WD 2005/ 065820 PCT/ US2004/ 038825 Rhodi um Cont ai ni ng Catal ysts C ai m of
Priority [00011 This application clainms the benefit of U S. Provisional
Application No. 60/531, 415, filed Decenber 19, 2003, which is hereby

i ncorporated by reference. Field of the Invention [0002) The present

i nvention r eVARWER0cat al ysts, met hods of making t he carralsywssissmsnd

nmet hods of maki ng al kenyl al kanoates. More particularly, the invention
relates to nethods of rmaking vinyl acetate. Background of the Invention

[ 00031 Certain al kenyl al kanoates, such as vinyl acetate (VA), are commodity
chemcals in high demand in their nmononer form For exanple, VA is used to

make pol yvinyl acetate (PVARhodihiCoitanfing/Caellyeermonl y for adhesives, and
accounts for a large portion of VA use. Oher uses for VA included

pol yvinyl al cohol (PVOH), ethyl endaimi éTPriosiet ate (EVA), vinyl acetate

et hyl ene (VAE), .pol yvinyl butyral VB), . et hy] ene vj.nyl al cohol oH) ,

pol yvi nyl [%O(ﬁgr rra‘[fﬁ‘s(apﬂ}’lg)“?'/°“§%b‘“%;‘ihﬁ9?ng§rﬂ%gﬁ' g@l’%i"ﬂ IAPB‘é“é’fY"‘&IE é"égﬁgi&}@ PVOH i s
typi cal | yflesstember 15,2603, Wifch is Kebdoicorpéit@sbyRferensddd phot osensi tive coatings.
Films and wire and cable insulation often enploy EVA in sonme proportion.

Maj or applications for vinyl chloride-vinyl acetate copol yner include
coatings, paints, and adhesives_often enpl oy VAE having VA in sone
proportion. VAE, which contai nEielfpehedp¥sntishy nercent VA, is prinarily used

as cenentjoaulfli t iThereseRBintinfion RRALs BAHIRRALY, Sethodd 0fBdking 1R datalystdsi@d for under
| ayer in lam nated screens, coatings, and inks, EVOH is used for barrier
films andnekrds Atmakingglksaylpikapostes Areiparticularly, the mveytion relsiesrie medads ofagnet i ¢
tape. [0QQ4k Befrpsts@eVA is the basis for so many commercial ly significant
maferial s ang products, the demand for VA is large, and VA production is
fré&guently done on a relatively large scale, e.g. 50,000 netric tons or

nore per year. This large sc | s that significant econom es
ot b R

of scale are possible and rela y su nges in the process, process
condi ti orl8008] WOeR2498kOGb8RNoASTIS200n1 §38BTYA), ere commmbipsthemitals &ct eri stics

can have i efitd ih 21 noRSRALS ForBaGhhieAa Is8ed 18 Maxforiif1 Rieffiuct  on of - VA
(PVAc), which is used commoniy for adhesives, and accounts for a large portion of VA use,
Other uses for VA included polyvinyl alcohol (PYOH), ethylene vinyl acetate (EVA), vinyl
acetate ethylene (VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol (EVOH), polyvinyl
formal (PVF), and vinyl chloride-viny! acetate copolymer. PVOH is typically used for textiles,
films, adhesives, and photosensitive coatings. Films and wire and cable insulation often employ
EVA in some proportion. Major applications for vinyl chloride-vinyl acetate copolymer include
coatings, painis, and adhesives often employ VAE having VA in some proportion. VAF, which
contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.

C' PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for

barrier films and engineering polymers. PVF is used for wire enamel and magnetic tape.
[0004]  Because VA is the basis for so many commercially significant materials and products,
the demand for VA is large, and VA production is frequently done on a relatively large scale, e.g.
50,000 metric tons or more per year. This large scale production means that significant

economies of scale are possible and relatively subtle changes in the process, process conditions



[ 00051 Many techni ques have been reported for the production of al kenyl

al kanoates. For exanple, in making VA, a wdely used techni que includes a
catal yzed gas phase reaction of ethylene with acetic acid and oxygen, as
seen in the followi ng reaction: C2H4 + CH3COOH + 0.5 02 I N CH3COOOH=CH2 +
H20 Sever al W@p@&0§54cti ons may take place, including, PEmai200$938828¢e
formation of CO2. The results of this reaction are discussed in terns of the
space-tine yield (STY) of the reaction system where the STY is the grans
of VA produced per liter of catalyst per hour of reaction tinme (g/l*h).

[ 0006] The conposition of the starting material feed can be varied within

wi de | i miot satalysfigharaciatidtigs cah hevestsipnificarg ecvadiakiidpact @dtle ¢astdfliltbqodiOtoh(Fo

et hyl ene,, 10-30% acetic acid and 4-16% oxygen. The feed may al so incl ude
inert matétials such as CQX2, nitrogen, nethane, ethane, propane, argon

Fmd/ Ior_ h@dcmﬂrn g&:@yﬁéﬁnm&yhabeﬁdeﬁ jrepmsarforﬁnb préRdtichuTRRen %lmm?sf._tm_e OX|yge|n
evel in the effluyent stream exiting the reactor nust, be suffigciently |ow
such thalex”t"f‘i’i""é“c’}“@%rfﬁ\[%' &@Y%@d?ﬁ@‘quﬂn&mﬁﬁ%ﬁyﬁe%ﬁ@”ﬁﬂ‘i@uﬁ& en level in

the ef f | ¢@plend WittPdcb@CARIGnDYxyiehE adMDiR thel fB¥R)ind Bactie starting nmaterial
stream 02 conversion rate of the reaction and the anount of any inert

material GHithe @O0t * [ 00D, The—oas PHEROFRTEH  ont haabeen carri ed
out where a feed of the starting materials is passed over or Sﬁ‘%ﬁgh fixed
bed r eackide feactioisaepiake Place Axdildisg, fual 85, the éoimatidnaif 00¢l Therrewulthofithie use of
reaction tenpperatures,in the range of - . 0.200C, . whil e reaction

pressur e§°38tfq’%f§°1cgs°u§§f’%§?5ﬂ§9%t ¢ R %"Utr’i}ﬂp‘f‘é‘ifscf‘}[) e&éwaimmsgt%gggrf-‘i%t ens have
provi ded sF¥qsnagRmY bEV A prodlidee ber 116 Bf éatilk@Epet Boud 6f BadfiG@fimé QYI*h) educed

producti on of b¥- pr oduct s, Pi gher rates of VA output, .and | ower energy use

durrng  HH086iuct Fasromppstionns s siaring materalifeadcan ke vasedayithin wids imitst er i st cs,

parti cul aibival9sthd RarfliPmSEtaEfebd Milhdes 30700 QnyRAd, 1¥B% a&hic bl afPd-Bdoy St . Anot her
approach is to nodify reaction conditions, such as the ratio of starting

mat er i al §¥%260- cEherecdtay also ngladpinert palgidsTushasdO HEogepdBehas cthape space

vel ocity TIag : Ik ' ratures and
pressur eE&%@o%%b%g%o%ﬁJ 28%)%“6%%@%‘1 ?d[hg]g%gfi‘?'ﬁﬂg%? %éregaﬁgt%?olﬁ of CQO2

i s one afpetiucyiisirean eritingiie reastvrmudl be ufbiciepily davesupls batghe stieprp istsifledlaet al yst s.

The O sghaglihiy Hint. The S)BerBef HMeABRcR is LAEIE bk SRS RIMSH hEGalifipt g0€S tO

material stream, O, conversion rate of the reaction and the amount of any inert material in the

effluent.

[0007]  The gas phase reaction has been carried out where a feed of the starting materials is

passed over or through fixed bed reactors. Successful results have been obtained through the use

of reaction temperatures in the range of - 125°C to 200°C, while reaction pressures of 1-15

atmospheres are typical.

N~ {0008] While these systems have provided adequate yields, there continues to be a need for
reduced production of by-products, higher rates of VA output, and lower energy use during
production. One approach is to improve catalyst characteristics, particularly as to CO; selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the
ratio of starting materials to each other, the O, conversion of the reaction, the space velocity (SV)

of the starting material feed, and operating temperatures and pressures.



CO2. Decreasing the CO2 selectivity permts a |larger amount of VA per unit
volunme and unit time in existing plants, even retaining all other reaction
conditions. [0010] VA output of a particular reaction systemis affected by
several other factors including the activity of the catalyst, the ratio of
starting nmatVeQrUFESSE8 each other, the 02 conversion offCriS200¢0388350Nn, t he
space velocity (SV) of the starting material feed, and operating
tenperatures and pressures. All these factors cooperate to determ ne the
space-tine yield (STY) of the reaction system where the STY is discussed
in terns of granms of VA produced per liter of catalyst per hour of reaction
time or (6069h. [BObihaticeoeCe) ik yne @pdct whith/mayshededicgithdoughathd ua€t or in

determni.ng the STY hut_ other. factors ill have a signifi.cant inpact
on the ST“?gm‘f%ﬁ‘%gFtF‘y, Qt%cg SH‘FW lsh?é’elgﬁrfq?a%ic’? @‘e 8#15’1 ec%?‘ﬁé@?‘t E%PHR hi gher
the STY tdum. Dadrédsing thel GO, ablk@ivitPpapiitchiager dnfdQdidf VARRr Gt oluweaid u@int i S a
nmeasure of how nuch oxygen reacts in the presence of the catalyst. The 02
conver si 6‘1’}"er‘%1‘f"és"i“§p@ﬁﬁg?%wgg&@ﬁ@mw Pefeat t he conversion rate

gener al | ygo10] | My3 sMpuboft dArticRIacredcAbh JyQem & HebteEby SR \Bker fatthie anount of CO2
produced _al so increases along with the 02 conversion. Thus, the 02

conver si daFlydingdhe astidy of thesatalyy, thy o ofisarting Matepals ippackythss the Bal anced agai nst

the anmuRbqREsioFRnP rAstmEHe sphcdRiodhy@Y) ¥ thdlstdtifl HRESal RE4 1aNd SptrafRENS  that
the overall reaction tenperature can be | owered while naintaining the sane

02 convertesmnsreiuresand piessires. vl fhesefactans epopasate taidetsrraingithg prsee-tine yigkd(§T 1 | gi ve a
hi gher O%fﬁ%\éﬁ{oﬁ's&&n{,fwh@m% s%yl% ¥iShssell VRS Hofs A?ﬁﬁﬁ&%@rllﬁé}b?y- [ 0013]

It is common that catal ysts enploy one or nore catal ytic conponents carried

on@ r elcatelysy perynojurpf reactinnysioesror gttt eri al . I n the case of VA catal ysts, the
catal yti o] < I.yDPl: I . of e

distribu %Og?ﬂﬁi @%ﬁﬁ?%ﬁ‘#’%ﬁ%ﬁ%@?ﬁ "J[ tetﬁé%ﬁ%%#{ﬂ?‘“n%}%ﬁﬂ'%{% fa{gﬁlsgugh- out

cat al yst siay stil] hest a gignifitunt mpadt ag the STYt Mepisalippibe Yigheathe netivity 6f asdagllyist,

catal ystg" [ ust | ow .a,shell of ,support material ("egg white catal ysts")
or in th@e)é%%’%ﬂ@?s?ﬁ@’cg lﬁscgfsta%lreré?%r??uﬁf' ("egg yol k catalysts"). 3 WO

2005/ 065 §R0@2|PCTTRISTDEWIN R 6:812 2 mehfiftlof hoviNmiel exygendedclsen @@ brebonpesfthd support

mat eri al s‘ga\{e be(§n suggest ed for usedi n VA (ﬁgﬁalﬂﬁst i ncludi ng sjlica,

ceri um d&PREsTHE QegonverSian Tats 1s temaeratire,depgndent sugh thay the cgmyerrionxats g Y But
very | it tligbd withehd legttibh Rhperatuteh Blotefel, ietitast JfCpRBuddaisGfiened material s

has been done, For. the ) . ] )
along with the O, conversion. Thus, the O, conversion rate is selected to give the desired VA

[ (o]

output balanced against the amount of CO; produced. A catalyst with a higher activity means
that the overall reaction temperature can be lowered while maintaining the same O2 conversio:i.
Alternatively, a catalyst with a higher activity will give a higher O, conversion rate at a given
temperature and space velocity.

[0013] It is common that catalysts employ one or more catalytic components carried on a
relatively inert support material. In the case of VA catalysts, the catalytic components are
typically a mixture of metals that may be distributed uniformly throughout the support material
(“all through-out catalysts’), just on the surface of the support material (“shell catalysts™), just
below a shell of support material (“‘egg white catalysts™) or in the core of the support material

(“egg yolk catalysts™).



nost part, only silica and alum na have actually been commercialized as
support materials. [0015) One useful conbination of netals for VA catalysis
i s palladiumand gold. Pd/Au catalysts provide adequate CO2 selectivity and
activity, but there continues to be a need for inproved catalysts given the
econoni es ofW@2NF58Mat are possible in the producti on PEI/UIA040BBS16] One
process for making Pd/ Au catal ysts typically includes the steps of
i npregnating the support w th aqueous sol utions of water-soluble salts of
pal | adi um and gol d; reacting the inpregnated water-soluble salts with an
appropriate al kaline conpound e.g., sodiumhydroxide, to precipitate (often
ﬁaljl ed Ij i O0TY)) tNNGnerdris different 9bes BESHpporBateralstvd beswiughdseddanpoinils, e.g. the
ydr oxi des;

S; .washi the fixed sypport. material to renpve un-fixed conpounds
o o ot F Bl e dops IR, BB . pbaaparapan e Bul g
chl ﬁri de;h vdgyelﬁiu@inn@ﬁgdﬁie? waheﬂiff&xﬁﬁdgé bepde2n ﬂﬁ@mpeud gg&rmishks baeﬂmia.pair tHeEFUCt ant
such as rogen, ethylene or razine, and addjng an alkali neta
conpound a%n%gnlpsé‘ila%@ﬁaw @%ﬁﬁcﬁ‘ﬁqyg’(‘?@l COEneTqIA A SWF&%eﬂﬁlﬁdi fications
to this bpsis} ProMcassulRemeinARARE MmeEd & vVatoatalyels ipaBiinkR and gdld. PafAu Pat ent No.
5,990,344, it is :sugézjested t hat sint erl;\ig of the palladi um be undertaken

4

aft er t hecatalyslgarovide adequats £Q: sefestivitnapdgetivilyy byt thepe qontipuepigibe ameqddor 6, 022, 823,

it sugges{fthvtdatansdlefeR HRGcdnbfies S£LROHA airébo@ﬁﬁl@fh‘tﬁ@ﬂ%@dcﬁ&l atymsphere af ter
i npregnation with both palladiumand gold salts gh'g t be advantageous. In
W94/ 2137W016] t  jQnepragess Saranking R/ Anfoatalysty typicallyiinstndasige stensiof bupregmatingut  bef ore
its first : : g&pg%'. ing in

oxi di zi ngt,h Ulﬁ‘ﬁgorr% %a%ggﬁrgg ]&Eﬁgfgaﬁeﬁgélgﬂge%&%g%diﬁ I'n iL;Jd.’ }é&ct{égl?%l nt No.

5, §§6, 65 2impregnates veatrggelulle shlts with aw siproprigt aljaling setnpoundieg, spdiveh hydeprider e

hydr oxyl - {l‘ﬂ -'n@tﬁr im& %)év t] i be useful
to inpr egtﬁg ngt g(c’ﬁ%‘%ggﬁ’l“l‘l te rr?egﬁn&r% S IRJ%H a?tmjslﬂsgog%ﬁs% éloglﬁ 8‘1|81§1 9 rer%gé ®in US.
Pat ent NohydrbxideR wadB\g the, fixed suppord fnatedd! tockemowenul-fixad ampoiindsand wl atlerwisd
conpl exes_, of | | &iﬁu sol bE in unsﬁtj%gt it uted. carboxylic acids having two
to ten cacrl%a'cl)sr?gl?e cﬂé O?Wfﬁogeg %Qﬁls‘fg&ﬁ ( ?ﬂf&v%‘%@ﬁ’% e‘f%%f@flu R U S. Patent
No. 6, 486G oBipunds Witlsaypiestretictfitatchas halywges dthglatcadrhgdrazimey abinddiageh | N a
dehydr ogearﬁ‘Tahi opﬂ proces ere the inner |layer support material differs from
t he out er® 124y °ﬁ?ﬁﬂ'b‘fsﬂl°¥*}:ﬁtp8}afsé‘}m ‘@P‘ﬁi"?é‘?  U.S. Patent No. 5,935,889
suggest s [baf a VaayRmedifatcnk yShis BRI protse e taen Agsddtet.afdtleyiiple, iBut nei t her
suggests tg]eP use of | gqj(er ed cat al XSt Ss.in the production of
U.S. Patent No. 5,990,344, 1t 1s suggested that sintering of the palladium be undertaken after the
reduction to its free metal form. In U.S. Patent No. 6,022,823, it suggested that calcining the
support in a non-reducing atmosphere after impregnation with both palladium and geld salts
might be advantageous. In W094/21374, it is suggested that after reduction and activation, but
before its first use, the catalyst may be pretreated by successive heating in oxidizing, inert, and
reducing atmospheres.
[0018]  In U.S. Patent No. 5,466,652, it is suggested that salts of palladium and gold that are
hydroxyl-, halide- and barium-free and soluble in acetic acid may be useful to impregnate the
support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-
and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



al kenyl al kanoates. [0020] Taken together, the inventors have recogni zed and
addressed the need for continued inprovenents in the field of VA catal ysts
to provide inproved VA production at |ower costs. Sumary of the Invention
r [0021] The present invention addresses at |east four different aspects

rel ating to WARMFYSE20 structure, nmethods of making t hoPETaRLmIgIss2S and

nmet hods of using those catal ysts for making al kenyl al kanoates. Separately
or together in conbination, the various aspects of the invention are
directed at inproving the production of al kenyl al kanoates and VA in
particular, including reduction of by-products and inproved production

ef fici engyor9p fid S5, BERENS. 6186 B1% itRhESQM that la Tiyered taddlyspRia} Bd ksd in@ @ UNi que
pal | adi umi gol d catal yst or pre-catalyst (optionally_calcined) that includes
rhodi um GFBYSIREENIESN RiRaesy Whers taeinngs laversenort mptsripAiits from dheputer lyirunt gol d

cat al yst s@ipoRhfiterit2 SahiSIY, 1.5 HatchEND 338 3@ hugpelta el LdycsedRpAlyit iyt er i al where
one | ayer of the support material is substantially free of catalytic

conponentuseful s agid sagplystsp Butnephar sugepsts thousg oflayered gatakypiy By the rradustionef o

pre- cat alaf.i MRaRatgd ' CONi @ containing support material. A fourth aspect
pertains to’a palladiunmgold catalyst or pre-catalyst that is produced from
subst ant i[@2ply cEN@ﬂF&S@h‘FH e inyenters have cecognine endaddressedide agadder coted pt i on

[0022] %ﬂrg%(e?ﬁeﬁts P2 R EPT’A REGFENG pRiviaR g'ﬁ@'?\;eg fooﬁ—%&k}{&{ atilo'ivcf?? s> UPPOT €

material t contalns at |east one’ cat onent an at is capable
of catalyzing a reaction, whereas a pre-catalyst is any nmaterial that

results fromany of the catal glslts‘gre a]{niv?n on ! €PS di scussed herein. 5 WO
2005/ 065820 PCTI US2004/ 038825°" " ?’4% afVSt's and pre-catal ysts of the
pr@sent i[002&Nt | The presyntiimehtivtiaddriaesat leas fongdifferehtasgtts rdating of catabyst f ol | owi ng
attributes: 1) the,catalyst, will. be a | adi um and | d nt gi.ni ng cat al yst
t hat incftﬁ‘ffélgg’ ﬁenﬁ"%'sauzhfmgﬁﬁi}ﬁéercagyftéf’%PB@“’@%H{)‘&W@ ose ga?aé):/sts&% where the
one or malkenybhlkirdses. Sapardiyly bitogethEprembinativayMie Vacions Bpdctiof éd invaptiohhe cat al yst
will be cargied on a l.ayered, supporg, the c lyst will be carried on a
o r cont aSEGHTR R B RroamBia  alkensh ik en e YA S ForiPHes BSOS oduced i h
chl ori derdda@Rn B BCp166u8Hs Sndinpadiid proditipdiciehcf A tikve adpedt 80@E P@senkl f eCti ve use

of the catalyst accordingly st‘lji)nL}I d. help inprove CO2 selectivity, activity
or both, nwax}qop Pertaps |tcya upique palladium/gold catalyst or pre-catalyst (optionally calcined) that

includes rhodium or another metal. A second aspect pertains to a palladium/gold catalyst or pre-
catalyst that is based on a layered support material where one layer of the support material is
substantially free of catalytic components. A third aspect pertains to a palladium/gold catalyst or
pre-catalyst on a zirconia containing support material. A fourth aspect pertains to a
palladium/gold catalyst or pre-catalyst that is produced from substantially chloride free catalytic

components.

