VINYL,A&ETATE CATALYST PREPARATI ON METHOD . qroskesA TS
BACKGROUND OF THE I NVENTION  Field of the Invention The
present invention relates to a novel nethod of producing a catal yst useful
in the reaction of ethylene, oxygen and acetic acid in the vapor phase to
formvinyl acetate. In particular, the present invention is directed to a
novel- nethod of formng a catal yst useful in the catalytic formation of
vinyl acetate in which said catal yst conprises netallic palladiumand gold
deposited on a suitable porous support. Description of the Prior Art

VINYL ACETATE CATALYST PREPARATION METHOD -

BACKGROUND OF THE 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 formation of vinyl acetate in which said catalyst comprises metallic palladium and gold
(’leposited on a suitable porous support.

Description of the Prior Art

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 alkali metal acetate supported on certain carrier materials such as silica.

_ Gcnexa_ﬁy. such catalyst system exhibits a high activity. Unfortunately, results utilizing such
palladium and gold catalysts have been inconsistent. This inconsistency appears to be based -
soméﬁvhat on the distribution pattern or profile of the catalyst components which are deposited
on and in relation to the support. For example, when usc is made of the known vinyl acetate
catalyst systems comprising 2 porous support \irith 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 diffusc into the central or inner
regions of the porous network of the catalyst. Hence, the reaction occurs substantially only at

~ the outermost or surface regions of the catalyst. The ;:atal);st components in the interior regions
of the support do not largely contribute to the reaction 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 and, therefore, leads to a reduced selectivity
to vinyl acetate.
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It is.known in the art that vinyl acetate can be produced by reacting

et hyl ene, oxygen, and acetic acid in the gaseous phase and in the presence
of a catalyst conprising palladium gold and an al kali netal :acetate
supported on certain carrier materials such as silica. Generally, such
catal yst systemexhibits a high ackivity. Unfortunately, results utilizing
such pall adi um and.gol d catalysts have been inconsistent. This-
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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 1o remove anions which are freed from the initially impregnated palladiom and gold
- compounds during precipitation and (4) converting the water-insoluble palladium and gold
compounds to the free metal by treatment with a reducing agent. A final treatment usually
involves (5) impregnating the reduced catalyst with an aqueous alkali metal acetate solution and

(6) drying the final catalyst product.

Prior art attempts to provide a uniform distribution of the palladium and gold
metals on the support has involved some manipulation of the above mentioned steps and/or by
using support materials having various specified porc dimensions.

It is an object of the present inveation to provide a method of preparing a vinyl
acetate catalyst which contains palladiuni and gold on a porous support in which the fixing of the
water soluble precious metal compounds as water insoluble compounds on the support can be
achieved by contacting the impregnated support with sufficient reactive compound to insure
complete precipitation and fixing of the precious metal compounds onto the support in multiple
fixing steps.

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 carboxylic acids
with 2-4 carbon atoms and oxygen in the gas phase at elevated temperature and at normal or
clevated pressure can be obtained by manipulating step (2) of the process as described above.
Typically, during the precipitation step (2), the impregnated catalyst support is impregnated wi(th ~
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Vari ous patents have been granted based on the desire to nore evenly

di stribute and anchor the gold and pall adium catal ytic conponents within a
narrow band on the support surface to provide a vinyl acetate catal yst
having high yield, good selectivity and long Iife. Exanples of 'such patents
include U S. Patent Nos. 4,087,622;3 4,048,096, 3,822,308; 3,775,342 and
British Patent 1,521, 652. The basic nethod of formng the
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. chloride, (2) fixing the precious metals on the support by precipitating water-insoluble palladium
and gold compounds by treatment of the xmpregnawd supports with a reactive basic solution such
as aqueous sodium hydroxide which reacts to form hydroxides of palladium and gold on the
suppoft surface, (3) washing with water to remove -the chloride ion (or other anion), and )]
reducing the precious metal hydroxides to free palladium and gold, wherein the improvement
comprises during fixing step (2) utilizing two separate precipitation stages wherein the amounts
/ of the reactive compound in contact with the salt-impregnated support in each stage is no more
" than that required to react with the water soluble precious metal compounds impregnated in the
support. Between the separate fixing or precipitation stages, the support which has been
- impregnated with the reactive basic solution is allowed to stand for a set period of time to allow
- precipitation of the water insoluble precious metal compounds before the sdcond fixing stage in
which additional reactive basic compound is addcd’to the support. While the overall amount of
tha reactive compound added to the support is in excess of that required to react with all the
precious metal compounds which arc present as water soluble salts, it has been found that by
dividing the fixing into at least two stages smaller amounts of the reactive compound can be

reacted with the water soluble precious metal salts in each stage. This achlcves the desire to limit
the amount of the reactive compound coming in contact with the salt-impregnated support at one
time and still insures that the support is cventually contacted with a sufficient amount of reactive
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SUMVARY OF THE | NVENTI ON

It has now been found that

‘particularly active supported catal ysts containing pall adi umand gold

usef ul

for the production of vinyl esters from ethylene, |ower carboxylic

acids with 2-4 carbon atons and oxygen in the gas phase at el evated
tenperature and at normal or elevayed pressure can be obtained by

mani pul ating step (2) of the process as described above. Typically, durin
the prior art precipitation step (2), the inpregnated catal yst support is
i npr egnatempouintito fix all of the water soluble pmcious metal salts as water insohble precious metal
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solution of th reactlve co and. then d t stand for over 16
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conpounds. Typlcally, an excess of the reactive conpound-is utilized to

i nsure that all of the 5 sol uble reC|ous net al
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nsol ubl e conpoldiEdkAilihidd RIBAIC HE INVEN The
In the preparation of the improved catalyst of the present invention, a suitable

- catalyst support 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 (II) chloride, sodium
palladium (IT) chloride and palladium (II) nitrate are examples of suitable water-soluble palladiom
compounds, whereas auric (II) chloride or tetrachloroauric (III) acid and the alkali metal salts

conpounds_are precipitated
ON

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

tetrachloroauric (III) acid and the sodiumpalladium(ﬂ)chloﬁdcatepmfegedbecauseofﬂleir
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 5 grams of gold per liter of finished catalyst. 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 is not believed to be -
critical to the method of preparation as catalysts formed by the "double-fixing" method of this

invention with varied amounts of each precious metal will yield 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 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 forth herein. The volume of solution used for impregnating the support
with the precious metals is important. 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 support material for the catalyst according to the present invention can 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 shape, for example,
spheres with diameters in the range of 4-8 mm. These supports are gencrally called pills.
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excess is generally about 120% or nore of the anpunt needed to react
With all of the precious netal conpounds which have been i npregnated
onto the support. It has been desired to 10 reduce the anobunt of reactive
conpound in the fixing solution which is contacted with the inpregnated
support as it has been found thgt better catalyst performance is

achi evable. Unfortunately, if the water sol uble precious net al
conmpounds are not precipitated and thus fixed on the 15 catal yst support,
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'  solutions of sodium hydroxide or potassium hydroxide. By treatment with the alkaline sohition,
the precious metal salts are converted 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.

