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PROCESS FOR THE PREPARATION OF
15 FLUID BED VINYL ACETATE CATALYST
20 - BACKGROUND OF THE INVENTION
Field of the Invention
25 ThiS-—‘f";-tion'is a continuation-in-part of U.S.

0,13.. led February 22, 1994.

g:;% g{wa :Lnyﬁ tion relates to a process for

30 and oxygen,contélnlng gas. In addition, the present
invention relates to a novel fluid bed sﬁpport and process
of using the support for the manufacture of palladium-
promoted f£luid bed catalyst used in the manufacture of vinyl
acetate. |

35 The production bf vinyi acetate by reacting ethylene,
acetic acid and oxygeéltogether in the gas phase in the

presence of a catalyst is known. Typically, the catalysts
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30 ‘and oxygen containing gas. |In addition, the present invention rel ates
to a novel fluid bed support and process of using the supgase 8588(Rk
manuf acture of palladium pronoted fluid bed catal yst used in the
manuf acture of vinyl acetate. 35 The production of vinyl acetate by
reacti-ng ethylene, acetic acid and oxygen together in the gas phase in the
presence ate drcdiimedtbed fowomwandypippdited tdre xapetques scarrier
material such as silica or alumina.
Early examples of these catalysts show that palladium
and gold are distributed more or less uniformly throughout
5 the carrier (see, for example, U.S. Patent Nos. 3,275,680,
3,743,607 and 3,950,400 and Great Britain Patent
No. 1,333,449 and South Af;ican Patent No. 687,990).
Subsequently, it was recognized that this was a disadvantage
gince it was found that the material on the inner part of
10 the carrier did not contribute to the reaction since the
reactants did not significantly diffuse into the carrier.
To overcome this problem, new methods of catalyst
manufacture were devised with the aim of produciné catalyst
in which the active components were concentrated on the
15 outer-most shell of the support. For example, Great Britain
Patent No. 1,500,167 claims catalyst in which at least
ninety percent of the palladium and gold is distributed in
that part of the carrier particle which is not more than
thirty percent of the partiéle radius from the surface. 1In
20 addition, Great Britain Patent No. 1,283,737 teaches that
the degree of penetration into the porous carrier can be
controlled by pre—treating the porous éarrier with an
alkaline solution of, for example, sodium carbonate or
sodium hydroxide. Another approach which has been found to
25 produce particularly active catalyst is described in U.S.

Patent No. 4,048,096 and other methods of producing shell-

impregnated catalyst are disclosed in U.S. Patent
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arewfn fixed bed form and supported on a porous carrier material such as
silica or alumna. Early exanples of these catal ysts showCaket 8p8Bl(adi um
and gold are distributed nore or less uniformy throughout 5 the carrier
(see, for example, U S. Patent Nos. 3,275,680, 3,743,607 and 3, 950,400 and
G eat Britain Patent No. 1,333,449 and South African Patent No. 687, 990).
Subsequentibg, &t 08As6R2cagd Sed86hansthi Banwhsof theadvpatagessince it was
found that the material on the inner part of 10 the carrier did not
cont ri buterivarhéyr eapcesnedi wisht kber mapufactudgedofiofixegnbédcant | y
diffuse into the carrier. To overconme this problem new nethods of catalyst
catalyst useful for the manufacture of vinyl acetate.
However, U.S. Patent No. 3,950,400 also discloses that the
5 catalyst disclosed therein may be used in a fluid.bed
reactor. In addition, Great Britain Patent No. 1,266,623
allegedly discloses a fluid bed cétalyst for vinyl acetate
manufacture which comprises palladium promoted with various
. alkali, alkaline earth or other metals.
10 It would be economically beneficial if the manufacture
of vinyl acetate could be performed in a fluid bed process
as well as a fixed bed process. Some of the typical
benefits from a fluid bed process would be that the fluid
bed reactor design is simpler than a multi-tubular fixed bed
15 reactor, increased catalyst life is to be expected because
no deactivation would take place due to hot spots which are
typical of a fixed bed reactor, continuous addition of make-
up catalyst can maintain peak performance and virtually
eliminate catalyst change-outs, and higher production rates
20 can be expected because substantially higher oxygen levels
may be safely fed into the reactor without producing a
flammable mixture.
Until the discovery of the process of the present
invention, the preparation of palladium-promoted catalyst in
25 fluid bed form has not led to catalyst having the necessary

properties leading to a viable economical fluid bed process

for the manufacture of vinyl acetate. The process of the

e
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manuf act ure were devised with the ai mof producing catalyst in which the
active conmponents were concentrated on the 15 outer-nost Calsel I858f88 (2he
support. For exanple, Great Britain Patent No. 1,500,167 clains catalyst
in which at |east ninety percent of the palladiumand gold is distributed
in that part of the carrier particle which is not nore than thirty percent
of the papreseatr adveatfioamoieecomebathe proBlemsddbboehatedeattBr thai n

Pat ent No. 1,283,737 teaches that the degree of penetration into the porous
carrier cpHipt soht rekudtibg pneat casnilygtt gévpngohighaperéormahbean

al kal ine sol ution of, for exanple, sodium carbonate or sodi um hydroxi de.
Anot her apRfodeRdWArehakiyibdon regagtapce so that it may be used in

the manufacture of vinyl acetate.

Summary of the Invention

It is the primary obﬁect of the present'inﬁention to

10 provide a process for the manufacture of a fluid bed
palladium-metal—proﬁoted alkali metal catalyst useful in the
manufacture of vinyl acetate.

It is another object of the present invention to
provide a novel support for use in the production of a fluid

15 Dbed palladium-metal-alkali-metal-promoted catalyst useful in
the fluid bed manufacture of vinyl acetate.

It is still another object of the present invention to
provide a novel process fof the production of a support
useful in the manufacture of vinyl acetate catalyst.

20 Additional objects and advantages of the invention will
be set forth in part in the description which follows and,
in part, will be obvious from the description or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and attained by

25 means of the instrumentalities and combinations particularly

pointed out in the appended claims.

- This Sheet Has Been Reﬂlaced
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Ny o
25 produce particularly active catalyst is described in U S. Patent No.
4,048, 096 - and ot her nethods of -produci ng shell- inpregnat edseaggbggr)are
di sclosed in U S. Patent 3 Nos. 4,087,622 and 5, 185, 308. Each of these
patents is primarily concerned with the manufacture of fixed bed catal yst
useful for the manufacture of vinyl acetate. However, U.S. Patent No.

3, 950]; ﬁOQdaLSSTdiééhQéQé that Fbkegbifigt abyettdi 6€! eR€UptE8&REN My be used
e UIinvgntion, the process of manufacturing a fluid bed vinYl
acetate catalyst characterized by the following formula
comprising Pd-M-A wherein M equals barium, gold,

5 lanthanum, niobium, cerium, zinc, lead, calcium, strontium,
antimony, or mixtures thereof; and A eqdals at least one
alkali metal or mixture thereof comprises impregnating a
pre-formed microspheroidal support wherein at least 50% of
the particles have a particle size selected to be below 100

10 microns with a solution comprising a halide-free metal salt
of the palladium, M and at least one alkali metal and drying
the impregnated catalyst. The substantia;ly inert
particulate support typically comprises microspheroidal
particles selected from the group consisting of alumina,

15 silica, zirconia, or mixtures thereof.

In another embodiment of the present invention the
process is pefformed using an aqueous solution free or
substantially free of any organic solvent .

In a preferred embodiment of the present invention the

20 metal salt of the alkali metal is separately impregnated
onto the support, preferably subsequeht to the impregnation
of the solution comprising the salts of ﬁalladium and M
element onto the support material.

In another embodiment of the present invention, the

25 impregnated support is heated under redﬁcing conditions to

form a deposit of palladium and M on the surface of the

This Sheet Has Been R_erlaced

; AT




reactor. In addition, Geat Britain Patent No. 1,266,623 allegedly

di scloses a fluid bed catalyst for vinyl acetate nanufactdaeewBb8s(2)
conprises palladiumpronoted with various alkali, alkaline earth or other
nmetals. 10 It would be econonmically beneficial if the manufacture of
vinyl acetate could be performed in a fluid bed process as well as a fixed
bed procesPr®oe ofhe heedyptiah tametaks place cefthex befbps ocsess woul d be
that the fluid bed reactpr_design is sinpler than a multi-tubular fixed bed
15 react®ftey rehe depreitirysef | the alkabi mretxbesekutierause no

deactivation woul d tak | ace due to_hot spots which are typical of a fixed
bed reactor, cHht®nfl lEﬁWF?h%ﬁ B¥efexeed embodiment of the present

invention the catalyst is dried at a temperature below 80°C,

.5 preferably between about 60° to 70°C.

In another preferred embodiment of the present
invention the particle size(particle diameter) of the
substantially inert support material is selected such that
at least 50% of the particles are below about 60 microns.

10 Preferably, at least.75% of the particles are below
100 microns, especially preferred being at least 85% below
100 microns. Finally the preferred support is substantially
free of sodium.

In another embodiment of the present invention, the

15 support for the manufacture of the vinyl acetate catalyst
comprises a mixture of substantially inert microspheroidal
particles having a pore volﬁme of between 0.2 to 0.7cc/g, a
surface area of between 100 to 200 nﬁ/g and at least 50% of
said particle are less than 100 microns.

20 In a preferred aspect of this embodiment of the present
invention, at least 75% of the particles are below 100
microns, especially preferred being at least 85% below 100
microns.

In another embodiment of the present invention, the

25 support for the manufacture of the vinyl acetate catalyst
comprises microspheroidal inert particles, preferably

silica, zirconia, alumina or mixtures thereof wherein said
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up eatafyst can mai ntain peak performance and virtually elimnate catal yst
change-outs, and higher production rates 20 can be expedlask EE88IEE)
substantially higher oxygen levels may be safely fed into the reactor

wi t hout producing a flammable mxture. Until the discovery of the process
of the present invention, the preparation of palladi.umpronoted catalyst in
25 flui gdied Jlenise Dtpdasl vl aid A BetWwd @ thadaces s pg preoperti es

| eading to a viable economcal fluid bed process for the manufacture of
vi nyl acetmtfiacelhereu anedsetofedel00 to 200 m’/g and are obtained from
a mixture of 80 to 20% inert support sol and 20 to 80% dried
inexrt particles.
5 In a preferred embodiment of this aspect of the present
invention, the pore volume of the inert particles is between
0.3 to 0.65 cc/g, especially preferred béing 0.4 cc to
0.55 cc/gn.
In a further preferred embodiment of this aspect of the
10 present invention, the surface area is between 110 to
195 m’/g, especially preferred being 120 to 195 m’/g.

In a further aspect of this embodiment of the present
invention, the silica microspheroidal support material is
manufactured by mixing between 20% to 80% silica sol with

15 80% to 20% silica aerosil, spray drying said mixture at an
elevated temperature of between 125°C to 280°C, preferably
130° to 240°C, and calcining said spray dried particles
preferably at a temperature of between 550° to 700°C,
preferably between 630° to 660°C to form the support

20 material.

The substantially inert support for a fluid bed vinyl
acetate catalyst may be manﬁfactured by a process comprising
mixing 80 to 20 wt% of an aqueous sol comprising
substantially inert microspheroidal particles with 20 to

25 80 wt% of solid substantially inert particulate materiai to

form an aqueous mixture, spray drying said agueous mixture,

,__________—________
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4 present invention overcones the problens associated with the prior art
resulting in a catal yst giving high performance and adequcase :8%88f{2bn
resi stance so that it nay be used in the manufacture of vinyl acetate. 5
Summary of the Invention It is the primary object of the present invention
to 10 provide a process for the manufacture of a fluid bed
pal | adi urantkte Lqinoimg esbial kedrt ivted toatfdnms tsaiskfadbstarnthalignuf act ur e of
vi nyl acet at e.
inert support.
Typically, the weight percent of the palladium, M and
alkaline in the catalyst of the present invention are: 0.1
5 to 5.0 wt% palladium, preferably 0.2 to 4.0 wt%, most
preferably 0.3 to about 1.0 wt%; greater than 0 to 10 wt%
alkali metal, preferably 0.1 to 8.0 wt%, most preferably 0.1
to 5.0 wt%; greater than 0 to about 5.0 wt% M, preferably
0.1 to about 4.0 wt%, most preferably 0.1 to 3.0 wt¥%.

10

Detailed D ipti £ the I £

Reference will now be made in detail to the present
15 preferred embodiment of the inventiorn of which the following

examples are set forth for illustrative purposes only.

Reactor Testing
The catalysts were tested in a bench scale fluid bed
20 reactor with a maximum catalyst capacity of 40 cc.
Thirty cc of catalyst or catalyst-plus-diluent was the
typical volume.of solid loaded into the reactor. 1In
general, sufficient catalyst was used such that the reactor
contained 0.093 g of palladium metal with each catalyst
25 evaluation. .A total of 30 cc volume was obtained by mixing
sufficient inert microspheroidal silica with the active

catalyst prior to reactor testing. The reactor was equipped

ThlS Sheet Has Been Re li
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It i's another object of the present invention to provide a novel support

for use in the production of a fluid 15 bed Case 8588(2)
pal | adi um net al - al kal i - net al - pronoted catal yst useful in the fluid bed
manuf acture of vinyl acetate. It is still another object of the present

I nvention to provide a novel process for the production of a support useful

in the ngAthacwg Eid inldtACetrie doMedlaftithe?@xperimeniidide aials obj ects
and advantages of the invention will be set forth in part in the

descri pt istuds)i @tHydldmeys et icd raqial,l ,and |dxshyerlalilo untared tdhe
description or may be | earned by practice of the invention. The objects and
advant age=agftarhéhnourgit itte neowene ineladt zedl and raigen medybwas fed
through the central inlet. 1In other tests, additional
5 oxygen was fed through the central feed inlet. This central
inlet was located 2.5” above the lower feed inlet.

