Layered Support Material for Catal ysts C ai m of
Priority [0001] This application clainms the benefit of
wO2@5/08580vi si onal Application No. 60/530, 936, PCT/@82004/038814

Decenber 19, 2003, which is hereby incorporated by

reference. Field of the Invention [0002] The present

invention relates to catal ysts, nmethods of nmaking the

catal ysts, and met hods of maki ng al kenyl al kanoat es.

More particul aphyerell Baphév¢ dMitesinl foelGakslgsts 0 et hods of

maki ng vi nyl acetate. Background of the Invention

[0003] Certain al kenyl calila@dtPafopity such as vinyl

acetate (VA), are commodity chem cals in high demand
[0001] N tTinés apphmmmtauhmhmbemﬁ oékla‘.‘mﬂr@nmml iApplieasioniNg- gk 80,936,

tled gr ot 20 Brb o e P A P BtiEheT on of va use

O her uses for VA i ncl uded pol yvinyl al cohol (PVOH),
et hyl ene vinyl acetate (EVA), vinyl acetate ethylene
(VAE), polyvinyl but Wné’lh of INBhveftiddy! ene vinyl al cohol
(EVOH), polyvinyl formal (PVF), and vinyl
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methoem‘f? BAERE PP 2 @a&%t%gi%%i’?%‘iaﬁﬁ% iion relagh o methods of

makmg"\}ﬁiiflléée'ta‘%@ often errpl oy EVA in sone proportion. Mjor
appli cations for vinyl chloride-vinyl acetate

copol ynmer include coatings, paints, and adhesives

of_ten enpl oy VAE Pgw ng%\@oofqg?g vePP po_rti on. VA_E,

whi ch contai ns no , Is primarily

[0003'S e CeRainGRERL alRAPhies, 68h asR@AlyNbéetate (WA RARe®NMtRSdityRMEicals in
I's mainly used for under layer in |aninated screens,

high dewand ingheir mdomenderm Efaexpaplgs ¥4 i srediamake polyyinkacstats
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the demand for VA and VA pr duct i

acetatq @tbﬂeﬁ{t\/i@)dbﬁé"léﬂ béltbfféll (EYBQ»@F}VIQDQW alealfal ?E‘éOgD polyvinyl
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cant econom és of” scale
films, adiesipes ahdplotasedsitied atativgsl Filsshint evichad gdsle insulatien often employ

process, process conditionsor.c t .c Cterl stics
EVA 2R ROBIS QPP SRHTABEORO IS, AT 61 (PAE: ORI nclde
coatm ?galﬂfs %h’if op@ét"négfoﬁyﬁemL)QQWE %(‘VKQH Bé:HY BopbAME. YRBMwhich

orte e production of aI enyl al kanoates. For
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/oesset i ¢ aci d and oxygen, as seen in the fptT/O82004038814

reaction: C9H + CHXOCOH + 0.5 OCH COOCH=CH + HO 2 4 3

2 3 2 2 Seyeral side reactions may take place,

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

of this reaction are discussed in terns of the

£l el 4 TooniRéant ERnb@aCiipast chythé edkt ofdhe parduction of

of Catagﬁga%ﬁ%{eggl%éﬁghg?‘g%sﬁq‘lﬁVA pr oduced pger liter of P
VA. catal yst per hour of reaction time (g/l*h). [0006] The

co sition of the starti '
(00051 or NaY e Erinnesdegg ot et (b Blerl BR oy amoates For
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acid and 4116960xygen. The feed _may al sqQ i nclude inert
ethylemrawigh acatis acidend exysemRs seintip SisdAllOWBEREATE et hane,
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anount o

any inert material in the effLuent.,[QOOé]_
[0006]The Tyasomprasgenr et siotngasteraliedeanbieagried withiayide Jmits.

. feed of the start.i er| ' S$@dnDVEL: Oloid and 4-16%
e Ge TR PR S0 A LR T Bl i o 1%
oxyeeRCEIE R R el MMM Gt M@ctifesi@h af €G] nidbgdnempthnat, uthese,

In the range of - 125C to 2000C, while react]jon

propangs geumBKordfelinmi § ha PROSPHEFEEIN Q@ E5hiwaosiopapEp oxgen level in
the eftw?lg{ %reé%%?ﬁw%é@et %g&%ﬂ%& bl Egﬁﬁ*@%ﬁﬁy %%U%Hﬁt Mie%ltrgeﬁn is outside the

e’ a nee r Teduced production of _
flammBitiB RHCTBe ohiggh &velriatigsefiifienyh afistipdby thermckygowleyel in the starting

energy use during praoductiaqn. approach is to s
materiieaveOreanapiyion 1t of Hereachay f‘&ﬁﬁe APy Ch Y gt et in the

dﬂue&ﬁn selectivity and/or activity of the catalyst.

ot her approach is to nodify reaction conditions, o

[0007]S UCIThagas fiRsd @hitiondis Beearchiried ontwkare alfesdtod theastdting Materials is
th

passec{ a3y oighropRls S FHPe T e SORLH GBS A PBPL i Bl the use
of reaclttlgﬁgeﬁﬁep?e‘féfﬁr%§ %rf"‘t\'f}glr £ LESBUIBSCOOEPL, WhBe feastibrt presdurel o025

aspec may be reduced through the use of
atmosph¥pdsawegipicalt al ysts. The CO2 selectivity is the

oo0s Pt S OB L SR FRONELI AR, Y (95 e
reduce(afprydﬁcf?&{ ot frod Q) ARh&NEedBf VA output, and lower energy use:during
production. One approach is to improve catalyst characteristics, particularly as to CO; selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the
ratio of starting materials to each other, the O, conversion of the reaction, the space velocity (SV)

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



time in existing plants, even retaining all other
reaction conditions. [0010] VA output of a particular
WO e@sssal system i s affected by several other PEDUS2084/038814

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
[0009}?Ir e%%l% FSiRatibh bt é:bs«‘%eon% e@f&m@p aRbat@lut& Hedugh fﬂheﬂ%e of

he space-tinme yield (S of the reaction syste
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factors may still have a significant inpact on
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asure of

conveRINIThd 1@ akion, the spdte v@lbe@}e@}(&/@ oﬁfhetsfaetnmhablyaitfeed'[ bud mratlng
conversion rate js t enper at ure dependent StyeCh t hat

tempewrrv%m roprsygs- eAl dhrse Sclays eQOPRIE e RAE eSH%‘feft&fHe $idfa (sTY)
e f
o ERELEGHA R BT 4 R UR L g ger e
cataly§t @BV Edus bOreattiindirsosgl*act ed to give the desi red VA
out put bal anced agai nst the anmpunt of . ced.
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conversjion rate at a give erature an ce
(0012 o1 g 7 CopuBEy 14 M BUEIHEN TP SR HE R B D ey of the
catalyﬁnqhé’ D, WO RrséH @l teengetiiie A85ner 8tidhi tBAL tB\cdhversion rate generally
relatively inert support material. In the case of VA

climbewitiathestastion tammmha‘ﬁyﬂowewmb@ ABARTE 04 CO2pyqsiused algo increases

ture of netal be di st.ri
song P SR e PRss o e (evear e Fog e RPA WYB T dsired v
outputGAlaAtSdeainks thh BRbuRidf O psstutar eA GitaI@hmlmmghér activity means
material” ("shell catalysts"), just below a shell of

that ths apgrel teanmnetpmaﬁra(ur@@@gl atipvered e jgirdauyng fhe sgmef( conversion.
Altemctg{ iY l.ata[] ﬁl@?ﬁ{gﬁqﬁ%@f%@ 11 él?? 11191] (52 cboggerg on gabtg Sto 2} %wen

tempefﬁ'ﬂlr@ﬁhc&ép&céiww@een suggested for use |n VA cat al yst
including silica, ceriumdoped silica, .alumn
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has one
typicaBy h hﬁﬁuﬁnﬂ nadtalibaembabediatebutat hylfdﬁﬁémtmmeutdhaisuppgﬂ material

as support materials »
(““all through- gue catalysts”), just on the surface of the support material (“shell catalysts”), just

below a shell of support material (“egg white catalysts™) or in the core of the support material

(“egg yolk catalysts™).



[ 0015] One useful conbination of nmetals for VA
catal ysis is palladiumand gold. Pd/Au catal ysts
wee@siogis2andequat e CO2 sel ectivity and acti vit ypChus2004/038814
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 maki ng Pd/ Au
catal ysts typically includes the steps of inpregnati ng
[0014} he 1SHRROEL diFibricht tasHIRPUSpoa! mitérSha bead sﬁlggé‘sfﬂdlibf e in VA
alts of palladiumand gold; reacting the i gnat ed
catalyvt/améudlsg)‘alhm eersn tdepag Slllwaa&iu@tmr @ts?lliaa?tl@oﬁlla@a P e mixtures. But
very hétgqng§%§tg?t}8ngog)thet cﬁgerﬁ%%eg%d %)éh ﬂqe su orpﬁlgt%hﬁg hat l?eeﬁ ggltlee Tor the

IC e

most JRE BAlyisRehkdilemGRAa0s AtGallybetn cdﬂi!tﬁerhi&ﬁt@b@sd&pport materlals
washi ng the fixed support material to renove un-fixe

[0015E on&m@sfuhﬁmnblaat@tﬂwéﬂwtaééf% Veaprsaysitvis paladipy end 5‘?lda §/Au
atalyggtgrec{\]/t age(gu% r?'psgg le%tlglt“%glm agfl{/g}?b g:g&g{i‘tg%{epg)u%@ fded for

improtdé Q@ gieéhiyib ecftﬁloﬁﬁesh))fddiaa‘nhamre pmélbmjldlthl@praducaioha)lf VA.
nmet al compound such _as pot assi um 0{ sodi umhacet at
[0016] 00 1je PYReRDIos MubtieFidbhy FaiHEs!t PicAlls npldesthp Figpypldmpregnating
v o YETE L UPARTLR50 500 ATE A o Pl B ;S i
imprepa@ltddaditersoibleisuite mithleamppiopeate hlkelimfefquloumdw £ sodiwm hydroxide,
free netal form U.S.  Pa

to pregipipje &tics celind ﬁ)e%@&h%mﬁaﬂwle P"fa?‘?r ﬁnsg@i%@%‘)&%}f‘%g g the
f Vhuhokbd Bsthpodismaan dih
hydm’% E}ﬁ 5@*‘%%?? S‘!bﬂesegtg%ﬁdégggﬁ? I'n W04/ 21374, it is erwise
cleanss ltl‘tgig@i;ﬂyfsd of mtpowmtlelrponsedu ctel. oflondrd resueing e waer ipsaiuble
efore its .f use ataly
compaipig b ST RTESHRED A B e oy e pe e o blhng an
alkali El%gill'Ebrﬂ@oﬁﬂ@ﬁ&?ﬁ%o@a%smﬁq%%&mﬁlacéﬂatg Pat ent No.
it i1s suggested that salts of palladiumand .
[0017hol Varioas madidichtyas mansbasmrwéshaaﬁ Hearsupgasiedr Eer gxegple, in

U.S. Pz%lagﬁ re}éilscsu%g IS ?er%qﬁ%t rsmgedmge ff #ﬁe &)aﬁadl{ﬁﬂr g%ﬁér%[ljglggfter the
reductfoatt it fﬂé@ me‘?al %02, 8231.S.iPagent N 6,012, $1), itdegdested that calcining the

sul fur-free salts and conpl exes of E’\}; | adi um sol u %ﬁﬁ
suppojt in anerkesiuping etaepsphare afigrmpregpatios W Aatlyralizgiupyandegpld salts

might @a ag\gagfaé dpqigﬁg% Wd?4% 1374 Pﬁfs%ﬂ%ge@@d £t é‘x@«fgré’%@u Ji ind activation, but

éred cat st may be used In a

beforedBHTitstnR@aRatta st magxcbe pectmohied by tlhxeessma deatingyie oxisligigg ftert, and
material differs fromthe outer |ayer support
reducipgel@iosplieressi nil arly, U.S. Patent No. 5,935, 889

[00187° Y9 9_5? $ P‘a&@ NE. 3, 26859 ‘fsastug%éégetd tﬁma&bﬁﬁfpuhaﬁﬁn akd gold that are
cat ut néither suggésts the use of |ayered

hydroxgyat, ahly&t snd bariuhefrer adusotubtenn etetal aimydy el usafubot ispregnate the

support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-

and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



[ 0020] Taken together, the inventors have recognized
and addressed the need for continued inprovenents in
wo b@spesskd of VA catal ysts to provide i nprovedPG/EUS2004/038814
production at |ower costs. Summary 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
[0019f hosg (catmtans e, § 986, 37K it REzgRbis@ Mat a Blyki@0 0&LBSt may be used in a
Separately or together in conbination, the various
dehydepgpeatios podoessiehdra themires Fyar appett mateaal differs FonyPie Qyter fayer
roducti gn .of I [ [
suppof et g BV Rt ) S ¢ et el DAY bet imay
useful Rk Qsld ChiaBRise Bt BdiMBECsngg At the 8de ddpenid cafalyistsdn fregsediction of
i nvention pertains to a unique pall adiunfgold catal yst
alkenyd plkgneatesat al yst (optional |y cal ci ned) that includes
hodi r 0 : “ ;
[00201;;1 pgqalﬁéﬂd{i% gﬁ‘;ﬁé‘fbf %g\ée ﬁ'salllave ’%c%glﬁlgé}pmﬁsa‘aﬁ&gseﬁ%é el ?oﬁc%rdltmued

alyst or ecatal yst that 1s base
impro®dentd iayRe feld Sl FPOcatalysit to (praideningreved VoA beodectianfat idveer costs.
support material is substantially free of catalytic
conponents. A third aspect pertains to a

pal I adi unt gol d cat ad\yghafy ofthE ThAnfb}St On a zirconia
I"al

contai ning support material. A fourth aspect pertains
[0021} 0 &hpatdsautiiovangon eddressesl ay ddastdpurpdi eremait anpgoss retakiag to gatalyst

roduced from supstantjally,chl|oride free cat i.C .
structtger%ﬁh%c}dﬁosf kel dapEs Pf{%mehiﬂdf loissie f %eéﬁ@% f6r making
alken)ll Q2 atdsO ISePArSRE Yr tdPé [HRPF&DmMbEatiBh,&hd $driduS agheyts SPMRAivention

material that contains at | east one catal ytic

are diregtap ainemptrovamsithe peaduptéoncepiiishid afifaneaiesandY A dn particular, including

reacti on ereas a e- cat.al 1S any teri
et G 2E b S LR Bl RTE YBled e AL Pl P
inventfinSfeHame b NERiGhdpdRGRAN golhtAdlYS bs pRrdtadyse(opaibadllysbkimetl) that
. the present invention may _include those havjng at
includpsechedivone aopthetaetpb| 4 ssopg aspeetmepaing & a n@llaéwﬁ%od@ g3tglyst or pre-
wi.ll.h e i L ni .
it e s B0 ATGAR ROl RO A Bkt e
substaht)Gi fis@offastagtit Bempoiener Anhiré agiect feetainated yilladium/gold catalyst or
conponents have been cal ci ned; 2)ig thrﬁ]eacat alyst will b :
pre-caialyshon § GECOHH WNiaMyRs BRPt PRl Afourihaspe a%/% SRi4 1 b

ptdfy L0, B B AP SO SRR PRl cotyc
compddE@EUr sors or any conbi nation of the foregoing.

Ef fective use of the catal yst accordingly should help
i mprove CO2 selectivity, activity or both,

particularly as pertgydiid HQcriptid oduct i on.

[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 b e appreciated that the present
invention is described in the context of certain
WO bdogmsssat i ve enbodi ments, but nmay be varied i PCEHO2004/638814
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
[00241S up %’EJIys’@JnﬁLﬂr@Eath&stE BEMe PRYerd irfvefiie hag RlcRIdY $iose WheHiEat least
he catalytic conponents are found in a relatively.
one oftthé follshvadd ataibotendl Jdheseatgist wilkbe palladivanind gaid gonipining catalyst

. catal ysts may al e suitabl e, AN
o R B P O L 6 S A pR A o
cataly@E cMRROATs hBR RJch BhicinE@ Q) YRl ditabat wilisd carridlyored lagerkd support, 3)
suitable. [0026] Catal ytic Conponents LOOZ?&@In )
the cagbtyewdl l;g q'an@edcqit BHIPSPI capdingEsUBRAThMpstial; 6} igatalyst will be
o RS B 4 LA Ao v s of e
catalyRabddr@id@shodl @elpGrbiava iy Relodtivings atisity ocbatblgmriamlarly as
|l east _one from Goup VPIB and at | east one from G oup
pertainipg to Y Aygreductjory appreci ated that "catalytic conponent”
| S gk iRntibh id JERGRJeY iPIHR\CDAER: of
0o2s] 7, gf%‘tg ‘uﬂtgo"fe aahg‘{%}ngﬁgltt% u ?éﬁléttlggétngl%st but al so °
certair illaktitdios eibedimehsl bitmay beariiet i aoy bf 8 ttanbe, of espehts slgpending on

TN R A ——
B o] 1 1 1 h
have tg%%ﬁ%c c éﬁ%ﬁlgﬁtg lﬁﬁ‘ifé}ﬁﬁﬁhﬂ@ﬂ)ﬁteﬂ ﬂﬁb\k’%ﬂggﬂﬁk E%Hrﬂlm or they may

as t catal yti c conponents . 28%_ e
be shefinbabjisteviterothe titelytatehysients arsl fodeking relatipily Hiin shiellgrgund a

catalytic ¢ onent s havin al | adj and gol d .
SuppOg GHTHLEOt LAY H LR ER A AREAY ot B° SoiAbn SAcre Wk e cqmponents
i i 2B AN Y ceher BY Rbporakbitrise Rgtyetk datyssnopfso b
nmﬂc%@%%%ﬁ%?ﬁmﬁm being(fhernosgﬁ%refe?regggé?hergggﬁerﬁgdso )

suitablgat al ysts i ncl ude those where the third catalytic
' 0 t s selected fromW N, No, Ta, Ti, Zr, Y,
w”“&e?@é&ﬁé&%@—e’é& Zn, In, Sn, Ce, Ge, Ga and
[00271C Ok PédetDNBe ENGYROInd (1rELQ2AR]ystADDthE preseitiiinti®minclutle hiveals and
catal yst includes a conbi nati on of catal

ti o
particjarspioplade & combinganny apleay bwe mstds. dp pa%zwﬁéa :tlgﬁﬁorré%wl?n of metals
. Fod: \ . ! _
mnnf 8 E 0 SR D ot BB o AR RS i

that “cefaBid icomPonentr’ ip higeeleo efgniRithe nteta nioit Eimaeth poivies tatalytio
or nore catalytic cqonponents framthe ?Bgve | ist na%F
d

functioyalli pthe geialystt Bgadsp ingludss gle%@.}dp @ vame 3Rt SIS

i L jngd Wik o8¢ Med nfedi 3% orlcBAbiraNOSthereof.
Smumﬁ%%%%@%%&%%3ﬁ2§1ectP%£$§£€F{e. 5ecreased§fornation of
Prefer@@R)talystsraieid pabladeeth Aud galtl ak fhetegtalybiatompatenkh. Al so,

