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ALLA KONSTANTI N KHANMVAMVEDOVA Tl TLE: H GHLY SELECTI VE SHELL | MP y
CATALYST Cdeyﬁg%%gD SPACE TI ME YI ELD FOR PRODUCTI ON OF VI NYL ACETATE
SPECI FI CATI S- REFERENCE TO RELATED APPLI CATI ONS R6VUEBBI#tabl e.
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH Not appl i cabl e. BACKGROUND
OF THE INVENTION 1. Field of the Invention This invention relates to
shel | ed Pd- Au catal yst of particularicharacteristics, and nmethods for

their production, which are effective for catal yzing the vapor phase
reaction of an al kene (such as ethylene) with an al kanoic acid (such as
acetic acid) and oxygen to prAPRPCH ATIQNKEDRPATKRT0ate (such as vinyl
acetate) at high values for 0 4 JAN 2005 WD 02/04392 PCT/US01/21184 2
space-tine yield, specific activity, and with a high selectivity for
conversion of the alkene to the al kenyl al kanoate (such as ethylene to
vinyl acetate). 2. Description of the Related Art Vinyl acetate (VA is a
comodity chemi cal in high demand as a nononer for production of

pol y(vi nyl acetigtglroRbi ALt ARCONGRINDN g derivatives, finds.
extensi ve uses as adhesives, paints and other coatlngs filnms and

|am nating nmaterials. Many techni ques have been reported in the prior art
for the production of VA A chief technique is a catalyzed gas phase

reaction of ethRyrgne “‘ﬁh@ﬁﬁ¥$éiﬁ@ﬂﬁ SﬁﬁﬂL?M?ﬁE@NAE@Eﬁy a type of catalyst

wi dely use for this reaction is sur ace sh I npregnated catal yst of a

type as described in U %Aﬂaiﬁ*ﬁoﬁdmﬁo%ﬁs@%EbmfﬁﬁELDFOR

PRODUCTION OF VINYL ACETATE

SPECIFICATION

CROSS-REFERENCE TO RELATED APPLICATIONS

Not applicable,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

Not applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to shelled Pd-Au catalyst of particular characteristics,
and methods for their production, which are effective for catalyzing the vapor phase
reaction of an alkene (such as ethylene) with an alkanoic acid (such as acetic acid)

and oxygen fo produce an alkeny! alkanoate (such as vinyl acetate) at high values for



Bissot. Bissot's U S. Pat. No. 4,048,096 discloses a catalyst having a
specific activity of at |east about 83 grans of vinyl acetate pﬁe# EM&ngggS
preci ous met?J (ZBQBA‘U ) per hour measured at 1501 C and a reaction
pressure of 120°p&’y. The catal yst consists of (1) catalPFT{USEASAr ¢
particles having a particle dianmeter of f#om about 3 to about 7 mm and a
pore vol une of Seecriebhpield, fpedfit actatiyuindlwith arhigh selédiyitp fbrl ddvdrBRERthgol d
distributed in a surface |ayer of the catal yst support extending | ess than
about 0.5 nm i alkepe tdibe slbgybaikanosth Guptadsl ethgtieienobitiyhgeepptesent i n an anount of
fromabout 1.5 to about 5.0 grans per liter of catalyst, and the gold

bei ng present in anZanpuB¢scofticobticdebttd Ar0. 5 to about 2.25 grans per liter
of catalyst, and (3) fromabout 5 to about 60 grans per liter of catalyst
of an alkali netal 3wt atednte PHAl)dsla gominsdityhbemaictliiv igh atabndsds améminer and t he
gold is a catalyst pronoter. The Bissot '096 patent process for catalyst
preparati on cordor poductiof of poly(vinyk geeddte)n g Hishienpoaind pylyiness WP Gt tderatibesan
aqueous sol ution of water-soluble palladium and gold conpounds, (2)

preci pitating vederxiense uskd es pdiieliag pantantd ghbdeoatngsp GRES aladidigD5 WO
02/ 04392 PCT/ S01/21184 3 on the catal yst support surface by contacting the
i npregnat ed catmdtgrsds. ddppydedhnigigsthage beealrepbitahinalie giapn dandse ppoetion abl v
sodium net asi li cate) capable of reacting with the water-soluble palladium
and gol d conpou¥dis Atahief techniquaties catalgoidigss phagadehcsici uhethylehe Wil dtetomppUNdS,
(3) converting the water-insol uble palladiumand gold conpounds into

pal | adi um and go#i dxyastalloday & fype siigrdyst wilelyfige for liyis raactivinnie atsufice Rhal

reduci ng agent, (4) washing the catalyst with water, (5) drying the

catal yst, (6) ilmpregeptestdatalyst ohe tpstas| desribed nhUSn PatbdtaVs. 4184006 dgel.at e
pronoter (e.g.,_ a potassiumpronmoter), and (7) drying the catalyst. The

i mproverent di S8$8sed in Bissot '096, as conpared to prior Pd-Au supported
catal ysts, involves _distributing the catalyst |oading of palladiumand gold
as a surface |ayer Bipets HeS. &at §I%y%94%%@éﬁ0b5%hicethlyst§laviags spdrifiv iyt 0. 5
mllimeter into the support fromits surface. The inpregnating step is
carried out wi @ﬁafalﬁasamg%grm%%wﬂmc@ﬁepmgr@ubmw@m gl PdvApoperds and
the total volune of the solution is fromabout 95 to about 100% of the
absor ptive cap&evtneagied #d5¢ 4 apdyageacyorppressuee of 19 psig. The catalyst consists of;

- (1) catalyst support particles having a particle diameter of from about 3 to about 7 mm
and a pore volume of from about 0.2 to about 1.5 mlfg, (2) palladium and gold
distributed in a surface layer of the catalyst support extending less than about 0.5 mm
into the support, the palladium being present in an amount of from about 1.5 to about
5.0 grams per liter of batalyst, and the gold being present in an amount of from about
0.5 to about 2.25 grams per liter of catalyst, and (3) from about 5 to about 60 grams
per liter of catalyst of an alkali metal acetate. Palladium is the active catalyst metal
and the gold is a catalyst promoter.

The Bissot '096 patent process for catalyst preparation comprises: (1)
impregnating the catalyst support with an agueous solution of water-soluble palladium

and gold compounds, (2) precipitating water-insoluble palladium and gold compounds



precipitating step in Bissot is carried out by soaking the wet catal yst
support with a solution of an alkali netal silicate, the amountl &fJ KeSi0H
silicate bei such that, after the alkali nmetal silicate solution has
been in cont &P th the catal yst support for about 12 FETHIOREEFs, the pH
of said solution is fromabout 6.5 to abodit 9. 5. In all exanples of Bissot
t he reducti on obfn thheatgys cugpiottatdate by npuistids the dmpPidgmnd cAtalysesduppdit with a
acconpl i shed by reaction with a hydrazine solution. As is apparent froma
readi ng of the Bihdmobf patmutds (@refmjbdy sodivpcmeasilicate) bapablarof reattingWhithythe acet at e
(VA) production has always been to inprove the space-tine yield (STY) and
al so the speci f waterasvtublei fialladiSi )pnd fold kempahdd ty Sorm wikriashithepadedianiapd i on of
this shell type of catalyst by Bissot others have attenpted to inprove the
catal yst in reggcimioondst ) Spasceingi thewyttrethsblubkpedindiing aad tzoMidoypouaidsl/ or its
" selectivity 0 4 JAN 2005 WO 02/04392 PCT/US01/21184 4 1n U S. Patent Nos.
5,179, 056; 5, 18&@jcO@dladian cind g8d2n@4 orbiie Wpdort Bafdce Py intatm@nt! w0k t@ldcibhat a
shel | inpregnated catal ysts of the Bissot type is inproved in respect to
its STY if it isgess&R@nuslaid thefeaelysiohittswaten () dsyiodtha satalyst, (6) pinppadadas f r om
ingredients that are essentially free of sodiumas per the '056 patent, or
if its sodi um ciateayst wih an ekaiiseeabietan phitogr (d.4./x poaissitim @foniferQ GrE@US
solution of a potassiumpronoter as in the '004 patent, or by washing the
catal yst at an dmihgtheednlaste stage of its production wth an ion exchange
solution as in the '987 patent. In all of the above patents the

exenpl i-fi ed cat al ystThanmprogenae disvostl hy Bisaxti "'096, sl askripares . to prior Hdadaent No.
5,693,586 reports that a shell inpregnated catal ysts of the Bissot type
-whi ch are nmade suppmied cataiygts inyolviradistdbwingthe cpayst daidinmos pdlldiaanpédpsidsas ar e of
an inproved carbon dioxide selectivity. In this patent all exanple

cat al yst are r edinded laer be thehythlgsisuprtortavhidhdnises thanabeutd!.5 HHGmE&er iBarthey et
al. in US Patent No. 5,274,181 reports that a shell inpregnated

‘catal ysts of thupRIrtsEeon itsypefages Thpiroweghaiing stes e ctrri¢doontt WiSTY aipfeoint i S
prepared to have, at a Pd |oading of 2.5¢g/L (0.33 wt /(c)) to 6.1g/L (1.05
w 9%, a wei ghtsolution of prllafiymt and godfl ¢ompohmisrand g tofal Goléme @f the2®lutidh lis

catal yst exanples of this patent are reduced by reaction with a hydrazine
sol uti on. from about 95 to about 100% of the absorptive capacity of the catalyst support. The

precipitating step in Bissot is carried out by soaking the wet catalyst support with a
solution of an alkali metal silicate, the amount of alkali silicate being such that, after
the alkali metal silicate solution has been in contact with the catalyst support for about
12 to 24 hours, the pH of said solution is from about 6.5 to about 9.5. In all examples
of Bissot the reduction of the precipitated compounds to Pd aﬁd Au metals is
accomplished by reacﬁon with a hydrazine solution.

