Rhodi um Cont ai ni ng Catal ysts Claimof Priority [0001]
This application clainms the benefit of U S

we@e@giosisemal Application No. 60/531, 415, fil edPOrTSI0€038825
19, 2003, which is hereby incorporated by reference.
Field of the Invention [0002] The present invention
relates to catal ysts, nethods of naking the catal ysts,
and met hods of maki ng al kenyl al kanoates. More

particularly, the inventjon.r.el Sviid nmet hods of

maki ng vi nyl ace&@%@%&m—ﬁe | nventi on

[ 0003] Certain al kenyl al kanoates, such as vinyl
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O her uses for VA included pol yvinyl alcohol (PVCH),

et hyl ene vinyl acetate (EVA), vinyl acetate ethylene
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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 used for wire enamel and magnetic tape.

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

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



exanpl e, in making VA, a w dely used techni que

i ncl udes a catal yzed gas phase reaction of ethylene
wowdok/oessed i ¢ aci d and oxygen, as seen in the fptT/o82004038825

reaction: C7/H, + CHXOOH + 0.5 OCH COOCH=CH, + HO 2 4

32322Segeral side reactions may take place,

i ncl udi ng, such as, the formation of CO2. The results

of this reaction are discussed in ternms of the
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VvA. catalyst per hour of reaction tine (g/I*h) [ 0006] The
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production. One approach is to improve catalyst characteristics, particularly as to CO; selectivity

Several

effluent.

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.



time in existing plants, even retaining all other
reaction conditions. [0010] VA output of a particular

WO e@sss20 system i s affected by several other PEDUSI084/038825
including the activity of the catalyst, the ratio of
starting materials to each other, the Q2 conversion of
the reaction, the space velocity (SV) of the starting
mat eri al feed, and operating tenperatures and
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[ 0015] One useful conbination of nmetals for VA
catal ysis is palladiumand gold. Pd/Au catal ysts
w@e@giogis2@dequat e CO2 sel ectivity and acti vi t ypCbus2004/038825
there continues to be a need for inproved catal ysts
gi ven the econom es of scale that are possible in the
production of VA [0016] One process for making Pd/Au
cat alysts typically includes the steps of inpr egnati ng
he support,  with aqueous sol uti
100141 o NGB SRR BRES BT P PHAE PP R PR derre ndteln VA
catalysi’\i%&lﬁﬁmgg lfdglc%nﬁfﬁl cfo%ed\%ﬁﬂih AR HeRfa, at@ndd d6dl dxid mixtures. But
. sodi um hydr oxi de, to pr eci PI tate (often
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and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



[ 0020] Taken together, the inventors have recognized
and addressed the need for continued inprovenents in

wo b@shsska of VA catal ysts to provide inprovedPO/EUS2004/038825
production at |ower costs. Sunmary of the Invention
[0021] The present invention addresses at |east four
different aspects relating to catal yst structure,
nmet hods of naking those catal ysts and net hods of using

t hgse catal ysts for_ neking al kenyl  al kanqgat es. :
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alkenyl kaRfaBsscat al yst (optionally cal cined) that includes
rhodi um or another netal. A second aspect pertains to.
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conponents. A third aspect pertains to a
pal | adi um gol d cat al yst or Er e-catal yst on a zirconia
cont ai ni ng suppor tSymary efithe lnyegtipRh aspect pertains
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o2 ARSIk B P sl
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N T e v
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reductiones bl psoducsrma iyprofed predediva leffiengy.epdirsttaspnst ef thp resent

. .di scussed herein.[002 tal ysts_an -
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included $8& 0 enShet 6taf. 0A keohi Sspattpelthiut €54 paljadiubfigalatahlysitor pre-
w |l be a palladiumand gold containing catal yst that
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st IR B B TR B2 B st
pre-cataB@f 61 £8irdRisohBEREippuR Rdkdrial. 3) forth spdcapyrsdinsiolal  be

~carried on a zirconia containi ng support. telri. |, 43 .
palladiuptigold satallyster pya-¢atalyss thef squedgediron sebstatiate ch P’é@e free Catalytic
recursors or any conbination of the foregoing.

Compon%?tg'ect ive use of the catal yst accordingly should help

i mprove CO2 selectivity, activity or both,

particularly as pertaining to VA l[i)r oducti on.
Detailed Descriptio

[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.



[0025] It should be appreciated that the present
invention is described in the context of certain
WO bdoassisad i ve enbodi nents, but nay be varied i PCEDN2004/038825
a nunber of aspects depending on the needs of a
particul ar application. By way of exanple, wthout
l[imtation, the catalysts may have the catal ytic
conmponents uniformy distributed throughout the
material .or t cat.al
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suitable.cat al ysts i ncl ude those where the third catal ytic
conponent_ is selected fromW N, No, Ta, Ti, Zr, Y,
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having palladium and gold combined with a third catalytic component. The third catalytic

component is preferably selected from Group VIIB, with Rh being the most preferred. Other



catal yst. The CO2 selectivity of the palladium gold,
rhodi um cat al yst may al so be i nproved through

wa@alosiosiseg during the catal yst preparati on andPOr/US2004/038825
t hrough the use of water-soluble halide free
precursors (both discussed bel ow), although these are
not necessary to observe the Rh effect [0031] The
atomc ratio of the third catal ytic conponent to
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SUAre tont a e support
catalystfollomed by a reduction in the partlcle si ze (e . by

inding orball mlling) or one where the cat
[0032] comtteeﬁpge aiFesl B pR AT %C@tﬁw@aﬁﬁ&stbeﬁﬁe& ﬁ%ﬁt 1&?@‘@9“ 10

grams o’tggglla?#g? atg&%t%rj @l abg it T(SFQH@E& 1itdt o 'cﬁt‘é‘t}ysi{ Q@l%da}nount of

st s, ness of the shel
gold is lﬁxafeadby)t frﬁmcszn‘pmlrﬁ)etntabomﬁﬂ dea Ysbaspd ot thwmaght@lfpalhdgms

oy | SR L0 bk 00 . Vi BLEL 11 PO
and abo%‘p Qﬁ Ha?r F{gg?srféﬁédsf& %‘é?ﬁ@d cafstydtd) Mtk Gfic rhtib @Hﬁ%e%ﬂﬁl@@ﬂ to

ntion cat al yt| c. conponents of the
balance plneeacemtty ru/ €O sadectiyBm. eEmk)loymmil df higher AnfRdeweiplt oz atomic ratios

e RN TELST e R LIS RRALN B 6 Bkt o
atomic 12616 B? hgdﬁt 06 i3 1638 ¥d1dHiiCe Bfr OW! BitiaBboSas Qd@zﬁo@ﬂvlty tHahe catalyst with a
ratio of about 0.8. The effect of the high Au/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below
with respect to the fixing step. A ground catalyst may be one where the catalytic components are

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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support materials are typically inert in the reaction

bei ng perforned. Support materials may be conposed of
wa@arysseist@bl e subst ance preferably sel ected sopthas20pdres3ss2s

support materials have a relatively high surface area

per unit mass or volune, such as a porous structure, a

nol ecul ar sieve structure, a honeyconb structure, or

ot her suitable structure. For exanple t he support

may cont% n silica, alumn a- al uni na

ball mi]?jaé)gqﬂoge wWhetedhe, Falalylig B%p%{)ne%tﬁ Pﬁe§g{1@§ted %o ghe support material after the

Supportqhéggﬁgpggg bdef M Rsed fni danates, spinel, silicon carbide,
l'icon nitride, carbon, cordlerlte steatite,

[0034] berﬁoonlnedle:atalysesy the thiekass of the stwblend catqu&r: ptzmpﬁftﬂﬂﬁw the support
non-zeolitic ECU r SI Ll
materaf G AN T [9eotidl) 7. MR GeRYES BRI B R doout

unlmz%@mmmomﬂ{he materials may al so be suitable, e.g. alpha

or gamma_alumna. Silica and zirconia containing
[0035]sup£!@mih@@1@l§al s are the nost preferred In addition,

nmul upport t
[0036] 4 ndt&Eq SH oHe as e&aof?l{e 19{!6818%5,1%h<$%a§ﬁ AR nEnts 3F th%i)?esent

e pr esent ention. mat er | al
1nvent1cbrﬂge1hbﬁ1152 atiiaby Satrn@di bjz Bssppoft\hesdrial nSmj&IdRppmmaEeldlsdﬁpwally

particles havi n of various regular or jrre (r)
includepigsisds gt e supstig érlggfonp élbrdélﬁ%ty oL Ptk of iy “Overal, the
support%ﬂ&ﬁals ab %Fp?call rme% ﬂ%e Br iSO iy g&g ﬁfate@rlals gmay be

ave i ons suc ter, | eng r wd
compogafl oﬁimgwmtdblb sutasbaoe plibﬁerarhiy sqb&rcm‘deip Sliot i’hiﬁbpml‘t Blate@ab&]@m a

R PSB85 BRLEL AROPR o8 i
structurd] I TRIRS | QMPimRRPY or SiHEPdian18 E@&’Jtul‘% WB? extabhpds] el JupPort Material

ground or powder ‘support material may be suitable such
may ConthlatSIIIChealsmppomhcarduemaatltahlaszlwon@gmpblﬁ, olicatesy dyupngsilicates,

b
S 358, S50 S TGS RURYL, A0 50 20

metals, 384k, GHArtAMnALY B&olﬁ&@néﬂ-ﬁdoﬁﬂs mo\MchIar fie%ds cbfrfbhﬁrﬁbﬁsdhereof and
si zes bei ng between about 180 m crons and about

the likeniAsy @ ghe di erg@rcrﬁtalglpﬁaforr@ of the 21@%«;@% ‘hlﬁ‘}’ B?/ %tablgse g. alpha or
s by S L RS RO bR P S L oz

addltroﬂ &ﬁ@t@la}f@ wlyshartahtedss € also sidblerioe nomnia thdjesqnt Bveamisn: s
in layered catal ysts si,ze ran]%mé f 10 t

[0037] m é]}h@ﬁgpgogt rﬁ@t@}fl@lrlp & cata@@ggf]thlgm\pgg@ %C%W%‘?SF%BF particles
having glﬁ/r of%ﬁ@&%ég Lﬁ& $rr &r'sﬁap%? RS ﬁere@%abﬁ'&@%yﬁﬁ(ﬂ:rpﬁlscs rings,
ranauer, may

’and Te met hod
stars, orgﬁlmrshdﬁey ke hmpwe aratatabmhy hMIdgmermubnabmlt assl@neter, tength or

widt of§gng & sHhuf L Stign FEIERRU BBBIRG 1o A Save. TbPUHE BTy o

6D ) il WBYe BERPEH 1B e MR EnsbnloflaBoiti0in 18 about
regularﬁﬁﬁg@er%rﬁgpépre erlabl y‘3 abog)tE 0.4 tb%eaboutnsl 2 r?i ?g An ot

8 mm. aweirdagae, peoend preovder sipportarpgesial fngy be geitablesuch thah e gupport
materia Ea[:%e a C1)rl“c|>t1r 1r%eogu ar s Sétv&l&rrmdlametef“ S be%xpee% abglﬂtloqgtcrons 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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[0039] Exanples of suitable silica containing support
materials include KAl 60 from Sud Chem e, Aerol yst 350

wo c@siEgussa and ot her pyrogeni c or mni cropor OPCFUREe4/038825
silicas with a particle size of about 1nmto about 10
nmm [ 0040] Exanples of suitable zirconia containing
support materials include those from NorPro, Zirconia
Sal es (Anerica), Inc., Daichi Kigenso Kagaku Kogyo,

and Magnesi um El ektron I nc (MEl). itabl e zirconia .
may be GuplSUP. satelo 2P SURBRS LG s PLSESIT St ok GERHG for a fid
bed cat%?sg ?glr&@r?edt HaYa 1@ RNiiet10 toPsEmidiaHy. FOOpfEingors used in

rred zirconfa support materials have surface
layered aatelystsf a 9ra mbgaudf 1000 @) quicronsibpreferteds m / g. Support

materjals may have.their surf S tr
[0038] caISd‘ir%F%ﬁe%st %(ﬁﬂ‘%\ﬁe o S Epore C\?Fa?}glicr?%rsngppegl?sf E%t@ %%Fég]aoyi ﬂs16 BET
(Brunalt8 &iRlett, HAG T*e_ﬁatl) fdeh oI RHE 8enetAllE b bEfraes alasurd nofg sreabout 500
support materia (e.g. calcining). This provides a

m’/g, prefirbig alpfut ¢P@ax fgrig 2buyB6P tn94$atFéF PGt RY5RI fupgort, the pore
surface areas that na i r i
volumeaRL;l g?el sgBPoerg fa gﬁ;]af;nl}% ﬁ%gag]i?tofz 8%(2%)\’11 t?} Gbhf 2 rﬁﬁé’, ahdl preferably about

anot her

0.4 to 2B6RQdi BB Aniakerage st ht edgt,doregalnpie, af aica§ teabout 2000
pl ural conbi nation of support nmaterials, each wth a
angstrogis if dgseale.cnhRide®icdt i c. For exanple, at |east two

[0039] i ﬁ%ﬁﬁ)éég?}f?ﬁiia@iessﬂgc%cgﬁﬁaﬁi%é:sgl??@% et Ghdif @ AL 60 from Sud

C stics may ex ferent activities and
ChemiePBRrdd gt F50t froth Diegisssa titbisthgrerymigenic g nperepapes-fremsibigas with a
. catalysts with desired set of characteristics, i.e.
Pamdeébzteio\fia]?‘ﬂ}“éfmlﬁt%g]?%ﬂtjéfn%y be bal anced agai nst the C2

[0040] S Ie L@%Hp‘léﬁ%sw s@fabidBreb At 3b¥ S ining SFFoH mhidrifle enceideaBbseEivin

erent supports are enployed in a | ayered
NorProcBinddnipSaddsi (America)y Erci, Rpicha Kigrasalk hgaky Edeyer aaf Magmegum

nunber_of _di fferent. appr oaches u X '
ek SR Sl SPR R0 Rl R Py Bl e gt o
less thafi @HRItRALY OB hbRHBAS 300Gh% e PRiefdned L REondPRIpPart Matexials have surface
toutilize successively envelopln% | ayers_ rel ative

to

areas fram abiit 0ath™/g &y okl ASrm™/g.n SymeEadteriakemay have thgieusfpees treated

support materials. typjg ' . a i th
through aa%Zcrlmg% sten fn \ggltcg rth«ﬁy \gx)')ggr?gdé%éo%t g—gagétfﬁgg?%?tgﬁ ;f;ﬁe %tlhg’@ﬁces e
surface StHaloPURAUPSEbrE Metetifinels. tagliging). THes mratides 4 anpthod of creating support

_preferably contains substantially nore cif ca%s yiic 5

materi IREPIfis SUHERS ar936 thah ey npLRFsrvise he 5idile At Iﬁéfﬁﬂn} suppliers.

theyi g fat Rhdtfa§/1@8L combination of
o 55085 A LU B e ot
supportiri@eriiald) eschl waiyles diffeyenb ehanamerjstic.obisr, exanhler atdedsbai neippert

