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ACETATE CATALYST COWPRI SI LLADI UM AND GOLD, AND CUPRI C ACETA E

BACKGROUNDy(Goohbhikse! NVENTI ON 5 Fi e the Invention This in ates
to new and i nproved catal ysts 16155t he production of vinyl ac)e‘? {dggégzyugd

reaction of ethylene, oxygen and acetic acid. 10 Background Information

I ncl udi ng Description of MﬁtAe@E Tli EA’PAE%‘;}"CUMPR?%@ vinyl acetate

by reaction of ethylene, oxygén an acetic acid using a catalyst consisting

of metallic pall METRIANC PALL SDIPPF ABD GOEBEDEAND EUPRYC WECENATEr ocess
utilizing such a catalyst is capable of producing vinyl acetate at fair

| evel s of productivity, such productivity levels.are limted by the
production of undesirabl e by- § i }5 on 15 di oxi de. The
production of any product O)ép@?}_? %mp@g#}%@ &Q@S& as percent
selgctivity, defined as the anount of such product expressed as a
percentage of the theoretical maxi num which could be produced fromthe

r eact ant Bield bfithe laventienpedi ent which results in a reduced producti on of

car bon di oxi de expressed as | ower rcent 2 selectivit ry
desi rabl e. ThdhsdRyY&tiongelatssde BFa8d 9r°deggeﬁ%§'saef%@er?é g of inyhacetate

i nventi ogy?é %hgﬁgﬁggg%hg s'ﬁ u?cfﬁg?dglrilt s Nos. 3,775, 342. i ssued Novenber

27) 1973, 974, both to Kronig et al., each
di scl oses a nethod of making vinyl acetate catalysts conprising treating a

support sinultaneously or successively with a solution A containing
di 380l veBaé@TPEndﬂme@nﬁmlaﬁngQP@WH@WR@@P@MM gol d, and a sol uti on

B t ds abl.e t th

Cal e fot opmCARErS T BruErs SobfASmERy iRaBrabkett, JyhOF plfeRs Mg
vat er - i ngehtdBlsEcdR¥AAY B meIidp ARy ehd GoRIGRBportdd diPNYAtikr.t Wihile the process
wat er -i nsol ubl e nobl e netal conpounds to the netals, washing the catal yst

tor em)vetllmne suchcd catdlystds napabledf)predutingpiny] mtaamatathkéwelmﬁ rrbdustivispusugh

. 0. t | box bef f t th.t
Feduci ngPRSUFE DS le AB IR ELEY i TOAeR ofien b B P S iRyl farbon
several gioRfle, nﬁfc?r@duc‘nﬁﬁ oy Qb*‘ﬁroﬁﬁ@tﬂﬁrby-ﬁoﬁua c@n b€ @iﬁr@&se&ﬁs pévcgﬁ)’t%el%égwty,

i ssued July 26 to Nicolau et al di scl oses a nethod of preparing a
cat al yst defsweiduds thoamoims of sechuprpiuct egpressadyds apateatage lof theetheoietical giaximum

et hyl ene, .0 and gcetic acjid, conprising inpregnating a rous ort
o D ot S & aRncea for dhq irafaen dBuegmy Rpedan naneh esBB G5 edpbRc0
PCT/ U898{;%aﬁ§§oma9mrmmilué' ebdeg a?%vbﬂ‘ﬂ(e%@n@@@) gak&ivg), ival Uhdiible.

‘conmpounds on the support I‘SI ng an unbl |ng the iI'fpregnated support
in a reacti veﬁelfmliavongtrdepnemrpay b¢ eorsldﬁned:mlamuhtds:he ancntom skaoneitidrgin,

regyoing e Fomeundente R L ELALS LA, U Dol Lo e S 080,

QL,"S:JCL :Dpn%szgpgigzegboﬂ@e&%i Ceddf diseldsks @ mthoPOMMABRE viry¥ Yo Rte cBAHsREBhprising
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 the support with the noble metal salts to form water insoluble compounds of the metals,

