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of Priority [0001] This application clains the benefit of U S. Provisional
Application No. 60/530,937, filed Decenber 19, 2003, which is hereby

i ncorporated by reference. Field of the Invention [0002] The present
invention wal mrsd19 catal ysts, nmethods of making the gafd %@z{/@ssﬁnd

nmet hods of maki ng al kenyl al kanoates. More particularly, the 1nvention
relates to nethods of rmaking vinyl acetate. Background of the Invention

[ 0003] 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 (PﬁAﬁa;iFg%bpﬁu}sﬁrs:gﬁgﬁéaﬁgwm y for adhesives, and
accounts for a large porti ses for VA included

pol yvinyl al cohol (PVOH), ethyleng lmy" tate (EVA), vinyl acetate

et hyl ene (VAE), polyvinyl butyral ’z et'hyl ene vinyl al cohol (EVCH),

pol yvi ny[000f]or nhis é@‘llEa)ti,onaladnwthml;dneﬁmlfhlrS teovisionyll Appiiedtioh &Noc 6p30/38) . PVOH i s
typicall ed for t iles adhesj ve and photosensitive coatings.
Fi | ms anéleai)r‘%e“}?ﬁ’d @%Wﬁ'ﬁg{flhﬁfek WCW‘E"&tﬁ‘?hﬂ‘?ﬁ% ®EVA in some proportion.

Maj or applications for vinyl chloride-vinyl acetate copol ynmer include
coatings, paints, and adhesives often enploy VAE having VA in sone
proportion. VAE, which contai ngijoyenedidadhiiel pPercent VA is primarily used
as cenent additives, paints, and adhesives. PVB is mainly used for under

| ayer i nl0083 naFlecresentémientiongelates fegatalystadnetiods of rrjking the caldleste, bk barri er
films an i R gnetic
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mat er i aI maknglvipylacktste.s, the demand for VA is Iar ge, and VA:production is
frequently done on a relatively large scale, e.g. 50,000 metric tons or
nore per year. This large scal e production neans that significant econonm es
of scale are possible and relgikMdehng st¥ld InSefth@noes i n the process, process,
conditions 1 WD 2005/ 065819 PCT/US2004/ 038815 or catal yst characteristics
can havel0@0¥i gnCeriaineatitendadanentas, suplpasotinybacetabed Vdd.oare eimmdity pheseicals inon of VA

high demand in their monomer form. For example, VA is used to make polyvinyl acetate

(PV Ac), which is used commonly for adhesives, and accounts for a large portion of VA use,
Other uses for VA included polyvinyl alcohol (PVOH), ethylene vinyl acetate (EVA), vinyl
acetate ethylene (VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol (EVOH), polyvinyl
formal (PVF), and vinyl chloride-vinyl 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, paints, and adhesives often employ VAE having VA in some proportion. VAE, which
contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.
PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for
barrier films and engineering polymers. PVF is uéed 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



[ 0005] Many techni ques have been reported for the production of alkenyl

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: CZH4 + CH3COCH + 0.5 2 CH3000CH=CH2 + H20O
Several swidebiarsdibons may take place, including, suc rmati on of
CX2. The results of this reaction are discussed in terprr%ﬁggo{)@gssfslgace-ti e
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 wide limts.
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by the oxygen level in the starting .materjial stream 02 conversion rate of

the reaceihylanewich scatic agifand oxygenas yeen et fligvegireactivh the ef fl uent. [0007]
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have been obtained through the use of reaction tenperatures in the range of

- 125C t sidppectiongympy iake plage; inelydipe. ey as.dBe frmation of €0:. athegeykeridBisar e typi cal .
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and | oweST&nethegrams ef HArpraigcedyeobiandficatalyst Pachoapirestitn fime {gi*h)pr ove cat al yst
characterjstics articul ar as.to CO2. sel ectivit and/or activity of the
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reaction, the space velocity (SV) of the starting material feed, and
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[0009] T r i i } he rough the

use of  PopriaRrBRePla P e pfi AaRRRL, MN-AlL PG SRSUSARIGEANO, |

et hyl ene tleefflnenttseehnt datinggbesadier must be sufficiently low such that the stream is outside the
flammability zone. The oxygen level in the effluent is affected by the oxygen level in the starting

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,

[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 mw@roosbessioo each other, the 02 conversion 03Ci‘/ﬂ§205§&§§1k0” t he
space velocity (SV) of the startl ng material feed, and

tenperatures and pressures. Al these factors cooperate to determ ne the
space-tine yield (STY) of the reaction system where the STY is discussed
in ternms of granms. of VA produced per liter of catalyst per hour of

react i ongopdfe Ofheotmabion bPEA) % oﬁe géc@bvhixh magbd &aﬁ&?uﬁo@hﬁﬁme bt cant factor
in determ ni'ng the STY, but other factors have a significant
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conver si %lu&ﬁé &eh&w&?b?ﬁk%ﬂal&ﬁ 1 MBo bi@arGigShdr&@fhisMb eadBWkiRM thdX@) anced agai nst
t he amount of roduced catalyst with a higher activity means that

t he over aqnwerﬁ@aeﬁthwactt@wb? axaﬁﬁ@quah(SHé of hoetaring rterial faed, PrdApAialieg t he sane
02 Conve%ﬁfgaﬂmresé& O;ﬁéé&&&%& folll )ﬁeseafa&@rE @do%‘éﬁte% ddberfidde ﬁﬁ(}*ﬁ&c&ﬁﬁé gap syl I give a

hi gher 0 onver si rate ‘at enperature a space CI t'y. [0013]
It is cooftberebdiiab sysa:trakvyla'esheém mzhscmeddrrtenmc&‘ goaatsalf WA produweappan éitet of carri ed
on. a reI aél veI rt sup ort terial. In the case of VA catal ysts, the
catal yti '8 t° reaplion 'E%ﬂ 'y a mxture of metals that maybe

di stri buro@mum cﬁe%mly aEN@QQB%hﬁéaB?fa&é&ﬁ@Qéténﬂﬁﬂhﬁth'e@'TY butdttler faboRUG- Out
catal ysts"), lJust on the surface of the squort mat eri al shel |

cat al yst ey stillhaa a signaficant impatien thediTYs (ypiotlly, thehigherahe e(ctlél@@fmmahfstcat al ysts")

86013?0%2@58%&%?%@?8%5?%%%3i%ﬂb"gﬁésﬁffﬂ% “Nutrer o5 di 11 orent Lypes of Support
mat er i al Potrgve Tied? cuggset Bd neasurdidaow mudhoxypead rhytsin thamkasdéend tiei | i ca,

ceri um doped ica, alumna, titani a, conia._and oxide m xtures, But
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has beenggyaQith iR redch6n temperature. However, the amount of CO, produced also increases

along with the O, conversion. Thus, the O, conversion rate is selected to give the desired VA
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 conversion.
Alternatively, a catalyst with a higher activity will give a higher O; conversion rate at a given
temperature and space velocity.

bt [0013])  Itis 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 fhrough-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 ofo sogbasihat are possible in the producti O”Pebu\s/ﬁm/os%g’@w] One
process for making Pd/Au catalysts typically includes the steps o

i npregnating the support w th aqueous sol utions of water-sol uble sal ts 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

cal | ed 1ipia0) Nifie/SR] dlibleh eQBFﬁbﬁor?tﬁat%tlﬁ{avé ARRkMREGFRIPREYR, €. g. the

hydr oxi des washi ng i xe port material to remove un-fixed conpounds
and to otchtelwmbldmelsélamsmuméomdmbyglmmma tienjia, ueain dndloxgeingynss. Butg.
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to this process have been_s or .ex i Pat ent No.
5, 990, 34 &) 9“%\!@@%5?”@:‘8“ tiog of E‘Fﬁlgg‘?rt\ﬁr‘fgcagg ySisigp ‘P’ﬁ‘cﬁnﬁ ﬁ?lﬂepiﬁﬂer t aken
after t h@atal&@;&tﬁﬁﬂ@iﬂeﬁtﬁtd &S, deleB@vityRhPActili®y, But thdrdlcddtiBues tebeMeeiNr 6, 022, 823,

it suggested that calcining the support in a non-reducing atnosphere after
i mpr egnatfmléfn\’%cﬂfhwﬁ@)slﬁelbtbfﬂ Pepapmies afrgalg hiatprapgssible imihg prodpeion @i ¥t ageous. | n
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its firs use y successive
oxi di zi nehe supperttwlthaqwbousf thUmn:n@f vattarasiplie sads of pallodith ahdh gdﬂld,ScacBag that No

5,466,652, it edth salts of lladium

i oxy ! StrrtaapduRERERERIE Ak P erinaie SRARoHO g B SO BV Sbe usef ul
to inpre &&plﬁﬁ?Oﬂ&%Bﬂ’é@l@XlﬂQH@rm&dlhc e?enﬁdnff'ak ﬂ'ﬁteﬁlﬁgﬂﬁtﬁ& b&ﬁpduﬁdsn&gi&hd n U S.
Pat ent No 4,902,823, i.e. use of halide- and sul fur-free salts and

conpl exe8ydsexigsal washing fhedispdisipeort maigrial Lnar§mpvwe@r(eé&mm$ adde phewigvi ng  t wo
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suggest sdolry USParftus h@NiBcafbns BUtRk ¥esicprodassinate HeEP UG EEAN FBf example, in

U.S. Patent No. 5,990,344, it is 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 gold 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, 1.. 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

[ 00211 The present invention addresses at |east four different aspects

rel ating twocmbsalsyssdy structure, nmethods of making t hopergahddosshs 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

effici enqvowf f inf 9ts. EBRMNo. B84, 1T, i@E@%&t‘ﬂd thdt BYGEYed Odtalp hla@bBSselith /4 UNI que

pal | adi um d catal yst or pre-catalyst (optionally calcined) that includes

r hodi um csie wFreeRatien m@@%w whexe gheduiglayds serpert gratorial th@erf gom thagutdayeit gol d

cat al yst r t rial where

one Iayersg%m&nﬁ%erfs%gpsg%%{%i r’rg!t’s:??tg&ﬁb%gﬁ tg%éte y free o¥ cat %?Eyti C

conpone ntlsefulAts wtiil patalpsty et ngithet tiggrsts thy uae ﬁdﬁﬂea?dlcatﬁwg@irdhepnoéﬂwgm ofor

pr e- cat aI ]%ﬁ(a Fl rconi a containing support material. A fourth aspect

pert ai ns ° o adi um gol d catal yst or pre-catalyst that is produced from

subst ant i[ﬂ))]Oly Cﬁhbd’nlt@ttfef ae m&h&l'sy:talvé:recc[gﬁﬁﬁdmﬂmﬁdrcss%ﬂlamb&lcfoﬂ:kbﬁﬁr[de@t ion

. 100221 Cata sts sent pur,ppses cat i.s any support

nat eri al ”E“H@f’ ’g 3 L‘tOfQ’é\a falysisdo Prgﬁé}figingﬂ“?"é @ %@ﬁf’n B raHts i s capabl e

of catalyzing a reactl on, whereas a pre-catalyst is any nmaterial that

results fromany of the catal yst preparation steps discussed herein. 5 WO

2005/ 065819 PCT/ U82004/ 038815 Suynpoxyjof (hetlnveptivs and pre-catal ysts of the

present i n hose . hav oI | owi ng

at t-ri but é@ﬁ?q ? ﬁe pre ata h ‘%n? S’E ‘fdlres & ag pgf%a‘ﬁff%r‘r’ﬁﬁg%ﬁdatgﬁgmg %atﬁ I ng catal yst

t hat i nC|stlﬁhhﬁe aﬁetﬂodasﬂmmq;tthwe caralyas yidingetiodsplnidg thosecagalystdfocinbling\her e t he
catal ytic conponents have been cal Ci t he catal yst

one or no f the
will @L{Wﬁ aljangates, eafzré?é oPr &agpihe i combination, dheapigys Aspectof qﬂea%vee%ﬂm ed on a

zir CO”' a aFeQﬁTeéth‘Atr&ﬁpr’ébiﬁg’%tprdﬁﬁ&t%'o@ﬁlkcﬁ? alﬁéﬁ@até‘s%@%xh pidtichlaP faclulingduced wi th
chloride free precursors or any conbination of foregoing. Effective use

of the cueliopof baproduay amgluyp@h@mr@ﬂuh@nwfﬁqmmw% ﬁ@@ aspedtloétheipyaseny, activity
or both, i&%ﬁt&dn%lérltﬁﬁsl t§ a%ﬁique 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

| imtationwafeseatial ysts nmay have the catal ytic conpgpgpksi '%grn1y

di stributed throughout the support material or they nmay be shell catalysts
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
mat eri al jookgo yghtlﬂyﬁ@&lﬁﬂ & ERal ool MeGPesBR invBatichakdyenclidd@RRE hivadga: WehitC

Conmponents [ 0027 eneral , the catal gsts and pre-catal ysts of the present
i nvent i ofng Héhefg Wfés fribuiesicl) ths gptalyet it wpqllﬁ@rl@dedaoléa%wwas%ﬁy%f at | east

two net alg, mélﬂdd’s’%f lt::%fgﬁloﬁ{er c&ﬁﬁgﬁgﬂpédéﬁtt !égr}h&ﬁmﬂ%@xje the. dnE‘S} frl&%%fﬁﬁe | east one

fromGoup VIIIB an | east rom B. be appreci ated
t hat " cataidlyticicomponepts ayet been ealayued2)ttlee aatadyis vml bt: henndaoraat lawehed suppart, Akt el y

OVI des th%%&tgl&éﬂwﬁ be % to'n%.nzﬁjcéﬂa o?nta r\% slﬁﬁgoﬁl x{he%‘l«tﬁ@st ﬁlbek,I des the
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Preferred ﬁatal sts aIIad m and oId as Eﬂg cata ti c conponents.
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[ 0028] H’tsR l‘lllgﬂ% TP Se]FﬁB’F qelavity o Y8% catal ytic

corrponen%é«tamlﬂ%v[b@g, fRedicasi.um and gol d conbined with a thi rd catal ytic
conponen The third catalytic conponent is preferably selected from G oup

VI 1B, WOORSIRn hhéhoul hetvppmeeiated ﬁhnfdh%mmut m@m;rls eemeﬂomswﬁ@@s@qgf
PCT/ us20Q %I./al%%ﬁ?sgrétwe% %]:)gl ets, tbg@&l%{,yes %eanﬁmﬁg f.?spegtiﬁep nécgl rd

catal yti ¢ conponent 1S Se GCs, Fe,
Cunb (Cj:o ﬁanedd&ofh aﬁfmldmlr a;ﬁsagati@ﬁ. Bﬂdaﬁ@ﬂ’ﬁhmﬁ‘élvﬁmﬁuttlfmﬁ;aﬁﬁfﬁ thel[tﬁflﬂﬁt]s nAgot her

e odi ne the cata yst inatiaon o cat a |1 C. CO onent s
i ncl udi n VB%ﬁB‘FM‘%?%“RS’P%%Wém%Mﬁismg&ﬁe@t opshout His SHRRRM Negheria ia?rarhqyyn third

catal yti Se&@lﬁ'@é?ﬂf‘sfgwhe@tﬁe Edtﬁhﬁ@oﬁ &iéﬁ‘t)s aﬁé‘?&(un@'n%&’re'%vél?%x&’%ﬂ atcind §i S
enbodi nent in place of Rh. I'n another enbodinent, two or nore catalytic

conpone ntuspptfr? watetid eorab Bgewhitesatalysly mag aleorps wyitede, “[11@@31@] cafatytio wemporgnip| e,

pal | adi u &lbg%lth lma[ﬁ?o(rﬂﬂg@é ?gf éor}t R'éieﬂacl) %‘?%%rgl@?a?a%%ﬂ ais%ri':@t shows

i npr oved acr ex or na onnpared to Pd/ Au
cat al yst sitable.