Detailed Description
[0022] Catalysts
{0023]  For present purposes, a catalyst is any support material that contains at least one
catalytic component and that is capable of catalyzing a reaction, whereas a pre-catalyst is any

material that results from any of the catalyst preparation steps discussed herein.



pertaining to VA production. [0025] It should be appreciated that the
present invention is described in the context of certain illustrative
enbodi ments, but may be varied in any of a nunber of aspects dependi ng on
the needs of a particular application. By way of exanple, w thout
limtation, the catalysts may have the catalytic conmponents uniformy

di stri but ed WHEHYRBAt t he support material or they nmapCTHS2084#3B825cat al ysts
where the catal ytic conponents are found in a relatively thin shell around a
support material core. Egg white catalysts may al so be suitable, where the
catal ytic conponents reside substantially away fromthe center of support
material. Egg yolk catalysts may al so be suitable. [0026] Catalytic
Conponenf0924) 00 XTgtalysts a6 p&rcalla],ystt hﬁhm&@hmﬁﬁeati@nﬁhypﬁcm:de dioat ysving aofeast he present

i nvention ingl et a an r i ncl combi.nat i n of at | east
two met af%.° ?‘fi’ﬁ'}l‘gg’fﬂgc?ﬁpg‘ft B E?hﬁ L@ ﬁal u ‘25 dc‘i’rﬁad?lﬂ%i%aé Bt |1 east one
from G omp iddildeBatasact aabméreea@rgmm fazﬁdﬁme @’rﬁbtﬁu:h E:herla thehé br 1h6re aPgas eCi at ed
that "catalytic conmponent™ is ify the nmetal that ultimtely

pr ovi descaeﬂéxhammswntf m’(ebfeaﬁslpwi ?bth% Wéahtsawﬁwgﬁme%ma‘arw PRI tles t he

netal i nmacaays @nybecafm@a 8h £8ircofitl CbhtBRnS Rbport MALAM; 4P the cBBUstGA/N be SUSPENSI ONS,
col | oi dal suscgenm ons, free netal, alloy, or conbinations thereof.

Pr ef er r eRfodugehijisghlorids dieiprecupiars|oa Ay semiatioger the Aaeaoms- @&fﬁ%ﬂvywe@f&snponent s.
[ 0028] QA&@{@&@&M@M&M Helquﬁl%batasféewcméy%sﬁxy%r S&Hmaﬂﬁbtagyasof catal ytic

conmponents ~ havi ng pal I adi um and d conbined w th a thi catal ytic
conponenkertaming tq WA pepdagtionl yt| C corrponent is preferably selected from G oup

\F<|C'IIY} UVSMZE)@Q%%% gu%?g élgaggl 91%%1 Jﬁﬁﬁ%lgd%éﬁose \Aﬁg?i}ﬁ%ﬁge third

c a\gl yt i @rtgio fhemaive em‘sodsmbn@cbte a.:haﬂ b@mnw inNdny ofNbqumbiznf adpiects Zepending d®e, Cs, Fe,

Cu, Co, cnblntl 9 Another
embodi metﬁ?neefls ?faéj mmqe a§/’§1$da§mnncl A’d" BRI naoi‘“ol m1?a¥1§dél}e c{aPst lﬂ nponent S

i ncl udi rigwpﬁaepmlyummpaienqsahﬂfcaﬂllyﬁimn@cﬂddhm@hdxtItﬂtcsdpmmmamial ariisdylmyaya third
cat al yt| ed abov al so i ncl ud in this
enbodi meth Sﬁ%ﬂpﬁyégév hg&?}%rfaga’i\ %?H’c?f’ﬂeé‘?s)aé%%% BAFE 1V'f'1%gmb$i’ ﬁrﬁﬁpg M8t al ytic
colrrPo germppoﬁ%mﬁahaxamggevlﬁte snzgalmndyalse wkmlﬂeifwl{cﬁaﬁd})atalyﬁr 6dilﬁpcﬁ&&ﬂph I eh
pal | adi um conbined with to forma cata at shows
i mpr oved® %%25 Esgﬁ'“gg{y WéV?mTltheecemﬁf F@ag%am%?lnﬁssww ‘X’&ifﬁ'}i%\r ed to Pd/Au
cat al ystsgitable.

[0026]  Catalytic Components

[0027)  In general, the catalysts and pre-catalysts of the present invention include metals and
particularly include a combination of at least two metals. In particular, the combination of metals
includes at least one from Group VIIIB and at least one from Group IB. It will be appreciated
that “catalytic component” is used to signify the metal that ultimately provides catalytic

\_ functionally to the catalyst, but also includes the metal in a variety of states, such as salt,
solution, sol-gel, suspensions, colloidal suspensions, free metal, alloy, or combinations thereof.
Preferred catalysts include palladium and gold as the catalytic components.
[0028] One embodiment of the catalyst includes a combination of catalytic components
having palladium and gold combined with a third catalytic component. The third catalytic
component is preferably selected from Group VIIB, with Rh being the most preferred. Other



that |lack Rh. Also, the addition of Rh does not appear to adversely affect
the activity of the catalyst. The CO2 selectivity of the palladium gold,
rhodi um catal yst may al so be i nproved through calcining during the catalyst
preparation and/or through the use of water-soluble halide free precursors
(bot h di scuY@ePoHesse)) , al t hough t hese are not necessaPgTUS2004838826e t he Rh
effect. [0031) The atomc ratio of the third catalytic conponent to

pal | adium may be in the range of about 0.005 to about 1.0, nore preferably
about 0.01 to about 1.0. In one enbodinent, the catalyst contains between
about 0.01 and about 5.0 g of the third catalytic conponent per liter of

cat al yst .prdf@@3 23talpsicintiede those fvhene de tiinirelytie aimpofient saclectdafrons W, NG des

bet ween t, 1t t .1 [ al L adi,um,.and out. 0.5 to about 10
grans of alb@boﬁdzrpgrﬁ‘f’ ?’t?’ere’ SP’Q%Oatg“%{I%T?P’?&Tﬁ%’ ééaﬁaﬂﬂ ﬁ?%%’f"aqwﬁsgtgge?f’s preferably from
about 10 [6029pboWhoth&embbdiffettad te cailyst heludeiagbinbiabtionalf badititniomp8e36] |1 n one
enbodi nent . for ground catal ysts, ,Au,to.Pd atqm ¢ rati.os between about 0.5
and about‘m’l“.dﬂ’@pﬁ‘ﬁ’?mﬂ%s ?ﬁ’@ﬁ %§°Mdm%5?%ﬁ¥§a¥d°¥ﬁ&’%ﬁ°&ﬁoﬂm? atio can
be adj ustgdisie® abdve) ndyGsotbd ecRi@éd iM itHiyentbobinfehlin PRESTRNY I shothepl oynent  of

hi gher Au/ Pd_weight or atomi ¢ ratios tends to favor nore active, nore
sel ect i v&EMPdinpERiive or mprecaalylls compAnanisdiomthe aboyelist maybe ¢pployedy  atomic ratio

of about [§h30] i S A% SxHYPI& phlaBm 08 o610 Bay BelonBine@ wiB RS HPm dCAthlydttnat t han a
catalyst with a ratio of about 0.§. The effect of the high Au/Pd atomc

rati o on SHPGURBro¥effdrseleptively(i-afecraased farmationad Cohlrompargd torfidititalits use of

r el ati velpg ok CASE #% HaitbY S dolenck BibeardS sl b3y SAEEMDELMY ofthd N T espect to
the fixing ste&qﬁ@groun catal yst may be one where the catal ytic conponents

ar§ contaelyed telestisify of the palladipinagold; diofiymenatalyyt raayrabsabe immavedn t he
particl e gl g8 cﬁlﬁ\?\ﬁg Iglgﬁ'n[ggﬁé &%gﬂﬁpiﬁmﬁonv&?d%%ﬁfugﬁé%& ﬁ%é&éﬁ%ﬁé‘ﬂeﬁ’iﬁ 825 ball

mlling) or one the catal'ytic conponentS are contacted to the support
mat eri al fiaé preqursobse(both dispissed balaw i rithmlighthese brsant needsrretd obsere theRh ¢if084] For

shel |l ca ts £ hi Qf > | f talytic G on the
support t"ﬁrﬂ:;:{?]::ri gﬁwta?rg?\%gasb%? ?glr%n a c?ﬁt%"g% %%8*%@*83@?@3‘6%5%%?@% gér}]ggéfr ed
ranges i meduti@ @05 to etmua b.Ohord preferdbly abino 0101 B0&bofitlirh. I i@ 8mpodimppthe Materi al s
[0036]Asinicteg),in ne pect. o he_inyentiagn. the catalyiic
corrponenf%tal&?c‘f"%éns PR FOOY @eaﬁfclf‘%or‘ft %@ﬁgf'%?%fvg\ﬁi‘tgwcbcé’m@g?ﬁ%eﬂﬁ%g/da suppor t
mat eri al cat@iwitt abl e support materials typically

[0032]  Another preferred embodiment of the catalyst includes between about 1 to about 10

grams of palladium, and about 0.5 to about 10 grams of gold per liter of catalyst. The amount of
gold is preferably from about 10 to about 125 wt % based on the weight of palladium.
[0033]  In one embodiment for ground catalysts, Au to Pd atomic ratios between about 0.5
"~ and about 1.00 may be preferred for ground catalysts. The atomic ratio can be adjusted to

\__ balance the activity and CO; selectivity. Employment of higher Au/Pd weight or atomic ratios
tends to favor more active, more selective catalysts. Stated alternatively, a catalyst with an
atomic ratio of about 0.6 is less selective for COz,'but also has less activity than a catalyst with a
ratio of about 0.8. The effect of the high Au/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below
with respect to the fixing step. A ground catalyst may be one where the catalytic components are
contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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include materials that are substantially uniformin identity or a m xture of
materials. Overall, the support naterials are typically inert in the
reaction being performed. Support materials nay be conposed of any suitable
substance preferably selected so that the support materials have a
relatively high surface area per unit nmass or vol unme, such as a porous
structure, AVOMOPHSI28r sieve structure, a honeyconb stPcumeswe03ss2s ot her
suitabl e structure. For exanple, the support nmaterial may contain silica,
alumina, silica-alumna, titania, zirconia, niobia, silicates,

alum nosilicates, titanates, spinel, silicon carbide, silicon nitride,
carbon, cordierite, steatite, bentonite, clays, netals, glasses, quartz,

puni ce, zrﬁmlrﬂm;@? or BHRRvHERQhd databytioCbifsorbrid arStoRMased mﬂmurapcsrt Qnsid hesraef and

the Iike. Any o the drfferent crystalline formof the materials may al so be
sui t abl e,SuRPo malgrighigs Ben regiepddn $F%uni na. Silica and zirconia containing

support negR| i ab&sﬁérecamﬁtsnméhnd%&é ithElell bftataRHdEdrifoRentd 3t th &upY&l Support

materials are also suit use I n the present i1 nvention. 037] The
support ratesial ranges fom |lout & pal tg aoubF00m. Morp preferied rangrznchide fompoed of
particl eql E%&EQO ~of various regular or irregular shapes, such as
spheres, 'tablets, cylinders, discs, rings, stars, or other shapes. The
support rfe@3e}i aSuppest Meterialsdi rrensi ons such as di aneter, length or wdth of
about | out, fer a abo out cul ar
havi ng a [Eorg ul grs;h% nmi %0 eaSch erarlr(':"ac t§°n \?ecogtl MRS orl;{rﬁ(%?%%eﬁed | ar gest
di nensi ommﬁumlgemdrall&wmm a\naadd(wra sup&onﬁ’matehai aﬂdbhrsmpppnmammlsm@wahy powder

" egul ar ORURE PRTNA=ORe Bl U LR aroor < B REaHP4600t M & one and

about lﬁﬂﬁjoﬂhﬁfeﬁﬂs andftyplicaldy ie&errrteelresuna:eselﬁgqjefr@@&t S&port adatrihls ddy brd about
709~ mi crons, V\AOth nost referre qré]:lzes bei ng bhet ween abou 180 m crons and

about 456°RPEFLHEY Mr-‘g}% ubgfpnce y sglestersodtiahfe SURpaYt aisiszialy have 2

PCTI US20044t3:38 82 surflY ale£pe? ik SYRGr vafmeMlch afSpR@ls¥HhctiRe aSfoléchlat 86kl ons  of
particles sizes. For exanple, for a_fl ui d bedpcatal yst a preferred si ze

range woiRFTe @lhorsacomb stgctynscoroiter witable stypturs, Eersxample, thpwapqrimatenia) or e

cat al yst $nay ortdif GlidadNGRing] itk -ahfhiradRadld, $HQAR, diShiR sBERES BminbRAEE, Surface

areas available for supporting catalytic conponents, as measured by the BET

(Br unauermanepﬂsrmutel sikinen cretidepsilicomaitridseioarhem, corytianits, aleatife. bentonitevaleys, about 1 np/ g

and about, p! %lmp lol and O

exanpl e, tn}e QSO us %%f%%h1){teﬁ9& Orlgtg%ﬁﬁﬁreé% ?Ijebtmsaﬁgrgér t rrat erial my

gener al | yhebidie abmf tie. dif’ﬁir@lt aﬂysialimezfonmgf theanaderpdsahayraisd Iby suitablgte.g. @lpHa aro about

; b(2)u'[mg 0 ééﬂmgalgt%g Coil&d a%d%rco%.ra cont&gx%g E&Bgﬁ mat]:ax%ls 8re ﬁmgno%t pr&ferreadb?ryt S0 to
addition, multilayer support materials are also suitable for use in the present invention.

[0037]  The support material in the catalyst of this invention may be composed of particles
having any of various regular or irregular shapes, such as spheres, tablets, cylinders, discs, rings,
L stars, or other shapes. The support material may have dimensions such as diameter, length or
width of about 1 to about 10 mm, preferably about 3 to about 9 mm. In particular having a
regular shape (e.g. spherical) will have as its preferred largest dimension of about 4 mm to about
& mm. In addition, a ground or powder support material may be suitable such that the support
material has a regular or irregular shape with a diameter of between about 10 microns and about
1000 micron, with preferred sizes being between about 10 and about 700 microns, with most

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes

8



angstrons is desirable, but not required. [0039] Exanples of suitable silica
contai ni ng support materials include KA160 from Sud Chem e, Aerolyst350
from Degussa and ot her pyrogenic or mcroporous-free silicas with a

particle size of about 1 mmto about 10 mm [0040] Exanples of suitable

zi rconi a corW@rWHPI38upport materials include those fr ®eT/USxoRos825Zi r coni a
Sales (Anerica), Inc., Daichi Kigenso Kagaku Kogyo, and Magnesi um El ektron
Inc (MElI). Suitable zi rconi a support materials have a wi de range of surface
areas from |ess than about 5 n2/g to nore than 300 n2/g. Preferred zirconia
support materials have surface areas fromabout 10 n2/g to about 135 nf/g.
Suppor t flﬁy%bﬁblsyﬁa% M\éepélhﬁsp&ssmkammoﬂpmmestm@ughpla ferad flidi ng st ep
in which the |n s% port material is_ heated heatin reducesthe

surface 2FEH Pféeg ii%?rrf‘nﬁ?é‘toé]rdll%ﬂlud(’éoﬁ’lse&“if?”ﬁl EHPIECRRPS USHdR i des a

et hod ofiayere@ dithligs, & BPRKSe of TBILISH Microtdid frefap@iCi fi ¢ surface areas that may
not ot herw se be readily available fromsuppliers. [0041] In another

embodi med038] ¢  Surfecs areasaypilabledor supRoRing S3talyic qompetents, sgimsasired by b BEL i on of C

support @hﬁﬁde@'E%me%%ﬁ T\ehérjlmah&li &Bﬁg&l&w,cmeﬁ%@moﬁn /g EQf avBxx0p! e, at
| east two support materla S zirconta) with different characteristics

may exhi Bi'{e. Hicforablyeaeut 469 In\/E ta @Qu@ﬂ‘@j FOT%%“B%Q oy iAPPROYS SUPPRTS thSePTei t t i ng
pr epar at i\ gfn@hor &@E@péfﬁ Béte}‘iélmy%eﬂi?a?ly besbodfR) 1 t@fabéhlf'é‘ U SlaipPdidrfrly aHoute

activity of a cat st nma al anted agal nst sel ectivi ta/ t he
cat al yst .04 toalp} 1. iZmV@nénemwsrpmmze inghe narge, @t w@pbmfabmpé@fqab%tﬂ@ &l oyed

in a lay?ﬁ%ﬂoﬁ?ﬁfdhﬁﬁﬁl@tﬂupﬁiregln?éﬁer' ng may be achieved in any of a nunber of

differen ppr oac suc a plurality of lanella that are general ly
flat, undeddal edEamrdesmtﬁm)iabiasﬂlmonﬂam@ﬂppomwpds trictudé KA 160feroSeh is to 9 WO

2005 065830, RCTL U520 Q2BEA%s o 5 BUESE AT Bhotc FY0RLAY o 20T

relative cor nera erein, Tayered support
mat eri al :pamylpmabﬂayoutnmhmdabamlbmt an i nner Iayer and an outer |ayer at

| east par, surr oy ndj I he, inn | ayer, The. oute ayer preferably
cont ai ns iddﬁlls ﬁf‘%lﬁsf @gﬁlfcoelﬁf% 3ping.s Bm%?ﬂ'éa}ﬁlgd{’#&h"%ﬁgmi nner | ayer.

I n one Fmdaﬁ!ib JAdbnia e (Aﬁnlaﬁcra) a:ﬁbclbmlthmh gbrﬁyﬁﬁ@kﬁKegyasadﬂh Mégnesth':ﬁferent ]
material g; . but t erjals maybe the i.le the_in may be
o por oBlektioh TR b ool a el AR P& deTpies of IS o8 5PBus. [ 0043]
The | ay elld&ﬂth&rﬂﬂll@@trim’fﬂ@ioﬁﬂdr@ihatm(ﬁ)fﬁﬁgﬁmréferfeﬁﬁuédnﬁ sippodt thateHAlsGhverughe! |
catalyst. But the |ayered sugf material offers a well defined boundary

bet ween 158 gmahoulk0 IL%to g@ﬁyb m ﬁﬂlt Suppox{ materials may have their surfaces treated
through a calcining step in which the virgin support material is heated, The heating reduces the
i

surface area of the support material (e.g. calcining). This provides a method of creating support
materials with specific surface areas that may not otherwise be readily available from suppliers.
[0041] In another embodiment, it is contemplated to employ at least a plural combination of
L support materials, each with a different characteristic. For example, at least two suplport
materials (e.g. zirconia) with different characteristics may exhibit different activities and CO;
selectivities, thus permitting preparation of catalysts with a desired set of charactcﬁéﬁcs, ie.
activity of a catalyst may be balanced against the CO; selectivity of the catalyst.
[0042])  In one embodiment, plural different supports are employed in a layered configuration.
Layering may be achieved in any of a number of different approaches, such as a plurality of

lamella that are generally flat, undulated or a combination thereof, One particular approach is to
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that have catal ytic conponents and the areas that do not. Al so, the outer

| ayer can be constructed consistently with a desired thickness. Toget her

t he boundary and the uniformthickness of the outer layer result in a shel
catalyst that is a shell of catalytic conponents that is of a uniform and
known t hi ckri¥@3005/¢5884] Several techni ques are known f @CTasems/basgesl ayer ed
support materials includes those described in U S Patent Nos. 6,486, 370;
5,935, 889; and 5, 200, 382, each of which is incorporated by reference. In
one enbodi ment, the materials of the inner |layer are also not substantially
penetrated by liquids, e.g., netals including but not limted to alum num

titani Umutxﬁb@uc?cbé’sﬁ@!}'eﬁf@lop@é%s@ﬁatﬂ@ 1PN fial ¥Bre MRS gdrefal, Ihgteuﬂ Bped | ayer
include, but are not |limted 't alum na, silica, stlica-al um na, titania,

Zi r coni a SURPPBBiatErials fypicalky ‘é%‘“deé‘F [??ﬁf AbIBRT layeraed an euter dayst & deast pagielle| | si | i con
carbi de, sﬁi’duh&%ﬁé‘th@ il 1% BRRR layd sfe@%w Joﬁtmnﬂmaﬁﬁaﬁy m@ﬁ:‘?}f%hl?& clays,
met al s, | asses, quart pum ce, " zeol It non-zeol itic nol ecu si eves
and conbmmqnemtham@pmr laysr. Iploéff @Fhoé@emﬂﬂlemwépufﬁslaﬁﬂ gremadprd KA160, in
par_tl cul %{ffe{anlgA‘t@JialsT Iﬂﬁﬁﬁe rg?cér?a‘ié e‘ﬁﬁ's&:ﬂe %‘E M@uﬁ%}?aﬂem%fbelrﬁx F [{fybe ina
variety o orns sud regul arl’y shaped particulates, irregularly shaped
parti cul aﬂesemhoéhneetswclmammperrlayprgbat1seloaxus wagon wheel s, honeyconbs or

ot her sh h ticul ate | pner r Ny red. The
i nner | a@tﬂﬁ 2@%‘3}{”& sﬁg"rl (?éal p?%fé?%lgﬁegl@ ah? eff %%ﬁ cacfh gsrre?gt:tﬁ%f about
0.02 mMm ﬂayeradbmpporfiﬁa@nalmsﬁbmldremdei‘ned bdnhdary llsemaealdmuteaﬁ)oﬂm suppartmahmllt 8.0 nm

[ 0046] The uter st | ayer ayer. struc e ichis

por ous, Hﬁg qD CRMPHL® 5@%‘3?%8%5% %“f u%erﬁfwr&:g te%00 n2/ g.
Thé mate uraisteﬁﬂy Wiiea dﬁéir&l’thlhlﬁié&l’ Tb §eﬂ&r fie béndary 1&& M&Qﬁﬂﬁﬁ&&’é Qf the
PC&H’USZOO4/ 038825 ceram c H‘ﬁ ation thereof, apd._in gne epbodi nment
it is sePuetlavrreeyhingehl ‘W’élyﬂéﬁt ls(?*é, oll ofjoptplytip comppRents thaf jsof p pajformiang. o i 5

ni obi a, ghdviBkRRess. al um nosilicates, titanates, spinel, silicon carbide,
silicon nitride, carbon, cordierite, steatite, bentonlte clays, netals,

gl asses, (944 t zSeverglishmiquesaspiriowa for creaingesre syapor Blatsaipls mclu#s%g and
conbi nat yQBSoell RETROPat & oL 6ABETAPS Y34 430! ah'lqg 2088857428 of Whikh 2.

silical/alum na, zeolites, non-zeol1té nolecllar $ieves (NZMS), titania,
zi r coni aincernerated Ry tefesence. Hepmnbosmeﬁ. toe materialppd thesinperddyerise dsarobni a, silica

and al “”Mﬁi’ta:gc{s llggémg{lf’cfﬁyqﬁgld {ﬁi fls 1n&1§h%fb7b%tﬁﬁvﬂhln ed Q%luﬁ’dﬁtﬁ‘ﬂ G typically

surrounds -su ti re | nner ayer
and zirconium. Examples of other materials for the inner layer include, but are not lu:mted to,

alumina, silica, silica-alumina, titania, zirconia, niobia, silicates, aluminosilicates, titanates,
spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays, metals,
glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves and combinations thereof. A
preferred inner layer is silica and KA160, in particular.

