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PROCESS FOR THE PRODUCTION OF VINYL ACETATE
~ The present invention relates to a process for the production of vinyl
acetate by contacting ethylene, acetic acid and an oxygen-containing gas with a

supported palladium catalyst.

The preparation of supported palladium catalysts for the production of
vinyl acetate generally involves impregnating a suitable support with a palladium
compound followed by conversion of the palladium compound to substantially
metallic palladium.

Methods for the preparation of shell-impregnated catalysts are described,
for example, in US 3822308, US 4048096, US 5185308, US 5332710, CA
2128162, US 4087622, CA 2128154, CA 2128161 and US 5422329.

Methods for the preparation of non-shell type catalysts are described in, for
example, US 3743607, GB 1333449, US 3939199, US 4668819, EP 330853, EP
403950, EP431478 and CA 2071698.

US 5336802 describes a method for the pre-treatment of palladium-gold
catalysts in which the catalyst is heated in the presence of an oxidising agent such
as air at a temperature at least sufficient to partially oxidise the palladium; the
oxidising agent is withdrawn and an inert gas such as nitrogen is introduced; the
catalyst is then heated again at a temperature up to 500 °C in the presence of a
reducing agent such as hydrogen or ethylene. The process described therein is
illustrated with a “conventional catalyst containing nominally 1% palladium and 0.5
% gold”.

It is known that the activity for vinyl acetate production of supported
palladium catalysts declines with use. If the catalyst’s activity and hence the
process productivity declines to a commercially unacceptable level, it is necessary
to regenerate and/or replace the catalyst. Deactivation of vinyl acetate catalysts is
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2 10 production of vinyl acetate which process comprises contacting ethylene, acetic

acid and an oxygen-containing gas with a supported palladium catalyst prepared by

a process comprising the steps: (a) impregnating a catalyst support with a

palladium compound, (b) converting the palladium compound to substantially

metallic palladium, and (c) sintering the supported palladium at a temperature of
1S greater than 500 °C.

The present invention solves the technical problem defined above by
sintering the palladium on the support at a temperature of greater than 500 °C.

Without wishing to be bound Hy any theory it is believed that this sintering
step causes palladium metal particle growth which decreases the initial activity of

20  the catalyst. Thus, catalysts having a high palladium concentration but a
commercially acceptable initial activity may be prepared by the process according
to the present invention and such catalysts have a longer commercially useful life
than conventional catalysts. The sintering step also increases the average pore size
of silica supports. The catalysts of the present invention have also been found to be

25  less susceptible to the adverse effects of excess concentration of promoter such as
potassium acetate.

The sintering step (c) is preferably performed using a reducing gas, but can
be performed in the presence of an oxidising gas or in an inert gas. Suitable
reducing gases are hydrogen and carbon monoxide. A suitable oxidising gas is

30  oxygen. These may be diluted with an inert gas. Suitable inert gases for use alone
or in conjunction with oxidising or reducing gases are nitrogen, carbon dioxide and
helium. Suitable temperatures for the sintering step are from greater than 500 to
1000 °C with preferred temperatures being in the range 650 - 1000 °C. Preferred
times for the sintering step are between | and 24 hours. 1f an oxidising gas is used

35  then the catalyst needs to be subsequently reduced. The catalyst can be purged
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above. The catalyst can be agltated by the gas flow during the process. A rotary

screw furnace can be used. On the laboratory scale, a horizontal or vertically
mounted tube in an electric furnace can be used provided that gas-solid contact is
efficient (length/diameter will need to be considered). Pre-heating of the gas

10 stream may be required. The time and temperature of the sintering step are related;
the higher the temperature, the shorter the time required. Those skilled in the art
will be able to adapt these parameters to fit the scale of operations. Typically the
sintering step (c) causes palladium metal particle growth from 3 - 4 nm in diameter
to 8 - 15 nm in diameter.

IS The conversion of the palladium compound to substantially metallic
palladium in step (b) may be achieved by a reduction step which can immediately
precede the sintering step (c) and by performing the two process steps in the same
equipment.

The catalyst preparation process of the present invention may be used for

20 the preparation of uniformly impregnated or shell impregnated catalysts, for use in
fluid bed or fixed bed processes for the production of vinyl acetate.

The catalyst preparation process of the present invention may be used to
prepare catalysts having high palladium concentrations, for example greater than
0.5 % by weight, preferably greater than 1 % by weight based upon the total

25 weight of the catalyst. The palladium concentration may be as high as 5 % by
weight for fluid bed or as high as 10 % by weight for fixed bed applications. The
initial activity of a supported palladium catalyst having high palladium
concentration, if prepared by a conventional process, would be expected to be very
high and might even be so high as to be unsafe and/or uncontrollable if used on a

30 commercial scale. However, when prepared by the process of the present
invention, the initial activity of the catalyst is reduced compared to that of a
conventionally prepared catalyst, whereas the high palladium concentration results
in commercially acceptable activity tor the extended lifetime of the catalyst.

For the preparation of both shell impregnated and uniformly impregnated

35 catalysts, suitable catalyst supports may comprise porous silica, alumina,
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spheric, tablet, extrudate, pill shaped or any suitable shape. For catalysts used in
fluid bed processes the support typically may have a particle size distribution such
that at least 60 % of the catalyst particles have a particle diameter of below 200
microns, preferably at least 50 % less than 105 microns and no more than 40 % of

10 the catalyst particles have a diameter less than 40 microns.

In step (a) the support is preferably impregnated with a palladium

- compound in a suitable solvent. Suitable solvents may be water, carboxylic acids
such as acetic acid, benzene, toluene, alcohols such as methanol or ethanol, nitriles
such as acetonitrile or benzonitrile, tetrahydrofuran or chlorinated solvents such as

15 dichloromethane. Preferably, the solvent is water and/or acetic acid. Suitably, the
support is impregnated with palladium acetate, sulphate, nitrate, chloride or
halogen-containing palladium salts such as H,PdCly, Na,PdCl, or K,PdCl;. A
preferred water soluble compound is Na,PdCly. A preferred acetic acid-soluble
palladium compound is palladium acetate.

20 The impregnation of the support may be performed by dipping, immersion
or spraying the support in contact with a solution of the palladium compound. The
impregnation may be performed in one or more steps or in & continuous process.
The support may be contacted with the impregnating palladium solution by
tumbling, rotating, swirling or a similar process, to give uniform impregnation.

25  The impregnation is typically performed at ambient temperature. Elevated
temperatures may be used for example, with palladium acetate in acetic acid, up to
120 °C, preferably up to 100 °C, more preferably up to 60 °C. Impregnation is
performed carefully so as to avoid the break up or attrition of the support. The
support can be filled up by the impregnating solution to 5 - 100 % of the pore

30  volume.

In addition to palladium compounds the support may also be impregnated
in step (a) with gold, copper and/or nickel compounds, preferably gold, which are
converted to the metal along with the palladium in step (b) and are present as
mixtures and/or alloys with the palladium in the metallic paltadium particles.

35  Suitable gold compounds include gold chloride, tetrachloroauric acid (HAuCly),
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5  support may also be impregnated at any suitable stage during the preparation
process with one or more salts of Group I, Group I, lanthanide or transition
metals, preferably of cadmium, barium, potassium, sodium, iron, manganese,
nickel, antimony and/or lanthanum, which are present in the finished catalyst as
salts, typically acetates. Generally potassium will be present. Suitable salts of

10 these compounds are acetates or chlorides but any soluble salt may be used. These

promoters may be used in an amount of 0.1 to 15 %, preferably 3 to 9 %, by
weight of each promoter salt present in the finished catalyst.

The impregnated support may optionally be dried and the impregnation step
repeated two or more times if higher palladium or promoter loadings, than the

15 solubility of the salt in the solvent will allow, are required. The drying step may be
performed at up to 120 °C, preferably up to 100 °C, and most preferably at 60 °C.
The drying step may be performed at ambient temperature and reduced pressure.
Alr, nitrogen, helium, carbon dioxide ‘or any suitable inert gas may be used in the
drying step. The catalyst may be tumbled, rotated or agitated by the gas stream to
20  aid drying.

