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PREPARATI ON THEREOF BACKGROUND COF THEGdMENTI ON Fi el d of the Invention
-This invention relates to new and i nproved catal ysts for the production of
vinyl acet 3{Q9%698P by reaction of ethyl ene, oxygen and acet iRCTA¢Y9§/10984
Background I nformation |Including Description of Related Art It is known to
produce vinyl acetate by reaction of ethylene, oxygen and acetic acid using
a catal yst consisting®of netallic palladium gold and copper supported on a
carrier (for exanmple, see US 5,347,046 and US 5, 731, 457). Wi le the process
utilizing such a catal %_st I s capabl e of producing vinyl acetate at fair
| evel s of VEWédQR,EtTN tGATARRST SIS ENG MENIICeP A LARE U o GOPRERe O8 GELR ANEY
product i vi¥EFABYELON: FEREDF ™ of the catalyst is obviously advant ageous. More
particularly the foregoing catalysts conprising netallic palladium gold
and copper may be prepared by a process including the steps oml)lmmmﬂrnwm“ng
a porous support with a single aqueous solution or separate s

wat er -sol ubl e salts of these netals. reacting the inpregnated watagigol ubl e
salts with an appropriate al kaline conpound e.g., sodium hydroxide, to
“fix" the metal s as wat er -BACKGROWNDoOPAHE SNVENTIONe hydroxi des, and
reduci ng the water insoluble conpounds, e.g., with ethylene or hydrazine,
to convert the netals to free netallic form This type of process has the

di sadv 3%" ring several steps, sonetines including at |east two
"fixi ngﬁg@%&%mﬁ(ﬁe ol lowi ng references may be considered material to the

invention clHiiskilehgseielatesdo RewRatigiprdNed catabyes foF tHe prodfctief of Wny] débtatd 994,
to Nicolau et al., discloses a nethod of preparing a catalyst useful for
t he pr ddsextiyoragsfonaf gihylencedzen byd pestistacsh of et hyl ene, oxygen and acetic
acid, conprising inpregnating a porous support with water soluble salts of
pal | adi um and gol d, fixing the palladiumand gold as insol uble conpounds on
t he supp&kbrddvd 1RfERhakHneRdidgUNdkHptord BEREIBRGGGRat ed support in a reactive
solution to precipitate such conmpounds, and - 2 DEC 2~

It is known to produce vinyl acetate by reaction of ethylene, oxygen and acetic acid using

a catalyst consisting of metallic palladium, gold and copper supported on a carrier (for example,
see US 5,347,046 and US 5,731,457). While the process utilizing such a catalyst is capable of
producing vinyl acetate at fair levels of productivity, any expedient capable of achieving even
greater productivity over the life of the catalyst is obviously advantageous.

More particularly the foregoing catalysts comprising metallic palladium, gold and copper
may be prepared by a process including the steps of impregnating a porous support with a single
aqueous solution or separate solutions of water-soluble saits of these metals. reacting the
impregnated water-soluble salts with an appropriate alkaline compound e.g., sodium hydroxide,
to "fix" the metals as water-insoluble compounds, e.g. the hydroxides, and reducing the water
insoluble compounds, e.g., with ethylene or hydrazine, to convert the metals to free metallic
form. This type of process has the disadvantage of requiring several steps. sometimes including
at least two "fixing" steps.

The following references may be considered material to the invention claimed herein.
U.S. Patent No. 5.332,710, issued July 26, 1994, to Nicolau et al., discloses a method of
preparing a catalyst useful for the production of vinyl acetate by reaction of ethylene. oxygen
and acetic acid. comprising impregnating a porous support with water soluble salts of palladium
and gold. fixing the palladium and gold as insoluble compounds on the support by immersing

and tumbling the impregnated support in a reactive sojution to precipitate such compounds, and



WD 991 62633 subsequently reducing the conmpounds to free metallic fornaZDEszn
PCT/ US99/ 10984 U. S. Patent No. 5,347,046. issued Septenber 13, 1994 to
White et al., discloses catal ysts for the production of vinyl acetate by
reacti on of ethylene, oxygen, and acetic acid, conprising a palladium group
met al and/wo 9/6g633pound t hereof, gold and/or a conpound t herREIVyYsIan 6984
copper, nickel, cobalt, iron, manganese. |ead or silver, or a conpound

t hereof, preferably deposited on a support material. British Patent No.
1,188, 777, published April 22, 1970 di scldses a process for the

si mul t aneous production of an unsaturatied carboxylic acid ester, e.g. vinyl
acetate, froman olefin, carboxylic acid, and oxygen, and the correspondi ng
carboxylic acid, e.g., acetic acid, fromits al dehyde, using a single

suppor t eguissgtadniBbiredrihgitiiv ddgnppupad loofleuneadizfornd, e.g. an oxide or salt,
with one or nore conpounds of any of various netals, e.g. netallic gold or

a gold corrpouM}Ssﬁétﬁma@Opi)ﬁ‘h%%‘}ﬁs riﬁSéG# Sepemperd 3. ﬂ’&?‘b?ﬁ)twh“f? oalzgBclvisectardlpsys

vi nyl ac cat red anorre | 1.

coml exelor b€ RrokiGRbAVER slACRY Eételttn B EnS oBRRAFT rerB b Compisine »
or ganonehalidditm! %’i‘b@b FRINAHAM: §e6PphRid thefeE, rg‘%l&‘aﬁd/é(xJ %nﬂfoﬂﬁ@%&f Aﬁd%opper
Patent 5,73l, describes a VA cat al yst prepared w th non-hal ogen

cont ai ni n@kebppbalt cxomp o1anganeStNAAERY siliverT biEa EoONBENTHdGheeof, arxdémblamieposaietifon a
this invention, i’;lt alyst is provided useful for the production of vinyl
acetate BWH%@P}% of ethylene, oxygen and acetic acid with | ow carbon

i oxi de- sel oo thnkidadidh, G958l 19! pAAIRE] ApAM 2309 UiskealdpBEde et e

anmounts of netallic copper, pall a um and eposi t a support and

pr epar ed sinyulsinepss prodpetian ¢fgnpmeatasédeprivdxylip atidlestes.enp virty atdtdte afrom an
catalytically effective anpunt of a water-insoluble formof copper, formng
on the pPEfFarERosYliRse. andwayesi. PRS e oresRRRdinERahAxy iepeidnfie A€lGEFy t he

pal | adi uggogPTP At Aokl e LBYLEN kAR ne L REIBLA oHBRELN £ of O

of copper

cont ai ni pYidewRRak ! with bhe 8r ﬁﬁl‘dﬁdnﬁ)ﬁbtﬁhﬁs BOABSS vafloa S matats, éﬁAﬂm%lh@%}ﬂd bedgsidng
the potassiumcurate to a catalytically effective anount of netallic gold.