25 treating such water-insoluble compounds with a reducing agent to convert the water-insoluble
noble metal compounds to the 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 any of several other
metals, including copper. '

30 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
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pal I adi um group metal and/or a conpound thereof, gol g gaxed/701 a conpound
thereof, and copper, nickel, cobalt, iron, manganese, lead or silver, or a
conpound ywoaeefse Preferably deposited on a support materi aIPC]J/@SéH RY OF
THE | NVENTI ON I'n accordance with this invention, a catalyst is provided
useful for the production of viny) acetate by reaction of ethylene, oxygen
and acehuGohEiftkiMg e ﬂa‘i’l‘éﬁiﬁﬁff :Qﬂfgdiﬂ QX e e @&Bﬁ&dn?d!bn%’é’%ﬁp%h, 1fhrR€YsigS
support on the porous surfaces of which are deposited catalytically
ef f ect iand tamibling sheoiimpregretdd suppatthmdireantiaadolgdbn to predipttagersuch asepaneds, ke
copper in the cupric acetate is 15 bhelieved to effect a | ower carbon
di oxi dsuBgqquently redpcingihe pompowsids éo theecidaiali ©8mby a hi gher vinyl acetate

producti vity, n ri ¢ tate i §.p ent LN the catal yst.

DETAI LED DEéCEI%_' %%P%ﬁ%ﬁ%@%ﬁﬂéﬂfﬁ%}’%@%ﬁBp_!)@ts“’ to, W a}'h‘%fﬁ?}/e SRR
oF thi Joi MEgRbARH DGR AsQskeVy reAdtioncdfRehyIéné, agy(g?éﬁy ard Bcelil ¥R EOMPrising a
regul ar or irregular shapes, such as spheres, tablets, cylinders, rings,

st ar s, petladiuhegronhapess] and/mt ammynpvand thikraedh goldrndsnalroaypoind thedrenf, andogpphr, or
wi dt h of abou to about 10 ym preferably about 3 to Spher es. havi ng
5 i AR RO DAl otien. P RBBSEy 1o Of e T carBRavid herRel g&’é%ap Y $FROBIGAAN dray
be comggﬁﬁgn Har@y sui tabl e porous substance, e.g., silica, alumna,
silica-alumna, titania, zirconia, silicates, alumnosilicates, titanates,
spinet, silicon carbide, 2 5 carbon, and the like. The support material may

ggve a s]thrfa(t:)F ar ga w thin %{J\e range@i‘?%ﬁé)&gﬁgﬁtéﬁf&babout 10 to abouL
0, preferably about 100 t ; e pore size in the
BPhe r angd 408 gl wiR e iEphife Yty SRR SRARISERR fo 3¢ pbdieliSy SPLHE,

1.2 mUgcerdteddby feakbtién Bf @B, Xzl and1fetia bdildihith e Barbbn dibkidy RIREYityOf
this invention, the support material is first treated to deposit catalytic

armount souofprisitlg apbtens auppogiodrithepords spofacesofovhitheresieppsitedecatalytpratly effective

particles. Any.of vari . et hods, .f or, acconpl i shi t hi s purpose. may_ he.
Caed)  ngindiRelapalog sbsdrt SR8 Briaits LHbCoper bR oRASrAR i
gismul t ARBOUSE @ fARPATGWE dafBINSHDRAHE 9N ctVin! MhicHRRAEh abdhipLH&l B a RiiRr
aqueous sol utions of water-sol uble conpounds of palladi um-and/or" gold.