[OOZS}E E: Oglgg;r{l?}){(l)igneg; oﬁﬂ%gﬁg%t rllr% ud%g) g ggrgbi%gtio%dc}/f%g’aieyltix cgrfnfagr?etnts
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@ alosiosisay during the catal yst preparati on andP@r/US2004/038814
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

prefer%ﬂl daBHstsMh Bk B6sel Wheréifhe tBRDE DY ticaldaIponéht &I dceddmu W, Ni, Nb,
1.0, nore preferably about 0.01 to about, 1.0. In one

Ta, Tie#bOHRwefs, Fet fa, CatZl, Jis SncomGh Fa apdeuiinatiass therepfo1

d about 5.0.. t. hi e
0029 004 Bl of DR RTLF KB EBSR R poncn
includg priforiatsdnpatlading] gilesnbefodhan Opwatially atieirddmaljticléddmponent

grans of palladium and about 0.5 to about 10 granps of

(as listpd| aoyse malyiatserbednclededan (s cmbadameiHaupeco?t Rip| b angther

embof R RACL bl ARl FROHe AR MRyl

[00308r gqﬁdgmtbamgt@tfs%%dﬁumtaﬁ% Reld ma?mbco?h?ubwwimalmﬁefnmboualyst that
). an apbout 1. .ma e prererre I roun

showscPa P (0)» srivel il pfiiecdockerd TEmHAtsR CLGLRAFERPHS Al gatalysts

that Iakg ?,Bg Aido! HeYadBftdn GPRIBESE: bYicayto aﬁ%ijsé?%’ AES: 1ef achvB6S the

wel g t or atomc rati os teno!s to avor nore )
catalystc tTihe €0, veleetivi iy cf tlid padladiamagaldirbodi®maatatyst may also be improved

alternativel a catal yst with an, aton.c ratjo of .
throughysislfiniog g e S lgR PEPRTUEM Y OrCep Vb HiE v ShVASE sqlg halide
free pl%ﬁltxﬂs(‘fﬂs glyotﬁ BB sBe CRIALY §1ttho>()[%]£1j fhede drahbtheoéss@p@sbbdend.the Rh effect.

e effect of the high Au/Pd atomic ratio on ground
[00315 up ithe tatomit eatioadf theatjurd catalyhe canprannidd peladiyy mayths iy g range of

f | atively high exces f\ Aydr oxi Lon .
o g8 54 B oo B o ORI e e, e
cataly§ticBHAmhs Gak-aky 8oulBY 1 Rad ettt B0eS oF thdird dhtalyyit cémponent per liter of
conmponents are contacted to the support nmateria

cataly$tol | oned by a reduction in the particle size (e.g. by

os2 . G e PRI W g

0] cont e su materi a

gramstoT@alsdRRE 'ahd BBGR 101550 abas 10gediny Eolistr liter o Ztaly§t0 0B hmount of
For shell catalysts, the thickness of the_ sh

|l of
gold ixpreferaply &om shpgri€rie sba 1Ehwt “hgseten BarEiglpt P%‘ﬁg‘élgl-
ro 0 , ,
o T 5P SO BQTR, RS oo
and abBuPPO0 tnalvbt prefated HOGBG]d oAtalystsdiThataic ratioamae basfiesitd to

of the invention, the catal ytic onen of .t he . )
IR M YNGR o T ——
tends t%"fg'f)oqzrjrﬁorg%t%,' lﬁ%)re soldbtRRLA1RKPREA L JRIRVAY S) da¥dl < Hith¥in

i'nclude nmaterials that are 'substantially uniformin )
atomid daabf ibpudd.6as bsxdelectveofor B8k drit alss hasdessragtivity thhe a catalyst with a
ratio of about 0.8. The effect of the high Au/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below

with respect to the fixing step. A ground catalyst may be one where the catalytic components are

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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support materials are typically inert in the reaction
bei ng perforned. Support materials may be conposed of
w@rgoseeiseabl e substance preferably sel ect ed sorPCTras2004e38814
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, the support
ball mmgz ok Bhe WRte BRIl cTohib6@entsPdrél Bdntatedsb thecsmpportmatesial after the
nia, zirconia, niobia, silicates,
mmpmahmnrmb@wmﬁ@amégde@ﬂéﬁates spinel, silicon carbide,
[0034]g|e|n g}%{rﬁ?@ ICatél yg}s/ th€ %{fmFSs o(fﬂ{ecglgglg éf &aadgﬁrceéz?)trﬂﬂoﬁents on the support
materiZI§del Bdm b0t Z @ﬁa' tb absut 500 @aul | Morepreforesl nanmsnmiudedimn about 5
thereof and the like. Any of the different crystalline
pm to hlput3ed Lwhe materials may al so be suitable, e.g. al pha

or I Ra. Silica and zirconia containing
w03ﬂsup%%@%—#§?§ﬁ#a are the nost preferred. In addition,
[0036]Mul tAlsli@yi€dteds UPHRrdsparabethe alventéome thel catalysig |cbmpbmntsmf thlsyesent

in the present invention. ﬂ£0037%hT Sy ggort teﬁ ? I
inventjon gepgzaliawil lg/:sqarrgﬂd By SPPH RALCH blg SHIRLS, ypically
includ® ﬁrr erlgfs ERat Qﬁe‘@uﬂ&aﬁﬁ}’ly %ﬁéﬁﬂ{ fnqgeqntﬁ}e&*& BxtRE of ﬁfa@ﬁﬁisai)verall the

suc lets,” cylinders, discs,
support trfagiﬂalssitrﬁlyﬁrcam inett hteﬁlesmneﬁsbelﬂ'grgerﬁmppd)r Supmrtgna,tg]rals may be

e R0 SUER LTS G SRR S
relatlvglg'ﬂ‘g% I sjggffrg%aivrﬁ&d[ }Féi‘luﬁft nAY b 1@n, @ﬁéﬂ Ala Jﬁ)ﬁﬂl@ %tr(lﬁu@, a molecular sieve

have as its pre erre Iargest
structuie, memsmnmbfstra@m orothenstiigabddeivectuge. nitar ekampldding pEportanaterial

ar Qun&ﬁ omgfsghcs L&%ﬁ% tha e 5r§$mar1m obli)a sﬁféh&?%&lﬁ?lﬁgﬁpcates

nmyc@ﬁ%Fs ZECVRGaT R P or T rre

titanat&d) @[Hﬁelvﬂlﬁgbn%aﬁilmm%n ﬁﬁndéeéaﬁ&ﬁﬂ cadietite, 31Qatite dfeﬁta)mte!,mdhys
about 1000 mcron, wth preferred si.zes berng¥betme

metalsaglams y0arten ghuaissLzcolipe, nepweaki majesHariryes prrabigatiqpg thereof and
the hken é]u gt?ll E&F he Wegtrelllm% éjr&nr gf%Qe Hl'a{:ehgﬂ ?na@rﬁ?so%%ugab‘fé Q. g. alpha or

snal sl zésmay b

gamm¥@luhi@S S?@éﬂéﬂrﬁiﬂ%rﬁ@ccﬁﬁdlhmg blippost rmafterpm dre dieesos?r prdgred. In
For exanple, for a fluid bed cataly preferred, size
addlthnanvgléﬂ%@uF@ppﬂ@r%ﬂelsme bleo Rigblrifer adn e gy SSERIdRYAPEB s

[0037]u ¢ &he Eluppgx%'ﬁ iof & tgla Xft%lgsst 80? t@é ﬁl@eﬁt%ﬂgﬁaﬁ c%%pb%daﬁ‘%amcles

ons ‘s prererre urface areas avail
havmgf £y 08 UK réguthr oatradgylal shapeypmhes Bmereastahbascbdmdergydrscs rings,

syt St SEmSims LRSS B
width gf aeo ﬁ‘{ ﬁgl %O?P@L%%irlgl@f@é Sl:Q)uﬁb WboaPP iR/ B paft@ular having a

S support, the pore volunme of the
regulaﬁs]ﬁp@(et g emeacamwuhmve ge lteplafdnycd e gesb ditengion of aboaihhgrm o about

m / rabl y. about 0.
8 mm. aIJ’eq% ,paogr %repovy ef wperéw&@nafrgeyblg&suﬁpliﬂe sﬁ@l# tg%tbt:g@%upport
materizlthat ré’gkﬁ%“br 7RO 2005 HAHS difndl@Df baRleen aitit 10 aficrons and about
requi r ed
1000 mlcgon 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@si0Exsgussa and ot her pyrogeni e or n cropor ORPCFURMe4/038814

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,

may beaé}gplg@éan%s\!véi%s%o‘?}lﬁﬁip@ﬁe boGeclidisl of pafBidids 3Pk Rdriega@mnpla, for a fluid

ort materials have a wide range of surface areas
bed catatysta prefesretl hizn raigo woukl ingdndp th)torhﬁS aienegsh BOErepysgrs used in

referred. zi rconi have surface
layere ?@%&“*FSH?&%@%Pfﬁﬁ% In?%ﬁggd£%§§%%nﬂlg Support
[0038] M8t §ﬁﬂf§Je%ré£§xv;h@m f&l’fb@ porfitid EAQec dongRhests,tds lnwaghechby the BET
calcining step in the virgin support materi

(anahaaﬂemnetﬂ'h@d ’ﬁ@m rngth@cb LY EENITHYY g et Hecd akpitdl laf/gtaﬂ%about 500

Yy SuBRoN & ' ) | YioHE SupRort, th
w'le, SUERON BPUc 040 b 0y Bilxprl e Popa B¥LAE RrRors the pore
volum& bf ﬂx@@@p@ﬁ@ﬂ@eﬁdﬁ @tay@&)!erﬂl}tbe@ﬂabetr@vl seativet 2 edgj 4ng preferably about
avai |l abl e from suppliers. [0041] n another

0.4t0 bl meli, AR PVeraE DB TR e oo B AHIES St PR tgabout 2000
support materials, each with a
angstrogn greselﬁaglgbhar éalct:%glrlﬁés% ic. For exanple, at least two
[0039]S UpBRirhpleBs Bsuitabls siliea ¢ontaning eupipajt mterfalginlude Kdtl 60 from Sud
characteristics may exhibit different activitie

Chemigaberglypided fYQWtI?%‘SSE‘taHG SUSEPYEPETHGY THPEBSTONE ISR ) S &Vt o
| set of characteristics, i.e.

WHUd&Q%@Lyﬁ%ﬁt gygg?gﬁﬁg%ﬁ%ﬁybe bal anced agai nst the CC2

[0040]sel Eﬂimplllei yf snitaltlbl eirgmiadopiining OPpoft niiteratrdnepdrodpseam

NorPrQ G DA ONTORpa g Rl U A CHERU DR, N B

LD e 9 S%t%l@ L 8Eni ARBHORERRSialsHdGda ﬂfﬁie&alﬁgeltff@hﬂficy afdas from
Ekkuﬁl %Mé?%hat are gé%eraF flat, undul ated or a

less thapatbuh@ai*qgrio titves thef 30ane/gp Rraferead zivconip syrpgematerials have surface

aréas frg)%l ‘tallmlulf igfns):gg (fsuléj Z% qu)eg l ocpr{ %’lgtel’l%% r?ﬁ(;a ha@% t’%frgﬁgﬁc s treated

throug§ W RReHing Bdpah viich thy pirglalshppomﬁdnuﬁm idlieatedaThe aentmg metuces the
| ayer and an outer |ayer at |east partially

surfacesares ofithel sqrp@ott feeterigh €S- |cg191éq;ng) THhiis gravides p %Od of creating support
rrlatem%?5 m)tg rﬁ@%ltl 1%&361 é?s it a&q'{& bﬁlﬂlvw)ﬁ d I%acﬂél r%gﬁ‘xtlﬁallcy febif suppliers.

e I nne ayer. n one odi nent

[0041]t hely dhB&fer &ﬁﬂodimbﬂ[ it hm()ﬁfemp&mai toetelof at dbaﬁtf apleral combination of
materials; but the material s naﬁ‘be th me. Wile
g lﬁﬁ%

support meterinlsesach 3B disigreehaasiensico feT G G pridpppart
materlzrls §e u%g'cé’}{]a 'Mﬂ{e&fflex%}{ﬁ{ha a@fréhst RHBit d[li%}é?t]acﬂ_\hﬁes and CO,

or naterla{ pre}er y results in a form
selectiified t18l @bﬂmﬁtﬁigqirg;ﬁtatloﬁ%uf catzhﬁtd ‘ayb rdesid pptoxficharagtenistias, 1..

ff [ f d h f
scivity i BRI P B et ST S PIE eRpSont s
[0042] andh’F 8k e‘?r{b%ﬁﬁn&p HurflQi 19Ent sﬁbp%?bs atd @MY Rrin b defed G@Afiguration.

construct ed
Layermg 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
w0 e@alosssen a shell catalyst that is a shell of PCT/US2004/038814
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;
it6 B irStid] RERIRRE Alreebnb], herein, layered
mﬂmegﬂ$&§W%@Qm§$8pm'gﬁgﬁg%g¥ﬁgﬁt t he nat§$%alsg%f t he g
suppori mnerials amcraug nre:ha]e&t)leasjtan sules tegiertand lan puise e ad desgt naptially

surrouréﬁlrml::t:hg a'igaere ?] lflygrfplrrel-%rﬁp% C%H%Xrﬂ %Eli) Jtérﬁn ap?g{ héj of catalytic

compoﬁaqttseﬂih@{h% 13‘11%5 14}/@19 Th 3R Emb&diEnt] the lintwe ancb@lltelﬂaﬁrmm made of
t ed alumna, silica, silica-alumna, tit

differemti matenidls buhibe aderiads maychs the sareg. (While ieiines {ayer may ¢ non-porous,

! d I trid
MhaeE%P%na g@ﬂﬁlnepgﬂ%@ﬁeﬁgpfgggggnfon?{elCgra;; ride.

[0043] TEt B SlayGb@ SRSt ik al Brefapably eeylisdealfomesf a shell catalyst. But the
non- zeorltlc nmol ecul ar si eves and conbi nati on

layered sppabmatepiapotédres Mell dpfinrdibopadasy byrgedy e e%a%ﬁfg‘hweﬁ material
rticu I W§doS dﬁ%%% %E tructed
that hai’eh%a%‘]ﬂ}ﬁt C $onilponentg ngcflt%% a;EQsﬁﬁlgt d\;«‘igﬁro@eA?ooth%gféms oo n cons ructe
cons1sté1ﬂfwdvi@lﬁ hMeﬁﬂ’é& ml@dklﬁﬁer tngHﬂhalt the boundaegmﬂahtd u}nlfoimart]@dkness of the
particul ates, pellets,, [ stars

outer Hgheespal I oanel GRS 68 it HEh CFBRRE bt et ey wpifprm and
L dlate inner layer is preferred. The inner |ayer,

known&@'%%er spherical or not, has an effective dianeter of

[0044] aboSévefhl @R hnlquéscarakioiwn foBciating layeteduuppert atsteyiaksingindes those

deseregyl o SR NP P A rS L0 W B e LR

hé é&ﬁ@oﬁr’h@ﬁ the nlahgialsaTde ﬁﬁera dtreQalso not
mepﬁg%gﬂﬁ f%%%ﬁ?lggo n2/ g. The naférﬁgl oflthe %ﬁter

substariaylg peiraizditglabidos anmetals grehuingbrsinablmied torpdpraigpm, titanium
and i n_one

and ZirgQriyry Exgxpp es 8? %F?ﬁﬁ‘lﬁg{%ali %0{ thseeulme? t1:5/% &151?1@: %Iuyg?e %’c limited to,

ant a, ZzZrrconi a,

alum1n§' §11&&a§1ﬁ§a—alﬁfn‘tﬂ'ﬁ' HRgial ilfo@hﬁsmolhhts@lﬁtﬁte@ﬁalurﬁmosndiba,tes t1tanates
I'i con car bi de, sillcon nitride, carbon, cor ierite

spinel, sﬂ]@am rarbide réligonmitride, cgl{bgy,g:ordp@rgt% sgea’u@, g%rg%tg e, SlaY%y {mztals
glasses 8mzn%1trﬁ%$flszle%)ﬁtgs no;? De Z% ﬁ&l#cﬁlﬂ{e@&%nﬁ o§1'b§1\éﬁ§nsacﬁé}eof A

reo referab i ncl ude al um na,

preferr&d Inh6@ayepiid dika/ @ﬁmm 1n2;ﬁﬁiclutaes non-zeolite
nol ecul ar sieves (NZMS), titanja, zircania a

100451 x o sntsnisioheh BB e TRB B G e e By P g such e
regular%ﬁa%edt ;%rtgc ?Eltt%%qrfkguﬁfly Ql‘?agpd gﬁl&lﬁﬁés Ql%ts? Qlﬁscs 324 Elars, wagon

yer” i y surfound
wheelsS hdifel @i sar loyhet iapedbadies. I.Ansphenctaépatlpulaﬂqumqr taypois preferred. The

necessarily the case and sel ecti oat | on _t
inner lgygh avhethgy ghegyalloﬁgotolﬂﬁsgp e %}gle%mp\{%é& about 0%H29m tg &bout 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
wenisdoisent, a slurry of the outer |ayer materP@l/UBR04/038814
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
ceram1? r2 @bk aﬁ@& Rt enk Y lewathodbhengitds $elocesd fedm alumina, silica,
I zed bed of i'nner layer particles and spraying
sﬂma-athlnmnsJ titaniy, zingbwiathiebimetliontss.cbupinpsiicagy fifapates sm@lnqﬂycon
slure na be lle y
carvide on Mo BRPA ORI LB ey e IR SRl paRy Ghke
pumlcé Q@(ghtéss nbH- %Uh‘ﬁc %[Uléd&[difhlleﬁestalﬂd cimbinstions A04EYf ahth @reﬂ‘d:ralblyynclude
lized to coat the inner |ayer y al so é g
alumm@f sibic brluminag i tasyog-xeqkie TBRlecs %GW%%@\%@ ) Gfpnta, Zirconia
t ations
and mig @Gt S PAL S B AC RRER, Skt ey B Lbine

thereo£OMbi Nati ons thereof. Exanples of this organic bonding
agent include but are not limt

