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ACETATE m&%@ NG A CATALYST 5 COWPRI SI NG PALLADI UM GOLD, AND

CERTAI N R TALS BACKGROUND OF THE UNVENTI Cﬂmwlmmmumm“" he | nvention
This invention relates to new and i nproved cata producti on of
vinyl acetate 10 by reaction of ethyl ene, oxygen angd¢ggeti c acid.
Background I nformation Including Description of Related Art It is known to
produce vinyl acetate by reaction of ethylene, oxygen and acetic acid using
15 a cat al yAtPROGESS FOR DREBARIN A AER AR TEd '

Wil e the palk [ '
eet ot o € NG PALLADURL, ol D: \ ERTALN TR MET AL
in even greater productivity would be very desirable. The foll ow ng
references may be considered nmaterial to the invention clainmed herein. U S
Patents Nos. 3,775, 342 i sSBACKOGREOUND OF THEOVSVENTI(Y 822, 308 y
2, 20 25 1974, both to Kronig et al., each discloses a net hoamwﬂmmwmﬂ"
vinyl acetate catalysts conprising treating a support sinmulta usoob/Péor
successi lel(?/%xgﬂtmva ggl ution A containing dissolved salts of nobl ‘8%t al s
such as p§ 'u ﬁﬂéongol d and a solution B containing conpounds able to
react on the sHRROehiivh Fdlatbd® RIUNE iﬁ'i??o%d eathlyStstfor tﬂq@?frﬂdﬁ@ﬁ&{ of AP 4Bk
conmpounds, treating such waterinsol uble conmpounds with a reducing agent to
convert bheeagkdaneof-cdtindeneubkrgenabd acatistagid. conpounds to the free netal s,

washi ng the catal yst to renove water-sol ubl e conpounds, and applying an

al kali nmetal conpound e.g. an alkali netal carboxylate before or after

tregt men | Tl B1-g0) - Ut optionally al so contain
saigt@s of Bg#ﬁg@nggﬁgﬁgﬂéﬁdcﬁﬂgg nag%sglsﬁ’%d#d%léief%& barium and rare earths.
U. S. Patent Nb.isknd3@Rtott6dudessnyddcelatt by Béactididfethylend\iogpgemandtacetic acid using

di scl oses a nethod of 3 reparing cat al yst usef ul (, the production of
vi nyl ac%P%f?lé(SttﬁQ“?‘é%Rﬁ‘?f&?ﬂé&l@t%ﬁ‘alg@ SUpRY %Fﬂiﬂﬁ’&:e‘ﬁ)‘ﬂe thej procesy iakziag ng

. . ) ¢ iy
o . o1 3icB B R BpdbPBPbiogHibg vl ReubyiBabvaFhich 1801 PG BRI Ve
by i mrer stpedieangsiiltinp i e\@ntgheatérppsdegtiaitiedrosldhe ety desirableeact i ve sol uti on

for at least 1/2 hour to precipitate such cor‘rpqunds and subsequently
redBcing the Ebhindlondrg xeberencss msy Be(cprsidespdynaterial to the invention claimed heréin.

U.S. Patents Nos. 3,775,342 issued November 27, 1973, and 3,822,308 issued July 2,

1974, both to Kronig et al., each discloses a method of making vinyl acetate catalysts comprising
treating a support simultaneously or successively with a solution A containing dissolved salts of
noble metals such as palladium and gold and a solution B containing compounds able to react on

20 the support with the noble metal salts to form water insoluble compounds, treating such water-
insoluble compounds with a reducing agent to convert the water-insoluble noble metal
compounds to the free metals, washing the catalyst to remove water-soluble compounds, and
applying an alkali metal compound e.g. an alkali metal carboxylate before or after treatment
with the reducing agent. Solution A can optionally also contain salts of other metals such as

25 magnesium, calcium, barium and rare earths.

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

30 and tumbling the impregnated support in a reactive solution for at least /2 hour to precipitate

such compounds, and subsequently reducing the compounds to its metallic form.



"~ ~ A~~ zooz 7166-PCT U.S. Patent No. ab567,839, issued Cctober éz %92@ to
Qulliver et al., discloses a nethod of producing vinyl acet at<—:3 aP‘g y g

i ncl udi nd166ECdt ep of using a barium“salt", such as barium hydroxide, to
preci pitate water-insoluble palladiumand gold conpounds onto a support
prior to reduction with a reducing agent. Wen barium hydroxide is used as
preci pitant, residual bariumrenmains in ghe finished catal yst. SUWARY OF
THE I NVENTION I n accordance with this invention, a catalyst is provided
useful for the Progueiic0s s8f,8Y9 Niue@CRIBEL2DY 99636 Gudivedtr At Y RIEs a REVZEN
and acetic acid, conprising a porous support on the |0 porous surfaces of
whi ch i sofigpdséihgdinybacetaye cayallysty irefddeng the stearmbusing adbrimet "aklk'l, sughads| badiumm
and old, and a third_ netal select% fromthe ground consisting of )
magnesi ubRydreslde; GriredRItyMRteg RO ger&llﬁélpemd&ﬁ?imn%ﬁn#aﬁwogswen B%PHE or
m xture of | de. I el ; I -ore .

