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VINYL ACETATE CATALYST PREPARATION METIIOD 

BACKGROUND OF TIIE INVENTION 

Field of the Invention 

The present invention relates to a novel method of producing a catalyst useful in 

the reaction of ethylene, oxygen and acetic acid in the vapor phase to form vinyl acetate. In 

particular, the present invention is directed to a novel method of forming a catalyst useful in the 

catalytic fonnation of vinyl acetate in which said catalyst comprises metallic palladium and gold 

deposited on a suitable porous support 
.• 

Description of the Prior An 

It is known in the art that vinyl acetate can be produced by reacting ethylene, 

oxygen and acetic acid in the gaseous phase and .. in the presence of a catalyst comprising 

palladium, gold and an a1kali metal acetate supported on certain canier materials such a!! silica. 

Generally, such catalyst systems exhibit a high activity. Unfortunately, results utilizing such . . ...... 
palladium and gold catalysts have been inconsistenL This inconsistency appeL:i to be based 

somewhat on the distribution pattern or profile of the catalyst components which are deposited 

on and in relation to the support. For example, when use is made of the known vinyl acetate 

catalyst systems comprising a porous support with palladium ·and gold, the. metal components 

deposited at or about the support interiors or central regions do not contribute significantly to the 

reaction mechanism, since the reactants are not readily able to diffuse into the centtal or inner 

regions of the porous network of the catalyst. Hence, the reactipn ·occurs substantially only at 

the outermost or surface regions of ~ catalyst. The catalyst components in the interior regions 

of the support do not largely contribute to the rea~on scheme, resulting in a reduction in 

catalytic efficiency per unit weight of the catalyst components. Furthermore, the use of a highly 

active catalyst at times gives rise to side reactions ~d, therefore, leads to a reduced selectivity. 

to vinyl acetate. 

Various paten.ts have been granted based on the desire to more evenly distribute 

and anchor the gold and palladium catalytic components within a narrow band on the support 

surface to provide a vinyl acetate catalyst having high yield, good selectivity and long life. 
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Examples of such patents include U.S. Patent Nos. 4,087,622; 4,048,096; 3,822,308; 3,775,342 

and British Patent 1,521,652. 

The basic method of forming the vinyl acetate catalyst containing palladium and 

gold deposited on a catalyst support comprises (1) impregnating the support with aqueous 

solutions of water-soluble palladium and gold compounds, (2} precipitating water-insoluble 

palladium and gold compounds on the catalyst suppon by contacting the impregnated catalyst 

support with a solution of compounds capable of reacting with the water-soluble palladium and 

gold compounds to form the insoluble precious metal compounds (3) washing the treated catalyst 

with water to i:emove anions which arc freed from the initially impregnated palladium and gold 

compounds during precipitation and (4) convening the water-insoluble palladium and gold 

compounds to the free metal by treatment with a reducing agenL A final treatment usually 

involves (5) impregnating the reduced catalyst with an aqueous alkali metal acetate solution and 

(6) drying the final catalyst producL 

Prior an attempts to provide a unifo~ .. distribution of the palladium and gold 

metals on the suppon has involved some manipulation of the above mentioned steps· and/or by 

using suppon materials having various specified pore dimensions. 

SUMMARY OF THE INVENTION 

It has now been found that particularly active supported catalysts containing 

palladium and gold useful for the production of vinyl esters from ethylene, lower catboxylic acids 

with 2-4 carbon atoms and oxygen in the ga~ phase at elevated temperature and at nonnal or 

elevated pressure can be obtained by manipulating step (2} of the process as described above. 

