PROCESS *~=f®R THE PREPARATI ON OF CATALYSTS FOR USE IN THE PRODUCTI ON
The present invention relates to the preparation of catalysts and in
particular to the preparation of palladiumand palladiumgold catalysts
useful in effecting the production of vinyl acetate . from ethylene, acetic
acid and oxygen containing 5 gas. The production of vinyl acetate by
reacting ethylene, acetic acid and oxygen together in the gas-phase in the
presence of a catalyst containing palladium gold apgd. 2R, gt% 5‘7c tgl
acetate pronoter is a known process. The catal yst conponen are 16
typically supported on a porous car LQL_aaLeual——sueh—as silica or alum na.

In early exanples of these catalysts, both th lacehum and gold were -
distributed nore or less uniformy t rrier (see for exanple
US 3,743,607 and GB 1, 333, 449). Thi srﬁ‘%ﬁﬁ E ﬁﬁuently recogni sed to be
a di sadvant age because it was found th | within the inner part

of the carrier did not contribute to the. reaction since the reactants did
not diffuse significantly into the carrier before reaction occurred. In
ot her words a significant anount of the palladiumand gold never cane 20

into contact Webledshfox Gag! RkpArat ioN06H ShriidsY HoROTEE R Pud bRAVRF o €W

met hods of catalyst nanufacture were devised wth the almof producing
catal ysts in which the nost actlvemre concentrated in the
out ernost shell of the support (shell irrpregnat ed catalysts). For 25

exanple GB 1,500,1 clalms catal ysts_i.n _which_at IeasttQO% f the 1 2

pdl | adi um and gol d’i 8 RF°EETS BV ion %af'es &Pt U5t °F carri er particle
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can be contro Ied b retreating the porous carrier with an al kaline
sol ution of, f’b?Ylei‘ﬁ?ﬁﬁt@ E?FUFENIG&Fbcﬁ?&Fé" Frid aaPueKY9sar atabning

5 gas.

The production of vinyl acetate by reacting ethylene, acetic
acid and oxygen togéther in the gas-phase in the presencé of a
catalyst containing palladium, gold and an alkali metal acetate
promoter is a known process. The catalyst components afe

10 typically supported on a porous carrier material such as silica or
alumina. | - '

In early examples of these catalysts, both the palladium and
gold were distributed more or less uniformly throughout the
carrier (see for example US 3,743,607 and GB 1,333,449). This was

15 subéequently recognised to be a disadvantage 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
significantly into the carrier before réaction occurred. In other
words a significant amount of the palladium and gold never came

20  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
which the most active components were concentrated in the
-outermost shell of the sﬁpport (shell impregnated catalysts). For

25 example GB 1,500,167 claims catalysts in which at least 90% of the



Anot.her approach whi ch has been found to produce particul act

catalysts is described in US 4,048,096. In this patent, s
catal ysts are produced by a process 10 conprising the Ste
| npregnating a catal yst support with an agueous sol ution: of

pal | adi um and gol d conpounds, the total volune of the solutions being 95 to
100% of the absorptive capacity; (2) preci pitating water-insol ubl e ]
pal I adi um and GR"ReU y y.gontacti ng the 15
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silicate has RgensurRa&ONLREIstMeh 12BE, £ Léfthel What 2P addd2OHES, the pH of
the solution is from6. converting the water-insol ubl e

pal | adi um andP§eTF2560n ?BW%Béqﬁt BAEFAPT £3P AR SARERRILEA et al by
treatment it bretxfeadhlﬁg heap@dus dabrigfSithnGn\alkaliRe @blutingn 6O ifeet i ng the

catal yst with tate and the catal yst. US
5, 185, 308 deSCI’QI %%&lﬁ'rne%aarr%a ?%enoﬁfs‘;dg?‘ q‘ di ung'gord shel | i npregnated
catal ysts for vi nyIAnat—:laratﬂEPqﬂaGﬂudtinmanhbm Sewnd280 prpAepmred by a series

of steps incl 5dkmuuapfﬁgeaweoeata@§emst addRiwed AU 140028, W8N g, drying,
pot assi um acet at e | oadi ng final ‘PFY g‘.r The use of alkali netal salts

such as sodi uH‘h%tP&§?'l“'r'c§f‘Enal’rﬂp’é‘?ﬁﬂ’Fﬁ WREY ArgsPrAduEediWal i RRPCASENt S i S
descri bedl@ heeenpris28g the StepsTBE mselraﬁregmluma bafaglyum aiyi;b gpet@sﬁl um
silicates and_hydroxides. as precipitati I, S cribed in U

2170, 056, Us™E 8008 FoARRITOE g eacitn i B gy KEPYY FRTRAUAR%t at es,
in particular tbetmsiu‘mla@et%ﬁ the g lupicuspiieding 950 to HINoH edrehehel | and shel |

t ype cat aI st ibor .a L.S; exanpl e,
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5, 185, 308 usaséff’é 05°I“P°t115d=5 °£8'9*meataé1¥at \$IPBOBISBY MAPPFacingotll ng t 0 GB
1, 28_3 73718l kahpranbbda @atalyet! bipoRBrvilth a solution of alkali metal

silicate, the amount of alkali metal silicate being such that,

after the alkali metal silicate has been in contact with the
.carrier for 12 to 24 hours, the pH of the solution is from 6.5 to T
9.5; (3) converting the water-—insoluble pailadium and gold
20 compounds into palladium and gold metal by treatment with a
reducing agent; (4) washing with water; (5) contacting the
catalyst with alkali metal acetate and (6) drying the catalyst.
US 5,185,308 describes the preparation of palladium/gold
shell impregnated catalysts for vinyl acetate production which ﬁre
25 prepared by a series of stepé including impregnation,

. precipitation, reduction, washing, drying, potassium acetate
loading and final drying. The use of alkali metal salts such as
sodium metasilicate and sodium hydroxide as précipitating agents
is described therein.

30 The use of sodium, lithium and potassium silicates and
hydroxides as precipitating agents is described in US 5,179,056,
Us 5,189,004 and US 5,179,057.
The use of alkali metal acetates, in particular potassium
acetate, as promoters for both non-shell'and.shell type catalysts

35 for vinyl acetate production is known (see for example, US



metal salts of weak acids, both organic and inorganic aci dsT! g¢d
to be especially useful as activators for vinyl acetate cata
lithium. potassium rubidiumand caesiumsalts and m xtures

said to have been found to be nost effective. However, only pot aSSI um
acetate is used in the exanples. 10 GB 1, 333, 449 describes catal ysts
conprising a carrier inpregnated with a palladiumsalt and a barium

carboxylic aChdvﬁuké"i-euféeﬁ'éé%daM-O%h% ©85 sy | 4 5283 08By IR0s [{AMy@s f © 10
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pal | adi um cont ai ni hg cat al ysts in the "absence cadm um an
Accordi ng to &pd migtyresoghenaqs axg &Pifl iteahave bean feund, B tentest are applied

to the supporésidetEsS! ONBISVEFR NGy pbiiss Sl BB AtRYid RBEEUMALAHY the support
wth a 25 solution of the active substances, subsequently drying it and

i f appropri at & ?ﬁ%ﬁ%btl ng it to reduction. Accor di ng to CA 2,071,698 the
active subktances GRM,aB3pi4% degpplibesl catalysex anpbeising preackpedt ati on on t he
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the preparation processes descCri e exanples vvoufid be
expected to pReRT€edsrdivedhlior & qrebexildryaqis havipadizan Harceh® aashescation
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(3) 3 w rrepared by impregnating the carriers with a solution of ‘the
active components and drying. ©GB 1,333,449 does not therefore,
describe the preparation of shell impfegnated catalysts.
The use of barium  auroacetate in catalysts is also described -
in US 4,370,492.