The reactor pressure was controlléd at 115 psig and all
lines leading to and from the reactor were heat traced and
maintained at 150-155°C order to prevent condensation of

10 liquid feeds or products. Typical temperatures for the
fluid bed reactor can vary from 100° to 250°C, preferably 135
° to 190°C.
The gaseous reactor effluent was analyzed on-line using
a Hewlett Packard Model 5890 gas.chromatograph equipped with
15 both TCD and FID detectors. Oxygen, nitrogen, ethylene and
carbon dioxide were separated on a 13x mole sieve column
parallel with 10% carbowax 20M on 80/100 Chfomosorb WAW and
. 23% SP2700 on 80/100 Chromosorb PAW, and quantitated with
the TCD. Vinyl acetate and acetic acid were separated on a
20 4% carbowax 20M on 80/120 carbopack column and quantitated

with the FID.

| This Sheet Has Been Reilaced- :
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25 neans of the instrumentalities and conbinations particul arly pointed out
in the appended cl ai ns. 5 To achieve the foregoi ng obj eEise @5a)
present invention, the process of manufacturing a fluid bed vinyl acetate
catal yst characterized by the follow ng fornula conprising Pd-MA wherein M
equal s barium gold, 5 | ant hanum ni obi um cerium zinc, |lead, calcium
stronti ungug ' pixnures thereof; and A equals at |east one

Two types of preformed microspheroidal gilica were
prepared and utilized as supports in the practice of the
present invention. Prior to use, all supports were sieved

5 and a specific particle size distribution of the support was
used in all catalyst preparations:
5% of the particles are less than 105 microns
but greater than 88 microns
70% of the particles are less than 88 microns but
10 greater than 44 microns
25% of the particles are less than 44 microns

It should be understood the particle size distribution
recited above is not intended to be limiting and that
variations in this distribufion are contemplated depending

15 upon reactor size and operating conditions.

Support 1
Support 1 was prepared by spray drying a mixture of
Nalco (Nalco Chemical Company) silica sol 1060 and DeGussa
20 Aerosil® (DeGussa Chemical Company) silica. 1In the dried
support, 80% of the silica came from ﬁhe sol and 20% of the
silica came from the Aerosil. The spray dried microspheres
were calcined in air at 640°C for 4 hours.
Aerosil® gilica is the trade name of Degussa’s fumed
25 silica. This material.haé high sﬁrface area (~200 m’/g),
essentially no micropores, uniform particle size

distribution in the nm-range (1 x 10°° meter), and is free of
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alkali metal or mixture thereof conprises inpregnating a pre-forned

m cr ospheroi dal support wherein at |east 50% of the partiCdss $e8&(2)
particle size selected to be below 100 10 microns with a solution
conprising a halide-free netal salt of the palladium Mand at |east one
al kali metal and drying the inpregnated catalyst. The substantially inert

parti cul aodismnpOorruntediLidldda IRAPINS Prdpertid dhipitalld tiel es sel ect ed
fromthe group consisting of alumna, 15 silica, zirconia, or mxtures

t her eof . Alercsidi®herayeriso drahicesd byhotireas eaimpamient izord ey eoasssl i S
performed using an aqueous solutlon free or substantially free of any
organic dal rdet place of Aerosil® in the preparation of Support 1.
Nalco silica eol 1060 is particularly advantageous for
5 use in our application because of large mean particle size
of the silica particles in the sol, 60 millimicrons. These
larger silica particles pack less efficiently than smaller
sol particles (~30 millimicrons as in Nalco 2327) and yield
a final support'higher in pore volume in the mesopore region
10 and loWer in micropore volume. Other silica sols which have
a gimilarly large (~40-80millimicron) mean particle size of

the silica may be utilized in the place of the 1060 silica

sol in the preparation of Support 1.

15 Support 2
A series of microspheroidal supports (Supports 2A-2D)

containing KA-160 (Sud Chemie) were prepared as follows:

Support 2A: 75% SiO, from KA-160 with 25% SiO, from Sol
20 750 g of KA-160 was ground to pass through a 35 mesh
screen and washed to remove any soluble impurities, such as
chloride ions. This solid silica was then mixed with
694.4 g of Snotex-N-30 (Nissan Chemical) (36 wt% solids)
silica sol and 556 g distilled water. This mixture was
25 milled overnight in a jar mill. The smooth slurry was then
spray dried to form microspheroidal particles suitable for
Iﬁ\
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In a preferred enbodi ment of the present invention the 20 netal salt of
the alkali metal is separately inpregnated onto the suppofase p8=8&(2ably
subsequent to the inpregnation of the solution conprising the salts of

pal | adium and M el enment onto the support material. In another enbodinent of
the present invention, the 25 inpregnated support is heated under reducing
condi ti onmssd drf ax niluitedesd tredctpet | adifhen mindd-ddpire tdigd sl rdissord wae 6

then calcined at 640°C in air for 4 hours.
The role of the KA-160 support is to provide much of
the pore structure within the microspherocidal particle. The
5 fixed bed support, KA-160, is produced by Sud Chemie and has
properties which are advantageous for use in vinyl acetate
catalyst preparation. Moderate surface area (160 nﬁ/g),
little or no microporosity, and substantial porosity (~
0.57 cc/g) in the mesopore region are advantageous
10 properties of KA-160. Alternative fixed bed catélyst
supports are available with surface area and pore volume
properties similar to KA-160 (little or no micropores,
mesopore volume of ~1.5-0.25 cc/g, and surface area 80-
200 nf/g). These supports may be utilized in the place of

15 KA-160 in the preparation of Support 2.

Support 2B: 65% Si0, from KA-160 with 35% SiO, from Sol
This support was prepared in the same manner as
Support 2A except that 227.5 g of KA-160, 408.3 g of
20 Snotex-N-30 (30 wt% solids) and 64 g of distilled water were

used.

I —
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support. The reduction can take place either before or after the deposition
of the alkali metal solution. In a still further preferredasah8d8d€rl of
the present invention the catalyst is dried at a tenperature bel ow
80[err]C, 5 preferably between about 60[err] to 70[err]C. In another
preferred enbodi nent of the present invention the particle size(particle

di anet er )Swbpdhie ZObsts0%i 8idy frvad (KZSIEDMLiYMISOY &di0,s fremesb@d such that
at | east 50% of the particles are bel ow about 60 microns. 10 Preferably,

at | east 75% cofhisesypportc| eas aprepatred 100the coams maspeciad| y preferred
being at | east 85% bel ow 100 mcrons. Finally the greferred support ‘i s
subst ant i SHPROrt 2A except that 175 g of KA-160 and 583.3 g of

Snotex-N-30 (30 wt% solids) were used.

Support 2D: 75% SiO, from KA-160 with 25% Sio, from Sol

This support was prepared in the same manner as
Support 2A except that 262 g of KA-160, 219 g of Nalco 2327
(40 wt% solids) (Nalco'Chemicals Company) and 219 g of

10 distilled water were used.

Each type of microspheroidal silicas prepared above may
be used advantageously in the preparation of fluid bed wvinyl
acetate monomer catalyst according to the process of the

15 present invention. For use in the manufacture of fluid bed
catalysts via impregnation with active metals, these
supports provided unexpected superior physical properties
for the vinyl acetate catalysts of the present invention
compared to any readily available supports. Selected

20 analytical data on all supports are included in Table 1

below.
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free of sodium In another enbodi ment of the present invention, the 15
support for the manufacture of the vinyl acetate catal ystazendr886€2) a
m xture of substantially inert m crospheroidal particles having a pore
vol une of between 0.2 to 0.7cc/g, a surface area of between 100 to 200
. nferr]/g and at |east 50% of said particle are |less than 100 m crons.
“.In a preferred aspect of this enbodiTABIUE af the present invention, at

20

| east

75% of the particles arpryEicw, BEOMRErEms orE oM izrmpr ef erred. bei ng at

| east 85% bel ow 100 m chpfRod suBRdinIe! ST Ri¥poiTd he present

i nvention, the

Wt% Pore Tot Attrition
Solids Vol Pore Ap Bulk Calcin Resist
in r<4,500A Vol Density gA Time/ Loss
Support Slurry {cc/qg) {ce/g) (g/cc) m°/g Temp 0-20 hrs
Support 1 . 62 0.39 0.46 0.78 124.4 4 nr/ <5%
640°C
Support 2A 50 0.60 0.60 0.65 175.5 4 hr/ 0.33%
’ 640°C
Support 2B 50 0.39 0.39 0.72 184.4 4 hr/ 0.35%
640°C
Support 2C 46 - 0.27 0.33 0.77 191.9 4 hr/ 1.65%
640°C
Support 2D 50 0.62 0.63 0.60 156.0 4 hr/
640°C
5
The general method utilized in the preparation is
summarized below.
10

Typically, the microspheroidal support is impregnated
with a solution (or solutions) of the active météls using
the incipient wetness technique. Halide free'compounds of
the active metals, palladium, M element (e.g.gold) and

15 potassium acetate, may be dissolved in the appropriate
ratios in a suitable solvent, then impregnated upon the
microspheroidal support. In general, it is desirable if all
of the active metals to be used in a catalyst preparation .
are dissolved in a single portion of solvent which is of the

20 volume just adequate.to fill the pore volume of the support.
In some instances a desired promoter may not be.soluble in
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25 éﬁppo?t for the manufacture of the vinyl acetate catal yst conprises

m crospheroidal inert particles, preferably silica, zircoGraes &588i(24 or

m xtures thereof wherein said 7 particles have a pore vol unme of between

0.2 to 0.7 cc/g, a surface area of between 100 to 200 nierr]/g and are

" obtained froma mxture of 80 to 20%inert support sol and 20 to 80%dri ed

i nert parthel esme5solvent hs &hpr otheredeeaihodompotinds tbi beagpedt of the

present In this case a solution containing some of the metal

components may be impregnated upon the support, followed by

impregnating a second solution containing the remaining

5 components. Solvents which are useful include water and

volatile organic solvents such as: carboxylic acids with
four carbons or less, alcohols,. e;hers, esters, and
aromatics. After the wet catalyst is dried, it may be used
for the production of vinyl acetate or it may first be

10 reduced by means known to those skilled in the art.

In general, when acetic acid is present and the
catalyst is heated at an elevated temperature (~100°C) the.
catalyst darkens to black and becomes inactive.
Additionally, when a solution of palladium acetate (with or

15 without other metal acetates) is heated to too high a
temperature or for too long, the solution éhanges color from
the original red-orange to a greenish color and a black
precipitate forms. In general, 60°C is a safe temperature

to work at, but up to ~80°C has been used for brief periods

20 of time, to dissolve the palladium acetate.

Example 1

A catalyst having the following composition
0.75 wt% Pd, 0.32 wt%¥ Au and 2.88 wt% K was prepared by
25 dissolving palladium acetate in an acetic acid solution of
the gold acetate reagent described in U.S. Patent 4,933,204
and impregnating thiS'combiﬁed solution upon a preformed

-
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i nvention, the pore volume of the inert particles is between 0.3 to 0.65
cc/g, especially preferred being 0.4 cc to 0.55 cc/gn. |n Gadeurg5as (2)
preferred enbodi nent of this aspect of the 10 present invention, the
surface area is between 110 to 195 n2/g, especially preferred being 120 to
195 nR/g. In a further aspect of this enbodi ment of the present invention,
t he sili caigrosphenoridiadalSuppmmr RAHIdemtdlf liesl mbowieact Mhed doy il ¥akg -
bet ween 20%.to 80% silica sol with 15 80%to 20% silica aerosil, spray
dryi ng saP¥istxedr 605C e isice eatned arymeyagonad oaf (lmttma@)lZE[l-m tGet 0

referably 130[err] to 240[err]C, and calcining said spray dried
Sg?E?L{LgPdp and Auy weJé réduced wJ£h Jn agqueous solution of

hydrazine (no alkali hydroxide). The solid was washed to
5 remove hydrazine, dried and potassium acetate was
impregnated upon fhe golid. A 12.67g(16.7cc) charge of
catalyst was placed in the reactor for testing. The results
of reactor testing of this catalyst at various conditions
are set forth below in Table 2. These results show an
10 18.2% conversion with 83% selectivity using 10.55 02,

14.31% HOAc, at 164.9°C.

Example 2

The catalyst of this example had a composition of
15 1.07 wt% Pd, 0.40 wt% Au and 2.89 wt% K and was prepared
according to the procedure set forth in Great Britain
Patent 1,266,623 except that the support was the same as
used in Example 1. A 8.68g(ll.3cc) charge of catalyst was
placed in the reactor for testing. The results of testing
20 of this catalyst at various conditions is set forth below in
Table 2 and gave 8.1% ethylene conversion and 84.4% vinyl

acetate selectivity using 7% 0,, 10% HOAc, at 159°C.

Example 3

25 The procedure of Example 2 was repeated to produce a
catalyst having a composition as follows: 1.01 wt% Pd,

0.38 wt% Au and 2.60 wt% K. However, Support 1 identified
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prei“erabl‘y at a tenperature of between 550[err] to 700[err]C, preferably
between 630[err] to 660[err]C to formthe support 20 nat efaa¢. 8588 (2)
substantially inert support for a fluid bed vinyl acetate catal yst nay be
manuf actured by a process conprising mxing 80 to 20 wt % of an aqueous sol
conprising substantially inert mcrospheroidal particles with 20 to 25 80
W % of scbeive st antihliedi nekt9 pgf{leubatke chaxge abf tentalystarwasgueous
m xture, spray drying said aqueous m xture,

placed in the reactor for testing. The reactor testing at

various conditions is set forth below in Table 2. The

catalyst gave C;H; conversion of 8.6 and VA selectivity of

5 . 85.3 under the same conditions as set forth in Example 2.
The performance of the catalyst of Examples 2 and 3 is

very similar but the catalyst prepared on the Support 1

appears to be slightly more active. As the composgitions of

these two catalysts are nearly identical, the difﬁerence in

10 activify may be due to the different supports.