- As is apparent from a reading of the Bissot patent, a major concern in this art
of vinyl acetate (VA) production has always been to improve the space-time vield
(STY) and also the specific activity (SA) of the catalysts. Since the description of this

- shell type of catalyst by Bissot others have attempted to improve the catalyst in

respect to its space-time yield, specific activity, and/or its selectivity



U S. Patent No. 5,567,839 reports that a shell inpregnated cat alr(gztz of the
Bi ssot type is inproved in respect to its STY if a bariumsalt h ANtI‘[EE
a sodi um si }f@%ﬁg&s use to precipitate the Pd and Au conpounds into the
shel|. Al catalyet? exanples of this patent are reduced By &% on with a
hydrazi ne solution. The selectivity of a %al | adi um gol d catal yst in vinyl
acet ate synt hesi s alisd.3.PatenhiNbw&1ERWG Y, 1800040 xR B42298T tyrWiloBarley it f t he
pal | adium nmetal and gold netal distribution on. the exterior and/or
interior surfactsyond thet pehedlimpregtaddsialysts pHibe BisSot4ypkANn R0k inisHa2y/t04392
PCT/ USO01/ 21184 5 substrate, such as carbon di oxide selectivity and oxygen
conversion in ats 8T hyf itlyessentiatlytiice obmidtima pathex fjepevaabiton hasdicngalet i on.
Attenpts to provide a uniformdistribution of the palladiumand gold netals
on the cat al yst ars upyotdly Hess ofhsodluweds parihg (dSatpeient, of if ite sediinaloysitnt is
preparation steps and/or by using support substrates having various

speci fi ed pore wmewgsiyoreshing Rith twaten branl aguasgefalition i n putesyivint gomoteipasdpar i ng
hi ghly active catalysts for vinyl acetate production are disclosed in U S
Pat. No. 5, 314, 868 0amateny, 8. byPatshinkidhe &}aB30gt At Gntermbdamestage fof e pods:tidescr i be
process enbodi nents for inproving palladiumand gold distribution on a
support by mani yith at iongxtiaagepsobaiopias it tho!98% tpatpati rIn\afliof thet dvevengiteats-thsol ubl e
preci ous netal conpounds are fixed to the support surface as

wat er - i nsol ubl eexewplifipdicaidlyst arewreticgd with hydridine sblufdus, 858, PatankiNOG,G98 886 ous
metal s on the support is achieved utilizing two separate precipitation

st ages to avoi depaisribt|cashgh impregseedscatatysts fof XienBissug dype. whiclSare Radde e
5,332,710 describes fixing the precious netals by physically rotating an

i npregnat ed catrgigess thahprrorlt petkssivm salecomppmds) matafchnsimppoed cirbon dioxids sed i n
a reaction solution at |least during the initial precipitation period. The
rotation i mrer sielspivgyochu thie pytent] ab cxanrdd patelysti are whivehd i etetiaesat a
precipitated on the carrier are said to be nore evenly distributed in a
thin shell on tHersypeefi508Grface. Al catal yst exanpl es of these patents
are reduced with ethylene at a tenperature of 1500 C. Despite such

i nprovenments as hav&at@ett arsigdl ShBatentNo. 5,246h8] reppmy thehs ehablsimpregnatehe

devel opnent of catal yst conpositions that exhibit an even further inproved

conbi nati on of Sgtalysief the Bisefrtvraie ipproved dét fesascigp ity SAY if #deprenaeed to have,
at a Pd loading of 2.5g/L (0.33 wt %) to 6.1g/L (1.05 wt %), a weight ratio of Au to
Pd in the range of 0.6 to 1.25. All catalyst examples of this patent are reduced by
reaction with a hydrazine solution. |
U.S. Patent No. 5,567,839 reports that a shell impregnated catalysts of the
Bissot type is improved in respect to its STY if a barium salt rather than a sodinm
silicate is use to precipitate the Pd and Au compounds into the shell. All catalyst
examples of this patent are reduced by reaction with a hydrazine solution.
The selectivity of a palladium-gold catalyst in viny! acetate synthesis also is
influenced by the extent and uniformity of the palladium metal and gold metal

-distribution on.- the exterior and/or interior surfaces of a porous catalyst support



SUMVARY OF THE | NVENTI ON This invention relates to a shell inpregnated
catal yst of Pd-Au, and nethods for their production, which are @MfggWigﬁE
for, catalyzin% t he vapor phase reaction of WD 02/04392 0 4 JAN 2005

PCT/ US01/ 21182 %8%43% hyl ene with acetic acid and oxygen tBCHP8MAS vi nyl
acetate at high values for space-tinme yi®ld, specific activity, and with a
hi gh sel ectivi tgnbdtarte, SR \ee carbei didkide &8RN Bnd SkyYdndbhv@668 & & enlfieshel

i npregnated catal yst of Pd-Au are produced on a Silica support to have a
Pd | oadi ng of lac&idanidaReutygén Papdf phatd reftibal yst and a Au to Pd weight ratio
of 0.3 to 2.0 by inpregnating the support with aqueous sol utions of

pal | adi um and gol d $a@kinpts t®proaidi Aunifeid BuBhRhr Ak ﬁéu@di&l%agoie%étéxsv
potassiumtetrachl orpal |l adate (99.99' /G and hydrogentetrachl orauate

(99.998/0), anchnt ihecaallitenphREcits Biohich HhnAlaBEn bNSE|chbk e preRMReL Rdss of Pd
and Au on the support surface by reaction of the inpregnated support with

sol utions usi ngmabkalyi uiRd ahppoRt m&at@ah%gO&arﬁJukzéFéciﬁ@t PbreN¥icHeRAAHES OF

m xtures thereof as precipitating agents, preferably a sodiumnetasilicate

solution is ugedicakrlAuRie GhibicMcniiGn pREMng h3LE a%k%%éaiﬁtstf&}fbfiny%&%%ds the

t heoretical amount required to neutralize the Pd and Au salts. The excess

of fixing agentprstpendse ARcHedURE.Of Patl N¥] 591438k Whi 95 P4 16 $43oy716] ,
support. The inpregnated support is then washed with deionized water until

the final  decamesel BferREatdevsibt Pratesl dntBinkhis o Buptily FHLG&ImWRAHGRId t 1S
dried for water renoval. The dried support with its surface precipitated

conpounds of Pdiisaitatidtion & sigpen byeasliRthtindViHehr@igMie e VST BOGRAAL 2
tenperature greater than 1501 C and for ethylene up to 3 10* C and for

hydrogen up t o sadidble pisciops @Etelr adbipyundt @fe fiked B B8 EBBort QurRBEaNRr-iRlohBle
tenperature of from 250" Cto 3250 C for ethylene and from 2500 Cto 299- C

for hydrogen, compidnds ubsUsnPaalNoy 5BiLk38H, fixing HaMue Metdd o theafigpdisar
reduced to their free netal state, after which the support is 1npregnated

W th pot assi umacliekdttlitig B exiratiprecipitatontstigds toRveA tusiRE NGRNExcesed &6 t ot al
catal yst weight on a dry basis. Thereafter the catalyst is dried. 0 4 JAN
2005 fixing agent. U.S. Pat. No. 5,332,710 describes fixing the precious metals by

physically rotating an impregnated catalyst support while the impregnated support is

immersed in a reaction solution at least during the initial precipitation period. The

rotation immersion procedure yields catalysts in which the metals precipitated on the

carrier are said to be more evenly distributed in a thin shell on the support surface.

All catalyst examples of these patents are reduced with ethylene at a temperature of

150°C.

Despite such improvements as have been made there is a continuing interest in

the development of catalyst compositions that exhibit an even further improved

combination of properties for the production of vinyl acetate.

SUMMARY OF THE INVENTION

This invention relates to a shell impregnated catalyst of Pd-Au, and methods

for their production, which are effective for, catalyzing the vapor phase reaction of



WO 02/ 04392 PCT/ US01/ 21184 7 A catalyst as descri bed above has a
space-tine yield (STY) and specific activity (SA) about 20-30% gﬂéaUAN P%n
an ot herw sewigdggisbgal catal yst conposition that is red(u)l)ce wi th ethyl ene
or hydrogen at 150 C. In a tenperature raﬁge of 140 C toI60 A a gas

hourly space velocity of 4500/ hr the catalyst will exhibit a vinyl acetate
selectivity of @*@g%rw‘& acetie rcifad wystmaicariodnael sinyt ecetats onhigovaluts Bns t hat

result in a STY of at Ie?qst 6%) gVA/L catal yst/hr. Further, such catalysts
have a long op®P&tH¥h&iel: speetiippstinity.Fd | 1pgh eplectiFity MWENFRVENOT v S

i nvention conprises catal yst for the pronotion of a gas phase reaction
of an al kene, aﬁ*yzqnﬁg?fé‘f‘ﬂaﬁ P& and an oxygen-contai ning gas to produce an

al kenyl al kanoate. _Jhe catalyst is particularly desirable for the gas
phase reaction of a;]'{e élﬁilﬂ”éﬁ‘%?at%“’é@&mw@r@@re praducat onysilisa sugpattde ni ng

gas to produce vin cet at In the catalyzed gas phase reaction process,
et hyl ene react $& 9%%‘?1@?&%3&'?/‘0 ahpett.2 ol ef Gatalystdnd aghvdo Bdyiaht datio o3 vapor

phase over a hetgrogeneous Pd-Au shelled catalysts, giving vinyl acetate
and wat er : CHZ-R:E!Q% EPESERing the spoRest mﬁ@m@{w@a&ofmﬂm and/gdld-saltd 78

kJ/ mol . The vinyl .acetate reaction _process may typically operate at 140-180
C, 5-10 at msﬁ%é‘fl‘g%wg’ﬁi‘ﬁ?fﬂaﬂﬂa@f@%@%ﬁ%l@pé@@&l@d@ﬁﬂy@@ﬂm@f ~4500
h-1. This will ive 8-10% et hyl ene and 15-40%c) acetic acid conversion.
Oxygen conver sitSfogRiriBehlomnpate (998%0). #rd thereafipr airepipitating vypter oing98iland 94%
based on acetic acid,an t hyl ene, respectively. Reaction tenperatures may
be between 140 ERHRSE P@.anéeﬁb%lﬂl‘eys‘{i’ﬁ‘éf syfags ¥ rreagtiere of thedmpregnaet at ur e
range is 140 C to 18Q.C with 140-160 C being_nost 0 4 JAN 206 WO 02/ 04392
PCT/ US01/ 21184 Sgppe r*@#e%ans Wiing dkaliometal petasilisaten o alkdiometal hydeoxidesiot | on
rate is low and.it i ?[Edi Ei cult.to keep the acetic acid in the vapor

phase. Above 1&8U<HeS Fi5Feok ayPlogipitating agqpks; prefegbly axspdiunymetesitiate $odution ky | ene

and acetic acid f.eeds a6 convert ed to,b¥h Products. The princi pal
7 used as a precipriating agent in a quantity that exceeds the theoretical amount required

to neutralize the Pd and Au salts. The excess of fixing agent depends on volume of
fixing solution and acidity of support.