[0047]hy d MExipshopierdayer @rpé@%,ly SYREYS S@é‘@ﬂﬁ@é@“’ engjygy inner layer, this is not
necessar%&?l?xé\%gyﬁrﬁyzl s%?e!c t ng ¢ ﬂﬁlefh@%" MyeOfy 196 Baet Fﬁy&Qﬂz@' :1:¢

e slurry may vary, Such as
mnpmi&mn1about 1wt @6to about 15 wt % of the conblnatlon

ter layer and the, bondin ent e
(00481 o aies AR gER S b CafERT ] DY s Tnone
embod?rﬁé}g' J]%u o«?(fﬁne Bﬁt'eg}}ayg‘mﬂﬁa@ Is en?pl?eﬁ' @@atﬁ@lﬁ)@ltﬁégnﬂ@@@’ér with the

Teos), ~zirconi a agent (e.g.
slurry Ziay 6@ mcamahﬂtedtbe npathagle Ishabi a§a¢lhzg,rd¢mﬁ1$)spr@1ﬂnga wash coating, other

sy SRk CE RS S R s RN . b AR ot
using a?ff?é%r%uﬁied@ebl "@fﬁﬁlepl@?&lpﬁﬂlc&g and @rhﬁﬁg the emﬁyumonm bed to coat
bentonite, Bohmte, and alum numnitrate.

the pamnba atenbf Theshyarey lmﬁmhwbreageéﬁlwmaélr?@@upﬁo}‘ﬁt BB?HV ening

f th
drymgotatpé?v@ea%(}uk&g;{%ye{ ﬁla% hn%1 %uﬁ@%ﬁ}? IEImllﬁlggsjt ﬁ |n c E ness ° of
[0049]t he Ty b8y LBNRI tBBYat l’[EH’igﬁerﬂafy@mnajD alsd irfludie (any) nBa tuonber of

bout

500" microns and preferably between abo
addmvms scbras 2 awdaciinb A OPSIIGRIARYAANIC %‘G‘@H@ E ip ﬁ“ﬁé‘ﬂhemn of

the ouf e]é g?rété%%co er]&ﬁmg\‘%#e? qtélé?grggﬁiﬁ dJns iy f ) Eg(glﬁ ple€8£HhisAbanic bonding

‘ rie suc by heating at a
agent BB Aty ot Ginirb WPVAOEﬁEoqu)r@bmaﬂuIGQOﬁ@I(yécqjlulofsg,rané
time of about 1 to abqut 24 oHr % and, t

carboxselaisalT 195 e HPEH GO OB BT SBBLi° B mey
vary, s&% Ofllllg 51190(?1@@9&(/5 tcgabotJPTS @t 44 JrenXondiidion @£ SuteOlap @HA the

to enhance bonding-the outer layer to It
bondmgna@eﬁtl ,‘Ebcmgpleayémongumn bandiegagents ap@freﬂactﬂd fesfm p slugyifier hopding

and_proyvi de er tal yst. s The, dry
o o R B R L P a0
mrconira%%{!atre%%oﬂcﬁ‘aﬁ L8RP B6hbinations 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
wotoosasmkysts, as described bel ow. Alternatel yPCT/i82004/038814

outer layer 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
may rardk Hofd atRUE Bt b@geboitd shermogithelcombinatibi 6£tht dy@r hiyerknd the

material for the second outer |ayer may be the sane or
bondin fgent Site thinlarest pfthe ptst layermeay TpagRdFom ahnut 4 ppgrons to about 500

. terd ' ' ' t toth
microf T 8o Ly bIRE0 LR ERERH BRI, cocona

[0050P Ut @inck 8ecifindrByyebR chlired satdmehesutetilifesrthatestitmnlalyéred support will
nmethod used to apply the m_ddl e er and su&%g?lﬁ .
be drigrrdicks by Meatinget & Froareraliie of akaud L0 o aba 92 (¢ (5§ ey a time of
| : ' nalgaai | fi6ke BPEYLE 300°C
s 18 i) b4 ROl JIg s b cpons
to abog£2DAG (Qytfer a tlimper abdud052p alidre 1D hbvispio cobares bbuding themyter layer

to it ugéﬁélnygédgsf%g o‘gq%tre]lé?e{s}n %%ig%bft%stu?ﬁg@g eng@g?] ?S qu’}r,lﬁrleg rc'at%stt support.
The d atgacinﬁtc.hl%inméﬂg QA4 Be cdibiR&f MioWBHeRbep! GHE FsuRMABleRed support

alytic conponent, then preferably different o
materiehiay h¢ cantavtadpuitiecatalytir @mpoeents iskaseny Pgesuppalt piéiighin the

this is not necessarjly t case. .l n on referr Q1
produisaeRgEs: BRESTREL PP ornisr e di e Rbf BB el
contact@ 8 lcYialyfic COHRPARARIbefdrd R iAEIatedBnertha biddryingdapenent to

the outer layers may be acconplished by inpregnation
[0051pr dpregthacatbodigyenhef e yeteh sebnod) degcoidesg] layds is added to

emhodi t er he initial r . ins.
o G TR B 8 Pl P B TR B condower
layer thy BOME aghe binBfedhtthyt the fieopRNRAE:. SRithile nuedrialsiiadlude those
the initial outerlayer before the materjial is

appl i ed
discuspes! Whlprespaseio th&i}@lt outthiayd e dnEetiodder %pap@?g fﬁ%;“feoggd outer layer

appl | . i Nt . i ni
o AL A LAl gl P BEbpE 5oy R
method®inchide Useeldisaussihiigyespect fortkefitsayeerddyes.u Ppganic or inorganic
material in which one or nore of the outer |ayer
bondirgyeents #s EeCAPSA Y LHAPSHEHLE thy ffﬂi&éﬂé&n o Hi ﬁea‘g)@r"é@“ layer
UPRYL §nilTRlRfd: #Myel fay @ mby 18 ; i &, Smtlarly, th
o0 2PARE B el gy ksl hpuass, . o
secondibuterhaym ynay ©n tray notangdity tatdyteorpmpoeertts . If pohsa]er layers contain

addition, the n r d of catalytic compaonents
catalyGeTRPRRY. VR REGATN G LR gEe DT P CURpar oer
althougmh% is &bt nRLREK 1y GRATEE L B0NS bickirdd@ntbod RN Ihd Mitial outer layer
article size, Surface area, pore volune, or the |ike)
does nof cdnkeén g opplytic cm@pnt.aﬂommytm@%yalm epomenertido thepafes layers may
be acc[n%gﬁs%ed %Erplgr%gna on %/?é(ﬂrg}gcogaﬁg la¥ ags%ribed 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

i
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[0057] In general the nethod includes contacting
support material catalytic conponents and reducing the
W@ a10al0y38ec conponents. Preferred net hods of theCPUSReHN038814
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 conponents and nodi fying the
layer b%\%gé"ﬁx@ &t a@isyagbﬁeﬁ@ TRONBESyePNThO R coMPRAE layeR il balapplied to
ditional steps such as fixing the catalytic
the inita mypten &ryesnaahort dogtagipgpentalytietoarionentand washi ng t he

fix catal yti ¢ conponents [. i.n ' o1
ousal Bl 35 et g R LB Y R A i
which bR€oShERD fiflesdues 18RABnRIEcailticadalpoasits. dntiesdsthedayelvd support

eltmnated (e.g. the washing and/fixing steps)

[ . In
materialdelnoti lomitedso tyes lepgre, bhynal ncluss derefive & raore lgyets; suae or all of
. 1l npregnat i or fix eps) and the order of the steps
thhﬁg508 aﬁV?&@?@ﬁ?n??%%$%hat li sted above (e.g. the

[0055]" €dBEChduGkicH, 8 mRkdeeaRSypd e caalytic rbmgoneythat viry wtween the layers
certain extent, the contacting step wll degﬁgnine

of the lapiered bunpert matertl, oshes ChsaRiBRptrDc-§ RAFOPEY: RATHCEFIASH SYfrge arce,
cat al - | VoR fEnevparticul ar

mxeV%%g?béiﬁeP%gggﬁ#ggﬁ?%gﬁggﬁgﬁégpuf%ﬂ%ﬁ?%%o wgich an egg

[0056]y 0l M&iaddglOfMaltng Qatelystat al yst is formed, an egg white
catal yst or pre-catalégt is formed, an alh%#hro

) ] ughout
[0057]cat & gewerad Fheﬁ’fl@h‘?,damﬁlp COP@CW@(%W%Fagng a}lyt{ga{:g H’lp%?ms and
oS AR i Tl i
impregeatinag ths staBrie campdrentséuato (IR0GOporTheterioh taleiningghetasglyticay

be carrjed out usin ny, of the ort materials ...
compaiga RGBT TRTHL ST 08 AL A RN R g ing he
reduce? gé’% elg c&_ﬂ?h&{ehél o tRORpBbR ebrial. F A iénaD Stepidsuth s fiXiak the

e contacting step is preferably carriced out
catalytiat coarpoherts ont thepepriumaedal dnpeshung e disad patplyigcomponents may

ho er., Jeduce r el eyated,t era S :
N i L e L
above e@Btiohl AHPOBEs niBBbR leliddlinated (6. FPIhe $shiag and/fiXingsiepgr In addition,
nor e aqueous sol utions of the catal ytic conponents
some stape feryrbedencated e preetipls dnprsenaiion o §x steppeang Ragrdey of the steps

. t . t i i i
ey o3 B B e S R 09 B AR T
certainGtdn@itiadonfidE RES) Wil @terivines Whek dater] sBHS 2fe rendairfer the formation of

embodi nent, the catal yti c conponents contained in the
the catplygfcur sor sol ution are water soluble salts made of the

cat al yti onents, including but not limted to,
w05ﬂch|§$¥%g§¥5§5£er halides, nitrates, nitrites,

[0059]hy d 0@ bai€iSulaPappetesh tosoataatiesis oac ptiatas to Which an egglyolk catalyst or

am nes, W th .
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
wg@ adosm63sei t abl e for use in precursor sol uti onsPCTUB200€038814

PdCk, Na2Pdd 4, Pd(NH3)2(NOX2)2, Pd(NH3MOH) 2, Pd(NH

3) 4(NO3) 2, Pd(NG3) 2, Pd(NH3)4(QAc)2, Pd(NH3)2(CQAc) 2,

Pd(OAc)2 in KOH and/or NMe4OH and/ or NaCH,

Pd( NH3) 4(HCO3) 2 and pal | adi um oxal ate. O the

chl gy i | 1600 iBCH P e suplfod PeledeAalk Gescribed
w06mnos?hgggﬁggﬁgégbggﬂﬁﬁékgﬁloride frge pal | adi um
above pridcsilieoriremlia sd layeeed whpaivnaigritle gentaining Ainsomip $eing the most

referred.. Pd(NH3) 4 2. .Pd . Pd(N
rvore NS PSS 5P "R BLBIoOGH 8 L0 7 CU T any g
condithh3€ HoWePErS Fdd QM or SRIvAEN Rpet@lrbdler phekehds mapBEkdiployed.
NaZAuCl 4, KAuO2, NaAuC2, NVe4AuC2, Au(OAc)3 in KOH

[0061]and froona\wefaer asntawsing sigs, HARPNOBpIETiRHS imprepratedyvifh one or more

wi t h KAu bei .t he nos ref e QL .
s e PS5 RS B BLL 5B B8 i
state of HHelsBB Rt hteribISRIring tHRr BEI4EERY stepahait baondryisolid, udburfh Cb@; gel, a
"Rh(OAc) 3, and Rh(NGB)2. Simlar salts of the above
colloidpbsuspérisent arfihe kecat al yti ¢ conmponents may al so be
el ect ed, I - :
00625 SEL S Y L DSE Bt 0, A b PR ton

water fpahd1@shltd msialof thiErytab&ic componreatd, inclubing byohat 1sEted tgrechtomdes,
different palladiumsalts nmay qi conbi ned toget er..in th
other hligesngitiatesr wkiipss BYdreien pyAcs: Praletes aertastiQNPopAng amines, wit
i LGaly le8 85 \WeltQ rhdte pRELRSH atkasBlel of
s YO RURRS, IR i B SR S gt atanpls
palladiwackalts eigabluohusesn arrcuisor sobsiess wrlude RCL srPdGlsP dNH3)2(NO2),,

PANHS B0 BP0 SRk O e R b PR 3R Ao n

KOH SRR NI, B /& NSO 4 ROSRERID:){ rdpalls@umBRRGN 1 tBé¢hloride-
or sequentially and may be | npreéegnated through the use

contaimihg paltadom prectispis NpPdCl iswost pesferrddo 2f thephlprideyieegpaladium

nor e_cat tic conponents.. a conbi |
peculeis TS e EBRER o A PR N B0y ricons
Pd(N}E%tN@%)% RS RO A ximsach b rciatstuaylcter isepi pgoatadolution
through the use of a single precursor sol ution

includ¢ AeCer HéaCloNaduglicBAuRpr i Nies An Qs g clyn KOH and/or
. oy PRI g
vied T RS HRTLPRP R CEL S PR il B o aRhge 1 e

chlorideGres WRROSrEcuBirer Exadmples ofuhddiyph ealstseipable fouabe infpa¢cussor solutions
ortion of the catalytic_ conponent is contac agﬁ

: Y . e ch . .

includ RhEl, KO Asin #p En(Nis SUPHALIES G B Raie drsyior i patalyti
I I eapat.i | Pd, followed by inpregnating with

COHWQRﬁ,S%%V?%gggsﬁgkg%pregnating.again with Au. [0065] The

[0063]0r dEtirtiefrmore regihin oge dalienaybhemeed inrmediemi mecunior holulwer. For
recursor saolutions is

not ; .
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
w0 b@soedsei ni ng step. Preferably, the pall adi unPCT/US2004/038814

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, may be inpregnated with the

[0064] pal ”h?c%rwﬁ‘rsoWs&lHtl«SﬁEem%e"in@PegBMed bse ke suphbs® matdi@al simultaneously
support material may regnated nultiple tines

(e.g. comtmegmeors aneeqtlamtaillytand ng@n@rﬁgnatqddm@ggﬂﬁ yse osone or multiple

t h || | d
e bR e B AR SOBE AU s
and seq%nﬁt‘Pan 1§ PRpdtien nely HehGed ol exddsle, Iﬁatlﬁilﬁxhh:ﬁd rl&:tdapﬁ nragpe

tervene betmeen the steps in which d is cagntacted
impreghated theough tlrouse ofratsag]edirecugsoy sol@tg}ncﬁrqff:rﬁ%i to,ag &Geﬂwﬁregnatlon)
follow%&%{pg%#létéon {ﬂL Qﬁpegllrs&hs%l blga {gg%\?}gp rIQfaH(lhﬁona Jaﬂ?ytlc

compofidht PRk 86 Nabicgmtal orﬁto%&p]ptenhataﬂiallmpmﬁgn«mtem suc@ that a port1on of
utilized. Thus, precur sor sol th ons. V\E)l :% ml lude
the cat@lmq:lcom@éerﬁrlwqqt@t@%%ah impeF AP g YRR PEptoco midY inclu
£ 'tHTAﬁ Ao BEwEY rBorRf8€again with
lmprenge% rl;lg}ghng(yt c?)ge%ﬂ&gu g'ﬁht?]n 1|r ecur sor soI}(Jr;i‘liﬁioﬁgsnkél § &
Au. [0067] For the inpregnating step, t he vol une of

recursor sglution,is, selected. s hlz)#h it correspon gs} ot
[0065]t o bt erder a@a{?sméﬁt%%ﬂlpa%wtefw “PREUBSE & Vol tine”
crltlcalo%)l nggligng%qu beﬂ%rn?erdd%mta QkdERRinRRiNE &8 dabadded Badw anith

e pore volune of the support mat eri al
respectatd eheprakeieng stelp. Bueerabdy, shqmadlipdinmtsiatalyie ompaneb SUpymated onto

and about .99%.9f ore vol 0 I
the surgPR G| TSbI U B PR MRS SRS BRBTY OhER iphiFor othe
third cﬁél id QfnpoRBROWhedBde8] thay) bd ﬁlpaégn@wedmabmdnaﬁimm W1th the gold or
cursor sofution. This may be done drop w se _un

il
by 1tse]fn Allsoj Basupperttegsridmayihe impispested wakipke téﬂleﬁ with the Same catalytic
anti al achi eve t]
compoSg P FE-AlsBRREE A R EShte g BE R e

contacfel So NSRS BVt BhEIbf eOéécorﬂ I:Fdiitﬁcﬁr ofthegald.oOnemoot dtber steps may
assi stive apparatus ma used tﬁ%gachl eve rou

intorveng heaEt e CIBa R SOl SOPHAREH & 18 PIBhee e b SPlCisine

urther, a spray device may be used such
reducn{%’lg?&/?ﬁnmb{ecursor solution is sprayed through a

[0066] NOZTh&acbase Hhefils upihe precumbeiions map mglubtceabistiebe do-

imprezasin 1 seaiRgVE M EBRiABIR it AN DAL DR By PR

X @bl @ls elibligdt
similar aﬁ,glrplgasé I{S?igensrhoF%l 6)% glﬁsécptogét%{er éﬁ'? ﬁ% ?&gg%%:ﬁuﬁg S?ep,s g é es any

acid-baée kdabmome fhap ey dod de [mrodwgar evlufienssel ect ed so that it

[0067] gg: éc?r\s)tg oglgée%}%tlggtg\é\gﬁg%m? org%ﬁ ;gr;/c?ugnog sglbp org 1515%‘8&06&) go {hgﬁt
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 volumie.
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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@smemki y bet ween about 98% and about 99% of P€TYESIO4/€38814

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

[ooss]mat ?%léény ﬁle%y&ﬁh%mdl@thdnms addeii e 8@ supiorianmatialagd yhe support
upport material may be placed by aliquots or  batch,

matenmh is ellowﬁd@bsdrb thereeursns solyBenyt TBHnanbe 6@5’ dropveissiughl igpipient
wétneqsh')g {;lfgﬁpsol %t\éxg%le}gglﬁo\xégy i3 }}Egmep&i u&l@e‘f‘nz&ﬁe Cﬁlﬁ'e %M}r?%)rt nﬁatenal may

support mat e
be pla&ﬁ%@%ﬁﬁ&fts 8§10l e infts! fhie pedeursar sybutioy. denoke Bnmatylobe)r other

used such that the precursor solution is a
aSSIStlvma@wsmay&@ﬂS@i OB HEORUEH BTG R B e R sirmpterial and he
precurﬁﬁr ég@lg FL% %%régl'aé/ él’ewgg ﬁﬂ%é &bd sh&Rfhathe fn%gﬁ‘x‘é&dsolutlon is

to renove any excess |liquid not
sprayed lﬂﬁ@ﬁélﬁﬂndl}tletdﬁ&) Bl pyott mzEtréal i velleroit aba@rqudy Qghlgn@h,p fdeganting,

e omEiertal after L qna on [07H, Cihes oo L B9 oo
materlgltcir t+ dr?/l Eé %%h‘p&g nﬁtéﬁ?éﬁer%ﬁﬁ%ﬁ/ﬁﬁm For ex an‘pl e,

onents nmay be contacted to a support
[0069]Mat &bt ﬂih ithpuegneging atephhﬂwolaine\oépmurd@rsoha‘tlpn dnselsctedse ghat it

such as descrlb n US200 / 70 mh
cortespaRdo KR ARy ot BHAROUL TTAP e (06 g Ol d€Fe gpport materal.
Volunfk B&W% £o0uBY S, 0@ aBoud ND6R romh\é pRISIIMRAEQMNBE thpdLtpRAtial are
mat eri a as an outer layer, on to an inner |ayer

prefeneﬂfamdtrmare pgefdrdrlyrbetw@eﬁ abob® S yﬂgd ahaya P9 %mey thei pose yrdume.