To prepare shell impregnated catalysts the wet or dry impregnated support
is contacted with a base solution with swirling, tumbling, rotation, mixing or the
like. The base solution can also be applied by spraying onto the impregnated
support during tumbling, rotation, mixing or the like. Bases can be Group I or II

25  hydroxides, carbonates or silicates. Typical examples are sodium hydroxide,
sodium metasilicate, potassium hydroxide, potassium metasilicate and barium
hydroxide. The base solution can be applied in one or more steps with suitable
time delays between applications. The temperature of the precipitation step is
usually ambient but can be raised up to 100 °C. Any solvent can be used in which

30  the base material is soluble, water is preferred. The base should be contacted with
the impregnated support for a suitable period so that the metal salts are
precipitated in a shell. This usually takes greater than one hour, prefercably
between 8 to 24 hours. An optimal amount of base will be required for the
precipitation and is usually required in excess, commonly this is 1.8 times the

35 notional amount required to generate the hydroxides of the metal salts.
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5  contaminants should be minimised; for example to below 0.5 wt %, preferably
below 0.2 wt % of sodium in the dried catalyst. Low levels of these contaminants
are likely to remain; it is not essential that the levels are absolutely zero. On a
commercial scale, batch washing may be used. To speed up the process, warm
water may be used. Also, ion exchange solutions (such as potassium acetate) can

10 be used to displace chloride and sodium. Also, the reagents used for the

preparation can be selected to avoid the use of chloride and sodium, for example,
potassium metasilicate instead of a sodium salt.

In step (b) the palladium compound can be converted to metal before or
after the optional washing step above, depending on the reagents used. Liquid

15 reducing agents such as aqueous hydrazine, formaldehyde, sodium formate,
methanol or alcohols, preferably aqueous hydrazine can be used. Reduction may
also be performed with gases such as carbon monoxide, hydrogen and ethylene.
These can be diluted with an inert gas-such as nitrogen, carbon dioxide or helium.
Typically, the gaseous reduction takes place at elevated temperatures of 100 - 500

20 °C until the material is reduced. Typically, reduction in the liquid reducing agents
takes place and ambient temperatures but temperatures up to 100°C may be used.

After the palladium has been converted to metal it is sintered as herein
described. The sintering step (c) may follow on from the step (b) by further
heating the catalyst in the reducing gas to greater than 500°C. The material may

25  then be impregnated with promoter salts as herebefore described.

The ethylene, acetic acid and oxygen-containing gas may be contacted with
the supported palladium catalyst prepared according to the catalyst preparation
process of the present invention by methods known in the art. Thus, the reactants
may be contacted with the catalyst in a fixed bed or a fluid bed at temperatures in
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the range 145 to 195°C and pressures in the range | atm to 20 atm. The vinyl
acetate product may be recovered by conventional methods known in the art.

The invention will now be illustrated by reference to Figures 1 to 3 and the
following examples and experiments. Figure | is a schematic representation of
some of the possible catalyst preparation methods according to the present
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invention. Figure 2 is a graph comparing productivity as a function of time of a

\




prevent any redispersion of the palladium Any suitable or practicable

heat - up and cool -down rates can be used. The sintering step (c) on a
comerci al scal e can be 5 performed in a tower or vessel capabl e of
fulfilling the process conditions outlined above. The catal yst can
be agitated by the gas flow during the prbcess. A rotary SCrew

furnace can be used. On the |aboratory scale, a horizontal or vertically
nounted tube in an electric furnace can be used provided that gas-solid
contact is catalygsfprépareshaccoidinggo tiiediveantiowto thit of arpatadyst nottpsepanstsi der ed) .
Pre-heating of aéc'&?mﬂ?ﬁ) thé Shventidd. ré"ﬁ‘Ys if)g'a REthgaeilg tl:mﬁfeﬁtﬂ mh@ﬂﬂount

terrperature of nterln ste rere (ﬁ‘?
tenperature, t ﬁ%p@ﬁmreaotztSﬁélMGﬁseter*@wﬂ H@cactwrwc%‘é cgl@iym %rapqr %%er g

\4\/' I b|e| abl e tﬁb@é%ﬁknﬁmhw@aﬁty%ﬁoﬁp}e pdréd éda&dﬁfg&bﬁth@fnv&ﬁ@hat I onsI
g out b froms - 4 eI QR | SRR (s Sae) P8 AR Ty BRGYEreA bYS
The conver si onthefstdph ef papregrditinga sappocuwich paﬂa&uin%lﬁﬁndajpltxynﬁprmhdtm

pal | adi um i n S%&l@w@?%g@% eé’?nhd""r%ﬁdc?‘éﬁgf% n?ets[l?dt'ﬁe)nh&@%ﬁtn?al? %é@r?nfb%h can

I medi atel y E Arer ormng the two
process steps Pptianady washed and dried bﬂf@fﬁﬁmmg accordmg to the presentrnentien anidy st

preparation pr ﬁﬁﬁ%ﬁp&@nétﬂﬁ% vﬁﬂﬁ‘éﬁi‘%al'W%E#ﬂ%ﬂcmc%te@%Fgotﬁé%funggodluﬁlhe

preparation of unifo nmpregnated or shell inpregnated catal ysts, for
use in 0 3 ’Hmt%éi’ab‘r‘mflxed bed processes for the production of vinyl
acet at e. To p@aee shall ffpghtalykte ﬂ&rsap?@ﬂmm e@nts with paiedipmendnt

i nvention may be.us aI | adi um

p ha h
concentrati onsoml’%}aF%S?g}%?rés‘bﬁheag 8&1 P‘Pzﬁj’r‘? pliBnalty dpjed; ﬁj‘ & Rﬂk'%‘ Toreferably
greater than | petcipitatedi Jhe niaéesimtimeypthen bhmss@ttalextﬁﬁ (i} resyictjbr tcnmetta}se

catal yst. The. BAUAMHDSANOHIN BLUAR AR BRpDLOty ARuSickBihegss  wel ot

for fluid bed or |xe i cations. The
initial actyvitye mateala r@ﬁpﬁ@r%@actp@q safaﬁrum @s@réwé@ theUreseyt W@W%m | adi um

concentrat i on, fillowRt BPanEReRMion VEAVPHERbieAYNALh BY ReQSE of paMbsirhSogRect ed to

be ver
y cadmium or barium.

Example 1
Catalyst A was prepared according to the present invention to have a
20  notional composition (that is without allowing for any losses during preparation) of
1.8 % by weight palladium, 0.8 % by weight gold and 7 % by weight potassium
acetate.
1. Impregnation of support.

15 g of KA160 silica support spheres (4-6 mm, SudChemie) were added to
25  asolution of 1.0264 g of sodium tetrachloropalladate trihydrate (Johnson Matthey)
and 0.2655 g of chloroauric acid trihydrate (Aldrich) in 9.1 g of de-ionised water.
The addition was done in one portion and the mixture swirled until all the solution
had been absorbed evenly. The impregnated support was then allowed to stand
covered for two hours at room temperature.
30 2. Precipitation of palladium and gold compounds on support.

A solution of .7 g sodium metasilicate pentahydrate (Fisons) in 18 g of
water was added to the impregnated support from step 1. The mixture was swirled
briefly a few times over 15 minutes to avoid the formation of "spots"and then
permitted to stand undisturbed overnight.

Ll
N

3. Reduction of palladium and eold to substantially metallic state.
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The supported palladium material from step 4 was transferred to a
horizontally mounted furnace and packed into the centre of a quartz tube liner with
quartz wool and KAT60 support (previously dried thoroughly) filling the void
space. The quartz tube liner was placed inside a steel tube and gas supplies

15 connected. The furnace temperature was raised to 150 °C at 10 °C/min and
maintained at this temperature for 2 hours under a constant stream of nitrogen.
Hydrogen flow at a GHSV of 60/hr was commissioned and the nitrogen flow
stopped. The furnace temperature was raised to 800 °C at 30 °C/min and
maintained at this temperature for 11 hours. After this period the resultant material

20 was allowed to cool to room temperature under hydrogen flow. Nitrogen flow
was re-commenced and hydrogen flow stopped before discharging the material.

