Hal i de Free Precursors for Catalysts Claimof Priority
[ 0001] This application clains the benefit of U S
we@e@3iosisonal Application No. 60/530, 937, fil edPOrTSI0DE038815
19, 2003, which is hereby incorporated by reference.
Field of the Invention [0002] The present invention
relates to catal ysts, nethods of naking the catal ysts,
and met hods of maki ng al kenyl al kanoates. More
particularly, theR¥en! bRRuf®EAETAAyEt hods of
maki ng vi nyl acerarET—BaCRQTGUmT7ﬁ‘TTﬁ?Tnvent|on
[ 0003] Certain al kenyl . such as vinyl
acetate (VA), are commo i aﬁgﬁgﬁﬁ als in high demand
[0001} N 8¢ dpplenmelaihe (e behefit of XaSuiireyisivial iApplisebniNo. 68k80,937,
ol yvinyl acetate (PVAc), which is used comonly for
filed Ig@h@bf«‘rv 20G% avherdidp herely ingerparafed by &cisisaes on of V' A use.
O her uses for VA included pol yvinyl alcohol (PVCH),
et hyl ene vinyl acetate (EVA), vinyl acetate ethylene
(VAE), pol yvinyl butyral, BV | ene vinyl al coho
(EVOH), pol yvinyl fogﬁ[ﬁglfi OSH‘%“’VC%E Vi nyl
[0002F | OftieGReskhiTiVendbR tadtes 10@p@lYIRERethBIART nhaking/h cathlysts, and
used for textiles, filns, adhesjives, and '
methogh of welsing eikenyd alikeneatesg MorEpprngulary the aention relatss & methods of
nmkhiQ§uHa£%§Q often enpl oy EVA in sone proportion. Mjor
'gpﬁpfgéildns for vinyl chloride-vinyl acetate '
copol ynmer include coatings, paints, and adhesives
often enpl oy VAE having VA in sone proportion. VAE,
whi ch cont ai ns norBa¢kgrpumhotfde loytigR s primarily
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under at ed screeéns,
high demahd ingheir andomekferm EVaHtxamples ¥ i asediamrake polyvinybacatate

engi neering polyners. PVE is used for_ wre ena
PV At et ST ODBe] *BEHer B REP T e s Bty oE DA use.
o oni L o ' .
o DI DRTROAR DALMY OB k3 ook v
acetat etbgleantV AEX polgviopl tautyrel (RViB).aityylérarviey] slahd (E¥ Off), potyvinyl

0 tric tons or. no er, year i.s,large. s e ..
o AR CRE b0 B0 LBl PO v oS i Pt
films, 3KesRAS $hB bBoB&lsiti®d &datiMBd. YriBkbnld SvifdRAEESe ifkulafien often employ

process, process conditionsor catalyst characteristics
EVA imanmeavepodtiei giajpi apphtatioos froviny! itpads-vior achlatecgpelyger include

conin SRS VoS N LML DRB
contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.
PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for
barrier films and engineering polymers. PVF is uéed for wire enamel and magnetic tape.

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

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



exanple, in making VA, a w dely used technique
i ncl udes a catal yzed gas phase reaction of ethylene
wowdok/oessed i ¢ aci d and oxygen, as seen in the fptT/o82004038815
reaction: C9H1 + CHLCOOH + 0.5 09 CHXOOCH-CH, + H O 2
4 32322Seeral side reactions may take place,
i ncl udi ng, such as, the formation of CO 2. The results
of this reaction are discussed in terms of the
ve b SloncahhRofi A% tilnPhkt S $hEdBst MBS Froduction of
of Cat?lﬁg%gﬁbtg%%ﬁ%w}rl%m 0 \2& pr oduced ger liter of s
VA. catalyst per hour of reaction tine (g/l*h). [0006] The
onposi tion of the starti f.eed n _be
1000 o | BamseC R HSnae TeerRened i LG pyetion af GRAwE flfgroates: For
hind €89, Wi HEes te3fn Qe/bn@mayd £E@aly7d 239 a@@&tabtﬁ‘on of
exmn@@ig d%; %B%boxygen Thela may als% |E%I%%e i nert
ethylama twathi azbtéc sk mdascy@aR as shen nro@e rﬁollqmtlg] taaetionat hane,
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effluent streamexiting the reactor nust be _
side réddzfiﬁﬂ'lﬁin_@ylfaky placsyisdlieting, kath dshtbe Sdrmation 0SCOwt Sheesultsef this
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Inert material i'n the effl uent
[0006Th e Dascoplpasition eAttkistrtingasattréad fieedaan be darmgltwntmg lwedeahmlts

feed of the star ter 0
Typicaly. dargerting st peLtor LR e e BRE: @l e sigmd 4-16%
e 1 RSdDe Abh LEEO! o defTRER ATl IEHEN
Oxygéﬁ thgggrdgiﬁagg%%@m%g%%g: tot 2000C, whi | Ee reagtgtl on >
propape, etsgmraaé/ooheliurﬂ,ST]aet prosphiessttign @ntf§q§| C@glpOSlEl@@@QH]e oxygen level in

ile these .systens, have te. v

the effie Sriah BroB Bepelse e h et pr AT Gethifim s gpesde the

flamnPB1IRY QGHC ihe RiySEEvd & @88 effueMAs @fféddet by BB dxygenidvel in the starting

energy use during production. One approach is to

matenaﬂrpjr@ve Quapayeysion rieidbe westionjang thersrqunt of 2y igerggategal in the

f selectivity and/or activity of the catal yst.

© ueRhother approach is to nodify reaction conditions,

[0007? uc hTh'"LSgaE PRase 2édcBowhasHead Edrigl dmtwdiciaad fed of taaeﬂartmglmmtenals is
2 conversion of the reaction, the S@ﬁfe vel

passeae S\oqr opthroyh fxedrbed ryctien Supeassipbisenlisye @roataﬂfwa Throlgh the use
of reactgor{pe ! aérli{u?éc's lﬁlg\\% I‘Q]ﬁl&s ord Z§QC{ tQ%% du;l'ﬁle rQechBl% h}‘%@su?és o925

pect ere roug e use of

aUnmﬁﬁaﬁpMe@ﬂﬁ@malysts The CO2 selectivity is the
ercent age of the ethyl ene conver;ﬁf t hat oes to
(0008 dsg
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reducec{ %X@Jc%%h of By ﬁaro\ﬁ%tg rfﬁ‘%lﬁp FﬁtéérUftVA bﬁfgut‘ et éd8ey use during
plants,

even'retainin action conditions. o
production. One approach is to improve catalyst characteristics, particularly as to COz 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.



[0010] VA output of a particular reaction systemis
af fected by several other factors including the
w@easwesy9 of the catal yst, the ratio of startiPgI/US2004/038815

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

pressures. these factors cooperate to determ ne

he dpétt Which e lbea&illbéd’lth&)iﬁghelﬁﬁ use of
[0009 e@g@(ﬁrﬁla%#@%fgbg?fogsgs%d in ter?lrs of grams of VA
impropedaritatysts. P G0+ setectvityciatheinprrentses oftbe pthylene eenverterhthat goes to

COx. e O aclePrpeaact st Mol Eipdrinft velupsand unit

time i %Etﬁf_ﬁﬁnlﬂﬁé’ eStid ﬂetanﬂﬁ%ﬁfﬂ athsi igavtioh camditibnypact on the
ypi cally, the higher the actjvi t%yof a_catal yst,

[0010} he VA ghient qﬂaeaaswlqr meactien sipmtis pEeciel By seyerst offierciactors
mclud&g&}é&é ctlrvgg 8? gle C Pa? rHc’el rg 10 bfssta‘riltl @x%féflgls “ch ei?:‘ﬁ"gtﬂgﬂ Ctﬁe

etpresence o e cata yst. he

conve SIS RAction! e sack &BPEIAESY) of depemidenhatstelfeed atld ofrepating
conversion rat eé\general ly clinmbs with the reaction

femperaPEHHIUFSUICHD vlegse facknss eamperdte 1B AclemIF S pace ang gicld (STY)
of the I&%ﬁé@? séfgtsém LAOQ E@Yt@gls%se"c‘l‘?fiw&ﬁﬁ loPBramb A f)ﬂéﬁuc‘@ per liter of

POACrare 18" select to give the desired VA
cataly§tipePribur batcaasgetiagal g¥th. t he anount of CO2 produced. A

tal yst th hi gh t t t hat (]
RGP I, S RS
may s&pﬁﬁ\?eaanigngﬁéarn@ g{ﬂ%(a%f S @8 -sTA. tBLRaT, e P{lﬁhér:} t%e?o@bﬁ? bf a catalyst,

Ivity wll give a
the h1mnﬂerﬂ¥bthercaﬁaefsab ablego pedudeenper at ur e and space

vel ocit 0013 IS comyon that cat aI ts
1001276 o i BRI FEEEIONEHT S TCAp BT DI T e Bt of the
catalygte lT"ﬁfz oY %bﬁfve’rﬂ@r{ fatSi¥ M&a‘rﬁ@ﬁ@ﬁén@ém RiicH Hgt tﬁ@S@lv@fsm%ate generally
e catal ytic components are typical
chmbmv)th ﬂreeenﬁlommiesatuﬂeaﬁomyerbéle dmotnti 4 (H{&dr Qﬁﬂcﬁ@) ﬁ%‘? ylcreases

sons S SHIR y L SREE o FPLE0 L P DO e s v
outpul B £kéPhgalnsBihg |a{noﬁﬁttcﬁ I tpsoduced. Us batb@rlstmlxitlﬁa Bigﬁéﬂ actifiity means
support rraterl al ("egg white catalysts”). or_in the
that tm:@wexabfreaph@l @gmgmtqre p@q@(lp‘gpre@ wélglg n&p@}tkmmg the same 02 conversion.
st 1
Alterrﬁgy ?Qzﬁaial)?qgélqg er Erl‘E%lR/qz ?&/élg éltlg g"h%(ar 9@}6@2&@#&3%?5 biven

tempetddGrt WAd e élb&igs. cerium doped silica, alum na,
titania, zirconia and oxide m xtures. But very little

[0013] nvdtis |cg:amoorﬁhasfcattalyets amploy 08A LEROTSERIIbEI CPWé’O’é‘?P&p‘E?Pi‘Gd ona

S
: elatlvg& IP%S%’R gat 6%512 an gggasgcf{/m cla%l}%ge%le g 0 m%,g r g?}lg 7Y R
typicafl§ a SMRRLY ¢f MAkIe tHaghdy be Bﬁfkﬂi)hteﬁ)malfomdy throeghobi tha supportahaterial

netals for VA catalysis is | I adi um and "
(“all through-out catalysts”), just or31/ the surface %?the support Ina’[enér:l(%l s%ell caqalAl{s ), just

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

(“egg yolk catalysts™).



catal ysts provi de adequate CO2 selectivity and
activity, but there continues to be a need for
WO pgpsoesdo cat al ysts gi ven the econom es of scaPE@r/ubEN4/038815
are possible in the production of VA [0016] One
process for making Pd/ Au catal ysts typically includes
the steps of inpregnating the support w th aqueous
sol utions of water-soluble salts of palladi um and
[0014&OI %urﬁe?@lfstdlﬁgreﬁt}}?pésrm%@@ﬁﬁtn%em Bfve Sedrdvigestal foSuse in VA
th an appropriate al kal'ine conmpound e.g., sodium
catalyftyiadlodngls]icd, oenpure dbyd silice, f(lmﬁltn@ntlfé@llasl #ygonipned gyide puxtures. But

very 1%%}4%%@%@ n %g@ pﬁeétb[eﬁveee? sg}}k))é gprggfgﬁglg ﬂ?§beeﬁ dg{le For the

most ﬁ'a ffl? stda Eﬁd(QQm%hrﬂ?@U R&tBalBHdet @orﬁhb@fa\ﬂzaﬁas@upmsmatehels
yst of any potential poisons, e.g. chlo

[001 51 ed @nengefitheombingion afsestalp fos Véoﬁaé@ww rwl@qﬂxula ap9 gpldaPd/Au
catalyég g}l"log{t e%eozi'l aqlésfﬁﬁ}%/ glvﬁg ac?wgyy lbﬁ oHtYrﬂfe@ %d B2 né@8%or

oun as pot assi um or

1mpro§9djéét'eﬂ3/§§§§féﬁ e cbdHotnids ofacdlothat ztfegﬂbsfsi‘tﬂainl therprodocticnicd VA.
basi ¢ process have been suggested. For_ exanple

[00161). S.OmrRairesess o makingdiyl/ Ay gatalysts ‘py@wgu,)g%glldgqjmp ﬁg:ps OP impregnating

eSS TRl I R PR AT i

impreBadlePw&éssolitle S41QGa e @dapbh)@haie alkalimé cognpicned sigp ;sod1t1m| hydromde
a non-reduci ng_at nosphere, after |npre%nat|

to pregmtqitg(pfmcaﬂ @)@pg) the poetallig eéﬂ{lerﬁseasgw rﬁlgﬁ %gom?cﬁmgs e.g. the
hydrog}%s wzags'ggg the! uxteh§ elfp%r x g9EaLed (5 RalovBLh§xell 85HHESUNAR a ¥ otherwise

I'ts |rst use, the catal yst may
cleans*é&h@dfaﬁliﬁ af &g/ ﬂbﬁler&ubmms \ﬁ% kizlatide gedumng)thquzﬁenglsoluble

t d d t 018 U S. Pat
compaup SGGYHSA IS i g B e HE T S B SA A Cen
alkah%%ng#g%l{rﬁashc@Esepd?é'sgfuﬁf(&l sod1uﬂlaelcletﬁ&' and bariumfree

n acetic acid may be useful to inpregnate
[0017] he @m@ntodrﬁa:tmmnsab thisbasiapirbeass kavgdesrt suggestesl. figg exqmpple, in

f h
US. Bge Dl 150808 s b e ne Sy A g aftr the

reductiéh %Gé%@%&ﬁtﬁ% CRITPSXYitért NaCh 022,28/ iitn@ gaseedithat icalbining the
carbons. [ 0019] In U S. Patent No. 6 486 370, it

suppostlig gelsne@ﬂut:imgtatraOSphgre rger igwregngtan Vﬁaﬂybqjh pakadipm and,gold salts

i S BASTSRERR: L2 BAPEEES, WAL LR RORL: L RYon SHPRAK i,

beford B sl @k, thSbaThlyarhays be%r&rea@d%@@ﬁcc%@;veﬁle% iB88idizing, inert, and
suggests that a layered catal yst may useful as acid

reducingtatthgspheres. But nei t her suggests the use of |ayered
ARABMERd gold that are
[mn8f0036¥?#§pgwth§g §9§§%ﬁgﬁ} %E%%%?EML éh?ecognlzgo
hydro@1d HaBay- @56 Batidnh€red emdisdlwble memtticusitimay be useful to impregnate the
support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-

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

two to ten carbons.



i nprovenents in the field of VA catalysts to provide
i nproved VA production at |ower costs. Summary of the
wo poosfaeisen [ 0021] The present invention addr eSBEBUSL004/038815
| east four different aspects relating to catalyst
structure, nethods of making those catal ysts and
nmet hods of using those catal ysts for making al kenyl
al kanoates. Separately or together in conbination, the
[00142" | BHS S2BRE1IS0. 3l4861360] inM@BEdQIthal Flaghrédediaigst alay be used in a
i'mprovi ng the production of al kenyl al kanoates and VA
dehycilmgmm)m pobess whieredthe tineilayes qurnorigRatesial Wiiiess Gamche oggglayer

oL SO ST A RS 0
usefuf 8¢ Ay 8dialQdts. PB@-refhé sMBdests Gt uso 0alalysred adteliyste &) tht padduction of

i ncl udes rhodi um or another netal. A second aspect
alkenybalkaoatsst o a pal | adl uni’ gol d catal yst or precatal yst

[OOZ(? hat Faliﬁnq gel S’u ge A LAUEHRY. Y @Qieiﬂ ljlg&ta@c{rlsﬁla WRelEd ﬁﬂ%ontmued

aye rrater aI tanti nyreeo

impré&@hhdétih ﬁlemwmtoﬁtalyétstt@ progtidespertved ¥t @bdigctivo ahlower costs.
pal | adi um gol d catal yst or pre-catalyst on a zirconia

contai ning support material. A fourth aspect pertains

to a pall adi unf gol d Inq,rgf-g@t alyst that is
produced from subst an?{rﬁ{'l y c orledel free catal ytic

[002JONPThEPicSent Petatidnedldissss mt Jebdt dour [dﬁmajt agerlrglsting to catalyst

e QO LS UL RORSR EOLTEL 15 SIS
alken PHQ%Q{%E gﬁgratté'@h iog cthaRakbebRbtiGAHUR! WiEbADasBects of the invention

eact1on, ereas a pre-catalyst is any material that
are dirested zttsmpro@mgahg/proﬂucttime of alikeihy) stkapyatgsand ividoin Wwéar including

o et Lot oL S B ks
1nveﬂtﬁfl%€%ﬁﬂ§to°&funt1$ﬁ pafhdigw g@ﬂi catdlyst Bi§resataiht (bb@orﬁﬂy ahlyisibd) that

al l adi um and gol d contai ni ng catal yst t hat
incluilesrhodies oatandﬂbasmetaln@’t spepndcaspedt peitaingliommeHadinm/ golgcatalyst or pre-

m wher e .t he ne or h I
con DR RER b BrPed efRER: Pt RS fongr paje i
substﬁﬁ[dll[y%‘ée QNcAall @Y &n@sbnSntpPAthird &pedtpertsiad wl aylsjlladmuhi/ gdddcatalyst or
carried on a zirconia containing support material; 4)

pre-catalysiomt aiseeniagonipining syppRItEaiErial A IR 3FRegbpariams to a

pallat%lfnz%{h? églﬁss gr gﬁr%y aﬁaj’jgg éq?f’allts épcf(llug{dc%&g F%ﬂg% a}?llgglﬁgﬁlcgldﬁeﬁreg catalytic

compoﬁa{tgve CO2 sel ectivi ty, act ivity or both,
particularly as pertaining to VA production. [0025] It
shoul d be appreciated that the present invention is

described in the cont @&ai%ﬁDescription

[0022] Catalysts

[0023] For present purposes, a catalyst is ay 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.