Example 4
This catalyst was prepared according to the teachings
of U.S. Patent 3,950;400 except that microspheroidal (fluid
15 bed) Support 1 as described above was utilized. The
composition was 0.82 wt% Pd, 0.40 wt% Au, 0.13 wt% Ba,
2.69 wt%¥ K. The acetic acid was carefully removed under
vacuum (using a rotovap) at 60°C. This solid remained tan
in color. A 11.57g(13.4cc) charge of catalyst was placed in
20 the reactor for testing. Reactor testing of this catalyst
set forth in Table 2 demonstrated it to be highly active and
éelective. At 164°C using 7% oxygen and 1l4% acetic acid,
12.5% ethylene conversion was obtained with |
87.2% selectivity.

25

Example 5
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8 and cal ci ni ng said particles to formsaid substantially inert support.
Typically, the weight percent of the palladium M and al k&aisee 8588 (2
catal yst of the present invention are: 0.1 5 to 5.0 wt% pall adi um
preferably 0.2 to 4.0 wt% nost preferably 0.3 to about 1.0 wt% greater
than O to 10 wt% al kali netal, preferably 0.1 to 8.0 w% nost preferably
0.1 to 5.0 wt % getailystt havidgt thebdoil 16wingt ¢ohpopitfienabbPd 0.81t o about
4.0 wt % nost greferably 0.1 to 3.0 % 10 Detail ed Description of the
| nvent i onWt%, 34 wt% Au and 2.71 wt% K was prepared by dissolving
palladium acetate (PdAc) and potassium acetate (KAc) in
acetic acid, then adding gold acetate and impregnatiﬁg it on
5 Support 1. The acetic acid was removed under vacuum, at
60°C. Thig solid was tan in color at this point. The
preparation of this catalyst is similar to that of Example 1
except there was no catalyst reduction prior to testing. A
11.75g(13.2dc) charge of catalyst was placed in the reactor
10 for testing. The results of testing this catalyst under

various conditions is set forth in Table 2. The catalyst

gave 9.2% conversion with 87.8% VA selectivity.

Example 6

15 A catalyst having the following composition: 0.77 wt%
Pd, 0.40 wt% Au and 2.2 wt% K was prepared as with
Example 5. The solid was then subjected to a hydrazine
reduction, washed with water to remove hydrazine,-and
additional potassium acetate was added. A 14.25g(17.6cc)

20 charge of catalyst was placed in the reactor for testing.
Excellent reactor results were obtained as shown in Table 2.
This catalyst gave similar results, 10.17% conversion with |
85.7% selectivity, as compared with Example 5.

A variety of PA4/M/K on silica-type catalysts. were

25 prepared wherein M is not gold. Metals evaluéted included
M =Ba, La, Sb, Pb, Ce, Nb, Ca, Zn, and Sr. The following
examples are illustrative of these various metals.

[
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ReféfencéAmAII now be made in detail to the present 15 preferred enbodi nent
of the invention of which the follow ng exanples are set fCamseh 8588 (2)
illustrative purposes only. Reactor Testing The catalysts were tested in a
bench scale fluid bed 20 reactor with a maxinum catal yst capacity of 40 cc.
Thirty cc of catalyst or catalyst-plus-diluent was the typical volunme of
solid | oaded into the reactor. In general, sufficient catalyst was used
such that the reactor contained 0.093 g of palladiumnetal wth each
catal yst Bxa@paeudtion. A total of 30 cc volume was obtained by nixing
sufficient iner% m crospheroidal silica with the active
The catalyst was prepared with the lower level of
palladium which is typically used with Bayer-type catalysts,
5 0.88 wt% Pd, but which is typically too inactive for use
with Hoechst-type catalysts along with 0.88 wt% Ba. Acetic
acid was the solvent. The catalyst had 2.9 wt% K. A
15.52g(21.0cc) charge of catalyst was placed in the reactor
for testing. The results of testing conversions approaching
10 10% ethylene with 81% sélectivity to VA were obtained under
various conditions as set forth below in Table 2. The
catalyst suffered some deactivation by exposure to an
elevated temperature (100°C) while acetic acid was still
present.
15
Example 8
A catalyst having 0.41 wt% Pd, 0.49 wt% Ba and
2.2 wt% K was prepared using water as the sole solvent. The
mixture of palladium acetate, potassium acetate and barium
20 acetate is sufficiently soluble in distilled water that
water can be used as the sole solvent. A 24.77g(30.0cc)
charge of catalyst was placed in the reactor for testing.
Reactor testing of this cataiyst under various conditions is
set forth below in Table 2 and gave 10% ethylene conversion
25 at 85% selectivity to VAM.

The use of water as the impregnating solvent instead of

acetic acid has several significant advantages. Water is

\
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catélysf brior to reactor testing. The reactor was equi pped 9 with two
feed inlets. For some of the experinents of this study, efRgPefE884@étic
acid, and oxygen all entered the reactor through the lower inlet and
-nitrogen only was fed through the central inlet. In other tests, additional
5 oxygen was fed through the central feed inlet. This central inlet was
| ocat ed 2c&rtabpl¥ lass| ewpensivd,i hees. tPxicrandt bespresrzureiveasthan
controlled at 115 psig and all ) . ) _

acetic acid. All of which will give a less expensive

process using water. Additionally, water does not act as a

reducing agent for the palladium. When heated at 100°C in

5 the oven, the catalyst prepared with acetic acid darkened to

near black, whereas the analogous catalyst prepared in’

water, retained its tan color and still retained its

excellent reactor performance. Finally, water would be a

more benign solvent with respect to any detrimental effects

10 upon the support.

Example 9

A solution of palladium acetate, potassium acetate and

antimony acetate in acetic acid were impregnated upon the

15 preformed microspheroidal support. The wet solid was dried
at 60°C under vacuum. No pre-reduction of the catalyst was
performed. The resulting catalyst comprised 0.81 wt% Pd,
0.70 wt% Sb and 2.9 wt% K. A 10.95g(12.8cc) charge of
catalyst was placed in the reactor for testing. Reactor

20 testing shown in Table 2 gave ethylene conversions of nearly
17% with 89% selectivity at only 9 mole% oxygen in the feed

mixture.

Example 10
25 The addition of barium to an antimony containing
catalyst substantially reduced catalyst activity. The

catalyst tested had a composition (wt%) of 0.71 Pd, 0.71 Ba,

e
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lines leading to and fromthe reactor were heat traced and maintai ned at
150- 155[ err] C order to prevent condensation of 10 |i qui dCesed8588 (2)
products. Typical tenperatures for the fluid bed reactor can vary from
100[err] to 250[err]C, preferably 135 [err] to 190[err]C. The gaseous
reactor effluent was anal yzed on-line using a Hew ett Packard Mdel 5890 -
gas chronft ddr 8phasguicpped .wi Bh 105 9Bt (L3T6RcANdhAlrGedefechonlysOxygen

ni trogen, ethylene and carbon di oxi de were separated on a 13x nole sieve
col uim paPaRFer vt Fheoreastioowsor2 CRsting0/ 10beCar dsonor ByWavgsnd 23%
SP2700 on_80/100 Chronobsaorb PAW and quantitated with the TCD. Vinyl
acet at e aR§tUEEN Ehgcpatigoaysapsy &hedbgxiam at the levels evaluated

as shown by the results in Table 2 below.

Examples 11 and 12
A mixture of palladium acetate, lanthanum acetate and
potassium acetate was quite soluﬁle in acetic acid.
Support 1 was used for Example 11 and Support 2A for
10 Example 12. This solution impregnated ﬁpon the preformed
support and dried under vacuum resulted in an excellent
catalyst as shown in Table 2 below. The composition of
catalysts 11 and 12, respectively, in weight percent were as
follows: 0.77 Pd, 0.70 La, 2.7 K; 0.80 P4, 0.57 La, 3.1 K.
15 For example 11 a 10.95g(13.0cc) charge of catalyst was
placed in the reactor for testing. For example 12 a
10.95g(15.0cc) charge of catalyst was placed in the reactor
fer testing. Conversions and selectivities were slightly
lower than with the antimony-containing.catalyst, but were

20 still very good.

Example 13
The mixture of palladium acetate, lanthanum acetate and
potassium acetate was dissolved in water instead of agetic
25 acid resulting in a catalyst having the followiﬁg
composition: 0.15 wt% Pd, 0.34 wt% La, 1.4 wt% K. A 25.2g
(30.0cc) charge of catalyst was placed in the reactor for
-_—
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20 4% car bowax 20M on 80/ 120 carbopack colum and quantitated with the FID.
10 Support Preparation Two types of preforned nicrospher Gaikg 8388 €2) were
prepared and utilized as supports in the practice of the present invention.
Prior to use, all supports were sieved 5 and a specific particle size
di stribution of the support was used in all catal yst preparations:

testing. Considering the low level of palladium present,

the ethylene conversion of 8% as shown in Table 2 was quite

good.

5 Example 14
Niocbium oxalate, the source of niobium utilized, was

insoluble in acetic acid. For that reason the niobium
oxalate was pre-impregnated onto Support 1 using an aqueous
solution. After drying the support, an acetic acid solution

10 of palladium acetate and potassium acetate was impregnated
upon the support. A 11.04g(14.0cc) charge of catalyst was
placed in the reactor for testing. Resulting catalyst
composition was 0.81 wt% Pd, 0.64 wt% Nb, 3.1 wt% K.
Reactor performance was adequate at ~9% conversion and

15 84% selectivity, but this catalyst appeared to deactivate

more rapidly than expected. -

Exampleg 15 and 16
Calcium was added as the pfomoter at two different

20 levels: (1) the same mole % as barium in Example 7, and
(2) at near the wt% level as barium in Example 7. 1In each
case, Support 2A was used. For example 15 a 10.95g(15.8cc)
charge of catalyst was placed in the reactor for testing.
For example 16, a 10.95g(15.4cc) charge of catalyst was

25 placed in the reactor for testing. Neither catalyst
performed well as shown in Table 2, but the lower level of

calcium gave higher conversions and higher selectivities.
—
./ ’ ’
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5% of the particles are | ess than 105 microns but greater than 88 m crons
70% of the particles are | ess than 83 m crons but 10 Case 8588(2)
greater than 44 mcrons 25% of the particles are l'ess than 44 mcrons It
shoul d be understood the particle size distribution recited above is not
intended to be limting and that variations in this distribution are

cont enpl aredidepesdibyelbhapoadfaaetiag sheecaldigmelaveNgLGepBeEi ONS.
Support 1 Support 1 was prepared by spray drying a m xture of Nalco (Nalco
Cheni cal <Cowpdnyinprovecaatealyt@opeafidriaftaesa

Examples.17 and 18
5 Cerium promoted catalyst (Example 17) and zinc promoted

'catalyst (Example 18) were prepared as described in the
general procedure set forth above with the metals being
dissolved in acetic acid and drying at 60°C under vacuum.
In each case, Support 2A was utilized. The final

10 composition of the catalyst were: Example 17--0.80 Wt Pd,
0.69 wt% Ce, 2.8 wt% K; Example 18--0.81 wt% Pd, 0.33 wt% Zn
and 2.9 wt% K. A 10.96g(15.6cc) charge of catalyst was
placed in the reactor for testing for example 17. For
example 18, a 10.96g(15.6cc) charge was used. Tests of

15 these catalysts showed potential as shown in Table 2.
Optimization of promoter level and reduction treatment could
be beneficial. 1In paxticular, cerium showed very good

initial activity.

20 Examples 19 and 20
The catalyst of Examples 19 and 20 were prepared on the
same support and utilizing éubstantially the saﬁe procedure
gset forth in Examples 17 and 18 above except that Pb and
Sr were substituted for Ce and Zn. The final
25 composition of Exémple 19 on a wt% basis was 0;81 P4,
0.70 Pb, 2.9 K. The final composition of Example 20 on a

wt% basis was 0.80 Pd, 0.68 Sr, 2.7 K. For example 19 a
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20 Aérosil[err] (DeGussa Chem cal Conpany) silica. In the dried support,
80% of the silica cane fromthe sol and 20% of the silicaCesse8588M2)he
Aerosil. The spray dried mcrospheres were calcined in air at 640[err]C for
4 hours. Aerosil[err] silicais the trade name of Degussa's funed 25
silica. This material has high surface area (~200 nferr]/g), essentially
no m cropdilelagddBf @cwm) pahbirgecofi ratdilygbti Wasi phatedt ha oher sagetot x 10-9
neter), and is free of sodi um Funed silica having properties conparabl e
to for testing. 1In example 20 a 10.95g(15.4cc) charge was

used. As shown in Table 2, the lead promoted catalyst
appeared to deactivate more'rapidly than expected, while the
5 strontium promoted catalyst was of low activity and poor

selectivity.