The use ebémpound suchasypotassiumeguratesul ts in | ower carbon di oxi de sel ectivity,
when vari ous CRERERGRANC £t S Bed Anhsrteltly Aadiariof pRPERYS) gty 00”
organometallic gold complexes to prereduced palladium catalyst prepared from Na,PdCl,. The
organometallic gold compound does not require a fixing procedure.
U.S. Patent 5,731,457 describes a VA catalyst prepared with non-halogen containing

copper compound.

SUMMARY OF THE INVENTION

In accordance with this invention, a catalyst is provided useful for the production of vinyl
acetate by reaction of ethylene, oxygen and acetic acid with low carbon dioxide selectivity, said
catalyst comprising catalytically effective amounts of metallic copper, palladium and gold
deposited on a support and prepared by steps comprising precoating the porous support with a
catalytically effective amount of a water-insoluble form of copper, forming on the precoated
support a water-insoluble palladium compound, reducing the palladium compound and, if not
previously reduced, the water-insoluble form of copper to the free metals, impregnating the
copper and palladium containing support with a solution of potassium aurate (KAuO,) and
reducing the potassium aurate to a catalytically effective amount of metallic gold. The use of
such catalyst often results in lower carbon dioxide selectivity, which is usually accompanied by

a higher vinyl acetate productivity, than when various conventional catalysts comprising metallic



WO 991 62633 PCTNS99I 10984 pal | adi.um and gol d are enpl oyed. Alternativety)DEC 200

" the gold may first be placed on the precoated Cu support, followed by

i npregnation of the support with palladium A further alternative

~enbodi ment_ i nvol ves use of sodiumfree reagents as descri beg-~i . pat ent
5, 693, 556 WOBITED DESCRI PTION OF THE | NVENTI ON. D scl osed %’pgﬁ'g?sé a

process to prepare catalyst useful in the production of VA Prereduced

Pd/ Au catal yst were prepared by the inpregnation of a support w th aqueous

solution of CuCl 2 foltowed by fixing witR NaOH The precoated Cu cat al yst

was then inpregnated with a Pd solution, followed by fixing wth NaCH and

then reduced. A thin shell of Pd and Cu catal yst was obtained, to which was

t hen cont ?]gaed WI& h(tlﬁ sol ut,i on, of aqueous KAU2 to form a second shell of

Au on t Heeladmsnead et arsemRIpYed- 5 shel| catalyst of Pd and Au was for ned

wherein a fixhRgmatieddy 1AL gblAGnALWeBe PREedES BRSHEMbated T8 fpstd So AW ED £
distributed as a thin netal shéll at or near the surface OF t he support

st r uct urienpré¢gnahias obgersupparndithipatladjeme ralfhyherabern@ive esntadirechttiovavdRdisédafl

catal yst, CO2 selectivity decreases, Wil h resence of copper on the
support ﬁoﬁllﬁ“f@ﬁéquﬁP§@P93%6‘$?E§EHUb§/ Pﬁ@f‘bgﬁlb%g%‘gl | adi um and gol d

contributes to a red“CthEAﬁﬂEbhﬁE@%Isﬁkﬁ@UF?”gﬁﬁ Iﬂﬁlﬁwogpt—al yst, it has

al so been found that thée deposition the go on the support as a

sol ution of pDisakstdiierainiat @rddédicorepirt estalybruspul rttlie produasoheftviA.
separately deposited and reduced, followed by reduction of the potassium
aur at e tRyereduegd P& AgsatplyshivpreRsapares by dhe imnrpgnatipn o5 g syppord wihcpasiepps,sodytion

reductio é—ll[tdlz %Y%Vg‘%quté}f ﬁgﬁgéﬁlgqglﬁg(g%fvﬁeyrgﬁo&kéaa ¢f Edté’i}%t)(zvas %ﬁ%ﬁq%&%n?ﬁés}’@h

reductions in‘car oXi FiSe TH Catal yS

nay resu Pd k6lufidn. fBE6WEBSy fiRingiwih NaOL &tdether esduedd. VA thin sHeleo foa ahld YR
support material is conposed of particles having any of various regular or
i rregul seatalysipess obtimgd, tiswhishevagshen egmtacted wishypisplatios of aqueges K4uQy &, foom a
ot her shapes, ,and .may have di [.ons _suc ianeter ngt h or w dt h .of
about 1 EERbYEI ol gTaR e Spnd ol e SLE “utl TR Ppnd PLS] ffimell Ghdked
di anmet er, fifingRePtfof e A @RV hotthelBsa THRITR /10 A8 werthBstAiBRRE S 2 MR &letA lshéTRY
be conposed of any suitable porous Substance, e.g., silica, alumna,

si | i ca- adtwminear,the suréave ®f thei supperit tructiute; dbkassheem fanmid st igkneraliyewhert Cu dnadded ,

have o dertdld S ABRL ConEEtrgY S8RHBTe, of about .3 Lo about 1.2 g,
an absor pti Vi {yhilehd HRsdrRBBE copffRt off X RipBort ¥ a 20RUbrBlykdvered bg Rethllie 9
support, a surface area in the range, for exanple, of "about 10 to about
350, pr epadladinny ambgelt chifibutes &bamduction ih DECQRGORCVIQ GRXhGEBAIFst4it has also
been found that the deposition of the gold on the support as a solution of potassium aurate
(KAuO,) after the palladium has been separately deposited and reduced, followed by reduction
of the potassium aurate to metallic gold, may contribute further to such CO, selectivity reduction
and may also contribute to a rise in activity. Each of these reductions in carbon dioxide
selectivity and a rise in catalyst activity may result in an increase in vinyl acetate productivity.
The catalyst support material is composed of particles having any of various regular or
irregular shapes, such as spheres, tablets, cylinders, rings, stars, or other shapes, and may have
dimensions such as diameter, length or width of about 1 to about 10 mm., preferably about 3 to 9
mm. Spheres having a diameter of about 4 to about 8 mm. are preferred. The support material
may be composed of any suitable porous substance, e.g., silica, alumina, silica-alumina. titania,
zirconia, silicates, aluminosilicates, titanates, spinel, silicon carbide, carbon, and the like.
The support material may have a density in the range, for example, of about 0.3 to about
1.2 g/ml, an absorptivity in the range, for example, of about 0.3 to 1.5 g H,O/g support, a

surface area in the range, for example, of about 10 to about 350, preferably about 100 to about