20 Canadian patent application CA 2,071,698 describes the use of
barium as a component of palladium-containing catalysts in the
absence of cadmium and gold. According to CA 2,071,698, the
catalytically active substances are applied to the support in
'customary manner, for example by impregnating the support with a

25 solution of the active substances, subsequently drying it and if
appropriate subjecting it to reduction. According to CA 2,071,698
the active substances can also be applied, for example, by
precipitation on the support or by spraying on, vapour deposition
or dipping. 1In CA 2,071,698 the preparation processes described in ‘

30 all the examples would be expected to produce non shell type
cataiysts.

Canadian patent application CA 2,093,610 describes the
preparation of shell type catalyst by the steps of (1) dissolving
salts of palladium, potassium and (a) cadmium, (b) barium or (c)

35 gold in a solvent; (2) atomising the solution ultrasonically; (3)



ac%ii
of high activity is obtained by using a bariumsalt to pr
i nsol uble 5 pal | adi um and optionally gold conpounds on t
support during the production of shell inpregnated catal ysts. According to
t he present invention there is provided a process for prepari ng a shell
i npregnat ed cgf, C 0 e from
et hyl ene, acet | c E'i{ ? ayé%u%gc,éé‘%,_@ﬁ Qﬁgc%nggsedf inJDaés sai %1; tral
conpri si ng paFiwgfi Bﬁ‘?‘a(ﬂd epringnaftiey g%ﬂhdimesﬂi@d on a catal yst support

characterised in tRethddBobHReR Sfoun@MHatSE TatBystt 8Phibh S&RAVERFes0f: (1)
i npregnating the catal yst support w th aqueous sol utions of water-sol uble

pal | adi um and®BHtPEAY §6iP &W&Hd%a“l? pregipitate, yaker jingolyhie |
| mpregnat el sppyickiuh raad Shttpnally Ybld compdiinds i thé catbhBfdtUshgprt capgbl e
of reacting wj he, S9Lubl di um opti.onal gold conpounds to
precipitate vva'%%'r Egl nsol ug{ie pa atgfﬁ%]hazrilﬂp?ﬁf‘?%%a & ﬁyaéconpounds on the
support, 20 (3) Acewndingtionghe Rrepentcipyendien W!at%rwl pepiided e pal | adi um
and opti onal gm&sgomgedfazfmgr@@hm $hbPedngied pkeamu @cqa WoL adeppt i onal

gol d netal by treatnent a reduci ng agent, (4) washing the product of
Step (3) wit hPiRfustionof YHWL acehats fHomgetaens ot iCorcig apd (38 with a

‘pronoter Hnd 2kygen contaifipid @aa) |s)éia &arauwa sahgnaﬁd; tph!lﬁacﬁﬂﬁ edrfdy' ng t he
catalyst. In g further odi me nvention t

provi ded a pro tmna?%’ prep‘ga f’ﬁ%e\‘}l ﬁﬂ’/la géée) 13{5 B\/‘\ﬁ?%’f’ut 5 %aecs'fgrtscﬁ?pf? ses
reacti ng et hytkste thetdrogees icomprisgsi the kbepgn és cveguensfe afi: oxygen cont ai ni ng
gas at a tenpgjat umpfe@nwﬁlgr eﬂa%awpysttosz&@@@ AQh ac}u@ow%oe{; SCEe Of the
catal yst prepared by t guocess as herein'describ he catalysts of the
present invention. H%‘%Fé"'tsﬁ blgy B iageun (288 qErdonad §°}ﬂ QHPEP‘%‘GFeCt i ve towards

t he produlii og2 pf &bmdctwttabelﬁreghﬁmaxmset Grob)stRpogCLsEISWCh as

;?;ggzt d: (r)laathI on iolut:.on oé gar:.ugr eﬁ%r ggp'aa%?e Ooff ngctigé aw'ﬁéﬁt Of the

water-soluble palladlum and optional gold compounds to

i 'mpregnating the support with the atonised sol ution one gr.
(4) curing after each inpregnation. It has now been foun ‘aﬁﬁﬁﬁ

" precipitate water-insoluble palladium and optional gold s
compounds on the support,

20 (3) converting the precipitated water-insoluble palladium and
optional gold compounds formed in Step (2) irto palladium
and optional gold metal by treatment with a reducing agent,

(4) washing the product of Step (3) with water, and
(5) contacting the product of Step (4) with a promoter and
- 25 optionally a barium salt additive and drying the catalyst.’
In a further embodiment of the present invention there is
provided a process for preparing vinyl acetate which process
comprises -reacting ethylene with acetic acid in the presence of an
oxygen containing gés at a temperature in the range 100 to 20b°c

30 in the presence of the catalyst-prépared by the process as herein

described.

The catalysts of the present inpention have the advantage
that they are highly selective towards the production of vinyl
acetate at the.expensé of by=~products such as carbon dioxide.

35 In the preparation of the catalyst of the present invention



it is preferred that the catal yst supportgis a porous silica, alumna,
silicalalumna or titania, with silica berng nost preferre@ihls ﬁermm ¢placed
the support has a particle dianeter. of from about 3 to about e
- volune of fromabout 0.2 to 5 about 1.5 m per gram The

preferably have a surface area of 50-800[err] per g. In the process of the
present invention the support is first inpregnated with an aqueous sol ution

containing waler isg%lrgp%ﬁeﬁaéda%d@gmcgﬁﬁ ep;;ng%ah 99! d £BROWRdE.,, Al t hough

| mpregnation 0O e Ssu ounds s not an éssenti al
feature of thelpfrﬂe@emi]riﬁ#é#ituméha qxhe#énbet Wiﬁhlﬁi&dF%r’PPamj mget d conpounds

are used in tlgseefémeagn@&emaﬁi P thBesupRsit HaBla Gat-eddist & dnaver iofpr oved
oride, sodium or

productivity. Pall adi um*ll assium 15
t et r achl or opalfFSH A8 I3 °[%*1pr B pRY 3 PRER VRN % Tem ARoph & 20F°
pal | adi um §1 | rbsud phatr -pee geanplree @fppeut tshbhll waésarabiplhabé e pal | adi um

conmpounds -f or r 0 present invention. Auric (I11)
chl ori de or SH§' eéeugg% of %ﬁ%&n ep.bgol ubl e gol d conpounds in the process

of the pr esent | nvéntthmprmss ghdhgseresent daventioet thec ArrRospald fivate (11)

and. tetrachl ongaiidnatéd lea):haéﬂ Badedull 5188180 BREAUSRy VhatéNQbiugiQod wat er
solubility and ready avail lity. The quantity of palladi um conpound

enpl oyed is s@F%%ﬂﬂW”sﬂ@fﬁ%‘ﬂ“Bl (e di SREPPRndsh e AyEREROR dPRYSPRRtiANOBEict. from
Step (5) 1065 the s?fiaportlZuEh guoaHScd&&o@n&id ading® pereskedtial ofeatafdlogSthe

(corresponding_to Q gnven on' w gv\ghglatna nglmfg d:pu%n °2‘§°‘?ﬁr2' ty of the

support), pre era%q y-greater Fans o re of
cat al yst (cor mespamdthey msrﬁggf@ai@r StemIthg. m@u%:b}s eetajivstgidpgeedi ng upon the

density of thgy ?mqr{,,)od@ggimg,e preferably, 30 greater than 3.9 grans
per litre of catalyst corresrsondr ng to 0.62% by wei ght dependi ng upon the

density of the supp@tigdivumofIarhlogidey FOALY F RAFEESYhe pal | adi um content
is preferabl ytﬁﬁrid)llar&;gallh.az{a&!ér (E9peashdey, ter k,2d¢1Qy pari gdilumdep®ndi ng upon
e Lonpu b Mo A A MR MO ol guete the 35
soluble palladlum compounds for use in the process of the present
invention. Auric (III) chloride or may be used as the water-
soluble.gold compounds in the process of the present invention.
20 The use of sodium tetrachlorbpalladate (II) and tetrachloroauric
(III) acid is preferred because of their good water solubility and
ready availability. ' _
The quantity of palladium compound employed is suitably such
as to provide in the final catalyst product from Step (5) 1.65 to
25 12.5 grams of palladium per litre of -catalyst (corresponding to
0.26 to 2.0 % by weight depending upon the density of the
support), preferably greater than 3.0 grams of palladium per litre
of catalyst (corresponding to greater than 0.48 % by weight
depending upon the density of ﬁhe support) and more preferably,
30 greater than 3.9 grams per litre of catalyst. (corresponding to
0.62% by weight depending upon the density of the support). For- .
palladium/gold catalysts the palladium content is'preferably up tol.
7.5g/1 (corresponding to 1.2% by weight depending upon the density
of the support) and for palladium without gold catalysts the
35 palladium content is preferably up to 12.5 g/l (corresponding to