6. Metal Acetate Impregnation '

The dry material from step 5 was impregnated with 1.16 g of anhydrous
potassium acetate (Aldrich) dissolved in 8.8 g of water. The mixture was swirled
25 gently until the liquid was absorbed. The resultant material was dried again
overnight at 60 °C.
Example 2 (comparative)

Catalyst B was prepared according to the procedure of Example | except
that the sintering step 5 was omitted.
30  Example 3 (comparative)

Catalyst C was prepared according to the procedure of Example 1 except
that the sintering step S was omitted and metal loadings were reduced to give the
same initial activity as the catalyst prepared in Example 1.

35



10 the catalyst particles have a dianeter |ess than 40 m crons.

In step (a) the support is preferably inpregnated with a pall adi um
conpound in a suitable solvent. Suitable solvents may be water, carboxylic
aci ds such as acetic acid, benzene, toluene, alcohols such as

met hanol or ethanol, nitrites such a% acetonitrile or benzonitrile,
tetrahydrofuran or chlorinated solvents such as 15 di chl or onet hane.
Preferably, the solvent is water and/or acetic acid. Suitpple SHEET HAS BEEN
support is i npr€atadyst TesfindimpMli¢rariécton acet at e, sul phate, hitra Pi.@téﬁ)“ e

or hal ogen- cont ai ni ng pal | adi um salts such as Herr
Na[err]PdCl [err] or K[err]PdCI[err preferred water ;oluble
conmpound is Na2 afalysks preppigp @B%"ed’éfé? fested dn gngcgp%q%usmg the fpflgwing)i ym

COWPOUt”d i s pal @@l B’t@@@&r@t &he 2&ts were performed TR 8 by £ANSV°Crusinf chtalyst

support nma or med i, Mrer I A e

;uBBor t i ny£nt &g‘[ﬂ sfPrapate §8|ah‘5)\}) ?f%%q"ttsﬁeézl%gl"f Tefle b @ﬁ%’;ﬁﬁ’b% ‘f‘ﬂ H

i mpregnat i on mamnbglagsdrehdy anddoaded ime a Grainiess steslttelpsofanternal diaroetert 10ublus

pr ocess. FHE, FHEARder OB B ROBRACL Ok ek By bR IPIBOREk Aof | 2t um

sol ution by ar process, to
gi ve uni f or m i nifreesiieami afmitrgEsn anq‘ﬁ@mlﬁ?)?(égnmtmm ofsethyfgsiec Acrie g8 f or med at

anmbi ent t enper alfolr whb BANRLd with the%ﬁ%é%ﬁ&'ﬁ&%d@b&r%dﬂﬁ 84t Pk eI €,

th palladjum acetate_ I n_acetic er f er abl
lvfp to 100 [' ) @g at e IF’é‘T"é‘?Sallﬁ 91%%6@625% P@fgﬁwhq} H*ﬁﬂé&jﬂéflf’i%ﬂfardg g
perforned car ef tdl thy feed cas wihile ﬁm\ﬂmtedmﬁ@ﬂleb!ﬁaﬁ(&kuml Ratalystaiet térhpepaturefat 1 5@°C.
support. The Eh%gaﬁé?%g’& sw%{xb&%ﬁm&%tam&fi atLiQObé( tT}ﬂF g111§%8§@9§ﬂ6 & t1§0| ution to

5 - 100 %of th : opalladlum
conpounds the stsppiant mixtiyre aas othiykené: mpetexpeat odygen: heliumr 8%.8p19.4) Vit h gol d,

copper and/or nyg g%&n\,@,ﬁmﬁr&q Tio@ﬂ@,&@ﬁ&@fy)ﬁ{)%l‘ﬂ?cwb@mgﬁr TheFx‘b‘ch‘!te”ed

to the nmetal_ al ong ({) iFum 1 n are presen
mi xt ures antf¥ or Stegarbyas abyse Wéhwﬂoaapwwovﬁé "H@WP Py enepnsiq aaionﬂme
particles. 35 gihtaRAteg@phd conpounds include gold chloride,

tetrachloroauri C aci g‘cr(lwty cg t[‘ne catll%t was calculated as grams of vinyl acetate produced
per litre of catalyst per hour (space time yield, STY) and the selectivity of the
catlayst was calculated as the percentage of converted ethylene present in the

20  product. Data is reported on the basis of the average of the activities and
selectivities measured between 17 and 22 hours after full oxygen content was
achieved.
The results, comparing the activities of catalyst A, B and C, are presented

in Table 1.
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NaAuCl [err], KAud [err], dinethyl gold acetate, barium acetoaurate or gold
acet at e, preferably HAuC [err]. Thesé pronoters may be used in an
anount of 0.1 to 10 % by wei ght of each pronoter netal present in the
finished catal yst. I n addi tdon to pal |l adi um and opti onal

gol d, copper and/or nickel the 5 support may al so be inpregnated at any
sui tabl e stage during the preparation process with one or nore salts
of Goup I, Goup Il, lanthanide or trpgBLEilONn netal s, preferably of
cadm um bar um potassium sodium iron, manganese, ni ckel, anti nony
and/ or | ant hanum esent— thC'f;ll;Pll o baLalyDL as —
salts, typically hcetates. egtalysty | Poelassdoaded i 1]l be Astivibent : | Sielectivitye)

salts of 10 thesp conpounds jare acefalfsrabtofhl orli@asnsittingny gol l{g sfal t
may be used. Thesg pr o 5 %

ters nmpy bz used in|an amoung of (.1 t
preferably 3 to 9{% by wei ght gRMShr ondtasFrate At MY esent i n the
fini shed catal yst The | npr egnat ed qupeptre ofray optional ly e
dried and the inpfegnation stlep repeated twc BlatyIBr € timesg if h! gher
pal | adi um or pronpter—toadngs,—thantte—15 sotygbrrrty—of —thersat-t—+n—t he
sol vent will allopExamplefequilredA The dryi®8 step |nay bells per 93dmred at

up to 120 [err]C |pxghgmeably jup go 1D0 [ersphC, and nost pgef erably ogt; 60
[err]C. {comparative)
Example 6 C 2.5 718 93.4

(comparative)

A comparison of the activities ot catalysts A and B in Table 1 shows that the

5  sintering step, (step 5) caused the activity of catalyst A to be decreased. This is
consistent with growth of palladium particle size and loss of palladium metal
surface area. Catalyst C was prepared with lower metal loadings than catalysts A
and B; the metal loadings being selected to give the same initial activity as catalyst
A. Catalysts A and C would thus be expécted to have similar intial operational

10 behaviour. It would however be expected that catalyst A would maintain

productivity for a longer period than catalyst C if palladium particle growth and
loss of palladium metal surtace area are the cause of reduced intial activity. This is
illustated in Examples 7 and 8.

15 Testing of Catalysts in Larger Reactors

Catalysts A and C were tested in larger tubular reactors as follows. 77.5 g of
catalyst A (Example 7) and 77.5 g of catalyst C (Example 8 comparative) were
each loaded into separate 6 foot reactor tubes. These two tubes were placed in the
20 same fluidised bed sand bath. The bath temperature could be controlled and each
tube had its own gas/liquid feed and product handling system. Nitrogen flow was
commenced at | 106 ml/min (¢(2STP) and ethylene flow at 2590 ml/min (@STP).