Pal | adivumyl(acétpatecpriodnétitaty, $adiwhmnoa dupdiclacet@tel iy prdsentrindbs cgialysts si um

pal l adium (I'1) chloride, palladium (ll)nitrate or palladium (ll) sulfate
are exanpl es of suitable water-soluble palladi umconpounds, while an 5
alkali netal, e.g., SPHgm #?[%Dﬁ'ﬁi@ﬁi#ﬂéﬁ' FOHHRUNVENTION chl oride or
tetrachl oroaunc (I11) acid can be used as t?e wat er - sol %I e gol d compound.
An al kal i meTld sugploit mitetigltin Aedéaslgstofithis (hvdnlion s ehmposdd o6 gartia]gs dalaxgi angn

\(ﬁigl) chloride are_preferred salts for irrgregnati on hecause of their good
ter SSVABPYS tegularios Iregla shapgsotHehAs spRerss dehiptsi SHRdeTs, NRgR Stars, oF pheht
wet nessy t LN : - ARt i.on
iseq 7 onefi, A ) Haoh Birehs AR Ay & adflefr B o Sl At ap BT (U MuR i O
absor ptpreferabdy abmit)3 10f9 infe SphepeyHavirgd £dianleter bfabowtricteniboat § aim afe prieferred.

solutign or solutions is such that the anmount of elenental pal.ladi um and
gol d i mThe PRt sRaterialgpayhy cAmpRssd o6 aBY putabis perpus subsiEce: &&» Bleaalymping
desi r eq;pr.edel 1 I J : i .egnat:i & carried
our + RUREAGRELL S TEA, st bRk A iCES S B BB
26 all carbom)hid ehePlikd. i on of the anmount of one or any 15 conbination of the
two catalytically active netals desired in the final catalyst, as |long as

t he armpunts TBhe supportmatgrial may hawe a surfdce afearwighinthe mpge.t fon gxamples ofabout 10

Gos r aapaop: Tt Prefriaely et I smout 200 R, 80 Sremefe e o Mo rappe.do! -
wat er - SGbHIE FAbGuCTTRUBBH 2000 dHREForhy, dnd Jg5ste VbRtE i!ﬂ%@i-zﬂl?@,t fRF exhifle, of

i npregnati ons are such as to provide, for exanple, about 1 to about 10
grans aiboet @iant2qprefefablyadboatd.do abayt f.omlgxanpl e, about 0.5 to about 10

gram; of el eIment al gol d, (;/\{jth t he amouynt of gold being fromabout 10 to
Bout 125 wt Imthspsenpraion ¢fdheatalyst used an themapegss onthis pnventon, ithe,fupBRE: i on of

andr or "gaetat illsCRe AR R RELHMY AP ffouhl HraRRU So°RA oB IndiRb B lfRees

CONPOUNSt the support particles. Any of various methods for accomplishing this purpose may be used,




such as the hydr ox![ dF, Zbg Legcti _03 Wi t_hI an ?pprgpri ?te al kgl i ne conngmvﬁl,mz
e.g., an aLka a ydroxi de, silicate, borate, car cm?; r

bi car bonat e, igﬁlg%ueous sol ution. Sodj um and potassi um hydr oxi (4‘2%9%52%88
preferred al kaline fixing conpounds. The alkali netal in the al kaline
conmpound shoul d be in an amount of, for exanple, about 1 to about 2,

pr ef er abdlyobwbish invalve graliengous og senarse impregrativna ! thecupsert yithene@aotora t h
the catalytical lLy.active catiqgns present in e wat ersol yble salt. The

i ng. GHHERES SR A SRS o eRiE abPaladie RfhetadrEbnehin @aner ei n
theirrpr&g&%eeg-gﬁg ' [ e Bot ﬁﬁﬁgr ; = 5OV R;
hour, contact édoémyt Afﬁdgjrﬁrjoﬁﬁt&o ﬂd:tb utasisg%]ng?]t]t e émgllqli%ﬂgg’ré?g&%@gg@gie
t o aboutor3=1201en () sulfeteraps exangplenel saitablbevaserpphrtie paladiuah owpeurides, $hadgh
for a period of about 112 to about 16 hours; or the roto 2 G>1. ~~ 2~~2
W0599/ 2 Rlicsometahcere.Usswy o1 getassHwrsalt oA awee HBY chleafe phtethehlpraguee 2D eeid

