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LCT/ Uson) oEhpssass VI NYL ACETFATEUSSRE84 S
UTI LI ZI NG : A PALLADI UM GOLD- COPPER CATALYST
BACKGROUND OF THE I NVENTION 5 Figld of the Invention

This invention relates to a new and i nproved process for the production of
vinyl acetate (" VA/INYL, ACETATE PROCERS GPELIZINGEN and acetic
acid. Particularly, this invention relates to the use of

non- hal ogen cont ai ni ng cépPALLADHIMRGOLD+COPPER CARAEYSGh of VA, 10
Background I nformation Including Description of Related Art

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

acetic acid using a ﬁg@%@ﬁ@é IFFRIN BRI di um gold and

copper supported on a carrier. I I'e the process utilizing such a
cat @l yst is capable of producing vinyl acetate at relatively high |evels of
15 pr%dtﬁt Ivity, any expedient resulting in even greater productivity
over t he fi¢lfdof ghe Inention ) yst woul d be very desirable.

The foll ow ng 0 nsi der e erial. to the,invention

c1'ai ed her o ri e SvERESFreltds % f B RV I8hd fof BopRSaBRE AT iR acptate
1994 to NN¢Arpby fdactidn cpfdhﬂ@hé}?ﬁ?%éh aRt fetlc adid. ParticularR, BRQvVRHLSh Fedrad ¥the
useful for the production of vinyl acetate by reaction of ethylene, oxygen

20 andsaeénerhalegen canszipingsionger coprronnd during thegoodugiongfpdht with wat er
solpl e salts of palladium and gold, fixing the palladiumand gold
as i nsoluble conpounds on the support by i mrersing and tunbling the

| Mpr egnaBudk SRR Ifoiatior BARUINEEDERPLLRBE REeIaRISLH Pi t ate such conpounds,
and subsequent |y reducing the conpounds to free netallic form

U.S. Patent Ndtiskn8wn,t0p8educe vind aSamedyreactibl of 28 leneporfiehandtacetic acid using
di scl oses c?tlal sts 25 hg{ t he proguct i on of vinyl acetate by reaction
of et hyl &f8® %%%%@%ﬁﬁs,tm&?é Paadipr, geldand coRpetisuppRyted on a carrier. HWibilg dhe progessup
met al  angifk; / . L0f, n

Copper - Suneind sSONTERHAA o{ BRAFMhe oBBlotu Bl vyl BoGATROHRA PR E tevelfSr

coripound prdtrctioity, anyekpedibntyreadhasin' én @heater productivity BR@CKE 1ifEd Lthe @htalyst 30
SUMVARY CFBIA-{E | NVENTI ON I n accordance with this invention,
a proces¥q ¢ ¥y desiratde: t he production of vinyl acetate by

Lopoty on, O R Bil6iwin ERFhCBIfhaf B8 coisiBied mihihs P Me SRV %n A8l Ferein,
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
20 and acetic acid, comprising impregnating a porous support with water soluble salts of palladium
and gold, fixing the palladium and gold as insoluble compounds on the support by immersing
and tumbling the impregnated support in a reactive solution to precipitate such compounds, and
subsequently reducing the compounds to free metallic form.
U.S. Patent No. 5,347,046, issued September 13, 1994 to White et al., discloses catalysts
25 for the production of vinyl acetate by reaction of ethylene, oxygen, and acetic acid, comprising a
palladium group metal and/or a compound thereof, gold and/or a compound thereof, and copper,
nickel, cobalt, iron, manganese, lead or silver, or a compound thereof, preferably deposited on a

support material.

30 SUMMARY OF THE INVENTION
In accordance with this invention, a process is provided for the production of vinyl

acetate by reaction of ethylene, oxygen and acetic acid with low carbon dioxide selectivity,
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utilizing a catal yst conprising a porous support on the porous surfaces of
whi ch is deposited catal ytically,effective anounts of netallic

pal | adium gold, and copper, wherein a nofi- hal ogen cont ai ni ng

copper conpound is . included. in the feed of reactants o the process. By

tit Ralyst § b
means of WhPe 2 catalyst comprisinga porpRs SURBRH P1 e ROSpHseuriages ofyyhich és depositeds
vol ati | i zatalially bERsVeMbun® §f Hesic ¢ ih 3%oh!
of arise in)?tg:argon dilc?xi.de sel ect |§1v1| ?’?{l&glﬁ%’ gﬂg’re o%ogpfégél%%%}hgqﬂogglsahcgﬁ%ﬁ
vi nyl acevatagning copper compowrdiis inchided inl thee feed sfahcta®e to tHePRoddRENBYANEHAR RE this
conpound i S i nc! uded in the feed, L ) _DETAI LED
DESCRI PTIPEREES: praleerier lost by the catalyst volafifiratioadiuringtlomg temmerseiinreplaced,
cl aiqred k04 | reciated heretofore hat .10
Cu el B S TR LB ARG S58 sDSLELUSY S BEb BBt acta
pal | adi uprgdictivitpdpeto sithaky,3han Whéh no copper compRRASE irfe A8 3 RS %E(lp_e
catal yst tends to be substantially reduced during the Iife of the catal yst,
I.e. before it is necessary to replace or regenerate the