el thor - nEHEHT Ky sy UEhe WnaPhaREl ke Solce s BRERIBACRRIGH B

W th an pameeds tBeFdishedcatdlysiat er - sol ubl e salts of palladiumand said third

nmetal, fixing said palladium15 and third netal as water-insoluble
conpounds by reaction with an appropriate al kaline conpound, subsequently

i npregnating the catal yst w tﬁﬁ%ﬁ%{@ﬁt@sol ubl e gold salt,
fixing the gold in the soluti _ T * inpregnation as a
wat er - i nsol uble, cormaLitRYhi§ BRCAIGH) aWaialysBR RPRIQPseAl Sorthk BlddMeH GPIPARNT,
and reducing the fixed palladiumand gold to their metallic State and the

fixed thacedateby ataction bf ethylene @xpgemindtagete: aid, oringdsiapd poedwaisupport &n theret hod
(B) conprising the sfeps, of inpregnating, the support with a solution of
wa%-er - soPY9ME sg&cpgo{awﬁlﬁapq dRROBiAS GO EcaHY SHesty e emaHat AL magtall Pﬁ'h%“‘f’ fhad

pal | adi u g i t | i Nns..nspl ubl e
corrpoundgb ]gy%ﬁg%h@aﬁ?%@u%%ﬁ%%tfﬁdén g{é e%&gr% &?%{Sgl?% ﬁghg%lﬁglﬁ? S}r%gfrﬁ’n%aht é

i Npr egnatecbriwppad ceridin | & iistoxide ormietwedf oxidaasbfred metal, ghidantabpphopfig béan

al kal i ne compound (roto-inmmersion), and redugj ng the fixed palladi um and
gol d to Prepedhyteiher methpa{d) comprisieg the steph Pt INHTEINAING A POFLS JUPRAT Withedr e

£ oxid . . . ) ) . | _
"nvent i oRdueslF tdlbsiof St el B Y SEs bl an BT LT SRS IREIAR .
anysof t hed pRchéthled wheridssrablalcompoamisrbydednyionstithoah dppropetatd Bkalprr f or m

with nore consistently higher activity and/or a | ower selectivity to heavy
ends, wheempeinsasehseqiiently smprepaing the cataly i withe sejudereef awelsr-selubletgsld salthan

tal yst by, 3 ' t ; f t under .th
Cvent ; ofedREREd ifthe SollyleP R B B T HERHNRA0E of D SREL AP BB ;.
and predbgtetien GHRRASbpioPHatyi allthlide G6RPb&Id, dRdfedaciff tHrOfMRAgAEAdiMm dgold to

catal ysts prepared by other nethods. Such higher activity and/or |ower
heavy  they metlicstate Fubhe BRTd dnykmetel wdts axidgorgnixge peexide end meglicart er

vi pyl acet at roduct.i.vi thani.f no third netal is enployed. DETAI.LED
DEQtR PSR B APk e o mprRepae e Pirettiat Tr § SRuO R Gy el e ubte

i nvent i OBajtIfHEIIAREROEL10Ahd Skid tiRHd mehe, fHdh@ihe PhilsdiRROsdId "Bdehird meta in the
conposed of particles having any of various regular or irregular shapes.
such as #tleesastion asovatsinselyblertvapounds biymeanstingluding thegtti¢eof otatipgandiand may
have di rrensilons such as dianet er,higsngt.h, or w dt h1 of ??gout 1 to abouf. 10
rzrn, pr BRI O JBBTENAC] SRIOHHIS A BEnRRedi I § S3UHP AR FPRIPPRHE A4S o
about 8 EEBEEd&baRdsio)) SndHRARGHY AR lladiEh £ cbi ROREP HRRaIRE sl

sui t abl e porous substance, e.g., silrca, alumna, silica-alumna, titania,
zi B6oni aandsiheithiad ewtal itk orideas miktae eSoxidé ommetaks, spinet, silicon carbide,

or carbon and_the | ike. The support terial have a surface area wthin
the range, foft léis eg,ﬂ‘%f"’rﬁ’iﬁgﬁ)miﬁagg'%ﬁ{ﬁ’afr ‘ggé?veﬁ?%‘? eegpipecardyucaly ¢ o

about 20 anfin BV NQr i i ] T, 50
t o about Qgg%ggangstn ?so& ,ggﬂgﬂég%%réﬁ\?g?aﬁgﬁisﬁa?ﬁgd trhgt{ralg“éémgl g’]r)é pg(egog I‘g,pmg? 15

about 0. 1A} or (B) perfefm mathl morlroutistendly highabantitvitg ald/ot 4 thwereleativigy todeawit t he
i npregnation of the suppaort material with water soluble salts of the

cont enpl 8B¢ss WhaR spmpared With atalyspenofeoptayung sychadnisdmataly thap catalyss prepgssd bn
pakhadi um, ( | or.ide, ' e : L de, ' 1)
i tPate. e et rRihoR B AR BRBIEARE Hchlidy. Bk L B ol PPl
pal | adi umveatiB@HMSa mf dodsiglekbarid predietableccoghpositiofivdth Dfrepet degreeiof sal ts

homogeneity than catalysts prepared by other methods. Such higher activity and/or lower heavy