PCT/ US99/ 10984 200 m -/ g, -an aver,age.pore size in the range, for exqpptgzmz
«©f about 50 to about 2000 angstrons, and a pore volune in the range. for
exanpl e. of about 0.1 to about 2, preferably about 0.4 to about 1.2 mlg.
In the preparation of the catalyst used in the process of this invention,

t he supporiyosbegizal is first inpregnated with an agueous sEHAIU$MRY/16984a

wat er - sol ubl e copper salt, e.g. cupric chloride, anhydrous or di hydrate.
cupric nitrate trihydrate, cupric acetate. cupric sulfate, or cupric

brom de and the like.” I npregnation technigques known in the art may be

enpl oyed to inpregnate the copper salt. Preferably, the inpregnation can be
acconplished by the "incipient wetness" nethod wherein an anount of copper
conmpound sol ution used for the inpregnation is fromabout 95 to about 100

percent QO ahe0EREE F&e%?zl@@ﬁitlieYraﬂ e. fbreexaHPRO Of abtRit 80 k@hboul P00 angstroms,
concentration of the solution is such that the anount of el enental copper
in the i apdegom eumelimtheganges fasqxampleg ohapue B dtte mhdwicd peaderably alouhid.A 1o he
range, fo[) exagB_hF. of about 0.3 to about 5.0, preferably about 0.5 to
about 3. @°gM!-6MEat al yst. Fol | owi ng i npregnation of the support with an
aqueous sol uti ; IS of thi tioh: Bes

preci pitated. Iggh egﬁre ?gﬂl?&{ %@g?gﬁgggéggﬁgéﬁ%%ﬁ%éﬁ%fsthgsﬁg%ﬁ)slg?b%ec?g?pobri/

react i on nvdt¢rial anfissp pnpregnaddwith kalagneous sojptomdf a evager-solmbleaddpati saftee.gl cupric
hydroxi de, silicate, borate, carbonate or bicarbonate, in aqueous,sol ution.

Sodi um asBlossE aandy draus PrABY AR CHPHC Piratedripydrale, Rupricisetaiey FYRYI RHs.

The al kal | p - _ | i
exanpl o HpEEPRmEEabd et At RATAPDEL R Kbyl IR Bl BB BRpIRE 1o
mol e of aMpfIEnpteaetdppensdlh Prefetably.ahe pregnasiah can Bhigcchinpiisigediiy theeirmeimpear

may be done by techniques known in the art. Preferably, however, fixing of
t he copperetnessaEetheg Whsrin appmoKat i rOPpeampREndH salytiprossd donhe impregnpon is

[ d t i hed . 0. t t t f 150C for. h :
cont act ol R EHORT anatind 155 PesFathune By URRRA ol hraposr Bl T
about 9530 atioh BEHRRbRIIYR iR h Phat tiEariolR Of blemRBd] &dppePitiifle ifpfegamdd f or
a period of about 1 /2 hour to about 16 hours; or the roto-i mrersion nethod

wher ei n tshistionps eqpahtosaipredgsproninedvamuntt withiy thegrange, ifenraxampte. ohakow 61 Jutoi abeub
t he al kal_i ne terial a is, rotate nd/.or. tunbl ed during at |east the
initial pe ’ip6?r}%‘a$[ypq%é’8f QSt‘%PP(Bﬁ 32@1%& O?ﬁa&?ly%{' thin band of the precipitated
copper conpou %llo%ir?%fnﬁﬁggﬁrtioﬁ lof BR2JuphHE Wit ZhaG8edlls sbiiioR WP BSHer RBaMpbenEhe
The rotation and tunbling nmay be carried out, for exanple, at ‘about 1 to
about 10 copperfipt fixedgeird. queapitabduts aOvBertnsebea tcomphand sich Bk éhedydrexipe, dtyed

rotoi mersion nethod is djsclosed in U S, Patent . 5,332,710) .t.he entire
di scl osufEAGeWHILA Wfoprlat@zal%ﬁ@ef@@zpw’gfga-eaz‘s%ygmeﬁ&gy 8?‘5’&?}}18%}3* orate,

referenc aét%% e idnh KoRHRPAAd pét h AL QxIdaE afe prefirred
copper c%ﬁ{)@%ﬁgﬁg e \%g’s@e%cﬁuuﬁ%%o\{%t ereoi S esseﬂt ?%}ﬁ/ ho %‘r ace ogi- e
ani ons, alkaline fixirglesnpount$ eTlonilibly atetal di ihedlkading compoural shbulddieziecinlaatbunt,
drier at 100C for one hour, calcined eating in air at 200G or 18

e.g., by h
hours, arfer PedRleEbOR) tosabaiht.Prefierrblnabayh hd o pheitd - ipoles RERBIeRf amen
copper-c el r it Ly, a d n 0/
o nt 7 oguRpent e SHERR bpthe 2 “THE SRR r MELROR BAPLE HEE BB A bt
cont act i nge hhe Pesfgablyt hdedver gixas bf g capperdy ydcomplibiidd Bthatiigsier® Wethedsi on
of hydrazine hydrate containing an excess nolar ratio of hydrazine to
copper ofmethed Whagegirpihe imargnate@ suppast is2ried, ed., atedampenapse at LTEC fpopnabilt