[0070]t ec &r glg' ¥ d’g?f’lbla t Efﬁ\”il%l ‘85‘3 St oﬁegs {1%90% m%@ aﬁg%ﬁ e support

matenﬁlqggﬂ’&%ﬂt sheoBad prestradr lsylumbd. NTHiS SRS BE dbre AIOP d/;xsenmyll ineipient
used to formshell catalysts, as described In

wetneRatf gretsupjoort Hatpgal iy s.g)stam:,llbfrﬁch@vq:% c@],teﬁ@ﬁtlgp]é(dthﬁ yupport material may
be plaﬂig}})yé'zf e %81[ %au('l;%t‘%l]b? it Ml%'p e%lursﬁ &tm{nl on%‘ci)df ﬁﬂrﬁgﬁﬁlﬂ% Gther

assisti @A pphdbismaytiRrged ﬁofaehlﬁvemtifcﬁig]i c&ﬂhdﬂ betweemﬂly: sheposipnatyga and the
onto a heated support material or | a

precurpaxtselution. Fugsr.& spry dswicy By b%flsefiﬁéabﬁhé‘)ég? B@F“régfp SB[‘%“8H 18

sprayeﬁ,gl%rglﬁéhaa} &osztzﬁ%?l[b t?lg okt n‘Mtélﬂal tvl}‘(%rglﬁ ahLehedleRRibhally, decanting,

us depo t|ng t catal ytic conponent’s in

heat oﬁre&ﬂit%ﬁ lpregsurt hay el pﬁxdrtb rammdve mig ExceBy lefuidt mdlapsorbed by the support
enper at ures bet ween g%%ut 40 and 1400C may be used.
matemrlrfé te AiydRmewgon mafeid! AL FPPISERAISR control | ed by

[0071]f %;fl{lér @Qntﬁaﬁgté%ﬂﬂﬁﬁ@st HELLOsed REavUPPREThe SR YHilRlstidBehieving a

ow rate e solution through the spray
shell cﬁt@]@@‘d hor Boampie antalydic compmentsmpeyrtetcaniasted rod/ papid iiaterial through

1000C, rel ativel th|n he
o cheniia aionBRRosHay B part e Py BT BT RO wbich i
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@sekiski ed in the art will understand that aPCT/US2004/038814
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
organo&%‘éa%%ﬁr%&xr&?%@a@tﬁ cBipbhits partiaahey with peped: taTpéléymay be used
roma water-soluble formto a water-insoluble form
to formStheh catalsepasmiescrived indd S PatanttNy. 3¢/08,763 xvHeh stiagorporpied by
may be acconplished by applying a fixing agent (e.g.
referengg-spersion in a |iquid, such as a solution) to the

[0072]' "PLEHNALALhSLRRAERonTBIRIdu mAYlsebe G aitEbES oA thel pradhtctian of shell
portion of the catalytic conponents to precipitate.

catalysthiHeré,ithd pracussassolibomhaay be sraaypd oniorhqated spapargateyigfor a

js not required to f
v RS, s KM 20 A L T 0 o
with the®iested &lpgpak ima@iaglthiydpesitiethy catalytic catmments dr asted], on the
carbonates and bi carbonates in _a ugous 8%§t|ogs b
supporpmateink, dfeferhly, (SR TETbIY ST ORI 10 TG TEY D PSEong e

thickn%gég@? tsﬁ‘eﬁrgli%gﬂ% %@P%@&?CHQ%I@Q@IB}&&&H& AU Yuph&it iARrial and

uring or ‘after the precursor
the flowQhtdlof RS RKON tHrpughghaspedy mzzieh &os exppwie, withttemperhtures above

AT O TR T
chloridsgg{egtrpk%hrs?ﬁ 2 h9Wed «J 15 Banédtht BRI foxthiBnaBERd supFort material.

or about 1 to about 24 hours. The specific
[0073]t | MOnd eliflatim thpan wilhendeotdidribatiacnmbinatipre ofthe eeiptagsing steps may

solution and the f.ixin nt. Like the inpregnating
bem“%@%ﬁﬁaﬁﬁn%@§%@%@W@H%@9&%%%“%%@Hmﬁgm%x@%to i mer si on

appga s described in U S. Patent No. 5,332,710,
"m7ﬂmhicﬁikgﬁg%corporated herein by reference, ma

! By
[0075]adV Emtaydealssikabldie tussfdm at leasa ppition §f thesptalytiggempongsgs on the

fixing step. be acconpl. shed, i e i.pl
contacg SR BT v BEE TR, R DB AP i ot may
be refe@d td A a ﬁ’;ﬂﬁ% BiEp. MDRiS még b BB nisieedityabpiginagefiting adeut (ean

I's applied To the contacted support material .after al
disperdidreinradiquia sechms@saluion) te dhaitipereRalid FePPeE apaterih pighgguses at

ot DA TRl JAShR 1B 598 64t o e

| catalysP,rb%Hérn%PfelqﬁiQéthbif&ﬂﬁsheﬁ@ﬁtagfxtﬁn'p| e, I fi )c(il ng after
sequential inpregnation wth a pal]adium pr rsor .
[0076]s0l Any ewitable fFongiagsneBay bppsed oVith hg.{xlogﬁqj; (&2 eﬁg%j} @Fﬁal hydroxides),
ili rates |t 1QR,; £ kb Mo e Shefrbk i THE
slicatd fetpted; SarhSitch end BictfbheP Ay pal I adi um o m
preferrBd G&HhE28Ent SONAOH O Bixfired heyedadoymp hgheé n addiomn thaiftingsagent to the
gol d precursor, solution. An exaqgte of co-fix{a% Ry "
supporhmatesighlep o, dyrigg or after the precursor solutions are impregnated-on the suppo
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,
wowubsdeisac] ude appl ying a fixing agent sol uti oPCTHUS2004038814
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 followed by inpregnating with gold foll owed by
Bidd ddicel Jubh B4 toaél irﬂxﬂb@m apparatus as
agent. Iﬁ%%&g%m?fegﬁgtwé%teg”ﬁi@% ng fol | owed by i nat i ﬁ%
descritwidtih IJgEB;IRdttahoNlooﬁxéB:{Z By, Wh)q%ngmc@@@méeérheé@m X reagfgnce, may

subseguent egnati.on, any excess liquid may be
advaniageagola pe %fi i @’E}B%E}F? material dried, although this
[0077]I S Aft ﬁQﬁl%%%%%é}J Be afcb(ﬁn%f&ﬁ&i inA¥he ®X ﬁfl!iﬂli;ﬁe sifpsS eifaretas a co-fix or a
fixing may be found in S. Patent No. 034, 030

separatehfixc Nnjagot firg @npomp@d/obynqs@f a ﬁéﬁtgégelpt@elmpn rSrﬁPaH%ﬁ fodhe

th
contaeP S EaTEteeutl Sick i PRReBUEy 2O uER RRE O RhRied ot
suppoldl &Redrial @hetiRRr HeSontaatvaRtacddmplh&MiBradgh thewtst ohonesor multiple

i ncor porat ed by reference. For exanple, a si ous
precurﬁqr)sohﬁlgm s exarmipefg%& #Hg STHUPRHR) gpprga%wp%{? aoreﬁ@ag

precur‘sior so{ﬁgo? o?cY\gr | a orJ s%&@ﬁltﬁlﬁ% 4 ARt Hregiabst s@ﬂﬂoﬁ W&hl&&be a co-fix,

I on on s enbodi nent, the f ty
as WOID@ figimpdiftet £Cco-intpregnation wath(aqjaﬂdiqwmtrh@bmp@n@msor mlutlon ollowed by

catal yti c conponent be art| xed wh
impreggHomYithd S5 PRETSHSHANeN ik BF4Ie {%ﬂ FXEE R ghnd'i U,
Patenthc?( 5)314f8§£3 lmls%o@;?&éﬂsdl Qﬂﬂﬁzlfereﬁdenm fix. For exanple:

nprégnati’ng Wi th | 'adi um fol | owed by inpregnating
[007sw t A gphidteaing oa t}mcehénhxnch gvoagbmluﬂ@apmmgia ifiyringjagpry golution

th f | f t h
duringydg ffe 535 ROBRREUAE R OATRESET ST Eito 1o it Pa e,
protocgﬁ Rr&dind Qséfa@ra@é fix:taly [r@;&f@@ﬁﬁﬁg ﬁ:ﬂla&lu‘{ﬁ follo{v@@ 890 Tixing followed by

anot her enbodi ment, "particularly suitable for use wth
impregrating db gb}defellgwgblw gxing; orpheo- g@mpmapnﬁg@@,ﬂagqldlmg and rhodium

follow%ql g%ggeatggﬁ%\yecﬁ@eﬁgg%él ? w1%}egr | aﬁlo%h%?ltﬁxﬁr{ke Between a fix and

subsecﬁ@ﬁqgﬁp@ﬁﬁuoﬂ B8y S4¢BRUGhid TR Ed Biov&l sfndrtﬁé suppput egeaiabdiied,
either an acid or base sol ution, pi cal I%/ ; (?
ground in U.S.

althougm thmalts abtnecafsly ey GASHgn EFENY %iﬂaefa Xé‘i*% BeY
Wit tion that has the
Paten%\@%@gtﬁ@g@ ]%hdf E/ gﬁ%ﬁ& ?@F gezglilc%e dried support

[0079)Ta &F hrﬁitherEh@o@lﬁ&m g fadhghgsadriracdrtanng eﬂelxarea:ostﬂlezltdd

of catalytic conmponents on_the su ort @Q%fé% ?1 i
simulteneqHpy.cne grapple oawhiFhindesgrébedde akﬁ“& Pr which 1s
1ncorp§1UaPe%Qor Lo FRLEL 1 Al e&lﬁlﬂ{ﬂe' epsnthft eb§s ﬁf'H{ Bé‘tﬁﬂgr%nﬁtg%mth

asli Cc precursor SO 1 on SUC

palladilii ®lib@eday ﬁ@mgtfdbdwadqiyempmgniimgomﬁsgﬂté pstifixing agdnhgng
varlatlgh )SL ?h%s gr%l()eodnfngrlltl %V\%x me be cogguc?edttlwrllcg tgr a gatalytlc 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@ 2108l0§382C conponents i npregnated on the suppoPCT/US2004/038814
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
agent. VB fec Bl P ey Béahded té help isuerhofbmetiin afsheltype batglyst as opposed
Au/Pd atom c or weight ratio, an increased nolar
to an ablybroyghayt cHplifloxi de i on enhances the CO2 selectivity
[00806lnd If?gﬁdtgér%}ﬁbgﬁnﬁ Eﬁﬁmaf g‘gﬁltaﬁﬁtf@} Y3 twitd G9G e fFé% recursors, the
ol ume o I'XI'ng a &nt tron supplied generall
suppoR etk bq)ratreaamwrth adixfirfg apestrio adjostdlhargoperties afithe bupipbe material.

I s P OBRD L PP B o RGN POl SRk preid o5 bave Solution,
typical P OB hOak. iaFted Hﬁ/ﬁ{ge fhetsgll?ﬂbrttrﬂﬁerﬁ%ﬂ 'i@lrﬂiﬁégﬂﬂﬁad‘%ﬁtﬂ dWrecursor

contacted support teri 0083] The conbi nati on of
solutldnrtbattéxg,mﬁlelonpgosmdicfdutx/iafkghmtméh@mdfS@Pmrhmghehll Tihe Gésumg acid-

s 50 0 s St S e LSRR for cxampt i

acid nﬁ?i)é‘hyeﬁtto Wh-Iréat QREpRNGhAML kHalin@Ed 8 gmpiRgndtbaivil afbhﬁ@precursor
In the absence of a chloride precursor, a washing

soluticsit suph aseRA(FBcasAe@ el ‘Bhis fqmtyfltl%te@lqu@tr@@/ q:qgn@m}@r,ed as using a
can be free of a step of fixing catalytic

ﬂxmgé%ﬂfﬂ“@ ?%ytahcopta\%rﬁﬁ%e Pt herwi se be needed to survive

[0081]t he ThaskcBBtrAlRDS fiRAEHIsE i thewamtibny tgfiesllyl Smoleekedss of the
the catal ytic conponents need not be fixed to survive

amourtt Ecajglylifl ¢rgnponenss Iraprsgaides: th @@L@sgrt mpterigh Fag ampepnt of fixing
agent sqa%ufd% bt P&eeé%@%ﬁéﬁ tggag 1?%{% 'i)fe%éﬁlélg r%a : nég?t%o#)g&tl 168 tlmes the

nponen e the s

amoumfﬁycb@saﬁ}atbrrbzﬁﬁ withitthendatAigticallpeldive cativak ppesepdn t:h‘eoveyer-soluble salt.
steps. Overall udse of chl orlde free . ﬁﬁcursors

t he
In one sEbAR TSI %Jn,%g Agrd Hpaicoreeghd Fatigy BHECEERH IFTHETGess of
hydroﬁn%n lefhdnE &GO R sél%@fgl t?onéf\@csth 1P O£ thk I?ééﬁltﬁlﬁ@ﬁiﬁlﬁg the

er of steps neede pro uce the catal yst” and
[0082]el i ffhmadsl’unng of IﬁmngezgdlttsoludomWshecbgeneltall@slncdméd boat aneunhg

t 084 t e 0085 Par |
sulfciffa e gor=b AR OO DEGT OF MeaAEBe spHoR e riab i Am be

accomEpshQH BfL tx%ﬁﬁélhg abi QRMpRS 2 ISRk Sht 1%&&& thfetht | |p2$1*e%1ume of the
f1xed support "naterial may be washed

contactedmummriangtendl i de residue on the support or ot hervvl se

treated ta elimmnate the potentia ve
100831, G o HAfHonGH "ORGELTB AN TR SFPAT IRl d G Fhge st Bus
the usésﬁﬁllaéﬂﬁéé&@anédr@@hfi&qstdns% delti@hhs eRpRfién 6B Qfell@htaly@t while
water, preferably deionized water. Washing may be done

optionilly clintjnatisis the ﬁamg sispi Mibesbsaenseol a\hloride Presursplpa yashing step, as
d1scus§ﬁ§{r§ %vﬁ'ggagli ﬁg 1alg g %urrt]her,r}He pr%néss car} lbeefreeefcfflaus‘teé%tof\@ﬁm 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®@alosssep a silver nitrate test. The washi ng BCEPSI004038814
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 a%h 'tl‘fﬂsrfﬁé JeRRiAEr §Be WeS hiafiee itréfd. oul GABG]t aﬁ‘&klonillpr@aﬁt@'p steps.
87] After at |east one catal ytic conponent has heen

Overau:,am et dhiprde fiee prappets PrratE PicAlLYSLOTPET- 63 Ry H@radugpon method

that is %g%:/ 8? %sttal{):g% \iy% gamlg', ;Elus I %l:ﬁig EHC? tglre&i s%éé)e P?%etnléo It%éhéce the catalyst

and elZMHERINS B &Rd ItchMﬁd%é)of E&ubndtmqomaakmg phsice el sewhere in
the process. In another enbodi ment, the calcining step

[0084] s &ashing@teput after the reducing step. The cal cining
[OOSSELﬁ@?Iélgﬁl%H %a 13:{:&)& ng‘ gﬁ Bﬁl‘ﬁ‘éﬁé &b uhﬁzé@l and in other

OXI |Z|ng or inert).

applichnk BYd&atd, la[’taxt the ﬁxmtgh;&apcmb dikyd suppoxb npterehinsy be wakted to remove
support material are at least %lall dec

any hof RO OICHEPY HSAER & CEiEE GEESRR LI B TBETIAC b oot of
a cont%&‘;ﬁ!\t OEREfmupEQIQ ﬁqsalerﬁpr'fl?ex\ﬁégﬁin%’ste hc16RH GinBin ?@h&ﬁ}?&d stifport

tenperature i'n the range of about
matenmﬁ &@tdr,qaraﬁamﬂ:ty dfoneed yatet 8Yabing niptbeelene BbokatclpgoOEntinuous

mode. ?@Sﬁ?&éﬁ&e’%ﬁ g%&qr%ﬁq%&g%‘gﬁ Bﬂrgg]&? awglsﬂé fﬁlg? ft %Vrasfl W%ter has a halide

ion cofﬂ)éﬁtqi 740 haHaB6R 1906 PpASartaGhdre BrefdthBly Q8EINhe ﬂﬁzg @ffueAB@nes a
trogen oxi des, oxygen, air, carbon dioxide

negauwmmmmtal siver titnae &t Bre washinglstsp mhay besariedioutfife et
mmultgraaﬁgiclg lwg élilel %d%{ﬁéstm td?sglrésrgl tf ‘tgel Vvtbult Bre@a‘tﬁ% ﬁoc%%%ro%t Blfore. As

discusSMBbRAAHARE of haide Pee pﬁ%’éhl@bﬂb@lutl@ﬁs pdrinits theesfimiaationtndthe washing
preferably are between about 1 and 5 hours. The degree

step. of deconposition of the catal ytic conponent salts

0086dep S .on éhe tenperature used and length of time the

[ ] g%gﬁ%@%§~%atalyst is calcined and can be foll owed

[00871by DERL hiakdshene/@tajtic enghesanhasicen omntm@unahssuppm@ag}ena1 a
One or nore cal cining steps na be used %F ? d

cdmnmaywpawﬁﬁe&ﬁmkb@@tTh%%@ﬁmaﬁgﬁk 5P9Yﬁ e@BﬁB@ﬁ% jeStep an

aclied tdi@lplack blsBRNerB 1 §8 pfdcBRd In
after t}}grfnéxfm gatgq g/f ﬁlt{;lg§ gli':flﬁ’sgﬁ*bm:a i@ tplacle sewher Ip c

clni ep occurs before

anothe@ emb@cﬁtne@ft thieleelcpid ghtepait ahryibd outcaditnpﬂm eentucmg step lena:@mnang step
port materi al Alternatel %|CI of adZJrcon g)
includgspioRa tARRBPTT AN RO HoRGmO s 6: ufdigine of he