support w thaout .drying.s i rsed in a solution of th al ine mat er.i al
and Ts hhaaned R s R Bt cerhefind cabelBamtal ol b Bio
preci pi ta{d QRd 386 Pafadfnt NTHIGE S frivRrBd £0ishbi ﬁﬁ;ﬁ‘é%x‘{ﬁitoﬁrb_'e stBF Greir
conpound is fornmed at or near the surface of the supporT particles. The
rot at i orgcmddvitemdalnbibtyreihelimpesgnatienlcauite adcomphsheddythe 'inaipia oustneks't o

about 10 erfor a period e.fg., of at |east about 0.5 hour, preferably .
about 0.7¢cthed ¥hstain an pEgpat of raterc ikl pietal camperrd salpionsyssA fartbp dgpreghation
discl os j gg@q - fo ol o)} e

plz:aLI%I adi quﬁgéﬁdﬁ%ootgggé%%udmg p?rr‘gy t féﬁgﬁlgg&gldjﬁgé , ’Woﬁf%éex%%ﬁrg,n%% lhghl\ﬁ/apor
phase wicohc&itiayiba g thessofutionTiosblutions [sayeh tiat tht2Kouno6f ScimentabpalRtiien ahd r st

10 washi ng_ the catal yst contai nig% the fixed netal compounds until it is
free of Bhibe salution 1 Relptiens abserbed op ithrysuppory is equal tospdesingd pragdsterminedour |

or such t{Qn be compli f | drvi i he . .
" qui d SRR PR eRet TReteRnfions o4t aarlP Snb it Ay foain
hydr at e wier-&ilible REmpY eRbEquPFaléntds all iof enlg\esorb b f the Qkidustlof she' dmge all
the nmetal conpounds present on the support is in the range, for exanple, of
abbut 8combinasicnf thetwo catdyticallynstive metakmdesirad imthe fina) catglystOahlong metheci ng
agents and ans for reducing the.fixed netal c ounds present on t.h
Stppor t HRPAEE G Ty ChE Sttt PR e SRR TR PlEE Phosh o e
fixed n@eskedaRBOUEdIMBiritNar @Sy Be ddirabIe 16 GhpREhAB 11 subPért MRihahorerhhMengh
a mnor anount of netal oxide may al so be present. |n preparations using
nor e t hapluges of apyasemealutde geldcrompoung, astreqrs fullyhdescabedhereimafiery The can- i ed

out after _each.fixin tep or aft the total aof th metallic elenments
nave bedRPIOERBHOT A Rectiaign Brqvioh dor crbiplc sPah o aBPugH sl pehi

p oc edupglladiumSARiafcteRamble, atitiit D0T o ERBUDE) BafR of @ldmentd] BBId; sk the amduhtof
active netallic elenents on the support and reduce the water-insol uble

met al c@napblesing fom atoat 0 &0 atedvit & 25t &b basedfoprthe peight of paltadiunp.npr egnat i on
wWith cupric acgtate. .ln this od, using the specific procedures

descr i bed pr é‘gﬁﬁféﬂ} WP’?‘?&“@\?B@'& FPPPT, ?:hfﬂ‘ggﬁ%ﬁoéﬁn?Kf?ﬁwﬁtcgsojﬁblﬁcfﬁg8{1s
sol uti ogaPidiamWaldAdrcof, WY BeGPIPEKRE" G PRRGBAITLDY Wt iiRiMiBle WohpeEsd and
the pallfadiumis then fixed by treatnent "with an al kaline fixing solution
by i nci paanas thethydexide; by odaotiommethsincappropriafecalkdling compoundgeeg.samalkali metal
catalyst iis then dried and separately inpregnated with .a sqluytion of a
55! oy deo NGB ORTa: SRoDTS SbkAPoRT ean anmsaropPe Setretd n | he
catal ys t | ' inEREinE ' afyal i inth&91kali

sol uti ohoi)agggmoﬁsifdrﬁg?g?seér{té p\;/\‘gﬁéeidsgsmgl?ﬁ r ot o- ?%‘?@?‘?.{Hén ?hgragfégrrgﬁﬁl;hi)ﬂr]\ci l;])(ia]érr)ﬁ
wet ness compotiiieslguldibé in imarheurftiof efdr byartipie, dboat pieaiounl; prefsabiptbout,1.5tch
fixing may be combined with the inpregnation step.by using a,single agueous

sol ut i oAbt s Himss theyneurt aaprssard tarerchvkh thaeatalytically acHke 6a1HaRs PFEsSRt Wibtint