—_—
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20 750 g of KA-160

supports (Suppofase2858B)(2)

contai ni ng KA-160 (Sud Chemi e) were prepared as follows: Support 2A. 75%

15 'Supﬁo}t 2 A series of mcrospheroidal

was ground to pass through a 35 nmesh screen and washed to renove any

Sigerr] fromKA-160 with 25% SiJerr] from Sol

in ajar

This solid silica was then m xed

I ons.
This mxture was 25 m |l ed overnight

such -as chl ori de
The snmooth slurry was then spray dried to form m crospheroi dal

with 694.4 g of Snotex-N-30 (N ssan Chemical) (36 wt% solids) silica sol

sol ubl e inpurities,
and 556 g distilled water.

mill.
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13 S’up'port 2C. 50% Sigerr] fromKA-160 wth 50% Sigerr
support was prepared in the sanme manner as Support 2A ex

7
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KA-160 and 583.3 g of Snotex-N-30 (30 wt% solids) were used. 5 Support 2D
g of Nalco 2327 (40 wt % solids) (Nalco Chem cals Conpany) and 219 g of

prepared in the sane manner as Support 2A except that 262 g of KA-160,

75% SiJerr] fromKA-160 with 25% SiJerr] from Sol
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t hese supports provi ded unexpected

acetate nononer catalyst according to the process of the 15 present
For use in the manufacture of fluid bed catal ysts via

10 di st-.'i Iled water were used. Each type of m crospheroidg]
prepared above nmay be used advantageously in the preparati
I mpregnation wth active netals,

Vi nyl
i nventi on.

c
[¢D)
[72]
@
ol I STt CIS°€1 68€°G¥ IV 1€ 769°6 16°1ZF | 0°6ST 8E°GB 09°TI L
R IR STT ZIS°€T 68E°SH TP 1€ ¥69°6 16°T2y | €°LST 8€°98 8E° 11 9
~ P z¢ STT 096°€T 088°9¥ £v°2E 0EL"9 16°80% | 9°96T 9€°L8 62°0T ¢
g M STT 096°€T 088°9¥ £v°2¢E 0EL"9 1S°80% | €°9ST L0°L8 S6°0T ¥
o P £z STT 096°€T 088°9¥ £v°2¢E 0EL"9 16°80% | 0°8ST 82°98 TP°TT €
—bE&T STT 096°€T 088°9F £€V°ZE 0€L*9 | 1S5°80% | S°6ST 98°G8 89°1T z
QP& STT 096 °€T 088°9% £V°2€E 0EL°9 16°80% | S°6ST LE"G8 66°TT T
T o ) o LT oTdwexy
=4
omgg STT 096°€T 088°9¥F £V °2ZE 0€L'9 15°80% | 9°GST £0°08 8L'¥ T
O © : 91 STdwexy
Tla
TS50 STT ZZy el 9EV°G¥ by 1€ v0L‘6 Ly tZy | 0°8ST zs°€8 P19 L
A STT 2Zy €1 9EV G ¥h°TE POL'6 Ly T2F | 0°6ST 8z'z8 66°9 9
Ogre STT 2Zh €T 9EP°GF Py IE POL 6 Lv'12F | 0°6ST 8T1°2Z8 09°L s
meWmuN STT €98°€T 826°9¥ Lt 2€ 6€L°9 L0°80% | 0°LST ST°68 €9°9 v
—L DBt STT | €98°€T 826°9¥ Lb 2€ 6€L"9 L0"80% | 0°8ST 09°%8 ST'L £
gt STT €98°€1 826°9F Ly"2E 6EL'9 L0°80F | 0°8ST 60°%8 Lb°L z
21>6:0 ST €98°€T .826°9% Lb"2€ 6EL'9 L0°80% | 0°6ST Py €8 Sp°L 1
= = a
g1 oTdwexd
ok : .
e ST STT 22V ET 9Ep°S¥ TR VOL*6 Lv*tzy | 0°291 00°98 69°8 9
nlo By STT 22y eT 9Ep *S¥ PV'IE | ®OL'6 Ly°12y | 8°G9T 26°€8 €1°01 S
Of—Ey STT TR 9EV °S¥ V¥ IE voL'6 | Lb'TZV | 0°S9T 6€°€8 19°0T v
. STT £98°'€T 826°9V Ly ze 6EL"9 L0°80% | 0°6ST 10°98 | ¥Z°6 €
©|TE70 STT £€98°€T 826°9¥ Lb°ZE 6EL"9 Lo*s8ov | T°19T S5 78 86°6 Z
olof0 STT €98°€T 826°9% Lb*2¢E 6EL'9 L0°80% | P'¥OT LL T8 pL°OT 1
= ki . $1 oTdwexy
2.5 .
o= OYOH yHZD N 20 MO'LE (0) 38 AROD
. % brsg NOLISOAWOD auEwi TYIOL & qIEg YA & VHCO % # NOY
> 0T
O
o —_
C @©
« O O
O e -
—c3
OO —
o > @©
oD C C
N — a

aced .-

Il

il

This Sheet Has Been Repl

30



=
Z <
»ES
—~ TRTy)
&,V
Swo 2
m "o
o n
TN mwuu
0= O o
'S eW
nuu.MMJ4
— 0
= >
e oo
Al<o .
mm o<
o o«
O —
<
= —52
n -2 .
L ooo
Z [C
5 _ g
C o~
N —_ D .
3 -3°
— O
»n O
G .w(g
0N C>m
0l .
—_ -« O
E5c?
WH=._O
o
2 5 o
r S.
()] —
15 8«
38 g
—_ jun R
) ) o
-
P%I%w.
S
1WBLS
wwn n
mmm =
< D~
QA o o
<D O.—
—NQAFFO

STT | 096°€l 088°9y | ep°ze TG°80% | 8°96T 09°¢8 11°S €
SIT 096°€T 088°9¥ £vze TIS°80% | 8°9ST 00°€8 99°¢ Zz
STT 096°€T | 088°9F gy ze 1$°80%F | 8°9GT L2°2z8 90°9 T
0Z oTdwexg
STT ZIS°ET 68€°GP TP 1€ 16°T2V | S°8ST v6°L8 veL v
STT IS 'S1 68E°GY 7 1€ T6°T2F | §°8ST TT°98 z8°8 3
STT 096 €T 088°9% £v°2¢ 15°80% | S°8ST 6L°68 vE'6 F4
ST 096°€T 088°9¥ gp°ee TS°80% | 6°29T FYRT 99°01 1
61 >Tdwexy
£°6 STT ZIS €T 68€°SY v 1€ T16°12%v | L°psT ¥8°68 Iv°L 8 )
L9 STIT ZIS° €1 68€°SP Ir°TE 1612y | 0°9ST 82°88 89°8 L
0°g SIT ZIS'ET 68€°SP v 1€ T6°T2F | 0'6ST.| TZ°'98 ZT°01 9
L€ STI AT 68€°SV TF 1€ T6°T2V | 0°19T AT €T°1T S
£°¢ STT ZIS €T 68€°SP 7 1€ 16°T2% | 0°T9T 86°v8 68°0T 12
vz STT ZIS° €T 68€°SP Iv 1€ 16°T2V | 0°6ST V6 78 6€°2T £
9°t STT 096°€T 088°9% £y 2¢ 16°80% | £°96T 0T°S8 16°0T Z
1°1 ST 096 °€T 088°9% | epr-zg TS°80% | 0°0LI Tv°08 10°21 T
81 oTdwexy
z'9 ST 2IS°€T 68€° SV TP 1€ 16°T20 | 6°6ST 8%°98 25°0T 6
£°'S STT ZIS €T 68€°SP Tp 1€ 16°T2V | 6°8GT 86°G8 I1°11 8
OVOH ¥YEZO 2N MOTZ () THS . ANOD
brsq NOLISOJWOD azza TYIOT I azg YA % VHZD % # Noy

640[err] C

a,ced

i

|

T

This Sheet Has

31




¢ [ :
Support 2A 50 0. 60 0.60 0.65 175.5 4 hr/ 0.33% 640[err] C
Support 2B 50 0. 39 0. 39 0.72 184.4 4 hr/ 0. 35[err]
640[ err] C Support 2C 46 0. 27 0.33 0.77 191.9 4 hr/ 1. 65%
640[ err] C Support 2D 50 0. 62 0. 63 0.60 156.0 4 hr/ 640[err]C 5
Cat al yst Preparation The general nmethod utilized in the preparation is
summari zed bel ow.

Case 8588(2)

NN N R

Claims:

1. A support for the manufacture of a vinyl acetate catalyst

comprising a mixture of substantially inert microspheroidal particles

having a pore volume of between 0.2 to 0.7 cc/g, a surface area of

between 100 to 200 mz/g and at least 50% of said particles are less
5 than 100 microns.

2. A support as claimed in claim 1 wherein the pore volume is

between 0.3 and 0.65 cc/g; the surface area is between 100 to 195

mz/g and at least 75% of the particles are below 100 microns. -

3. A support as claimed in claim 1 or claim 2 wherein the

10 substantially inert microspheroidal particles are selected from the
group consisting of silica, zirconia, aiumina and mixtures thereof.
4. A support as claimed in claim 1 or claim 2 wherein the
substantially inert microspheroidal particles are selected to be
silica. '

15 5. A process for the manufacture of a substantially inert support
for a fluid bed vinyl acetate catalyst comprising mixing 80 to 20 wt%
of an agueous sol comprising substantially inert microspheroidal
particles with 20 to 80 wt% solid substantially inert particulate
material to form an aQueous mixture, spray drying said aqueous

20 mixture, and calcining said particles to form said subétantialiy
inert support.

6. A process as claimed in claim 5 wherein said substantially
inert particles in the aqueous sol are selected from the group
consisting of silica, alumina, and zirconia.

25 7. A process as claimed in claim 5 wherein said substantially’

32
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10 T§/pi cally, the microspheroidal support is i npregnated with a solution
(or solutions) of the active netals using the incipient wetness technique.
Hal i de free conpounds of the active nmetals, palladium Melenment (e.g.gold)
and 15 potassium acetate, nmay be dissol ved in the apﬂm“umm“unutlﬁﬂll n a
sui tabl e solvent, then inpregnated upon33he mi crosphe

general, it is desirable if all of the active netals tb be uUsed i .
catal yst preparation are dissolved in a single portion of solvent Whl ch is

of the 20 \iﬂétﬂmarth&‘dleadﬂquﬁé @qhfodd kbl tfie poecddlynBe @h1ide support. In

| ubl.e in
some i nst an%es a dgr?c;cca orro et?ngmgp ctgxgé o asf(]).uyd bed vinyl acetate

catalyst characterised by the formula Pd-M-A wherein M equals Ba, Au,
La, Nb, Ce, Zn, Pb, Ca, Sr, Sb or mixtures thereof and A equals at
5 least one alkali metal comprising impregnating a preformed
microspheroidal substantially inert support with an aqueous solution
substantially free of organic solvent comprising halide-free metal
salt of Pd, M and at leést one alkali metal and drying the
impregnated microspheroidal support.
10 9. A process for manufacturing a fluid bed vinyl acetate catalyst
. characterised by the following formula comprisihg Pd-M-A wherein M
equals ‘barium, gold, lanthanum, niobium, cerium, zinc, lead, calcium,
strontium, antimony, or mixtures thereof; and A equals at least one
alkali metal, comprising impregnating a pre-formed substantially
15  inert microspheroidal particulate support wherein at least 50% of the
particles have a siée below 100 microns with a solution comprising a
halide~free metal salt of the palladium, M, and at least one alkali
metal and drying the impregnated pre-formed support.
10. A process as claimed in claim 9 wherein at least 75% of the
20 microspheroidal support particles are below 100 microns.
11. A process as claimed in any one of claims 8 to 10 wherein the
substantially inert microspheroidal particles are selected from the
group consisting of silica, zirconia, alumina and mixtures thereof.
12. A process as claimed in any one of claims 8 to 11 wherein the
25 alkali metal is separately impregnated onto the microspheroidal
support material prior to drying the support.
13. A process as claimed in claim 12 wherein the alkali metal is
impregnated onto the microspheroidal support subsequent to
impregnating the support with the solution comprising the halide-free
30 salts of palladium and M.
14. A process as claimed in any one of the claims 8 to 13 which
further comprises drying the catalyst at a temperature up to about
80°c.
15. A process as claimed in any one of claims 8 to 14 wherein M is

35 selected to be antimony.
—
E—
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Ly, i
15 the sanme solvent as the other metal conpounds to be used. In this case a
sol ution containing some of the metal conponents nay—beimpregnat ed uFon

t he support, followed by inpregnating a second sol utl m“m(“
remai ning 5 conponents. Sol vents which are useful in mﬂml

vol atil e organic solvents such as: carbd&ylic acids with ¢ our Bar bons or
| ess, al cohols, ethers, esters, and aromatics. Aftersthe wet catalyst is

dried, it may be used
16. A process as claimed in any one of claims 8 to 14 wherein M is

selected to be gold in the absence of barium.
17. A process as claimed in any one of claims 9 to 16 wherein the
solution comprising a halide-free metal salt of the palladium, M -and

b at least one alkali metal is an agueous solution substantially free

of organic solvent; .
18. A process as claimed in any one of claims 8 to 17 wherein the
inert microspheroidal particulate support is a support as claimed in

- any one of claims 1 to 4 or is a support manufactured by a process as

10 claimed in any one of claims 5 to 7.

19. A fluid bed vinyl acetate catalyst characterised by the
following formﬁla comprising Pd-M-A wherein M equals barium, gold,
lanthanum, niobium, cerium, zinc, lead, calcium, strontium, antimony,
or mixtures thereof; and A equals at least one alkali metal

15  impregnated on a pre-formed substantially inert microsphercidal
particulate support wherein at least 50% of the particles have a size
below 100 microns. |

- 20. A catalyst as claimed in claim 19 wherein at least 75% of the
microspheroidal suppoft particles are below 100 microns.

20 21. A catalyst as claimed in any one of claims 19 to 20 wherein the
substantially inert microspheroidal particles are selecfed from the
group consisting of silica, zirconia, alumina and mixtures thereof.
22. A catalyst as claimed in any one of claims 19 to 21 wherein M
is selected to be antimony.

25 23. A catalyst as claimed in any one of claims 19 to 22 wherein the
support is a support as claimed in any one of claims 1 to 4 or is a
support manufacﬁured by a process as claimed in any one of cla;ms 5
to 7.

24, A process for the production of vinyl acetate which comprises

30 reacting ethylene, acetic acid and oxygen together in the gas phase
in the presence of a fluidized bed of cétalyst wherein the catalyst
is a catalyst manufactured by a process as claimed in any one of
claims 8 to 18 or is a catalyst as claimed in any one of claims 19 to
23.