Typically, during the precipitation step (2), the impregnated catalyst suppon is impregnated with 

a solution of the reactive compound and then allowed to stand for over 16 hours to complete 

precipitation of the insoluble precious metal compounds. The present inventors have found that 

during this "fixing" stage, a non-homogenous conce~tration of the reactive or fixing solution was 

created particularly at the contact points of the individual supports. To overcome this problem, 

a useful catalyst is formed by (1) simultaneously or successively impregnating a catalyst suppon 

with aqueous solutions of palladium and gold salts such as sodium-palladium chloride and auric 

chloride, (2) fixing the precious metals on the suppon by precipitating water-insoluble palladium 

and gold compounds by immersion of the impregnated supports in a reactive basic solution such 

as aqueous sodium hydroxide which reacts to fonn hydroxides of palladium and gold on the 

liifiiftf 
I 
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suppon swface, (3) washing with water to remove the chloride ion (or other anion), and (4) 

reducing the precious metal hydroxides to free palladium and gold, wherein the improvement 

comprises during fixing step (2) rotadng the impregnated catalyst suppons while such 

impregnated supports ue immersed in the iCactioil solution at least during the initial precipitation 

period and prior to letting the treated catalyst stand for an extended period of time to continue 

the precipitation of the water-insoluble palladium and gold compounds. It has been found that 

rotating the impregnated suppons while immersed in the reactive solution yields catalysts in 

which the precipitated suppon metals are more evenly distributed in a nmow band on the suppon 

surface. In this invention, rotation of the treated suppons bi the teaetion or fixing solution is 

synonymous with tumbling, mixing, agitating, etc. What has been found is that catalyst activity 

with respect to the formation of vinyl esters such as vinyl acetate by the process of reacting 

ethylene, lower carboxylic acid and oxygen in the gas phase can be maintained and that the side 

reaction relative to the formation of carbon dioxide is substantially reduced when the catalysts 

ue formed by the method described. 

DETAILED DESCRIPTION OF nm INVENTION 

In the preparadon of the improved catalyst of the present invention, a suitable 

catalyst suppon is first impregnated with an aqueous solution containing water-soluble palladium 

· and gold compounds. Separate solutions of palladium and gold compounds could also be used 

successively, but it is less convenient to proceed in that fashion. Palladium (Il) chloride, sodium 

palladium (Il) chloride, and p~adium (Il) nitrate are examples ·of suitable. water-soluble 

palladium compounds, whereas amic (III) chloride or tcttahaloauri.c (Ill) acid and the alkali metal 

salts thereof can bC used as the water-soluble gold compounds. The generally available 

tetrachloroauric (III) acid and sodium palladium (Il) chloride aIC preferred because of their 

relatively high water solubility. Typically, the quantity of these compounds employed is such as 

to provide .1 to 10 grams of palladium and 0.5 ·to S grams of gold per liter of finished catalysL 

Accordingly, the amount of gold present in the catalyst will be from about 10 to about 70% of 

the amount of palladium. The amount of gold and palladium contained on the support has not 

been found to be critical to the method of preparation as catalysts formed by the rotation­

immersion method of this invention with varied amounts of each precious metal have yielded 

similar improved results during the formation of vinyl acetate. Thus, catalysts containing even 

higher or lower amounts of the precious metals relative to that recited above could be useful in 
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the formation of vinyl acetate by reaction of ethylene, oxygen and acetic acid in the vapor phase 

as long as the catalyst is formed by the novel method set fonh herein. The volume of solution 

used for impregnating the support with the precious metals is imponanL For effective deposition, 

the volume of the impregnating solution should be from 95 to 100% of the absorptive capacity 

of the catalyst support and preferably it should be 98-99%. 

The suppon material for the catalyst according to the present invention c8.n be of 

any diverse geometrical shape. For example, the support can be shaped as spheres, tablets or 

cylinders. The geometrical dimensions_ of the support material can, in general, be in the range 

of 1-8 mm. A most suitable geometrical shape is, in particular, the spherical sha~ for example, 

spheres with diameters in the range of 4-8 mm. 

The specific surface area of the support material can vary within wide limits. For 

example, support materials which have an inner surface area of 50-300 nil/g and especially 100-

200 nil/g (measured according to BET) are suitable. 

Examples of support materials which CJD be used includC silica, aluminum oxide, 

8Iuminum silicates or spinets. Silica is the preferred support material. 

After impre~tion of the support with the water soluble palladium~ gold 

compounds, the impregnated supports can be dried or the fixing of the palladium and gold 

compounds can be accomplished while the support is still wet with the impregnating solution. 