According to the prior art, the ﬁlkaline-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. The volume of fixing solution was that equal to the dry absorptivity of
the support and the amount of alkaline compound used was in excess on a molar basis: of that
required to react with all of the impregnated precious metal salts. It has 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 the fixing step
(2) is divided into at least two separate stages of treatment with the alkaline fixing solution. In
cach separate fixing treatment, the amount of the alkaline reactive compound is no more than that
equal to the molar amount required to react with all of the precious metal compound which is
present on the support as a water soluble compound. Preferably, ﬁe amount of reactive
compound used in each fixing stage is less than the molar amount required to react with all of
the water soluble precious metal compdund. The first fixing stage is conducted by impregnating
the dried, impregnated support with the alkaline fixing solution in an amount cqual to about the
dry absorptivity of the support. The amount of the alkaline compound contained in solution
should be such that the ratio of alkali metal to anion from the water soluble precious metal salt

be from about 0.7:1 to about 1:1 molar and the volume should equal the dry support absorptivity.
The second fixing stage is conducted by adding the undried partially fixed pills to a second
'\
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support in each stage is no nore than that required to react 35 with the
“wat er sol ubl e "preci ous netal conpounds i npregnated I n the support.

3a More specifically, the present invention provides a

nmet hod of preparing a catal yst conposed of a porous support cont ai ni ng
t hereon pal | adium and gol d as precigous netal s, whi ch nmet hod conpri ses
| npregnati ng said support with water- 5 sol ubl e conpounds of said
precious netals, converting said wat er - sol ubl e precious nmetal conpounds
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met al conpounds into the water-insol uble pregi ous nmet al conmpounds
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stage ‘Mfth]gt AHnS H4EL e $:4H LfpPorts are allowed to stand for a sufficient period of time to allow
~ precipitation of the insoluble precious metal compounds. The period of time will vary but
* typically will range from about 2 hours to 8 hours before the support is again treated with the
second portion of alkaline fixing solution. Subsequent to treatment in the second fixing stage,
the treated supports are allowed to stand again for at least an additional 2 hours, preferably, at
least 4 hours and may stand to complete precipitation for up to about 16 hours.

The treatment in the second fixing stage can be equivalent to that of the first stage
wherein the treated dried and partially fixed supports are impregnated with the fixing solution at
the desired alkaline concentration. The total volume of solution is sufficient to cover the volume
of the support. Alternatively, the support can be impregnated in the second fixing stage by a
process designated "rotation immersion* which is set«forth in copending, commonly assigned
application Docket c-7130. In this process, the once-fixed catalysts are immersed in the alkaline
ﬁﬁmgsdmﬁonandunmmedcrnmmwdﬂumﬁndnﬁngﬂminhhdsw@psofﬂm;muﬁﬁmﬁonofﬂm
“muxinﬁmMﬂelnuicminbudconmommk. The rotation or tumbling of the supports in the
alkaline fixing solution should proceed for at least 0.5 hour upon the initial treatment and,
preferably, for at least 1 hour. The rotation immersion treatment can last as long as up to 4 hours

[ before the treated supports arc allowed to stand in the fixing solution to insure that complete
precipitation of the water soluble precious metal compounds take place.

. Any type of rotation or tumbling equipment can be used as the exact apparatus
utilized is not critical. What may be critical, however, is the extent of the rotating motion. Thus,
ﬂm:mmﬁonéhmﬂdln:ﬂﬁﬁckntaaﬂmxan:mnﬁwu;ofﬂm:hnmngmuuimnmonsan:evmﬂy

"contacted with the alkaline fixing solution. The rotation should not be so harsh that actual
abrasion of the insoluble precious metal compounds takes place such that the insoluble
compounds are abraded off the support surface. Gcncrally, the extent of rotation should be about
1 to 10 rpm and possibly even higher depending upon the exact support utilized and the amount
of precious metal to be deposited on thé support. The rpm to be used is variable and mdy also
depend upon the apparatus utilized, the size and shape of the support, the type of support, metal
loadings, etc., but should fall within the guidelines expressed above that while a small amount
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cont ai ni ng sodi um hydroxi de or potassium hydroxide in an 15 anount such
that the ratio of alkali netal to anion fromthe wat er - sol ubl e preci ous
metal compound is fromO0.7:1 to 1:1 nolar to precipitate on said
support said water-insol uble preci ous netal conpounds, and the
contacting of said support in arsecond fixing stage wth a second
“aqueous solution 20 containing sodi um hydroxi de or potassi um hydroxide in
whi ch the ratio of alkali nmetal to anion fromthe precious netal
compound is fromO0.2:1 to 0.9:1 nolar to further precipitate on said

support gpatiasiGi @iy taks Pldes)] it isHiot @ be/suckithatlthe insolablepoipoiinds fe actually abraded
Bet ween"t he separate fixing or preC| pi tation stages, t he support which
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that by dividing the fixing into at | east twp 35 sta es smal | er anmounts of

the reacPqmain €8 yitg Fofmsure spbstantially gpwglet removalof the paipns:sucheasichloside
metal  SajdnSerbid & Chtalyst, the wash effluent can be tested with silver nitrate. The catalyst is then

dried at temperatures not to exceed about 150°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 form. The
reduction can be carried out in the liquid phase, for example, with aqueous hydrazine hydrate,
or in the gas phase, for example, with hydrogen or hygdrocarbons, for example, ethylene. If the
reduction is carried out with a solution of hydrazine hy(imtc, the reaction is preferably carried out
at normal temperature. When the reduction is carried out in the gas phase, it can be
advantageous to carry out the réaction 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 certain that all of the precious metal salts and dompounds 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, additions 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 invcnti'on can be used with particular advantage in
the preparation of vinyl acetate from ethylehe, oxygen and acetic acid in the gas phase. For this.
purpose, those catalysts according to the invention which contain silica as the support material
and additives of alkali metal acetates are particularly suitable. '~ In the above mentioned
prcparétion of vinyl acetate, such catalyst are also distinguished by high activity and selectivity
and by long life.