2 0 of auric (I1l1) chloride or tetrachloroauric (11) acid are exanﬁ)lﬁ of
wat er - sol ubl e gol d conpounds whi ch can be used. Dependi ng on whi 3nl tARR 2002
et al is%fés?@%d in the catalyst, the follow ng water-soluble salts are
exanpl es of compounds which can be used for the inpregnation of such third
met al : magnesi um sul fate (anhydrous or hydrated)) magnesi um acetate
(anhydrous or hydrated), magnesium chl oride (anhydrous or hydrated), or
magnesiumnitrate (hydrated); 2 5 calciumchloride (anhydrous or hydrated),
cal ci um ne r - atci I ydr ous
oy o ) B e T e et e
(anhydr otssplpyed.r coni um sul fate tetrahydrate, zirconiumchloride, or
zirconiumnitrate (anhydrous or pentahydrate); or cerous nitrate
(hydrated); cerous chloride (anhydrous)) cerous sulfate (anhydrous or

hyd d), : | [ h
ydrated), or cerous acgrﬁ\%gﬁﬁm%gglﬂﬁleﬁ @QF@@@I%N%I&N n preparing the

catal yst by nethod (A © npr egnati ons he Support materi al

Wi td sol uti ong srepaMio@he aklyEE endaltiis idkntifitugnd kbl ¢A) by(BCihe\¢aalRt al s
may be effected by any nmethod known to those skilled in the art.

Pr ef er ab$upporiowaseneal is enmposedpl paghicies kavengsany of varigusasgul@oparrgg@er $h@pesd sih10
15 20 25 30, acconplished by the "incipient. wetness" t had wherein an
anount of® %RQF@F’-%@F@H’?@“Q&%I gy Pt %%eéah?l’éf’ @ﬁé"%ﬁ%vsaﬁa?*}%%sisw #om
about 9540 PR o1 O WRIHCEAbR | foBoRPRONRL, Ei‘é?erﬁﬁ?%ﬁbﬁ% @fo e SHHRRAT t
material. Wile t%e quantities of water-soluble salts of palladiumand the
t hi rd nehalings diaveter nf abaut #he abniti8rmemamo preferedf Thhespponeahatesali may be

fini shed catal yst may . be present in the fi_ést i re% ation carried out in
met flod (%)mléﬁsea B??HX fuitaBle poFquy SURRANGE £ ot dcs e alfaﬁ Yrpypagiftania, zirconia,
wat er - sol; gﬁfnﬂn e doNe: I fiSLi L il [ I n met hod
(B), or %lﬁpdttﬁsé [ rs?ﬁﬂll‘%ﬁérsété{ﬁggf%ﬁﬁ@%lh?g? é}r?%&ggﬁg Cglgalro'g1 ag 'El%lrjﬁktelhe fixing as
descri bed her Thaaippert mdterd Imaydiavera amdadelzirgadwitieih alte riangdyEdiexdmiphs) of hisout 10

contain only gart of the elenental gold dgsired in the finished catalyst.
I n ei t heto abaye3SGpreferablyabputy0fgo akow 280 M (g an AEsregeROre ize Y the Fngeptrt of
the gold jn tthe firstcq i ) S0 L f. ter- uhl e gqol

ol t o FLPHIE oo SRPGH 200 Bksfolr, Sebiodt \SMlnin ¥ Bhad o 3irtSof

equs val egBout 0.110€, prf@hbIdaboaf0.4 feeabgad H2@ds.red in the finished catal yst.
The inpregnations are such as to provide, for exanple, about 1 to about 10
grams of el enkneaatyingpytabs impregnation of the supparemagpaluvito water solyblgselts of the ans

f el | , i ter.of fini | vst.. With th f gold
ei ng. v Srtemated e Rhica e Bl i AR ER chibhige ot DA Dy Hlori
pal | adi updtalRRA Pl AGuAI VN dlel PdlladiuiRlIBI nifrste @ BAIlATh (11} ifatedlra byShpiadsk

assum ng such third netal is the only one present, the nunber of grans of

el enent asuitahler Watgrsaliblp gallddivre compownsdsawhie allsalbmetab - bysodhen onpetaspinm isalts

be, f le, .yithi f ol | o i b 0.1
2aAe 2. of PR r st ardepachiboqie B R0E s ORATR s R IARE IR e fpnds
4.0; prehgaidtay ek, @ep@n&ﬂg%@%cﬂ&@rﬂt}ﬁé@qgﬂ@ﬁﬁﬁﬁn Qxe?eaia@ys@,hﬁélgou%u%g

pref erably about 0.6 to abou . 0; zi rconi um about 0.4 about to 7.0,

pr ef er abivateaisolmblelsals axe exbmples 8f Coropauind srwhinbdan Ge Bsedofontheumpt€gnation of such
preferably about 1.8 to about 5.0. After .each inpregnation of the, support
N th an GCRHel: SBRERSEI St GE LRt S 0. el SRR (BTG, | ve
metal, t H?m@%ﬁglsmé egi&hf%}ide'(mﬁxydr&ﬂé%? hpirhRHE Gr mAEn&SiNR hitFard p@@ﬁﬁ&gﬁ .