35 —_—
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for ‘the production of vinyl acetate or it may first be 10 reduced by neans
known to those skilled in the art. In general, when acet?ﬁsﬁcﬁﬁsﬁézbresent
and the catalyst is heated at an el evated tenperature (~100[err]C) the
cat al yst darkens to bl ack and becones inactive. Additionally, when a
solution of palladiumacetate (wwth or 15 w thout other netal acetates) is
heated to too high a tenperature or for too | ong, the solution changes
color fromthe original red-orange to a greenish color and a bl ack
precipitate fornms. In general, 60[err]Cis a safe tenperature to work at,
but up to -800C has been used for Awsrgicmgoeri ods 20 of tinme, to dissolve
t he pal | adi um acet at e. -
PROCESS FOR THE PREPARATION OF
FLUID BED VINYL ACETATE CATALYST
A process for the preparation of a fluid bed vinyl

acetate (VAM) catalyst comprising impregnating a support

comprising a mixture of substantially inert microspheroidal

particles with a solution comprising a halide-free metal

salt of Pd and M, wherein M comprises Ba, Au, La, Nb,

Ce, Zn, Pb, Ca, Sr, Sb or mixtures thereof, reducing the

metal salts to form a deposit of Pd and M on the support

surface and impregnating the support with at least one

halide-free alkali metal salt. At least 50% of the

particles used for the microspheroidal support have a

particle size below 100 microns, preferably below

60 microns.
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Exanpl e I A catal yst having the follow ng conposition 0.75 wt % Pd, 0.32 wt%
Au and 2.88 wt % K was prepared by 25 dissolving palladiumacetate in an
acetic acid solution of the gold acetate reagent described in U S. Patent
4,933, 204 and inpregnating t-his conbi ned sol ution upon a preforned 16

m cr ospher oi dal

Support 2A identified above. The sotid was dried at

60[err]C using a rotary evaporator (rotovap), then the

10

15

20

25

30
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SPECIFICATION

PROCESS FOR THE PREPARATION OF
FLUID BED VINYL ACETATE CATALYST

BACKGROUND OF THE INVENTION

Field of the Invention

| This application is a cohtinuation-in-part of U.S.
Serial No. 200,130 filed February 22, 199%4.

The present invention relates to a process for
producing a fluid bed.paliadium-promoted catalyst useful in
the production of vinyl acetate from ethylene, acetic acid
and oxygen-containing gas. In addition, the present
invention relates to a novel fluyid bed support and process
of uéing the support for the maﬁ;facture of palladium-
promoted fluid bed catalyst used in the manufacture of vinyl
acetate. |

The production of vinyl acetate by reacting e;hylene,
acetic acid and oxygen together in the gas phase in the

presence of a catalyst is known. Typically, the catalysts

This is the replacement sheet
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Pd and Au were reduced with an aqueous sol ution of hydrazine (no alkal
hydr oxi de). The solid was washed to 5 renove hydrazine, dried and potassium
acetate was i npregnated upon the solid. A 12.67g(16. 7cc) charge of catal yst
was placed in the reactor for testing. The results of reactor testing of
this catalyst at various conditions are set forth below in Table 2. These
results show an 10 18. 2% conversion with 83 selectivity using 10.55
O[err], 14.31% HOAc, at 164.9[err]C. Exanple 2 The catalyst of this exanple
had a conposition of 15 1.07 wt[err] Pd, 0.40 wt[err] Au and 2.89 wt[err] K
~and was prepared _ _

are in fixed bed form and supported on a porous carrier
material such as silica or alumina.
Early examples of these catalysts show that palladium
and gold are distributed more or less uniformly throughout
5 the carrier (see, for example, U.S. Patent Nos. 3,275,680,
3,743,607 and 3,950,400 and Great Britain Patent
No. 1,333,449 and South Afr;can Patent No. 687,990).
Subsequently, it was recognized that this was a disedventage_
since it was found that the material on the inner part of
10 the carrier did not contribute to the reaction since the
reactants did not significantly diffuse into the carrier.
To overcome this problem, new methods of catalyst
manufacture were devised with the aim of producing catalyst
in which the active components were concentrated on the
15 outer-most shell of the support. For example, Great Britain
Patent No. 1,500,167 claims catalyst in which at least
ninety percent of the palladium and gold is distributed in
that part of the carrier particle which is not more than
thirty percent of the particle radius from the surface. 1In
20 addition, Great Britain Patent No. 1,283,737 teaches that
the degree of penetration into the porous carrier can be
- controlled by pre-treating the porous carrier with an
alkaline solution of, for example, sodium carbonate or
sodium hydroxide. Another approach which has been found to
25 produce particularly active catalyst is described in U.S.
Patent No. 4,048,096 and other methods of producing shell-

impregnated catalyst are disclosed in U.S. Patent
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according to the procedure set forth in Geat Britain Patent 1,266, 623
except that the support was the sanme as used in Exanple 1. A 8.68g(11. 3cc)
charge of catalyst was placed in the reactor for testing. The results of
testing 20 of this catalyst at various conditions is set forth below in
Tabl e 2 and gave 8. 1% et hyl ene conversion and 84.4% vi nyl acetate
selectivity using 7% (Jerr], 10% HOAc, at 159[err]C Exanple 3 25

The procedure of Exanple 2 was repeated to Hroduce a catal yst having a
conposition as follows: 1.01 wt% Pd, 0.38 wt% Au and 2. 60 wt % K. However, -
Support 1 identified : '

Nos. 4,087,622 and 5,185,308. Each of these patents is
primarily concerned with the maﬁufacture of fixed bed
catalyst useful for the manufacture of vinyl acetate.
However, U.S. Patent No. 3,950,400 also discloses that the

5 catalyst -disclosed therein may be used in a fluid.bed.
reactor. In addition, Gfeat Britain Patent No. 1,266;623
allegedly discloses a fluid bed catalyst for vinyl aceﬁate
manufacture which comprises palladium promoted with various
alkali, alkaline earth or other metals.

10 It would be economically beneficial if the manufacture
of vinyl acetate could be performed in a fluid bed process
as well as a fixed bed process. Some of the typical
benefits from a fluid bed p?ocess would be that the fluid
bed reactor design is simpler than a multi-tubular fixed bed

15 reactor, increased catalyst life is to be expected becausé
no deactivation would take place dqe to hot spots which are
typical of a fixed bed reactor, continuous addition of make-
up catalyst can maintain peak performance and virtually
eliminate catalyst change-outs, and higher production rates

20 can_be expected because substantially higher oxygen levels
may be safely fed into the reactor without producing a
flammable mixture.

Until the discovery of the process of the presént
invention, the preparation of palladium-promoted catalyst in

25 fluid bed form has not led to catalyst having the necessary
properties leading to a viable economical fluid bed process

for the manufacture of vinyl acetate. The process of the
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17 above was utilized. A 9.29g(10.6cc) charge of catalyst was placed in the
rreactor for testing. The reactor testing at various conditions is set forth
bel ow in Table 2. The catal yst gave C2H4 conversion of 8.6 and VA
selectivity of 5 85.3 under the sane conditions as set forth in Exanple 2.
The performance of the catal yst of Exanples 2 and 3 is very simlar but the
catal yst prepared on the Support 1 appears‘Jo be slightly nore active. As
the conpositions of these two catalysts are nearly identical, the
difference in

present invention overcomes the problems associated with the
prior art resulting in a catalyst giving high performance
and adequate attrition resistance so that it may be used in

the manufacture of vinyl acetate.

Summary of the Invention

It is the primary obﬁect of the present invention to

10 provide a process for the manufacture of a fluid bed
palladium-metal-promoted alkali metal catalyst useful in the
manufacture of vinyl acetate.

It is another object of the present invention to
provide a novel support for use in the production of a fluid

15 Dbed palladium-metal-alkali-metal-promoted catalyst useful in
the fluid bed manufacture of vinyl acetate.

It is still another object of the present invention to
provide é novel process for the production of a support
useful in the manufacture of vinyl acetate catalyst.

20 | Additional objects and advantages of the invention will
be set forth in part in the description which follows and,
in part, will be obvious from. the description or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and attained by

25 means of the instrumentalities and combinations particularly

pointed out in the appended claims.
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10 aetivity may be due to the different supports. Exanple 4 This catalyst
was prepared according to the teachings of U S. Patent 3,950,400 except
that microspheroidal (fluid 15 bed) Support 1 as described above was
utilized. The conposition was 0.82 w % Pd, 0.40 wt% Au, 0.13 wt % Ba, 2.69
wt % K. The acetic acid was carefully renoved under vacuum (using a rotovap)
at 60[err]C. This solid renmained tan in color. A 11.57g(13.4cc) charge of
catal yst was placed in 20 the reactor for tq?ting. Reactor testing of this
catal yst set forth in Table 2 denonstrated i1 to be highly active and
selective. At 164[err]C using 7% oxygen and 14% acetic acid,

To achieve the foregoing objects of the present
invention, the process of manufacturing a fluid bed vinyl
acetate catalyst charaéterized by the following formula
comprising Pd-M-A wherein M equals barium, gold, .

5 lanthanum, niobium, cerium, zinc, lead, calcium, strontium,
antimony, or mixtures thereof; and A equals at least one
alkali metal or mixture thereof comprises impregnating a
pre-formed microspheroidal support wherein at least 50% of
the particles have a éarticle'size selected to be below 100

10 microns with a solution comprisiné a halide-free metal salt
of the palladium, M and at least one alkali metal and drying
the impregnated catalyst. The substantially inert
particulate éupport typically comprises microspheroidal
particles selected from the group consisting of alumina,

15 silica, zirconia, or mixtures thereof.

In another embodiment of the present invention the
process is performed using an aqueous solution free or
substantially free of any organic solvent.

In a préferred embodiment of the present invention the

20 metal salt of the alkali metal is separately impregnated
onto the support, preferably subsequent to the impregnation
of the solution comprising the salts of palladium and M
element onto the support maferial.

In another embodiment of the present invention, the

25 impregnated support is heated under reducing conditions to

form a deposit of palladium and M on the surface of the
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12. 5% et hyl ene conversion was obtained with 87.2% selectivity. 25 Exanple 5
18 A catal yst having the followi ng conposition: Pd 0.81 w% 0.34 wt % Au
and 2.71 wt % K was prepared by dissol ving pall adium acetate (PdAc) and

pot assi um acetate (KAc) in acetic acid, then adding gold acetate and

| mpregnating it on '

support. The reduction can take place either before or
after the deposition of the alkali metal solution.

In a still further preferred embodiment of the present
invention the catalyst is dried at a temperature below 80°q,

5 preferably between about 60° to 70°C. |

In another preferred embodiment of the present
invention the particle size(particle'diameter) of the
substantially inert support material is selected such that
at least 50% of the particles are below about 60 microns.

10 Preferably,'at least 75% of the particles are below
100 microns, especially preferred being at least 85% below
100 microns. Finally the preferred support is substantially
free of sodium.

In another embodiment of the present invention, the

15. support for the manufacture of the vinyl acetate catalyst
comprises a mixture of substantially inert microspheroidal
particles having a pore volﬁme of between 0.2 to 0.7cc/g, a
surface area of between 100 to 200_uf/g and at least 50% of
said particle are less than 100 microns.

20 In a preferred aspect of this embodiment of the present
invention, at least 75% of the particles are below 100 -
microns, especially preferred being at least 85% below 100
microns.

- In another embodiment of the present invention, the

25 support for the manufacture of the vinyl acetate catalyst

comprises microspheroidal inert particles, preferably

silica, zirconia, alumina or mixtures thereof wherein said
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5 Support 1. The acetic acid was renoved under vacuum at 60[err]C This
solid was tan in color at this point. The preparation of this catalyst is
simlar to that of Exanple 1 except there was no catal yst reduction prior
to testing. A 11.75g(13.2cc) charge of catalyst was placed in the reactor
10 for testing. The results of testing this catalyst under various
conditions is set forth in Table .2. The catal yst gave 9.2%conversion wth
87.8% VA selectivity. Exanple 6 15 Ay catal yst having the foll ow ng
conposition: 0.77 wt% Pd, 0.40 wt% Au and 2.2 wt % K was prepared as with
Exanple 5. The solid was then subjected to a hydrazine

particles have a pore volume of between 0.2 to 0.7 cc/g, a
surface area of between 100 to 206 mz/g'and are obtained from

~a mixture of 80 to 20% inert support sol and 20 to 80% dried
inert particles.

5 _ In a preferred embodiment of this aspect of the present
invention, the pore volume of the inert particles is betwéen
0.3 to 0.65 cc/g, eSpecially preferred being 0.4 .cc to
0.55 cc/gn.

In a further preferred embodiment of this aspect of the

10 present invention, the surface area is between 110 to
195 m’/g, especially preferred being 120 to 195 m?/g.

In a further aspect of this embodiment of the present
invention, the silica microspheroidal support material is
manufactured by mixing between 20% to 80% silica sol with

15 80% to 20% silica aerosil, spray dryihg said mixture at an
elevated temperature of between 125°C to 280°C, preferably
130° to 240°C, and calcining said spray dried particles
preferably at a temperature of between 550° to 700°C,
preferably between 630° to 660°C to form the support

20 material.

The substanﬁially'inert support for a fluid bed vinyl
acetate catalyst may be manﬁfactured by a process comprisiﬁg
mixing 80 to 20 wt% of an aqueous sol comprising
substantially inert microspheroidal particles with 20 to

25 80 wt% of solid substantially inert particulate material to

form an aqueous mixture, spray drying said aqueous mixture,
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reduction, washed with water to renove hydrazi ne, and additional potassium
acetate, was added. A 14.25¢g(17.6cc) 20 charge of catalyst was placed in the
reactor for testing. Excellent reactor results were obtained as shown in
Table 2. This catalyst gave simlar results, 10.17% conversion with 85. 7%
selectivity, as conpared with Exanple 5. A variety of Pd/ MK on silica-type
catal ysts were 25 prepared wherein Mis not gold. Metals evaluated included
M =Ba, La, Sh, Pb, Ce, No, Ca, Zn, and sr.8 The foll owi ng exanpl es are
illustrative of these various netals.
and calcining said particles to form said substantially
inert support.
Typically, the weight percent of the palladium, M and
alkaline in the catalyst of the present invention are: 0.1
5 to 5.0 wt% palladium, preferably 0.2 to 4.0 wt%, most
preferably 0.3 to about 1.0 wt%; greater than 0 to 10 wt%
alkali metal, preferably 0.1 to 8.0 wt%, most preferably 0.1
to 5.0 wt%; greater than 0 to about 5.0 wt% M, preferably
0.1 to about 4.0 wt%, most preferably 0.1 to 3.0 wt%.

10
D ! ll :D . !I g !] I !l

Reference will now be made in detail to the present
15 preferred embodiment of the inventior of which the following

.examples are set forth for illustrative purposes only.