3b . stage. This achieves the desire to limt the anount of the

reactive conpound coming in contact with the salt- | npreegnat ed support at
one time and still insures that the support is eventually contacted with
a sufficient anount of 5 reactive .
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EXAMPLES 1-7

The catalysts of Examples 1-7 were prepared in accordance with the method of the
Mt invention. For each example, silica catalysts supports provided by Sud Chemie having '
a spherical shape and a diameter of 7.3 mm were utilized unless otherwise specified. In all the
examples, 250 cc. of the supports were impregnated with the same aqueous solution containing
sodium palladium' chloride and tetrachloroauric acid. The supports were dried in hot air at a
temperature not exceeding 100°C.  The treated supports were impregnated with an aqueous
solution of sodium hydroxide. The amount of sodium hydroxide used in each of the fixing stages
is set forth in Table 1 as the molar ratio of sodium to chloride anion. The volume of the sodium
hydroxide solution was equal to the dry support absorptivity in the first fixing stages. After the
 first stage, the basc treated support was allowed to stand for 4 hours and then subsequently
poured into the second sodium hydroxide solution. Subsequent to the second treatment, the base
treated material was allowed to stand for an additional about 16 hours. Variations in the fixing
times are also set forth in Table 1. After fixing, ﬂ:ebas_eucawdmatenalwas thoroughly washed
with distilled water to remove the chloride ions to accepted levels which were at most 1,000 ppm
chloride. The water flow rate was about 200 cc/min for approximately 5 hours. The catalyst
was dried under a continuous nitrogen flow at a temperature of no more than 150°C. The dried
catalysts were reduced with ethylene ata temperature of 150°C. The reducing gas contained 5%
cthylene in nitrogen and was passed over the catalysts for 5 hours at atmospheric pressure. The
reduced catalyst was impregnated with an aqueous solution containing 10 grams of potassium
acctate at a solution volume equal to the support absorptivity. The catalysts were dried at a
tempcrature no greater than 150°C.

The catalysts were utilized to prepare vinyl acetate by the reaction of cthylenc,
oxygen and acetic acid according to methods well known in the art,
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4 ch the water soluble precious netal salts as water

i nsol. uﬁml conpounds so as to anchor or fix the precious
met al-s Mﬁmﬂqﬂm DETAI LED DESCRI PTI ON OF THE
| NVENTION ¢ In the preparation of the inproved catal yst of the

present invention, a SU|tabIe catag yst support is first inpregnated with an
aqueous solution cont ai ni ng wat er-sol ubl e pal | adi um and gol d conpounds.
Separ at ' i 0 ladium and gol d conpounds could al so be used
successi ‘ess convenient to proceed in that fashion.
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compounds, washing said support and reducing said water insoluble precious metal compounds
with a reducing gas to form free precious metals on said support.

2. The method of claim 1 wherein said precious metals comprise a mixture of
soluble salts of paliadium and gold.

3. The method of claim 2 wherein said soluble gold salt is present in an amount
of 10 to 70% by weight of said soluble palladium salt, . _

4. The method of claim 2 wherein said treated support is allowed to stand for at
least 4 hours subsequent to contact with said reactive solution in each of said fixing stages.

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 the total amount of said alkaline compound
contacted with said impregnated support equals a molar excess relative to the amount required
to convert all of said water soluble precious metal compounds to said- precious metal water
insoluble compounds.

8. The method of claim 5 wherein said water soluble precious metal compounds
are salts and said alkaline compound is present in an amount in said first fixing stage such that
the molar ratio of alkali metal of said alkaline compound to anion from said salt is from about
0.7:1 to 1:1 and in an amount in said second fixing stage such that the molar ratio of alkali metal
of said alkaline compound to anion from said salt is from about 0.2:1 to 0.9:1.
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invention with varied amounts of each precious metal will yield simlar

I npr g the formation of vinyl acetaters Thus, catalysts
cont gm IH@! u a or |ower anounts of the precious netals relative to
t hat recicted above coul d be useful in the formation of vinyl acetate by

reaction of ethylene, oxygen and acefo c acid in the vapor phase as long as
the catalyst is formed by the novel nethod set forth herein. The vol une of

solution used for inpregnating.the.support he prec als is
i nportant. For eff&ctihpemgdsd gft%ws%%%@"@ %ﬁ‘ig‘@ﬂ%@mwm

sol uti on ghoyls éﬁ%ﬂ%&dmﬁg@@ﬁ 5\@&,;@@&%&:& &a?ﬁxctxﬂ&ar  ratio
cat al yst support and pr éf er abl shoul d be 98 9 _
support néaknhmcﬁlmfsaid@lkmwpmpoamt:mduwgﬁpm msaétué’mmmmérit'lmlléah be

of any di verse geoggt ik ?g? gﬁ as

spheres, tablets orﬁc%gﬁﬁgﬁs&a&%’ﬁg né?’?%a?mé%ggﬁ@ns 0 gﬁ%ggr h

mat eri al oﬁfﬁdﬁm @dmoﬂdﬁ:hﬁgmgjé.hs sndncmm;e]zﬁel&xlmor?ﬁamxi]tcmaﬂidfahid?lkaune

geonetrica pe is, Ln par u , spherical shape, for exanple, L

spher es WW@%&HMEP ‘laﬂies;i d’®° &g A8 - These supports are generally

called pills. 11. The me od%fclalmlwhemmthcvolufneofsald luuoncoataéted

The specific surface area o e support materral can vary

limts. Iﬁmhsaldxmprcgnatedsupportmcachofsa:dﬁrstﬁmgstagexsequaluothedryabsoxpnmy

- of said support.

( 12. The method of claim 1 wherein the volume of said reactive solution contacted

with said impregnated support in said second fixing stage is sufficient to cover the volume

support.