The impregnated support is then washed with deionized water until the final
decant is negative to a silver nitrate test, afier which it is dried for water removal. The
dried support with its surface precipitated compounds of Pd and Au is then reacted

with ethylene or hydrogen at a temperature greater than 150° C and for ethylene up to

310° C and for hydrogen up to 299° C, preferably- for 10 minutes to one hour at a

temperature of from 250° C to 325° C for ethylene and from 250° C to 299° C for
hydrogen, until substantially all of its content of Pd and Au are reduced to their free
metal stafe, after which the support is impregnated with potassium acetate to an extent

of 6 to 7 weight percent of the total catalyst weight on 2 dry basis. Thereafter the

catalyst is dried.



by product is carbon dioxide. Generally, the other by- product
acet al dehyde, and ethyl acetate are formed at about 1% or llf %‘30230%

pressures ar evdployeen 70-200 psig. Typically, the pressur&ﬁ%@ﬂ 11:91
comercial plants is 100-150 psig. Higher sPressures make i H®ult to

keep the acetic acid in the vapor phase V\/ner eas pressures |ower than 70
psig too greatly redt&® aly?‘h%‘-‘ @"Fﬂ“’ltt?ﬂ 3bpEe F@a%tspftﬁﬁ'ﬁm!?médﬂdﬁﬂ) vl opesifiof
reaction gases aglfn @ our | ace vel oci ttx (GHSY) about 3000- 5000
STP liter/liter35Fh% gyt e?fﬂ hEgRter thpnyiee Wldmtlwésatm%@bmpwsmonm gher

STY and SA val uf(is Wlth‘i?H @l %*V ificantly lowering the selective values for
producti on of vHAYE rediced 3t tras e hydwgenatd A& C. Gag\erperaiers rangeiohl 49500, ar e
preferred. The C%Bpéltlon of the reactjon g@ses in volume %is in the
range of ethyl® 7 8#95 hourky,space slosibnef 4308ty thesatalystpilllexbipis)e vimd oxygen
6-8% The reaction erat ed with a |large excess of ethylene and acetic

acid. The main ?Sfﬁfé’oﬁ‘il%ﬂb‘g e ot %athsW’E‘% erpeited wdemgedtion cofidifiisaheti al | y
f1 anmabl e/ expl osi tures (9 | evel s above about 9% are not used in
order to avoid ¥ lﬁélﬁé’ ?ﬁaﬂeﬂ?éé 2. rabmidhry dyrtharamgeentalyssdpect longl y are
et hyl ene 50- 60% me#g 20-50% acetic acid 12-15% and oxygen 6-7%
Comrerci al l y, 6‘8?1“ foften used in pl ace of air and the percentage of
ethylene in the feed is raised. The support particles used in the process
of producing catalyst of this invention are solid particulate materials

t hat are capabl nated wth _palladium gold and a potassium
pronot er and t f@gﬁ%dfﬁg%{}% YA i ons used to produce al kenyl
al kanoat es, such as acet at e. IIIUftratlve of such support 0 4 JAN -

2005 WD 02/ 04392 P 5“?‘1%’4’“933 ARDFCPR b Frenqiar of & grsahesesridtion,

al um na, and sil. cak?l umn ca is the preferred support. The support
preferably has £a§ %C@&B%%Oi? Pin 209 61 Oy ESHEONRI AR asietrspdichat alkepyhm

200 *aquare merbRgier T SR pofisRu gt g7 60 e retogof such a5
mterial . The AHSIAn SRET N 8F SraPLr oo COTUE “paPHRar I degol d
SO e o any ol BpRaBREaR ol phill Radill P clfihne ot Goeibinically
with acetic acid and oxygen in the vapor phase over a heferogeneous Pd-Au shelled
catalysts, giving vinyl acetate and water:
CH;=CH, + CH;COH + 1/20; = CH;CO,CH=CH; + 1,0,
A = -178 ki/mol.

The vinyl acetate reaction process may typically operate at 140-180° C, 5-10
atmospheres (atm), and a gas hourly space velocity (GHSV) of ~4500 b, This will
give 8-10% ethylene and 15-40% acetic acid c;nversion. Oxygen conversion can be
up to 90%, and the yields are up to 99% and 94% based on acetic acid and ethylene,
respectively.

Reaction temperatures may be between 140° C and 200° C. Generally the

preferred reaction temperature range is 140° C to 180° C with 140-160° C being most



pal | adi um or gol d conpound such as palladium (11) chloride, al kaldJ earth
nmetal tetrachloropalladium (11), palladium(11) nitrate, palladi f*n ?&H)QUUS

sul fate, gol go(ddk), chloride or auric MD acid (HAud 4). ver, compounds
hig sshiBi

containing sodiumare |less preferred andgthe preferred are

pot assi um tetrachl orpal | adat e angd. h){ rogentetrachl orauate. Then., for
obt ai ning a hi gi® Efr‘cﬂ igpperaEes belove 140 (e theireachion saistsdovepng itdp diffiquitgo
activity (SA) aof the catalyst it is preferred to utilize these preferred
conpounds in tﬁlﬁ’]? H’ﬁiaﬁwcﬁﬁ%i“fE}l"‘fvﬁ"r"ﬁ?hﬂﬁ%aﬁW@q%.%%ﬁl‘fellﬁ?tabﬁfem@ﬁeéﬁﬁy
99.99% Hence, it h pr, e{serr dto uﬁgﬁg pot assi um t etrachl oropal | adi um of
99.99% purity dAe° é‘ﬂﬁ% it BE ASUIA RO 51541 b Foryerteddg by pradyctsy Thepancigpdint i t y
of Pd and Au c ounds,.to be oy&di such as to provide in the final
catalyst a Pd |'Yalff tbgfcaﬂf‘oé‘rﬁei‘gfg t in.e‘c‘?i'é# 'I%‘etogleébb’moa‘?cﬁ? aggialdelipde, and\n

| oadi ng that plaqes Au i&th{f cg&alyst in a wight ratio to Pd in the
range 0.3 to 2.0 Brteayed #3009 %90 1% of Pd | oaded in the catal yst is
such to provide the_catalyst with a s e(;]ific _activ_itly of greater than 200
g VA g Pd/ hr when op&PEPBamsTRgare pebuen’8rot arigi drpirdlyothe pispugused imnd
within a tenperature.range of ut ,1401 C to about 160' C that provide a
STY of at Ieastcc’ﬁ’&ﬂf‘?alé%‘g‘% Apﬁ'qg%i’?*ﬁr Highsp piegiies make dfiffioglt fo kerprile t hat

can be used t o obtai.n the reguisite STY values the higher will be the
sel ectivity of a&%‘?ﬁﬁéﬁ’ﬁi‘&’ﬁ"aﬁ% © WHErRPTesresdaustiea 70 msig toogreptly svduadout 3. 0

g/L to about 5.4 e preferred. 04 JAN 2005 PCT/USO1/21184 |PEA/US 19
AUG 2002 The &E%##Pgﬁlﬁfeaﬁ?nand Au conpounds to be enployed is such as to

provide in the final,c | yst a_Pd | oading of fromabout 1.8 g/L to about
7.2 g/L and a Au Ioleufi? %&f’i"@f“"'ﬁf@?@‘é@“&ﬁ“ﬁs f g&s hoyrly space velpeity GRSYRdS rati o

(0, PO L0 {1 1 08 Bt sb e Pl b o B ¥ e 1 (e
gpeater than 2t VA PR et LSO e o
A0 SO0 LA 8P P BN pHRLIAGE, Sl ML 0 O (e
preferred. The composition of the reaction gases in volume % is in the range of
ethylene, 27-60%; inerts 15-55%; acetic acid 12-17% and oxygen 6-8%. The reaction
is operated with a large excess of ethylene and acetic acid. The main reason for doing
'80 is to avoid formation of potentially flammable/explosive mixtures. Oxygen levels
above about 9% are not used in order to avoid explosive mixtures, The preferred
ranges, respectively are ethylene 50-60%, inerts 20-50%, acetic acid 12-15%, and
oxygen 6-7%. Commercially, oxygen is often used in place of air and the percentage
of ethylene in the feed is raised.
The support particles used in the process of producing catalyst of this
invention are solid particulate materials that are capable of being impregnated with

palladium, gold and a potassinm promoter and that are inert under the conditions nsed

to produce alkenyl alkanoates, such as vinyl acetate. Illustrative of such support



15 mnutes .and, preferably; for at least 30 mnutes until all ‘ﬁf th&
solution is absorbed. The rotation can last as long as up to 2 h%ur‘ anper
whi ch the SUQB%%;DW be left without rotation inside the seal ed container
for one or two hours to conplete distribution of the i npr&HEt%%¥*sol ution
i nside the support pores. Any type of rotation or tunbl i ng equi pnrent can be
used as the exawtticlgspee particlai filicay elmiiis, ambsilieradldmioal . Sikows ey peleedxt ent
of the rotating notion nay be critical. The rotation should be fast enough
so that all sursuppes Gk seipertiprefrabdnbaseduduppon fiomal0e testdniqyare meteagiced Wit h
the inpregnation solution as soon as possible. The rotati on AMENDED SHEET.
0 4 JAN 2005 \woo25duabadPadhnaggagediidgrerbt 5 tpé e, pistriice aga af)Esdtts 20k pendi ng
on support acidity and vol une of used solution. The volume of such

sol uti ons used squarpmefesy @b bpmj apd t pergfviolumeart0.6tto OGonlédy, stchers SKIAFIGOT sold
particles. The inpregnated support is imersed into the fixing solution and
al l owed to rerwiSvdddapicci@lisancasmeple df  ost plefatay support mambiaut 3 days (70
hours)) at room tenperature until a final pH value of 6.5-8.8 is attained.
The exact quantity dhe afpieatsi solutionsnef vodterfsbublie graliadiint andagold tbnigputlpeedent on
the alkali type, the acidity of the support, and the quantities of

preci ous net al 9nube@rocadst & thisi nwdntion may tohgd etquedust kdutionp rof grat setabaippor t
beads are then renoved fromfixing solution and rinsed with deionized
(D.1.) water. maladien oanaeold poopoeyd sedhems ddldivinn(IB dhiridéy alkaliaethntuetalious
node. Further washing at roomtenperature should continue until the decant
wash wat er conttedrachlofopalltivmi (1B, palladivirs (e hiteate,l fdladippn{whidire goldh@IY i nal
decant gives a negative result to a silver nitrate test. After washing is
conpl et e the i eploddnart adicdPpeidt(Heagdd Howevhri @dipowiie hordsiniag sod@mbx0 C in a
forced air or nitrogen.oven. The reduci ng agent used in the process of this
invention is ety regierres andrihel preffered taomphiasly ateh potebsivmdicirmblosmpiladaged asppor t
are exposed while at a tenperature greater than 150 C and up to 310 C for
et hyl ene and upyfiegsnixdechiepuatey dFhsgefor obisinisfees bibh yalug foptheyspeetime yishh - 200 C
and nore preferably to a tenperature greater than 250 C such as a range of
275 to 310 C f 6PT éxawliseasilicapdyity (8AXoLihs atpbEt if isipreferred to utilize these preferred

compounds in their high purity form, meaning 99.9+%purity, preferably 99.99%.
Hence, it is preferred to use a potassium tefrachloropalladium of 99.99% purity and
‘hydrogentetrachlorauateof 99.998% purity.