conpound such the hydroxide, by reaction wth an appropria
corpoundcaleiug chlaride(akbydrowsdradlydiayett) coalciem agéthie ¢ arthydrdus wamenobydrisehatre or

or o1 or 1 0 BRIGRERIGHE (BUACHGH S ORAID borHE) SFies] (Y COASINBSHOUTPBEN n an
ampunt OBir{a}Eé;(agﬁng%g?i)ezim%ﬂﬂHﬁ st fPrefAftrate; ziRb G aRbide BPHrcohivin hitrDOUL

1.8 tinmes hecessary to conpletely precipitate the cations of the

cat al yt i ¢alhlyiiroas br pentaiBidedts); pr &seustnitrata (ngirived); ¢ekpusodhlcridealaylsydrous)peeradsi on,
each fixing of the netal nay be done by the jincipient wetness nethod
wher ei n SH&ate (@nhadioas ephydiped) or egogfacgrte @npydrousorhydmteddr ature of 3 0

APR_? a02 7166-PCI _about coant. | :

Sordi Ton of ¢ R PEpRafe e chal: bEmeBRE (AT8h eE S REhARAE b ok PR Inltral
of the swaRQolutichsdf dlatepwbidbledali aftle taralyticalbr dctide afetAbauy bbeffectedbpbayt 16
hours; or the roto-inmersion nethod wherein the inpregnated support w thout

dryi ng i sndthedsenoven forthesesskillgdiim thegirt. tRrefesablya hpweverasushiimpregnagiians afet at ed
and/ or tunbled during at




5 least the initial period of precipitation such that a thin banghgi) t%\uz
preci pitated water-soluble conmpound is fornmed at or near the sud Ro he
‘support pHGPCTes. In nethod (B) the fixing of the netals in the palladium
and third netal salts added by the first inpregnation nust by done by
roto-i mrersion. However, the fixing of the gold in the water-sol uble gold
salt added in any subsequent inpregnatiop may be acconplished by incipient
wet ness or roto-inmersion. In 10 carrying out the fixing of nmetals by
roto-i mersio t.he rot.at.ion and tunbl.i may. be carrjed out, .far exanple,
e aboutceoipgishsh B e Ry POersamRtr Y Pin R aBh Fov Asqrile s Dot
0.5 hourgo| B[ 1BE@RINth@RAYE grthtion 1O GRAVSUID B UbSur 1D0PefceRt STRL MBbtive
roto-imersion nethod is disclosed in previously cited U S. Patent No.

5, 332, 71¢patityeofeht suppodimsatkna uVéhitsfthevhuashities of water-panlale saltshafipmiladilgn and the

reference, ;15 The fixed, [.e., precipitated palladjum. goJd and third netal
corrpound§nr Hﬁ‘}etﬁéqflé’&i}(‘}é@, d‘? S’Fméfﬁlr?tﬂ“g ,O%f 5% ngtah/sdladtne g]ﬂ‘ég“éi %‘aﬁlﬁ‘é‘i‘%ﬁeene,

€. 0z, 5% ' : fOor . : f st | Y,
cond ai i Dbl GRS iRprekbtor ica FIRH MeBolRh) bLIED: ARG s Rk R
hal i de, qugtitr ofl weger-solgble galid silb Ghe dirstampregndtidmearriedosut St aietHoddBg.t draf theay

be accorrgl i shed before vv_as_hig(g and drying in the Ijquid phase at room
t enper at skimpregnasion squiamirg sad salt #fter dhe Hxipg py desgrbedhascinatigrof \Rakadivm anpe

excess of .hydrazine over,.that requi to.re | | e. net al Tpounds
o csont BRI ARRETAL RHopBR L B of eG4 HuR dod PSR e TRRRA Ao
15:1, fotdgyed 1b¥itNasheNgfta@nBe Hxip A9 desckiB&S hdreidlufidrd g phik f BRG TP e iRt
reducing the fixed metal conpoundS present on the support may be enpl oyed

asl@onvempregration withreescdution oftveateresdinble gold sdlt, atfurthérimpragakticmis garredeugol d
conmpounds. pain]y. results jn the formation. of t free, netal, 2.5 alfhough a
i nor - anBiRE DR 61 Fol3plidargienitt PR semainder it Be ghSias e ciaaifeh of t he
fixed thifgy et iﬂsfb%ﬁﬁidn)é afeefidh h$td proliBe, hPEMRIJIONLEH: 1B BELIR) HarR of

m xture of Oxide and free netal, depending on reduction conditionS an

whi ch t helesientat pdlladsingraad dort exanplep alagua O &t to abegutuldi grgmesrof elemkamal gold, per liter of

