' GATALYSTS JAND PROCESSES FOR THE NANUFACTURE OF VI NYL ACETATE The present
invention relates to inproved palladium gold catal ysts useful in effecting
t he production of vinyl acetate fromethyl ene, acetic acid and an oxygen
contai ning gas. The production of vinyl acetate by reacting etdyseene3o(1)
acetic 5 /- acid and oxygen together in the gas-phase in the presence of a
catal yst containing palladium gold and an alkali netal acetate pronoter is
a known process. The catal yst conponents are typically supported on a
porous carrier material such as silica or alumna. In early exanples of
these catal ysts, both the pal I adi um and 10 gold were distributed nore or

| ess uniformy throughout the carrier (see for exanple US 3725680, US

. 3743607 and GB 1333449). This was subsequently recognised to be a

di sadvant age because it was found that the material within the inner part
of the carrier did not contribute to the reaction since the reactants did
not /diffuse 15 significantly into the carrier before reaction occurred.

I n other words, a significant anount of the palladiumand gold never cane
into contact with the reactants. In order to overcone this problem new

met hods of catal yst manufacture were devided with the ai mof producing
catalysts in 20 whi ch the active conponents were concentrated in the
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catalyst containing palladium, gold and an alkali metal acetate
promoter is a known process. The catalyst components are typicalty“y
supported on a porous carrier material such as silica or alumiqﬁ;
_ In early examples of these catalysts, both the palladigm‘énd
10° gold were distributed more or less uniformly throughout phé.carrier
(see for example US 3725680, US 3743607 and GB 1333449); This wés
subsequently recognised. to be a disadvantage because'it was found
.that the mater1a1 within the inner part of the carrier did not
contribute to the reaction since the reactants did not diffuse
15 significantly into the carrier before reaction occurred. In other
words, a significant.amount of the palladium and gold never came
into contact with the reactants. _
In order to overcome this problem, new methods of catalyst
manufacture were devised with the aim of producing catalysts in
20 which the active components were concentrated in the outermost shell
"of the support (shell impregnated catalysts). For example
GB 1500167 claims catalysts in which at least 90% of the palladium
and gdld is distributed in that part of the carrier particle which
is not more than 30% of the particle radius from the surface, whilst

25 GB 1283737 teaches that the degree of penetration into the porous
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of (1) inpregnating a carrier with aqueous sol utions of water-soluble

pal | adi um and gol d conpounds, the total volunme of the solutions being 95 to
100% of the absorptive capacity of the catalyst support, (2) precipitating
wat er -i nsol ubl e pal | adi um and gol d conpousids on the carrier by soaking the
i npregnated carrier in a solution of an alkali netal silicate, the anount
of alkali netal silicate being such that, -after the alkali netal silicate
has been in contact with the carrier for 12 to 24 hours, the pH of the

solution is fr Oggrgiér g:lgpgb 5%0(&@)0&38@?’% E%rgi%‘a?}agghé’\@hg%O%%y@a?rM JNM lém and

gol d conpounds into p I um an y treatnent with a reducing
agent; (4) washilkglime solution; of Forceramade | Igivheagbanaty sty #P¢irma kal |
nmetal acetate apfirofidedrying the catalyst. Using this nmethod, catalysts

having a specific activity of at |east 83 grans of vinyl acetate gfr gram
of precious netal pAROYREE2RRESRcH &Gich hfSO%?rnr oyndnto profuce prrtdsg et
obtai ned. At coOddtike Tathlyfisd04836rited dntUBLgDABOOBAt IhhEhisr paiess diesldr i bed
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of pal | aci um ardRooptd §batpeRr s Rl BLal By P DL el e blblT
For a typical sof (82 inpppenatingvd sgroiateNith papsousagolabdonsy afis per litre,

.these ranges copfiesP8idb1é Hala ¥ idrCbi® goll® dmBuddd, GerAve@ldvOiukhl b9 the25%
and hence to a Au:Pd %w ratio of 1. The am)kmt of al kali

fromO.23 to 0.9 S
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active catalyst This is the replacenent_ sh

. _ ] fet Dgi ; .5, SEP 1%9 3
described is thi® CRERGT FAtEERRpTAFEseufiotn hds S‘BPES’CBWE & °brtP5 1 grans
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treatment with a reducing agent; (4) washing with watér; (5)
contacting the catalyst with alkali metal acetate and (6) drying the -
catalyst. Using'this method, catalysts having a specific activity
20 of at least 83 grams of vinyl acetate per gram of precious metal per
hour measured at 150°C can, it is alieged, be obtained.
At column 5 of US 4048096 it is taught that the procesé
described above is preferably used to prepare catalysts containing
1.65 to 3.3 grams of palladium and 0.75 to 1.5 grams of gbld per
25 litre of finished catalyst. For a typical silica supﬁoft having a
density of say 600 grams per litre, these ranges correspond, in % wt
terms, to 0.25 to 0.5% and 0.12 to 0.22% and hence to a Au:Pd 7 wt
ratio of from 0.16 to 0.75. The amounts of alkali metal acetate
taught as being effective are 5 to 60 grams per 1itfe preferably 25
30 to 35 grams per litre corresponding, in the case of potassium
acetate, to 0.75 to 9.2% by weight preferably 3.8 to 5.4%.
Six examples according to the invention are disclosed in
US 4048096. ,Ail of these teach the use of catalysts having a gold
to pailadium weight ratio in the range 0.42 to 0.45 and a goid

35 . content of 2.1 grams per litre or less. The most active catalyst
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catalyst at 150[err]. Conputer predictions of the activity of this 5

catal yst on the basis of data we have obtai ned during our studies indicates
a higher activity at 661. 1t has now been found that shell inpregnated
catal ysts having a productivity in excess3of 661 granms of vinyl acetate per
hour per litre of catalyst at 150[err] can be obtained by ensuring that the
10 wei ght ratio of gold to palladiumis in the range 0.60 to 1.25.
Furthernore it has been found that for a given netals |oading the

product i "} t yhca&&%liﬂw tlgefshatrrmra]aaﬁe@n Dk 2RP BB ﬁgicﬁlhﬁibs tahgoyOtasIndno Rt at e
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- contents of 3% At&%eRempit 7 Show t ct of
varyi ng thel@ol e izt emltloobf telodd ctrt a?laifbitdlrlellét iy ctheoraneei <P pali-2&: um

l'oadi ng but thegg g ROt hdsObSdtIFBaAd RS Fok!d GAVEA Yre®h1d NBa&Rdthd
pal |l adiumratio 30 over a w de range of palladi um | oadi g%s Accord!s{l‘glrto

the present inverdushitiar ean §ep1€‘b‘iﬁhﬂéo“m§r§’ﬁé’| PY i SRSPEHIRLRY LhE H]FeE

use in the produgdia®s dntehtl)ds Retcatelfstoms anhyherengadesitw acsz bgnd an
oxygen containin g%% sai d catal yst having a productivity of greater than
661 grams of vifl §9/ dcetate per 35 hour per litre of catalyst at 150[err]
and consi stifg essefhislfipdidg iFhiwitesundxpestad| apdkseptrayicka thatkeaching 2