2 6 A PH 2002 9 650 .5 PCT/ US98/ 2 d t
conver t “afSPIPTE S5l THE DriBe comamen Y beofe B BB et WaheRohERRE Y |1 ©
€39., aWhefeil YK Prfirdghatéd suppbit G @8ed, RY), 4t dGbmpeérairvf FITEC fOF orltykbup gmtdctedt O
be used in the vapor phase as reducing agent, the catalyst containing the

fixed netith arcampantrod solutionms thedalkalinielmatenialeqhalge abéutBs i ofithequpre ¥elyme

reduced oﬂﬁehsu%;gr){,l aenrc]jea]]%;veg tt(? (satrang %’grr a? 1(3:3{0%00[} aggutpflg & gggult)i 6 hours; or the roto-




5 described. If hydrazine is to be used in the Iiquiyg phagm; as reducing
agent, the catalyst containing the fixed netal conpounds Is treated with an
aqueous swbubhogmoof excess hydrazi ne hydrate before washi ng @argydégsiing to
reduce the netal conpounds to the mgtals, and the catalyst is then washed
and dried as described. Another specific nethod of preparing the catalyst
prior tignthBRidnTRERGAaL i \hd finrdphited dupieel witkoltErdng M HhieA?d in a solution of
roto-imersion" nmethod in which only part of the gold is inpregnated with

t he palthagikatine maerfiairapt 1$ rqoateQaadfpohtmblhé dnebgbsleastéhé iniea deyiodedict i on

wi th an al kaline fixing conpound_ by rota-inmersion, }he fixed netal
conpourf§ciRHation sirdhahat ptham pand %thﬁef%%tat@i yateripluhlestampung is formedraa st ne

nydr at & ph D WS Dlog, Ay 8 Yt 4038 RELOKE A (ShDK LS. ieduckLoq, of af ter

a hydra2|ne r'eduction yst en i npregna € Te nder

ofs 15 t&Hengat,thtaBolthetd Mot f rpn For dJﬁ»d:me €k., vhheleasd abold @5 Bobif pesteRBMbout

and the catalyst is again reduced, e.g. wth et hyl ene or hydra2|ne after

or bef 09.6 toaboitrgheurd. dhy pwgema@t@tbmmnmrmremedm 1y disthesed mp bl §.i Ratent No.

roto |ggﬁg§ iﬁ method is nore fully described in International Publication
719 dated 28 April 1994. 2 0 After the catal yst containing

pa' | adi um a”‘t‘hg‘ﬁ'xgd E gidnﬁd Qﬁm%ﬁ@%ﬁi%to?@c &nﬁj‘é%@f H%E?%d&%d'fﬁr

prepared by any o the gorn npregn an ‘aqueous

sol uti ogxadiple, uﬁrm@v?cetpam with Ehgtenepaghys% i itrogerSICOUss 5 Bbsseafed fitstby
he

i nci pi ent wet ness cataly i's then dried such that the finished
ddt al yswaglung atem@tadmircpntaauez atceﬁqu rastabeqinpoundy @m)httmfre@ of ations such@pl e,

bout t 5.0 bout 0.5 t 1
o1 enent iideo Rt tag < B1SBRC FtaboRChRbur or pich o ngy B Brished
cat al y%%%&mgm&a&h@mm #QdidyHase htrobBi Rmpkfanire WAtKTRY aqled8s BSution of
inpregnated with a solution of an al kali metal acet ate, preferably

pot assi bydrezing biidatn whesetn by caeess vbbydrprist evanthyt lpqtnagds tmmdagmlhtm metak er
drying, the finished ca ntain,,.for a . ap bout
707" P espaming pieser: SbtE s RRoR T niPeiReE r Sariiie, Stbeuf Bddbaku’ fifS