i npregnat.i o nd fixing steps, the reduction may. phe carri out after each
fixing s{.‘%‘ﬁﬂ?ﬁf‘:aﬁll’%’r‘”ﬁ@e@é‘?%m gtqulqi, cipg {on) ?llo“gllgfﬁa oyt kgge@éﬁe’f’?’%ed on
t hecsupp red i ; S t

spgcs:i fi c%&%ggg%r‘ggg?e@?r% glgtg pre Igﬂggsﬂwﬁég gﬁg%lgﬁéesﬁé??@}erﬁgr&lg&%@ed
with an aguaimgssusblhitd metabfs thaodmly oseprebdra, the npmbedst grdimpaf ¢ledental third nidialr d
metal by incipient wetness, and the palladiumapd third ngtal 3 0 APR
2002 716BErpE ¢ catadyst awéefikédhwnnr?%r&p%may\rget T s%amaplg apithie the falleying

sol ution a?néeJ nci pi ent wetness or roto immersion, preferably roto-inmrersion.
The catafy t is then dried and separately inpregnated with a solution of a
sol ubl e gol d sappssium: habown@. It toabawm® ) tpreferablyeabent &8 tgabaitddsi red in the
catalyst, and the gold is fixed by treatnent w n al kaline fixing

y th a

soBBtion by ifFEMENt wabMIL 19 agput 4R prelsiablsatont 0.5t rROWBIY i nci pi ent
wetness. |If the.gold is fi (Ra[etNo] .met hod, such
fixing may beg%(l) i ned \?\%@ﬁla?htg a??r‘%r%%r?é%??k%%@ﬁ@& t%@%ﬂg%?si ngl e agueous
sol ution of sgir¢dningol db&RmprabdUt @0, Préfetablieabouri 0do abd@AWId i n an anount
in excess of that necessary to convert all the %gld in the solution to a
fixed insol ubF&iwnl d corbtifed, toabgut 10, preferaplyrabentb to abaut Bydr ocar bon such
as ethylene, qr. hydragen is.to used .in..10 e vapor.. phase as_ reduci
2gent.the: catiel SEerOgRPErRRgo R it i B B @R
i sakree atadiysicaly &dive MhelSthe tidiAds "fard" ried ypeipivitdd) 204 RiatepMoRiblOEdBHound
hydr ocar bon as previously described. If hydrazine is to be used in the

|i qui d phusheasake hydtoxidedyageasiion withearcappropyiate dllsalingicompgund: ¢-&.i aneaikalbmetal
compounds s treated with an.,agueous. sol utian of excess hydrazi ne ,hydrate
ot b o e ciCHe lotle LAt ot bicRRoRib R Bher SFRRoR L ShAERTRdC” ot al s,
15 and t Bectdihyatoxidesbhefreiad akaRRdfiink RQUmBS USRS Ahk ABdlind FordpiindfRbhRd
enbodi ment of nefhod (B), 1n which only part of the gold is inpregnated

wi t h t hebpal draatnountaxidfot exanpie,rattoutelt @labout 2 préferablyi appuelhas atwut 1t8témessthal s
are fixed by reaction with an al kal.ine fixin nmpound. by rot o-inmersion,
t hé Of i xedMRBRLCCESARIA r?&lg‘PéFr“gy PEGIRIa ‘PBC‘E‘}P@nggﬁ Cﬁ@@’a"lc ly getiye mefpls jpresent.

ethyl ene or hygragJaqA)beeah st pbpatattias ARG oY hitthl HRBeRRhE b5 1R

incipient wetness method wherein the impregnated support is dried, e.g., at a temperature of




"2 o0 ethylene reduction or after a hydrazine reduction. The catalyst is then
i npr egnat ed with the remai nder of the gold which is fixed on thg§ ﬁaA%Rj@ﬂ?
-usi ng anygé.pche procedures described previously. Preferably the

i npregnation and fixing are acconplished in a single step by incipient

wet ness using a single solution of a water-sol uble gold conpound and an
appropriate al kaline conpound. The added, fixed gold is then reduced, e.g.,
with ethylene or hydrazine, 2 5 after or Sbef or e washi ng and drying, as
descri bed preV|oust After the catal yst containing Palladlun1and old in
met al | i cabai AP &ikdfor Ane hOlﬁe‘t’QﬂtaCéFéi Bih afémaiaurmfﬁﬁhuambp Briatkaling mapasiahequal to

d d f.the f
et hods. apguto- DHPEH e BBl Sel Fre b FnE bR Bt B if o R s d o o
al kal i mab@l10a68%AEouly; 8f ﬁfe@@ﬂo)ﬁnﬁﬂ’érﬁ%ﬁ iﬁémdarwi%i’éihlﬂﬁ@ ARt SHatd sAPPortBEthout

preferably pot assi um acetate. The 3 0 catalyst is then dried such that the
fini shed dqamgaisysnmewmdtnana nelutibo of theaikalies matzoiat an_ﬂ)s ratatzb @ud/o7 mmhdccbﬂmn@dty

