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CATALYST COWPRI SI NG PALLADI UM GOLD, AND ANY OF CERTAIN THI

BACKGROUND OF THE I NVENTION Field of the Invention This invention~rel ates

‘to new and i nproved catal ysts for the production of vinyl

reaction of ethylene, oxygen and acetic 1aci d ~ 10 Backgrommmmw mm“on

I ncl udi ng Description of Related Art It is known to produce viQ Olmzqcet ate

by reaction of ethylen oxygen and acetic acid using a catalyst consisting
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productivity would be very desirable. 15 The foll ow ng references nay be
considered material to the invention clained herein. U S. Patents Nos.
3,775, 342 i ssued Novenber BACKIGROQUNDOBTEI2INVENKEONI July 2, 1974, both
to Kronig et al., each discloses a nethod of making vinyl acetate catal ysts
corprising treating a support sinultaneously or successively with a
sol ut i ong; A\ 4Gk in%&gmdi ssol ved salts of noble netals such as pall adi um and
gold and a solution cont ai ni ng conpounds able to react on 2 0 - the
support w th Thieinvehlien rekited tomatandtimpfovedreaalysts formndhe ptdduetiowoPRidntsetate
treating such water insoluble conpounds with a reducing agent to convert
t he wat ery-tepetisinaflethylesis) exygsnand eestiséedds to the free netals, washing the
catal yst to renove water-sol ubl e compounds, and applying an al kali netal
conpound e.g. an alkali netal carboxylate before or after treatnment with
t hey r edugddRgrABa Nhform@id InedhgdéscApldndiRdimedrs0 contain salts of other
nmetal s such as 2 5 nagnesium calcium bariumand rare earths. U S. Patent
No. 5,332, 71 Ol i§ knoweto pnvduce §inyl gepate by radcien eficthylend, oxyghinsaidasesc acidwsingd
of preparing a cat.alyst. ugsef.ul faqr e production_.of yinyl, acetate .hy.
Feact | orf S RERuE oAyl 78 old TePRssn & BftpPr oVhO¥ e eatiitgng
porous SupRAChiaYyst f} ABIHHE oSRbHIIfy SR sefite Adtihawily mgaﬂevapbfipmahewg, hiie
pal | adi um and gol d as i*nsol ubl e conpounds on the support by iTersing 3°0
and t unixxipedjentresultipg mgrvab gteag ppatuctivity wounldbetvemedesohblei on for at | east
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U.S. Patents Nos. 3,775,342 issued November 27, 1973, and 3,822,308 issued July 2,

such a ca

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 viny! 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.



.U S. Patent No. a567,839, issued Cctober 22, 1996, to Gulliver et al.,

di scl oses a net hod of producing vinyl acetate catalysts including the step
of using a barium"salt", such as barium hydroxide, to precipitate

“wat er -i nsol ubl e pal | adi um and gol d conpounds onto a support prior to
reduction with a reduci ng agent. Wen barium hydroxide is used as

preci pitant, residual barium5 remains in the finished catal yst. SUMVARY OF
THE | NVENTI Oy 5pacaadans® ol Relddl Gebbbron! |8, (FoRLE oS hiSc LAY fedlog
useful for the production of "vinyl acetate by reaction of et yfene, oxygen
and acelof proficthg GATRE GleRGtaB sBAREAUSInG URDPAES oL@ ba{lnk OfaMUSsuH b B&Ggm Of
which is deposited catalytically effective amounts of metallic palladium
and gol dydeoxitieata priecigitate tealters pscdehle galiadium ehe goldcappoonds itd agupfort prior to

magnesi u cal ci.ym RQarium zirconiumand cerium as its .oxide or, m xture
o Sox: deeSustion peth sdarng St MPRbPRb AR ide s s By e erlerim
metshod (400 P He Gl RS @,g@ps of inpregnating a porous support with an
aqueous so?utl on of water-soluble salts of palladiumand said third netal,

fixing said palladium15 and third netal as water-insol uble conpounds by
reaction with an appropriate_al kaline compound. subsequently inpregnating