[0026]  Catalytic Components
[0027]  In general, the catalysts and pre-catalysts of the present invention include metals and
particularly include a combinatipn of at least two metals. In particular, the combination of metals
includes at least one from Group VIIB 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 VIIIB, 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 scwaspisdsediow) , al though these are not necessapyyy ye the Rh
effect. [0031] The atomc ratio of the third catal yti cacg%ﬁ)gﬁéggl 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 prefeloddtalViahél8de 1SR fwdEre Bt tRFAIyIR lﬁ&mﬂfneﬁth@sdlb%icﬁ'fﬁéﬁi\ﬂﬂ REhwdes
bet ween about | to about 10 gr ans. of palladium and about 0.5 to about 10

grans of TadildrpérRe. Psdic. 68 Goatm)sn, Cepfis, @Wmématl‘@’éﬂ?ffqo§ preferably from
about 10;}6099 abOHLotﬁégm%dn{gem?ﬁecaay& *i}i%ldﬁﬁé DmbHatifRbd AlMBth SR | n one

embodi ment for ground catal ysts atomc ratios betvveen about 0.5
and abouinciuding pmymbw qfrpelﬂaérmredolﬂmnd QIOQuwd Quiioadllysrthird cptedytigtcompenentat i 0 can

be ad] ustja}s gged) abov Fsg h%a@% tﬁlé’ en?@gﬁngeg%n%?afcg 8% f{ly ' fh).lmotg gpl oyment of

hi gher Al Wel g I"0S QVoT noreact i ve, nore

sel ecti vemmﬁradny,sm or rﬁbt&tcadly&:i &o&fpﬁﬂ&nts\fﬁinythe ab@ahﬁlny@tbe\bmph,yah at omc ratio
of about 0.6 is |ess selectjve for CQ2 ut al.so has | ess act Q{Ithana

cat al yst [0l aln ong exagpds pallsdipm agd soldmébw@me getheRietodprgia bioat oni ¢
rati o onggie mﬁo%mrsae&%@ éi eahecmyed fSthRBoDEr O BdtiRieedith pmfeattatg@m use of

rel atively high excess of roxi de ion, as discussed below wth respect to

t he fixi fhet ladkdih. Asqy Fm@ﬁ@itl@a@feﬂly@ﬁ Imiyppbﬁt to adversplyadieqt ithe agtiityl Ofﬂlec conponent s

pant i of coiirE T eo ElealAD A e BREUL g oot Buath Bt BRI Bee s ba
m | 1'i ng) thesugloescinihg terirghie: alyal greﬂamtlmﬂmmﬁeﬁwghaheaxseohwaatseﬂlblemahdbe support
material after th Sbjlﬁff port nater s been reduced in si [ Q0341 For

h
shel | caffenRyecpsors Ué%@ﬂéslg“'bﬁfﬂm&h fiRg|ae ot NRCSISAPR ?te,se% ¢ on the
support pg@fer i Ble A8 Bioof BBy SBnipRndk RHalRiEn ma§VQ[th9faﬁ &ier ed

ranges |ncI ude fromabout 5 wun to about 300 m" [ 00351 Support terials
[ 00361 AsbontiHiiSde axput 1.6, Imrepra&p?ébtabmﬁ 0t0f do abouh. |Im Ane qrmt@dwnhﬂyt ic

conmpone néa?aéﬁ %othgxﬁe Bet%%gr{ubout' Ie Ik I‘l g orﬁt ?8 5%‘% ﬁnie lﬂ}{rdvgaialyhrl? @oxﬁ;?o Eﬂt%gr lﬁgr ¢ Suppor t

mat eri al support
catalyst.

{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 palladiur!n.
[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 adjuéted to

he balance the activity and CO; selectivity. Employment of higher Aw/Pd weight or atbmic 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 CO,, but also has less activity than a caitalyst with a
ratio of about 0.8. The effect of the high Auw/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

rel ativel y woglesisassfoace area per unit mass or vol ume, $ghisdingfsPRr 0US
structure, a nolecular sieve structure, a honeyconb structure, or other
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, aan ﬂixlﬂﬁg)ToEt;JneSbe?é thé @atal&a@mompmtems afelcapacted 0B upporGhAGTHE Bfter el t Z,

pum ce, zeolites, hon-zeolitic nolecular sieves conbinations thereof and

the |i ke.supheyt mpteriahies Breprreduesit ingiZgst al | i ne f or m of the materials may al so be
sui tabl e.ogsqfl. FhRRA Cltoly i TR Bl oPhe stdllok EaIACboRih AN A bR N0
support naterla s are the nost preferred. In |t|8 mul t1layer support
mat er i al snaerie] rahges fromiaberth|Sainf rabept 609 mnthﬂ@ranefs@mrangwmtudgﬁom[amﬂ] The
support nater L&u3mp the catalyst of this invention maybe conposed of
partlcle§l % V|n %y of various regular or irregular shapes, such as
spheres, [NBB]etSmxﬁnnﬂmdem§ discs, rings, stars, or other shapes. The
support naterial my have di mensi ons such as dlaneter |l ength or w dth of

about 1 t®P38boutss mlcmi in oR% #peab Ptheinksntion thesatafygig compangnts P‘H PEEIAL Ul ar

havi ng a jyemg! g@ﬁcrﬁij@ﬂﬁ bk BarHed @&%ﬁﬂo&%&eﬂ% 'Elthl?}é! gﬁ&t ifaferiRE %fpf‘c&l'iﬁd | ar gest
di nensi on of about nun to abdut diti a groun or- powder

support neclugde mtenaﬁashab@e substantially us:tfnm in idamtlty brea rnxppoeimatenalse Qvatallthe a

regul ar A n.a grons and
abeut 18%@ nF%%% §9%£m?w%erreag§ﬁ§§§gﬂ% Wf%§&¥Q$?RMP§g%?&§EF%nd about
700 mi cr et@posed dﬂmyrnﬁﬁablc pmksfaﬁcrer;mfersblg sdected lsmglahﬁé wpport alatetisls 8@ am crons and

about 450 m cr or smaller sizes 8 WO 2005/ 065819
PCT/ US20 64318 fﬁ suy a‘[‘}é PEIHII FPELLT VAmGLPEh 258 PRRILS STHED 4oASHREE  Pons of

par ti cl egyr&hz€3 hofedEonfX @RRAR, of qHer Ruifabll kithotRE O o Bk ApIS theu dﬁfo?cfn?a&érﬁﬂ si ze
range woul d i ncludé 10 to 150 m crons. For precursors ‘use | ayer ed

cat al yst $nay aomnz gili¢ag plymingf sili@- adtm%otamwmma, ingpbiy, sitieatgseduminodidetes,Sur f ace

areas av [ I C nen by the BET
(Br anaae e e suRAPRRYik, Bcd Bl Bt ool CRRRE N Fay Bl MRS Y T e/
and albou'rme&QOglasﬁ&( g;artp,r;ﬁhﬁ(reaiﬂoyteﬁlno:uteolhﬂ@mml%gartsm;/eshmuibma%s etegf arfdor I
exanpl e rous Up ort [ vol.ume of t support materia my
general | yhegé 0t s ciBh Sppiating Fgh 5&, TR gy Al v%lﬁgteg Brha aro about
1.2 m/g 8an%ﬂa ANBRMAISiTRPLAR Abdifa dhtaloi shFoATnatdrdls MBI Rl prafrabaut 50 to

about 2000
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,
e 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
8 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
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angstrons is desirable, but not required. [00391 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 nm [0040] Exanples of suitable

zi rconi a covo zoneasgrosupport materials include those fr Zirconi a
Sales (Anerica), Inc., Daichi Kigenso Kagaku Kogyo, angmﬁé]g;%g?sg%s El ekt ron
Inc (MED. Suitable zirconia 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 Iﬁﬁzeé brpl6yetPly wWell\ie pdli@iperss bolfearims of padtitles dized, 'Fop eimple, Gk Eiidl Ng st ep
in which the virgin support material is heated. The heating reduces the
surface aﬁfb@twt%w@%ﬁfpﬁr@mﬁ%lﬂ%é% 10 NELons- rEPY Preswsds ped i des a

met hod Oﬁay&(a@@attdlﬂﬂ, §H£H’:‘Qﬁéeofﬁ@ioeis'0%i§roﬂ¥i§f‘ref%&@&' fic surface areas that may
not otherw se be readily available fromsuppliers. [00411 In another

enbodi neif@038)i t Swlacoaresmyhitabledort wpramirigegtalytic tamponerds, gt meashred bythie B&l on of

support ria i, t di ffer ri.sti.c.2, For, _ex e, at

| east t suablﬁroi;%‘merfaaaﬁg;r :é\fé?rtm?tgf’dg .’“@F%@%ﬁfgﬁeﬁ %eﬁ ahﬁtflé]?z/e%atnd@ Ar ACteri stics
may exhi _bizlfg, tefefably @bdut 200 1in_%l'g to mut@lo_dnfl@ZFomh:ﬁpi‘e,i fut 4 pa@sus stppost, theparet ting
e £y USSR Rk ee o B 86 SelPebelraboor e
cat al yst .4[1Q5h30 1.3 AVRNAn QPRARIERNIze ifthdifadge, Bir B LU bf AP b absut SocdP| oyed

in a layered configuration. ~Layering may be achieved in any of a nunber of
di f f er enengalyppoadeseable, ducnet sequisedol ural ity of lanella that are generally

2085 065 HteFtpcTr oy if SRR bt el haF R Spet AL b AR, 710 ° O

rel ati veCheémiamdrolydtisalfroaoDepubayed othérpy@edsty @lmiclopsrengifred silicas with 2 suppor t
mat eri al s t,é%)i,cal Ié}i ncl ude at | east an inner |layer and an outer |ayer at
| east paP¥HF §i%¢ of &bt LRI AEOMHE M hner | ayer. The outer |ayer preferably

cont ai nspuHSt aRfahiplds ¥r 8. Qifrcoﬁﬁtcéxlltétﬁﬂn?supﬁ&rtrﬁﬁi&ﬁﬂ% hcludd fhokdgorh NNer | ayer.
I n one enbodi nent, the inner and outer Tayers are nade of different

mat er i al NorPpuZiredne Sades éAmaticn), ey, Dnichi Kigensa iagakywi dgpo, apdéMaggesivml ayer nay be

non- por o i . Laner. d s. [0043]
The | ayeb Byroho S SRAbETREd 5o s ARELviaf UEke LV SRORY
cat al yst lessBhdn abtne 5 nh’Aytemenle happesrh?/ grefreferral zirobrfiesuppert meletialdfve sethcboundar y
bet ween :Erga% &%gnea gutOI];) ngngeto %lglopug %St mf}gt Seurpingrlt materials may have their surfaces treated

through a calcining step in which the virgin support material is heated. The heating reduces the

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
support rr:laten'als, each with a different characteristic. For example, at least two support
materials (e.g. zirconia) with different characteristics may exhibit different activities and CO,
selectivities, thus permitting preparation of catalysts with a desired set of characteristics, i.e.
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 ckoessnsss30441 Several techniques are known fearrase@abises | 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 al um num
titaniu nﬁulﬁﬂdlczdssxménwahopﬁgmyﬁt eclatioé toch vétial pede dayen | I8 géieeal tHorein, Myaed | ayer

i nclude, but are, al.um siilica, .silica- alugh titania,

zi r coni aS"PRATYB#era SSWIFB&&IP@E““&T g5t Fhganer ?aé'iftagga“ piterdpver aideastRaiallyy | i1 i con

car bi de, susriolirld@@hedThier ld6r. The bikelayet PrefétaBlyi doftains bdalahtily M&Matyae cl ays,
netals, glasses, quartz, pumce, zeoglites, non-zeolitic nolecular sieves

and conbiomeeRegisshaniihs igns laxer. Jp enesmbagimentnthe ingsand onter Leyers arg madgioficAl 60, i n
par ti cul @ffereftAfkrbIs; I ER rﬁ%ﬁrs'n?aly%eufelsﬁﬁe R tHthQQa}ePHﬁ{? bé @ﬁ%rdﬁ@y be in a

variety of forns such as regularly shaped particul ates, 1rregularly shaped
partlcuI@thf&smbmhtré&mcludhmsnerlﬂmrg@tlswmus wagon wheel s, honeyconbs or

Chner + oBE 0P Fered BT hafeRy b ot d Bloch AR gl 8 o0, The
0. 02 mMm hgredlzaptort hihtddial marﬁmdelpdeﬁihaﬂmlnhda:j eDmaea it tread oPthe Bupport markaiut 8. 0
mm 100461 The otjterm)st | ayer . of aﬂg Itl‘klg%gﬁﬁstrﬁ@'turels one ichis
porous, Hatday cagiviceemponpnisand the ygas h‘%"%f oufer igyercap ge sHstictedoo ne/ g.
The mat efohadier® gwtah@ 8B thitIAYR! ThektiRr KB bétndary mmmtﬁ@éé&%fme

PGIL/ US2004/ 038 ceram c, or a conbination thereof, and in one enbodi ment

it is setussiae resubbin asheHicatalyst diat iseahell of catalitic companenis thatiis ofaiuaiformi andoni a,
ni obi a, %V %}kﬁ alum nosilicates, titanates, spinel, silicon carbide,
silicon nitride, carbon, cordierite, steatite, bentonite, clays, netals,
gl asses, [00dpr t Bevergltechniqueszeinbive for creatingd8eted bapportmdatcialsdiichrieethese and

C B AL SRR ERELAT ol S TS ES  cani

Zi r coni gncodearddl bylrbteRfce! MebRAmbodiRBARY the &a@ﬁamtﬁ&maqhyeﬁiﬁeasa gani a, silica
and alum na or conbinations thereof. [0047] Wiile the outer |ayer typically

sur r oundbsiaptialivnendteated \py lineids agi metalsirrdudingpbrot lipified to alurpigum, titariium
and zirconium. Examples of other materials for the inner layer include, but are not limited 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 0.04 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 nmay be enployed. [0048] The outer |ayer nmay 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 e20e8@6s1pl i shed by methods such as rol ling, peiRpioRfess&R’ 2Yi 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 may be applied repeatedly in small anounts,

Wi t h i nt edramip] dr g cordbiyativg ther@fRnd W che embodinéne it i iseted filaat aliBinkisgizhy uni f orm
in thickness. [0049].The sJurry utilized to.coat the inner |ayer may al so

i ncl ude élﬁﬁf“%‘fjl’lﬁa'ﬁt pirqgpua, nipbipSHGEs, °§§°aéesstlf?"?a§?€t Sppel. S‘i‘ﬁo”or gani c or

i nor gani garkioe) @ilioeh AEiAR cafbBRcorticiSe, bibatitd) Bendshitg Tiays nitftals, gheseq Wudz, | ayer to an
underlying | ayer, or conbinations thereof. Exanples of this organic-bonding
agent i nBWBige Zenlitesqioa-zagiticmaleoulegsiyss mdgompipations thereopndaseferably eludpet hy|

cel lul os i O . el ul gse: i i ng agent
Wi ch { o AR picE YIRPHUTEL DV SoREs i 30 Te SR RERUS MBI RRNE 090 00 bout
15 wt % aifd mivtres dheiriof aSpiecific efanpl¢senchida giagontansilidalaad alyovirdi angoralgjeations Exanpl es
of inorg niecf bondi ng agents are selected froman al um na bonding agent
(e.g. Bo i ?é), a silica bonding agent (e.g. Ludox, Teos), zirconia bonding
agent (e[0947] zi wainihaoaeclaph ¢/pivallCalrbaidd albstantiatl fHeahtiinee MpérNthisiiOns

t hereof. Exampl es of scili a .bonding agents, include silica sol and silica
gel, whi P‘“éeséﬁgﬁh%r’é%s"é‘? & wosmnﬁ% I8 Y URE lavgi i bsa sol |

bent oni tgmg}\%gh_rri te, and alum numnitrate. The anmount of inorganic bondi ng
agent 11 2005/ 065819 PCT/ US2004/ 038815 nmay range fromabout 2 wt %to
about 15[08#8j% ofhetokisr lawerisaayde coatedoin to the undetlying laxgrdn a gwithbleteanntro fidneg agent .
The thickness. o r | r r.a f 0 5 m.erons..to about 500
i or ons. S Db &by SHE bus Nl e b R e S ik o e