- [0045]  These materials which make up the inner layer may be in a variety of forms such as
regularly shaped particulates, irregularly shaped particulates, pellets, discs, rings, stars, wagon
wheels, honeycombs or other shaped bodies. A spherical particulate inner layer is preferred. The
inner layer, whether spherical or not, has an effective diameter of about 0.02 mm to about 10.0
mm and preferably from about (.04 mm to about 8.0 mm.

[0046]  The outermost layer of any multilayer structure is one which is porous, has a surface

area in the range of about 5 m*/g to about 300 m*/g. The material of the outer layer is a metal,
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necessarily the case and a sel ective coating on the inner |ayer by the outer
| ayer may be enployed. [0048] The outer |ayer may be coated on to the
underlying layer in a suitable nmanner. In one enbodinent, a slurry of the
outer layer material is enployed. Coating of the inner layer with the
slurry may B¥O 288869201 shed by net hods such as rol ling, pdirskeogoessssrayi ng,
wash coating, other slurry coating techniques, conbinations thereof or the
| i ke. One preferred technique involves wusing a fixed or fluidized bed of

i nner layer particles and spraying the slurry into the bed to coat the
particles evenly. The slurry nay be applied repeatedly in snmall amounts,

W th i Nt QeMBR] §G coftbibhiiteh thdrSfHh@ i S erfbbdRREneH islsB¥QEd £otA blubSnalika] y uni form
in thickness. [0049] .The slurr utilized to coat the inner | ayer may al so

i ncl ude a&Hiya-alpmipa fiispizs zireomia, pipkip siligates, luminosilicatss, ditanates SRIRGL, Slla’Flnor gani c or

i nor gani GaRedileen a&aetc&b%atcoﬂx&h& gtshuﬁehs‘enﬁ%@aannmeias élﬁk@esodrllaﬁi layer to an

underlying Iayer or nbi nat 1 ons t her eof hi s organi c bondi ng
agent i n(le}tP& zmjttesarp@-ml@uq malpculagisieves WAomhy%tms(t}apw@fpiyﬂ E@feFii!i'bUB‘éUdenet hyl

cel | ul os il L Girbsyadi ng agent
whi ch | o SRR GRARARLL Vs i 9 e I BuRERUR) 0P AR 00 bout

15 wt % @hd mh&@msdh@MaSvemﬁc@xmlﬁsmluldammommdmamaltlmndpmmaglemns Exanpl es
of inorggpigebonding agents are selected froman alunina bonding agent
(e.qg. Bohnlte) a silica bonding agent (e.g. Ludox, Teos), zirconia bonding
agent (e. [@471 zi Modathe oatcelavdr@pmallycsnfrblmddmbstmmaupnhe a:)txmmnerdaybt,ﬂastxs osts

t her eof . of ) a .bondi n ents de 8 ica s and silica
gel | whi PE SRS gt apre iR B st g by HeRuBt S Rai e sor
beg;onltempﬁgﬁnlte and alunlnun1n|trate The anmpunt of inorganic bonding
agent 1 / 06582 us2004/ 0 range.fromabouyt 2 wt %to
about 15 o of G G C&Fcﬁnedc?ﬂt‘{ﬁéu?ﬂﬁl-‘@g ‘é‘?}(‘-ﬂ %‘Hﬁplfﬂé“nebgﬂﬂ?%g agent .

The t hi cknBsSmék, atsheryQEiheloulePldRF maRNal istigpfoytd. COLBR Y ine tindd lyepRah te about 500
m crons and preferab y. bet ween about 20 m ¢rons and about 250 nicrons.

[ 00501 o%legyfnﬁ)é 5 4epRanpishisddy medhodsyeheas rolling, dipRiEs. SORRBRS. MeteFoatig gthefas | t ant
| ayered sMRp Z%kémuquaecaﬁunﬁaons%&&fa&hmch@ae bﬂ%ﬂm@&tc@hrﬁ@df R FRRoALr e of about
0

100C to about 3 for a tine of about 1 to about urs) and then

may opt i 8¥ieg 3 fxeder ﬂl&ﬂl@ﬁi@d ofinngy layerpaniclss andspigying he gurrgodsbe byl tagealit 900C
(e.g. foehe§a151@@¢m tlurgmﬁaytbg y,g}ae %Ja%di}%ﬁ&u dnRufBABGRReRME N9 the

outer |aye to 1t nder l'east a portion of I1ts surface
and pr ovfgmgato peyise aul Olda'tlwey@at iskigigpurtiform in thickness.

[0049]  The slurry utilized to coat the inner layer may also include any of a number of

additives such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of
the outer layer to an underlying layer, or combinations thereof. Examples of this organic bonding
agent include but are not limited to PVA, hydroxypropylcellulose, methyl cellulose, and
carboxymathylcellulose. The amount of organic bonding agent which is added to the slurry may
vary, such as from about 1 wt % to about 15 wt % of the combination of outer layer and the
bonding agent, Examples of inorganic bonding agents are selected from an alumina bonding
agent (e.g. Bohmite), a silica bonding agent (e.g. Ludox, Teos), zirconia bonding agent (e.g.
zirconia acetate or colloidal zirconia) or combinations thereof. Examples of silica bonding

agents include silica sol and silica gel, while examples of alumina bonding agents include

alumina sol, bentonite, Bohmite, and aluminum nitrate. The amount of inorganic bonding agent
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The drying and cal ci ning steps can be conbined into one step. The resultant

| ayered support material may be contacted with catal ytic conponents just as
any other support material in the L.. production of catalysts, as described
bel ow. Alternately, the outer |ayer support material is contacted to

catal ytic cO¥pWHEMERObefore it is coated onto the undePCYiUAZP04/esgs3s. [ 0051]

I n anot her enbodi nent of the |ayered support, a second outer |ayer is added
to surround the initial outer layer to format |east three | ayers. The
material for the second outer |ayer nay be the same or different than the
first outer layer. Suitable materials include those discussed with respect
to the fimstragstiemn dbayterwt o7 habomtl b eyl «f theapibiydatiog of the osteclayed amither | ayer

may be the sane or different_than the nethod_ used tq apply the piddle |ayer
Do oui ¢ ABPEE e I trFornaEbY S0 S e SO D S SSPRET BB R 11 1 st

out er | ay@icronéAr@PRdfEralily bdriédh @Bdu 20 miRed kfdGibRg 856 Sicedhsdescri bed may suitably
used in the fornmation_ of the second outer |ayer. [00521 The initjal outer

| ayer mayl®®30] mayPrae the kmeg layenis cagted witl the Quishayfrethe Lesulgnhiayesed sypportyell second

outer | anRldrg®¥udilas BPNeald at ¢ WdipBlafurdstabduy 1doeC &pamm@mﬁgl for BekBopUt €T
| ayers contain catalytic conmponent, then preferably different catalytic

conponent 2ogrldo ahoat4 hpushad thegynay optiogpiyhe salpined-at & tenaperpbire plbae380°Q v t he

case. |n QReuPs®bFE d & thraHRRGE ML 0.5 oldBout M) hdid) iPthh&lce baEls thdles 1941 contain
a catalytic conponent. Contacting catalytic conponent to the outer |ayers

my be deéongirlyish égetpyen aipastapaatianed itosurfagsrang provide p tnycredieatalwstappased bel ow.

[ 00531 | ' . Ak EL 8 I ' lytic
component " aae HE P EnAE G o coBbinkfhta el e BRI REpRL

c (c):frrrpo nentmateyial iney beecontpdted with cataltic corponetits josiaeamy ofier SWEPRODBIEDE FBREO

PCTT US20 e f Al i i i ae.J nner | ayer.
The. secortiPaaih et pat-hs SEBEEol? ARl ine bite TR hBEort Babf i 10
cont ai ni regntac¢deb yatalgticcomponeets befofeGOS ddate@bhe theamildrlybrigdayeechni ques nay be used

to achi ey t hree l.ayer.ed. su rt material in i.ch one nore of the
outer | aﬁ?@ comt ﬁohc%%bgﬁweflg&%ﬁﬁ'ﬁéﬁ‘fpg?n’laﬁﬁcé’g ?"t?rﬂ@’ef ’é{ﬂg‘{eg&o suppor t

Imstt eri al shﬁoﬂﬁdthelit?i?ﬁlb?lﬂr lhybrtdr‘]ﬁ)ﬁleatllﬂytﬂlhﬁe lajee. Tmlﬁmaieﬂﬁllfudﬁe ieﬁtbtfd,oufc'f ve Oi’ nor e
ayers, sone or 0 hi ch may contai-n catalytic caonponents. [0055] In
bt 1 on IOFT s Hbasems b (e PR e B e AR B s Posebor woen t he
layers afiscisi@! widyredped tS]p BRE sutdFidyey Tk metBbdRF agplaisihié fbémdloukBlaje. J.

porosity, particle size, surface area, . .
may be the same or different than the method used to apply the middle layer and suitable

methods include those discussed with respect to the first outer layer. Organic or inorganic
bonding agents as described may suitably used in the formation of the second outer layer.
[0052]  The initial outer layer may or may not contain catalytic components. Similarly, the
second outer layer may or may not contain catalytic components. If both outer layers contain
catalytic component, then preferably different catalytic components are used in each layer,
although this is not necessarily the case. In one preferred embodiment, the initial outer layer
does not contain a catalytic com.poncnt. Contactiﬁg catalytic component to the outer layers may
be accomplished by impregnation or spray coating, as described below.

[6053] Inembodiments where the initial outer layer contains catalytic component, one

method of achieving this is to contact the catalytic component to the material of the initial outer
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pore volune, or the like) of the support material may vary between the

| ayers. [0056] Methods OF Making Catal ysts [0057] In general the nethod

i ncl udes contacting support material catalytic conponents and reducing the
catal ytic conponents. Preferred nethods of the present invention include

i npr egnat i ng¥Q WBSSERA| yti ¢ conponents into the support PABAUSDHI3S828al ci ni ng
the catalytic conponent containing support material, reducing the catalytic
conponents and nodi fying the reduced catalytic conponents on the support
material. Additional steps such as fixing the catalytic conponents on the
support material and washing the fixed catal ytic conponents nmay also be

i ncl uded 1dyér tefoge the mbefal &f appRddite the irer 16@F. afheStcofd oérdayerinay tesppliedagre of t he
steps listed, above are orptional and others may be elimnated (e.g. the

washi ng H5dNFal PpSplaxsr oept ot coptaining gaialnincompansit st eps may be repeated (e.g.

nul ti pl e [gosAr eg0atet ARk teblintques BHDE uddddo hdhRvOS R 15Erell Bpsik RRGHalTRY be
different fromthat |isted above (e.g. the reducin 3'1? precedes the

: ste
cal ci ni nyhishapg or mage of the.qufer javers fatalytis sorepnentt t PHRgd SReBYeHid SUPRIBL er ni ne
what | at gfarefhiGPSot Biu@ed @B afedd, bit Ry HRABTME BvOr mdrb Gy&8 sty S all dF0058]
Contacting Step [0059] One particul ar approach to con%’actl ng is one pursuant
to whi chwaith 8§y coniin cataiyligicgmpongats. pre-catal yst is formed, an egg white
cat al yst I[t%ﬂp.r emGRakiRbY He nhﬁlb;r%We ofBtafid cd 59&&&*1941!%3?%&%&{1%:: laftrs

pre-catalyst is forned or a she catalyst or pre-catalyst.is forned, or a
conbi nat phe lajrsedsypport materish etheribewétenistics (e gty peticle iae, strfacearshel |

cat al yst rred. . 38825 [00601 The
contacti ﬁ%‘gg‘?gﬁgﬁ%gﬁ etljlggc?gghrgf%O%&QQﬁ%?%S%%Hﬁg%&&ﬁ%ﬁgﬁgport mat eri al s
deScri befd056]boviethodst Of Makid alwtsr coni a and | ayered support materials

comY ai ni irconia i ng.the st favored. ' The .contacting st S
preferab P@S@ar r egane(gagﬁwﬁe ﬂ%?ﬂﬁ‘}"gﬁf S QORRHIDE SYRRPE m&ﬁﬂglﬁ ?tgg'gﬁ?oél% OE%ﬁ%nfii ons;
homever,reﬁmﬂrmedca]?ﬂytelcgmmﬂst .tl?emﬁmh_ tMMcﬁSoﬂheﬁ'E@ﬁtﬁ'W@ﬁomgd}ldbe enpl oyed.t |
0061) In one preferr contacti.n ep, .a support aterial .is inpregnate
\[Nith Z)nem&re the (AL SOmRTPERS ‘Bﬁéﬁe gﬂ°ﬁér‘36ﬁr5‘1?§f’§;?‘f“85 h’&ﬁ"ﬁ%ﬁté%t s ?P ef gr red to
as pr ecUgdnHon&® bottdidnSsuppolt1Rat@thy, séducihg the tadiRicRbmbhiRnS URPA6difytiatiey | al duri ng
the contacting step may %e a dry solid, a slurry, a sol-gel, a colloidal
suspensi BAYSEH CatHEiq compponents o P siprod mateE#h éﬂi’lﬁﬁfﬁ"y?teﬁs mecheafiargtiec conmponent s
cont ai neghtdificlcBRpdieRS Ui 0 Suppott Hialef4] aRd Rashing the fixed catalytic components may

also be included in the method of making the catalyst or pre-catalyst. Some of the steps listed

above are optional and others may be eliminated (e.g. the washing and/fixing steps). In addition,
some steps may be repeated (e.g. multiple impregnation or fix steps) and the order o'f the steps
may be different from that listed above (e.g. the reducing step precedes the calcining step). To a
certain extent, the contacting step will determine what later steps are needed for the formation of
the catalyst.

[0058] Contacting Step .

[0059]  One particular approach to contacting is one pursuant to which an egg yc;lk catalyst or
pre-catalyst is formed, an egg white catalyst or pre-catalyst is formed, an all throughout catalyst
or pre-catalyst is formed or a shell catalyst or pre-catalyst is formed, or 2 combination thereof. In

one embodiment, techniques that form shell catalysts are preferred.
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wat er soluble salts made of the catal ytic conponents, including but not
limted to, chlorides, other halides, nitrates, nitrites, hydroxides,

oxi des, oxal ates, acetates (QOAc), and amnes, with halide free salts being
preferred and chloride free salts being nore preferred. Exanpl es of

pal | adi um sQ 200965828bl e for use in precursor sol uti onPCrustondessRdC12,
Na2PdCl 4, Pd(NH3)2(NO2)2, Pd(NH3)4(0OH) 2, Pd(NH3)4(NGB)2, Pd(NG3)2,
Pd(NH3) 4( OAc) 2, Pd(NH3)2(QAc)2, Pd(OAc)2 in KOH and/ or NMe40H and/ or NaOH,
Pd(NH3) 4(HCO3) 2 and pal | adi um oxal ate. O the chloride- containing palladium
precursors, Na2PdCl4 is nost preferred. O the chloride free palladium
precur sor[oosgl t SThd ddftabiitlelsRWinldY bl &H{ed%ﬁﬁlsﬁiegnmftﬁe Rp s Ehdahs Reibldd) 4( NCB) 2,
Pd( NOB) 2, dNH32N022 Pd{NH3) 4( OH) 2. 'Exanpl es of gold salts suitable
for use PPPVErVéglﬁllscérZIY§?}1lﬁﬂddWﬂ°¢ FHPPRFBAlpAl OntaipmgEirgoniakeingdhe mpsAuCR, NaAuQ2,

NNE4AUOQfav6H& GPﬁéc%nﬂaamﬁgép b1y DMRA Gt A2 Wgrlﬁ tené’p%ra‘déb' bdQRdsdurt N NitriC

acid, with KAuQ2 bei ng nost preferred chloride free gold

pr ecur sorenditpay hﬁwe@r ﬁdll?ﬁld@ﬂ Flaweéma@mstoabﬂetsuﬂe@mamhﬁeemmomﬂ -ecur sor
solutron ncI t he above
descri be t i rdchat yti c %ﬁaghatsg )s% S%{%elé?fetg%ﬁ% %rélé@%

Furt her rmqrspusrmlmeortsbﬁtheoﬂdymedompmyﬂs&eiasauo mpracmovamutpnsc ﬁhsphysrsail ution.

For exa alad t.m e ¢ Itor t wo
di ffer en?ggeoﬁh 315{ H]ds%ﬁnfth%coxtcabh %ang‘b%%é&nfﬁgg |ar§ fge""l *Br ecur sor
sol uti oncollardebmmnmorsmltham@ns typically may be made by di ssol ving the
sel ected sal t th or ub|I|t difiers such
as aci ds[(ﬁ)%ase B © ﬁ#érpe"\s{\g]it‘e\)’&myém °°ﬁpﬁ%?’wﬁ8ﬂw§ Q‘yesﬁ WY al so be
Labl ewatl-xflsom&@ﬁ&iﬁ%%&@ gﬁéﬁﬁicld%ﬁﬁﬁﬂtQM%g brmmmmtarm cmllrﬁﬂw sor I (
uti ons nate onfo t support mater myl t aneousl y e.g.
co i npr e@ﬁgﬁflg‘%’ ‘B‘F H@‘ﬁt IW&T‘W"VCS&H’H a @S’raﬁe&t?féﬁéfalaan‘{ FBGoH™ he use of
one or nydlide ﬂE@salt@EWr&@&ed%h EH16r28 Sree dAItE Eblﬁghﬁﬁ@pﬂfenﬁ@r&aﬁﬁle@bf’t I C
conponents, _a conbi pati on of simultaneous _and sequenti al g{) atr on may

be used. Paisiug,salissnisablefar yse i RIsrEPRFORHORSIRAHIREICly R4y 8 br ough t he
use of apgiNagl@®HY, @aﬁ}gsam@wam%z,@aehw@ﬂoﬁ @d@ﬁisﬁgﬁ&n 'T‘H(cﬁ%%' on),

recur sor sol | n addition,

foll d b
o cat al yKPH andlorUGH anidey NSOE, PSNEGHHCO: o nebiscimp e, lon shigridin mal {1 o1 s
SePS, UGB BRiebO8hed NP0 sGBho ki, CHTRANGRI, s Rl o0 each

time. For exanple, one sultable protoc may inclu |rrpregnat|ng with Pd,

f ol | owedpriesursonsalte dirafollowingouharpihe mogiprefamsd: BY(NHpiNEYhald(NGs)agai n wit h
Pd(NH;)2(NO2);, Pd(NH;)4(OH);. Examples of gold salts suitable for use in precursor solution

include AuCl;, HAuCly, NaAuCly, KAuO,, NaAuQ;, NMesAuQ;, Au(QAc); in KOH and/or
NMe,OH as well as HAu(NOs)4 in nitric acid, with KAuO, being the most preferred of the -
chloride free gold precursors. Examples of thodium salts suitable for use in precursor solutions
- include R:hClg, Rh(OQAc);, and Rh(NQs),. Similar salts of the above described third catalytic
components may also be selected.
[0063]  Furthermore, more than one salt may be used in a given precursor solution. For
example, a palladium salt may be combined with a gold salt or two different palladium salts may
be combined together in a single precursor solution. Precursor solutions typically may be made
by dissolving the selected salt or salts in water, with or without solubility modifiers such as acids,

bases or other solvents. Other non-aqueous solvents may also be suitable.
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Au. [0065] The order of inpregnating the support material with the precursor
solutions is not «critical; although there may be sone advantages to certain
orders, as discussed below, with respect to the calcining step. Preferably,
t he pal |l adium catal ytic conponent is inpregnated onto the support materi al
first, withWorWSHs¥28g i npregnated after palladi um or Pcaais2o0éBsgds um or
other third catalytic conponent, when used, may be inpregnated with the
palladium wth the gold or by itself. Also, the support material my be
inpregnated nultiple times with the sane catalytic conponent. For exanpl e,
a portion of the overall gold contained in the catalyst maybe first

cont act eqoosipl | auesteddysof HNItRES IniObeGiprégBRE 6Mtd tHeQtppotinaidrial fifuigAtdlstyOne nore
ot her steps ma i ntervene between t?l

y > e steps in whic old is contacted to
the suppdr-& hipRipgnation) ar syqueutipliyiand gy be @ewm%&%ﬁ#dﬁfdgef’ e RETOBE66] The
aci d- bas @raefi@drish1Btiddk. Wi HRESLSIHRO¢ataBAik WAt B YorhBlhdtién BESmURALNEr a co-

i npregnation or a sequential inpregnation is _utilized. Thus, only precursor

sol ut i ongndfeayentialjimpregnatiopamey. heaisel. Forppmple.satadivm #d thedivm mgys her in a

Cco- i npr egRALiARd #h&ih tehkSors! s}%ie@?&%or@&ﬁtiorﬁ GreB B5R S BaMble@RBorf)Nat may foul
the precursor solutions. (006/] For the inpregnating step, the volunme of
pr ecur sorfollpyied by impragaatipa wath agrecursorsplaiion; of theg rbsﬁs’é’(gmg, acgtalyie ween about 85%

and abourcor;zﬂ&%t%{aa:op Wg%g@ %ﬁg’}gpﬁﬁ rald aﬁn‘r‘fﬁggi[:fe st0B, Shch¥hat o P{%@&wﬁs bet ween

about 95% anhd abo re volune of the support terial are
pr ef er r edhe catalytiqennwopanbissprtiyited each tieee Hordsawple 3B¢stitable ptntarr] DOmARdet he pore

vol une. ﬁgg(za . . | |V pr ecur sor
sol uti on%lﬁ%r%a d fhg%?ﬁégvsvup%o‘#?é%‘tﬁ{ég‘?gfﬁgr{%do?%ggkh%ﬁngﬁlgr%%?vﬂgl is
al{ owed a#sorb the precursor solution. This may be done drop wi se until
i NCT pi en tness of the support material. is bstantially achi.eved.
Al t er nat :[nggﬁ eeor‘geﬁ St)%n P f‘)’é‘tfeé]’ppﬁﬁf}] 3%5‘%1 vﬂfhzgee%'e%‘?oéﬁhhh\é%st &S n%tr batch w se
i nt o t he crtical; diffmogh thek oiay bélsomd at GintgdsmEttain ORleny asalisoassed tehsi, sdthve appar at us
may be used [0 .achi eve thorough cont . between the support terial and the
b Scur 5O PSR A GACImAg SR ProrSablys (P8 palAGiyR e i B OTIOL H FCHIGHIAEA BP1 e
% ecur so meﬁqipuﬁ hg&ﬁhl&irstmtwl | bel(ijﬂgrimpu@gm&d Bftet phifadiuid, Or ngte Rguﬁm bt othigat er i aIb :

ere it _ahsorbed. tion , ,decanting, eat or duced pressure may be
used to MESHaAYUGRPmR ’E&%g"%f’l? ‘é;ﬁﬁldf‘aﬁ ?‘"ﬁ’é&ﬁ?‘ﬁg‘ﬁ‘?}bv P?}%ﬁ’é‘ﬁ‘p‘ﬁﬁ?ﬁ“’ g‘hlaf’%ri al or to
dry the sypRar AlsBRhedubfdrt Bkl mafhe iBRBAdtddmultiple times with the same catalytic

component. For example, a portion of the overail gold contained in the catalyst may be first

contacted, followed by contacting of a second portion of the gold. One more other steps may
intervene between the steps in which gold is contacted to the support material, e.g. calcining,
reducing, and/or fixing.