Durmé (ga'mﬁ ilgic] Uhe §at¢9?€1@&5rﬁ’ﬂﬁ%ts 3P AR Gup Bt Iﬁé{t@héﬂ adatQdsEpaiflgy

contal nl ng zi rconia support mater| al at
decomb&ﬂmeﬁ'oat theie salabmumlammft&ﬁﬂ@(tde atdefraeimdéalifham. t he COR
[0088]S el %grt éx\alllmtp}/e 816 ca c?nu{gesstgpl 1ts %Qmed 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
w0 p@baeEs21 a) | npregnating with palladi um f ol | oeTUB3004/038814
calcining followed 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
like. I Ghd QUSR] (AP EAEAREISRY iVedrAed Hadh bimith@kpraxes) dapstantially pure
cal ci ning fo1|omed by i npregnating with gold; or ?)
nitrogennpryggm it on gombinatignsi theren u fralgitrtioh et Y vaiy tehaigigply are

i mpr egnat.i Wi t | : ' : | 1
v GRS Bl 8, T 98b oL b RUBH Yo SPL AT pgnent s
dependd @ASRAehpchfi€ifedAd Bhglhedsimehs natinataircatasfsors walampd and can
remai ni ng catalééic conponents froma salt or oxide

be follgwedmt moritarmeaPiptilecdsePPpreRiEodtcht e, such as by a
[0089] r edbccla N9m3LS lcirzli-%(%étg‘%lrrh Sellstd, IsSciP@Reat Qﬂ}lfqg(?ﬁﬁpﬁfé? &t 184st one

sal or oxi des educi ng ‘agent, exa es of which

catalytict@hipdBerd i dRtaated Cathb euppupnoatEdid, it mpsibeg@nined. Preferably, the last
hydr ocar bons, ol efin

o aIth qes, al cohols, h drazin%t
calcinipg f(gpSEUETAEAES CORIBH BOMFIEPIA AL “oRRPRTN I § ErepgiitFubPo
materi:%clalé}xtrltgg}a% %ﬁﬁlir{egc,of%%lgoﬁ§glﬁfp§rtmeﬁé@ H&ltﬁlgf E%@ﬁi is conducted at

h rogen, ethyl ene, propylene, kal i ne
temperayigisazlaveatnt3 ¢ Ka Byragoidorgralciehg die salddon@mimgzirdosiasupport

.thereof are-preferred redyci ng agents-wth.eth n
materigl gULeTRF TN RGO B (2 §§e‘§°2pS§§GFPYM G fosuttan
catalysPi/Al 6 E&Gmedhiipaghdriedaédion enpl oying a gaseous

environnent 1s preferred, a reducing step carried with

[0090]a | Egeriplammpvotoonsrmntudingyr calciungees wglude: a) impiephadine gtha

pota G B ) SRR EER MG D E B o ilsbne
palladiREOME thurh foRSyediblylcalc i CRIbYed BY dnprégnatiadeith Al; t)

about 5 hours. [00 3% Since the process used. to feque
impregnhféngowittiapaliadsing WaSAY galwgylgifthlﬁq\ypéiﬁb/égqpfqg@atmg with rhodium

charact.eri stjcs . ' . ) . b ORSH pallad;
o Y 564 e O e LAE R P A s g
and rhodeh hellohedby Rgirégtatiyg whh gbldspllewtd by talcinationone

bal ance of these properties is desired. [0094] In one

[0091] enbBeduesngStelhal | adi umis contacted to the support

mat gr) | iR&S 9161500 Gl StraORAGhP fomaini
00917 ) S5 JRLA SRR 818, i i
catalyti,c4BDo R, fréim k5l F6&idnidrmed atadypedignctve sdté, so¢h astiyoh

are i ncorporated b reference&wé?OQS

AT TR GO LT M AR —

of whié.}fmr:lﬁ@@ﬁ{ﬁln@ﬁiay\éa"r%n 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@ osospsegnat i ng wi th pal | adi um and gol d f ol | oeTUB3004/038814
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] Modifvinfi Step [0097]
d LRRJUE | Tie tethp@rampckeheiedrfer the Beducuon can range
xmed&%§9ﬁ*k%n%|§€ﬁgg oa noglfylngﬁstep i s desirable.

from ambxenfctqi wlapsut T5ASC.HBednston inenwilhpisaldy Ya7y figmsabapt 1 EOH?@OW 3
step has several beneficial results, including
hours. | engt heni ng the operational life time of the catalyst.

[0093] ] Th eSlHQéjﬂhfe)f)kdl:gssS(Is&Ptd s s dantyticahipederanmag trifwatden the
tep and may be acconplished in accordance with

charactcnstme of thorfalal gatalesti conditingsrrmpioyedfer the gRspePTsTpps Yaried
t
B

desirednydr oxi de, prior to use. Conventional alkali neta
car boxyl ates such as_the sodiu

g} ot assi um Ilfg %%?(1 duced

[0094] andlncssiemedinmans pgHadipm as Qniasiea s ECCHPRRBYPFIPEaa i gind reduce

before 3013 1egg%1[ta%¥ Ft‘ldand%d tc@d 3s BYE 6n UFS Fa8dne N &b, £5%t 9% 26,0 19769 and
5 % uct ion of VA is an al kali acetate

relatedWatehtspﬂI @lehmlmnacﬁctoa@cﬁatéd@teferﬁmeng t he nost
preferred. [0098]. The support materi

100951 b rgshghraracold bRing e iee S pHads utrry ey Sag it
pauadlﬁﬁgtfgftflmg@‘%‘&gggﬁfy %&Iﬁh RloBY ¢ B8 gﬁhtmg Witheaimli6wed by

eferably out 20 to about 60
reducir@t B &-miprogoitihy wib paljmindm pedt gdlil f@towst byaptipnadly cplomdry followed

Met hods .of Nhktn ano 00
by redysngs 8RE) IFHIEAE 5 it Bl EE0f %PtE?P%‘é% CoTE Gllqed by
reducu%'t%ﬁ@@@& il frOa8f Mtk epR, al kanoic acid and an oxygen
ntalnlng gas in the presence of a catal yst.

momﬂpre&ggﬁgmgguxene .starting naterlals contain fromtwo

e e I e

desn‘ablﬂeS e&@hﬂ@ tHeQﬁtaWs%@ﬁEe @ed Wihshd ﬁﬁ@ﬁﬁh@ﬁtelﬁ akie ﬁé}ﬂhhstcsw@al beneficial
kenyl al kanoates contain fromtwo to four car

results,andnélng tengthening éhe aperagiowdd fliniie ahthe sefelypt h&é‘i“&*}fymg step is
sometualF%%aﬁ]ga 31? 8&&%%%%’, %tg% 1{d Iglg}fb&a{cg&‘gﬁ h?ﬁ Fn %’Abrd\c{ﬁ&ﬂqt conventlonal

acetate.

practicEORhmBIyefhe FédrdeBduppbrt n@Gtenal ie bcbrﬁhcﬁe(hwrth e tiodifeing agmﬂ such as an
acetic acid with the VA being the nost preferr.ed

alkali petScpationy i dor Akl et AYCIPHIRAEPBR 18 GemYagiona) okl metal
carboxglgf 20Ueh Q0 O gf! (Igrfépfags%riq ViR eddrealied seRy hray! a'hﬁhatlc carboxylic

ersfrom an 1y unsat urat ed conpound,
acids afeeniieyedifor @i pﬂlrpii’sei Apydered ativdimgpeesante poddugtion of VAisan
catal yst. Althoug qg rest .of the %Peplfécatlon
alkali agptate, ¥k gotggsium acetate (KOAc) being the most preferre
[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@dueisepbn net hods are equal |y applicabl e t o PCTE82004/038814

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

[00991C ONtvRdIsSs SF IVkeeA lkengl gelenodtedi r, and acetic acid is
passed over the catalyst. The conposition of the

. . he gas
[00106]t r Sherpreaent irevention way W viized g prediqefliecay! alkgaoplgs fram an alkene,

account. the zone of. . [ I
akancf St ol ouPniae BT P of BB A e
startin@ R@riaQodRid Romkeyto BB 2arbdrhetonmm(eg. ethyiene, mbpyderetand n-butene).
acid to ethylene can be abqut 100:1 to about.l:%gghﬁudng

Preferysd afkaneip lngidsnsing maferials g 1a e PLoRGSTRIHS FPiepdony
alkeny? Qﬁ?ﬁoage:s Loh QiR bwd fo.gfourT B3%orsd (S2MeERY pRIpffhic and butyric
contal n gaseous al kali netal acetate and/or inert
acid). Fasfesed mudintast the proogsare YAy Gioyl piomcnatie vanytibeprate, and allyl
sat urat ed hydrocarbons. .Reacti.on tenperatur.es whic .
acetats, a?h%aéaagggeraqdéta@sl%&@e@aﬁf ahsU LG AR Sep A Bl v being te
most ;}rgfgﬁ&i y;bﬂedﬁéﬂ.e ThN9R REscAlifintdr & 1BeRPf thd PR dRERSSIfo finically
enpl oyed can be a sonmewhat reduced pressure, normal |
unsatupatebeubaxybe estre fimtredh gedysallyansatireted compyung, peabendis acid and

oSl R RE0YS B TOPRE! 57 cSPUE: PR TRIn s Vi

exclusPleBHGhALd 8L kRdwrttoad hanaatsyas) e daiakinsthe oftalydteand
present invention may al so be suitably enplo

ed in, ., |
produgsionerethags ere esualpanplicgne torasher alkgmy|atkanpates, gnd g dgegption is not
. react ors. [,00103]  Ex The fol |l ow ng
1n%ndg§% %@gQF@*Bﬁ%%%@ggﬁkgﬁw%ﬁgﬁgfiétion only and not

[00101]Nt &MEkAGY A @5 e dhdetiubing the chiatysestibinpesehoinventian, asteam of gas,
~ reactants are approximate. The Au/Pd atomc Zgé§o fq%
whichsenteinp 9ibyieael oKyEIE 2uAPRoFES a5i 15 PASFH O dhes fatady sl e f i

by the .f ol | owi L ONS AL P At oni Lo = .
B S L
flammibi8 (Al Petflatanior exatripte, tHeewhiatrhidnohalyylére talokygsnicat belabout

o et U B 0SSR Sy B SO AL U oo
prefer%’a?{)lr %ﬁkﬂ{ E()e’:i 2& F:%,' Snafrdst ]S’I‘éfegablgyaﬁohﬁl 4 QRRURT 80 TheBadétredin may

alcination was carried out, whereas a o
also cahitain pgpesisepkatiayttel mbloteemilat mdrtgesesciugh as figoga@s partpredioxide

catal yst of exa es.1-11 may be .prepared as descr.ibed
andlons e TR ARt BOP LB NG T (Ol B ERUR Y
tempeRhP&S ?ﬁéf&abl%ﬁ%ﬁ@in‘%ﬁé Ahysbt HoemExa0nt eShdpréssiBydigployed can be a

conpated to each other "and catal yst from 8-11 may be

somewhahpdred preswactoroalnsessuRes elevajedpresspreppicdaeh Ia Fassure of up to

about 20 atmospheres gauge.

[00102] In addition to fixed bed reactors, the methods of producing alkeny! 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
whyeopioessect s i n t he production of vinyl acetatRChyS2004/038814

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

he |l e at both the top and bottom of the basket.

lemﬂ' E%§%§%$ was placed in a Bert continuously stirred
[00104] anKhe fdlowing eofmples areaupwd@d for ilgtratipseonkyand es intended to be

tained at, a.te
gy 56 B ST G TN i B B o L ARt Bafmay be
convel#@itto MeXA WPE welghph@idtand Qice aemBby thetfellevihgeasitives AarPd atomic

P of ethylene, about 10 normal |it rdzngf oxygeﬂeductmn

ratio —e(biﬁT(A%I/Qd csighiratio) et SWBH weight sdier 1- ogicgpll
may b%%ﬁygevaatec? J]{”rf%@oe‘? dﬂ%&ﬂe teﬁ}p%%éﬁ% gp&aﬁt Qéﬁlﬁéﬁ@h@?&fu@ﬁ& wi@&arried out.

Likewit Bapphe6e mal e abtgbvitiee ¢ (b’aibklewed Taynidie tdmaoemmalny € atwakich the
aged under these reacti on conditio E fo at ast 16
calcingiionrens SRIFiSH Ovlo WACTERb? Haiie SFe@ﬁnaYatfeta@ S
a ddsB§od ﬁ‘i‘l&écé 2 d tested
[NHO%C %%é?ﬂmﬁggﬁggﬁﬂﬁaf%Egnbggékﬁ?%%%?%gfaphlé anaﬁygpg%n e
accordfnevitieefd]wivinkg podcediirevehdre caialgst froodBxAmpderal -§ siay bigypompared to

condensi ng the product strea Q_obt
o oy e 1 945 e T Bl O, 3 e B B
availah1©2) . heavy ends (HE) and ethyl acetate (EtOAc), the
results of which may be used to cal cul ate the percent
[0010Gel é‘he caxalysteef theepngseewer istof fforsheir pesiyety mad sqlechiviy fqyarious
each Th activit f he
by~progwﬁ§ g)st ee oggct%%\ ozé/{qyl/ilc‘te rchtl(oRC et\?l ]ten65 ngg %ba'hdggetlc acid. To
accomgﬁ’ﬁpcﬁfs eibohebEml 8t 186 cMslyQiGrépafedrak @8scEibetidtplaeBs it Misthinless steel
orrelates the activity factor with the cata

baskettvatipibe tempewmtyrd gatiahly affpeing @aﬂ@@qr@;hlyy a @Qwu@@ l,ngqtg ,t}g;ﬁtop and
botton:t ﬁgpa?%ggt gﬁealgagk% Wﬁ%&)‘lac W@ﬁgﬁ%l&%ﬁrr&% garﬁjé ;r%@t%r of the

remrcdlﬁﬁlga!ﬁk' Mt tas hagitgihed ypi térﬁbérymteswhmlv prosiley abcnit 46 %d)xlygen
the tenperature required to achi eve const ant

convergionvdsingect UratTg mRRdiAEM ea%far%fta B o8 656 ggpasured at
l.e 1

nre iR e %%é’%a? RS G AR e Bl AR Ao

50 g of ks hcﬁdi ant) abdut dmgiod pcméssﬂﬁl&caﬂatecwmswastadrtg traf’el®nder pressure at

ot Sy o 100 S bk B SPIEL £ B0 A NPT APkl A"
condit%gs?‘ Porr # fe?@btlg hglg_rg ghglutto aQW%@%ulgruhlze@ég %%Qﬁé rea@ionWdsa&dinated.

175n?/ g, and a pore vol ume of
Analyﬁb@ﬁ.the @noﬂﬁctmhgac,comahslfed by Dn-lhnp g@@haqre@tomphlﬁ enahysespombined

with off—hne 1Sq§udvl\4rg uct ana?ysm by con(? hsid lfﬁopl%gduscg)stream at about 10°C to obtain

optimum analysis of the end products carbon dioxide (CO,), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO, Selectivity)

of these materials for each example. The relative activity of the reaction expressed as an activity
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of sodiumtetrachl oropalladium () (Na PdCU) and
rhodi um chloride trihydrite (Rhd 3*3H20) sufficient to
w@e@siogis2about 7 grans of el enental pall adi um BeUSIPOL038814
0.29 grans of elenental rhodiumper liter of catalyst.
The support was shaken in the solution for 5 mnutes
to ensure conplete absorption of the solution. The
pal | adi um and rhodi um were then fixed to the support
factor BSctRRY) R B dniduterafidulatea disinpa briestf A @tiodethabdorrelates the
contacting the treated support by rotoirnnersion for
activitp faton avithsheacatalpis tanxieratems|(Jurmg thedoas tian). 28326 coweralﬁn and a series

T e

act1v1tg«_ﬁ1@tb@ tpidal iPiakdraddy telatand thdvediparnmirordgaéd tofﬁﬁﬁfeoe(cmmnt
he solution was drained fromthe treated support and

oXygen ¢aveigPort was then rinsed with deioni zed water and
[001073“ ohm X009 K afpfel Ui d bed drier for 1.2 hours. The
pvri—rrﬁa‘%at—w‘ﬁ'[‘a i ni ng pal |l adi um and rhodi um
[00108)Y dEQxhpled : W&ﬁppd?’éﬂﬂaﬂeﬂﬂrcegﬂaaﬂ@pal\haﬂllurrﬁamdahothumsnetal was prepared
solution (81 m) c¢ontaining g Au.fr
25 ollpysy Tige SOmPRAEHAIL AN SHoL B30 SPaP ROk R heis By 160 silca
sphere% Ha a H&h{ﬁ?l &ﬁﬁet&n&ﬂ ﬂhﬁp ty RLRESTSILIRIN. /ﬂih‘?n g&%tmty of

s were allowed to stand overnlg
about @mg H2©/rgesuppmt atsidmceafeatdf@bdui 168 ka llhnf/g,@ndmrmheme of

de. _Th 1s th
s (U, 855 SR ShTET S5 bST PUALXERTE St gt
of sodlﬁﬁ%ﬁﬁﬁﬁ?&ﬂma@hﬁ Zﬁﬁ @trazﬂr@@Qﬁﬂd&h@dlﬁhtbhmrﬁe%Wdh@d(Rﬁqu-sto)

.2 hours.” The p alum rhodi um and gol d contai ni ng
sufﬁm@m ppmomdwabout Hegramasid fsileneenta palgiocandpbopt A3 germrfetemental

rhodlup&?bg&épt%zﬂysafh@e\éﬁgﬁ)c} na %%lolél s rrS]O?uélné%I{) frgmutes to ensure

complét€ siws@&ﬁmkabf GRNbREbA. n]gletpﬁﬂacﬁlh}rﬁ RAd thodiunh weHrer( f1di to the support
mtrol%l in the vapor phase at 1500C for 5 hours.
a;

as pallgdivral( rtdrréo@amaﬂ%wdmyies RpP@HADS thegealed ERpROEHY roto-

VVI th .
e D525 M Ao AGARLG SO 3h RSk B) g8k gronic
solutiod @%@reﬁ@‘fonils ®% eNaOH/DRAOGR hn Exaulo€ 120% Af &hapmded to convert the
material_ utilizing palladiumand rhodi um hydr

palladiggiemy Eshiredp 16 BT BRd ¥ ROl rimedrﬁ@mﬁﬁff ireied ppport
and th%%g@?fgr ngd%lm (29013%%& é}\“@%ﬂ&h & 0@% ?ﬂ Qﬁﬁ!ld%ted drier for

ours under air an hen al
1.2 hourait Thiedupyore mterﬂabcomm]mng paitaéruat anderhodﬁhm lrydtoo;me tvas then

support material cont al. I a di
impreeqgia B dB a8 pofion (b Pubshatiiel TR ga*a@g%fe‘%ﬂ and 2.71g
50% Nﬁe%lu@i@ng/ )/al&ﬁmvﬁh @és?ébt 1o 24pusiib the amifadwetietdiflethod.