-
et Has Been Replaced

T




exanpl e, support materials which hé\/g_an i nner surface area of 50-300
nmerr]/g and especially 100- 200 nferr]/g (neasured according to BET) are

sui t abl e. Exanpl es of support materials which can be used
i nclude silica, alum numoxide, alumnumsilicates or spinels. Silicais
the preferred support material. After inpregnation of the

support with the water soluble palladiumand gold conpounds, the

i npregnat ed supports are dried pri ordflo fixing the palladiumand gold
conpounds as water insoluble compounds on the support. The fixing solution
is an aqueous sol ution of sodi um hydroxi de or potassium hydroxi de. By
treatment with the al K¥ENYieAGRYATE iCAMALYSH cPREPARNTEON MBEHQN salts are
converted to water insoluble conpounds believed to be hydroxides and/or

oxi des According to the prior art, the alkali-ne fixing

sol ution was sinply poured onto t heABSERAGHAat ed supports and the treated

t | tand.f 4 . duting. t
or ooy pi tat on. - Tis et o bRBfine f cHBb oot Seelll RS meatior o ififrae.
i o i g bttt s |
i npr egnSHPEAT Pyl MRl I jof palladium aad the priladivm and; gold \og; the
acti vi t yupplfias Jdtek Hsofubfe dopipBRAASHY &E&wmamﬁﬁ%@gﬁgﬁgﬁp@% | lagivand -

that the side reaction relative tdo the formation e can be
subst antalution in; e separatesfixing stagosi wierein dhe (reated suppontiisidried andaliawedea stand wo

Separ ot B DAt if B2':05My ek o peaiafadsfind BSptpbit e fadt on) e suspoBan | <
no nor eredhcing ttheainselyblel campobids wofres palladiunt and goldl €Thé Cathlyts tpropatel i this Of

the pregi e ound whigh is present..on the supporf as ,a water
sol ubl e%o‘ﬁé%? gﬁ"\"ﬁfﬂ WVI‘%e% b withoospect, to gﬁﬁﬁj ¥y fQeach
fixing dirgethevinyt 26ethidFormbiAg rédtign. anount required to react with all of




—————

the water sol uble precious j qund.. The first fixing stage is = °
conducted by inpregnating tl@"ﬂm“ﬂﬂ ﬁﬂ,’mt ed support wth the al kaline
fixing solution in an anounts egudi #¥ the dry absorptivity of the
supportw Th_eI anount of the al kaline conpound contained in solution should

be suchYEAIISGLAMEDISf alkali metal to anion fromthe water soluble
preci ous metal sal ta RRuiddQrprRBAg Dealalyst ESmFREUST alpotoudBbportaideliaidify thetdsie
shoul d preferably equal. the gry support absorptivity., The second fixjn
stage irelladbimiand 2oid mptaherimprisinghisnpuemmatingsasuppert Mtht godaum-pall: ﬁ%ﬂ%@%&nd

g ¢ alk g’ﬁ:ﬁ%hﬁ%@ f o 2AHEAYSIe fshid 6‘%&9 :p‘r'éd:i&ﬁ-med:]g‘, dbsriagbdld Warkr s&iEble predidlsl O

metal ‘to anion fromthe precious netal,ésalt™  should be from
about (n@alkaltstoabaert ingblgblé pravicus metdiimompolindseby contagtingssid impergnated sipport in

preferab over the pills. Preferably, ..5 total . J- t al
o ani dridibmed et ashos ShHREofipiningtolfp RidordFBY e infh@tial T 1
step. |in dnedun@isuthafRode MR of dlkdi MBRURS aidn Bamdhswdietisolable preciopoinatbialtbe

hydroxi de in each of said first and secqnd fji xing sfages is_ such that
t he nol Eemrekenv0.3fl worhoyinldr mB@{ 384 theyyolume should équal the dry Support absorptivity to

precipitate on said support said water insoluble precious metal compounds, contacting said support
with a second aqueous solution containing sodium hydroxide or potassium hydroxide in which the
ratio of alkali metal to anion from the precious metal salt should be from about 0.2:1 to about 0.9:1
molar and the volume of solution should cover the impregnated, partially-fixed support in 2 second
- fixing stage to further precipitate.on said support said water insoluble precious metal compounds,
wishing said support and reducing said water insoluble precious metal compounds with a reducing
gas to form free precious metals on said support. |
2. The method of claim 1 wherein said soluble gold salt is present in an amount of 10
t0 70% by weight of said soluble palladium salt; .« |
' 3. The method of claim 1 wherein said treated support is allowed to stand for at least
4 hours subsequent to contact with said sodium hydroxidebr potassium hydroxide solution in each
of said fixing stages. _
4. The method c;f claim 1 wherein the total amount of said alkaline compound
contacted with said impregnated support in both of said fixing stages is such that the molar ratio of
alkali metal of said alkali metal to anion from said salt is from about 1.1:1 to 1.6:1.
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10 of said hydr oxi de to anion from said water-sol ub(
conpound i.s about 0.8:1. Subsequent to treatnent im

stage, the treated supports are allowed to stland f-0) (sSubd, .

period of time to allow precipitation of the ji nsokybl.e pr.éclous netal , ™
conpounds. The period of 15 time will vary but tylpically Wl “Fange {7 ér
about 2 hours to 8 hours before the sypport ijs.again. treated with the

second portion of alkaline fixing solution. Subségugnt. to . *-frdatfe. in. |

the second fixing ghLags hadvE B ®hied on theaeSirdilol BURCEvERly i tiiblue
again for at |east an additional 2 20 hours, preferably, at |east 4 hours

and may shdasthoo the goldcamg| paliadiym setlytic sompenengs within 1 nifmyy, pandsom gy sppport

The treatnent in the secon i X] . . ' . seOf
The t1 1 osuttts o Riee s VD afcild PRtaSb Wi el Sicld, oSG iolCSly ah 1bMENLL)
are i npr ggaapRrs ofsich patent? ncluble 1.S1Pasemt Mos.oh08#H,622 8,048 00631823, 308; 3,795,342

concentration,, . The Ey?%fl volume of solution is sufficient to cover the.
vol ume and Byitish Ratent 4324092, Al ternatively, the support can be

i npregnated in theThgARE nietRod Y forndfie the)viyl Reararscatalyst colraihipgalaliatiium and
"rotation immersion” which 1is set forth in 30 wQ 94/08714. Ip this

process, goledeposited ioned catrlyst FUppart FOprises ﬂr}mmapﬁst SERPRE Y’H‘E AP g
sol ution gnd tugh Olotuble P%g‘qud tddfd Sbfipories] (8 pre&ifitatin lfyhﬁ}-ins&haﬂes .

I
of the precipitation o wat er” 1 nsolubl e precious neta
c onpoundspalliem rantagcld compounisrioh ithrycasdlyst suppasp by contacting: the igpregaated: Fataiyst

g é;{‘ﬁef}fs'u%oﬁﬂﬁ g.?séhv%ﬂpn;p?cc]%%sm%@g cHable5@Stackng with 0 Wardt RBRble anbdbd' Al
gold compounds to form the insoluble precious metal com_pounds_L(3) washing the treated catalyst
with water to remove anions which are freed from the initially impregnated palladium and gold
compounds during precipitation and (4) converting the watcr-insoluble palladium and gold
compounds to the free metal by treatment with a reducing agent. A final treatment usually
involves (5) impregnating the reduced catalyst with an aqueous alkali metal acetate solution and
(6) drying the final catalyst product. N '

Prior art attempts to provide a uniform distribution of the palladium and gold
metals on the support has involved some manipulation of the above mentioned steps and/or by
using support materials having various specified pore dimensions.