APR 1996 4 of US 4048096 which suggests that a gold to palladium weight ratio
. of less than 0.5 should be used.
Shell impregnated catalysts are also disclosed in US 4087622.
At column 2, lines 47 to 50 it is taught that the percentage of gold
20 metal relative to the combined weight'of pailadium and gold'metals
in preferably from about 5 to 60 percent by weight. Such figures
corréspond to a broad range of gold to palladium weight ratios of
0.05 to 1.5 indicating that no significance was attached to the
criticality of this variable. Furthermore a broad range of alkali
25 metal acetate contents (1 to 30 weight %) is taught and only
catalysts having potaséium acetate contents of 3% afe exemplified.
Examples 4~1 to 4-7 show the efﬁect of varying the gold content of
the catalyst relative to a fixed palladium loading but there is
nothing to suggest the critiéalitj of the gold to palladium ratio
30 over a wide range of palladium loadings.

According to the present invention there is ﬁrovided a shell
impregnated catalyst for use in the production of vinyl acetate from -
ethylene, acetic acid and an oxygen containing gas, said catalyst
having a prodﬁctivity of greater than 661 grams of vinyl acetate per

35 hour per litre of catalyst at 150°C and consisting essentially of:
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(1) a catalyst support having a particle . dianeter fromabout 3 to about 7mm
and a pore volune of 0.2 to 1.5 m per gram (2) palladiumand gold
distributed in the outernost 1.0 mmthick |ayer of the catal yst support
particles, and 5 (3) fromabout 3.5 tg about 9.5% by wei ght of

pot assi um acetate wherein the gold to palladiumweight ratio.in said
catalyst is in the range 0.60 to 1.25. The catal ysts of the present
invention have the additional advantage that there are highly selective

towards the prodyctiopn. of, 1 I I gt Qi EXARDRSEr i aBYaPBOgYCt S
such as carbon gl’c:madceataflﬁ’rg sr‘ilé’\é%gyt Qﬂgg 3 Iganrg%ds‘bofJl t he cat al ;Stult 'S
preferred that the cheet yom aadhgopere §°Jé1m€-h‘éfr 0a2 st du ™ PPE &38| uni na

silicalalumina es)tighefidiudl du gbes eaeEPIbubed NY ERS bupdiost rRG. nd RrisKWPPOT t
shoul d have a surface area in the range As 15 regards

the pal | adi um cont ed@Y®¥F AEhknt FR5pVSE f‘fﬁpngspaé”g?‘Ela?ﬁl’ygldn excess of 2.5
grans per |5tre(®) E&bﬂlmhtlnsowea‘boua DI5E abyn we hehthbf lpopresiot avetates

referred to above. t c . .about
07550 by vy gnt the EPRAPCRR actE A YHLEAA e A0 OO R el B!

grans per litre of Gatallleystansti@ -60 ey . 'b?eferably greater than 3.9 grans
per litre of catalysheaddta19sts RECEKY gbésenn;mmmamgevataetadatiomarrs per

litre of catal yst The gol d cont ent t 0 d Sui.t b
greater than 1.89%#eh#ge peat| Fhers gre F%{]yﬁiifﬁdv? atr°w8’é %tpsmﬁ&?/
above- nenti medvsﬁ)ﬂl um:ca:xret entther ekpemabl of dezatoéucttmanclilas cdrbtbngdmdper

litre of catalyst, %f e{rﬁb![ ﬁe&:ngﬁ{grof gl?e cgt]aoigg{:a:m; 1Q%relfe;:£§d Q{'x?t

catal yst and nost prefr range rans per litre
catal yst. Final Ityelqatlaéyw @ﬁevqlﬁdlﬁ m;tthme perayst %ﬂéalﬂl a&i-lummﬁ}/\el ght ratio

is in the range s91#cd/Q1dmida BPHitRAES %Eﬂblt}’xeefcﬁ'ﬁer Cbe1n95nosgopreferred .Tugrd ng
to the potassium acetate content of. the catal '

It is IS Mgdthat t
is in the rangeS8PRYFEOBHIRIIBRTE FHFEGEE AFR2 %’t thﬁrﬁaaﬁfll\f} § N nP&h &
enbodi ment 0§ t kegirddsend panyadiumOtiontieht hﬁstbeeelatimmdtlti!aﬁstshﬁthbl/selmof
undesivanle et hyl aaeLale DYRLD Odggi 5306 R 2Ra1yt B @p&%rau,yogtaqg%% by

enpl oyi ng catal ysts 1 n £t he acenent sheet
Dat e: - 2 APRhiglg@roduct:.v:.t:.es referred to above. For typical catalysts having

a sodium content of about 0.5% by weight the palladium content
should preferably be greater than 3.0 gramé per litre of catalyst,

20 more preferably greater than 3.9 grams per litre of catalyst and
most preferably in the range 3.9 to 6.1 grams per litre of
catalyst.' The gold content on the other hand should suitably be
greater than 1.5 grams per litre of catalyst and for catalysts
having the above—mentionedjsodium content preferably greater than

25 .1.8 grams per litre of catalyst, more preferably greater than 2.3
grams per litre of catalyst and most preferably in the range 2.3,to.
7.6 grams per litre of catalyst. Finaliy it is preferred that the
gold to palladium weight ratio is in the range 0.7 to 1.05 most
preferably O 85 to 1.05. '

30 Turnlng to the potassium acetate content of the catalyst it is
preferred that this is in the range 5 to 9% by weight to obtain
optimum activity. .