_include an_inner_ layer that is porqus. 04 The
materialslg s SoRapBOREL R P AP RGeS FABFy PLAET e i CO:

i itfl ti fﬂ*‘ LRts!vAnes 8dirSYRAOF thaiBstafstiad, i.c.
Selecmgef SP gg]gé&\?gﬁﬁé gllé%g igllﬁéo boclilna arsy between the areas of
activitytolie cstajystonay ieetiadariced agafvest tha £ selgetinitytaf thewstabivhent s
[0042] ggd{e %Eg g?l{a%ﬁ%artltljglturaq %if?e?&t:rit stﬁ)lp%ﬁs a}e%?np?o £&%n L. Pa%fed Egﬂhguration.
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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consistently with a desired thickness. Together the
boundary and the uniformthickness of the outer |ayer

wo e®@alosssen a shell catalyst that is a shell of PCT/US2004/038825
catal ytic conponents that is of a uniformand known
t hi ckness. [0044] Several techniques are known for
creating |l ayered support materials includes those
described in U S. Patent Nos. 6,486, 370; 5, 935, 889;

and 5, 200, 382, each o mhlch |s ncor por
Fiketial

utilize SEQOPES Kk B1velapingayETis Xl 2 S, hygein, ayered
0 ﬁh’éﬁﬁ PP Ezﬁlte@s(ﬂ BYiall

support Héwacf t?%@;ﬁll&ax Eﬁ}xgé §q§£| %ncl | udi ny’g@3 %ut n%%t&lqlgﬁtrt ed p had

surrounehhg] therinmgr l4yet.abfhaumteariayer pll'e&m&thlla pontEnasydbiestialy T@‘Plﬁ @if catalytic

o3 s L RS eSS Bl A e o

d1fferen?ﬂn5féﬁ@lsabut %&Qh’[@rla@ tda %/ %é‘t&%am@.' WHiRQEE inh&Alk RS may be non-porous,
tanates, spinel i con carbide, silicon nitride,

other enaimdbomts m@hldﬁ en umer 133@@3% IXROTOWent oni te, cl ays,

B s

layered Edﬁbﬁ%aterﬁl prers Wil eEboundygbeivices it tensaifitheksbbidt material
in particular. [0045] These materjals which make

that have RetalyFnepmpeRFals Hidjhetssed ik 40 AP chlgo, e QsFHaVeE b gonsiructed
conmstenﬁg wltﬁr | 1?&91:8%}2\1{@@ Ifb éﬂe@tﬂ%soouh&dﬁ%ﬁ AL Wi fSAPREGness of the
pa ets,”discs, rings, stars, wagon
outer lay¥n e@Ju& in h@my@wms that is atshelt ofsdathgit obuqbloeents thatsiploée bpifdrm and
gar iculate inner layer is preferred. The inner |ayer,
known #€r spherical or not, has an effective dianeter of
ab : 8dd RiofirAdtbNald meMdes th
100441 %‘é@ergl tg%“‘%g e Qgg‘t}{l f%r%&ﬁgngl 3?0046]®§I')he outaer nost o8 Tose
descnbddayé} S .CHfatean Worn 6,486, 6PeF,93%,88% tud 8,203 8h eadkihiorhiplsis

or has surface are n e .range. of
incorof APy et 1300 P YT SRt B PTG e 23 s Bso not
substantid® w enétPar @l WELdSC € b aHetals iBEluding BN dibiiRE té E]l@flﬁmfm, titanium
- in one enbodinent it is selected from al unm n

and ercsmllumc dixagiplésod otileumpierials fortthminger layer srohidg, lﬁlaﬁoﬁl% limited to,
alumznas§1|1?ac 81{]1 1C% g%lgag] tly%SI :zfggo%tlae%% } Elﬂna% %lunﬁx’?dsﬂﬁgtes tltanates

ri de caf

spinel, sfitc@alchib@ie, BEEdMOMirlde, calony SordiRHieabtSatitg lbaswaie, clw'a,rmdtals
pum ce, zeol i tes, non-zeolitic nmol ecul ar sieves

glasses, qu#ity, pam;cgngeop%rr@@fzeglﬁép rﬁp]@flé@l‘a%qus @rrpcqqg&gnaé]oam%gof A
preferrec?}:)rineegﬁplersik Lﬂl‘&?érﬁll]%'_% 5;5—9 Jides, non-zeolite

ar sieves tani a, zirconia and
[0045] M Thedeasatédts @hich nfReap theamex daypt sy barl aurckgietyi offompsasuch as
silica and al um na_ or con‘al nat i ons t

regularlyphiaped pRECHCR iTeAEY shinsd eaticylatsg me Eiﬁggﬁscs 1[1r(1)g%4s7tl.rs wagon
wheels, ﬁg%gs&%é f}J Jtyﬁ'r]tsﬁ’a‘g)eg B&lhése A E’ﬁ%ﬁcél%\éﬁfoulafé?hﬁer‘ l§yeF Potpﬁeferred The

saril ase and a sel ective coati ng
inner layenn;d’(etlheayﬂ{eribgd dr lnet, bat axreffeatyar diamgtehef about 0.02 rnm 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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enpl oyed. [0048] The outer |ayer may be coated on to
the underlying layer in a suitable nmanner. I n one
weniwsasisent, a slurry of the outer |ayer materP@el/UB®04/038825

enpl oyed. Coating of the inner layer with the slurry

may be acconplished by nmethods such as rolling,

di ppi ng, spraying, wash coating, other slurry coating

t echni ques, conbi nations thereof or the like. One

preferred technl ue |nvolve§ sing a fj xeg or . 4
ceramict P g %l%aawdh«?fﬁo ?’Fr?’eﬁ“ opg giapo %@P{xa 1E1Sé§163tﬁ fiop yrHg sihca,
sﬂlca-alﬁﬁ DEnaS *lféﬁfay zir ?abe‘me %ﬂcatt& ngﬁlﬁanlT%aﬂ@@ tithrfaked Ssp@ieg Riliton

urry may be app fepeatedly in small anounts,

carbide, vmlidmnmutnée vmrbongcaﬂdxynﬁegsteatlcﬁ, bcrdvmltbe clays, metads, glagsesy quartz,

i S hi un rm.in t ne 049
punice 2 i3 S Ko R SRS T B0 RGOt R e elude
alumine0Filida, RURRAIuntha, 3d6litkd, %Sﬁz&ili@@m@ﬁ:cﬂaﬁéié\fe@@NZMS) t&hnia, zirconia
organi c or i norgani ¢ bondi ng agent that aids in the

and mixgethediersal. o$pecific cyameles ingjpde zireoram silisaand giupina fyrapbingions
thereofcorrblnatlons t hereof. Exanples of this organic bonding
agent include but are not limted to PVA
[0047] hy dveixy/BE ot ket typios B, surreldi Isulsedntiallp e entirednner layer thls is not
car boxymnet hyl cel | ul ose. The anmount of o anlc bondi
necessaglydhe cafprah? selowivg gating oprilee gner lpxer hﬁ%ﬂgﬁf%? S RY %
employé(iomabout Imt %to about 15 wt % of the conbination
outer layer and the bondi ng agent. Exanpl es of
[0048] i ncnhg aniee ldyondayhe ageton tatke wdbitetlyémiomsaitabdd wainea. In one

e T EEOELLEL 8 1o B8, 8980 i
slurry rrég'i)g g&oﬁﬂﬁﬁéﬂﬁn%o&‘s@ukﬁb%hm@ &1919&1F Aprfiing, wash coating, other

nbi nati'ons tHereof. Exanples I ca bondi ng
slurry c@agmgttezzhmquba,l dembinhiim teatofanthedikei Oae gedferreghpshaique involves

wing « BEGR Eh B arOR  OPIP A PP v o con
the partf’élE's’ ‘é%nlj@f TheﬂQﬁﬁ@ﬁia? b aficd epRredl iR ym flBngeurts, vithab@titening
%1to about % of the conbi nati on of the

drying, bmfe‘fldds ayemterahﬁertth% lﬁbl@i@@lb’ ﬁglf%fgblﬁtthlc@?és t hi ckness of

th ou l.aye
[0049] ab ]tél III!'? %?cf tﬁ’ %t té Fr)xggrfl e?%pr ?ggsg tu\}\(g%c[r? agxg%@ﬁ ng ber of
addltlvegh&ih%f‘a saffectakoalt orghfic ot iabasic bpRNBDIgeNthat ilieini t]‘maiheswn of
| ayer is coated with the outer | ayer, the rezﬁ{

the outer hay@rrte @n slaé«?fbmg Wawgr) ongemipations thereel Faapiples lmf garew honding
e
carboxy@fethylvathloye. Hﬁe Gﬂbuntnﬂ' dr@hlcébohdalrrp egant whecha$ added ie theGDOE may

t o about 9000C1% g {ﬁ bout 5tt§1aboﬁﬁh
vary, suglpas &R §9o4td whitda é‘éo% Mut r{‘go %C%‘W&?ﬂqf’a SWF gYFpanc the
bondmgualr% r l@f{h&glels ¥ oré%l‘ﬁﬁ: ofding §§éntsaar9 Qd1tdi@Nr&h ahtafunsis hetaeng

rovi ay ere catal yst support. The drying and

agent (ecgaBohmm)gasﬂlepbomhmg dzeniolegbluded, Tedsh zamemstbelgimgr #gent (e.g.

zirconia aceta’ceto‘%l gctﬂlmg:}/l%rgodnléq) & com]f)lnatlons 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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material nmay be contacted with catal ytic conponents

just as any other support material in the production
wo@boosasmbyst s, as descri bed bel ow. Alternatel ypCT/0i82004/038825

outer |ayer support material is contacted to catalytic

conponents before it is coated onto the underlying

| ayer. [0051] In another enbodi nent of the |ayered

support, a second outer layer is added to surround the

initial outer |ayer to fo | east thr | ayer.s. Th
may TR R 4O GV A S LA Ut R STRIIHE) e HESoRyeE f the
bonding 'a%én%_r oAt thidk@Bss ﬁlefdlfte?tl%i@yﬁlﬁy rdn@¥ §bm Bl SRlidons to about 500
material s 1 nclude those discussed with respect to the
micronf andprefaudbdy bétagar aboTh20 misrérsdind eboud gp0 yilergns he second

outer |ayer be the s or. differen h he .
100501 o e G Btnet Bergp o dhittiaars (g P Ly dfpiglfsupport will
be drielBubIPESHY Mating 8 ait@ﬁ%@faﬂﬁé@ﬁ%ﬁﬂdl 00PC o £RAPBBI°CL(@.gf foe a time of

first outer |ayer. gani ¢ or i norgani c bondi ng ggents

about ol abtewdrtilowts) medthew medioptjonsdr e PHcipdatiagERReRBRe 8faopel00°C
qut.er

b SRR ol 05T A SPGB A e

to it untiByiseROsbverd Rastlagyedonnafyts eurfave ynd ptovident layared catalyst support.

catal yti¢c conponents. If both outer |ayers contain
The drdag a1deaGnigs RSBTERbS COREICPIEP BRatiFy Tha et fafersd support

materiatq %?aglb}étcl)ﬁta&QMH %Qttagliti@ c@rtn Sidtsiifkt 8a&ty dtBdttppddt fBRHENN the

;
I's not necessarily the case. In'one preferred
productioboftiababysts, ag desciibvidttickdw. odltemattlaythe outsekyersuppahmaienakis

catal ytic conponent.. Canpt act.i catal ytic c onent to
contacig s GAYE PRFERE A OBe! HEBUROIT S RSBy VA eghat | on
[0051]107 BRhL8MHheCQRbIINAent?T OB FdARH H1E 2@t on QBB ayehis added to

enbodi nents where the initial outer |ayer contains

surrourcigha Inytisl outco lperte dorm aideashibraedayers Ehetmalerial donthe secprd outer

to.cgntact t cat al yti c.conmponent ¢o e .ar i f
oves a5 E0% Bl SusETRIREE AR S TBLEEY B
discussk® with @edpBiies tHeaS outekhdyes ETIRNHetBod R apjlyi@E tiByectiel outer layer

applied to the initial outer |ayer neat. or contalnln%

may bede sAnya drcligorpdharihe megudapeddpreply s middiclay g erasy i
methodrgr’;ﬁ%{cél.?@l% ati’fg'slgghs&ﬁ?sgi wgﬁ\é&g?d&r%{;hg%é%t%?% ?’%els.' l%lgﬁiE or inorganic

uter 7 ayers
bonding @fdné 43 desdridky hiag scicatpomed iisthe fordmeon of the stcapé peidr layer.

supPont,naterial is not limted.to three |ayers,  bu

[0052] ray Theriitighienterdayer may\e msy napsoBtaingalalytic SEPRONGR S Sy, the
' ' ho¥ebdafit S. I tai

cond S4By £ B COR AL COBSRAL 1 EAREBLe s ot

catalytit hamporgent theatpreferblynifftraptentlyol componeayseare dsedup pahtlayer,

terial, other ch i sti ity
athougbifs ot e BF Feee 1P BarL OB GRERS B e qysedgyer

. TolcoBbEd Ak o iBMinY hMIRE L¥RBehdnh® tha¥eks]
(kmsm?ggg%?a%%?ﬁgggog? Nhkina Ca?glysgg P e My

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 initial outer
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[0057] In general the nethod includes contacting

support material catalytic conponents and reducing the
wa@ an0aloyise€ conponents. Preferred net hods of theCpPUSResN38825

i nvention include inpregnating the catal ytic

conmponents into the support material, calcining the

catal yti c conponent containing support material,

reduci ng the catal ytic corrponents and nodi fying the

I £ S P S I RELE 2 M TR

the 1mt1§1°dmé%f1§3%} ﬁee@@r E ISP BRI 18 BB drht. and vvashl ng the
i xed catal ytic conmponents nmay al so be included in the

[0054] matOtbd suftahirawphtgquds enaydnleallsytito aghiepe @threst Iayefgd supgeffnagdrial in
he ste i sted above i onal and
which o PR ™ Bt RO AR H P Rroreng CHBRE o TertFsupor
materlaﬂg dbi lifled HAMRe HyBRShutdayfcli@PPat, Ede 6fsmgre 1aydr§ ispie or all of
i npregnation or fix steps) and the order of the steps

WhlchWOD@lrd%’f&lEttCeqwnppﬂ@iﬁﬁhat listed above (e.g. the

05 (<3500 OB SR U AL DB Bl TP v s

of the 1339’61@5 shygdoer m&%@ﬂsotﬁérﬁbhﬁl@eﬁéﬁﬁimﬁ ¢ g tdesitorpurddlosizefsuttive area,
cat al yst [0058] Contacting Step [0059] Oq ?artl cul ar
pore volysiss BaibR like) of St wepPeThEatesiabay W Ef&’ﬁ?n ths 9¥th an egg

[0056] yohk.ifataMmahiat cR.fxkat al yst is fornmed, an egg whi t e
cara%yﬁ—ar—pr‘eétai‘%‘y is formed, an aII t hr oughout
[0057] c atha byteekal Olic rpétRed mt:hxldymomta&nﬁgmumdrt arataxiab bahllytic edrapopsnts and
pre-catalyst is fo ?f? @éa?égnblnatlon there1d
reducing fheispiB MARISEUPRRFHS. FrEEFA Geds HAbe Pisr Sgpton melide
11”npregr%1f:H;1%l b Jﬁ’l’é %oﬁhgﬁeﬁfsr 86 th QR)?])rt Tgerz@ RLRAiNWe ShiBRLIERY

arried out Using any of the support materials
compondetsontaireng aippue mapdrtah reducingdhe @italytniompanents alycbmedlfylng the

ort material s, containin irconi a.,b
recuced g e gomTRE LG e PR LR < TLPOR AP CHhrs FBegls
catalytl@éonﬂmﬁb@cg bn U%@gﬁéﬁ HERriANGdRVSEaY IR BRAChkiyEBSomponents may
however, reduced or elevated tenperatures or pressures

also be magndbdamethp methed of rRBEER]the eatadysé owréfceﬁa}yéa oo efdhe sigps listed

above a%o 103&8 aggg %ésg?a@?;eeer 1|m6}1|1%te(f ﬁa & 4 S%lgﬁ#ﬂg% %yg %‘p ts)o "m addition,

some stéps h B HeqBpdaedd6.g MRS prepDhtitnl @ﬁﬁ)stepiﬁ&dﬁh@/ Sﬂdeﬂxbf the steps
state of the support material during the contactjn

may be @ﬁ%ﬁnﬁﬁymﬂbatdls@fl;abw (@, thg redugingstep @r@s@sé@? Cal%lmng Ytep). Toa
corin SO b SR BT P Qe HORER pheateie oo
the catalggtecur sor sol ution are water soI uble salts rrade of t he

catal ytic conponents, including but not limted to,
[0058] chgﬁﬂz@é%g—s—éﬁher hal i des, nitrates, nitrites, |
[0059] 2%@%’% ??Ql&ﬁﬁlﬁ:}%&%ﬁ to %@Acﬁhg % on@pBEsBhB %o WR)an BB Yolk 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 a combination thereof. In

one embodiment, techniques that form shell catalysts are preferred.
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halide free salts being preferred and chloride free
salts being nore preferred. Exanples of palladi um
wae20586820 t abl e for use in precursor sol uti onsPCTTE200€038825

PdCl 2, Na2Pdd 4, Pd(NHb)2(NOX2)2, Pd(NH 3MH) 2,

PAd(NH 3)4(NO 3)2, Pd(NO 3)2, Pd(NH 3)4(0Ac) 2, Pd(NH

3)2(0QAc) 2, Pd(QAc) 2 in KOH and/or NMe 40H and/ or

NaOH, Pd(NH 3)4(HCO 3)2 and pal |l adi um oxal ate. O the

chl ori decontai ni ng pal | adi um precursors, Na2Pdd . 4& S .
[0060] rrpdihe pprp@ingstEr gy Rerfarricd|ogh nokRe #ed theafupReft pigferials described

.| i 0 . th
sove. PHERHEE S R0 KPP RS By o
favored 2 Be cdtd{diig 3)ep (ChipferabExeanddesit of anginibit terap dratusaAnd gitssure
condchg s, BRI SRR B e e R ¢
K imfreghatBd Hith®
v Ao e S el B o
aqueousciolwiohslef the eetalytit dopp@ents $sfesred Bx anprieeussayfsolufiorl) u fhe physical
alts suitahle for use jn.precursor soqluti.ons.incl
sate of oo ORI e N 520 & R Gy Pt =
colloidaRORYEsHRSGthORKk. t hi rd catal ytic conmponents may al so be
sel ected. [0063] Furthernore, nore than one salt ma

[0062] be husewerbpdamgityda cprlytic perpponsels gentained mohe gregwispiesolygion are

I.l adj um sal.t. may,be conbi ned. w1 . 0
e s S APR A TAARE OO AP AL bt
other hafld&d, AltaGesPRIGGE, HOdrogidbd) bkides, okilees)asetites (D AL), amdsamines, with
~ typically may be mader%y di ssol ving the sel ected salt
halide fige salts| heing mefsre@pnd eilerkiedieewplishsing welepbiiFed, Examples of

palladiurén%gtfs isl?llia%lesfé? Hseeﬁ p?e%i.u@& soﬂﬂ%‘f@ irfefuthPG@E, ﬁQ{Pﬂ@T‘}, §d((1)\6%3z)ﬁ(N 07)2,