the catalyst wwth a sol utions—‘émwwm salt, fixing the gold
in the solution present .j er.J ' er-i,nsol ubl e
compound by r8asraR RN i i HisaRbhrd b ADLTEARMEE SRk B b ity
the fi XQgeBR!dyadhitBndTeHIRne, é)@TgEﬂi\Qi:ld ad@tit abid Conspratingy 2p6rotib Sufponash ki r d
metal to its oxide or mxture of oxide and netal; or 2 0 nmethod (B)

cadpr i sipatpustserfacaspd whiich inderasited Fatglytipallyseffastive amburhts af motallid pailadfum and

t er - sol upl 1 f | | agd] | d d.said third.netal,. fixi th
bal a1t o & thishetah elee LA e Btoie ¥Phy e PR PR st ol bl o
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i npregnated support while it is inrersed in a solution of an appropriate

al kal i nerepangbbyeither otethadrtvg cenpnjing dredstepschd dinprgeghitng 4 pardupalppadiwith amd
gold to their talli.c state 2 5 and the. thir al, its axide o ] Xfure
oF oxi d@9oRSPaIon of weler Soiop el 9%%}%@ 14 refplfpines dive
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Wi t h noremponsd,subseghgntlyi igipeegnatibg thetcptadystiivith a salutionef asedteretalutile goldasaheavy
ends, en c rrpai‘g,d 'tr] cat al %/els?tés not containing such a third tal, than
cat al ystSIH BSL0 ‘“631‘!’30 BUQILPTER R ITHihA d3Ter PR AR RS Pr¥ter Bseluhlsicommennd t he
i nventi g, . : j E g L&t ent
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cat al ystiseipmepdliestate\and tlediixedahind deetal Su otk okidg bemixtate ofioxydecand/ métal; oner

heavy ends, selectivity often results .in greater yinyl acetate
prdduct im5thgd (Bsomansing b steps ﬂémfesr@“g&ﬂ}eo*yemn BER A RO cra ol o
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nmet hod e catal i/st support
havi ng aater gblutian ia water-égsoluble compaundg by ateanhimphdingsttie btep of s and/or

tabl ets, cylinders, rings, stars, or ofher shapes, and may have di nensions
such as twnblieg the impesgpated suppar) whike Bis WBBersed inasolyinm of By appfopsiais alkaliney
about 3 [ eS. i i :

or of er r SaPpET lroRRlAEh ESicRT sl fedbellsARE 5kd BusBRAY bnd a1 G mPlllE BUE
saigst ancad tife tird rRethl iPoxidd erhixayre of bxida-onlmendlna, titania, zirconia,
silicates, alum nosilicates, titanates, spinel, silicon carbide, or carbon
and the |ike.It iheligvgshibat vinplasptate catphysthunder thednyensien capaining eatplitieally

range, f example.. 0 te 350, .preferabl vy, about 0 _to about
500 o §lesE b Giys Of pefaftin, 131 SRS 0 ec BRIt Ebired BY rich
about 2Q@A0 oa (WHperfsFn wikithore Sstisiitentlly Wigher Actii§ dnd/iyQ.loWer sefecaR) o h@dvyl5
about Oglgtoug),slgpreferabl y about O.Z to aboutgl. 2 m/g. In cami ng (;?I’t t he

i npr egna&nidswhsh aompaadopich catalyste npheonigining\suehes thin metak thaml datalysts piepared by
t enpl at.ed catal ytical | ' tal s, .palladi | | hl ori de, di
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pal | adi um conpounds, while alkali netal, I r potassiumsalts 2

. 0., sodium
0 of aurlomdgehti}y thah ostalystsqrepiasdd cdther mathods Such)higher detiviey @xzoibwer kdavy
wat er - sol ubl e gol d conpounds



. which can be used. Depending on which third netal is desired in the
catalyst, the follow ng water-sol uble salts are exanples of conpounds which
can be used for the inpregnation of such third netal: magnesium sulfate