I[ 0050 1dQ1mey hiebel a_acfmrﬁplig&;agy ;riegmﬁmtiﬁd r\ﬂilitg@ dﬁiﬂﬁlgg{ﬂ‘@fngl |yshlcoatingcothieg s ul ]E anL
ayere upport will be dried, such as by heating at, a tenperature of about
100C to aEaRshiigug: oo inalions e8Pt the B {One PRerERI RIS 1Y ¥$) and t hen
may opt i Qld ked8r HAdiSdNRE ofiind 14yB AR R WicEspRiyind RRUIu3006 thd taa aPQet  900C
(e.g. for a time of about 0.5 to about 10 hours) to enhance bonding the

out er | athepartigles evenly nkhersiuymepylbapenticdiepeatedly ip amell ameunts; wish intgrvaning sur f ace

and pr Ovélrgigg,% J)l%ylﬁé E{’o&&t@ey tcﬁgt i$ HQH? E.lliiform 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

b carboxymethylcellulose. 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 ot her support material in the production of catalysts, as described

bel ow. Alternately, the outer layer support material is contacted to

catal ytic sunposientis before it is coated onto the undeptyiSfelm¥as. 100511

I n anot her enbodi nent of the | ayered support, a second outer l|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 finagtan@elfr&h abaiy 2 vt YZld@bsa Il o %f ditheapmbinhtivg df ke cﬁl&emd: MauRr | ayer
may be the sane or_different than éahe net hod used to a the mi ddl e | ayer

and sui t epdng %E‘t‘hg%ﬂqch%qsﬁﬁfé % RO vy ey Fangs drom abAutge E‘E’Pt"c@"l’tﬁg first

outer | a)‘rﬁérons%%{éfe?abﬁfbew&ﬁg@dﬁ't%m&%@hﬂ&b@&%b&léﬁnsdescr' bed may suitably
used in the formation of the second outer layer. [00521 The initial outer

| ayer mawoéﬂl ma@needhe iwnertiayienis ceated with the ewerpine thegesulbintilayened suppemeill second
out er t & ut er

| ayers c§§§ aﬁéﬁc}? Est%?tﬂ% a(t:%%g% cﬁ{dﬁtleu)'{ntl%(rp(e: er ag{ﬁadé Ff%&oer?\’?ﬁ% a? alytic
conponentisoual & abswd4 |hnure)aanh thea yrey pptmmbmy'hmghmmhatsa tempenatureroéahmsmom: y the

case. In_ one ferred epbodiment. .the injtial outer la does not contain
et al yid Bouh e for ERRE AL oA Lisaipi b hoBe s ianee bEGhe BEGHRURT ayer <
My be afieMueHyisdIagkr Byerla QIR itOfurfey MM pfRilelaNgercd cati9stGlpgad bel ow.

[ 00531 | n enbodi nents where the initial outer |ayer contains catalytic

conponenthe §iag andsialeirineottens 64 kevsomyingdhinto qng step, E@ﬁ?%ﬁnttlweéawpvu c
corponen l i f

PC¥ US20 2%8%%&@@%%@ glfcéa){ra thgﬁﬁr#g?detsrflagtaghg ojd%r}lggg to e?lge i nner |ayer.
The secopwdentipepf datelyets, aselyschibeddsipivi. eXdtetnately, the oiter Iayqlsunputteratelnagner neat or
cont ai nin onen 0054 r. sui.t t echni ques may be used
to achi ev‘%‘taﬁ%fiﬁorée%alﬁﬁﬁ% TRty b?)fS’l[’tlt T a&?"ﬁﬁ% theym d%ﬁm@ﬁl Bhe or more of the

outer | ayess comtaabtner@aibaamm%fmrr@@feeaﬁp@m landead outePRydr ay/RtetoSs uppor t
material is not limted to three |ayers, but may include four, five or nore

layers, swiorndthe mital pyter lysr toHomngt leghihess lyesnt Hheynateaiak Briissesepd outer0055] | n
addi ti Onlaefér[ﬁﬁag%l:’ HRSAman i fryb aith ufedHrlo ?{tref‘ eﬁoﬁm{aﬁﬁ%ﬁ&eﬁal&%sw&fth’of@et ween the

| ayers 'ayered support materia er characteristics (e.
por osi t ydispaset mtheesscczw thesfimsf cauteee layere a",he mpthpé foy epniyieg the secoixkouterkekr of t he
support rrxrlg)t/ 17 the same ot diffteht tg gl@thgg uscd &, appl%z 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 component. Contacting catalytic component to the outer layers may
be accomplished by impregnation or spray coating, as described below.

[0053] In embodiments where the initial outer layer contains catalytic component, one

method of achieving this is to contact the catalytic component to the material of the initiaf outer
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[ 0056] Methods OF Making Catal ysts [0057] In general the nethod includes
contacting support material catalytic conponents and reducing the catalytic
conponents. Preferred nmethods of the present invention include inpregnating
the catal ytic conmponents into the support material, calcining the catalytic
conponent ewntoasessslg support material, reducing the capatitiosysaegigonent s and
nodi fying the reduced catalytic corrponents on the support material.

Addi ti onal steps such as fixing the catalytic conmponents on the support

mat eri al and washing the fixed catalytic conponents may also be included in
t he nethod of meking the catalyst or pre-catalyst. Sone of the steps |listed
above ar gy&BbioRNAd matekal & HEficd I8 ikfRr H&drWﬁ@éc%d(oﬂteﬂlayérhﬁy\w&iiﬁlﬁa tand/ fixing
st eps). In addition, sonme steps maybe repeated (e.g. nultiple inpregnation
or fix sﬂaepsyalawerlemnwwn@mmgweta 1"ef§§nP°ﬁ§5'/ be different fromthat |isted
above (e t he &F‘F I ertain
ext ent, [09%4]C0n?g1§r?s:dﬁéﬁ§§[egl&? ﬁglgeﬁxgé:dngb H‘gllﬁvhgg%ﬁéaggﬂéfﬁ %)ogt I%alt;%g‘?arlulalgded for

t he f or mahiclooneatr mordwef mmrymrs coridi Bilal@arromponenty. Bidel, tlﬁ%@l]ed@prponartl cul ar

o1 o oat aryen e Gt dire Bt RS B S8 B RSt ol o1 oa, an

al | throw@hpmhye@t@{mﬁm%mp@@n@at alyst is fornmed or a shell catalyst or

pre-cat al é is farmed a conbi natl on thereof. I n one enbodinment,

t echni qui¥853lhat Inagditiens H@muméa'taawgﬁg ogfalytic porprangnisithat var fstwesn shedesse1 o

PCT/ US2004ndx Jomﬁﬁénaﬁaﬁlepﬁfﬁa@ﬁﬁétﬁg(esé ﬁ&oﬁ@)’pa‘?ﬁ‘cl&ﬁié hiflcOMta, USI NG any
of the suppor terlals describ above, l1tca, zirconia and | ayered

support prat eling, or the fikediod thqgumlpﬁmtﬂrlal rhay vayy hetveeemﬁstlayelfsavor ed. The

cont actlllags rd—:-ff r,abl 5a ried out at anmbi ent tenperature and
pressure nd|¥|—§9MJ%§év€Mduced or elevated tenperatures or pressures
maybe errnobswed mk%&l)hdnﬁbﬂﬁﬂendnfdei &nfaChpGOpHonGhdtéRl Sdifftic cAmPoARahd Mat eri al
is inmpregnated with one or aqueous solutions of the catalytic

corrponenrteguc(r‘(gé]ﬂ"e‘ial;aé‘ﬂwf’@n%‘eﬁ? e%’ﬁﬂegﬁjrmgtB‘Pd.ﬁPf@ﬁﬂcsmTH@mﬁWﬁ% state of the
support t a%@:!.ﬂd a slurry, a
solopgel I%R%Mtﬁlk tl{é%{a@gﬁgéggpr?glagg‘r]ﬁ%rmt h I at%ocg%zrﬁgﬁﬁyone enbodi nment yt he

catal yti @Hwonqnbmmmsnmppm maerial,medubing Fhe@ctallysmomhmt& ad neodifyingéhieer sol ubl e

zﬁ: Zfl ggg uceJ cattalﬁlc%g}ngtla nis on ﬁl%g!?p%gg %a?eﬁaf. %&dﬂ%hﬂ%tc%su é[ucﬁ' as ﬁx1ngn?ht ed to,

catalytic components on the support material and washing 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 méy 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 orfthe 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 yo‘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 a2 combination thereof. In

one embodiment, techniques that form shell catalysts are preferred.
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other halides, nitrates, nitrites, hydroxi des, oxides, oxal ates, acetates
(OAc), and amnes, with halide free salts being preferred and chloride free
salts being nore preferred. Exanples of palladiumsalts suitable for use in
precursor solutions include PdQ 2, Na2PdC14, Pd(NH3)2(NO2)2, Pd(NH3) 4(O—I) 2,
Pd( NH3) 4( NG8d 200586b619C3) 2, Pd( NH3) 4( OAc) 2, Pd(NH3) 2( OAC)pgqRefePhsek I N

and/ or NMe40H and/ or NaO—| Pd( NH3) 4( HCCB)Z and pal | adi um ox ate. O the
chloride- containing palladiumprecursors, Na2PdCl4 is nost preferred. O
the chloride free palladium precursor salts, the followi ng four are the
nost preferred: Pd(NH3)4(NG3)2, Pd(N03)2, Pd(NH3)2(N02)2, Pd(NH3)4(OH) 2.

Exanpl es [9f6op0! he sdrittifiglitiahyPbefcafied 6@ ubiflg By WesAppctOhtbdali Hesdribed ude
AuC13, HAuClg NaAudCl 4, %iAup'Ciléa )Q)NaAuOZ Nl\/E4Au02| AU%OAC)S i n. KOH and/ or

NVE4OH agbeus) wxﬂaahcmmqq@a)and Japterer] quppost azerials qppiaiming zirconibbaingfhe Mestnost

preferre t o s} diumsalts

sui t abl eq‘?\%iedugge foﬁmsﬁliécgﬁ) Fu%soﬂ(3 ti onEsiSEtiléF]c u%tﬁ%%%g%%&c , and

Rh( N0O3) 2. co@lmnb,ehowsmr,trsdtméd orreéevatbd trapeatures bbmdssnﬂei; mdy ba¢maplgyelc conponents

Ty o I S PR BB R PR bl BB e

with a thldaoﬁfﬁdolutlﬁﬁs df\m atﬂﬁleb@ﬂ;sonaaé dréfEltddlmJ ﬁﬁfbrbﬁlrmyolutbﬁs)cmphy@ﬂalt oget her
Precursor sol uti pically

in a single precursor so i on. ns t be nade
by dissol® ng heﬁéppgétu@éﬁr@ﬂé%ﬂhwm@%% step Fay g 241y sobd HSIBFYWSP{%J

sol ubi I'i oy di@didsh&konstEB1iRe acids, bases or other solvents. O her

non- aqueous sol vents may also be suitable. 14 WO 2005/065819

PCT/ US2 0206213 8 8 sone[embadinenthae p@tdﬁtwogmpomls wentained indlie tyecupsapiobifinated ont o
he s Upp%aEer mb% éaﬁ% mgcl.lz.{'#tﬁe%n cé’m o('lgritg 1ncﬁl(am§%{ I?(? ;ﬂ%thP {c')) ch?ond%a? quential l'y

an may be T npregnate one precursor
sol uti Ons)theWahhest fitrates, Ql’tnlm} m;adrczaﬁaj ouides, oxaintes) RIS, (Oekc); andamiats, with of

si mul t aneou n eqguen e tio be us r exa

pal | adi uﬁ‘?lé{ﬁd% Fngag n'B anM ﬁ?ftséﬁs F\p’ﬁc%geﬂrsgxat‘}fpl"éngl ngl e

precur sof amiumaaﬁ@suéta@é ﬁfrﬁ:@éinbﬁéc@%r@olﬁﬁbn‘s meruﬁe P@@I%WPdCII @h{mysa

|rrpregnat|on with a precursor sol ution of i on acatalyt|c

conponentd@ais)sEeH), NN Gs)s Bé@%hh(@ﬁﬂa PIQTH )60 A0k PAPAC)seps, such
Lnat_R PR G o 8 SOEAIGA RRTIENED: b SOIAE Bt B! .
by i npr egomdihingpaliatiomAmecufsols) Wdtlb& mostprefgmal i0fagheadhiiride filed palladid.

précursor salts, the following four are the most preferred: Pd(NH3)4(INOj)z, PAINO3);,

Pd(INH;3),(NO-),, PA(NH3)4(OH),. Examples of gold salts suitable for use in precursor solution

include AuCls, HAuCl,, NaAuCl;, KAuO,, NaAuO;, NMe,AuQ;, Au(OAc); in KOH and/or

NMe OH as well as HAu(NO;)4 in nitric acid, with KAuO; being the most preferred of the

chloride free gold precursors. Examples of rhodium salts suitable for use in precursor solutions

include RhCl3, Rh(OAc);, and Rh(NO3);. 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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L.. [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, wtwopobsiheksr® ng i npregnated after palladi um orp¢pEéoedRagds 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 nmay be first

cont act eqosipl | Uiestediysoe Silitiat magboinpeeghaaiunt he mnippon naterinhemg@hebusine nore
ot her steps nm i ntervene bet wee thg st eps i n_ whi Elt'\l‘}?m dis contacted to
the suppdt$ cRapRIpgnaiion) gr sequentiplly aud mgy be Ptﬁgfhf%‘ﬁ us¢ pLang gr MEGRYsE] The
aci d- bas @rfir@rishifticth. W (e 6Uh& batS Al HomBAEeniiBY conbitHensLsimhBhaRs a co-

i mpregnation or a sequential inpregnation is utilized. Thus, only precursor
sol ut i ongndyieguentialjimpregnation may brsed. pfos examples prdladigmipad ghpdiim Bagkther in a
co-inpre i i i i- 15 : Ael - G I Rat may foul
The. pr ecan@epad Bt tUss ool B L AR EN R B PR s s SRR BIRILTT o o1

pr ecur soffolbekdiby imprdigeatpalvetht aquiecamot dohition of thegnid. elapdditien, hoathletieen about 85%
and about 110%.0f the pore, volume of the.support terial.. Vol.u bet ween
About o seERRIen iy be SeSEnaied Bh & e waah 8GR BBt hich i R are

pr ef er r ethe caAltie@IoRER Istbontabivd HEK WRE 'Fobaiitpld) She amnablaptdcoRSpindudene por e
vol une. 15 WD 2005/ 065819 PCT/ US2004/ 038815 [10068 Typically, the precursor
sol ut i on imFegngiRgdvithoPd: frilowesh primpregaating with Ay followed é(wﬁﬂanqsﬂw mEh s

al ¥owed apsorb the precursor solution. This may be done drop wi se unti
iﬁ&ipient wet ness of the support material is substantially achieved.