I "non- aqueous “sol vents may al so be ‘suitable.|

PA(NHJIRBHRS BAOUSAING): d(S05): NG Ohr)o GANE:(SHA ), PHEOAC) n
suppaor nmater | e e 0- | on .
KOH gl eI pa v alh P EEE e tua®in SR b Shoride-

containiﬁ% P%Eh%ilﬁﬁ PadliisbR| BaPHEEYS 508t pR&ititd. COSthe WibHd4 fe@palRbium

e catalytic conponents, a conbination of
precurscsisaitd, tierfobosingridursegihe moisaprefernpd :e @I 0tNRaly. BEN(skd.

r._ex | adi um.and. r hodi um. e _i.nmr .
PAOVEL G NG 8 bt ESETEh A et el UBp e df ptTE fFRARb iuton
include ALel.ermed1l NaASCE, AT No, AubglAgoad):tiy KOH and/or
npregnati on with a precursor solution of the gol d'Oéthne

|
NMe;OH dd ivtellon HAu Qg aliy nitdc edhyoidnriu@npeinsthempst g

., t0 s ort material ;in .iple,s . -
ctoriad SRR T Ll AR UL oo

include RhOB; REWAGXATPRANONE Sitrilkpdalte opthetabod desaybei ictdichealytic
i npregnating with Pd, followed by inpregnating with
compongjs nfaylalse\Redelssied npr egnat i ng again with Au. [0065] The

o && | . iihe RROS fn IBVE! prdbur¥¥rsBiutiBe For
006t 35y o LB 0G4 AR5y AR b PR
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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critical; although there may be sone advantages to
certain orders, as discussed below, with respect to

WO b@soedsed ni ng step. Preferably, the pall adi unPCT/US2004/038825
catal ytic conponent is inpregnated onto the support
material first, with gold being inpregnated after
pal | adium or last. Rhodiumor other third catalytic
conmponent, when used, nmay be inpregnated with the

pal |l adium wth the ld or by jtself. A's he .
100641 Sy 56 PreCHISPBIAHI T BE SRS PRl fysgmuttanconsty
(e.g. co%ﬁﬁgﬁﬁﬁmﬁ R qealaly hhEmePFPRR R natct Gliro8XaiNR lues offone or multiple
portiron of the overall gold contained in the catal yst
precursoresphitions. r Withdlome acmert, cafabittic sagonspts & REABIARY of sigultancous

second portjon of. the d.. On .
and sea 8] GUREBLTNBEA T RE O FBpE T Ry Shrp LU R aRhe o
impregiia®dtthRush BRAE ofREigsle dlacuBosoltidh Giefirtd, to hed ueimpregnation),
and/ or Tixing. [0066] The acid-base profil e of thF )
followep bg cmpreaRration With prsciresf spinioeibe solde dih@tdition, a catalytic
cojl npregnat | r ' ' L QN..d .
comporf i T, Gl Honlo SEALA N Bl LIRLEBIAKUEIE that o portion of
the cataBic dolpsenpisabhiactes kel tind Fou seanpleget vaitatilapmtocol may include

_ co-inpregnating step; this elin nates .aci d-base . .
impreghagag MiBHs. qulgweﬁ%y IPBEENAIRE W;ﬁ‘ihgzt‘b Talipved i iiiprsepatine again with
Ay, L[ 0067] For the inpregnating step, the volune of

precursor solution is selected so that it corresponds
[0065] t 0 Theiowizenf aipnegna8bystarsdpmibonsteridl Goishahe presuisor o lufong penot

.. of th upport material, Vol unes between . .abaout, 959
citcal BeHEn FOUROTGY BT U BFU GO OHE S AT LR -l
respect & thle BAIGhSIL &5 PREYEraBBY e PhRIdaIA bhtilyhe twassheabo iihpRghated onto
and about "99% of the pore vol une. [ 0068] Typi cal Hﬁ the
the suppmrienatesdriirsiowithigoll heingaiteagneted efies pglighwnt Orratte Rigdium or other

. . the support nmaterial i . . :
third ca%pyglg GPmppn glglvme[n Jise ’ﬁaSSl?e @g&%@a‘ﬂ%&éﬂ@ﬁﬁq}ﬁ%ﬁ%@@, \l),lvht? itl‘fe gold or
by itself. NClsd) itl%ﬂi_up}ﬂ@‘& RR&Eiabiay beingipardd niEtipleitiddes iveth the same catalytic
substantially achieved. Alternatively,. tge saﬁgort
compongat: dior axanplg, ameripmeidhe pyerall s eandaiped inAhe Fatgly L anay be girst
th |yt £ 0- [ K
s SR 3855t bk 015 TLVBLE O, Bt o
intervere®Rivaeh tizedteps émwhivh galip oortactat terthasupaond ntaeiap rees: oalsiomg,
.solutign, Further, a spray device may be used such
reducing,g&¢/0f H¥ingr ecur sor sol ution is sprayed through a
no ifl! ' ' PEeh-
0060 (53 LR HIMYRROS B Sl B psneee
impregnatienlot DseqeemiabinaprygreKioe saitilivefsi Thusomlpprsoyrbedobjiophwith

. .. support teri r to d t he support..mat.er.ial

similar §5PEERELN Sﬁhmﬁ%h%@ﬁedg%%e{%ﬁ@ i BB S ofplftesany

acid-badtQkAtIEn Oha L BF LS BE palibi RMitiods.sel ected so that it
corresponds to between about 85% and about 110% of the

[0067] pofFer thelimmegadtingtsteps o yolumerpd peaciiugpr, 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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Vol unes between about 95% and about 100% of the pore

vol unme of the support material are preferred, and nore
w@e@sosmbl y bet ween about 98% and about 99% of PeheSwos/@38825

vol ume. [0070] Typically, the precursor solution is

added to the support material and the support materi al

is allowed absorb the precursor solution. This may be

done drop wise until incipient wetness of the support

mat er | .S substantiall) i.eved. Alterpatjvel
100681 S TaB R e ohay b reatedotyr wppyh Beith) e b
materialV¥s §8ow & HsbBenPFBEHETRblusioh. UThi hay e H6hOdiofRE SN iipient
ot her assistive apparatus may be used to achieve

wetnesstoff recugportwatesiel is Betsteatially sbicyepb pbiernstmebs the sugprt material may
recursqr solution. Further I G
ve pac GGG TR o gt V8 o Ml EapmoB sy £ YO SRSt ot
assistivd dPpars@ly mdayezagbetoahizve Rrcighpofithct iatvaskh die suppat matetial and the
absorbed. Optionally,. decanting, heat gé reduced . . .

precursqyseRISian o M WRHIPTAeSPEAYEEVics Mahe WeScitigh BIRL RIS HTIMENT Bl v I8

i8I ’ & YopiliRa By RO king,
sprayed %ngrtglgé}?gﬁoé%t Jél?&}h?}g regn arﬁch)ltrlﬁﬁ’ %’18% 7 i]’_c]abéadi‘lﬁ er c% nt ggjfd ing e
heat or reéwdedipgasase may bb @sadsie derhovesangiesicaas fiquid ngt absegbedby the support

. still achieving a shell .catal yst. For exanpl e,
material o4 Apst %m&@ﬁﬁgﬁ@ﬁFEaﬁgymB@ge ffacted to a support
maisef fial; : e b RRe M BRRrsBERMR dhnl i Bel LRI Bat it
(0069 TERF iRligbREMES sp e TLEA: o 048670, which is .
corresparnds o paywednexbobty8 % bt w1 1036 shihe ppreaiplunemef the sunport material.

ot herwi se | ayering a_ upif or rei.npregpat e -
VoS L0SEH S5 Y585 B 1Pl 1 oY 51 e SR ShTHpREA
preferre€f dn@Ghdr¥ BleYerbifly BBtweBE hbout 88%R|a)8 bbduh 0% e Yhep e vhiame.

descri bed as a | ayered support material. n another

[0070] t edbipiceilse thermyenveivr selitioris padadip disrsypprt watesiplquddhe support

._conponent s rticularly.wth . ay - he.
materlaldg g@o%{%dn a?;g?r%rg@%%rﬁur%% £ 9}318@1%?%2 an tél?%eg%rgf? ﬂse&@ 1&&)1ent
wetness BEHRHup Pt mateiQls dib3tanwibillyCdthiesed. NEldrpaivalye thelsypport material may

reference. [0072] A physical shell formation techni que

be placegtdy akifads prebail Yisp 10 HismeHEsopsHins ibFPifmEREsqn or other
e G t he. i

i S oy 8L 5L B AL U T B 6
precursdigbletibm| Furtilee rasptdyelesiot wepbe afedtsneh thatthe psonrssodolittionns

evapor ates. upon contact with the heated sypport .
sprayed JRPSh o7 eifRS B SURPTTIRYraheReLt S FPROreede ST HEe deqepting.

| Eh&dbYorbed by th rt

s 4808y 0 g 2 UBBA0 B, ks g RANb Ly s
material T ¢o diyitoksvppert ofatariabaftdnahpregeayiobe control | ed by

selecting the t erature of .the s ort terq al..;a .
100711 ¢ RO GTPIE SRR BB (0t R 4 PPoLb PR eRE gy -1 2eleing o

hell cat?QZ |FRr eXeipl & %aMABkIE coMbbiitnisehBedetioHa8fd &P Vippahautterial through
e Cal%OOC,rg réiativel& ?ﬁ?n shel I' is forned. %ﬁ?s

a chemieniriyamhir depvsitivayprdnsss swahi as deseribed nd 3300 1{RRAHY70, 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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chloride free precursors are utilized to hel p enhance

the shell formation on the support material. [0073]
won@sekiskd ed in the art will understand that arPCT/US2004/038825

conmbi nation of the contacting steps nay be an

appropriate nethod of form ng a contacted support

material. [0074] Fixing Step [0075] It nmay be

desirable to transformat |east a portion of the

catal ytic co one S on the co ter
organor e SR Lo GBI HBPIHEES, o ten YRS Biamt & T be used
to form SHANcRa1$EERs H@éénp&i haf SrrLsht No. 850@753, X¢Héh iS i@Prpofdtedby

may be acconplished by applying a f|X|ng agent (e.qg.

1Bﬁﬂmxwtsper5|on inaliquid, such as a solution) to the

[0072] Ij{ p%ﬁ?ctéf q}eﬂ;ﬂg oatrtltgfl;r% er uea %na sg ?) %@Pa%? Sfof#he p?&ﬁ’lgtl&l of shell

COfT'p n reci

catalystH_hHéref {ipRgtussoe fbliednAayt e dperyed antd htﬂiebte& aﬁlqioytshatex’m] fora
iIs not required to formshell catalysts. 8&% X
layered swpnoalynaicniixWhee digentvenesf threpraguenr Se\liuflﬂn ﬁXPcH’P Sg@gn contact
r
it 4l BP 88! gl Ly MRS S PR on

supportﬁﬁa&éreaﬂf etbferdlie, tpmpératurea defweeh nprageand il 40a@ky barised.nghe
acconpl i shed, by addin he fixing ?ﬁgnt to, the

tthkne’sﬁﬂfr%f‘r - el oo iy SCHETRS GrPSraF © SPRReELPagpal and
h ! AR ke b

o AU B8 5, MRS PS03 00 SRR Bl s v

about 10@5161 acrtlaungal;sthapskeumfotmgd Tlheembmlal@nterdassbmﬁéﬁiqulaﬂy useful when

terial is all.owe 0, SO the fa Xxi
chtoridg Breregrrearopreaflint o el Sose e Rbire 5 9 Hlsupparmateral
[0073] t1 @néjs%ﬂfe@qﬁ RN NG deRERE fh%t h B6nBihatidieoMheEdhtfehg steps may

solution and the fixingagent. Like the inpregnating
be an amirqmatame&@é io§ fqrmmgdaemn@etedwmr@eatan&lot o i nrersion

rat as described in U S Patent No. 5,332,710,
[0074] léﬁ—3§EWncorporated herein by reference, may

[0075] advpih 96 asktladle Be triks@sn 41 1dabes fdridmer thé eaitalyﬁ@@cﬁﬂ}}onﬁ](e on the
fixing step may be acconplished in one or nultip

contacteg %lpsort pefesiof érqmasweéercs@hfhl@(foan tQa gafpainseliblg ﬁ@rmi ﬁu%b a step may

L

d1sper51bﬂ & 4 ﬁhlﬁ&l admbh B¢ £sdliitsam) tSihk ihprepsatdibsnppdre snteciahtvhich eailses at
to the support material, whether the _contact

least a paetéasnyyi the silYihTOBIRIRCHIR I RISEPiGHC- o Hus éﬁmﬁﬁlﬂe&’.hﬁ@ fo form a shell
catalyst%ﬁ?%o%%qﬁr%h% fo%%helf&”tz\i/\f‘s’ffnpl e, fixing after

r egnat a pal | adi um precursor .
[0076] SO |Aﬁyl stitabla ﬁgmlgdg«mt ﬂwmcmseds wlibhthiydmxiihd (ezg. raﬂqaljinumal hydroxides),
precursor, sol uti on woul

nwoul I
silcatedybergies AP TpRGSE DO it LSO GV PG PR DR The
preferrell rf?cgdg 2ht 1S Nabi, Ofrlxﬁg hla9we %&Ymﬁh@ﬁédecgnﬂﬁhfgﬁhéﬂﬁklhg agent to the

precursor solution’ An exanple of co-fixing ma
support lmatércalh heforen ditiig 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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Patent No. 5, 314,888, which is incorporated by

reference. [0078] A separate fix, on the other hand,
wowamsdeisac| ude appl ying a fixing agent sol uti oPCTiUS2004038825

or after each inpregnation with a precursor sol ution.

For exanple, the follow ng protocols would be a

separate fix: a) inpregnating palladiumfollowed by

fixing foI I ovved by i rrpregnati ng with gold foll ovved by

f.j xi ng; nat Wi t al | adi um a
agent. Like e ulﬁpzfegpart Hapb?);o gclep/%ﬂ Sé!\ﬁgag %V)t? ngﬁhogtalpﬁaratus as
describod! utt 7.9 %atnt /b Quet7hy xafhiol‘ihg‘glcor%gfa‘fﬁ%rén By YeféBfke, may
subsequent inpregnation, any excess |iquid may be
advantageonsly bd useddnitielisoppopt material dried, although this

oo | ARSI P GRS DRI Bl BRI e

separate#i. R aicB-fix) 60¢ POMaieab1Yesoth @iﬁ(ﬁfgfa%ent[seﬁlﬁah id apptindtortae
enbodi nent, the fixing step and the contacting ste

contactedrsepmmaf@t@caf@r atlithea SPVGurWéOb&laﬁiawe&Pewn&%qugo the
support m? clia b (v)vr%g héeathg c§nta&%a%r&co sﬂedat n‘%ﬁ Bhe 1B ?Bn & multiple

erence or exa a Si ITU t aneous

precursdris¥ulib@NtFob @xariyip) fegdin@iften gequietiinl pﬁbﬂegnhtlomvfldi 4 pablisdiubyy
fixing followed by inpregnating. wth gold ndflx f
precursqggalytion. argodd pigpradt s R AR f BroBivBbRRerERe, coflen piopldlik a co-fix
flodi B8Sor sdhution followed b
as woul® %{(ﬁﬁ%{/ﬁ?ﬁgxﬁ& gcg }T‘p %i‘ﬁ%%tlf)ﬁ Lvitd agﬁggdrn%(r}ﬂgl ?y%ed or g i Iu%n IoSo ed by
impregraton with @agotdprthiess laplpbort Amtompé of eafikied npybgrfeund in U.S.

d .an_addi final fix. For exanple:
Patent I\gomééééﬁggﬂ% SHACYRITAG %F%fﬁ??%% Fowed by i npregnating
[0078] Wi ¢ seg%]a@ BN thd¥tBeritadd, RebuRDRbludé Shg1Ened Aihgf dguhtrglution
final fixingagent. This technique may be used
during drtaftbteelaph mmgreltlph enm@rmmmn saftirhdior exgrpleche fllpsting s

d to an hr ou
protoco SRBGREEE S 3hl) PHHAREL) mARYRLY R85 Hikotemeqy
impregr@tth@witd %ofdrfBonpécEE}Uﬁﬁﬁg Sr bl E@lrﬁptsmlhg mmqqmiladlum&nd thodium
pre-treated with a fixing agent to adj

followeqbbb ﬁém&f@léowd ByHEPEIEBpETE v iFhEQld falloeqpy g  SBetween a fix and
subsequeﬁb DL %?%edrn é gsgﬁg]lilfdbzﬂ? If‘erﬂe bydarld the Euﬂg[m rn’?ﬂé??ai 8ed,

e so utlon typi free

althougtothisie had Ifeceséﬁlﬁlg-rrthdifayda nan e)tdhqnlsompmaterfmIm may bq: fund in U.S.
nated with a recugsor solution that has the