" (anhydrous or hydrated), magnesium acetate (anhydrous or hydrated),
magnesi um chl ori de (anhydrous or hydrated), or nmagnesiumnitrate
(hydrated); 2 5 calciumchloride (anhydfous or hydrated), calcium acetate
(anhydrous or nonohydrate), or calciumnitrate (anhydrous or hydrated);

bar i um erdstsaleati(IBnPRRIISBIAISAR BFAFEF Xtrwhicetase Produeiiyihen ine thish migtal dus) ;
zirconiun1FuIéate tetrahydrate, zirconiumchloride, or zirconiumnitrate
(anhydr%ﬂgogF'pentahydrate); or cerous nitrate (hydrated); cerous chloride
(anhydrous), cerous sulfate (anhydrous or hydrated), or cerous acetate
(anhydrous or hydrated). 3 0 In preparing the catal yst by nethod (A) or
(B), the inpregnati onsDETAThEDINpHORIPTHEONOF AIHMINVENGIONI ons of

wat er-soluble salts of the catalytjcally acti.ve tal s may_be effected by
any et hod kHORRPENE HeSHalR Resy this ThyehuH pingmemad A ot (bt Such

i mpr egnat.| 4 I ekl ent

wet noas unrafindbsl s foripckla hpeleies e S B ey b Eregb A R BT puct
t he i mpaegphatesomabless, Eylindebangs, Sarst or @hearuhagdQampanaehiveafimehsomdsehpti ve
capacity of the support material. ile the quantities of water-soluble

Wi |
sal ts ofliapstaralangtin ereidihel abept htoabogt 1 Gam. pasiessblytabophbtahmim e Sphasent s of

th tals_i.n the finished t in the fi
 npr egnBt e St g B e BBl Ear B TR el il aR bsgeous 1 or
the quaEBrh&d(;ngf(ofﬂﬁ*} SUiaBRI pobdia suBdtshcead b., kificd, Purhink SblidatiMn A tiiaamh, SaEdHied

out in met B), or inthe first inpregnation containing gold salt after
t he fi xsiligatas alimsinpsibedeshtitapprigafspinel, siicpacarhiieuon carlepntamdrthe hi¢.al i n et hod

(A), to contain onl rt. .of the elenmental gold desired. in the finishe
catal yst. | n%? fwﬁdgglg?aldﬁye}?avf ﬁé“&%ﬁ AP g'gl“ﬁ'ég%ﬁnﬁ%’ Oﬁ%’faérfﬁj%forrn oW lcz)t hat
part of 1d RubMd prdtelaBl dbbliS100 1BREEE DB indg, hlaRerdg$ Pore sizR 1 Ble WAL Fors Ol Ubl e
gold salt, a furtpher i npregnation is carried out wwth a solution of gold

sal t eqeranzple S aboutt etorabouti 2008 angstrontseangd pord olumsdinithe tange,ffonexdmale, of
catal yst. The i npregnatj ons sych to provide, for exanple, about 1 to
about ~ 18Pt ﬁstogp’éq%gsrlgﬁ P“‘S(L‘ﬁoa_ °Hhﬁ§é?}zg_‘f or exanple, about 0.5 to about
10 grans of ﬁl?ﬁ@@ﬁg’ﬂlbutﬁiﬁé Qmopregﬁaﬁbhb?me%pﬁérphmﬁm &b v tsoluMd ek e yrmount

of gold being fromabout 10 to about 125 wei ght percent based on the wei ght
of pal | eatitemplafedperadiytivglly active rodtalshpallddinet @) chioridesiodaun palladienmcH) ehlgste,and
assum ng such thjr al. is th nl ne present, .th unper of gra f
o1 orent BPSSSH el up ObEshl e elsnie 5] oRie G SOl 4sier ) BN 768 cxmales o
may be, sdi%leeam@mcgrbwpmmuﬁ)%mfpehﬁd&w e mas%mﬂag.pgoﬂiworg%%u& shitk O
about 2.0, preferably about 0.3 to about 1.0; calcium about 0.2 to about
420; pref aura(}) cilonide €. tbtrachlabauric (1) Beidlaag examplesodivat€r-@hitbde ghiduwbnipoGnds
preferably aboyt 0.6 to ahout 3.0;. zi.rconi um. about 0.4 about to 7.0)