cCopper 115 apparent |y dub kb BIERHRION o Y BT IONGi 11 one. the

copper Rel¥bd €the SnvintiBh cREREd hA8inSY Elfe?ﬁ&o%ry; Jgfc #g%@%&r@) %%gfo\%‘ért%!n@l%t

reacts with one or nore of the reactants to
t endfency duong dist preduction dfivényp aostats ssing atsapportedealiadiom-geiesspper catalyst, the

significant amount or_ all of thg: copper initially deposited on the support

surf aces CBPPF RANEHE of the patalyst tends to fgisubstapiially reduged duting thedife of thegiatalysy, e

l'ife of t: | c ' e feed. .This

causes | tgggrg]ft lgh%/%%isuag |&)olrr?s ?%@tg ﬁ%ggﬁ/r%%tgt% eo(%l?ég %’pelllﬁcfl %‘alyl‘ﬁ? pEOaatcgl%gfce&E}lWPo

subl i mat iyears. Such loss bhesppehirppareaidpes tocherpetihdt hrsdek %ahaé&éoﬁditiéﬁsg thee@pper
e

In this cqnnection, it is noted that while 20 the carbon di oxi
sel ectiv i“fciyc ¥ ah oy nesny thewafage of the satelyst partitles; irergtsawmith ong pomoeeiof the reactants to

P 0 ooy i STATBHS) BB B o i e bR Sk,

catal yst, e tine

oL o, Saan e ok il S gt W 0 o
gener al | yhichiwpuld ardinarilyrhe lostiduring the ke of itieecatflyst e replaced by the ab@pey &i thshen
Lhe cat el 1HVLAbNIE S Bldhiol TS it andunt SPE3per 1 16 SatehyF aic o bablidiation
than when no copper compound is included in the feed. In this connection, it is noted that while
20 the carbon dioxide selectivity of a vinyl acetate process utilizing any supported palladium-gold
catalyst tends to rise during the life of the catalyst, i.e., from the time fresh catalyst is charged to
the reactor to the time the reactor is shut down for the purpose of replacing or regenerating the
catalyst, such carbon dioxide selectivity is generally lower during any point in the life of the
catalyst when the catalyst contains a certain amount of copper in addition to palladium and gold
25 than when no copper or less copper is present. Thus, the loss of a smaller amount of copper
during the life of a catalyst under this invention results in higher overall vinyl acetate
productivity than when employing a platinum-gold-copper catalyst in which no copper
compound is included in the feed. |
The catalyst support material is composed of particles having any of various regular or
30 irregular shapes, such as spheres, tablets, cylinders, rings, stars, or other shapes, and may have

dimensions such as diameter length or width of about 1 to about 10 mm, preferably about 3 to 9

mm. Spheres having a diameter of about 4 to about 8 mm are preferred. The support material
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25 t han_when no copper or |ess copper is present. Thus, the loss of a
smal | er anﬁﬁﬂ?wﬁsr“:bopper during the life of a catal )Psqmd#&é’?g%“hi S
i nvention results in higher overall vinyl acetate productivity

t han when enpl oyi ng a pl ati num gol d-coppeg catal yst in which no copper
conpound is included in the feed. The catal yst support
mater | al mey 6OERRFEHA A afif blildbleiorti uBRaRLY e%,.s‘i’l al BHinihe I AL alBmird? titania,
i rregul ar shapes,” such as” spheres, tablets, cylinders, rings, stars, or

ot her shapesniaasiticatey ahaniaosilicates, titandiesespiielrsiliconalartzide,dirzarionranddaheglike.or
wi dth of about_1 to about 1Q mm_ preferably about 3 to 9 mm

Spher es havi ngli¢ $PRAE Maaterial maydiave 2 sufacassea withithg rangss Erexample, phabout 10
support terl 2 2 .