about 20.to about 60 of . al kal i t li.ter, of finished
cat al yst least tge Initigl peg ‘1110 E’e?‘féﬁqu@ﬁcb%?lﬁ@“g’ ‘&gtpglpﬁtpé‘a?ffi WaiFrssql ‘h@%nt i on
have beee?ﬂsa'ﬁ{d' @?&ln?cd%%{)ﬁaapmz-%uﬁawofqn@suﬁpbhr ticTRL % emte)rd Esgm on
such met al s can act ual e present. \Wen at st two suc escr
“"third" metratalsdn mectmladladx dnd thiné meadl adlyssidded bie therfirkt 1&ipr¢gmpnagmtsu B}gdone by

solution wi Il contain dissolved, salts of thg}ge netals to pr ovi de such

metal s | FOPHEUTETIPR hEEWE AT alhy dixing AfHheeqld iy ihs Watsresolhlegold salt P‘éﬂﬁérmlam’n ts
of each Qubs‘éﬁﬁet%P ﬁy&ét{oﬂmyo& #&oﬁlgﬁs}}ehégggﬁcx@%ﬂ»@&&s OFYdtRY ers?

assunption't a sin resen such belng

t he osane cagyih§ 8uf tha Eikingbftnhels bheomnﬁmerﬁmlme idfdtrdil anﬁ@tﬁ:ﬁbhrh§m@§/ bé bﬁn‘e@t al
amount of third nmetal in the cat alhé/ When vinyl acetate is prepared using
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hi gher ac¢bimpbiinds present on the support may be employed as conventional in the art. The reduction of

the fixed palladium and gold compounds mainly results in the formation of the free metal,

25 although a minor amount of metal oxide may also be present, while the reduction of the fixed
third metal generally results in the formation of an oxide or a mixture of oxide and free metal,
depending on reduction conditions and which third metal is present. In preparations using more
than one impregnation and fixing steps, the reduction may be carried out after each fixing step or
after the total of the metallic elements have been fixed on the support.

30 In a preferred embodiment of method (A), using the specific procedures described
previously, the support is first impregnated with an aqueous solution of water-soluble

compounds of palladium and third metal by incipient wetness, and the palladium and third metal



"2 5 and/or |ower heavy ends selectivity. In Conparative Exanple @Mf@hzggz
served a7s a control, a support material consisting of Sud Chem e - 160
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T166-PoT b 4 et B it Sitining ooy aifipced gp RSl YERLang Bt il s i
Pr odUCt by fRlkideeina Gibkal HEhGHEH Yh b uBforQRte A2 pipRld by Apbriagavy ends,
(HE, % Sel) and relative activity of the reaction
foregoing methods, it is advantageously further impregnated with a solution of an alkali metal
acetate, preferably potassium or sodium acetate, and most preferably potassium acetate. The
30 catalyst is then dried such that the finished catalyst contains, for example, about 10 to about 70,

preferably about 20 to about 60 grams of alkali metal acetate per liter of finished catalyst.



expressed as an activity factor (Act.) which is conputer calculated in the
foll owing way: The conputer programuses a series of equations thgtAPR 2002
.correl at’ésoPa activity factor with the catalyst 5 tenperature (during the
reaction), oxygen conversion, and a series of kinetic paraneters for the
reactions that take place during vinyl acetate synthesis. Mre generally,
the activity factor is inversely relateg to the tenmperature required to
achi eve constant oxygen conversion. Table I ~10 3rd Met, CO2, Exanple g/L %
Sel HE, Sel. b A--8 871 .472. 34 0.539,351, 392, 452Ca, 0, 889.28~
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25 and/or lower heavy ends selectivity.
In Comparative Example A which served as a control, a support material consisting of
Sud Chemie KA-160 silica spheres having a nominal diameter of S mm, a surface area of about
160 to 175 m?/g, and a pore volume of about 0.68 ml/g, was first impregnated by incipient
wetness with an aqueous solution of sodium pailadium (II) chloride sufficient to provide about 7
30 grams of elemental palladium per liter of catalyst. The palladium was then fixed to the support
as palladium (IT) hydroxide by treating the catalyst by roto-immersion with an aqueous sodium

hydroxide solution such that the Na/Cl molar ratio was about 1.2:1. The catalyst was then dried



g/L %Sel. %Sel. Act. 6My, 0.539.981.332.107Ca, 0.8810.201. 402, 462&9“ 2002
39.911.342.44* 9-9.901.582.34 * reduced with ethylene: the 3rd r’wae