The quantity of Pd and An compounds to be employed is such as to provide in
the final catalyst a Pd loading of from about 1.8 g/L to about 7.2 g/L. and a Au loading
that places Au in the catalyst in a weight ratio to Pd in the range 0.3 to 2.0. Preferably
the quantity of Pd loaded in the catalyst is such to provide the catalyst with a specific
activity of greater than 200 g VA/g Pd/hr when operated under reaction conditions of
120 psig and within a temperature range of about 140° C to about 160° C that provide
a STY of at least about 600 gVA/L cat/hr. The lower is the Pd Ioading that can be
used to obtain the requisite STY values the higher will be the selectivity of conversion

to VA, hence Pd loadings in a range of about 3.0 g/L to about 5.4 g/L are preferred.



hydrogen, and nost preferably at 300 C for ethylene and 299C for hydrogen,
for a time sufficient to conplete the reduction of Pd and Au to é&e&,@ free
metal state. Generally, the reduction is carried oyk,for noﬂéné g
five hours, and preferably |ess than one hour, preferabky about 10 to 60

m nut es. Reduction of the inpregnated sggport at thesm ?r?
has been found to significantly increa the activit -

' m. R
conpared to catalyst 04 JAN 2005. WD 02/ 04392 PCT/ US!PgAmM

synt hesi ze at are duc 1%@2&%3
such as qBé EQ tﬂggﬁgggég\gﬁ ‘fso ‘isttf)’f 'ﬁ§3° # QPrevidy inthe fipal
hydr ogen r reductlon t enperatures increase the
STY of theg%}%ﬁ?' ‘\(/)g‘! f“&?“&t&’é&%&"ﬂbi& &bt abaty 7¢202/brsad paknisading dhat places

| npregnat e sup ort reduced at 150 C. Thus for - catalyst conposiitions that

are ot her lemaﬁwz&ﬂrﬁlm@%mahemeoam%Pﬂmfémmgumqmﬁqa
cal cul ated O. 5%wt Au | oadi ng and operated to provigde ..of 600 g VAL

cat/ hr, thef Bétloadpétm shereatelystziscsuth eonprovides greadaealyss ufir 6/ GeviAt 01300 C

can be oper at ed at ‘a 5-10 C |ower reaction.tenperatuyr "'"'-er ein.the:-

sel ecti vi t grefiter than Q00 @ VALY PRI Whéry bpersiel %h&er'réac%%n%gx{ﬂlﬁéﬂ?l 3170
range of one. reduce‘d‘a; 500 ‘C. For. purposes..of. edu

i npr egnat egthif g@&ﬁﬂ&?i@%f%ﬁure_.v_,t;g ]

om-r-oom terrpé.r.at
SUppoOrt Nayh ' Lperd gas
Adsor bed wat Ecadl'[;%g(\)/ ntﬁlg \ger ‘5&5 g-

o iR,

mtroducedle 11:0.",
~which the aq1ags i

H egnat ed bead:
effyl ene-i nert
gas flow has: .t sent to -provi CEIC oY The - |
catal yst retlzstears <15 -
m nut es to- about: ‘educt i or

rotation can !ast as Iong as up to 2 hours after whlch the support may be left wuhout rotation

inside the sealed contamer for one or two hours to complete dlslnbutlon of the unpregnatlon
solution inside the support pores. -

Any type of rotation or tumbling oquiplhent can ‘be used as the exact apparatus utilized is
not critical. However the extent of the rotating motion ma); be critical. .The rotation should be
fast enough so that all surfaces of the impregnated supports are evenly contacted with the

impregnation solution as soon as possible. The rotation

AMEN. £D SHEET.



1-5% et hyl ene or hydrogen in inert gas m xture may be turned of4f lf&XWS
the pure inert gas flow, and the beads may then be cool ed baclp {‘o

t enper at ur e. {0&3‘35 04 JAN Mo WO 02/04392 PCT/ U801/21184C 13 reduction
times yield catalysts of higher STY values; hence shorter TGt ™n tunes
of fromabout 15 mnutes to abqut 1 hour "are preferred. drogen i's the
preferred reduliHEES 22epiSlepRICng So FHPRSFGHSEE rad Yeleee efnsed solsionc dibs of
this invention fﬁr &?du‘g inﬂ%i the catal ysts nay include potassium

al kanoat es and & 9’“% S5 SRtOBR PN RRsteblysjustoufiiriant &y covst dhpsemesi um

al kanoat e durin t.ae afl'a‘llﬁ(en I aIE?fV}anoat e--formng reaction (i.e,, the
reaction of et hﬁﬁ‘f{é & RERSASURROTtdS imppersd 1BR Wsdiingoseiuion arthallpiedi n t he
presence of the_ catal ys%}ﬁ%og})roduge a al kenyl al kanoate). Potassium acetate
is preferred a TRENFOBRGIEET coyfge i(or Jrdey awpipahod dodiss (570 hrarsPxatepem of
about 5.10 wt. % of the tﬁ%@l c%{ al ¥st wei ght on_a dry basis. The
promoter is prel°EPEBYSE Wit fed PHyalug ot 6658 taingdy dBe exasiopugntity aalkali, | s

referred to acgo ..sh pl.acenent of the pronmpter on the reduced
!O npr egnat ed su pB’BigB% %@%@d%"‘ﬂﬁé}s‘dﬁﬁnﬁ?‘}t 8191 theratkall Sirethe eriditydithe support,
i nci pi ent wetness" techpique as previous|y described. The catalyst is dried
to remove wat er NIpdequeRtes oLreiqrs metalsaiseth at i on Unl ess ot her wi se i ndi cat ed,
inall of the exanpl‘ag)%g%g follow the raw materials wused for production of
catal yst are as f ol IOt ixabgR phrqmpleed the gupiegnaied sppnertdseds are themesmayedaur at e
(111) trihydratg, al | adi.um _Paqt agsi.um or sodi um tetrachl oropal | adat e
(11), 99.99% F %Pr{g‘mga?@ Hen H‘Psﬁﬁ?r\“ﬁgtdémzﬁ%ﬁ?-é), walghy ByEhes washing may
hydr oxi de; pot agsi ym .hy rOﬁi de; Pronoter; Potassiumacetate; Water:
Dei oni zed wat er "Fbo§ee)n aﬂ’i@ 6 & coppuosymodin Hufhoy washingcat rogmp tongpempgue 14
, . : . ¥ . . o
Tegon s o e SontRae e AL s 6B RS ot L9 8 it 306

ppm, wherein the final decant gives a negative result to a silver nitrate test.

After washing is complete the impregnated support beads are dried, such as at
90-150° C in a forced air or nitrogen oven.,

The reducing agent used in the process of this invention is ethylene or
hydrogen to which the dried impregnated support are exposed while at a temperature

. greater than 150° C and up to 310° C for ethylene and wp to 299°C for hydrogen,

preferably of or greater than 200° C and more preferably fo a temperature greater than
250° C such as a range of 275° to 310° C for ethylene and 275° C to 299°C for
hydrogen, and most preferably at 300° C for ethylene and 299°C for hydrogen, for a
time éufﬁcient to complete the reduction of Pd and Au to their free metal state.
Generally, the reduction is carried out for no longer than five hours, and preferably
less than one hour, preferably about 10 to 60 minutes.

Reduction of the impregnated support at these high texnperatures has been:

found to significantly increase the activity of the catalyst as compared to catalyst



Unl ess otherwi se indicated, in all of the exanples to follow thﬁ synt hesi s
procedure for preparation of 1L of catalyst is given bel ow. We Ni(ﬂ;@ﬁn
sources ot hgf, ,R#3, pot assi um tetrachl oropal | adate or fiXxi ngjgﬂgﬁnt s ot her

t han sodi um rreta5|%| cate were used, the guantities of t &Y Htum sal t
or the fixing a g} were 'ustedto obtain the correct nolar ratios. 1.
| mpr egnati on st g‘ﬁ‘ 'f"'@lﬁteé senpoy) thet arpyagsioped stoyer isaparptueg sucd. agf

K2PdCl 4 in 360 wat.er was. used to_inpregnate 600 g L) of KA-160
at roomt enper a?%Pr gaﬁgasﬁy?‘cﬂ]?' h&FP“’fPIﬁz’FTS‘i%WtH %ﬂﬁ%&%@%ﬂﬂw&mﬁw 160

was placed in aﬂV\ﬁﬂllter round bottom flask, After pouring the solution
over the KA-160;"% 5efFeélg‘fzmﬁé%mm%’t“é‘aasta6h°a‘3Tr56?faFP§/°at"’éxSébbF H20-30Phe 1 ask
was then rotated for 5-10 nutes until all the solution was adsorbed by
 the support. AfPURPA;e ong dormer drprdapregnaist seprart dedused a0t gnalles, Buppor t
was | eft undisturhed for at ast 1 hour. During that tinme the flask with
i npr egnat ed suﬁaﬂ)‘%‘ ng‘f’%ﬁ@ 88 ‘i@“ﬁ'ﬁ%%ﬂéﬂ?a’s@ddﬂ%ﬁl@%&@lw&’ﬂmrom t he

surface of suppi)é n ste For preparation of a 0.125 M Na2Si O3
fixing solution %g??@ad’a ?la §§| \ﬁeéoadege%meaeditﬁp@maﬁﬁ@ﬁﬁm wat er

(pH 13.0). The regpated su por mstep 1 was reacted with the fixing
sol ution by rajggﬁ'r %Bro cafgly tﬁén ?S}?ie go%WHPWWdéWPﬁFWéC@éhH@°C‘P% fixing
sol ution conple coverf'?(rj toh(e beads. The fixing reaction was allowed to
proceed for 3 d ‘:'y t"ﬁoath?) é W‘r“’o’@i’ﬁ“ﬁ”éﬁ‘ﬁ’é}e@f‘lﬁ‘? &vhesing thej sglgptivitp foml ue of

8.0-8.5. 3. Washi ng )8 é g WO 02/ 04392o PCT/ USO1/ 21184 15 The
beads were thencc’rne‘?]ﬂ%t? Yin rﬂc?tfﬁillﬁ 2-23 gethg ibandhe PP%gangeof ope mdued atl|  of
D.1. water. Furgbefg washi ng was then done in a batch node. For further

f

washing, a tot at | east 200L of D.1. water were used. The i npregnated
support were i mrer ed into 4&{}16 er at room tenperature. The water
| ayer above the bea gr PEEey, 8 Pelle FURPHREA SUPPPH PepfiTAaEISE P was

decanted the n a nd r.e ced vvlth anot her_ 40 L portion of water. The
washi ng/ decant i °a‘e§r’%%§aﬁr°£ ﬂ&é%encgf?’rﬁuelﬂaso%P“°gen flow, from room temperature to

150° C. The impregnated support may then be held in the inert gas flow at 150° C for
0.5 - 1 bour. Adsorbed water evolves during this heating period. The temperature
may then be raised to 299-300° C. Then the inert gas flow may be maintained and a
volume of ethylehe or hydrogen (1-5% by volume, preferably) may be introduced into
the inert gas flow to form the reducing gas mixiure to which the catalyst beads are
exposed.