[0066]  The acid-base profile of the precursor solutions may influence whether a co-
impregnation or a sequential impregnation is utilized. Thus, only precursor solutions with
similar acid-base profile should be used together in a co-impregnating step; this eliminates any
acid-base reactions that may foul the precursor solutions.

[0067]  For the impregnating step, the volume of precursor solution is selected so that it
corresponds to between about 85% and about 110% of the pore volume of the support material.
Voluines between about 95% and about 100% of the pore volume of the support material are
preferred, and more preferably between about 98% and about 99% of the pore volume.
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[ 0069] For the inpregnating step, the volune of precursor solution is
selected so that it corresponds to between about 85% and about 110% of the
pore vol une of the support nmaterial. Vol unes between about 95% and about
100% of the pore volune of the support material are preferred, and nore
preferably B@@ﬂ@@ﬁ“ﬁ@out 98% and about 99% of the por e PEBIUSINE403BRO701
Typically, the precursor solution is added to the support material and the
support material is allowed absorb the precursor solution. This nay be done
drop wise until incipient wetness of the support material is substantially
achieved. Alternatively, the support material may be placed by aliquots or
bat ch w $68Int oTydiellp tisoirecasor shitio is@dded fo thesuppernimetesil amd «he sippbrer  assi sti ve

appar at us .be, us t chi eve t harouygh contact between the. support

oo I maEd IR theh B RO Al RS re dahe Rty RE Bt B e used
such thatveh%_omlhe@%pswma&ﬁﬂlﬂ% dubsimitb' iglly @ﬁi&ﬁweﬁllt'&hitﬁglghthas@pmmﬁﬁalmyt he uced
support terial, where it absorhbed. tionally, decanti.ng, eat or reduce
pressureEH %gyﬁlé%‘atspbbart Véntﬁﬁvpé??%%’sgoﬁup%ipd%zmﬁil ¥oheby the support

mat eri al a@stiveapfiritud MGy KUBRILDS bchigve Gotaigh entabibetwthi B8 BdipbA tatediflAdd he Ot her
contacting techni ques may be used to avoid a fixing step while still

achi evi ngreghrsag glptone gt“gfe?é‘tsl?‘.alt@)"r"icé%}i‘ﬁﬁ? esed pugh QHaS/Q‘F BrecUIAR Sofwiands may be

cont act eghrhyRd Sirsish B abIzidBalcRhd @bpdrithALISH whareGBIGR! OpaRAlly, dBRafid | on
process, ‘such as described in 2001/0648970h which i's incorporated by

r ef er encheat @ redyicedsprpssyre a9y be wigd torremaevsanyFxsess lignjidrotghsozbed by the svrpgrtpr e-

| mpr egnatgd; gg%pﬁ ' . iod.ayer, on to an inner |ayer

ef fecti ve%ynfﬁgfﬁs%%ﬁel 5%2‘%’57‘???@%%&%%@’1 al so be described as a | ayered
support [A86Yr i aFor theimaregnatiag sters lervplywe of precuisey RBUSH Bee! PRt 1S2004/ 038825
or ganomne ' 0 0y | oS i i th respect
o gol d. P HeP BeleaRsy sy il Bath | 5y R IRIBR e AR iRt " PoPY
No. 5, 70¥phib@s batéen abaus 93% ewi gboutd el obthe pore fauenciihe jupporPbatériabrgsi cal shel |
formatiopn_techni gue na | s0,be sui e for oduct ion of shel

cat al ystgr.e%eﬁegér]’gf‘&]'tnﬁlg pﬁe?eéﬁ?a:bl rbscg"r'eegglf O&E ?@ﬁm#ﬁ%%gggﬁ?g’%gegﬁ%ea heat ed support
mat er i al (0070]a Tyyalg thepupmostsoEes hdiled tovhesuppdriiRatatal meithe sppdrhe precur sor
sol ution_evapor at es ypop ,contact w.th the heated support nmaterial, thus
deposi t | RECTHE Fara) 66rR e FrRptne sobtion, THISaBr Ao ARRORS RS bBFPIat or i al |

Pr ef er abwynesk 6ffRe suphoit Meterd? IsWFEenAdlIdthided. aRRerdAV&ly, TRY/supfortiftetial e

tsmoﬁ K Aliged L alfi s o bateh vise into fhe precirsat sclttion: A roto-ishersion or oiee 2t ure of the

assistive apparatus may be used to achieve thorough contact between the support rna}tcrial and the

precursor solution. Further, a spray device may be used such that the precursor solution is
sprayed through a nozzle onto the support material, where it absorbed. Optionaily, decanting,
heat or reduced pressure may be used to remove any excess liquid not absorbed by the support
material or to dry the support material after impregnation.

[0071]  Other contacting techniques may be used to avoid a fixing step while still achieving a
shell catalyst. For example, catalytic components may be contacted to a support matlcrial through
a chemical vapor deposition process, such as described in US2001/0048970, which is
incorporated by reference. Also, spray coating or otherwise layering a uniformly pre-
impregnated support material, as an outer layer, on to an inner layer effectively forms shell

catalyst that may also be described as a layered support material. In another technique,
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CL the flowrate of the solution through the spray nozzle. For exanple, with
t enper at ures above about 100C, a relatively thin shell is forned. This
enbodi ment may be particularly useful when chloride free precursors are
utilized to help enhance the shell formation on the support material.

[ 00731 One SKQPRaogessg2d the art will understand that a caeqiruszioi/assef the
contacting steps nmay be an appropriate nmethod of form ng a contacted
support material. [0074] Fixing Step [00751 It nay be desirable to transform
at least a portion of the catalytic conponents on the contacted support
material froma water-soluble formto a water-insoluble form Such a step
my be roegaﬁds:ﬁaﬂh& ﬂe@ﬁso?s Sficathlipet osﬁls&aentmaﬁmﬁmymaﬁw 018184 e¥isapp! yi ng a
fixing agent e.g persion. in qg such as a solution) to the

i mpr egnat@@@@?ﬁﬂw@lmt%ﬂfwbm'&ﬁ %aéra Q 5a100,75% adichas iBeATParEFd B ¢ he

cat al yti Geg@ponents to precipitate. This fixing step helps to forma shell
catalyst, but is not required to formshell catalysts. [00761 Any suitable
fixing ad@‘ﬁﬂl mays thesical sigll fovmationfodiniand mievalsode guitableiferl the meduallonlafdﬁ/e@m des),

silicate tions being

preferr eg:?tagﬁg aﬁ%?e éé?%%%gﬁﬁ@%!gﬁ gensﬁé?m@d?ﬁé tlIE(Px@ﬁ‘!’l’ﬁ(ﬁla'énEﬁg}gccorrpl i shed

by addi ndayeted suppsit mgtedgiewbere the sdient aithpporcursomstiondvapreiterupon ctichg or af t er

the precyr. Q 1€ s | . Typically,

the fixi lr?ﬁﬁlgléeen?tlemdpg @%ﬁ%seqﬁgﬁ%‘gg’feﬁﬂﬂ onctomgﬁl%ﬁg s?eplgfljgﬁ that the

cont act edu@upmtmahﬂ’h-ﬂ"emtﬁy ténspeeehiray\betsletroabomalil ahd1140PE nfai ke wgd.aDlent sol uti on

for abou 24 _hours he specific tine ends upan.th

coti nat st of I Sy 8 GiroSid Fo REO Rt tomperefies b eroteg B0 Bsa20
USZOW%fmagaﬂﬂion throd@a thd ¥raly ﬁ@zrz&g Fat dxgxgglstveim Jer%ﬁerﬁ&ﬁs fobve devi ce,

u roto ime atus cribed in Pat ent
5, 332, 71(91’0%%9 ‘i"§{af‘YFg Ba ‘é&’“ﬁ@féﬁhﬁeﬁi’ WM@EPW é’d&é’rﬁ@@eousl y be

used in therdd ﬁ@e@&c%&pmmﬁﬂ lo nERpeenhidn¥d Meshl RmBERoA dAehupsifthdtehed i n one
or rrultlple ste%a referred as a co-fix or a  separate fix. In a co-fix, one
{2

or nore \W¥78hes 08¢ skilladjin the grt yibynderstand fhat g,gombingtion of tg codactipgsteps §19Y act ed
support Rprigt hittho@ bt fofnlify £ & EoMESQPr solutions have been

cont act egg iﬂtp suppgrt r?atggrilia &&\?\ﬁupﬁé t he contact was acconpli shed

t hr ough t[Wé%se.ﬁmg@m or multiple precursor solutions. For exanple, fixing

after Sefdﬁgllt' 3¢ plaBE g&ﬂ'%l%]{agtaﬂf&g a?le?s%h@rﬂ 'hd il %ﬁ@o@&l@&d @b, @ gold

precurso tron’an recurs |0n WOou e a co-fix,
contacted support material from a water-soluble formtoa water-msoluble form. Such a step may

be referred to as a fixing step. This may be accomplished by applying a fixing agent (e.g.
dispersion in a liquid, such as a solution) to the impregnated support material which causes at
least a portion of the catalytic components to precipitate. This fixing step helps to form a shell
catalyst, but is not required to form shell catalysts.

\__ [0076]  Any suitable fixing agent may be used, with hydroxides (e.g. alkali metal hydroxides),
silicates, borates, carbonates and bicarbonates in aqueous solutions being preferred. The
preferred fixing agent is NaOH. Fixing may be accomplished by adding the fixing agent to the
support material before, during or after the precursor solutions are impregnated on the support
material. Typically, the fixing agent is used subsequent to the contacting step such that the
contacted support material is allowed to soak in the fixing agent solution for about 1 to about 24

hours. The specific time depends upon the combination of the precursor solution and the fixing
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as would fixing after a co-inpregnation with a palladi um rhodi um precursor
solution followed by inpregnation with a gold precursor solution. An
exanple of co-fixing may be found in U S. Patent No. 5,314,888, which is

i ncorporated by reference. [0078] A separate fix, on the other hand, would

i ncl ude applWW® #Y5%65820xi ng agent solution during or af tPEX/USZO4WIBEESr egnat i on
wth a precursor solution. For exanple, the followng protocols would be a
separate fix: a) inpregnating palladiumfollowed by fixing foll owed by

i npregnating with gold followed by fixing; or b) co-inpregnating with

pal | adi um and rhodi um followed by fixing followed by inpregnating with gold
f ol | owed ajgeyit. fLiike theimpBhmng Step, ah bsistivedieviss) BSch @b £ 1tko infir86ppiratls asany excess

liquid e remved and pport material dried, although this is not
necessa??i%?’?'{cﬁé“ ggsé".tenﬁ\ﬂk’e{(%%ﬂl?@ ‘@?Chése‘ﬂ‘é’l%%edf}iefﬁuh@”ﬁ%gﬁnffem%und in US.
Pat ent  Nadvafta&3dslPetlisedh el Tixirp stepcor por at ed by reference. [0079] In anot her
enbodi nent, the fixing step and the contacting step are conducted

si nul t and908I y, Thsrfering,siamsmas be rocaplished is opreay spaltipisivas, refermed P atcenii kb,

4, 048, 09GepaMhRifixN 1l Sco-fid) 6 AMRE Rk of £HBEENER soliQn $%5HRA & thé Si mul taneous
fix m ght be: |rrpregnat_|;gvmth al l'adium fol | owed by fixing followed by

i npr egnateastedispnog plagrighefieralliharglevagtamecursprsotutionsdhay abden porgasted ke e enbodi nent
the fix i r i .gatal ytic
component kay RS IAREIEF ) WLy B B al kg BETRA R or e Dot

mat er i al preewsor equtipns. "Kor exantpiex fiying 4ftsk $equentialampragition witlak palledinal fi x. For

exanpl e: _J i i th 1 f ol ) I i Mgt h gol d and
b L e e e T e AN
PCJT/ US206esiv@BBRaag afegeat-implégnaion edth a pglladiuntiodiien peewtsdr solh@indollavedbe t he
formation of shell ty cat al yst ..as opposed .to.an all, thraqu ut catal yst.
[o0s0] 1 vt i@k Ror By APARRDE ot foriufefpune TR RDR chior i e
free prePates dbss,3 141888, vehighde nborparhted byarkfetescepr e-treated with a fixing agent to
adj ust t roperties of the support teriial.. .In this enbadinment, the
suppor t Hﬁf'@ri S?pgmﬁif&s?“ﬁtﬂﬁﬁ'ﬁ@%gﬂu Wﬁd%?ﬂphﬁ?g%ﬁi‘%g&“&&“‘b%e sol uti on,
typi cal | gurfng @€aftet ek tndtirégnattintvaiih adiretindet solutiéh. Fep@QfbleNBt @lloringi S | npregnat ed
with a precursor gol ution that has the oppos'{e aci ddéty/& kalinity as the
dried suPfBBFYS erdbs aeparain Sxem duprragatingipaladpaiolloweddyitaiestoioned B shel | of
cat al yt i fnpgrQHRRE WhFoRTolldh@d SHBARY; br E)%B-%?}F] HAEOWitIEpeBRNR andWhbdilve  aci d may
a

be used to pre-treat a sugp_ort mat er i al inturnis inpregnated with a
basi ¢ pr Bdpweddy fixing followed by impregnating with gold followed by fixing. Between a fix and

subsequent impregnation, any excess liquid may be removed and the support material dried,

although this is not necessarily the case. An example of separate fixing may be found in U.S.
Patent No. 6,034,030, which is incorporated by reference.
[0079]  In another embodiment, the fixing step and the contacting step are conducted

\__, simultaneously, one example of which is described in U.S. Patent No. 4,048,096, which is
incorporated by reference. For example, a simultaneous fix might be: impregnating with
palladium followed by fixing followed by impregnating with gold and fixing agent. Ina
variation on this embodiment, the fix may be conducted twice for a catalytic component. A
catalytic component may be partially fixed when it is contacted to the support material (called a
“pre- fix™), followed an additional, final fix. For example: impregnating with palladium

followed by impregnating with gold and a pre-fixing agent followed by fixing with a final fixing
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solution such as Pd(OH)2 or Au(OH)3. This formation techni que nmay be
considered as using a fixing step followed by a contacting step. [0081) The
concentration of fixing agent in the solution is typically a nolar excess of
the anount of catalytic conmponents inpregnated on the support material. The
anmount of fiWQ#g5/06588nt shoul d be between about 1.0 toPEeB®8L004038825pref er abl y
about 1.1 to about 1.8 tines the anount necessary to react wth the
catalytically active cations present in the water-soluble salt. In one
enbodi ment using a high Au/Pd atom c or weight ratio, an increased nol ar
excess of hydroxide ion enhances the CO2 selectivity and activity of the

r esul t antagenatHiistedhnighOfB e ubtiito Welp iiztre e forimsiistobfalititipessatalybii a0 Bppigdpl | ed
general | {bqsnhaﬁul d ng an amount sufficient to cover the available free

surf aces Eroyehavt&fAdTed support nmaterial This may be acconplished by

i nt roducigugo] f O RxBERIBodiAen HatitBlaflPaiita & fod iR MiIchlofafréd RecRR6®, thd| ume of
the contacted support materjial. [0083] The conbinati gn of inpregnating and

fixing sPEper BAITYSTRP-Hedniorih a Byine agent 2 adist thesprepertiosipb thg suppaft Miisiitlde free
pr ecur soky, HRlekbbdient thSRpRRH Hatbral {sHest iR rEmhtePRitPEitRr SRl or 6RE 1M, Whi | €

optionally elimnati ng tﬁe fixing step. I'n the absence of a chloride

pr ecur sopicallyfesiof mgtalst Afer daying, thesunpsd amterallinimprepagied Wit Bpieelr®8. Furt her,

the processidhdi B e ol adaifaBliily o i Rl &pbodl il ol PRIBAARNGR. that woul d

otherw se be needed tO survive I'ng step. Because no shing stepis
needed, bise resetionlfgrms e skedlp eatadyticompengnts ot thy euppprk mdterial. For expmpletrifdc washi ng

step. S i Lng.. t quire the
cat ol yt i SRkt B G R B R B R 0 PP P
t h@ r emabakdion sedh as RO £y AviQibe. This formation techniquetnoyrtbe aetdideied pnisingrrepar at or y

st eps. - I se chloride free precursors permts a catal yst or
pre- cat a@{ylgéalf)pr%ﬂ%‘g%b rzlmr)r@%cﬁlggﬂ Bhat is free of a step of washing, thus
reduci ngl00BYy nuTHeebneehtraibe pifixiecagded irf the @hown tsayptidadly @ atobdr yeakss ofithd el | mi nati ng
the need to dispose of chloride containin ste., [.0084 i.ng Step 100851
par t cul SProRER e RmeBe PR 57 (oL SPe0st PP SREnd PEBUE | 2ed and 1 n
ot her i’im&hﬂsﬁﬁﬂ&lw&hmnd it r.ed;abaﬂttzmtp%ﬁ?pgiahduﬂg.}z&ﬂﬁout I.klehhnédtxed support

mat eri al may, be washed to.renmove . al i de residue on the support or

ot her wi SERRPLERSEFY B reaet Withte esttipisaltetyicpins pessral e Wptpraplublapalt.

cont am N@tne ebddiEent WP High /B atérhic of Weigh@fidl HOndtRR1 hdlal ste@elof | NSi Ng the

fixed sugport . . .
ydroxide ion enhances the CO; selectivity and activity of the resultant catalyst.

[0082]  The volume of fixing agent solution supplied generally should be an amount
sufficient to cover the available free surfaces of the impregnated support material This may be ‘
accomplished by introducing, for example, a volume that is gréater than the pore volume of the
contacted support material.

\_, [0083]  The combination of impregnating and fixing steps can form a shell type catalyst. But,
the use of halide free precursor solutions also permits the formation of a shell catalyst while
optionally eliminating the fixing step. In the absence of a chloride precursor, a washing step, as
discussed below, may be obviated. Further, the process can be free of a step of fixing catalytic
components that would otherwise be needed to survive the washing step. Because no washing
step is needed, the catalytic components need not be fixed to survive the washing step.