-cat al yse7fglprpugh 8 are reduced with hydrazine. 30 The results of Table Il
indicate that the third netal containing catalysts of Exanples 6, 7, and 8
functioned in the production of vinyl acetate from ethylene, acetic acid,
and oxygen with relatively high activity factors and/or | ow heavy ends
selectivities. 3 0 APR 2002 11 CLAIMBY claim 1. A catal yst conprising a

porous support on the porous surfaces of which is deposited catalytically
ef f ecti va 18R%ufard heur inea Bridihed gaiet pdpwingameicly &1 Wesamaregnats by inapiaht wetaes

cat al yst vi ng been .pre ed. by, i nrpregnati ng _.a _porous .su rt wi.th,an
aqueoﬁs ‘%’gﬁ i)y F%“heofﬁ S?A/g?%f%sc?ﬁw_?/tghgal? 45 geplalapa °Hm5_ rﬁ@”gﬁﬁa_pf%“ﬁedt_hﬁet al
sel ect edef410WilEs BFaR4RiE TSI Shdnfd gOfd, BROMARIN WY dioR]deisUeR thidhe WClérlnBFéon' um

and cerium as its oxide or mxturé of oxide and netal, fixing sali
pal | adi uratiamas ahoutd .3kt talfixabe geldeon-thasuppai ke acoedyoiroxide.bYhe emalystomasvtheh an

appropriate al kal i ne und, sub uently inpregnating the catalyst with
a sl ut mﬁtebwagﬂeaw&w chphdpires @E@H%?gw) apd Q?%a&lﬁﬁa‘ééqr&nﬁ OMhE M4EPLRT; on
present sn,t i ' ' hon
N th an f0: B pRlddin LARREARGAAT B (LTS WOE ORIty Bl aRE 0
gol d to d¢duyst witi ethylese SPaireniaogen) hethe vapat piesecdt 186°C fos Sdwutle Rifallyi seeur e of
oxide and nmetal. 2. The catalyst of claim1 wherein said third nmetal is
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4. The Ca"lir;[ a%gusntt sgttﬁc?eln?{or%r%vi\g@ %b %}'ﬂnssc?f p%tatsghﬁldacgﬁte%er ili?er%?rc:in%mst, and dried in a
10 fluid bed drier at 100-150°C for one hour.
In Examples 1 to 5, the procedure of Comparative Example A was followed except that
the solution of sodium palladium (II) chloride contained in addition varying amounts of a
dissolved salt of a third metal which was subsequently fixed on the support as the hydroxide
together with the palladium (II) hydroxide and reduced with ethylene to the oxide or mixture of
15 oxide and metal together with the metallic palladium and gold. The third metal salts were,
respectively, magnesium sulfate (Example 1), calcium chloride (Example 2), barium chloride
(Example 3), zirconium sulfate (Example 4), and cerous nitrate (Example 5).
The catalysts prepared as described in Examples 1-5 were tested for their activity in the
production of viny! acetate by reaction of ethylene, oxygen and acetic acid. To accomplish this,
20 about 60 ml of each type of catalyst prepared in the examples were placed in separate stainless
steel wire baskets. The temperature of each basket was measured by a thermocouple at both the
top and bottom of each basket. Each reaction basket was placed in a Berty continuously stirred
tank reactor of the recirculating type and was maintained at a temperature which provided about
45% oxygen conversion with an electric heating mantle. A gas mixture of about 130 /hr
25 (measured at N.T.P.) of ethylene, about 26 L/hr of oxygen, about 128 V/hr of nitrogen, about
131 g/hr of acetic acid, and about 2 mg/hr of potassium acetate, was caused to travel under
pressure at about 12 atmospheres through each basket. The reaction was terminated after about
18 hours. 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
30 to obtain optimum analysis of the end products.
Table I shows for each example the identity and amount in grams per liter of catalyst of

the elemental third metal in the catalyst (3rd Met., g/L) in addition to the 7 g/L. of palladium and



5. The catalyst of claim1l wherein said third netal is zirconium ﬁ ﬁ?e%gpz
catalyst of claim1 wherein said third netal is cerium 7. The cz§t I@s
claiml pra&prced by nmethod (A). 8. The catalyst of claim 1 containing an

al kali metal acetate deposited on the catalyst after the reduction of all
the palladiumand gold in the catalyst to their netallic state, and
reduction of the third netal to its oxide or mxture of oxide and netal.

3 p A-~ 2002 12 9. The catalyst of claim8 wherein said alkali netal

acetate |s, potassiumacetate.. 10. rocess for th roducti on of vinyl
acetate %ﬁ/ L %ga%ﬁ‘?&ng&e ‘&t (pof A a”@@ﬁgé’_ﬁ the Taactionpr %de%gi”de%S? Qf_é%é‘feéht s
conpri si - ad, A ri.Si;:
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cat al yst havi ng been prepared by inpregnati ngma goro_us support with an
agqueous YHRRMISIGHOGRMESE SHIS ObPeuagians Walgrorstatasabe egtivatydacsal with teradtahestal |

selected fromth ro consi sting of magnesiu cal ci.um ..bariu ZjLrconi um
and® cer 1 PRRTE FLtiRg e FARTR, TR eT VeI dhe A s sEs & KiRetis Prrgmstersifor the

pal | adi uigh@nshs ikt ifke PhdcalduAfg VRl BhcetiS Sintekie, SRR QLRSI Yhd &G ¢tddith an
appropriate al kaline conpound, subsequently inpregnating the catalyst with
a sol ut i oversély aeharetl ¢o theotmbératugmteduised to achiexe enpstantoxyged comversien.sol ut i on
present in the latter inpregnation as water-insoluble conpound by reaction
wi th an appropriate al kaline conpound, and reducing the fixed palladium and
gold to their nmetallic state and the thjygdymetal as its oxide or m xture of
oxi de and netal . -