3 "BaBbb50 m g preterpbly about 10019 shgut 200, e a1 Avapes R Si2edn e TpEg T
al und na, exatriple} oflhbidtit39,to bb&R20B0 angstroms, ard 4 foreivdlurfié ir thRtr&Sge, for example, of
alum nosilicates, titanates, spinel, silicon carbide, or carbon and the

li ke. about 0.1 to 2, prefersidy sbpisdk4 torgbout 1.3mliy have a surface area within
t he range, for anpl e, .of out .-10 . t o about..350 nf.err]/
preferably abo@tetﬁig%p?@u%(?g&eﬁ@}w usedip the %fr?c?;ﬁ?é)ﬁlblé 1$V&5L‘0§1' %8%P?P%e
range, fOfatefal is tre@@ééWhﬂ)osﬁfcaﬁ%étanﬁgnfscbf%ﬂhﬂiu%@Qld%ﬂ%%ﬁ@ismn D AROROT €
volune in the range, for "exanplé€, of about "0.1 to 2, preferably
about 0. surfacesafiibe dupportipagticles. Any of various methods féreacpormphisking this phirpidse may be
cat al yst us ess oIt this invention, the su

d.jn th t )
mat &% al ngg»ﬁlfegﬁ%g? §(vg> Yroump %%?mmee%mrggr@rwﬁagf é{?isﬂﬁ?‘)ﬁb‘flﬂl RPT

copper o : I 3 Cl of

var T ous. mEvagEe R EBiurions of wait ERE RS oRipoblfs GHRAL, pRILE BRI N
whi ch i nvRdlldius (T) dhdaridey sodiimyatiadiamel) chlogids ot aain® balldtumUpl) @hloridef h
one or . hore aqueous sol utions of water-sol uble conpounds of copper,
pal | adi urR¥ladinst (Ihsiteate or palladiunpd]) sulfatemrg examples of suitableswateisalpblepatiadiim

(1) ni o r et ARt 8L ottt Sl sl o i G Bt or
wat g5 - sol ﬁbﬁ&ll&@hﬁﬁ@dlﬁ?’%cid can be u§eArER MWW dter-WblubR g %ﬁiﬁéﬁndfﬁh@ Euﬁn?c Hitrate

sodi um or potassiumsalt of auric (IIl) chloride or tetrachl oroauric
(111) acitihydnatenay hexehirdate dwpripghloride (nhyirug ot dilydrate cupriccangtateipronohydrate,

nitrate . trihydrate or rate, cupric chloride (anhydrous or
d: hydr at e§PHg SRIRE I(%{ﬁ’é(.fi’élué OﬁBﬁ‘g%"gﬂéF cuptie br%g“‘ll%ﬂrp?qp(f’clsfgmlét?za ﬁil’i‘l;}%ﬁ"_?fus
or pent ahygiRidedte), EaPhd GsedlQ MelGatef.s e 'CG?IE% lrcgﬂ%guﬁ& NRY, S mefal ialt )

tetrahydrate), can be used as the water-so opper conpound. An al kal i
met al sal tetradhloroauric (1I1) etid ssoldivm paliadivan (1) ¢hlords dnd sopkicinitiasd trigidrne 6t Egpric

chl%i de and._cupric nit ratie trihydrate or cupric . .
chlori e are preferred salts for impregnation because of their good water solubility.

As mentionied above, any method known to those of skill in the art may be employed for
the impregnation of palladium, gold or copper onto the support. Preferably, the impregnation is
accomplished by the "incipient wetness" method wherein an amount of water-soluble metal
compound solution used for the impregnation s from about 95 to about 100 percent of the

25 absorptive capacity of the support material. The concentration of the solution or solutions is
such that the amount of elemental palladium, gold and copper in the solution or solutions
absorbed on the support is equal to a desired predetermined amount. If more than one such
impregnation is carried out, then each impregnation may contain water-soluble compound
equivalent to all or only a portion of the amount of one or any combination of the three

30 catalytically active metals desired in the final catalyst, as long as the amounts of such metals in
the total of the impregnating solutions absorbed are equal to the final desired amounts. In

particular, it may be desirable to impregnate the support with more than one solution of a water-
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20 chloride are preferred salts for | npregnati on because of their good
wat er sol whg los/ks443 As nmentioned above, any netﬂ@qummwto
those of skill in the art may be enpl oyed for t he i npregnation of
pal | adium gold or copper onto the support. Preferably, the inpregnation is
acconpl i shed by the "incipient wetness" dethod wherein an anount of
wat er - sol ubl e net al conpound sol ution used for the inpregnation is
f r om abowiubd&geld calnpotund,e6 npwe fdijt destribébheBinafter. dedmprégnationpareisuyh as tot he
support material. The conceptration of the, solution or solutions s

cuch t hatroYHIE B SXATEDIgrabNE g, sbgut b& erases eﬁﬁsiergsmal patadivgy fer examplgeabout 0.5
sol utiony,gk hRRSF S | ] L.ed
pr edet er ﬁi ng‘?jﬁoﬂa unt . lelfemr%traég,? é%jkgﬁgr %gj #7& abOH3 :ion%lioeug%gf ér 5 %ﬁi éreg%fﬁfgl ed

out, thezboat@.b to apsw Griagranis, afslermexthbdopperperlitaffiiished @aTAGKEA0Vith the amount
a portion of the amount of one or any conbi nation

equivalent to all or anl . ) ]
of ?he t92old beng frorrb%hoal}/ V9 tezhouy 123 weight percgntshagedson the weightef palladium.