Subsequent steps in the method making the catalyst do not require the catalytic components be
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material in water, preferably deionized water. Washing may be done in a
batch or a continuous node. Washing at roomtenperature should continue
until the effluent wash water has a halide ion content of |ess than about
1000 ppm and nore preferably until the final effluent gives a negative
result to a WORWSHO6SAIt rate test. The washing step may hemaapsisesksgut after
or sinultaneously with the reducing step, discussed bel ow, but preferably
is carried out before. As discussed above, the use of halide free precursor
solutions permts the elimnation of the washing step. [0086] Cal cining
Step (0087] After at |east one catal ytic conponent has been cont act ed to the

suppor t - FRddQh# Bus 18 renfaldel dHiRGtep bkl meheutmb%ﬂmdﬁw step
typlcaII\éls before the reducing step and after the fixin tg?é)lf such a
g lhme

step i s Bxed) these pfrplorigg Beegirepuisors pyeih e patalyshoniiecarlit Brgguciip t her
enmbodi megbyjs Er@eeof%ie 'o?wgﬂﬁrg%t{&‘l{& gé@fiﬁgﬁ{e nGtlod UF st ‘h@éde# ia%r&ﬁgé%ﬁ& Bfhit €p-  The

cal cining step includes h 1€ support teria non-r educi ng
at nosphears! fimivatingthe déeditngjspose dfigkiptide contBaingmgsteal ci nat i on, the catalytic

conponentssean t rt material are at least partially deconposed from
their saftsﬂt M of their oxide and free netal form [0088] For

exanpl e, [00BE caPaficuiany, wltes palide camaitingpreduor mlutiani mmﬁized arden othert he range of
about 100 o ab ef erab bet we about 500C.
on- r equBPHEgReRRsd A bR Sob R R s PR N o 1 ner
or oxi di myﬂ@h@&Sﬂ&a%ﬂdi’e stigpofi @f bthktwise ﬂbdtd’dQ@ﬂﬂmnﬁé gxelpoteﬁtﬁbmgaﬁvetetfagefl oxi des,
oxygen, air, carbon_ dioxide, i natj.ons th f. ar V\D 2005/ 065820
PCTI US20®%)pasaasEon (e pypport ﬁatf)‘i‘f’gfnﬁfﬁ}‘@d#ﬂ%ﬁfp ng E‘ﬁ?‘ﬁg '&PFﬁ T s carried
out in amaRHARSRRE freRfabBliRhidat vad:! wa&uﬁganay’uetdbﬂegiﬁra,ba@xmaianmabﬁs or

coftbi nati ons thereof Calcination times may vary but preferably are between

about 1 WA SVasBing at roqm SmpeghuEsshexld satinvaigtl the effuest washevaieshag dhalide conponent

salts dgpesfisht Qﬂeésf?l%ntaﬁém %Oﬂtpgﬁaeanﬁ%ﬁﬂe Iﬁv&@rai:l? k1 theinat éfﬁﬁ‘en% Qﬁ‘es'a”pr egnat ed
catal yst is calcined and can e followed by nonitoring volatil

deconposnesriie rsplb R ctilyer mitga sy W%hlnm¢%n@a1°@wﬁp¢lglt EP5 may be used, such
that at g Reh vﬂ{httﬁe{ recﬂ{cm §%€tdls Sed b%%&ral’aﬁg ?erzﬁ: 9&3& ouf BefGranh@acted to

t he support materia CI ne era ast  cal cining
st ep occdisessodibmve theorse aﬁtahdn‘frde lreecyyedr doluténa bgrnits the @impmntmmtof the washing coni a
support terial. Alternately, calcining of a zirconia support materi al
containing gold is conducted at :

[0086] Calcining Step

[0087]  After at least one catalytic component has been contacted to the support material, a
caleining step may be employed. The calcining step typically is before the reducing step and
after the fixing step (if such a step is used) but may take place elsewhere in the process. In
another embodiment, the calcining step is carried out after the reducing step. The calcining step
includes heating the support material in a non-reducing atmosphere (i.e. oxidizing or inert).
During calcination, the catalytic components on the support material are at least partially
decomposed from their salts to a mixture of their oxide and free metal form.

{0088] For example, the calcining step is carried out at a temperature in the range of about
100°C to about 700°C, preferably between about 200°C and about 500°C. Non-reducing gases
used for the calcination may included one or more inert or oxidizing gases such as helium,

nitrogen, argon, neon, hitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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t enper at ures bel ow about 300C. By avoi ding cal cining the gold containing
zirconia support material at tenperatures above about 300C, the risk that
the CO2 selectivity of the resultant catalyst will be detrinentally
affected is reduced. [0090] Exenplary protocols including a calcining step

i ncl ude: a) WOPHO&EHB0 ng with palladiumfollowed by cacriuskeegosssssl oned by

i npregnating with gold; b) co-inpregnating palladiumand rhodium foll owed
by calcining followed by inpregnating with Au; c) inpregnating with

pal | adium fol |l oned by cal cining foll owed by inpregnating with rhodi um

foll owed by calcining foll owed by inpregnating with gold; or d) inpregnating
Wi It h pal hiﬁdim[ﬁne muddiirkbgdt}wmalciﬁ'mg kteynie darbisal duﬂﬁkﬁ@ﬂﬂkbﬁ%dﬂsﬂfﬁa@ﬁé@pm’feol I ﬂ/ved by
calcination. [00911 Reduci ng.St 0 Anot her step.e 0 eneral ly
herein t 8MQ8eT ¥YEH, {5 PFSORP m??gﬁ@%@#ﬁﬁ%ﬁ?“ﬂ@ﬁﬁ?ﬁ?ﬂﬁyb@ggg elV&‘%corrponents
froma sgltvedrabSitil d8d § REUR. tThedegl UM bIGSHitoN obthb Eétﬂ?rﬁcic@h@oneﬁwéﬂs as by a
reduci ng step. Typically this is done by exposure of salts or oxides to a

r educi ng dengadson hetemprratire ugs aghiergth oftime hramarprpiedcatalysl healeined Aeksage,

hydr ogen e YW QO MRARSringoBhileiReorpbifdiii&Ricts, al cohol's, hydrazine, primary
am nes, carboxyli'c acids, carboxylic acid salts, carboxylic acid esters and

conbi nat i98Y t herewmorsalninaeseps a1y used suabtlap gtlapy pointpfiRrat leas opf/ dr azi ne and
al kal i ne i i f eh&t ci ng
agents ch(ﬁ%?ffect y %ﬂiﬁmﬁg%gi%ﬁﬁjﬁg%ﬁ ﬁe?ﬁgiﬁ{' gaseréﬁi ,él?e??éé‘ul arly
pr ef er r ecklcimhg stepaghurs beforsconsert qatplytic coppsenido ezicomasuppert i s preferred,
a reduci e i€ » | ] gyi i . : WO
2005/ 065836 e BB A S ol siheBi KA TEMin R o a0 )
The t enpemptmatues bebeabati 3605C. Bhevoididealcinmg ticagold cangimingfzircomiaasujposnt up to
abdut 550C. .Reductian ti,mes wilJl..typi cal from.about 1 to about 5
hours. [ 616%5%? agﬁf”ﬁe%g‘t“i%% ab&y o %bé’ gtséog s%gwffgk {%td%?a:é%’t sﬁ%"%"é&é’?g‘? |re_c§m. atgtrrpo nents nmay
;nfl?ﬁnceﬁmym?ﬂHEMEﬁmeEﬁnysﬁxegﬁmﬁm&hedf|naI catalﬁst,hpogdlt{pnsteanpyﬁd
or e ctign e varj . dependi ng on_whet her hi activity, hig
sel ecti v[@%or ]g’ﬁ?ﬁ’gﬁ\é’a‘?rﬁtﬁ S.‘B‘ﬁu‘{"i‘ﬁfs‘gﬁﬁ‘ﬂ%ﬁg??t”?c@ggi m 'g‘@d‘" 00941 to one
enbodi mepdlladipalfbistied BY tScitifgHoRow by ipredhetifg AR Iold; BPdoSifpadgnating xed and

reduced hefore gold Is contacted and reduced, as described in U S Patent
Nos. 6, 459611:1@9@ 1amg1;hec115{n-lfgl§>w§ﬁ By calcining followed by impregnating with Au; ¢)

impregnating with palladium followed by calcining followed by impregnating with thodium
followed by calcining followed by impregnating with gold; or d) impregnating with palladium
and rhodium, followed by impregnating with gold, followed by calcination.

[0091] Reducing Step

[0092]  Another step employed generally herein to at least partiaily transform any remaining
catalytic components from a salt or oxide form to a catalytically active state, such as by a
reducing step. Typically this is done by exposure of salts or oxides to a reducing agent, examples
of which include ammonia, carbon menoxide, hydrogen, hydrocarbons, olefins, aldehydes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters and combinations thereof. Hydrogen, ethylene, propylene, alkaline hydrazine and alkaline
formaldehyde and combinations thereof are preferred reducing agents with ethylene and
hydrogen blended with inert gases particularly preferred. Although reduction employing 2

gaseous environment is preferred, a reducing step carried with a liquid environment may also be
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rel ated patents, all of which are incorporated by reference. [0095]

Exenpl ary protocols including a reducing step include: a) inpregnating with
pal | adi um fol | omed by optionally calcining foll owed by inpregnating with
gold followed by reducing; b) co-inpregnating with palladiumand gold

fol | oned by VW@erW&PeEBI0Yy cal ci ning foll owed by reduci ng;pcarusegosvizprsegnat i ng
with palladiumfoll owed by optionally calcining foll owed by reducing

foll owed by inpregnating with gold. [0096] Modifying Step [0097] Usually
after the reducing step and before the catalyst is used, a nodifying step is
desirable. Wiile the catalyst my be used with the nodifying step, the step
has sevengli hgnre Flo?ﬂnéh redﬁﬁﬁéfgoiu‘ﬁon)' Tl ddatbashule SO ANEDE tﬂgrchﬁ&oeeﬁrrﬁig'eonal life

time of the cata step Is sonetines ca an activating
step and W@ﬂ%&@d@ﬂ@m %swe&a sz/l@t@@@maw&letmaﬁlmvwﬁwrﬁbpﬁdé@ abogt hcti ce.
Nanely, {hgsreduced support material is contacted with a nodifying agent,
such as an alkali netal carboxylate and/or al kali netal hydroxide, prior to
use. ConVad83li ondincethkprbéessmsedilo redues thoselalyiic esmpmets mey influensesdhaum  pot assi um
l'ithium a re enpl oyed for
this pur g%g%&ﬁ%l °§§%‘?§§‘?@8“9§1 Ll Vad?t\on?@%h!g,%%l ?Orqh%qﬁéﬁ"‘h %’qeg%rllaof VA is an

al kal i adefeading owwltethepmglammmh@hs&laﬂety(ch(@@nﬂbataamg t]udaepmpmnespsr ef erred.

[ 0098] The. F(f}lpport material may optionally be inpregnated with a solution of
t he nodi g agent. After .drying, the catalyst may contain, for exarrple
about 10molo4|abomto;1€&anahﬁa‘ne,lpaltaumnﬂb%(t)agt/e%g%tggsg bt zlaj&@al ch/agrmdQ&duﬂm[j :) g yin
agent pe iter of cat st

VBt hods BFE °W§R‘Fhsg°°maﬁ r “Re&nﬁﬁ%gbido@%&a é’obﬁe@éﬁg ﬂ@gng B may be

utili zedrdRedPafad el of.b/iﬁﬁﬁl){lle itbpoRRAbE RN an al kene aI kanoi ¢ acid and an
oxYgen cont aining gas in the presence of a catalyst. Preferred al kene

startingl098%ler i %@P@@fﬂf&?wlﬁfm@ml{l&ﬁf@ﬁmﬁéﬁ? inclyde; shimpregmatingi) et hyl ene,
propy! enﬁalﬁ@iqm%lmeﬁBF%phonﬁfy"cEl@Mn@%lﬁ{vgﬁﬁﬂhﬁre@ﬁdtﬂg?fltﬁrgBl'd@&lo%& gyials used in

the process of this invention for produci'n kanoates contain from

two to fisduciegsplrorimaresnating éﬂtkypallaéte@tanttgolc;)fogw@rhwpamlb@ﬁlgmms:foﬂmdd)

Preferre c I but yrat e,
and all ypyﬁacgtéa%rzi) HIElphtlééﬂm) t“%l&ﬁﬁer r egl\{&fed\ﬁk/'a%&onwe“ ﬁgorvgédrebyhyl ene and
acetic amﬂcbm@fblﬂpweﬂéymr@hﬁtgmthegoldmst preferred product. Thus, the present

i nventi Oﬂ)dbﬁﬁ u B&{L, nl kel he production of olefinically

[0097]  Usually after the reducing step and before the catalyst is used, a modifying step is

desirable. While the catalyst may be used with the modifying step, the step has several beneficial
results, including lengthening the operational life time of the catalyst. The modifying step is '
sometimes called an activating step and may be accomplished in accordance with conventional
practice. Namely, the reduced support material is contacted with a modifying agent, such as an
\__ alkali metal carboxylate and/or alkali metal hydroxide, prior to use. Conventional alkali metal
carboxylates such as the sodium, potassium, lithium and cesium salts of C;.4 aliphatic carboxylic
acids are employed for this purpose. A preferred activating agent in the production of VA is an
alkali acetate, with potassium acetate (KOAc) being the most preferred.
[0098]  The support material may optionally be impregnated with a solution of the modifying
agent. After drying, the catalyst may contain, for example, about 10 to about 70, preferably about
20 to about 60 grams of modifying agent per liter of catalyst.
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unsat urated carboxylic esters froman olefinically unsaturated conpound, a
carboxylic acid and oxygen in the presence of a catalyst. Al though the rest
of the specification discusses VA exclusively, it should be understood that
the catal ysts, nethod of meking the catal ysts and production methods are
equal |y applw@2a9b/es5820 ot her al kenyl al kanoates, and thectassdoimssen i s not
intended as limting the application of the invention to VA (001011 Wien VA
i s produced using the catal yst of the present invention, a stream of gas,

whi ch contains ethyl ene, oxygen or air, and acetic acid is passed over the
catal yst. The conposition of the gas streamcan be varied within w de

i m ts, mgg]ng M&h@tﬁ%@%n%hﬁc&%ﬂ@ﬁcaﬂéawsf | ammabi lity of the effluent. For
exanpl e, e nolar rat1o o { ene to0 oxygen can be about 80:20 to about
98: 2 t hEDORA ar Theaprdsent ivention may beadtiliged to peadhsel adiqny] elkandstes fbwwn akke®; 1 t o about
1: 100’ @fcﬁ?ﬁ a@lglaXd ﬁpo(?(g en%gnl}%lmglgﬁa!s 11'}1913 %Q&cmtca@é&f gf Eel?ﬂlex alg Ut 1:1 to

about 1: e gas str SO cohtain gaseo acetate
and/ or i sigtibg matsuzds cogtamfromstwoite foog@rhommn-ls@a"g dihpheneg prop:dcmb/aod n&athnn) at ed

terper at tipage HFEPl s sb IR Bk S3n 0 herta sy WS BBk BB Te o essure
enpl oyedalkenyl dicensatessonteEniian twedxfomaqbbm&tsm €., lamun;qimmmmmdrbetym el evat ed
pressure, .preferabl pr.essure of abou her gauge.
1001021 ?chdq'agﬁfeﬁ“gﬂ%? tsgof g‘éar%?fﬁ a‘iﬁe tVB’IY gproqnppg en%P)H%ang%) @H’um ng al kenyl
al kanoat gstafn cth& f6st pfelindd Martin@iatkrids 26 @B AHe ahdaced acmmwe ahsaamg gheSUi t abl y

enpl oyed i n other t%ﬂees of reaction, for exanmple, ul di zgg bed reactors.
23 WD 20085 prskarst pioeue- UBye kg Riesew duy entionds essiul i fhepse Ricsfie f ol | owi ng

exanpl esuRkfralRl @ubAGR &sRFs frdn SISl da@furRithrted BéingdRhd, 'a'aﬁrﬁ&v@ﬁéi adidarlde

liMrting. The anpunfs solvents and reactants are approxi mate. The Au/ Pd

atom c rQWBH indhppeeserspphacatalyst. dtheygh thegespefl thspgtificatian discussssi Vi ce versa by

the fol |&Wuﬁ%l?qﬂ’sﬁ&dl@ﬁ'cgundé's'l/og)djthﬁtt&r&félystﬁ Fhedddof Qaléf} ﬁéﬁétﬁ%é’ﬁlight ratio) and
Au/ Pd wei ght ratio = 1. Au/Pd atom ¢ ratio. Reduction fay be abbreviated

"R f ol | moigtiosymethasis FI@ L enplieabierto thenalkentl efiandates.aadithe dessrptigads iohr ri ed out .
C ot whi DS BRkmE e BRlcHRnBPRE BULARER VE | ot oas a Srying Step my be |
abbr evi gped1hs WhnWA 1s[pﬁ@ﬁ@ﬂ)1s1‘n’@ée caitlpst yShe peseatiaveptias a $trebth afgss, be prepared
as desc rv'vkgc dcolnpaints Qt%ylgr)x(eao ylggn & gg, ang sa'éegg acid is passed over the catalyst. The

composition of the gas stream can be varied within wide limits, taking in account the zone of
flammability of the effluent. For example, the molar ratio of ethylene to oxygen can be about
80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 100:1 to about 1:100,
preferably about 10:1 to 1:10, and most preferably about 1:1 to about 1:8. The gas stream may
also contain gaseous alkali metal acetate and/or inert gases, such as nitrogen, carbon dioxide

- and/or saturated hydrocarbons. Reaction temperatures which can be used are elevated

temperatures, preferably those in the range of about 125-220°C. The pressure employed can be a
somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to
about 20 atmospheres gauge.

[00102] In addition to fixed bed reactors, the methods of producing alkenyl alkanoates and the
catalyst of the present invention may also be suitably employed in other types of reaction, for

example, fluidized bed reactors.
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according to the follow ng procedure, where catal yst from Exanples 1-7 may
be conpared to each other and catalyst from8-11 may be conpared to each
other. Results are provided where available. [00106] The catal ysts of the
exanples were tested for their activity and selectivity to various

by- product s W@ 2e0k@ssga0oduct i on of vinyl acetate by reactrcanusedosedsipgl ene,
oxygen and acetic acid. To acconplish this, about 60 m of the catalyst
prepared as described were placed in a stainless steel basket with the
tenperature capabl e of being nmeasured by a thernocouple at both the top and
bottom of the basket. The basket was placed in a Berty continuously stirred
tank reaggopo3jof Exdiglest €Ci rcul ating type and was maintained at a tenperature
whi ch provided about 45% oxygen conversjon with an electric heating nantle.

A gas mi UM of hefolewing exanig Provided or {ygieelion endy gnd nonjntengsdyo b ot hy| ene,

about 10 jB@ngBIrhd bR s@lfvedi’é%ﬂ eeactaﬁmy hppfekihas. MRk Ab/PH GlotidHatidinky poen, about
50 g of acetic acid, and about ot assium acetate, was caused to

travel uﬁ@f@?ﬂﬁtﬁ‘ﬁ%%lﬁﬂé’d&fﬂl%%%ﬂ@z@a‘@% e follgwing egistipnst AwPatemist . and t he
catal yst M@3s (Aaegh e Ligrt %Fanﬁ?@lﬁfd' t 2R (s @0Fpd é?&mx@t-anbeﬁéciucﬂ& hours

prior to a two hour run, after which the reaction was termnated. Analysis
of the pmmhmbérwda%cﬁhwdd@m@mme@m inf€ atywbicle the caductivg mapeandedanbl ysi s

conbi ned adu ﬂ[:l%n% e product
stream atLl %Etc%%%wn%agblegwﬁgl%ggt ?n@rﬁ‘g&ég):y%%m%}l t@ﬁe end pr ogﬁt}ct s carbon
di oxi de ¢«bd@ation wessayricdds whededs agindngstep ylay be alibagviated(@EtdDAc) , the results of
whi ch nma us t Icula L r cent elect Vit |, e tivity)
of t heseYor?gfsér i g’lgescag‘%J oefg% e°>§611 ng‘%el'ﬁre}) aétd e egc’% #hv?’tcaé/" oefan? ﬁegte{?‘\eact ion
ex press edcca;shr@mo the following p2dbedﬁ& %&Ebﬁaﬁfsﬂﬂ&n BicdhplE200 AaPBSodipared &t or

ivit al cyl at ed using, a,se of e ns that
cor rel at é‘%‘hgﬁ% a"ﬁ(??tq%téﬂ? B8 C?‘ﬂp"’f‘ﬁé" %Pﬁp’%rdef'ﬁﬁﬁ@rpﬁq?ﬁé ?‘Eﬁri ng the
react i onkyajlghly/gen conver si on, and a series of kinetic parameters for the

reactions_that take IacE duri nngA synthesis. Myre generally, the activity
fact or tfpﬁp&il Ijs;h‘i@t yitg af be pampler WeTa isted for Fhelr peitwiu Aad SEICEt IR HLTAE t 0 achi eve

const ant py-greMiaein GRPYRISI0RRE vihf Adetafe by BRI dNelEdlcAd, RfzeirdrRéR %cill OfbL 08]

Exanpl e 1 A support material containing palladiumand rhodi umnetal was
pr epar edacog@plish rthlmgout il ofishnsatatystprapated ag deﬁqﬁlb%wgrﬁamﬂd ipf steiBlgss#tecl onsi st i ng

of Sud Chaph ‘%ml?'ﬁle]tﬁ-ﬂ%e?dtﬁrla Eépable B’ﬂ‘b%fn@ %e&%}’dd%? a%eﬂﬂé&ﬁiﬁé atBoBIRI G adl 7 MM, &
density of about O. , In abSorptivi
bottom of the basket. 'I‘he basket was placed in a Berty contmuously stirred tank reactor of the

recirculating type and was maintained at a temperature which provided about 45% oxygen
conversion with an electric heating mantle. A gas mixture of about 50 normal liters (measured at
N.T.P.) of ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen, about
50 g of acetic acid, and about 4 mg of potassium acetate, was caused to travel under pressure at
about 12 atmospheres through the basket, and the catalyst was aged under these reaction
conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
Analysis of the products was accomplished by on-line gas chromatographic analysis combined
with off-line liquid product analysis by condensing the product stream at about 10°C to obtain
optimum analysis of the end products carbon dioxide (CO,), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO; Selectivity)

of these materials for each example. The relative activity of the reaction expressed as an activity
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about 0.568 g H20/g support, a surface area of about 160 to 175 nR/g, and a
pore volunme of about 0.68 m/g., was first inpregnated by incipient wetness
with 82.5 m of an aqueous solution of sodiumtetrachl oropalladium(I1)
(Na2PdCl 4) and rhodium chloride trihydrite (RnCl3.3H20 sufficient to

provi de aboYO 7003/¢65$%8 of el enental pal |l adi um and about POTAS20g4/@8%:5 Of

el emental rhodiumper liter of catalyst. The support was shaken in the
solution for 5 mnutes to ensure conplete absorption of the solution. The
pal I adi um and rhodi um were then fixed to the support as palladium (11) and
rhodium (111) hydroxides by contacting the treated support by roto-