0.5 to abgu hours, after ich t S ort 1is.wash nd i.ed, as
descr | bod SRR xpfolt of HaRep b ieIBR maictiel S0 Ay BE B84 Frate more
singly orydime 8fiteRappai) ah® aRGH IR dtad RPN pel§sd bEshoRH [ RIREr tSaloit $6 RBSrsEY
not be necessary since the washing, drying and particularly the reduction

of the cappestodmmposion methvdoftereinibe auprggratel sppaort evithbisdrechghy iminersidim har
steps carried oyt on the palladi ym conmpound w t i ch the copper, . i
cont ai ni @5%w¢§ﬁ¥e Akelereisateria @ﬂ%wefsﬁﬂ o Wﬁ’rq’é_ : r@@,atksh@wﬁfk&aﬂ% of
descr i bed, BapRAAAdER thal Aehi5 ¥RRPS @cﬁ;?}?akedcwﬁh@ﬂ)&rﬂ}% Ad 70136med of Rl the
i nsol ubl € copper conpound, e.g., cupric ‘hydroxrde) or furee copper met aT

W t h posssubfaye spihe soppoteparticles. NEie fotfinend tamblmosiay ba cardied loyt, feraddaynple, at
ef fective anmount of palladiumon the porous surfaces of the support

parti cl esaboyt 1 & phaug b8 spmifer 3 periadrfiahedteld- ¢ isehqup A doprse Jihg genipmpiated Fato-
d it Th th t . whi ted with, .
o BB TS S P S35 A o B BEERBRE e

wat er - sol ubl e conmpound of palladium Palladiun(ll) chloride, sodium
pal | adiunm(l1) chloride (i.e., sodiumtetrachl oropalladiunm(ll), Na2PdCl4),
pot assi um pal | adi un(11) chloride, palladiun(ll) nitrate or palladiun(ll)

o, o o o o - N . o



pal l.adium the palladiumis fixed, i.e., precipitated, as a water-i n§c2| EE)[I: 40?2
‘conpound such as the - 2 DEC ?apt WO 99162633 6 PCTNS99110984 hydr oxi de.
by reaction with an appropriate al kali ne conpound, e.g., an alkali netal
hydr oxi de, as descri bed for copper, preferably by incipient we@nggss ?4r

rot o- i merWPPN6268he i xed pal | adi um conpound. and copper cobbSURE T not
previously reduced, are then reduced, e.g., in the vapor phase with

et hylene, after first washing and drying _the catalyst containing the fixed
pal | adi um conmpound ard copper conpound i not previously reduced, or in the
|l i quid phase at roomtenperature with an aqueous sol ution of hydrazine
hydrate foll owed by washing and drying, both as described previously for -
copper. The reduction of the fixed palladiumand copper conpounds mainly
resul ts inrrorprsaedbiragfesnceof the free metals, although a minor anount of

met al oxi des .also be present.. After .the catal yst cgntainin | | adj,um

"o free et al HOT AT BenBErT ehraiiha B axPeimsr et B RAL R PR enff e
pr epar ed jPssamiali9hotiige bP4EORN, BY., BHNRYS thd datdlst,| dFREEARAESE NN diZdaRd A RUS
sol ution of potaSsiumcurate, preferably by incipient wetness. The catal yst

i s then dP0%dfosootihorataltined, ey Ayyistatinpm ar at200UE as 8 honrs.andtrediced afer anmount
sufficient to provide, for exanple, about 0.5 to, about 10 of el ement al
gol d per SKaRRIF 1Bihg Y3RoE ﬁﬁﬁﬁe?}aﬁg?%&"}g CAPRETEORABIRE S%’PO’éd%&f‘ »BAFGS r om
about 10 s QP j gt hadi r :

b @rofRBYh sd: s%hy%r§3(§@gl ?fgtr%%‘léﬁ% 15?13: Rk h%ﬂxts‘!?,} b ﬁg&d ph3&e

pot assiunfcurate Is then reduce c gold using an

t echni qués cdrtactingohe spppevi sefcre Wwdshifig ahé dryénkiwith an aglieonakédladbh 6t hydrazihdie
fixed, i.e., water insoluble, palladium compound on the surface of the
suppor t . hygdrie GOBHRINAE 8 exsess BoM Satipnefciydeazineite copper pbdonenample.abowt & hyo
necessi t y»f,0 ' i %] r a
vator 1 no S ippfoBf s BHERRRE Bl bl 8% Bhod SHole, b AL o PSR RS oS
descri bedripd ey i&utibad. f Dlth@RRAY ofthd foRbbiadiogtivii gteps may Gekafriddout siply &dn
for gold in the preparation of vinyl acetate catalysts conprising palladi um
and gol dcomhmagipy i #repmpHshoinysdpsited PRPRSS. st sigRs mayqos be pecessary simaethei on
with gold is _an, inportant. adv a in t reparation of the catalyst of
this Covenenh xRy dArcRE R Tha R Gucdbria SofiER Gimtia] cph Jhef Bt foctibeet)
descri bedcqympIihéd by the stANASEHsQarriet bt i al il ddkipauld WithddhitR tHelWdpper
gold, and copper as catalytically active netals, the catalyst may also

cont ai n CARATINGIINPROR dekiteriad aasubseguantyt impaegnatedcad merenfinadlly| descritted hereinafien.
the formof t free tal.,, oxide,  or mxtur .oflfree net al _and ,oxi de. Such
metal |1 c ol emchE SRR BeceriakgONiAG A aont A e (RS For FOBRP Yt 2 Cupii

zi r coni UmyaRHdR! oCREd dPpe MRl FitHPbaibly Bome dkide O thed tRatddadidepdsi! d, and

copper is desired in the catalyst. the support nmay usually be inpregnated

wi t h a wsatalytically eff¢oEEe ambuntid raladie®3® thie porous surfaces of the support particles by
techniques similar to those described previously for the deposition of copper, Thus, the support
which has been precoated with copper as- described may be impregnated with an aqueous
solution of a water-soluble compound of palladium. Palladium(II) chloride, sodium
palladium(II) chloride (i.e., sodium tetrachloropalladium(II), Na,PdCl,), potassium palladium(II)
chloride, palladium(lI) nitrate or palladium(II) sulfate are examples of suitable water-soluble
palladium compounds. Sodium tetrachloropalladium(IIl) is the preferred salt for impregnation
because of its good water solubility. The impregnation can be accomplished as described for
copper, preferably by incipient wetness, and the concentration of the solution is such that the
amount of elemental palladium in the solution absorbed on the support is equal to a desired
predetermined amount. The impregnation is such as to provide, for example, about 1 to about 10
g of elemental palladium per liter of finished catalyst.

