yst I). 

EXAMPLE II 

This Example illustrates the preparation of a present inv~ntion Pd-Au catalyst by a 

25 standard method using potassium Pd-Au salts and potassium hycf:roxide fixing agent. and 

demonstrates the properties of the catalyst in the production ortiiiyl acetate from ethylene, 
: ·-~ : ... : 

acetic acid and oxygen in a VAST reactor system. 

Following the standard procedure of Example l, K2PdCl4;(5.13 g), KAuCl.i (l.45 g), 

KOH (2.86 g) and KOAc (10 g) were employed. 

30 After reduction with ethylene, the Pd-Au catalyst as prep!lr:ed had a weight content of 

1.0% Pd, 0.41 % Au. 7 .5% KOAc, and 1000 ppm Cl. 

The properties of the invention Pd-Au catalyst for vinyl.acetate production were 
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determined in a VAST reactor. as summarized in Table A (Catalyst II). 

A )ong term ageing test {23 months) indicated that a present invention type of all-. 
potassiuaj_.catalyst maintained a high activity level, and exhibited a low long term carbon 

dioxide s~iectivity in vinyl acetate production in comparison with commercial Pd-Au catalysts. 

EXAMPL.Eill 

This Example iUustr~tes the preparation of a Pd-Au catalyst by a standard method using 

potassium Pd-Au salts and sodium hydroxide fixing agent, and demonstrates the properties of 

the catalys~in the production of vinyl acetate from ethylene, acetic acid and oxygen in a VAST 

l O reactor system. 

Following the standard procedure of Example I, K2PdC14(S.13 g), KAuC14 (1.45 g). 

NaOH (2.94 g) and KOAc (10 g) were employed. 

Aft~~ reduction with ethylene. the Pd~Au catalyst as prepared had a weight content of 

1.1% Pd, O_A6% Au, 7.7% KOAc, and 725 ppm Cl. 

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

VAST reactor as summarized in Table A (Catalyst III). 

EXAMPLE IV 

This Example illustrates the preparation of a Pd-Au catalyst by a standard method using 

20 sodium PdfA.u salts and sodium hydroxide 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 syst~m. 

Following the standard procedure of Example I, Na2PdCl4 (1.65 g Pd), NaAuCl4 (0.75 g 

Au), NaOH (1.766 g), and KOAc (10 g) were employed. 

25 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 viny 1 acetate production were determined in a 

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

30 EXAMPLEV 

This: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 
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catalyst in the prod~ction of vinyl acetate from ethylene, acetic acid and oxygen in a VAST 

reactor system. 
. . I 

Following the standard procedure of Example I. Na2PdC14 (l.65 g Pd). NaAuCl4 (0.75 g 

Au), NaOH (2.04 g), and KOAc (10 g) were employed. 

5 After reduction with ethylene. the Pd-Au catalyst as p~ared 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 production were determined in a 

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

10 EXAMPLE VI 

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 agen~. and 

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

acetic acid and oxygen in a VAST reactor system. 

15 Following the sta11dard procedure of Example I, K2PdC14 (1.65 g Pd), KAuCI4 (0.75 g 

Au), K2Si03 (2.0 g ofK), 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 catalyst for vinyl acetate production were 

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

EXAMPLE VII 

This Example illustrates the preparation of a Pd-Au catalyst by a standard method using 

sodium Pd-Au salts and potassium silicate fixing agent, and deI11:onstrates the properties of the 

25 catalyst in the production of vinyl acetate from ethylene, acetic acici and oxygen in a VAST 

reactor system. 

30 

. . 

Following the standard procedure of Example I, Na2PdCk(l.65 g Pd), NaAuCl4 (0.75 g 

Au), K2Si03 (2.0 g of K), and KO Ac (10 g) were employed. 

After reduction with ethylene, the Pd-Au catalyst as prepared 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 production were determined in a · 

VAST reactor, as summarized in Table A (Catalyst VII). 
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EXAMPLE VIII 

This Example illustrates the preparation of a Pd-Au cat~lyst by a standard, method using 

sodium Pd-Au salts and sodium 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 

5 reactor system. 

Following the standard procedure of Example I. Na2Pdpl4 (1."65 g Pd), NaAuCJ4 (0.75 g 

Au), Na2Si03 (7 .23 g), and KOAc (10 g) were employed. 

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

1.0% Pd. 0.44% Au, 7.4% KOAc, and 765 ppm Cl. 

10 The properties of the Pd-Au cataJyst for vinyl acetate production were determined in a 

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

EXAMPLE IX 

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

15 rotation immersio11 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 I was followed to impregnate 5 mm silica spheres with 87.29 

mL of aqueous solution {5.13 g K2PdCl4 and 1.46 g ofKAuCl4) to incipient wetness. 