The dr‘yi ng step may be perforned at anbient tenperature and reduced

pressure. Air, nitrogen, helium carbon dioxide or any suitable inert
gas may be used in the drying step. The catal yst may be tunbl ed,
rotated or agitated by the gas streamto 20 ai d drying. To

prepare shell inpregnated catal ysts the wét or dry inpregnated support

Is contacted with a base solution with swirling, tunbling, rotation, m Xxing
or the | i ke. The base solution can al so be applied by spraying onto

t he i npr egnat e@he sand bagugpldubesdvare heptadutnid 50 AG and tteaeacbor, pregsiierwasaaiseche

|1 ke, Bases cap, pfs (§oURcicAkid lov?at 155 W EBtkAIfRg 2GAIPRRRNGRsOr i i cates,
Typi cal exanpl és are Sodi um hydroxi dé, . sodrum net asi’l I cate, potassium
hydr oxi de, pot 88RMgnsadde asppeusisereand mixesawithupifrogen andipilleng; desmatlisredase

sol ution can begfapkiagid (2 WBNRater, 01028 S wihPRtasWiuhAcsibiic) abidp/hr was tine
del ays betV\?en.a i cations. The te ature Itatiop,step is

I ] npeqrg 8f. gﬁz %Ira[ecig
usual |y ambt enfitifgucedi theprehsater zops,tobs vaperise P"F+ ne AN 823 piveamt 239 %e used
i E WIhIdCB 30 févehdnas_exy@@#ds&bm';;rﬁn@dlau%kml/m&t(@STB). plf'lmfpemdwdst_reihel base
shou e cont - [ o1 egnat n e
period so that %ggﬁeg:ﬂy Qaipg 835 réidtog gg@?gﬁ%@@%#g’ @%ﬂﬂla hi s
usual |y takes Yneidipeeduchofivinyhacdtaseracetir asicandaiatsr, the remaibiog gesen W8re o 24
hours. An opti @@rge@w&ﬁn dﬂ}qﬁ@oﬂmiﬁédgag%hfo%%grrfﬁgf Yinyl :Qé'et%te production

precipitation and 1s,usually regwre I n excess, conmon his is 1.8 tines

the 35 néfi oMaF marBared TPkl Fadyity HeHecaplyssdeadtyated 2icgestatt t he net al

sal ts. production rate was initially maintained by gradually increasing the oxygen feed to

a maximum level of 425 ml/min (@STP). At full oxygen flow the gas feed
composition was ethylene:acetic acid:water:oxygen:nitrogen =49.7: 19.6: 1.3 :
8.2 : 21.2 by volume at a total GSHV of 2261 ! (@STP). Once full oxygen feed

15 rate was achieved, constant production on catalyst A was further maintained by
gradually increasing the sand bath temperature from approximately 150 to 160 °C.
Since both tubes were in the same sand bath catalyst C production fell below that
of catalyst A as it deactivated more rapidly. Figure 2 shows the normalised daily
production for catalysts A and C as a function of days on stream. Figure 2 clearly

20  demonstrates that although the initial production capability of the two catalysts was
similar, after five days on stream, the productivity of the comparative catalyst,
catalyst C, was below that of the catalyst of the invention, catalyst A. Examination
of the slopes of the productivities of the two catalysts shows that catalyst A
maintained production at approximately | whereas catalyst C’s productivity slowly

25  declined with time, ending up at a productivity of 0.7. Towards the end of the run
the production capabilities of catalyst A were tested relative to catalyst C by
adjusting the oxygen feed levels and/or sand bath temperature. The production is
seen to alter upwards and downwards accordingly in Figure 2 and it is noted that
catalyst A always has a higher productivity than catalyst C. Catalyst A has

30  exhibited a slower deactivation rate than catalyst C even though their initial
activities were very similar.



6 ' The i npregnated support can be washed to renbve anion

contam nants, for exanpl e, nitrates, sulphates and usually hali des.
For chloride renoval, washing wi th de-ionised water shoul d proceed
until a silver nitrate test shows that there is . no chl ori de present.

The anion contam nation | evels should be 1 nimsed. Cation 5

contam nants should be mnimsed; for exanple to below 0.5 w % preferably
below 0.2 wt % of sodiumin the dried catalyst. Low |l evels of these

cont am nant s are likely to remain; it is not essential that the

| evel s are abs-lute connerclal scal e, batch washi ng may
be used. To spced™ks ? tAest Micrereactoky phe used. Al so, ion
exchange sol utions (such as pot assi um acet at e) can 10 be used. to di spl ace

be. sel ect ad t o avor 3O afes ‘?’Q%Fa WAL i nirorpipe R gpp@ale' °n o2
pot assi um rfet asf Exanaple ieneape that the quangivids afmesgeints. used were scaled by a fantcso€p (b)
the pal | adi um gongarad &&Hxn@%a&: 9@/‘7’@ sttg)deatzl?c% L@ lbafdfi bk ﬂxv‘?cfea accﬁxratei?f ter the

opti onal washi n? st ep above reagents use d 15
r educi ng agentg‘%8@H“ﬂ§°§lﬂﬁééﬂé‘mﬁ%ﬁﬂa@ﬁr¥@th th@?&ﬁﬁt&é%ﬁét%mﬁ%w ornate,

met hanol or al Rﬁb@lg§(se@fl‘ﬁlﬁlewmlﬁésea&%%ﬂ%ﬁﬁ(éirﬁéb &@te@%ﬁcd@&ingl&%e Reducti on

may al so u car,hon 0Xi hydr ogen
and et hyl ene. pmce&rﬁ"ﬁgéﬁmﬁ%{ﬁ L@ blaf'%’t"éﬁ %Wﬁﬁ?ﬁcf‘ﬁgrﬁc%éigb&gﬁ
ni trogen, Yar bostalgitoaingles end trehpanemit to the actilitp bfek lcyrrespbadigasasivss r educt ion

e BT RLpbRXA s SRR S5 B is HapoitPsching BT ol || L1

material is reduce ucrng agents

t akes pl ace an@esaﬁmdelﬁt g éh’n’&@ﬁ(a)t Jriguse Bghowsthpichaitthe efgalms amrcixog[oemp] C may
be used. present inveffidireqhifg@ aﬂﬁHnﬂﬁ“ H%l@?ﬁgﬁ?@ﬁﬂ]a I’?Wt%%ott@ssﬁﬁlt @l 1t is

sintered as herei des ri bed. The sinte ? oIIows on from
the step (b) bYe ¢igetiNewhereas for HW[%‘ plifhe E%t@ml;»‘gél?‘)ﬁ @ﬁe‘“‘l"’@ﬁ%‘ll%g gas to
greater then 6adivity WaCachbednmbugirbdmaBy2.5 wt% potassium. For the catalyst

according to the present invention, the effect of the promoter is approximately

constant from approximately 1.5 to 5 wt% potassium. For the catalyst according
to US 5179056 activity begins to fall as promoter loadings are increased.

20
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25
The et hyl ene,

preparation
art. Thus,

then be i npregnated with pronoter salts as herebefore descri bed.

acetic acid and oxygen-contai ning gas may be contacted with
t he supported pal |l adi um catal yst prepared according to the catal yst

process of the present

t he reactants
fixed bed or a fluid bed at tenperatures in 30
and pressures in the range |

may be recovered by conventi onal

i nvention wl
foll ow ng ex
of some
present 35

function of t
7 cat
catal yst not
conparing th
on the activi
t hat of catal
Referring to

i nvention by nmethods known in the

may be comdacted with the catalyst in a
the range 145 to 195[err]C
atmto 20 atm The vinyl

acet at e product

met hdBsBKE@wn in the art. The

I now be |Ilustrated by reference to Fi gures 1 to 3 and the

tes—and ef. | ||r;| gt e tC entjat i on
olffJ % e pos gf’{é‘f ff ’tt prep§F 63‘% rréf 13’5 a¢ 6 %h tjo t he
i®¥eP i on 2(g "é’] rap OfRugth ty ad a
i Ratasgiuny Acetate/hr/] ' to model 5179056
aAsetate pr epmethwdac caroficatelystd [t he i nvention to that of a
Q;epared 0,12 accgrding to the invenfipn. Fi glre 3 is g graph
effect—ot—the—anognt of —pronoter—potassirunracet-atie has
th of a caPdl yst pridddred adctkding |[142 to the inventilon to
ysts not Jbggar ed acg@g)rdl ng tgy | he i nvgggi on. |[5
Frgure—t—pmrform(ron=—shetHrtype—catatysts—may beprepdred by
3 548 ds
3 1.2 554 90.3 570
4 1.54 710 92 687 688
5 1.86 745 92.5 735 731
5 1.9 752 %1.4 738 735
6 2.1 729 928 749 751
7 2.6 750 91.8 757 759
8 2.8 764 92.8 757 748
Y 3. 771 3.1 757 706
9 3.3 778 91.5 757 691
10 3.6 745 93.3 757 639
[l 38 776 92.1 757 599
14 4.8 719 933 757
15 5.1 759 93 757
15 5.2 743 91.8 757