I ner si 0 fackdd (Activity) il b c@hpuedp pAlQdtdiRkial ¥ seies SBqiMtoRs B 2ofitlatédthén aqueous
sodi um hydroxi.de sol ution prepared from 50% w w NaOH H20O. i n an apount of
120% of RHHY FREHEHR th SURHY trpeipfyee <dwwg|ﬂ§dmm%ﬂa%qﬁ'&a?‘@ﬁwoa@ﬁémﬂ

hydr oxi d@gkinelid @arabiers ifshihe Yo tisks MhaP ke f1icRMbipEV A ERiHesisl MaH pakfally, @ipd the
support was _then rinsed with dejonized water and dried at 100C in a fluid

bed dri erctvgy factpr bpigglyisinversely rslatsd by the tempantimg requised tajaphisys cppsiarhdi um and

r hodi um Ig;%@lpg,jnd&%lwas then inpregnated with an aqueous solution (81 m)
containing 1.24 g Au from NaAuCl 4 and 2.71g 50% NaOH solution (1.8

equi val e80T t ' lesysi ng the incipient wetness nmethod. The NaCH

lyst Kix
treated pj . [ 3 iRl hon of the
A oat Tovibd), CBLEe | NG bRl oAl BlE bl oSN BEARLBRER 00 T
dei oni zeds falloves: The Spprumasria] ; anammmi ef 250 Ind cordstingefsSud Clemis B'e tafeslicky dri ed
at 100C in a fluid bed dr.ier f 1.2 hours,..T Il adi }um and
gol d conf Fg}ernels lEllagwn uﬁlﬁlgﬁaﬁé\l/amswt?rﬁgz%’l acfilg%sé og?boﬁygb%g onrlf’ifl aﬁ%@md;wk]ﬂﬁ%er air and
t hen al | abemd0.568 giAiOdg supbort, @ eafact area afabout &60nel 24 mf/e.and hporpadlimeldoim  r hodi um

an old, 2 005/ 820 PCT/ US2004/.038825 . r duced by contactin
the ouppdi il UL RUEFE ERIDT eI PORERFT PR LA 40 B e selion oy 50
hour s. FbﬂT’&Hiup‘n t&%hl?@f:ﬂia&i&&f(ﬂﬂﬁaimpp@ﬂaﬁoﬂdmbc)hldriﬂe gtihy%ﬁtta H(mzo jﬂ:&md W tg an
aqueous solution q 0 tassi um acetate in and dried in a
fluid bedffRfo P&?Vl?@o@@@%&w@ kg Pﬂlﬁ‘f‘%‘f@ Poaf i prams of emeabgort

nateri al rﬂéﬁiuinigi Hrer d734thidl | ThRs@pOrt WaMRhike i thEl sidatiol @t SWaisutedto @afeed as
described in anple 1. The pall adi um and rhodi um cont ai ni ng support was
then caFemrideebserPlieirE tesplution, She rellefige pndghedium wererfesh fixed QURRSUBRS™at ur al | y

cool to Wﬂl&ilﬁﬂ’ﬁg_&ﬁdﬂ%ﬁum (iﬂjﬁycﬁé&!icfekﬂﬁ&n Uﬁ]@%&uéﬁﬁh@ﬁﬂpéﬂtwwai ni ng

pal I adi um'and rhodi um hydr oxi des was then inpregnated with an aqueous
sol ut i oninmBersie for 2.5 heuss #iaprjoximately 5apm with A5 Nabef@n aquenes spdipmdydimxids NaOH

sol uti ongfihiof pffithd/ B 58%% whly NIOHRE PSS in dnfbhufibs 1969 BBt HEedelit) Bhmeret NESS

nmet hod.
palladium and rhodium to their hydroxides. The solution was drained from the treated support

and the support was then rinsed with deionized water and dried at 100°C in a fluid bed drier for
~ 1.2 hours. The support material containing palladium and rhodium hydroxides was then

;_p impregnated with an aqueous solution (81 ml) containing 1.24 g Au from NaAuCl, and 2.71g
50% NaOH solution (1.8 equivalents with respect to Au) using the incipient wetness method.
The NaOH treated pills were allowed to stand oveﬁqight to ensure precipitation of the Au salt to
the insoluble hydroxide. The pills were thoroughly washed with deionized water (~5 hours) to
remove chloride ions and subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The
palladium, rhedium, and gold containing support was then calcined at 400°C for 2 hours under

air and then allowed to naturally cool to room temperature. The palladium, rhodium, and gold
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The NaOH treated pills were allowed to stand overni ght to ensure
precipitation of the An salt to the insoluble hydroxide. The pills were

t hor oughly washed with dei oni zed water (-'5 hours) to renove chloride ions
and subsequently dried at 100C in a fluid bed drier for 1.2 hours. The

pal | adi um WRWEMS82and gol d were then reduced by cont agtrhugghoidsgssuppor t
wth CH4 (1%in nitrogen) in the vapor phase at 150C for 5 hours. Finally
the catal yst was inpregnated by incipient wetness with an agueous sol ution
of 10y of potassiumacetate in 81 mM H20 and dried in a fluid bed drier at
100C for 1.2 hours. [00110] Exanple 3: A support material containing

pal | adi Ume?e'}QduEM'cHﬁEhéﬂmgﬁﬁﬁﬁﬁﬁ ﬁ!ﬁ%;HHﬁ%HﬁﬁﬁrGg&?mC{ﬁé%br%gse'am%Wp| e 1.

The pal | adi um and r hodi um contai ni ng support was then "cal cined at 400C for
2 hours drddious; Flﬂ%lbfdhﬁ skafystawas amprgeniatsd ha tngipient wetresbwith @%W Bad¥HeBY at ur e.

The  cal CloPRshoF ARGHI BN Bl GR0L5 Bl PALBEL 4l Aol Uy O oxI des

was t hen contacting ‘the support |n nitrogen) in
t he vapof003p@s eEmnplﬁbﬁ supgortGndioiat wilizibp palladivpod thodmmla'dmdgs wal | adi um and

rhodi um net al nat e th ion (81 m)

cont ai ni RS’P%?“Z%’%S ﬁH rlgrgn %%P%u%l%@p aag‘ﬂlmffg 1?8 %Hﬁ%ﬂ%%g€| on a?kih%é

equi val enileinet at H00°€ Sgr@diburts anddi jir arkli theg allb}eedltmﬁam'akhrﬂocll\tatmm&mpﬁhthmd The NaCH

treated II re a t o .stand, gvern ns. eci pitation of the

A art b R PG BRI Ayt E R Be saiRand N BRI AR ) vashed vi t h

dei oni zegmpegnated tvith al\Rjuedi) sélﬁhthMl? c&ﬁdlmﬁg Tgdg m&oramusu bsEnmgnt |y dried
bed drier .2 hours. The palladium rhqodium and gold

t 100C
ae re the Iﬁ(r)]'r‘ &Qkéﬂluﬂ?“ ¢ @r?ﬂ%}ﬁil?%wﬁfés@ﬁﬁ)‘é\’)tus%g tﬂ'ﬁ ‘Wt Feosss ot ogen) i n
the vapotrhpRaos wedieddfliMRr@ARH-063820 RETIHVEAANM 38888 0n dERCAL &l 1§ hour's.

Fi h'ally the catal yst was inpregnated by 1ncipient wetness with an aqueous

sol ut i onthsfinspluplg hlﬁfo’ﬁ@ﬁ dds pi W&@é‘!%‘l“éhlbfﬁ’aﬂ‘fd Fith dgiemizad vager (Shopi) B 1 ui d bed
drier at reL%QQflp&{de Joré anmyie@mn{l)pwéi 106%CHR fRidbed AriSUBPLS hourd! J%l al
adi um and rhodi um h

cont ai ni ng pa roxi des was prepared as scribed in
Exanpl e palladite, thedilmachind geld mgrerthande mddlvmmqnnm@eswpﬁmth% (tlﬁeln cal ci ned

Cermer at hs® U ApldHEE P CRE s IR SR UE e AL kBB 2l o

suppor eri a nin di um and rhodi um
hydr oxi desipisaswethesswiteahagaeabubsolution nf Hgtof pojastive asethpmral mhﬁzﬁ aGRHHed(id % i n

pal 1 adi ukPURESS Tk RIREEPE 208 Sobsequent 1y i mpr egnat ed i th an aqueous

[00110] Example 3: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhedium containing support was then
calcined at 400°C for 2 hours under air and then allowed to paturally cool to room te!mperature.
The calcined support material containing palladium and rhodium hydroxides was then reduced by
contacting the support with C;Hy (1% in nitrogen) in the vapor phase at 150°C for 5 hours. The

- support containing palladium and rhodium metal was subsequently impregnated with an aqueous
solution (81 ml) containing 1.24g Au from NaAuCl, and 2.71g 50% NaOH solution (1.8
equivalents with respect to Au) using the incipient wetness method. The NaOH treated pills
were allowed to stand overnight to ensure precipitation of the Au salt to the insoluble hydroxide.
The pills were thoroughly washed with deionized water (~5 hours}) to remove chloridge ions and
subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The palladium, rhodium, and gold
were then reduced by contacting the support with C;H, (1% in nitrogen) in the vapot phase at
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solution (81 m) containing 1.1g Au from KAu®2 using the incipient wetness
nmet hod. The pills were subsequently dried at 100Cin a fluid bed drier for
1.2 hours. The palladium rhodium and gold were then reduced by contacting
the support with C2ZH4 (1% in nitrogen) in the vapor phase at 150C for 5
hours. Fi nalWQ 2005065828t al yst was i npregnat ed by inci pi erdcTyesbaessssi t h an
aqueous solution of 1Qy of potassiumacetate in 81 m H20 and dried in a
fluid bed drier at 100C for 1.2 hours. [00112] Exanple 5: A support

mat eri al containing palladiumand rhodi um hydroxi des was prepared as
described in Exanple 1. The pall adi um and rhodi um cont ai ni ng support was

then calqjcnest s2oudtOBfaillythe catalRiNS iMPdBiated by iRpnt PaResdivitR WA ubsisnat ural 'y

cool to roomtenperature. The calcined support containing palladi um and
r hodi um spfetioB Rf Higof petassiimipsetatn int ml HiOrpnd drigdcin e duidibeddrigs 26 0¥6 5 1301 ut i on
(81 m) goptaining 1.1g Au from KAuG2 using the incipient wetness nethod.
The pills were then dried at 100C in a fluid bed drier for 1.2 hours. The
pal | adi uf01¥lhodExamplezh d ypriot mutariel cohiningpdiledauh dnyl rigadivinlasidraxides Wes suppor t
with C2H4 % I j tor. in-th r e at 1 r s. Finally
the cata rﬁé%e@v\algg eslcprlr‘i)crdélg nga?gé’éf ]byfheﬁ?\néal%gl?ﬂeaﬁ? g’\%é]tuﬁ%s? gl ﬁap}r?ﬂgvci'pug]g%s sol ution
of | Oy ciciypdtat4OPQ for ddetratusler air 8:d theh aleadanshttaliyadol tn room einpérghudeed dri er at
100C for..1. 2 hours. [0011 anpl A or t.eri al .cont.aining
pal | ady RS AREbPer PR oG nellofi mad WPREM by FRdt s bR Bialhio) o
The pal | asttadtingahesupPaathvitiiC,ER (1% inrithgzes)up he aponplitasé 1@R0°Ccfa Thouesd Tae 400C f or
27 VIO 200SPOLS RO U B S SArEr BB e
cofit ai ni @utiea(d1asl borkaRask 1.NOM H6m RAADPHdislase WeipichtedncadetEar Thy pilgont act i ng
the support with C2H4_5‘§]1%i°n ,nitr,o%enﬁ)l.in t he vapor phase at 150C for 5
hours. TH&® sEspayettly deehttdPHiriga fa Padidrisrfonhd hewsdTrrRatistar tefdm gt equent | y
| mpr egnag gl W tin ?éﬁué’e‘él%?%lﬁactiﬁélhé‘;dﬁﬁéh WRHLCH, X19% iR g2hyNE thb-vhbr Plask ' OM KAUCZ
and 1 Og potassium acetate using the incipient wetness nethod. The pills
wer e sub¥da@ierfer Yhayrs &ipally the oadadyst wasimprognateddw dncitiend etpess with an pgygeus. 1001141
Exanpl e | Al : er ey adi um
ol e S LI Rori A okl in f R MO R WY N pEARPUCIOOT BRL2 1 D0
consi stilmyrsof Sud Chenmie KA- 160 silica spheres having a nomnal dianeter of
7 mm, it f..ab . q/m...in SOr Pk I,Vi f ut_0.568 g
H20/ g su “gﬁ‘?f , %{ags%alre ? agélt'p 8%%§%F ngﬁ%tﬁlf' g Bﬂﬁ?%m fgérhr?@}lé,h?'grﬁgﬂgs ‘%)a(‘%r e

prepared as described in Example 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
The calcined support containing palladium and rhodium hydroxides was subsequently
impregnated with an aqueous solution (81 ml) containing 1.1g Au from KAuQ; using the
incipient wetness method. The pills were then dried at 100°C in a fluid bed drier for 1.2 hours.
\_, The pﬂ]aﬁium, rhodium, and gold were then reduced by contacting the support with C;Hs (1% in
nitrogen) in the vapor phase at 150°C for 5 hours. Finally the catalyst was impregnated by
incipient wetness with an aqueous solution of 10g of potassium acetate in 81 ml H>O and dried in
a fluid bed drier at 100°C for 1.2 hours.
[00113] Example 6: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
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vol une of about 0.68 nug., was first inpregnated by incipient wetness with
82.5 mM of an aqueous solution of sodiumtetrachl oropalladium(Il)

(Na2PdCl 4) sufficient to provide about 7 granms of elenental palladi um per
liter of catalyst. The support was shaken in the solution for 5 mnutes to
ensure conplve® 200ape8R0pt i on of the solution. The pal | adipenrusemetdren fixed to
the support as palladium (lI1) hydroxides by contacting the treated support
by roto-inmersion for 2.5 hours at approximately 5 rpmwith 283 m of an
aqueous sodi um hydr oxi de solution prepared from 50% w w NaOH H2O i n an
anount of 110% of that needed to convert the palladiumto its hydroxide.

The sol utrhOdINRS sithpait PRfrifIcBRhihig pllh@iah A8d HUBRR HydBRdestviA il PGk byas t hen
rinsed wth deionized water and dried at 100Cin a fluid bed drier for 1.2

hours. ThetastingsBe uppert with Gitls (H%6 i wiireger)dn HigIvenoa pipss #id9°GxPrihansss Theen

| npr egna MEQH from
NaAuQl 4 E‘ﬁg"%\&‘% E%d:%gmmﬁé‘%ﬁ%#%%@?‘ W S@c?ﬁ?“@% am“?*s w@h&?ﬁ Sgﬁ%& to Au)

usi ng th@lliltweu(%iureht‘-onﬁmnkbég Abﬁh@&“@ménd\l&%owsem agtatgiusing thedncipieat | owed t o
t and | | ubl
stan O%@tﬁ%he s {1 T \'gl?k;v?er@ uﬁ& %Lf‘&deﬁ@t ﬁ)ﬁ) dé H&[fﬁﬁlﬂ dﬁe% dbief 0 {. @ﬁodré‘so ubl e

hydr oxi de y was elonized water ('-5
hour s) t&OlH@DvEycmledr(le&rmmmd Amaqmmnilyontdnmgdalhdlumomlms a fluid

bed drier_for, 1 S l.] adl um and d, cont al ni was then

reduced By aé%lnais £ owﬁ;ﬁi ﬁgpgﬁp a%F' ° ﬁ—?tfg?dl A FORSIFHe O %n?nﬁ%e vapor

phase at 16[EsﬁlﬁafsplkreBhMtgra&zoniﬁiandxhxhgtertomeﬂma,taedeyﬁﬁyomut mﬁmmamed by i nci pi ent

wet ness an ueo SO I on u gtate in 81 n H20

hnd i+ clPsPRUADR Bre paes et Swr&eel&fa%ﬁr o5 T80 TV 45Tk and s g

cofrpar i Sesuki¥r 256l 0GB miligl, Waafie: i teHyayﬁﬂer idnhRetaat oty 81.5 &l ofsanpl es 1 and
7. 28 WD 2005/ 065820 PCT/ U82004/ 25 [‘1\( 115) Table | CQ2 Sel ectivity

Act|V| t yaquegus sofptionpf godaun tetraghlorgpaliadim Exftgientiq ppyids 3boyti7 13 2 36
[00116] g@m@sﬁe@enﬁuﬁppﬂl&d&ﬁmit&%féa tlﬂe Jﬁgﬁ’dgp&ﬁ sﬁakeﬁgltﬁe&iungﬁfags( RC- 100,

suppl i ed” by DKK) was cal cined at 65 . Resulting material has a BET
surface BiTteS BENFpe gommawwqﬂhe\ﬁﬁghqyamenﬂladlwwm then tnhe of DI water

suppl 1 ea” B0 BREATR G fRiolie B Cautid g R B o S T e kA
160 wi t hhaOmB-2y afpnoximelz b epjn w1th 283 ml of an aqueous sodmm hydrox1de solution prepared

from 50% w/w NaOH/H,0 in an amount of 110% of that needed to convert the palladium to its

hydroxide. The solution was drained from the treated support and the support was then rinsed

with deionized water and dried at 100°C in a fluid bed drier for 1.2 hours. The support material

containing palladium hydroxide was then impregnated with an aqueous solution (81 ml)
containing 1.24 g Au from NaAuCl, and 2.71g 50% NaOH solution (1.8 equivalents with respect
1o Au) using the incipient wetness method. The NaOH treated pills were allowed to stand

- ovemight to ensure precipitation of the Au salt to the insoluble hydroxide. The pills were
thoroughly washed with deionized water (~5 hours} to remove chloride ions and subsequently
dried at 100°C in a fluid bed drier for 1.2 hours. 'l;he palladium and gold containing support was
then reduced by contacting the support with C,Hs (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aqueous solution
of 10g of potassium acetate in 81 ml H,O and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO; selectivity and activity for the catalyst of Examples 1 and 7.
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beads were calcined for 3 h at 600C. Exam nati on under m croscope has shown
uni formshell formation with thickness of 250 m [00118] Exanple 9: 20 g of
Zr2 (XzZI 6075, BET surface area 55 n2/g) were inpregnated wth Pd(NGB)2
solution (Aldrich) to give Pd |oading of 39 ng/g of ZrQ2. I npregnated
material Wi 2¢5/068826nd cal ci ned at 450C for 4 h. The PReT/E306403862S bal |
mlled with 60 mMl of DI water for 4h, mxed with 11 g of a binder (ZA-20)
and sprayed onto 30 g of bentonite KA-160 spheres. The beads were cal ci ned
at 450C for 3h. This procedure results in formation of a strong uniform
shell with 160 pmthickness. [00119] Exanple 10: The beads from Exanple 8
wer e i npregna} ediabletth sol uti on of potassium acetate to give |oading of 40
ng KOAc/ m of KA-160, dried and cal cined at 300C for, 4 h. After that the
sol ution, containing 9.4 mM of Pd(fr&H: BRI 4( 0AEViSLppl i ed by Her aeus)
and 4.7 Femglelay (froma 1 Msoluti®® Au(oH)3 "APRa" dissolved in 1.6 M
KOH) was EpmalpddRefereece Gatpis® beads. Melderial was 2éfuced with the ni xture:
5% H2, 95 % N2 at 200C for 4 h. The beads were crushed and tested in fix

bed m cr t r; E ﬁ@?_!“ ns described in the experinental section.
COx2 sel eg[tOPi\E/iiafyq“a e&l&% 0 ogoxygen conversion was achi eved. [00120]
Exanpl e 100117k f &Exemple 8.4t gify7s®) (RCTH6, sepphed bypDHKY wis q@icepd aeis01thioEXbmpl e 7 was
used as r.ef erence. ca st. here.. Tabl.e 2 shows [IXYe) selectivity
ond act: Veey RS pAREnS I Gtk Siet s 108 T ruel W R B Y §481 298185 Vi

2005/ 065 920y Tdr 052 DK D3 8iRed WitlP2236] efthiel bitidelyzivdoriunt iateyatésuppipddedy9 9. 33 2. 08
Exanpl e . . 6 Ex le_11 ef erence, Cgt St, ) 2..36 [001221

7T cont a 156 [A-2ONER SRt OMAGS BAf SRt BRLTIBRACIA S0 R Copis01231 The

f of’l oW NgeaRRRFAalCRED R IULEE0S EiaRGhafi@ uniéinSicio&bpeHas SRoNHAUNFSmm shEll CONi a
support material catalysts were made as follows: various shaped catal yst

carri ers ErHonyitsthichneshof 258 Byved. Zirconia support materials were supplied
byNor Pro [60&1&]60%%2&;51@9:&%@9@ , (XPRO7TIHET Mirhce aih k5 G/ PWER RhjregiBk@r | @l s vere
PP D s (ALt e Fd lonlog ot 5-5/s o 502 posgaated materisl
wi 1)2 4 g g pregn

was dried and calcined at 450°C for 4 h. The material was ball milled with 60 ml of DI water for

4h, mixed with 11 g of a binder tZA-ZO) and sprayed onto 30 g of bentonite KA—fGO spheres.