certain illustrative enbodi nents, but may be varied in

any of a nunber of aspects depending on the needs of a
w@arosiogishar application. By way of exanple, w PEDUB2004/038815

limtation, the catalysts may have the catal ytic

conmponents uniformy distributed throughout the

support material or they may be shell catal ysts where

the catalytic conmponents are found in a relatively

hi d arRANRLRL 9st8 UPRE hestMBichBdn By ﬁmluﬂg@quhhi\&ng at least
[0024]t tga%ﬁf% a}nal&a s%%be sui tbabl e, where the cataly

one ofamﬁmwntgsatmmel)gmm wall bg/2 ke ahd sq%@%ﬁfnélﬁ catalyst

that 1n§I“d? %rs‘} er | %é{‘l afcg'[%? g‘éon%?rﬂ@%‘ t\?lb%%%e %}xé Br RBre of the

catalyﬂ@%ﬁﬁdnenl% B@v&@éeﬁ 'cMSffn%d @) thearxlyaaivil tyesdasrial ort dlayered support, 3)
present invention incl ude netals and artl c | a

the catab(st wil EbecagiefimmzifcoplasPignin EHBpOr g eﬁ%]oé ec 'ﬁyyst will be
produ?egl;\illt}? %H%nc}e ghe. & %n;%' {}%taEQ rgglngﬁcfrxaéﬁhé ﬁ?ég‘dﬁ%s Hective use of the

east one from G oup
cataly$tBecdrllingiy! shoﬂﬂ& ha ﬁfn@ﬁﬁxfdmi stleatvityc adtizdty br both,qmpiml@nbf' as
is used to signify the netal that ultimately provides
pertaiiag & YAF&ONSPHQIM onally to the catal yst, but also
ncI V.
s R Al AL bt o
certai® ﬂﬁl@@zﬁﬁﬁe@ﬁﬂmdfmeﬁa b‘liﬁtrﬁy, bealatied/in amy of @ mbyinhertdf@ppects dependlng on

vt e ryat et caia ot el bR A
have tﬁ@?ﬁ%&ﬂ?éﬁmﬁneﬁ@ And&A) Y8kivuRalimdeshoa: e @’@;bpw th&6riflfor they may

onents having pal |l adi um and gol d
be shetlaabilysesdvivire the@atalytic dommrahytam:fogmhmlapvelyﬁgn shglkagound a

tal yt t f
NRCTEHEC R I T .
res1decs%s%r¥§thf alvBf fr&qffhé haee oPh6rt feerial | Egh it adiylydtemay also be

onent 1S selected from Ni, No, Ta, Ti, Zr, Y,
suitabRe, OGs, Fe, Cu, Co, Zn, In, Sn, Ce, G, &@A and

onbi nat i ons ther eof . [0029] Anot her enbodi nent of the
[0026 5 éjlzgy‘%[i’t—cl—g%@%%(%t—sa combi nation of catalytic
[0027 F Y nﬁﬁ %%‘Ihtrﬁ hB ChHghE Gn@ﬁt@&@falys@ s tiRfpr@sahd iavkntion 1rg:dlldé metals and
odi um Opti onal éathlrd catal ytic conpone

partlc‘(llaléy inctutded cambmeylorrmfwt agtgwe énfft‘ﬂél Ipsgiquiprythe §°mbmat10n of metals

mCIUde‘ aﬁﬁqsge 1?%11}1 lf’%pcgg%gﬁr%té r om ‘g’gg?d 'I{Wﬂtber?ggfémated

that “&@alﬁl%omp@ﬁent{ RG3EY tolsipniy eheenseapthet, ulmahﬂe@qurmrdamatagmicd
be conbined with Rh to forma catae/v t hat %HSO%A?%

funotwm%lw@q&@ caiapyst &iedid %Wesche BetahEd WRSW Pt
solutx?rh églﬁgn?%gﬁgglﬁ &é: Q{ El‘% 3! Fee rH@tEl Ll?cﬁyk oRtbmiMaHRns thereof.

ot appear to adversely af f ect

Prefer&daasamgstswhé1yd@;5auamamﬁ@oyms thérmlﬁmomoe@m vity of

the pall adi u gol d, rhodi cat al yst .nm
[0028] npr bodurrlr(]ant of the ‘cata ystdlnéingies a con%?natlon Xf cat:ﬁync components

having palladium and gold combined with a third catalytic component. The third catalytic
component is preferably selected from Group VIIIB, with Rh being the most preferred. Other



t hrough cal cining during the catal yst preparation

and/ or through the use of water-soluble halide free
w@r@ssse? s (both di scussed bel ow), although tPEFESENE038815

not necessary to observe the Rh effect [0031] The

atomc ratio of the third catalytic conponent to

pal | adi um may be in the range of about 0.005 to about

1.0, nore preferably about 0.01 to about 1.0. In one

preferFe'a’%in!yg%Hﬁelu&é%ﬁo&amrafﬁle iR atilytR doeiponen isdetaotedBrofd W, Ni, Nb,
and about 5.0 g of the third catal ytic conponent per

Ta, Til ZI,érf Ref Ot@,dTmC}ISGO » 409tz 81, G bten SR aaql eqrbipalipng AsE e nt
e cata
[00298 o(ljl?er ﬁgllb?gilmeﬂﬂﬁ? fl thlg %ﬁalgsg EW%% é Q&HB atidrPo f%la&%lc +B8mponents

out 10 granms o
mclud%§ ﬂoﬁcﬁﬁoﬂld Sﬁfallﬂﬁulﬁ;’:\g@ﬂ wRd rholihen. a@ptmsrtallyfa tigad czhtalstlc component

bly f b 10
(s s ghey a6 Bocna i dihig SORBRIF ToRBCE G e HPor
embo%r oup gw § al{)l%' ore c%?’a%ﬁ%oﬁﬁgr?eﬂtsaﬁdf}ﬂpfe aﬁ@% Bst n@a@ttb‘é'%ﬁﬁbl(%@@ ut

e pre for ground
[0030Fat qhm& Sxandgl€ pallatiin andigcbld) negiveloemaitied stithR 1t © foah anatelyst that

oo St A 0 el ot Bl oY ment o
that la@#? F!hv A1 Meeadﬁﬁfoﬁ%tf Rlﬁ%o@%cﬁ‘l %/p':eta?to adv@&k&Y affect the activity of the

er hat rvely, a catal yst an atom c ratio of
catalygtb @it 0D, Gelestivigsd tl&;sqiaﬁadllumegdld,rrh@@JAm datalyshinep alia §e ireprgved

s S oo U AP e
free pr%?ﬁ@&rs t(bd?ﬁﬁ%ﬁlﬁs@tlzd BEYw R hBIRUBE tRENA8 %Sﬂndcbis@@g@ obdeveltB€RM effect,

relatively high exXcess of hydroxide ion,
[0031}i scliestmnibeitoveithe third estplytic cwmpqn@et mumllar@u@tr@%y beAp the range of

o SIS0 T TR 28,05 0 15 7 i,

catalybtQohQWB Beli¥eed a!i(ﬁﬁl 'QQ)tl 208 abdut 506z PrRKE ikgldeatilyzie co@ponenbyer liter of
grinding orball mlling) or one where the catalytic

catalystonponents are contacted to the support nateri al af ter

sz b B4R P B R Bl 7o 1

grams(‘cﬁﬁjﬁilééﬁlhﬁ HAFPONRY B a@ﬁutﬂb%‘rﬁﬂép@ﬁg‘oﬂd ]mﬂmrloi katalystg@he amount of
fromabout 5 nmto about 50 preferre argég
1U.

gold i n@fqu@éy frp@raAbalog: to abcmﬁl%wa%laﬁsecée@tw@%eégﬁ lad
[0033 or L Male 1m%ntsfo{ %rgg’r@ a‘?ﬁ? DA GEPE DronliP rzﬁﬁs b?ﬁg@&&bout 0.5

I nven |pn, tIC conponents o
and aHUuES e0 inalyﬂ’o‘é prdferedtl foegetmd dayalyitd. | THoetaaic lratB:dcaln)be adjusted to

port material. Suitable suppor pi ca .
balanderiad SRIRAHARGEPaPSCIT Y. BPBETBG: o Sar 39}"371 HHer F‘ﬁmlé/ ratios
tends {odtg\%r r{uyre QLtisd, Mot Bty cafﬁ'?};s?sr idt8d alf¥RHiRbI h'; a tdMByst with an

erfa S are typlca Yy Inert Iin the reacti,on
atoml&)ealtm @f plesult Orone tkss Stlgppioe for GLebutalse hanlesdastivity than a catalyst with a
ratio of about 0.8. The effect of the high Au/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below

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

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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conposed of any suitable substance preferably sel ected
so that the support naterials have a relatively high
w@rosacs1ar ea per unit mass or vol une, such asPEI/PAIIOUB38815

structure, a nol ecular sieve structure, a honeyconb
structure, or other suitable structure. For exanple,
the support material may contain silica, alum na
silica-alumna, titania, zirconia, niobia, silicates,

ball m"i‘ul?igﬂ &A%k 'v)h%?et tﬁ§ cathli i@k RBents MeRBhtactsd td the supp@rtbhalerjal after the

con nitride, cafbon, cordierite, steatite,
suppoktenattmul thes b@hagchxcedrmtsmes gl asses, quartz, pumn ce,

olites, non- I [

10034 portissfiab e fiadpicinly Xpe AL o oY e EARRALCRe suppor
mater]a@ b & frdr ﬁbcﬁﬁtﬁfrﬂl a %Oﬁﬁwoqhﬁ OMoee m‘afehab Ir:mgeemgluda fptwcebout 5

or gamma alumna. Silica and zirconia containing
pnﬂngbpwdwﬁpmaterlals are the nost preferred hi addition,

a zRort materials are also suitable for use

[0035) 1y éﬁ@%ﬁﬂgéﬁélﬁnventlon [0037] The support materi al
[0036] N tA€inaRhRHYiAbnebhspetd oF thevesmtion rthﬂea;almc conpusetd ophe present

particles having an

of vari ous re rirre
invengragersrally va H basargigh g}’ a §UPPPH FRaterial. g?f‘ﬁ%ﬁﬁﬁl}’go“ H}ageélég typically
> fe GRhAEHM. Overall, th
1ncluci;‘;d'§}gﬁ%%}s {ha a}% rs]lgtlfsgagﬁslglg{l Clﬁﬁ?rﬂ%}dg rrtgl? 0§Hﬁ=’rﬁgﬂrﬁ]lge% SERALAAS, hvera e
suppoﬁ’tf m@BOAE ark tycAlyandrt ﬂaﬁhmctmmékmgapbtfyrnmﬁo (uppgort satepiglsgmay be

mm_In particular havi
compg@ﬁ@.f p@a:fu)etab\],qspb%\y@ pggergb%% S%?CE%&D%@& uagér? ifhterials have a
QolahRUuch s selebire,AMmolacular sieve
o NS i
structhféai hérfegcaitp prarcturagetr @theakuﬂhhb struetegu \Far example, teaiipagrt material

may %B%Sfm%g glu%lgalp gilrl'rlg'ctl %’ Fgapgr %gcd)%ga? I’Zl'illté)lsjl Ose}lillr:]a(fésb Qlﬁm%%hcates

tltana?ekg oséﬁne& Qj1RBH cﬁgﬁiét sil{ QR Iﬁ‘nﬁé %&on%o&ﬂeﬁ@ﬁiteaﬁﬂt@baﬁomtb clays
ei ng between about 180 microns and about

metalm giaseessquartay gemcc;rzeg]ﬁas nep-zeglifie grpﬁigpuyé S]@ﬁ?ﬁ Wg)énat@gs thereof and

as | e
the likes, r%ﬁ%ﬁ €1¥glf68 crgs lma 53 glt rlﬁat?tﬁal?ﬁl Ay hﬁl) Pg ?l?ﬂgg%z? gealpha or
gamt PG Rind0 8lifa iahe LivsiRialdntatidDéhppore frmmlsl:am' thpmestprsfored. In
used in layered catalysts, a size range of 10 to 250

add1t1nn,cmm1t1§1yﬁlssupp@t eyatesigls a[emi@sﬂultéﬂ? fyese %%aefeé% PPvaREQ

[0037{]h ortl 0 Eﬁgfa 1%@{ a?atl%? t@ﬁ?ﬂf%&lp?ﬁqng%@%%ﬁgsehﬁf particles

havm%%ﬂff)ﬁ'!/drﬁéu@%gbﬁt vEieRgd iodhhpekeatly asafpﬂlelab,dahlets,()@lm@drsg discs, rings,
pret erably about 100n2/g to abou%_ZOO n2/

stars, @x atipt thapgsorlhg s atgrl% Igaq;a,ythavq BlepgPRs ngl’l Eﬁ.r@alg.ﬁte{ Ike&gth or
w1dtqﬁ%§8£tg g g&t'l%'mxgﬁ%reﬁgﬁﬁfﬁgh% Rensathnd h phﬁlcﬁl*aph’dvm?g a

r ef'erabl 4 to about 1.2

regulﬁ\éﬁﬁﬁqe ghgiherisdlpeill vt beity prafga'ﬁd fangesediznepsien ofﬁbogbébm(m to about
to about 2000 angstrons |s

8 mmy. qu ailditien, q gy@lggi] or Eﬁgﬁfﬂ SHBPOSE mgtﬁp:[\. é}&arybbess‘u tfkllbg%suc% that the support
mateS Q8% wgﬂﬁr SHPRGL: FBPER 1Rk Jiatdedr BEBetieBAbolit TiMnBuehs and about

1000 micron, with preferred sizes being between about 10 and about 700 microns, with most

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes
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Chem e, Aerolyst350 from Degussa and ot her pyrogenic
or mcroporous-free silicas with a particle size of
wW@bwawesBmm t 0 about 10 mm [ 0040] Exanpl es of BUI/USiM0€038815

zirconi a containing support materials include those

from NorPro, Zirconia Sales (America), |Inc., Daichi

Ki genso Kagaku Kogyo, and Magnesi um El ektron ne (MEl).

Sui tabl e zirconia support materials have a w de range '
may bggmﬁ%géda%? vl %@Eol@&@ﬁ@rée&f@ﬂ_eéti@ﬁﬁl ofufmtidlessing/ Got exampie for a fluid

thah 300 n2/g. Préferred zirconia support materials .
bed catelyse a prafraciesizerenge Wowdinghgat 0 1ol 3pmigrens. Fgpprecursors used in

35nP/ g. Support t.er heir surfaces

1ayefegfrc%tg‘§'%tg i e"é@a@%?‘ﬂ“ﬁé@%@ﬁ%ﬁhi ch the virgin

[0038F UP Rk facd dbA dvalabil & ff e@petting Tarlytie abinnenentsi acmsastited by the BET
surface area of the support nateri '

. ! %I (e.g@q(t:rilczlni out 500
(Brunditer Erpnetiace T elenrmetod. BrY 87851y bE DEFTHDFROUA ML 1§ Fidgibou :
i t.h cifi f 2t.h i
s BB YA PERR 008, BLAE: Sl e e o
volunRErasd sippirt materinsmaypgdnersiy at elcbut 6. 16npbay 2anl/4, end preferably about

pl ural conbination of support materials, . ea i a
0.4 tod@bduitd 2RV 2 c ARPHERET PYE FiES ﬁﬁ[ﬁ? raBge il EaRle, BEdholt p bout 2000
angstr@ﬁlg%o&e%irgm&ﬁu't AbiSedifred: Zirconia) with different

racteristics may exhibit different activities and
(00392 Bahpbdsiof siitabts, silidauwsnipiming suppermpiceiplainalide 6160 from Sud

g BBt e R A
panic%ﬁtzr%;bltfia%%*? of 1 s ab alayst . [0042] h one enbodi nent,

erent supports are enployed in a | ayered
(0040 onfHxgupdsiod suitabéeyarcomig comtyining supivirepaigrialp i edlosg from

nunber . of different approaches ch I ' :
A T T
Elektx?)ﬁ'i’ﬁ?:! AtTh OSuitdbey BRbnia GiSpoRARAEGAN Bdveappteamige bSsurface areas from
outl

I ze successivel y envel og}iﬂng | ayers relative to f
less than abmittSirazl/g wnereltba]l‘e}QOmﬁg.g}érﬁ ] glrwﬁwpoqt %ﬂ@& have surface

upport terials ical |y 1ngcl . i
s G PSS 7 S e s
throughd (]ga@diﬁg% B@p i@ hicAMgS vitgay &ipport heatepiat Bhehtad.eThe heating reduces the
prefera

y contains substantially nore of C@t&alﬁéti C.. ”

surface arqa o dhetsupparbrmaterial (Egnedcipiage Ly ROYAES &5 fgating suppo

t he i.nner..and t i Bbte liers.
materE PR Bl YL PSR kel ARDE fom sopli
[0041} he ThRRGRer ewyiRkiniaY, ibs comampiatedus pmploiet leastagdiraendination of

I nelude an inner |ayer that js p]gr ous. {900@34 tT?Vhe
supportayaleids, saghowith a defesmt sharfiSPRe-abinPXPERT #ochi™e YBROH
materlgaﬁsf(g. zggéo\%\l/ieaﬁ l%tgl ﬁérer&%ﬁﬁra&t%tik@%ﬁ? 8£hiBiv BITREdnt B&RIvEdsahd CO,

ef1 ne oundary between the areas of
selectivitges StpPEdTinitiiag prepadatidthatt catabysts veitht aflasired sat ofphamstaristics, 1.c.
can

and th that d t. Al so, the.out |
activifiolasASbRUERLe BOHSFLREIE! P Diroke taS i ERkness.
[0042T0g &hREL ohBEaRRHNPREN dfiffler BSpdfts heTefpldyied kingRgered cdftpuration.

Layering may be achieved in any of a number of different approaches, such as a plurality of

lamella that are generally flat, undulated or a combination thereof. One particular approach is to
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outer layer result in a shell catalyst that is a shell
of catalytic conponents that is of a uniformand known

wo bioskessss. [ 0044] Several techniques are knownCT/082004/038815
creating | ayered support materials includes those
described in U S. Patent Nos. 6,486, 370; 5, 935, 889;
and 5, 200, 382, each of which is incorporated by
reference. In one enbodi ment, the materials of the

utilizd SHBEssivEly @hvadBn@la§ers Raitive ubs @il abieYayRe NEi defbr@l hér¥in, layered
liquids, e,g., netals including but not [imted to

SUPpOH] f@ﬁﬁ’rﬂﬂkﬁyptcﬁﬂfamclﬂﬁ‘? ahlgass P B layar apsk amputeslayer aplopepartially
surrout: rﬁ%{th@{nﬁelf lgﬁrt IT‘ﬁe btﬂ@lel Yér?)’e%ral‘;l??!élgglzl at?#%agﬂﬁlﬁ I?xg}nei of catalytic
compdientsaltinathe mrﬁblagler Sm bme::aiﬂﬁﬁhmait uhe inmst dndcrﬁﬂtc’&Sayers are made of

tltanates inel, sili on carblgY siljicon nitride,
differen lrr&tﬁgm Sg bl,xtdﬁ%mlafegals éqaé( tlﬁeesam‘ge lg}}ﬁ the, nngy lgy%r may be non-porous,
&6us. Z€0l i tes,
Oﬂwrﬁgﬁﬁgégt?ﬁﬁgﬁﬁépggﬁﬁh&éngsgg aﬁh conblnatlons
[00431 herlbeflayefedmuppet medribineferablyyresults $n s fdrinoef azhell 4CA 60 But the

LY AT TR P S T R N N

that h&RSHaBAik YoRPERSE: RANd £EHsARR Yo nbf. L8R biteSIBAR@6h be constructed
parti cul ates, pellets, discs, rings, stars, wagon

consisingy Mith aisniegdtibivksessr Togdtier t}ampe@hrb@nd e unﬁompﬁmimwlof the
articylate inner | ro referred. The i nper. | ayer.
outer ot i€ gt Bivsy oeb e SR e e omb et R s pY o ana
knowefd@iithes®. 02 mMmto about 10.0 mm and preferably from
about 0.04 mmto about 8.0 nmm Lgo46] The out er nost
[0044] ay Severtl ta(ﬂyuqmis tielkagen fcytcrqa@ngj eried smpert\mat@itals @cludes those

0O a L.
S A R T
1ncorpbﬁ1yﬁrbyi réfefond®t Bl oné emdodlieient Ehe&nzﬁ@rﬁdl;t othé Qﬁhef hgdreed also not

in one enbodinent it is selected from al uni na,
substa@ﬁlf}ﬂY&&ﬂ@’f&ﬁ*ﬁfd Rl dsnf-Bametaly npipding buties Hited i epmaum, titanium
and zu%b{u!u&at}zﬁé gé g;%{lllglsxinhfeﬁglg Bt that lgfl@fﬁ%;e? chﬁi@' lﬂﬁ are not %1m1ted to,
i'Con car siTicon nitri tor e

alumlr&t ﬁhta blﬁpa-bmﬁhﬁm ititaja, eiréw, nisbiaadiBcates| ﬂaﬁﬁﬁmlmwﬂﬁ ttJZanates
zeoljtes, non-zeolitic nol ecular sieves and

spinel M IS leara e, RPN pFEFIER IS DTLGALIG OPRIgRItC Pla, mRetals,
glassesrsrg{l urﬁicLz,' £a6iak ?ﬁh%ght?cetﬁ&le&ﬁa?Sl&?&%&i%hibﬁ d1ons thereof. A
lecular sieves tania, zirconia an

prefernadl kiner legertihshendnd KSpb@), fr martesudarpl es i ncl ude zirconi a,
a and i.nat j ons ther.eof