In an embodiment of'the present invention, it has been found
that the level of undesirable ethyl acetate byproduct can be

35 substantially reduced by emplojing catalysts iﬂ which the gold to
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5 'pal | adi um wei ght ratio is greater than or equal to about 0.9. The

catal ysts of the present invention may conveniently be prepared by the

nmet hod described in detail in GB 1559540. In the first stage of this
process, the support is inpregnated with g 5 sol ution containing the
required anmounts of palladiumand gold in the formof soluble salts.
Exanpl es of salts include the soluble halide derivatives. The inpregnating
solution is preferably an aqueous solutlon and the vol ume of solution used

5 Such that 1, SRS SR UEnE 308 IROPrReP R L B ROE YOUTE OF

‘the support 10 P*pPef&r s ter | npregnation the wet support is
treated with an aqué‘belscaaieﬂmﬂsonfdﬁeahr%flekhllanPr%"ciQF‘ may conwandertly Prom

al kali netal silifales, by 3hbaAheS dakePibda o desauThﬁr @ssys40f alnkahé
nmetal salt used is such that after the sol ution ?een in contﬁgt with 15

the inpregnat edf&iffp8Fees §f HeswBEIFeE2: g sﬁ?pﬂﬁtur? TRIEERE St ¥t HE 250l uti on
is suitablysin sémtisAgentadning Shé retpefred adnlopn¥s mft paHaMen anemdedn at

25[err]. Pr‘eferg Iurr:rlﬁg;ld_;r S ‘aball sg{tss arﬁ(aﬁ iugr et al Slkh ﬁe ;bqqugn

carbonate and s OoXi r eat-nent descrl e
“pal | adi um and gbikidg0derivptiived- de@h%liepmhﬁbw@ds?bltléen ﬁrseE’r’?;ﬁetrand 86r :

i ncorporat ed Onpg,ddi§ SSRRIBA - andOtkeL Y Bidle Sﬂ%mmcﬁr 154 1k Ndunt Bgaym@EAl | i C
state the inpregnated support is treated Wé% a_ reducin ent such as
et hyl ene, hydr a$PFiesPBRrImIteePSiYEeD 95 gRt d§8h of fh‘hyﬂf%d%ﬁ % s B iSPPRRTY

usual |y be IIECEﬁﬁare)tabDy lesaboghe catalyst to 100 - 300[err] in 25 order
to effect conplete % uct ion. After ttthw St g‘%ﬁ ?ﬁsg ltpgﬂe%bé?i"& RaV. 0
Y

carried out, the re tced cgtraqnattmns washe regnated wth
t he requi red ansehitioh of leal allwétlahetaée&adttesmdt%%élreiaf%léﬂl%meédl The

catal ysts of t hglipfc%%ggt da@ﬁ%ﬂe@%%@@r@ﬁ@@@r edh@)&mﬁ)m 3¢ alkali metal
above-nenti oned process typically contain ht sodi um deri ved

| argel y from t h&2br d¢ppi IHEPely thgk MEteAthR f?luﬁéglﬂ rPe58d T IFORERH MR a
further sepps at enpaimpibgriyiiedi eiipost) fiok betwedesilzabde zarmursheueodiiwn tbat ent

S vy o o e B gn R iR bR Ol 8 DLE. 5! OrHULBY 905 (B1E)

cat al yst producfl Vi he “so Atent of the cat t can be
reduced for exawhére mysmhppg'zw'gh Preferred alkali metal salts are sodium

metal silicate, sodium carbonate and sodium hydroxide.
During the treatment described above palladium and gold
20 ' hydroxides are believed to be precipitated or incorporated onto the
support. To convert such naterlals 1nto the metallic state the
impregnated support is ‘treated with a redueing agent such as
ethylene, hydrazine,formaldehyde or hydrogen. If hydrogen is used
it will usually be necessary to heat the catalyst to 100 - 300°C in
25 order to effect conplete reduction.

After the steps described above have been carried out, the
reduced catalyst is nashed_&ith water, impregnated with the required
amount of alkali metal acetate and thereafter dried. '

The catalysts of the present invention when prepared by the

30 above~mentioned process typically contain 0.5% by weight sodium
derived largely from the precipitatlng agent. As will be described
in detail in a further separate patent application it is desirable
that the sodium content of such catalysts is less than this figure
in order to obtain optimum catalyst productivity. The sodium

35 content of the catalyst can be reduced for example by washing with
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Th| $is the repl acenment sheet Date: 2 APR 1996 6 potassium acetate
solution or by the use of non-sodium containing reagents. Preparation of
vinyl acetate using the catalysts of the present invention is typically
effected by contacting ethylene, acetic agid 5 and oxygen or air with a
sanple of the catalyst at a tenperature in the range 100 to 200[err],
preferably in the range 140 to 180[err], and at pressure in the range

at mospheric to 20 bars Typically the process is carried out

het er ogeneousl y t he reactan bel resent W th
| evel s of oxyge‘h tﬁgfbw ﬁ%tate ¥ {ush oy £ grrtr’r%eo ? 'EJL e ?%gtgat ?gﬁg i s
usual |y carri edrecgenteth an excess of et hyl ene whil st the amount of acetic

acid is deternined By, dew pgj 3k dﬁi}g' 863bL g Abloclata8PRld O, tiehBruddid

acetate is separated and purifie convent ' onal met he present
i nvention will #eebéon IIPUEXRi&PbHY \ﬁl‘ff?f"‘teéfb? EAREAGtng wthylene, fb‘th\‘Rn pid
Exanpl es. Generala WRyded ok 0diPi-epara agnﬁllaeoﬁ:&halmtalﬁadmtes tlrpéRBuk8i

thod only de- d t
rethod onl Y de, Lanlieds ahelo YEO:4SErhecthel ) RLERNIO L Shoihe, SR

Chemi e) was addpxessord.ifnthefrange atmespherdio|tet ROrrags. [ ypicHdd fher PFodiss

amounts of the P@'&@Qié&%@@%&g&s’g&@mfyxe&ﬂlsﬁd MRECartChe 3 bresnbi fye
t he desired pall adium and gol d | oadi ngs "on the support. The addition was

done in a si nglEhepéﬁ‘Flﬂ}?sanﬁPdc Hét?nlﬁf’ﬁlrse%%xyééﬁtqey}°§vﬁhrel Lipitfatef the
sol uti on wa 25f1mﬁnubiyi@bsonbedeacb%ﬁers uSi1e g Nedrir@ed tohe wighr egrm:eds of

support was allo Lan for two hours at rop TReLaiure,
Precipitation A° t\éﬁ’ﬁ‘ ‘lao"'ﬁ1 g gltg'r'ﬁ T Fu?#me %lsﬁ i c(g}tie ermfneerd sSqu%p '?
added to t he wetonsigeegfrianed sﬂipgorneacm,cﬁmemxlaﬁcmteflq HepamedBGld

sodi um net asi | |f,?‘fﬁi§g)lég1hgnc<{,§y§aim§ Sehsddn ned using the foll ow ng

formula: 1.8 x nole of SM5/nole [err] + (2 nples of SMS5/nole [err] +
The present inventlon will now be illustrated with reference to

15 the follow1ng Examples

General Method for Preparing the Catalzst Samples
During this method only de-ionised water was used.