Patent N?pé@%g 20, zdrieh isyncarmesrtehpy SFf%Ethe dried support
[0079] inef[x{ ﬂ+er B EAL A 0PSR theaskdpns bRp Ik @)n&méd

t1 ¢ compénents on the support material. For
s1mu1tar®l§ﬁslmloee emrhpile of a/hlcﬁ istegcriteed gs BicS. tP@tept Not 4,048,096, which is
nated w t h

port_nmaterj al |nt [
incomoBRQIe BB ST CSHPRE LU TS B saI ot T
palladlu%{]foﬁo&/&[ PRELAP f&lﬁﬁmlb%ﬁp&%ﬁ{atﬁg ViS40l 8 BHxias adisit.NTh 2

Ing step followed by a contacting step.
variation on this embodlment 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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[0081] The concentration of fixing agent in the
solution is typically a nolar excess of the anmount of

W@ 210al0y382€ conponents i npregnated on the suppoPCT/US2004/038825
mat eri al . The amount of fixing agent shoul d be between
about 1.0 to about 2.0, preferably about 1.1 to about
1.8 tinmes the anbunt necessary to react with the
catal ytically active cations present in the

ter-sol uble salt hj one enbodi nent i a_hi
sgent. Wiy BEPARE o RGP PRUFGLe QTR U 0B U RGP ARDst s opposed
to an all@¥&asRouPEathydll oxi de ion enhances the CO2 sel ectivity
and activity of the resultant catalyst. [0082] The
[0080] vollwammtle efibsdimgni germiculedy suitable fotss|viidchderifierfige pjecursors, the
shoul d. be an a t Ssufficient.t over t.h ' .
support gL i BT Eh S oA TR b RN EP e RER P i Pyt
In this e dRENACEOMPHb1S hRekridyisifnitiagkeehag] witheitlesanmatid,or dase solution,
volune that is greater than the pore volune of the

typically: Beg efdnetals s dyftsoftyingathesiprort eem is immsesaiedi Wik 3 Bcwor

. I ti . AR . | . .
st GUIS00 RO LI M0 G50 QT BB in
base reastddrifoi0ns sisdlisod cpratyiic tempbreentsamnat suppow inaersiheFdr example, nitric

. catal yst while optionally elimnatjng the fixi st.ep.
acid may he pied 1o BEelitaba SPPRTIIRYIERA! it By e pregaisg Wi %&m becursor

i hs ' e $IAETABRA as using a
soluton S B P L M PRl e (oHlIBRD o wine
fixing step fifmedtby atchatactiwgdiep. ot her wi se be needed to survive

ot TS S paecaisc, 10 a0 00| NERUER
amount bPEUNREIUIRD oREAR impPeBReiURNthe SipPBE nidferlaf eTREAAG of fixing

maki ng the catalyst do not require the catalytic

agent shouldheetesn gt ¥ dbtoaheutt2HY prefirebly ebeit ddelo abput hbtimeshe
maybe carried.out w thou dit] I t

amoun GRASEF BT  hhy B0 LR BLRRRHRLOIY soobsr

In one eR®bAeht Wirdd Rkl Hu/F atPi k-3 ateddty sdtiopfiDiluehicdmotet dxoeks of
that is free of a step of washi t hus reducing the

hi ng,
hydroxid iep enhapesdhe £9: seladivity apd prtyHy @gtheﬁ%su&ta@téaa%tst- and

ol i . T h L ning

oosa oL TLTSERSEORgI68 1 RARLAEEN) S aRu

sufficiead td@r thentaiablefcepuefacts 96 theSmbrephaad suppert utatdriak Eblis gy be
iin other applications as desired, after the fixi

accomplished by ARG dORTHBFEIS 2 MBI B A Heh bR @8 5 eme of the

conmcwﬁ%ﬂg%ﬁuﬁﬁﬂﬁﬁalide resi due on the support or otherw se
tredated to elimnate the potential negative effect of

[0083] a Theteambinativh ofimpiegnaingpod fiximgtseps adn folfhe shelbtybacatalyst. But,
step.included rinsi.n he fixe%v u rt t.e ia% i .

the use Qe iP5 R SRR GRC RS e o P il Bl bghile

optionally blniR e IhOfixifg SRPT ITHHE HSseARAT 2 WS1AL Bekcatsof, @@FBshing step, as
t'enperature shoul d continue until the effluent wash .

discusseddtiow, trag ba obwhied.eFurther, 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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ion content of |less than about 1000 ppm and nore
preferably until the final effluent gives a negative

WO e®alossse® a silver nitrate test. The washi ng BCEPSI084038825
be carried out after or sinultaneously with the
reduci ng step, discussed below, but preferably is
carried out before. As discussed above, the use of
halide free precursor solutions permts the

| .
fixed ancEe @)I(gg]ﬁ]ne%%gpgrf fttﬁegsé%éa r%gwg%éﬁe og}{ {vqg%ug%,pga ;Jtl Bheggra?r? Qteps-
Overall, %fﬂs%% @&ioﬁ@e fr Qe rSURRAY periBt 8 chilyst p@élbeﬁzhlwt mepdsbiym method

| oyed.” The cal cining ste pi cal l

tnat s o o st o esups MabFeet Hanb nesRl HPIERass G patalys

ste used ce el sewhere in
andehqu@gmgﬁ'gz gto ‘?F\pogﬁgﬂler er&c))}{t& ﬁ\g\fvgt?he cal cining step
0084 Ismﬁh gebpout after the reducing step. The cal cining
[ ] ep |1ncl uées heati ng the support pmaterial j

[0085] n oHartleldgpdy,nrgheathnb@gw@Fagupg PYECUrgay; sg}uﬂp%ars Iutlil%élra[njl in other
apphcatlgﬁi)?)s %ts %terath i Qméts{é? t?l@rf%cy L gi)t | gfﬁ@éi‘ﬁ?ﬂk? b@ Wa&ﬁéﬁ to remove

east deconposed
any halidd @tdIen ﬂle%ﬁ;bﬂo‘ﬁt drotieerwis traated tmfelﬂnh&ate th@)pott@tla]mj:gatp\@eeffect of

e oo et o o
material ér(l) 88% dog?i%gggﬁod(?o%%%@wa efelARb n o wR a8 irfdpaiéh &Wmuous

n re ucing dgasés used for the
mode. WadtGh@troan temperitmelshaidd corimuo nnitsheeffinentiwash water has a halide

oxi di zi ng gases ch as helium. ni.tro
ion contppttof dge Hiagapetd OS@R%,equ morp preéeg?lz% Hn%letﬂe ﬁgﬁl%?ﬂuenpgggs a
negatwecrgmﬁ tB%tsﬁl%lSmttrzﬁg RO THRIWdshRkisted mdybe@Bgicd hosftarent ,
calcining step is carried out in an atnosphere

s1mu1tar$uh)s§y aithitlad deguqug Bem |dtspuﬁggchbelcp_,wylg)é nrefegplply &y carried out beffore As

dlscusseglag%éq, L?;Qéif @'H@g%ﬁé B ec%rg {Eﬁ& oftf] géxjgfl{ﬁ Zlbépggﬂnlﬂﬁfdﬁ cggltrlee\gashlng

step. of deconposition of the catal ytic conponent salts
depends on the tenperature used and length of time the
[0086] i W@@Egnﬂg_'éﬁncat aI yst is calcined and can be foll owed

[0087] o é\?% rl nxgeacia al co%g?g&ﬁ’ﬂgsol%e c&ﬁa&écpﬁi)ucﬁé %1 PBQQ&@&nal a

eps may used, suc hat at

calcining 5t Pd%t'yrﬂk eﬁfp‘lc@éd aThé edstingBep c@mﬂlyus tefae ipeonadirting gep and
con?act ed to the support nater,i

after thepfpangsteib(ifsuch etepas oo |ﬂ%ﬁyr$@ke§tl%§ﬁ bebhie I%Q‘Fé’if%cegse%
another grll}gécg fr:h[entggl}e ec:_afmar?x?é %?p‘:@'i:%lrﬁéa bt %Fﬁﬁ'}&ﬂfcﬂg%té Theé 4¢Thiag step

t er nat el Y, cal cini ng zZzirconia
mcludessmaﬁ@g fhe REypREt rAAterdd i @hon-regugjog etmcsploh @c@?@dlzmg or inert).

nper at ures bel ow about 3000C. By ayvai El n
During ctaﬂrénags@rldth& GREkIIR FHEPLERE SRitE LR ?:%P“Fteﬁﬁ it 1? ?Mhﬂg
decompss%ﬁ%tfn?{hléﬁ%éuﬁ@ Q\fﬁxﬁxl?é)é‘it thé*‘a@@;@@e andBed skl fohat the C2
of the resultant
[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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catalyst will be detrinmentally affected is reduced.
[ 0090] Exenplary protocols including a calcining step

WO p@b06820 a) | npregnating with palladi um f ol | oreTiUB3004/038825
calcining foll owed by inpregnating with gold; b)
co-i npregnati ng pall adi um and rhodi um fol | owed by
calcining followed by inpregnating with Au; c)
i npregnating with palladiumfollowed by cal cining

_ foll owed by inpregnating w t.h.rhadi umfol] owe .
ke T g G IOHEH ol G it FBERGPID T BB Bgyialy pure
nitrogen! GREANAL dNGmdidablioRthtrash WElGRHioh Hiaths Wby viag) @ pederbhly are
I npregnating with gold, followed by calcination.
between[aDO8HL] arketlumirn gTI8t degrek 06 dxpmmasitive pf the epfakytip FoyRepent salts

enerally herein tq,at .l eas rtial r
aoontsSTEF e 18 ol Qb Tblted RS AR an on
be folloW&I By tenforead Riatlé gbmpodssd pedediat e, such as by a
reducing step. Typically this is done by exposure of

[0089] salns oomosxaleiring steps MarbTSE, ek Hal atany ppme altget {FAT oRe

.include .a ni I.ge: ) ferably. the last
i 08 TR ARSI G R Te, ppfcty e

calcining biepBEdurabafoRonardicheydald catad ytitscongrnbiaty kizircamd ghpport
salts, carboxylic acid esters and.conbination

materialy pdjegistol il URRAL A BIRYPSWEOTFUY CRESMAER frgonducted a
temperap%éejsg egtjfv@ S Yok aly B8idis TRiHEO UG RIChnESMRE PR ipport

are preferred reducing agents with ethyl ene
materiala tenipecatmge abdve @hale §00Q, thei riskrthat Glees@9: gragctiviy phihe yesultant

preferred. t hough, reductj on enpl oyi ng a gaseous
catalyst @’h@’? é‘ﬁﬁ‘gﬁfﬂ _1¥ a%?%?delﬁf‘%ﬁ?eda reducing step carried with
[0090] f‘egké’rﬁbﬁrye&wow@ RN diAEEY caWisig Biep iRthdeea)dmpeigRhifis with a

ucihg "sol ution). The tenperature sel ected for the
palladiumefdilowedby caleiningrioéowaddmimpisigeaiingupith goldHo go-1m8rsEaing

. Reduction tipes will typigall s ; t 0
L S
impregnbfi€s &&h Bh¥idign CAMRRABH cSlcHiBlg foNbWetEhCietprédnating with thodium

characteristics of the final catalyst, condition

followed b agistmeiiolon Hebyi RN Y ey BRI EBPBERETHG Refadium

ether hi.gh.actiVi: . Vb in@foS Ome
and rho%glpaﬁ)@gwgé g?’ Hgégé%lrt%%gr”?iggg’ ?ogfoggg:b\/g%l¥1n?6%g4] In one
[0091] emRedidi@nstep pal | adiumis contacted to the support
materi al, fixed and reduced before gol.d. is cantact

[0092] andnpiatiieempleydaserpibEberrin topdeash HEEAYY Rgiom any?gmaining
catalyticSc;oén%?h&%? frofh: aosjclg ’og 5%99 rghab@ dg%%)]e&%ie stile] sueh ayby £h

ncor 60[‘ ate ererence. errpl ary
reducing®t@l. ol tidh iscHongbpexpodure ofigalistoe pxiderlowdeduca)g agent, examples
of Whichi igglrugg Qr?&niogga, g\grltnyn 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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pal | adium fol | oned by optionally calcining foll owed by

i npregnating with gold foll owed by reducing; b)
wa@eeosopisegnat i ng with pal | adi um and gol d f ol | oreTiub3004/038825

optionally calcining followed by reducing; or c)

i npregnating with palladiumfollowed by optionally

calcining foll owed by reducing foll owed by

i mpregnating with gold. [0096] Mdifying Step [0097]

Usual ly after .t he reduci st ep, and . before..t .
used (e-g gfné)ﬂcy%rtg g @8%%§ohgl%g.dlir$€ﬁeﬁlae ué%seilgc?%lgfrglr pg%?deu.ctlwlcztn erange
from andb¥t GRIAILYEL 5STBY. Redwtied tiel Will BPidangvaryifftan sioep] td Sut 5

step has several beneficial results, including
hours. | engt heni ng the operational life tinme of the catal yst.

The. nodi fyi ng st 1S.S tines. call 21 4 '
100931 51 S5t g R is TR IR T GRePhuSRaT iRt
charactefiiE@TtHONA cAU4196] ddQitiohaeraplyyed betheeetiicton sappertried

material is contacted with a nodifying ag such. as

[ nt,
dependingiomivheihr g ef1vE A HBXSHSEE LFTCHOBIE DR P g AFopertics is
hydr oxi de, prior to use. Conventional alkali netal
car boxyl ates such as the sodium potassium |ithium
[0094] anth GRSIMBBdEA,allhdiGR-idcalticpdiab itle: suapdrompateriel, disedisnd reduced

before salfneon i RRYSFOBLS SRCTPouR U S BiieNiea: §-48Eh1h P69 and
related ﬁgf}eﬁl Ql?gﬁ%ﬁf[cgggeg.}i@&rrﬁéﬁteé Iﬁ%&ref?&l ng t he nost

eférred. e support material nmay optionally
[0095] be Exemplagnabedolsitchidngsoledudingstef inthide:rm dinpigepajinggeait |

. After drying, the catal cont ai f or
patsc g bS8 g SRt SO Bfosk OB S8 TRl eg o

ind HRPE | g{% i B8 BoldifoREw & byCaptihyist cAl@RAY Followed
Kﬁumn%é?ﬁ%gg&g wﬁ&%ﬁggfﬁggﬁh| AFﬁanoapgs_[001OOJf%%e Blollove
by reduging sen} inipnegaatin@withagllddamy faliowed &y pptignedy GeleingadaHgyed by

. al. kanoates from.an kepe, al kanoic acid and an oxygen
reducm%k?ﬁf’%(?ﬁ’% grysEratge F’ﬁ%‘ 8 pdgs ence of a catalyst.
[0096] Pr &fRi%Rd Skene starting materials contain fromtwo
to four carbon atons (e gh et hyl ene, propyl ene

. and .

[0097] n- Bstallyeifter the atducingdteniara hefoee the pealystas vicg? Wﬁf@ﬂ%ﬁ‘gp 18
. .used.in th C f. t.his. i ti f - .
sl s AR ARSDE L i ARGy BB i

desired.

rom

results, At REBg (€1gheningaRé berativhoififetiine oftie datalyst. i Thewwbdifying step is
~Preferred products of the proce?s ate VA, vin%l tional

sometings epiedrianetivajinayic Bd yrRaPeaccamalislier it acobiapew it fgventiona

practice%{nle@): ﬁfe%%ﬂu\%gctl E.(‘p?ﬁ% in%%rggfs%(). @bed ¥4 a%wfﬁlfgeaggﬂtg such as an

ace aci I ng the nost preferre .
alkali mptaDehiisdxylafehasl/ortai@li puega dugdrok e griar dmusdes Geswentionplrpligahignetal

BTN EICRE IR e e
acids ar&é}{@%&ﬂt foft t 'lﬂp&ﬁd ACH¥BRBA hdtivhiley eBSiaMEEp@iudion of VA is an
ca St.

i
ough the rest of the specification
alkali acdiags with@stayium 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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exclusively, it should be understood that the

catal ysts, nethod of making the catal ysts and
w@e@doeiseon et hods are equal |y applicabl e to BCTE82004/038825

al kenyl al kanoates, and the description is not

intended as limting the application of the invention

to VA. [00101] Wen VA is produced using the catal yst

of the present invention, a stream of gas, which

contalns eth Ien- oxygen or air, and acetic acid is

A ]

S 89008 e conposition of the gas

[00100] St ﬁ“ﬁéaé?e 1nggnt}6"ﬁrrh evﬂtﬁﬁ& toviﬁrgﬁl& 'ameﬁﬁ alltadkatBOfrdm an alkene,
€ zone o ty he effluent. For

alkanomemairanlan oky@nmohtainm%als @ thfe peetshlydeelﬁ e cat@ly@& JRyeferred pikpre

80: 20 t o about t he | a
sarting GeieEol sogelﬂﬂ%avoc@rfowecaﬁb&&&%“&% bR S At Houtenc)
Preferre® 51‘1’(51%’1@9(!1& SRR %tmalé}lals ised i the praxest oTast investd@r fabppducing
about 1:1 to about 1:8. The gas stream my al so

alkenyl dkarnoalies cerigin Giem chtalﬁpurmétb@n atpmest (518 26619 B‘i"p}oﬁé"*ret“d butyric
C nitro a d
acid). Pgeg?r{ﬁ%é:lné(gi Fffgﬁ}b AOGeSS & e VFﬁg’ Ju?ﬁ gro%ugfré%ér@la ?E%ga and allyl

acetate. THE nRRt pSRered %ﬁrtﬁig&ﬂzﬁér%ls ire RS leat uiidscetipaafl e&nﬁntthcy VA being the
those in the range of about 125- 2200C Thﬁ g It
most preémddye@ce ARiseiha pesop o ddeEsl BrécRRetion sy Alginically

unsaturagefd Car otx i ste?{ ﬁ‘%@taﬁ%lﬁn %ﬁ? ] @&ﬂ Lﬁﬁdaa 92&@&@%5 @cid and

at nospher es gauge. 102] h
oxygen mdm prlemmé of £ taxatght batthowshchorest ofctlnespwenﬁh@dm cb$cusses VA