pref er aB’IhiFheH?BE’F uged é@’e& Bgongviych third ‘élﬁiﬁﬂfedd%h"t‘i?‘ajb%u‘&’ef@l,l ving
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met al , tHiel metahl magnesfunkadfate (ankydroms @diydrdted)entageesium aeetae (dnhgdioubloe
conpound such_as the hydroxjde, by reaction with an appropriate al kaline

compou ngydrateg), maggesippahiorige @rhydiRs S pydratedy or crasesiwgmarae (kraigdat e or
R L T i R K

amount  eilciuhPhitrareEihirowssriydiatdd); bt ac21ate (aahedratd yr Infdvated)] odbariumbout
1.8 tines the anpunt necessary to conpletely precipitate the cations of the
cat al yt niszate (anhydroy®); AEeoniwm sylfate ietrahydratgetifcopiumyhlgride, or ZirgempummaBateat i on,
each fixing,of the t al : o] LOCGLRI

wher ei n)((?’rli‘gdfor"f‘f) P éBﬂﬁf‘?’b@’%%é&?%ﬁgss’ng?%@?‘ngﬁeg? &%'tu ?gﬁlf) ﬁﬁ%@?%gg g.ousabout
150C TOgum@(m?amusefmﬁﬁmd),m&é}oa@ao@mmmpdmﬁp&mﬂydmcdﬁ the al kaline
materi al equal to about” 95-100% of the pore volume of the support, and

aBbowed to simprephong thesatalyst by metingdu(h) of (Bl therimpsegniations afghésupport matetisle
rot o-i mmer.si on, net hod wherein the.inpregnated support, W thout..drying is

| mror sedvisotiag of PaRTGpAcalT REHE ReRAEE VB mtr s My i e an
tunmbl ed i dd¥hoRn to those skilled in the art. Preferably, however, such impregnations are




5 least the initial period of precipitation such that a thin band of the
preci pi t'at ed wat er-sol ubl e conpound is fornmed at or near the surface of the
suppoert particles. In method (B) the fixing of the nmetals in the palladium
and third nmetal salts added by the first inpregnation nmust by done by
roto-i mrersion. However, the fixing of the gold in the water-sol uble gold
salt added in any subsequent inpregnatidn may be acconplished by incipient
wet ness or roto-inmmersion. In 1 o carrying out the fixing of nmetals by

rot o- i mmec@hplished be theotiadipiont @erdedst method gvirersin e agmiuni efdvaet-solde seixanpl e,
at about 1 to about 10 rpmfor a period of , for exanple, at |east about
0.5 hoursolusipaiusedior jheaibtpresnglion tsdrambabaut 5 reabant 190 percanitafiipye ahserptive

roto-i mersion nethod is disclqgsed.in previously cit U.S. Patent No.
5532, 7 apse e sipeon i, ST ARt SO et Pl it B bl b he
ref er enGRird hietal REuil AR o the &ntire RMBGAPbE AbQImPAlS iAdhd!hiskk chiARd ntdjided net al
conpounds nmay be reduced, for exanple, in the vapor phase with ethyl ene,

e. ., SyresennintthefjshirapregiBiOnfcarricd dudir methpd ¢A) 61 (Bt 1t wasfhdnnay vaiteg ek dbrytbe

taini t he fixed I ds, til it is f f [ h
ol i e, RBIERY PHET- ol Eolf SAEGDE oy HRptsenatonsBm i b e ModdBoraron trmy
Cemper at P el an AR A S T AR A S SR It

excess ahirbytl1n RRtDdEA ) tbabnagoetily part bDthe etbnoentallgold desired irathe Cinighedinds
present on the support is in the range, for exa@r}tpql e, of about 8:1 to about
15: 1, f otabyebdlmsithensaseaftesthe ivipe aydescrbrdrhereipafiar o they eert of heotdbimnbe fisst