Reactor Testing
The catalysts were tested in a bench scale fluid bed
20 reactor with a maximum catalyst capacity of 40 cc.
Thirty cc of catalyst or catalyst-plus-diluent was the
typical volume of solid loaded into the reactor. In
general, sufficient catalyst was used such that the reactor
contained 0.093 g of palladium metal with each catalyst
25 evaluation. A total of 30 cc volume was obtained by mixing
sufficient inert microspheroidal silica with the active

catalyst prior to reactor testing. The reactor was equipped
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19 Exanple 7 The catalyst was prepared with the lower |evel of palladium
Which is typically used with Bayer-type catalysts, 5 0.88 wt% Pd, but which
i's typically too inactive for use with Hoechst-type catalysts along with
0.88 W% Ba. Acetic acid was the solvent. The catalyst had 2.9 wt% K ‘A
15.52¢g(21. Ccc) charge of catalyst was placed in the reactor for testing.
The results of testing conversions approaching 10 10 ethylene with 81%

sel ectivity to VA were obtained under various condltlons as set forth bel ow
in Table 2. The :

with two feed inlets. For some of the experiments of this
study, ethylene, acetic acid, and oiygen all entered the
reactor through the lower inlet and nitrogen only was fed
through the central inlet. 1In other tests, additional

5 oxygen was fed through the_cenﬁral feed inlet. This centrél
inlet wés_located 2.5 above the lower feed inlet.

The reactor pressure was controlled at 115 bsig and all
lines leading to and from the reactor were heat traced and
maintained at 150-155°C order to prevent condensation of

'10 liquid feeds or products. Typical temperatures for the
fluid bed reactor can vary from 100° to 2SO°C, preferably 135
° to 190°C.
The gaseous reactor effluent was analyzed on-line using
a Hewlett Packard Model 5890 gas chromatograph equipped With
15 both TCD and FID detectors. Oxygen, nitrogen, ethylene and
carbon dioxide were separated on a 13x mole sieve column
parallel with 10% carbowax 20M on 80/100 Chromosorb WAW and
23% SP2700 on 80/100 Chromosorb PAW, and quantitated with
the TCD. Vinyl aceﬁate and acetic acid were separated on a
20 4% carbowax 20M on 80/120 carbopack column and quantitatéd

with the FID.
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catal yst suffered sonme deactivation by exposure to an el evated tenperature
“(*100[err]C) while acetic acid was still present. 15 Exanple 8 A catal yst
having 0.41 W% Pd, 0.49 W% Ba and 2.2 W % K was prepared using water as
the sol e solvent. The m xture of palladium acetate, potassium acetate and
barium 20 acetate is sufficiently soluble in distilled water that water
can be used as the sole solvent. A 24.779(30. Ccc) charge of catal yst was
placed in the reactor for testing. Reactor testing of this catalyst under
various conditions is _

Support Preparation
Two types of preformed microspheroidal silica were
" prepared and utilized as supports in the practice of the
present invention. Prior to use, all supports were sieved
5 and a specific particle size distribution of the support was
used in all catalyst preparations:
5% of the particles are less than 105 microns
but greater than. 88 microns
70% of the particles are less than 88 microns but
10 greater than 44 microns
25% of the particles are less than 44 microns
It should be understood the particle size distribution
recited above is not intended to be limiting and that |
variations in this distribufion are contemplated depending

15 upon reactor size and operating conditions.

Support 1

Support 1 was prepared by spray drying a mixture of
Nalco (Nalco Chemical Company) silica sol 1060 and DeGussa
20 A._erosil® (DeGussa Chemical Company) silica. 1In the dried
support, 80% of the silica came from the sol and 20% of the
silica came from the Aerosil. The spray dried microspheres
were calcined in air at 640°C for 4 hours.
Aerosil® silica is the tréde name of Degussa‘’s fumed
25 silica. This material has high surface area (~200 m’/g),
essentially no micropores, uniform particle size

distribution in the nm-range (1 x 10°° meter), and is free of
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set forth belowin Table 2 and gave 10% et hyl ene conversion 25 at 85%
selectivity to VAM The use.-of water as the inpregnating solvent instead of
acetic acid has several significant advantages. Water is 20 certainly

| ess expensive, less toxic and | ess corrosive than acetic acid. Al of
which will give a | ess expensive process using water. Additionally, water
does not act as a reducing agent for the pq&ladiun1 When heated at
100[err]Cin

sodium. Fumed silica having properties comparable to
Aerosil® may be produced by other companies and may be used
in the place of Aerosii® in the preparation of Support 1.
Nalco silica sol 1060 is particularly advantageous for
5 use in our application because of large mean particle size
of the silica particles in the sol, 60 millimicrons. These
larger silica particles pack less efficiently than smaller
sol particles (~30'millimicrons as in Nalco 2327) and yieldl
a final sﬁpport higher in pore volume in the mesopore region
10 and lower in micropore volume. Other silica sols which have
a similarly large (~40-80millimicron) mean particle size of
the silica may be utilized in the place of the 1060 silica

sol in the preparation of Support 1.

15 Support 2

A series of microspheroidal supports (Supports 2A-2D)

containing KA-160 (Sud Chemie) were prepared as follows:

Support 2A: 75% S8iO, from KA-160 with 25% Si0O, from Sol

20 750 g of KA-160 was groﬁnd to pasé through a 35'mesh
screen and washed to remove any soluble impurities, suéh as
chloride ions. This solid silica was then mixed with
694.4 g of Snotex-N-30 (Nissan Chemical) (36 wt% solids)
silica sol and 556 g distilled water. This mixture was

25 milled overnight in a jar mill. The smooth slurry was then

spray dried to form microspheroidal particles suitable for
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5 the oven, the catal yst prepared with acetic acid darkened to near bl ack,
wher eas the anal ogous catal yst prepared in water, retained its tan col or
and still retained its excellent reactor performance. Finally, water would
be a nore benign solvent with respect to any detrinmental effects 10 -upon
t he support. Exanple 9 A solution of palladiumacetate, potassium acetate
and antinony acetate in acetic acid were impregnated upon the 15 prefornmed
m cr ospheroi dal support. The wet solid was dried at 60[err] C under vacuum
No pre-reduction of the catal yst was perforned. The resul ting catal yst
conprised 0.81 wt % Pd,

use in a fluid bed reactor.” The microspheroidal support was
then calcined at 640°C in air for 4 hours.
The role of the KA—lso support. is to provide much of
the pore structure within the microspheroidal particle. The
5 fixed bed support, KA-160, is produced by Sud Chemie and has
properties which are advantageous for use in vinyl acetate
catalyst preparation. Moderate surface area (160 uﬁ/g),
little.or no microporosity, and substantial porosity (~
0.57 cc/g) in the mesopore region are advantageous
10 properties of.KA-160. Alternative fixed bed catalyst'
supports are available with surface area and pore volume
properties similar to KA-160 (little or no micropores,
mesopore volume of ~1.5-0.25 cc/g, and surface area 80-
200 m°/g). These supports may be utilized in the place of

15 KA-160 in the preparation of Support 2.

Support 2B: 65% SiO, from KA-160 with 35% SiO, from Sol
This support was prepared in the same manner as
Support 2A except that 227.5 g of KA-160, 408.3 g of

20 Snotex-N-30 (30 wt% solids) and 64 g of distilled water were

used.
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0.70-wt % Sb and 2.9 wt % K. A 10.95g(12.8cc) charge of catal yst was placed
in the reactor for testing. Reactor 20 testing shown in Table 2 gave
ethylene conversions of nearly 17% with 89% selectivity at only 9 nol e%
oxygen in the feed m xture. Exanple 10 25 13 The addition of bariumto
an antinony containing catal yst substantially reduced catal yst activity.
The catal yst tested had a conposition (wt% of 0.71 Pd, 0.71 Ba,

10

15

20

Support 2C: 50% SiO, from KA-160 with 50% SiO, from Sol
This support was prepared in the same manner as
Support . 2A except that 175'g of KA-160 and 583.3 g of

Snotex-N-30 (30 wt% solids) were used.

Support 2D: 75% Si0O, from KA-160 with 25% 8i0, from Sol

This support was prepared in the same manner as
Support 2A except that 262 g of KA-160, 219 g of Nalco 2327
(40 wt% solids) (Nalco Chemicals Company) and 219 g of

distilled water were used.

Each type of microspheroidal silicas prepared above may
be used advantageously in the preparation of fluid bed vinyl
acetate monomer catalyst aceording.to the process of the
present invention. For use in the manufacture of fluid bed
catalysts via impregnation with active metals, these
supports provided unexﬁeéted superior physical properties
for the vinyl acetate catalysts of‘the present invention
compared to any readily available supports. Selected
analytical data on all supports are included in Tablell-

below.
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21 0.71 Sb and 2.6 K A 10.959(13.5cc) charge of catalyst was placed in the
reactor for testing. There is no synergy between the antifony and the’ o
bariumat the | evels evaluated as shown by the results in Table 2 below. 5
Exanples 11 and 12 A mi xture of palladiu cetate, |anthanum acetate and

pot assi um acetate was quite soluble in acetic acid. Support 1 was used for
Exanpl e 11 and Support 2A for 10 Exanple 12. This solution inpregnated

upon the preformed support and dried under vacuumresulted in an excell ent

10

20

: TABLE 1
PHYSICAL PROPERTIES OF CUSTOMIZED
MICROSPHEROIDAL SILICA SUPPORTS

Wee Pore Tot - Attrition
Solids Vol Pore  2Ap Bulk Calcin Resist
in rs4,500A Vol Density .8A Time/ Loss
Support Slurry {cc/g) {ce/q) {g/cc) mzlg Temp 0-20 hrs
Support 1 62 0.39 ~ 0.46 0.78 124.4 . 4 hx/ <5%
: 640°C
Support 2A 50 0.60 0.60 0.65 175.5 4 hr/ 0.33%
A S 640°C
Support 2B 50 0.39 0.39 0.72 184.4 4 hr/ 0.35%
I S 640°C
Support 2C 46 0.27 0.33 0.77 191.9 4 hr/ 1.65%
‘ ' . §40°C
Support 2D 50 0.62 0.63 0.50 156.0 4 hr/
640°C

The general method utilized in the preparation is

summarized below.

Typically,. the microspheroidal sﬁpport is impregnated
with a solution (or solutions) of the active metals using
the incipient wetness teéhnique. Halide free compounds of
the active metals, palladium, M element (e.g.gold) and
potassium acetate, may be dissolved in the appropriate
ratios in a suitable sol&ent, then impregnated upon the
microspheroidal support. In general, it is desirable if all
of the active metals to be used in a catalyst preparation
are dissolved in a single portion of solvent which is of the
volume just adequate to £ill the pore Qolume of the support.

In some instances a desired promoter may not be soluble in
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catalyst as shown in Table 2 bel ow. The conposition of catalysts 11 and 12,
respectively, in weight percent were as follows: 0.77 Pd, 0.70 La, 2.7 K
0.80 Pd, 0.57 La, 3.1 K 15 For exanple 11 a 10.95g(13. Cbc) char ge of
catalyst was placed in the reactor for testing. For exanple 12 a .

~ 10. 959(15. Gcc) charge of catal yst was placed in the reactor for testing.
Conversions and selectivities were slightly | ower than with the _
anti nony-cont ai ni ng catal yst, but were 20 %till very good. Exanple 13 The
m xture of palladium acetate, |anthanum acetate and pot assi um acet at e was
di ssolved in water instead of acetic

the same solvent as the other metal compounds to be used.
In this case a solution con;aining some of the metal
components may be impregnated upon the suppbrt, followed by
impregnating a second solution containing the remaining

5 components. Solvents which are useful include water and |
volatile organic solvents such as: carboxylic acids with
four carbons or less, alcohols, ethers, esters, and
aromatics. After the wet catalyst is dried, it may be used
for the production of vinYl acetate or it may first be

10 reduced by means known to those skilled in the art.

In general, when acetic acid is present and the
catalyst is heated at an elevated temperature (~100°C) the
catalyst darkens to black and becomes inactive.
Additionally, when a solution of palladium acetate (with or

15 without other metal acetates) is heated to too high a
temperature or for too long, the solution changes color from
the original red-orange to a greenish color and a black
precipitate forms. 1In genexral, 60°C is a safe temperature
to work at, but up to ~80°C has been used for brief periods

20 of time, to dissolve the palladium acetate.

Example 1
A cataiyst having the following composition
0.75 wt% Pd, 0.32 wt% Au and 2.88 wt% K was prepared by
25 dissolving palladium acetate in an acetic acid solution of
the gold acetate reagent described in U.S. Patent 4,933,204

and impregnating this combined solution upon a preformed

This is the replacemsnt shegt

Date: 34 1996



25 acid resulting in a catalyst having the follow ng conposition: 0.15 w %
Pd, 0.34 wt%La, 1.4 wt% K. A 25.2g (30.0cc) charge of catal yst was placed
i‘n the reactor for 22 testing. Considering the |Iow.|evel of palladium
present, the ethylene conversion of 8%as shown in Table 2 was quite good.

5 Exanple 14 N obium oxal ate, the source oisni obiumutilized, was '

10

15

20

25

microspheroidal Support 2A identified above. The solid was
dried at 60°C using a rotary evaporator (rotovap), then the
Pd and Au weré reduced with an aquebus solution of
hydrazine (no alkali hydiroxide). The solid was washed to
remove hydrazine, dried and potaséium-acetate was
impregnated upon the solid. A 12.67g(16.7cc) charge of
catalyst was'placed in the reactor for testing. The results
of reactor testing of this catalyst at various conditions’
are set forth below in Table 2. These_results show an
18.2% conversion with-83% selectivity using 10.55 O,,

14.31% HOAc, at 164.9°C.

Example 2

The catalyst of this example had a composition of
1.07 wt% Pd, 0.40 wt% Au and 2.89 wt% K and was prepared
according to the procedure set forth in Great Britain
Patent 1,266,623 except that the support was the same as
used in Example 1. A 8.68g(1l1.3cc) charge of catalyst was
placed in the reactor for testing. The results of testing
of this catalyst at various conditions is set forth below in

Table 2 and gave 8.1% ethylene conversion and 84.4% vinyl

acetate selectivity using 7% 0,, 10% HOAc, at 159°C.