catal yst, as . n f such als in . the to of, the
i npr egnat i ng ég%?a?g ﬁﬁsjplgegg%?%leﬂér)gup@a&a‘yﬂf%“ fREOH? ﬁ%}fltl%gfyé%f—épiﬁ%ﬁﬁ §a5t cffjg
par ti cul agatalifical§iactee SRE Bl 9 Hide ANA RedipiRatéd! BB AWat¥-{nSo IBletcdnfiidind
one solution of a water- ) )

4 such gptheidiydraxided by seastion wvithzan apprepriaté dlcalirescomipoeidhe ge an afkaéimetihe

| mpregnat.j,ons.are. such as to . provide, for exapple, ahout 1 to about
10" g andgroxidsicaty Bordls setbente pebicBpRpPein bt spltbion: O3 agg, Qpout
1019 a%&issﬁh?ﬂ%%&ﬁhe&@e%’ref@i%ﬁ alkMinSHANR |c3m#§9ﬁﬁ§t 'Iq1e3all££i RAPAYIL the ANEARES
pref erably about 0.5 to about 3.0 grafns, of elenental copper per
liter ofcofipoundebbuddbalkyat amonrtiof} foe exampief about 1 to abouyQ| preliaibbig aboan .2hout

10 to about 5 ié;ht ergent based on the wei ght of [%al | adi um

After edORY ﬁ%l’%‘ﬁgﬁa ‘?réﬁ‘FhBP pHen PIRspRiin the watersolablesalis The fixingef the metal may
wat er - s : . ' ' sot.he.nmetal, is
1 e e 5 it s BB infibhE MRl s R TS 4

t he hydrtemperaturbyf t $HC fop onahéilt, eshted withiagtagnotinkef 01 iOGNAY Blkalifie thatersdd
al lfgl i metglst (gégroxi de, silicate, borate, carbonate or bicarbonate,
i nlAquesqalisahentsds- 1 06a ofi thepese Yolume qfdhesnpparh mdaliowedde stand fpr eperiodof

al kalin X4 .. 1he alkali netal .in the . alkal.i .

conpoun ?béht’éiu/ ? %ogg@aﬁggﬁ%a%uﬁ rftoa}éif‘e, It nErsion geﬂ:gg&her?ngﬁe ’%Efﬁgmé?d

pr ef er alsugp@rboiithodt dryin@ is immersed &P# ¥dlufioR of Dl @M aBRE niBdrea] Ahd HYoPReLAETENt
in the water-soluble salt. The fixing of the netal nay be done by

t he i ncitpmbled dusingas lsastehtindtialtperied nf presipitation guchtthat asthippbard ofghelpregipitated
.g., at : t t 150 C.f hour , t d with

o anourt A SelEble BPBRR oAbt R e iRl T supgaivarer e gLte B E0vs

of 20 he p@EeuNBlitERafbe hRicd REF51 exariifle, 3k HEWRY th AbSitANphPford JeRbl 3¢ abbut

0.5 to about 4 hours. The contemplated roto-immersion method is disclosed in U.S. Patent No.

5,332,710, the entire disclosure of which is incorporated herein by reference.
The fixed, i.e., precipitated palladium, gold and copper compounds may then be reduced,
for example, in the vapor phase with ethylene, e.g., 5% in nitrogen at 150°C for about 5 hours
25 after first washing the catalyst containing the fixed metal compounds, until it is free of anions
such as halide, and drying, e.g., at 150°C for about 1 hour, or such reduction may be
accomplished before washing and drying in the liquid phase at room temperature with an
aqueous solution of hydrazine hydrate wherein the excess of hydrazine over that required to
reduce all the metal compounds present on the support is in the range, for example, of about 8:1
30 to about 15:1, followed by washing and drying. Other reducing agents and means for reducing
the fixed metal compounds present on the support may be employed as known in the art. The

reduction of the fixed metal compound mainly results in the formation of the free metal,
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about 1/2 hour to about 16 hours; or the roto-immersion nethod wherein the
|rrpregnat edV098/55443  suppor t Wi t hout drying is inmersed in a BETHSYAIE4 t he
al kaline material and is rotated and/ or tunbl ed during at |east the
initial period of precipitation such that ca thin band of the precipitated
wat er -i nsol ubl e conpound is forned at or Rear the surface of the support

particles,,.The, rot.ation 2 d_tunbl i be carried aut, f.or exapple,
bt about At ARRCBRe:of metel o ey dlfo B dtspent. Th preparafjons ysifi gy e
hours. Thenei tigh 86 i@ stePERhe rfuciBi ARY bk