It is an object of the present invention to provide a method of preparing a ¥inyl-

-asetats catalyst which contains palladium and gold on a porous support in which the fixing of the
water soluble precious metal compounds as water insoluble compounds on the support can be
achieved by contacting the impregnated support with sufficient reactive compound to insure
complete precipitation and fixing of the precious metal compounds onto the support in multiple
fixing steps. ' | '

SUMMARY OF THE INVENTION
It has now been found that particularly active supported E:a;alysts containing
palladium and gold useful for the production of vinyl esters from ethylene, lower carboxylic acids
with 2-4 carbon atoms and oxygen in the gas phase at elevated temperature and at normal or
elevated pressure can be obtained by manipulating step (2) of the process as described above.

ior-art

Typically, during thc'{pmcipitation step (2), the impregnated catalyst support is impregnated wirth
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6a ’ ' | east 1 hour. The rotation imersion treatnent can | ast as

long as up to 4 hours before the treated supports are all owed to stand
in the fixing solution to insure that conpl ete precipitation of the

wat er sol uble precious netal 5 conpounds takes pl ace. . Any type of
rotation or tunbling equipnent can be used as the exact apparatus
utilized is not critical. What may be critical, however, is the extent
of the rotating notion. - 3

a solution of the reactive compound and then allowed to

stand for over 16 hours to complete precipitation of the

insoluble precious metal compounds. Typically, an excess of

the reactive compound is utilized to insure that all of the

5 soluble precious metal compounds are precipitated as

insoluble compounds fixed to the catalyst support. The

excess is generally about 120% or more of the amount needed

to react with all of the precious metal compounds which have

been impregnated onto the support. It has been desired to

10 reduce the amount of reactive compound in the fixing

solution which is contacted with the impregnated support as

it has been found that better catalyst performance is

achievable. Unfortunately, if the water soluble precious

metal compounds are not precipitated and thus fixed on the

15 catalyst support, these compounds will wash from the support

during the washing stage to remove the freed anion from the
initially impregnated support.

To overcome this problem and in accordance with the

present invention, a wuseful catalyst is formed by

20 (1) simultaneously or successively impregnating a catalyst

support with agqueous solutions of palladium and gold salts

such as sodium-palladium chloride and auric chloride,

(2) fixing the precious metals on the support by

precipitating water-insoluble palladium and gold compounds

25 by treatment of the impregnated supports with a reactive

basic solution such as aqueous sodium hydroxide which reacts

to form hydroxides of palladium and gold on the support

surface, (3) washing with water to remove. the chloride ion

“(or other anion), and (4) reducing the precious metal

30 hydroxides to free palladium and gold, wherein the

improvement comprises during fixing step (2) utilizing two

separate precipitation stages wherein the amounts of the

reactive compound in contact with the salt-impregnated

support in each stage is no more than that required to react

35 with the water soluble precious metal compounds impregnated

in the support.

“ AMENDED SHEET

+ 9 AUG 1999



»

Thus, the rotation should be sufficient so that al
| npregnat ed supports are evenly contacted with the
The rotation should not be so

sol uti on.

t he insol ubl e precious netal

I nsol ubl e conpounds are

abraded off th

surfaces 10 of the
al kaline fixing
harsh that actual abrasi on of

conpounds takes-place such that the
support surface. Cenerally, the

extent of 15 rotation should be about 1 to 10 rpm and possi bly even
hi gher depengi ng upan the exact sui ort utilized and the

precious metal to b YEPoSPEEYLLFR

vari abl e and
shape of the

shoul d fall

anount

take pl acey

abr aded
10
15
20
25
30 -
35

anount of

¥ stifpopresentThinveihion pereidessa

mEsthed S oo flgmesshrt i) & Ratalyitpebaipesed blfi 2eforbiis §ﬁ§%o§'&d

SR s bCe Rl R RaL S0ERB e B T SRR cnrale,

ut

which method comprises impregnating said shippordf wdlthawatarray
ko1t ¢&nbSuidie bs Nalid e d SR 4B St SPIP UL AL EngOLYR! Y
water-soluble precious metal compounds into water-insoluble
precious metal compounds, washing said support and reducing

said water-insoluble precious

metal compounds with a

reducing agent to form free precious metals on said support,
characterised in that the conversion of the water-soluble
precious metal compounds into the water-insoluble precious
metal compounds comprises the contacting of said impregnated
support in a first fixing stage with an aqueous solution
containing sodium hydroxide or potassium hydroxide in an
amount such that the ratio of alkali metal to anion from the
water-soluble precious metal compound is from 0.7:1 to 1:1
molar to precipitate on said support said water-insoluble
precious metal compounds, and the contacting of said support
in a second fixing stage with a second agueous solution
containing sodium hydroxide or potassium hydroxide in which
the ratio of alkali metal to anion from the precious metal
compound is from 0.2:1 to 0.9:1 molar to further precipitate

on said support

compounds.

said water-insoluble

precious metal

Between the separate fixing or precipitation stages,
the support which has been impregnated with the reactive
basic solution is allowed to stand for a set period of time
to allow precipitation of the water insoluble precious metal
compounds before the second fixing stage in which additional

-reactive basic compound is added to the support. While the

overall amount of the reactive compound added to the support
is in excess of that required to react with all the precious
metal compourids which are present as water soluble salts, it
has been found that by dividing the fixing into at least two
stages smaller amounts of the reactive compound can be
reacted with the water soluble precious metal salts in each

|
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of f- the support surface to an unacceptabl e degree. Subsequent
to the fixing and preci.pitation step, the supports are washed such as with
distilled water so as to renove the anions, such as the chlorides, which
are still contained on the support and freed fromthe initial inpregnating
solution. Washing is continued until all of the anions are renoved fromthe
support. No nore than about 1,000 ppm of anion should remain on the

catal yst. To ensure substantially conplete renoval of the anions such as
chloride ion fromthe catalyst, the wash effluent can be tested with silver
nitrate. The catalyst is then dried at tenperatures not to exceed about