This shows that the catalyst prepared according to the present invention is

more tolerant of excessive potassium acetate promoter concentrations.



the steps of inpregnating a support with palladiumsalts and optional
pronot ers followed by drying and reduction of the nmetals. The
material may then be optionally washed and dried before sintering
according to the present invention and final inpregnation with
optional pronoters such as acetates of potassium sodium 10 cadm um or
bari um To prepare shell type catal ysts the support

i npregnated with pall adi um and optional pronoters such as gold may be
optionally dried. The nmetals are then precipitated. The material may
t hen be passed to either (i) reduction to netals, washi ng and dryi ng,
or (ii) washing and drying followed by reduction to netals. 15 The
material is then subjected to sintering according to the present -i nvention
foll owed by inpregnation with pronoters such as acetates of potassium

sodi um cadm um or barium Example 1 Cat al yst A
was prepared according to the present invehtion to have a 20 not i onal
conposition (that is without_allowing for any |osses during ] i on) of

1.8 % by wei ght palladium OHBi-_:_- el . ht . ﬁ(il d ang T0R) Wmmg'gg\p assi um

acet ate. 1. I npregnati
silica support spheres (4-6 ; o
1.0264 g of sodiumtetrachl oropal | adate trihydrate (Johnson Nhtthey)
and 0.2655 g of ?hloroaurlc acid trihydrate (Aldrich) in 9.1 g of

de-i oni sed wat ef1aims: The addition was done in one portion and the

mixture swirlediuntila ;&bbeskﬁﬁtﬁ@bﬂéﬂh&ﬁn of vmyI A2t DRRIGH BFb%%sQ%ﬁleﬁi’e%nl y. The
. cover ed two hours

ISR e R NG )
on support. palladium catalysh pseﬂatﬂdlbgm pobeels dorgprivtg thensteps: &9)iinpRahRing a
pentahydrate (Fea@0s)subfort it aPalladium compound, (b) converting the palladium
5 compound to substantially metallic palladium, and (c) sintering the supported

palladium at a temperature of greater than 500°C.

2. A process as claimed in Claim 1 wherein the catalyst support is

impregnated with a palladium compotind in a solvent selected from water,

carboxylic acid, benzene, tolvene, alcohol, nitriles, tetrohydrofuran or a chlorinated

10 solvent.
3. Aprocess as claimed in Claim 2 wherein the solvent is water and/or acetic
acid.
4, A process as claimed in any one of the preceding claims wherein the

palladium compound is palladium acetate, sulphate, nitrate, chloride or a halogen-
15 containing palladium salt.
5. A process as claimed in Claim 4 wherein the palladium compound is
palladium acetate.
6. A process as claimed in any one of the preceding claims in which step (b) is
carried out by contacting the palladium compound with a liquid or gaseous
20 reducing agent selected from aqueous hydrazine, formaldehyde, sodium formate,
alcohol, carbon monoxide, hydrogen or ethylene.

7. A process as claimed in any one of the preceding claims wherein step (¢) is
carried out at a temperature in the range of from 650 to 1000°C.
8. A process as claimed in any one of the preceding claims wherein step (c) is

25  carried out in the presence of a gas.

This Sheet Has Been Replaced
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wat er vvas added t o_the |rmr¢=nnat ed support fromstep 1. The m xture was
svmrled briefly. . er 15 minutes to avmdtheformatlon of
"spots" and then | MiEmnyalst and undi st ur bed overnlght 35
Reduction of pall adi el bstantially metallic
8 The aqueous phase above the materi al froﬁrﬁ%ﬁHEEWAS BEEN
treated with 5 g of 55 % hydrazi g hydrate (Al drich) REPLACED
Washi ng of supgorted conmpounds. The aqueous phase Wwas

decant ed of f a®d t hé& pracass pntlaimedin siyepe 8f thaprectding viabiseshdranithet i nes wit h
about 50 m of 6, ANt

mat eri al was tr%ﬁgfﬁg ?ﬂﬂm%hpgﬁg?sﬁ{%gﬁnﬁbw é’?htopmgdlﬁmg assetd(;%ég(k: and t hen
washed with detdtd iy eé‘faaé)tStapprom mately | litre per 12 hours until a

si | ver nlwratﬁﬁreﬁéss @s"amméd ﬂﬁzﬁ@tdngﬁfthyﬂ@ec%lhgﬁlhﬁﬁs melﬁifﬂeed at 60
[err]C over@ ght n_an . Sintering

of pal | adi um ( gy 85}'@30'{ compnses porous s‘l‘lelareﬁ‘é’ﬁ‘ﬁb-oﬁ‘ltcéjé uming, é‘ﬁﬂ“&r’?’ﬁ"&tﬂ@rqral from

step 4 was tracsbarred to a horizontal |y nounted furnace and packed
into the centrg of ﬁp%@efsé %s hh&q b ﬁ?rong\”o”ﬂe preceding claims wherein the

palladium support is impregnated in step (a) with gold, copper, nickel, one or more
salts of Group I, II, lanthanide or transition metals.

10 12 A process as claimed in any one of the preceding claims wherein the
ethylene, acetic acid and oxygen-containing gas is contacted with the catalyst at a
temperature in the range of 145 to 195°C and a pressure of from | to 20
atmospheres.




quartz wool and KA 160 support (previously dried thoroughly) filling the
voi d space. The quartz tube |liner was placed inside a steel tube and
gas supplies 15 connected. The furnace tenperature was raised to 150
[err]C at 10 [err]C mn and mai ntained at this tenperature for 2
hours under a constant stream of nitrogen. Hydrogen flow at a GHSV of
60/ hr was comm ssioned and the nitrogen flow st opped. The -furnace
tenperature was raised to 800 [err]C at 30 [err]C mn and mai nt ai ned
at this tenperature for 11 hours. After this period the resultant materi al
20 was allowed to cool to roomtenperature under hydrogen flow N trogen
flow was re-conmmenced and hydrogen fl ow stopped before di scharging
the material . 6. Metal Acetate | npkegnation The dry
material fromstep 5 was inpregnated with 1.16 g of anhydrous _

pot assi um acetate (Al drich) dissolved ABS8RA&CT of water. The m xture was
swirled 25 gently until the liquid was absorbed. The resultant nateri al
was dried again overnight at 60 [err]C Exam e 2 (conparative)
Cat al yst B was prepared according to the procedure of Exanple |I except
that the sintering step 5 was omtted. 30 Exanpl e 3 (conparative)

Catal yst C was prepared according to the procedure of Exanple | except
that the si nteriER\@CES'éE(B’\WH@ PUETTANOFYINYLIALHTALE were reduced to
gi ve the sane initial activity as the catal yst prepared in Exanple 1.
35 A process for the production of vinyl acetate which comprises contacting ethylene,

acetic acid and an oxygen-containing gas with a supported palladium catalyst

prepared by a process comprising the steps of (a) impregnating a catalyst support

with a palladium compound, (b) converting the palladium compound to

substantially metallic palladium, and (c) sintering the supported palladium at a

temperature of greater than 500°C.