reduci ng_the fj.xed.metal conpounds sen the support wmay. be enpl oyed
LS Sl i By ER TR o R ot st HBR skt S o
conpoundgitiBisfludon 65518 Salt BquliPAedtas MrirkmAingér dfliRe b61ARIERIdRN thefiRisRéd hough a
m nor anmount of netal oxide may al so be present, while the reduction of the

fixed t HiatalysyeThe impregnasiony aresych 8sstojpioYide ferexample pbett lae abrutdd) gramg of

m xture @f oxide,,and free.netal ., d i n.r i onditigns an

whi ch ¢ HReTpk Ay b E%teﬁafrlﬁlep%e"%%gﬁa?? Sﬁ%“‘l}gidgﬁ%%ﬂgf%lg‘i“ﬁ%‘ﬁf il pt e of

| Mpr egnaddiedalyst, \itpihe bbftint 4fRd1d BEHE FofMabvay 1 Gt st | BXweight pérk&it each
fixing step or after the total of the netallic elenents have been fixed on
t H& suppmstd oBthe waight of pellativd Depbedingremwhish thisd metal (9gesirgd imgetchtalyst and

oPth an SEIBBESOEL A BHALR TgLF SREHRH, hORYBHAS ool fikdrual Gid st d
met al - by,dr Redr B 82Yh1y4ESBERIE b?"ﬂﬂi: iR d@libdiay b aRf ek ihpid, WRkiglthe foPloRifg t hen

fixed by treatment "'with an al kaline tixing solution by incipient wetness or
r ot oi nmemsgesn, preferably roto-imrersion. The catalyst is then dried and
separately inpregnated wth sol ut i of. a, sol ubl ol d oound havi ng

t he anount o%@%ﬁ’é’ﬁl'al Xgé’b‘_f g'qégg ?‘gc}oqlﬁretf%b@aa{bg'r‘vg?% _31?106’??[{2 gold is fixed
by, ¢ reat nent widiiman al kjut 02 thiabbuid. ¢ PreftraBly db¥ui MSitPhKIK 1Vt Ness 5 or
roto-i mersion; preferably incipient wetness. If the gold is to be fixed by
t he inci pi entbaretmess natounfl.2 te aboutfs.kipreferably aboutt@ité aeaht 3k h t he

i npregnation step. by usin singl e ueqQus. sol ut | of, sol,ubl e gol d
conpound and %F’IQEI‘*“XIe f?@ﬂ%ﬁg‘"&? oQric™ iPFF gﬁbé'r?_(?ﬁwt P‘Brﬁoé%’éé ‘of that
necessary to copyert all, 'f'@‘SgB|ag?\!ltr10§d:"§re?&lab'l5"a95utt9.8@0550’&?@.0'. nsol ubl e gol d
conpound, e.g., auric hydroxide. If a hydrocarbon such as ethyl ene, or
hydrogen i s tAfteeeach étipregndtibr dfahe sypport phthsan ameowschodution afyeatdr;sofutde salt of

catal yst containing the fixed netal, conpounds is washed until is free of
i S0l v OV BT BV Teiakiie MR G L oo PFFIBA 0P bERET- HplHHE SRR

previ ous rd : A7zl j 8 ol | QY. gﬂﬁa
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treat ed Nydréxide silipae boras) carbbrde of biexrbermae,liy dquenus eolojiolt.afeditmafande washi ng
and drying to reduce the netal conpounds to the free netals, 15 and the

cat al ystpotassiume hydasides argpacigmed alkalinefidng coppounds. dhppbeling eempoundabagist

of et ho B, in j I f t L Sl '
pal 1'ad o mar i o GRAPEHE Apbur ol bRl TRERER IS Mt 1 8 s e,
bys ¢ eact ipsuitinkbessdiy 3 kathplefly pretipitaeRauiods bthe @h@iytitaRy sétive méthle présesd
nmetal conmpounds are reduced to the free netals, e.g., with ethylene or