Tor purpose of their reduction dried impregnated beads may be directly placed
into heater at 300° C with an ethylene-inert or 299° C with 2 hydrogen-inert gas flow
mixture. Reducing gas flow has to be sufficient to provide complete reduction of the

| catalyst metals and may be varied in contact time range.

After about 10-15 minutes to about 5 hours of reduction in the gas rﬁi;cune, the
1-5% ethylene or hydrogen in inert gas mixiure may be tumned off leaving the pure

inert gas flow, and the beads may then be cooled back to room temperature. Shorter



5 tines to decrease content of chlorine ions to bel ow 100 ppm  wherein the
final decant gives a negative result to a silver nitrate tes] 4 4ANDP3SNg
step. The i d support were then dried overnight at 90-100 Cin a
forced air %gﬁjaﬁgf Reduction step. The reduction procedm&S & ®arri ed
out in a glass or quartz tube heated with3a tube furnace. The i npr egnat ed
support heat ed fefucHomtimesgjeld chthlysis of higher S0 vE86; henterihoterfredumion tinemof
tenperature to 150 Cat a rate of 5 Cnmin. The beads were then held in the.
ni trogen fl ow affom sbout omingtep doipboundshmubert mefred. etipirogah Wubd pgfctdd s
heating period. The tenperature was then raised at a rate of 1.5 C/mn to
300C for ethyl agéucingrgag.o 299C for hydrogen. Then the nitrogen fl ow was

mai nt ai ned and a 5% vol une of reducing gas (either ethylene or hydrogen,
et hyl ene for exanpl d&e potagsivam gromigiedy esge in the progosa i thds ib@dntiom fonipkadogies

m xture was introduced at a flow of 300-330 m/mn. After 5 hours of
reducti on (var itbelcatalygismay inchude pehssiniGiikantdies and e pbtydsimmecofmppundiistriogen i n
exanple 13) in nitrogen m xture was turned off |eaving the pure nitrogen
fl ow. The beadsopgerted ttherpatassiie caltapoate dmirtgetp etketiyl r dkanomke formint: rregedon 6.
Promoting step. 0 4 JAN 2005 WO 02/ 04392 PCT/US01/21184 16 Reduced

i npregnat ed sugdp®r e weestion ohastydehesint diBoif apid. andao foxypmeh-aastininy geehahe
(KOAc). A solution of 39.2-45.8 g of KOAc in 360 ml of D. 1. water was used
‘to inpregnat e Br¢sencheeidihe heptalyist to proedugeom alkenyr dkapnatt)o Rotesiiund acdate iei pi ent
wet ness node. Beads were placed into a flask. 7. Final drying step. The
catal yst was drireferragtas g promote and dy prifgtablyiadded 6 tecrentaif nbaw 8r.10 vEa%al yst
Reactions Unless otherwise indicated, in all of the exanples to follow the
reactor and ca&f &ieyekoatadyst peighinn ay dagis Thol rameer i prtfedably 8BS in the

form of aqueous solutions. It is preferred to accomplish placement of the promoter on
the reduced impregnated support beads by the "rotation immersion to a point of
incipient wetness" technique as previously described.

The catalyst is dried to remove water.

EXAMPLES

Catalyst Preparation
Unless otherwise indicated, in all of the examples to follow the raw materials

used for production of catalyst are as follows:

Support: KA-160; Gold: Hydrogen tetrachloroaurate (III) trihydeate,
Palladium: Potassium or sodium fetrachloropalladate (), 99.99%; Fixing

agent: Sodium metasilicate, anhydrous: sodium hydroxide; potassium

hydroxide; Promoter: Potassium acetate; Water: Deionized water (D.1.), ~18




WO 02/ 04392 PCT/ US01/21184 17 Reactor: A micro reactor unit i1t by Zeton
Altamra was used for screening catalysts and was desi gned for At déNd&lﬁS
oper ati ons. @%'50%43\9’{”” fed through a Brooks nass .fl ow r’r%';rersg and acetic
acid was fed by an |1SCO syringe punp. Cog%rol S were rranuaﬁlﬁ}J ](%Egr“at ed. The
unit was interfaced with an on line GC reactor tube of 3/4 inch dianeter
was ‘used so the cat &egehimgal registgncep Redichy Apante§% ehyBat dh ystrogenadi 39§ was
typically 2.5granms along with 37.5 grans of 5-mm gl ass beads as a diluent.
Al l catal ysts consi $¥dregendn giieses edindicatdd. i ca type support; - KA-160 narket ed
by Sud Chemi e. The active conponent is palladium Generally another netal,
gol d, and a pronot elnlegppthesiisemindiceieditin allrof theldaande tohelloatls yethesiThe
catal ysts are of the shell type in which the nmetals are |ocated within the
first 0.30 - O.rz®efefortepastionpd Hpefcatalyst iF givor belowr Fhen pElbsicint smscener e
carried out at three different tenperatures ranging between 135 and 170 C
Thereafter for ohE Bay petisties Wmcg})ompﬁﬁqsbﬁeteldfb&iﬂgeamfssqihar@m frdidmeni us
curve was cal cul ated based upon the data points and the 140 C, 150 C, and
160 C val ues f dreissitigatgayese aedchenvratticsrnd thy pelladiporseledr the fixing dgeis| veerof
results below Likew se the selectivity of conversion to vinyl acetate
(VA) were neas@figedio obidipthe gorest melagyeticst ur es and a pol ynoni al curve was
cal cul ated and the selectivity values at 140 C, 150 C, and 160 C were

det ernined and are fteporkupeegnpiionsept abl e of results bel ow. The princi pal
by product was carbon dioxide. Generally, the other by products,

acet al dehyde and et Hysolugien pbl.20 sief iBADQy apd 13178 gtof KoBdsils in@6& ml PFBEsur es:
Reaction pressures were either 120 psig or 50 psig as reported in the table
of results belVGIT Wy pBicd i Impregpite 880 g €LY olfATIAD elyrers taxipatatyyt GRT-3by sn 100- 150
psig. Some 0 4 JAN 2005 WO 02/04392 PCT/US01/21184 1.8 runs with the
catal yst of t hil®HpeH; arpiicshiegiiaec ohg feddoP aes alapedaiatd Bre-lprraord botisin 120
~psig. High perform‘{li%rcat al ysts are better conpared in the lab at 50 psig

due to Mass flask. pouring the solution over the KA-160, the flask was connected to a rotary
evaporator. The flask was then rotated for 5-10 minutes until all the solution was
adsorbed by the support. After this, rotation was stopped and the impregnated support. N
was left undisturbed for at least 1 hour. During that time the flask with impregnated .
support was stopi)ered to prevent solution evaporation from the surface of support.

2. Fixing step.

For preparation of a 0.125 M Na,Si0; fixing solution, 18.30 g of Na,Si0; was
dissolved in 1200 ml of D.L water (pH~13.0).

The impregnated support from step 1 was reacted with the fixing solution by
rapidly pouring the fixing solution over the beads. The fixing solution completely
covered the beads. The fixing reaction was allowed to proceed for 3 days (~70 hours)
at room temperature to a final pH value of §.0-8.5.

3. ‘Washing step.



transport problens at 120 psig. Pressure was nmintained at 50 psig for a
latter series of runs. The STY of a catalyst at 50 psig of prdb§udANvenss
found to be @kpy e half the value of that catalyst V\/qq:ﬂ 120
psig. Flow Rat esF:‘m'?i e total volune (GHSV),.of reaction gasesng\/\s/:’(jl{s}21 fi nt ai ned
at 4,500 STP liter/]iter of catalyst per~hour. Initial volunme %used in

t hese exanpl es are SEgbesisavere then ryooned fram fBanesebitipe angoinged with 6bSWAD2.
Oxygen in these exanples_is introduced as a 20% _oxygen-80% hel i um bl end.
For the eval uat ¥idh!-gfaten, Byghgingashing yapihen pengda a batehymode Hoy ugthe svaslinm 2

ethyl ene 179 standard cubic centineters (seem, 20%02 106 sccm and
acetic acid 40.t%3l SEamleasiaZ00Ly gfaDdatvater Wisre vecdnt Tha irentesnaigd sepnstlr wereby .
Brooks mass flow controllers with ranges of 0-500 seem . Acetic acid was
fed as a |i qui dimgpeser|igp4Phof wakss alciepitenpeseiusy Thn welsChypuabpva hateadsan gi ve
amnnmmflowrate of 0.1 |/mn ghiquid). The acetic acid |iquid was
vapori zed by i n¥iscaey viigrell overpigly. dheivashivpterseas decantsd the next sayyangi replacetie
ethyl ene ands @2/ He. The acetic acid (vapor) and other gases were then

" mixed in a statVih etier Hl pertigeel wriero d e wathing/dsepntipgrreesdutesras catiehonibi | i ty:
Flammability limts of the ethylene and oxygen m xture depend on
temperature, - pt @88utedecsiase eastrgbel ehlerine ipes fosbedy 0% EPy Whetedn theofieal
conponents, such as acetic acid, and helium In general, the oxygen :
concentration a4ecHgiveT: Rogativg resils t plverglitrateted. 9 vol . % based on acetic
acid free mxture. A PLC conputer utilizing electrical output from the
mass flow meters waé useBmtig $apevent the formation of flammable ethyl ene
oxygen mxtures. WO 02/04392 19 TABLE OF CATALYST RESULTS 0 4 JAN 20D
PCT/ US01/ 21184 Exahpinepsesnpted piprort sisps, themrdrind: eveminhh et 9001P0ASHa adorced air

No. Cal c. Cal c. PressureTenp. Sel ectivityTime (Actual) (Actual)(PSIGC(% Yield
1. 99. 998%0. 630.%2%:5022014094. 7220 '

5. Reduction step.

The reduction procedure was carried out in a glass or quartz tube heated with a
tube furnace.