5 6 2.0% by wei ght depending upon the density of the supgpor

quantity of gold which may optionally be 6grrpl oyed i s sui tabﬂl i ee eplaced
provide in the final catalyst product from Step (5) fromO. 3 '
"of gold per litre of catalyst 5 (corresponding to 0.06 to

dependi ng upon the density of the support), preferably greater than 1 5
grans per litre of catalyst (correspondi ng to . greater than 0.24 % by wei ght
dependi ng ‘upo densi.ty.o e su rt) t y in the range
1.8 to 7.6 grgrrép% r TR Bl d"fﬁen 'tgaluﬁg'?% co?erneséﬁ%ng tlper% Sé?ft% 0.29 to 1.2 %
by wei ght dependi ng‘hapqmnt:har @€ rosildywigifcht hay snpmtaﬂ-}y Hetemﬁomflbflerred t hat

when gold i RGeSl ki Be &a%ﬁi&iﬁra 1 ttﬂt 5581 \Ee@ly ot BLddiclOhlhpal | ad) um
in the final catal product Trom S 5) isin range 0.10 to 1.25,

preferably 0. 8t® f)2§r°‘“18 38 to 7.6 F’é?msePFeQﬁlF’v%erdéb'b%ﬁ Pf FrtatsE vol une of
sol ution used (Eefrédﬁaﬁﬁgﬁatd ngob he suppoa& wiiyht tdepepdingasonntioy pal | adi um -
. and gol d shoul d b 95 to 100% o 0 vol f the cat aI yst
support, prefera?)%iy ggrpt 5‘@%’:’5&% 8referfﬁrge’8r?r ?%erf g{;r%nq egnaq ed support
I S treated inl2bre oft extal?st (wptiespandiqgebegreatart than Ok 24 by iwedokal t
preferably, b%&béﬁﬂi%d&&’ﬁ' Ql’?e dgﬁsﬁei:?' &t The' SpbEOP %tJbsEhﬁre%LQleS% ubl e
pal | adi um and opt 1 onal npounds to precipitate water- insolub
pal | adi um andtBﬁt‘f"’d‘ﬁal 1%0% 7cén%’€ﬁ€fﬁd€‘-’-’bﬁ’*€¥?e of [FAFSLYSt Tﬁ%r’%%‘i‘ﬁﬁ‘?ﬂinﬁft%arl um
salt precilpitalp9gagents by welighe tdepéndiingClipoaSthe ldBfsgl ot |tae has been in
contact with the i at ed sgg ort ﬁ%r getweegilz and g g rs, the pH of
the sol ution i*PEYf abIg{}' R RERESTEESgEN Y BheR, 981 L5 PERSEPELY *¥ 5 to 8 when
measured at [ea’tily@ltl;lt‘@tSt:lﬁ)w(eiz«jhtotati!:egpld)‘@euadﬁlmthetpe &seat i nvention
pal I adi um and 99%1 LQ ﬂmrépgbd?r q&ei,b%teya%qet&1eet<prle§spl tat ed or
30 i ncor porate ont o e support convert the water-insolub
pal | adi um and PEPESHRARAY (le ‘EPéo?r‘ﬁounds precipitated in Step (2), | nt o the

WEta|||(3 gsate, thewor effective deposition, the volume of solution used for

impregnating the support with the palladium or palladzum and gold
shoulq be from 95 to 100% of the pore volume of the catalyst
support, preferably 98 to 99%. . o ' ' .-
After impregnation, the impregnated support is treated in
20 step (2), with an aqueous solution of a barium salt preferably,
barium hydroxide, capable of reacting with the water-soluble
palladium and optioﬂél gold compounds to precipitate water-
insoluble palladium and optional gold compounds on the support.
. The amount of barium salt precipitating agent is such that after
25 the solution has been in contact with the impregnated support for
betweeﬁ 12 and 24 hours, the pH of the solution is suitably in the
range 6.5 to 9.5, preferably 7.5 to 8 when measured at 25°C.
During Step (2) of the process of the present invention palladium
and optional geld hydroxides are believed to be precipitated or
30 incorporated onto the support.
To eonvert the'water-insbluble palladium and optional gold:
compounds precipitated in Step (2), into the metallic state, the
"impregnated support from Step (2) is treated in Step (3), with a
reducing agent such as hydrazine, formaldehyde, ethylene or . -

35 hydrogen. . If a gaseous reducing agent is used such as ethylene or



i'mpr egnat ed support from Step (2) is trea ed in Step (3 wi th a reducing
agent such as hydrazi ne, formal dehyde, yl ene or 35 een 13‘&"
gaseous reducing agent is used such as et hyl ene or I ml WI |
usual |y be necessary to heat the inpregnated support to

order to effect conpl ete reduction. After the St ep (3) described above the

reduced material is vvashed vm'th wat er - (Step (4)) and then inpregnated with
the 5 requi r.ed _anmoun salt, or alkaline

earth metal saltropy net’1 r"éﬁl mig’éét af‘%cea?ﬁar’ﬂrl e%ea(ts*fléep ipByggnated |

preferred t hatsmopr Geole tbhmoecusl osder SOt effSrtimonpbitat eeduetéder abl y, t he
pronoter content ofade dieNdle spcqwae%trtb%f %&getteagg&ctdmat%{w 19e1 ght as

acetate (correspondi rl% to 6.25 to 56 10 ot assi um acet ate pendi ng
upon the densﬂ‘ﬁ?hﬁ‘f‘ wifh warspotstep %)barﬂﬁ‘rﬁéﬁt tlmmﬁf-%ﬁewéﬂbﬁhas bari um

acetate, bari waqﬁifhﬁl emam_, gbq;rbuaaé&uwératae ka8 il taédtmrdslka&ﬁéer abl'y
barlumacetate q§ add prefer in the range 0.1
4

15 to 9% by weight ‘%15"" P59 eﬁt’g«y 'ha?lcg'é%ﬁ g%dﬁ‘é‘tl’ fiPdh SEEp (5)
(correspondi ngist préfegred thét oid pd@pﬁndlmruptawtém pdEiEEuhi}t arfetabe, support).

It has been fCBP&QeMLEi%O% ng& %&L&@ 3eld atgﬁxlatl' X&alkpé‘ dseidengy for

catal ysts prepared ac process o resent invention to
deacti vat e wi t9#ngsel it8 %bﬁe‘ﬂ?}@éﬁ asrhpetﬁtﬁptwemqndtw &at &d2psto 56fetine i s

al so obseriged dar sshgbtaddips frkbadiddpemiidgnalonagid abanhd sakabysts
prepared usi ng21 convent ional precipitating agents such as sodi um

metasi | i cate. 1WPR%Et)al ysts prepared according to the process of the 25
present invention usibagiwm sap@adtitiae suFhaapdalriah @acdtaeRt odriah f rom about

3 to about 7mBr§Pgor?at20rbear\{9rL %@yp t:lef 59 rI%a.?Qﬁny thagr?zxigi%ij?bgyera%?% bari m

gram the pal I"adfum and opt1 onal e outer nost
1.0 mmt hi ck |agpEpterf menaleaths yé@e%étppiﬂep. (5) preferably in the range 0.1

15 to. 9% by weight as acetate in the final catalyst product from Step
(5) (corresponding to 0.6 to 56 g/l depending upon the density of
the support). It has been found that by using a barium salt
additive, the tendency for catalysts prepared according to the
process of the present invention to deactivate with use is

20 reduced. This improvement in catalyst lifetime is also observed
for shell type palladium and palladium/gold catalysts prepared
using conventional precipitating agehts such as sodium
metasilicate.