No. xﬁ[ﬁrg%iano tﬁe g-r?tl re di sclcosure?of aﬁe@@u?éﬁ%ﬂég%??g?xa%&? EPkfrer
herein bythleétbte}dthemetalhc elements have beefifixefi anetle suppert, pr eci pitated

pal | adium gold and copper co ounds y then be reduc r
exanple, in th S@%ﬁ&mﬁﬁagéo YIRS SENFF cegérega S%qt?n%ﬁ.mcggvéfnsmsﬁﬁdto

[err3C fOofix agg‘%ﬁaé%thé%gg astieinetallfdidtherlth b the'BRR0R nd RRWELHR! Witkr. £301BId Bt

ree o

hal i de, acwnpbupidaty the desirabhd frdafiefatlic fofinf @mﬂﬁbmethoa ﬁ@hgthe(hﬁe&ﬁﬁ précedugsi on
may be acconpllshed before washing and drying in the |iquid phase

at room t &bt RFPEOUsLY.thesupport is first iepesgnated it armue@umtm crfevvatyrdstauble

wh t f, d t hat | |
the et al ERRER S PHIaOi AF] e 6 nciint Taideh, o o mpllpgine aPE ESies At thap
about 8: 1ﬁ)3&1 by tréa@meRvith %dkallﬁ@ﬁilﬁé"ggluﬁh‘n ‘B’?%Hh\?&n@ﬂﬂ tE¢hi s sE3H& inci 1ent

reduci ng agents and neans for reducing fixed ne conpounds
pre$@nt owehnn@ Qs’mgtpdmmynme@m’dlmpcsd-lmmdmmmehmcatﬁgstas then‘ﬂrmd and separately

reducti on, of ed 0 i nl ults jn the formtion of

the free FUTESD Afed Wil S s STakien of 113 ﬁh&?ﬁ %Oqﬁa ying e Amoggt %@!%Ferﬁ%

may al so §aiRd ﬁﬁﬁ@rcataig@t RhERR' c?] Sd attheR &1&?{1}1 alkaline dﬁx19g§o]futlonb
ere tl e c ou t

i npregnation and fixing steps, on may arrie &F ach

fixing stimpipoant wfemess or roto-immeérsion; pteﬂ:ra‘mly ihdipicnewetnbdsc IEthersold & tbdedixea &y
fixed on the support .an exanpl e. of foregoi ng general
procedur et eé“"‘%lé‘ﬁéi’ elpgss F‘F%Em%ﬂ%@“ﬁﬁwqyé’etfé’éﬂ’l@@ with the impregnagien SteP by using

catgbyti C@%xh% eaaﬁ{léo\ﬁg Isgi‘ﬁhglll bf goh%lggggf & Srr? P%Ieﬁ gffcgﬁlp agf“ %rcrogng)%ﬁgg In Tn? gmount

wat er -i nso esl

form In mmsemf mdnemsaa,gtot dvmveRalithé golpiwaREVNERDN to a fixed iSRRMIE B6M
previously, the support is first inpregnated with an aqueous sol ution of

wat er - sol ¢asaRround, e.g., auricdydoeride Hta hydracathonrsuelnas etbplone, dyhyidragepiistetbe used in

vt oS SRSebIDBRLL AR A4 ke s et SO R

i nci pi entuntil it is free of anions, dried, and reduced with ethylene or other hydrocarbon as previously

20 described. If hydrazine is to be used in the liquid phase as reducing agent, the catalyst
containing the fixed metal compounds is treated with an aqueous solution of excess hydrazine
hydrate before washing and drying to reduce the metal compounds to the free metals, and the
catalyst is then washed and dried as described.

Another alternate method of preparing the catalyst is a "modified roto-immersion"

25 method in which only part of the gold is impregnated with the palladium and cdpper in a first
impregnation, the metals are fixed by reaction with an alkaline fixing compound by roto-
immersion, the fixed metal compounds are reduced to the free metals, e.g., with ethylene or
hydrazine hydrate, with washing and drying done before an ethylene reduction or after a
hydrazine reduction. The catalyst is then impregnated with the remainder of the gold in the form

30 of a solution of water soluble gold compound, and the catalyst is again reduced, e.g., with
ethylene or hydrazine, after or before washing and drying, as described previously.