After the impregnation of the support with an aqueous solution of water-soluble salt of

palladium, the palladium is fixed, i.e., precipitated, as a water-insoluble compound such as the



PCTI US99/ 10984 sol ubl e salt of such nmetal dissolved in the same ~ 2 DEC 2002
i npr.egnating solution as that containing the water-soluble palladiumsalt.
The support may thus be sinultaneously inpregnated with watersoluble salts
of palladiumand the additional netal which are then sinultaneously fixed
and reduc% gnﬁH}e sanme manner as described previously for pariuassk/inesand
copper. The catalyst containing the copper and palladiumas the free netals
and an additional nmeal as the oxide and/or free netal is then inpregnated

wi th potassium aurate which is then reduéed to gold as free netal w thout

an internediate fixing step as described previously in connection with
copper and palladiumas the only other netals in addition to gold. One of
the problens in producing VA catal ysts has been | ow noble netal retention

on the t [Sa O

produce a P BEHRRAR witiiR dipRphla S TR Thng] Se ) Pl ot By o Ric

i nvol vedieﬁcm’oetllﬁﬁo@ppexomﬁxlds byAncipitnaniagss of romsirimersiap. st ep f or the Au
conpl exes is the increased gold retention since Au is partjially washed out

of the cat al yd¥ THiGAiPalaqinsg; cogIRANEH 3 coPBgY Wérifépt %FFY*OP%H‘I"II”I&E%SZRA

hi gh gol, e

cat al ystﬂe rgg%@ggn gl nms{h?ﬁ'aﬁgoﬁ%%&%ﬁ{aegh ?r& BH?P%R?’WE%}II i {Iﬁ& tijl-Q?atalrvsnear
the surfcasmindig thedixedipalladitmopipouhd andivesiengenpstnd ifhbepredioatly séduced, or 1n
contai ning palladiumand gold in free netallic formd};osmed on a sup‘g

whi ch hake lb@éﬁpb?sé@é&%%tﬂmneﬁaté@p‘ﬁ’é‘ﬂ aﬂrﬁ?“@p‘ﬁ Isglﬁapnpf bedrazipe b}gdfategallws by
sol uti on,.9 I kal | acet a o. i

acetate,” E\Wg% %P%’fbg)‘fl}:\%ﬁ ?FSB% edt VII?'Iu?:l(Y r&;o ep 8?‘3} ﬁlﬁ%gxﬁ ni shed
cat al ystparrwumaa%bﬁperfc@fnpeﬁﬁdmmmﬁk@ms ihQhé @oraﬁ%h o?Ehe f%e%&ﬁl@bélﬂaoﬁgﬁ’ﬂt
20 to about 60 g of alkali netal acetate per liter of finished catalyst.
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I'n copper and palladium and as ordinarily required for gold in the preparation of vinyl acetate
catalysts comprising palladium and gold. The elimination of such fixing and washing steps in
connection with gold is an important advantage in the preparation of the catalyst of this
invention.

Although the catalysts of this invention have been described primarily in connection with
those containing only palladium, gold. and copper as catalytically active metals, the catalyst may
also contain one or more additional catalytically active metallic elements in the form of the free
metal, oxide, or mixture of free metal and oxide. Such metallic elements may be, for example,
magnesium. calcium, barium, zirconium and/or cerium. When a metal in addition to palladium,

gold, and copper is desired in the catalyst. the support may usually be impregnated with a water



one step onto the supported Pd/ Cy catal yst. Another alternative embodiz8bE
i nvol ves the preparation of the catalyst wherein the aurate is added to the
Cu coated support followed by inpregnation of the Pd conpound onto the

support. The follow ng exanples further illustrate the invepil | es
1 to 4 The¥@%¥% i es illustrate the preparation of catal ysFé+@§%9éﬁ)§ws

I nvention containing varying anounts of palladiumand gold in free netallic
form In Exanple 1, a support naterial peecoated with a water-insoluble
form of copper and containing prereduced pal |l adium netal was prepared as
follows: An unnodified support material in an amount of 250 ml consisting
of Sud Chem e KA 160 silica spheres having a nomnal dianeter of 7 nm, &
density of about 0.562 9/m,, ag&j,a sorptivity of about 0.583 g H Qg
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hydroxi de. The sol ution was ained fromthe treated support which was then
washed wireemetel withowdinvistermediate fixinghstep asidestribed raiiously tn twmestjonawidh copper
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hydroxi de wasphigfknt PREIER@IEHofYcing VA catalysts has been low noble metal retention on the
catalyst support. The use of KAuO, precursors offer a method to produce salt free highly
dispersed metallic particles with no fixing step involved for the Au complexes. An advantage of
no fixing step for the Au complexes is the increased gold retention since Au is partially washed
out of the catalyst during fixing/washing step under prior art techniques. A high gold metal
retention catalyst was obtained by this method. The catalyst also contains Cu, Pd and Au
distributed in a thin shell at or near the surface of the catalyst support.

Advantageously, the catalyst containing palladium and gold in free metallic form
deposited on a support which has been precoated with copper may optionally be impregnated
with a solution of an alkali metal acetate, preferably potassium or sodium acetate, and most
preferably potassium acetate. After drying, the finished catalyst may contain, for example. about
10 to about 70, preferably about 20 to about 60 g of alkali metal acetate per liter of finished
catalyst.

When vinyl acetate is prepared using the catalyst of the present invention, a stream of
gas, which contains ethylene, oxygen or air, acetic acid, and desirably an alkali metal acetate, is
passed over the catalyst. The composition of the gas stream can be varied within wide limits,
taking in account explosive limits. For example, the molar ratio of ethylene to oxygen can be
about 80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 2:1 to about
1:10, preferably about 1:2 to 1:5, and the content of gaseous alkali metal acetate can be about ]
to about 100 ppm based on the weight of acetic acid employed. The gas stream also can contain
other inert gases, such as nitrogen, carbon dioxide and/or saturated hydrocarbons. Reaction

temperatures which can be used are elevated temperatures, preferably those in the range of about