[0045]\S/\Ih: :Tgesta H@tg@bse\?%1pgwl;e Pé/) pulic e VAT R e ] vanL O%Qrms such as
regulaﬁ}lﬁﬁf)&iqﬁdr@édlé{est heeantly rsﬁ‘aplsﬁ‘ Bﬁﬁcﬁl@ﬂé@r elldt8iBsch %d%@tstars wagon

necessari | Yy the case and a sel ectlve coat | ng on
wheels, hereycdnahsanr other shipedndies. [Aasphericrh partieuletephmey éxyer i 1s preferred The

inner layer, whether spherical or not, has an effective diameter of about 0.02 mm to about 10.0

mm and preferably from about 0.04 mm to about 8.0 mm.
[0046] The outermost layer of any multilayer structure is one which is porous, has a surface

area in the range of about 5 m*/g to about 300 m*/g. The material of the outer layer is a metal,
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[0048] The outer |ayer may be coated on to the
underlying layer in a suitable manner. In one
weedsaossent, a slurry of the outer |ayer materPEl/UBR04/038815
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
ceram?:r &f £LdnS8indtRe M-S fead I @hy @abstHineg ibisfselkeed fom alumina, silica,

ui di zed bed of inner |ayer particles and spray
sﬂlca-auumm titanip, Zintopia, n@bmeallﬁ%eswlamlltq%éwaﬁ?’ttﬁt%ﬁa?é %\‘f@ﬂgsg}lcon
slurr. e 4, St
carvidgy THEOP BN AR RGBT GG, e oo ol SPRUL, (B it
pumlcte hz%()h!e§ roh GBbMidbleOulan didves iincbddnﬁ:smtxoflméﬁ]af ﬂ'rl‘cbprsfembi}ylnclude
lized to coat the inner |ayer also Iﬁﬁkﬂ any .
alumlmaf s@cm@d@@/@lmmg@g@htp% agn-geple @glegu 1 eves (B tfania, zirconia
[ {8 kn@kidmiddorldBibinations
and R i R B e, S et or
thereoEONbi nati ons thereof. Exanples of this organic bondi ng

[0047]?)/3?\%9’;@'}%%'5 ;31%5 glwsrdgélg@nyosalgphﬁ t elgeitt 1 @/@’e GEHE? inner layer, this is not
necessa% e}p ?xwiﬁﬁé’ Lcak &g) g%ﬁmgmgh@ﬁiﬁémhye?ﬁy EHcOudrdayRondl bg

tothe slurry may vary, such as
emplcfyéd)m about 1w % to about 15 wt % of the conbination

of outer |ayer an t he bondi.n n
[0048] nor’]‘d}gmuger B%/(ﬁ]dlinﬁ@ ng qlé’@g@(ué%laﬁr olgng asﬁ%atfl’% manner. In one
embo%%ﬂf Q%lugxg%mhe(cﬁrt& laﬁpﬁﬁleh@ls eRpRivéd. CRaeN6l the irmgelayer with the

Teos), “zirconi a bondi ng agent (e.g.
slurryZnayteniceongdished by mr:thodﬁl Jueh arollirigs ipping) speFying, wash coating, other

conbi nati ons the f. Si
slurry&a%tﬁ)(gsteq UG &° nia %ns%a(ﬁ:rgg of T eq kiec gng ?efpr\?\ﬂqueagnque involves
using g)ﬁﬁg@ befuidlze@bsidMand? 043et Ml(ﬂ@ﬁﬂlﬂ%pta&@g wlekesladryiinitanthe bed to coat
bentonite, Bohmte, and alum numnjtrate. g 5¥anng

the pactimesreverd§. Thoslyaninayibeapplicd reRsatet by shalh gRORRLE i

%to a Lon of the
‘hwn%ﬂi@Pvﬁﬁﬂ%Pmﬁﬁ&y?ﬁg&%%%5%%§5g&g§?ﬂnkﬁﬁ%th|ckness of
[0049] he étsQirry ANREd fRdbat B ghef Ia?&ﬂr@ebmlﬁo ibclndecanynd atn(umber of

bout 500 'mi crons and preferab) out

t
addltlmscsudn@ saswefapipot e %@nlﬁpémé’fﬁém%@@‘gé?é\ggﬁ%& ﬂw{ fids }nnth% ?dhesmn of
|
o Y e IR 5 BB D i

agent iR bat Ate ﬂoﬁimﬂ@ﬁd@%ﬂ@@okypraﬂdcﬁllumaon}tbﬁ cgliulpesy angd
time of about 1 to about 24 hour and .t

carboysegtiaried!inpsp el hegmouaerf cagan o8 Bt oai e afo ey mey
vary, ilb:h%? ?rgxéx)a%?gtoquz & td-ab L9r15avtt% BEthe borbRbioofoute 18/Patd the

Rour 0 enhance bondi ng .the outer layer to it
bonditi@ aigsht. yExagn gl @y inayaic boﬂdegsageras g@rsclp@ﬁd &pm analwping herding

Ao 5 SIS0 581 ok tor L T
zircodif §¢]é a&@@coll@ﬁﬂﬁﬁgoﬁlﬂp@&%ﬁbmﬁ%d tﬁbremaym@lr@ﬁ'mtoﬁelﬂleﬁibondmg

catal ytic conpohents just as any, other, support
agentmbhide silicd spl ehdsilica gel, while examples of alumina bonding agents include

alumina sol, bentonite, Bohmite, and aluminum nitrate. The amount of inorganic bonding agent

11



production of catal ysts, as described bel ow
Alternately, the outer |ayer support material is
w@omsacised to catal ytic conponents before it iBCT/US1004038815
onto the underlying layer. [0051] In another
enbodi nent of the l|ayered support, a second outer
| ayer is added to surround the initial outer layer to
format |east three layers. The material for the
may r?r%%cf?)ﬂ'l B wh @’){Fﬁr abBBY1 PRt %hE tSAdnbatidh bf Sle@nter ldyemand the
Irst outer layer. Suitable materials inc|ud
bondihdaseat. dilechvkess of thh onies paetmayyrapgreliem aheut Supigrons ig/&out 500

The net for a the sec er may be
mlcrof“h@dslﬁﬁfg ag}y tlﬁ“f’?egrabﬁ'tltrbt%ﬁgﬁrc{nﬁSng%%ﬁl%g(ﬁéeé&%o appl y
[oosoj]| he Gl EinhaYgfer AtBattivitlheourst bpssthe rslitide letybmd support will
scussed with Tespect to the first outer |aye

be dneat ga¢h © byrheitingg sy anéropdsangi of goeui AP ebaraisiZh) {Clee rfeg2 time of
sed, i he for [ °
about|1é9 apo out ?6 gxglér]s) gﬂ%eth?l}ﬁn?}( %ﬁ;r%tn ybeo{aé%ger% %gg&ﬂger%a%e‘?ﬁ gbout 300°C
to abduP BRI e GaloR b YikrieCofGBHR @R about Ji0rHolies) tcyenhmm eediop the outer layer
outer layer may or may not contain cataly

o it odrporsare overa lgest p@ﬁ’loéIOf (67at-Ge Buheiar o & JDATcpflyst support
S8R Rt Ceabafitht layered rt
The d ﬂg cgmg? ee%sscg : n&gg%l Innfg; gxﬁeesrt] 6{) tTﬁ%ug X zstyelres suppo
mater@naf®e Qélﬁ&ftéd Yith balgfs eompdnents galspaseingroﬂ@d smqplgddnatgmﬂl in the
the initial outer.layer does not cn acata
o eipone

produg@m@g@@ystswﬂeggﬁeﬁ eloxt aﬁfﬂlaée yelr §URRY étyrg%}gléal is

I ra
contacteél fo csataﬁ%yc B sféérilfe%% gllelg c@a\fedodgg% ]ﬁﬁﬁﬁéer%ﬂb%%{a}gﬁt Sy

[0051\]Vher1(ﬁ ahhtﬂierl emlliddahem of tre I:h}a);edrsuppmt, aiserong qutgt layprds added to
onent one net hod of ac | S IS. n
Surfo‘tf}ﬁ‘gﬁ% Hitial gk [yt i lgagt tpﬁ’ %er g lma(gefnaﬁ I (E]i%n |e? &Eq outer
layer ﬁfdg// 6L }@/‘sﬁx@ ¢ BEORfRent fn m%tfﬁﬁﬂ Fkert |la$yei'1 F’Sﬁll!aBIé mferdidieincndethose

second outer |ayer éq plied to the
discudsad Mtﬁlrespemem thediysroutee &tyeio r Theanataddiion @Iﬂﬂﬂ&ﬂ}‘ﬁtsie%ond outer layer

may HedBRRS SRR ey gt yerin SetfEBrp BB g Ricate

methdM3] 1%&'?@03@@1%3% @fin tré‘s@e@‘tﬁ Bk fir@yates lagant@rigiic or inorganic
catal ytic conponents. |ndeed, the Iayered sup

p
bondingt gt desivod ik s 5l ihe rmayin of i seoRgguter Layer.

o055, 50 S e B0 P iy, e

secon@‘%’éﬂfﬁr 1298 mi& e cordiid chiglec Oiﬁmp@ﬁeatsy {ff twtlc owtpolagers sontain
hat vary between the | ayers of the l|layered s png Bl
Catalylﬁatcempment dhenavelomblysitientopialyéic (’%m@‘meﬁbqlaé%}‘%‘ia cach layer,

all duke® dayer
altho t{nﬁ & %06 Bﬁceﬁan?gt?meggs% %{&?e pr@fgfr %é’rﬁﬁ%entofhetuhﬁ 1l duke® ) Vi

y ‘vary between the |ayers.
does 11 @SthinMedabipdie cOinpdibdt. ngo@attmg)csﬂalyu{; 0657dnehhtoghmeyter layers may
the net hod includes contacting s p 5 terial
be aceeapdishad by 1@r@ﬁ%ﬁt§m(§ SgyRy coating, as es below.

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

method of achieving this is to contact the catalytic component to the material of the initial outer
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reduci ng the catal ytic conponents. Preferred nethods
of the present invention include inpregnating the
W@ 200al0y381C conponents into the support materi aPCT/US2004/038815
calcining the catalytic conmponent containing support
material, reducing the catal ytic conponents and
nodi fyi ng the reduced catal yti c conponents on the
support material. Additional steps such as fixing the
layer b%fgrﬁ Hétrhaﬁ%ﬂ:ﬂ ?@@ggéﬁ & tRSinhBeapi PIRE becBRd SitkdlhyarMhy be applied to
Ing t catal ytic conponents may al so be
the 1n1t1ﬂaiumﬂéayer neat hecomtitioglcabdlymmédnpgpneife cat al yst or

ooseB R R B e I e foon i

which 438 Bt &Sread}ﬁ’ﬁé Méﬁlgye%st &ﬂﬁa}n catdly@ssbinioRtnts. SREEeGS thesyeraysupport
be repeated .g. multiple inpregnation or fix steps)

materialnid nbﬁenme:ddterthme layre, tsxt epy inryderfeure fiv e ermee [pyesserpgpr all of

listed abo reduci ng step precedes the
thheﬁvEPHFHﬁm§§€§¥”%¥8 ?Certaln extent, the contacting
[0055]St e @n Widifiord eeafumuaeantgpe d)faiaﬁllytf?etceﬁ@oﬁdrﬁ theta&iqdbétween the layers

formation of the catal yst. [0058].Contacting Ste
of the [a@@@@]sumet mpaterialcatheschaBppasich (¢ & POEISHRARIH 36%1%? it ack area,

rsuan i.ch an I catalyst
poe RSP Rl U B PRSP SRR Bt o,
[0056]fOrmho@mmmh@c@w@b@ut catal yst or pre- cat al yst ‘i's
formed or a shell catalyst or pre-catalyst i

i s forned,
[0057]or an g@m;ﬁl thetthethod ineludest conjagtinghBraewh W%ﬁqataﬁytlc components and
S that f d
s STHALTS by PO Yot et

impre@iating ﬁie@@ta@lﬂﬁt compbivatssntophy fuppet erateaial calemong the datalyhc
above, with silica, zirconja and Ia ered su

compapghieion RN G BIPAt Mgk reusme Ahesatahy! %%&‘Pﬁﬁéﬁg %\f&?%’mg the

reduceyn%gttagg LA %‘p WMhtSdoBe Elﬁ)geft%a@é'rﬁlpl Xd&abhdl §Qp§§ﬂch ak fixing the
erature pressure conditions; however,

cmﬂym@dﬂmﬁﬂmasoﬁhemmpmﬁtmmnpdmaﬂumd$HQHW¢MGQSMnb§Cﬁﬁ?@b@msnwy

npl ayed. ] referred cont
o ST 2T o R0 LS S BRGSO o v
above ?&Ltffpe Uﬁalsclﬁh WineRNSaye etllPrﬁneﬁ&i ?' |y teGr 2R Hg_@ﬂ@ﬁkﬁlg steps). In addition,

rred to as precursor so utlonz) sical
some S¢@treaydic rtmt@idpgannltlmummmnatmrqr i staps) @@iﬁ %\@ndpwgf the steps

may be, 6&%{)‘?11& ﬁpmsthgtdg%i %ﬁvelo(g 3 ﬁlg % g @2@%}3&%%6 ca@cmmg step). Toa

certairtSXRQA] tH@Eﬁntacttllﬂg step bl Métbﬁmﬁ@%ﬂﬂ@ceﬁ SerQpd @deﬂﬁﬁfolr thetthenation of
precursor solution are water soluble salts nmade of the

mccmeb®mlyt|c conmponents, including but not limted to,
Chliéig ; gther hal i des, nitrates, nitrites,

WOSMhyd i des, oxal ates, acetates (QAc), and .

0059]am TR é)a%Mchﬁr B@drbz@ﬁ td E@Raching IsSorJ@@lufsgamrt@hofch&d eay glolk catalyst or

| ori free salts being nore preferred. Exaq%
pre- catalyst is formed, an egg white catalyst or pre-catalyst is formed, an a oughout 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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pal | adium salts suitable for use in precursor
sol utions include PdCb, Na2PdC 4, Pd(NH3) 2( NO2) 2,
wdoskosys4g OH) 2, Pd( NH3) 4( NGB) 2, Pd( NOB) 2, PCT/US2004/038815

Pd( NH3) 4( QAc) 2, Pd(NH3) 2(QAc)2 Pd(QAc)2 in KOH and/ or

NMe4OH and/ or NaCOH, Pd(NH3)4(HCO3)2 and pal | adi um

oxal ate. O the chloridecontaining palladium

precursors, Na2PdC 4 is nost preferred. O the

hl e, hadhduRRIdeRutsay aedfttse suppert holkdriaisidespribed
[GOGOfou?rhS?gmtfaﬂg’%r?g%lt %?%aferred: Pd?gNr%? 4( NOB) 2, ngj(eNoe%z,
abovePalitiNsiE} 2 (2GR 2 andPd e BIuppaRieralscoplagingFirqgglap ey themost

suitable for use in_.pr j '
orsle ol AR oL MR AR s
conditifs RRFveF, rOIMBAIH ohsyawe lidmmsatinAs GINEBYshrds mayi Heremplaed d,

w th KAuO being the nost preferred of . the ch

. | orid
[0061F r edn go¢ prefrreed Gowteeting stspas RSt HHAGTHRY i IW%P.TFé \4ith one or more

sui tabl e I use.in Lt ' s BNGh3 physical
LSS 0 BGPTSRyl i
state SI@ECIUbP&E nlabdriald e Rigahytdneactingpiomeny be meyy wligoa Hurry, 2 sol-gel, a

sel ected. [0063}6 Furthernore, nore than one salt may
colloigrd sugpemsiomorgthgiiyan precursor sol ution. For exanple, a

[OO6ZEial Ay %nm?@)(g({ii{ngxgﬁ?%eQﬁtaﬁ@g@%@gﬁeﬂstclan@irﬁﬁ bt phdcumibr §0Mion are

fferen um sa be comnbi ned together in
water 80l6h1BGhlEs RAECAftsOCata ptlctoinponer®y, emiuding b obtiimgedto, chlorides,
pically may be nade. b

t di | vj th .
e b B S A B S SR R o ks, vt

i RN § aRE biSlSrid PREAR1t PR Mdfe sidfeedt Bxamples of
hallde@%&%h%én{l%%gegﬁs asol vents nay al esf? be Sﬁig% abl e. %)3064]
B a@ﬁﬁq;%

palladfifie sgitsesitatde forsist ntrirenussonsgiutiamsinahrdediiht @NH3)2(NO2)z,

L R G
KOH Qﬁd/&nﬁlx&ﬁ?ﬁlénmopmopm PENIBONHE Ok )M ah®@Pslladilibi bxdldte.€Of tie chloride-
nore cata ytl C conmponents, a conbi nati on

of . )
contaisirmpiatladienysecandrs darRaelli ia mostipetegadt Pherilpride fige pyfladium

- For exa . pall adi um an ] imr d
L N s e
PA(NHH NG, 5,EHd(NM:3$0H),C Exaitiplee gNgdld eal)s, suftalilé fonmsle imyprecursor solution
. i npregnation W th a precursor solution o e g:olelgO Ind/
includediGls, GRAUGL.ARANGH, KA n 3N EH? W?“Aﬁ‘zbi ‘%’h&g@‘ﬁh’l‘l qnd/or

su [t hal .0 ti .
oy B GRPE S e B R i oot e
chiorifié FBe gbi@hre2uRbRl Examples sfihbdibesafis stitablsl formesy i probwrger solutions

incluciqnl]!ﬁqr(}‘elg tht@ﬂiﬂgg) 3\8%11td|r]}1a}=§%@g{qg%i o r gﬂg%/ 9f it]ég){bﬁg%aésicﬁg@&irg ﬁ;c%lytic

or der ' i ng the support material with the
Comp%r}eélgsurfl%{)arlécg%r%?%e%né is not critical; although there

[0063g2|y ofevﬁth\ilé“@itiﬂﬁe,adma nhamges sslomepb¢ nied ina gives pfeagrsem @M?@e gor
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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respect to the calcining step. Preferably, the
pal | adi um cat al yti ¢ conponent is inpregnated onto the
waapposisigat erial first, with gold being i npreptEUSIN04/038815
after palladium or last. Rhodiumor other third
catal ytic conponent, when used, may be inpregnated
wth the palladium with the gold or by itself. Also,
the support material nmay be inpregnated nmultiple tines
(00640 T NTENRQRIR sS1aki G thiyCoedaipRRALBA ontb @l RipomM hiaterAdl simultaneously
portion of the overall gold contained in the catalyst :
(e.g. quanpbegnifion or someritlyand ey bejperegipieddhtoagh thegise pf gne or multiple

second. porti.on. of the gold... t . St
s SRR BBtk o RSPl R ASPRSNERS Mgpeos
and séRchtR iripiepition ciuddd. For gxangilé,palladign ané dhugdiung may be
and/ or fixing. [0066] The acid-base pro%ile of the

impregnaedsthseghdles waeiod ASITgtaPrPRFIOL BN I FdPREH oS
(o 0] I X . r i . .
ot} BTG SR 0 R PrRBR0 NS oL IO AR b
compatdnt mhase ipprefndiel ehioutpbdpematsieal it ogiphestepsyswh that a portion of
co-inpregnating step; this elimnates any. ﬁid-Qas? nclud
the catadyta GogHPENEIN 4t COREAPIHISAEn YRE PR 5T GG RTocl may include
impre%‘?%ﬁlé]wiﬁppd tf{;ﬁ?o\ﬁm;ﬁgﬁgéglhﬁﬂlg%iﬁpAu,tfﬁﬁoW@ B BnRégnating again with

chrsor <olution ected so that it ‘corresponds
Au. to between about 85% and about 110% of the pore vol une

of the suppart material. Vol unes .between about 95% and
10065301 ey AP P BT L S ST E RBL Y AT ot
criticeg,:] ﬂthl%gf BiEfeGHay BN nT0IRarRIRE & RRhY RE:YRS Bisalreet bédSHOwith

about 99%’of the pore volune.[0068] Typically, the
respegirte thercsloimispsten. i Rmferablia thebamtlladiumisatabitio somponaat isrijpgregnated onto

and the s rt..ma i.al. i s al d a .
e g s BBP PR L i R YR ARG, bt g o over
third tRRVRI @MpoRBktNRES) @kd Ih8) eURPRichaté@Wethitied paldium, with the gold or
substantially achieved. Alternatively, the support )
by itsetfit Afspathe meppolengieried arkyiby lramearwéftdsmbﬁllpbétrw Wils e papgcatalytic

t he ecursor solutio =i Si r
compggegx]t.rs)}%cfr\%algg eaa} g?rﬁlgn Prgtit/le @\é&%ﬁs g%}h{ggﬁtg@hc? glvtgé tc%%l gc unéaﬁl be first
conta&ied tfaldwdaesvwdataclinito e paidtportiinafitiad godd dOhdimope @berrsgps may

solution. Further, a spray devi be used ?