Step (1) Impregnation of the Support
. 15 grams of a high surface area spherical silica support

20 (KAl160-ex Sud Chemie) was added to 8.7ml of an aquecus solution of
NasPdCl, and HAuCl,. The amounts of the palladium and gold

. complexes used were such as to achieve the desired palladium and
gold loadings on the support. The addition was done .in a single
portion and the mixture was gently swirled until the solution was

25 'fully absorbed..'After impregnation the impregnated support was
allowed to stand for two hours at room temperature.

Step (2) Precipitation

A solution of 18ml sodium metasilicate in water was quickly
added to the wet impregnated support. The concentration of the 18ml
30 sodium metasilicate solution (SMS) was determined using the
following formula:
1.8 x [(1 mole of SMS/mole NagPdCl,) + (2 moles of SMS/mole HAuCl, +
(0.02 millimoles SMS/gram of support)]. The mixture was swirled
intermittently over a period of 15 minutes then permitted to stand

35 undisturbed overnight.

6 I —
Sheet Has Been RTlaced

T



(0.02 millinmoles SMB/ gram of support)]. The mixture was swirled
intermttently over a period of 15 mnutes then permtted to stand 35

undi sturbed overnight. This is the replacenent sheet Date:2 APR 1998 7
Step (3) Reduction The aqueous phase above the black pellets was treated

w th an 85% hydrazi ne hydrate solution. The quantity of hydrazine hydrate
used was determ ned using the formula: 5 22.5 x [(1 nole [err]/nole
[err] + (1.5 nole [err]/nole [err]) The m xture. was gently swirled then
allowed to stadrg_{ e!ngéitR%Qg&ogver night. Step (4) Washing The aqueous phase,
whi ch cont ai ne of suspended 10 bl ack solids, was decanted
and the spheres wer Ehevagheehsf phese ahewe whe [Plabbrelberd wamtteeatetbwahh iang

-after each washgsgThgafdlial HSries sbidioher Med §und 18 3FShy@lablil hiyhtfd With
a stopcock and then washed with further water at an approximate rate of one

litre per 12 holi*d Wit et e RATIAGSERA EP¥da4 negative chloride test with
15  silvers ni t22zatexsoflunb 6 Noff Afode (Mo PAT), )Dr y{ NG, mddat REHGi/mblAGRLUAIL) ] .
Loadi ng -and Fi | S,.dri rnight_at 60[.er in a
for cedgai r oveﬁecol;?(gﬂwe‘%,q {%gﬁg?{ rég%%]t edt% Egh&\égl%f i%gﬁn% n?Jhieturr {é%qdui red
anount of pot aseMegpightetate in 8.7m of water. The mixture was swirled
until 20 al | gtt;? k;gwagh%s' absorbed, then the catal yst was again dried
at 60[err] on a stainless steel screen in a forced-air oven. Catalyst Test
Met hod and Resul ts TR&t3gUGRHSePRRger oFpisl SPntRined,fr gualld aa%mt Pt |sughenstedy
sanpl es of iohe tH-aGRNE@IAkAE) wals Paddn€ed,andi the Gﬂhélﬁe@hw&@ﬁraﬂfedlﬂ&ﬁ:ghﬁﬁésli)eads
and 25 | oaded_.. nt staln s steel .tube of i-nternal diameter . 10-11mm
The cat al yst vvg%ltgc??oslgt etzrhaltw g%% Bg?agnttt%ﬁg haefg fneﬁl “at"or O[ei‘glre ] c,%@rly? Rodr s
in a stream of ¥Hapsfepuedoro ekland aptumnhEitted wBW erstopfegk 20d ihentes in

stream of et hylgifed ARREI futhbd walBPUit WA SagpRERinEeX efheW 54 ohber At-py &ngz and

passed over the catal yst for a period of at i . :
hours until the washings yielded a negative chloride test with

15 silver nitrate solution.

Steps (5)-(7) Drying, Potassium Acetate Loading and Final Drying

The catalyst was dried overnight at 60°C in a forced air oven,
cooled, then impregnatéd with a solution of ;he required amount of
' potassium acetate in 8.7ml of water. The mixture was swirled until
20 -all the liquid was absorbed, then the catalyst was again dried at
60°C on a stainless steel screen in a forced-air oven.

Catalyst Test Method and Re§u1£s

Tests were performed at 7.8 barg and 150°C on 2.5g samples of
the 5-6mm caﬁalyst-pellets, diluted with 30ml of lmm glass beads and
25 loaded into a stainless steel tube of internal diameter 10~11mm.
| The catalyst was activated at 7.8 barg by heating at 160°C for 3
hours in a stream of nitrogen or helium and then at 150°C for 10
minufes in stream of ethylene. Acetic acid vapour was then mixed
with the ethylene and passed over the catalyst for a period of at
30 least one hour. A mixture of 21% oxygen in ﬁelium was gradually
added to the feed gas while maintaining the maximum catalyst bed
temperature 150°C. The catalyst hot spot was maintained at 150°C
for 6 hours and thereafter allowed to fall as the catalyst
deactivated. Thelfinal composition of the reactant mixture was

35 ethylene:acefic acid:oxygen:helium = 53.1:10.4:7.7:28.6 and the
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30 ' least one hour. A nixture of 21% oxygen in heliumwas gradual |y added

to the feed gas while nmaintaining the nmaxi mum catal yst bed tenperature

150[err]. The catal yst hot spot was maintained at 150[err] for 6 hours and

thereafter allowed to fall as the catal ysg deactivated. The final

conpositi-on of the reactant mi xture was 35 ethyl ene:acetic

aci d: oxygen: helium= 53.1:10.4:7.7:28.6 and the This is the repl acenent

"~ sheet Date: - 2 APR 1996 8 total gas hourly space velocity was [err] The
roduct stream n S dour

Iroreans of -an on- }é??\ae Qs ogg%# %p&ﬁeﬁgﬁ?@ﬂ;ﬁ?@% sta%iﬁ/lt ik bp&ﬁcﬁﬁéatﬁggx