incipient wetness with 82.1 nl of an .aqueous solution of sodium

tetrachl oropal l adi um(11), Na, PdCh, sufficient to provide about 7 g of2 DEC7 -
el enental palladiumper liter of catalyst, and the support was subjected to
the steps of shaking to ensure conpl ete absorption of the solution, fixing
of the paly@dbitgzas its hydroxide by roto-imersion i n ague@a3/usagdiosd
solution, draining of the NaOH sol ution. and washi n~~ and dryi ng of the
support. using 'the sanme procedures as described previously for the coatin5
of the support with cupric hydroxide. The& copper and pall adi um were then
reduced to the free netals by contacting the support with ethylene (5% in
nitrogen) in the vapor phase at 150C for 5 hours, to obtain a support

cont ai ni ng nom nal amounts of 1.9 g/1 of copper and 7 ~;/1 of prereduced
pal | adi umg.beodcheripy 9eucte &;gpne%_doe&nao%sa SR M AteButtd dré6Q. hormIRF&IRRLE the
support with gold. auric hydroxide, Au(OH) 3 was first prepared by m xing
300 g of elsvated presaire graferabbgo bafsure pf upleotabOnd20 atontspharesgpu@e20 g Aul g
solution with 73.6 g of a SOQ% W w NaOH/ H 0 dissolved in 200 m  dei oni zed
vater. An excéSSNGHENAGERAIIBERA] ROIMFIYRY- $HEUBHIEJeagsatHmeY hrgmpled.
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dei oni zegmpllyed. Bed ULS. phieor 5,683.68&e and dried in a vacuum oven at SOC in a
flow of N, to obtain an orange red solid of Au(COH)3. Auric hydroxide in an
amount of 0. ~Agfusthenlierdtive anvglvas the amubiapgaus fmprognatipndf thectiypting @RPORKY
the resultj orange _suspensi on S ted t 2.t0 85C and stirred at t.his
tenper ot TR 2 RARBrHST 1R FpBRGroLEh Ghatflo 87 bR nim AR R bl GpiBted
sol uti onof stewbASIheIappeftad Bd/dteddysti N an anount contai ni ng about 0.4 gram
of elenental gold. This solution was added to 100 ml of support containing
nom nal anmpoundgwotifer aligngive epfibqsimentaneel vesidie preparation efithe spyadirst ahdrein el of
prereduced pall adi,um prepared,as descyi bed, previousl i et hyl ene as
Peduc ngragidr et B CREEE: Shprhaelonerf bbb ertad ol et St idopighe
catal ystgypgrdried in an oven at 100C for 5 hours in a flow of N, purge.
The gold in the treated catal yst was then reduced by 5% ethylene in N, at
120" C for ~ hdue foltcovinpesamplas fathat ybistratonheainméntion; a noni nal anount of 4
g/l of free netallic gold on the support. Finally the catal yst was

i npregnated by incipient wetness with an aqueous solution of 4 g of
potassium acetate in 33 mM H Oand dried in a fluid bed drier at 100C for
1.5 hour. - 2 DEC ~, p~pz WD 991 62633 PCTI US99/ 10984 - 10 In Exanple 2, a
dupl i cat Exdrapleb 1ab 4cat al yst was prepared using the procedures of Exanple 1.

In Exanple 3. _the procedures of Exanple 1 were followed except that, the
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obt ai n i : E g t he sane nom nal amounts
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whi ch the reaction was ternm nated. Analysis of the products was
acconpl i shed by on-1line gas chromatographi c analysis conbined with off |ine
l'iquid product analysis by condensing the product stream at about 10C to
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..series of equations that correlates the activity factor with the cata
tenperature (durin~_= the reaction). oxygen conversion. and a series of

ki netic para zg%s for the reactions that take place duringctAusdynbdsesi s.
Mor e gene?’vﬁ 9yé, he activity factor is inversely related to the tenperature
required to achi eve constant oxygen . conversion. - 2 DEC ?r102 WO

991 62633 12 Table 1 PCT/US99/1 0984 Exanpl el234Metal Content of

Cat al yst Nom Ant., gtlPd~ 7777Au4445Cul. 91.91. 91. 9Act ual

wt. % 1Pd1. 091. 061. 021. 10Au0. 61U. 660. 660. 70Cu0. 250. 310. 270. 26net al

retenti onPd97939096Au9410010086Cu831009086Act i vity2.072. 132. 092. 22Sel ect i vi
tvCOz7. 9. : : OAcO0. 059~ U. 058~ 0. 0491 0.Uel
The val %glédg)ﬁgrﬁéﬁ a?ﬁﬁéblﬁ]gz%mﬁ%%?ucéﬁé?ﬁéﬁ ‘he catalysts of this invention
in many i nst areasppéd pReoatse dithovayninbsiable cuptididraaed daetky imprghaed bef

et hyl ene, oxygen, and acetic acid with lower CO selectivities than various
convent iipnpienaemess wiskiR A ol apaquegustselugompf sosivmg echlamipaiadina(gbl d.

whi | ' LNi hi . i val ent | | f.activity, ..th
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fixing of the palladium as its hydroxide by roto-immersion in aqueous NaOH solution, draining

WO 99/ 62633 PCTI US99110984 the foll owmi ng way: The conputer prograMLf,pggm

of the NaOH solution. and washing and drying of the support. using the same procedures as
described previously for the coating of the support with cupric hydroxide. The copper and
palladium were then reduced to the free metals by contacting the support with ethylene (5% in
nitrogen) in the vapor phase at 150°C for 5 hours, to obtain a support containing nominal
amounts of 1.9 g/l of copper and 7 ¢/l of prereduced palladium.

In the production of potassium aurate utilized to impregnate the support with gold. auric
hydroxide, Au(OH), was first prepared by mixing 300 g of sodium tetrachlorogold(IIl),
NaAuCl,, containing 0.20 g Auw/g solution with 73.6 g of a 50% w/w NaOH/H,O dissolved in
200 ml deionized water. An excess of NaOH was added to bring the pH to about 8 and the
solution was stirred and heated to 60°C for 3 hours to form an orange precipitate Filtration
yielded on orange solid which was washed with deionized water until chloride free and dried in a
vacuum oven at 50°C in a flow of N, to obtain an orange red solid of Au(OH),.