. ] . ¢ evi ce may .

interveprpetyera the alepfy 8 gyhidpgqld }S&ﬁnﬁa%te‘iwa? SEPPOH I
z .0 the support nmaterial, where it absorbed.

Iemm@%t%@%g&ﬁh%*decanting, heat or reduced pressure may be

[0066yS € dT KercldebaRy rodily o ke piesurbirguiudomahayainsloerme dvisthet ieo-
. support material or to dry the s¥ ort nateriall%fter.h
impregpgiongR PRI FBRFENAHER it HEiZPdy @En%‘idi/ REFCuERsotoas Wit

similaf Qb MBsOfr ﬁfeesﬁU‘%lﬁ%E uS 5L i $cSBhSELREN Qtefi;htﬁfs elifninates any
corresp sto

togs a co-impregnation),

uch ..
8 calcining,

etween about 85% and about 110% of the
acid-Yas¢ eastimhs et ofy fdvé tieypearsor sttemsal . Vol unmes bet ween
about 95% and about 100% of tqg pore vqlune of tQF .
{00674, pp%}rtthetfg}péq,gnaqmgas‘tg), e volume of precursor solution is Selected so that it
corresponds to between about 85% and about 110% of the pore volume of the support material.
Volumes between about 95% and about 100% of the pore volume of the support material are

preferred, and more preferably between about 98% and about 99% of the pore volume.
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preferred, and nore preferably between about 98% and

about 99% of the pore volune. [0070] Typically, the
w@r@s6se? solution is added to the support nmaPEr/U§1004/038815

and the support material is allowed absorb the

precursor solution. This may be done drop w se until

i nci pi ent wetness of the support material is

substanti al | y achieved. Alternatively, the support

[0068{]Tat ef)fpﬁ!all PecRkacRthtivy iedddedietthe suppbahetterial asd thasepport
ursor sol ution. A roto-immersion or other

materias i aﬂ;lbwvé a@gﬁamapmumyso@élogs dhisipayheloag drapyise H’@thl incipient
cont act bet [
e SIS IR o SURPRS oTBLEL AR08, PEgp ool my

be lecQ@B§{ LIRRORIR GHICA Qﬁseiﬁiotthda pﬂécursor?»pluaymdAtrhﬁoaugltreraon or other

nozzl e onto the support nateri al ere it,absor t { and th
ass1st®gtappmgp$ pay Hevspdttp ﬁ@ne\ﬁ:é]aqro%h q.oggia fﬁnetggﬁﬁ’ PO oa‘@ and the

tor n hﬁ
G TN, P8 TSP 0 8 s s
spraybdiRFR@AatiogAle ofitd Al Juppbit eratetial trdietei ihep sbidethnOgtiesallypdecanting,

be used to avoid a fixing ste V\:hl| st|II h:h\{’ "
et RSB Ty IofseR RaFpIoRS A idBd g ARy ik Stwpo
materlaef o? %n%gﬁ{e%g}[aéoq{ RatHRRR m'fﬁ?'éé'fahé‘ﬂ through a cheni CaI

position process, such as described in
[0069qu2 OEk/{ROM QR hatindsted tlnequlm@ompcaxr@d s@iytlmeesﬁléﬁfé@ so that it

oS G578 3050 BRSNS ALSHSE O Yl e i,

|y 8cidovebdihé pErawoRRR] df thddupbys inaterial are
VOIu‘%‘% %@Wé&rﬁ%go@k;ga%ﬁisb%rl bed as a9I aygr ed s pc;? %)

prefervad, end mlore frefeeahist heewednebhvii W llearsk apaniorPes gf 1|hp @ore volume.

recursors of cata
1007 e plocay Gopiaprntionaun s f DRk AR g Meshboor
mates iS8RWell Q@éﬂ)rlb the YreeursbbshitionNThiom a8k dond drdphwmb un1$1 incipient
i ncorporated by reference. [0072] A éhyy cal . she

wetndse pfitt smpottena’wmadl ifesubetpntzlly @clg@veglu iAltgEiativelythe ﬁg)port material may
uct i o eI I t r
v 5T b S L L ey A5 REEARR rohe

asmstﬁfe aBpdr@ne frﬁ? b8 UfHAQs hclifestethidratigh sunecebdtlesnsibé mqlpbrt @rﬁatenal and the
he precursor sol utiagn evapor ate contact wit
precurS’@e stetze d ugtbgrpéﬁmrawd@\é?q By bg ‘Fﬁﬁé %5&@@ ithg RRGCH3R8 SOI‘mon 18
€9 P 1onall X decanting,
e D EATRADSH St 1o Doy honay dcanin
heat &diuké&&%mmebmd to rER@VE hnycdxoes iqoid Itohebsgmrllby the support
maybe controlled by selecting the tenperature of the

matergal op tor dry thersappat matkeal atier MRy H?’é of the sol ution
[007 ]t] fhr oxgh E&?acﬁﬁ%ove gﬁ%lrﬁay HeQse£6ATRIAS fiddhg fep while still achieving a

nperat ures ut "1000C, a relatively thin
shell Sahﬁblét iFer éxammptg catdlyiis cengroditremay bragntiediara supperampiprial through

useful when chloride fr ecur.so
s cheianb R 4108 IO SRR Tock 65 NEET B 15 PR Lo gh ot 8
1ncorE'a'£1t%H 'b? beference. 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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[0073] One skilled in the art will understand that a
conbi nation of the contacting steps may be an
wappsopsiat e met hod of form ng a contacted SuppOr/US2004/038815
material. [0074] Fixing Step [0075] It may be
desirable to transformat |east a portion of the
catal yti c conponents on the contacted support nateri al
froma water-soluble formto a water-insoluble form
organonltidl}iépREERLTBY Ryl RigRkhiS, GaRRuRl Iwlibngspatiap golhimay be used
nmay be acconplished by applying a fixing agent (e.q,
to fornd kissblevatilysts, andeacritied i ,S. Sateht Me: 37 Wl X3t wag 1§ laC?fﬁ%f%ted by
i mpregnat ed support material which causes at |east a
referefsgr t i on of the catal ytic conponents to precipitate.

0072’ N & éﬂ%icﬂgs_héﬁ eRmhgb P&kt feanam dseheduitalsia @l tsprodintion of shell
is not required to formshell catalysts. 0076%(@An§y1
catalysui Harb) the pieginser salyoinn mesype seragedeqto W?%e%{)*a%‘} fegral or a
e.q. al kali tal _hydroxi | L e hidk 8 tact
1ayereé é‘fpg%é‘?aé%naé\’n‘ﬁeﬁ? %‘gf %lger’l@;& ggl %ﬁe"éﬁéﬁ g%d&gﬁchgelva i ons %Oenl g
with R 1RERE rsﬁ;?bort_rlﬁiﬁ@lﬁ){]l,etglﬁib d@dzigihg(th&?:ﬁagxfﬁp ll:IOII'HIBOINE“ZS"*'-t1 afh@i erythe
may be acconplished by adding e fixi agen 0
suppot mpppeial. Prefesstilvterprarapss beflerhaP oyt 4‘2@%@?“% ﬁéﬂ% PS&‘&?‘Q g‘Eh“'
S0l Utions are. ' PRfiike HBhEEippbrt material and
th“’knﬁ?poll%i}ﬁsl el,l _ g © P? I&ﬁ%g%ggﬂ?&ﬁn@ﬁeﬁﬁesukgls%q.uent pt%o tmrl{aeerlal "
the ﬂo@@x@te&ﬁ&]?%lﬁto;ﬁfﬁh@ﬂgkhthé hpitay hbezle d;ﬂl’ afsarelde,sxwﬁpt@rrmeratures above
material is allowed to soak in the.fixing,a t
about S1°Gh el RGED T 108 S oS SPRBFE Tof e PERlsufrty gseful when
4 ERERLARL HRILhET fdrRstid] @CthE S@fport material.
Chlorlééoﬁetﬁgﬁﬁ%ggaﬂtéﬁgﬁﬁd;}ﬂlgggent. Li ke the i rlrpr egnat ?%)g
[0073Ft €@neakilRd $i theiavtevilemiastandihete enlinatonef (hepepgpighg steps may
appar at us tgs descrj bed i{; U,S. Patent 'a'l\b' 5,332, 710,
be an gipjrepigiesmp E%Pg%?i“a{n@& RBPEEA SIRPOR AT Ehce, may
[0074f‘dvq3ri‘{iﬁ QRYsly be used in the fixing step. [0077] The
I Xi may be acconplished in one or nultiple
[0075Ft efismay bé éusireltle &stransfromfat jeasia portierfithe eatglytic compogents on the

co-fix, one or.nore volu f | X4 t | &t d
conig g S B RS ETED St LRI o e ey
be refiif th &t £ ¥ sRHE qUISRAy &Q{cbﬁmlﬂfsfﬁemEW@}ibﬁﬂgla fininpagte de.g.

to the support material, whether the contact

Was, |,
dispersion anpliqeheuch hﬂaﬁp@ﬁiqnh@ the Empreensias s(gppqﬂlmta'geﬁ\é\ﬁwhlch causes at
precurs sol.utions. For, e i: Xi 1
st Rt TGO ORS TR i TSRl Blps t form ashe

catalyStObutid 3 reqhird@ tdfoRh RN &@ilyssol ution and a rhodi um

precursor solution would be a co-fix,. as vvouﬁ‘g fi )t(il%gd ides)
[0076hf t eknyzsuiseble fiyne gaent Mey brupad. 1Ay HRdidenie h atplimetel tydroxides),

licatDy SISOl ALl Lo % o, D¥ieb iR ARAE bQRs Phekdired. The

Slhcatg%l 8”@%5 SCTSEFS #6511 #%%n%vﬁn e‘iugn'pl e of co- 1 ?(&: ng may
preferR fx@sdubehtis MaOH. Fatiap nahbe abcoBiplisBEISYy adbinglthd Exing agent to the
' i ncor porated by reference. . .
support material before, during or after the precursor solutions are impregnated on the support
material. Typically, the fixing agent is used subsequent to the contacting step such that the
contacted support material is allowed to soak in the fixing agent solution for about 1 to about 24

hours. The specific time depends upon the combination of the precursor solution and the fixing
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[0078] A separate fix, on the other hand, would

i ncl ude applying a fixing agent solution during or
wa@paosnessarh i npregnati on with a precursor sol up€DOS20p0038815

exanpl e, the follow ng protocols would be a separate

fix: a) inpregnating palladiumfollowed by fixing

foll owed by inpregnating with gold foll owed by fixing;

or b) co-inpregnating with palladi umand rhodi um

agent. fLQH fl’ﬁé@ﬂ P:\énitin?é' s, hrpAskigtecddvice] stph egasdto [Igrn\ﬂ!stoln agpdraltus as

fixXing. Between a fix and sub ent
describedpn é{g&éiartezmn Noah3a % srdiqhi g icerpajedisre e he

| ~dri aIthoughthls i s not
advanﬁar%%’élg]é/g’relurs‘ifﬁlnﬁg %’é%gtg% exanpl e of separate fixing
[0077]TRY TRE fikgneep Maybeaccirapleshed Moonewr Q408 Sepsptfertedi as a co-fix or a
i ncorporated by refer ence |§’[f0079 | n anpt.her

separatenfyo dlmmmtﬁx {oR@ OF IRTerip eGSO A hbr e AgeR SRIAR PH%F@’PE‘E‘HS the

re con f
contacgeéissgp}? {erlgﬁ%gw%{@qag{ﬁ%o}freﬁlﬁgﬁrss%glgigﬂé %hv?é)e%%&lﬁcteﬂ to the
suppoit AfRdTRO rvéﬂeﬁ(ér ke dogfaetr mcaeconﬁﬂrshmdarqmlgh theauss pﬁgﬂlq ermedtiple

fix mght be: i npregnati with, adu,tlmfo d}{q
precurpnep ioRD| Tosisemplg, AR At sequgH “Pﬂreé?ﬁ ¥ %1?%( g

precur%cgresn I‘u‘txgu 21 %0&31’ ?f b AkLRR 1R8N LY § rIRIReE hRBRSor soli@ioh W@)um&)é a co-fix,

wce for a catalytic conponent. A
as wouldtfidingtafier & %mnptegﬂatmyvﬂbet padadiiafrthgdipmypseruyiee pplyption fgllowed by

mpro o SR 2B TR B PR e By ¥ B m s
Patent'l\rfﬂjrSeﬁﬁ gg NOhi¥h Esl'ln&fﬁ'f)dr@t% HWJf&EﬂldéV\Bd by inpregnating
thgol a pre-Tixing ent foIIowedﬁﬁ;(flxm

[0078}NI t A &pﬁnatealﬁx fonxtheaethgdnnd, Q‘,mt?bldh APRIYiBE Adiringaead sglution

duringtﬂgﬁgg gtggl{qglﬁqlggtv{ﬁl FTB_%CI(SIS{(])T gc];l }l'or e%%ﬁ%lg ach?k&ﬁ%%vn‘?gs
protocB[3Yid b@H@é?ﬂfa‘f@ﬂi a) Bﬁﬁ&g@ﬁhgbhl}@dﬁmﬂl fcalolmd 1b§a lﬁxugefoﬂwwdfd by
chloride free precursors, the support, mat

impregraging rethtzotl f@ilpﬁe@by ﬁ)glpg,g)ré@ éwmpr@graa@ljng it tp[q adlum and rhodium

follov&féﬂgg %IXH@ llovy g]yelrr%lflc%%?{ &r%a\?@? g&l}i%llo dd bgrﬁx?nrgp rBeeévrs{genea fix and

subsedﬂehﬂn@&ééﬂﬁﬁorﬁ Anp&icdssdiquitbagy Beolieuiolved’landtthq:) suppbttynatergdried,
metals. After drying, the sup Eort erlal {) 4inUS.
althoughﬁn@gmat eesesqarily the gasecOn ssrmRle pLEepaite tidRe gy be fpynd m

Patentﬁc? 2)5(534%3 e,lskﬁllcltl W 1%&%&5@3 ré’fé‘eﬁcﬁe dried support

€ énsui ng aci dbase reaction forns a shell
[0079}31c G bt e bo QFRME elnd ﬁxm)gl stbﬂn endsthp portactimgstep iaeed conghented

M MR TR Tt N Y
1ncorp$%§édct?yp1%faegéﬁr 8. oﬁorse‘%hljﬂ leoéf‘sﬁl‘dﬁghe%ﬁs Bd (Bkht bé: idfprédabtadd) With

ormation tec que may be considered as using a
palladfunx fotlgwad p fikimigl fommbdtiw impoagnating witlyggd é@d figippgaqnt. Thiea

vanatlg); gg glg}s El;{atlécg}%@{?f;];hfe aegc?)rﬁ%lwégd t%vqge t%? a getltalg{]c &cﬁnponent 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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anount of catal ytic conponents inpregnated on the
support material. The anount of fixing agent should be
wheddoessiabout 1.0 to about 2.0, preferably abpir/us2004/038815
to about 1.8 tines the anobunt necessary to react with
the catalytically active cations present in the
wat er-soi uble salt. In one enbodi nent using a high
Au/ Pd atomi c or weight ratio, an increased nol ar
agent S¥ER SRhRuEHAY B Lkl tb BBIpeIEI e Soriratlo 6Pshe R Ihprelcatlybyas opposed
and activity of the resultant catalyst. [0082] The
to an albthumghoft chiakisng agent sol ution supplied generally
houl d be an .anmpunt suffi.cien: - i
10080f o R e g e ieht Sy R SE At DoAYl Al Ror, e
suppofEatBiPal RCseRhicE RAM DFxihBideatiocidngt the propestiapl the sapport material.
volunme that is greater than the pore V%I ume of tdzcﬁ .
In thicomhcalimend, the pymort meteréal jislirst imperganted pathciher 4c1d5 bage solution,

. L.mr egpat | d fi.x] f. .
omiRSFJLPULE A4 L 00 ShEaP g 2 ghht bk LR
soluti§©thit a8 Mg GpdeitPidtiyrSkdliniy dotherdtiedsuppbrt aagdral.| The ensuing acid-

catal yst while optionally elimnating the fixi Stn‘?rpl "
base rpwtlphéoraﬁsaeshéléOB‘fataalytmoamoa@l%%@ﬁP It TRatGRy h%ﬁ{f"m ple, e

i : 1 §t%| i ¥ ; klifh& basic precursor
acid r’?e}t?lgb%ﬁlrs g%té)?srégﬂgn esglpg(?%egl%gggig}%t?g%&g}ls 1ffahitp ?&%ﬁgﬂégat alytic P ]
solutic®suehne REEH hat Aw(dil). Ghisdomiasion heshnigueiady be censtdgrages using a

washi ng step. .Because no washing step i s needed,

. the g
fixing shp feHRMPRY TCXHPBRE®'s need not be fixed to survive
[0081lrge. m%lah&gltrﬁﬁ@rf)of @H?@&Hﬁﬂtthes&ﬁﬁﬁmﬁptybﬁﬁllﬁ@ b0 excess of the
king the catal yst do not require the catal ytic .
amountfpenBtit sompéiensdmparagnathdien thesuppentaineiddal. dihe emeuriiod fixing

may carried out. wthou dditional pr t .
o SO R o00, |16 BB B BB PLEPT B Lo e
amouit?tﬁ{e?ésge?ry o feabialinsthe CitaRfiGl G At @ley@tiony frebat inahe wetheaduble salt.
a

is"free of a step of washing, thus reducing the
In onemimeimerft using pdiighebw/Bd atomip pioveiek ralie 28 Arcapayed mylay excess of

elimnatin h eed . ' ' ainin
e s st PO A e
[00s2pal iR voamee Mingg Meacsslan sespliet igomsalyr shouldibleian athoamd
In other applications as desired, after the fixi

sufficisneto, covérahd avedabls fisp srfacpeafdhg mprwtegéuwfgate{iggfﬁis may be

i ld i hifiSe e
acconirp Sancy o Rlrer oa PSRl ok o BRI 1B (R RBE WiBRe of th

conta@eCSppainagsal.on the support material. The washing
step Included rinsing the fixed support .nater,i '

L in
100835t ¥he Combtashah P} B BAIBERR VAN ISR TG Haly Tiwedaiyst. But

the usi{s g)f L 1RRERD g?ﬁ%ﬁ%gfﬁﬂ%{oﬁy QS gémgt‘:s‘ thoMahateh Fta sh@P&talyst while

n’%eratur ontinue until the effluent wasrh
optionédlly elimhatingtHedixinestépo rin clorabesrce of a tidegde prasurstsouwashg@tep, as
discusggqr,n@g\g,dmgy lgeeobe/ri.'ﬁgd? rPalllkt)'tlh%r, %Lrétpircl)cetssh(%nfbie l%r%le o?gtfs’clell)J oF hxing 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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negative result to a silver nitrate test. The washing
step may be carried out after or sinultaneously with