NGRS R

l@nodtdsubikl thededesipt t
pcucl Y @%%aﬁ%@%%s@%g%@ﬂf#ﬁzo el pedcostnien

1nkmdmbxammhn§ﬁmm@pmMMVmdﬁ@chnwnmmi®§( ation only and not
i nt.end

oot YGRS L0, 8 L B TR, RS DL Bl oo,

which ccﬁﬁmﬁQ&K?iEﬁee Ix{Rn b §ir At Reletivgic BTk phsaéd SveRiik sttt VEiesa
I ow ng equatlons Au/Pd atom.c ratio =

composm)oﬁ 4f (hAlglispsjrem q@hbe wgchb\yltlgn aVidg JpHs, \}‘\gﬂ%{n a,cgﬂqn@)the zone of
ﬂammablﬁysagﬁ?el eéa)é &1? n@ Crte%%tn Eh%lg r%go;fgftrrétﬂ?%%l&% t8 BQ&%W ﬁxt. 88about

80:20 toraﬁglh{%*?_‘) theWASlaCiatib begtetitiicid kd &Bylfe&ec;anmalaboutdﬂi)drto H’a@ut 1:100,
abbreviated ' C fol | owed e tenperaturggl
preferabigtebont Kblocki) 6 AnAToBt PrafrsbbaP LN L BUBouhhGr dgg 8 sheath may

also congalr%/ go y ﬁ%h%al et@t@ %ﬁ@éi LR %%§§ sulll ¥s nltrE)Qéi)llQa?i)onT&l6x1de

exa prepared as describ
and/or satﬁratehmy&ﬁbaﬁfbbﬁs Mctﬁc&ﬁbﬁﬂerammsr\mwfgcamd)etuh@l dro IeleMWﬁfﬁ]g

e icetirsy e ol oLy TR B e AL T e
somewh& YR8 gretsﬂlrg, Ao ARG ure BESIH A& SeRuR piekiady Whgskaure 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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avai |l abl e. [00106] The catal ysts of the exanples were
tested for their activity and selectivity to various
whyeopnessact s i n the production of vinyl acetatBChyS2004/038825
reacti on of ethylene, 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 capabl e of being nmeasured by a
t her nrocoupl e at both the top and bottom of the basket.
WO“B]Thgﬁgﬁgﬁét was placed in a Berty continuously stirred
[00104]! 2 Ke FARGERE eRnpldird MElided FRtbeativPenIABad Métsntended fo be
mai nt ai ned at a tenperature which provided about 45%
limitingo g emouia velv eitoand ieedtanisare RpRIOX imatth d Ae Mg dafprpicaatiqymay be
s . xt mr.e of, abou j : d ‘ ;
convertqt 5 KBSty PR e T 1BHTRY e RS RSRAEHORd aiomic
ratio = (BHEUA uAQ WiEHTRAtIO) kh@A8/Pdfweight raten | 8aLAWPd 50mge wfio. Reduction
acetic acid, and about 4 of Qgtassj te, was

: Cl | u%a%ﬁ w ied out
may be ghuedeied (R tioHowed Rinde ferpeeye i Gt Whigh thepsduction was Carried out
Likewisf. ﬁ%?ﬂ%gﬁ %?alytﬂ%rag&gbiafea echaBkRtd bRAR Elfers@bdiny8lat WA the

aged under these reaction conditions for at |east 16
calcinatio@uives cprriedrout, ovhareaswo diying stepunay lad abbrevidiedtds ‘dhe.
reaction was, term nated. Analysis of the praducts S
(00105150 A BrARY BB |1l Eiay 28 PERATIAL SGTaBRT 1 tp i and tested
i . : S cfindel Wherk CatHiySt IR Eushp RO ]l 7MEdySbdddmpared to
accordl@?%’éﬁ%ﬁﬁgﬂ%é prgo?ucterst r egm at abouIt) 100C t}gb obt ai n
each ottephidieatalpst dloys3-4 1 ofaybheompaiepicorole Phes aR¢seks efe xqvaded where
. éCIE), heavy ends (HE) and ethyl acetate (EtOAc), the
availablpesy| ts of which may be used to cal cul ate the percent

[00106]S € TRE Lhivlykis 88 iHeCRRmSie} Refeitdstddybr pleirtabraey amatselettility t6 onrious
each exanple. The relative activity of the reactjon

by-prodectp ireths erbdastienotimil esetais by regetiquaftetiyiang) oxygen @i acetic acid. To

ut er cul ed usi [ '
L
basket WiGIMRE fedhpbi Sufeddpiblgofitetgreasined by a tiexygenpton bethshotep and
and a series of kinetic paraneters, for_the rﬁgﬁylons

h¢
bottom efthe besiRle ThP heskelgis miggeU/R & BRReRIISUOYHY g fikpasor of the
recircul%tﬂng tﬁget 4dnf! \%f%é hafhREd Btyaot'gﬁl?Eﬂa@ﬁri\%hicﬂ\{)%v?f@d)’abf)@cl AYeek

nperature require O achl eve const ant o>_(ygen
conversioQMier i @ectri§ QLT malo i grnnGatiad y&iboExHmpires! ileG(o8fsured at

Exanple 1; A support. nmaterial containin [ | adi.um an
NUT.P) by o, R ARG B G R RO QRO e R PR thout
50 g of @Eeur?n Eéeia’:{lﬂl_d%gé‘ﬂ AFPYPbotE ugPLetlle, GADSASE P30kl Bider pressure at

O silTca spheres having a nom nal dianeter
about 1Dftmibspireres throdgln tietbyskef, andthetca@lys6gagygef undqs these reaction

... absorptivity of aboyt 0.568 g H S [ -
conditcfy B3 b= f RO i 17 ooy G 4 4TS gy B et
Analysi@POHE pRodts Wak JecompBshetiiby Bh-lindTh e iainadghiphicnailpsieadmbined

wetness with 82.5 m of an aqueous sol ution o :
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 (COz Selectivity)

of these materials for each example. The relative activity of the reaction expressed as an activity
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of sodiumtetrachl oropalladium () (TS*"PdCU)and rhodi um

chloride trihydrite (Rhd 3 3H20 sufficient to provide
wa@bwawesg2@r ans of el emental pal |l adi um and abouPCDUB04/038825

grans of elenental rhodiumper liter of catalyst. The

support was shaken in the solution for 5 mnutes to

ensure conpl ete absorption of the solution. The

pal | adi um and rhodi um were then fixed to the support

o A b L 8 e o

activity facRor RAHH the BdtalFRREMAYABES Yy the FBatlid), BBeiitor@trsR, and a series
aqueous sodi um hydroxi de solution prepared from 50%

of kinetig/paranzeti Eir dit isactiong thatiiake plpcelduiredf A symkesife Mesgsgnsrally, the
. .. conv al | i
L T R P e

oxygen Edresupport was then rinsed with deioni zed water and

dri ed at 1000C inafluid bed drier for 1.2 hours. The
[00107]s ukbad atalystdixagpiRsai ni ng pal | adi um and rhodi um

hy fles SAUSctal d
fooro81 Y FEEE (g\l“&ﬁr%%%a rPLFREAE foiihis B AER Dty vas propare
as follows: 1@ sﬁ&%rtl‘iﬂ&hsloh dh boour(t bf 85Gmlicaaiseng of Sad ﬁhmsyb’e"c-tléo silica
shore e kP4 i 58 P 1655 BRI b o

Al ata §hB oMU 683 178 B ichand d'ﬁcﬁb yblufie of

abmno§@§gOXI eﬁﬁkﬁg Pﬁgame%e tﬁoroughly mdghed W th
about 0 6& ndify., e fmatlmpre(gﬁﬁeh b]dmg})m[nbwn‘@mt}cm dHnil@é a1i1 agisouhplution

of sodlu%i'I t%?rﬁ ﬁ?rg}t)zll e gﬂ (gla;il’gﬁ'i?r'??%%ﬁ)]oa cPeetFlay Crl(‘g% {%lliér:]i °3H20)

sufficie4 PRIvVide MBS ut 'h?r@m@ aF GI%ﬁ%ale}iaHQtQQ&Qnﬁ QBOL& OhEOUgrSmb! Bﬁtﬁémental
air and then | owed to naturally cool to roaom

rhodiunt Igemh@qr@[f oatelystThiee pabbd diasshakehiad gmlutgﬁufog o NHMEeRto ensure
cti
compeSEASTEM 2N MRUBPRT A o 1 o opon

as palladiuRal ¥nd e divat @IysidravadesibyRosgetiigatle hyatd:mmppoﬁ by roto-
wet ness wi th an aqueous sol ution of 1Qg

immersigs dort- 2houss guappropantglyd raw with 249 1l ¢4 a5 361116@& sq Hu’élr Y&fo’“de
solution Qgpa% 1?c§m %0‘% VW&”N%OHPI? Q)cliigu 1 alrit gHHLﬁ 28% JF (BM E’E&feﬁ to convert the

I zing pa odi um hydr oxi des
palladiunbsndrhediamed tiadr Hjdsodddselheisnlubina mpab érained Trom ﬁaltteat@d ampport

and rhodlun1gontal i.ng support . th |.c
and e o ST 2001 oL g, SUPEOLL MR AP B §uTBSh B e o
12 hOUI@ atFHé Qlﬂp%rt%?é%natl Qor[tﬁ’igﬂi‘gtpﬁmrﬁ“aﬂd BrodiACh FRbEHEOFhs then

port "materi al containing palladi umand rhodi um

1mpregnla§edrw1m ahes|ue@s sbhidon (§ipni geritiathavi 24 An f@@ij@@dﬁch and 2.71g

cont.gi ning 1.2
50% NaB oAt 08 ReraBRsT BT DL e A Fo e U BB o@D fghod
The Naéﬁ tAkd Bﬁlsrbger& B0 W dlICth BiaBd by oM RES $néiRé prbipitding &ﬁamu salt to
treated pills were all owed to stand overnight to

the lnsoblbwwéyomc@ i Thiewallsi vere dlorqushlyrsBed witk geipnigcd walsr P Giihours) to
remove glglg%%%( @g% a%;rilg%?eoqklle%ﬁl ARG {({bg&%' g Ii‘lltl}/d %%ﬁ%g M1 hours. The

NS

hours
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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renmove chloride ions and subsequently dried at 1000C
ina fluid bed drier for 1.2 hours. The palladi um

wo bediosaspo and gol d were then reduced by cont acP@¢TyS100€038825
support with C2H4 (1% in nitrogen) in the vapor phase
at 1500C for 5 hours. Finally the catal yst was
i npregnated by incipient wetness with an aqueous
solution of 1Qgof potassiumacetate in 81m H20 and

dried in a flyid bed drj 00QC fo o
were e BOYOSCARR T SSDOR EL et (AR Faf TR BTG Ay e at 150°C
for 5 hoﬁﬁl IFadiny Meaneh E{;sh@zgé fﬂx’fﬂr@@iﬁfe@&y@ﬁ&pﬂé@t&v@ﬁﬁﬁ Wﬁiﬁdinaﬁueous solution

described in The QE;al | adi um and r hodi u

of 10g of prtasdivri Agetate ppdI tnl Wa@ apgh éﬂe al acflvie bechdrierad H¢) F:o‘?’f b2 hours.

[001 09]r O%fnpg@%e IrAas?lB{) pn%];]etggg% mﬁgcll}%%loar ?trﬂc;o?ﬁr{%g@%gdeg Qas

prepare® 8d@bileddn E@&rh@e ilunhe libdlla[dﬁlﬁﬂ Iahﬂﬁ}i@yld]mwrﬂ:ﬁﬁlng/aspﬁohemas then
reduced by contacting the su1oport w th
0.

calcinedtti0BYe oy Zlh@utSh@deraa@Wdﬁh@saé ed i pag o (g Rmppature
The cak‘gﬁg %rgtg orf &n e%amol?xgauﬂgé é% ?J{erhB@iggf }t}ﬂ}d}{%fﬁ hy 24@ien

npregna an aqueous solution (81
lmpregﬂﬁtad \mﬂnareaqaem s&:luﬁég (SXLknf)rcomangJKImg Andom NaguGigesd 2.71g
valents with res

50% NG o LSRRI WAt ot g HoBnE R gt PP B apetiod
The Na@k‘ﬂ tke%t 'il?s Wk QW%& 8 s&lh@ r&derﬁiéﬁf 3 HBire HRcBIIGHEEOf the Au salt to

atlono Au salt to the insoluble
the msomtﬂid‘ kiydlr(d&de The pilild Werewsreughtiow agh Wthaionizgd watqq (~5 hours) to

emore SSRGS P SPGB 05 LR

palladiutn, %h&f?ﬂ&ﬁ Sand B3R Watk iRl rbiiced B ebriabting itk @ppeit wi‘ih GSZHIZ(I (%1% in
réduced by contacting the su;l):port wth CH4 (19

nitrogem)it 9o hns dSUHBK Spnase T A5 OBHRb SaigHipregoated by
1n01pleq;\&eﬁg§sy herhgagltﬁg\llé IDuttiB e 1%{)@&)@%&@ %ta 511?1'8@'11?1"}?[20 and dried in

gueous SO pot assium
3 fluid ekt & 100°@H1 w2 and dried in a fluid bed drier

at 1000C for 1.2 hours. [00111] Exanpl du%o S gtl}
[00110]rathxemale s dntv@pent ﬁ’@t%@l FORAILAE BAPIRRG 1@%?‘8% °s was
preparei’a g dE%F]rl Oe%ue%xg% A§S e %ﬁﬁacﬁlﬂn EX @RS ﬁrécon-{ﬁﬁmg QA gt' Wwd¥then

m-cont ai ning ‘'support was then cal ci ne
calcined000d @r 2hohBumdetaitard thd:rralh;mbd tdaatually oewdo tqpm temperature

et o 6 A

contactlv\% qixL W %21‘;1? 35 [r?ﬂ&@%‘eq) BYihE QR phAsBAL 1 5 CSUPPRGUrs. The

1% in nitrogen) in the vapor phase at 1500C
supportchntaEmigqmﬂsdluﬁfaﬁd slnmﬂpun metd mas suhseﬁglepféy ineprpgneiesyvth an aqueous

odi_ um net al s se t
solutior 0 GBI | S (BT ) RBAPA RN EF 0T e SR
equlvaléfﬁiﬁgh k!%ﬁedt READ) lfs'ng tﬁ@lﬂagﬁ%‘c %ﬁrﬂ&%etﬂf&@ Thd NsOMereated pills

sequehtly driedat 10 ina fluid bed drier fo {l
were allbw2d hroviars!, ovEéght &) ersdieuncipirdian ghibe Aipalt 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, rhodiuin, and gold

were then reduced by contacting the support with CzHy (1% in nitrogen) in the vapot phase at
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gold were then reduced by contacting the support with
C2H4 (1% in nitrogen) in the vapor phase at 1500C for
W® 20061063820 Fi nal |y the catal yst was i npregnat edP@I/US2004/038825
i nci pi ent wetness with an aqueous sol ution of 1Qgof
pot assi um acetate in 81lm H20 and dried in a fluid bed
drier at 1000C for 1.2 hours. [00112] Exanple 5. A
support material containing palladiumand rhodi um
hydr oxi des was prepared.as descyr,ibed in Examl el
150°C fo528 e vl FEOT P AT S aaBisnt TogeR o bilous
i ' i fi SdURREEn ARGidased dibea 100°C for 1.2
SOlutlongfkwg%glﬁéﬁgﬁellggéég@% roomtenperature. The
hours. cal ci ned support containing palladiumand rhodi um

hydr oxi des,was subsequent | y.i egnat ed w I .
(001111 TR GoEimsR OB I B Rg T S g T PR deoidsnyes
preparedidgbribBe irl PEnRile Nt THEbARERMMBIdASdiuhhenpidihgsuppore was then

then dried at 1000C in a fluid bed drier f?r 1.2
calcined b 80@C fohe hpers badhr @mand ﬂgy@iau[que(gwdlaggpléy ot B0 rpﬂ@ﬁemperature.
The calch}%g%glgpg)ﬁt)b%fd%g qtrﬁzgﬁtéglg%,ga@%cggfépag@ rr&%c%r%:l?)]ygir%ﬂgheé 'g)v(gﬁr ish@n reduced by
contactirg tRakhppoktheiticalrhl (¥ %4 inwiso denpinelxnedpedplmge bSOPE dort5 hours. The

wet ness with an aqueous so| ution of 1%01‘ ot aasi.ﬁﬁm Leous
support eaigaining PRiAdgIAANd ol YR} Was FURseIuFG] g PEEgalge VA Agaueo

i IR ' Bint etmitaRRtliod. The pill

sotution {13 Cé’ﬁ{aé’%fﬁ%%?%?&%groﬁgagg‘;%ﬁ]&lﬁ% APhfiokiat A hydr oxi des.
were subdBguentlg predat 186°Casciinidédd dnerBahplheurs. Tithpalfdiumadhedim, and

and rhodi yum cont aj ni suppor. Jhen cal cj
gold wergQBECoRiHed 5Y ROURQIG e P Vi e NP dh PaED RS theopor phase
at 150°CRE Y18lidsY FRRAY tleQalaPRIWhERRIERHatéd &y Hspies vdti@sl with an aqueous
support material containing palladiumand rhodi um

solutionloy d0uf esssinesacetaterin B duldd dyd drisAime flnibed lsies 98 for 1.2
with CH4 (1% in nitrogen) in the vapor phase at 1500C
bowrs. oy 5 hours. The support containing pal | adi um and