Example 3

The procedure of Example 2 was repeated to produce a
catalyst having a composition as follows: 1.01 wt% Pd,

0.38 wt% Au and 2.60 wt% K. However, Support 1 identified
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i nsoluble in acetic acid. For that reason the niobium oxal ate was
pre-inpregnated onto Support 1 using an aqueous solution. After drying the
support, an acetic acid solution 10 of palladium acetate and potassi um
acetate was i npregnated upon the support. A 11.04g(14.Ccc) charge of
catal yst was placed in the reactor for testing. Resulting catalyst
conposition was 0.81 wt% Pd, 0.64 wt% Nb, 3.1 wt% K. Reactor performance
- was adequate at -9% conversion and 15 8496§glectivity, but this catal yst
appeared to deactivate nore rapidly than expected. Exanples 15 and 16
. Cal ci um was added as the pronoter at two different
above was utilized. A 9.2g(10.6cc) chargé of catalyst was
placed in the reactor for testing. The reactor testing at
various conditions is set forth below in Table 2. The
éatalyst gave C,H, conversion of 8.6 and VA selectivity of
5 85.3 under the same conditions as set forth in Example 2.
The performance of the catalyst of Examples 2 and 3 is
very similar but the catalyst prepared on the Support 1
appears to be slightly more active. As the compositions of

these two catalysts are nearly identical, the difference in

10 activity may be due to the different supports.

Example 4

This catalyst was prepared according to the teachings
of U.S. Patent 3,950,400 except that microspheroidal (fluid
15 Dbed) Support 1 as described above was utilized. The
composition was 0.82 wt% Pd, 0.40 wt% Au, 0.13 wt% Ba,
2.69 wt% K. The acetic acid was carefully removed under
vacuum (using a rotovap) at 60°C. Thié solid remained tan
in color. A 11.57g(13.4cc) charge of catalyst was placed in
20 the reactor for testing. Reactor testing of this catalyst
set forth in Table 2 demonstrated it to be highly active and
selective. At 164°C usihg 7% oxygen and 14% acetic acid,
12.5% ethylene conversion was obtained with
87.2% selectivity.
25
Example 5
This is the replacement sheet



20 levels: (1) the sanme nole %as bariumin Exanple 7, and (2) at near
the wt% | evel as bariumin Exanple 7. In each case, Support 2A was used.

For exanple 15 a 10.95g(15.8cc) charge of catalyst was placed in the
reactor for testing. For exanple 16, a 10.?39(15.4cc) charge of catal yst
was 25 placed in the reactor for testing. ““Neither catal yst performed well
as shown in Table 2, but the |lower |evel of calciumgave higher conversions
and hi gher selectivities. 23

A catalyst having_the following composition: P4 0.81
wt%, 0.34 wt% Au and 2.71 wt%¥ K was prepared by dissolving
palladium acetate (PdAc) and potassium acetate (KAc) in

~acetic acia, then adding gold acetate and impregnating it on
5 Support 1. The acetic acid was removed_under vacuum, at
60°C. This solid was tan in color at this point. The
preparation of this catalyst is similar to that of Example 1
except there was no catalyst reduction prior to testing. A
11.75g(13.2cc) charge of catalyst was placed in the reactor
10 for testing. The results of testing this catalyst under
‘various conditions is set forth in Table 2. The catalyst:

gave 9.2% conversion with 87.8% VA selectivity.

Example 6

15 A catalyst having the following composition: 0.77 wt%
Pd, 0.40 wt% Au and 2.2 wt% K was prepared as with
Example 5. The solid was then subjected to a hydrazine
reduction, washed with water to remove hydrazine, and
additional potassium acetate was added. A 14.25g(17.6cc)

20 'charge of cataiyst was placed in the reactor for testing.
Excellent reacfor results were obtained as shown iﬁ Table 2.
This catalyst gave similar results, 10.17% conversion with
85.7% selectivity, as compared with Example 5.

A variety of Pd/M/K on silica-type catalysts were

25 prepared wherein M is not gold. Metals evaluated included

M =Ba, La, Sb, Pb, Ce, Nb, Ca, Zn, and Sr. The following

examples are illustrative of these various metals.
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It is*possible that adjusting the calciumlevel further could inprove

catal yst performance. Exanples 17 and 18 5 Cerium pronot ed cat al yst

(Exanmpl e 17) and zinc pronoted catal yst (Exanple 18) were prepared as

described in the general procedure set forth above with the netals being

di ssolved in acetic acid and drying at 60[53 r] C under vacuum In each case,

Support 2A was utilized. The final 10 conp0sition of the catal yst were:

- Exanple 17--0.80 wt% Pd, 0.69 wt% Ce, 2.8 W% K; Exanple 18--0.81 wt % Pd,
0.33 W% Zn and 2.9 wt % K. A 10.96g(15. 6cc) charge of catal yst was pl aced
in the reactor for testing for exanple 17. For _ '

Example 7
The catalyst was prepared with ﬁhe lower level of
balladium which is typically used with Bayer-type catalysts,
5 0.88 wt% Pd, but which is typically too inactive for use
with Hoechst-type catalysts along with 0.88 wt% Ba. Acetic
acid was the solvent. The catalyst had 2.9 wt%¥ K. A
15.52g(21.0cc) charge of catalyst was placed in the reactor
for testing. The results of testing conversions approaching
10 10% ethyiene with 81% selectivity to VA were obtained under
various conditions as set forth below in Table 2. The
catalyst suffered some deactivation by exposure to an
elevated temperature (100°C) while acetic acid was still
present.
15
Example &
A catalyst having 0.41 wt% Pd, 0.49 wt% Ba and
2.2 wt% K was prepared using water as the sole solvent. The
mixture of palladium acetate, potassium acetate and barium
26 acetate is sufficiently soluble in distilled water that
water can be used as the sole solvent. A 24.77g(30.0cc)
charge of catalyst was placed in the reactor for testing.
Reactor testing of this catalyst under various conditioﬁs is
set forth below in Table 2 and gave 10% ethylene conversion
25 at 85% selectivity to VAM.
The use of water as the imprégnating solvent instead of
acetic acid has éeveral significant advantages. Water is
This is the replacement sheet
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exanpte 18, a 10.96g(15.6cc) charge was used. Tests of 15 these catal ysts
showed potential as shown in Table 2. Optim zation of pronoter |evel and
reduction treatment could be beneficial. In particular, ceriumshowed very
good initial activity. 20 Exanples 19 and The catal yst of Exanples 19
and 20 were prepared on the sanme support and utilizing substantially the
sanme procedure set forth in Exanples 17 and 18 above except that Pb and Sr
were substituted for Ce and Zn. The final 25 conposition of Exanple 19 on a

W96 basi s was, 0. 81 R Pal0 BledefdS TS U0 SQIROPLLL o0 8L EKIPL £ R0

acetic acid. All of which will give a less expensive
process using Wafer. Additionally, water does not act as a
"reducing agent for the palladium. When heated at 100°C in

5 the oven,.the'catalyst prepared with aéetié acid darkened to
near black, whereas the analbgous catalysﬁ.prepared in
water, retained its tan color and still retained its
_excellent reactor performance. Finally, water would be a
more benign solvent with respect to any detrimental effects

T10° upon the support.

Example 9

A solution of palladium acetate, potassium acetate and

antimony acetate in acetic acid were impregnated upon the

15 preformed microspheroidal support. The wet solid was dried
at 60°C under vacuum. No pre-reduction of the catalyst was
pexrformed. The-resulting catalyst comprised 0.81 wt% Pd,
0.70 wt% Sb and 2!9 wt% K. A 10.959(1é.8cc) charge of
catalyst was placed in the reactdr for testing. Reactor'

20 testing shown in Table 2 gave ethylene conversions of nearly
17% with 89% selectivity at only 9 mole% oxygen in the feed

mixture.

Example 10

25 The addition of barium to an antimony containing
catalyst substantially reduced catalyst activity. The

catalyst tested had a composition (wt%) of 0.71 Pd, 0.71 Ba,

This is the replacement sheat
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wt % basis was 0.80 Pd, 0.68 Sr, 2.7 K For exanple 19 a 24 _

11.71g(13. 2cc) charge of catalyst was placed in the reactor for testing. In
exanpl e 20 a 10.95¢g(15. 4cc) charge was used. As shown in Table 2, the |ead
pronoted catal yst appeared to deactivate nore rapidly than expected, while
the 5 strontium pronoted catalyst was of lowactivity and poor selectivity.

0.71 Sb and 2.6 K. A 10.95g(13.56c) charge of catalyst was
placed in the reactor for testing. There is no synergy
between the antimony and the barium at the levels evaluated

as shown by the results in Table 2 below.

Examples 11 and 12
A mixéure of palladium acetate, lanthanum acetate and
potassium acetate was quite soluble in acetic acid.
Support 1 was used for Example 11 and Support 2A for
10 Example.lz.. This solution impregnated upon the preformed
support and dried under vacuum resulted in an excellent
catalyst as shown in Table 2 below. The composition of
catalysts 11 and 12, respectively, in weight percent.were as
follows: 0.77 Pd, 0.70 La, 2.7 K; 0.80 Pd, 0.57 La, 3.1 K.
15 For example 11 a'10.9Sg(13.0cc) charge of catalyst was
placed in the reactor for testing. For example 12 a -
10.95g(15.0cc) charge of catalyst was placed in the reactor
for testing. Cbnveréions and selectivities were slightly
lower than with the antimony-containing catalyst, but were

20 still very good.

Example 13

The mixture of palladium acetate, lanthanum acetate and
potassium acetate was dissolved in water instead of acetic
25 acid resulting in a catalyst having the following
composition: 0.15 wt% Pd, 0.34 wt% La, 1.4 wt%¥ K. A 25.2g

(30.0cc) charge of catalyst was placed in the reactor for

This is the replacement sheet:
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20

25
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22

testing. Considering the low level of palladium present,

the ethylene conversion of 8% as shown in Table 2 was quite

good.

Example 14

Niobium oxalate, the source of niobium utilized, was
insoluble in aéetic acid. For that reason the niobium
oxalate was pre-impregnated onto Support 1 using an agueous
solution. After drying the support, an acetic acid solution
of palladiﬁm acetate and pdtassium acetate was impregnated
upon the support. A 11.04g(14.0cc) chaxge 6f'cata1yst was
placed in the reactor for-testing. Resulting catalyst
composition was 0.81 wt% Pd; 0.64 wt% Nb, 3.1 wt% K.
Reactor performance was adequate at ~9% conversion and
84% selectivity; but this catalyst appeared to deactivate

more rapidly than expected.

Examples 15 and 16

Calcium was added as the promoter at two different
levels: (1) the same mole % as barium in Example 7, and
(2) at near the wt% level as barium iﬁ-Example 7. In each
case, Support 2A was used. For example 15 a 10.95g(15.8cc)
charge of catalyst was placed in the reactor for testing.
For example 16, a 10.95g(15.4cc) charge of catalyst was
placed in the reactor for testing. Neither catalyst
performed well és shown in Table 2, but the lower level of

calcium gave higher conversions and higher selectivities.
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It is possible that adjustiﬁg the calcium level further

.~ could improve catalyst performance.

lés. 17 and

Cerium promoted catalyst'(Example 17) and zinc promoted
catalyst (Example 18) were prepared as described in the
general procedure set forth above with the metals being
dissolved in acetic acid and drying at 60°C under vacuum.
In each casé; Support 2A was utilized. The final
composition of the catalyst were: Ekaméle 17—-0.86 wt% Pd,
0.69 wt% Ce, 2.8 wt% K; Example 18--0.81 wt% Pd, 0.33 wt% Zn
and 2.9 wt% K. A 10.96g(15.6cc) charge of catalyst was
piaced in the reactor for testing for example 17. For
example 18, a 10.96g(15.6cc) charge was used. Tests of
these catalysts showed potential as shown in Table 2.
Optimization of promoter level and reduction treatment could
be beneficial. In particular, cerium showed very good

initial activity.

Examples 19 and 20
The catalyst of Examples 19 and 20 were prepared on the

same support and utilizing substantially the same procedure
set forth in Examples 17 and 18 above except that Pb and
Sr were substituted for Ce and 2Zn. The final
composition of Example 19 on a wt% basis was 0.81 Pd,

0.70 Pb, 2.9 K. The final composition of Example Zo'on a

wt% basis was 0.80 Pd, 0.68 Sr, 2.7 K. For example 19 a

This is the replacement sheet

Dete: - g APR 1996



30 [err] 31 [err] X X

24

11.71g(13.2cc) charge of catalyst was placed in the reactor

for testing. In example 20 a 10.95g(15.4cc) charge was

used. As shown in Table 2, the lead promoted catalyst

appeared to deactivate more'rapidly than expécted, while the
5 strontium promoted catalyst was of low activity and poor

selectivity.
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conprising a mxture of substantially inert nicrospheroidal
havi ng a pore volune of between 0.2 to 0.7 cc/g,
substantially inert particul at'e materi al

said particles to formsaid substantially inert support.

40 to 80 mllimcron nean particle dia

100 to 200 nferr]/g and at
to forman aqueous m xture,

32 d ai ns:
aqueous sol
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A support as clained in

the surface area is between 100 to 195 nR/g and at
3.

~A support as clainmed in claim1 wherein the pore volune is between
9.

claim 1 or claim2 wherein the substantially inert m crospheroidal

75% of the particles are bel ow 100 m crons

0.3 and 0.65 cc/

2.

zirconia,

particles are

acetate catal yst
conprising substantially

A support as clained in claim 1 or
2§ cr ospher oi da

4.
A process for the manufacture of a

particles are selected fromthe group consisting of silica,

al um na and m xtures thereof.
claim2 wherein the substantially inert

selected to be silica.. 5.
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A process as clained in claim5 wherein said substantially inert particles

selected fromthe group consisting of silica,

wherein M equal s barium gold,

manuf acturing a fluid bed vinyl
cal cium

I n the agueous sol

>

m croporosity to forman aqueous m xture and calcining said particles to
claim5 wherein said substantially inert particles in the agqueous sol

fform sai d substanti al |
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A process as clained in any one of the clains 8 to 14 which further
17.