Fig.1l



Catal yst Testing in M crorector The catal ysts prepared above were
tested in a mcrorector using the follow ng general procedure. The
tests were perforned at 7.8 barg and 150 [err]C using catalyst 5 pellets
(prepared as above, anmount specified in Table 1) diluted with 60 m of 1

mm gl ass beads and | oaded into a stainless steel tube of internal dianeter

10 - 11 mm The catal yst was conmm ssioned at ‘7.8 barg by heating at
160 [err]C for 3 hours ina str @iof nitrogen and then 150 [err]C in
a stream of ethylene. Acetic acid vapour was then mixed with the

et hyl ene and passed over the f at |east 50
m nutes. A m xture of 21 % oxyg

n in heliumwas,gradual | ¥ added to
the feed gas while naintainin e‘mpées}r’@iemﬁoﬁgm ﬁsazted tenperature at 150

[err]C. Tth@l yft hot spnd opticnalippromotersdiecsAu)L59 [err] C. The fi nal
conposi tion of the - freaciant m xture was ethyl ene:

cetic acid:
oxygen: helium= 53.1: 10.4: T°T:

: d the total gas
hourly space velocity was 3850 hr[err]. Th stream was anal ysed

product 15

in the vapour phase at hourlg rnterval s by jnmeans of an on-line gas
chr omat ogr aph.
Dry catalyst
Precipitate metals |+
Shell impregnated Uniform or shell
catalysts impregnated catalysts
(i) (ii)
Reduce metals Wash catalyst Reduce metals
|
, ; v
Wash catalyst Dry Wash catalyst
Dry Reduce metals Dry
» Sinter metals |« .

Impregnate with promoter
(ie Acetates of K, Na, Cd, Ba)

3

Ory




Activity of the catalyst was cal cul ated as granms of vinyl acetate produced
per litre of catalyst per hour (space tine yield, STY) and the selectivity
of the catal yst was cal cul ated as the percentage of converted

et hyl ene present in the 20 product. Data is reported on the basis of the
average of theée activities and selectivities neasured between 17 and

22 hours after full oxygen content was achi eved. The
results, conparing the activities of‘2§§§Iyst A, B and C, are presented
in Table 1. < W 10
TABLE 1 - Catal yst Catalyst |oaded in
Activity Selngf"ity
m cro-reactor ~ ﬁﬂ ans of vinyl (9
(grams) acegate per hour -
per litre of 3 > 2
cat al yst) ..
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Exanpl e 4 A 2.5 . ... 715

92.4 Exampl e 5 B 2.0

1381 90.7 (conparative) Exanpl e 6

C 2.5 718 ' - 93.4

(conparative) A conpari son of 2 activities of catalysts A and B
in Table 1 shows that the 5 sinteri step, (step 5) caused the activity
of catalyst Ato be decreased. This is consistent with growth of

pal | adi um particle size and | oss of pall adksum net al surface area.

Catal yst C was prepared with [ower netal [Qagings than catal ysts A

and B; the metal | oadings being select @ ve the sane initial "activity
as catal yst A. Catalysts A and Cayo%l, hus be expected to have
simlar intial operational 10 behavi Bir & I1%=woul d however be expect ed
that catal yst A would maintain p d}?@tﬂi ty for a |l onger period than
catalyst Cif palladiumparticle growmted gad = | oss of palladi um netal
surface area are the cause of reduced intijal factivity. This is

illustated in Exanples 7 and S. 1 OTeiti jg of Catalysts in Larger

React ors Catalysts A and C e tegted in |arger tubular reactors as
follows. 77.5 g of catalyst A TExanple 7) and 77.5 g of catalyst C
(Exanpl e 8 conparative) were each | oaded into separsqi@s 6 foot reactor
tubes. These two tubes were placed in the 20 sane fluidifsed bed sand
bath. The bath -tenperature could be controlled and each tube had its
own gas/liquid feed and product handling system Nitrogenjflow was
TN
A
—n.‘tﬁ
2
:
n-m E
2
4
&
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commenced at 1106 ml/nin (@TP) and ethyl ene flow at 2590 @é@?ﬁ(%ﬁe[%”e

The sand bath and tubes were heated to 150 [err]C and the re

was rai sed * 'to*115 psig. Acetic acid flow at 155 g/ hr (containing 2
wt % wat er) was commenced to a vapouriser and m xed vvith( rogen and
ethylene. A small stream of acetic acid (2 wm% water, O 5 wm %
potassi um acetate) at 13 g/hr was 5 2introduced to the preheater zone to
be vaporised with the nmain gas stream After a few hours oxygen was
commenced at 153 ml/mn (@TP). The product stream was anal ysed by

on-1 1 ne 9as GRERILPILARRY A ThaCoahanE 2(I994p) VR f8.Crude i quid
product of vinyl acetate, acefic acrd and water, e renpi ning gases were
vented and sanpl ddensly indreasing-the areousa of piliadinario dheaqstafyst 19 ingreaseteat e
producti on Jlﬁetimé/\@ﬁh@ﬂélwrp?&eﬁ@é pRidh Ey%f’t' tHStnftial é&ix&tg%fﬂ?é @a!thstt.S

deacti vated a constant production rate was Initially nmaintai ned by
gradual | y i rmesyekestongightfer sfgandforicertsoltable operatromommnduﬁnagsﬁ@le,ﬁfr 425 m/ nin
(@BTP). At f X , : sition was

et hyl ene:e\ace#%@pgbgﬁﬁ%éée@wa%(@%ggéﬁﬁottrggg%ar? 'ty oagﬁ?ﬁ%ﬁg 6: 1.3 8.2 :
21.2 by vol une atT}Ermmamsgsendg for a prwessiol therepe@bivpf acnprorted | oxygen

feed 15 r ;aﬂadi@rﬁ cRRISESPHse i HrBAICiBA SFVALI LR RWIRAT Sletedmés RS Turther

mai nt ai ned
problem.

Thus, according to the present invention, there is provided a process for the
10 production of vinyl acetate which process comprises contacting ethyléne, acetic
acid and an oxygen-containing gas with a supported palladium catalyst prepared by
a process comprising the steps: (a) impregnating a catalys.t support with a
palladium compound, (b) converting the palladium compound to substantially
metallic palladium, and (c) sintering the supported palladium at a temperature of
15 greater than 650°C in the presence of a reducing gas.
The present invention solves the technical problém defined above by
sintering the palladium on the support at a temperature of greater than 650°C
Without wishing to be bound by any theory it is believed that this sintering
step causes palladium metal particle growth which decreases the initial activity of
20  the catalyst, Thus, catalysts having a high palladium concentration but a
commercially acceptable initial activity may be prepared by the process according
to the present invention and such catalysts have a longer commercially useful life
than conventional catalysts. The sintering step also increases the average pore size
of silica supports. The catalysts of the present invention have also been found to be
25 less susceptible to the adverse eftects of excess concentration of promoter such as
potassium acetate.

The sintering step (c) is performed using a reducing gas. Suitable reducing gases
are hydrogen and carbon monoxide. These may be diluted with an inert gas. Suitable
30 inert gases for use alone or in conjunction with reducing gases are nitrogen, carbon

dioxide and helium. Suitable temperatures for the sintering step are in the range 650 -

1000°C. Preferred times for the sintering step are between 1 and 24 hours. The catalyst
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12 palladium catalyst for use in the production of vinyl acetate which overcomes
this problem.