The impregnated support heated in a nitrogen flow (rate 300-330 ml/min) from
room temperature to 150° C at a rate of 5° C/min. The beads were then held in the.
nitrogen flow at 150° C for 1 hour. Adsorbed water evolved during this heating
period. The temperature was then raised at a rate of 1.5° C/min to 300°C for ethylene
or to 299°C for hydrogen. Then the nitrogen flow was maintained and a 5% volume
of reducing gas (either ethyiene or hydrogen, ethylene for examples 1-12 and
hydrogen for example 13) in nitrogen mixture was introduced at a flow of 300-330
ml/min, After 5 hours of reduction (varied times for example 13), the 5% ethylene (or
hydrogen in example 13) in nitrogen mixture was turped off leaving the pure nitrogen
flow. The beads were then cooled to room temperature under nitrogen.

6. Promoting step.



Na2PdC14( 0. 59) (0. 26) 15092. 4322 ( SMB) 16089. 5470 0.
2.999%. 630. 5215012014( - ) - 94. 6205 K2Pdd 4( 0. 56) ( 0. 26) 15093. 1320 U 4 JAN 2005
( SVS) 16090. 32@ 9, 999%). 630. 5215012014094. 7280

K2PdC 4( 0. 5421‘?? 8745003. 4385 (SMB) 16091. 2530 4.99.99  PCT/USON/21184

, 100. 630. 5215012014094, 2288 K2PdC14( 0. 54)1f0. 36) 150922394 ( KOH) 16090. 2500
5. 99, 99%). 630. 521BOLREHMPEEBATDSUERHCEL OS] (ith 33) WD 09K B bsium acetate
(Na01i ) 160912528 55.99.99 %. 630. 52300120140952320 K2Pdd 4(0.54) (0

28) 15093. 8420 ((KAZN)-1@091nties 55 382ASB: 6BRO0AR 15 B4R M 4094, ¥48Bwas used to
Na2Pdd 4( 0. 63) (0. 25) 15092. 8309 ( SMB) 16090. 9425

7.98%. 630. 52300P2QIAOGK b7E6 by Nie 2RaChi(Nes{dNA) 4 ODE o3RG ekt SVBLAGARR. 1516
7a. 98%. 630. 5250012014000 Na2PdC14( NA) ( NA) | 5000 ( SMS) 16000

8.99. 99%). 632. BeB1?Gs NBGH 845 Fask2PdCl 4( 0. 71) (0. 86) 15092. 3500

( SVB) 16090. 9560 8a99- 99%9. 632. 41505014094, 216 K2PdCl 4(0 71) (0. 86) 150933270
( SVS) 16091. 7340 7. Final drying step.

The catalyst was dried at 90-100° C overnight in a forced air oven.
Catalyst Reactions
Unless otherwise indicated, in all of the examples to follow the reactor and

catalysts conditions were as follows:



9.99.99 V.0.630.5215012014094. 4300 K2PdCl 4(0.58) (0. 36) 15092. 4430
(SMB) 16090. 0610 9a99. 99 %9. 630. 521505014094. 5150 04 JAN 2005
K2Pdd 4(0. 58 Q. 63%15093.4220 (SMVB) 16090.2310 1 In the first columm, the
fixing agent "Us&d" 15 denoted as SMB, NaOH, or KOH and refic@38M21840di um
net asi | i cate, sodium hydroxide, and potassi um hydroxi de, respectively. 2
In the third and foleg#torcol uim the targeted palladium and gold |evel are
given while the nunbers in parentheses are neasured palladiumand gold by
JCP anal ysis. 0 4Aupir2e@br Wikt 0@t G4 Z2Rn20tamTARREUsEF fCATAN ST calfbSilad® " 2
PCT/ US01/ 21184 Exanpl eSour cePdAuTenp. CReacti onReacti onVASpace
No. Cal 0. Cal e. Presssdssigialnfor Stzhdsit dpeiatipis nGasésedre &d)theiuaBreds k<318¢ Yi el d
10. 99951. 0. 630. 521505D14094. 8185 K2Pd(C] 4( 0. 63) (0. 42) 15093. 1252
( SMB) 16091. 334 3mdiciOand el adid wa3 GedIRBANEC DAY AgeINGH. Controls were manually
( SMB) K2PdCl 4( 0. 63) (0. 42) 15092. 6321 16090. 0413
10b. 99. 99%0. 630pEREE0 I WUiIOEs Gl ficSMBjtK2PeTind (L. 63) (0, 42) 15092. 998
16091. 0176 it.99.99%0. 630. 521505014095. 2165

A reactor tube of 3/4 inch diameter was used so the catalyst pellets could be

inserted. Cétalyst loading was typically 2.5grams along with 37.5 grams of 5-mm
glass beads as a diluent. All catalysts consist of a commercial silica type support;
KA-160 marketed by Sud Chemie. The active component is palladium. Generally
another metal, gold, and a promoter, potassium acetate are added to the catalyst. The
catalysts are of the shell type in which the metals are located within the first 0.30 -
0.35mm of the 5-mm spheres.

Temperatures:

Reactions were carried out at three different temperatures ranging between
135 and 170° C. Thereafter for the STY values herein reported a least squares
Arrhenius curve was calculated based upon the data points and the 140° C, 150° C,
and -160° C values for STY were determined and are reported in the table of results
below. Likewise the selectivity of conversion to vinyl acetate (VA) were measured at
the three temperatures and a polynomial curve was calculated and the selectivity
values at 140° C, 150° C, and 160° C were determined and are reported in the table of
results below. The principal by product was carbon dioxide. Generally, the other by
products, acetaldehyde and ethyl acetate were formed at about 1% or less.

Pressures: |

Reaction pressurés were either 120 psig or 50 psig as reported in the table of

results below. Typically, pressure used in commercial plants is 100-150 psig. Some



( SMB) K2PdC4( 0. 58) (039) 15093. 9230 16091. 4320 .
11a. 99. 99%). 630. 522755014094. 6220 K2PdCt 4( 0. 58) (0. 39) 15093. 0286 JAN 2535

( SMB) 16090. 6365 ;'?.99.99 %9. 630. 523005014094. 1235

K:Pd014(o.58§'?’d’§§53 %092. 9310 ( SMB) 16090. 4405 | PCT/US01/21184

| c.99.99%0. 630. 523255014094. 4120 K2PdCl , (‘0. 58) (039) 15092. 9184

( SMB) 16090. 4278wy Wil tiggaiplysiad trs 2008 dns0ed cidicded® RaGEE¢NAk{sNA) F3089. 5319
(SMVB) 16083. 4420 13.99. 99%0. 630. 522991 C H250 K2PdC14( 0. 58) (034) 10

M nut es15092. 341e- (EpkspearHrming Getalysts 0 beltet tomBedrin thetlaisd 50 Pdig T8O rhass

hour 15091. 4420 5 hour 15090.9420 L In the first colum, the fixing agent
used i s denot edTasportgrblemgxtii20 pyig.KBYasrsdvas epiidamdtat §6 dliip fornmstas sdries at e,
sodi um hydroxi de, and pot assi um hydroxi de, respectively. 2 In the third
and fourth col uphizashdhbe gT@'@fé@atpb(Sﬂaadi) psiz ofprebsgo as Foemé to Tsr dbogti one haldhi | e
the nunbers in parentheses are neasured palladiumand gold by ICP

anal ysi s. Exarrp‘gégahlec@ﬂ@h%ﬂ?@lﬁha’bﬁly@@d’ﬁMﬂpﬁi&t al yst can be made using sodi um
nmet asilicate, sodium hydroxi de or potassi um hydroxi de as the fixing agent.
The source of ¥p¥Rg6Hd used was ACS grade hydrogen tetrachhl oroaurate
(I11) trihydrate formAldrich and it was used in all the exanples (1-13).
The source of theTkmakatddyolume (EHSVAf adictitix gaps oss 3nfintginedv at Ha00hTH purity
(99.99%9 K2PdCd 4 gi ves higher space tinme yield than the |Iower purity (99%
K2PdCl 4 shown ilﬁergsteaﬁﬁfaéalﬁt B dow daitigypiumg % used in these examples are 55% C,H;,

26.0% He, 12.5% acetic acid and 6.5% O,. Oxygen in these examples is introduced
as a 20% oxygen-80% helium blend. For the evaluation of 2.5grams of whole beads,
the flow rates were: ethyléne 179 standard cubic centimeters (scem), 20% O 106
scem, and acetic acid 40.75 scom. Gas flow rates were controlled and measured by.
Brooks mass flow controllers with ranges of 0—506 scem.

Acetic acid was fed as a liquid and flow rate was controlled by an ISCO pump that
can give a minimum flow rate of 0.1 pl/min (liquid). The acetic acid liquid was
vaporized by introducing it into a mixing tee at 150° C along with the sthylene and;
O2/He. The acetic acid (vapor) and other gases were then mixed in a static in line
mixer before entering the reactor. |

Flammability:

Flammability limits of the ethylene and oxygen mixture depend on temperature,
pressure, and composition. It is shifted by additional components, such as acetic acid,
and helium. In general, the oxygen concentration at the entry to the reactor is < 9 vol.
%, based on acetic acid free mixture. A PLC computer utilizing electrical output from
the mass flow nieters was used to prevent the formation of flammable ethylene

oxygen mixtures.