[00112] " NELAHHE BehalpMRmateRseAHRR kY pdl ARiegmdtrRetiwhthydanides was
aqueous solution (81 m) containin

, ( 3 |.1g Ay from
preparecko. degzibad ih Bapude ds Shemsliadumend hediig OREIHE FRPaR;fvas then

. hod. The. pi [
ctine SRS P S U5 RS GRS 0t
The caldB@ERpgoricdnBedieg pateaivgaial ysdim Hdsupies mtas seisequcatly
' contal ni ng pal | adium netal was. pr epa&eg a o@l ows: ..
impregnated waippdtcava selptien (Sl ol rordpping:! - A Smfﬁz% heiig Rg
incipi ' i |ehidfi p ' {80k 12l hours.
incipien{le e MR mﬁ'ﬁﬂ}é‘g&%?ﬁg dped apliRpet v A in _
The palladiS@r fHotitin, yndEold meu then E68cal 1 cohtacingipo support veitly €dbd1% in

_ area of about 160 to 175 nP/g, and a pore volu f
nitrogenhisgle VepoB e A 20" d T RSt THBPR SLRREy U e bv
incinienBLAES SvitM dnhhaBlowR sHutiQf oBTD SRAYS S Qkdthte N8 Dl $100I aitndried in
ICIPISH: EX T acﬁTlor opaclll [adium () (T "lebCU) sufficient to
a fluid bpd dnérche 16@FGUor 7.2 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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granms of elenental palladiumper liter of catalyst.
The support was shaken in the solution for 5 m nutes

WO e00s/06382@ conpl et e absorption of the sol uti onPCT82004/038825
pal | adi um was then fixed to the support as pall adi um
(1'1) hydroxides by contacting the treated support by
roto-imersion for 2.5 hours at approximately 5 rpm
with 283 m of an aqueous sodi um hydroxi de sol ution

d f 50% 0
o S SR ST O e AT A s o
contactnﬂr:gxe S i VTS, '%amriﬁ?ogfe i thdre, éygf pl@dseat Bﬂ@b@(fdsﬁs lmuds The

support was then rinse vvlth i oni zed vvater %
support chntaamngtpalia@m@manwmdmmumatabw Tbpesenthy impregnalse mat %Heous

L. t |
uion 2R pPBFLL b G AL P A 0 nciiens
wetness il Miha 1llls Weke gutAsqehOyriliNalAy CODUhih 2fhiid heddierMad- hours.
sol ution .8 equivalents with respect to A%ég 1
[00114] ¢ hEximple i (Bﬁfer@m@ GelsHok BRRoT RS GPRE i %‘P’P’igf@eta was
preparedNes llgdv% o[‘ﬁ%g nﬁp%{ﬁ%t%&q%ﬁly glg fljn&mt of %5(?15’1? l‘:'cgn%lsung of Sud Chemie KA-

reC|p| at'i t to the i1 nsolub
160 silidaysphéns Igeingkheonpinhll Bameerenf7mamg ugﬂshsyty\mfgh@d cwée tg/ml, in
dei oni zed wat er

h t |
S A o s 8 S B SRR, AL 89 0
volume of ﬁmﬁﬁb‘ 68 ml/ i eag Zﬂbét?ﬁq f‘é??uﬁ&ﬁb}gi‘ﬁl: iRPRE ALY Wigh &Jﬁ’ﬁﬂ bf an

en re y contacting the support with C2H4
aqueous(sib%uon ofi sddlmg eam)achlnerhl@dvlapﬂl) @h&g@létsuﬁfm@tormpv@e about 7

ours c at al
s of g A b S DS A b B PRSPl soyion o3
minutes 95’51?5%1% A& hBoeption o$1her§blu|d8ﬁ3 ”H'l’tbcbadﬁdﬁﬁ was therf fixeddo the
bed drier 'at 1000C for 1.2 hours. Table 1 shows

support coppiariusoil) OEBosEloeby FuTicna Eater SRRRPrFkyTORgmersion for 2.5

hours at§8prgé¥$%?l?i§ r%tvﬂ}} ?83.': rélxﬁrllq éuéo(ag }%cgluﬁfﬂggtlo?ud% sS:Q%on prepared
from SOQ/(R@fvﬁN@OH‘i—‘H@IrﬁdrNﬁﬁdunﬁdf ]Jl@%of&ﬁat[r@@dleﬂﬁﬂ) cdnagee‘.rtb@palladmm to its

t Ex | 001 | 8. X2 (RG
i g bl e o
with deing ?é’cl &zht{&%ﬂ?ﬁr d'a]@lloda’ 3 e%ll{frfe??cﬁ' la.f RS 8T1 ?porﬂ_ R@terial

120m of DI water
containifig pdl fhﬁuﬁx@hydmaﬁdmedlemmlb’re@mtdﬂ wgitlodn adveots setidion (81 mi)

zirconi um acetate su and. s
oG TAGHSE LS B GSEE GEABLARES 43040 0 L1 s
' to Au) u%' Zheﬁ iSSP REGEREARS. VBN LR Gbdiedpill9fvere dlloded GOSAKI

&m na on under m croscope has shown uniform shell

overniglftas emsuicoprevipitationtf thentes saltgh tiggosatwhle 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 C;Hs (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aqueous solution

of 10g of potassium acetate in 81 ml HO and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO;, selectivity and activity for the catalyst of Examples 1 and 7.
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[00118] Exanple 9: 20 g of Zr2 (XZ16075, BET surface
area 55 n2/g) were inpregnated with Pd(NGs) sol ution
W@ 200d06382) to give Pd | oading of 39 ng/ g of ZrE21/US2004/038825
| mpregnated material was dried and cal cined at 4500C
for 4 h. The material was ball mlled wwth 60 mM of D
water for 4h, mxed with Hg of a binder (ZA-20) and
sprayed onto 30 g of bentonite KA-160 spheres. The
ea re cal cined at 4500C for 3h. This procedure
[00115ﬁ’e3§?q1é£"?i n formation of a strong uniformshell wth
160 mm thickness. [00119] dex®enkevihP: Thactxggds from
B o eI bading of 40 my KOAS/ M Zof KA 160,
Exampzbr?g% %ﬁdp%c(%téé?%iad at 300&2 or 4 h. Aftze'rg that the
solution, containing 9.4 niMof Pd(from Pd(NED"(OH) 2
(001163 UPDAveRd SWppble EagMslks and 4.7 ni M of Au (froma 1M

solution, Au(OH)3 "Alfa" dissolved in 1.6M KOH) was
[00117§ pr Byaseploft 4) & hedeOHBEGH0, wppbied by Dikge was galcwad ai ¢39°C for 3 h,

the m xture: 5% 95 % N2, at., 2000C f or —.fhe .
Resuty)Spfbr L e S pE L e ibo O U e e B B il S 1gp mi of

DI watedfde6 h CDHeHol vasfickascitl sl g bnthe héhdex piedonfBmnbdtate supplied by
section, CO2 selectivi t{ of 6% at . 45% Oéalgen

DKK (¢6rife rad snaxsdonic 0ewheroefifontts Kl €0 ¥ith QlatTetrape oated

vsds (8L UYL o 1 SO OB PRGNS e SHETRAR it o

formatioo MithrthshimesCoP2Hehect i vity and activity for the

| f_EX | 9-1 1. 0121] Tab .
o o Pt sS4 2 s e
with Poﬁlc\)lg)i)é %oﬁgoﬁﬁﬂﬁk@) & iRl G BNLEE %gg)é%hkl}()é _]Iréléa?bégatég’ material

2] Zirconia Support Material an ori ree
was drifd exdisadonedst 46@1CeHr f00TRShatthd Waslbabwiled waheép ail of DI water for

. pr.oc re S Us for this set of ex | es. Zircani
an, B S ot 2D gid P edF ksl SR Rits el P b
The beMBRW A ISaISHAPAE 50T &Ir Bt TIERprot&lube WEIIR if FatetAg6n 8N4lstrong uniform
sieved. Zirconia support materials were supplied by

shell wite ! 6% pm(thizknes952 and Xzl 6075), DKK and MEI. Silica
[00119% gﬁx%rg%plgfﬂjé Ghe %leg’ds\l}?oiglg F?agn?@% ? ?v%g%%%?eaggﬁps%hﬁ%g pf potassium

i sreve fr m
acetate tdENE€PAdhE df § € hid 1D AS bl Kane60) ghiyd aid Gegrieindt BadICyfor 4 h. After
with an internedi ate dra/i ng_step at 1100C and
that thegphufigmgrnipinipg H4 arMioAFd g A BhuE B e i bytégsgoupland 4.7
mM of ' AIf (#b:f b Mestoﬂﬁi%ﬁ, )Ml(t(ﬁ’[)g «Kfta dissolved in 1.6 M KOH) was sprayed onto

these beads. Material was reduced with the mixture: 5% Ha, 95 % N, at 200°C for 4 h. The beads

were crushed and tested in fix bed micro reactor under conditions described in the experimental
section. CO; selectivity of ~ 6% at 45% oxygen conversion was achieved.

[00120] Example 11 (reference catalyst): The same catalyst prepared in Example 7 was used
as a reference catalyst here. Table 2 shows comparison CO, selectivity and activity for the
catalyst of Examples 9-11.

[00121] Table2
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and Au precursor solution, optionally calcined in air,
reduced with 5% 2/N2 formation gas, postinpregnated
wWowak/0sB82c sol ution, dried at 1000C under N, BETUS2004/038825

screened in a 8x6 nmulti channel fixed bed reactor. A

solution O AU(OH) 3 in KOH was used as the Au

precursor. Agqueous solutions of PA(NH 3)4(CH) 2,

Pd( NH3) 2( NO2) 2, Pd(NH3) 4(NGB) 2 and Pd(NOB) 2 were used

as the Pd precursors., [00124] A silica support

materi al cat al ystCPePepeiid AfdEtYmde as fol | ows: A
Exampls9ipport material contai n®3g pat-P&di um and rhodi um
Exampléred al was prepared as foblodws:1.8he support naterial in
Exampl@D B084BAccUatAp®) M consiigBi ng2.8é Sud Cheni e KA-160

silica spheres having a nom nal dianmeter of 7 mm a

dens] f ahay LWinbes of  about
[0012210. g%%&éag%"% uwétﬁg%lo%gtg ,Cglgmsdﬁ F?%c%giggéog@ggﬂnabout 160 to
[00123] 17 TheR@swidsgtnarapproecdund waeused falibis bet®f 68amplfy . Ziragaes support

first i regnated. by incipient wetness with 82.5.nm. o
raterial gateg TS T0Y & PURY G0 TSR B IpAiT ST
i L e ' AsZH6075), DKK and
sieved. %ﬁ%%oéﬁ;{téﬁlsﬁ&&sé&;ﬁfe@%&%rﬁ@%&llgOﬂra@l ) an

. Iter of catal yst. The support
MEL Siliessuppark suaterinlstwiee supplied onDegissaandi SudiGdsmie Thgsigve fraction of

conpl ete absorpt.jon .of . the solution.. . l: adi :
02 gt LRl Bl A A o
step at 1909 &6 dRnhiRewith 8@ LR nRURRValcilYof Sp) to imEpishtOrethass with a Pd
2.5 hours at "approximately 5 rpmwth

283 n of an
and Au prgoesersoBidiptibyalboricedde pint Edisep Féh el e Eimaop g5, post-
. H Oin an_a -af :
v RO L BRI Pl % Bl LS LRRR i
fixed beula@acg{r]% REdtibr gmp(:mﬁ{)g t@ﬁomw?uma?ag theAa prmr%)u.p‘}tgombus

was en rinsed w eronl ze er a a
solutions OOBAENER )OI P 5bordN ek, N HDH Gron . PARE s o e

Pdpﬁmﬁg%grial cont ai ni ng pal | adi um hydr oxi de was t hen

I mpregnated with an aqueous solution (81 m) _
[00124] C A lfidai sugpckt RdtegialAuatalysorafddere Gtas arde 25 o1lgws086sKprOK material

~solution (1.8 equivalents with r ect .10 Au) .using..
containip g 4B O PP ER! ek HORErotrn o R b st R n an
amount \é’féﬁ A LR & %mnﬁélﬁ%{]il&lﬁﬁliéaﬁkpﬁ&éélh@in% ae nominal diameter of

ecipitation of the Au salt to the insol ub
7 mm, ahdedsigxifabout D9/ hl, sn wesoeptiviy 06 alggit ). 508 SABE/ spipRort, 2 surface

dei oni zed_water (~5 hour tQ re hl or i i :
area of SaCBTETI T G Pk 2t Tobe o OGP M LBt by
incipientwetnBRWith 82T 811 BAhd Afictid s3Rgod oF shaaan tediahlogpsllpihan (1)

was then reduced by contacting the support with C2H
(Na,PAQ12)08 Fiviont to mgwidy abant 7 eeanyeqfeiensmiad galiadiups perditersf catalyst. The

hour.s. Finally the.catal j .
N
The palB@uASSisURRAERIIaH ehd fapBdrirhs HRGAiamdldtydakides by chhtastthglibeltreated

drier at 1000C for 1.2 hours. Before teﬁtzi 09, tfhe
support brip-ysmerin! foF 43 eursahaprspepatgly orppen with 283 Til 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 in a fluid bed
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sieved fraction in the size range of 180-425um was

used. [00125] Catalyst libraries of arrays of 8 rows X
WwW®2@6/l6as2E | n gl ass vials were designed and a PEDKSIN4/038825

36 glass vials was nounted on a vortexer and agitated

whi | e di spensing netal precursor solutions using

Cavro(tm) |iquid dispensing robots. 0.4m of support

was used for each Iibrary el enent, for the gl ass via

. Syht hesis d.t ch r a tar, vessel .
crer 5808 B KB P SR Pl L P PE 28 0 P ReNBS Dgp imprognated
with ah kfiRbus@@longB1 ¥Q) shinisihg 234 B} A AT P2, 71g 50% NaOH
port. For the specification of Au |oading, the

solutlcméﬁ) Steavalgnieith resperigo d¥w) Asing gheptcipigntwgaess stpthps. The NaOH

treated?!‘f{léz> \%ere %Q@%’ s?aqldl o%zeﬁ'@%& Ito n%gre c?\@ta? ? Bf{h,e %u Jylt t? the insoluble

In reactor

hydroX\l% SEie)pllls[ W&t 2droddngy wadhee Wuﬂ@le%{ﬁe@ eater (sElbuds) to remove
nperature ranp from 145C to 165C in 5C|rmrewem

chlondgt%s @ﬂ)@é‘éﬁeg‘ﬁé@é diigd aichQ0YC éF a flyidoped driemon 1 3hgursy Téﬁ palladium

and goft (Ptai P Bt b SR, BAREE by ES Rkl themBEr QR BB (1 in
nitrogd) yigian yafmor phassee @G &t hbweneFinahgthd c&8lysi wasahipregnsted by

. m nut.e of Acetic, Acid rough each of th .
incipiefE Y 5pS i aEis SPILUGh OF Bt PGS A PG §] Elbgyand dried in

a fluid ®td BRET R X0t B Y.2%holF) BefSR te38hE Bitd datdipht W§§ cibidta@d sieved. The
ver sus oxygen conversion, a l'inéar fit performed, and

sieved tﬁhetmallnéluﬁ amuanga crftléﬂﬁdﬁame’cas iusedrost cases) CO2

roo125]¢; E5h bR har R DuS B GhI e LBl Syl aéolfred anda

rack o%o(glﬂ;)é YO WwEORY RIS &a Skl eﬁfdﬁz@ltﬁté@ WhHE' isperls@{fnetal precursor
(linear fits of CO2 selectivity and oxygen conversion

solutiopeygugsCawact Hond dispgeingtrobas. i0sing|of éupmﬁovqsemd forlgach library

elemerJt q?@ﬁw%ﬂ'sss?ﬁ{ h%§1? 97 &glgrgseﬂinﬁéelﬂrtg egéﬂ teenzlt(%%gsef d (STY;

e ca ace

[00126]/A Kmduéﬁiﬂngm reptirted a grayns KO/ pﬁflht@eﬁtaly)st Wludd%e as pmol KOAc
ygen conversion is a neasure of the productivity of

on 0.4rpkWPEeH-of grdhe spepidieatEm Cé)@éhlﬁﬁ@n&éhe #bgye aionys rapio of Auto Pd is

oonch S AR, GRETEL, 8 e RO HARORE g

amount@iHRy ig yeankrr @cisefpr egnat ed Mﬁth 3 different Pd solutlons
nci pi ent wetn dried at 1100C for_b5h, o i 20
100127f anF CBRERTAPPOkALRS A PRI FRRP SR U4 ﬁ%ﬁ? Gy s°C

increméi€ laPh ﬁfi‘éd é}ﬁ&@@e‘?@o AJ}-IIZ%U%% vith1 e Ich(Sn &hm1 58H8R$ED 084 space