‘granms of vinyl aeetméymamdém praous Phaslel oy élOBﬂX:&!l&?l;V@tls put R OGSﬁace

time yield, STYhnaiideSgALGEVid ¥n¥Gar6gd4pn Iat ed as t he percentage of
converted ethyl ene present in the B oduct gur ese"rq° uot ed are based on

"the activities and $SFEEy Yy &8l &Y A Eﬁa"ﬁ‘oﬂf vizpl cgeetate PERINREd per
content wassreachefk otCcataffstcpentione (aideedt frar y 1) asTY)gaid @aeledtaly sy
Sanpl es The fol t] i Q h ' th :
catal yet | Srep P ckiuAl BLLRL Rk RaqoTRE RRe TR G AR RO BE
above was used the producy (£)1 Bigetes auetednamthdasedennthehsativities forth
above was used @x&eafdletfidtit SO indBadedr S IHdGr Mt tbs 1 8SosdydEn RoREedX taki Ng
agent. The anount of sodi um hydroxi de used was determ ned using the
formula: 1.8 x FEWH8res of NaOH/ mole [err] + (4 noles of NaOH nol e 20

[err] + (O.0e mabteérnakgpve mtm%gmpﬁigummﬁlﬁtemg Reduction The

sanme nethod as set fort bove was used; (4 I nq, The :i.uct of -
step (3) was vvashedT\?l\n t °1%a‘f"‘nrg as asneta or E %5’ )n% °(‘)'\?e &ﬁ ?asm St e
(5% however wasatslg@tinstead of water in the col utm washi ng.

Ste 1) Impre nation of.the Support

The same method as set forth above was used.

15 Step (2) Precipitation

The same method as set forth above was used except that sodium
hydroxide was used as the precipitating agent. The amount of sodium.
hydroxide used was determined using the formula: o
1.8 x [(2 moles of NaOH/mele NagsPdCl,) + (4 moles of NaOH/mole

20 HAuCly) + (0.04 millimoles of NaOH/gram of support)] | .
Step (3) Reduction

The same method as set forth above was used.
Step_(4) Washing

The product of step (3) was washed with water as set forth
25 above. Potassium acetate (5%) however was used instead of water in
.the column washing.
Step (5) Drying

The product of step (4) was dried overnight at 60°C on a
stainless steel screen in a forced-air oven.

30 Example 1}
Catalyst tests to show the effect of noble metal content on.cafalzst

activity and selectivity

Catalysts were prepared according to the first general method

described above. The noble metal contents were varied to produce a

35 statistically designed set of experiments. The compositions of the
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Step (5) Drying The product of step (4) was dried overnight at 60C on a
stainless steel screen in a forced-air oven. 30 Exanple 1 Catal yst tests
to show the effect of noble netal content on catalyst activity and
selectivity.Catalysts were prepared accorging to the first general nethod
~descri bed above. The noble netal contents were varied to produce a 35
statistically designed set of experinments. The conpositions of the This is
t he repl acenment sheet Date: 2 APR 1996 9 catalysts tested were :
determ ned by XRF analysi s, and are; given i.n Tahle e r.get of.assi um
acetate content °FH&€8 %Stfﬁgeec{.]\?\’/ﬁge fegeml%edgbc?r rig#spac?%é?%% ¢ %@f‘} gﬁ%ﬂo#’@

pot assi um The Seapizodlt Lheotrarzehed pebissSivmniretote Gonbent dnseaphosasse was

pot assi um gi Vi ng_ @ 9t AlorPesponB@h A%l 818 GRPIENbodssIu. Wirke suppéremaisght of
catal yst used for each test was varied in the_ran .5

e of 0.5¢tq 2 .. to
al | ow catal yst aBt3ipee s EPRRdSEP SopEdin Ced W& B%%r?ﬁéﬁh“é'dg’o‘{/‘é‘F %%Pﬁﬁ]ge of
conversionss ThetsedumBoateteBE Df2 whe. cEhalwesght Wiscappyskiuzad eloy adi%o by

wei ght... 10 . The tes nditiqns_used I descr.i The
total flow of r&%%% é’ﬁf’s"ﬁggggiﬂchﬁ? rafes 6’% %y%eécgt ?%5.2?%51(2?‘98%?% yf\/sgt t he
GHSV was [err] FEorividses apd smiebtbritdesitoi bé arpasfredaredsy ot range ebtal flow

~rate V\B‘S mai nt ak@&%rs%ﬁ’é.n%t{é §€d$lﬂn \éaﬁtie?ttti &ﬂsth.b r\:JtIQQ sq;"s'SVas %b.ké/:iirm\dtely
selectivity and oxygen conversi on neasurenents were 1% taken after 20 hrs
on stream and aPe3%P¥o¥ejiekEn in Table 2. The variations in activity,

sel ectivityi@nd conwnesiedt vérditfaisauyed wepsnastéscaibanchbaes ghthevaioeabest
(11860 10, 1he LAPU B RULEE RSy BHE oo SHL 7 SeCht R o0 Y
0. 16( Cat. W - 1. GPHSV was 3850br7]. =For 38stw)oat naller anbitieg| of catplyst]the
V\’here: z = 1. 411:61:91- %ngAWa?g'v;&sBAlintaQné’cﬁ( Q\WiPn@' 919%1}.3 variations in the
' GHSV.. Activity, selectivity and oxygen conversion measufements were
15 taken after 20 hrs on stream and are also given in Table 2.
The variations in activity, selectivity and conversion with
catalyst coinposition and weight were best fitted to the following
expressions:- .
Equation 1. STY = eY¥, where:
20 y = 6.76 + 0.40(Pd-0.82) + 0.13(Au/Pd-0.81)
' 0.57(Au/Pd-0.81)2 - 0.16(Cat.Wt-1.5) ~  R?% = 0.95
Equation 2. Selectivity = 100-e%, where:
z = 1.41 - 0.29(Au/Pd-0.81) + 0.49(Au/Pd-0.81)2
| 0.39(K-3.25) + 0.10(Cat.Wt-1.5) - 0.10(Cat.Wt-1.5)2
25 _ : : R2 = 0.74

Equation 3. Oxygen Conversion:
= 24.5 + 10.0(Pd-0.82) + 7.74(Pd-0.82)(Cat.Wt-1.5)
+ 1.97(Au/Pd-0.81) - 14.1(Au/Pd-0.81)2 + 11.6(Cat.Wt-1.5)
' . | RZ = 0.96
.30 The abbreviations used in the expressions are Pd = weight .
| percent palladium in catalyst; Au/Pd = weight ratio of gold to
palladium; Cat;Wt = catalyst weight'in grams. K = weight percent
'potaSSium; STY'=.space time yield in grams of vinyl acetate per
litre of catalyst per hour. The correlation coefficients R2