In catélysts prepared according to the process.of the

25 = present invention using a support having a particle diameter of
from about 3 to about 7mm and a pore volume of from about 0.2 to
about 1.5 ml per gram, the palladium and optional gold will be
distributed in the outermost 1.0 mm thick layer of the catalyst

. support.

30 Preparation of'vinyl acetate using the catalysts of the
present invention is typically effected by contacting ethylene, -
acetic acid and an oxygen~containing gas, with a sample of the
catalyst at a temperature in the range 100 to 200°C, preferably in
the range 140 to 180°c; and at a pressure in the range atmospheric

35 to 20 bar. Typically, the process is carried out heterogeneously
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30 Preparation of vinyl acetate ysing the Caﬂﬁh%§;%\\F\Fﬁ€‘§Tesent
invention is typically effected by contacting ethylen “Tlitebldcegnd an
oxygen-contai ning gas, with a sanple of the catal yst I/m rein
the range 100 to 200[err], preferably in the range 1 and at

a pressure in the range atnospheric 35 to 20 bar. Typically, the process is
carried out heterogeneously 7 8 with the reactants being present in the
gas phase and v@tQ;IeveIs of oxygen bel ow the limts of flapmahility. The
reaction is ultdl Ve EPPERFSERIRG PResmiteit 508 BF RAARS 2tk Wikt 118Fethe

anount of acetf eoxygen bedowdther himied &f flamapolitly.cOrtel dedaxtibonss After 5
reaction, the,yi A 1S p hE ) ' onventi onal

ot hods. The g AERan Beb uaiPRh blpf U, Pl bk Bl Bn SRR 0"

t he fol | owi ngebaseplefcifdisrigiarmdngd thy Sewippint shesidenatjonph AStert he
activitiess f opeadtiph, anet fidg1PEQAUEL | 10N s0farlabBa GAN YPukIkfeal UsingV th UseE.
General Method for Preparing the Catal yst Sanpl es ring this nmethod only
de-i oni sed wabfPVERELCMRLeBtYSE8p (1) Inpregnation of the Support 15 grams of
a high surface are@hsphesemalingartiion wEIPPMW bd S 11lustrat8g wvAtRaFdfegbice

di aneter of 4 ' 6Q_- ex Sud. Chemni e) s.added to 8,7 ml_of an
aqueous sol ut F%%h%f PB;‘R& F% %(’ac?lf'p:lceﬁl %?dogg?Trzf a% \g%t?i"f'ngﬁga hé’w[ ié'? rgjraﬁrr’]d

chl oroauric aépk the Rrtiuttdepefay] vimyl apetatesprsiductionpef [thdi erhadmetyol d
conpl exesjusedigegesuch as to achi eve the desired pall adi um 20 and gold

| oadi ngs on the sugport. The_addition was done in a single portion and the
m xture was geFSSP-sw LAty R oL A=Y 8 SARNEEY absor bed (about 2

m nut es). AftBiringptieignaétiza b4y depic@sed edestippdrdsedas al l owed to stand

for two hoursg rQ Lenperature. geS Sunport In the Exanples the actual
wei ghts of [e ed upon prior experience within
t he 15 grams of a high surface area spherical silica support

15 having a particle diameter of 4 to 6 mm (KA160 - ex Sud Chemie)
was added to 8.7 ml of an aqueous solution of sodium
tetrachloropalladate trihydrate [Na2§d014.3320] and chloroauric
acid trihydrate [HAuCl,.3H;0]. The amounts of the palladium and
gold complexes used were such as to achieve the desired palladium

20 and gold loadings on the support. The addition was done io a
single portion and the mixture wae gently swirled vntil the
solution was fully absorbed (about 2 minutes). Afte; impregnation
the impregnated support was allowed to stand for two hours at room
temperature.

25 In the Examples the actual weights of NajPdCl,.3H,0 and
HAuUCl,.3Hy0 were selected based upon prior experience within the
laboratory to give the reqdired nominal target concentrations of
palladium and gold in the finished catalysts. Thus, it was the
-experience within the laboratory that metals were lost during

30 catalyst oreparation. The followihg empirical equations were
determined, based upon observations made during catalyst
preparations, to determine the amount of additional palladium and
goid required to compensate for these losses.
additional % by weight Pd required - 0.04 + 0.05a;

35 additional % by weight Au required = 0.085 - 0:21b + (0.48b2)



' I"aboratory to give the required nom nal tagget concentratlons of palladium

and gold in the finished catal ysts. Thus, ed Wwthin the
| aboratory that nmetals were | ost during 30 ’ ion. The
followi ng enpirical equations were determ ned rvations rrade

during catal yst preparations, to determne the anount of additional
pal I adi um and gol d reqw red to conpensate for these |osses. additional % by

wei ght Pd requiyjed addi tional. % i ght Au required
= 0.085 - 0.21K gher eif‘er a]’“fi 5 ave é@&meré?ﬁ'eégg% grl%c{’t \ﬁby wei ght of -

pal | adi um and goldl reepgyddvelserpanismpdi iedhentinkd Cfartawstcatcaluym product. For - :
- exanple, for agharggh,Qf, Goé %P lexra(@ ghto QQ'@ 01kt gaaoa%l%/a Qpb%éas

required to allow for expected |osses. Therefore, weight reagents

shoul d be used9p¥ dehreapdred Frgablay fopieyRected] pssps- Mb?refefecaeieles be
appreci at edst hag ﬁaat;&ewseehodnbaéamw €5 aghtevd epamBat iyNwéigheeghitaes wil |

require different e iri IIovvancsfor an a ses. In the
Exanpl es, the anount o"fi al? FPBRE N e-gﬁﬂpae?fﬁié/ %Pé’ %Jlgg &fated in units
of granms per | laberatbricat ahd sirepsiatdonrpravedurge Wwal ategslral@isferentf 625
gram per |itr gy, SlieR: (ﬁhoﬁéreegpggxafahgmé%aﬁqoggéson of barium hydroxide (or

sodium netasilicate precipitat wat er was qui ckly added
‘to the wet 15 i npEBdiet Exrmnlgporthet equnhiveh Patiadivi e -gdlumavePpal 1 adi um

and optiong) gehfewlQEBROURDSnIR VRt Hank (el Ll:ttlr.@ Pelchedliyet didg o | onal gol d
conmpounds. The concentratlon of the bariumh dI‘OXI e (Ba(OH) 2) solution was-

det er ni ned usi AZSTAIE FHIABHF r?ganfbtl"yrrﬂ 6252@" 15¥*9err] required (nol es)
= 1.8 x [ nol es seép NapPricdpitaedor 2 x (ndl es of [err] used) + 0.02

mllimles per gr a”h"%:l%‘é?&?”f B2 ndmtoxidd'Gof ShHLE miB% i EddeGd Priefly

and was then permtte
precipitating agent in 18 ml of water was quickly added to the wet

15  impregnated support to convert the water-soluble palladium and
optional gold compounds to water-insoluble paliadium and optional
goid compounds. The concentration of the barium hydroxide

(Ba(OH)3) solution was determined using the following formula: R

20  amount of Ba(OH)j; required (moles) =
1.8 x [moles of Nadecl4 used . .
+ 2 x (moles of HAuCl, used)

+ 0.02 millimoles per gram of support used].