3500C f or formation
velocltptsglteﬁnwtasegm&ﬁlemn@ fldwsK©A6 seamal oﬁﬂr‘ht@@elatO OM1CHE of €¥xygén, 5.94

were, t.hen diluted.1/9.3
scom o FHICRAT0 S P BR bPSTOatEqT (FTE A ATo Rty of g 35 By
vessels @U&f W\ LA QndersihdterdTApsiodmlatdly b wirgy. (Cép%ctlt.fﬁy ﬁ/las plotted
fixed bed volunme) were charged to the reactor
versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CO; selectivity at 45% oxygen conversion reported in the performance summary tables below.
The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO,

selectivity and oxygen conversion versus reaction temperature is also reported). The lower this
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vessel s. The Pd | oading was 14 ng Pd in 400ul ZrQ2
shell (or 14*43/400=14/9.3=1. 5ng Pd in reactor vessel

wo e005@ab3s20 i brary el enents. The Pd precursors WeeEUS2004/038825
PA(NH3) 2(NO2)2 in colums 1 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

calculM@& t&%p%ﬁfﬁﬁje ct:ﬂaé’hrl \éﬁjeeﬁagtelgﬂ a(?f tﬁg ga{tgiéagﬁ? sga& dtr rlgn ofl&FggQ”Y g VA

produd@d pEhml bathﬂystwlums (o1 aettﬁ%iombm goriviagsioh ik alfEasirt @€thieng
d& r ot oga@ at . fixed SV. Screening results are sumari zed
produgtiy ity oh fhe c3iaf¥5h129] Table 3 CO2 Sel ectivity Tenp at STY

) PO B9t i R A o

(precammdm%@mtmmm tbﬁnsquaCQarSa B742050) FvefOBnprBatatedshidh different

k f f Au/ Pd at
SR R T
stock J0RQib3Plo iEKBIRI @etﬂl@ss AWk 1 (Ao€r OR 516 2EducBd & 9%4@ @c7151h in 5%H,/N,

(55n2/ g as suppli ed) and XZ16052 (precal ci ned
formatgguggs atpst-onpresnaiedtwich KQvicaoé daﬁda@t 116°Q thihw@d/éu/ZrOz samples

oo TERBEIRYs2141, AERARIEH 2 M Y A0S

Pd/AuAZhOb shedli and 36 THr&QRR{Aduldotad fKAUKR e Medél cidr@sko the reactor
ution) to incipient wetness, dried at H Q0C for

5h,
vessel§ S P HinI08 Th P aAGeh | £ (PIOF4B/ABOr1ga%3=1.5mg Pd in
0)
oA PR T8R) o A HE R L B8 ARG G o mns 1
4, Pd@iHﬂ)E(OH)i m cliéAlrréxfisgz 7*1211 iJPd(NI(Im(f}IIO@)adﬁ dcalmiéqgg 3 gﬂclgﬁg Axllﬁ@éee().B inrow 2
. 6. . P u at a u Il uter
and oy 0P Bn i ReATEEa0Idh Y. TETERRY Jod ne b Ofdodding was

114umbERAGHRE 2VESSBHI 4706l ih lr&{,g’i{ %, deﬁ{egﬁ‘hc%rfgfe{énpé @e[té/l st was loaded
el enent conpositions were as [Tows: ZrO XzZ ¥

into Raypll uth@sllbIarS W@k efreerted lubingthel T bmpr seyecaing prt@:@KleﬁﬂﬁQSV

i n _colul ( ight half of library). The Pd
Screenfnga i éaﬁgmf?nﬁﬁaﬁgr%%}? 400ul Zr 2 shell (or
[0012918* Ba/1490=18/12 ng Pd in reactor vessel) in cell @&,
colum 3 (cells B3-&R), cell G, colum 6 (cells

B6-GB) . 10 ng [O:iSelettivity |7r Gemghael || ( oBTY

Cl Precu@po83md8i0=10/{12 ngy7Bd i n rieaclfd.6 vegsel )720n col um 1

PAINHpeEH)so7r@ ) and sgbumm 4 (cesds A4- HA)g714 g Pd in

PANHANNO,),40FH0, 5.90 152.3 783

Pd(NH;),(NO,), on ZrO, - 5.57 150.7 795

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

[00130]  Example 13: 400ul of ZrO, 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(NH;)4(OH), (1.117M Pd stock solution) to incipient wetness, calcined at 350°C for 4h in air,
impregnated with KAuO; (0.97M Au stock solution) to incipient wetness, dried at 110°C for 5h,

reduced at 350°C for 4h in 5%H,/N, formation gas, post-impregnated with KOAc and dried at
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shell (or 14*33/400=14/12 ng Pd in reactor vessel) in

colum 2 (cells B2-F2) and columm 5 (cells B5-F5).
w@oRdsB28 in row 2 and row 5, Au/Pd=0.5 in romCBUSI0A4/038825

row 6, Au/Pd=0.7 in row 4 and row 7 (except cells A,

Ad, &, G where Au/Pd was 0.3). The KOAc | oadi ng was

114unol (except cells D3, G3, D6, G6 where KOAcC

| oadi ng was 147unol). The silica reference catal yst

110°C ey Ty AR PRty 5 G Beorra bl 302 6lF BalPh gfucer
(prelodded Wit St/ K@&Uﬁ'@é’ 82861 PIALZRO cﬁaly&t QR4 344. 71]1Qf?l|ll%r @(@gztotal

Selectivity Tenp at 45% Conv STY Au/Pd Atom c
fixed b©d 3019115) veiR dhaged tbthe reacwr 865(3615 Thedib@iry F!c%gtuargﬂﬂgarmlement

compogtiglis Werdas Tallovs 2 %2 16078 1 Shpimis okl HEh IBGApRd 210,

XZ1605ZI(6BOTPirfoolifins £$8 (1Bghf halk 47 1iSradd T Pllﬁéadﬂmg was & %%I’dﬁn 400ul
790. 3 £00132] Exanple 14: ZrQ2 carrier pI ie
ZrO, shelt F 63* RANGTH 12 gleRdinfreastarivessel) gpcd g ta@h% (qeys B3-G3), cell

I e
G5, coliphpBlcFhs BB, HOWRTR 5 M 80, el p?%@S?é@?‘” mg Pd in
reactoﬁ&lssﬂ)lln‘) polumni Ineels £NG Ietdedenn d(cedld AatG41 0@ g Pd in 400ul ZrO,
ed at 250 OC (colums 1- 2), 35Q0C (col S
shell (o3 14? 33/4¥5 162 ppP d ngaggorgiesseh) laﬁ?lumnr%pﬁc%ﬁq%% E§> dpqlumn 5
(cells ]i%“\f‘%. %uﬁi?ll:UtB' iR Ro B, ﬁ&’ %v@@ 52 O(PQH%% ot 9B Plowh (AdRdD.7 in row
in , dried at 1100C, d wth 5%/ N2
4 and rbwﬁn(atcbephcqi;lasklaﬂ%w Gﬁ)wfhelre APd svasl 0 p Sthe KOdde bgdiag echs

he |i r as a C adj en.
taump} siecpeitl T8t s BBr0P et TP It v T had i gica rfecence
catalysBWBdBh&dtifio RANY, "ﬁﬁe 1219 wAFkcr8sHRR @Eihg thE\npr ffg‘c%eﬁmg phdtocol at
| oadi ngs were chosen (AuZPd=QO. 5 in colums 1, nd
fixed SXu/Seereping resilts atesimenapizediin Biple 4he silica reference
[OOlﬁatflb\fsi‘nwaS | oaded in row 1. The library was screened

Trapnpn-_—cpe nao—nrot-aead FE = W Q4L\II\
<

are-s i
zed

Po | Iy C ﬁebl 1C\/Cllll II\‘J LBAYAY ﬁ!%l | N 7nd

. reactor at] L@%ﬁ@ it MRS
Au/Pd; AfomigiRatios | 0.50183] | Pehll 03 OSdl Eck ivi®3 Tehp 7t0.7
Cl Precaisss@oriiOST¥.981 | Prebur sdis4.8m St o} 7- 21 788 17 734] -

ZrOPJXRERP2 on 6060Q5. 5L [1N38 45587 71523 DAt 99O || 806t k&1B.0

ZrOf:ram eogsr age.16f| Sow| Anl Pd4As OnFL.orabiay 1paneiy.O} 0.3

and 0. 7) at 40g/L

[00132] Example 14: ZrO2 carrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 1.15g/ml, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with
Pd(NO3)2 precursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuO; solution
(prepared by dissolution of Au(OH); in KOH), dried at 110°C, reduced with 5%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/1 in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (Au/Pd=0.5 in columns 1, 3, 5 and Au/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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KOAc5 cal cination at 450 0C, and reduction at 3500C.

[00134] Exanple 15: ZrQ2 carrier (supplied by NorPro,
WXZ607820 si eve fraction 180-425um density 1.REOURL004/038825

pore vol une 575ul /g, BET surface area 55n2/g) was

i npregnated with Pd(NO3)2 precursor solution to

i nci pi ent wetness, dried at 1100C, cal ci ned at 4500C

in air, inpregnated with KAuQ2 sol ution (prepared by

di ssolution.o i n K i,ed at .1100 .
ramp SRR G ST IDY R AP oI o oo B o dl T gnmarized
in Tablds2) » 3000C (colums 3-4), or 400 OC (colums 5-6),

an

post-inpregnated with KOAc solution. The library
[00133hasTahlekOAc gradient from 15 to 409/l in row 2 to row

7 The Pd

~—h T ratt-h nt =5t Pd- —Zm
cllnnnft uTAH’O ;Sg gﬁﬁ-}’y? kf@npegégﬁ%a@orky IT )

SUpPHit——=HWo ereht 6rRgS—Wete-cnoSet
Cl Precpgpspa-xi0s5| Vdlcol ums 4?‘34'75 and-Aulf a7 n col ums

PANO3)2 o0 Zr@2 . TAAOsi | i ca raildddnce cat al;sﬁ% s Lbaded in

*Data shown is. taRenefrdrh byaage afdwo dovRibaienic ratiogimsnely\ Vs st 40g/L

using.the T screeni tocol at fixed SV.
KOAC»%@F@%‘H‘?%@“}Qs@{%r S Ged in Tabl e 6. [ 00135]
[00134];3@;&né>1ecf32: 756 eatibMElpplise BPNBEPrd, 5% BTy, ST fhaction 180-425um,
recu

rsors on SiO 7.11 154.2 738 Pd(NO3)2 on Zr2 5.51
density 145 giml7pate vDame Fholie BETL suafeenares SmagbvagyEnseenalgd with

/ Pd atom.C.rati. . . 0~7 .
pavo e B icThdp 3Rt dnga AL e e P3G n i
impregh QL3R KlAuOaisblutibe (Frewddiety digplution af Ad(QHptin KWWY thoetsat

or structures of a plurality of c onent t eps
110°C, rasoasw il A REY: foredion s8p DB (c (oUBHENL 2 P0G IG5 oTiihs 3-4),or

400°C @gtsm{?g @gélg' Q{aﬁaogﬁinéﬁ%#%kwxﬁﬁl 105 ALREELE TR NbRATRANERDAC

't "anmon ral steps or conponents.
gradienpfremeistto koye it roer? wantvéhifhaPé dading apfountsés & 5Smg Pd on 0.4ml

oo o e S BLRFLNS B L R0 b7

in coluh€2,M0k) AL eMide thitenR&ataBRt WhClbhded iRtow Me ThayBRky @ik screened
and ’of her di nensi ons or geonetries are possible. Plural

in MCFR48 VA traalor osinp thedhtamporcresting srogens! eixse SM. deedpingesults are
Sieﬁ Ig.%')lntegrated structure or step. Alternatively, a
Sumimas 311 liPegrated structure or step mght be divided
[00135] Nt@bReparate plural conmponents or steps. In addition,
|

e a feature of L_h_P present invention p_ﬁagL_ha_\/e been
descri bed | n GheSelastiviet | offcomplay 4o<Cap t heSTY

Cl Preculsbigoh1Saded enbodilirent s, (such fEeftdire mayl b&3&onbi ned

Pd(NOVY)2 Bn @Re2 of  nor es gt her f eat ur esi4st4 ot her |eni9di nent s,

*Data sh@kmn BMWken 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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given application. It will also be appreciated from
t he above that the fabrication of the unique

W@ Rogosisees herein and the operation thereof aPEDUS2004/038825
constitute nethods in accordance with the present
i nvention. [00137] The explanations and illustrations
presented herein are intended to acquai nt others
skilled in the art with the invention, its principles,

dim«ens‘i"cﬁ'ﬁi o&%@on@%ﬁ&t zlrg ﬁ!} sﬁﬁ’e‘?l lilﬁﬁLé.tIQl@turJ Q8§1§0§é§1‘t§ ér gep's Qad Qee rovided by
art nay adapt. ahd apply the I nvention Thn 1ts AUNer ous

a singlé Mtegratedasruchye trestdpe Alitemativady] atsimgldiategeed stapminé or Ddp right be

ORI I T e O

inventi&P 3§ hiE R AR tibYEinQhe bdniBxt bﬂ&iﬂﬁgné &8né INERLE@BmbIdiients,

scope of the invention should, therefore, be
such fediateamay prechmmunedavitih onedranen othet featukss cdlothee embodiments, for any

o A R A TR Rl o
structu®§ ARinChnd Rkb pead RN e T aWD lc6iktBHE heflodl PacBb@ance with the present

_ entitled. The disclosures of all articles and
mventipf er ences, including patent applications and

ubli catjons, are.incorporate .ef er.enc or._al I
001376 s CBb o 0 QPR bR e Berb BTG Fod Bl gt
skilled & thaba it th® mvpiittons At phintsiless bid iddypractioar appsisatidnl, Mhokdskilled in

the(géoduction of al kenyl al kanoat es, conprising: .
the art an et #RPPHI thadveRinE itf RBAPIOHE Br@ersdee kysksuited to the
requireﬁﬁﬁ?gf § pATRE QA B A%E(grdfngﬁ/u&l'e@ ciftCerMH diAG L BT A8 (gresent invention
r odluanrecursors y céntacting a reduci ng
as set fativare aotnpiehddédoasttiemgsppstite ordingiting bf the invEndomdthie acopefof the
. .claim1, further_ conprising. contacting a_ gol "
inventigf o feret egﬂesclf&gamed Rat g EHlCTEReg 19 g&w@%ﬁag?sra@mw fut should
instead BE BEHMSIAEd with rfB@ndED rt‘&dapﬁén(ﬁﬂ th&hs, %lo%'g%thlth@ FulBscope of
cal cining the contacted sSupport material in a
equivalerghioeddiich sughaianns pteentitledd Tha Hisclnsirésod ablfartaglys afd refersinpes,

. .1-3 erein the.contacting step ¢ rises

el el Aot AP S Bl te b o FeT B S rce e b mugposes.
after inpregnating with palladiumand rhodi um
precursors. 5. The nmethod of any of clains 1-4,
wherein the contacting step conprises co-inpregnating
pal | adi um and rhodi um precursors, followed by
i npregnating with the gold precursor.
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6. The method of any of clainms 1-5, wherein the
contacting step conprises co-inpregnating palladi um
w0 badioesse@nd gol d precursors. 7. The nethod of PERYSD4/038825
claims 1-6, wherein the calcining step occurs after
the i npregnation of the gold precursor. 8. The nethod
of any of clains 1-7, wherein the calcining step
occurs before the inpregnation of the gold precursor.
w@(na?“ The nethod of any of clains 1-8, further conprising
A 1 east one fixing step of fixing at |east one of the
precursors with a fixing agent. 10. The nethod of any
of clains 1-9, wherein the order of nethod conprises:
We Clajmipr egnati ng the support material with an aqueous

L AQhuhiPsr REGRINEE Sltalfe btk RaRBs! AgtbHERTRSiiEOR the production of

I npregnating the support material w th an aqueous
alkenyl alklandatencanhprasivgt er sol ubl e rhodi um precursor; fixing

t he pal | adi um and .r hodi um pr rs ' Jibxing
SRy 1?§B§ﬂ%@ﬁ?ﬁﬂ£ﬂﬁ5“?1%E%R%§§#5%§@§$¥ﬁ%£? %é*gn1
RIIBGHE BRIl ladi RN B8 MRdiig pidersers pp ebitacthiger iedbcing ¢rtvirgnment to

aqueous solution of a water soluble gold precursor;
the suppartmpedalci ng t he pal | adium gol d and rhodi um

{ ) ing1 i hi%Burdorkd a suppo
2. %g%flﬁgtroﬁ gla%ngf p! efﬂbt%@%{ﬂ)ﬁglgg coRAMingla $l@piBurdorkl a support

r conprises: | nhpregnating

material BRI SHRRGS the FBLdgIre@Ison t h an aqueous sol ution of a
wat er sol ubl e pall adi ump

i ecursor; | egnatin )
3. Juppwthodeheiherglaigs { AT %eﬁa%&a%ff?& cingpifPy SRDGH il o non
. sol u hodi um precursor; fixing the palladi um and
“ﬁumnﬁﬁéag%ﬁ?%recursors with a fixing agent; inpregnating .
4. tThe nitpAeranyef daiimsl - Wivthereinthe goriocHn gstipRONEYIS o Impregnating

B L R
pmmum%ﬁ? pal | adi um gold and rhodi um precursors.