35 indicate a good fit to the data.
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"0 39(K13 25) + 0.10(Cat.W-1.5) - 0.10(Cat.W-1.5)[err] 25
[err] = 0.74 Equation 3. Oxygen Conversion: 24.5 + 10.0(Pd-0.82) +.
7.74(Pd-0.82)(Cat. W - 1. 5) + 1.97(Au/ Pd-0.81) - 14.1(Au/Pd-0.81)[err] +
11.6(Cat. W-1.5) [err] 0.96 30 Tite abbreviations used in the -
expressions are Pd = wei ght percent palladiumin catalyst; Au/Pd = weight
ratio of gold to palladium Cat. W = catalyst weight in grans. K = wei ght
percent potassium STY = space tine yield in grams of vinyl acetate per
litre of catalyst p T trelati eff £ ea
good fit to the dat gn ﬁer e Q?e%%%?%e Itg%e%e}r?fqg feclggé QE§1;3% i%??ofégga QE
In order to detcamstamt phevq;fsfiemeq@ﬁtme3cveaSar9-satrreesmb§Pt4:@ﬁea§ ceéﬂ]s)ts&nt

conversi on equagds gﬂt SasaSedrt 864 %@gﬁmtaeiﬁx%ﬁ@esltc;agaldysan\&amhtraaso nd
function of palladiumcontent, gold | ladiumratio and anﬁ%ers on

represent at i ve SPRYGERBonverEPETT Bt 2T, (EXEBNTRERSon © Tshlegtered
function. sThe mabatlyid fwmtg,hh temarscatmgm&bigns térmaneqmteoﬂmenand 2

replaced with the wel ght i ony al‘,‘,h(fg1 @m(‘.ted?ﬁr{m {[{'I ¥ gug_agpa,éis,g

glve eprESSIOHS 8ESCFI6e?Iace e varla ronIn ca
selectivity w ténusbied S t@raleﬂtemeemsmsceGMr Shenrvarimeoef jrcatafyst

gol d/ pal | adi Um&&kb&ﬁan&%él\ébéﬁu&? wit@Hetd 415 1bntehi A" Conlstabi dohbvefdi@n.
effect on selectivity is_shown in figure 2. These curves show that i nproved

catal yst activity BEERH SF R} A4pat MA W SPRLP PheA M BHIEnTRORUiRg of
the catal ysio anflighyeincweestnghd kefgel dhpsdleadivityr b ishowp inOf fgurep2i mum of

0.91to 0.95. F ther |ncre snn t.h ol d/ pall 0 i ces
the activity 1 He st S e Cat A saft %g%wefl %‘lttaﬁg% n??%%g%g &S' gglibgag c{-Ji(E ed
by increasing th@rga$wgpall¢ @dillmiruat lepdifg redl Flye catalyst aed d¥eindreapire gur e

3, catalysts haewgofd,gghﬂa&ﬂmpﬂdledwgus’&{IogtmumOOP o 80P/ 65P" GAVERr

little or no ethyl acetate | pl)ro uct
increasing the go d/pallad:.um ratio above this reduces the activity

15 of the catalyst.

Seléctivity increases are also obtained by increasing the
gold/palladium ratio. Finally, as can be seen from figure 3,.
catalysts having a gold to palladium ratio of 0.9 or above produce-
little or no ethyl acetate byproduct.

20

25

30

35
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o5 30*'~ 35 This is the replacement sheet Date: - 2 APR 1996 TABLE 1 Data -
Used for Modelling STY, Selectivity and Conversion wth Palladi um Cont ent

and Au/Pd Ratio Pd Au Au/ Pd K Cat . STY Sel .

[err] Conv. w % wt % _ wpph W - (nmeasured at

20hrs) 5 0.58 0. 26 - 0.45" 3.3  0.77 801 95.4 12..3 0. 58
‘0. 26 0. 45 3.3 2.49 602 94.5 30.0 O. 88 0.42 0. 48
3.3 2.50 702 94.9 36.3 0.91 0. 34 - 0.37 3.2 2.50

654 93.8 33.9 0.91 0.34 0. 3fpE 1 3.2 2.50 624 94. 2
32.2 0.91 0.34 0. 37 3. 2 O_TG_ 835 - 95.2 12.7 10 _
1.01 0. 44 . Ra 2 jby and yeg : 0.34
0.37 3.2 1 25 7‘A.I}.h Paﬂ‘&dium CoiLQenQ lncﬂ@u/!’d kai?:‘]o 1. 14 ' 3.1
0. 85 993 2 160053 023 1—43 32 2—50 -592

95.4 28.6 0. \.&d 0. 83 1ad/Pd K 3.Zat.0.86TY 73dl. 9 @onv. 11.4
0.92 0.83 @t90 wtZz 3.1 2.46 wt% 760t 95. Gneasufidsl 2t 12WGs) (. 87

0. 87 53.1 4—55—83—95—3—298 015 1ot ozt 044
3.1 0.80 odp.58 950326 16.45 0.913.3 (@.32  8pL137 95.4 3Ln3 (. 4o
879 95. 8 |0.58% 2 8.2 O¢h534 3.3 3R-49 6827 9%.3g 30.9p9 94.0

. 30.7 0.74 0.4% gz 0. g642 ggsg 3 32.250 §2-236937g2 94.9’8'3_ 033%3? 0.7q

. 0.29 0. 41 4 50 644 3-295. 3 0. 8% b d. 48
3.3  2.50 69 -91 94°9?2 B 0822 £3 %§Z33 0.2 33;2g 0.4d5

D.34 . 2 835 5
916 .q -Bl20 2305 0. 22 ]‘zbs 5 5> Z g55
95. 5 R 0.9 0. gs oggf,‘ 393 17551 48,5 9375 46. 6
0. 87 1 16 §§ 3.2,°10.893"7 8%{85 9604 044 O 3162_0Wt%l< i s
approxi mately edédbgt o é@a"\ﬁ%@c 3.2 2.50 592  95.4  28.6
0.5 . 1.4 3.2 0.80 771 96.0 11.4
0.92 0.83 0.90 3.1 2.46 760 95.4 35.1
1.00 0.87 .0.87 3.1 1.55 939 95.3 28.0
15 1.01 0.44 0.44 3.1 0.80 991 95.1 15.7
0.91 0.34 0.37 3.2 0.50 879 95.8 9.2
0.91 0.34 0.37 3.2 2.09 709 94.0 30.7
0.74 0.49 . 0.66 3.3 2.50 - 693 94.8 35.7
0.70 0.29 0.41 3.4 2.50 644 95.2 32.2
0.88 0.42 0.48 3.3 2.50 691 94.9 36.3
. 0.87 1.16 1.33 3.2 0.85 916 96.0 14.5
20 0.58 0.26 0.45 3.3 2.48 555 95.5 25.3
' 0.92 0.83 0.90 3.1 1.48 937 96.2 26.6
0.87 1.16 ‘1.33 3.2 0.89 857 @ 96.4 14.0