Al t er nat i[@0é5ly, Theeordarpoponpiregmatingthesuppratymatéréal pith dwerésyrsar sotptiotssis oot bat ch wi se
into the precur.so olution. A roto-imersion.or other Sssi stiye apparatus
may be uSIFaE §UBREY B0 MaKBe st Adtatiest D ARV R SRl PRV 2T and the
pr ecur sokespadt totthealcinimg stdpe Prefeatsy tikypal@iting EatdiRic chfiporRftis ftisibgriatedbntbhe

precursor. solution is. sprayed, through a nozzl nto the support material,
wher e i t thaSSRPPE afteriehfrpto KR BQ/d ba@%gw?qgﬂ@}?f atictealagpmy widto RO o1 Atk may be

used 10 HEARNENANGPSHES SwHeh At dnd) e iRPBR1RAiftihd FiRaBtAPO the BRAGF 1 @l or to
dry the support material after 1 npregnation. '

by itself. Also, the support material may be impregnated multiple times with thé same catalytic

component. For example, a portion of the overall 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-

~ impregna%ion 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.
Volumes 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
pref erabl y wetsweedsssmabout 98% and about 99% of the por e p¢@lydiis ok 701
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 wi ge06snt O Thypiealt $i6 Yfes@korsolutibr i@ Bddedto thé SepprimaRiislan®the@igpert assi stive
apparatus nmay_be _used to achi eve thor,ouglerlllé contact between the support

mat eri al sl Balloyrdabinrk e pessnuser setion hisfray be dorsydrap wape ppidldngipisnt pe ysed

such t haty,duhss Wt}%&gﬁdﬁr mai s sQbstdnBallysBhiewad At RHSH, the 3058H SraiAb iy e
support material, ere it absorbed. Optionally, decanting, heat or reduced

pressur e hewjeceseby pdigepts @5 beishiiss infip thepressey spuben dd FiQ-iramersiopetiothsy t he support

mat or {8l iyh0 gl sy SURRARS o HRVEIbAbesPlchBE HoARES B3R R 1 3 DT

contacting I ques e used to av afixing s
achi evi ngrevursstselution afvathyrs & sprisodeviex arapbeysed such khat the promrpanelntion isay be

tacted t t nmaterial through a chepical deposi.t |
pr ocess, B WSUELRerHBRYS e TRpBoR Bk 3876 1 ARHTEH- CBNOTal BT S cd by

r ef er enc eeatk feuced preddirR@t heBedtH réthdVe by éxBesh BY18d hétGibsorbadi by @ieBuppopt €-
i npregnated support material, as an outer |layer, on to an inner |ayer

ef f ect | vanajerpaqerig dy ks suppastmaenal efter frapregpatiotaj so be described as a | ayered
pport i g D L. X 004/ 038815
suppor 't'[gqﬁgf I alg th@m?é‘%@%*g sgéicﬁﬂg LGltGe ofi;ﬁec\é\Q ZMEoR @s@@l%@tear g*é?‘fiz.

or ganone I'1c precur talytic conponents, particularly wth respect
to gol d, cnmespirels irsttiveen abdud Bt strbdboutdd 0%lof the poreaslutesf thelsepportmatiri@l. Pat ent
No. 5,70 53 ich.is Jd:pcorper b ref erence 0072 si cal shell
For et 1 o PR AP 6 spaf SsPeS BB Ll Pt e £45 TR Frut ARF P RAPALRL

cat al yst greféried cand hlde: frefeQbIybefivesDiisli 3% 41 \ibhe 997 bR @oRVoluniz. heat ed support
material or a |ayered support material, where the solvent of the precursor

sol ut i on [€78bor dvsetlyaeprestos selutiagis aidedyie theesypront matpird prd thesWwppertal | t hus
deposi ti ; j ! t At eri al .
P Dhedridfis GRhvAb ¥bdof @gp&&e@gﬁﬂg@uﬁoﬁ. ?hﬁli’rﬁglbi 86he #;@yw.gymm i TLe

Preferably, tenperatures out 40 an e used.

t hi cknes svetiesstofi restypgplott nmbeyiakis sehtantlly echidypd. séltematively, thteippatpatesdlurag of t he
support %g%ﬁcrzeid%g/ aﬁlc?u%ts or batch wise into the precursor solution. A roto-immersion or other
assistive apparatus may be used to achieve thorough contact between the support material 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. Optionally, decanting,
heat or reduced pressure may be used to remove any excess liquid not absorbed by the support
matenal 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 material 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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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 hel p enhance the shell formation on the support material.

[0073] One vekpdos/exdsion the art will understand that a cegphRsabifRsRf the

contacting steps nmay be an appropriate nmethod of formng a contacted

support material. [0074] Fixing Step [0075] 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

][ray be 6@&tﬁ,me&qimtpeecaﬁo@ ofbdtdlﬁ@_c&hﬁ@cnt}'maﬁlcﬁnﬂy #ih aaap*@m: go{ahmdy b?’us&?ﬁ' ying a
i Xi ng agen e persion. qu uc s .a solution o the

i npr egna élﬁﬁa%tﬁlysﬁh@%ﬁlqswbemléﬁa%%@g 3,100, 7P23’3¥°hds Hﬁ?’i’P’GWdzfaY t he

cat al yti gregpponents to precipitate. This fixing step helps to forma shel

catal yst, but is not required to form shell catalysts [0076] Any suitable

fixing aff@Ml madx physicabsbell fomngtipntiseliniasd wiessalfodeguitahladar the mﬂ@ﬂtlohyﬁhm&l des),

silicate r r tions being
preferr e%ﬁal%% %{e?e %F xgr %lglglﬁ%@g&gen? &'P%Oo%gocﬁﬁ {IEES'fbgHﬁ rl%@rgccorrpl i shed
by addi ngyctré“te;uf:port mgemaeg,eﬁiterettbe §ovent cfﬂttppmcnrsm&bmmmbvabaﬁtas egond-unmcng or after

the precur solutions are_ inpregnated on the support eri Typi cal |y,
the Tixi Mo B afted Sbi et Sl GERe o e BGRB8 AGRFICTRIRE © hat t he
cont act eghp %&Pﬂ@t’éﬁa!nﬁfe&&db@ tehrpeturd WekhebiPabd@H0 and 140°€ ridybe sedaggat sol ution
for about to about 24 hours. The specific tine detﬁ)lends upon the

combi nat thiskness of theshsi aay pe eantralnd byiselectiag éhetm@eratw afihe uppest peBEAIGE$319

PCTI / S20 t e devi ce,
cuch a5 A¢ B ot 2GR on tbiS e\ ARRNG! L) ity o ARRBbNT

5, 332, 7 1ibouti0uD) aweiatmebrohlpeludtieﬁbnhef dihiz embodiefeatrreayde, panmylarlﬁubemmwageousl y be

used in the fixin : 0 i Xi be acconn d in one
o “rul ¢ % g iy AL pelpninst B sl RElon, e FOBBOF MeEBo- 1 [ x one
or nore peryNesoRfskalel inth st ROBHdersi@hd thhtQombindRdl of @ coRtadthie stepOnbyaCct ed
support material after all the relevant precursor solutions have been

cont act ep an@rpraRtiatesmeshest of forming 4 eontactaphappert matgBalcont act was acconpl i shed

t hr ough %’Bﬁ usepaf,, 0fag or nultiple precursor solutions. For exanple, fixing
after se gnati on with a palladium precursor solution, a gold
pr ecur sodEd| utIt may kendtsizabieno tansforpraeoest 8 portiswbithe catalyticeboipérent oo thef | X,

contacted support material from a water-soluble form to a water-insoluble 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.

e [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 aécomplished 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 appvQeegosas®di xi ng agent sol ution during or af peiyRaRinissRr €gnati on

wth a precursor solution. For exanple, the follow ng prot oco?s woul d be a

separate fix: a) inpregnating palladiumfollowed by fixing foll owed by

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

pal | adi um and rhodi um followed by fixing followed by inpregnating with gold

}‘ol I O\S/edaétmb fﬂik@tﬁgi,mpB@nd mggrsﬁ@, afniaxsmimeldembﬁelqml } toiigmreeggomaipl hbﬁﬂ:ﬁs aﬂy excess
iquid may be .remmyv and the suppart. nateri a ried, _althou this is not
necessar Pfsgrikedan Ggsga:te’)&m’e%é#pﬁé' ‘glPlchs‘éﬂ}ﬁP@P‘@teflihﬁ’ie yefsrepes: P8lind in U. S.

Pat ent  NogvaftaddddsPRisedMpl thdidifg dedpcor por at ed by reference. [0079] In anot her
enbodi nent, the fixing step and the contacting step are conducted

si mul t ant8d8| y, Tharfixiracisnsnay bfacoumplished i1 qpe semitlsipls steps, tpfaredms e sorfix pa
4,048, 09 ichris. | ¢ ht
Eep%égﬁé'fﬁ. 14 Zco-fix! 686 %@h@&g@ﬁ cg‘é_ﬁ‘%fn%ggﬁt gﬁ&nﬁ%%ﬁgfmtﬁe st nul t aneous

fix mgh I npregnating w ium xi ng tol |l owed by
i Mpr egnatontegtedisippory olatkriairedief alktheplesgnd ptecurbay salutiona haet ieemcomtacteti kesthenbodi ment ,

the fix may be conducted twice for a catalytic.c onent. A .catalytic
ConponentoP e TRESHa Sa ey Sprtis s Hasdorntraitoba e e pes e &l por
mat eri al pegidok elutidns.” Fir@xarhplX fikinghafdrls iafinpebRhtidnomed a palilediad fi x. For
exanpl e: inpregnating wth pall agi_ um ftollowed by inpregnating with gold and
a pre-fi RiesigsongRivtions Hgqldprserssy selutionapd ubofiug mrecuispr solution yould bpecodids/ 065819
PCT/ US20 ﬁﬁ%gi y |Sed-eGhn ; ﬁ:nl;]ﬁ- i t he
f orprat | o%%ogl S e% aftéggg(; Em }%ngtg%nqg@yo%ggds&e@ym?o nggﬂrﬁtop%%?lggéﬂ%ﬂéﬁg}ét al yst.
[ 0080] | mpaspoitharvitiragott prequtsor gwdutivn.c4h examplesafico-diling Mayrbe fimed wi UIS. chl or i de
free pregyr S, -4 upport material .is pre-treated with a fixing agent to
adj ust tﬁ"g“'"zﬁ_{r%pseﬂ“%g%_‘lsﬁtrlaflﬁ&w%‘iﬂﬁf&??ltby ¥&°Fal. In this enbodinent, the
support [meysri ak sépirald fx§ bn theRHRAKMAY,SFbu ihélu® 2pPiging Fixgiager® Kolft@me Sol uti on,
typically free of netals. After drying, the support material is inpregnated
with a pfetnepsaier sashimpregptiemyth nprscursoesabgions Ferexamplg the followiagi nity as the
dried su wehekl TR65,€ [ 1 L, en: hel | of
catal yti @Qgggrlr?)onen?ésggcgart ﬁ?xsﬂgﬁg@?“a?}g%g"?ﬁ“‘??’ﬁﬁ%"?@?ﬁ%ﬁ“&?‘“ﬁ?’f ?F% acid may
be used myprggnemngmatatgo IRRIE eI bado-mpadgnatmg twathrpallsdidoarpm ued With a

. i ing methtgoll fellipyed by fim ibato-i i ithrpallagli datyorh
basi ¢ pr%ﬁg\{/esdq}ry 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
amount of fwotoogoeseigent shoul d be between about 1.0 topélp@ggoogosgsﬁpr ef erably
about 1.1 to about 1.8 tinmes the anobunt necessary to react wth
catalytically active cations present in the water-soluble salt. I n 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

resul t antagat Bliy&thnidue @& be 1R 1/ BdIpiEurOthe Fornbiish TR tysdathlysOid ofptREd | €d

general ly should be an anount sufficient to cover the avarlable free
sur f aces tofn alHbropghopeegtadsed support material This may be acconplished by

| nt roducipgkg lef Olin £XFHIPLbhodfnchP :pw?b%ggsint o QI @24 hidAke hFE%ch%fs%rs"t‘RL urre of

the contacted support nmaterid conbi nation o npr eghati ng and
fixing stsemsrtmtenﬁbs meetreateéwlthtafpmg@aﬁnalowdpist tBupropertidsef ﬂ&euppbrtmemab free

precursor ns al,so rrri s. t.he formati,o f .a shell taI whi | e
Dot onal 115 B P RAER i Srpor et B Berapy R B ot 10 & B ofhont

precur sortyplcauy\@eemfm&ta?ast efter dfymgdihs SuppSrehatedl WimphaRyateewil Y beb@sor Furt her,

the process can be free of a of fixing catalytic corrponents that woul d

ot ey i S GOBEON 1B AEhT BPReBe B e Ie Tt aHbh (e OO B TR LR ATHG St o i &
needed, the &REH il s‘ﬁQl'i‘PPdEﬁﬂkr% c&‘ﬁﬁﬂeﬂ?@&n tﬁ@srfph&‘x?gxa{eﬂals %x"éx‘éﬁpfe hgashi ng

step. Subsequent steps in the nethod maeking the catal yst do not require the
catal yti @Cldmwbmmd@mwr!g A\NIPPROOEig 3B $n maris WIGGMIB?&SIG preewisoand t hus

the © el fin il SRR LSS KRGS, P bSO vRYdlddennal fepar ot ory

st eps. era ree prec erm S a C st or

pre- cat alﬁytmrgsﬂapﬁﬁﬂu%dmmtahmgstﬂphat is free of a step of washing, thus
reduci ng t he nunber of steps needed to produce the_ _catalyst and elimnating
the need [§%1ki sah%@neqmrétrﬂndrf.ﬁa@g@wlaﬁrﬁ wHtaRistyicalyagwlar gycess dhest ep [ 0085]

Particul %l)uynt oY\‘.&?a'l'yn@%ﬂqﬁeﬁtQﬂﬁdﬁb%faftégﬁ{hﬁﬁ&b@ﬁha&%ﬂﬁ‘h@%oé’rﬁ%x Bhih dé' zed and in

other applications as desire I Xing ste f1 xed support
mat eri al amyshbeldhabm¢m®0mtérﬁiveb0®&9 Hheferably abmldm@ahmt t &emssﬂ]hport or

o N
fixed sufpaktembodiment using a high Au/Pd atomic or weight ratio, an mcreased molar excess of
hydroxide 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 Tfiis may be
accomplished by introducing, for example, a volume that is greater than the pore volume of the
contacted support material.

o [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 aveepdogegssni trate test. The washing step may hergasdokedsQut 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 contacted to the
sup!oorltI rm@eﬁn't;ia?us the remaihdér(rj&fﬂ@ s&p ﬁﬁybmmrb@'d oﬂ;ﬁh&;&&ﬁdiﬁ?@p@pﬁrﬁb fyistb(gg.fst ep )
typically_ is ore_the reducing step an ter the fixi ste i.f such a
step is Udea) tﬁavseﬁég}ﬁ? T PERCRSQUp BETios et ?fﬁée-bqtﬁx%g@ggthn wEHBE her
embodi NMentat it of A4t6y STvitehif, s iriu6iAg the Bnd bf Adps Bbedel & pro8lids iHRGatBl@P. The
calcining step includes heating the support material in a non-reducing

at mos pheraad glimigating fhedieed teglisppseioh ellerjde coptgiping agtal ci nati on, the catal ytic
conponent t . t mterial are at least partially deconposed from
their saﬂ@gﬂro %%E%E?Egé of their oxide and free netal form [0088) For
exanpl e, [6085] calPattimilaty, sheaphalide cantainigrpreutsopdoldioheap etilvded mel inwthiehe range of
about 100C.to about. 700C, preferabl et.ween about . 200C an bout 500C.
o r educPrlsGhus BSUEserlop o o THE b e R POROR B AL O B BP0 1 ner
or oXi di zh\ghlidefSidussiCie Appbiebi difBrwiséHrdaled GCEmiRLtS BB poleRPA n%gmiwafb@trbfox' des,
oxygen, air, carbon dioxide, conbinations thereof or the 20 WO 2005/ 065819
PCT/ US20@4r0a8iaas on fhejsapportrmaserial. s ovplreg atep ingheded ainging the dixed 8ppers carri ed
out in a 4 i Yy - hr N, i r

cobi nat 1ne AT AAEE B alfy PR Aty WG ml) B0 N AP DnBhion’ et ween
about 1 amde.5Washingsat robhetexipggater sbéulderntmpasiil thoefflodnt vash watrdlay ¢ halideonponent

salts depends on,the t erature used and length of . ti t he. i npregnat ed
oot o yst rccoqen S e FSRETO Bk i Pn iR Bl bt ol gl bl
deconposinkaaie REuddsl € bisver A8 %kt. MR wAEhiKEN Bdlbe icatiBdogta@msormy be used, such
that at any point after at |east one catalytic conponent is contacted to

the suppéintultareosty with the redueipe sep, dispussed delow Hrut pisfeaadlyyis cprred pudeforee dsci ni ng
step occufss;sHafy @a fg?ﬂée%(fhaifeqc fa@@rgﬁ@éo@s&&ioﬂ% Ydrinfts BRBRARRAI dfthPwdhingON! @

support rmateria t er nat Ining of a zirconia support nateri al
cont ai ni mgp.gol d i s conducted at

[0086]  Calcining Step
[0087)  After at least one catalytic component has been contacted to the support material, a

calcining 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, nitrogen 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. [00901 Exenpl ary protocols including a calcining step

i nclude: aWwomps/egsating with palladiumfollowed by cakgiRidagekels! owed 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
W th pal higeli H@he @bdmad italcinitle s aﬂ%d'oﬁﬂﬁ@ﬂﬁtﬂ{obﬁlﬁr%ﬂsﬁbs&ﬂhﬂly puRl | oned by
cal cination. [00911 Redu0|ng Ste 00921 Anot her step enpl oyed general ly

her ei n t §it@gen, @gigen. ais of sombinatippstpeready lsingtiondimer Riay yary bukrisforbly Z&¢orponent s
from a S@Lt@vca{abem%d%@smﬁ Enclief AL B dekdifitstivn Btht YA BpotiFlias DY 2
reduci ng step. Typi cal this 1S done exposure of " salt oxldes to a

r educi ng deggadston t@dampﬁrésre uedd anth leppthiofitime the impmgnated catelypthosrloimadend o,

hydr ogen rogar bons al d al cohol s, hydrazine, primry

am nes, eﬁ%%%jfbégﬁgl Wﬁ J%‘%O ‘%Egﬁggaﬂdﬁts carboxylic acid esters and

conbi nat i(08%] thenemmorwaflmggaepmdywcam suph mpydtexﬁgeponala.halatlbasthy@lr azine and
al kal i ne formal dehyde and con@]ﬁnatl ons t her eof H”i preferred reducing
agents wWPHHY &%W%‘F?é“éﬁ%fm &¥PPeTt atatraa hmak be rrlsiRedy Rederaiiunths lagi) ar | y

pr ef er r edycifthf Beyaudks %Qfd&tcbﬁtﬁct%m%%b’lki@&a@nc QRDBERLAS to Wb AR E{EyBBrt' S pr eferred,
a reducing step carried with a liquid environment may al so be 21 WO

2005/ 0658m9n¢cwlt@$zm4¢a@mm® a zirs@de {uppat m@tmﬂl eqn“tmgnagcrlé thpondugtedet ut i on) .