¢

hydr azi ne hydamethodi(Ahofeasdly stpreparativnysash fixinecofishe metal aaybegione fhy|there
reduction or after a hydr.azi ne reduction, ,The cata t s then inpregnated
i thCt hoeBie medresSpeltod Virsein B e iated SR istitett e bl S TEpATRLTERC of

the procedures described previously. Preferably the inpregnation and fixing
are acconplished in a single step by incipient wetness using a single
solution of a water-soluble gold compound and an appropriate al kaline
conpound. The added, fixed gold is then reduced, e.g., wth ethylene or

- Y T T



.3 0 catalyst is then dried such that the finished catal yst contains, for
exanpl e, about 10 to about 70, preferably about 20 to about 60 grans of

al kal.i metal acetate per liter of finished catalyst. Wil e the catal ysts
of this invention have been described a containing only one "third" netal,
nore than one of such netals can actuallé be present. Wen at |east two of
such described "third" netals are desired in the catalyst, the initial

i npregnating solution will contain dissolved salts of these netals to
provi de ahesh ! MECdbsonehaunecontagiedheich amaradyy of sgluomof the gbeling mateSialippei toand
lower limts_ of ch of which is fraction of the lim def i ned

br v oustipub ey AP i pate S riech! Tor PPN e i Fand Froteeripg op ket
cuch fr . . . _ . . _ L T
ol 1 o 4 pRh 18 b OS: SONP 5t SRR Hefin LGl P A Rbport By
acet at e dryingriepameebet i Agolati@pdfthy alkaAee MadhiBiaridds fdifie® RGN tUMHIMEMIA R H
stream of gas, which contains ethylene, oxygen or air, acetic acid, and
desd r abl pasi theainitial peried eff preqipitajioatsielpthar 3 thimbansip fohe precipitatedivedterstolubithe

conpositjon of .th as_stream can Jbe ried within wde |im.t taki.ng pnto
cochunt SR LRHRF oo B Sl of ¥ S bl i etk mediigd of
oXygen C@a rkfaldiPthe palidintadd alifdineBBsalts aih@ BYDIhairétaipee goibti G Rl ThyAddnd b, O
et hyl ene can be about 100:1 to about 1:100, preferably about 10:1 to about
1: 8, andothimmersiamtHovevgnskofising|of she gold irathe aater ssolbizagolt salaidslet id anyp

about 100 m based on .the i ght of.acetic acid enployed. The al kali netal
15 acet AMLSHRISBREATLAR Y 05 SSCRISRIIIES Ph et Vs i HLoAmErgh b an

a ous gt g X ; . c i
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hydr ocar honfor ekenplej anabdweripte addur srpuhioe b pedod b, fasexhnaple, & lleawedbedt 0.5 hour,
tenperatures, preferably those in the range of about 150-220C. The E)raessure

enpl oyedPreisratiY abow frsiRivheut bl o Tt eandemplated sotpdmmyraion methasyis disslosed i
The fol | Bay SR SAey 112 LGERU! 5383 71 heedirO R PRre 2F WIS g e
Conpar atbywefdxadepl e A and Exanples 1 to 5 These exanples illustrate the

p&eﬁgarati on of catal ysts under the invention_ by nethod (A) and the
advant ages of Thybixed a¢-apipsipitated pafadipmogeld end R metahsampeuads mayibg reducad, of

hi gher LV - . selectiyily. ratiye
Beanpl e R tirhiedn GEESE pRUSHTERNE RS SELFHOK 110 IR RAS W&
Chem e KirsilGastghgd theaampliet@aifimgi the fiRedmBiahedmpbuads tugtil iifis Fed'dT ardorsWutRee
area of about 160 to 175 er/g and a pore volume of about 0.68 ni/ % was
first i rpplidgrnddiyng. ¢aeril XN foreabeush howr er sugh sgluetions may bsaresmplished di um

| | adi | | Qri;ce. - i ci j £
0 ot Bl Ml i o B oAb AR A s Bl gt
t o suppoydraise Prirhta dibiervin tHe)exbasd ot hivdiaziny ot drehitiraghitedao ¢eduab ¥B theetal