Auric hydroxide in an amount of 0.5 gram was mixed with 0.12 gram of KOH in 35 ml
of water, and the resulting orange suspension was heated to 82 to 85°C and stirred at this
temperature until all solids were dissolved to yield a clear yellow solution of potassium aurate,
KAuQO,, in an amount containing about 0.4 gram of elemental gold. This solution was added to
100 m! of support containing nominal amounts of 1.9 g/l of precoated and prereduced copper
and 7 g/l of prereduced palladium prepared as described previously using ethylene as reducing
agent. The impregnation was conducted for about 25-30 min. The catalyst was dried in an oven
at 100°C for 5 hours in a flow of N, purge. The gold in the treated catalyst was then reduced by
5% ethylene in N, at 120°C for 5 hours to obtain a catalyst containing a nominal amount of 4 g/}
of free metallic gold on the support.

Finally the catalyst was impregnated by incipient wetness with an aqueous solution of 4

g of potassium acetate in 33 ml H,O and dried in a fluid bed drier at 100°C for 1.5 hour.



- 2DEC2002 I~ CT.~ITMC Wiat is clained is: |I. A catalyst for the_ EC
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acid, conprising a porous support on the porous surfaces of which is
deposited catalytically eirctive nounts of netallic copper, palladium and
gol d) sai dvoavsdegst prepared by 5t Cp5 COU pi'l Sl aa precasti METSEN18§hpor t
with a water-insoluble formof copper, form ng on the precasted support a
wat er -i nsol ubl e pal | adi um conpound, reducing the palladi um cornpoutid, and,
if not prviously redutEd, the water-insolluble form of copper, to a
catalytically affective anount of the free netal, inpregnating said copper
and pal | adi um cont “ai ai ng support witl't a solution of potassiumcurate,
and reducing the patassiuzrt curate to a catalytica~lly e$ ective anount of
netal | ic gol din Exam @29@@@1%&& tafch@fahtilykt Was beipar&iaisthgSHe pesded@e bl ni ng
metal lic copper and pal |l adi um on which said potassium aerate is

i cnpaegnatambled. prepaxed by steps conprising inpregnating said Support with
an aqueous so i on 8f wat er - sol upl e copper salt, fixiag, said copper .as a
At e naol ublEE GO Are BPCFHEL PHERATEE |8 RNOBEd SHEPERLE ABOEDRShand
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to their_free netallic state the eater-insoluble conmpounds of copper and
pal | adi i%amrigdnt on the ~vppart.3. The catalyst of claim 2 wherein said
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125 wt . nPl’_“B_gls%‘ao‘fé‘ﬁ\g’fﬂé?‘&%ﬁﬁ%ﬁnPS? Oﬁgrlefg'l‘ﬁta s g8{1’('3The catalyst of Claim1

al so cont ai ni T Xordi@RPShures oYy, Ak ahd CiRoRlespiRligg & thé corldiBus@indlangt of
Claim~ wY~eer;.in said alkali netal acetate is potassiumacetate which is

pr es~, ntamounss-of impoegnating folatenst(Nom- Amot. agybhtand-acglal ambuntaoPygand AR orhe
catalys' of Claim1l ofreinthe Pq, ¢Ctj.. and Au.forma shell nat.al
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et hyl ene, oxygen and acetic acjd. conprising a, paraus support on the porous
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reaction o
50 g of acetic acid. and about 4 mg of potassium acetate, was caused to travel under pressure at

about 12 atmospheres through the basket, and the catalyst was aged under these reaction
conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
Analysis of the products was accomplished by on-line gas chromatographic analysis combined
with off-line liquid product analysis by condensing the product stream at about 10°C to obtain
optimum analysis of the end products carbon dioxide (CO,). heavy ends (HE) and ethyl acetate
(EtOAc). the results of which were used to calculate the percent selectivities (Selectivity) of
these materials for each example as shown in Table I. The relative activity of the reaction

expressed as an activity factor (Activity) is also shown in Table I and is computer calculated in



et hyl ene, oxygen and acetic acid .conprising precoating a porous supggzﬁm
with a water-insoluble formof copper, farmng on the precoated supp QHMZ
wat er -i nsol ubl e pal | adi um conpound, reducing the palladi um conpound, an, d,
if not previously reduced, the water-insoluble formof eapp
'~catalytichPf9@F¥%ctive Fuuaunt of the frae netal) inpregna??ﬁ%kg%ﬁg&%opper
and pal | adi um cont ai ni ng support witl'~ a solution of potassium aerate, and
redLCi ng the potassiumaerate to a cataIMti.caLty ef fectivo anmount of
metallic gold. 13. The nethod of Caiml,” 2 wherein said support containing
metal lic copper and pallad.ixun on which said potassiumau rata is

i npregnated is prepared by steps conprising inpregnating said support with
an aqueogéﬁﬁgiution of , a wat er-sol uble copper salt, fixing said copper. as a
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their free netallic state the water-insol uble conpounds of copper and

pal | adi ~aqsivey dattordp invigselyuglagadi to theitenTperagunewequitedde actieneraonStanthanygem sai d
wat er - sol ubl e. copper salt is cupric chloride and said v~:avier-soluble
palladiu%?“%%“?'is sodiumtetrachl or~pal | adi um(l~. 1~. The method of C aim
12 wherein said porous support contains about 0.3 to about ~.0 g of

el emental copper per liter of catalyst. 16. The nethod of Caiml2 wherein
sai d porous support contains about 1 to about 10 g of palladium and about
0.5 to about 10 g of gold per liter of catalyst, with the anount of gold
bei ng fromabout ZO to about 17?5 ~~rt.% based on the weight of pa.lladium
2 DEC 2002 15 ~'7. The nethod of ~lairn 12 whei eir said catalyst is

i anpr~eg~ted with a solution o an a~ali metai acetate. 1~ ~. The nethod of
Mai m|? wherein said aalo~li netal ace:ate is potassiuan acetate v~ich is
deposited a~n the catal yst a~a an anount of a;bout 1 D to a.bocxt % glt of
catal yst ~.9~. The nethod of trlaiml2 '"wherein the Pd, Cu, and Aur forau a
shell netal distribution on 'the catalyst support. 20. The nethod of C aim
17 wherein flee curate anti acetate are added an one step. 2~. The net hod
of Claim 12 prepaxed vri'th stadium ~e reagents. z2. A process for the
production of ~rinyl acetate by reaction of ethylenme, o~cygen and acetic
acid as reactants conprising contacting said reactants with a coral vet
GOSnpr | S~ng a porous support orr the porous' surfaces of tvhich is
deposited catalyt7cally effective nounts of netallic copper, pa.lla~l:um
and gold, said catal yst prepat'ed ~by steps eonprisit~g precoating said
support with a waterinsoluhle form of copper, farm ng on the precoated
support a v~~ater-insoluble pal |a,~liumconpound, reducing the palladi um
conposnd, and, if not previously r educed, the water-insoluble form of
copper, to a catalytically effective anount of the free anetal,