The tenperaty from up to
abeut 5550Pe {u? s% | \%%Bxﬁ.g 36(9& !E%S"%v ﬁgg&h 1 Eold?r Hal gﬁgﬁfonfar%}gfa out 5
hours. [ ﬁﬁ&ﬁil a&emp&ami‘be almve alesis 3(10§e,dhé @skrtm uﬁ@(]zheleaaﬁta bythk eesalanponent s may
i nfl uences 't he racte ics.of the final catalyst, conditions enployed

for the Faé%hlfét"ilb?? pially 3 soted s 5d45ethdi ng on whether high activity, high

sel ecti vidoyojor BRRILAbRBIESs REubif g%%alélﬁi(ﬁg%ﬁ inBRad: 9) m(iﬁ%n&ﬁ% wifl0094] I n one
enbodi ment, palladiumis contacted to the support material, fixed and

reduced palledigmdoliped by galeining Sllowed bninpresaaiing withzeldde)eerimpesgnating U, S.  Pat ent
Nos. 6, 4§§Iaggﬁ’m@rhg&i§1n7f§l?ov@a%y calcining followed by impregnating with Au; ¢}

impregnating with palladium followed by calcining followed by impregnating with rhodium

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

[6091]  Reducing Step

[0092]  Another step employed generally herein to at least partially 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 monoxide, 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 a

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. ti [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

foll owed by optionally calcining followed by reducing; or c) inpregnating
wi th pal | adY@piosenssidwed by optionally cal cining fol | owegrlxock s Ng

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 several beneficial results, including |engthening the operational life
time of tded(eqmbmplpying a Tdecinpabilitiph)n JThe tepypeiatire sstented forde reductigtcaamanget | vat i ng

Nty (B SPRRHLEAS SbborrC R S P b AR R ATl o oo

such as mdurs. al kali netal carboxyl ate and/or al kali nmetal hydroxide, prior to

use. Conventional al kali netal ar boxyl at es such as the sodi-um potassium
l'ithium E’H%p]ces‘?l{!ﬁﬁt%eal?‘P%esﬁ)‘fset@-rﬂicué? ‘?‘Bﬁéi‘m&c CHPHRFRLF Y ¢ ther e enpl oyed

for thi scRteRRsRs oANPRS 85tAIGd c@ﬁdiéidﬁ@blinﬁﬁf(éag@ﬂhe feBudiidR Ay 96Welion of VA is an
al kali acetate, with potassium acetate (KOAc) being the nost preferred.

[ 0098] Téreerslingrarthethart igh aativitw igh selechiniay onsome balanse efthascawppsitiehisa sol uti on of
the nodi fxing agent. After drying, the catalyst may contain, for exanple,
about 10 to about 70, preferably about 20 to about 60 granms of nodifying
agent pej00#4]t erlnofie anbeiingsit, pal2AivdOs 260440 65 e uppaiT MABRAD fixGI3R8 télucdd00991

Met hods of. Maki, n | kepyl kanoat es., [ 00 Th r [ j.on.may be
utili zed®¥Ye 5‘56&??8% a%%F%W@“&%E%%&?‘Bng ‘P?ngnj"&ﬁn';?’%eﬁg?&&’&r @éﬁﬁé@ adi 4" and an
oxygen clgmcaipﬁt:blng agaﬁwhmhmendafp@&&%graire@,e.cat alyst. Preferred al kene
starting materials contain fromtwo to four carbon atons (e.g. ethylene,

propy| en@0%hd rExsmplanerotocqly inpladingairedvaing rpdncisiern) dmaegnatge Wither i al s used in
e P SERR NIl TSNl G el sdpont a1 rom
Pr ef er r eddypingdiicbsmpfegtatieg pith pakdinaraad ¥id followpd bpompnadiyatkining folldweddut yr at e,
A Al e A O e DS B e h R RS hET By dpfloniy Shiciding e8lloed by'Y! ene and
acetic atl H Aol

reducing followed by impregnating with gold.

[0096] Modifving Step

[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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nost preferred product. Thus, the present invention is useful in the
production of olefinically unsaturated carboxylic esters from an

ol efinically unsaturated conpound, a carboxylic acid and oxygen in the
presence of a catalyst. Although the rest of the specification discusses VA
exclusively, it should be understood that the catal ysts, nethod of naking
t he cat al ys¥@z2f06s8yr oducti on nmet hods are equal |y appl ipeglksnimspisher

al kenyl al kanoates, and the description is not intended as Iimting the
application of the invention to VA. [00101] Wen VA is produced using the
catal yst of the present invention, a streamof gas, which contains

et hyl ene, oxygen or air, and acetic acid is passed over the catalyst. The
conposi t i[@99pf p in evih Akanoatesi ed within wide limts, taking in

account t ?.t e effluent. For | e, .the nol ar
0 uig pmgb‘?e%g(ef‘%‘ aﬁﬁﬂ?ﬁ?ég@npr‘zm 2lisBe, ol ar

H LA KECIdh

thog AL U
one, of f]ammbilit

ratio of WHAGH edbe prseppyeon may el

rati o of Jpamid &iddkddn bRygeh Btafig fah thepRRmtd ofhQRtalyst Preffddtalkbne 00,

preferablé about 10:1 to 1:10, and nmpst preferably about 1:1 tq about 1:8.

The gas sSWfeamareyls centaip fieBrvatnloyraben aons ks ethirlspapropylereand NSy i ner t

gases, Sylferitd abidiOfRIaBRf RRRi QX HShe O HRiYEAA dorBidlfaRRT bons.

Reacti on tenperatures Ich can be used are elevated tenperatures,

pr ef er ablaikenyhalkancates ¢dntnin fiory evofo folycarbon #emPREC.acéHacprppions endebumipl oyed can

be a so educe r ur n ; sure or .el evat ssure,

or ef er abth TR AFaoR of e Biess BV DL, oy BB S BBEG2) T

addi t i on ateatd. i Reahdsglefepatdtatisg mitkrialaned dibdameahd petdadd with tke Renydingathk anoat es

dth talyst, of th toir ii . .Sui | d i
ot her ¢y e RYTUTRER i THD e e ERon e sanagac i vrgmend o |
2005/ 065348 PIH MBRUAH D33 ol BOKHRRy (srales orh QA0 i abinqus N

O De

exanpl es are provided for illustration only and not intended t

i i ti ng oxyRRRInghomipescesdiagatplys. Adhough theresheithesnecifipation diseistes VAThe Au/ Pd
20T € T SHSARY B ANALAES 0 IO BB e e Ce Vorsa bY
Au/ Pd weipgpldtictioatriethods die 8halyidppticahtedorotherraiitenyl alkerehtes tand the dewyiption iabdir evi at ed

'R followe the t erature.in. C at ich the reduction was carried out.
Li kew s_e,mt?‘gf‘ﬁ‘%ﬁ‘&llflﬁfﬁ%qlﬁaél°ﬁﬁﬁ¢‘%{ﬂvmﬂ ®C* followed by the tenperature in
C at whi gio1dne wish VANablo@ibehaSnERE Edtaflt Ofthe prédeRi iRAntion, disitbdndofghgP MaY be

N

abbreviated as "dry'. . A
which contains ethylene, oxygen or air, and acetic 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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[ 001051 The catal yst of exanples 1-11 may be prepared as described in the
exanpl e and tested according to the follow ng procedure, where catal yst
from Exanples 1-7 may be conpared to each other and catal yst from8-11 nay
be conpared to each other. Results are provided where available. 1001061
The cat al yswe@98/045B exanpl es were tested for their actpictidsyoe@ddasse! ectivity
to various by-products in the production of vinyl acetate by reaction of

et hyl ene, oxygen and acetic acid. To acconplish this, about 60 m of the
catal yst prepared as described were placed in a stainless steel basket with
the tenperature capable of being neasured by a thernocouple at both the top
and bot t[oom0df tHxemplesket. The basket was placed in a Berty continuously

stirred tapk reactor of the recirculating type and was paintai ned at a
t enper at dﬁ&oﬁ}ni %ﬁe &I@Wf%dm%ﬂﬁﬁﬁfe E@W%b‘gw‘%g%?f@\_‘ et W“inﬁedg‘tﬁ g%I ectric
heati ng Npitihe TheaklBStdloNefs GnPfeadiitre RProRMAIRIThE WAdStdnilE A% LAY bat
N.T.P.) of et %| ene, about- 10 normal liters of oxygen, about 49 hornal

liters ofcopyertedigdhs AuBdweishtzatiqandivicg ¥ersq by thefollowing gquations: AtPdytosfic pot assi um
acet at e, 4 [ o - s
Fhrongh (AR LIS REPE Boleh M) HAAGPARCRARIAFS Hes(BAUon? LT RBRARLS

condi t i onsayfbeablatvidiek'®f fd®wadly the paniperatutesin 4C atwhiblothe reductjonafas earrivdouth t he

reaction was.termnated. . Anal vsjs.of. the praducts was. . i, shed by
on-1ine d'\é\\%wéﬁ?r%%qaﬁﬂ}%@ﬁ?ecab%%ﬁa@i Q follg cldﬁéﬁ'el{?/ﬁ“feﬁau&feffﬁﬁ%ﬁh B d product
anal ysi s dayinatunadel Sarrfigd dl1pwiipras b dtyinglstep anay bé abdbh@isted@@ri’0 obtain  opti num
anal ysis of the end products carbon dioxide (CQ2), heavy ends (HE) and et hyl
acet at e [PBEOFIAC)The ¢atalyst aksxpmples -1y be prearades deseabaddn thg example enditeiiedper cent
sel ecti vigd Yy i | e. The
rekative ag‘?f‘?ﬁttg% ﬁ%ﬁgﬁ régéc:d%i?ebﬁ@éi%rl&g’ggféﬁﬁgg&gﬁéilcI]?{\?iytg 6943"4&% (B005/ 065819
PCT/ US2004¢h0@88 4l cafabystt foom B-Ad tmay ibe yompaeed iheck othpru Resulsateaqubadeddvhesi ng a
series of ef tions that correlates the activity factor with the catal yst

t enper at Gre F%'uri ng the reaction), oxygen conversion, and a series of

Ki netic pgeoaslet EhscatadyststdTehereRaaplednde fekted fof tkie aglvatg endidelecigty\dvaiont hesi s.
More generally, the activity factor typically is inversely related to the

t enper at GY@rdBginspre ca@h?%wl pshaistbymractionaf sbmlepo Ayxeed r-wﬁ%cevfm@o?iq Rhodi um
Cat al yst ExamRinasis D0k @8 ni bx ARSIyt preflcS BRIk IR & bbediR B btk Geepal | adi um
and rhodium netal was prepared aS follows: The support material 1n an
armount ofbaskBOvith thetomgératuiervgpable Sheindmeasingd ke the@naspiile a both the top and

bottom of the basket. The basket was placed in a Berty continuously stirred tank reactor of the

recirculating type and was maintained at a temperature which provided about 45% oxygen
conversion with an electric heating mantle. A gas mixture of about 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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spheres having a nomnal diameter of 7 nm, a density of about 0.569 g/n,
in absorptivity of about 0.568 g H2O' g support, a surface area of about 160
to 175 nk/g, and a pore volune of about 0.68 m/g., was first inpregnated
by incipient wetness with 82.5 m of an aqueous solution of sodium

t et rachl or op@kioxoisean (11) (Na2PdCl 4) and rhodi um chl or ipgg/ssdobiyssist €

(RhCI 3. 3H20) sufficient to provide about 7 grans of elenental palladium and
about 0.29 grans of elenental rhodiumper liter of catalyst. The support
was shaken in the solution for 5 mnutes to ensure conplete absorption of
the solution. The palladiumand rhodiumwere then fixed to the support as
pal | adi umac(ok (Actisity) mdsrdndicompn(td:rlchl):ulhlydusing' a:keﬂesh)f equatibrasdhat ng-r&lattes the eat ed
support o- 1mv SI on for ur oXi mate vvlth 283 m
of "B aqatitie hger T rRa Heeergr EHEE B et BRL SR e boions ARt P00 i 1
an anounbf ighetit %m{m@cferstfmae ﬁa@@i@ﬁﬁhﬁtqmgnwamgm syﬁ&bdlﬁd!diﬂ'gﬁlﬁﬁllﬁwl umto

t heir hydroxides. The solution was drained fromthe treated support and the
support Ity Reler Brisallyds iivermelnestaind to B topReEureauirsdite achigve sensteni n a f1 ui d
bed dri epyfolf conderdoftours. The support material containing palladiumand
rhodi um hydr oxi des was then inpregnated wth an agueous sol ution (81 m )

cont ai ni wlqvm&g@m&@m@m and 2.71g 50% NaOH sol ution (1.8
equi val emﬁ%ﬁ‘ i vaam ?e“f“‘% g}:ﬁ%r\;\ﬁéétet?%lcg autugg lﬂ&x‘u%l Jti'h}o\ﬂ%pr%gtﬁl wag eggfed The