lid er ofoliowtdHyeradi @b drying) COMRE te@ﬂé:!ng a@@ﬁ@aﬁamaﬂs Qr rbfseif gt&l el rmttth
al kali metal acCetate, when“carried out, nmay be acconplished before or after
the i rrpcwgpmlndsrprwehhomﬂprsuppmmaatbe enﬁrlej'@r astlopyentowal gy thetate Riekaductivetod
acetate,_i n on is onbl t of. cu ric ~"ui ~ WO 99/ 2| 650
6 PCT/ Lﬂggﬂfﬁg@ ia‘b‘ét‘%‘t‘%‘ T}WBY “”f é‘{’%{ *’BBH nﬂ?@aﬁn%‘{-‘%ﬂulgbé 2PT adi um
and gol t ]

kel pa %ﬂéét‘gt‘i**?ﬁlﬂf?éﬁtﬁﬂ‘?%'%ﬂﬁhﬁﬁﬁé%tﬁ%ﬁ"m. T g or HapRighasi
cont ai nand Hringessépsetheaeducnba nidy fxodam ed estatfes cadiixing istepl oradiet dtedoiad of the

prepared usj.ng the catalyst _of the present invention, a streamof 5 gas,
ch cmaji‘ﬁg]e&eﬁﬁf & been fixedhoR e fUPPOR et i ¢ acid, and desirably an

al kali et al t Alaf f&%:c ¥ 6 QRS 1l e
gas stream caaﬁsc'ﬁ’e varplégfvmt %jg% 5 1tp|h]€n':’ctg§]t"aLl Eépr?{ga-[?ﬁxaccountﬁ]lgggfgéﬁ% )
l'i mts. fikahe eatalyrta]ly adlﬂemtalﬂlcreadmethn tiehyppore ahd redauyeg ere water-irsohible inetal

80:20 to about 98:2, the nolar _ratio of acetic acid to ethylene can be
about bECTPRwAds]0 the desirabls metallicdorm prxet torthe mypmattorm@ %“886‘{}%‘51 Igthi

200 b henfeie Mind nAREHIBLERL, L Med HeBREN3! £aSBpaf i il °at$ab%%

100 ppn?based on ace c aC| gas st

CA Conh@hQué&xB%luhBﬁb?agﬁai&ssolﬁﬁlé BoBiporid mmlamms@bpﬁtu leﬁ%lvé@es%ndﬁd)fhc
saturated hydrocarbons. Reaction tenperatures which can be used are

el evat egall ria thendfix ed byt eampbtywith e alkaling ﬁmn:gasnbmoofbyamgmemmme@ The
pressure em ed can_.be .a sonewhat ced ess sure or
el evat elPBH BEE%?’@“ UF&‘%?“&B?S‘?"E"B‘F@QQU% ‘atppﬁ %Sﬂfx?ﬁ i@p spher es

gauge. impregnated with a solution of a soluble gold compound having the amount of elemental gold

desired in the catalyst, and the gold is fixed by treatment with an alkaline fixing solution by
30 incipient wetness or roto-immersion, preferably incipient wetness. If the gold is to be fixed by
the incipient wetness method, such fixing may be combined with the impregnation step by using

a single aqueous solution of soluble gold compound and alkaline fixing compound in an amount



An advant ageous variant of a process for producing vinyl acetate using the
catalyst of this invention is the inclusion of a non-hal ogen containing
" copper compound in the feed stream of reactants to the process. Th@ APR 2007
non- hal ogen cont ai ni ng copper conpound is preferably sonewhat water sol uble
or acetic woivd2sasbubl e e. g., at |east about 0.3 g/1 at 20C, wuwusepi14ss, for
2 0 exanple cupric acetate (anhydrou$ or nonohydrate) which is preferred,
cupric nitrate trihydrate or hexahydrate, cupric sulfate (anhydrous or