Na2PdCl 4 shown in Exanple 1. 0 4 JAN 2005 WD 02/04392 PCT/US01/21184 21
Exanpl es 5 and 5a show the benefits of reducing the catalyst Bal, ‘?@
conpared to 150 C when sodi um hydroxide is used as the fixing agen e
(99.99% K2POEM4*3P% used as the pal |l adi um source. |n th&&USHKEMSEes one
batch of inpregnated support was nade arl@ split into two portions for

reduction at the two reducti oTARLEBECATAL ST REREL¢atal yst in Exanpl e 5a
with the 300 C reduction shows increased space tine yield. At 160 C

reaction tenpef ce] @ gaVvail qyc AkS. | RREL | D¥action HIORURESET amt'nle oy
operating tenperature of 140(fQ§fﬂ'l)th@A°cﬁgvant ageji §%r TE% %@fgﬁ‘pl eding, 17
and 7a were identicallwyswade awt T ower | put ty (3 2qCHekrus llgzgauji um
metasilicate as ghe {i™4FHy |ad&ht.| T@ d fferehce wag tﬁ% |n§314egtnat3§d
support was re ¥ g ats 5P, 18007 —amd IOO‘;mJ, .mp eti -
These exanpl es| sgaw { Hat“everd®®i tih @41 ower pu ity sodilim gouite, | a3l afge

i nprovenent i nSPECE e Y e s wEt el nes by rEdadi-ngrat G-edhpat ed
to 150 C Hovxev(ﬁgs} MeeCly rrpr(‘é@nate(t’ﬁglsu port was reducg‘d gt §@0 C, 3@ctfvity
was reduced t ew%e‘ 80.53 résul® s lof*'Ratal

eval uated at two rea,tu,m pregsur gs 120 and| 5 Gpsi gi§3 n exﬁﬁrpl esgﬁ aphd 9
at 120 psig, . hé‘%%@uw i - L I, ce 'rhat}ﬁtbf exhplless@a and
9a run at 50. |psi'g apdmaod daedshor temper at ur ef of © 140 & 150.C. Exée;&plé

with high gol d1%g8ihg js 2 casewhere imass transfed 9 rritaStlJ’-o 1p0

psig and 160 G react Garatefp@isat Ur aospyr ovi de ohl y¥a fraridy ndl ﬁncr eéﬁ,ﬁej 129%

in space tinme y_@ﬂﬂ_ Ir; the remilni ng exanpl reagt jém r%swe wRaS

mai nt ai ned at {50 p i gmiﬁ'c:pi I @4V & nt(gjgg)hi s hdss| t f8ns boris prfokfemli n;ghel | ab.
Exanpl es 10, 10a10b _showlthe rasults lusing catal yst 1reparsedl witkssodi um

metasilicate ds the [hxing|agapt |antghilgh Pur} ty?(99. 48y [KFPEC|4 35 the
pal | adi um sourc¢&® Ef hyl eng¢ redudtion gt 300 C resultsiéi nia sat gl yst

producing VA at 29-4Dy¥%.41J 200522 W) 0P 04392%PCTT UR01/ 21384 12270 higher
space tine yidl dsw):)r‘rl arlggd to%(\:%t al 3%1) rleduced| at 150 ita F)(ar?fpl d 1 db shows

050 % 063 150 120 140 926 453

KPdCl, {071 (o ss) 150 923 500

(SMS) 160 90.9 560
Sa. 99.99% 0.63 24 150 50 140 94.6 216
K+PdCI, ©.71) (0.86) 150 933 270

{SMS) 160 917 346
9. 99.99 % 0.63 0.52 150 120 140 94.4 300
KPdCl (0.58) (0.36) 150 924 430

{SMS) 160 90.0 610
Ya 99.99 % 0.63 052 150 50 140 94.5 . 150
KaPdCl, {0.58) 0.36) 150 934 20

(SMS}) 160 902 - 310

L In the first column, the fixing agent used is denoted as

SMS, NaOH, or KOH and represents sodium metasilicate, sodium
hydroxide, and potassium hydroxide, respectively.

2 In the third and fourth column the targeted palladiam
and gold level are given while the numbers in parentheses are
measured palladxum and gold by ICP analysis.



that with 3500 C reduction -with ethylene the activity is greatly

di m ni shed. Exanples 11, 11a, 11b, 11c show the results of cat&!ry&m g(yg?
identically prepared except the ethylene reduction tenperature varie rom
150' to 325 WeO2¥ pbest performing catalyst is the onePEPEHEsI82ed from

i npregnat ed support reduced near 300C. BRanple 12 is a catalyst in which
bot h the pall adi um and gol d | gagip®es AL YET ReJuL ps t’ar get ed val ues of 0. 96
and 0.76% respectively and the et hyI ene reductlon tenperature was 300" C.
Space tine yi € UGmpRE] €580 DBl Ser act i Vi T € ool | IRERAET]  CATTPRT §kde tP

exanple | | b.| EXanple 13 gh er$45r mance of | Ty
" e 1574ty e e of i S e

| npregnated Supportireduced 1 n Hydrogep (5% H nitrode
different ti i AI t "%;'g'&} p:.\r_t_| cul af-en di rrantg nf 1b_ri\ i r\lpn:rgl been

. . A 150 . .
descri bed in det a| | T adpapur pqoasas Of(042)| | ust rati an, “Vali @ﬁgs rméllf | catzgzons may

be nmade w t hout—_SMbphrt i ng frnmfh&spl it _andliscopeiofi®t e $'Aveant 8Bn RS
defined by thd appenfedkac aids. 10 @) AN 2005 1 c'Al Wi 4 2382 3 1204

process for prndlilbgi nh_.a caflal vq'r whi ¢ at al yZes a 4 1@a0tiWA of am

‘al kene, an al Kangks Ratdeand @b dxyd@n-conti nilng™gas 13 tlo Bfoducd; an

al kenyl al kandate,__tpat_cofprise u'o:i:_L J)al’tIC| es 6 iaprieghat gd wist h
g

C for

pal | adi um golld @hd p ,ﬁ?gﬁa\asi(ﬁb | k530 Baid 7 ptoé@sqd cBoprli sifig t he

steps in the drder _of: (a)linprednatin he support par®i gl es+wi |t h2@agqueous

sol utions 9 of| witer hﬁﬁfﬁbl e &al lladim and* ol 4 cBnpputls;| %0 (Ib) 2
precipitating |watdsr | nsol ubl e palil adi unp and golid conpowndg 1%hséont o3éhe

support partidl e§™frpritzedl Ut ig8hs jusipo fal k& i et [18WsilliZqtds &
hydr oxi des as {a @¢Mseci pi tating aggnt; 160 90.4 405
lic. 99,90 % 0.63 0.52 325 50 140 94.4 120
KPdCl, (0.58) 039 150 92.9 184
(SMS) 160 90.4 278
12 99,99 % 0.96 6,76 300 50 140 91.6 21
K.pdCl, {NA) {NA) 150 89.5 319
{SMS) 160 834 L 420

13. 99.99 % 0.03 0.52 259°C H, 50 :
K:PdCl (0.58) 034) 10 minutes 150 923 430
(SMS) 15 minutes 15G 917 412
30 minutes 150 SLS 394
1 hour 130 514 420
5 hoor 150 50.9 420

1 In the first column, the fixing agent used is denoted as

' SMS NaOH, or KOH and represent sodium metasilicate, sodium
hydroxide, and potassium hydroxide, respectively.

2 In the third and fourth column the targeted pailadium
and gold jevel are given while the numbers in parentheses are
measured palladium and gold by ICP analysis.

Examples 1-5 show that good VA catalyst can be made using sodium
metasilicate, sodium hydroxide or potassium hydroxide as the fixing agent. The
source of the gold used was ACS grade hydrogen tetrachhloroaurate (II) trihydrate
form Aldrich and it was used in all the examples (1-13). The source of the palladium
was varied. Examples 3-5 show that high purity (99.99%) KoPdCly gives higher space
time yield than the lower purity (99%) K;PdCly shown in example 2 and high purity

NayPdCly shown in Example 1.



13 (c) washing the precipitated support with water until a decant 14 of
said wash water is negative to a silver nitrate test; 15 (d) [d§yifg e
washed precipitated support; 16 (e) converting the precipitated

wat er - i nsol W @.npas | adium and 17 gol d conpounds to pall agli old on
the support particles using. 18 ethyl en?&as a reducing Zlgée%('g@ﬂgg

tenperature of greater than 160C 19 up 310 C or hydrogen as a reducing
agent at a tenper atixespls Dandyfeshew the henefis0 ol radpeing RO Gatdyst2t J00) O ur t her
i npregnating the support particles with said 22 potassium al kanoate to a
poi nt of i nci piogarede A&¥ < when sodivahydorxided ugedrat thel fixing apant 22d (§999%ly yi ng
the catalyst. 252. The process of claim1l, wherein the catalyst carries from
261.0 to 4.5 wEPiChds usediasithe palfadin f8r@0 I8 theWFexamisles onsShdidhlof 2hpRgahisBAN 2005
'PE NS 19 AU G 2002 1 3. The process of claim2, wherein the catalyst is
reduced 2 wi tsupporhywaeneadatand spEtningr awelpertivhs ZQ0Edidion k Ghe Bvdt réiuctidhe
process of claim2, wherein the catal yst
temperatures. The catalyst in Example 5a with the 300° C reduction shows increased
space time yield. At 160° C reaction temperature, the advantage is about 5%.
However at the lower operating temperature of 140° C, the advantage is over 18%.
Examples 6, 7 and 7a were identically made with lower purity (98%)
NayPdCly using sodium metasilicate as the fixing apent. The difference was the
impregnated support was reduced with ethylene at 150°, 300°, and 500° C,
respectively. These examples show that even with a lower purity sodium source, a
large improvement in space time yield is obtained by reducing at 300° C compared to
150° C. However, when impregnated support was reduced at 500° C, activity was
reduced to 0.
Examples 8, 8a, 9, 9a show the results of catalysts evaluated at two reaction
pressures, 120 and 50 psig. In eiamples 8 and 9 at 120 psig, the space time yield is
about twice that of examples 8a and 9a run at 50 psig and a reaction temperature of
140° or 150° C. Example 8 with high gold loading is 2 case where mass transfer
limitations at 120 psig and 160° C reaction temperature provide only a marginal
increase (12%) in space time yield. In the remaining examples, reaction pressure was
maintained at 50 psig to circumvent this mass transport problem in the lab.
Examples 10, 102, 10b show the resulis using catalyst prepared with sodium
metasilicate as the fixing agent and high purity (99.99%) K,PdCL as the palladium

source. Ethylene reduction at 300° C results in a catalyst producing VA at 20-40%



5 with hydrogen at a tenperature of 200C to 299C. 6 is reduced 7 5. A
process for producing a catal yst, which catalyzes a 8 reaction Oot SN 2085
ethylene, 9 to 10 produce vinyl an acetic acid and an oxygen-contai ni ng gas
acet at e, thaFVQ:‘BWfJg?ses support. particles inpregnated patdragiuemsigol d and
pot assi um acetate, sad process with 11 co#prising the 12 13 14 steps in

the order of: : highdrapack keI Bredtd QatElyRRbedRRN §d°¢), Rttt RoWEnoRa! | adi um
and gold salts and acids; (b) precipitating water-,insoluble palladi umand

gol d conpounds, ﬂlathﬁtmmmtféﬂlﬁctﬁiﬁﬁﬁwdthyﬂ)@fe'&He%tﬁﬁl?rwﬁéﬂﬂ?'dﬁlfﬁni‘sﬁé&'. utions using
al kali petal 16 nmetasilicates or alkali netal hydroxides or m xtures

thereof as a preci piExainpleg 1 BJaR}11b, {To) shoRIhd R RE cathy 8 GidRtibAl GkpaMaPOr t
with water until a decant
except the ethylene reduction femperature varied from 150° to 325° C. The best
performing catalyst is the one synthesized from impregnated support reduced near
300°C.