0% NatH sol ution (1.8 eqw val ents W|th respect
The NaQH Aaatedjglilln g/ etehedloimaed |tq0$t€rdt ovineti ght $& enspreyeRipittion N e Au salt to

v s SHEIS U TS S PRI S A RS 57 v o

remov@é&%ﬁ&%‘ 188 andRebsR lhénﬂK ‘d’ﬁé@attlr(DO"’@’ uohflyid wes beek fok 1.0 hours. The
dei oni zed water | ours) to
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

w0 bavdioesspl and gol d were then reduced by cont acPCTyS10h€038814
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
sol ution of 1QOgof potassium acetate in 81lm H20 and

were réHu'c@cfib | JSbr@aCftlh?| ek sﬁﬁ;ﬁbrﬂ\ﬁdtl@ C,1l (130R0Grbgen) i tRe lapor phase at 150°C
Oﬁ, A support material containjng

for 5 hpaﬂsl Emauwtmmalmwammmgmm ddacinign Vptessardl a3 gqueous solution
of IOg&gﬁgtrgﬁ%?rﬂ alcée.at gr{) }n?H%O 2 ﬁ&‘ &ri laamh at X (5 Pk %b°@%r 1.2 hours.

en cal ci ne 00C for

[00109]OUERaMpRer: Aadubp&ﬂﬂlatehemtﬁizing\lpmﬁadlmnmaﬂ wtecadivny hyttrokldt:sowas
roomtenperature. The cal ci ned&#ﬁvgrt mat er.i al

preparecast deseriited ipEiiape m L @2ladsm FELS QDTG SURPRE Y as then
calcmef%ie ag lﬁgg‘% §)0¥ 2%%{3{1 ah%hé% d8n SRRl td"héﬁlﬂ'aﬁ?t@ol td-2ohttemperature.

e vapor phase at 1500C for 5 hours. The
The caldH}IQubp&ORarkial coptanhg palladimread thbdidindydrosides wagagien

subsequent |y i npregnat ed t h a sol
T F i A s L I AN R
50% %%oi&kdﬁ Qva%n{%%thvﬁé&ett £ AM)&Bin oA ichOwé&Hdss method.

nC| I ent wet ness net hod. treat ed
The NﬁXDHltha‘mfl rpalsawrewmackto stanh dvmlghhﬁogamur@ ereémstaﬁa@ of the Au salt to

the mslqplg»fedgyl gcg(ticlie?- elﬂl slhxger%ogo glr\gas \{/Vlt\i’l}\ég H%le& wﬁ%ar (~5 hours) to
remové %ikl) 18AhZ Rl \5\9& ﬁibséquéntnodﬂea)at 1 @0°CaAR\RiChddatried €ori lanisouan dlhe
sequently dried at 1000C in a fluid bed drier for

palladilm® rivoliurs, anftigeldoe¢re @lmnmeduc%@d@qma}cﬂa& 816§BPRP%F]% Celhe} % in

v Y G5 R R0 SRR B oL v

incipidt Hatnk¥s \izﬂearp@c}@bwssaom&aﬁ of DY epoadseidmbyetatedin |8il erittl,0 and dried in
wetness with an aqueous solution of 1CQgof potassium

a fluidded daiereati ROH] fr 1 Usnd dried in a fluid bed drier at

0001 1 i AnSHBRAHroxid
[OOII(ﬁm %ﬁ‘?lgpfecoﬁxtsup ﬁ%%a&%@f&é Fum ﬁﬂﬂhﬁlga?num hydr o>¥|H %(I)(}eﬂs o was
preparé@ s dUsetedan Easmple I ¢ ITihb eallddiuntxadhiodiuin co'ﬁmnlpgbllmdﬁ owas then

and rhodi um cont ai_ni ng support&,\/\?s t hen _cal EI ne

calingR IO Cofor 2 IRBTBIGT AR SHA o8 FofF AP G g o (mperature
The Carll(gltl H) %96 1a c%nfa%g% %ﬁﬁ@ﬁﬁ?&ﬂ&rrﬁodﬂﬁ%yﬁﬂ}xﬁeﬁ ®4s then reduced by

er| al cont I ng pall adi um and rhodi um
contacﬁ);{gl ﬂ@xsuplp't&t wits CbHefl % adhicegtnpin thonapme phasg at H9°c dpporqurs. The

w-th CH4 (1% in nitrogen nth hase
oot s g anS S e Bt Ry BRae Rl R anoons
LeY, ahdpr7e Ba%ewa@mdsl fsh (1.8
Somuornrtgggggwsﬁgtlﬁth | \g%a %%q%ﬁ?%nijélam ng I. ? Au fr o% KA(uO

equlvalm)ltsn‘glth respeah & @u)srmg\m mekpienhwelnoss. mqt pihel Iga% frgated pills
were ajl gg(ﬁglﬁ?nt | %ggq %ﬁp{]ﬁ?ﬂ?ﬁ%&%ﬁ ggon of Jhg Agl slgﬁqo ﬁll% 'il‘ras'blufbférhydroxide.

The pills were thoroughly washed with deionized water (~5 hours) to remove chloride ions and

subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The palladium, rhodium, and gold

were then reduced by contacting the support with C2H, (1% in nitrogen) in the vapor 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® 2006063821 Fi nal |y the catal yst was i npregnat edP@I/US2004/038814
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

150°C tﬁ%%rlﬁ;?ﬁirsd %né@%&h@ée@zﬂ?d't Qs afprdamedd Hyamp]mnﬁxamds ®v1fh anBlgeeous

pal | adi um and rhodi um cont ai ni n port. was th o
solution af H0gwhoisS 000 atedn 83 HGLOAN deied 1 fuid bad drigiet 100°C for 12
allowed to naturally cool to roomtenperature. The
cal ci ned support containing palladiumand rhodi um

[oo111py deQaphsles: nag ;ﬁﬂhﬁ@t@ﬁﬁ@bhﬁmﬁﬂg}faﬁgﬁaﬂnmﬂdm]hctdnuramydromdes was
aqueous solution (81 m) containi from KA

preparmsmigsqrnbed imxasimdad- Wee hfé@élumqﬁldggdlhﬁﬁégﬁ‘ia}%g Pt s then
calcineg &Sﬁ%(gblfﬁld 2 8% r%ggg)e?a rrén ldll&’w&f’t@ nq{drﬁfy doBl to]rogm temperature.

e pa I um um and gol d were
The calc@féd @;@pbdmn@temmhuan@g ﬂaﬂaﬁummd rhagitrh hYIiZfledéﬂW@ﬂ then reduced by
nitrogen) in the va or pha E at, 1500C f or

contactp:qlgqtgp pgpppﬁév@b@é-ﬂ% RALTq i3 é}ﬁa\fagar WS? af 5@962 m; 5 hours. The
suppo MiTing %ﬁ%{.ﬂﬁ ARSI SO ACRLRqudfEampREh&SE Witflan aqueous

cetate Oand dried in a fluid bed drier at
solutloﬁQ@Dﬁl)foontailnlﬁ’g hd)gv%s;l frc{n@Ki‘m@]z uging thel ivcipientaveipgsp srethod. The pills

e oSS SIS D8 PAIEE] R DL DR, e

gold W%QQhérn@&ilﬁdéH‘ngBﬁtﬁétﬁﬂgﬂﬁe SIPROKith \GBH, {196 h Gidbgén) thhatvapor phase
for 2 hours under air and then allowed t

at 1509Cafou b abls. Eowlly the qa@d»m venipwregnaied bsrﬁ@%%nté*feﬁ@as with an aqueous

terial A o
o RGBSl B BAMERCEPUAY U B LT for 12
hours. WM th C2H4 (1% in nitrogen) in the vapor phase at 1500C

for 5 hours. The support contai pal | adi um .
[001121h oEmmplﬁrét él sumt Wl ORATE na#af? 1ggad seodpp B Gpices was
prepar%ﬂ%ec% lé ?%FH% éalﬁl@ﬁl'naérﬂ' H&dibm! cgn‘(AHm{g' PSR then

aSS| U ace usi ng the i nci pl1 ent wetnhess
calcinddik h@(d’c fEhE hpiuk hedsratrans tes elldmefd foynathralbctoat toX000 Griperature.

luid bed d f 1.2 hour.s. 0l1.14] Ex |
The caleRstiSmenmSeconing BRI SUGBU T RPEKIE PEoHUATHTY
1mpre#;§1{eh %‘t‘h%ﬁ‘a 153k sdRso (S?ﬁggcqxteﬁﬁm @lllg%froﬁh@@mﬁfgtthe

eri al an anmount” o O m consisting o
incipieth@ethéss h%:tholl6 OThs Ipllllsozeers fiee deed #taWDiginea ﬂmbﬁé ﬁner f0f 1.2 hours.
di aneter of 7 f about.. 0.

The pelp@BmpidiiEy o] Edlatie BsEL o COeURe Sogol Jip ol (1%
n1trogeﬁ%ﬁ'13th9 gap%g Bh'a{se 160500 f3r7§hcﬂ@s{ FinARAhScAAYS Wb@hrﬁﬁi@gﬁa‘ted by

., was first inpregnated by inci EI ent i
incipienew etess “mhtaim 9&26(518 mhlutién el Og gl petassiwn peatatd i Hf m Bef? apd dried in

aﬂmdg,ﬁ%@g%gl[g@@ L fdiym, () (Na2PdL) sufficient to

[00113] Example 6: A support material containing palladium and rhodium hydroxides was

hours.

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 oshesee conpl et e absorption of the sol uti onPCTVE2004/038814
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

The calt%{%%? gﬁr@gggﬁdﬁéﬁa@ Q%tﬂﬁi’f{tg'ﬂ%ﬂ'&u'ﬁlﬁ Ghd hodimanRlehid&f w10 efluced by

ed to convert'“the palladiumto its hydroxide.
contactilpethés alppbit svithv@dls dt i inedrogerin thseaperaReecpt dapofor S heurs. The

the su t i ' i oni
oot eSS i TR A A D00 o
solutior? ng)lﬂﬂf)tcoﬁ@ﬁlﬁ{g' ﬁgg QMR RIARO, Biad 1 GdotussinmcicettedsingaBe incipient

I'mpregnated” wi th an aqueous sol ution (81
wetnese onettmilnThe pills Mergsubsequertis diedatl P rdn 2 fragbesisiperiis 2 hours.

solutio 8. equi xal ent.s, W ; i
oo e e QSR  Mb O B E T e v
prepardtBs Go v WRE s ot nfiétiaD e tinghuint F25@Mslumesisting of Sud Chemie KA-
precipitation of the Au salt to tHe i, nsol ub

160 silictivy gp@x{psd@yingn@opjimql diageics of haFBuy AFRFIHA Fhogt @IS?% g/ml, in
eioni ze el (s ' i
o5 BB T T M Ps SRR 80 G g
volumdo2abB@ILY.68 mIpe waakitstthprapratd tychdpientrveness mithSdpgpot ef an
was then reduced b con} cti t.h SLPR t. with C2
aqueoug 30flion 9 BB IATHOORR ORI HEEAC T4 5i5H! tp gro1E about 7
grams ?ﬁéé%nsﬁ?né@tpg@guym Qﬁ\}m&ﬁ@a&%t. YRS s8R ah8&n Y the solution for 5

¢ ness an “aqueous sol ution of 1Qgof
minutep & @Bsiewtmpted atfserpiinn 81 ik stiR@vmaAtie galiadiin frag thep %ﬁd foetle

dri :
o RSy RO L6 I SRR 5825
hours %%W%g rl;%llq ith- 489 Qdi%7hn 2@kbes sodfdaR hyrbidé bolutigh prepared

e 1 9.89 2.32 Exanple 7 (Reference . . ,
from 5@tvalw NSQHH,OLB 22 28Oup0g118% af sl peadedimpaert thedafpdiym to its

i O T o Bef Bl P A0y RN e

with dél@liﬁz&i BEd: surdiae st avee B8 10k 1gd diibefortédibual Thasuipalt material
mlled with 120m of D water for 6 h. The sol.
fiog (51 ml)

containinggalladiutrhhyz2ipoxidegwaest themisnmsearaied WithraBGEreRYs seid

.Su i,ed b - ) .
consi LA SR AR AR ARosP UL (BPliplgs vithrepe
to Au) kaelgg SheiB¢iBieABl hae thelinid. Thh NaDHBROGG. pilicaetentowehto stand

under m croscope has shown i f '
overniglititd extsm‘em(%]g@%gp oHthe Asalt tg tqmle ir?sc)mb?e eyldlroxfi . nﬁltelp?lli]s 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;Hy (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aquecus solution
of 10g of potassium acetate in 81 ml H,O and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO, selectivity and activity for the catalyst of Examples-1 and 7.
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[00118] Exanple 9: 20 g of Zr2 (XZ16075, BET surface
area 55 n2/g) were inpregnated with Pd(NGs)2 sol ution
w@ 2dodibssk) to give Pd | oading of 39 ng/g of ZrERT/US2004/038814
| 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
e were cal cined at 4500C for 3h. This procedure
Hmlls?e?g?[}ls in formation of a strong uniform sﬁell wi th
160 mm t hi ckness. [00119] CEx&asctévity0: Thctyddds from
Examp fxanpl e 8 were | rrprggnat edg@ith solutio.®¥ potassium
oadi ng 0fi149 ng KQAc/ m2®f KA-160,
Exampgbr?g%tf %&C@W rtled at SOOfcl)%:for 4 h. After that the
sol ution, containing 9.4 rnM of Pd(from Pd( NH3) 4( CH) 2
[001163 UPPAjetsd Sxmpb-lemausl)ss and 4 7 mMof Au (froma 1M

| ut Au( 0 3 "Al f d
ooy el € nksnsBiolo. bR BDRR) e dih Lty ¢ .
Result%’lga qa'{rérfgi W& B %ﬁ%ce %ﬁea%% I}@/ AtThd QRAEaf 9hs ¥allmillEB&vith 120 ml of

Wer e crus d tested in fix bed mcro reactor
DI watein@de s heDhgliol inan mmlaelsmth B8 giofi therhéndsx plegoninan aggtate supplied by

section., CO2 sel e %
DKK (3G afbye8i Syt nier eobmnefooasor i kv Wi QR e Sosted
beads \9@%3@6&%2{ for-gn‘?at%@mt C@iﬂlﬁﬁhnﬁﬁl@&&ﬁﬁﬁbstdpe Buastpiven uhifoas shell
used as a reference catalyst here. Table 2 shows

formativmnypigt thinknesSOP28khmct i vity and activity for the

o Bl B2 AP i 3 G 80 A e

with P?%\Qﬁ %ésoﬁﬁlo EXARIcR) bLitdrf BRERE 6 mmgAg;cmZ)foz.mnmegaatsa material
Zirconi a Support Materi al and ChI or, Pﬁ) "
was driedend p&lgmecE&taWﬁTCé@r P Thgmaterial W hadhinillg &éthé?) Tof DI water for
d t
4h, mlg?ﬁig‘ﬁ’gl? r {§ %Naf) é (%At ?(F) E”s e?leongj@a?a(gé gf;% ﬁﬁntem §80 bheres.