25 The mixture was swirled briefly and was then permitted to_etand '
undisturbed overnight.. ' -
Step (3) Reduction

The equeous phase above the support from step'(z) was
treated with a 55% hydrazine hydrate solotion (Aldfich) reducing

30 agent to convert the water-insoluble palladium and optional gold
compounds formed in Step (2) into palladium and gold metal The -
quantity of hydrazine hydrate used was determlned us;ng the
formula: |
22.5 x [(moles of NajPdCl, used) + 1.5 x (moles of HAuCl, used)]

35 The mixture was gently swirled then allowed to stand



Undi sturbed overnight. Step (3) Reductiop,The aqueous phase above the ——
support fromStep (2) was treated with a 55% hydrazine h drate sgl u LON.g
(Al drich) reducing 30 agent to convert the water-inso and
optional gold conmpounds forned in Step (2) into pall adllﬁ if ﬁgm
The quantity of hydrazine hydrate used was determ ned u5|

22.5 x [(rmoles of [err] used) + 1.5 x (noles of [err] used)] 35

m xture was ¢ I allowed to stand 9 10 undi st ur bed

over ni ght. SQ&’(%) §%1J ﬁsgmi?ﬁg aqueous phase was decanted away and the
product of Stéﬁ.q_zﬁ.h&w_mhed four times with about 50 m of water,

decanting 5 aftepn@ahed@s Bhase Was TcBhtd ak@s a;.aaamsfﬁwaaétt& atgg, ass
colum fitted with a stopcock and then washed with further water at an

appr oxi mate r &tk Y3 Wefllﬁ*’é‘ pipes $itly aPUAR i PREAREENIYRGRYMEI ded a
negative chl oatetr o8& washh s:hé\tmteaianr ahe trShefercéd tbryiglgss Ricdnwber’
oading and Feialediind dhocock ang G BLAMCE ARCLERLL) ag,dr ed at
[err] overnig t-in 4 forcedrarr oven, coo npregnate :
sol uti on of thepmetqmireedamrminon%ﬂipm @S5 Mmhowrst a{l*ei-lpr—hﬂm@ehimd opt i onal
bari um acet at ¢; 40t L VReghfi i énllri@h VRESHien BOLAL! pURRES wWas made for
potential netal | osses when sel ectl ng the am)unt of pot assi um 15 acetate
pronoter and & ' sS4 IURTIAEE LI =t o e

aV=X) = <

z 3| Dayang #58d. The nmi xture was
swirled umil all tche plrbﬂhld:td mas s&bgomedas tdlaeéu Tab660?§:t a&qeatgws.nagau n

dri ed overni ght at, [errl on a [ ss_steel a0 Qrc L r oven.
When barium hg g °]v§ §%€’ p#‘%c?ﬁ?’f%‘tate‘fhe arfotn ut"f’nzc%d i?}%arl umin
the finished cacktalryéta;mmaszﬁ pdtdpsidRacensts growter ardasptiioatl dudédn as

barium acet at ac@..%%t Ldfichecauss, X al QwatQ@H NN i SRR ew e b aunggy dr oxi de
precei ptant was al so present. The anmount of
- potential metal losses when selecting the amount of potassium

15 acetate promoter and optional barium acetate additive to be used.
The mixture was swirled until all the liquid was absorbed, then
the catalyst was again dried oﬁernight at 60°C on a stainless
steel screen in a forced-air oven.

When barium hydroxide was used-as:precipitant, the amount of

20 barium in the finished catalyst, measured by XRF, was greater_than
that added as barium acetate.additive because residual barium from
the barium hydroxide preceiptant was also present. The amount of
.potassium acetate_ﬁromoter in the finished‘catalyst was measured
to an accuracy of + 10% by XRF. |

25 Catalxét Test Method

Tests were performed at 7.8\barg and 150°C using 2.5g
samples of the catélyst‘pellets, diluted with 60 ml of 1 mm glass
beads and loaded into a stainless steel tube of internal diameter
10-11 mm. The catalyst was activated at 7.8 barg by heating at

30 160°C for 3 hours in a stream of nitrdgen and then at 150°C for 10
minutes in a stream of ethylene. Acetic acid vapour was then
mixed with the ethylene And ﬁassed over the catalyst for a period
of at least 50 minutes. A mixture of 21% oxygen in helium was
gradually added to the feed gas while maintaininé the maximum

35 catalyst bed temperature at 150°C. The catalyst hot spot was

10



pot assi um acetate pronoter in the finished catalyst was m@gﬁégtq.gsggnﬁgblaced
accuracy of [err] 10% by. XRF. 25 Cat al yst Test Method T

performed at .8 bar and 150C using 2.5g sanples of the c§Mﬂ&MEMJ,ﬂ%
diluted with 60 m of 1 mm glass beads and | oaded into a

‘tube of internal diameter 10-11 nm The catal yst was activated at [err]
barg by heating at 30~ [err] for 3 hours |n a stream of nitrogen and then
at [err] for | Str of eth Agetic ac viapour was

t hen m xed V\n%‘%'rimﬁwé ts1a§l{egnoeelcén pass'“e"=1 r le‘mcgfa %s af:gr 9 period of
at | east 50 nbirthuss. wak mptbatlene: %ﬁetzg%qiﬂygawgew heliwmrwad 1gf aPudk |y added

to the feed gas; whbs & BRI f13hBi &HA EH@ t'E’ééi G4R Rour1y Gitladl WaihobRY LeLEperature
at [err] The_catalyst hot spot was : mai ntai ned at [err] The final

conposi tion of23h&ry e‘acFﬁ?ltPrﬁF'%f"uﬂé"%“’é’f APPLYREIa LR (EDE APPHY RERFE AT
hel i um = 53. 1hourh®. ditefévdls bzSméan’yof GinuaHk-1and 4ah;eliqmal cljomattuably. space.
vel ocity was 3850 [er The odu t,stream ysed in the Jvapour phase
at 5 hourly int elté‘v ij]it % %?1 iR ICW‘} laa<'§1:secila"5 dr=c R oY gr aph.
Activity of theet@&ewWCMQecali@mbaneGaaslygtapﬁa: bbum(ﬁydlceatmaawéem.oduced
per litre of gagpal x&tseqeetmkag ééeﬂgecatta +Y /gL %algﬁﬁearui sglectivity of
the catal yst vvas cal cul ated as ercentage of converted ethyl ene present
in the producPsrIsatragere i?)‘verF%dpGF “SnP‘teﬁé“‘bégﬁ Ehey Produst ay dlakgeanst
~activitiesd andegicedtdn/ thé SasiBassuersl Retapedr lactanckidd dvaurs after ful
oxygen cont ent achi eved. Th of tgg hgnge“ nments_are sunmmari sed
t

| t
'n’ Tabl e 1 bePSHicHRE- B AREFR H5Fwedis 12 ) AFERdF SYRBIN [0 15
Figures 1 to BentHentingHscadhievEat al yst (G A catalyst was prepared to have a

nominal tar get compagig k?ﬁﬂfs 0 St St B Laglaidep 2 ) a0 0. 4

% by weight gold (2.5 accor |ng to the gener escrljbed above
using 20  0.8%5%¥y ofhe aFfivishes @L15RL catoysEeith) ype 8reFhewy in

15 Figures 1 to 5.

Example 1 - Catalyst (G)

A catalyst was prepared to have a nominal target composition
of 0.9 % by ﬁeight palladium (5.62 g/1) and 0.4 % by weight'gold
(2.50 g/l) according to the general method described above using .

20  0.5529g of NajPdCl,.3H,0 and 0.1561 g. of HAuCl;.BHZO in step (1);
1.4845g of Ba(OH), in Step (2); 2.76 g of 55% hydrazine hydrate
solution in Step (3) and 1.15g of potassium acetate
{corresponding to about 7% by weight, 43.8g/1 in the final
catalyst product) as promoter in Step (5). The catalyst was

25 found to have an average activity of 888 grams of vinyl acetate
per litre of catalyst per hour (at 17 to 22 hours after full
oxygen content was agﬁieved) and the activity of the catalyst with
use is shown in Figure 1.