Example 12 is a catalyst in which both the palladium and gold loading were
raised to targeted values of 0.96 and 0.76%, respectively and the ethylene reduction
temperature was 300° C. Space time yields were good but selectivity to VA is lower
compared to example 11b.

Example 13 shows performance of a catalyst formed from impregnated
support reduced in hydrogen (5% H in nitrogen) at 299° C for different time.

Although particular embodiments of the invention have been described in
detail for purposes of iflustration, various modifications may be made without

departing from the spirit and scope of the invention as defined by the appended

claims. ' -

¥



19 of said wash water is negative to a silver nitrate-test % ég) drying
-t he washed precipitated stpport; 21 (e) converting the precwﬁ 2035

wat er -i nsol ubl e pal | adium and 22 gold conpounds to pall adi um and gol d on

t he support particles using 23 ethylene as a reduci ng agept.at a

tenperature of greater than 150C 24 uppgo 310C or hydrogcsffiH {’edu ¢ging 18&
agent at a tenperature of 25 greater than 150C up to ‘°.°‘ " furtheéer
i mpregnating the suPport particles with potassium .27 Az aﬁmcg #UG200?

drying t e cat al y&#IM99 30 6. The process of claim S5, wherel nth
pal | adi um 31 potassiumtetrachl orpal | adate of 99.99 % purity. 32 33 salt
i s AMENDED SHEET 25 D 4 JAN 2u-'E,5 PCT/US01/21184 |PEA/US 19 AUG 2002 1

7. The pPocess ofl-cl akmpBocesserfei nptdimcgng da a&htﬁly& zvhlch cat:alyzes a
o
hydr ogenget @Qélll%aé‘tr ale, feng,g 619n98a Bl%l;.lct ac:1d and an oxygen-conta:.nlng gas

5 to produce an alkenyl alkanoate, that comprlsels

gpri; partlclegv ‘

impregnated with pallad:.u.m gold ‘and a Dotass:.um kanoate, caid -
process comp r:.slng the Steps in the order of ' g

{a)

O @ wa o

10
11,
12
‘ij 13
' 14
i5
16
17
18
19
20
21
22

s 23 part;cles 3 and

'(g') dry'ing the cat‘alys'.t.

25 2. The process of clalm 1, where:.n the catalyst carries from
26 1.0 to 4.5 wt.% pol:ass:l.um '

27

28

29

30

31

AMERN. [ GHEET



4 Y8. The process of claim7, wherein the catalyst carries from 5 0.5 to

1.2 w.%Pd. 6 7 9. The process of claim8, wherein the c 3 rie
from 8 0.3 to 2.4 wt.%Au. 9 10 11 1.0 12 13 14 15 168ﬂ$7}j N8§@§ The

rocess of claim9, wherein the catalyst carries from to% :

Bot assium 11. The process of claim 10 B4wherein the inp flﬂs&nup{p%rllgll
I's reduced with eth | y ene at a tenperature of 25 Th%m ifg%é%%
wherein the catal is reduced with hydrogen at a td f i

299C. AMENDED S ET FreJprecees 50D EIRW2L Whexki8 fhe |REAINES 18 AddGcad02'

13. Apr chmth%’th?i&@gpao@eﬁgergt&% oBHRhaL §o2L RSPace 1 |_rre

3

4 4. The process of claim 2, wherein the catalyst is reduced )
5 with hydrogen at a temperature of 200°C to 299°C,

6 .

7 5. A process for producing a catalyst, Whlch .catalyées' a

8 reaction of an ethylene, an acetic ac:.d and an oxygen-containlng gas‘.. -

9 to produce vinyl acetate, that comprz.ses su .

10 1mpregnated w:.th palladium, gold and potassa.um a:

11 comprlslng the steps in the order of : -

12 (a) J.mpregnatlng the support partz_cles w1th

“:L\ 13 of pallad:.um and gold salts and ac1ds
' 14 {b) prec:.pltatlng water- J.nsoluble palladlum‘,_”
15 onto the support partlcles from such 'S., 'ut:.on
16 met:a3113.cates or alkall metal hydtox1des or nnxt'
17 prec:l.p:.tat:.ng agent- - v .
18 (c) washlng the prec1p1tated support w1th'-iwa
19 of said wash water is negative to a sllver nltrate
20 (d) dry:.ng the washed prec:.pltated support, =L o
21 (e) convertlng the prec:.p:.tated water :Lnsolub_e" pallad:.u:n and,
22 gold compounds to palladium and gold on the support _partlcles us1ng‘
: 23 ethylene as a reduc1ng agent at a temperature of greater than 150°C

24 up to 310°C or hydrogen as a reducing agent at ‘a temperature of
25 greater than 150¢C up to 2999°C;
2 (£} further impregnating the support particles urith potassium

27 acetate; and

28 {g) drying the catalyst.
29
30 6. The process of claim 5, wherein the palladium salt is

3l potassium tetrachlorpalladate of 99.99 % purity.
32
33

AMENDED SHEET



yi él d value of at least 300 g VA/L cat/ hr at 50 psi gj__t,and 600 g VA/L cat/
- hr at 120 psig by a catal yzed gas phase reaction of a reactig
conposition conprising ethylene, an acetic acid and. an oxygen coﬁﬁfrq si ng

the steps of (a) passing the reactive gas conposition igla,
PYUB O Lal1Bs

catal yst produced by the steps in the orger of:: (1) i

particles with aqueous sol utions of palladiumand g 1
(2) precipitati ng, wat er -i nsol ubl e pall adium and: 3?5 ti idggﬁjemz
such . sélutions usi ngh8l Rdrrestet of weedsi bi caheseior ethkabbla . geidn xgures -

thereof as awRr&fenPbd:RALLNGA0GY o () 99 Shl the precipitated support

with water decant of said wash water 1s R&gative' particles using

et hyl ene3as a reduci ng agent at a corrpounds to pall adium and gold on the
support gand gol d gconpg, shed precjpitated (5) converting the
precipitated water-ins HF rlogesbsa ati*tth e Wit uthe rtajventarridriirer 500C

a, reduc?ngoagem 1a? wa. %emperature to 299C (6) further inpregnating the
pot assi ugn acetate; and (7) drying the catalyst; and up.to 310C or hydrogen

as of greater than 150-C up

7 9, The process of claim 8, wherein the catalyst carries from 7
8 0.3 to 2.4 wt.% Au. 7
9

10 . 10. "7The process of claim 9, wherein the catalyst carrles frtm.
11 1.0 to 4.5 wt.% pota551um ' B
12 '

. t::; 13 1;; ) The process of claim 10 . where1n the 1mpregnated support-'.
14 is reduced w1th ethylene at a temperature of 250°C to 310°C.

15 L ' o

16 '12.w The process of claim 10 where1n the

17 with hydrogen at a temperature of 200°C to 299°C -

18 .

AMENDED SHEET



support .particles with (b) maintaining the reactive gas corrposition at a

- tenperature of or less than 160C. AMENDED SHEET 27 0 14. T p cess of
claim tetrachlorpalladate of 99.99 % purity. of 99.998 %pur{' 3’»5)

wherein the D 4 JAN 2005 MOO /21184 MEANS 19 AU C 2002' pall adi um salt S

pot assi um 15. The process of claim 14, wherein the gold mg; g]_lsk
|

hydr ogent etrachl oraurate The process of <1 aim 15, wh
carries from0.5 to 1.2 w.%Pd. Au. 17. The. proces m1 W‘I@@@OZ

the catal yst cansies af pesadys, 8ok cbr%décﬁ’ﬁon(y‘bft@ﬂ??r%é{%@e()f 250C Lo 31
t he preci plt,a ed support is treated in a flow o I nert gas

process of YePH Metue \@edéi Aot P0t® ‘é“t/épcwo’umr 49 5IU1®s1@ramaa$sooj xoal/al m 18
22. The preeesnrok 02@ P 23. The process of
D120 B by Rkl Bhdecd BgotEhn 1 b boiiin cie

claim5, wherein prior to step (
support i s SPPROSLEPH n cargtighnodf eghviamert gas aaét-:bELOCaém Qn& t 1oxygen

comprising the steps of
(a) passing the reactlve gas ccmposztlon. 1nto c0ntact with a -
catalyst produced by the steps in the order of ’
(1) 1mpregnat1ng support partlcles w1th aqueous solutlons of-_

palladlum and gold salts and ac1ds,

',4. '_-.',{2) prec1p1tat1ng water 1nsoluble pa adlum.g and. gold'
ch solutionsy:*

éfél;hydroxldes'

i
iter until a .
ilver nitrate

"fpartlcles u51ng ethyl'“e éti.a
._a reduc1ng agent at a tempe ature of greater than 150°c up
— ~to 299°C; | - ,
S

(6) further impxegnéting the support 'barticles with
potassium acetate; and
(7) drying the catalyst; and

(b) maintaining the reactive gas composition at a temperature of

or less than 160°C.

AMENDED SHEET



hohr. 24. The process O..claim 23, wherein the inert gas is nitrogen. 25.

' he preC|p|tated
- The process of 13, prior to step (5) and after step (4) t
b is treated in a flow of an inert gas at 150C for O. @

support

r

26. The process of claim25, wherein the inert gas is nltrogen

SHEET.

)

(J

” Pci’ﬁlsm /21184
PEA/US 19 pUG2002

14. The process of claim 13, wherein the palladium sal is potassium

tetrachlorpalladate of 99.99 % purity.

15. The process of claim 14, wherein the gold a
of 99.998 % purity.

iis ._hydrogentetrachl'oraorat‘e

16. The process of claim 15, wherein the catalyst 'carries from 0.5 to 1.2 we.%

Pd.
17. _ The procee's'of.elrafim 16, _‘ﬁhefeii;"t,he .-éata},y
Au. ' o '
The p:;oceéel of 'cleiﬁl 17

potassium.

19, Th process of claim 13.5""' 9

temperature of '250°C to 310°C.

procees of clam 19

a tempex'al:ure £ OB_C to 299°C

22. Theprocess of c:lléaim: ,.'21.7'lw.1-_1.erej,u_

23, - The process of claim 5 wherein prior to- step.

the prempil:ated support is treated in a flow of an inert gas 14 150°C fof 0.5 to 1

hour.
24. - The process f claim .23, wherein the inert gas is nitrogen

25, The process of 13, prior to step (5) ang - after step {4} the
preclpxtated support is treated in a flow of ‘an inert gas at’ 150°C for 0.5 to 1

hour.

26. The process of claim 25, wherein the inert gas is nitrogen.

AMENDED SHEEE.