150[ err] C under an inert atnosphere such s a continuous nitrogen or air

fl ow. The fixed and washed material is then treated with a
reduci ng agent in order to convert the precious netal salts and conpounds
which are present into the nmetallic form The reduction can be carried out
inthe liquid phase, for exanple, wth aqueous hydrazine hydrate, or in the
gas phase, for exanple, w th hydrogen or hydrocarbons, for exanple,
ethylene. If the reduction is carried out with a solution of hydrazine _
hydrate, the geagliong, sp{z?ﬁfé@%yﬂ?@r&é (ko A1l Wile LGIGHALY tnaihen
t he reduction |s carrle ase be advant ageous

carry out thereaativen gompoungt ea:our@meratrurecom‘@adéxawptb 'a‘he salt-

100-200[ err] Qmﬂréeﬁaﬁaaesgbpaﬁéustzl eﬂew«:&meearml %'%Qllﬂiﬁshﬁégc'tﬁﬁtag:‘ﬂét i's
appropri at el hat it_is, certain that all of the

ed in excess. so

preci ous net é‘fuxggwf Afde R eRhi% %‘?’ét%‘b?ﬁ%r"f’eﬂ‘ |q1t561ftfﬁé’lr?é’c%lalmi°é"\‘tot°rﬁ
Dependi ng ®n tdwctiseef or which the catal yst prepared in this way is
intended, the latter can also be provided with customary additives. Thus,
for exanple, additions of alkali netal acetates are advantageous when the
catalyst is to be used for the preparation of unsaturated esters from

ol efins, oxygen and organic acids. In this case, for exanple, the catalyst
can, for this purpose, be inpregnated with an aqueous sol ution of potassium
acetate and then dried. The catal ysts according to the
invention can be used wth particular advantage in the preparation of vinyl
acetate from et hyl ene, oxygen and acetic acid in the gas phase. For this
purpose, those catalysts according to the invention which contain silica as
t he support materi al

{[ AMENDED SHEET
' 1.9 °AUG 1009

-—



and additives of alkali nmetal acetates are particularly suitable. In the
above nentioned preparation of vinyl acetate, such catalyst are al so

di stingui shed by high activity and selectivity and by long life.

8 : EXAMPLE Cat al ysts were prepared
I n accordance with the nethod of the present invention. Silica catal yst
supports provided by Sud Chem e having a spherical shape and a di aneter
of 5 7.3 mMm were utilized. 250 cc. of the supports were

i npregnated with the sane aqueous sol uti ch cont ai ni ng sodi um pal | adi um
chl oride and tetrachl oroauric acid. The supports were dried in hot air
at a tenperature not exceeding 100Rerr]§: The treated sugports wer e

i npr egnatcethpaimditoafix all e sheswater soluhle pregious metad galis:anyetehipseluble pregius\mgtale

of the _S%%imlf)g]unds so as to anchor or fix the precious metals on the support.

DETAILED DESCRIPTION OF THE INVENTION

In the preparation of the improved catalyst of the present invention, a suitable
catalyst support is first impregnated with an aqueous solution containing water-soluble palladiom
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 (II) chloride, sodium
palladium (I) chloride and palladium (II) xﬁuaté are examples of suitable water-soluble palladium
compounds, whereas auric (IIT) chloride or tetrachloroauric (II) acid and the alkali metal salts
thereof can be used as the water-soluble gold compounds. The generally available
tetrachloroauric (III) acid and the sodium palladium (IT) chloride are preferred because of their
high water solubility. Typically, the quantity of these compounds employed is such as to provide
1 to 10 grams of palladinm and 0.5 to 5 grams of gold per liter of finished catalyst%,
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 is not believed to be -
critical to the method of preparation as catalysts formed by the "double-fixing” method of this
invention with varied amounts of each precious metal will yield 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 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 forth herein. The volume of solution used for impregnating the support
with the precious metals is important. 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 support material for the catalyst according to the present invention can 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 sunitable geometrical shape is, in paniéular, the spherical shape, for example,

spheres with diameters in the range of 4-8 mm. These supports are generally called pills.
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hydr oxi de sol ution was equal to the dry support absorptivity in the
first fixing stages. After the first stage, the base-treated support
was allowed to stand for 4 hours and t hen subsequently poured into a
second sodi um hydroxi de 15 solution. Subsequent to the second treatnent,

t he base- treated material was allowed to stand for an additi onal
period of about 16 hours. After fixing, the base treated mat eri al was

t hor oughly washed with distilled water to renove the chloride ions to
accepted |l evels which were at 20 nost 1, 00 ppm chl oride. The water flow
rate was about 200 cc/mn for apprOX|nater 5 hours. The catal yst was
dried under a cont |mmq>9c1ﬁctsur&§ewwéwhmpm mv@ﬁh@arvéfmfﬂﬂﬂn wideolimiss. eFerhan

150 [err]C. _The dried cat. wer e reduc

terrp[er at ]Lﬁ*é‘mé’r fgfﬂogrtrnfténaalsﬁhi' BRYe e IS mf‘;c? 26he% ne%y/gg‘%f?%{: aﬁ%loo-
ni trogen mmokn_l_h V@sﬁxé;pmﬁﬁﬂa&wﬁﬁnglttb@m') aiatsnﬁtajmts fo(r:I 5 hours at at rmsph?arl c
ressure. e redug al yst was .i npr ate ueous So U_tlon
Eont ai ni ng 10 gré’f‘?énlﬂf % % E‘ég& Sq‘a{'%aué%'ﬁ’aaf’&ﬁ@%rg'm

t he suppofiimaReP§iREAN byspmcwesmeé %'tﬁ&b&fé&&ﬁ%nﬁ ghaitia 30 tenper ature no
greater than 150[err The catal ysts were utilized to prepare

vinyl acetate irppragnation %M%ﬁ?ﬁﬂoén@m dhy geater selpblec palladivm pad gold
accor di g dnthdiRsd) Ména&:ﬁ QUbokt® afe Meied bhior to fixing the palladium and gold compounds

as water insoluble compounds on the support. The ﬁxmg solution is ona—w-h&c—h—eempnses an

se aqueous

soluu'on# of sodium hydroxide or potassinm hydroxide. By treatment with the alkaline solution,

the precious metal salts are converted to water insoluble compounds believed to be hydroxides
and/or oxidessa . . .. . . .