W b@snessuci ng step, di scussed bel ow, but pref ePEbU§2004038815
carried out before. As discussed above, the use of
hal i de free precursor solutions permts the
elimnation of the washing step. [0086] Calcining Step
[0087] After at |east one catal ytic conponent has been

fixed mgsctth@ e Andd &1 HeRRPIhaybBLATiEdbUL mth@at additiong] la'bpmatory steps.
e enpl oyed. The cal cining step pi ca

Overaﬂieﬂle ruge @ﬂvﬂalqrmlfmp IPEEOYTSSTs PAFTRHLH %BQHYSE H%Pfﬁ C)%Fah%t wedyptiopmethod
that i 1st 06 2 5%}8§Ewa ﬁlgv%s 8(%01 o hniGer BE RESs R8N SIucB the catalyst

odlnent the calcini'ng step

and elifingffig the deddb dadpbsy oftdhpride dcbxttamglgsstae@ The cal ci ni ng
step includes heating the support material in a

Uﬂm4honjﬂ@ﬁ@@i&@patnnsphere (i.e. oxidizing or inert).
[OOSSEU r L%?t(wuﬁagf o al | Bhdc kR ‘flﬁlg?ré&ks%r SRR G 1284 bAEin other

a1 "aré “a partially deconposed

apphcfaﬁ@riﬁ} afs'fd@hfed%ﬂldr $he§ fixifg stepx ther fexedfsupoet matemald&a}ahu)washgbto remove
nmet a orm [0088] For exanpl e, the ca
any hdifergsidpesmthe$upROkt @ﬁﬁ@.ﬁ]a‘flﬁﬁtéea e,c} tp flam LFd: ¢ Be g%tﬁ% B?gatlve effect of

a conta%%na%)&?‘&h@g 0 7&%% 1. ARhehesak Meﬂ’ﬁ%l\ﬁﬁ&ﬂnﬁﬂ?@g@le 200 Support

n-reduci ng gases used for the
mater@ hicwited, prferatly deionizedledien n‘é’asinng’rmajeber danetin g batch or a continuous

modegi)\(ﬁlfq%igélg %9 &%ﬁﬁé&pg’%ﬁg% g‘ﬁ)upgciopy n\Le Lﬁ'lo %?fguen? 98 WatB8H 2 halide
ion c%%ﬁ . f}llggs' RESaHoRET ®Df ppl, ahdBlotdRefetBlyaneil et effintnt gives a

cining step |s Carried out in an atnosphere of.
negative basting & silvley nipatestesti fTho gfe$hmgnst9¥g@ﬁ}{ beygarriest out after or

ations thereo tion
T i S e s S T
d1scu§§f3d gt?d?v@ RO Sid d10R1 frtdRresiddon thtl@ls@ﬂﬁmtﬁB tlimalatisn of the washing
depends on the tenperature used and length of time the

step. i npregnated catal yst is cal cined and can be foll owed
- éx Wgwirnii% vol atil e deconposition products. [0089]
[008 | cining steps may be used, such that at
[0087RNY RAEIH 1Ak cathlytie ashpaneet Iiaabeériydomt}tctequvﬂmesnppqrgnatenal a
contacted to the support material, it
clertrster s e hesakii v | piepsie Bebes e regpeng S and
after éa ﬁ%gﬁs\teﬁé{ft SUC a%&%ﬁi}scﬂ&ﬂlb\ﬁ gpﬁgeeélg,evﬂﬁréimzthé £088ds8 In

eri ternate cining of a zirconia
anothSLRYdImEmttRE ba&l:111m<gmte@|md:aﬂ1gecgmjt dftersth@mddmng gtap.dfihe calcining step

S B A e
Durmg ec ﬁ&y Bk ca@?ﬁeco 3N nté&PéﬂquﬁpBﬁ rﬁz{téji(alﬁféadt 1dabt&aftially

su tant catal yst w
decorﬁhﬁisédl ffemttaéd saltafd 2otiadreiof thegrdxadedind free metal form

[0088] For example, the calcining step is carried out at a temperature in the range of about

100°C to about 700°C, preferably between about 200°C and about 500°C. Non-reducing gases
used for the calcination may included one or more inert or oxidizing gases such as helium,

nitrogen, argon, neon, nitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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[ 0090] Exenplary protocols including a calcining step
include: a) inpregnating with palladiumfollowed by
w@ adosiosismy f ol | owed by i npregnating with gol d; P@¥/US2004/038815

co-i npregnati ng pal |l adi um and rhodi um fol | owed by

calcining foll owed by inpregnating with Au; c)

i npregnating with palladiumfoll owed by cal cining

foll owed by inpregnating with rhodium foll owed by
: |cipi ' ' 1o Binh tain @pheke o@kutidlantially pure
like. I?‘%’é‘%é‘glh%f’%g!#}%ﬁﬁb@?{% %;g?{,sﬁglg%d rhodium fol lowed by .~ ©
nitrogéril ok gENAki ogconitimtigos therebd| Covioetidpytinges redsheary buf, preferably are

[0091] . Re in e 00 Anot her 0 J
betwe@bg,hg,ugi Fu@cg % g?@gnﬁ‘%&éeq of fego é)rs{tﬁoglo?;h%tcgggggf:%}éﬁl 8rr11e;1t salts
depen?semh@ kDb SALRWNE] SdMEIO LIRS tHeliPPtognged tatalystdXtalgned and can
ormto a catalytically active state, such as by a

be folloedd by nopnitveng volytpe dedompositios piosiugidne by exposure of

salts or oxides to reduci ng .age I '
[0089] ¢ é)rﬁ?ﬂ‘f%ﬁ?ﬁ%f,nm@ﬁfa%ﬁla ROX |dd%l,CH%1§/at§ rgeéaglgﬁ) ,Oﬁﬁ afilr el bne
catalyliy 5 RSALROD Sont i &f toBe supb6ie hteial, itaheadafinddy @refziahly, the last

primary am nes, car boxgl I c acids, carboxylic acid
calcingwg] step, ocows befeyd dostagteidheseld catalybel coBpACAEIP AgHrg onia support

] f. d nyl : i | cted a
materigy ATt URAOHRR of 1R pp Bt ARk BN oniaRlilh L conducted a

tempetdi@EEBIloRMBoR30H . I Bylavdiding taignageint goldwdriaiingyiresrda support
and hydrogen bl ended with jnert gage&Qpart icul ar
yrg

| ar.|
materigf @tft@mp@@premab%@@ﬁuq@g%tth%ﬁs@m t s%}eﬁlé(étg 86 g?é r.esultant
catalygtrWi:ﬂrb%@%en&aﬁlg%ﬁ@&@& [§Gduc@d.r educing step carried with

qu environnent may al so beused (e.g. enploying a

[0090] edURXchplasphistdcoR)incliding b eatpieingtstependedee e}t istpréguatingieith
reduction_can r angfe fromanbient .up to ?ahgo@t 5500C. .

palladrageiilloms O PG POV A E R g i gl bl qepating

panadﬁﬁlg H%da@g AW BilokOP8BEa1ching ?o1¥d&€e]gfy‘y%s§e§nﬁ§@dvﬁ}m_ﬁ,&guce

ytl C conponents may 1 n uences t he . . .
impregivaing otithrpatisdivs followddeyf daleirling follavgé by inspraghating igth thodium

o B R SR 6 R T B8 L PSR 18 S
and rhggjgﬁﬁ?ﬁlﬁedtbgglﬁﬁgeg{lﬁ&gr&ihﬁ@m,&‘ol@cﬁﬁédﬂ@ﬂbﬂcir&aeﬁ] In one

odi ment, umis contacted to the support

[00911at Rddating Bieged and reduced before gold is contacted

oS SRS s 536 SEEAERAT it SRR gty e

catalyBE EorthftiRhi Hodt £6hitdF ok RieG6:20%e: calMARAIly ot@Bpiat yuch as by a
prot ocol s including a reducing step include: a)

reducingpiepgispicaily thisthdqne by sdpasties |sp]@§\,g§d>xi51ys ) TedRGEng 9gent, examples
of whfgslir(l:cihﬂienagnr;lgnlieli, %‘é‘ﬁ)gn %n&))ﬁﬁéﬁ@&%&&ﬂ %y&i‘o&i}b&&', Sieﬁﬁ’é, hf&\éﬁ;ﬁhes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
estefs 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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reduci ng; b) co-inpregnating wth palladi umand gol d
foll owed by optionally calcining foll owed by reduci ng;
W@er00s)6ismpr egnati ng wi t h pal | adi um f ol | owed byPCT/US2004/038815
optionally calcining foll owed by reducing foll owed by
i npregnating with gold. [0096] Mdifying Step [0097]
Usual Iy after the reducing step and before the
catalyst is used, a nodifying step is desirable. Wile
used (é.%‘. LuipRhydlg/SlediiBig {utisRATNG femptraaremdicted fogths reuctierhenn range
step has several beneficial results,_ includin
from ahibiegt tyetei abgut $56°G.p Bediction Himes ML tpcally ¥4ty fiog dhops] {psgbout 5
The nodifying step is sonetines called an activating
hours. 5t ep and may be acconplished in accordance with

[0093]CONYRRAE HRMRbceR! @l iCrdudsah@taalytihenedede thay igpenees the
material i's contacted with a noq%é¥inggf%ent, sgch a
characteristagsiodithe fnal etalysty wHdifions eRIRYRGIL defefuctioRuiogy be varie
dr oxid L 94 YPOH doRRAalaRb &S thesdBkerties is
depen‘g BOHX) th? re}ggté %ctwhg’sm?rﬁsglegg y}ﬁ% éop ot assi um (I?Sig?h(i%ue m
desire@nd cesium salts of C 2-4 aliphatic carboxylic acids

are enployed for this purpose. referred activati
(0094150t oree R pibanfsR Toporytsddo B bk reiteh il A8 reduoed
: . ¢ D
before‘gpfe@{‘lg ?%t%&éc{ %@‘ég@%ﬁ £ dbEHG in e NGt NJIADE 186,093, 6,015,769 and

e support material nmay optionally
relatedyfatdniep ble g Nahietl avd inborporsietl by rderende. t he nodi fyi ng agent .

Af t drying, the. catal yst tajn,. Dl e,
[009Slabodrerplroaissts B g aeera Snbole 0 TruiRiRE S
pallad%&?ﬁgagg% p?ﬁgtlc}ﬂaﬁ‘ﬂ AR (RRSwedibympRenfigalisiold @RYNed by

I ng” Al kenyl Al kanoat es %SOlO_O] The . .
reducipg; &3 esimpregeningonthmyladiemni [gpEddllewe Youhtiesally q@g;htypg followed

al kanoates from an. al e | kangi 2]
by proe i et RS RUERR BB KBRSk o
reducifig £hiRlegdy ahkepotint Mithigow. material s contain fromtwo

to four carbon atons (e.g. ethylene, propylene and

[0096]n- bMetifying Fewf erred al kanoic acid starting materials
used in . the process of this inv ' f. r i ;
00975 SRR B ARl g o

desiralit OMBhile8hdeatal i Blaly Ge ufdGHLIOME encdifling utep) the stap hel several beneficial
Preferred products of the process are VA, Vi

- . ) nyl ... .
resultspinohidongd engthepingthe gmgrgﬁwgplel}fe tpg o F}Fe}ﬂatag@gt ’glfeer_}éo@ﬁgng step 18
nmost _preferred. startj [ ional
someriies ep R R R PRab el Ry R orRoRidy SO EIP AR Conventons
practide! OGufely, theteGuced Bppprt@sutdital isroraticdwiths: medifying dgent sigh as an

~production ofolef nically unsaturated car ox%hjc 1 alkali metal
alkali wetabeasb@yyiats and/ Qg abisafiinecAdlibydignida: RFOI QLS GAPSTUITER £1<2
carboxvl i ¢ i Ve i . . .
LRGEUBE Renlihy LECRIESRNS 8f Of , Aiphatic carboxylic
Carboxé'gatteaslsi}éé{kf :_Ss tﬁ?%%ﬁgﬂ%taﬁe rest of the specifi cat or? .
acids A s@pRSESioVAhienapotei Vepryferred agivetihgladsnt initepredustign oY 1s an
_the catal ysts, netho% 8; kinglthe ca agﬁsts and
alkali acetate, with potassium acetate (K Acgrgemg e most preferred.
[0098] The support material may optionally be impregnated with a solution of the modifying
agent. After drying, the catalyst may contain, for example, about 10 to about 70, preferably about

20 to about 60 grams of modifying agent per liter of catalyst.

22



producti on nethods are equally applicable to other
al kenyl al kanoates, and the description is not
WO niosieis® as |imting the application of the |iPUENS1004038815

to VA. [00101] Wen VA is produced using the catalyst

of the present invention, a streamof gas, which

contains ethylene, oxygen or air, and acetic acid is

passed over the catal yst. The conposition of the gas
[0099]‘St I QA0SR ARaNAY ARV AlRindates de |imits, taking in

account the zone of flammbility of the effluent. For
[0010}x arfible@restitanvankian magbr silkgedde pipdaralkeybaliraragics Fiymym alkene,

abou 20 t bout. 98: 2.
aan 080 68 o Rk P SR L bt
startmgrngt&'faf?@édﬁtaﬁ@ Qe th:td féue cérb&t@atoﬂl@ {e. gl’ﬁ]iyl@feefnepﬁiblhwand n-butene).
bout 1:1 to about 1:8. The gas stream may

Prefercuiralieannicaglestaringimieripls fsgddp PERSBOBIAE 1BYe%|t1H’é fqr producing
ases, .such. as.nitroge d

v SH B ERET SESPON ) oSkt i

acid). GBBfeRed prRdctabethe |p&)ba§s&tﬂe VAnpiaybtrapiesate prisfl bnbyidtg and allyl

h
e et anad o about T2 B T B R i
most grfferr%&l %Jreodﬁgt hﬁ%gﬂ@é%%@?%%&ﬁtﬁm iPh ek ru@ﬁfe r@du@ﬁ&’ﬁ%@ﬁmcally

pneres gauge. EA
unsat@tdil tarboxllio ebiersefcbniv enl o]eﬁmcalm'msawtwedmtﬂp@d @fcarboxyhc acid and

rod | kenyl
oxygeglﬂé gécr?llrfl?si%’i*ﬁ?eé}ft%%ﬁ Yﬁhyﬁgfogltgg ag{% elsgglct% 8?/ ggcustseseVA

exclus%eﬁ)g tlto %héﬂ?%)g%ldf@@@% 'rtrI%F’glse el §m¥ﬁ% oﬂ; rt)lfzﬂltlg%m ﬂﬁ@aﬂ@@@ts and

produeixcﬁimbthsdsaare eqratly pgitablo to Othell,&ﬂtqﬂéﬁ 3lignoaish ymé#& desgription is not

ded to be Jimti I
inended gt bng G Sonksna BV reE R Ad atomic ratio may
[0010?@ C\ﬁﬂ&fifﬁﬁé plRlubdiushiy/ thelcaey @ Bt th%@irds@ntaﬂ@bnﬁblﬁ:,et stresrs af gas,

| owm ng equations: Au/Pd atomic ra
whichofithir(s/tilyReheyveygrt orr ait. i acgriel agidh iRpsoei Rt th? a%tﬁléfSt The

B

ﬂamn{a%ﬁﬂ%t)f 08 e#RenC atok edneltthe hbkeitis ©f ethaleaé tvadxygen m)be about
breviated 'C foll owed by the tenperature

80:20valastut D83, aneslarantioonf aretic acul tpicdyylgean et iddy Bt 1:100,
prefer&lz# gﬁ%%b SR T8 Qlfd 1%9% p?#r%l? de 1: 19 %boutl 109 193 gaIQﬁeam may

of ~exa prepared as descri bed

also cbitain@sRxaaRbE m%fh(li adetné adl/@deat ghseq) siah a Imetrcfg@h |cathion glioxide
procedure, where catal yst from Ex ngles
{¢

and/ Ot@ﬁ}ié\tﬁ@ Hydracasheils. Bepfdion 5meperaturss YYRIChCAR by gsef fr%;ﬂgvabeéi
tempetaling ,r eltaglye[ﬁ&sjg iR hnge BESBYut $282580°81 e Pecksitb 8nBloyed can be a
AVACTAbT 6. 4

somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to

about 20 atmospheres gauge.

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

example, fluidized bed reactors.
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[00106] The catal ysts of the exanples were tested for
their activity and selectivity to various by-products

WO poosloesspy oducti on of vinyl acetate by reacti oPCD1S2004/038815
et hyl ene, oxygen and acetic acid. To acconplish this,
about 60 m of the catal yst prepared as described were
pl aced in a stainless steel basket with the
tenperature capabl e of being nmeasured by a

ermg wal e at both the top and bottom of the basket.
[OOIOSFE %‘e‘r was placed in a Berti_/1 continuously stirred
8

[001 Ou}an Whﬁé@ﬂ@mmg ekarples are pravider fet iHystiajipm onlydngdzaet intended to be

i B RS SR PO G B Lo PR ey e

conve%@ td'@hé Ay Qi ﬁq@ﬂé afDvibOvoral byl thé ﬁﬂ]swﬁrrga@mlanm Au/Pd atomic
P.) of et hyI ene, about 10 nor mal Ié%\‘)i’s of oxgl% rk q
ratio abd&f(Am@’dmﬂghﬂ ratiptand AwdRd Wrighiggin= L6041 P @lprys rato. Reduction
ac © wiad ed out.
may b@gﬁé a? g g o@fg)lweg % Eﬁre tgr}'lga’%tglrie éﬁa?%g%ﬁ:mtﬁé:ﬁﬁé&ﬁm Zarri
LikevAtd BaPRRIRSmiboadhevidial 10 skktveddydhe tempemtat jsiC aterghich the
aged under t hese reactjon condi t#) n]?sb far ﬁ H@}@,st 16
calcinBeorr waprarad Qus, MheroRs AHERE FEMTMAYPE BYOTRARIER 2

[00103@ oo elcgt#ﬁ?oxg tlefji m Hepaeds debGibRE AHhe leRarkiflE and tested

|ne gdas chronatographlc anal ysi's
accor@iap i the dolWwivtifig plfofcedum?] @vHerapataﬁyspﬁmdlE?@mimlly'é ingy bg compared to
condensi ng the product stream atﬁﬂé‘-{q OCltto Obt%dedwhere
each @b@naﬁﬁﬁﬂt éﬂfm§ I3rmpnRe ORPSALY Sthex, B AmbTad
heavy ends (HE) and ethyl acet ate (Et QAc), the
esults of which nmay be used to cal cul ate the percent
[00106F! €THd oatanysesof(tmaﬁe)ﬂmmwﬁestyd fcmftheﬂl‘r?@gélmde‘?e egiiwityf {grvarious

each exanple. The_.relative. acti
by-predysisdd Searabicun e ey 6?3"{ 8 ?%Xlé’}e ﬂa@%ﬁéﬁ@&“w acid. To
| §:€d1 heGesOibed Gt bRBE! inhatainless steel
acconﬁ;ﬁfﬁ?gf at ggﬁt@ghg%??ev@@gc or w tﬁ t he cat gl yst1 e s

basket wnpeheatmpera(udwapn@epﬁ ingacasesd)by adk«;@@ﬁ Win o8 G top and

bottorprz')gtthaetb}gl%et Slﬁng 1{’3{5 ?v%%] Ial%v%\ialgx %%ﬁg §|8%t %ﬁ)é"tlg Srirk&Rt e ﬁ# f%gcstor of the

recnrchﬂﬁn?%b Yhd Wad REIneHinddy4P b eMpeyatird whﬁnhqmﬁtl@d atelubd Bd okyeen
enperature required to achi eve _const ant o %\?ﬁ dat
convargiew with poslecigheas mel; ﬁmamtwrﬁ@? a@?éﬁ@ pany fpTp@easured a

NI b DR LB R h ORI R APHLA U BRAS abou

50 g cm%lt:@cfc' ARld, hid &duaBigndf pofassind acdtate,omwaﬂsedgo trﬁveﬂsunlder pressure at
Chemi e KA-160 siljca spheres havin di anet.er

aboutg> AT tpherea g g b5 RALEIEe S g AL e thése ERGHiSH
condlg? S oP %t' I%ag% %q Q(%Uégg &ttig gég ?OL& il GHESHRER e redttiod "V\fa@ €®minated.