The fixing solution is one which comprises an alkaline solution, for example, an aqueous ~olution 

which contains alkali metal hydroxides, alkali metal bicarbonates and/or allcali metal carbonates, 

alkali metal silicates, aJkali . m~tal borates, and hydrazine. It is particularly preferred to use . . 
aqueo\Js solutions of sodium hydroxide or potassium hydroxide. The amount of the alkaline 

solution which should be utilized is important so as to ensure that all of the palladium and gold 

water soluble compounds are fixed o~. in other wOids, precipitated in the fo~ of water insoluble 

compounds. To ensure suitable fixing, it is useful to provide an amount of fixing solution such 

that the amount of alkali metal present is approximately 1-2 times the amount of total anion 

present in the water soluble precious metal salts. Preferably, ratios of alkali metal to anion range 

from about 1.6 to 1.2:1 molar. It is also important in the fixing stage, that the· volume of fixing 

solution ~ such to immerse at least· up to 50% of the surface area of the impregnated supports, 

preferably at least 75% of the surface area and most preferably a sufficient amount to wholly 

immerse the impregnated supports in the fixing solution prior to rotation or tumbling therein. 

Thus. the volume of fixing solution should equal about 50 to 500% of the volume of the 
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impregnated suppons. More preferably, an excess of fixing solution is used:, e.g •• 50 to 200 

vol.% relative to the volume of the impregnated suppon. 

By treatment with the alkaline solution, the precious metal salts are convened to 

water insoluble compounds believed to be hydroxides and/or oxides, at least in the case where 

the alkaline solution is a solution of sodium hydroxide or potassium hydroxide. 

Previous to the present invention, the alkaline fixing solution was simply poured 

onto the impregnated supports and the treated supports were allowed to stand for up to 24 hours 

or more during the precipitation. It ~ now been found that catalyst activity such as for the 

formation of vinyl acetate can be maintained and that the side reaction relative to the formation 

of carbon dioxide can be substantially reduced if during the fixing stage, the impregnated supports 

are immersed in the alkaline solution and tumbled or rotated therein during the initial stages of 

precipitation of the water insoluble precious metal compounds such as to the oxides or 

hydroxides. Tue rotation or tumbling of the suppons in the alkaline fixing solution should ..... 
proceed for at least about 0.5 hour upon initial treatment and preferably for at least one hour. 

Rotation-immersion treatment can last as long as up to 4 hours. The treated supports may be 

allowed to stand in the fixing solution to ensure that complete precipitation of the water insoluble 

precious metal compounds takes place. 

Any type of rotation, tumbling, or equivalent equipment which will keep the 

suppon in motion can be used as the exact apparatus utili7.Cd is not critical. ·What may be 

critical, however, is the extent of the motion. Thus, the motion should be sufficient so that all 

swface~ of the impregnated suppons are evenly contacted with the 8lkalinc fixing solution. The 

motion should not be so harsh that actoal abrasion of the insoluble precious metal compounds 

takes place such that the insoluble compounds are abraded off the suppon swfacc. Generally, 

the extent of rotation should be about 1 to 10 rpm and possibly even higher depending upon the 

exact suppon utilized and ·the amount of precious me_tal to be deposited on the support. The rpm 

to be used is variable and may also depend upon the apparatus utilized, the si2:e and shape of the 

suppon. the type of suppon. metal loadings, etc., but should fall within the guicf:elincs expressed 

above. While a small amount of abrasion may take place, it is not to be such that the insoluble 

compounds arc a<_:tually abraded off the suppon surface to an unacceptable degree. 

Subsequent to the fixing and precipitation step. the suppons arc washed such as 

with distilled water so as to remove the anions, such as the chlorides, which are still contained 

on the suppon and freed from the initial impregnating solution. Washing is continued until all 
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of the anions are removed from the suppon. No more than about 1,000 ppm of anion should 

remain on the catalyst. To ensure substantially complete removal of the ~ons such as chloride 

ion from the catalyst, the wash effluent can be tested with silver nitrate. The catalyst is then 

dried at temperatures not to exceed about lSO'C under an inert atmosphere such as a continuous 

nitrogen or air flow. 