According to the prior art, the alkaline fixing solution was simply poured onto the

impregnated supports and the wreated supports were allowed to stand for up to 24 hours or more
during the precipitation. The volume of fixing solution was that equal to the dry absorptivity of
the support and the amount of alkaline compound used was in excess on a molar basis- of that
required to react with all of the impregnated precious metal salts. It has 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 the fixing step
(2) is divided into at least two scparaté stages of treatment with the alkaline fixing solution. In
cach separate fixing treatment, the amount of the alkaline reactive compound is no miore than that
equal to the molar amount required to react with all of the precious metal compound which is
present on the support as a water soluble compound. Preferably, the amount of reactive
compound used in each fixing stage is less than the molar amount required to react with all of
the water soluble precious metal compound. The first fixing stage is conductcd by impregnating
the dried, impregnated support with the alkaline fixing solution in an amount equal to about the
dry absorptivity of the support. The amount of the alkaline compound contained in solution
should be such that the ratio of alkali metal to anion from the water soluble precious metal salt
be from about 0.7:1 to about 1:1 molar and the volume sh(ﬁﬁﬁ%—ﬂ% dry support absorptivity.
The second fixing stage is conducted by adding the undried partally fixed pills to a second
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CLAIMB 1. A nmet hod of preparing a catal yst conposed of a porous
support containing thereon palladiumand gold as precious 5 netals, which
met hod conprises inpregnating said support wi th wat er-sol ubl e conpounds
of said precious netals, converting said water-sol ubl e-precious netal
conpounds into wat er -i nsol ubl e preci ous netal conpounds, washing said
support and reduci ng said water-insol ubl egpreci ous netal 10 conpounds with
a reducing agent to formfree precious netals on sai d support

characterised_in, that the conversion of the . water-soluble_precio

metal conpounB€® FAPE th‘ﬁ; s lxﬁ%cﬁ%&ft&l%‘?'eci gﬂs%ﬁé?aﬁ%gﬁﬁ&?n&;‘?
conpri ses therabhbaofi rdkali wétali thiapiayntted thppordeionsa rfeitiadt sfadt ng
stage with an ugqu | 1AL 1 ai_ni dihu Y, | de t.assi um
ydroxi de i n Shouts B8 EroR B TR, RBpRED B Diof ¢ dhle MEIRGR
from the wat e?f sePLBraopr ebruld peeferalohypeney sthe pills. Preferably,

5 the total amount of alkali metal to anion should range from
Wl.l:l to -Alee¥—~1.6:1 molar for the combined fixing
step. In certain embodiments the amount of said sodium or
potassium hydroxide in each of said first and second fixing
stages is such that the molar ratio of sodium or potassium

10 of said hydroxide to anion from said water-soluble preéious
metal compound is about 0.8:1. Subsequent to treatment in
the first fixing stage, the treated supports are allowed to
stand for a sufficient period of time to allow precipitation
of the insoluble precious metal compounds. The period of

15 time will vary but typically will range from about 2 hours
to 8 hours before the support is again treated with the
second portion of alkaline fixing solution. Subsequent to
treatment in the second fixing stage, the treated supports
are allowed to stand again for at least an additional 2

20 hours, preferably, at least 4 hours and may stand to
complete precipitation for up to about 16 hours.

The treatment in the second fixing stage can be
equivalent to that of the first Stage wherein the treated
dried and partially fixed supports are impregnated with the

25 fixing solution at the desired alkaline concentration. The
total volume of solution is sufficient to cover the volume
of the support. Alternatively, the support -can be
impregnated in the second fixing stage by a process'
designated '"rotation immersion" which is set forth in

30 'WO 94/08714. In this process, the once-fixed catalysts are
immersed in the alkaline fixing solution and tumbled or
rotated therein duriné the 1initial stages of the
precipitation of the water insoluble precious metal
compounds. The rotation or tumbling of the supports in the

35 alkaline fixing solution should proceed for at least 0.5
hour upon the initial treatment and, preferably, for at
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fromO0.:7:1 to 1:1 nolar to precipitate on said support said

wat er -i nsol ubl e preci ous netal conpounds, and the contacting 20 of said
support in a second fixing stage with a second aqueous sol ution
cont ai ni ng sodi um hydr oxi de or potassium hydroxi de in which the ratio
of alkali nmetal to anion from t he precious netal conmpound is fromO0.2:1
to 0.9:1 nolar to further precipitate on said support said

wat er -i nsol ubl e 25 preci ous netal conpounds. 2. The net hod of
claiml1l wherein said gold is present in an amount of 10 to 70% by

wei ght of the anount of palladium 30 3. The nethod of claim1 or 2
wherein palladium(Il1) chl oride, sodiuwa palladium (11) chloride or
palladium (1) - nitrate is used as a water-sol ubl e conpound of pall adi um
and wherein auric (I11) chloride, a tetrahaloauric (I11) acid or an
al kali metal salt of a tetrahaloauric (lI1l1) acid is used 35 as a

mater-solublelggggpgpqugﬁugo&gé rotation immersion treatment can last as
long as up to 4 hours before the treated supports are
allowed to stand in the fixing solution to insure that
éomplete precipitation of the water soluble precious metal
5 compounds takes place.

Any type of rotation or tumbling equipment can be used
as the exact apparatus utilized is not critical. What may
be critical, however, is the extent of the rotating motion.
Thus, the rotation should be sufficient so that all surfaces

10 of the impregnated supports are evenly contacted with the
alkaline fixing solution. The rotation should not be so
harsh that actual abrasion of the insoluble precious metal
compounds takes place such that the insoluble compounds are
abraded off the support surface. Generally, the extent of

15 rotation should be about 1 to 10 rpm and possibly even
higher depending upon the exact support utilized and the
amount of precious metal to be deposited in the support.
The rpm to be used is variable and may also depend upon the
apparatus utilized, the size and shape of the support, the

20 type of support, metal 1loadings, etc., but should fall
within the guidelines expressed above that while a small

amount
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10 - ' 4. The net hod of claiﬁp%;izmgq:S,wberein said wat er- sol ubl e
preci ous netal conpounds conprise a nixture of sol ubl e salts of

pal | adi um and gol d.: 5 5. The nethod of any of clainms 1 to 4 wherein
sai d treated support is allowed to stand for at |east 4 hours _
subsequent to contact with said sodi um hydroxi de or pot assi um hydr oxi de
soluti.on in each of said fixing stages. 10 6. The nmet hod of any of
claims 1 to 5 wherein the total anount. of said sodi um or potassium

hydr oxi de contacted with sai d inpregnéted support equal s a nol ar excess
relative to the amount required to convert all of said water-soluble
preci ous netal conpounds into said water-insoluble precious 15 netal
conpounds. 7. The met hod of aB¥RAMELE| ains 1 to 6 wherein the tota