.conﬁfises drying the catalyst at a tenperature up to about 80[err]C 16.
wherein Mis selected to be gold in the absence of barium 18.

an aqueous solution substantially free of organic sol vent.

as clained in any one of clains 9 to

be anti nony.
hal i de-free netal

15.
‘A process as clained in any one of clains 8 to 15 wherein Mis selected to

B
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19. ~ A process as claimed in any one of clainms 8 to 18 wherein the inert
m crospheroi dal particulate support is a support as clainmed in any one of
claims 1 to 4 or is a support manufactured by a process as clained in any
one of claims 5 to 7. 20. A fluid bed vinyl acetate catalyst
characterised by the follow ng fornula conprising Pd-MA wherein M equal s
barium gold, |anthanum niobium cerium zinc, |lead, calcium strontium
antinony, or mxtures thereof; and A equals at |east one al kali netal

i npregnated on a prefornmed substantially inert mcrospheroidal particulate
support ‘wherein at |east 50% of the particles have a size bel ow 100

m crons. 21. A catalyst as - clainmed in cl 42m 20 wherein at |east 75% of

t he m crospheroi dal support particles are below 100 m crons. 22. A
catalyst as clained in any one of clains 20 to 21 wherein the substantially
i nert m crospheroidal particles are selected fromthe group consisting of

, ’ | TR 0 T

Claims:

1. A support for the manufacture of a vinyl acetate catalyst

comprising a mi#ture of éubstantially inert microspheroidal particles

having a pore volume of between 0.2 to 0.7 ccfg, a éurface area of

between 100 to 200 m?/g and at least 50% of said particles are less
5 than 100 microns. . |

2. A support as claimed in claim 1 wherein the pore volume is

between 0.3 and 0.65 cc/g, the surface area is between 100 to 195

m2/g and at least 75% of the particles are below 100 microns.

3. A support as claimed in glaim 1 or claim 2 whefein the

10 substantially inert microspheroidal particles are selected from the
group consisting of silica, zirconia, alumina and mixtures thereof.
4. A support as claimed in claim 1 or claim 2 wherein the
substantially inert microépheroidal particles are selected to be
silica.

15 s. A process for the manufacture of a substantially inert support
for a fluid bed vinyl écetate catalyst comprising mixing 80 to 20 wt%
of an agueous sol comprising substantially inert microspheroidal
particles with 20 to 80 wt$ solid substantially inert particulate
material to form an aqueoué mixture, spray drying said aqueous

20 mixture, and calcining said particles to form said substantially
inert support.

6. _ A process as claimed in claim 5 wherein said substantially
inert particles in the aqueous-sol are selected from the group
consisting of silica, alumina, and zirconia.

25 7. A process as claimed in claim 5 wherein said substantially

) o p
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al um-na and m xtures thereof. 23. A catalyst as clainmed in any one of
claims 20 to 22 wherein Mis selected to be antinony. %ﬁ{—%
clainmed in any one of clainms 20 to 23 wherein the support is a suppo
claimed in any of clains 1 to 4 or is a support manuf ac ’wﬂmﬂm

as claimed in any one of clains 5 to 7. 253 A process n mnﬁon
of vinyl acetate which conprises reacting ethyl ene, acetic aci'd dnd soxygen

together in the gas phase in the presence of a fluidized bed of catalyst
wherein the cat alr)ést .S geca a| st rranuf act ured gxcte PLOGESS; AS clainmed in

any one of clar'hs 8°¥¢ T sor““% h 2QAT Sy ETt 350 mne*

I'n any 858" of clains
20 to 24. 8. A process for the manufacture of a fluid bed vinyl acetate

catalyst characterised by the formula Pd-M-A wherein M equals Ba, Au,
La, Nb, Ce, Zn, Pb, Ca, Sr, Sb or mixtures thereof and A equals at

5 - least one alkali metal comprising impregnating a preformed
microspheroidal substantially inert support with an aqueous solution
substantially free of organic solvent comprising halide-free metal
salt of Pd, M and at least one alkali metal and drying the
impregnated microspheroidal support.

10 9.. A process for manufacturing a fluid bed vinyl acetate catalyst
characterised by the following formula comprising Pd-M-A wherein M
equals barium, gold, lanthanum, niobium, cerium, zinc, lead, calcium,
strontium, antimony, or mixtures thereof; and A equals at least one
alkali metal, comprising impregnating a pre-formed substantially

18  inert microspheroidal particulate support wherein at least 50% of the
particles have a size below 100 microns with a solution comprising a

~halide-free metal salt of the palladium, M, and at least one alkali
metal and drying the impregnated pre-formed support.
10. A process as claimed in claim 9 wherein at least 75%'of the

20 microspheroidal support particles are below 100 microns.

11. ' A process as claimed in any one of claims 8 to 10 wherein the
substantially inert microspheroidal particles are selected from the
group consisting of silica, zirconia, alumina and mixtures thereof.
iz. A processlés claimed in any one of claims 8 to 11 wherein the

25 alkali metal is separately impregnated onto the microspheroidal
support material prior to drying the support. .

13. A process as claimed in claim 12 wherein the alkali metal is
impregnated onto the microspheroidal support subsequeni to
impregﬁating the support with the solution comprising the halide-free

30 salts of palladium and M. _

14. A process as claimed in any one of the claims 8 to 13 which
further comprises drying the catalyst at a temperature up to about
80°c.

15. A process as claimed in any one of claims 8 to 14 wherein M is

35 selected to be antimony.

I
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ls. A process as. claimed in any one of claimé 8 to 14 wherein M is
selected to be gold in the absence of barium.

17. A process as claimed in any one of claims 9 to 16 wherein the
solution comprising a halide-free metal salt of the palladium, M and
at least one alkali metal is an aqueous solution substantially free.
of organic solvent.

18. A process as claimed in any one of claims 8 to 17 wherein the
inert microspheroidal particulate support is a support as claimed in
any one of claims 1 to 4 or is a support manufactured by a process as
claimed in any one of claims 5 to 7.

19. A fluid bed vinyl acetate catalyst characterised by the
following formula comprising Pd-M-A wherein M equals barium, gold,
lanthanum, nloblum, cerium, zinc, lead, calcium, strontium, antimony,
or mixtures thereof; and A equals at least one alkali metal
impregnated on.a pre-fbrmed substantially inert microspheroidal-
particulate support wherein. at least 50% of the particles have a size
below 100 microns. _

20. A catalyst as claimed in claim 19 wherein at least 75% of the
microspheroidal support particles are below 100 microns.

21. A catalyst as claimed in any one of claims 19 to 20 wherein the
substantially inert microspheroidal particles are selected from the
group consisting of silica, zirconia, alumina and mixtures thereof.
22. A catalyst as claimed in any one of claims 19 to 21 wherein M
is . selected to be antimony. |

23. A catalyst as claimed in any one of claims 19 to 22 wherein the
support is a support as claimed in any one of claims 1 to 4 or is a
support manufactured by a process as claimed in any one of c;aims 5
to 7. .

24. A process for the production of vinyl acetate which comprises
reacting ethyiene( acetic acid and oxygen together in the gas phase
in the presence of a fluidized bed of cafalyst wherein the catalyst
is a catalyst mariufactured by a process as claimed in any one of
claims 8 to 18 or is a catalyst as claimed in any one of claims 19 to

23.
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ABSTRACT

2BQQE&S_EQB_IEE_EBEEAEAIIQN_QE
ED ACE TALY,

A process for the preparation of a fluid bed vinyl
acetate (VAM) catalyst comprising impregnating a support
comprising a.mixture of substantially inert microspheroidal
particles with a soluéion comprisihg a halide-free metal
salt of Pd and M, wherein M- comprises Ba, Au, La, Nb,
Ce, Zn, ?b, Ca, Sr, Sb or mixtures thereof, reducing the
metal salts to form a deposit.of Pd and M on the support
surface and impregnating the support with at léast one
halide-free alkali metal salt. At least 50% of the
particles used for the microspheroidal support have a
particle size below 100 microns, preferably below

60 microns.
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1. A support for the manufacture of a vinyl acetate catalyst comprising a mixture of

substaritially inert microspheroidal particles having a pore volume of between 0.2 to 0.7
cc/g, a surface area of between 100 to 200 m?%/g and at least 50% of said particles are less
than 100 microns obtainable by a process comprising rhixing 80 to 20 wt% of an aqueous
sol comprising substantially inert microspheroidal par_ticles having 40 to 80 millimicron
mean particle diameter with 20 to 80wt% solid substantially inert particulate material
having little or no microporosity to form an aqueous mixture, spray drying said aqueous

mixture and calcining said particles to form said substantially inert support.

2. A support as claimed in claim 1 wherein the pore volume is between 0.3 and .0.65
cc/g, the surface area is between 100 to 195 m%/g and at least 75% of the particles are

b_elow 100 microns .

3. A support as claimed in claim 1 or claim 2 wherein the substantially inert
microspheroidal particles are selected from the group consisting of silica, zirconia, alumina

and mixtures thereof.

4. A support as claimed in claim 1 or claim 2 wherein the substantially inert

microspheroidal particles are selected to be silica.

5. A.process for the manufacture of a suBstantially inert support fér a fluid bed vinyl

acetate catalySt comprising mixing 80 to 20 wt% of an aqueous sol comprising
substantially inert.micfospherOidal particles with 40 to 80 millimicron mean particle
diameter with 20 to 80.wt% solid substantially inert particulate material having little or no
microporosity to form an aqueous mixture and calcining said particles to form said

substantially inert support.
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6. A process as claimed in claim 5 wherein said substantially inert pérticles in the

aqueous sol are selected from the group consisting of silica, alumina, and zirconia.

7. A process as claimed in claim 5 wherein said substantially inert particles in the

aqueous sol are selected to be silica.

8. | A process for manufacturing a fluid bed vinyl acetate catalyst comprising Pd, M and
A wherein M equals barium, gold, lanthanum, niobium, cerium, zinc, lead, calcium,
strontium, antimony, or mixtures thereof, and A equals at least one alkali metal, comprising
(a) impregnating with a solution comprising a halide free metal salt of the palladium, M
and at least one alkali metal, é preformed substantially inert microspheroidal support
particles having a pore value of between 0.2 and 0.7 cc/g, a surface area of between 100
to 200 m%/g and at least 50% of said particles have a size between 100 microns; and said
preformed support having been prepared by mixing 80 to 20 wit% of an aqueous sol
comprising substantially inert microspheroidal particles having 40 to 80 millimicron mean
particle diameter with 20 to 80 wt% solid Substantially inert particulate material having
little or no microporosity to form an aqueous mixture, spray drying said aqueous mixture
and calcining said particles to form said substantially inert support and, (b) drying the

impregnated preformed support.

9. A process as claimed in claim 8 in which the support is impregnated with an
aqueous solution substantially free of organic solvent comprising a halide free metal salt
of Pd, M and at least one alkali metal and drying the impregnated microspheroidal

support.

10. A process for manufactur_ing a fluid bed vinyl acetate catalyst characterised by the
following formula comprising Pd-M-A wherein M eqhals barium, gold, lanthanum,
niobium, cerium, zinc, lead, calcium, strontium, antimony, or mixtures thereof; and A
equals at least one alkali metal, comprising impregnating a pre-formed substantially inert
microspheroidal particulate support wherein at least 50% of the particles have a size below

This is the rephcemem. sheet
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100 microns with a solution comprising a halide-free metal salt of the palladium, M, and

at least one alkali metal and drying the impregnated pre-formed support.

11. A process as claimed in claim 10 wherein at least 75% of the microspheroidal

support particles are below 100 microns.

12. A process as claimed in any one of claims 8 to 11 wherein the substantially inert
microspheroidal particles are selected from the group consisting of silica, zirconia,

alumina and mixtures thereof.

13. A process as claimed in any one of claims 8 to 12 wherein the alkali metal is
separately impregnated onto the microspheroidal support material prior to drying the

support.

14. A process as claimed in claim 12 wherein the alkali metal is-impregnated onto
the microspheroidal support subsequent to impregnating the support with the solution

comprising the halide-free salts of palladium and M.

15. A process as claimed in any one of the claims 8 to 14 which further comprises

drying the catalyst at a temperature up to about 80°C. -

16. A process as claimed in any one of claims 8 to 15 wherein M is selected to be

antimony.

17. A process as claimed in any one of claims 8 to 15 wherein M is selected to be

gold in the absence of barium.

18. - A process as claimed in any one of claims 9 to 17 wherein the solution
comprising a halide-free metal salt of the palladium, M and at least one alkali metal is

an aqueous solution substantially free of organic solvent.
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19. A process as claimed in any one of claims 8 to 18 wherein the inert
microspheroidal particulate support is a support as claimed in any one of claims 1 to 4

or is a support manufactured by a process as claimed in any one of claims 5 to 7.

20. A fluid bed vinyl acetate catalyst characterised by the following formula
comprising Pd-M-A wherein M equals barium, gold, lahthanum, niobium, cerium, zinc,
- lead, calcium, strontium, antimony, or mixtures thereof;, and A equals at least one
alkali metal impregnated on a pre-formed substantially inért microspheroidal particulate

support wherein at least 50% of the particles have a size below 100 microns.

21. A catalyst as claimed in claim 20 wherein at least 75% of the microspheroidal

support particles are below 100 microns.

22. A catalyst as claimed in any one of claims 20 to 21 wherein the substantially
inert microspheroidal particles are selected from the group consisting of silica, zirconia,

alumina and mixtures thereof.

23. A catalyst as claimed in any one of claims 20 to 22 wherein M is selected to be

antimony.

2. A catélyst as claimed in any one of claims 20 to 23 wherein the support isa
support as claimed in any of claims 1 to 4 or is a support manufactured by a process as

claimed in any one of claims 5 to 7.

25. A process for the production of vinyl acetate which comprises reacting ethylene,
acetic acid and oxygen together in the gas phase in the presence of a fluidized bed of
catalyst wherein the catalyst is a catalyst manufactured by a process as claimed in any

one of claims 8 to 19 or is a catalyst as claimed in any one of claims 20 to 24.
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