3.2 wtZ K is approximately equal to 7.0 wtz KOAc

Example 2
25 Catalyst tests to show the effect of potassium acetate content on

catalyst activity and selectivity

Catalysts containing a range of potassium acetate contents were
- prepared according to the general method described above as part of
a'sﬁatistic#lly designed set of experiments. A batch of catalyst
30 was synthésised with a targeted palladium loading of 0.9 weight %
and a gold/palladium ratio of 0.44. Targeted potassium acetate
‘levels of 0, 3, 5, 7, 9 weight % were'impregnated on to the same
catalyst batch. Metal_analyses were determined using XRF and are

presented in Table 2.

35 The catalysts were evaluated using the test conditions described-
11
ThbTﬁﬂTﬁiﬂfﬁﬁ]iTﬂimd.




Exarple 2 25 Catal yst tests -to show the effect of potassium acetate
content on catalyst activity and selectivity Catal ysts containing a range
of potassium acetate contents were prepared according to the general nethod
descri bed above as part of a statisticallysdesigned set of experinents. A
batch of catalyst 30 was synthesised with a targeted pall adi um | oadi ng of
0.9 weight %and a gold/palladiumratio of 0.44. Targeted potassium acetate’
l.evel s of 0, 3, 5, 7, 9 weight %were inpregnated on to the same catal yst
" batch. Metal an €S I gL spe a abl e
2. 35 The ca %i’syst%\@\;‘g%g etev:ft gdvﬁ}sﬁr}gl'&aﬁaﬁ{ngtglgdo% ??Scl%gtr’lg eségl bed
This is the repba%eérrentetélbréeme)aa{neasureg %@PRr 1299Brs on]gtrespy areglsoiti es
(STY, g VA hr/ Lpgédedk¥$tin @mshesal ectivities (% based on et hyl ene), neasured
after 20 hrs on stream are al so gresented in Tagiﬁ; g variations in
activity were best™s Fetiatiens te2eYiydty oipreshest ed t1‘6 ng q@yaLioniio 4
KoAc2 + 1475 er sTE 016035 Whae e KRAc KoAé@:t-ruaM KoAc W % The square of the
~correlation coefsiciepbs [err] indicate a good fit to the data. The effect
~of potassium | oading on activity 10 (STY) is shown in figure 4. The
figure clearly WhetecEeds =aArturjeKehc Hpt#nal pot assium acetate | oadings

9' ving rise to inprovege Gahatey Sl fied ic¥ktatat S8U %Efﬁ/ﬂchlnﬂss (ﬂzﬁgn&%@ ko
i ncrease over the ranﬂe of got assium | evel s studi ed. TABL

Cat al yst Acti vi P fdhdtséPedatd ¢ i 68 Tﬁfreé:ét‘é%”mf - R f"ég °ﬂ&c?‘ifd‘l“k’6Ac
STY SEL KOAC (BPF) is sHE@ACimtt¥gure 4.Wi'Phe figure c.‘(e&hrlﬁ(lnhl@@te@ a range of

0.48 . a4 539
93 2 20 gptimal p%t]aiglum 8a%e§a§e lzgdlngs glVlrl'g g:.s& to 1mprogr§§ catgﬁs-rit_.
: activity. Selgctlvity is also found to increase over the range of

potassium levels studied.

TABLE 2
15 Catalyst Activities and Selectivities
Targéted XRF Analysis .Actual KoAc STY SEL
KOAc wt% KOAc wt¥% wti (at 20 hrs)
0 0.48 0 148 84.3
3 1.77 3.24 539 93.2
20 5 2.48 5.02 631 94.2
7 3.31 - 7.10 - 677 94,0
9 4.06 8.99 585 94.3
25
-30
35
12
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7 3.31 7.10 677 94.0 9 4. 06

8.99 585 94.3 25 30 35 This is the replacenent Sheet Date: 2

APR 1996 13 dains: 1. A shell inpregnated catal yst for use in the
production of vinyl acetate from ethylene, acetic acid and an Gsepg@éso(1)
cont ai ni ng gas, said catal yst having a productivity of greater than 661

grans of vinyl acetate per hour per litre of catal yst at LELLL_LEDQT“WT‘————
consisting of: (1) a catal yst support having a particle dianeter '
about 3 to about 7mm and a pore volunme of 0.2 to 1.5 nml per &BeenRe laced.
pal | adi um and gol d distributed in the outernost 1.0mmthick

cat al yst support particles, and (3) ° fromabout 3.5 to abou

wei ght of potassium acetate wherein the gold to paIIad|un1WE| ra

said catalyst  is in the range 0.60 to 1.25 and, the palladlunlcontent |s
greater than 3.9 granms per litre of catalyst. 2. A catal yst as cl ai ned

in claiml wherein the gold to palladiumweight ratiois in the range 0.7

to 1.05. 3. A catalyst as clained in claim2 wherein the gold to

pal | adi um wei ght ratio is in the range 0.85 to 1.05. 4. A catal yst as
claimed in any one of the preceding clains wherein the potassium acetate
content is 5 to 9% by weight. 5. A catal yst as clainmed in any one of the
precedi ng clains wherein the palladiumcontent is in the range 3.9 to 6.1
grans per litre of catalyst. 6. A shell inpregnated catal yst for use in

t he production Ofaimgny| acetate from ethyl ene, acetic acid and an oxygen

contai ni ng ‘'gas cponsiSiteAd ﬂxfpreE&Qted &a PVQJ: Vel ééboﬁﬂréhehﬁilddﬁgt?orpél’fwﬁiy‘i
dlaneter fromabout 3 to This Is the replacenent sheet
acetate from ethylene, acetic acid and an oxygen containing gas,

