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ACETATE CAFABYST COVPRI UM GOLD, COPPER AND ANY OF CERTAIN
FOURTH METALS BACKGRCIJ ” ENTI ON 5 Field of the Invent |102 ng[@
invention relates to new and inproved catalysts for the productio nyI
acetate by reaction of ethyle eRe oxygen and acetic acid. 10 Background
I nformation Including Descri ptlon of Related Art It is known to produce

catalyat conei sting of SANAGETEDE CARKY B EOMBRISENGCu on a Sarri er.
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nyl
acetate at relatively hlgh [evel s of “productivify, any expedi ent mhlc%
coul d possibly result in even greater productivity would be 15 very
desirable. The foll ow ng references na¥ be considered material to the

i nvention clai ned herein. UBSCKGRE REsTHE INVENSUON ssued Novenber 27,
197%, and 3,822,308 issued July 2, 1974, both to Kronig et al., each

di sCl oses a nethod of making vinyl acetate catalysts conprising treating a
support Eidiiibf thedavEitiynor successively with a solution A containing

di ssolved salts of 2 0 noble netals such as palladiumand gold and a

sol ution H cofﬁheﬁ inverdionaelptss haigeva phdinproyesieatalysts fonhesprogustionwf vinyl heetatobl e

netal salts ﬁ ?n%v\@ter i nsol upl e.coppounds, treating such waterinsol uble
conpound&” #f&H8 ot & Pﬁd’xéfé%rh%" %It the water-i nsol ubl e nobl e metal

conpounds to the free netals, washing the catalyst to renove water-sol uble
conpounds, and applying an aI kali metal conpound e.g. an al kali netal
carlsoxy!| &rekdretund hxfmmaibhéncludiagﬂmﬁptinhtolﬁRElaEethm reduci ng agent. Sol ution
A can optionally al so contain salts of ot her | s such as magnesi um

cal ci um bari deémawe&bB&ducwsy qﬁaiaéqﬁy TRRction, °§3 yieng, OXygen arrd agstig agig using
1994, 1 0 Nall RloRlstiRl o ;1 SN @e&ig@ggoﬂege blcAGie? %‘Bl%ltXéhrogﬁ ful

for the p tron acet thy ene, oxyge

acetic amxdzxngeumasamlgsu 1§rpaqﬁglwdf|pﬁ@dmﬁu@&ﬁﬁm&cauqawfdlatWermugm@klsﬁdﬂ ubl e
salts of palladium3 0 and gold, fixing the palladiumand gold as a

i nsol ubl @rwﬁﬂw}ﬁ@@y(ﬁp@@tg\@mﬁw dopossifyetesylhig cyaR greaten prngcltlwe/ would be
|r’r11regna g,&lgﬂ A in a reactive solution for at least '/Z hour to
preC|p|tat suc conpounds and subsequently reducing the conpounds to free

metal | i ¢ for mThe foildWikgReftreacds’mdybe déddidlered material to the invention claimed herein.

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

20 noble metals such as palladium and gold and a solution B containing compounds able to react on
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

25 the reducing agent. Solution A can optionally also contain salts of other metals such as
magnesium, calcium, barium and copper.

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

30 and gold, fixing the palladium and gold as a insoluble compounds on the support by immersing
and tumbling the impregnated support in a reactive solution for at least %2 hour to precipitate

such compounds, and subsequently reducing the compounds to free metallic form.
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U S. Patent No. 5,347,046, issued Septenber 13. 1994 to Wiite et al.,

di scl oses;g@t physts for the production of vinyl acetate by reaction of

et hyl ene, oxygen, and acetic acid, conprising a palladium group W?{ll 200

and/ or a compound thereof, gold and/or a conpound thereof, and copperhg

ni ckel, cobalt, iron, manganese, |ead or silver, or a conpound thereof,

preferably deposited on a support nateri a. U S Patent No. 5,567, 839,

i ssued Cctober 22, 1996, to Qulliver et al., discloses a nmethod of

produci ng vi nyl-Safeteat o cadhl.§&t, sssherbPeniembertlBel ¥iddp Whiteieli ahgdisclosasi aatalysts

"salt", S@cﬂﬁas %@r.’ um.hydroxi de, to lgr eclioé)ﬁ'ltate wat er-icﬂsol.ubl.a ‘Fal | adi um

and gol d COHESURHEUSRLE VIRYSaSIAIT by Frarden oo thyleRfe PR ERF AmAR AU AGiH o TOTRPTERETR .

When bari | j i B r £ j '

' the f 1R et erd g RamBha B pReald AR RomRUbd Mekech HTBPAT,

i nvent i onpiclel cavbaltyisdn, nenparege, deadi arsdien, of Dcorhpndnbeteet, preferably\depydited on a

acetate by reaction_of ethylene, oxygen and acetic acid, conprising a

por otis suPiPBPE MAeHake 15 porous surfaces of which is deposited

catalytically 8f§ PalehtRo 5’7"5?9 su&fb@'!oto 19213%?6”}% Hfﬁ‘nf\f%? e?ﬂl %iscﬁcﬁ?@fﬁxeﬁﬁd
e,’ and a ed Tr p

free netal or cupric acetd ourth neétal ’selec omthe grou
consi st i ngf Rbduwtae ARk Latetatd 241441 indRidingthe sfef of usif@ aibafiumasalt't, Sudhdsdariam
m xture of oxide and free netal, with any of the |atter nmetals being
her ei naf t kdrexiderte wctmtawswaerkfmlmbh'paﬂ'@élmn. andigojdscasepauads antoiaguppon pior to

acetate catal ysts. under the inveptiogn contajning.catalytically 2 :
ef fecti vereg}‘rﬁ{?ﬁ‘t@ﬂbfl T ng A8 %ﬁn&%wo’ﬁﬁ%m&ﬁ§gﬁ¥ prteﬁ‘@“@%teﬁeisﬁiu@oba““m
faugg h mefedl$nsRR LA Md Rdigkat i vel y high activity and/or |ow selectivity

to CO, and/or heavy ends, such that the use of such catalysts often result
in greater vinyl acetate productivity than when any of various catal ysts -

known in the art is enployed. T %E} T. OF THE I NVENTION I n
preparing the catal ysts under S@m% fﬁq cat'al yst support materi al
| s conposed of Irpefb%{%%@eswm&}i@&v@mo@fcx_cX@WsPi@%rJ\f?@éﬂ Befifl forl th E%h@ﬁor?&‘?@ﬁg
such as spheres, ets, cylinders, rings, stars, or other shapes, and y
have di meaziaanby ssactiorasf elhyemd, exygdneandtabeticoacidyicdinprisihg alpoudus supporabmwiife 10

nm, preferably about 3 to.9 mm_  Spheres hav'é,ngg, a di ameter of about 4 to 3
o abdut 8PS irkacey effwhichis depraited sajabrtically eideqtiye amepnisof msiallic patlagdiurg apd

suitable pag O%ggg%sée%’lﬁ&al &t chpric §%ét£tg,aandaal A Phretad isélle&?d ﬁ-'g!'lﬁhg gﬁou?i tania,

zirconia,~sili es, alumnosi ficates, titanates, spine ar bi de,

or car boncaiktihf of hakfesium, Chbc2utPariun?, ad@bir2dHzn TdsetsSaxideosr miXhire bf akide®yd
have a surface area within the range, for exanple, of about 10 to about

350, pr ef Bpameplapguanyiefohe ntspmetalringrhorginatisr rafered deappifeughymeiah  he
ot . :
n"The range 1o Belictkd PPy Pokeldle 80l SHGR BASLIRTonBng ANRAIR) UTR

1. 2201 / 9. effechifte bR ufis P phldddiem, gdld deppéeraindlayig b thefspédified fourtrthétals peifbén with

support material may be treated to deposit catal ytic amunts of palladi um
gol d, coppséativghychigh aetivityrandiir 1ow selpetivityrte §<O-Andfos beavygindsuch thep dhetuse of such

particles, Any of variogus nmethods,fo ceC li-Shi i S 0se be
Caed, a1 1cHfNPORY B e Bieh I @ PERTRL T be O B R CHV B
support WeAdWwPREhe artiPE@pRYLEOUs sol utions of water-sol ubl e conmpounds of
the catalytically active netal s.