P ) and a pore vol une of
Analyatithebrédictd wgs a,ccm;shshed 5 on-lnper &9 mhltomatwapfmﬁq@i}’éﬁtcombmed

wetness with 82.5 t|on fs
with o AN BHE PP AL BT FORREC RBEP O TR AT LR o Ty gbtain
optlmtuH zﬁ%fysfsto? t}{e%ﬂ@p?bd%ﬁg rbon dioxide (COy), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO; Selectivity)

avalla%

of these materials for each example. The relative activity of the reaction expressed as an activity
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sufficient to provide about 7 granms of el enental

pal | adi um and about 0.29 grans of el enental rhodium
w@eeslosisey of catal yst. The support was shakenP¢TUs1ve4/038815

solution for 5 mnutes to ensure conpl ete absorption

of the solution. The palladi umand rhodi um were then

fixed to the support as palladium () and rhodi um (I H)

hydr oxi des by contacting the treated support by .

LR 65 hOFohRltereaRuli@ddnsingta sapgy afxyumioas thabcarpaiates the
faCtorS\}/?t E’H% ?ﬂ of Ig%e aqueous sodi um hydr oxi de sol ution .
activitp fepameth the catal5OsmparaiNeeCRIRIEEOhe FEaBRPRARYYEEN STV SR, Fd 2 series

. that needed to conver | RAMER bQierally. th
of kingtigapamaiey g‘i{iﬂaee@?crh?ﬂ%%s%{%g? ?%!ﬁé %g{s{l %‘2?%‘%% % fom t_%eem ¥ e
activith FRArehiSHRROIedAY rélied sothp enipevunsre tdyaired tobibvercortstant

dei oni Zed water and dried at 1000C in a fluid bed
oxygedeprersiasy 1. 2 hours. The support material containing
al Ladi.um [ ' hydr oxi des was then i npregnat ed
[0010'&” H ége{%lﬁﬂ%% Lé’:[glson (81 m) containing 1.24 g Au
[00108]" O!Exbﬁlﬁwquwﬁ&i FaatgiabEtdNsi Gk ipaibkiing ol thedi@m metal was prepared
equi valents with respect to A%J(i Si n& .t he %ncgﬁgl)l e.ngu}_ 60 silica
as follows ridesupparh@ateriatia anaoprgtog 20 G ! frIsPEngaf G Fhgwe 46
stand over PE&EGIPHE Molion 56 g enAbsciitity of
Spheretsgla}”f%%ginﬁrsnb agglfdglte%/g?}g)%ng’e. Theypi I'Ts wer e%or oughl y
about 0B5R AL, N/¢ fupgeitoniuzface aes effabpusl didal 8 mi/g, anshronee volume of

chl oride ions .and sub uently dried at 0 in .
about {0 ir@/a@éﬁas&?rﬁtéppf%ﬁatﬁ Y gt welns<ut %%.9 an%%f R adhoq sotuton
of Sod?.gl? tegaﬂﬁor%gﬂaaggg& 09, (N'alm@m? aN@fholihaNcHleHh d thBgrae (RIAUG3H20)

our r-dir and then allowed to naturallg
sufficieniab pavideabout Bgpes af aementThelladinmeand ghput OmSograms obglgmental

.gol dwere reduced, by cont act,i t i f.
o b R e YOS o B PRI Ko ot
compllafél%%rgtﬁ:&m th sdliteorC ThépARbiuead rigdieg vadre thehYixed to the support
i nciplent wetness with an aqueous_ sol ution_ of 10%

of
as palladiuas@l) und dediva €11 hydgaxtesipooaiteringthedeatsl $PPPTPY 'Hed

, dri e 1000C for .1, [S,: i ;
et 25 pOSA Ry i 201D BRI B i
solutim‘%E%écﬁﬁ&n%% WIvE NAOBHH A5 indt@isaidubedf 120%Eadhyiineeded tT henvert the

pal I 'adi um and rhodi um cont ai ni ng suppor t ﬁ%’s h{%ﬁn e t
palladpah endhbgdiam todloaduidarxidesh bie o uion&fas rainegd {ipmp Higjreated suppo

al | oned tq, nat uralJ. .. .
e e e e
| 2 houRO ditid Rupoet b S omaiminghmiladinpraad ratdsun hydrhxides was then

e LA N O, 27
50% Nn\g'e(%}ﬁ 8@8&(@}?@ %\é‘q&ﬁ%ts%ﬂtm&sﬁéaﬁto'mm@in% :’t‘l}ie WEbleaBWetness method.

treated pills were allowed to stand
The NaOEN tidagddtpill:ow e aliowediostingiovernighhtoshsurh preaipitgaen ofthe Au salt to

o LB B eI P S SBLRAE v
remox%{l:hﬁ)giidg ‘?oaf.s QRS s HREL S PP @9ae t b CihiagThi@bedld(¥ €ori In2 Bours. The
ul e

drier for 1.2 hours. The ) .
palladium, rhodium, and gold containing support was then calcined at 400°C for 2 hours under

air and then allowed to naturally cool to room temperature. The palladium, rhodium, and gold
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pal | adi um rhodium and gold were then reduced by
contacting the support with CH4 (1% in nitrogen) in
wo b@swegse? phase at 1500C for 5 hours. Final |l yP€T®es2004/038815
catal yst was i npregnated by incipient wetness with an
aqueous sol ution of 10Ogof potassium acetate in 81ni
H20 and dried in a fluid bed drier at 100C for 1.2
hours. [00110] Exanple 3: A support material containing
were I cle@_g%é’(gﬁtﬁfﬂiq EM‘FW WitH oM} (6 inveisogeng rathe ttagss phase at 150°C
described in Exan‘p e 1. The palladiumand rhodi um .
for 5 hoorst Fimllyghesaatgbyst wanarpregaked O RGIPERE NS BEE ap gAuspus solution

h der air and - 3| s
of 10grog(‘§hfa§sg$$§{;g? 'ﬁﬁ%éﬁﬁiéﬂ@gf@hh@a"ﬁda fifd Bad 't }’oqb@%r £ 8 hours.

Cl ned support materia

[0010S10NERERAbRE.: PadulpBékt Hitegialutilzid paitediymirand rotebumagdrohigas was
reduced by contacting the_suppor 1%in

ith C2H4 .
oreparni 63 geiediin PRHEP S dp e PRRSBLTA B SOGEN BRCTIHE IR Or TS then
calcinécﬂ%g@g‘tc £RBLALR e R Angqméhtrgﬁl%%d kRl BRI % rod@Stemperature.

uent 'y I mpregnat e an aqueous’ sol ution (8
The cdliheCOPH& RiargiallcoddgAng paltadiuNaMdChddiamdydroxides 5G84RaCH

B NSO TR
50% NAIIE scﬁhl!tlcg}vﬁq% éqg%v%%eﬁ&qvi%’l%ﬁ;fgc%tAﬁ)leﬁ@ﬁ‘tM iﬁcig}egt wetness method.

precr pi on e Au salt to the insoluble
The Na@HresstedillsThere plibwal tetaad ohanightytel epswie sresipitaiiemof the Au salt to

dei oni zed water (~5 hours remove.chl orj j
the inso{ppdeianifsy ﬁ*rei Pé%s Were %%‘éthfynwashﬁ{ m“ﬁ%ﬁ‘é’ 123? i“Jea%? f?;f‘%q‘“) to
: ' hoghouma andbandritr fearie2 hdien Th
remov%:ec 18?23{%33/ a%—%ﬁibg%{u:eﬁt?%hmg%ugport avvi th C2H4r( 1% in )

palladitint, by, dnd gokewera tion rptugsébReaBBOTE thsrsuppaibHE C2tl (1% in

. Finally th t al ' i nci pi
e YR AT NS PR TP
incipiéH SlefeSs With 84 Mduebl2Qoaitidn @f il @gof potasiuinkcetateeid 8dmildi;Oaand dried in

1000C for 1.2 hours. [00111] Exanple 4: A support
a fluidimtalriendt 1067 &irdiZepupal | adi um and rhodi um hydr oxi des

- s preparged as _descri | The 1 el g
001187 AR A SRp Rl RS Rl an R R8s e
prepar@ 896est@eddn ERuRHleUNdde palladiandnd Hedival taonaing support was then

nat ur al | }%cool to roomtenperature. The cal

I ned
calcingdigOPIC FraCeiones gt e SRINEAEH TTAHNIC9q Seiogy temperature.
AL Pxlg o} QG Bsif j | SMBBRblreduced b

e A APRLAEE (T BB onh g gt
contadti@ tfe SnppsrswitlIOsHS (9p dr ditrogmm) &i the mgpapphasedl LaA°Grfar 5 hours. The

rhodi um et al. was subsequegaalyy [ rH%re n’i\t ed with .an AQUEOLS
suppog gaeiainnesalladinmrang saodkyny metih as RHGTEAYCRILY IRTegTAH VR g

i linGkLRi ARt thad.71E56vONhOE swRtien (1.8

SOlutlés{lu(lgg glalﬁjgﬁ}t%dgﬁg?izgg Aélt%lrgg\%%u?% a fl wEd bed dr iSer 1f oE i
equivalerds With tpect e Appidirrthel mcipidnd tietngss lgpﬂjo@ ol Ib{g(pléltltehf@ﬁ pills
were q&h%gvgg gcgﬁ?gq %v%%%&%%ﬁe&%&cﬁé?a%%yof %Il\'fet/{]u s%ﬁlfgth(e]il%ollﬁle hydroxide.
The pills were thoroughly washed with deionized water (~5 hours) to remove chloride ions and

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

were then reduced by contacting the support with C;Hy (1% in nitrogen) in the vapor phase at
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at 15Q0C for 5 hours. Finally the catal yst was
i npregnated by incipient wetness with an aqueous
wa@odoansssm of 10gof potassium acetate in 81lm HCA/ARIN04/038815
dried in a fluid bed drier at 1000C for 1.2 hours.
[00112] Exanple 5:A support material containing
pal | adi um and r hodi um hydr oxi des was prepared as
descri bed in Exanple 1. The pal |l adi um and rhodi um
150°C %&nf; RAuH. 3@m§l‘1’ﬂ‘ﬂ@ EhtaMp@Swdsh hﬂPre@ﬂétéd peiiciend GeMEsswith & aqueous

hours under dir and then allowed to naturally cool bg

solutionadtDg, efipatastunr acetdfthia & anldileandsdrinddn e flughbedidsiengf 100°C for 1.2
pal | adi um and rhodi um hydr oxi des was subsequentl|y

hours.j ypyr egnated with an aqueous solution (81 m)

[0011ﬂ0n§3%ﬂb1é94 A dugpdMimlatepinl dohtiHing pallagdivinhand nhodlpmeh}’droxides was
tness nethod. The pills were then dried at. 100

preparad fd dgscritisddn H,p(argpleflo rThe pallasyim and rhogiym wta}ngag ﬁ‘fﬂport whs then
calcmescﬂag%gwa %??ﬁm ?ﬁ d%\ﬁa& D, ABAKE ?@nﬁﬁ(raﬁ?@&ﬂ% F0Reh t%ﬁﬁerature

in nitrogen) in the vapor phase
The cadindkPRBport Qfateﬁah@ﬁ[ﬁnmfpzﬂﬂﬂium ﬁrhhrhodlhml hystoxdes was then reduced by

db h
contackiog thesompst EDGoR: 56 HSUiF N BOb o ROBEAT HHEB A uhows: The
suppo? ﬁﬁl]_et%ﬁl n%@%llg&lﬁllndagﬁ E‘fjod‘fjlfrh Rletalvad Ql%gilfeﬁﬂy ﬁnp%e@ﬁb&fdﬁmth an aqueous

support materi cont al ni ng
solutidaisl zm:i) wﬂtﬁmdg n hgdmmmrhw&m wi thamcipicnp wewgssagethod. The pills

d bed Ex
were sggqsﬁa;};%:rﬁ slﬁléfeg @b@ng l%é &d.;i)gﬁ dggli 7 L& g rg)]gl?snil" gﬁi%cfﬂ%,ihodmm and
gold Wl%?é'l{h%[tl wadedd @}J donBBfnd M6 E‘u@bft‘%ﬂﬁﬁczl}ﬂ (Mti matkdo¥n)ci@ e tapor phase

enper at'ure. The cal cined support materi al
at 1506(0 fira Iniung  Fisdllyathié catalpstoias hoptegnmatdsyiriasipigawelaess #han aqueous

s o Bpshpor B LI AR bt A e bt Mogrc o2

hours.SUpport containi ng pal | adi um and rhodlun1netal mas
subsequently inpregnated with an a ueous solutlon &
[001121 ) Bxampha fmAnglppont guafauiaf eopiaAMpg oAl :4FOX1 es was

te usi.n e in I
- Sro ittt e
ca1c1n&9£t 4o RRUItRvurd RddlA] arﬁxmﬂﬁuawzd (Reftemby c@ol@atoahytsmperamre
A support material containing palladi umnetal

The cmleghmﬁxagorﬂ@mnﬁmﬂadm@ agq,pedrm W@F@%l?eélwﬁsﬁ“‘éﬁﬁqléﬁ?ﬂxnt
0 ! sing the
1mpre%e§1r%1§h %éq%ggﬁssso {ut8n ggall ég%ogaﬁm t%b‘ au Hoth KAIuD(j fsi % th

a hom I amet e densi

incipi@f wkRH mEthbé QT@’ pills wer thdasdriedtal VOG°C ink fhlhbbﬂd @16588 192 hours.
H OZgsupport, a surface area of about .16Q to o
The padiadiven p&%éumoﬁlnérﬁﬁldo‘l"eré st ogebyFartzcting dhe ppoft ik CoHL (19%

nitro gengﬁ ) I S ¥e dt Qg?d@j 5 nhEkN Pﬁﬁll#ﬂe@aﬁ%@ﬁwﬁg 1@E@ﬁedhlgy

|on of sodi um tetrachl oropal | adi um .
incipidad Qe&besgb\uftlﬁ tue h@rbud olyioowf g efetrssitmpcatate inf1 ml H20 and dried in
el ement al %alladlu er liter of catalyst. The support

a fluid fred dsigratd00T G farHe? MWt i on for 5

[00113] Example 6: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
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m nutes to ensure conplete absorption of the solution.

The pal | adiumwas then fixed to the support as
w@alsadisum () hydroxi des by contacting the treBtBUS2004/038815

support by roto-inmmersion for 2.5 hours at

approximately 5 rpmwith 283 nl of an aqueous sodi um

hydr oxi de sol ution prepared from50% w w NaOHZH O i n

an anount of 110% of that needed to convert the

The c:ﬂé‘nlﬂ:@gipﬂﬁﬂt titatdria$ coa hg ipaligadiubh ené‘ﬂ]lodiulno]ﬁydmadﬂrvaasnb@h reduced by
fromthe treated sugﬂort and the support was_t

contacrtmgg}mjswppmh“d@l(bmd imaire e A tha A p&ﬁsq%éé%qﬁ r § hours. The
suppoeté:ﬁ{ltg bed %gﬁ?naf r};ﬁ)%ylgl?l?éﬁl as-gtﬂl‘fseﬁlh%ﬂﬁ #td @ith an aqueous

roxi de was gnat ed

solutl&ﬁ {sh 3l c@ﬂhﬁﬂﬁigsl BOAUHoarKABQ, ad) l(lgqmtaasmmrvgetateMmg thgincipient
from NaAuC and 2.71g 50%

wetnesguethad-e e piflf tere %@ff‘él&?nﬂtygia O f@g{ql e ﬂé‘l‘i Brdidgienfor 1.2 hours.
OOIIé\f ;P%(Séﬁl\?er mﬁg%‘ re &%M%ew %@1@ nﬁténlaﬁcdi\@cﬁﬁn%bﬁlﬁﬁﬁ% hftal was

0 ens Ipitation of the Au salt
prepafe@ ab floinRSTheisipgort yrthtedial Iﬂlem afifoentpdfl 258 nvlmoesmtmgrqf Syt iCemie KA-

hed th d d
160 s\ et PRORG 5 @AHTGLBBBRIER | Pt § Seroiy SEBBO PP gmb in
absorygctk\}%l%f D68 68, : r;?f/ %\éusp%oﬂoé‘ﬁx?facér iea Qﬁéﬂoﬁﬂlmqng n¥Y, end a pore

al ni ng sup hen reduced by contacting the
volunfelfaboit Vet rhl/g:ZHds ﬁﬂs%fmmegmatGd by ére)piem Weteesy Wb r82%ﬁa1s€é° an

aqueol?ltﬁw&lgtgq%gq Bdw tlrc]ﬁ%qhgqr 1n€ég{ﬂ,{£[§ @ﬁvﬁi‘{ﬂa Sfﬁm\’\ﬁ’{sto growde about 7

gram§c94 wcrfle%hl ﬁﬁllﬁgﬂﬁeﬂﬁéﬁﬁ%hﬁ%@ﬂiﬁé oft Rva8 llidkeirlﬁﬁha 8elution for 5
in a fluid bed drier at 100 for 1.2 hou

mmutmol asire shioplstecbspraiosofthogdutinn dbe palladipmyyyas %‘6@ ﬁwdc fp the

suppoé%rﬁ ptgﬂzfdéxgrglt(@* I%Ifgtr%{lﬁs%t ngtg?tlnlg;tPea@%t%t %}8}%}%@% og;‘%&]eljslo? for 2.5

hours (aRﬁfp%yﬁﬂlﬁf%lﬁﬁﬁp% ysth 284 il 1;3a12aq31601is<19@&i11&i h}ld&y)ﬂdicesﬂﬂutmn prepared
Support Exanpl es [00117] Exanple 8:

40
from Q(R@MW(N al Oiipgn WOW}Qf 1{{s ok gha&peﬁggd %tcogg%@e fpgllladglm to its
hydro;ﬂalg sul Eutlo rﬁ%td a{) ﬁ%l ﬁd@ﬁe%&?{\%{ ; %&%‘ﬁg tl?ers%ﬁ ﬁ@wﬁg{hgn rinsed

wat er
with de@fnifed hvate-ﬂﬁﬁd Sﬁéd WelSHOTa Hedflvid bid merﬁ‘ogl bhomlheTbé: support material
Zi rconi um acet at e sue§$fed by DKK. (ZA-2

contammgd)aﬂédlgm deoxlorvens IH@FﬁgBﬁF‘il Wit nf@ O\WF f utidtl 3 mcl)
contax@xnégnl] ?J‘%n W R RAARGAGHq Y& %5@‘%'1@(5}? dorfi®én @, g‘eq%lvaﬁaggaﬁth respect

on under mcrosco has shown uni f orm shel
to Auf e¥iftht Qivipikritiwetiescinted. Bhe HH0Hreatefl U8 re Bieivgs! te slgnd

ovem}zg%bg%é‘gﬁé{: ggp%lp1t§tzlg'r? of7tge AE%JI‘[ tS Z: %%glug{e%?fdr%%cfr? /T% p%ll\f3 oWere
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;Hj (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aqueous solution
of 10g of potassium acetate in 81 ml H>O and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO; selectivity and activity for the catalyst of Examples 1 and 7.
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with Pd(NGs)2 solution (Aldrich) to give Pd | oading of
39 ng/g of ZrQ2. Inpregnated naterial was dried and
weadosjosisdd at 4500C for 4 h. The material was bBET/US2004/038815
mlled with 60 M of DI water for 4h, mixed with Hg
of a binder (ZA-20) and sprayed onto 30 g of bentonite
KA- 160 spheres. The beads were cal ci ned at 4500C for
3h. This procedure results in formation of a strong
[0011%? f?ﬂm ghel |l with 160 mmthi ckness. [00119] .Exanpl e
eads from Exanple 8 were inpregnated with
soI ution of potassium acet &0e Selsciivitye | oadiétivatyof 40 ng
Exandf /ﬁm OIEJEKA- 160, Iolrl ed auisd cal ci ned at2.3D00C for 4
Exar] e%re & sol utionjigontai ning 9.43éi M of
%de(ﬁ (?Fgeiﬁ)suppl ied by Heraeus) and 4.7 nmM of Au
(froma 1M sol ution, Au(CETh"AIfa" dissolved in 1.6 M
[0011@‘|)Lm5edsﬁmbayﬁ@xﬁmbkasthese beads. Material was

reduced with th t 5%
100111, Ervienip St A <RG0 n6e4 BEPRK) M g AR 050°C for 31

Resuﬁdng rrr?atgrﬁ?ﬁésoarBE"f‘ gx?r&’ac‘é 9@'3@ n?mg,s THE ffafdriRPWad Bult HBled with 120 ml of
sect selectivity of 6% at 45%