The beads were calcined at 450°C for 3h. This procedure results in formation of a strong uniform

shell with 160 um thickness.

[00119] Example 10: The beads from Example 8 were impregnated with solution Pf potassium

acetate to give loading of 40 mg KOAc/ml of KA-160, dried and calcined at 300°C for 4 h. After

that the solution, containing 9.4 mM of Pd(from Pd(INH;)4(OH), supplied by Heraeus) and 4.7

mM of Au (from a 1 M solution, Au(OH); “Alfa” dissolved in 1.6 M KOH) was sprayed onto
“ these beads. Material was reduced with the mixture: 5% Hz, 95 % Na at 200°C for 4 h. The beads

were crushed and tested in fix bed micro reactor under conditions described in the experimental

section. CO; selectivity of ~ 6% at 45% oxygen conversion was achieved.

[00120] Example 11 (reference catalyst): The same catalyst prepared in Example 7 was used

as a reference catalyst here. Table 2 shows comparison CO; selectivity and activity for the

catalyst of Examples 9-11.

[00121] Table2
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180- 425um was i npregnated (either sinultaneously or sequentially with an
internediate drying step at 110C and optionally with an internedi ate
calcination step) to incipient wetness with a Pd and Au precursor sol ution,
optionally calcined in air, reduced with 5%/ N2 formation gas, post-

i mpr egnat ed WP 2NS/PERW sol ution, dried at 100C under N2,pcang:mgnsmsied in a
8x6 multi channel fixed bed reactor. A solution of Au(OH)3 in KOH was used
as the Au precursor. Agueous solutions of Pd(NH3)4(OH) 2, Pd(NH3)2(NR) 2,
Pd( NH3) 4(N03) 2 and Pd(NO3)2 were used as the Pd precursors. [00124] A
silica support material catalyst reference was nade as follows: A support
mat eri al cont ai ni ng pal | adi netal was prepared as fol |l ows:
The suppe er| al in an alﬁr.r‘%?r%tg(:ﬁ‘)fﬁ?gg consi sting of Sud Chem e KA-160

silica s% er q‘;aw ng a nom nal di Zg%g % 7 mm a density of about 0.569
H

g/m, an bqut 0.56 g support, a surface area of
about 165"?”6"({3@ (pﬁlf.ffeé éaﬁ% por e about 0.68 m/g., was first
i npregnat e i

S jncj |ent _ 8 m of an aqueous sol ution of
sodi um t &9 FOpe S R to provide about 7

grams of @hﬁ]ﬁn‘h@é folﬂlﬁ%hg’ﬂ‘é&h&ﬂl‘ﬁ?&%ddré %%r us&f foﬂﬁis%ét)b?&xam'ﬁ% ZBsbBRGkgpotas shaken
in the soI ution for 5 mnutes to ensure conpl ete absorption of the sol ution.

The pal | a@tetphopalysts Wern mpfsasdoliayst Yasiowsshipst eatahest praiaruuere AUREd AYAr oxi des by
contacti Ehgvehhgu&fnﬁ%hﬁén nﬁ%@ﬁﬁ R;Ieref&ipﬂlﬂ& By Nmr(m 3& Qhd ﬁzﬁso'ﬁ‘ﬂubﬁlc%d

approximately 5r an agueous I um hydr oXi de sol ution
pr epar edMElo‘iw@@%mﬂwaNamm@mhe@w lamsm @ndcﬁudﬁbe%eoﬂetsm@ fragierded t o

convert I gﬁ? En@] romt he
trégt ed Eitﬁng?flt“ﬁgw&%&eg eg%mﬁ%%e eo-rli_lgr nsg%g el oni ze V\%t er and
drréd at st&p)ﬂmlﬁ)"ﬁ: aad ﬁ}btmldlybaa'dl BintehDeReO 54168882 Ste) GT- inbjﬁ@ﬁwtmsﬂﬂlsa Pdrier for
1.2 hour e _su ont.ai nin | L de was t hen

i npregna?ndda‘ s uFfBPS% utno us s%?az de‘ B(L%icg‘ﬁq%?wggg a| i ng p&u from
NaAudC 4 aﬁlﬂegaatzdgltl‘ﬁnemblaﬂhhonsm-iedtat 00°(¢ dnder Mg eridvsadeanet] $n a/\s)tﬁhmﬂtaashmnﬁl to Au)

ing th t d t ed | | oned t
atand oy BIHVGHISEE: SATHIE o AUDD PRI et BEr e ATRER! nool ubl e
hydr oxi dgolutibh€ofiPd(NES;) (GH)E, RAIOHOMEOL), PAREIRNNOV), Ik HaiND3), 2tk used £ithe( - - 5 hour s)

to renmove, chloride 1ons and subsequently dried at 100C in a fluid bed drier
for 1.2 hOPFYUSOBhe pal | adium and gol d containing support was then reduced
by cont agbifag tReiisiapRitmaMrialcatelfdirefedendd wdd maBé 4 OBRIR) Alsepﬁomuateﬁmor phase at

150C for 5 hours. Finally the catalyst was inpregnated
containing palladium and rhodium metal was prepared as follows: The support matenal in an

amount of 250 ml consisting of Sud Chemie KA-160 silica spheres having a nominal diameter of
7 mm, a density of about 0.569 g/ml, an absorptivity of about 0.568 g H,0/g support, a surface
area of about 160 to 175 mzlg, and a pore volume of about 0.68 ml/g., was first impregnated by
incipient wetness with 82.5 ml of an aqueous solution of sodium tetrachloropalladium (II)
(Na,PdCly) sufficient to provide about 7 grams of elemental palladium per liter of catalyst. The
support was shaken in the solution for 5 minutes to ensure complete absorption of the solution.
The palladium was then fixed to the support as palladium(Il) hydroxides by contacting the treated
support by roto-immersion for 2.5 hours at approximately 5 rpm with 283 ml of an aqueous
sodium hydroxide solution prepared from 50% w/w NaOH/H,0 in an amount of 110% of that
needed to convert the palladium to its hydroxide. The solution was drained from the treated

support and the support was then rinsed with deionized water and dried at 100°C in a fluid bed
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i nci pient wetness with an aqueous solution of | Oy of potassiumacetate in 81
m H20 and dried in a fluid bed drier at 100C for 1.2 hours. Before
testing, the catal yst was crushed and sieved. The sieved fraction in the

si ze range of 180-425um was used. [001251 Catalyst libraries of arrays of 8
rows x 6 coMomess/esszgl ass vials were designed and a rRBCRUSH004P3882% ass vi al s
was nounted on a vortexer and agitated while dispensing netal precursor

sol utions using CavroT |iquid dispensing robots. 0.4nl of support was used
for each library elenent, for the glass vial synthesis as well as |oaded to
each reactor vessel. [00126] KOAc |loading is reported as grans KOAc per

liter catgief&r I\QQiom@ETEHsuﬁﬁ)ﬁﬁﬂﬁénamﬁ&mﬂﬁba@adﬁMhﬁbﬁiﬂﬁmas tHeR imprBhated
specification of An | oading, the relative atonmic ratio of Auto Pd is

r epor ted Wb aqpepus Ffﬂl"tl"Béﬁl TR coniainipe b4 § A1 fram Neguu apde-7 8 WraNefibport vol une
(i.e. abs&'ldﬁ'bﬁ(l PERHRent® fyith ebshedt twecyt g &S ﬂ{@eeﬁleat webdd@itekdodI MGe M@ORENI NG

protocol used tenperature ranp from 165C in 5C increnents, at a

fixed s pae@ted@tlb&ewﬂewedm spd wewghttomrmmta@mﬁhwws itq the ingefai space
Vel oci 1Y hyeigi ‘?ﬁ'gplﬁsswérpﬁto{? tghpwﬂgd Whionizd ¥eSES Wodhy sbidhhoggen. 0. 94 scem

of Oxygen, 94 sccm of ehe, and 5 mcroliters per m nute of Acetic
Acid thr od@ndemhmdfsutwmﬂy fb‘a:tial BPQ‘EC In\aéh!gbhcé deiexlfor 1o% hopps. dihe hellddiam | nner

di ameter gf; P[m o, JEN SUS oxygen
conver si o% géﬂﬁﬁﬁég}rﬁ@ k’gper or ne at?t'dJ ﬁﬁ]&ﬂn h{e}élfﬁ%ﬁ‘@!h %lltér/p%ll ated in nost
cases) (QRoge) iedlcivapdr phae atdE%Cbﬁoyghwm@mHy&bmtalysewirmbmmdhe per f or mance
sumary t.ables bel ow.. The te rat 45% 0X n i.on.cal.cul ated
from the TOP5K we?r}eic’sn“é'gran 8% &rlgéf) {ﬁs%W?%gfe %E%Z{acoﬂ%er%m on
vefrsus r aaﬂthdbasdctmnmemtcubxel I}Souad PBeforectpaing,akib) catalhbiov ds cnshiedtahd siedd. V¥

209%/ 065820 1.US2004/.038825 .. cal. cul at ed enperature the higher the
activity 6ﬁve$%tl8‘é ‘Vgte.mﬁﬁ@%@ Jgg ‘eld (STY; g VA produced per m

cat al yst [eo12s]e Quedlystijbrites 458¢a Qdihvsilm&ﬂﬁn&ts@tﬂglhﬁ vialsWeas thsignaf anti Be
productivity of the catal yst. [00128] Exanple, 12: 400ul of Zr02 carriers
X716075 (BEHFHEkss Vg%‘psts.wteaﬁaamae asetmwaltetlweee%&mﬂéemcyﬁmt o | ower

the surf agRitighsABink Card™MHhld MPeBid rtwoegaﬂmswpmw%sﬁye& fRkMlibraBd sol utions
to incipient wetness, dried at 11 8 h, inpregnated with KAUO2 (0.97M Au

st ock sol Wimegh forthy alq%wptswteswet w@é%sloaéﬁdeaa@treaf%twf‘ér 5h, reduced at 350C

for 4h in / Noad 104dHRis RBortaSs ng&l?f(OA £S48 Wbiulhe SPRGnYIROAL! €d at
150 1or EPHGE, Wonc iR l029°sarrp i 5 ey
on 0 4ml support. For the specification of Au loading, the relative atomic ratio of Au to Pd is

reported as Auw/Pd. Pd loading is specified as mg Pd per 0.4ml support volume (i.e. absolute
amount of Pd in reactor vessel).
[00127] The screening protocol used a temperature ramp from 145°C to 165°C in 5°C

| increments, at a fixed space velocity of 175% (with 1.5mg Pd on 0.4ml support). 100% space
velocity is defined as the following flows: 5.75 sccm of Nitrogen, 0.94 scem of Oxygen, 5.94
scem of Ethylene, and 5.38 microliters per minute of Acetic Acid through each of the 48 catalyst
vessels (all of which had an inner diameter of appt-oximately 4 mm). CO, selectivity was plotted
versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CO, selectivity at 45% oxygen conversion reported in the performance summary tables below.
The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO,

selectivity and oxygen conversion versus reaction temperature is also reported). The lower this
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(shells) were then diluted 1/9.3 with KA160 diluter (preloaded wth 409/l
KOAc), i1.e. 43ul ¢ Pd/Au/Zr2 shell and 357ul diluter (400ul total fixed bed
vol une) were charged to the reactor vessels. The Pd loading was 14 ng Pd in
400ul Zr02 shell (or 14*43/400=14/9.3=1.5ng Pd in reactor vessel for all

l'i brary el ewernoesnesstie Pd precursors were Pd(NH3) 2( NO2)ECHUS2003{038826s 1 and 4,
Pd(NH3)4(OH)2 in colums 2 and 5, Pd(NH3)4(NOG3)2 in colums 3 and 6. Au/Pd
0.3 inrow2 and rowb5, Au/Pd=0.6 in row 3, Au/Pd~0.9 in row 4, row 6 and
row 7. The KOAc |oading was 114unmol in rows 2, 3, 5 and 147unmol in rows 4,
6, 7. The silica reference catalyst was |loaded into Row 1. The |ibrary was
screened madutagpdumeféhnamhighetdmmbﬂngtypfthemyst dhe fpaeetiimSVeld BT E@VAg results

are surmarréed in atgletS %‘LO ggzlt‘@ Selectrvrti/ t STY d

Pr ecur sor FoGffedpep! At felgnepss °§Y5’6“‘i°“8ﬁ“2?62'”%m}’§e 4 787 Pd 3 a
03 2 on prﬁ&cﬁw%fﬂﬁZatBly&BS Pd(N113)2(N02)2 on Zr2 5.57 150.7 795 *Data

h is tak f f t Au/ Pd at ti 0.3 d 0.6
ond o, UPYRE, dHempR s RN st rids comin Ka0fo e aimiase RrPls GURREISN o car 1 o s
XZ16075 (prisltidedds mser:zhr@rdweﬁﬂ@lsux&%@%i’o 420B3)e8 Grre Glapi@ aﬁ:ﬂ v Qiffdent O | ower

the surface area to 42n2/ were [ re nated with Pd 4&%(1 117M Pd
st ock sorlfﬁﬁoaw)vnsrtemcw&nbw ssEedv d L0°Cden 5k lﬁ@éFg&%teds"S'@é(‘ﬁ Bir,

i mpr egnat epck%mhodfm 6 w2 i3 bOA ISR 4 réanaedtapssoﬂe kRl sogpmess, dri ed
at 110C for 5h, educed at 350C for 4h in BOgR/ N2 formation
post - i rrpregne\roeaaquwmmatqmwoedmﬂtdn@awmsﬁmmA @F?@Eﬂ@ﬂ/ 038825

110C for §ﬁp§|, at/ 12 with
KA160 di | l’il-belr$ Wé? W t ?@I cﬁlﬁ&@%&&d&ﬁh ‘gdég / 'ku%Zr 2 cat al yst
and 366. 7wAdZthtstml a@demldmmmoomftommmce@m wbmwyrembmeeddm&m gadort o t he
re®et or ol ' i tjons were
as foll om‘/§e§3%§ %’f Qgﬁag gJaIQE]&'rgg'?ﬁ %0@%0% ?Jrhal 43%6? 4j r -ar %Sfld Zr Q2
XZ16052 (6adaCyessel fa:r(allrllmsy eden&n(sr Tigrd plmhrﬁomfverb iPB(Mh)@INOsz cﬂdmhmhdldn g was 18
Pdrn 23h 8/1 sel) in

(r:rgl | fg?m.?)qéﬁ égllﬁ 51%8@43 8\9) }2 m C Au/ﬁggt)tspm I'OWE )

and row 5, Aw/Pd=0.6 in row 3 Au/Pd=0 9 in row 4, row 6 and row 7. The KOAc loading was

114umol in rows 2, 3, 5 and 147umol in rows 4, 6, 7. The silica reference catalyst was loaded

into Row 1. The library was screened using the T ramp screening protocol at fixed SV.

Screening results are summarized in Table 3

[00129) Table3

CO; Selectivity Temp at STY
Cl Precursors on Si0; 7.37 156.6 729
PA(NH,);(OH); on ZtO, 5.79 152.4 787
Pd(NH3)4(NO5), on ZrO, 5.90 152.3 783
Pd(NH,);(NO,); on ZrO; 5.57 150.7 795
N *Data shown is taken from average of two Au/Pd atomic ratios (namely 0.3 and 0.6) and two

different ZrO; supports.

[00130] Example 13; 400ul of ZrQ; camiers XZ16075 (55m2/g as supplied) and XZ16052
(precalcined at 650°C/2h to lower the surface area to 42m?/g) were impregnated with
Pd(NH3)4(OH); (1.117M Pd stock solution) to incipient wetness, calcined at 350°C for 4h in air,
impregnated with KAuO; (0.97M Au stock solution) to incipient wetness, dried at 110°C for 5h,

reduced at 350°C for 4h in 5%H,/N; formation gas, post-impregnated with KOAc and dried at
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&, colum 6 (cells B6-G6); 10 ng Pd in 400ul Zr®2 shell (or 10*33/400=10/12
nmg Pd in reactor vessel) in colum 1 (cells Al-A) and colum 4 (cells
Ad-A); 14 nmg Pd in 400ul Zr02 shell (or 14*33/400=14/12 ng Pd in reactor
vessel) in colum 2 (cells B2-F2) and colum 5 (cells B5-F5). Au/Pd=0.3 in
row 2 and rwew 2605/06882°d=0.5 in row 3 and row 6, Au/ Pd=0rdT/Uszoe4mass28l and row 7
(except cells A, A4, &, G where Au/Pd was 0.3). The KOAc | oadi ng was
114unol (except cells D3, G3, D6, G where KOAc | oadi ng was 147unol). The
silica reference catalyst was |oaded into Row 1. The |ibrary was screened
using the T ranp screening protocol at fixed SV. Screening results are

sumar i zeg ob fof 3R 'ﬁ:e‘f*d//ﬁl%r@% sa];ﬁrl?és shéils%e?ﬁ% ﬁgﬁtbod/ 15/1% \-avi;ﬁﬁ%léé diftmgo Conv STY

Au/ Pd Atom c Ratio O. ) Precursors on
Si 2 6. 99(prelaaderizujthgiog/] K0M121833 3ulzfrdédgx/2rﬂzmﬂmarsl 396.78l dilutes(496uit®@d. 7 152. 3

775 8 7010 I8 A gt shpbedio i rabliedis Bl doih by gl 05

XZ16075, ®mpostidng afctelamfollmﬁﬁmmwﬁjmmelumys 13 (& hatf of lpoirg andbZaiae 475ul/ g,

Co i nol pi SO CAEL  AriR® ol B SRl i rarSlyBef | ORERL I R0EY 5500

(col unmms Boﬂ}hellrﬂd&(]@“i?»mt)ﬁl%ﬂﬂ nog B inireactar vessel) ifpgell g¥2atchammB (dall<i#31GR), s«b]l ution

527 L0 et ST P

sol uti on.rekhe vbysé)flﬁleuxhﬁlS (@nmlgm@bmﬁm@l@m@)tm:@%ﬂ&mmzmy 2 to row
7. The Pd Ioadln anount pport. Two different Au

| oadi ngs SHE@r &K éfé?P-(lﬂ&? F’é*Pé “5“’? ré’&?si}hﬁé’c’lfmn@ (°°§S Bad2pandsaumns i n col urms
2,7 4, 6)(celit mE-13. |AuaR=0.8 irloR IR b Sl AAHd=08 % loaaded rdws raved-0.7 iR | brary
wa‘s-screened using the T 33 WO 2005/'065820 PCT/ US2004/ 038825 ranp screening
prot ocol 4 #drRFBaBoepeelleAdi A Gt GF vhaaAsDd wapd. BeflafOfeloading way e sunmari zed
in Tabl e 1514urﬁtgg€xg§:ﬁ %Jlg@3e6§ ﬂ%cgg%gﬁﬁdA\é'ligaﬁlnEWl%%ﬁ?/ orf08ica Perenct!

Precursors on 154.7
catalyst was loaded into Row 1. The library was screened using the T ramp screening protocol at

fixed SV. Screening results are summarized in Table 4.
[00131]) Table4

CO, Selectivity | Temp at 45% Conv STY
Au/Pd Atomic Ratio | 0.3 ] 0.5 ] 0.7 | 03 ] 05 | 0.7 | 03 | 0.5 | 0.7
(1 Precursors on Si0; | 6.98 | - - | 1548 - - 742.8

ZrOp: XZ16052 6.06 | 531 [ 5.38 | 153.7 | 152.3 | 154.9 [ 776.8 | 806.0 | 803.0
Zr0y: XZ16075 6.18 15.6215.71 [ 147.5)151.0[ 1544} 773.8 { 791.6 | 790.3

[00132] Example 14: ZrO2 catrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 1.15g/ml, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with

- Pd(NO3)2 precursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuO; solution
(prepared by dissolution of Au(OH), in KOH), dried at 110°C, reduced with 5%H2/N; formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/1 in row 2 to row 7, The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (Au/Pd=0.5 in columns 1, 3, 5 and Au/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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Pd(NO3)2 on Zr02 6.10 145.3 775 *Data shown is taken from average of two
Au/Pd atomc ratios (nanely 0.5 and 0.7) at 40g/L KQAc, calcination at
450C, and reduction at 350C. [00134] Exanple 15: Zr02 carrier (supplied by
Nor Pro, XZ16075, sieve fraction 180-425um density 1.15g/m, pore vol une
575ul/ g, BEWG05E820ar ea 55n2/ g) was. inpregnated w t lirCTREiobidBRRs pr ecur sor
solution to incipient wetness, dried at 110C, calcined at 450C in air,

i npregnated with KAuQ2 sol ution (prepared by dissolution of Au(OH) 3 in KOH),
dried at 110C, reduced with 5%42/ N2 formati on gas at 200C (colums 1-2),
300C (colums 3-4), or 400C (colums 5-6), and post-inpregnated with KOAc
o Ut | 0N ranghdeh Aelbch1 a8 MUHHSORY A redclbiciybd 8V Ofirddhnis el sibiindsd 2 L0 1 ow
7. The Pd | oading amounts to 1.5mg Pd on 0.4nl support. Two different An

| oadi ngs &Rk Bhosen (Au/Pd=0.5 in colums 1, 3, 5 and Au/Pd=0.7 in col ums
2, 4, 6)[mﬁgﬂ sqgmgg reference catal yst was | oaded in row 1. The library was
screene reactor using the T rapnp screening protocol at fixed
SV. Scrdening resul ts £6; Selentimity | |AethpattSVaBony q.STY00135] Table 6 COR

Sel ect i \iGlPrepwngys &t Sif590.8bnv_ STY |AS4.Precursors |034Si O4 7.11 154.2 738

Pd( NO3) 4 FdNG)Dan Br(R1 14504 797 *Da#da3shown is tja@en frjom average of two

Au/ Pd at dana shcvén i gikén fediehverdge &mnmu@dibonﬁd ratiéi(hdmel K@ P\and &Blac40pAL | On at
450C, an educt.i on at, _400C. will be further appreciated that
functiong: ?ﬁ hddl m&“%ﬁﬁ *?%ﬁgf conponents or steps may be

conbi ned (80184 AF%ink B: zmm%ﬁﬂésu@heﬂﬁ%rmrxznms‘ W8 ed frR06n M80-43bumiCt ur es of
one step or conponent anong plLural steps or conponents. The

present iAFRFEI L L el E%F@Hﬁ?ézsé‘yg':ﬂﬁ'fWWH@%@%W%&PP‘S&@“ ess stated

otfier wi seqhIYEHeiRS sohitidn GEREBeAtvthe®f drici REI 108, QbR it USCUn &8, depi ct ed
her8in are not Intended to be restrictive of the invention, and ot her 34 WD

2005/ 065 gnpregratr BEh EowOp sdginn (prapasdiby idisspdution ogéu{%i)xmé‘é)@r @riedgtsi bl e. Pl ural
struct ur gho@ORBRRLREE 59 yﬁ%lve tfo%aéoﬁzwf*%éoﬂﬁ&s% ﬁo%@%ﬁném)egf at ed

structure or step ter a Sing integrated structure or step
m ght be 40inC\(p<dvcnhS|5rﬁ)cﬁn§epmlamregrptedwath meinm Theltbrayy bppn KPAc addi ti on,

while a fg@aﬁltew f?mefS th Q&g/plB €% 2to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml
support. Two different Au loadings were chosen (Auw/Pd=0.5 in columns 1, 3, 5 and Aw/Pd=0.7

in columns 2, 4, 6). The silica reference catalyst was loaded in row 1. The library was screened

in MCFB48 VA reactor using the T ramp screening protocol at fixed SV. Screening results are
summarized in Table 6.