pent ahydnakegdss ofthat npedssary ar comivert @Hnhy goldus thzrsohahabdbaiddhsodutde poid | i ke.
The amount of the copper conpound fed to the reaction can be such as to
provi de, COMPOUBSG .t aurighbyiiexide Hedhydpesarkonsueh ps ethyleny, ardydimesn iS50 hepysed in
(parts mllion r.ef.er abl bout, 20 b.to.,about, 10 m of el ement a
copper 1f uihasan e ascBit it A G RaaR e R PlgP ibatonts N Hrped
feat ur e untinQ ;2EBLRY aPibns ARRE 'ankiRedUiRd WHIH dfy1BcEsAlBeHy dritar st Al éﬁi_oﬁé??_t by
the catalyst volatilization during long termuse is réduced, resulting in

| e$s of dasarited. iIfihydirboeisdb bxndad mahe bfjuniphyse aEhreddwhg egérmghexaaiykte f urt her
illustrates.the inyention, 30 WO 991 21650 Exanple 2 6 AfR ~0~1~ i

PCT/ USOSPBRHERE the PHdmeRbeAmRopnenis treafed Widh an aateqhh solytipn P axsesshvalieritol d
in theirg i : L i r t T e
e mer PGl #adf o &y BB EREA) corrSoRloRE s A (2 SRANGY
pot assi ygnhan etazhed ard dricdyppiekdribedt eri al consi sting of Sud Chemie KA-160
silica spheres having a nom nal dianeter of 7 mm a surface area of about

160- 175 ne/ g,Anatherspgeifie meshadhef isepang the catglgstriag to Waesimrregmatipppfthgiaied

by incipLent .wet,ness-w th an _aguequs .sol uti.on of, sodi all.adium (11

b or o BeEE AT S BRAT i PnERiER e SR P Py AR Bl sy
liter olwihthalp¥Radiuhg @kt infhreghanies, the aietdld xedixea biyteacieRRAH arpfikPlddd adi um
(I'l') hydroxide by treating the catalyst by | O roto-immersion with an
aqueous figing eampomnddyi mto-gunersionn theuforedtrnetal componndCarerraduced tathedraganetalsout
1.2:1. The catalyst wa hen dried at..100C.for .1 hour.in. a.fluid bed drier
ol | owi gAML i fene 48 By i B Futhate: B Werinend i Aclone R 0 s

sol uti opeRbrieRef Hfféxtaeﬁ)fcﬁ%ﬁeﬁﬂéﬂcﬁat eTHe b atilysRIOUBY imfpfelhste® RithitRe RindMhal® of he
catalyst with 4 grans/Titer of elenental gold, and sodi um hydroxi de such

t hat t hthengoldin thsl fermatfiasolntien abwater soble goldedmpourive agdthe catalyshis agappor t
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vinyl acetate by the reaction of ethylene, oxygen and acetic acid as
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which catalytically effective anounts of netallic palladiumand gold, and
cupric acetate are present. 9. The process of claim8 wherein said cupric
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10% o0& ( potaEndE acetate per liter of catalyst, and dried in a fluid bed drier at 100-150°C for one hour.
#10% o&' () -Lf4)10% % Q& ()-L.MO%o& ()- L'10°/' f10% o0& ()->
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00/(;‘_40 ((yg og $ %@E&Y&( /\j@/ﬁ?&c(e%ag}jipgea%%?n Sf eﬂglirb 5 oRyBen ang and acetic acid. To accomplish this,

10% o0& ( abdilt 80 amizof @id Ctalyst HrepdreBaddstiibdd) were placed i m a stainless stee] wire basket with
25 the temperature capable of being measured by a thermocouple at both the top and bottom of the

basket. The 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 l/hr (measured at N.T.P.) of ethylene, about
26 /hr of oxygen, about 128 /hr of nitrogen, about 131 g/hr of acetic acid, and about 2 mg/hr of