said catalyst having a productivity of greater than 661 grams of
vinyl acetate per hour per litre of catalyst at 150°C and consisting
5 essentially of: _ |
(1) a catalyst support having a particle diameter from about 3 to
about’ 7mm and a pore volume of 0.2 to 1.5 ml per gram
(2) palladium and gold distributed in the outermost 1.0 mm thick
layer of the catalyst support particles, and
10 (3) from about 3.5 to about 9.5% by weight of potassium acetate
- wherein the gold to palladium weight ratio in said catalyst is
in the range 0.60 to 1.25. .
2. A catalyst as claimed in claim 1 wherein the gold to palladium
weight ratio is in the range 0.7 to 1.05.
15 3. A catalyst as claimed in claim 2 wherein the gold to palladium
weight.ratio is in the range 0.85 to 1.05.
4, A catalyst as claimed in claim 1 wherein the potassium acetate
content is 5 to 9% by weight.
5. A catalyst as claiméd in claim 1 wherein the palladium content
20 is greater than 3.0 grams per litre of catalyst. ' -
6. A catalyst as claimed in claim 3 wherein the palladium content
is greater than 3.9 grams per litre of catalyst.
7. A catalyst as claimed in claim 6 whérein the palladium content
is in the range 3.9 to 6.1 grams per litre of catalyst.

25 8. A shell impregnated catalyst for use in the production of vinyl

13
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Dat é: 5 SEP 1997 14 about 7 nm and a pore vol une okjs Sheet HaOBekn Bepidced
per gram (2) pal | adi um and gold distributed in the out

thick | ayer of the catalyst support particles, and (3) aq JHito
about. 9.5% by wei ght of potassi umacetatejipherein the gol adi um
weight ratio in said catalyst is greater than or equal to about 0.9 and the
pal | adi um content is greater than 3.9 grans per litre of catalyst. 7. A
catal yst. as clainmed in claim6 wherein the potassium acetate content is 5
to 9% by wei ght C [ ' ' sl erein
t he pal | adi um c%‘r:\%cgr?te fémi %{@%ﬁ%hﬁ%gﬂﬁg@% a!él.glgllg?)?i‘ equénﬁltﬁéég gfa!’“

catal yst. 9. congisting estentigibpafing vinyl acetate which conprises
reacting ethyl egey Wat l@a_@egz&fc Csudpbft iHAvidle aPpHILBLE d@hmddd rOKI@EBLEANBAI NI NG
gas at a tenperature in the_range 100 to [err] in the presence of a shel

i mpr egnat ed cat al yst*°h&RA%g’ é"mpgbﬁﬁcf’f’f/‘?t lug Qfe%‘tzeptlhgnm%@frg%% of
vinyl acetase pé€e) h@dllpHun| artdr gof ddatwibpséd din 1) GutsrthosOISOSHm nyick : (1)
a catal yst support | rti dj r_.f boyt, 3 to about 7 nm
and a pore vol une o?g%%gg’tfgt%?ggwy%ér&g&g%? p("’f?Me%w gdi umand gold -
distributed in Chd duperaboyt 3 50tenAbout Gk Skalemwebght: pé nokeds ipmt acabsper t
particles, and (3) ywnbroih 8ROYL18 > ba1 QUL WwRighe Bt ¥R I18hiaQf cPOIIFEEI 44N
acetate wherein the gold to aIIadiun1wei%ht ratio in.said catalyst is in
the range 0.60 to 18382%Tdtreher 3 iYeldrumPedhi®ent is greater than 3.9 grams
per litre ofocatal yat catldlyst 2% platedsimsleimisnebedeinctiia pothsehian aicatitee
gold to pall adi INe| rafidga | atalyst is in the range 0.7 to 1.05.
11. A processgggﬂg#a?%éh%%ﬁﬂ%rgfﬁgﬁaehherern the gold to pall adi um wei ght
ratio in the rany@ @ s8stalyst gp5claimed im cipire Sswherein| Hienpell jadivmconhentof
claims 9 to 11 whes,RiaBet RBaR0F . BSeEMY BEL1ALLe GRNLAMyOf. 5 1O 9% by weight.

13. A catalyst as clained in anY one of clainsg 9 to 12 wherein.in
11. A catalyst as claimed in claim 10 wherein the palladium content

15 is greater than 3.9 grams per litre of catalyst.
12. A catalyst as claimed in claim 11 wherein the palladium content
is in the range 3.9 to 6.1 grams per litre of catalyst.
13. A process for preparing vinyl acetate which comprises reacting '
ethylene with acetic acid in the presence of an oxygen éontaining
20 gas at a temperature in the range -100 to 200°C in the presence of a
shell impregnated catalyst having a productivity'it greater than 661
grams of vinyl acetate per hour per litre of éatalyst at 150°C and
consisting essentially of:
(1) a catalyst support having a particle diameter from about 3 to
25 . about 7 mm and a pore volume of 0.2 to 1.5 ml pér gram,
(2) palladium and gold distributed in the outermost 1.0 mm thick
layer of the catalyst support particles, and - )
(3) from about 3.5 to about 9.5% by weight of potassium acetate
wherein the gold to palladium weight ratio in said catalyst is
30 in the range 0.60 to 1.25.
l4. A process as claimed in claim 13 wherein the gold to palladium
weight ratio in the catalyst is in the range 0.7 to 1.05.
15. A process as claimed in claim 14 wherein the gold to palladium
weight ratio is in the range 0.85 to 1.05.

35 16. A process as claimed in claim 13 wherein the potassium acetate
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t

the aIIad| umcontent is in the range 3.9 to 6.1 granms per
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. is in the range 3.9 to 6 1 grams per litre of catalyst.

20. A process for preparing vinyl acetate which comprises reacting
ethylene with acetic acid in the presence of an oxygen containing
10 gas at a temperature in the range 100 to 200°C in the presence of a
shell impregnated'cetalyst consisting essentially of:
(1) .a catalyst support having a particle diameter from about 3 to
about 7 mm and a pore volume of 0.2 to 1.5 ml per gram, ’
(2) palladium and gold distributed in fhe outermost 1.0 mm thick :
15 layer of the catalyst support particles, and
(3) from about 3.5 to about 9.5% by weight of potassium acetate
whereih.the gold to palladium weight ratio is greater than or
equal to about 0.9.
21. A process as claimed in claim 20 wherein the potassium acetate
20 content of the catalyst is 5 to 9% by weight.
22. A process as claimed in claim 20 wherein the palladium content
of the catalyst is greater than 3.0 grams per litre. of catalyst.
23. A process as claimed in claim 22 wherein the palladium content
is greater than 3.9 grams per litre of catalyst.
25 24, A process as claimed in claim 23 wherein the palladium content

is in the range 3.9 to 6.1 grams per litre catalyst.
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