25 DETAILED DESCRIPTION OF THE INVENTION
In preparing the catalysts under this invention. 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
30 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, or carbon and the like.



10 Pall adiun({l1l)chloride, sodiumpalladiun(ll)chloride, potassium

pal | adi untid2rebfrori de, palladiun(ll)nitrate or palladiun(ll)sulfate are
exanpl es of suitable water-soluble palladium, conpounds; an al kaf} JUND&E.
e.g., sodiumor potassiumsalt of auric(lll)chloride or

tetrachl oroauric(lll)acid can be used as fhe water-soluble gold conpound;
a.nd cupric nitrate trihydrate or hexahydrate, cupric chloride (anhydrous

or di hydrate),_cupric acetate npnohydrate, 15 cupric sulfate (anhydrous or
pent ahydr at e) , TRUPIPPOI BratiTiad g1ay dave & phrface pesamathan theages: &RrLxgmple. of about 10

t et rahydrat n K Lubl e er ¢ pendi ng
on whi on aueesBpRferttES adR 100% ML 08B S Er RORRTor SR PR G rande el

vat er - sol ¢ahiés aF hisorr ke &R LES) AgsEOMPAMA AoV S ime & tHeGam&e thrfeRhmpReof

i npregnation of such fourth netal: nmagnesi umsul fate (anhydrous or

hydr at ed)abontigu és 2uprefecabinakout tpdboutsl . Dmligydr at ed) ) magnesi um chl ori de

(anhydr ous or hydr at.ed or nesiumnitrate (hydrated);  cal ¢cium

chl oti de (anhyﬁ‘rtgﬁg%B?raH%%gih@&?tgﬁgglo i‘*&lﬁi%&‘t‘%&@‘%%ﬁéﬂ% { %F“a-‘/%e treated to
monohy dr adeéphait @4talSat Gind it bf Baia%imrgm! cOpfser Qhd MEHhFh&E) on PR potls 3GFIARL 6f

(anhydrous or hydfated), or b~a.riumnitrate (anhydrous); or zirconium

sul f at e tthe seppoir @recles | Amood vamooh hethode foraccamplishiriguthismpurpast enaydrhuseld, alls

or pentahydrate). An alkali metal salt of tetrachl oroauric(lll)acid, sodium
pal | adi unc{ffj Which rrwpfv&élra apt ?réeﬁwﬁwamrquﬁmwgff& PP BAHONS OE MGiE or | de

are prefe L JIP ti | . AGhL Lm: per
respecti vge u?/ %%glhgbgg gf Wltaﬁgis@gggoclgg-{kgt%drsqgéﬁe u%%?%}ngaﬁ&%?lﬁ%B%ﬁpng t he
catyd yst , Pdlhadiuni(ph)elisradd, edtiumipall bdiumipehloridepiotdssitim pdlladiume()éH]oxide, Of
wat er-sol ubl e salts of the catalytically active netals may be effected by
any net hoerlladim{IDwitratess pakadinmdbsiifate pre exampleppsuitahlel watemgahehe palladium

i npregnatjons are acconplished by.the 3 "I nci.pient . y t hod
wherein a%o%uaﬂf, %a%&%?t? '281808 %""sna rtpogag iU |5!daﬁ Ogg‘éﬁmﬂﬁf%geg?npr egnati on
i's from akeathlSdattc(BPRLH AR Be RSYICERke Whtef-Bsluble $OIdddnyRuEAPEE duprie hittabe

support material. The concentration of the solution or solutions is such
t hat the uMydratesordfexahidzate.tduprit chloridg fanhydroys gr dihpdrgte)) cNpRo acetaie mopehydsetg] s

b kot ey o iREl ST (B HiouRr BERARATE. Sehris TP PR OF e (STHate cnhy Bp BBt " o
then eacheiIR¥EABRLLPPe TRY a8 Y Rhr-YRLBIE to5er RoBpS @I Mpendidl ion aviseY fouphal |

or only a portion of the anobunt of one or any conbi nati on of the four

cat al yt i cmkiay isatesiredeinrtbe edtalyste therfelowingtwaterfsohuble $alts ateadxpsiplesad compgurads t he
amounts of such pmetals.in the total of t i npregnating sol utions absorbed
are equal Wf‘ﬁgtcﬂ’é be p3edd foﬂﬁ‘:‘,’i‘@é’&eg&%ﬂh? .“Cg ﬁouﬁ‘fﬁ‘r‘i‘?'gﬂl r&?g,“%F’l‘m}ﬂé/tlaE?e( T
to inpreg ESRGHh hieRaidfous R Ry @R dF PhdghkaBmPhiddeqhtydsrils Wp! €
gol d conplgﬁirggt,eaggm%gre Ef% Eescri bed hérei ngf téeérrn. The inpdréggnaytdi ons are
sucho as tloydrated), demagnesiex anpite(hydiated); daldanabbnide {fnhydrous oohydheds calaium
pal | adi um for exanple, about 0.5 to ahout .10 gr of elepental gold; 10
PRd, For SoeiA PR OnRenThy st oF S g BT TSRS AL BICTEBHh oA EACF e
of finish Ny R kel iLRGLFRRUL dbde about
125 wei gh@q%g%gén%ﬁs aclléedﬁi )E)(r)llt ltg‘ﬁle meflﬁ%ﬁag}?ﬂggﬁ)’gﬁi%&%@pendi ng&%ﬁ' wh?'ch
fourth metiadoniuin dkloridecorizitcoiamadtrate Yathydrots as permatygrae)c A aliali metad tsalt of s
the only one present, the nunber of grans of, elepental fourth tal per

liter of tapehlgmaure@Eiagiddsasupnalladipmedichiorigs andgunsic nitraie RYHIHE QT Chpricni n
bbort 0. S iBal ARERrdd S A6 TnatR UF ol pd RARRPH Confler BEFRCEIAP bYcauze