anount of shid sodicanaryspes arftdliPrieydred da aetbadbndeWwith the method
of the present invention. Silica catalyst supports provided
by Sud Chemie having a spherical shape and a diameter of
517.3 mm were utilized. 250 cc. of the supports were
impregnated with the same aqueous solution.contéining sodium
palladium chloride and tetrachloroauric acid. The supports
were dried in hot air at a temperature not exceeding 100°cC.
The treated supports were impregnated with an aqueous
10 | solution of sodium hydroxide. The volume of the sodium
hydroxide solution was equal to the dry support absorptivity
in the first fixing stages. After the first stage, the
base-treated support was allowed to stand for 4 hours and
then subsequently poured into a second sodium hydroxide
15 | solution. Subsequent to the second treatment, the base-
treated material was allowed to stand for an additional

period of about 16 hours. After fixing, the base treated
material was thoroughly washed with distilled water to
remove the chloride ions to accepted levels which were at
20 most 1,000 ppm chloride. The water flow rate was about
200 cc/min for approximately 5 hours. The catalyst was
dried under a continuous nitrogen flow at a temperature of
no more than 150°C. The dried catalysts were reduced with
ethylene at a temperature of 150°C. The reducing gas
25 contained 5% ethylene in nitrogen and was passed over the
catalysts for 5 hours at atmospheric pressure. The reduced
catalyst was impregnated with an agueous solution containing
10 grams of potassium acetate at a solution volume equal to
the support absorptivity. The catalysts were dried at a

30 temperature no greater than 150°C. '
The catalysts were utilized to prepare vinyl acetate
by the reaction of ethylene, 'oxygen and acetic " acid
according to methods well known in the art. |
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sai d fﬁﬁ?@ﬁﬁared~suppgig‘jn both of said fixing stages is 20 such that the

nol ar sai d sodi um or potassi um of sai d hydroxide to anion from
sal d vv&ﬁ”l” lﬁl’l’ ous metal compound is from1.1:1 to 1.6:1.
The ne 7 wherein the amount of said 25 sodi um or -

potaSS|un1hydrOX|dé In each of said first and second fixing stages is
such that the nolar ratio of sodium pot assi um of said hydroxide to
anion fromsaid water- sol ubl e preC|035 nmetal conpound is about 0.8:1.
30 9. The nethod of any of clains 1 to 8 wherein the vol une of said
aqueous sol ut iCIsAEMSBt acted with said i npregnated support in said first
fixing stage is equal to the dry absorptivity of said support. 35 10.
The nethod of any of clainms_ 1 to 9 wherein the vol une of said agueous

sol ution cont akted whtRethrd ofhxgparinp a catalyst composed of a porous
support containing thereon palladium and gold as precious

5] metals, which method comprises impregnating said support
with water-soluble compounds of said precious metals,
converting said water-soluble precious metal compounds into
water-insoluble precious metal compounds, washing said
support and reducing said water-insoluble precious metal
10| compounds with a reducing agent to form free precious metals
on said support)characterised in that the conversion of the
water-soluble precious metal compounds into the water-
insoluble precious metal compounds comprises the contacting
of said impregnated support in a first fixing stage with an
15 | aqueous solution containing sodium hydroxide or potassium
hydroxide in an amount such that the ratio of alkali metal
to anion from the water-soluble precious metal compound is
from 0.7:1 to 1:1 molar to precipitate on said support said
water-insoluble precious metal compounds, and the contacting
20 | of said support in a second fixing stage with a second
aqueous solution containing sodium hydroxide or potassium
hydroxide in which the ratio of alkali metal to ahion from
the precious metal compound is from 0.2:1 to 0.9:1 molar to
further precipitate on said support said water-insoluble
25 | precious metal compounds.

2. The method of claim 1 wherein said gold is present in
an amount of 10 to 70% by weight of the amount of palladium.

30 |3. The method of claim 1 or 2 wherein palladium (II)
chloride, sodium palladium (II) chloride or palladium (II)
nitrate is used as a water-soluble compound of palladium and
wherein auric (III) chloride, a tetrahaloauric (III) acid or
an alkali metal salt of a tetrahaloauric (III) acid is used

35 Jas a water-soluble compound of gold.
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ort in said second fixing stage Is sufficient to cover
the sai (1@" p" II "lm”"t The method of any one of clains 1 to 10
wherein ol ubl e precious netal conpounds are reduced to
free preci ous metal s’ by contacting said treated support with a :
reduci ng gas. 12. The met hod of claim 11 wherein the reducing gas is
a 10 hydrocarbon gas. 13. The nmethod of claim 12 wherein said

hydr ocarbon gas is et hyl ene. 15 1410 The nethod of any one of

claine 1 to 13 wherein said . .
. The method of claim 1, 2 or 3 whereln said water-

soluble precious metal compounds comprise a mixture of

soluble salts of palladium and gold.

5| 5. The method of any of claims 1 to 4 wherein said
treated support is allowed to stand for at least 4 hours
subsequent to contact with said sodium hydroxide or
potassium hydroxide solution in each of said fixing stages.

10| 6. The method of any of claims 1 to 5 wherein the total
amount of said sodium or potassium hydroxide contacted with
said impregnated support equals a molar excess relative to
the amount required to convert all of said water-soluble
precious metal compounds into said water-insoluble precious

15 { metal compounds.

7. The method of any of claims 1 to 6 wherein the total
amount of said sodium or potassium hydroxide contacted with
said impregnated support in both of said fixing stages is
20 | such that the molar ratio of said sodium or potassium of
said hydroxide to anion from said water-soluble precious

metal compound is from 1.1:1 to 1.6:1.

8. The method of claim 7 wherein the amount of said
25 {sodium or potassium hydroxide in each of said first and
second fixing stages is such that the molar ratio of sodium
or potassium of said hydroxide to anion from said water-

soluble precious metal compound is about 0.8:1.

30 |9. The method of any of claims 1 to 8 wherein the volume
of said aqueous solution contacted with said impregnated
support in said first fixing stage is equal to the dry

absorptivity of said support.

35 |10. The method of any of claims 1 to 9 wherein the volume
of said aqueous solution contacted with said impregnated
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support in said second fixing stage is sufficient to cover
the said support.

11. The method of any one of claims 1 to 10 wherein said
water—-insoluble precious metal compounds are reduced to free
precious metals by contacting said treated support with a

reducing gas.

12. The method of claim 11 wherein the reducing gas is a

hydrocarbon gas.

13. The method of claim 12 wherein said hydrocarbon gas is

ethylene.

14. The method of any one of claims 1 to 13 wherein said

porous support is silica.
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