NaCH tre S wer'e BVET 0 ensUre pre€ipitation
of the AusBHbws: The suppet mmsld)dlubm:ﬁbﬁdrrcmﬁ&iml coﬁhmqglolfSEd Chempie Kotk y washed

wi th deionized water (-5 .hours noye | ori nd subsequently
dried at* I{LE’GG?:E?"I"Fgé‘ 'antﬁagd‘ﬁ’é‘ﬁte f 7éme’6 e’ﬁlt@fﬁg‘?ﬂtgsggﬁjéﬁ &g Ogﬁ’ivm‘r?fe r hodi um

and gol da&ﬂﬂm zgﬂgygs@pmtasw&eta}e@ef&ahmsoﬁﬂn@tm%go%élszfre20111&9&1518 under air
ang~then allowed to naturally cool to roomtenperature. The palladi um

r hodi um abent0.gfomte. 28as\imst 20 B EeER Y dncipient weiree with 838 1d of weagueousgoladen by
t act t
1500t ot RdeRRlbalkih F Siedchd Bl BB SRGREIERIRITEC B

w th an adgfigatis gotidd dbomt 7 grims oﬁa@mﬁmmllahmmmmwmmMs &]elemeniﬂlzo and
dried in.,a fluid drier_at 100C for 2 hou 0109 Ie2 A
suppor t FP&E“@F’IP&TI“GE%CP‘Q’IYﬂg The SPPROt WATSBAKER ‘P%&P[ﬁ‘ﬂ?‘h?&jg&?‘& prepar ed as

descr i begbnpletéxA6ptieh df- thelddfutipa | The dhllafiumneld Fe@Rliniware Bieh Siked tB@heSsUﬁibW t was
then calcined at 400C for 2 hours under air and then allowed to naturally

cool to pdeHatiwun{brad thedium (fhdydraxidesty gonfeahipethe tagtedsupagrt bvivtoai ni ng

a2t Uyl RISt 582l o T SHRRRRH 1 3o v

solution prepared from 50% w/w NaOH/H;0 in an amount of 120% of that needed to convert the

palladium and rhodium to their hydroxides. The solution was drained from the treattiad 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

o impregnated with an aqueous solution (81 ml) containing 1.24 g Au from NaAuCl, and 271¢g
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 th'e Au salt fo
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, rhodium, 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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50% NaOH sol ution (1.8 equivalents with respect to Au) using the incipient
wet ness nethod. The NaCOH treated pills were allowed to stand overnight to
ensure precipitation of the Au salt to the insoluble hydroxide. The pills
wer e thoroughly washed with deioni zed water (-5 hours) to renove chloride
ions and suopBgseass1oy dried at 100C in a fluid bed dri ecTfiRioedesgsfdOurs. The
pal | adi um rhodium and gold were then reduced by contacting the support
with C114 (1 %in nitrogen) in the vapor phase at 150C for 5 hours.
Finally the catal yst was inpregnated by incipient wetness with an aqueous
solution of 1Oy of potassiumacetate in 81 mM H20 and dried in a fluid bed
dri er at wiR@&lubakbykoRtadiing tiee. supf@dtHioIC,Hy ip ineniBogen) is thppapdr pleseat 14PC

cont ai ni al | adi nd rhodi um hydroxi des .was repared as described in
el o B Shaus o SRR R e Bt S SR uas B okl ci ne
at 400C 6P1ogdf parbdsmmibdetete id8 T mBHMD irfdeifiedin OMedibddalriepitu0edd fir LOBburk.0 room
tenperature. The cal ci ned support naterial containing palladiumand rhodi um
hydr oxi dE9108s Exaapls & dhsueporbipateiad Mitizins neadivra “%‘ﬁE?B@P’P hyfroRidesHps (1 9% i n

ni trogen)rehited ReAMARS in PRARSe 3L T ditth e MBUNLS cotBiRing StPRAWas @RAT ai ni ng
pal | adi um and rhodi um nmet al  was subsequently inpregnated wth an agueous

sol ut i oncgldnedrat $008Q dara; hoursgunder air gnduhers Hlowedpmatorallyzael to ropngtemperstieOH

sol ution . i St WL D C i . i.acl pi ent wet ness
ot hod, - Phec et R R el BRI b Ao R B! P01 12 1
preci pi t akprepnated withen Apuesalstlutian (8 henl) cos@initgl 124 Yarfrom NeAuClfvel 207zl s wer e

t hor oughly ed with deionized water (--5 hours) to renove chloride ions
and. s apsb ERH el O Gt HaBE i RSt b nelie B frsioienb Feess madiofs.  The
pal | adi uthe N&WHId iredtdd AMGw @O hithwedes RarldROBIZRAY eRtrd et GCS i tROAL B t§ UppOT t
wtsh CCH4 (1% in nitrogen) in the vapor phase at 26 WD 2005/ 065819

: ) 1 at 26,
PCT/ US20th8 irgalgiie bydradde Fhigpills ween theroughiysashed wishedeionizefl yater (vidiopsshioegnat ed by
i nci pi en i : o} : t i cetate in
R R e e S S e P L AT
Exanpl e palladiumugbpdini, andtgeldivedre themteducad ygcopiktirgtheswpportiwith Gafla(t¥ohy dr oxi des
was prepared, as, descri bed, in.Examl e 1_. The. pall adi um and rhodi um
cont ai ni ﬁgo%eﬂblﬁilﬁVaﬂ%fsphﬁ?é"hi%cg&cfi@ﬂ’@am‘af mﬁlg'ot(h.,g ?aéarlysgw%lmpgegaﬁaggy air and then
al | oned ingipieat witiddss Witle S0Aquédiis kQGHBntoE flotabstum ackhife i6 8 &l FBO 2B Pidsih
mat eri al containing palladiumand rhodi um hydroxi des was then reduced by

cont act i #fuif hed digppo0P Grfof h2b949® (1% in nitrogen) in the vapor phase at 150C

for 5 hopro; TNExample 3: A support material containing palladium and rhodium hydroxides was

prepared as described in Example 1. The paliadium 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 material containing palladium and rhodium hydroxides was then reduced by
contacting the support with C;H, (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 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. The palladium, rhodium, and gold

were then reduced by contacting the support with C;H4 (1% in nitrogen) in the vapor phase at
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support containing palladiumand rhodi um netal was subsequently i npregnated
with an aqueous solution (81 nl) containing 1.1g Au from KAuQ2 using the

i nci pi ent wetness nethod. The pills were subsequently dried at 100C in a
fluid bed drier for 1.2 hours. The palladium rhodium and gold were then
reduced by Worwsedstxg t he support with CZHA (1% in nit pegRRIcokEsk}RE Vapor
phase at 150C for 5 hours. Finally the catal yst was inpregnated by

i nci pient wetness with an aqueous solution of | Og of potassiumacetate in
81 mM H20 and dried in a fluid bed drier at 100C for 1.2 hours. 1001121
Exanmpl e 5: A support material containing palladi umand rhodi um hydr oxi des
was prepsi*€dordchodss Finalkethe icital&t mh@r@ataitﬂey mabﬂeatdbmnsawiﬂh arhaydeansn

o1 Towed FORRARE IR ofpastim resan Al FLrsG Pl i & il ool IO, o " 1"

cont ai ni pgypal | adium and r hod| um hydr oxi des was subsequent l'y inpregnated
wth an a ueous solution (8 containin Au from KAUCZ using the

i nci pi en{ ne@&am?é%éusupm{émamlgomw&g? ]éﬁm@rapéﬁloé’c“ml]@t‘j@xldﬁs ¥ag | uid bed
drier fo RAMAbed J@ﬁarﬂﬂkll.a‘flh laﬂlm%d%dlﬁ‘lﬂ@oﬂ%ﬂﬁ \Wepert Wae ﬁ\hﬁeduced by
cont actl e support wth C2H4 0% in nitrogen) 1n the vapor ase at 150C
for 5 hogaicsnedlét #Qﬂ“C;ﬁonZkumamﬁrytanmgl alm@@rmtueedlyl@yol to m@rqdﬁramratmt ness W th

o AR e R R RSB o T Ry, = '
mat eri al coneuotig the n@pqsra{uitm@ml%rid nitdd gehl) ulrméwafbbfpuaghea wme forl ey, ke &S

described in Exanple 1. The pall adi um and rhodi um contai ni ng support was
t hen caf‘tPP%?jmé{’E““ZﬂW@a‘PB‘P PotiFm i ¥as gb Feqaﬁulyerﬁ%rﬁgr%ﬂm%dmtaau%% urally

coel to Edn%hmr?ﬁ%@ﬁtﬂﬁﬁgx 13%%&@9&6%&%%1&’@%%%%9&%1%&% Ca' ci ned

support material containi n 4:8 di um ‘andr hodi um hydr oxi des was

reduced Byfe sehserugety diigd ahd mﬁcﬂwd hed drierdor-l2 haws. |Themat1erdag@rlil}0dlum,tahfé vapor
phase at ) hOdI um
o s A

cont ai ni :{tgsa"ﬂ for ﬂhmfrsf diimalptiEatalyst waOimpregnated by incpiat aétaess sithgn hchléousnci pi ent

wet ness hod, Th ills were sups ently dried, 0C i | ujd bed
drier foﬁ%w? °F|bq§rogpg a?EW&?&ﬁateE&gﬁ‘ﬁfgbaﬁdﬁé’FgW@rﬁ’ég@g e??tlﬁq%ﬂro‘éﬂgport
mat eri al ygugt ai ni ng pal | adi um netal was prepared as follows: The support
material in an amount of 250 m consisting of Sud Chem e -KA- 160 silica
spher es WAiZhg Exapole 1A supposimaterial esmtaming palladiumg apdihedivethydiowides Was569 g/ nl |
in

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 paIla|dium, thodium, and gold were then reduced by contacting the support with C;H, (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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absorptivity of about 0.568 g H20/g support, a surface area of about 160 to
175 n2/g, and a pore volune of about 0.68 nmug., was first inpregnated by

i ncipient wetness with 82.5 m of an aqueous solution of sodium

tetrachl oropal l adium (11) (Na2PdCl14) sufficient to provide about 7 grans of
el ement al P¥0 kaastoassmoper |iter of catal yst. The support ppggssdiaiRgsi N t he
solution for 5 mnutes to ensure conpl ete absorption of the solution. The
pal | adi um was then fixed to the support as palladium (11) hydroxi des by
contacting the treated support by roto-inmmersion for 2.5 hours at
approximately 5 rpmw th 283 ml of an aqueous sodi um hydroxi de sol ution

pr epar ed Thk cﬂminﬁ&%mﬂm&th@%dﬂ%uhgp@lndimnmthodiﬁmw&%cmm Wwisahenreddetbyt o

convert the adl umta drOX| . The solutio i ne fromthe
Croated SanbRe M PaH ot B P e X Sdtiohtes 82T 6he DA BieLy and
dried at sigfafecbiaifing b&lladmﬁﬁdlddlﬁddﬁ.ﬁn lfn@tﬁl wlas 2ubiediiehitly ildpeegBatBPRit ar@ueus al

cont ai ni ng ﬁqal | adi um hydroxi de was_then i npregnated with an aguequs sol ution

(81 mi) SBlyfndBhmbgontaungd . lg Ay oK enfal Og ptassium seetatmnsig dig BEPieAt on (1. 8

equi val enRfef el rﬁéwdeqa@ﬁms wte{% sfbkqueaiy el 31007 Inf RRE bdEdRERS 178bed. The
NaOH treated pills were allowed ctlo stand overnight to ensure precipitation

of the AJ0Ha]t Esample? (&@’aﬁuﬁglc‘@talwﬂ réostipplert mmealpomtmsmwaléadlwmﬂ)pt@h}@al y washed
wi th deionjze t.0 renyv ons ubsequent |y
G od ot PRBE RSty s Bt Hkad T pS of ZoPhl ni bRt R BRI ol o
cont ai ni ngo au@rspndres\nmmghh&mml&ﬂa:mlobymﬁpmtc&ﬁmyragaﬁdﬂeo ss;pgm tinwith C2H4 (1
%in nitrogen).in the vaB r_ phase at %ngCfor 5, hours. F|n} y the catal yst
was mprébﬁ?ﬁ’ct‘é@’%f}ﬁbi’?{@rsﬁ érﬁzgﬁﬁt’-‘ a §yriae 257 of gbR¥s 460 0d\78 M Bnand@moreng of

pot assi URpRRE bR (ﬂSBSthl/gr1 wi‘s‘%@st%ﬁcﬁfate@@y h£1p§’en{ withéls bed sdisinfiforgdl 100C for
1.2 hours. Table I shows conparison selectivity and activity for the

cat al yst agfeo@sahibreef spdigmdetr 12®pmdv_amd5) 06oRBI) Pdfitigs20 pwide gL’ [ 00115]
T TS o SHIRELE ey BT 275
g of Zr 0ZnifuRéstd EfduresonppleteablsdmtioblsRhe valstion Al e pakaiah w@ﬁﬁﬁl ficed t3the.  Resul ting
RN o A T A L T O SN P
zi r coni U@ RtapbrxifidiRBl 4 Psh With 283 ml of an aqueous sodium hydrox1de solution prepared

from 50% w/w NaOH/H;O 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 deiopizcd 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

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 chloride ions and subsequently

dried at 100°C in a fluid bed drier for 1.2 hours. The palladium and gold containing support was

then reduced by contacting the support with CoHy (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 I and 7.
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DKK (ZA-20) and sprayed onto 55 g of spheres of bentonite KA-160 with
OD-7.5mm Coated beads were calcined for 3 h at 600C. Exam nati on under

m croscope has shown uni formshell formation with thickness of 250 run.
[001181 Exanple 9: 20 g of Zr02 (XZ16075, BET surface area 55 n2/g) were

i mpr egnat edvo a0t/ NOB) 2 sol ution (Al drich) to give BegrthRamipasRf 39 no/g
of Zr02. Inpregnated material was dried and cal cined at 450C for 4 h. The
material was ball 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 cined at 450C for 3h. This procedure results in formation of a
strong unlobgrsgl BRIl Wi th 160 pmthickness. [00119] Exanple 10: The beads
from Exanple 8 were inpregnated with solution of potassium acetate to give
| oadi ng of 40 my KOAc/nl of KA-160, dr@Selegiidtycal cidsibat 300C for 4 h.
After thBtampkeel sol ution, containi ng %89% nM of Pd(£538m Pd( NH3) 4( OH) 2
supplied Egandﬂ@r?d@afe)ena&rﬂatﬂys?) nmv of Ad.i(froma 1 MS6l ution, Au(OH 3 "Alfa"
dissolved in 1.6 M KOH) was sprayed onto these beads. Material was reduced

with the thiJ % S(Vi 52, 92 %QIZ at 200C for 4 h. The beads were crushed
and teste@opﬁ fi X or under conditions described in the
experi ”En[”oﬁi Ohsq{%&inﬁiés @goﬁﬁkﬁm(t‘\wd !uﬁf1edbﬁ9ﬁﬁ§w£bﬂcﬂ?&ﬁg%o@fbygﬁs' on was

achi eved. [001201 Exa éleference cat al he same cat al yst
pr epar ed Rwulﬁxmpne@alham@ms@ ce ayea 38 MéS. é‘hemefénda'taabylémllhémeﬂllmml ef 2 shows

001211 TabTE 09T T Y inks BREATER ey REhBaI S bR b fpaliiny U O

Activity M@Aéopanﬁsp’:}sya’d ot SS@(ﬁm]ﬂic&s dfbeatodite KAGSO withaOH 5nird. (dretler ence

Cat al yst) 13 2,36 onia Support .Material and or i d Free
Precur sor? aWFﬁ‘T‘“é‘é"’ 6&%% l?ﬂé W@“B@%EP%PS"BPC&B@&‘EW’@L\%&JB for this
set of exprRkies with thidkaes 3f SINLRL mat eri al cat al ysts were made as foll ows:
vari ous shaﬁed cat al yst carrl ers were crushed and sieved. Zirconia support

mat eri al sICOMESBE Jixpppl 8d2bg oiNGPPIEZ10X751 BBT surfasel argz 1 517/8) werpirpragngted
with PA(NO;); solution (Aldrich) to give Pd loading of 39 mg/g of ZrO2. Impregnated material

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 (ZA-20) and sprayed onto 30 g of bentonite KA-160 spheres.
The beads were calcined at 450°C for 3h. This procedure results in formation of a strong uniform
shell with 160 pm thickness,
[00119] Example 10: The beads from Example 8 were impregnated with solution of 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(NH;3)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% H3, 95 % N3 at 200°C for 4 h. The beads
were crushed and tested in fix bed micro reactor under conditions described in the experimental
section. COy selectivity of ~ 6% at 45% oxygen éonversicm was achieved.
(00120} Example 11 (reference catalyst): The same catalyst prebared 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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MEI. Silica support materials were supplied by Degussa and Sud Chem e. The
sieve fraction of 180-425um was i npregnated (either simultaneously or
sequentially with an internediate drying step at 110C and optionally with
an internediate calcination step) to incipient wetness with a Pd and Au
precursor SYPY0HMI8190pti onal |y cal cined in air, reducegcskyoaiisdsN2

formati on gas, post- inpregnated with KOAc solution, dried at 100C under N2,
and screened in a 8x6 nmulti channel fixed bed reactor. A solution of
Au(OH)3 in KOH was used as the An precursor. Aqueous solutions of