30 potassium acetate, was caused to travel under pressure at qbout 12 atmospheres through the
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
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analysis by condensing the product stream at about 10°C to obtain optimum analysis of the end

o
(
(
(

vvv

products. Such analysis indicated a CO, selectivity of 7.35%, a heavy ends selectivity of 0.98%,
and a relative activity of the reaction expressed as an activity factor of 1.70 which is computer
calculated in the following way: The computer program uses a series of equations that correlates
5 the activity factor with the catalyst temperature (during the reaction), oxygen conversion, and a
sernies of kinetic parameters for the reactions that take place during vinyl acetate synthesis. More
generally, the activity factor is inversely related to the temperature required to achieve constant
oxygen conversion.
The CO, selectivity of 7.35% obtained with this example is substantially lower than that
10 usually obtained with similarly prepared 7 mm palladium-gold catalysts not containing any
cupric acetate. It was found that a 7 mm Pd/Au catalyst devoid of cupric acetate and prepare

described for example 1 exhibited a CO, selectivity of about 9.3% and an activity of about 2.2.
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comprising impregnating a porous support with an aqueous solution of a water-soluble

palladium salt, fixing said palladium as a water-insoluble compound by reaction with an
appropriate alkaline compound, subsequently impregnating the catalyst with a solution of a
water-soluble gold sali, fixing the gold in the solution present in the latter impregnation by
reacting the dissolved water-soluble salt in such solution with an appropriate alkaline

compound to precipitate a water-insoluble gold compound, and reducing to their metallic

state the water-insoluble compounds of palladium and gold present in the catalyst.

2. The method for the production of vinyl acctate by the reaction of ethylene,
oxygen, and acetic acid in the presence of a catalyst prepared by impregnating a porous
support containing deposits of catalytically effective amounts of metallic palladium and gold,
with a solution of cupric acetate, wherein the porous support is prepared by the steps
comprising impregnating the support with a solution of an amount of water-soluble
palladium salt containing all of the elemental palladium desired on the finished catalyst and
an amount of water-soluble gold salt containing only part of the elemental gold desired on
the finished catalyst, fixing the palladium and gold in the latter solution 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 and gold to their
metallic statc, impregnating the catalyst with another solution of an amount of water soluble
gold salt such that the total amount of elemental gold in the catalyst is equal to that desired in
the finished catalyst, said latter solution also 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 metallic state,

3. The method of claim 1 or 2 wherein said impregnation is such that the cupric
acetate deposited on the impregnated catalyst contains about 0.3 to about 5.0 grams of

elemental copper per liter of catalyst.
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4. The method of claim 1 or 2 wherein said cupric acetate contains about 0.5 to
about 3.0 grams of elemental copper per liter of catalyst.

5. The method of claim 1 or 2 wherein said porous support contains about 1 to
about 10 grams of palladium, and about 0.5 to about 10 grams of gold per liter of catalyst,
with the amount of gold being from about 10 to about 125 wt.% based on the weight of
palladium.

6. The method of claim 1 or 2 wherein said solution of cupric acetate also
contains a dissolved alkali metal acetate.

7. The method of claim 6 wherein said alkali metal acetate is potassium acetate

,  which is deposited on the catalyst in an amount of about 10 to about 70 grams/liter of
catalyst.

8. A process for the production of vinyl acetate by the reaction of ethylene,
oxygen and acetic acid as reactants in the presence of a catalyst comprising a porous support
on which catalytically effective amounts of metallic palladium and gold, and cupric acetate
are present.

9. The process of claim 8 wherein said cupric acetate is deposited on the catalyst
in an amount containing about 0.3 to about 5.0 grams of elemental copper per liter of

catalyst.

10.  The process of claim 9 wherein the elemental copper contained in said cupric
acetate is about 0.5 to about 3.0 grams per liter of catalyst.

11.  The process of claim 9 wherein said catalyst contains about 1 10 about 10
grams of palladium, and about 0.5 to about 10 grams of gold per liter of catalyst, with the
amount of gold being from about 10 to about 125 wt.% based on the weight of palladium.

12.  The process of claim 9 wherein said catalyst also contains a deposit of an
alkali metal acetate.

13.  The process of claim 12 wherein an alkali metal acetate is fed to the reaction
together with said reactants.

14, The process of claim 13 wherein said alkali metal acetate is potassium acetate
which is fed to the reaction in an amount of about | ppm to about 100 ppm bascd on the

weight of acetic acid employed.
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