20 The impregnated support was treated with 300 mL of aqueous potassium silicate solution 

(2.0 g ofK). 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 for 2.5 hours. The silica 

support then was washed until a negative AgN03 test was obtained~ 

The silica support was dried, and then reduced with 5% ethylene in nitrogen at 150°C for 

25 5 hours. The reduced support was impregnated with 10 g ofKOAc~in 87.29 mL of water. and 

the resultant invention catalyst was dried in a fluid-bed drier at 100."C for one hour. 

The invention Pd-Au catalyst as prepared had a weight content of0.83% Pd. 0.34% Au, 

7.8% KOAc. and 430 ppm CJ. 

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

30 in a VAST reactor, as summarized in Table A (Catalyst IX). 
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EXAMPLEX 

This Example illustrates the preparation of a Pd-Au catalyst by a rotation immersion 

method using sodium Pd-Au salts and potassium silicate fixing :agent. and demo~strates the 

prop~rties of.the catalyst in the production of vinyl acetate fro~>~thylene, acetic acid and oxygen 

5 in a VAST reactor system. 

Following the rotation immersion procedure of~ampl_e !X. Na2PdCl4 (1.65 g Pd). 

·NaAuCl4 (0.75 g Au), K2Si03 (2.09 g ofK), and KOAc (10 g) ~~re 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. 

10 The properties _of the Pd-Au catalyst for vinyl acetate propuction were determined in a · 

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

The comparative data in Table A demonstrate that a Pd-Au catalyst prepared exclusively 

with potassium.containing reactants exhibits lower carbon dioxide selectivity in vinyl acetate 

production, in comparison with a corresponding Pd-Au catalystwhich is prepared with one or 

15 more sodiilrn-containing reactants. 

The comparative data in Table A also demonstrate that a .Pd-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_ 4ioxide selectivity 

20 improvement, as compared to the Pd·Au catalyst with a thicker P~~Au shell on the catalyst 

surface. The rotation immersion procedure provides a thinner P~-Au shell which is beneficial 

for improvement of carbon dioxide selectivity. 

Other important advantages derive from the use of potass14m silicate as a fixing agent, in 
. ;, -::· 

comparison with the use of potassium hydroxide. Potassium silica,te is a mildly basic 

25 compound, and does not attack a silica support medium as does a strongly basic compound. 

:; 
:, 
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TABLE A 

Pd-Au % Example Pd-Au Caustic % Fixing Shell . Selectivity Relative ca1Bl~s1 Sills .. fd-Au Ritia Al! ~ mm m')· EtOAc HE Activitl'.. I Potassium 0.96:1 0.32 KOH 0.377 9.)2 0.088 1.06 1.73 

II · Potassium · 1.04:1 0.41 KOH . 0.352 9.40 0.097 1.27 2.00 

III Potassium 1.2:1 0.46 NaOH 0.409 ~.95 0.096 1.45 2.18 

IV Sodium 1.04:1 0.38 NaOH N.A. 0~24 0.073 1.02 1.81 

v Sodium 1.2:1 0.46 NaOH 0.497 10.21 0.084 1.20 2.05 

VI Potassium 1.2:1 0.44 K2Si03 0.232 9.48 0.093 1.43 2.16 

VII Sodium 1.2: l 0.42 K2Si03 0.216 ll.45 0.087 1.22 l.97 

VIII Sodium l.2:1 0.44 Na2Si03 0.419 10.60 0.083 1.17 2.11 

IX Potassium 1.2:1 0.24 K2Si03 0.129 8,13 0.106 l.13 1.58 

x Sodium 1.2:1 0.19 K2Si03 0.103 9.67 0.087 0.94 1.12 
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THIS SHEET HAS BEEN 
·REPLACED 

J. A pro~ss for the preparation ofa catalyst for production-of vinyl acetate from 

ethylenet acetic acid and oxygen. which process comprises (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 

compounds onto the catalyst suppoi;t surfaces with an aqueous solution of basic potassium salt 

fixing agent; and 

(3) reducing the water-insoh1ble palladium and gold compounds to palJadium metal and gold 

metal to form a catalyst with improved carbon dioxide selectivity. 

2. The process in accordance with claim I 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 

(I) 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-paUadium compound 

and the potassium-gal~ compound in step ( 1) are applied in the same aqueous solution oi: 

successively in separate aqueous solutions. 

5. The process in accordance with claim I wherein the potassium-palladium compound 

in step (1) is potassium palladium tetrachlorate (K2PdC14), or potassium tetrachloroa'\)rate 

(KAuC14). 

6. The process in accordance with claim 1 wherein the basic potassium salt in step (2) is 

select~d from the group consisting 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 with claim l 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 accordance with claim 1 wherein th~ 6~talyst product has a palladium 

metal content between about 0.4-2.5 weight percent, and a gold metal content between about O. 1-
. I 

1.0 weight percent, based on the catalyst weight. 

11. The process in accordance 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 I 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 ethylene, acetic acid. oxygen and a 

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

·. 
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