0.5to ab@ﬂme&.gab¢mtdrlgambahp,ut 0.2 to about 5.0, preferably about 0.6 to

about 3.0; zirconium about 0.4 about to 7.0, preferably about 1.0 to about
3.0; After eackn pieparingthe caralyst. thenmpsegnations ofi thhsuppor graterial vaEh splytings of

wat er - sol ub] e s of 2 a catalyticall i j

Pl edr . aigP-sSfible i ot e Fat ey adiRl! ot b s THsfied b af A Mo 10
hydr oxi dethoQy skified il B8 ai PheféfabRRRE VBNV dr duth ahpRphdiRns efmumglima by the

al kali metal hydroxide, silicate, borate, carbonate or bicarbonate, in

aquedus s bindipiaun wesSess imethod whoteirsan amouy @f wsatatsglublesaliisefusiop agedafok she ne

fixing compounds, The al kal i cqQnpo shoul d be.in _an anmount for
exanpl e, gﬁ%’ﬁgn%“l"ds g’BHlﬂli’off Bgf%%@PéEWP%{B%PngbE%Pﬁ %fﬁpai’%oftli’ﬁﬁ%pﬂarqe 2
5 amount RBERESATHe EéheeMIR] Al tie RIBGIPAsBIRIohHR stdh tHADEedndub® of catalytically
catalytically active netals present in the water-soluble salts. The fixing
of the netal nay be done by the incipient wetness nethod wherein the

i npregnated support is dried, e.g., at a tenperature of about 150C for one
hour, contacted with an anmount of solution of the alkaline material equal
to about 95-100% of the pore volune of the support, and allowed to stand
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2 0 redu ﬁég Cgay be carried out after each fixing step or after the total
of the Tic elenments have been fixed on the support. As an ex 'Jﬁ 960
foregoing general procedure, a "separate fix" method may be used t f'y ?ne
catalytically active netallic elenents on the support and reduce the
wat er -i nsol ubl e nmetal conpounds to the désirable free netallic form In
this nethod, using the specific procedures 2 5 described previously, the
support aaivel héthlsiinpieaghabadr vélutiordmnbagbedus teauppirois eqhialwataelesised ubl e
conmpounds of palladium copper, and fourth netal by incipient wetness, and
the pal | atﬁdemmmésmoumadampmmmomswh l@p@gnﬁm ip ex@igd joyt, thessragient with an
al kaline.fixing. solution.b nt _wetn or,_rotosi rsion ferably
ot o | misPRieBRAioTTRAS iRy Yler 3o R BFomO AT S Pl els3h 30 o By AT ReRbElE e
a sol uti emofht G o?x@loFerl}ﬁccgl% Hat%mh@fé)uh@Mhl?ﬂcél@%cﬁ@%?al@fles?rk@'ﬁ‘?i?kef{nagm d3
0 desired in the catal'yst, and the gold is fixéd by treatnent wth an
al kal i necdtalystags bongas lm:ranmnntsmf spclemetalsenniswta of thetiopregmetisg solutiqusef er abl y
i ncipient wetness. If the gold js,to be f{xed cg%q.rthe ”1{9 i ent wetness

1 i e

met hod, &PRORbSd; 3ke ﬁ@iﬂhﬁgﬂheéinelo%}r%eﬂmth el maYi ahle B?ymygpgfgne
7162- PCT r{% &BPQH%&QQ&e%ﬁ' Jéx%'s‘Blu%GH%?Q%va%e‘?'sHHb o‘i’cfi %@L@%Jdea%' ound

and alka Ine“tixin an anpount in exc f "necessary to

convert aésl:nbb@h@eindﬂexn THe6m! ﬁﬂdsu‘amm arOsughfab !teﬂ'olviﬁi&pfou Bkamgte) zcboeomotmdn
e.g., auric hydroxide. If a ocarbon such as ethyl ene, or hydrogen is to

be used ilf srames o/faqmerpﬁaogaa@sms &ggxampl Ca@}&‘ﬁ 0.51tp abeutt1Q) grams @6ﬁ@raiemahgoldhe

fixed neta oun ntil 8 of ani g

ar 150, 2R SRR oyt QETS Ao o ol st Sfhush oty Reng FfigRl

previ ous kmhdﬁé afbRAbT gbfd mr;g A8mNBoSI 019 ab@utuﬁgdavdlghttﬂéﬂ:ehi Euéh&i of hﬁs\ﬁelgﬁt of
reduci ng agent, the catal yst containing the fixed netal conpounds is

. treated peddiem. Agpewiing smwmthfnmmlim essdesingdiinghe n%taltyymdtaesmmrseclv@snhng
and dryi to reduce the net ounds to e fr tals

catal yat n?eé 1t"h'é‘ﬁ eSS e BAPGRS ohE et el elment Kot ar abp Rl et Eatbesho
of prepa f d, in which
only par of th ?ﬁbl}égﬁﬁt@r@%yng?g%révﬁgﬁﬁrt%@dﬂdgﬂﬁgﬁlzﬂn g%gge)r and fourth
net&l in a fi metgnesmnegrahdmt@nl, tdetb@utrﬁﬂaxbxsfeaa’od!y dbout 0.3ty abewtckt.0:on wit h an

al kal i ne fixing conpound, by roto-i .Si 0 he fi t al onpounds ate
reduced to thé'glﬂ‘-@%é met 4PQut Oé@abomaﬂ PR éb%'}‘)éhﬁté?g’;ﬂ%le hydrate, with

washi ng and d done | SRE ARSI 8% @abdhid £6. 2 15
hydr azi ne redlﬁ%{t’@gn Thg@@%yft@oﬁgbphﬁ frr%fegnat ed vﬁ ta% t?l’e remai nder of
t he gol d whi chircénifunxed abdihtt(healﬁmimd y.91 preferabdy abbout af0 tohabopr b@edur es

descri bed previously. Preferabl %//tthe i npregnation and fi XI

accorrpl i shed |4fteae§qm§1r§e%kaegna he SUPRATE T AR AREOYS SAIPHED & ‘g’P‘ﬁbF‘guglﬁlsﬂlﬁPSn
t d "
5L S TR PO 00 G L TR g

fi xe then ne or ra2| ne

or bef or suskeashthe By drogide ] byl reactio \0u1aan dmopmdnedlkpnim/cmmiuyld d\@t ammskbh ngetdlo
be bound b%/ t heor it is believed that an advant ag eous variant of the

cat al yst hyfrorigessilieate horaie %th?ﬁ?ﬁ%’éé“"&’%?@u’é‘ @Hﬁ?ﬂ?rsp hysiont Sediven erdk

surfaces enposi t

deposi tspg{as%%?&ydfoxé‘%s & %rffegcgea E%l%%rglﬁﬁ% ﬁ¥pohﬂ?sglfl&rﬁk ]Jlﬁleag}h%g&gd Rf"a""
and four bB inE &homﬁtcvfefoeéxawle%oﬁt Bt&ﬁo&nnlpaéfemblymwmngbedow 1t8mms the2 5
copper . This catal yst may be prepared using various techni ques of

i mBBegnagmennt richssng' tawdmpm@lwrmpxase Wesanonsed thegatal il ly agtivermetalsspressnt
this catal e r

gol d and [fﬁﬁrvf"ﬁ rn‘ﬂ lﬁe ﬁﬂg '}‘@% t(r:t%)pn 'Eaf% é’fso grdgggﬂggﬁiee@%@s%g“{%@egrr& g‘mid
reactor epebih km&prééﬁafeﬁ'sb?ﬁ&ﬁlst&leﬁ €.89UCE ieRiperaturk D€ abaif § SOC fopRAE holry
vol atilization. Another use variant of the catalyst of this invention

conpri sesortaged suth aswmmmt ofsolutien &f the plkabusmeigrinlasal tofabani Th1@(}% of the pore
de 03|ted atal yticall tlve am) ts of um gnd qol d,

t hg f our t"ﬂ %%E’%é“%? CI)‘?ﬁ Q¥rsd: 1 rSEn b&Pﬁ@dﬁﬁk t(e;l/érlz'f)r‘érttgl tnlanll & as
CURGI C agkd Rt imMBtsfortRAERbY Shetedh umwrég?:agcg%@?r{ Mtﬁéutm&ﬁagns iRdnérséhin?d Vst

precursor conprising a porous support 12 JUN
solution of the alkaline material and is rotated and/or tumbled during at least the initial penod of

precipitation such that a thin band of the precipitated water-soluble compound is formed at or



on the porous surfaces of which are deposited catalytically effective
anount s of gﬁiﬁllic pal | adi um and gold, and a fourth nmetal as its oxide, or
m xture 0f°%0%Gbe and free netal usi ng any of the techniques of 12 JUN20?