Comparative Example (a) — Catalyst (A)

30 A catalyst was prepared according to Example 1 except that
0.99 ¢ of sodium éilicate pentahydrate was used in place of
Ba(OH)3 in Step (2). The catalyst was found to have an activity
of 784 grams of vinyl acetate per litre of catalyst per hour.
Comparison with Catalyst (G) in Example 1 shows the benefit of the

35 present invention of using a barium salt as precipitating agent in

11



~1.4845g of [err] in Step (2); 2.76 g of ? % hydr azi ne hy'UIISShethBdédeﬂla
Step (3) and 1. 15g of potassium acetate (cCorrespondi ng to

wei ght, 43.8g/l in the final catal yst product) as prom)te m’%m, The
catal yst was 25 found to have an average activity of 888 grans O

acetate per litre of catalyst per hour (at 17 to 22 hours after full oxygen
content was achi eved) and the act|V|ty of the catalyst with use is shown in

Figure 1. Co rative Exanpl.e - Cat al yst 30 catal yst was

pr epar ed accggg? FF P R8I 2 @ég’p‘i“‘lﬁﬁg‘f sbgéé EYPY LB m }ﬁ i cate

pent ahydr at e wesiwisgdod mhplmalgﬁt el Jusé nisSehgen( 2k . Fifhee Gat aI yst was found
to have an acgiyihy 9f- @4_} of vinyl acetate per litre of catal yst per
hour. Conparison W y in Exanple 1 shows the benefit of the 35
present invention &f cﬁ'sailﬁgt dagapreaparedilaccerdipy & Brampleny exgepk that 12

the preparsti ghplo.8293 I(a@l&w%&c&idgsﬂﬁlahoatyaemats@lsys,t/l Bywaeﬁ@{tl yhty of

the catalyst with use is A
catal yst was pPedrad %?c?@bﬁﬁ H§°"E"(5’ttx%ﬁy]§'?‘é“flé'&g§5fa‘i%§?r% “s‘%rﬁﬂl 0.825 g
(correspondi ngrémptaboin StdPg(531. Thg/dathyysmeivgdifound tHochdvenah o@irage/ st

product) of pggﬁ%}%&g&ﬁ%@ﬁ SmbSLE VYRR 288 R0 315@ ‘ig%ée“ %%gagf k& ipIPe

cat al yst was fol ave an average activit
acet at e per | heye ofhe @ckiyiy 9ér‘°h|¢o€#t31¥¥1‘e with juget i @fwvmenca%qus% with-

‘use is sheyn ERadghigUsE l:at:l% tExgmpl e 3 - Catalyst (J) A catal yst was
prepared according _to Exanple 1 except that 0.742 of barium hydrOX| de was
used as preci pitat Pnﬁa%&}éf was %’feé’ﬁrg )accﬁﬁ?én&aﬁ%ﬁgﬂplﬁ/aﬁ FEERY B have an
aver age acti votyaoig SBﬁoagimwfomay«kasaﬁeécahe mecipitatengfagestt dnyst per

hour (8t 17 18:e1 9282 1AW Sl LU LoR0VGeRa g0UCRontER SRNEGRE .

Exarrple4- was reeae usin
hydr oxi de i n SBemramp. O%Vénﬂgeca@ttlevp%w lwa:sp 495039‘#&31%': ofr \hOHyI (#céfate per

15 to 22 hours after full oxygen content was achieved).
Example 4 -~ Catalyst (X)
| Example 1 was repeated using 2.969 g of barium hydroxidé in
Step (2). Average activity was 495 grams of vinyl acetate per T
_ litre of catalyst per hour. The results for Examples 1, 3 and 4
20 indicate that as the amount of barium hydroxide precipitating
agent used in Step (2) is increased the beneficial effect on
average activity passes through a maximum.
Example 5 ~ Catalyst (I)- Palladium Catalyst
'A catalyst was prepared according to Example 1 except that
25 HAuCl,.3H,0 was omitted in Step (1). The catalyst was found to
have an average activity of 299 STY. The activity of the catalyst
with use is shown in Figure 2.
COmpatative Example (b) - Catalyst (D)
A catalyst was prepared according to Example 5 except that
30 0.99 g of sodium metasilicate pentahydrate was used as
precipitating agent in place of barium hydroxide in Step (2).
The catalyst wéds found to have an,average.activity of 247 grams of
- vinyl acetate per litre of catalyst per hour. Comparison with
Catalyst (I) in Example 5 shows the benefit of the present

35 invention of using a barium salt as precipitating agent in the

12



l'itre of catalyst per hour.  The result%for Exanpl es 1,3 and 4 20—
r

I ndi cate that as the anobunt of bari-um hydroxi de precipi t?ﬂ’ Btsenlxs Qean
Step (2) is increased the beneficial effect on average actj

t hrough a maxi num Exanple 5 - Catalyst (1)- Palladi um Cat

was prepared according to Exanple 1 except that 25 [err] was o

Step (1). The catalyst was found to have an average activity of 299 STY
The activit taly, | 142 Ej q;ygp tlve
Exanpl e (b)y &fggtggﬁ/ls%% )as a}((:\iagda &;‘é%l&agf%g%@g; g%l daagg%r A'?“ @o ealrrpl e 5
except that 3oPe 2GRivgtof ThecaarvHEt asitheceatelyehtwibhdiset és \ibowased as
preci pitatingridgests n pl ace ‘of barium hydroxide in Step (2). The catal yst
was found to ave, an averaqe act|V|ty of 247 gram; of vinyl acetate per
litre of catal le Solne Baz g Aogtats SY€|) in Exanple 5 shows
t he benefist of them maeamt 8bs prepmat amraingmbmggaa‘pbaﬁ uidn:é;a-l thas a( .
recipitatin aration. o al |l a nly (rather
!tohan Bal | adi 8“ Pl ﬁ% % eor(]::%l panfllé J t?haemé%t;l vllitg “re‘?iﬁ gt%l yst with
use i s shown Q/H- FFg‘H?eefﬂnalExahﬁJYet @mdw)abysnoté\@iumbet@neﬁmnate: Addi tive

5 A catdabyﬁs HreBdREnd GoOLlulda 1A By amibae 1 28X68P4h Lhat a
m xture of O. c\g??%spoﬁ%f ngn‘?o about 5. 10% L’ ht 3%% g/l in the

final catalyst eprfg’bi}cf’)"‘t%]fysﬁo?’%??gﬁu’rn°§c’%ﬁr&t"é §5e6 éF‘d‘aﬁi‘deowai%Bsbd in

(cor respafdi rsg:etaombouirhd p?lo/mbyth\aescghnon’eab&g/the lsn;pbha: aksad cat ﬁl ys}_I f
roduct) of ef at e n_10 The pH o

ltohe sol Lt I on %Lg\%qa(ﬁ, b %e% glta e \g@o’ﬁg‘%gtwaosnm% suﬁreem p| % QI ORIt ep (2)

was neasur ed farabestg Wa?h@ﬂ@dt%ﬁ 9!9?9 wasaverage dotihibyeofirBldverangeoficti vity of

814 granms of Wingyl a@sﬁﬁ{:@tferpgf.tx]e' b# %a@glfs%t Béxy %gmper Tnglératalﬁ% widt al yst
was anal ysed by XRF and was found to contain by I ght

pal | adi um 0. ¥%9¥eRA &y ikwmwﬁaé%‘ﬂn?%ﬁen?%% i PO - 88%he

15 palladium; 0.45% gold; 1.71% potassium and 3.90% barium. The

effect of the barium additive of reduclng the rate of deactivation
with use is shown in Figure 1.