Pd(NH3) 4(OH) 2, Pd(NH3) 2(NO2) 2, Pd(NH3)4(NC3)2 and Pd(NO3)2 were used as the
Pd precursors. [00124] A siligce, sduppdatiadumiteri al catal yst reference was nmade
as foll owam ofe pupport material contgisni ngogal | adi um and rhodi um netal was
prepared g% ws: The support rmugﬁjeﬂlgy an anount of 250 m consisting
of Sud spheres nom nal dianeter of 7 nmm a
density o ?eout Rﬁé%%ée%?t%‘rﬁ an absoP%tl w%y of about 0.568 g H20/g support,
a surfav\@ lﬁi ea of aout 50 t 175 .n2/ g ( ol ume of about 0. 68
m/g., w8134, o hoRtMajeriar ang Lolorde Tig SRR 82.5 nl of an
aqueous ol |0ﬂ1e%llo$ﬁﬁ§ gaﬁbﬁﬁsrs@am%@m foadhmt &fﬂekim pledNaBRSk fippsidf f 1 Ci ent
to provide about 7 grams of el enental palladi um per Ilter of catalyst. The
support Tasrial sapless Vere made asdpuRwsovarfouy shapedicafalyd sarrigrs avseq srushedandl et e

absorpti i t port as
paIIadiu%?ig %&%ﬁgélJHHn%&xg%}%§§?@ﬁk§@kHHH?@QQ%E@ §%%6§9Pb§§]$%¥gﬁfnner5|on
for 2.5 M@llrssllcasumplpn@mmmtwuﬁaln@hymcguhsamsm CliniaThe grenitionsefdi um

hydr oxi d lution. pre of. 110% of
that * neBselsvh WA RAER b b Pttt o BT ol s e BRR R Blnn v

dr ned sftdfpmﬂlme ahd estioasly vaumdmtem&ﬂdtetchlelnmimmp) toidSpié @vetniesngiehch d t h

dei oni zed ter and dr| ed at ﬁOOC in.a flud bed 30 V\DéOOS/ 065819

PCT/ US2084/ gsesysor sgfutian, optionadly saleipad i air, tepuoed i hoy /el OFmation ggnPeitni ng

pal | adi umgy Péfﬁit&?‘\bﬁ? KORS s$ 1R, Higarae gavat ﬁgder)% taﬂd aRecACHIRA%R6 SRl (81 n)
cont ai ni ng Au from NaAuCl 4 and 2.71g 50% NaOH solution (1.8

equi val eﬁv:edb@dmehptqreép@lgwmf An(PH)z 41 KGHiwree usqd@s fhie dvitprenutsae dquenst hod.  The NaOH

treated |t tion of the
an oal t bR tPABIRU R 2 SRR MR AD o BORNRS; BEER B hed w e
dei oni zepH pweduesbrs(- 5 hours) to renove chloride ions and subsequently dried

at 100C jn fluid bed drier. for 1.2 hours. The .| adi um and
cont ai ni ﬂqeﬂ@hpp"oﬁl? cwagpmﬂcrraémswaresf;mesv@%eeqeﬁg?q“ﬁ@s=s%f}wa?rit “W%’Elﬂ C2HA (1%

in containing palladium and rhodium metal was prepared as follows: The support material in an

amount of 250 m! consisting of Sud Chemie KA-160 silica spheres having a nominal diameter of
7 mm, a density of about 0.569 g/mi, an absorptivity of about 0.568 g H,0/g support, a surface
area of about 160 to 175 m?/g, 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(II) 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,O 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 1n a fluid bed
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nitrogen) in the vapor phase at 150C for 5 hours. Finally the catal yst was
i npregnated by incipient wetness with an aqueous solution of | Qg of

pot assi um acetate in 81 m H2O and dried in a fluid bed drier at 100C for
1.2 hours. Before testing, the catal yst was crushed and sieved. The wv..

si eved fraM@®Wasee81Phe size range of 180-425um was usegeTiiOddbisisat al yst
libraries of arrays of 8 rows x 6 colums in glass vials were designed and a
rack of 36 glass vials was nounted on a vortexer and agitated while

di spensi ng netal precursor solutions using CavroTm | i quid dispensing
robots. 0.4m of support was used for each library elenment,_for the glass
vi al syntdhedbsl. 2ibouwse | Theasppor amhéadiak eonianirig paladiuno hydreddelas tha@Ghpagnae@Ac

| oadi ng i.s,.reported KQAc . pe [ter C | yst I o nol KOAc
on 0. amt "EnsRani SoRRoR A I SRR 2l A raf AR st KIS RNGBR £t o €
rati o of séiatidnq 1 Bdquisalemepin feepbetts AAMsSRG thdcibieatdiengess Siethpd CTHeiNaDFRS ng Pd
per 0.4nml su rt volune (i.e. absolute anount  of in _reactar sel).
100127) gl ﬁi&“{fﬁdé o] ovEmig § CpRE R peIRIRHen 9 ¥ saitip Theesolibler 65 i n
5C incr ay®biids. Ble plsiWerllodi@hPwakBEDGiH deiddized #ald (WHHblrs)lto?8Mov@d on 0. 4nt

support). 100% space velocity is defined as the followng flows: 5.75 sccm

of N t r oglaridejorspnd suhseaquentindyigé at 108°Gin 2 fluidcdhed grierdfpml 2 boyes. Biegpalladmn

. it ) . : . Lvst

Tecsl s (ot fontBiith Spbin SShintedbl byl BhQUAR PRI OHIBIAR D VS

sel ect i vinitypgem s the vdppephase/a il SUE foodylgars. Fomilpths icatalystavak imygegnateid by per f or ned,
dth | ted (int | at N t . sel. Vi ty .at. 45%

ygen c PSP PERcs iR adip ' Fhuomes IPg bR L ardalr i a0 BeR i 7he

t enper at yf@idded 4H8020X08€ ford AHoaksS Beforciadtiap tid Qehlyst Wi dnitBedland 3f¥Ped ITheear fits

of w€02 selectivity and oxygen conversion versus reaction tenperature is

al so r ep8eyddiactiona thesize ranghpisl 88-#24ym veosed65819 PCT/ US2004/ 038815

cal cul at gg;58np B rakBE, rm.rg‘ LELIn L A8 & HE space
tinme yi eﬁg' %%TY;E&EB’%A& pr o0 uceg%ggir% catm<'§1J'Llr§;3>sﬁt1 gl\}fasgl‘{l}ﬁrrsé %Igr%gh%%g?n 45% oxygen
conver si oak pE3teglase sislsvers ofounthdeoma vuttgrdriand agitated whitediepensihgmttal fré@i®81 Exanpl e

; f MET S. ) / |i ed d .
(pr ccal oriEPeGRI N oo Rahl rerou vl bl e e B it

i mpr egnatlestem) fohths gldisfvif sittesis RowaDisuddded® ebeh redveir pes3éll wet ness, dried at

110C for 5h, inpregnated with KAuO2 (0Q.,97M Au _
[00126] OAc loading is reported as grams KOAc per liter catalyst volume or as jimol KOAc

on (.4ml support. For the specification of Au loading, the relative atomic ratio of Au to Pd is
reported as AwPd. Pd loading is specified as mg Pd per 0.4ml support volume (i.e. absolute
amount of Pd in reactor vessel). :
[60127)  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 scem of Nitrogen, 0.94 sccm 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 approximately 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 tabizss 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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stock solution) to incipient wetness, dried at 110C for 5h, reduced at 350C
for 4h in 5%/ N2 formation gas, post-inpregnated with KOAc and dried at
110C for 5h. The Pd/ Au/Zr2 sanples (shells) were then diluted 1/9.3 with
KA160 diluter (preloaded with 40g/1 KOAc), i.e. 43ul Pd/Au/Zr02 shell and
357ul diluter (400ul total fixed bed volune) were charged to the reactor
vessel s. TR 2005/06688i ng was 14 ng Pd in 400ul Zr 02 sheb&T/91004/038815

14* 43/ 400=14/9.3=1.5ng Pd in reactor vessel for all library elenents. The
Pd precursors were Pd(NH3)2(NQ2)2 in colums | and 4, Pd(NH3)4(OH)2 in
colums 2 and 5, Pd(NH3)4(NG3)2 in colums 3 and 6. Au/Pd=0.3 in row 2 and
row 5, Au/Pd=0.6 in row 3, Au/Pd=0.9 in row 4, row 6 and row 7. The KOAc

| oadi ng walsulatddl dmperhtuierthe lngker the a@jvity obithel cad v ihe spage Himeyield (SBY; §VAThe silica
refer ence ded Jgow 1. Th | brar ¢reened using
the T rafp %g&?@énrfﬂnc\s?gﬁﬁo‘fog%ﬁpert‘)n#gi/é g © é’fgrélénrl\fsnagmr ?’{ f;h are sunmmari zed
in Tabl ep&ducitﬁﬁ)’kaﬂthea'myse 3 C2 Selectivity Terrp at STY Cl Precursors on

Si02 7.37 156.6_729 Zr Q0 .19 52 787 , Pd 3 z on Zr
5.90 152! %@3 Epmple J2: Gﬁo‘g_(f)‘f%‘%r"@“ﬁg@% 2’%9@5“11%‘?‘3 ‘%‘a?ﬁ%ﬁ 2 t aken from
aver age @fredalhed\t d3d°@biMH 16wér e sQFace RATR] an fswammgfegaatm@hﬂ I@ffedhil f erent
Zr02 supports. [00130] Exanple 13: 400ul 2 carrlrers XZ16075 (55n2/g as

suppl i ed dﬁ?i@l“%i%ﬁgzlem(“mﬂt%ﬁ%?dﬁééﬂoa@ f@é@@ﬁ@ﬁgﬂﬁeq wileKAURe (G7M ABe area to
42me/ g) %El?so'ldm{l)etgﬂﬁs p‘?é}i:t cggg%"ﬁ %ﬁ}? rédﬁceh%?%d?é fSLARGK 58 H';Ml% ' O%Ut 0

i nci pi ent wet ness, CI ne 'nair, npr egnat e
(0.97M Atﬁ)rsmmﬂgascpbn{xmpngnamd wmd(('m\emd chwiedl atd$68°C filr Sled"hanfmﬂEiOi Smplk,

nd dr i cldl 35U et Spave her IR s P L FROCE L 1
Pd/ Au/ Zr C&/ AR#RFD) &8l &ﬁdnaﬁhsdnuvae (4@0d1h&H Med bddodiubde] Aot chiroddth B relictadt er
(pwel oaded with 40 i.e, 33.3ul Pd/ Au/ZrQ02 cat al ﬁSt and 366. 7ul

di | uter peseRdyThe Bd %ﬁdms W% ' e Rd A0 OFehel (@HATGAPOrH R Ael fegBd Br vessel s.
The 1ibrary §é Py Qif‘@% RYefHets SHE 96}999;%' i A3kl e Zr 2
XZ16075 ?e% 8 urtafnsr 1 eﬁ{eﬁs% g?'ﬂfec rr ary) gngﬂgﬁzgge i

4, PA(NH;)4(OH); in columns 2 and 5, Pd(NH3)4(NO3); in columns 3 and 6. Auw/Pd=0.3 in row 2

and row 5, Au/Pd=0.6 in row 3, Aw/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.

Sc}eening results are summarized in Table 3

[00129] Table 3

CO, Selectivity Temp at STY

Cl Precursors on SiQ); 7.37 156.6 729
Pd(NH,),(OH), on ZrO, 5.79 152.4 787
Pd(NH3)4(NO3), on Zr(Q, 5.90 152.3 783
- Pd(NH3)2(N02)2 on ZrQ, 5.57 150.7 795

*Data shown is taken from average of two Aw/Pd atomic ratios (namely 0.3 and 0.6) and two
different ZrO, supports.

[00130] Example 13: 400ul of Zr0Q, carriers XZ16075 (55m%/g as supplied) and XZ16052
(precalcined at 650°C/2h to lower the surface area to 42m?/g) were impregnated with
PA(NH3)4(OH)2 (1.117M Pd stock solution) to incipient wetness, calcined at 350°C for 4h in air,
impregnated with KAuQ; (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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XZ16052 (650C) in colums 4-6 (right half of library). The Pd | oading was 18
nmg Pd in 400ul Zr02 shell (or 18*33/400=18/12 ng Pd in reactor vessel) in
cell &, colum 3 (cells B3-G&3), cell G5, colum 6 (cells B6-G6); 10 ng Pd
in 400ul Zr2 shell (or 10*33/400=10/12 ng Pd in reactor vessel) in colum
1 (cells Awadopsimsgiycol um 4 (cells A4-HA); 14 ng Pd i pefSsbeyadkd® shel |
(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 row 5, Au/Pd=0.5 in row 3
and row 6, Au/Pd=0.7 in row 4 and row 7 (except cells A, A4, &, G where
Au/Pd was 0.3). The KOAc | oading was 114unol (except cells D3, G3, D6, G5
wher e  KOACOSCHaShn Thevd/ ALAZ08imples {Shellsy iveiecienrdiifited em azithdmmlomﬁhtewas | oaded

g I T

COVSel ec { 293092
QOvsel < %?(éédcbﬁrﬁgg?pg‘l@)oﬂé&m 163 reall el OHB 1br R i dnd 1bhay o). 7 0 05 3

154. 9 776ommpagtiengwere epfollowst BohoXal 608 lzzwlusmqgi (efthelf ofilitrery) ®d Z9@; 6 790. 3

5122 St £y A O B i (121

was i npr EgPushelti{ond §433/4PCK1RA.2 i} Rﬂmmctsovesgﬁllmcelkﬁiz tolumn3i(palle B3-GBfaeBSS,

Ceol urms B Bfime seys BEaRk (fmaracs Rl BRagier oo PP Bidad by *°°°
di ssol ut rdafoofessdl) chwlﬁm n (déﬁ!‘ﬁ\l Gi]f irdoRtn U(O4Ds Ar4ayl4)c Bdmgnpa I 400752
formation %as at  350C post - i npregnat e KOAC soI ution. The

library PRl %rll&&wo@r&m%mg Pdmr@?ﬁtozsfe%se}) @G@meﬂ{c?lb\)@?ﬂ)am%wnm The Pd
| oadi ng gamyz?ﬁ-ﬁs)t Ruba 019 irf i O xS, AURLOISln ol Pangdbl sCAER=F¥id BRI NOS

wewe cho Au/P In colums 1, 3, and Au/Pd=0.7’1n co 4,
6). The él@d@&%(@i@p@&%b&%‘hﬁ?sﬁ where Mdeds pa). fTbV\KDAch@mglvtnsary vvas

or ot acol ! RREsekiHg ST PR BB G SR KA Phatge R T D e b BB e
i n Tabl ecdalysdt GaslBaded TRORew . ThAibha) @ed dcheklied ufidpthedl rath ¥ore@ing prdtdcol &

Precursors on SIQ2 7.21 154.7 734
fixed SV. Screening results are summarized in Table 4.