i npregnation, fixing and reduction described previously. The catal yst
precursor is then inpregnated with an aqueous solution of cupric acetate)
ei t her nonohydrate or 5 anhydrous, prefefyably by incipient wetness. The
catalyst is then dried such that the finished catalyst contains cupric

acet at e [eir #2 saRedf tROMIppRhPRHIAQ, [ AAXATRI Be IRBRUWS nfetdls b9 réBAHIme siBn,
grans, preferably about 0.5 to about 3.0 grams of el'emental Copper per

l'i ter ofthtroasdreahdctamblipg mayAfetcarriedioat.dat edaygie. @batait hito gbgallDapinuoy a gol d
and copper.in free netallic form fourt tal as oxide or, m xture of
o o, RRPROHGE . A eAPTD RepyGest BB ) PO BEE PRt D15 1 PES a0 by
any of t i.0d_; bl : MU tRer pi ith
2 S0l ut 1 o EBIERE L ECAADE melfod S AR IFEHRIY ST, PGSR BT,
aces at e, thaentireniiclgsuef erallitly ispint@aperatethharedt by eeferéhee. cat al yst is then dried
such that the finished catalyst contains, for exanple, about 10 to about
70, pref er abl Vhafixed i-0opresipiBed pabuliynagaldofopaenand fowsth metah cempewnds anay bet er
of finis at.al . e C YA riant is hei repared.in. which
Che coppanore i ekdipie, 40 Ll BRARD N BeE e ShoRE Ao RiGRBREER SN "o

the cat al (BC fo# 4Bbudb ks aftet fifst HaEHiRE Be HRABRL EMtAihiRE 1R fixed M¥taPmpounds,
acconpl i shed before or after the inpregnation with cupric acetate.

Pr ef er abustil ihig\ieee ef aniohesuchlea halideernd drying, aige 2t alpoue d HG fon abaut d b, eedudhi t h
t hat of i te, i.,6.,,.t tal yst it ai nj talli | 1 ad
anid gol aredlinon Ber bhesroraliSied beliraaasingand ARMem e ol shesd f el ol 1 s

i mpr egnakﬁ;beﬁatﬁpeI&ianﬁpaq%wusvyomoa_o?:hpgﬂaﬁné ﬂya&fateowhé}éinlttﬂé B o561 lﬁ'd?ﬁg'&ea&\@r

and alkali 2 0 netal acetate to yield a finished catal yst which aft
dryi ng ctmt zqnsed toaredawsiallatie aretal nomparindys prasemtont the eppottfis frethe hangeafoal yst s

of this inventian, have been d ri hed ntai.nin nly one "foyrth" netal,
nore t hafraRic@x abod: hia %1%“ iii é&ﬁf’ﬁ&‘f 83{/ washipg g%‘g%%&f\ré e eﬁ}‘%ﬁ% 22%0kd of
such desgfi . " i i t L t.al

i npreg naﬁdnlgg%gl f&?fk@%&\rl\xﬁ I“Feti?eg I@%L%t%?@o I &sgs%%eggsg gﬁsgb%@ {rﬁgts?) g ei&%ﬂ;{l%’leg ats o]
progi de somentigiahisthenrtt Mhefreducatedf thatfixkd palladivrhj gold and)esppet bempginds and

lower limts of each of which is a fraction of the limts defined

pr evi ous Mady resplts Hsihe dermagan ohthe frssimetal, althoyeh amigos amountef metal exidednant |
such fract] LNg f i indi. N . y
real | ooip 8P R hE RRER AR bEhe T ph e plrldfly el Rl ol bt
vi nyl aceh akideios apiiRfuad 6fbNidd 4@ freeGraétal, Wependig@ntedgttion chbhditipheaRinwhich
invention, a stream of gas, which contains ethylene, oxygen or_ air. acetic
aci d, anéPudsmetghisypresinta|IR Frparalions uneMaTethan gng)apregnation and HRINeHepsyde
The .conpgosy t.. C I 1§Dl i 7 - 12
JURPS000 ey S DA ARE AR el B AL L Lot e Rer Rndrid ite
nol ar rabbalﬁ&e&ﬁdnhh@mgxip oxygen card be about 80:20 io aboui 98.2, the
mol ar ratio of acetic acid to ethvlene can be about 100:1 to about 1:100,
preferably abdstaniaxamplenf{pwgeing generalroeadyre, pr'esparatetx ametiod may hegisgd sut

1: 8 and th f .al kal | | - 100
ol at ve Tge REaBEeRLacHER ARRCHF Bt OF Vi Rre A efch BE o el SR
conveni eRbinpo@iad theddsifolé &ee nivtdl BAfBnAS 18 i mathodf udiiy MeUpeiific pRkcbdure of

such acetate. The gas streamal so can contain other inert gases, such as
ni risogen descaibed prajiansiyd theauppart isdastimpregmated dvithcar dsuaeus sebition; afvater-soluble

tenperatures which can,be used are_el evated tenperatures ferabl.y those
b The.r SRGRoUMsH sagg. Srger 2h SgRaguakty BHBIG) bines o i el
reduced %?ﬁéym folRth FRthal RFEHSH fiRePby ReAMBAOW P AL IR fiRhEESLA M¥ %g:iﬁem

pressure of up to about 20.27 kPa gauge. An advantageous variant o

process fwatngss odmomymersion, peeferablygowsimigersion. Thae adtglyst iothenhiriediand eeparatelyi s
t he inclusion of a non-hal ogen containing copper conpound in e feed

st r eam oftMPEERAEHAMEth a)sqlwrmfcr}cs@&bﬁe a¢/d comRoA Ry E1e 186 AP #@T%wbajrgold
compound desird] B BRbM s AENBLIdIR TR gﬂrga@%n%nﬁgﬁmkan gﬁng%m & bgnd
may be, for exanplé cupilic ace€fate anhydrous or nonohydrate Ichis
pr ef er r edncipi¢Rt Wetnesd drab®-ihirhdtyidh arefefiblyinsipient WatrRss. Clf e gold id thakdixed by
(anhydrous or pentahydrate), or cupric formate (anhydrous or pentahydrate)
and t he Ith&iciprers vgtarsamegiod; schdbingmay bepernbiged withithe inppregnagionisisR Ryaisinge
such as to provide, for exanple, about 10 ppb (parts per billion) to about
50 ppm (parts per mllion), preferably about 20 ppb to about 10 ppm of

el enental copper relative to acetic acid in the feed stream By neans of
this 2 0 feature. the amobunt of copper in the cupric acetate of the