roto-imersion wth an aqueous sodi um hydroxi de sol ution such that the
Na/ C1 nofoampquagds projens onbesusuppon isjin g eangeq far sxampley of abeyt &} teerbout 3:1100C

for 1 ho i | ui.d be .l er . i j i pregnat ed b

i pi engPa By oalhits R HHE QLR RERE sl Sl eiitot FRLRRE M ellmere,
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magnesi um sul fate (Exanple 1 ), calciumchloride (Exanple 2), barium
chloride (Exanple 3), zirconiumsulfate (Exanple 4), and cerous nitrate
(Exanmpl e 5). The catal ysts prepared as described in Exanples 1-5 were
tested for their activity in the production of vinyl acetate by reaction of
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~ 3 0 to obtain optimum anal ysis of the end products. Table | shows for each
exanpl e ‘the identity and anount in grans per liter of catalyst of the

el enental third netal in the catalyst (3rd Met., g/L) in addition to the 7
g/ L of palladi um and 9 4 g/L of gold, and the results of the analysis of
the reaction product in terns of percent selectivity of CO (C02,% Sel.)
and heavy ends, (HE, % Sel.) and relativVve activity of the reaction
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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.



2 0 Table Il Exanple 3 rd Met, o Cz~ ~ HE /o Sel. /o Sel. Act. 25 30 6My,
0. 539. 981. 332. 107Ca, 0.8810.201.402. 448Ba, 39.911. 342.44* 9-9.901.582. 34
*reduced with ethylene; the 3rd netal catalysts 6 through 8 are reduced
W th hydrazine. 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 fromethylene, acetic acid, and oxygen with relatively
high activity factors and/or | ow heavy ends selectivities. 11 CLAIMS |
claim 1. A Skl thstatelysprof giinmventporiays beapdociibaha ¢dneaiping only @ie fiaieds of
which is deposited catalytically effective anounts of netallic_ palladium
and gol Bethdnaretthary enerpitsiirh metlgrapActiplly be REGSE Mg Wheat peaskiyy lFupl
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fraction that the individual "third" metal is of the total amount of third metal in the catalyst.
When vinyl acetate is prepared using a catalyst according to the present invention, a
stream of gas, which contains ethylene, oxygen or air, acetic acid, and desirably an alkali metal
10 acetate, is passed over the catalyst. The composition of the gas stream can be varied within wide
limits, taking into 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 100:1 to
about 1:100, preferably about 10:1 to about 1:8, and the content of gaseous alkali metal acetate
can be about 1 to about 100 ppm based on the weight of acetic acid employed. The alkali metal
15 acetate may be conveniently added to the feed stream as a spray of an aqueous solution of such
acetate. 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 150-220°C. The pressure employed can be a
somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to
20 about 20 atmospheres gauge.
The following non-limiting examples further illustrate the invention.
Comparative Example A and Examples 1 to §
These examples illustrate the preparation of catalysts under the invention by method (A)
and the advantages of such catalysts in the production of vinyl acetate in terms of higher activity
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 5 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 palladium (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 (II) 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



. al kaline conpound, and reducing the fixed palladiumand gold to their
metallic state and the third netal to its oxide or mxture of oxide and its
netal.. 2. The catalyst of claim1l wherein said third netal is magnesium 3.
"The catalyst of claim1l wherein said third metal is calcium 4. The
catalyst of claim1l wherein said third netal is barium 5. The catal yst of
claiml wherein said third netal is cergum 6. The catalyst of claim1l
prepared by nethod (B). 7. The catalyst of claim6 wherein said step in
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sol ution containing dissolved therein the remaining el enental gold desired
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and gol dn amouhtesuffadiertyts pravade 4legrams of potassium acetate per liter of catalyst, 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 vinyl 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 V/hr
25 (measured at N.T.P.) of ethylene, about 26 I/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