Comparative Example (c) - Catalyst (B

A catalyst was prepared according to Example 6 except that
20 0.99 g of sodium metasilicate pentahydrate was used as
precipitating agent in place of barium hydroxide ir Step (2).
The catalyst was analysed by XRF and was found to contain by
weight 0.91% palladidm; 0.41% gold; 1.77% potassium and 2.60%
barium. The catalyst'was found to have an average activity of 693
25 grams of vinyl'acetate per litre of catalyst éer hour. Comparison
with Catalyst (C) in Example 6 shows the benefit of using a barium
salt as precipitating agent in the preparation of a palladium/gold
shell type catalyst which has potassium acetate promoter and
barium acetate additive. The activity of the catalyst with use is
30 shown in Figure 3. .
Example 7 — Catalyst (F) - Barium Acetate Additive; Palladjum Only
A catalyst was prepared accdrding to Example 6 except that
HAuCl,.3H,0 was omitted in Step (1). The catalyst was analysed
by XRF and was found to contain by weight 0.94% palladium; 1.74%.

35 potassium and 4.10% barium. The catalyst was found to have an

13



Is shown in Figure 1. Conparative Exanple (c) - Catal yst (

prepared according to Exanple 6 except that 20 0.99 ¢ of

nmetasilicate pentahydrate was used as precipitating agent i

barium hydroxide in Step (2). The catal yst was anal ysed by XRF and was
found to contain by weight 0.91% palladium 0.41%gold; 1.77% potassi um and
2.60% barium t found to_hav aver LY, 4y of 693 25
granms of viny %‘?el?g QJ%EE g\f/\’/:%?\rse‘)tg By aF at%epgr Eﬁﬂr%ggfg@atﬁﬁgﬁ N with
Catalyst (O hﬂuExaFib‘P @fﬁesh@ﬁrsthméab’emeﬁﬁite?e w$i refuginarthgnyaks pfas

preci pi tati nggag@ilvat fbd BeePheRAALh&h Qh B gRAL Iadi unTgol d shell type
catal yst which has Eot assi um acet ate prom)t er and barium acetate additive.
The activity 1 8 shown in Figure 3. Exanple 7
- catal yst5 (F) - BartaunlpeetvakepAddiréd \secoddahl adh man@lby? Ax&&ﬁﬁk}ﬁiﬁ was

prepared accotdj t anple. 6 cept that err tted in (D)
The cat al yst &k’iés&%na?yssaeé n;gym ﬁ?&é’ﬁ WES"™ a(% Y opf:%n gljlégnt‘ﬁlﬁ %enth’f'asg 94%
pal | adi um 1. 7494 35 plawet af Haghwmhgdroxiges iyar tap (ZirheTb@tqaltysysmssfound
to have an 13.na1y48a6) ixth {ahaOhas Bdull 20BciHeaYh Y wGREd BgRer 1itre of

catal yst per hour. The effect of the barium addifive of reducing the rate
of deactivati BALAAKHPY e 91% ROKBGH- YN GuTQ® bariggnp Fhet FAtalERR e ( d)
Catalyst 14 E) £bund to havelak aic@iysdy wsamrmee@k EHRPU dbe&deop&aqake 7

except that O. f SOdI asi, I cate pentahydrate recr agent
vvgs 5sed in pf’g a%(# cﬁ'ﬁdhﬂ(l e*Y HegRaEe( ’Zgla‘:tl‘ﬁ'é' S%P ’é?da 19

anal ysed by XRagple V\a-s frbimc#hbms ¢cbatkEnef by oficusging i)b@8%npalall'adasum 1.91%
pot assi um andge Q% bay iyihe THCLRALALYTRAS o1 o Lmaqur.%nfigv%lm activity

of 274 grans of vin acétate Itre of cat hou an 87.2%
decrease in ak¥Yps/jcg B(ﬁ?p‘&ﬁ”é‘d‘ § [PoEBafipm cacpfater ﬁFgmcé'-ﬁévﬁndt harignef it of

using a basi UBkSRlte A%itive. The activity of the catalyst with use is shown

effect of the bariumadditive of reducing,the rate of deactr ﬁi Sﬂﬁnﬁ;m@

in Pigure 4.

Comparative Example (e) — Catalyst (N

A catelyst was prepared according to COmpérative Example (a)
except that 2.9823g of barium acetate additive was used in Step
20 (5) and no potassium acetate promoter was used. Two experiments
were performed with this catalyst to produce vinyl -acetate. The
activity of the catalys£ with use is shown in Figure 3, which
shows that despite the lower activity, the rate of deactivation is
less fhan for corresponding catalyst (A) with potassium acetate
25 promoter alone.
Example 8 -~ cCatalyst (L)
A catalyst was prepared according to the general procedure
described above to have a nominal target cémposition by weight of
0.7% palladium (4.38 g/l) end 0.308% gold (1.92 g/l) using 0.4343g
. 30 of NajPdCl,.3H,0 and 0.1219 g of HAuCl,.3H0 in Step (1); i.1963g
"of barium hydroxide in Step (2); 2.16 g of 55% hydrazine hydrate
solutien in step (3) and 1.15g (corfesponding to about 7% by
weight in the final catalyst product) of potassium acetate as
promoter in Step (5). The catalyst was found to have an average

35 activity of 737 grams of vinyl acetate per litre of catalyst per

14



precipiting agent in the preparation of pal | adi um o lace

cat alyst which has potassium acetate proidter and bari

additive. The activity.of the catalyst with use is sho%m

Conparative Exanple (e) - Catalyst- (N) A catalyst was p accordl ng to

Conpar ati ve Exanple (a) except that 2.9823g of barium acetate addi-tive was
WO

used in Step 20 (5) and no potassium acetate pronoter was used. T
experiments were perforned with this catal yst.to _produce vin acet at e.

The activity BP"% RBY hERESREIVHFY (PEu2%- 93t HIwke 123 o afeer 1ch shows
that despite bif@elnomteaetwasl byhiecivhe) I atrie Gict theiagt viral hoa iisssh@gs inhan for
correspondi ng ¥st (A) with potassium acetate 25  pronoter al one.
-Exanple 8 - yst (L) A catalyst was prepared according to the general
pr ocedure desﬁﬁma_&bmmihaﬂﬁ.a nom nal target conposition by weight of

. 7% pal | agli um (4. §8c£a|1}s@Q)anpz%x/éch|cgo£dln 2 Dkkdmpisi §%ExLe 434t 30 of
Na2PdCI 4. 3H20 and 1219 63g, .of barium

!
hydroxi de in &tH§ 6?‘7“?“%6“@%@ %%%fd?ﬁﬁynge’rﬁ}‘araﬁ 1sHutPoife n Step (3)
and 1. 15¢g (corn&speaﬂhmttlﬁroabawoﬁﬁ(o&gssmm glaétaua pivmok e aindcataBgy St :

product) of pofassi cetat not et The | yst was
found to have?%%"&\? gbostt O}f e?"’%? graﬁgé ‘\c/lllenf n?a%et ate per

litre of cat aPy‘SFtlmérprP!luct) o5 bmpmmtat%eﬁé@tiwﬂvms peedD4n0ogtep 17 to 22

hours aftey fuyky, Owgeéltﬁ%e%s %ﬁn@céy ﬁé[&‘éi)an avbREgPGLi iy ¥¢ tfAuse s
shown in Figure 5. Exanpl e - Catal i/ﬂtrﬁ( A cat al yst was
h

pr epar ed acco?ﬁ?"ﬁg°fo‘”l§)‘(érﬂﬂe§a’8e ke %F?’?@t(l?ﬂfr peen@ifithg to about
4.5% by wei ghke1e28itity/ bfi9B.5Reat ilNato @2t Adurst afendfinn) okydeat ésledtn acet at e

Promoter 209, fad M S SBACMB A, R Pl A B ol) U1 (e
The average activities and selectivities of the catalysts
15 are given in Table 1. The results show the benefits of using a
“barium salt as precipitant over sodium metasilicate for palladium
and palladium/gold catalysts and also for potassium acetate
promoted catalysts with and without barium acetate additive.
The activities of the catalysts with use are shown in
20 Figures 1 to 5. These show that barium acetate additive reduces
the rate of deactivation of (2) palladium/gold shell typé
catalysts with barium salt precipitant in Figures 1 and 5; (b)
palladium only shell type catalysts with barium salt precipitant
in.Figure 2; (c) palladium/gold shell type catalysts with sodium
25 metasilicate precipitant in Figure 3; (d) palladium only shell

type catalysts with sodium metasilicate precipitant in Figure 4;

30.