T T o, T o o, . - o



In Exanples 1 to 3, the procedure of Conparative Exanple A was foll owed
except thatr poTt he sol ution of sodi um palladiun(l1)chloride and Cﬁ)ri c
chloride contained in addition varying anounts of a dissolved sal otINZ002
fourth nmetal which was subsequently fixed on the support as the hydroxide
together with the palladiun({ll) and cupric hydroxi des and reduced with
ethylene to the oxide or m xture of oxi d& and free netal together with the
free nmetal]lic palladium copper and gold. The fourth metal salts were,
respect i ¥&ingle agueussmusinn of palble Brigrgemporng andalkalifip Pong peBpewns inEramsiust
2), and zirconi ul fate (Exanple . T,he catal.ysts_ prepared, as scri bed
N Conpalur e et res i e BB A e epla WP SO BUYE e PFORRERPRIIT VL) T
the prodeghpndOé gy hityd hirstia 1k yRR&ib0R Budt askithERN8r hdryPéis 38 Be A6Hih C
acid. To acconplish this, about 60 m of each type of catalyst prepared in
t he exantilcesporptaspisaedutingagenp aneacatal pit sontamsrsg the dxkd bmsdt eompoilinds is washed

t enperature .of each basket was asured by 2 5 a thernocqup|e at both the

t op~and 1% 56 CE AORO L oS, B A1 Ao VIR ST ae O&ea ¥rOFaTban BEr t y
conti nuo [ : o] : ' hG: .

i it ai i 4k of ERGANeL AN e ard iR 1 RO R IRl WiBeing ¢,
an el ect agent,heatdulgstroontairing thedied Mexdl dompoindshiotitatdBAithiah aqiEAs b Rtiod bf
N.T.P.) of ethylene, about 26 |/hr of oxygen, about |28 1/hr of nitrogen,
about 13exeshhydsazingltdrete hefoe washingashdrymgng reduce thegagtalcompouadetodhe freqas
3 0 caus o _travel under. pressur : ut 12 16 kPa through each basket.
The reacﬁ1 :%(t)a_trlls’\ﬂ%%ﬁ}eeclﬁ Fﬁllng_fsetggh?v?s edé‘B%é{'gcg% élegﬁrr%%e.]d' Anal ysis of the products
wagoacconpl i shedthRy aledinate Rt prefafing Bieatlysi & 2 hoBAER ratbiRrREHEKaphi C
anal ysis conbined with off line |iquid product analysis by condensing the
product stethedrinawhigh only pee®fithe gdld &8 impoggnatedrwitintale palladiam, eopperantt fouctuct s.

Tabl e | sh f h |l e the identi d toi | it
of cat al T G & iFt TEPERRC e SUAHER airdpet Seotaen gt aifeie FPipE dmpenie
and fr eebﬁétalirrfrﬁkrﬁ@xg, tH@fiﬁéd’nxéEtf( gﬂgrﬂ%%ﬁ% ?.regéd-l)cedi fb B ek inttalb .4 N&ith eQ{ylr}]ean

pal l adium 4 g/L of gold, a copper, and the results of the
anal ysi s oohydrhzine bgtratepwith mashiog anddtyengndonefbefore am athy ket estuction gr after @0,
(CQZ, % Sel and heav nds, (HE, % Sel.) and relative actiyvity of the.
redéti onﬁ&)ﬁ%@sé c %*Xaﬁwa@ﬁlﬁﬁtwh%e?w@z%ﬁd with (s remaf e&%ﬁlbatgeﬁiw Chis
cal cul at j | 1 ] : . ; S rihes of

equat i ongqte?]g?mggcée %gyéﬂslgt %‘@gtg{a;ﬁ\t}?fg\ﬁ?gﬁsgﬁbﬁ h%'?ggely'cgfezg ?gr? t"Pgrrperat ure
(during irhpregesticni and fixidgdare syaparplished/iarasingie stap tly éncpentesetoéss kisingta single
paranmeters for the reactions that take place during vjinyl acetate

synt hesi §olutipn ef ywaker-seluple gofbcamrqupd apd pn apprpPriate plkaling eampoudy lbg added: he

Exanpl oafREVEFI) PERghoRE Y EpRy K BpleEbr fkanR: OB RKRR liting dnd ARify
0. 887. 674s Q&triBéPBrviodsi98. 051. 252. 053Zr, 2. 07.660. 931 .85 Conparative
Exanpl e B and Examples 4 to 6 In these exanpl es the procedure of

Conpar ati ve EX¥aipvighing ke touadby dkeory tivis eligsed thasjap gdeantagespevariapg plthe

1 ; A . A '|
250 - e e S iihtiof RS dJorhldSuphir SR RRRRAR BHEBRIRORE T 1O
whi ch i n deyesitel afetAli@bshper B £z0he GlirraRled 99 Yepdsits WP cRxIFeicdllvEsTTetivel Bmoiunits of he

sanme catal yst under identical conditions. 7162-PCT 12 JUN 2002 ) )
metallic palladium, gold, and fourth metal, none of which is substantially intermingled with said

25 copper. This catalyst may be prepared using various techniques of impregnation, fixing and
reduction as described hereinbefore. The use of this catalyst in which the zone of copper is
surrounded by the palladium, gold and fourth metal and the copper is therefore less exposed to
ambient reactor conditions, contributes to a reduction in the loss of copper by volatilization.

Another useful variant of the catalyst of this invention comprises a porous support on the

30 porous surfaces of which are deposited catalytically effective amounts of metallic palladium and

gold, the fourth metal as oxide or mixture of oxide and free metal, and copper as cupric acetate.

This catalyst variant is made by first preparing a catalyst precursor comprising a porous support



5 Table Il: Exanpled4th Met, /1.CQZ, % Sel.HE, %

Sel . Act. Bt2.BcF91. 451. 984Ca, 0.889.0I 1. 272.095Ba, 3.08.861.262. 056Zr,
2.09.861.262.22 The results of the foregoing experinments as shown 1inz”| wmies
| and Il indicate that the 10 addition of calcium bariumor zirco tl

an ot herw se identical palladium gol d-copper catalyst prepared by the
separate fix nmethod reduces the heavy ends selectivity and/or increases.
the activity factor of the catalyst when used to produce vinyl acetate from
et hyl eneomaih§ parassisurfaces @f whirhrare denosisasd qasalyically efectivgl amannts ofiroetallic15

Exanpl es t.0 12 These ex Les i1l rate th reparation of catalysts
accor di npgaﬂagl%%ndpg(gg’e aia[ﬁ@%mek)arl] a}@} ?ﬁge"pﬁnrﬁfﬁ?%gﬁ?’ﬁ%%ﬂdnﬁﬁ @F%ﬁ“’xﬂ%?‘w’od
and the s@aetdcinbed Sampsenatiors Yikinglahld 3bdiftion id@sc)%EH’Fre@fb%E@t THelca@Wst i on,
in the sane terns as those shown for the catal ysts of Exanples 1-6." The

sane supprefurserss theadmipregate avitit anaguedus splugi om ob peprieesaiates sither nammby diatesdr 2

ool 3 SRR B A 5SS R R i R R gRhe s
el enent al

copper. ara S riaeufOpas O uENER LR oo, By Sndhapalle SO PRS0

gol d andgrapppgrefesatly abaig O toabeut He grnisof 2iementdl Repper pet lites o LfnsRdastalphd
the fourth netal salts were zirconiumsulfate in Exanples 7 and 8, barium
chloride in EARgpthe cotalysheantaining p3lladivmsy gald andicappsnist seeimetaHis foam ad feurth

sulfate in anpl,es 11 and :12.., Th re then fix by rot.o-1 mer,sion
T e aoBehACERE B mhe AR i M08 SFE bR, 808N LubbSR b8 pidbRR
necessar yy iy of 16 iffteiAh€ nlelivdpat Isadivaningedoily furtep Ppreghaled AtthtalsolRioalof agnd
the latter netals were reduced either wth ethylene in the vapor phase (5%

i n ni trogkal metal apesete, prefpeblvpotassium oBsadbun gcetate, and mew prafefably poassiumusi ng

i f .hyd i h 3. iLgh i
an aaueoys 30 44, 0.1 kB8, 8, KGRl E R 7N , 1
until  chiOfbode7d, eétefaBlibout2 (1R HbIAE 600gradd oRhikal? Aetd] %Eet&te hRHlitek Bf Ainfshed d

drier, and then inpregnated by incipient wetness with an aqueous sol ution
of gol d sahlysts Whércthe atatyst yaraut Wdeingerepsred insrhioh the c@pper 74 pregenP@ cdprit JUN