5. The method of any of claims 1-4, wherein the contacting step comprises co-impregnating
pélla&ium and rhodium precursors, followed by impregnating with the gold precursor.

6. The method of any of claims 1-5, wherein the contacting step comprises co-impregnating

palladium, rhodium and gold precursors.

7. The method of any of claims 1-6, wherein the calcining step occurs after the impregnation

of the gold precursor.

8. The method of any of claims 1-7, wherein the calcining step occurs before the

impregnation of the gold precursor.
9. The method of any of claims 1-8, further comprising at least one fixing step of fixing at

least one of the precursors with a fixing agent.
10.  The method of any of claims 1-9, wherein the order of method comprises:

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

precursor;
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12. The nmethod of any of clains 1-11, wherein the
order of nethod conprises: co-inpregnating the support
woraios/063ko Wi t h an aqueous sol uti on of water soPCbUS2004/038825

pal | adi um and rhodi um precursors; fixing the palladi um

and rhodi um precursors with a fixing agent; calcining

the fixed palladi umand rhodi um precursors;

i npregnating the support material with an aqueous

oAl e P e AL AflechRREENR SPE R Soluble thodium
precursdil3. The met hod of any of clains 1-12, wherein the

rder  of thod .c ri ses: co-inpregnating the support
g e 25 TAR B R PR T Ohe BEGAEET sol ubl o
pAbihRdi kA I RA UMY PREGHA SR Sisbisxi Ng the pal | adi um
and rnhodi um precursors with a f|X|ng agent; cal cining

tohyeregriatiegl theahipreui matedaldvitthadaquesrseBilios of 8 wafes gelablggold
t he £alladiun1and rhodi um precursors; and inpregnating
preculse, G ynport material with an aqueous sol ution of a

v 6ihg ! gaRhBuBObSld BRE SRR preddtsordhe met hod of any of
clainms 1-13, wherein the order of nethod conprises:

11.  Ehe mgthod ghany ofglaime Lsi@ppbereinihe erdene! MFthed eQBHG®ous
sol utl on of : | - ' ble palladi
Il 0 U R PR SO A RA Sttt i
precursf; ecursors with a fixing agent; inpregnating the
support. material with an aqueous so|ution of a er, ..
HRMEBIEng BlcEUpRBLIRSHRL Wit RFRYSTORGOR A a Piigh goI IS thodium
Il adi um rhodi um and gol d precursors; and reduci ng

he pall adium gold and rhodi um precursors. 15. The
firing oltk oflladiny afl rhddmprdoutsdrs witkez Skimgapentor der of

met hod .conprises : ca-jinpregnatin he s ort
HRERTESE (eHb B BYRaOLLTL o1 B OR SR ORREL "abt sl eold
precurs@i@hh@di um  rhodi um and gol d precursors; cal cining the

pal | adi um rhodi um and gol d precursors; and
calcining the fixed palladium, rhodium and gold precursors; and

precurs

reducing the palladium, gold and rhodium precursors.
12.  The method of any of claims 1-11, wherein the order of method comprises:

co-impregnating the support material with an aqueous solution of water soluble palladium
and rhodium precursors;

fixing the palladium and rhodium precursors with a fixing agent;

calcining the fixed palladium and rhodium precursors;

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

reducing the palladium, gold and rhodium precursors.
13. The method of any of claims 1-12, wherein the order of method comprises:

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

and rhodium precursors;
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reduci ng the pall adium rhodi umand gold precursors.

16. The nmethod of any of clainms 1-15, further
w@ooosessemg fi xi ng the gold precursor with a fPRI/N§2004/038825

agent. 17. The nethod of any of clainms 1-16, wherein

the water soluble gold precursor is a basic solution

so that the inpregnating step results in a fixed gold.

18. The method of any of claim 1-17, wherein the

f.i Xi step. conprises sinmultane. . fixing palladi um
i A o g e e ok bald P31 18,
WhehBieAhd feedf daXhdigmsdng Rhedimbieesosgpar atel y fi xi ng

pal | adi um and rhodi um from fixing gold. 20. The mnethod
ofduging thefpatlpdivmpegnd rhaliuvmppescarsprst #€ cal ci ni ng step
compri ses heat | i txRikdr 3bluBlle gdld
FRRBEIETE L EhbEmhREACHR SENER0RARAT SFBLAIL Shiule o3
precurszﬂqe nmet hod of any of clainms 1-20, wherein the
I mpregnating step conprises.igpregnatin he support
14, {6 eTen CRARHO LA TEASL BN CEUBL N PHPFS OSBRI s
fre R8hd @ulitem of iagdisolnberpalladium
éé ﬁrgpféglga%ﬁj%ﬁlgé érﬂrlgk)ﬁ% Bla8GHl WAk aRhqR8l 0 5 palladiu

d of any of clains 1-21, wherein
and rhodhen prepuregmat i ng step conpri ses incipi ent wetness
nat

i _nmpre jQn. 23. . The met hod of.an f ins 1-22,
W e %p%lhgl%ﬁfderaﬂgfwe%ﬁrs@ﬁs YVlstﬁ? olf(?lgv?%%&by t he

b drial WERBY eqeseestutlon@iiadvate 4olubleegold
%@?ﬁg@ﬁ%%&n@%ﬁ}?ﬁa& nms 1- 23,@qvvher ein the support

precursogtaedi al conprises silica. 25. The nethod of any of

claims 1-24 rein t ' conpri ses
SPICIELE téﬁﬁx%ﬂ %Mﬁmgﬁlél.m’ %f&?ﬁé&ﬁ%{lﬁgﬁ:@%‘?&g%ndof cl ai ms
LeRRing WepLladiuth goBURA Glddiumbacimbrsconpr i ses zi rconi a.
27. The nethod of, any of claiml-(§6, wherein the
5. Gk ofliodeplenept deistirisl barsrn 1 er{eh B BGRAT CBRPHS: ne
gl.d Drecur - | dr36Mible
3P eSS0 B nloic R b TR oncTgty
palladitigfhedinnt 4vd golippecrsorgt eri al conprises a | ayered

support material . 249'-Th8 t hod of_an(%/ of clains
ralpging the pHEAIERY APIER Ry égﬁﬁtpé%“f‘fsﬂb% g al kali netal
FCHLALEnd PaihBRinS HRRAM afRERE bAbursors.
16.  The method of any of claims 1-15, further comprising fixing the gold precursor with a
fixing agent.
17.  The method of any of claims 1-16, wherein the water soluble gold precursor is a basic

solution so that the impregnating step results in a fixed gold.

18.  The method of any of claim 1-17, wherein the fixing step comprises simultaneously

fixing palladium, thodium and gold.

19.  The method of any of claim 1-18, wherein the fixing step comprises separately fixing

palladium and rhodium from fixing gold.
20.  The method of any of claims 1-19, wherein the calcining step comprises heating the

contacted support material at a temperature between about 200°C and about 700°C.
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30. The nethod of any of clains 1-29, wherein the

al kali netal acetate is potassiumacetate. 31. The
woreaokoessed any of claim 1-30, wherein the al kaPCT/I81084/038825

acetate is present in an anmount of between about 10

and 70 grans per liter of catalyst. 32. The nethod of

any of clains 1-31, wherein the steps of the nethod

result in a shell catalyst or pre-catal yst, an egg

ol k catal.yst or .pre-gatal yst Whi st
21 ¥R G i el S AR A AR P b R
impregidifa @Kbts%k;%&{ maBial Wi atTeishert substamtjallgchiokide-fike 782 soluble

wherein the contacting step conprises contacting

precursphafdialiadiamorhodiureeli 49d-i n a rhodi um t o pal | adi um at oni ¢
tio,of tween. . . . . .
2. e g B PG B e Mg 2ep SRt i

wetnes$Si§Regh@ig.i ses contacting between about 1 to about 10

rams of palladium .and about 0.5 to about 10.gra
23, o ek ot gttty shein hiEESaRep o G TRT o e

appﬁca%gl gﬁté{)@l}%@wﬂ%{lcéﬁl@i@bout 125 wt % based on the

5. The method of any of clains
24.  Thdketholef enynof diginmatied, whewin the s4ppgYInehterinl samprgs skice-s

b .20 b .1, 00. 36. i.1i on:
25, BELIESRGISH 020kt g B RARAL OB o

alumin@l Kanoates, conprising: a support material wth at
l'east pal |l adium rhodium and gold contacted thereon .
26.  fibe histhodaf emy of glaimsdr25p mbereh the supportpaereal Gomprifes zEgonia.

[ 1 adi ym.and odi ve . ol '
27 REnrRld et Oeph e PR AR b SR dafocdhtorp the
impregﬁ%@ion‘@'ﬂ HeQlold preeurSdtRiiehtthawappirt mbtedannirsBss Bidoniea. 38.
The conposition of either clains 36 or 37, wherei nlt hed
28.  Joppwtodeiery ptglaimsript 7, sdsrows the SUpPaT dnaleiiACAGPrISsS @ lapfree

co ition of any of clains 36-38, wherein the
Supports%%%@% mat eri al conprises zirconia. 40. The

29. qaspeficdiodanpsf daiynsdf28; fiafthescdpridig oshtac@igan dkali metal acetate
- support material conprises a |layered support materi al .
to the supportppgeiddnposi ti on of any of clai ms 36-40, wherein

0. oA e, s g o o e
31.  frhenpiodadeuynwf oldiodi-80n veietbig tiediakiveetal acetate is present in an amount
of between about 10 and 70 grams per liter of catalyst.

32.  The method of any of claims 1-31, wherein the steps of the method result in a shell
catalyst or pre-catalyst, an egg yolk catalyst or pre-catalyst, an egg white catalyst or pre-catalyst,
or an all-throughout catalyst or pre-catalyst.

33.  The method of any of claims 1-32, wherein the contacting step comprises contacting
rhodium and palladium in a rhodium to palladium atomic ratio of between about 0.01 and about
0.5.

34.  The method of any of claims 1-33, wherein the contacting step comprises contacting

between about 1 to about 10 grams of palladium, and about 0.5 to about 10 grams of gold per
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been reduced. 43. The conposition of any of clains
36-42, wherein the gold has not been cal ci ned before
wheinsgesseduced. 44. The conposition of any of BPCHUAR04/038825
36-43, wherein the gold has not been reduced. | * 45,
The conposition of any of clains 36-44, wherein the
catal yst or pre-catal yst conprises rhodi um and
palladiumin a rhodiumto palladiumatomc ratio of
A0S bhde@ldn the
iter of LR Wit By e B 8RR b Dueu, (P oFOR TR
nght@if@al([ta@hahyst conprises between about 1 to about 10

35. %%gg@gq q?t’taalé\%/%glf:lg{gn%st gggﬁé"f kc’a?%tl {}ﬁ a?cHlélc 5%{)%# goi tog)aﬁ%ﬁiur%ﬂs

bemeeg%&%(fs'@@a@@ toolO to about 125 wt % based on the
of palladium47. The COf@OSItI on of any

36. A laTrrrgos&G}n%r gcvwiezleg thetpheslugtions nraélfqnﬁhalkqua@mc@mpgsmg
Eagﬁﬁlﬁg%llf #} b\p/ﬁgm@ gs]t 8@? gluﬁ% é%du%g a@lw%%?decgorr]lgagﬁeddtﬁerem form a

catalys€ 8t ﬁle)éﬁttal}@f \A@l%félrpﬁtl@dsb/}s?dlla@ﬂﬂimnldSB@m&ﬁ hal&bdein caletrat] in a non-
acetate. 49. The conposi tion of any of clainms 36-48,

reduclwm@msphetdwe aI kali nmetal acetate is potassium acetate.

tsﬁg compQ aflgg}? Of cl% ng 3 é%ﬁhte?ewmg o rﬁ§te§'«ﬁ céglpnm%ﬂﬁ:hn

e IS present I n an anbunt of

38.  beewseosition bf ditheptldimsBogir3Mswherinlthe spporft noérial gappprises silica
51. The conposition of any of clains 36-50, wherein
and alyyi@acat al yst or pre-catal yst conprises a shell

39. Cﬂ{eaéo@tofﬁﬁn Bf ﬁlﬁg%%ﬁ% 3@“}\/}?«:9&11&’@ dppt Aladsitl @mprises zirconia.

pre-catal yst, ite catal yst or precat aI yst, or
40. drheadompbbition gﬁmwtof&haurais $&89,0vhapein theesuppgrs mategial Comppaises a

conp03|t|on of any of clains 36-5 1, wherein the
layere%ﬂ’;?ﬁ iRty i al conprises particle support material

41. odfp %ﬁﬁgn of Wﬂcla’ﬁﬁﬁ 8648l whedpen tis pitthdiash, efodium and gold have
pro UC|ng al kenyl al kanoat es, conprising: contacting a

been cﬁlemdd conpr I sing an aI kene an al kanoic acid and an

42, ecqu@as égp gggﬂayt v alm (% ﬁg ﬁheﬁgé% t113 Hgﬁiﬂﬁgand gold have
been r&m@&pr t material.

43.  The composition of any of claims 36-42, wherein the gold has not been calcined before
being reduced.

44.  The composition of any of claims 36-43, wherein the gold has not been reduced.

45. Tile composition of any of claims 36-44, wherein the catalyst or pre-catalyst comprises
rhodium and palladium in a rhodium to palladium atomic ratio of between about 0.01 and about
0.5.

46. | The composition of any of claims 36-45, 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.
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54. The nmethod of claimb53, wherein the al kene is

ethyl ene, the alkanoic acid is acetic acid and the
W@200d/0gs820 i s an oxygen containing gas. 55. TheP@BUKA4/038825

of either clainms 53 or 54, wherein the catal yst or

pre-catal yst conprises rhodiumand palladiumin a

rhodiumto palladiumatomc ratio of between about

0.01 and about 0.5. 56. The nmethod of any of clains

gé? e%o\M]tEOg f Qﬁ Qpclgigmg Ak Vit wlbreR t8s %ﬁﬁé béﬁbn ol 'tcsp?ﬁladmm

to about 10 grams of palladi um and
1sbetwé:ﬂﬂ(wbut015)1tombabtomo 10 grans of gold per liter of

cat al yst, vvlth th t _of _gol d, bei f .
5. 50t Goniontie o RRR B Rk A B R v
ﬂkdlnéaﬂaagﬁenethOd of any of clains 53-56, wherein the
omc ration of gold to palladiumis between about
49. th@ommsamf ay 0fclaig 8. 367 Wherehgde ekalaﬁgﬁtaéﬁceéqﬂai%ﬁ&taSSlum
acdeSB 57, wherein the support material conprises
silica.59. The nmethod of any of clains 53-58, wherein

s0. fThe C&Hlipc%ﬁictn dTah e bf @hinRBERIY, $@srefi the alkak ikt lacatate & pré@nt in an
The nethod o of clainmg 53- 59, wherein the support

amountregibetveah ab@m}p.ag%go giams AT Ater eficatalyt net hod of any of
51. q“hgl 8?%%08331 61pd ofra}ﬁ@ &F f]kuﬂqs%%%os g«ﬂ&%}r} thg%tﬁlgbt%r fp?@gﬂi’ilyﬁ @8mprises a

eri al any of
shell ca€dlyst Hﬁﬁn’é?caﬁtlyst \ahegeiolk tielysat aterstialyat, qoragg odtitglogialyst & pre-

cata.lystaorS e?neallll th?c?&g%loutsctata?yrst (?rrp?e 82%211?/|sty8t
52.  The composition of any of claims 36-51, wherein the support material comprises particle
support material or a ground support material.
53. A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an ox1d1zer to a catalyst or
pre-catalyst comprising calcined palladium, calcined rhodium and gold on a support material.
54.  The method of claim 53, wherein the alkene is ethylene, the alkanoic acid is acetic acid
and the oxidizer is an oxygen containing gas.
55.  The method of either claims 53 or 54, wherein the catalyst or pre-catalyst comprises
rhodium and palladium in a rhodium to palladium atomic ratio of between about 0.01 and about
0.5
56.  The method of any of claims 53-55, 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 frofn about 10 to about 125 wt % based on the
weight of palladium.
57.  The method of any of claims 53-56, wherein the atomic ration of gold to palladium is
between about 0.50 to about 1.00.

58.  The method of any of claims 53-57, wherein the support material comprises silica.
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59. The method of any of claims 53-58, wherein the support material comprises silica and

alumina.
60.  The method of any of claims 53-59, wherein the support material comprises zirconia.

61.  The method of any of claims 53-60, wherein the support material comprises a layered

support material.

62.  The method of any of claims 53-61, wherein the catalyst or pre-catalyst is a shell catalyst

or pre-catalyst.
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