The fixed and washed material is then treated with a reducing agent in order to 

convert the precious metal salts and compounds which are present into the metallic fonn. The 

reduction can be carried out in the liquid ph~, for example. with aqueous hydrazine hydrate, 

or in the gas phase. for example, with hydrogen or hydrocarbons, for example. ethylene. If the 

reduction is carried out with a solution of hydrazine hydrate. the maction is preferably cmied out 

at non:nal temperature. When the ICduction is carried out in the gas phase, it can be 

advantageous to carry out the reaction at elevated temperature, for example, at 100-200'C in the 

case of reduction with ethylene. The reducing agent is appropriately employed in excess so that 
-~··· . 

it is ccnain that all of the precious metal salts and compounds are converted into the metallic 

form. 

Depending on the use for which the catalyst prepared in this way is intended, the 

latter can also be provided with customary additives. Thus, for example, addidom of alkali metal 

acetates are advantageous when the catalyst is to be used for the preparation of unsaturated esters 

from olefins, oxygen and organic acids. In this case, for example, the catalyst can, for this 

purpose, be impregnated with an aqueous solution of potassium acetate and then dried. 

·· · The catalysts according to the invention can be used with particular advantage in 

the prepamtion of vinyl acetate from ethylene, oxygen and acetic acid in the gas phase. For this 

purpose, those catalysts according to m,e ,invention which contain silica as the support material 

and additives of alkali metal acetates are particularly suitable. In the above mentioned 

preparation of vinyl acetate, such catalyst are also ~stinguished by high activity and selectivity 

and by long life. 

EXAMPLES 1-3 

T)le catalysts of Examples 1-3 ·were prepared in accordance with the method of the 

present invention. For each example, silica catalyst supports provided by Sud Chemie having a 

spherical shape and a diameter as shown were utili7.Cd. Except as otherwise provided, the 

suppons were impregnated with an aqueous solution containing sodium palladium chloride and 

This Sheet Has Been Replaced 
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sodium tetrachloroaurate in the concentrations shown ~ess otherwise indicated. 250 ml of the 

impregnated suppons were placed in a i:ound bottom flask containing 300 ml of an aqueous 

solution of sodium hydroxide. The amount of sodium hydroxide used corresponded to 120% of 

the stoichiometric equivalent needed to convctt the precious metal salts to their hydroxides. The 

flask was immediately rotated in a roto-cvaporator (without vacuum) at approximately S rpm and 

rotation continued for 2.5 hours. After 2.5 hours, the rotation was stopped and the alkaline 

treated supports may have been allowed to stand for an additional time as shown to insme 

maximum precipitation of the precious metal salts as ~e insoluble hydroxides. The flask was 

drained and the alkaline treated material was washed witli distilled water to remove the chloride 

ions. The water flow rate was about 200 cc per minute for approximately S hours. The catalyst 

was dried at a temperature of lSO"C under a continuous nitrogen flow. The dried catalystS were 

reduced with ethylene at a temperatuIC of lSO'C. The reducing gas contained 5% ethylene in 

nitrogen and was passed over the catalysts for Sh~~ at atmospheric pressure. The reduced 

catalyst was impregnated with an aqueous solution containing 10 grams of potassium acetate at 

a solution volume equal to the support absorbdvity. The catalysts were dried at a temperature 

no greater than 150-C. 

CONTROL EXAMPLES A-F 

Control Exa.lnplcs A-C were prepared by the method ofU. S. 4,048,096 using the 

metal loadings, volumes, and concentrations provided in Table 1. 

Control Examples D-F were prepared by the method of U. S. 3,775,342 using the 

metal loadings, volumes, and concentrations provided in Table 1. 
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WHAT IS CLAIMED IS: 

1. A method of preparing a catalyst composed of a porous suppon containing 

thereon precious metals comprising; impregnating said suppon with water soluble compounds of 

said precious metals, convening said water soluble precious metal compounds to water insoluble 

precious metal compounds by immersing said impregnated support in a fixing solution containing 

a compound.reactive with said water soluble compounds to precipitate on said suppon said water 

insoluble precious metal compounds and while said impregnated support is immersed in said 

fixing solution tumbling said impregnated support therein for at least 0.5 hour, completing 

precipitation of said water insoluble compounds, washing said ~pon and reducing said water 

insoluble precious metal compounds with a reducing gas to fonn free precious metals on said 

suppon. 