2002 12 additi | . Jit f el tal ..gol f total. of 7),
ANt sodi G AR gpbeC B RN OF deidaselist o e kalieal dee ian S pagied ouf giay;
the addi pd on3npsehél befdte oﬁgﬁ%rtt?gr A re@2dtidn WAt dUPBIR ab&AUC Preftiably, hbRe v MRie

reduci ng agent "as used int reduction, "as descri bed previously, and
t he cat ahlksli mead avetsteéipregnatamh, is @pokbinep methrthated cuptihagetdta s i, e cedystt e as

described in Conparative Exanple The catal yst was then tesfed for |ts
funct i on®MH2IPHE ’B?‘é@l’ﬁd’?ﬁéfﬁﬁ'afanéigﬁﬁ a’é@ﬁ’t‘-‘&gé“%{é ajoide; P arixure phexids avd B
exanpl es L j i : f : L :he
cat o yor TR 2g nblegnabd S bG i f 5AGE BIRAE Bt (REL dedBEBha ahali 1) g
g/ oof copptacetitbeo yeRla fifishdd ddtystedidh after dryingcormaias thealesiesd arsedmedf bathy
to CO, and heavy ends, and the activity factor, all as shown in Tables 1 o
| and | |3ceeP-in additi on, whether the reducing agent (Red. Agent) is
sthylene (C-Hyhil yDYAERES 0 i onThive bEAF ddsBbd LM iring by HIPIRGiw? 1 ©
11 are for each exanple;/ averages 0

metal, more than one of such metals can actually be present. When at least two of such

described "fourth" metals are desired in the catalyst, the initial impregnating solution will

25 contain dissolved salts of these metals to provide such metals in the finished catalyst within
ranges, the upper and lower limits of each of which is a fraction of the limits defined previously
on the assumption that only a single "fourth" metal is present, such fraction being the same as
the fraction that the individual "fourth" metal is of the total amount of fourth metal in the
catalyst.

30 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

acetate, is passed over the catalyst. The composition of the gas stream can be varied within wide



the resultg06ctwo experinments run with the sanme catal yst under identical
conditions. 15 20 Table I11: Exanpled4th Met, /LRed. A entCQZ, % S?Iz.m,mﬁ{o
Sel . Act.7Zr, 2.0C, H, 7.430.921.948Zr, 2.0N, H48. 291. 122. 289Ba,

3. ON, H48. 231. 12. 2710Ca, 0. 88N, H48. 331. 162. 2711My, 0. 53N, H48. 031. 122. 2612M~
, 0.53C, H47.980. 951.59 The results of Table Ill indicate that the fourth
net al -contai ning catal ysts of this invention prepared by the nodified

r ot o- i neinsitmaking e adasnst dxprwtleilimithe gpreduplki tha nodlavianylof 2thylene @b 8k gpen
from et hyl ene, acetic acid and oxygen with relatively | ow CO and heavy
ends sel &&f bgiabpeisiO: Fcgrabpul 982 The Botatashsl o dceliviatid & etbylehe cpn bpabatil 601 by
the nodified - rsiqn hod,, an o results of, the e of a

cat al yst 2C8Rt g?hﬁﬁ%@e&%ﬂf@ié I%h?%ﬁ]t@ %t’ﬁ?sr\mfﬁ ed gbout lrllrislllﬁr‘atb["ét FRapd of
Exanple 1 t ' | e . i ter
of g0l d. e SRS SCr s i BB 15 R pO bl 1o o IR LRARYE 1 Y RLEER ded

f ol Bowed eusilogediyTheaatkaiemeral scedineinay bagemtenicaxig efdtied foahe frrldystremnugla spediofm

tetrachl oroaurate was present in each of the two inpregnating solutions to
provi de 2n@aHeRYS sotusionsff sy agetais- t Hhe gassEeam alsp gan gontanagthesfinert gasgsssuch eer

h
in the final cat t, ted in th duet i f_vinyl t at
o P RS ol e SRR R Dt BERLRLSBE
di oxi de %@é@%ieYéJaYedgEm%eéaur% RISy YRR GS theahfsd dvabbtr P0-820PCY0 MMl (Ghssi

particularly Iow, and an activity factor of 1.87. Exanple 14 This exanple

i |1 ustrateploye @ndparatrieorhatreducedqurtsssreofiorieg preseureor alevated lpysssurie npraferatthy
10_pal | adi um olfd, an magznesi um are de$osi ted on a netallic copper

confai ni ﬁd’rgﬁfﬁ%o? URtAEPHal20BY KPhe notdPET-ed rot o-i mersion nethod such that

there i s substntjalnh¥eBi Jafafl OF I pHobddd (O prRREE vi‘f&f &e%@u@h%%d%%t%g It

is believed that the copper on the support material "1s surrou an

not i nt etins noteationiit the ildusidrheffa met-badlsgenldvingining tcopper kb mipouzd i thh deddoseamf
copper by _volatilization. 15 A suppeort material as described in _conparative
Exanpl e AT FFCRRTI t?ﬁer_ogfﬂ%er PREATALETB P RAPIRE SREFEsOTRRO U PrafErably

| npr egnakgdefyaf @Sﬁb %}ﬁbﬂ% %PEl?e}i‘flétaEﬁﬁ%lme 20Pmud, b, @Pe?ﬁﬁﬁ?‘dﬁ?ﬁ@éé&é@” of

cupric nitrate tri ate su cient to provide the catalyst wth about 1.9
gr afs/ | i (@thydfowsl cememtohlydiae) périch Mipréfentd, dnpriagitratedeihg dpypeor hexahydraedcuptic

t he support by treating the support by.roto-inmersjon with an aqueous .
sol Ut | on SRS SR Hs A osPay IBED A SHPRF Bate (ESByons QrtRenslyctaii aAe thy like.
sodi um h i t i ide

YeE gﬁ;@i@t Bﬁ&gggg%é@tcgpﬁmﬁ& fddt§ 15LRR& on éan%u@t;mamdﬁrewggh for i-gf?%??lg,e

fixed cupri r oxi I'ng support was then water washe
of ani onsbowrlilepbtatpass parhpbioa) to about SAPOHE (pants dermuliion)nprafdrably dbbed Odypban

cal ci ned ating.in air at aboyt.200C for abo 8 hours, and the ric
Pyl oxi 8BS URRI She REaT FOPTEBIRIEIE 1 EHE b g REE TP S REER A
et byl ene rdpdfel {?leryrﬁcf\fﬁgsmop%E% ARt U ROLcefa0e optlﬂg%taﬁ/shl%gf By thENGtalyst

copper -cont ai nl ng support materital was then tréated t'o deposit about 7
gr ansl | i vehatiasthorodurired loag tarm werds rpduded, g velimnuto @ pp&r grmapdunidtie incddded in the
magnesi ulr‘n by the nodified roto-inmersion nethod using the techni ques of

i npregna ‘?etSln, fixing and reduction as described in Exanples 7-12 and

| mr egnat ed wis. b a5al URLAGRIA GaRPIATRRREIA . GRTRAAGhYe Exanple A

When tested for its Inthe production of vinyl acetate as

descr i be@ompatatigesEaimpie AFaminftamples t e3 pr oduct exhi bited 3 0 carbon

di oxi de and heavy ends selectivities of 8.38%and 1.07% respecti veIR/." The
actPvity fact orheipgxamples illustrate the preparation of catalysts under the invention by the "separate

fix" method, and the advantages of such catalysts in the production of vinyl acetate in terms of
higher activity 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
30 160 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(lI)chlonide and cupric chloride sufficient

to provide about 7 grams of elemental palladium and 1.39 grams of elemental copper per liter of