~nmetallic state, and reduction of the third netal to its oxide or m xture of
oxide and netal. 10. The catalyst of claim9 wherein said alkali netal
acetate is potassiumacetate. 11. A process for the production of vinyl
acetate by reaction of ethylene, oxygen and acetic acid as reactants
conprising contacting said reactants with a catal yst conprising a porous
support on the porous surfaces of whichois deposited catalytically
effective amounts of netallic palladiumand gold and a third netal, said
catal ysy hpv ggldb%hm@seﬁg Sﬂth@)énél!;fm sgm@tréaegoﬁ BR)dﬁHﬁBQE&nsVMftﬁér&ntsm ution
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wher ei n 'S4 Y )f‘ﬁ’?ari?ffi pe femrerafuteTEgHired 40 aéﬂ%vepﬁQBEt&t OXSERFHATSIA™ wher ei n

said third nmetal is cerium 16. The process of claim 1l wherein said
catal yst has been prepared by

Tablel
10 3rd Met, CO,, HE,
Example g/L % Sel. % Sel. Act.
A --- 8.87 1.47 2.34
1 Mg, 0.53 9.35 1.39 2.45
2 Ca, 0.88 9.28 '1.88 2.50
15 3 Ba, 1.07 9.92 1.32 24
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 1 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 1-3 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



.method (B). 17. The process of claim 16 wherein said step in nethod (B) of
rotating and/or tunbling the inpregnated support imersed in a solution of
an appropriate al kaline conmpound to fix the palladium gold, and third
‘nmetal, is continued for at |east about 0.5 hour. 18. The process of claim
16 wherein said nethod (B) has been carried out such that said inpregnating
solution contains all of the el enental 69IIadiun1and third nmetal but only
part of the elenental gold desired in the finished catalyst; after said
fixing ardyingamounsef gie edementaldhiad eradall by palkadiwe apgdgeld salthussdiveere the same
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claim 19 I'n sal kal 1* metal acetate I's potassium acetate.
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20 Table 11
3rd Met, CO,, 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 I 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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which is deposited catalytically effective amounts of metallic palladium and gold and
a third metal, said catalyst having been prepared by impregnating the support with a
solution of water-soluble salts of palladium, gold, and said third metal, selected from
the group consisting of magnesium, calcium, barium, and cerium, as its oxide or
mixture of oxide and metal, fixing the palladium, gold, and third metal in the latter
solution as water-insoluble compounds by means including the step of rotating and/or
tumbling the impregnated support while it is immersed in a solution of an appropriate
alkaline compound, and reducing the fixed palladium and gold to their metallic state

and the third metal to its oxide or mixture of oxide and its 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.

S. The catalyst of claim 1 wherein said third metal is cerium.

6. The catalyst of claim 1 prepared by method (B).

7. The catalyst of claim 6 wherein said step in method (B) of rotating
and/or tumbling the impregnated support immersed in a solution of an appropriate
alkaline compound, to fix the palladium, gold, and third metal, is continued for at
least about 0.5 hour.

8. The catalyst of claim 6 wherein said method (B) is carried out such
that said impregnating solution contains all of the elemental palladium and third metal

but only part of the elemental gold desired in the finished catalyst; after said
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9. 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.

10.  The catalyst of claim 9 wherein said alkali metal acetate is potassium
acetate.

11. A process for the production of vinyl acetate by reaction of ethylene,
oxygen and acetic acid as reactants comprising contacting said reactants with 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 the support with a solution of water-
soluble salts of palladium, gold, and said third metal, selected from the group
consisting of magnesium, calcium, barium, and cerium, as its oxide or mixture of
oxide and metal, fixing the palladium, gold, and third metal in the latter solution as
water-insoluble compounds by means including the step of rotating and/or tumbling
the impregnated support while it is immersed in a solution of an appropriate alkaline
compound, and reducing the fixed palladium and gold to their metallic state and the
third metal to its oxide or mixture of oxide and its metal.

12.  The process of claim 11 wherein said third metal is magnesium.
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20. The process of claim 19 wherein said alkali metal acetate is potassium
acetate.

21.  The process of claim 20 wherein potassium acetate is fed to the

reaction together with said reactants.