An advantageous variant of a catalyst which may be used in the process of this invention



10 wet ness or roto-imersion, preferably roto-imersion. The catalyst is

fhen dri eovans®ssepar at el y | npregnated with a sol uti arcoUse/08g4ubl e

gol d conmpound having the amount of el enental gold desired in the

catalyst, and the gold is fixed by treat%ent with an al kaline fixing

sol ution by I nci pi ent wet ness or roto |nner5|on preferably

i nci pient wetness. |If the Is to be fixe he i nci pi ent

vet ness FAERFRBES 2 BATYS ﬂlsmrgomgv PB@‘E&H#??FécPfW}PFP tsrf@PPﬂfﬁdégﬁta’chccﬁ?PB?re‘B 3y

using 1 I ne
9 150ne s@x‘r@ﬁﬁ&h%ﬁﬁﬁ#ﬁﬁﬁ?ﬁﬂaﬁdcgﬁ}' Qffeifie 4k %O#fqunec rﬁ‘%ﬁlﬂ? % k!

fixing compound 1 n a N excess o sar nvert

al' |t he mpither 6fwhich isibstantiallyt intdminglediwithsald doppeg ol'tds catalyst mag bepespaced
e.g., auric hydroxide, If a hydrocarbon such as ethyl ene, hydrogen is to
be used YSipg various tﬁ%@“@%ﬁ@mﬁﬂﬁbﬂé%sﬁ?ﬁl@a gad rﬁgiuag@nas dqsqebecbherpy@p ore. The

Sﬁ?%ﬁ;”' i o s Lkt Rben GRURREBE Sodpt tSEndcd by the sillbiid dnd Spa bRE G

deppér i ‘ﬁﬁbrefof'e ﬂ&yﬁé@bké@tol énﬁl&tQQadﬂ&%nﬂﬁlohB Sonttitss 8A%8udion in the

reducr ng agent, the catal yst containing the fixed netal conpounds

i s treatloss of qonpmnéthmsa degtaass imrtho falbafdiny! doptitepioductivity, during therlifeof
bef ore v¥ﬁsh|tn fand drying to reduce the netal conpounds to the free netals,
and t he Mecatalyst. .54 4 yst is then washed and dried as descri bed.

Anot her al t er)ﬂﬁ&ﬁh@’%&t‘ﬂ%t Qntﬁﬁﬁ%ﬁiallﬂﬁuﬁh %0@?%12# %f(ﬁ%pfei- ﬁ]hﬁee H#@gﬂﬁd ffim d osited

rot o-i nmer si on' which o IS 1 npr gnated

with t he)rpaawp@drtunatenm icprepaved by anyfoif ithet foregomg methoys, egnaidw@rﬂagédﬁelyrmﬁhél‘s
are fixed b re ction with an al kaline fixing caonmpound by roto-

i mer si JHPTEERated; withya selution ebamellial snetal acetateupreierally prtashivgeomodiim acetatg, |

wth et L N ng, d
before zl;b)rgl afi y?{eer{%ralr)gc})uc??pgg‘{ %cfe't;{; tJPMQE&S@st l%ﬁep’hd,\%ias ﬁéha} g?ﬁé‘%/l }begi a%ﬂ%st
cat al ystcomm.«;hﬁar exampRy Avdre d 0wb kboit!70 grams, greferal a&hﬁ 209 dbdiit dohamhe b 30
of a sol utlon of water soluble gold conpound, and the catalyst is again

reduced ksabmetab\mqﬁateperhter%ﬁmyhaérr@taiysthydraz.ne after or before washing

dryrng Eeviou nt ageous v ri ant
of a cat al ysm }C?Y?r%%eq%g 1S REERRAP i%}r fhe pipgess of ﬂ}ﬁprﬁﬁng 1r}vm}§ garm of gas,
6 whick 08iRBinS eﬁly@ex@%@g%n ¥ RRO4ckti® BciliNEnORLh e Berd Lo ftAn AT &fppmcﬁﬁpdﬁd
deposrted netallic cop g i'n a zone surrounded by deposSits of
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nei t her of which is subs;. ri)tll al | Y, éntertm n d with saujg ciwﬁper
cat al yst°°RBSF SGEROMRA 5 RIgrerably someyhat aterssq §°f%‘iﬁ‘?ﬁ|aﬁ solghle; 618y ﬁ%ﬂti on,
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catalyst in which the zone 0f copper ep I um and

go?® anduptie nitrate trihydratpmehexabydrte; aipmesullfatesarmyﬂﬂme (d»r pentahjndrate), or eaptior
condi ti gns eductjon_in | oss of copper and
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life of varied withid @ﬁd&%ﬁé}ﬁ&ng into account explosive limits. For example, the molar ratio of

ethylene to oxygen can be for example, about 80:20 to about 98:2, the molar ratio of acetic acid
to ethylene can be for example, about 100:1 to about 1:100, the content of the copper compound

25 can be such as to provide, for example, about 10 ppb (parts per billion) to about 50 ppm (parts
per million), preferably about 20 ppb to about 10 ppm of elemental copper relative to the acetic
acid in the feed stream, and the content of alkali metal acetate, if used, can be for example, about
2-200 ppm, relative to the acetic acid employed. The copper compound and alkali metal acetate
can conveniently be added to the feed stream by injecting into the stream a spray of an aqueous