14 CLAI NS Ve (gjgai m ? 2 JUN 20Q2 1. A process for the production of vinyl
acetate 515)52r% tion of ethylene, oxygen 5 and acetic acid as reactants
.conmprising contacting said reactants with a catal yst conprising al BOWULZ%“Z
support on the porous surfaces of which are deposited catalytically
effective anmounts of netallic palladiumaand gold, copper as the free netal
or cupric acetate, and a fourth netal selected fromthe group consisting of

magnesi | &4 i I.f.Ccopi i i M - i;de
ang 17 ea LT T4 MR U G SlTRE % B kPl SR Qi T BBy
nmagnesi Wilprid hydRRiderticiessin® theCdagdl 8t by \Wbieriginfersioh vifhodt dgile St saliuin® h g@ogidem
4. The process of claim1l wherein sald fourth netal is barium 5. The
process wiutwnaiugh thapterhd/Gl gwiat rétouwatabest hR2: §. sThe qagadysit was tig:n dried a9l 60%ss

f claim1l el ai. d t t, | kal i t.al. tate 15.
Gepos t ol bOEHE 183 tyd Bnem ol pHaTE 1 b AV O nBRSATHd TiHBT BIeAt SEEsaY ihes

tal i t iy ) Fm. : )
Dot ass: A0S ohufal SN @GR Baucte 14 BRRRERIEALYGG BrdDide HOREENA wih

cat al yst4 ganprlitst 6f:iem@niiqiesd, Jup peditmdydidyédgsaich usat Shy W/CE snadd raeddi vody adoet 20
deposited catalytically effective anounts of netallic pall adiumand gold,

copper ak8ilhto fi¥ &e gedd an thersuppgit praugicdtydraxidmdlhe qagaly st wvagthen wasen washed f r om

h ot ; ! L ci . d.7i . it
oxi de. or I PErEe (RS srosl S BAER PRLORR O Rt R RG0S '
wher ei N sAladiunPbiid AurEatyalkoxiSesRGE Bn4EAuce® td the flddndtals dl XohtabtingCthaicHal st

wherein said fourth nmetal is calcium 12. The catalyst of claim9 wherein

sal@ f ouwith ethyleale (5% ibanitragen) in3the Vapor phasglap 4 60%7 for Daionrso Rikallyethe catalyst was
fourth nmetal is zirconium 14. Thtg catal yst of. cI{ai m 9. wherei n.said copper
s it HETRORAG Ot RESTEaeRebs Pith £8 2049555 salftpg of PR ARATAS T RLPRPEY by

a met hods ¢R&PA{ xaip?&viaérw? g%%tdfflﬂta%si% REERUSer R thtaWist AndBriedHELHSid bed
sol ution of water-solub salts of palladium copper and said fourth netal,

fixing sdna apal0-dd0hforonppeur. and fourth netal as water-insol ubl e conmpounds
by reaction wth an approprjate al kal ine conmpoupd, subsequ I 12 J UN
2002 15 inpre ’6%@{) Eéo @éb%pwéw%eamwa 4 ﬁ“BPlea“Wgﬁgm FEEPt Rt
sald. fixi - . . _
R N R i R S e A S el

pal | adi uamowgu$ df a dissbleepzétroftadfotihie nretdl méicnwhadubsaquendy xedadn thesupportds the
fourth netal to its oxide or mxtu of oxi.de and free tal,. .16. The

cat al yst PSFOEFa oRetr w@am eeﬂl%@ua[lﬁéf’ﬁaap% P’é‘Pﬁba’idrfﬁrT&‘éﬁHaY‘?}hﬂht’{%ée to
Suppor t elRide Ghihir 8f Ofid@And FRY feta® fogbflef it Qhe! RE & mid il i AH 1 unt BEEr
and said fourth metal salts containing all of the elenental palladiu
copper, ambdgdlduiThh forethametdbsilts ekrey mesphetivieiyyicalvesin chlbely xaarpde &) bariomnt  of

wat er - sol ybl, | d salt containing gnly_part the el enental gold desired
on*% he f?*ﬂpeﬁ%@w%%@&mwﬂﬁ atﬁgﬁagmla - copper, fourth netal

The catalysts prepared as described in Comparative Example A and Examples 1-3 were
tested for their activity in the ;;roduction of vinyl acetate by reaction of ethylene, oxygen and
acetic acid. To accomplish this, about 60 ml of each type of catalyst prepared in the examples
were placed in separate stainless steel baskets. The temperature of each basket was measured by

25 a thermocouple at both the top and bottom of each basket. Each reaction basket was placed ina
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 (measured at N.T.P.) of ethylene, about 26 l/hr of oxygen, about
128 V/hr of nitrogen, about 130 g/hr of acetic acid, and about 2 mg/hr of potassium acetate, was

30 caused to travel under pressure at about 12.16 kPa through each basket. The reaction was

terminated after about 18 hours. Analysis of the products was accomplished by on-line gas



1 o and gold as water-insol uble conmpounds by rotating and/or tunbling the

i npregnated support while it
reducing the fixed pall adium copper,
and the fixed fourth netal

i npregnating the catalyst wth an additional
of an anmpunt of water-soluble gold salt such that the total
gold in the catalyst
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15 Examples 7 to 12

These examples illustrate the preparation of catalysts according to the present invention
by the "modified roto-immersion" method 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 1-6.
The same support as used in Comparative Example A and Examples 1-3 was first
20 impregnated by the incipient wetness method with a solution of palladium, gold, copper and
fourth metal salts sufficient to provide 7 grams of elemental palladium, 4 grams of elemental
gold, 1.9 grams of elemental copper and varying amounts of the elemental fourth metal. The
palladium, gold and copper salts used were the same as in the previous examples, and the fourth
metal salts were zirconium sulfate in Examples 7 and 8, barium chloride in Example 9, calcium
25 chloride in Example 10 and magnesium sulfate in Examples 11 and 12. The metals were then
fixed by roto-immersion in an aqueous solution of about 120% of the amount of sodium
hydroxide necessary to precipitate the palladium, gold, copper and fourth metal, and the latter
metals were reduced either with ethylene in the vapor phase (5% in nitrogen) at about 150°C for
about 5 hours, or in the liquid phase using an aqueous solution of hydrazine hydrate at an excess
30 weight ratio of hydrazine to metals of 12:1. After the reduction, the catalyst was washed until
chloride free (about 5 hours), dried at 100°C for | hour in a fluid drier, and then impregnated by

incipient wetness with an aqueous solution of gold salt sufficient to provide the catalyst with 3
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about 7 g/L each of palladium and gold, and 1.9 g/L of copper, the results of the reaction in
terms of percent selectivity to CO, and heavy ends, and the activity factor, all as shown in Tables
10 I and I, and in addition, whether the reducing agent (Red. Agent) is ethylene (C,H,) or
hydrazine (N,H,). The reaction results of Examples 7 to 11 are for each example, averages of

the results of two experiments run with the same catalyst under identical conditions.