DI wayQea heOnvei $ia mlmlﬁcm £y eﬂthe[b@@tm]rcogxmme@tquphed by

Rl DS el o L35 I By, Coes

beadgﬁéja Q%m(é@ A s¥00CE saliffioh \ihlio riBfbsespleinds ERownQmiform shell
e catal yst of Exanples 9-1 1. [00121] Table 2CC2

form&mherith thickyesdof 23 up. Exanpl e 9 9. 33 2 08 Exanpl e 10

o655 APt STIEERS R e e

with E&(@@ﬂ?fs@futlgﬁ "{‘Kmri%d) Q2R 10ddigs 6019 Iﬁg\dgl’w Z@@ﬂdﬁ@kegnated material

procedure was used for this set of exanples._ Zircon
was driegpod taleinedbati40° for 4iby The mpkstial Wd@llé% le@pith 8 ml of D1 water for

i, T EEBEE LD LR LRI SPAIER 100) 0 s

The Hﬁ@(‘lf’ W& Caldine® HB 020 dor$Bl THO ﬁﬁ)):edlﬂ,(fés@ltmin \EimatiSh lof E strong uniform
port materials were supplied by Degussa and Sud
Shell@hférh@mﬂh@k@,@séve fraction of 180-425um was

{001 %‘i‘p rhEgn atlg ?%E'ﬁrﬁ:ﬁ:qb@g‘g é%&ﬁﬂ@%%é&( 1&%6%4%9&1‘1 &1htYon of potassium

ng* ste
acetaf¥ib ighRAbddyhgnd 140 rag KIoMoan e /&l 60,alled ianditaloinedatdfP°Q for 4 h. After

i ncipient wetness with a Pd a curs utio
that tbcmqh@imt paptaiping O e of Be(from PO moafre g e and 47
mM ofo Aqa(tﬁlogpa gf\‘fsolﬁ?cﬁlt 'A%ﬁg RaY &€ dissolved in 1.6 M KOH) was sprayed onto
these beads. Material was reduced with the mixture: 5% Hy, 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 éonversion 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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with KOAc solution, dried at 1000C under N2, and
screened in a 8x6 multi channel fixed bed reactor. A
wa@ e0as3sm of Au(OHb i n KOH was used as the Au pPET/URRO04/038815

Aqueous sol utions of Pd(NH3)4(OH) 2,

Pd( NH3) 2( NO2) 2, Pd( NH3) 4( NO3) 2 and Pd(NG3) 2 were used

as the Pd precursors. [00124] A silica support

mat eri al cat al ylst reference was nade as follows: A

support nmateria t aL10it p@h{, i um and rhodi um
Exam rret al was preparedegéglf ﬂl&y l%d support material in

p#”anount of 250 nl consi §t| ng f) Sud Chem e KA-160
Examm¢ 19 ca spheres having a ndfPnal ameter of 7 nm a
Example b (RefereficedBrtalystD. 569 g/lH13 an-dbsorptivity of about

0.568 g H2q /g support, a surface area of about 160 to
[001221175z21/c@ma siishoat Watesalept (hiorile Fagedirecudsof Expmplgs Was

t db
00120 S e e i SELAESS L 2 % oy ppor

matené cgﬁ@ %g?' e H‘{ Flé g:! BbwkQa Bﬁ’svéhgﬁedac&a&Wst Jarﬂé@%reocfrushed and

I um per | ter of catalyst. The support
s1evedVVi';_YSrc§ﬂﬁak@pottﬁndtémlsswbmtsuppheﬂ<b5’ N@rl?norﬁKZé@OStZ@néﬁ%,GQ 5), DKK and

1 S 5 A0 BT 6, D% 80y g A aoncr

180-4 heq(diBRt SFuRBRIBEIY 0P ’ﬁéHh@H PR aiieermiadiate d
%Q’E{ﬁoulrn{sbg %ﬂ apt|c()rloX| matue SIom \(Il\ll th 212133 ma cl)f an o dving

step aﬂqo%@wsd syibiality Withlao mt@elesl,@tqqa crtipn aipp)te dnGipigHh veRparss with a P

tO in_ an f 11
and ABBIFRRE RSB AN Do ch oy SR g SERE Rrhion g, post-
1mpre%ﬁ%§edq’ﬁﬁi ROA sBE?leﬁ hic raﬁmoed U8RI ﬁncBiOﬁéehdftbmsamomtltl channel
en rinsed with deionized water and dried at

fixed HeOBCtdrnA golufion of A &t KB was used a5 g AurecUsiahfbfieous

soluthrﬁ.ﬁ? E@@\h—} %B@?% Ed@%—hﬁ%‘k?g)d S}‘H;NFIXUF I\%g) d%l]c_lw%%Nb?ﬁ Kvere used as the

Pd re@&@&@l ning 1.24 g Au from NaAuCU and 2. 7 g 50% NaCH
solution (1.8 equivalents wth respect

[00124]he A mbcqmu@mrt metehiabeptahyt Ff‘éﬁencFW@Sr@éﬂaf OéQF)édXﬁPW%? material

contalﬁlpg é)ia@a[dl(l S8 }h%pﬁl%ﬁﬁgt&%% Igé?éd 3o ffiRY FIﬁe support material in an

UEEBn6 t to the insol uble
amour o 2 S intl Eonsikkigg pf SudsChuiie Ktﬁhd)ﬁ(bmgdrﬂ sphovas hasngv rd¢minal diameter of

7 mm,dsaejfllﬁglgllcﬁp(zjgfd \[/)\@t(gir@&jr?lbtgg fgmlvﬂp{ Zaliacrl.ﬁ O&%g g(ﬁ g)?g, I%L?p?)]grt Airface
area of-2 aboufI gé‘H 173 /g@%& @géﬂé RbRRRE Fabsht ©U3tEl/3 Wk ﬁﬂdﬂﬂ@ifégnated by

en reduc ontacting the support wth
1nc1p1énl Ypetndsswith 828 0! off An aqueovsgobrtioplod sedivm tqggg@lgrqp@}ladgum ()

PRI LSS AT
suppoﬁ%a@%ﬁéﬁéﬂr@ﬁ@ LAhBorl for 8 Hihutk{ cabiete dbmpldtel dbs@‘pﬁd)moitthb salution.

l'er at 1000C for 1.2 hours. Before testin
The pﬂ&ﬁainym thers ﬁmdnsh]&lsvapdrt e I@E\H@dllumfﬂ)sh@if@v‘éf‘é%b’rc%t@i’t&g the treated

t he si
support by roto- 1mmze?s1c§nag9§ 5 ours a? aﬁp%?ﬁ%%‘?s Hﬁl"? th 283 ml of an aqueous
sodium hydroxide solution prepared from 50% w/w NaOH/H,0 in an amount of 110% of that

needed to convert the palladium to its hydroxide. The solution was drained from the treated

support and the support was then rinsed with deionized water and dried at 100°C in a fluid bed
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[00125] Catalyst libraries of arrays of 8 rows x 6

columms in glass vials were designed and a rack of 36
wQ@b@smeisial s was nounted on a vortexer and agi PEr/E82004/038815

whi | e di spensing netal precursor sol utions using

Cavro(tm liquid dispensing robots. 0.4m of support

was used for each library elenent, for the glass via

synthesis as well as |oaded to each reactor vesse

drier %)PQ%%@LrSK%% shiret Mgteria cb@tﬁmtﬂgqﬁllaﬁumr}@dmxmﬁmsﬂh&n impregnated
Iter catal yst volune or as mmol

4 0
with amqqpclms solEtipn (&enk peripininga Foh A O%Nﬁg'égh ‘%FH% 50% NaOH
bo 0 8d. The NaOH
solutl% kl% equyR ?ngsa\gc% re%fmjéc? qup egﬁ#ﬂéghg thel rFgen';t %g%%ﬁq?tﬁm e Na
treated BRRG dre ¥R wHTRO @ﬂan@ overhight toteasuaerprenipitationRd thaAn salttoghe insoluble
vessel ). LOOlZ?] The screenlgg prat ocol

hydrowinp&hapd averathproughipnasd W %@%Z?dnwﬁéféssg‘ﬂré?r@rf?@ove
chlorids | a N A‘s‘?l?osé%%ﬁ&%g@%‘ﬁ hhoecoh a%‘?é&f%éd'wxiéﬂ f&r 120 Hou?sl PR palladium

ospace velocity is defined as the
and g&l@ldoﬁwm@ Sulppovs wabthéh rexlees lnf cohtactingthn supogavideerhldil % in

5.94 f L te
mtroggé%nﬁhw{ﬁp@r Bhasé;g&tsi% C Eq{r@ghqum (Fdaaﬁgfég%#%%%t fvx{?g 1r|&%r gﬁc’aued by
lnCIpI&?tV@étMgSg wYtﬁsaﬁ%h&o(@ Ldiu@dn cY?h'Og £ Patdssatin hevige ind8 1aEHED and dried in

approxi matel'y 4 nm. select|V|tf/ was plotted
a fluid Bedsdiserax QP86 foh? bows.oRefore testingathechtelyplarassiwbgd apghgieved. The

t he cal cul at ed é@ gg é ted in st cases) CO2
sieved Epeion;ip heysizgra @3 e 3"&%/8? lon reported in the
[OOIZ}E rf éﬁtHEIQQQ)rWQHa}Js 3Pk eswPeb @¥lumhb & gl@ﬁn&ﬁabvkﬂfe&ieaﬁgned and a

% oxygen conversion calculated fromthe T r
rack dflzi6retas vialstvgasahouOGRl aped ek ang aaﬁ%ﬂe%ﬂi@“eﬁﬁ‘%@é‘ﬁmé fagta) precursor
Versus reactd.on erat ur.e I
solutPhiig gt al U ST aRr e ok gerst BBl Yo B bl Shod fPEuch irary

elemdd€ bVt Y1284 vibNSnthadifhrséll asﬁbaieap@eahtreamfymbu (STY; g
VA produced per m catal yst_vol ume per hé at 45%

[00126% y gEO Acdeadinssis sportad as grams FQAGer i ofp R ?ryanﬁmol KOAc

on 0. %rgfstuggéxg %(&f%%%pg %’1&% nﬁ%)fé‘g@ gdd&% “the vae mzd’ 19%0 of AutoPdis

repor{eﬁ L6 ARV, PE thadingGS it féd tomgPdaser 0]4311 smppbetozehmn@(a etapsolute
42n2/ g) were inpregnated with 3 different Pd sol utions
amounbofi Ricineastor veiseess, dried at 1100C for 5h,

[00147%@ n%%e%gunvlgmr?es ggd( 361%?% %&@Cﬂ‘orﬁ@wb 8n554in 5°C

rie or 5h, reduced at
increra @b Gt ﬁ@iﬁ(ecﬂipabélvéi%@/dm 7§%r(with il GmggRson 0.4ml support). 100% space
ost-inpregnated with KOA¢ _and drjed at

velocktns (gl EAPeE S B SHARPEY ChRTEEh T By en, 594

/ | 1
O

vesselsqhidbf hixk tlad adinved diaedtenwiappokamaiels 4tngm). HeOr lmty was plotted
I The Pd | 14

versug gg?g%n ?‘6‘?"6152‘*174 4 /11&8%?11 R%régr\%feﬁ! ngl?% gﬂculﬁecﬁ P ntgllpoélie%n most cases)

CO, selectivity at 45% oxygen conversion reported in the performance summary tablss 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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reactor vessel for all library elenments. The Pd

precursors were Pd(NH3)2(NQ2)2 in colums 1 and 4
weadgosiys4 OH) 2 i n col unms 2 and 5, Pd( NH3) 4( NOBRUB2004/038815

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 | oading was 114unol in rows 2, 3, 5 and

147umol in rows 4, 6, 7. The silica reference catal yst

calcul\ﬁﬁﬁ térﬁ’l?éiiﬁgre' tht RigR@Whelactivhig of thecaklystvalie gatetine fields(STY; g VA
anp screening protocol at fixed SV. Screeni %%2

produceilsmrm catalystyatume berdu 2t 4075 AKYEEN ORIV aFagswe St

el.ectiyit np at STY C Precursors on SiQ2 7.37
Pmdui%ﬁ?tye;"fjﬁ %?J{’%MNDH) 2 on ZrCe 5.79 152.4 787

00128 ( NERWHINEB) B 0NAZED 2cbriéd XEIB0E (688 i2 16052

[ gﬂ Zr2 '5.57 150.7 79%C*Data shovvn(Bl S /tl:ggﬁgﬁml Omepez
(precalsiarbg&SOIC ity InEFie AUEIF areade o ErSIE |n§}pr@g%at<r’aamﬂh 3 different

ra s B AL L BP0 g fI30) Kot .

stock @@1@?8@1@ @rﬁ%)léf{l Mbﬁf?ﬁg }dflecﬁatam 085 ﬁ(ﬁ/SBhreﬁmCeﬁgV\é?O°Crfglp4h 131 5) %H,/N,
Surrace area

formaigt RFE At CRPEESd Y Bt BIPEAF: T e Bapatgeos samptes

(shengf&%g Pkn 8?1%8 égt?M‘;" X% Ié@f%%xﬂh% (&@oh&damh 40K @EBRE.eHU3ul

stock sol ution) to incipient
Pd/ANEIDEsHS]] and BEL dilutdd @0 fiatel ﬂfm:d beé sroloeg) a/pr@@l(ged faothe reactor

4h 50012/ N2 f
vessek@éer%@a@pg@@sir ¢ Tt B he! BRARERA G sk spepa in
I
S0 8 A A0 RO s
4, Pd@mm(@ﬂ)z andluBeB mm 5dPAER)(NAR N Cothéi’tﬂaﬂ 3 m{é ARdy0.3 in row 2
and rcpvy Blr'l gﬁgﬁd\—é\{ﬁrgﬁ@ ?Pvgf)] dﬁﬁp% S% he LR %\9 b hE YW I7S’l“h IEGAC loadmg was

&erent conposi ti
114u1‘ﬂ§1 hoblowss, 5%5@1Xiiikﬁmx5rdws 46| UM silicd rc(fbleﬁdie daedljfst wfas loaded
i brary) and Zr2 Xzl 6052 (650 0C) in col um
into Korw grifhelrimry ofas Borpangd Y3ing theel 1D SEETIAG PURiRco iet %edrﬁaf
r ( *33/400=18/ 12 Pd
ScreeP‘élﬁcf?%‘ﬁ er&sg@manzec{ ¢ (]::'Zé<3 col um 3 (ceInPs le- EB),

[0012‘9?' | T48ps 3COl UM 6 (ceIIs B6-G6); 10 ng Pd in 400ul
Zr @ shell (or 10*33/400=10/12 nyPd inreactor

vessel) in colluf®Selectyits Al Temp ahnd coblism 4 (cells

Cl Prévhr66) gn 8i®,ng |Pd i n7.400ul  Zr 2 1&hel | |(or 729

PA(NAA@H¥0RZIE] 12 my RA9i n react b52.4esgel ) 78R colum 2

PdNHOSING) B 71D, [and cobgmm 5 152.3 783

Pd(NH3);(NO,); on ZrO, 5.57 150.7 795

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

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

reduced at 350°C for 4h in 5%H,/N, formation gas, post-impregnated with KOAc and dried at
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(cells B5-F5). Au/Pd=0.3 in row 2 and row 5, Au/Pd=0.5
inrow 3 and row 6, Au/Pd=0.7 in row 4 and row 7
w@ eoosopisizel |s Al, A4, R, G where Au/ Pd was BCBYS20041@38815

KQAc | oadi ng was 114unol (except cells D3, &3, D6, G6

where KOAc | oading was 147unol). The silica reference

catal yst was | oaded into Row 1. The library was

screened using the T ranp screening protocol at fixed
1100?5%/’6 58S ?ﬁ@ﬁ G/72785 W e 5Bl RY FeRS thérlinen TaDh@nKALG0 diluter

1 e Selectivity Tenp at 45% Conv STY

(preloédddR&ht]A@@gfrl KOR&) ii.0. 1. 31l @dBAGZrDGaBlyst BdB6%. 70! dilugerd 4¢0ut total

P
s B $83 B 7 i oy gy
comp&@forld v393aLrohbt 787X 70605 i8.cdBinns 823 Gefl Ealﬂ.éfﬂﬂﬁariyﬁdncDZrOz

154 4 773.8 /91.6 790 3 [00132] Exanple 14
XZ16652 (G567C)(is wplpinine d-yighorah o, hbm)@ dhs! 5P Ledipg W%Salétm%ﬁd in 400ul

2, SRHAEE LS g 6 i B AP, TR 5855, o

G5, cdﬂﬁﬁiﬁlﬁ(@&[s B G, IlorﬂngBd {nziopl Emllz shﬂt m39*33d4009=d10/aﬂ mg Pd in
100C, calcined at 2500C (colu

reactof yoiSerRLmY | (g80G- QLo ALl AMIG) 4B g indaR Zr0s

shell eﬁl E%@b IMg' Egﬂn(r%[o EFS%B%YCC% ugle(%’éll'\?\ﬁ@?hpf 0and /cc’>\1|121mn 5

(cells Bﬁtmt A@’Bd@(&ls iiow3d G ofof, Aébﬂ?d#ﬂﬁ:hnprowt} andpoe@n AudHi=0.7 in row

OAc sol ution. The I
4 andﬁf@%%(%eﬂ&eﬁ@éﬂ& Af3%-449 % ?YB%PM @W%Kgo‘\afg% ng was
114uxﬁm%ﬂ!egt defls 35 . hg (%ngeré'ﬁ@@&'f&@&’ihé wag—WIﬁlﬁcﬁf el“t%rh‘illc%lteference
s were osen In colums 1, 3,

cataly@tl,w;i%dgﬂiea intn R@xwl LThs IMramWaﬁgcreeﬁh@ussmg thed na@rp@p@nmag Pr0t0001 at

ta st was aded in row e library was screened
fixed gg’ qewggﬁsa%arséwa@mlaﬁi 1Br tg‘ol in NC¥B48 VA
[00135Fa°fa,%ﬂe@t fixed SV. Screening results are sunmari zed

,",’iEL'?“L 18818kt VAYT F Pontd B 4390 €61y V' TV Tegpyat
Ang,@ﬁ§mgat oy RO SOSET 7%t A T 63 T 0.7
cqucmmsmlgm 698 Ttio it PRl e+ A; el b w,j\,fo c -

ZrQndXBL6P52 at | 606/ 15-1pk38 EATET hAb3-Any -9 Hﬁﬁﬁ, 8084 %03.0
Zr@edXic1G0Gn ai 635((5(6_2 571 1147.5151.0| 1544 | 773.8 | 791.6 | 790.3