30 or acetic acid solution of both compounds or separate aqueous solutions of each compound, with
the amounts of solution and levels of compound concentration sufficient to provide the desired

levels of added copper and alkali metal acetate to make up for all or part of such components lost
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After the catalyst containing palladium gold, and copper in free nmetallic
- form deposwo@d;s4@3s  on a support material is prepar ed by amcTaisoslogss4
foregoi ng nethods, it is advantageously further i npregnated with a
solution of an alkali metal acetate, preferably potassium or sodium
acet at e, and nost preferably pot a755| um acetate. The catalyst is
then dried such that the finished catal yst contains, for exanple,
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7 during the process. In addition to the foregoing active
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will replenish copper lost due to volatilization of copper; likewise a potassium or cadmium

acetate stream will replenish potassium or cadmium, respectively, lost in a Pd/AwK or
25 Pd/Au/Cd catalyst.
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selectivity and productivity in the VA process due to a lower CJerr]

Sel ecti vi t wo dses3448 cat al yst limted to equival ent quaRfiukdsiPosf

pal | adi.um and gold as catalytically active netals. However, 10 because
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acetate streamw |l replenish 8ot assium or cadm um respectively, lost in a

Pd/ Au/ K Byovsds about @ pplytaciboh§ @ ppmtof elemental copper based on the weight of acetic acid.
CLAI M5 t 1s claihed js: . _ 1. A praqcess for the
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non- hal ogen containing 5 copper” compound with a catalyst conprising a

por ous suppor 6. ohhe precessiof (Raisul Wherein sHfid pdrioubsupport is silica. deposi t ed

catal ytically.effective a nts. of netallic palladiu gol d and caopper.

2. l$he procesd’ o he(?rﬁf"?ﬁsf?maé?’d thgrg;rﬂs eRialystcopiaEs °P“so-ét%6tP%§éjp§amF of
and is copperpetsmglayﬁgtﬁ%t.an aqueous solute into the feed stream conpri sing
sai d reactants. 3. The process of Caim1l wherein said
copper conpouBid The propsss of 8tained whekiehyshidmourkt@f copper is about 0.4 .to AbgutFr®cess
of Claiml wherein said copper conmpound is added in an anount to :

provi de Mtpeigteﬁﬁzc?%lyébout 50 ppm of el enental copper based on the

UL S SCebL s ol Tk 5ROl 1080 7
el 8frent apaltadppeyand 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 weight percent based on the weight of palladium.

10. The process of Claim 1 wherein said catalyst also contains a deposit of an alkali
metal acetate.

11. The process of Claim 10 wherein said alkali metal acetate is potassium acetate

25 which is present in the catalyst in an amount of about 10 to about 70 grams/liter of catalyst.

12. The process of Claim 1 wherein said catalyst is prepared by impregnating a porous
support with an aqueous solution of water-soluble palladium and copper salts, fixing said
palladium and copper as a water-insoluble compounds by reaction with an appropriate alkaline
compound, subsequently impregnating the catalyst with a solution of a water-soluble gold salt,

30 the amounts of elemental palladium, copper and gold in the impregnating solutions being equal

to the predetermined amounts of metallic palladium, copper



> ¥E§ Biﬁi&éw%wa T Imilﬂllﬂ mﬁ Cat 2?355”282[ i e aboBETSEAe o
5. st

0 grans of copper Lpen er of catal yst 8. The
process of Claim7 wherein said amount ‘of gcopper |s about 0.5 to about 3.0
grans per liter of catalyst. 9. The process of Caim7

wher ei n Sﬂd%ng@gﬁ%%tﬁﬁ%ﬁgl{agdlg%ofaﬁﬂggn nd &tﬁgél be, dh ﬂ{éssoﬁfuo%gjrresent i the latter

pal I adi um grans per liter cat

wi th the ianwegtatioh by otatting the dissdheddgater-soiutslb ealt inléhch @olation twith?n awr@riate
percent based on the weight of palladium 10. The process of
C ai m 1 vitkatisercompoynd i Bliegipitatg| aswatebivsaluhls goldieprareundy andiredugipgity free metallic

kel i o3bfth the wetep-insoluble corportits of BEIARAEE Stbol apit BT beSent BT b el
catad yst in am® roBéss P Cim! 2 WherdBPatter (i RHAGTN dfitBE todd] pﬁﬁhﬁhﬁﬁ tepper

12. The process of aim1l wherein said catal yst is prepared by
i mpr egnatandgzodd po thesatalyst, the catglyspisimpragnhted rwxﬁmueﬂutsorsmﬂ amt alkoali metal acetate.