The bo¥dd e alshed edisvac adm&ht Thidprdcedisre vasnis mrfmsxteémn@ﬁ d strong uniform
sieved. Zirconia support materials were supplied by
shell wiibr 180 gin{ tkrkees2 and X216075) DKK and MEI. Silica

[0011 up ﬁ,g%mplmﬂ) e’fhearleﬁd%"ﬁ&ﬁ B?(HBB SG\QGrQYm?%Eﬁ‘a‘%%@E‘ 6b19sh of potassium

The sieve action of 180-425Um was
acetatd tH@ﬁx%gaaﬁ@oﬂm hH KO si/mlibtlahdo60siriedand sdcjnedati Bé)pfq,for 4 h. After

th an interned ate
that o PO PER. V] B AD SR AL APPUR B ey and 47
mM of %‘1‘ &%o%% 1 WELSRS6h, Wut@Hﬁ “Rdfa” 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%Bb/ N2 fornmation gas, postinpregnated
WOwak/os8B2ac sol ution, dried at 1000C under N2, PETUS2004/038814

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

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

precursor. Agueous solutions O Pd(NHs) 4( OH) 2,

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

as the Pd precurs . 24 &l i ca support

mat eri al catal yst (t:czzfsee[rléém%gz%}\‘gﬁqﬁ) de as follows: A
Exampleinort material cont ai nifig. pal’T:adi um and r hodi um
Exampleeitlal was prepared as folgg%vs: I8¥% support material in
Exampherl laiefenencoCa@B6tni consikid ng26¥0 Sud Chenie KA- 160

silica spheres having a nom nal dianmeter of 7 mm a
[0012286 NBirdoyiiaSupd e Mat€idd 6 Ghlntide Bve Rosorspt Exdniplesof  about

. 568 H2g /g support, a surface are f about 160 .t0
[00123) 75Rge fgllo‘ém’d g&nfﬁ?élﬂéo%éllﬁ?ﬁ‘@sé‘?e bifs ?%%Wgﬁs Z{fgQa support

materiag :%a{tglg{ﬁrls W%%ergg(?et L% R¥ws: D&l SRlpeWBhIS St aMM ek wéé chushitd £id

eous solution of sodiumtetrachl oropal | adi um g)
sieved.( MNecdi@Guppors taferiaisevere supppediv WerPan6Xi£16058 prdEZ4$075), DKK and

e S e L TR L ) Bl T o
180—42?%@?1@8%%%5?%&@& sBhultA6oBB) dHist@Rntialtewiakl @einuedinesirying

e support as palladiun() hydroxides by.
step at ¢ DOPCamiliaptondily vithemt iettrsedio Falcibgtionoten) fnipeipignb efpgss with a Pd

2.5 hours at approximately.5.rpm W {h: : .
and ARG SR AP AT B POl g P ARy Bl s post
impreghi NARH GRO i) dASPMN D0 urdbD B Gind éraénetiéeal 86 tonlti channel

convert the palladiumto its hydroxide. The sol ution

fixed bedissaconiAendutianorhAUeH) s K Qi wes Bessras e PIREUSfppgPTous

B e e

Pd predi®doBd.i @l contai ni ng pal | adi um hydroxi de was then

i npregnated wi th an aqueous solution (8 ) .
[00124¢ 0 nAaigHﬁ:ia mepppriamaterighgataly s REAGTY a%maﬁ”FdaS%f.ogg‘g’ig AHEPRE, Bygterial

.solution (1. ' ' r : AdortiSiafsial i
s LT AT RS 15 S
amouni\&r 335 0ahil coneistirtea fSua Themicck Ai 1gh silice sghesasheving a nominal diameter of

recipitation of the Ay salt. t he, | | ub
7 mm, gyigrpsgg jofiabout e 6% ginplga QrpEKIGY &f&)ﬂﬁ&d%g&b@ SPP][)OI't, a surface

LN 183 Bl QRiall Erdt R db
e e

incipiedt Wethess wath SPtfemba dnadieos soldtigodfodion teirsghiggorakisgigrm (1D

h d ' h i
o B A, L AR s it o
supporpxgysr Shakdd 1A hd B 163 Alnasds thBSsutd Bl bidrpiyn of the solution.

I nci pient wetness wth an aqueous sol ution of 1QOgof
The pafiatiaesias theadoted tethe nugbnm as pripdima(lo hydaxides By ¢qniAcing g treated

o St 5095 4 I3 00 8 L s

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
wo2@slesses i n gl ass vials were designed and a PEU/KSN4/038814
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 library elenment, for the glass via
i aﬁ@@l’ﬁm Ixle WRSB& impregnated
crier o B S e par
with anl aqtlecrus(saluaby £81 rub) lcomteingig ladd gmcmfroms[eA@fﬁh @nd {7 lg 50% NaOH

ort For t i ficati LN
wotuiof GBI 6 BB S B bR o weon
treated ?Hfs Rékre a‘ijod/éelqg IsfAdd b$er§1@ﬁ@tbfehﬁﬁe @%m{ﬂ]aﬁ?ﬁl dqfeke Au dait to the insoluble
upport volune (i.e. absolute ampunt of Pd in reactor

hydroxmdes dék pllls[vmq_ﬂl%}ouigh]g vga@h@e\mﬂh@elgﬂquo\g@pr (8 dguzg) to remove

rer a i
choridgforR g yhicufRRe e P I BB il 26! BRORECTApatladium
and golg cﬁmzu F&ﬁ wad R &hackbywwehneiiig/the supjmftl WliﬁdCdt; (fi Mein
fol |l owi ng ows: 5.75 seem of_Nitrogen, O. eem of

nitroge@kipgemyapsr piaass 8etR0GE [ hRAvEN ] maéb{dh@scaéaéY%“@ﬁ 3pprlegl}aged by
L and dried in
11’101p161§t \){/%{1%;9 Wi a% gﬁéoﬁ% 'sflllﬁﬁ“{& 1'0? Eﬂﬁgﬁﬁ% Beete i APH,0 and dried i

st vess an 1 nner di aneter
a fluid Béd @RPROXIOTELBE V.2 Aons) BelOPtestinigethticotnlyyt wassoryihod pebisieved. The
ver sus oxygen conversion, a Ilngar fit perforned, and

sieved fip@iondn & sHCaNETi Orﬁtléf)‘ﬁaﬁlg‘? &85 P%most cases) o
[001 ngel ?&51#%’[ HoYarfs of 2 ﬁ&g?&vé?;@@\é@lbﬁin@m 51803641418 ShetetiehiBRed and a

nce summary tables below. The tenperature at
rack of48%lRX y&nwasanvertsi o vmtexe:n aatl eglteftecbwhﬂm@snenma&ﬁle‘ral precursor

linear fi of eIe a do en._co
SOluﬁOlSﬁe‘#%ftﬁs pave G CarrsRnarTPe PPy S aisT TfhEh HBracy
elemen %e %ﬁb&ﬁ@ll h@§1§ EJs W@l[@selbﬂieﬁ rt@eatch@ed&t@%isel he
y

of the catalyst. The space tine yield (STY, q
[001 26}/A Ipomuomhgms repoited at ghms K QA rmﬁréltq@ entakyyt vluragsopas imol KOAc

on 045Gt ok AR SeODEBY BN pt e 3 BBy P AR RS b K pas

reported @8 A‘uﬁfds PXTch@fhE3s gﬁ@i‘ﬁ%ﬂ gs @§ PAwRPh Ued uppoet vEALGOG.2. absolute
(precal ci ned at 650C/ 2h to | ower the surface area to

anmunWﬁﬁmhgfmméréeﬁanegnated with 3 different Pd sol utions

o210, kBB AR S TSP p e

incremér1§ 1aPh BREd %@ EORES0ity T lleﬂ%@vlﬂi 10503 IchdSn GHml qunbuﬂ)adO@% space
3500C for 4h in 5%/ N2 formation

velocntp tssleﬁmﬁp?set@ﬁ fallowing HawORS Seime oM DEoH0- 1 e of VB, 594

B e

vesselsi(al@of #Ridh hittl AvNmh&r djarRetsieflabprarioh 2883 dimr). | @@ewle(cﬂ@@mvas plotted
Versus E))?}gg%ll cgﬁv)éss?onbg?m\e/aglﬁ% ggr)forvrr\ga ean%ih}?r cga?c(ljﬂgtgd éﬂgrp%%% i Tnost 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 o0o5@ab3s21 i brary el enents. The Pd precursors WeCEHUPIM3S814
3)2(Ng 2)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
calculé?@dsteﬂl%é ﬂi‘i’tl: tHeMhi H%Y%e%ctw?lty ot Whtalyk? UM lspdde tinedrseld (SBY; g VA
[1ca re erence catal yst was | oaded i nto Row
produckd pdhel ¢atd:lysarvyluwawa)es b)Y S &AKPRYEFTPIYPISION 1§ AsasEd @ldhf ng
roto t xed SV. Screening results are sunmari zed
pmdu‘f)‘l’f‘tﬁ‘ﬁ ?lécat {3129] Table 3 COZgSeI ectivity Temp at STY
[oomg' @&%gka@r BO0M oBFOR, chirdhs LBE5065 (28 Rel{Nhp R4ADaH P XBHG052
9 152.4 787 Pd(NH3)4(NG3)3 on ZrQ2 5.90 15
(precamsed Pd@fml—@m(tmq tubepice: S7SRA(E) MerSDrepR B differnt
ken fr r f P t
p solyfea it G G DefeG AL DDy Ep Bl R CREC, (09T Au
stock d0DAbAPIo ilXpIFAl ®ethass, diMAuk 1 TIPZrfoRSts acduced & 38036 @73h in 5%H,/N;

formebame s oBt ot SOk Aet e B B s B 0 samples
(shellsé W%re%gaﬁl ﬁﬁed"’l/@@ W & Ry Q%&pﬁe@oa@éj Mtﬁ’dogxﬁ Qec 1 e. 43ul

0 |nC|p|ent wet ness, cal cined at 3500C for
Pd/AufitrOl, Sheli dnd 3i50rplr iyt (40D ulviotah fiadigal \(dlur@@) IWeel cleargasiido the reactor

st ool Sl B AT E350 4 R I 51 Sherai

h
reacto#ﬁe%geﬁgﬁgl/q%)?%&%ﬁggn}gl glg@ﬂ:%r@&ﬂsdﬁ ﬁ%em{dﬁg?;g%{ 1é15:Blumns 1 and

4, PANHIR(OHY n ¢od1i60s 2phdi, eBd(T(lHr)M ea co&utrms 4354 b. 4@Rdy0-3 inrow 2
|
and ro("f@@\k’fp §téa'1n ff’Wf’u E)Pgdr 6\? g%ﬁ% r R g‘?’gﬁ 3Jh f gﬁd% fBlding was

1 14un{ofl3 AR 2V eSSl S1478RRB] nl bWvas Y6, deThanili@ndferdnos aitylyst was loaded
el enent conpositions were as fol |l ows; ZrO XZ16Q75_ jn

into Row|luihslidra® W:]lsespteem ysingfthe T parap Wee@mg prefepo )Qﬁ:lg%%V
i n_col um ht half of lib h
sy Re A A0l 2o Sl 1o e

[00129118*:-}3{,14@0 18/12 ng Pd in reactor vessel) in cell @&,
colum 3 (cells B3-G3), cell G5 coluym6-{cehls

B6- G6) . 10 | PAO: feladiyily pr chempral| | | (oSTY

Cl Pred@5@8h8803:10/ 12 my 787 i n_r eactl6ép.6veskel )73% cdl um 1

PANH Ge0HS, A ZG,) | and colum 4| (cab2g A4l GH)78714 ny Pd in

PA(NHEYRNO, )£ bY2r0, 5.90 152.3 783

Pd(NH3)2(N02)2 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 XZ216075 (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).
WOREsB28 in row 2 and row 5, Au/Pd=0.5 i n r oRCBUS2004/038814
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, G5 where KOAc
| oadi ng was 147unol). The silica reference catal yst
110°C }‘@%hT%Q o/ A7, R es (sHafs) 'we?é kY dM@8d $A2SANERIAYSH dilliter
ranp Screeni ng rotocol at fixed SV. Screenin
(preloaded with 0@/t ECsuyie: B éuil RAA WZHDecatplyst @t@h@ﬁ] 7trréﬂut9r @0%@201‘31

fixed bgc(le lggl(%%lgy%ggz grgre)@?c}sthg?%c%? gé’%e %‘&el.‘;f{) a g(?r%é element

Perdd 5 0742 lumns 128 fthxz.‘l
compogh% 5‘”%8S fRllovs: %5(% S 7768 sogeo sosc*’fg&&?_'w@mﬁ)ﬁro2

XZ1608ZI(6 BOCBinG:oh 8. 466 (ght half aﬁlﬂsa% Thg Pddoadingryas S meg Pdgn 400ul

203 SR BTl BT 0h OB e co, o

GS, coﬂafrrillﬁcg(c@hs BOQIE3; MPing P id 46041 2g;)2 BET (aurommocaﬂeﬂz mg Pdin

was i %regnat ed with é ) 2 p(L] cursor
reactorswbs@t)um Aoluani Infgplfs AhG Inendedunn d (Gedy Adr $1 oz pd in 400u 210,
shell (%ral j}%ﬁﬂ%@)cg% %Sn% P& &gétgr;%%eil) in rg%lufn%%%gg}]s(a]%%ngﬁa?ﬁ column 5
(cells B@QFQ AugE=013i 8 Row praﬁﬁ asved, Any/Pd#@sS ol totni Dandofow) (A d=I. 7 in row

KOH), dried at 1100C, redu
4 and BT gtk A B00CS POR S PG Dok ileRibRe brdpedes
|
1 14um$1 {e c%?&tcllsﬁgo ld%B %thgg\?\}eEé I?%AF g%tif%‘x% whs g@égmlglg Z‘glllé;ghca reference
catalysBivasiohdedt 1ﬁtoJR(5M@ Flob Itdnar@ wﬂ‘scrsdzmp osing thRoragiyf fcegeaimg prejocol at

| oadi ngs were chosen 5 in colums 1, 3, 5 and
ﬁxedSAﬁ/fﬁ:ae@lrlerW%éarwgn d%‘%% ©4he silica reference

[0013ﬁat %Méﬁ was | oaded in row 1. The library was screened

tsT™hg Llu—: nﬁ:@) fe{cﬁ\?iﬂ} QT%S’EPAB%CBHVN B48 Ay

anct o _p)tl CEOéI r?@'-ib.u'@if: arfs s Tarar Z@ﬁl

Au/Pd toﬁfgb &UQ: @-3”1 Fable o2—Set \_,le,} ¥8 emp—at

N =
~~i

A
4

= =5

Cl Preqymsgreom9iOs -8 | br et ur sdris? 8 sicd 7721 nal -
ZIOPERDS)?2 or] 62960p5 81 5 8930

%Zi

6.384953.77 71.52,3 O | &0 )
ZrOh:r Bl 60T ages. 1 | $.6@ | A/ Pd4a6 artise.OrldtSttds| Tdaimel 3 -0 %903

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 55m?2/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), dﬁed 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 Aw/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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KQAc, calcination at 4500C and reduction at 3500C
[00134] Exanple 15: ZrQ2 carrier (supplied by NorPro,
WXZW60§821 si eve fraction 180-425um density 1. REOURL004/038814
pore volune 575ul /g, BET surface area 55n2/g) was
i mpregnated with Pd(NG3)2 precursor solution to
inci pient wetness, dried at H O0C, calcined at 4500C
in air, !npregnated with KAuQ2 sol ution (prepared by
ramp s‘é}eﬁﬁiﬁg %%HM@@@EWA RralfGH) fix@8 59U SateeAib@QGults eduaesharized
Wt ormation gas at 2000C (col umms 1-2),
in TabRBWOC (col umms 3-4), or 4000C (colums 5-6), and

ost-jnpregnated with KOAc solution. The library has a
[m”3ik¥@h%£gdient from15 to 40g/l in row 2 to row 7. The

PdT0adi Ny [afoySiectivity 1 { 768p BE43Y9 Cond ssmzpport. Two

Cle@%ﬂﬂ on§432u72ﬁa0'ngs W B4 ¢ ¢hosen (Au/ g30.5 1|n

PANGATD b P07 1 Gl T e o Py T COTOMg 73, ] ©) . The

*Data rslilqwrahsyaliﬁia@éb%v\éé%é&?ﬁ# NP OAL 8 T X738 apd Py atdogr

KOAC, é‘dmnafo%%?ﬁsdbg: Eﬁ@k@ﬁ& lonat 340°8ed SV. Screeni ng resul ts
sumari ze Tabl e 6. [00135] Table 6

[001345}e| Extiinplet1y: Z@maater@%mmy ISTRrooXZbp @t SisHe &a@wnéuf‘@ﬁ%um

T T

Pd(N(ﬁg?%?écﬁ(rsz 1A tQinbipickk weRQdsL dii€dhs 110%, chlomed andHPC in air,
C, and reduction at 4000C, [001314 It wll

impregnatediveith Iaapee @qlatnceu(prematedfom dissolBien ¢fr l&%etﬂﬁ@gﬁ glried at
110°Cp|e§r al&:\}élﬁb% orrﬂlea 1o gsrat §6@’E§(ﬁgﬂ%ﬁnp? ﬁ%b@?golhrﬁﬁ% 4), or

or s p, or t unctrons or
400°c5(t:61uﬁlhsl 529, Af p@ﬁﬂn@f@ﬁa’t@d with Emestiutioay Thelilsptyi ttas akdyc

plural steps or conponents. Th t
gradleubmdﬁw&gl o grio emede e nirs sreun i bk Bl gp gt
suppoxgt we 88t (l%p {b?@g@%ré‘%saﬁgﬁ?éﬁo%n%luwﬁ 18§ SHéSAW/Pd=0.7

ures erelrn e not intended fo be
in colur® 7, UCE). Ve sficd feeréme entblysiwas dorded trivowdi. rEreslityary weas screened

eonetries are possi bl Pl |
inM B4§t\/é3pgea@tghus‘ggg tBP g{;pxag acrs‘i,nlilé‘ga%rpf?é{)lga &' cg‘éya@%‘é%g {Rults are

Smnmgé&%gé*&g cQr step. Alternatively, a single integrated
ure or step mght be divided into separate

UMH3QIUHabeanonents or steps In addition, while a
feature of the

doacrt bed i CRb SEBRUMIRL bt ie.r'm‘»’lé S Coave [y

L

CIPI‘CD\IHSQ@Dn&@d enbOCﬂ Hentq \ll(‘h fp]él‘lrzrp ey h&gm:)i ned

PA(NG3)howBeODr | nor e Dfher fehtures I¢6-40t her _anbbi ment s,

*Data sBéw@lRYaken 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@ Roosisees herein and the operation thereof aPEDUS2004/038814
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,
dlmens?ol?lg o%&% a'réﬁ?clss@%p |pi1&at étﬁ@tura-fb@fﬁﬁoﬁhts' dre&&dpé cantHeeprovided by
adapt and apply the invention in its nunerous
a singld mtdgsa,temmpe Wetdpedttermativedy atsmglmétegﬁéﬂ@i Sl“@ﬁ‘éfﬁ%r ssp maight be

articul ar e. Accordin
dmde‘g‘ toy *"ﬁ%arﬁtteé’% COPRORALS Yt gegg g F (?P 1i;lar e %H? ES% t
1nvent1@1§ G hAR YN akEbatein e dontBixt biftgllyaifmd dfehé ihl\aett’dtecbﬁnbo'ﬂlments
scope of the invention should, therefare,
such fedtateemay pecbnrvnedwitthoreedraparp ether faiures %B@Wéemb"dlmems for any
' descr.i shoul d¥@1
given apglfxc&tlgnﬁ Cltwﬁ%alpn e aé)'%eé:h gad dtxr]%}g g;ﬁdr?gt}@e vﬂgttntgé \;F\c}b?iggudfﬂ e un1que
structuS ARRinCnd BB bpeadtidn tigeréad albicoistiauie methods immcarrdance w1th the present
entitled. The disclosures of all articles and
mvmmﬁ@ferences, i ncluding patent applications and
[001378 btl &L a@@%ﬁs%ﬁg iliu%ﬁ&kﬁ%?ets&g cp%{erélﬁfal%r i8Ra&d @ rac?\laﬁnt others

produci ng a catal yst
skilled @4 the raﬁ-vﬁﬁi tak yRentian, itaptiscifles, aad s pactngl apphp#te)n Those skilled in

production of al kenyl al kanoat es, conpr Si a
the art may pdapt a%ddfmﬁ’bf the HRyeREGP 1§ ﬁlulfnsrogs Iga[}n% l}etst s\ﬁeteél {¥9he
requlreﬁk !f"éllpalrngu fﬁ)sgu%%cé}d Kﬁf@@p&ﬂﬁ@&hﬁodﬁﬁéﬁﬁ bfdhe present invention

catalytic conponents of palladium gold o
as set fﬁﬁlﬂr‘@nemat intemgled dectretf exhnwstive ot limitiag of fetimeentipp.ghhe scope of the

support material . of th uppar,
T TR E L -
instead aQlef@h ey Wlﬂi ERPRSNRNLS afpRnddae1diing, SdlorpUpiothie ﬂilﬂiﬁc@pe af

before the layering step. 3. The nmethod of eith
equalBh'ﬂltWthhGHGIQ@MIHIStamﬂtI@QWC@SG@SWGﬁP%\fé]t Jrfigfes L references

1nClud1§$ %’%F Eahﬁhq%ggzgs?a}rﬁﬁ E]tlca 10}1sh grefll.h o%?t%@ g§? fe%fergﬁée% purposes.

clainms 1-3, wherein the catal ytic conponents conprise
pal | adium gold, or conbinations thereof. 5. The

nmet hod of any of clains 1-4, further conprising
contacting palladiumto the first support materi al
before the |ayering step and contacting gold to the
first support material after the layering step. 6. The
nmet hod of any of clains 1-5, further conprising
contacting gold to the first support
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material before the layering step and contacting
pal ladiumto the first support nmaterial after the
WO 2908065891 st ep. 7. The method of any of cl ai nEPQF/652004/038814

wherein the second support material is an inner |ayer

and is substantially free of catal ytic conponents. 8.