Thus, according to the present invention in a first aspect, there is
10 provided a process for the production of vinyl acetate which process comprises
contacting ethylene, acetic acid and an oxygen-containing gas with a supported
palladium catalyst prepared by a process comprising the steps: (a)
impregnating a catalyst support with a palladium compound, (b) converting the
palladium cohpound to substantially metallic palladium, and (c) sintering the
15 supported palladium ét a temperature in the range of from 650 to 1000°C in the
presence of a gas consisting essentially of a reducing gas, an inert gas or a
mixture thereof.
According to the invention in a second aspect, there is provided a
process for the preparation of a catalyst for use in the production of vinyl
20  acetate by reaction of ethylene, acetic acid and an oxygen-containing gas which
process comprises the steps: (a) impregnating a catalyst support with a
palladium compound, (b) converting the palladium compound to substantially
metallic palladium, and (c) sintering the supported palladium at a temperature in

the range of from 650 to 1000°C in the presence of a gas consisting essentially

25 of a reducing gas, an inert gas or a mixture thereof. REPLAGEMENT SHEET
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Exanpl e 9°- Further Catalyst Tests Using M croreactor Two
further batches of catalyst were prepared according to the procedure 5

of Exanple 1 except that the quantities of reagents used were scaled by a
factor of 9. After the washing and drying step each catal yst batch
was di vided accurately into 9 equakaportions and inpregnated with the

target Wt % potasgjum acetate | oadi ngs (see Table 2). These catal yst
sanpl es were testiheﬁeﬁﬁfﬁi'm@ntlenﬁﬁ@es?he tec&ﬂ&@ﬁﬁ[ﬂ@'ﬁﬁeﬁﬂ%ﬁgeﬁe byto 3.
Figure 3 shows the activity achi eved by these 10 cat al yst sanpl es and
conpares it shtenng tetpaliadiunon thesepportaipa temperatie af geaater than 6508@or t ed
in US 5179056 (this activity is extrapol ated according to the nodel

described in US SWithoubwisHingto be Boahd by anpahedripdttis bekevesat thiay tiis accor di ng
to the present invention requires a mninmumlevel of approxi mtely

1.5 wt % pot agpitadRd Step cause n??ﬁid}'gﬁtfhé‘@' Mbmw whl?;ﬁ 63 thefnitide

patent US 5179056, a haxi mu activit s achi eved at approxi mately
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according to the present invention and such catalysts have a longer
commercially useful life than conventional catalysts. The sintering step also
increases the average pore size of silica supports. The catalysts of the present
10 invention have also been found to be less susceptible to the adverse effects of
excess concentration of promoter such as potassium acetate.
The sintering step (c) is performed using a reducing gas. Suitable
reducing gases are hydrogen and carbon monoxide. These may be diluted with
an inert gas. Suitable inert gases for use alone or in conjunction with reducing
15 gases are nitrogen, carbon dioxide and helium. Suitable temperatures for the
sintering step are in the range 650 - 1000°C. Preferred times for the sintering

step are between 1 and 24 hours, The catalyst can be purged.
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L A process for the production of vinyl acetate which process comprises
contacting ethylene, acetic acid and an oxygen-containing gas with a supported
palladium catalyst prepared by a process cornprising the steps: (2) impregnating a
S  catalyst support with a palladium compound, (b) converting the palladium
compound to substantially metallic palladium, and (¢) sintering the supported
palladium at a temperature in the range of from 650 to 1000°C in the presence of a
gas consisting essentially of a reducing gas, an inert gas or a mixture thereof.
- 2. A process as claimed in claim 1 wherein the ethylene, acetic acid and
. 10  oxygen-containing gas is contacted with the catalyst at a temperature in the range

of 145 to 195°C and a pressure of from 110 20 atmospheres.
3, A process for the preparation of a catalyst for use in the production of vinyl
acetate by reaction of ethylene, acetic acid and an oxygen-containing gas which
process comprises the steps : (2) impregnating a catalyst support with a palladiom

15 compound, (b) converting the palladium compound to substantially metallic
palladium, and (¢) sintering the supported palladium at a temperature in the range
of from 650 to 1000°C in the presence of a gas consisting essentially of a reducing
gas, an inert gas or a mixture thereof.
4, A process as claimed in any one of the praéeding claims wherein the

20  catalyst sopport is impregnated with a patladium compound in a solvent selected
from water, carboxylic acid, benzene, toluene, alcchol, nitriles, tetrohydrofuran or
a chlorinated solvent.
5. A process as claimed in claim 4 wherein the solvent is water and/or acetic
acid.

25 6. A process as claimed in any one of the preceding claims wherein the
palladium compound is palladium acetate, sulphate, nitrate, chloride or & halogen-
containing paliadium salt.

7. A process as claimed in claim 6 wherein the palladium compound is
palladium acetate.
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TABLE; 2

\ . Target Potassium Activity Selectivity Activit
Activity as (w. % (Ww.% by (g Vinyl accor di ng
in US Pot assi um  XRF Acet ate/ hr/| ﬂllL
5179056 Acet at e nmet hod of catal yst) OH“‘“H“'“I“W | ‘ ‘“‘
11 1 13 1 0.5 . *147
142 2 0. 87 385 89.1 382 3
1.17 548 91 556 3 1.2 554
2383 c 57, ﬁéproé:ess as clalméd 154:1){ one of the %x@cedmg claims 119\i’rh1ch step (b) is 627
5 1 garried out by gertacting the pauaql)gm@ompound witly g liquid or gaseq% 6
3 5% 9 e%ucmg agent s%écit%d from the gg%% consnstglg of Zé&bous hyt%a%n 362
%78 ;géfomaldehyde §6dium forn@ate alcohol, carb@n monoxide, h)édlrage'h and ethylene 93.1
691 10 § 9 A ppcess as clanmeﬁlmg any one of thaggregedmg claims wherein in step (c) 639
11 3. 14
48 ~ 1§ﬁe reducing g@,so{s é(gected from tt}%goup co%‘}astmg Zﬁzydrogeg .aEd cation 759
93

7 onoxidelind the inert gas & sélected from thé grbup consistingf nffrogen, 757
carbon dioxide and helium.
10. A process as claimed in any one of the preceding claims wherein the

10 palladium catalyst comprises at least 0.5% by weight palladium based upon the
total weight of the catalyst.

11. A process as claimed in any one of the preceding claims wherein the
catalyst support comprises porous silica, alumina, silica/alumina, titania, zirconia or
carbon.

15 12, A process as claimed in any one of the preceding claims wherein the
support is additionally impregnated in step (a) with gold, copper and/or nickel
compounds and is optionally additionally impregnated with one or more salts of
Group L, I1, Lanthanide or transition metals.

13. A process as claimed in any one of the preceding claims wherein the time

20  for the sintering step (c) is between 1 and 24 hours.

14, A process as claimed in any one of the preceding claims in which the
sintering step (¢) causes palladium metal particle growth from 3 - 4 nm in diameter

to 8 - 15 nm in diameter.
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This shows that the catal yst prepared accordi ng e at—t-yention is
5 nore tolerant of excessive potassium acetate %M%MH ations.

1. A process*f'or the production of vinyl acethtf wWhich proce slconpri ses
contacting ethylene, acetic acid and an oxygen-cpn a%?l r)gyg a
supported pal I adi um cat al yst prepaged by a pr S rl 5| t he
steps: (a) inpregnating a 5 cat al yst support W 'cpnpound
(b) converting the palladium conmpound to substant ially metal fic

alladium and (c),sintering, the su orte
!On theI lrJange of(f?rh?d‘@géa‘iaée %'@B@‘F 'ewagxeéé%ws@veﬁma" contamipawsdighsi st i ng

essential ly etample, e@tmwm!gm«:s ad USﬁlzﬂr thaﬁ@é‘s %r éhlovidetremBvdl Nedshtis 2.
A process as ﬁllln in claim {he et hyl ene acett’ cid and 10
oxygen- cont a % x@%{geq wateniioy FEBC t“ﬁ“ halveritzate sqst shows t "ér?E%'Féﬁ ure in

the range no chl@fxdé-ﬁi’ésén@ TAGhMOA EéntafthaBoPlePESbeldde nifiiiRed. (Catidh
3; rem Isﬁh? r Spp%@gppq)tﬁ sh)qulqepamu%x%?sgd ffgg eéart}w%le to Befow 0.5 S "})fprgfera%} plyst for
betow 0.2 wt % of sodium in the dried catalyst. Low levels of these contaminants
are likely to remain; it is not essential that the levels are absolutely zero. On a
commercial scale, batch washing may be used. To speed up the process, warm
water may be used. Also, ion exchange solutions (such as potassium acetate) can
10 be used to displace chloride and sodium. Also, the reagents used for the
preparation can be selected to avoid the use of chloride and sodium, for example,
potassium metasilicate instead of a sodium salt.