Copper s a. vl br TETRBFHBIE OB L Maerelyin s Fepgaoh OFsaif cagsb SR FRet
al kal i ne g4 uble co tp@?E'aS?Pﬁﬂ gpgé ggfag&g‘gﬁﬂal’%% MRpRERatorad dither ?tsﬁi&'v%te%t{)lnbf%

sol ution o t he anpunt’s o

paI | adi urpalladmpemltas@a@aﬂmini (I} chierideysodynapalkdiw (1) d:lﬂﬂﬁdé)q:btfagsmﬂu&illadmm
to the predeterm ned anounts of netallic palladium_ cop

o 10 (Dshleride; ralladuyn @8 nitrateres pabadinmdll) sylfate.s glddﬁatgh@m@p gp%%alqlﬁ an
ld int ;
e ai cscoubietl Kebh ERRI. ko EdcRlospryrio o B G sp BBk

al kal i ne maﬁﬁmgrsdutmnaaﬁm Robpérand lersoalaﬁﬂiya%@dgol d conpound, and
reducing to free netall ormthe water-insol ubl e conpounds of

pal | adi um cop@rTwogQﬂs@fEﬂ@!;elﬂ whereinrraidalkali yastal ac@ate is pOtaSSlum aceta®. The
process of C wher el fte he.r ed ction .of the tot.al .adi,um
Ropper a7 15 W8P of Gl L s EiralSRs BrepatecS RinpR@HAE B i ¢
a sp uti oy Wﬁ Pért Hithal Mtiod”@ﬁ&?&'arﬁ&ﬁﬁ%? frater-soluble palladlum and]é!)g Jﬁ%lt? ESmaREngdll

Claim 12 erein in the preparation of said catalyst, sald water-

sol ubl e cnfpb@clemhtal pallagdinpm iand noppeatiesuedldnychc finshed cattaipsﬂandcahlamamiéof water-
di hydrate, ter-sol ubl e adi um i.s pal Ladju

Chi ot de S0l GoltSaf camtamRg Pty Perog Hem IR LS Arpraionny fimiheh caalyl |
chl ori de, s I

wat er - soltalbl e%%@%ﬂ )c?ék&éér?ﬁ . %oﬁmﬁﬁéa_ gﬁmr@tna > VE%H ﬁg@“%%ﬁog]p () H’ﬁ by
chl or i de rotatingtand/oh hmilsling the irfppieghatad sehpostnwhissit ik iddriérsedin acsobiion sk an

20 appropriate alkaline compound, reducing the fixed palladium, copper and gold to their free

metallic state, impregnating the catalyst with a 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, reducing the fixed added gold to
25 its free metallic state.
17. The process of Claim 16 wherein after the reduction of the total palladium, copper
and gold on the catalyst, the catalyst is impregnated with a solution of an alkali metal acetate.
18. The process of Claim 16 wherein in the preparation of said catalyst, said water-
soluble copper salt is cupric nitrate trihydrate or cupric chloride dihydrate, said water-soluble
30 palladium salt is palladium (II) chioride, sodium palladium (II) chloride, potassium palladium
(1) chloride, palladium (II) nitrate or palladium (II) sulfate, said water-soluble gold salt is an

alkali metal salt of auric (III) chloride or tetrachloroauric (I1I) acid, and said alkaline compound
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for fixing said palladium copper and gold is sodi um hydroxi de.
15. The prwo=ssses G ai m 10 wherein said alkali netal acet atgeT/SsB@beEISi um

acet at e. 16. The process of Claim1l wherein said catalyst
is prepared by inpregnating the 15 support with a solution of an anount
of wat er-sol ubl e pal |l adi um and copper sallfs containing all of the

el enent al _ pal | adi um and copper desired on the finished catalyst and an
amount  offovfipg said palladiums egnpst andjgeld issodiumdydeaxideng only part of the
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conpounds by rotating and/ or tunbling the inpregnated support while
it is inmersed in a solution of an 20 appropri ate al kaline conpound,
reduci ng the fixed palladium copper and gold to their free

nmetallic state, inpregnating the catalyst with a solution of an anount of
wat er sol uble gold salt such that the total amount of el enenta

gold in the catalyst is equal to that desired in the finished
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wat er -i nsol ubl e conpound, redticihng " hé fi*rxed added gold to 25 its free
nmetallic state. 17. The process of Claim16 wherein after
the reduction of the total palladium copper and gold on the

catal yst, the catalyst is inpregnated with a solution of an alkali netal
acet ate. 18. The process of Caim16 wherein in the
preparation of said catal yst, said water- sol ubl e copper salt is
cupric nitrate trihydrate or cupric chloride dihydrate, said water-sol uble
30 palladiumsalt is palladium (ll) chloride, sodiumpalladium(Il)

chl ori de, potassium pall adi um (I'l) chloride, palladium (ll) nitrate

or palladium (I1) sulfate, said water-soluble gold salt is an

al kali metal salt of auric (lI1l1) chloride or tetrachloroauric (lI11) acid,
and said al kal i ne conmpound

10 for fixing said palladium copper and gold is sodi um hydroxi de.

19. The process of Claim17 wherein said alkali netal acetate is potassium
acet at e. '