10 3rd Met, Co,, HE,
Example g/L % Sel. % Sel. Act.
A 8.87 1.47 2.34
1 Mg, 0.53 9.35 139 2.45
2 Ca, 0.88 9.28 1.88 2.50
15 3 Ba, 1.07 9.92 1.32 2.4
4 Zr, 2.0 8.89 1.45 2.61
5 Ce, 3.1 9.35 1.13 2.45

As shown in Table I, the catalysts of Examples | to 5 each prepared by method (A) and
20 containing one of the specified third metals in addition to constant amounts of palladium and
gold, resulted in reactions having a higher activity factor than the catalyst of Comparative
Example A containing the same amounts of palladium and gold but no third metal. Furthermore
the catalysts of Examples 1, 3 and 5 containing magnesium, barium, and cerium respectively as a
third metal, also resulted in a reaction having a significantly lower heavy ends selectivity than
25 the reaction of Comparative Example A wherein the catalyst had no third metal.
Examples 6, 7 and 8
These examples illustrate the preparation of catalysts under the invention by method (B)
and the results of the use of such catalysts in vinyl acetate production, in the same terms as those
shown for the catalysts of Examples 1-5.
30 The same support as used in Comparative Example A and Examples 1-5 was first
impregnated by the incipient wetness method with a splution of palladium, gold and third metal

salts sufficient to provide 7 grams of elemental palladium, 4 grams of elemental gold, and



11. The process of claim 10 wherein said third netal is magnesiy NPR 70be
process of claim10 wherein said third netal is calcium 13. ThéW%rocess of
. cl ai m 107WeP€Tn said third metal is barium 14. The process of claim10
wherein said third netal is zirconium 15. The process of claim 10 wherein
said third netal is cerium 3 0 APR ~~OZ 13 16. The process of claim 10
wherein said catal yst has been prepared]%y method (A). 17. The process of
claim 10 wherein said catal yst contains an alkali nmetal acetate deposited
on the catalyst after.the reductiqn of 1 the.palladium,gold and third
recal i noenmendrbl Agen sl d hudy. 3 eh i pn SR Gl 1P g e
metal acel gtige bevRAk 3gShped a8 HRURIrd kRtal TS Were 683 ReMim GLEhEid Bxihpied). N

pot assium acetate is fed to the reaction together wWith said reactants.
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c”halcalc
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aj c the liquid phase with hydrazine hydrate as described previously, and the catalyst w hed
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15 previous example.
Table II gives the identity and amount of third metal in the catalyst in addition to the 7

g/L each of palladium and gold, and also the results of the reaction in terms of percent selectivity

of ethylene to CO, and heavy ends, and the activity factor.

20 . Table I1
3rd Met, CQO,, HE,
Example g/L % Sel. % Sel. Act.
6 Mg, 0.53 9.98 1.33 2.10
7 Ca, 0.88 10.20 1.40 2.44
25 8 Ba, 3 9.91 1.34 2.44
*9 - 9.90 1.58 2.34

*reduced with ethylene; the 3rd metal catalysts 6 through 8 are reduced with hydrazine.
30
The results of Table II indicate that the third metal containing catalysts of Examples 6, 7,
and 8 functioned in the production of vinyl acetate from ethylene, acetic acid, and oxygen with

relatively high activity factors and/or low heavy ends selectivities.
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1. A catalyst comprising a porous support on the porous surfaces of

which is deposited catalytically effective amounts of metallic palladium and gold and

a third metal, said catalyst having been prepared by impregnating a porous support

with an aqueous solution of water-soluble salts of palladium and said third metal,

selected from the group consisting of magnesium, calcium, barium, zirconium and

cerium, as its oxide or mixture of oxide and metal, fixing said palladium and third

metal as water-insoluble compounds by reaction with an appropriate alkaline

compound, subsequently impregnating the catalyst with a solution of a water-soluble

gold salt, fixing the gold in the solution present in the latter impregnation as water-

insoluble compound by reaction with an appropriate alkaline compound, and reducing

the fixed palladium and gold to their metallic state and the third metal as its oxide or

mixture of oxide and metal.

2. The catalyst of claim 1 wherein said third metal is magnesium.
3. The catalyst of claim 1 wherein said third metal is calcium.

4, The catalyst of claim 1 wherein said third metal is barium.

5. The catalyst of claim 1 wherein said third metal is zirconium.
6. The catalyst of claim 1 wherein said third metal is cerium.

7. The catalyst of claim 1 prepared by method (A).

8. The catalyst of claim 1 containing an alkali metal acetate deposited on
the catalyst after the reduction of all the palladium and gold in the catalyst to their
metallic state, and reduction of the third metal to its oxide or mixture of oxide and

metal.
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15.  The process of claim 10 wherein said third metal is cerium.
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acetate.

19.  The process of claim 18 wherein potassium acetate is fed to the

reaction together with said reactants.