In step (b) the patladium compound can be converted to metal before or
after the optional washing step above, depending on the reagents used. Liquid

IS reducing agents such as aqueous hydrazine, formaldehyde, sodium formate,
methanol or alcohols, preferably aqueous hydrazine can be used. Reduction may
also be performed with gases such as carbon monoxide, hydrogen and ethylene.
These can be diluted with an inert gas such as nitrogen, carbon dioxide or helium.
Typically, the gaseous reduction takes place at elevated temperatures of 100 - 500

20 °C until the material is reduced. Typically, reduction in the liquid reducing agents
takes place and ambient temperatures but temperatures up to 100°C may be used.

After the palladium has been converted to metal it is sintered as herein
described. The sintering step (c)  follows 'on from the step (b) by further
heating the catalyst in the reducing gas to greater than 650°C. The material may

25  then be impregnated with promoter salts as herebefore described.

The ethylene, acetic acid and oxygen-containing gas may be contacted with
the supported palladium catalyst prepared according to the catalyst preparation
process of the present invention by methods known in the art. Thus, the reactants
may be contacted with the catalyst in a fixed bed or a fluid bed at temperatures in

30  therange 145 to 195°C and pressures in the range 1 atm to 20 atm. The vinyl
acetate product may be recovered by conventional methods known in the art.

The invention will now be illustrated by reference to Figures 1 to 3 and the
following examples and experiments. Figure 1 is a schematic representation of
some of the possible catalyst preparation methods according to the present

‘o
k%]

invention. Figure 2 is a graph comparing productivity as a function of time of a



acetate by reaction of ethylene, acetic acid and an oxygen-contai ni ng gas

whi ch process conprises the steps; (a) inpregnating a catal yst
support with a pdl I adi um 15 conpound, (b) converting the pall adi um
conmpound to substantially netallic pal l adium and (c) sintering the
supported palladiumat a tenperature in the range of from®650 to
1000C in the presence of a gas consisting essentially of a reducing

gas, an inert gas or a mxture thereof. g4 4, - A process as clained in
any one of the preceding clainms wherein the 20 catal yst support is

I npregnated with a palladi um conpound in a solvent selected from
wat er, carboxyl | ?ﬁjd, benzene, toluene, alcohol, nitriles,
tetrohydrofuAéﬁﬂgﬁ——ﬁﬂﬂﬁiﬁLékﬁﬁﬁﬂﬁgied sol vent . 5. A process as
claimed in claim4 wherein the solvent is water and/or acetic aci d.

the  pal TTAcREN ORSBHAG Speresare SISO AGErariaamanta Blowne: at o, |
chl oride or 6geheﬂabgﬁiaedure The ?@Bt»@ér@b&%rﬁﬁwa@d'&ﬂﬁéﬁw 150 °C %Ismg7catalyst A
process asg c Q ? llenarcéld %Is oesvemg%&ltg éc?fe ed u? !Tlaﬁe Ilugt]hfted thh 60 ml of 1
pal | adi umacdicHet& Prep P ) 14
mm glass beads and loaded into a stainless steel tube of internal diameter 10 - 11
mm. The catalyst was commissioned at 7.8 barg by heating at 160 °C for 3 hours
in a stream of nitrogen and then 150 °C in a stream of ethylene. Acetic acid
vapour was then mixed with the ethylene and passed over the catalyst for a period
10 ofatleast SO minutes. A mixture of 21 % oxygen in helium was gradually added
to the feed gas while maintaining the maximum catalyst bed temperature at 150 °C.
The catalyst hot spot was maintained at 150 °C. The final composition of the
reactant mixture was ethylene: acetic acid: oxygen: helium =53.1:10.4: 7.7 :
28.6 by volume and the total gas hourly space velocity was 3850 hr”’. The product
15 stream was analysed in the vapour phase at hourly intervals by means of an on-line
gas chromatograph.
Activity of the catalyst was calculated as grams of vinyl acetate produced
per litre of catalyst per hour (space tinie yield, STY) and the selectivity of the
catalyst was calculated as the percentage of converted ethylene present in the
20 product. Data is reported on the basis of the average of the activities and
selectivities measured between 17 and 22 hours after full oxygen content was
achieved.

The results, comparing the activities of catalyst A, B and C, are presented
in Table 1, -




8. . A process as clainmed in any one of the preceding clains in which step

(b) is carried out by contacting the palladiumconpound with a liquid

or gaseous * ‘reduci ng agent selected fromthe group consisting of

aqueous hydrazi ne, f or mal dehyde, sodium formate, al cohol, carbon

nonoxi de, hydrogen and ethylene. 5 9. A process as clained in any one

of the preceding clains wherein in step (c) the reducing gas is

sel ected fromthe group consisting of hydrogen and car bon nonoxi de,

and the inert gas is selected fromthe group conS|st|ng of nltrogen

car bon di oxi de and helium 10. A .process as SE e ape of

the preceding clains wherein the 10 pal | adi um cat al EMESS,{EETI east

0. 5% by wei ght pal | adi um based upon the t ot al ight dT*ThE*Eaialyst.
Ei p the

11. A process as clained in-anyone of the prece Fﬁnzgﬁgr
catal yst support conprises por al um na, 5| i ca/a

zirconia or car bon. ﬂ ,ﬂm lﬂﬂsﬂﬂﬂa ' +A-ay-ohel of the
precedi ng cl ai n8 wherein the * ddi | onal ly i npregnat ed in
step (a) with copper and/or nickel conmpounds and-Ts*opt+onal | y
addi tional |y |ﬁ§?‘§bﬁﬂated with one or nore salts of Goup I, 11,

Lant hani de or ty anS'A'p%beBﬂo@h?e productlon éﬁv"r]'r% a@et@(e%ﬁ&?gr%%es%@rhﬂﬁéé" n any

one of the precedi ng %Mgs wherei n he, sintering step
(c) is between “PNEAGHNS StYISHS. §°e“°wd 3“14" OXY%“MM%&%S‘E‘FMW@O” any one

of the precedi ﬁﬂll@dlﬁm%tdlﬁt }Sﬁ:&ﬂéd bfﬂ@process co?d ‘ﬁg'tﬁ@stéﬁse&)ﬁxﬁﬂre%ﬁﬁteﬁ
pal | adi um net al P?I’tl I m 3 4 di apet e
catalyst support wnth a pal admm compound ( ) convertmo the palladium

5  compound to substantially metallic palladium, and (c) sintering the supported

palladium at a temperature of greater than 650°C in the present of a reducing gas
2. A process as claimed in Claim I wherein the catalyst support is
impregnated with a palladium compound in a solvent selected from water,
carboxylic acid, benzene, tolvene, alcohol, nitriles, tetrohydrofuran or a chlorinated

10 solvent.
3. A process as claimed in Claim 2 wherein the solvent is water and/or acetic
acid.
4. A process as claimed in any one of the preceding claims wherein the

palladium compound is palladium acetate, sulphate, nitrate, chloride or a halogen-
15  containing paliadium salt.
5. A process as claimed in Claim 4 wherein the paltadium compound is
palladium acetate.
6. A process as claimed in any one of the preceding claims in which step (b) is
carried olit by contacting the palladium compound with a liquid or gaseous
20 reducing agent selected from aqueous hydrazine, formaldehyde, sodium formate,
alcohol, carbon monoxide, hydrogen or ethylene.
7. A process as claimed in any one of the preceding claims wherein step (c) is
carried out at a temperature in the range of from 650 to 1000°C.

8. A process as claimed in any one of the preceding claims wherein step (c) is

2
I

carried out in the present of hydrogen or carbon monoxide.
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palladium catalyst comprises at least 0.5% by weight palladium based upon the
total weight of the catalyst.

10. A process as claimed in any one of the preceding claims wherein the
catalyst support comprises porous silica, alumina, silica/alumina, titania, zirconia or
carbon, .

I, A process as claimed in any one of the preceding claims wherein the
palladium support is impregnated in step (a) with gold, copper, nickel,‘ one or more
salts of Group I, 11, lanthanide or transition metals.

12. A process as claimed in any one of the preceding claims wherein the
ethylene, acetic acid and oxygen-containing gas is contacted with the catalyst at a
temperature in the range of 145 to 195°C and a pressure of from 1 to 20
atmospheres.
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