[00131) Table4

COs Selectivity | Temp at 45% Conv STY
Au/Pd Atomic Ratio { 0.3 ] 0.5 0.7 | 03 0.5 0.7 0.3 0.5 0.7
Cl Precursors on SiQ; | 6.98 | - - | 154.8 - - 742.8

Zr0,: XZ16052 6.06 | 531 [5.38]153.7]|152.3 |154.9|776.8 | 806.0 | 803.0
Z10y: XZ16075 6.18 | 5.62 | 5.71 | 147.5 | 151.0 | 154.4 | 773.8 | 791.6 | 790.3

{00132] Example 14: ZrO2 carrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 1.l'15g/m1, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with

- Pd(NO3)2 ;;rccursor 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
(prepgred by dissolution of Au(OH); in KOH), dried at 110°C, reduced with 5%H,/N, formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/l in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (AwPd=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 using the T
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Pd 03 2 on ZrQ2 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. 1Sg/rr1 pore vol une
575ul/ g, BEWO=mwsfoasses area 55n2/g) was inpregnated with p %)ogssﬁ’g ecur sor
solution to incipient wetness, dried at 110C, cal cined at 4 Inair,

i npregnated with KAuQ2 sol ution (prepared by dissolution of Au(OH) 3 in KOH),
dried at 110C, reduced with 5%12/ N2 formation gas at 200C (colums 1-2),
300C (colums 3-4), or 400C (colums 5-6), and post-inpregnated w th KOAc
sol uti on. rahp@crbdnfz@iitodddsn Mcﬁmvgrr@dﬂoemﬁxéwm ScBeriiny rdQ@5 hreisiimmenyed t 0 row
7. The Pd_| oadi ng amounts to 1.5mg Pd on 0.4n support. Two different Au

| oadi ngs Weh#RleShosen (Au/Pd=0.5 in colums 1, 3, 5 and Au/Pd=0.7 in col ums
2, 4, 6)p Oil'jgf StahleGa reference catalyst was loaded in row 1. The library
was scree n MCFB48 VA reactor using the T ranp screeni ng protocol at
fixed SV__Screeni ng_r est®sSedactvigumimmp 2et$% ConvTaHlT& 6. || 00135] Table 6 C2
Sel ect i vi CyPrdearzprsah SAB% NV STY 1S£7 ecursors arv3gi Q2 i7. 11 154.2 738

Pd( NO3) 2| pdINGBRDnZrdd 146104 797 *Datias.shown is tgkes frogm average of two
Au/ Pd  at offa shaih A%akel BOB dverdgcofans AUPd htodic ARG (hamdf{0\6 an€ Al7Edtaggion at
450C, and reduction at 400C. [00136] It will be further appreciated that
funct i onsK@Ac.saleinationae4SESE, and seduptianiat 3503€- components or steps may be

conbi ned a gl tures of
one ot ep00rAL 0 BlsRlctsACRRIRR (Bpial Sioolp, KDRo0TH AR BTGB TSERINEL Y Th.
present idenatytli ldg/rnl,qmnat wiphai’ssl/g BETehrfichese smp) wastimpregnatddwiéss st at ed

ot lrer wi L.OENSI 0N eonet.ries. of r es. depi ct ed
it 1 o e R Al o Bahn prret e B 1R RHGinRd b R Per 54 vo
2005/ 0658 kPreptalédIR2N044 03B fkion (1paRASY RS IRHon gﬁnﬁ(eiH)s ﬁ!ﬁ{@ﬂ)? dpaegilgee; Plural

structural conponents or steps can be provi ded éﬁé) single int egrat ed

structur erc@we%w@pS%ﬁz/Nem@tm@ayat 280°6 (ﬁ@]lﬂéﬂﬁ InDe}l0S€ éeplumns Fcurd0BC st ep
m ght be (c&lhr\{hsdseg)f t ﬁ&s%&@?gﬁ?& WiHE Bhc SHTRAMER DY haila98GAc ldiedHold ON

while a feature
15 to 40g/l 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 AwPd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened in MCFB48
V A 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 510y 7.11 154.2 738

PA(NO3)2 on ZrO2 5.51 145.4 797
*Data shown is taken from average of two Au/Pd atomic ratios (namely 0.5 and 0.7) at 40g/L.

KOAc, 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

st ruct ur es Wieroes#ssgmd t he operation thereof also const pbeig€2008438049S 1 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

forms, adineayiolcr Qesictisdsiateqabsdille.t Pleral shactual emihantOdr steppedntbe Priviaed bige.

Accordin%Iy, t he specific enbodj nents . of Iggpﬁrese t invention set forth
i

are not PrvgdEeeraed Surtp o gieaYiempavedy 2 FiRER T vRAYT SRRy %ﬁﬁﬂﬂi%ﬁg‘a The scope

of the ighyRBLitERpabRbhial chRpsRAS bEsteph oin A@fiRinvAiRsh RAtraMrit prtRr ence to the
above description, but should instead be determned with reference to the

appended iRvertionguay apvsrhgemileseriteR én thepantextefvalyope obtfeilinsiratesdt embodimghisch such
cl al M. algn it k8P Bl SAARUEARoRbi tbardbd I HRP cANThIMERL 12 gﬁ;ﬁ; :

i ncl udi ng patent applications and publications, are i1 ncorporate
r ef er enc givemapplitatiop Ut wibisdss be 3pprivtated fadinmibe ahova thabtbh dabricdtiopobtheoinee a cat al yst

o1 kot SeetSneitH oot o led orsale Hicddh OB e B B8R o) e 0
conpri si agemidh) adi um and gold to a support material wherein the at |east
one catal&ﬁic precursor solution is an aﬂH%OUS sol ution that conprises one

or nore £ ( Nk xpiegtions ansgfigiraiions piegented herginprniniendscds scqupai e 4( oac) 2,
Pd¢ NH3) 200618 the BAGMNHINMnbAE8), 21s plEeAd1ELand iiéll}f%&ea%pmaddﬁuﬁmémgédgnni tric

achd or conbinations thereof; and reducing the pallTadium or gol y

cont act i thy ag mayadept angl applyitheoinyaafion indts nireerous fpiotsy 2s mastberbiestisuited to the net hod  of
producin I tes, {.sing: y I:Si hg an
Bl keno, " eqtiikior BbSBAARNES: AGSHRIG LB thep (2 ahBS A, B ERROIRAS) VO,
conpri si agsepfatth adinonin@ndbdge bein®exhausd vy difritingaif etelimdentionh Fhescopd dfehe cat al yst

or pre-catal yst f d_from. one .or. nor, ecur sors conprisi.ng, on r nore of
Pa( NHG) 283 shaslf MiEeefore BRptermitgd Py iy RESEIEE 1532 MPLS FeCIREp'S bt should
Pd( NH3) 2({0§d % determined with reference to the appended claims, along with the full scope of

equivalents to which such claims 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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(PA(NH3) 4(HCO3) 2, NaAu(®2, NWe4AuO2 or HAU(NO3)4 in nitric acid or

conbi nations thereof. 3. A conposition for catalyzing the production of an
al kenyl al kanoates, conprising: a support material with at |east palladium
and gold contacted thereon to forma catalyst or pre-catalyst, wherein
catal yst or pre-catalyst is formed fromone or nbre precursors conprising
one or nore of Pd(NH3)2(NO2)2, Pd(NH3)4(OH)2, Pd(NH3)4(NX®) 2,

Pd(NH3) 4(QAc) 2, Pd(NH3)2(QAc)2, Pd(NH3)4(HCOB)2, NaAu®2, Nwe4Au2 or
HAU(NO3)4 in nitric acid or conbinations thereof. 4. The nethod of claim1l
or 2 or tWeEBWosition of claim3, wherein a palladium catalytic precursor
sol ution conprises Pd(NH3)2(NQ2)2, Pd(NH3)4(OH) 2, Pd(NH3)4(N®) 2,

Pd( NH3) 4( BAc) 2A nidlfad-E)pe¢ddoimg 2 catalyptignyis raabigEBiiable fd assigwigdn theat al yti ¢

pr ecur sor sgl L%ti orgs coer[i se I\laAuO2i NVedAu2 or HAU(NO3)4 in nitric acid.
5. The mePRSEUoR ok plkenyl plkapodies, compRTISing, yoosition of claim3, wherein a

pal | adi um cat @nydctifig B1EGUHSEFata3R] cirédifsof SoTtidnS@enpPR gl ZdilNe2hd gold

Pd(NH3) 4(OH) 2i 36 Pd%_NH3%4(_NCB)2, Pd(NH3) 4( CAc) 2, Pd(NH3)2(QAc) 2 or

Pd( NH3) 4( l9acpporhmgtesialysharein dha af|lgasi anegplabilic peacursenaplitinngs RNGAUBOUSS. The

method of ¢ Gl That c8¥ng?i &lonk BPmERRYR) eigﬁm&gébé’(h%%% erein a gold

catal ytic precursor solutions conpri or HAU(NO3)4 in

ni tric acPdNHnING;)patd(IsHE )i 201, RANH ), (PAeBUPHDIH;HEOOL o Nyt | ses Pd( NO3) 2
or pall adj xal ate. The nethod of any one of clainms 1 and 4 to 6,
wher ei n tﬁw%gbgb?&ﬁﬁﬁé@ﬁ)‘amn“’é‘ﬁﬁﬁ ioF gamipptiqog theggabrdnda,  sili ca- al uni na,

Litania, zirCORuGing{@RhAadiith bt £l B9 condliilatRlcdg A AombichotRt o5, spinel

silicon carbide, siTicon nitrid car bon, eat | bentonite, clays,

nmetal s, gmp;esﬁmataqiabr tz, pumice, zeolites, non-zeolitic nolecular sieves,
O ocoT! a1 078 UGS ol e SRR ST S TS, 3%l T
SL pg Iocr'sut rrsrm tle? ingohnf?acﬁﬂg 8 feettBmPHEIng REalREHRDST kAR CAdidhnd £URMiL&Gesaa | ayered

catalyst or pre-catalyst comprising palladium and gold on a support material, wherein the

catalyst or pre-catalyst formed from one or more precursors comprising one or more of

Pd(NH3)2(NO3)2, PA(NH;3)4(OH)2, PA(NH3)4(NO3)2, PA(NH3)4(OAc),, PA(NH3)2(OAc),,

(PA(NH3)4(HCO3),, NaAuO;, NMesAuO; or HAu(NOs), in nitric acid or combinations

thereof.

3. A composition for catalyzing the production of an alkenyl alkanoates, comprising:

a support material with at least palladium and gold contacted thereon to form a

catalyst or pre-catalyst, wherein catalyst or pre-catalyst is formed from one or more

precursors comprising one or more of PA(NH;)(NO,),, PA(NH;)s{OH),,

PdA(NH;3)4(NO3),, PA(NH;3)4(OAc),, PA(INH3)2(OAc),, PA(INH3)4(HCO3),, NaAuO,,

NMesAuQ; or HAu(NG3), in nitric acid or combinations thereof.

4. The method of claim 1 or 2 or the composition of claim 3, wherein a palladium

catalytic precursor solution comprises PA(NH3}>(NO-),, PA(NH;)4:(OH),,

Pd(NH;)4(NO3)2, PA(NH3)4(OAc),, Pd(NH;),(OAc); or PA(NH3)4(HCO;), and a gold

catalytic precursor solutions comprises NaAuO,, NMe,AuQ; or HAu(NOs), in nitric

acid.

5. The method of claim 1 or 2 or the composition of claim 3, wherein a palladium

catalytic precursor solution comprises Pd(NH3),(NO,),, PA(NH;)4(OH),,
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10. The nmethod of claim9, wherein the |ayered support material conprises an
inner |ayer and an outer |ayer, wherein the inner layer is substantially
free of palladiumand gold. 11. The nethod of any one of clainms 1 and 4 to
10, wherein the contacting step conprises contacting between about 1 to
about 10 grans of palladium and about 0.5 to about 10 granms of gold per
liter of catalyst to the support nmaterial, with the anount of gold being
fromabout 10 to about 125 wt % based on the wei ght of palladium 12. The
met hod of any one of claims 1 and 4 to 11, wherein the catalytic precursor

sol uti on B&MNIF)ENs)atPANH(QADLIPANBIrPs e PO Ri(HGEy ) randdigeid 13, The

nmet hod of . cl ai 4 to 12, further conprising contacting
pot assi umc%@ﬁlgﬁc@éortcﬁgfpggeﬁpor Yaterial. 14. The nmethod of claim 13,

wherein tbe poThsmethod ateihiai Boi 3 opthe semnpositivnast ciimdnvhekein dgdldeen about 10
and 70 grans per liter of catalyst. 15. Th thod of any one of clains 2
and 4 to eatal P@FWW%@‘“&PWW@%NW%EI?VIGZEEOZ af ﬂéﬁ@ﬁ%ﬂaeﬁ tric@cide et j ¢

acid and i.di 15 Wl AR® of any one
of clai m&ﬁz‘t?a ﬁmtagiu%p%rﬁdéﬁll?}e%ég?g@ﬁﬁ%‘g&ﬁcﬂa}{sgggst 03)rzjog glmfgua{?g%@%?' conpri ses
a third cénpon€m methnd af anyrapeofioldinuml aigid %, whaeimthe keppodtfmaterjalone of cl ai ns

2, 4 to 6, 15.and..16,  wherein the .cat.al yst. or.pres;.cat.al yst conprises

et ween abSTRISE H° Bl o1igp AR R seinie nohis BB 0. €0 about 10
grans of glhfndeBicates, tRinafek, spaieBlsilivbn catbidb, silt®n ANHE lca®bn A@datltehei ng from
about 10 to about 125 wt % based on the wei ght of palladium 18. The nethod

of any onkem@nitg} elpyss metaly glagses QuAmZ, PIMiGS, Zeplitagmonedenliih@oleaylposieves.,mt er i al
conpri sesmzéor ?ﬁ'eit%nsﬂﬁ% eo}'he nmet hod of any one of claims 2, 4 to 6 and 15 to
18, wherern the suppor{ ‘material conprises a |ayered support material. 20.

The conposi ti oThomethoy oDy @ik of blainKS] dhdohed 7% wheretn thelegppartmaittigal suppor t
material conprises zirconia. 21. The conposition of any one of clains 3, 4
to 6 and YUPRRRFESRE he support nmaterial conprises a |ayered support

material.g The method of any one of claims 1 and 4 to 8, wherein the support material
comprises a layered support material.
10.  The method of claim 9, wherein the layered support material comprises an inner
layer and an outer layer, wherein the inner layer is substantially free of palladium and
gold.
11.  The method of any one of claims 1 and 4 to 10, wherein the contacting step
comprises contacting between about | to about 10 grams of palladium, and about 0.5 to
about 10 grams of gold per liter of catalyst to the support material, with the amount of
gold being from about 10 to about 125 wt % based on the weight of palladium.
12.  The method of any one of claims 1 and 4 to 11, wherein the catalytic precursor
solution comprises at least a third component containing rhodium.
13.  The method of any one of claims 1 and 4 to 12, further comprising contacting
potassium acetate to the support material.
14.  The method of claim 13, wherein the potassium acetate is present in an amount of
between about 10 and 70 grams per liter of catalyst.
15.  The method of any one of claims 2 and 4 to 6, wherein the alkene is ethylene, the
alkanoic acid is acetic acid and the oxidizer is an oxygen containing gas.
16.  The method of any one of claims 2, 4 to 6 and 15, wherein the catalyst or pre-

catalyst comprises a third component containing rhodium.
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22. The conposition of any one of clainms 3, 4 to 6, 20 and 21, wherein the
catal yst or pre-catalyst conprises a third conponent containing rhodi um

23. The conposition of any one of clains 3, 4 to 6 and 20 to 22, wherein the
catal yst or pre-catal yst conprises between about 1 to about 10 grans of
pal | adium and about 0.5 to about 10 grans of gold per liter of catalyst,
with the anmount of gold being fromabout 10 to about 125 wt % based on the
wei ght of palladium 24. The conposition of any one of clains 3, 4 to 6 and

20 to 23, wherein the catalyst or pre-catalyst conprises potassium acetate.
25. The cdhposiThe mathofl of inyi one2d claithe?.&h ta 61 hragsblta sdictein the satalyst drprgpr esent in

o e ERRED A 31 5 bl B0 GRUTLYR 255, T,
materi al ek 0 gednsdzbidylee lifed PPt AlysTRvieh fhalamdlntoof goRibtthesSfigpabsutmat eri al .
38 to about 125 wt % based on the weight of palladium.
18.  The method of any one of claims 2, 4 to 6 and 15 to 17, wherein the support
material comprises zirconia.
16.  The method of any one of claims 2, 4 to 6 and 15 to 18, wherein the support
material comprises a layered support material.
20.  The composition of any one of claims 3 and 4 to 6, wherein the support material
comprises zirconia.
21.  The composition of any one of claims 3, 4 to 6 and 20, wherein the support
material comprises a layered support material.
22.  The composition of any one of claims 3, 4 to 6, 20 and 21, wherein the catalyst or
pre-catalyst comprises a third component containing rhodium.
23. The composition of any one of claims 3, 4 to 6 and 20 to 22, wherein the catalyst
or pre-catalyst comprises between about 1 to about 10 grams of palladium, and about 0.5
to about 10 grams of gold per liter of catalyst, with the amount of gold being from about
10 to about 125 wt % based on the weight of palladium.
24.  The composition of any one of claims 3, 4 to 6 and 20 to 23, wherein the catalyst
or pre-catalyst comprises potassium acetate.
25.  The composition of claim 24, wherein the potassium acetate is present in an
amount of between about 10 and 70 grams per liter of catalyst.
26.  The composition of any one of claims 3, 4 to 6 and 20 to 25, wherein the support

material comprises particle support material or a ground support material.
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