i npregnating said coppe: and pal |l adi um contai nnng support v~~ith a solution
of po~ssium attr-4#e, and reducing the patabsiurn curate to a catalytically
effective anount of rr_etallic gflld. 2 3 . The process of Caim22 v;
herein said support contai ni ng ,netal lie cope er and
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The values shown in Table I indicate that the catalysts of this invention in many

instances can be used to synthesize vinyl acetate by reaction of ethylene, oxygen, and acetic acid

with lower CO, selectivities than various conventional and/or commercial catalysts comprising

palladium and gold. while maintaining higher or equivalent levels of activity. Moreover. the use

of KAuO, as the catalyst gold precursor provides more reproducible and higher levels of gold

retention on the catalyst,
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What is claimed is:

L A catalyst for the production of vinyl acetate by reaction of ethylene, oxygen and
acetic acid, comprising a porous support on the porous surfeces of which is deposited
catalytically effective amounts of metallic copper, palladium, and gold, said catalyst prepared by
steps comprising precoating said support with a water-insoluble form of copper, forming on the
precoated support a water-insoluble palladium compound, reducing the palladium compound,
and, if not previously reduced, the water-insoluble form of copper, to a catalytically effective
amount of the free metal, impregnating said copper and palladium containing support with a
solution of potassium aurate, and reducing the potassium aurate to a catalytically effective
amount of merallic gold.

2. The catalyst of Claim 1 wherein said support containing metallic copper and
palladium on which said potassium aurate is iapregnated is prepared by steps comprising
imprepnating said support with an aqueous solution of a water-soluble copper salt, fixing said
copper as 2 water-insoluble compound by reaction with an appropriate alkaline compound,
impregnating said copper precoated support with an agueous solution of & water-soluble
palladium salt, fixing said palladium as a water-insoluble compound by reaction with an
appropriate alkaline compound, and reducing to their free metallic state the water-insoluble
compounds of copper and palladium present on the support.3. The catalyst of Claim 2
wherein said water-soluble copper salt is cupric chloride and said water-soluble palladium salt is
sodium tetrachloropalladium(IT).

4. The catalyst of Claim 1 containing about 0.3 to about 5.0 g of elemental copper
per liter of catalyst,

5. The catalyst of Claim 1 containing about I to about 10 g of elementa] paliadium,
and about 0.5 to about 10 g of elememntal gold per liter of catalyst, with the amount of gold being
from about 10 to about 125 wt.% based cn the weight of palladium.

6. The catalyst of Claim 1 aiso containing a deposit of an alkali metal acetate.

7. The catalyst of Claim & wherein said alkali metal acetate is potassium acetate
which is present in an amount of about 10 1o about 70 g/1 of catalyst.

8. The catalys: of Claim 1 wherain the Pd, Cu, and Au form a shell metal
distribution at or near the swrface of the catalyst support.
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acetic acid, comprising a porous support on ths pomus surfaccs of which is deposited

catalytically effective amounts of copper, palladium, and gold, said caralyst prepared by steps
comprising precoating said support with a water-insoluble form of copper, impregnating said
copper containing support with a solution of potassium aurate, reducing the potassium aurste to a
catalytically effective amount of metallic gold, forming on the precoated support 2 water-
insoluble palladium compound, reducing the palladium compound, and, if not previously
reduced, the water insoluble form of copper, to a catalytically effective amount of free metal.

12. A method of preparing & catalyst for the production of vinyl acetate by reaction of
ethylene, oxygen and acetic acid comprising precoating a porous support with a water-insoluble
form of copper, forming on the precoated support a water-insoluble palladium compound,
reducing the palladium compound, and, if not previously reduced, the water-insoluble form of
copper, to 2 catalytically effective amount of the free metal, impregnating said copper and
palladium containing support with a solution of potassium aurate, and reducing the potassium
aurate to a catalytically effective amount of metallic gold.

13.  The method of Claim 12 wherein said support containing metallic copper and
palladiwir on which said potassium aurare is impregnated is prepared by steps comprising
impregnating said support with an aqueous solution of a water-soluble copper salt, fixing said
copper as a water-insoluble compound by reaction with an appropriate alkaline compound,
impregnating said copper precoated support with an agueous solution of a water-soluble
palladium salt, fixing said palladium as a water-insoluble compound by reaction with an
appropriate alkaline compound, and reducing to their free metallic state the water-insoluble
compounds of copper and palladinm j:resent on the support.

14.  The method of Claim 13 wherein said water-soluble copper salt is cupric chloride
and said water-soluble palladium salt is sodium tc?rachldrcpalladium(ﬂ).

15.  The method of Claim 12 wherein said porous support contains about 0.3 to about
5.0 g of elemental copper per liter of catalyst. |

16.  The method of Claim 12 wherein said porous support contains about 1 to about
10 g of paliadium, and about 0.5 to about 10 g of gold per liter of catalyst, with the amount of
gold being from about 10 to abour 125 wt.% based on the weight of palladium.
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copper a¢ a water-insoluble compound by reaction with an appropriate a

impregnating said copper precoated support with an agueous solution of a water-soluble

palladium salt, fixing said palladium as a water-insoluble compound by reaction with an

appropnate ajkaline compGund. and *educmg to its frec metallic state the water-insoluble

compound of palladivm presemt on the support.

24 The process of Claim 23 wherein said water-soluble copper salt is cupric chloride
and said water-soluble palladium salt is sodium tenashlorOpa}IadiumﬁI).

25.  The process of Claim 22 whereir said porous support contains about 0.3 to about
5.0 g of elemental copper per liter of catalyst.

2¢-  The process of Claim 22 wherein said catalyst contains about 1 to about 10 g of
palladium, and about 0.5 to about 10 g of gold per liter of catalyst, with the amount of gold being
from about 10 to about 125 wt.% based on the weight of palladium.

27.  The process of Claim 22 whersin said catalyst also contains a depesit of an alkali
metal acetate.
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