[00135] Table6

CO; Selectivity Temp at 45% Conv STY

Cl Precursors on Si0; 7.11 154.2 738

Pd(NO3)2 on Zr02 5.51 145.4 797
— *Data shown is taken from average of two AwPd atomic ratios (namely 0.5 and 0.7) at 40g/L

KQOAc, calcination at 450°C, and reduction at 400°C.

[00136] It will be further appreciated that functions or structures of a plurality of components
or steps may be combined into a single component or step, or the functions or structures of one
step or component may be split among plural steps or components. The present invention
contemplates all of these combinations. Unless stated otherwise, dimensions and geometries of

the various structures depicted herein are not intended to be restrictive of the invention, and other
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invention may have been described in the context of only one of the
illustrated enbodi nents, such feature may be conbined with one or nore

ot her features of other enbodinments, for any given application. It wll

al so be appreciated fromthe above that the fabrication of the unique
structures wWer¥6zad t he operation thereof al so constPCTUUSR0MEBEBHS | n
accordance with the present invention. [00137] The explanati ons and
illustrations presented herein are intended to acquaint others skilled in
the art with the invention, its principles, and its practical application.
Those skilled in the art may adapt and apply the invention in its numerous
forns, asiimmyioheortgeshemiareqxdsmhie tHral snmuhlrcampmnests of steps par Hei pradided buse.
Accor di ngl t.he fIC enbodi ts of the res |nven ion s set forth
e hot | hvisi BB ke ERRR AETRL R e pPRERO A PR RS E The scope
oL thed idﬂod&ﬁﬂhﬁt@ﬁlepsﬂaﬁlphdaﬁ cbxti%fn@ﬁt@ﬁr&tepsgﬁl adeigeﬂ,muﬂed feélﬁire Wthd‘prédéﬁter ence toht he
above description shou stead he deter Wi erence to the
appended "¢ Wayilﬁﬁrﬁe‘?z\ﬁlelsﬂ‘b?ﬁ@ t °Fte’§tc?g Ry e °fgiidﬁV§Ft8ﬁs1 Frgb K ch such

cl ai ms  arsgcreredtint kaglbe oM il Sath Ofd br@forthen Fdatudds bF th@emdbdimest, FraRg es,
i ncluding patent applications and publications, are incorporated by

r ef er enc &i¥eB APPEFALOR I} Wibkaks be appreggatedifmomythe apoverhanthe fabricafonf e WBIKg a cat al yst

or pre- cataed hefit 4nd e En@ﬁoxﬁﬁ&éo%ls@&nbtﬁuté Hl@thocﬁ’sr iR datotdafiid wath tRY drQet!
al kanoat es, conpri sing: cont acting palladium gold and rhodi umprecursors to

a supportm‘f?at!@rl al; <calcining the contacted support material in a

non-r edu 0615 at ﬁéﬁ&%ﬁmnﬁﬂﬂ 111Js§£ii68§hl§}95eﬁt &dh Lr@ﬂitéP qm;d&ﬁl &tﬂéﬁ precursors

by contatln a reaucin environne e sup
COQ'aCtI mgllmnahelealthhm m#enacleutapmcws,tahéltsyehmadplsltqam tThmtSblﬂlpchﬂn to form
an

al ke eart%ak {% apél?tﬂ?el M&e%h&rxnﬂ lﬁxm%ﬁxtugko\{rﬁg as%)z%l;rmes{%ﬁt&g %f claiml,

wherei n the coRta NPri'ses co- 1 npregnati I'um and rhod| um
precur sonen,ulrém)énksmmdarbwlarmw eg:loerﬁmglg, th Spbmﬁdmt@dintbntsroéﬂmmmt inv@itiolhe net hod

of any of cl n the contactin ep_co ses

ot eona it PERre et Hispd RS itk et 3t SRR R P Bl i EBe il of any o
cl ai ns 1113/,entWﬂ@h(ﬁﬂld1 tHefefor€, 3k déterin@d abteyitheeferetica tOBE aiove deseriptonJuegnaldi on of
the gold IES é: be etermmed with reference to the appended claims, along with the full scope of

equivalents to which such clalms are entitled. The disclosures of all articles and references,

including patent applications and publications, are incorporated by reference for all purposes.
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5. The method of any of clainms 1-4, further conprising at |east one fixing
step of fixing at |east one of the precursors with a fixing agent. 6. The
nmet hod of any of clainms 1-5, wherein the order of nethod conprises:

i npregnating the support material w th an aqueous solution of a water

sol ubl e palladiumprecursor; inpregnating the support material with an
aqueous solution of a water soluble rhodium precursor; fixing the palladium
and rhodi um precursors with a fixing agent; calcining the fixed palladium
and rhodi um precursors; inpregnating the support material with an aqueous
sol uti on &fe@lawat er sol uble gold precursor; and reducing the pall adi um
gol d and rhodi um precursors. 7. The nethod of any of clains 1-6, wherein the
order of method conprises: co-inpregnating the support material with an

aqueous sl uti anm&thodet Roduilgidatalystat predataipsediiabl Pek A48 iighiWiesor s; 36
fixing the palladi umand rhodi um precursors wth a fixing agent; calcining

t he fi xedPparetion afslkgnd alkppastehcPMBESRGor s; i npregnating the support

material with [ l.uhl ecursor; and
reduci ng the p%@gﬁg%ﬁaﬁ%%’%%dﬁéodl umi%%ércségggrgs?.p . 88{%& hod of any of
clains 1-7, whedlehingtiiecontaded safpomahitedal do apon-selacing atmispheregindt | ng t he
support material, wit rl} an, agueous sol ution of x;/at er sol uble . palladium and
rhodi um pr ecur Egpeng %aaHgﬂvlﬁénégrqd&amw‘aﬁ%rs K GeRtaTHNgAdE s with a

fixing aggﬁn‘;iionnlfe?g%:tﬂgmg%ﬁgﬁﬁﬁwﬁgqn@al | adi um and rhodi um precursors;

reduci ng the pa | odi um precursors; and inpregnating the support
mat eri al with eontatingeounslkaldmetal acetasé tosthevedacedssopprint mategel td fpmeaur sor. 9. The

met hod of aljf(égyl aik%lrlga eesrcaga?yr&)‘r)li ﬁrie-%gta{yis{(i ng the gold precursor with a fixing

2. The method of claim 1, wherein the contacting step comprises co-impregnating
palladium and rhodium precursors, followed by impregnating with the gold precursor.
3. The method of any of claims or 2, wherein the contacting step comprises co-
impregnating palladium, rhodium and gold precursors.
4, The method of any of claims 1-3, wherein the calcining step occurs before the
impregnation of the gold precursor.
5. The method of any of claims 1-4, further comprising at least one fixing step of
fixing at least one of the precursors with a fixing agent.
6. The method of any of claims 1-5, wherein the order of method comprises:

impregnating the support material with an aqueous solution of a water soluble
palladium precursor;

impregnating the support material with an aqueous solution of a water soluble
thodium precursor;

fixing the palladium and rhodium precursors with a fixing agent;

calcining the fixed palladium and rhodium precursors;

impregnating the support material with an aqueous solution of a water soluble
gold precursor; and

reducing the palladium, gold and rhodium precursors.
7. The method of any of claims 1-6, wherein the order of method comprises:

co-impregnating the support matenal with an aqueous solution of water soluble

palladium and rhodium precursors;
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agent. 10. The nethod of any of clains 1-9, wherein the water soluble gold
precursor is a basic solution so that the inpregnating step results in a
fixed gold. 11. The nmethod of any of claim 1-10, wherein the fixing step
conprises sinultaneously fixing palladium rhodiumand gold. 12. The net hod
of any of claim 1-11, wherein the fixing step conprises separately fixing
pal | adi um and rhodium from fixing gold. 13. The nethod of any of clains
1-12, wherein the calcining step conprises heating the contacted support
material at a tenperature between 200C and 700C. 14. The net hod of any of
claims 1-13, whringithe paadipmmnd ghodivm gresursprs sthor fixing agéntipr egnat i ng t he
support materi Wt |.east ..one ride-free water sol uble precursor of
pal | adi um rho%lﬂfﬂn &eg%)feg.paﬁgqlm?ﬁg&%@%%S%furgonrf/’ of clains 1-14, wherein

the i npregnat i figprégmfing tHERupPFetmatefisliWithedit aguesus e6kuitibndf £@art sehible 16. The
met hod of any of clains 1-15, wherein the inpregnating step is followed by
the appl i QMiPERFUBOLIIBAt to remove excess liquid. 17. The method of any of

clains 1-16, {‘@f‘g.‘*’n@?éﬁ‘?ﬂ?%ﬂd Q??&x%ﬁhiﬂlg;ﬁ?ﬁﬂc}rsses silica. 37 18. The

nmet hod of any o ereint support material conprises silica
and al um 8a. 1%he ifkthodef odofalaime ¥-7o whetei the odled 8 methed eomprises support

material conprises zirconia. 20. The nethod of any of clainms 1-19, wherein
The. cal ci ni g ST-BRPrEBEPg s ShaRat mREnal il Seaede B BRoR REWEST S Hec ur or

when t he gmmﬁ{rﬁaﬁ@hgaihﬁ{prg&mg;ses zirconia. 21. The nethod of any of
clainms 1-20, wherein the support material conprises a |ayered support

material . 22. fikioghs padddiom andyhaesiurg peacussors with a fixing egantit he al kal i net al
fhe al kal i ot nouignd i Pefuian sod Miballth PRMEE"0Y Detveen 10 and 70 or ans
per liter of cgidatiygthe palladium and rhodium precursors; and
impregnating the support material with an aqueous solution of a water soluble
gold precursor.
9. The method of 1-8, further comprising fixing the gold precursor with a fixing
agent.
10.  The method of any of claims 1-9, wherein the water soluble gold precursor is a
basic solution so that the impregnating step results in a fixed gold.
11.  The method of any of claim 1-10, wherein the fixing step comprises
simultaneously fixing palladium, rhodium and gold.
12.  The method of any of claim 1-11, wherein the fixing step comprises separately
fixing palladium and rhodium from fixing gold.
13.  The method of any of claims 1-12, wherein the calcining step comprises heating
the contacted support material at a temperature between 200°C and 700°C.
14.  The method of any of claims 1-13, wherein the impregnating step comprises
impregnating the support material with at least one chloride-free water soluble precursor
of palladium, rhodium or gold.
15.  The method of any of claims 1-14, wherein the impregnating step comprises
incipient wetness impregnation.
16.  The method of any of claims 1-15, wherein the impregnating step is followed by
the application of heat to remove excess liquid.

17.  The method of any of claims 1-16, wherein the support material comprises silica.
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24. The nmethod of any of clains 1-23, wherein the al kenyl al kanoates

catal yst or pre- catalyst is a shell catalyst or pre-catalyst, an egg yolk
catal yst or pre-catalyst, an egg white catalyst or pre-catalyst, or an

al | -t hroughout catal yst or pre-catalyst. 25. The nethod of any of clains
1-24, wherein the contacting step conprises contacting rhodi um and
palladiumin a rhodiumto palladiumatomc ratio of between 0.01 and 0.5.
26. The nmethod of any of clains 1-25, wherein the contacting step conprises
contactin? between 1 to 10(%rans of palladium and 0.5 to 10 grans of gold
per literl®f TEermethed of anytah clakms brkduwherein thesupgpastmatgritk eompriges lick25 wt %
based on 2l ﬁght of palladium 27. The nethod of any of clains 1-26,
wherein the atomc ratio of gold to palladium is between 0.50 to 1.00. 28.

A conposi t9.0n T methbdbanyd claiigs P18 dviedréin theduppatt matefiBldongprisesnoat es,
conprising: a support material with at |east palladium rhodium gold and
an al kal i 2ifR9f'¥ acetate contacted thereon to form an al kenyl al kanoat es

cat al yst prey L ny_18t thelBldi | 808 ed | have been
cal ci ned |%n a ﬁbﬁ%@%ﬁ%&@?ﬁoﬁgﬁ elrg’ewﬁeggﬁ helclgggr%%{g%t I on %?&Jg:ﬂggl m 28,

wher ei n t mepregrapan of thegeldipadcusonphersths sypportaaateridd Oomptises ewogisi t i on of
either clans 28 or 29, wherejn t S art. material .conprises silica and
al uni na. 31. em%the%ﬂ%giqu{gﬁn%P—Sgﬂ\yl?eg?mgreéuﬁgo@@g@g?l ‘?rlrﬂ%mné?sr? t he support
materi al RO bigpert ndtérf@Ni @ 32. The conposition of any of clainms 28-3 1,
wherein the support material conprises a |ayered support material. 33. The
conposi tidh of Thametbéd of anyred clrnsg P21 ikarein the dliealizaethkatietate is potashiumn and gol d

have been Cr%guced. 34. The conposition of any of clains 28-33, wherein the
gol d has 5t Been cal cined before bei ng reduced. 35. The conposition of any

of cl ai ms2%8- 3fhe MAGE b MaryE cliithel - R vhefin (e alkali @sbif] Qtetate Fprestheine@mposi ti on
of any of clains 28-35, wherein the catalyst or pre-catalyst

amount of between 10 and 70 grams per liter of catalyst.

24.  The method of any of claims 1-23, wherein the alkenyl atkanoates catalyst or pre-

catalyst is a shell catalyst or pre-catalyst, an egg yolk catalyst or pre-catalyst, an egg

white catalyst or pre-catalyst, or an all-throughout catalyst or pre-catalyst.

25, The method of any of claims 1-24, wherein the contacting step comprises

contacting rhodium and palladium in a rhodium to palladium atomic ratio of between

0.01 and 0.5.

26.  The method of any of claims 1-25, wherein the contacting step comprises

contacting between 1 to 10 grams of palladium, and 0.5 to 10 grams of gold per liter of

catalyst, with the amount of gold being from 10 to 125 wt % based on the weight of

palladium.

27.  The method of any of claims 1-26, wherein the atomic ratio of gold to palladium

is between 0.50 to 1.00.

28. A composition for catalyzing the production of an alkenyl alkanoates, comprising:
a support material with at least palladium, rhodium, gold and an alkali metal

acetate contacted thereon to form an alkenyl alkanoates catalyst or pre-catalyst, wherein

at least palladium and rhodium have been calcined in a non-reducing atmosphere.

29.  The composition of claim 28, wherein the support material comprises silica.

30.  The composition of either claims 28 or 29, wherein the support material

comprises silica and alumina.
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conprises rhodiumand palladiumin a rhodiumto palladiumatomc ratio of
between 0.01 and 0.5. 37. The conposition of any of clains 28-36, wherein
the catal yst or pre-catalyst conprises between 1 to 10 grans of palladi um
and 0.5 to 10 grans of gold per liter of catalyst, with the anount of gold
being from 10 to 125 w % based on the weight of palladium 38. The
conposition of any of clains 28-37, wherein the atomc ratio of gold to
pall adiumis between 0.50 to 1.00. 39. The conposition of any of clains
28-38, wherein the alkali netal acetate is potassiumacetate. 40. The
conposi tidh of Tegpmplosition pfianyxd-cBéms d#rdP.evherein theesupport matsrial compsises e i s

pr esent ﬂr%glannunt of between 10 and 70 grans per liter of catal yst. 41.
The conposf%lon of any of clains 28-40, wherein the catal yst or pre-catalyst

conprises3a shEhd cobfoditivs bf iy diicknnal&BY Stheréin tlROBpyat Makaihbdongirisey
pre-catalyst, an egg white catalyst or pre-catalyst, or an all-throughout
cat al yst %)}aYEJTPéSW&I%@m 42. The conposition of any of claims 28-41,

wherein the s

ar ound subgor ¢ auPRtieh b Eeny RSS2 RAfcr e MRRAR BRI A oo
conpri si ngoldhmmlieehrerdgcm feed corrprl sing an al kene, an al kanoi ¢ aci d and an
cal ci ned Phodi THf Cceaanar Ay oraiaas Fortaarorn bl Bes oot Btpssaleioetint o i al
39 44. TheeroRtReg reduced.ai m 43, wherein the al kene is ethylene, the al kanoic

acid is acefic_acid and the oxidizer is an oxygen containing gas. 45. The
met hod of 3%i t hEke eompiosition 8f any of £]aimk 28-34whenein ¢het golld/bas not bepngediged| yst

betwoen 0’01 TR s tn of ST nEat 37 Wi eRn AL B BB T 21 1 e

catal yst gdmptises habidhnysid paqammmslea rhdd@inieepallhdium atémidrrahid offetPédnl (00 UM and
0.5to 10 gram; of gold per liter of catalyst, with the anount of gold

bei ng frotd®5to 125 wt % based on the wei ght of pal | adi um
37.  The composition of any of claims 28-36, wherein the catalyst or pre-catalyst

comprises between 1 to 10 grams of palladium, and 0.5 to 10 grams of gold per liter of
catalyst, with the amount of gold being from 10 to 125 wt % based on the weight of
palladium.
38.  The composition of any of claims 28-37, wherein the atomic ratio of gold to
palladium is between 0.50 to 1.00.
39.  The composition of any of claims 28-38, wherein the alkali metal acetate is
potassium acetate.
40.  The composition of any of claims 28-39, wherein the alkali metal acetate is
present in an amount of between 10 and 70 grams per liter of catalyst.
41.  The composition of any of claims 28-40, wherein the catalyst or pre-catalyst
comprises a shell catalyst or pre-catalyst, an egg yolk catalyst or pre-catalyst, an egg
white catalyst or pre-catalyst, or an all-throughout catalyst or pre-catalyst.
42.  The composition of any of claims 28-41, wherein the support material comprises
particle support material or a ground support material.
43. A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an oxidizer to a
catalyst or pre-catalyst comprising calcined palladium, calcined rhodium, gold and an

alkali metal acetate on a support material.

39



47. The nethod of any of clains 43-46, wherein the atomc ratio of gold to
palladium is between 0.50 to 1.00. 48. The nethod of any of clainms 43-47,
wherein the support material conprises silica. 49. The nmethod of any of
clainms 43-48, wherein the support nmaterial conprises silica and al um na.
50. The nethod of any of clains 43-49, wherein the support materi al
conprises zirconia. 51. The nethod of any of clains 43-50, wherein the
support material conprises a |ayered support material. 52. The method of
any of clainms 43-51, wherein the catalyst or pre-catalyst is a shell

cat al yst &4 prEhemethbg of clainp43, wherein the alkene is ethylene, the alkanoic acid is acetic

acid and the oxidizer is an oxygen containing gas.

45.  The method of either claims 43 or 44, wherein the catalyst or pre-catalyst
comprises rthodium and palladium in a rhodium to palladium atomic ratio of between 0.01
and 0.5.

46.  The method of any of claims 43-45, wherein the catalyst or pre-catalyst comprises
between 1 to 10 grams of palladium, and 0.5 to 10 grams of gold per liter of catalyst, with
the amount of gold being from 10 to 125 wt % based on the weight of palladium.

47.  The method of any of claims 43-46, wherein the atomic ratio of gold to palladium
is between 0.50 to 1.00.

48.  The method of any of claims 43-47, wherein the support material comprises silica.
49.  The method of any of claims 43-48, wherein the support material comprises silica
and alumina.

50.  The method of any of claims 43-49, wherein the support material comprises
zirconia.

51.  The method of any of claims 43-50, wherein the support material comprises a
layered support material.

52.  The method of any of claims 43-51, wherein the catalyst or pre-catalyst is a shell
catalyst or pre-catalyst.
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