Table III:
15 Example 4th Met, Red. CO,, HE, Act.
/L
7 Zr, 2.0 C,H, 7.43 0.92 1.94
8 Zr, 2.0 N,H, 8.29 1.12 2.28
9 Ba, 3.0 N.H, 8.23 1.1 2.27
10 Ca, 0.88 | N.H, 8.33 1.16 2.27
20 11 Mg, 0.53 | N.H, 8.03 1.12 2.26
12 Mg, 0.53 | C.H, 7.98 0.95 1.59

The results of Table III indicate that the fourth metal-containing catalysts of this
invention prepared by the modified roto-immersion method functioned in the production of vinyl
25 acetate from ethylene, acetic acid and oxygen with relatively low CO, and heavy ends

selectivities.

Example 13
This example illustrates the preparation by the modified roto-immersion method. and

30 results of the use of a catalyst containing magnesium as a fourth metal which is similar to that of

Example 11 except that it contains about 4 rather than about 7 grams/liter of gold.
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copper with the other metals. It is believed that the copper on the support material is surrounded
by and not intermingled with the other metals. This in turn minimizes the loss of copper by
volatilization.

15 A support material as described in comparative Example A in which the spheres had a
nominal diameter of 7 mm, was impregnated by the incipient wetness method with an aqueous
solution of cupric nitrate trihydrate sufficient to provide the catalyst with about 1.9 grams/liter of
elemental copper. Without drying, the copper was fixed on the support by treating the support
by roto-immersion with an aqueous solution of sodium hydroxide containing about 120% of the

20 amount of sodium hydroxide needed to convert the copper to cupric hydroxide. The fixed cupric
hydroxide-containing support was then water washed until free of anions, dried at a temperature
of 100°C for 1 hour in a fluid bed drier, calcined by heating in air at about 200°C for about 18
hours, and the cupric hydroxide reduced to metallic copper in the vapor phase by contact with
ethylene (5% in nitrogen) at about 150°C for about 5 hours. The copper-containing support

25 material was then treated to deposit about 7 grams/liter each of palladium and gold, and about
0.53 gram/liter of magnesium by the modified roto-immersion method using the techniques of
impregnation, fixing and reduction as described in Examples 7-12 and impregnated with
potassium acetate as described in Comparative Example A. When tested for its function in the
production of vinyl acetate as described in Comparative Example A. the product exhibited

30 carbon dioxide and heavy ends selectivities of 8.38% and 1.07% respectively. The activity

factor was 2.1.
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1. A process for the production of vinyl acetate by reaction of ethylene, oxygen

5 and acetic acid as reactants comprising contacting said reactants with a catalyst
comprising a porous support on the porous surfaces of which are deposited catalytically
effective amounts of metallic palladium and gold, copper as the free metal or cupric
acetate, and a fourth metal selected from the group consisting of magnesium, calcium,
barium, and zirconium, as its oxide or mixture of oxide and free metal.
2. The process of claim 1 wherein said fourth metal is magnesium.
3. The process of claim 1 wherein said fourth metal is calcium.
4. The process of claim 1 wherein said fourth metal is barium.
5. The process of claim 1 wherein said fourth metal is zirconium.
6. The process of claim 1 wherein said catalyst contains an alkali metal acetate
15  deposited on the catalyst.
7. The process of claim 6 wherein said alkali metal acetate is potassium acetate.
8. The process of claim 7 wherein potassium acetate is fed to the reaction
together with said reactants.
9. A catalyst comprising a porous support on the porous surfaces of which are
20  deposited catalytically effective amounts of metallic palladium and gold, copper as the
free metal or cupric acetate and a fourth metal selected from the group consisting of
magnesium, calcium, barium, and zirconium, as its oxide or mixture of oxide and free
metal.
10. The catalyst of claim 9 wherein said fourth metal is magnesium.
25 11. The catalyst of claim 9 wherein said fourth metal is calcium.
12. The catalyst of claim 9 wherein said fourth metal is barium.
13. The catalyst of claim 9 wherein said fourth metal is zirconium.
14. The catalyst of claim 9 wherein said copper is in the form of the free metal.
15. The catalyst of claim 14 prepared by a method comprising impregnating a
30  porous support with an aqueous solution of water-soluble salts of palladium, copper and
said fourth metal, fixing said palladium, copper and fourth metal as water-insoluble

compounds by reaction with an appropriate alkaline compound, subsequently
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B [- 0.5t/ the ﬁmslgecf catalyst and an amount of water-soluble gold salt containing only part of the

elemental gold desired on the finished catalyst, fixing the palladium, copper, fourth metal
10  and gold as water-insoluble compounds by rotating and/or tumbling the impregnated
support while it is immersed in a solution of an appropriate alkaline compound, reducing
the fixed palladium, copper, and gold to their free metallic state, and the fixed fourth
metal to its oxide or mixture of oxide and free metal, impregnating the catalyst with an
additional solution of an amount of water-soluble gold salt such that the total amount of
15  elemental gold in the catalyst is equal to that desired in the finished catalyst, said
additional solution containing an amount of appropriate alkaline compound sufficient to
fix the added gold as a water-insoluble compound, and reducing the fixed added gold to
its free metallic state.
17. The catalyst in accordance with claim 9 in which said metallic copper is
20 deposited on said porous surfaces in a zone surrounded by deposits of said metallic
palladium and gold, and said fourth metal as the oxide or mixture of oxide and free
metal.
18. The catalyst of claim 14 containing an alkali metal acetate deposited on the
catalyst after the deposition on said support of said metallic palladium gold and copper
25  and said fourth metal as its oxide or mixture of oxide and free metal.
19. The catalyst of claim 18 wherein said alkali metal acetate is potassium
acetate.
20. The catalyst of claim 9 wherein said copper is in the form of cupric acetate
deposited on said support after said metallic palladium and gold, and fourth metal in the
30 form of oxide or mixture of oxide and free metal have been deposited.
21. The catalyst of claim 20 prepared by a method comprising impregnating a

porous support containing deposits of catalytically effective amounts of metallic



& ()- F 10%# & ()-" MO0%# & ()-" 10%# & ()-" &Y10% # & ()- ml0% #
& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" " Heap%r\ljﬂ ﬂ@gc
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Headi B Jc"A
"Default Paragraph Font!).5@ LVbhKgx$%®?Zex] ~_"abcd S<!', 2, 8#: <?j ACHOQ W

(6" Eef ghi j kl mopqr stuvwxyz{|}~6Ti mes New RomanAri al Couri er New'h Root
Ent r yWor d Damiia@ingy and goldiStid 'sdijl foyrth hehPaARGAEE: or mixture of oxide and free metal,
<=>?@\BCDEFVsEIIallgPS<O Wo cSu'II')lrJl\c/\Qé(égt[e\ ] ~_"abcdef ghi j kl mopqgr st uvwxyz{| } ~
22. The catalyst of claim 20 containing an alkali metal acetate deposited on the
catalyst after the deposition on said support of said metallic palladium and gold and said
5  fourth metal as its oxide or mixture of oxide and free metal.
23. The catalyst of claim 22 wherein said alkali metal acetate is potassium

acetate.