The method of any of clainms 1-7, further conprising

contacting at least a third conponent to the first
WeCl%ﬂpport material selected fromW N, Nb, Tab5 Ti, Zr

, Re, Gs, Fe, Qu, Co, Zn, In, Sn, Ce, Ge, R, G and
conbi nations thereof. 9. The nethod of any of clains

1-8, further, conpri.si Wale’ f .
L A ko SRTB b SRS Pt g rmepRtcon o
alkenyllflkanbB@s, BBhpAgingf any of claims 1-9, further

conprising contacting the third conponent to tgaﬁcgfailafetred

sianpﬁpi@gta firsitseproal mierial o8 1o AESIORY SYAPQE AR 1o pro
t hod, o n f.el al.ns [ bif&t
supporlginsee el sy rfBEpdn PendAELE, ol oPcdbihefions thereoface
contaiﬂ&ltifﬂ ek ikt saﬁp/oron;l)qateﬁaﬂ afghellagieted uppoiheratesiehpr i si ng a
i .
s oo R Sk reg i SR h Bl P fonprs o e i
i iehbhe layering step. 14. The met hod

mmpmg?h§%§ %%m%ﬁg?%g£%§f§% further conprising a reducing
3. S{;‘ lenmeédofeithecliiag drdrdgfisthepconiBisipeentaeiingghe eftalyis

of cl aij 1-14, further_.c i sing,a reduci t
compogente o tbggrﬁt SYRPPTL AL ﬁf‘ef%g‘?f ®hod 3? | ggysos P

4, of}?:' M8thdd dPany o EfaHEY 1-6 ORMréif itiOcafal ytR(BoGIpBGerBS &fnprise palladium,
followng a calcining step. 17. The nethod of any of
gold, ot kambimatlent@heréafr t her conpri si ng contacting an al kal

tal acetate to the su It er | r -
5. TyeeRGPREE o B B 5a S SRR g e e
supporft Hiat ORI bFORRRE 18)diBgCaplaae tomgrtiag galddalthe fivet subpart siatetiel after the
to the support material after the |layering step. 19.

lamﬁﬁghémnethoq of any of clains 1-18, further conprising
6. ! "H%rn%gmg& 4! a%ytol? 81afnl1§ Is-g, ﬁHH&%%hpﬁsing contacting gold to the first support

material before the layering step and contacting palladium to the first support material after the
layering step.
7. The method of any of claims 1-6, wherein the second support material is an inner layer

and is substantially free of catalytic components.
8. The method of any of claims 1-7, further comprising contacting at least a third component
to the first support material selected from W, Ni, Nb, Ta, Ti, Zr, Y, Re, Os, Fe, Cu, Co, Zn, In,

Sn, Ce, Ge, Rh, Ga and combinations thereof.

9. The method of any of claims 1-8, further comprising contacting the third component to

the first support material after the layering step.

10.  The method of any of claims 1-9, further comprising contacting the third component to

the first support material before the layering step.
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material with palladium calcining the first support
material, inpregnating the first support material wth
w@eiod/063801 The nmet hod of any of clainms 1-19, fPRCT/H82004/038814
conprising inpregnating the first support materi al
with palladium layering the first support material on
to the second support material, calcining the |ayered
support material, and inpregnating the first support
s 12flo, whein it Rae @fmpn¥ntaf a tlidicalytic
t. @%g{&@dr‘?ﬁg%g%%%’n sing cal ci ning thelﬁ)Payer ed support
compoti@iteri al before contacting the catalytic conponents to

he | d I
A I B N T

netal acetate to the |layered support material before
contacting the catal ytic conponents to the | ayered .
13.  Sinpmoathodnaftany palams, I- g durther ﬁ@ap%ﬁ’fm%mal@fﬂna%?g fgenths fayering
wherein the first and second support naterials are
stP- porous. 24. The nmethod of any of clainms 1-23, wherein
14. 'R nSEEIet a5y BPEimsR1 B ifindter compidsingaradusing 26p bathee the layering

nmet hod of any of clainms 1-24, wherein the first and
step. second support naterials conprise the sanme naterial.

- f kidp kA& the layerin

13. fi eé?quond&%sagggﬁgﬁd%ﬁg%})ftfu%e?ggﬁglﬂ%g%%ﬁégpﬁgg dlljffer enty ¢
step. materials. 27. The method of any of cI ai ns 1-26,

wherein the first support nateri eI .ec
16. (¥ rgrtorshpicomer Seirmnl-or. SR HEP ISP f ESRGRG HER LoV 2
calmmﬁ?&l% tes, non-zeolitic nolecul ar sieves, titani a
)ni a, niobia, silica, bentonite, cla s, and
17.  CXhebheiadd ofrmybhielipos 1-16gurth eompm@gjcqwacaﬁg applkali giefpd acetate
e rst support material conprises
to the %pp%magna&q%rggh ]ﬁ}"?ﬂ?lgﬁ‘f} Por conbi nations thereof. 29,
18. MR ABLOOSE Al O@E‘Mm@sf 1- @1’ Fiffer Lo Prisingeoreiciing e alkeld oethl acetate
support matefial is sel’ected fromthe group consisting
to the sntbpaitumtemlal af@trlthed@wrl@aﬁ‘lﬁpde zirconia, titania,

alf?gtg%g Ealaglilﬁ | I(I:%ﬁhrrt]l?e @Eﬁglg% n:flé @%ﬁtm teéﬂrs?t’support

materidl W}Pﬁ:ﬂaﬂh@ﬂr ézﬁ@ihintgltﬁe fifel @ppbramatiriel éapaguhting ﬂm ﬁralt suppryt
thereof. 30. The nethod of any of clainms 1-29, wherein
materialvgthsgaddnd support material conprises zirconia, silica

20. et mé{ﬂc])cp S any of claims 1-19, further comprising impregnating the first support

material with palladium, layering the first support material on to the second support material,

step.

calcining the layered support material, and impregnating the first support material with gold.
21.  The method of any of claims 1-20, further comprising calcining the layered support
material before contacting the catalytic components to the layered support material.

22.  The method of any of claims 1-21, further comprising contacting an alkali metal acetate

to the layered support material before contacting the catalytic components to the layered support

material.
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31. The nethod of any of clains 1-36, wherein the
second support material conprises a spherical bead of
wW@b@aness2t o about 10 mmin dianeter. 32. The neCT082004/038814
any of clains 1-31, wherein the first support materi al
has a BET surface area of between about 5 and about
300 n2/g. 33. The nethod of any of clains 1-32,
wherein the first support material has a BET surface
23, 1RAnQhoPSEMORR cRERUL-2D, vatieekia e flrstbh@s@iogd s@sportTingerials are
met hod of any of clains 1-33, further conprising
porouscont acti ng an al kali netal acetate to the support
teri | 5. h : _ : | i 3 1 Nn-porous.
2. (iR oiayiob PR iy iRheif i sBlonkidhitht hardtha s non-porous
25.  affhetB&d of 1§ ofetalia -04, velreyein thectirsti amd sdcoB8 supplogimedterials
the first support material has a thickness of between
comprigb thetsameapaderihout 500 microns. 37. The nethod of any
cl ai ; mgg ] i LG d SERRA GOk rB&erials
26. F@Vé?%h‘gé?éaé@gggon ggg’p‘%ﬁel}&aﬁ%gﬁ%ﬂdon to l?@I;ﬁeb first
comprist BiFRdnt MRitetalsal .. 38. The method of any of clains of

1-37, wh in the. ti t i . i
27, (e taetbell 91T KGRSO EREVHGAR B TP PP PR i fom the
group ;Lé%stspiﬁ%égzglﬂigg{a, %Epﬁélﬁ‘rﬁfﬂaﬁieﬂite&hﬁﬁfﬂegﬁid‘ heRclietidles Qitania,

e method of any of clains 1-38,
zirconlahgibBiansitidee béragrtei, clgyss ershcondrmatiosethereoht act i ng a

bondi n nt to the first or.s n . ar | . .
8. et & St SR bervBsRr (8 THar Lp PP ALl BRRa circonic,
silica, TR LoniMatiBhs ®ERbTE 1- 39, wherein the bondi ng

agent 1s selected fromorgani c and i norgani ¢ hondi

d
29. dfentethodiof anfied clanh ba&@f/heé@iy thersepqngj sypport %geng\]“% Fe@%ﬁed from

t he bondi n ent i.S a zirconi.a. I: nt: 1421
o
bentorfte K@M melaksapiases Suarts) Bipicoshitide, alundysediiba, pupise tton-zeolitic

material conprising an inner |ayer and an outer |ayer
molecylt sieves andegybipationadliers®li n conbi nation with gol d

y nt act e r i I i M BaeAhlodpi
6. AR ERSE RLAG R Shih Sy 28 i Rk fibpdt AuAbToNplice
zirconPatiliedérmmind. gol d. 43. The conposition of claim 42,

wherein the outer . |layer conprises terial sel.ect .

1. 1 Fmethed g U SBifeT LobithORn SFITE SRR R PHR G Ees
spheri& BLdd 5ol Ao 26 1bintm FPkERIAr Sieves, titania,

32.  The method of any of claims 1-31, wherein the first support material has a BET surface

area of between about 5 and about 300 m*/g.

33.  The method of any of claims 1-32, wherein the first support material has a BET surface

area of between about 5 and about 150 m*/g.

34,  The method of any of claims 1-33, further comprising contacting an alkali metal acetate

to the support material.

35.  The method of any of claims 1-34, further comprising a fixing step utilizing a fixing

agent.
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zirconia, niobia, silica, bentonite, clays, and
combi nati ons thereof. 44. The conposition of either
web@soessal or 43, wherein the outer layer conpPCEES2004/038814
zirconia, silica, alumna or conbinations thereof.
45. The conposition of any of clains 42-44, wherein
the inner |ayer conprises nmaterial selected fromthe
group consisting of alumna, silicon carbide,
36, ZHe GMMG of{ah @f'élﬁmssltﬁﬁtw}feﬁun thic @1ét uppir! hatasial has a thickness of
bentonite, net al’s, gl asses, quartz, silicon
bammenmbmudemdabwﬁﬁﬁansﬁpn%a pumi ce, nonzeolitic nolecul ar
eve i;natio
7. RGBT e 17 REEERE 1l S0P CSREREFIbLAR e

second%ﬁﬂﬂfrt BESril anOlﬂieaﬁrstSdubpdramaI&da]al um na. 47. The
onposition of any of clains - wher ej

38. dmeuwhqﬂﬁfaaﬁm ofgREnsRiE SR FORSEE TG §1eP phprises contacting
the cat%lgli 8031% tn9f @ th@ [Pi¥ tglgp Okiah B % hé ’fofﬁ‘hﬁf" s‘ﬁbﬁaﬁtﬁﬁy chloride free

R an Ye been reduced
precur%@@&l@ﬁdnisl on of any of clains 42 48, wher ei n the
catal yst or pre- catalg t co 3es .bet ween

9. AowReI geate! ohiral Hsananner et o eaputrdge
bondmg ?%Fﬁ tPfhe Qﬁ’% Q)chrcohdl E\E)E)oﬁfma@éfa@{oyla%mow ddPesidiebetn®dintbe Biaterials.

being from about "10 to about 125 wt % based on
40.  tlte mehghdf anf opelbinasdi-3nwiseEin thedouding agdnt jssalesied frin ¢ranic
di clalna? 42-49, wherein the atomc ratio of gold to
an m(ﬁ&?r}l N¢#H8 %Mt ween about 0.50 and about 1.00. 51.

‘Flkh% HQAROS atn&%F c18fmsANY0, Wheﬁ&@t%oﬂ@n@ Qgenwizer #diconia bonding agent.
adium gold and a th onent are contacted .on

42. tAn eoropisiion fayeatal yamng thia @r@up,uq anikegyladfagpatps comprising:

> l eCt S%ffﬂ&? mméﬁco&wsinéea%’ eri a;n :j(i ﬁ%rbla%% \Izvgﬁ gt least

palladﬂlﬁ‘ﬁﬁ %@xfnbmélzon WhE gelapmatitd ﬂhﬁre@ﬁ t@fmymcaf catzllyat omprd-2atalyst, wherein
wherein the catalyst or pre-catalyst conprises rhodium

the inngmidyqyas subleiallyrrcs of RSO 125 A1 adi um atonmic ratio
43, olf&%gt misa or?(t)) 511’1’1 420%~'h@1;%91 tﬁp 8&% Q&é \Aﬁgnse-gl?ﬁatenal selected from

|ono rern

the group¥6fiseting ldD@10frﬁnaﬂﬁl1%/alaﬂn1rmpzqoiht$,ermnpmphnlq:tneIesulplpm\tes titania,
mat erial or a ground suppog@ nater 54. A nethod of

zirconigy eldia Sis 2aPSREIE, ADRAGACBLINEHS ?rs?ﬁqg

44.  The composition of either claims 42 or 43, wherein the outer layer comprises zirconia,
silica , alumina or combinations thereof.

45.  The composition of any of claims 42-44, wherein the inner layer comprises material
selected from the group consisting of alumina, silicon carbide, zirconia, titania, steatite, niobia,
silica, bentonite, clays, metals, glasses, quartz, silicon nitride, alumina-silica, pumice, non-
zeolitic molecular sieves and combinations thereof.

46.  The composition of any of claims 42-45, wherein the inner layer comprises zirconia,

silica and alumina.
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contacting a feed conprising an al kene, an al kanoi c

acid and an oxidizer to a catalyst or pre-catalyst
weomsisseng pal | adi umin conbination wth gol dPET/US2004/038814

rhodiumon a | ayered support material. 55. The method

of claim54, wherein the alkene is ethylene, the

al kanoic acid is acetic acid and the oxidizer is an

oxygen contai ning gas. 56. The nmethod of either clains

47. %ﬂef ?Jmoﬁjéitio%? b8 6F ddigs 3 AB] Whéraihitie fllagiohchridggold have been
pal 'adi um 1s bétween about 0.50 and about 1.00 57. The

calcinedret hod of any of clains 54-56, wherein the catalyst or

e-catal yst .conpsis ; ;
O R S e R S
reduceddol d perliter of catalyst, with the anount of gold

being fromabout 10 to about 125wt % based on the :
49, gﬁe gmnpqsftlopaqf P fARImS é?-*ﬁh‘éhﬁémﬁﬁﬁc%aﬁyiﬁ&Pfc?fca@Tyﬁf fRoprises
- er [ . I5i 110 o8
betweer oL EhB b1 GRS f PTG SGRTEIS 8 B0 e it pr
liter of AN, Wi MeiafRanTZo Meotibeing BEm alitus 1t dsat 825 whip kesed on the
~clainms 54-59, wherein the catalyst or pre-catalyst is
weight af plefilung at al yst or pre-catal yst, an egg yol k catal yst

0. e B 3 i e o o ohaladium s
between about 0.50 and about 1.00.
51.  The composition of any of claims 42-50, wherein palladium, gold and a third component
are contacted on the outer layer and wherein the third metal is selected from W, Ni, Nb, Ta, Ti,
7r, Y, Re, Os, Fe, Cu, Co, Zn, In, Sn, Ce, Ge, Rh, Ga and combinations thereof.
52.  The composition of any of claims 42-51, wherein fhe catalyst or pre-catalyst comprises
rhodium and palladium in a rhodium to palladium atomic ratio of between about 0.01 and about
0.5.
53.  The composition of any of claims 42-52, wherein the layered support material comprises
particle support material or a ground support material.
54, A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an oxidizer to a catalyst or
pre-catalyst comprising palladium in combination with gold or thodium on a layered support
material.
55. The method of claim 54, wherein the alkene is ethylene, the alkanoic acid is acetic acid
and the oxidizer is an oxygen containing gas.
56.  The method of either claims 54 or 55, wherein the atomic ratio of gold to palladium is
between about 0.50 and about 1.00
57.  The method of any of claims 54-56, 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
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liter of catalyst, with the amount of gold being from about 10 to about 125 wt % based on the
weight of palladium.

58.  The method of any of claims 54-56, wherein the inner layer comprises silica.

59.  The method of any of claims 54-57, wherein the outer layer comprises zirconia.

60.  The method of any of claims 54-59, wherein the catalyst or pre-catalyst is a shell catalyst
or pre-catalyst, an egg yolk catalyst or pre-catalyst, egg white catalyst or pre-catalyst, or an all

throughout catalyst or pre-catalyst.
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