2. The method of claim 1 wherein said precious metals comprise a mixture of 

palladium 3:11d gold. 

3. The method of c1a,im 2 wherein said gold is present in an amount of 10 to 70% 
·'!':···· 

by weight of the amount of palladium. · 

4. The method of claim 2 wherein said support is tumbled in said fixing solution 

for at least about one hour. 

5. The method of claim 1 wherein said reactive compound is an alkaline 

compound. 

6. The method of claim 5 wherein said alkaline compound comprises potassium 

or sodium hydroxide. 

7. The method of claim 5 wherein said alkaline compound is picscnt in a molar 

excess relative to the . amount required to conven all of said water soluble precious metal 

compounds to said precious metal water insolub~ compounds. 

8. The method of claim 5 wherein said water sol'1ble precious metal COD.?pounds 

are salts and said alkaline compound is presc.nt in an amount such that the molar ratio of alkali 

metal of said alkaline compound to aniqn from said salt is from about 1.2:1 to 1.6:1. 

9. The method of claim 7 wherein said fixing solution con~g said alkaline 

compound is present in an amount to immerse at least 50% of the volume of said suppon. 

lQ. The method of claim 9 wherein said fixing 5olution is present in an amount 

to immerse at least 75% of the volume of said suppon. 

I 1111111 111111 11111 1111111 1111 
* C L M S * 
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11. The method of claim 9 wherein the volume of said reactive solution is from 

about 50 to 500% of the volume of the impregnated supporL 

12. The method of claim 1 further including impregnating said reduced catalyst 

with an aqueous alkali metal acetate solution and drying said catalyst. 

13. The method of claim 1 wherein said impregnated support is tumbled in said 

fixing solution by being rotated in an apparatus rotating at from about 1 to 10 rpm. 

14. The method of claim 1 wherein said water insoluble precious metal 

compounds are reduced to free precious metals by contacting said treated support with a 

hydrocarbon gas. 

15. The method of claim 14 wherein said hydrocarbon gas is ethylene. 

16. The method of claim 1 wherein said porous support is silica. 

17. The method of c1alln 2 wherein said porous support is silica. 

18. A method of preparing a catalyst composed of a porous support containing 

thereon a mixture of palladium and gold comprisin~. ~pregnating said support with water 

soluble salts of said palladium and gold, convening said salts to insoluble palladium and gold 

hydrmfidcs 
0

by immersing said impregnated support in an aqueous sodium or potassium.hydroxide 

solution to precipitate on said support said hydroxides and while said impregnaied support is 

immersed in said aqueous sodium or potassium hydroxide solutio~ tumbling said support therein 

for at least 0.5 hour, completing precipitation of said hydroxides, washing said supportS to remove 

freed anions from said salts and reducing said hydroxides with a fcducing gas to form free 

palladium and gold on said support. 

19. The method of claim 18 wherein the volume of said aqueous sodium or 

potassium hydroxide solution is from about 50 to 500% of the volume of the impregnated 

supporL 

.20. A method of ~paring a catalyst composed of a porous support conQdning 

thereon a mixture of palladium and gold comprising, ~prcgnating said support with water soluble 

chloride salts of s~d palladium and gold, converting said salts to water insoluble palladium and 

gold compounds by immersing said impregnated suppon in a solution contaiµ.ing an alkaline 

compound reactive with said salts to precipitate on said support said water insoluble compounds 

of said palladiuni and gold and while said inipregnatcd suppon is immersed in Said reactive 

solution tumbling said suppon therein for ~~ least 0.5 hour, the volume of said reactive solution 

being about 50 to 500% the volume of said support and the alkaline compound being present in 

\ \11\11\ \\\I\\ Ill" \\1\1 \\ \II\ 
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an amount. such that the molar ratio of ~ metal of said alkaline compound to chloride anion 

of said salt equals from about 1.2:1 to 1.6:1, completing precipitation of said water insoluble 

compounds, washing said suppon to remove freed chloride ions and reducing said water insoluble 

compounds with a reducing gas to form free palladium and gold on said support. 

\ \11111\ \1\1" 111\1 \\Ill I\ \II\ 
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