35
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10 (5).
of vi nyl

93.5% at 17 to 22 hours after full
activity with use is shown in Figure 5. The average act|V|t|

selectivities-of the catalysts 15

The catal yst was found to have an average acti vi i 9&&@?
acetate per litre of catal ysygper hour and a sel.ecti
oxygen content was achlev

are given in Table 1.

Bg‘,n

The resul ts

show the benefits of using a bariumsalt as precipitant over sodium
nmetasilicate for palladiumand palladiungold catalysts and also for
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pot assi um acet at e arium acetate
additive. The acti 5eOf thp catal ysts with use are ghown in 20 Fi gures
1 to 5. These sho Bari un] acetate additiye reduces|the rate of
deactivation of ( §diun1go|d shel | typelcatal ystsJwi th barium salt
precipitant in Figures mgand Sfa P), palbad ) helfl| type catal ysts
with bariumsalt greci pltant—if G A faRiPdl gol d shel | type
catalysts with sodium2p netas}licate prec,_pl antAin Fiqure 3; (d)
pal l adiumonly shell ,typg s¢ata] ysts with sgdi §m net asi |l ifcat e preci pitant
. Figure 4 30 35 165 e 8 97 ;og(pgﬂgaghs e A @rocess for
preparing a shell |inprefifted KAl yst! Pof§g§=“ﬂﬁ°tﬂé“ﬂﬁoduct| n of vinyl
acetate fromethyljene, pcetic jpcid and an oxygen- contalTlng gag, said
catal yst conpri sing pal:gdiun1and optionally gold deposijted onga catal yst
support characterijsed |q351a'3hat the process|conprises|the st@ps in
sequence of: (1) I np qgi?ﬁ[@ t he catal yst gupportan §{h aquefus sol utions
of water-sol uble gall adqéjrg gng wetional Sgolodoo P19 D G G5 10 (2) - @ontacting
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10 wat er - sol ubl e pal | adi um and optional gold conpounds to
precipitate water-insoluble palladiumand optional gold compounds: on the

support, (3) converting the precipitated water-insoluble palladiumand

optional gold conpounds forned in Step (2) into palladium 15 - and
optional- gold netal by treat rrer g agent, (4) washi ng t he
product of Step (3) wth water u*mlcllmll%’“ﬂﬂ@m cting the product of Step
(4) with-a pronoter and optionally a bariumsalt additi ryi t he
catal yst. 2. A process as claimed in claim1l in \%ﬁf%\ég?%%ﬁgr%ﬁzgéalt 20
used in Step (2) conprises barium hydroxide., 3. A process as clained in
claiml1l or claim2 in which the anount of bariumsalt used in Step (2) is
sel ected so that after the inpregnated support has been in contact with the
solution of bariumsalt for between 12 and 24 ho ; l.ution
is 17 18 in the range 6.5 to 9.5 neasured at 25[@r ) . (fis Been REPIRELCESS as
claimed in any one of the preceding clains in which npri ses
silica having a particle dianmeter of from about 3 tj EHMﬂHM pore

vol une of fromabout 0.2 to 5 about 1.5 m per gr e area of
50-80CJ err] per g. 5. A process as clained in any one of the preceding
clainms in which in Step (1), the catal yst support is inpregnated with a-:
solution of a quantity of water-sol uble palladi um conpound such as to

provi de 1.65 t@afka:5 granms palladiumper litre of final 10 cat al yst
product in Step (5)._6. process as cl]ai.nmed in any one of the preceding
claims in which in)AS?’éPﬁefi)f,%rt RePRRAL Y fsPL%l}an'a?ﬁegPEt. hEPEEE ST a

sol uti on of aiguehet ptodustiombér viswiluidetage! koo osghyliamnk S acétiasatia pidvi de
0.38 to 7.6 gr iLr f_fi I u . .n.Step
(5). 7. A Sgg%cggghét;% gf%ﬂihédgﬁ S%dq%%’é}%%@t‘F@&’ﬁrﬂe@g’d?&r\"gﬁgf‘é’? aha > S0hi ch
in Step (5) porheMLk Sodd depopitadsen msaprlywbt fuPPPrt Mharacterised in

5 that the process comprises the steps in sequence of:

(1) impregnating the catalyst support with aqueous solutions of
water-soluble palladium and optional gold compounds,
(2) contacting. the impreghated support from Step (1) with a- .-
solution of a barium salt capable of réécting with the
10 ' water-soluble palladium and opfional gold. compounds to
precipitate water-insoluble palladium and optional gold
compounds on the support, _
(3) converting the precipitated water-insoluble palladium and
optional gold compounds formed in Step (2) into palladium
15 - and optional gold metal by treatment with a reducing agent,
(4) washing the.product of Step (3) with water, and
{(5) contacting the ﬁroduct of Step (4) with a promoter and
optionally a barium salt additive'and drying the catalyst.
2. A process as claimed in claim 1 in which the barium salt
20 used in Step (2) comprises barium hydroxide.
3. A process as claimed in claim 1 or claim 2 in which the
amount of barium salt used in Step (2) is seiected so that after
the impregnated support has been in contact with the solution of

barium salt for between 12 and 24 hours, the pH of the solution is

17



amount to provide in the range 1 to 9 % Qhy weight as acetate in the final

catal yst product. 20 8. A process as clained in

preceding clains in which in Step (5), there is used“mmamllﬂmgmm ulidltlve
in an anount to provide in the range 0.1 to 9 %by wetght ds dcefat® in the
final catal yst product. 9. A process as.clained in claim8 in which the
bariumsalt 25 addi tive conprises barium acetate. 10. A process for the
production of ;yinyl t ' tacting ethylene, acetic
acid and an ox¥g@r%— rg&%t gu%ut\riygbcgm%%@ tgrﬁ%gé;ature in the range 100 to
200 [err] and4at aRpprepsgscas glaimed im@egeE onenof fiher precedim) chaims Wit h a

shel | 30 IWﬁﬁgﬂ%éds‘%aBﬁ! wsapﬂrsaaamdcbmauﬂﬂg R BEAS18%iGhatdede i N any

one of clains 1 to 9
from about 3 to about 7 mm, a pore volume of from about 0.2 to

5 about 1.5 ml per gram and a surface area of 50-800m2 per g.
5. ‘A process.as claimed in ﬁny one of the preceding claims in
which in Step (1), the catalyst support is impregnated with a
solution of a quantity of water—scluble palladium compound such as
to provide 1.65 to 12.5 grams palladium per litre of final

10 catalyst product in Step (5).

6. A process as'claimed in any one of the preceding claims in
which in Step (1), the catalyst sﬁpport is impregnated with a
solution of a qﬁantity of water-soluble gold compound such as to
provide 0.38 to 7.6 grams gold per litre of final catalyst product

15 in step (5). _

7. A process as claimed in any one of the preceding claims in
which in Step (5) potassium acetate is used as promoter in an
amount to provide in the range 1 to 9 % by weight as acetate in
the final catalyst product. | '

20 8. A process as claimed in any one of the preceding claims in
which in Step (5), there is useqd a barium salt additive in an
amount to provide in the range 0.1 to 9 % by weight as acetate in
the final catalyst product. .

9. = A'process as claimed in claim 8 in which the barium salt

25 additive comprises barium acetate. |
1o0. A process for the production of vinyl acetate which
cpmprises contacting ethylene, acetic acid and an oxygen-
containing gas, at a temperature in the range 100 to 200 °C and at
a pressure in the range atmospheric to 20 bar, with a shell

30 impregnated catalyst prepared by the process as claimed in any one

of claims 1 to 9.
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