[00132] Example 14: ZrO2 carrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 11 5g/ml, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with
PA(NO3)2 I;recursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuO, solution
(prepared by dissolution of Au(OH); in KOH), dried at 110°C, reduced with 5%H)/N, formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/1 in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (Auw/Pd=0.5 in columns 1, 3, 5 and Aw/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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[00134] Exanple 15: ZrO2 carrier (supplied by NorPro,
XZ16075, sieve fraction 180-425um density 1.15g/n,
weons/ousiume 575ul /g, BET surface area 55n2/ g) POEES2004/038815
i mpregnated with Pd(NG3)2 precursor solution to
i nci pient wetness, dried at H G0C, calcined at 4500C
inair, inpregnated with KAuG2 solution (prepared by
di ssol ution of Au(CETh in KOH), dried at 1100C, reduced
ramp %%38% WO i RECTBI480NA Génstor bt 2RAMY . (SabanimprodiniR)are summarized
colums 3-4), or 4000C (colums 5-6), and
mTam@St-l rrp:jegnatfed with KOAc solution. The library has a
OAc ient from15 to 40g/l inrow 2 to row 7. The
[0013% 1Eﬁag!:_ﬁasng amounts to 1.5my Pd on 0.4n support. Two

different AlCh)&diP@atyVarenpeasy o/ RIY5 in

col-unmms 0 72 and-AUZRGsW;/ 1n col ummsy3d, 4,16). The

Cl Precligsors on S10),
e e—catatyy S Toaded T 7@w 1. The

PANG DR o 2D - C| BapC. cat arySt ggas Toa

"Dt SCHEEHING DR GELOTo A JEbo S R BT (L 40e'
KOA@ Flcﬁlumt%@dt iAd Jedaborbat 366Q135] Table 6 CO2

el'ectivity Tenp at 45% Conv STY O Precursors on Si
[00137] 1 Exaliple 15: 739, Guiii@8ymdliohbgNors, 4160745, aewéiﬁcﬁ%%%o -425um,

densﬂs’ﬁgl\l\ﬁg ré,lsgcsrglég Hle(ﬁ?Yﬁ%teéﬁ“%%lfff ! V\%Sﬁ{é/g(” na O a@:ﬁ'

PANE$2 ROMroE B iMipidRORGest, A0itd6] 1100eC valdinddent ﬂﬁﬂ"’(:haralr
appreci ated that functions or structures of .a

1mpreghmchwnh KA00; sokrtiom Gmepsrest bysdiespBitinn ot HE(QBhin KEUD; g at 110°C,
) nt or °

reduody PR SFLETPBRE L B (RN 2 20 L0y 5 ) o d00°C

(coluRhd!$-8), afid BERE-i@pregAIBDREN KDAcTSotutipneBleniibranyhent K&c gradient from

cont | at | of th nbi
15t é@ybﬁ\r}ng? t§3¢§€n£§%%élo§%§g GROREE 1) bSmE PRI RuRE Two
dlfferfszrtg;%{} o ? #fulhsgﬁl (IQI?/EDQLG]S ﬂ{&)l s 1,8t eaged utr=0e in columns 2,

e rnvention, ot’her di nensi ons or
4, 6). TEO Bt te@é&re@éea@@@mﬁl leadeE’Ilmroa\f 1 sThQthranryad/as(ﬁgwpmqlenMCFB%

or steps can be provided b
VA regetoneng e Jrregpapreanns Bioitb] Gdr S SeTRTEE g cugmaized
1ana%%UCture or step mght be divided into separate
ural conponents or steps. In addition, while a
UNHSSanumﬁs@f the present |nvent|on may have been

described i tha context

| Lust r at ed]| erSodelesiv ey T dss S B STY ) e

Cl PregutsorsomeSiOr | mor e dilher f eat ures lﬁtf 2\1‘ hprAXm&a{Iug nts,
PA(NO3)2anyro2ven appbistéation. It wil454] so bel agPfedi at ed

*Datd dhBWh @k aDRoLR atdrade dfteo fAaiitd alemicontiast (nathely Orfi apde).7) at 40g/L
KOAc, calcination at 450°C, and reduction at 400°C.

[00136] Tt 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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structures herein and the operation thereof also
constitute nethods in accordance with the present
WO pwsbison. [ 00137] The expl anations and il | usPCHUSZINE 038815
presented herein are intended to acquai nt others
skilled in the art with the invention, its principles,
and its practical application. Those skilled in the
art may adapt and apply the invention in its nunerous
dlmensf%gﬁr Rl MREREBIe. Pltirki@buétOral Bemp@@hisiopsBRpE Cande provided by
% l'ar use. Accordingly, the specific enbodi nents
a smgmfmttegmtqdrsafaaute ormtﬁenﬁlt@nata@lys asinglsrintegtated sHpetuTe T S17a &eht be

i 3B ESRAEbY Sl i D O

inven@is BhhARbeBPHeswibY if BledoartEoftonlyt die ciligyilustrated embodiments,
escri ptl on, but should instead be determ ned
g for my

such ﬁeaﬁemewdf@ combitred veifpenechs ancss afbaieatires 9§ ot #mk
e aI ent | Eation of th
given émqpcﬁ. oy It \%ﬂl A ggetﬁ%ée‘g}%o?rbml% léﬁg\feftlhgt tgi fag{g ation of the unique
structfif@$ Bér6iNGAS thd dpéfalﬂldh fgradhBo tomfipité mathbdnin aanetdance with the present
publications, are incorporated by reference for all

invenjier-poses. W Claim 1. A nethod of producing a catal yst

% exB | 1RbdiRGrel iBtehd t t others
[00138 08{}1 e% faﬁg o§1ts &ll&]?@étﬁ)ﬁlg 1{:)33&?12631 r (;rr'prells Ieng 0 acquain
skille€ @itha et mn@ taé 1rivexasdn pnprimdtled, yid its ma@rca}r &pzphcgwlnu fthOW skilled in

conpri sing pall adi um and gol dto ac gport

the arjymay adant #iAPREY th% HEEtiREn S8 PUPGOPE |

requn]e%n]eﬁtg offl H%U@ UtACQ&dfn%Blt the §i)§;ﬁ’ﬁbsérﬁlfﬂdhrﬁéﬂty of the @re@ént invention
duci ng the palladiumor gold yr

as set@eui aehongteadecbudmmggsxbmtwmmmg ofthhen@ub@b fhe scope of the

mat eri al t hod of
1nven5%ﬂ shoyldy, meﬁeé?rgngptﬁ rmréegﬁpg\gpﬁ‘geg%rﬁme 40 the aboxr/é !Sfegcnptlon but should
end@d (i3 éh(dﬂgir)la; thE’ﬁ(lN@B &of
‘nsmagg’(( H’é’%%%%% fg%%%) 2(OAc) 2, PA(OAC)3 in KOH o 4
equivhlbid @Hvhich Kadrlaifpd (am)mw@@e)i@clowps 11Lﬁﬂ1@s‘<8a4n§tf§feﬁ?ﬁlces
incuE B BT O PR GO IR i i P el fugose.
conpri ses KAuO2, NaAuQ2, Nl\/le4Au02 Au(OAc)3 in KOH or
NMe4OH, HAu(NGB)4 in nitric acid or conbinations
thereof. 4. The nethod of any of clains 1-3, wherein
the support material conprises silica, alumna,
silica-alumna, titania, zirconia, niobia, silicates,
alum nosilicates, titanates, spinel, silicon

SFt s%nted to the
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carbide, silicon nitride, carbon, steatite, bentonite,
clays, netals, glasses, quartz, pum ce, zeolites,
wospessiie t i ¢ nol ecul ar si eves, or conbi nati ONBCT/US2004/038815
thereof. 5. The nmethod of any of clains 1-4, wherein
the support material conprises zirconia. 6. The nethod
of any of clains 1-5, wherein the support materi al
conprises silica. 7. The nethod of any of clainms 1-6,
We CH}gr ein the support material conprises silica and
alum na. 8. The nethod of any of claims 1-7, wherein
t he support material conprises a | ayered support
n%te god of odJ&rg%Er@Jt%g opf)reﬂ:rdhélﬁt sifilaBleTBr aksiBtingipelieproduction of
rt terial conprises an inner |ayer
aﬂwnﬂﬂﬂgﬂamayb@hphaygr mhereln the inner layer is

ﬁggﬁg@%}a?gq%} 0551; %%pl&% reciur§or s&ﬁ&?@d P]ﬁéj n%gal agﬁ nd goldtoa
suppoéttrrggrrtgﬁﬁ'm{etﬁﬁ? ﬁgca@ RhaGht Bealpe pReRs@heliliod id M aalluwts sc’ﬂiltlon that

ium and about 0.5 to about 10 grans of
issdﬁmﬂm%nyﬂfddfbhhndéanétalyst to the support materia

imgéir&ﬁ;nrg]g@eg%]ggitugﬁgrﬁ%gtj We gn f 4 Pe @Bg thlvu]ogﬁttleﬁt t@ﬁgégupport

Agthod of any of clains 1- 10 mhereln t he catalytic
precursor solution conprises at Ieast athir
2. cdipomtintd of tRaimTh whensinibepdad ]élﬁ’ycaé? Vg %fp%gso_f Sililtlon comprises

Pdaqﬁéﬂégﬁéh?8&@&9§éﬂghggghiﬁﬁgeg?|5¥N€ﬁ§ (ghﬁﬂgnggﬁﬁonent

Pdmﬁ%cmesﬁe |P€.(I'9RQ)2 i ROEVYr NWe, O or NaQHTPI(NEE)4(HCORe, pattedium
In, Sn, Ce, Ge, Rh, G and

cmahﬁunmmeHEQW§thﬁ@¢%of 13. The nethod of any of claim

1-12 t tePo 1@ BREI B ESre6@Bdracutibg

ﬁéietni’t%éf ?er}h%rnczaﬁ an3§ \bﬁ} gl unsin a ltyﬁ ﬁre d conponent
compﬁ‘t@esﬂ@Ah@Q Immualz,ommwmj, Au(ﬂ)A@ein/\E@lﬁI & kNMt?ctQﬁ FHAWM:)4 in nitric

about 0.5. 14. The nethod of any of clainms 1-13,
amd@m@ﬁ@HﬁUWWéh@@ﬁtactlng step conprises separately

! My itk GRS s8PpdrPmbieealosRipeikés silica, alumina,

rrar@er%?%ﬁéd (Slk%nyﬁhgﬁlﬁsulhod ofr any ¥ }f?pcl ains 1-14,

s111caf-allllirhiﬁ€ rtlt@mﬁmincsma,guebw;ailwaﬂqs,m@lnsltl@?ph(rarfﬁsatlﬁ%ﬂesﬁ eRingli fiicon

Cal‘blq?qt;g}‘?lzgrhhg]{tr?(%ﬁ?;% oty 5{"8 fiteqqen a oaﬂ?ﬁ% gaélf e&a %sagga egﬁﬁﬁe zeolites,

non- Z]eoﬂéc mBRELS! eVl %r %Qxﬂ%ﬁﬁﬁdrﬁ GheségP conpri ses
ol npregnat i ng pal | adi um and gold on to the support
5. rraltlﬁrmeahod of any of claims 1-4, wherein the support material comprises zirconia.

mate

6. The method of any of claims 1-5, wherein the support material comprises silica.

7. The method of any of claims 1-6, wherein the support material comprises silica and
alumina.

8. The method of any of claims 1-7, wherein the support material comprises a layered

support material.

9. The method of any of claims 1-8, wherein the layered support material comprises an inner

layer and an outer layer, wherein the inner layer is substantially free of palladium and gold.
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17. The nmethod of any of clains 1-16, further
conprising a calcining step in a non-reduci ng
w@riwssapiser e before the reduci ng step. 18. The PEL/NSm00H38815

any of clains 1-17, further conprising contacting an
al kali netal acetate to the support material. 19. The
nmet hod of any of clains 1-18, wherein the al kali netal
acetate is potassium acetate. 20. The nethod of any of

10. Chtk %tkﬂo'd]o%’any\?ﬁgﬁhﬂ td) %v}f%%tiﬁﬁé'cHﬂh@ﬁ'%ts@épQ:ohﬁariﬁésQ}%ﬁﬁEting
in an anount © et ween about 10 and 70 %rans per

betwekh tiggut dfto albduall § gtamsaT palfdiéument alow 0. aieyebett 1§ gipmsof gold per

) 1-20, wherein the steps.of the t ho esult i
it of rbsica i Rerb e, B EN GCTRY homPaf g o shout 12
wt %Bgsegroﬁ'tl?@\kél% SrpaBdii@lg White catalyst or

pre-catal yst, or an ail-throughout catalyst or

11. pfée cetlmidydanpof claims 1nkd wbareist the agtalyfic pregrfer splupipn comprises at
wher.ein thetsteps of the nethod result in a shel
least 4 Uird|cOWPORENL. L o cat al yst, wherein the shell results

12. | meEnRiHAE R8¢ o SRR T ITRIrtkt edmprisiySdonaktisdelltast a third
formati on or chem cal shell fornmation. 23. The_netho

compoenteythe supplotinaaserial, zhe thid épeppnanh beipg sslgatedhion &V SNe Np, T2, Ti,
[ t 0 n ' NS

2 Y s o B 3705 S P e

13. altkemsthodl fanpat @sim CORPrhiesdin¢ie canmoipotép comtpeisesdontacting the

~ with at least palladiumand gold c néacted t her eo 0 b

third gagrpangnicad apljagdiure in hedcarapyt o ke %Wt%‘aicéﬁ%?f bgfveen about
I yst is substantially free of chloride in the

Olnzgggg%@gﬁ%f washi ng. 25. The conposition of claim 24,

14.  WTRE eiethodhd asyphaimstalle mhedeircthapontaeing stcpicomprisks seppinaiely

) conpositign of either clainms 24 or. 25, wherein the
1“¥“§ﬁ%ﬁ@ﬂ?“ﬁ%?@@P%Eo@éﬁﬁ?ﬁ§§§m§FVP@§n§nd al um na. 27. The

15. COMPARIJIYT aRY %ﬁaﬁéﬁnﬁ fl-, airiiRr gcﬂ'ﬂp%ﬁing\’\fkgﬂ&li}riﬂg £#8F in a non-reducing
e

support nmaterl conprises zirconia. 28.
atmospherp aftert inpre gnhtianyf pefladifirajand befaredmpregnatian ¢f gokde

. syppor terial .conprises a.layered support rial.
6. SRR BRSSO uBLSFh
imprebRfingdhaliAfiH M B dBaksl R ReaReEal ci ned. 30. The

conposition of any of clains 24-29, wherein the, .

17. pdht agihedhadany gidladmsdvid, Batdiar comprising a calcining step in a non-reducing
atmosphere before the reducing step.
18.  The method of any of claims 1-17, further comprising contacting an alkali metal acetate
to the support material.
19.  The method of any of claims 1-18, wherein the alkali metal acetate is potassium acetate.
20.  The method of any of claims 1-19, wherein the potassium acetate is present in an amount
of between about 10 and 70 grams per liter of catalyst.
21.  The method of any of claims 1-20, wherein the steps of the method result in a shell

catalyst or pre-catalyst, an egg yolk catalyst or pre-catalyst, an egg white catalyst or pre-catalyst,

or an all-throughout catalyst or pre-catalyst.
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reduced. 31. The conposition of any of clainms 24-30,
wherein the gold has not been cal ci ned before being
WO e@aoes$19 32. The conmposition of any of cl ai mePQBUSHN4/038815

wherein the gold has not been reduced. 33. The
conposition of any of clainms 24-32, wherein the
catal yst or pre-catalyst conprises a third conponent.
34. The conposition of any of clains 24-33 wherein the

22. 1 h"hE %Wﬁp bf dginRal BC tedrein thmsﬁé{)s Off the Method@esultiin a shell

Fe, Cu, Co, Zn Sn, Ce, CGe, Rh,
catalyam pwnualuat wbwglntth%ﬁ?}@liffesugs fromr?elam%wwm grtcsRl, ahyswal shell

4 ereln the third conponent to
ﬁﬂNﬁQPPé@Fﬁ%ﬁﬁﬁaﬁl°Hﬁa 10 of between abog? 0.01 and about
23, 0.The 3fotholNST afip BPESinisi 1072, Bifhefeitythe festltait issh2h i¥Getween about 5 and
further conprising bet ween about 0. 05 g and 5.0 g of
abmﬂﬁﬁpmdm@nﬁponent per liter of catalyst. 37. The
24. aq?n?éc{sit%ﬂ fgrr cea Lyz tlr%K th& %Ic(:ig%'bdr%ﬁ)sfég ’ag{% ﬁéaﬂo%&e comprlsmg
ab@ulbpolcﬁn@tiaﬁﬁllﬁmﬂf atﬂ)ﬁllsi piﬂilla«ﬂhmn alﬂ(gohmmac&d'\’ohdrmnabdmm d@atalyst or

rans of gold per liter of catalyst, with th
pre- cagmlysjowaera@.cmgw SO DSOS BRI oE P G 06 GeBEAsRce of
“mﬂnhpe wei ght of palladium 38. The conposition of any of

ai ns 24-37, wherein the catal yst or pre-catal yst
25. cdhpbom@&nﬁanQﬂdmﬂm24nwhabmah@Mamemrﬁmaﬂdﬂnﬂma@mpdﬁtaion

any of clai 24- 38 the al kali neta

26. aéré‘F 59@p?%tl%q££§t§?fm’aé @%f & V%felprﬂ’é YRR LE T gfogprises silica
ARnLf clains 24-39, wherein the potassiumacetate is
present in an anmount of between about 10 and 70 grans
27. péhe kompositidn Qfainabflslaunszll4126 Whereuotﬂtpampprtonﬂt@ial aPIpIBIes zirconia.

Eﬁﬁ FrBeienoidry oRdr ey BT o e bR ruty iR Kfprises o

1@mﬁmqhﬁxﬁﬁhakﬁgt or pre- catalyst an egg white catalyst
or precatal yst, or an ail-throughout catalyst or

29.  pile campdsytisn ofapy offtaimsShiss MOFKSH! e palipgivet and galdrgave been
CaICI24 41, wherein the support material conprises particle
§%pport material or a ground support material. 43. A

30.  mMEhbeshedsitnaduay bclaldserylo, ahkeioas psladiommid gildibave been

reduced.

and a

31. The composition of any of claims 24-30, wherein the gold has not been calcined before

being reduced.

32.  The composition of any of claims 24-31, wherein the gold has not been reduced.

33. The composition of any of claims 24-32, wherein the catalyst or pre-catalyst comprises a
third component.

34.  The composition of any of claims 24-33 wherein the third component is selected from W,
Ni, Nb, Ta, Ti, Zr, Y, Re, Os, Fe, Cu, Co, Zn, In, Sn, Ce, Ge, Rh, Ga and combinations thereof.
35.  The composition of any of claims 24-34, wherein the third component to palladium

atomic ratio of between about 0.01 and about 0.5.
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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
weomsssiing pal | adi um and gold on a support nBEPET/US1004/038815

substantially free of chloride in the absence of

washi ng. 44. The nethod of claim43, wherein the

al kene is ethylene, the alkanoic acid is acetic acid

and the oxidizer is an oxygen containing gas. 45. The
36, MaLD ggngésitﬁ#nt J¥ehy 6f @his 243 0 urfiiy coMisaigbethenadb@l /63 g and 5.0

or pre-catalyst conprises a third conponent. 46. The
g of tiiet ¢vmehoatntaeylief ofdagdlyst 43- 45, wherein the third
37. %ﬁg ggrgg%ijtliosnds.}”%lngﬁ% c‘:alglﬂlvsv%r—l:! 0, @Qfe&%’tﬁe Eé%!ﬂyé‘% gﬁe\a(catﬁ?st comprises
betwesR Db tb Wit t D88l orpdliadhiie, HEtabost 0 toabyutdfl grhms afgold per
~ 43-45, wherein the catalyst or %re-catalyst conpri ses
liter odi c4thlystawith teomenvnt effrgdlpbdinmEparmbpy 18 to RPOW 1%6%0/th on the

. to l.adi um atom c rati o of between about 0.01 and

‘”mg%BBE$E6W§? 48. The method of any of clains 43-47,
38, WHBE @bMpsdNeorCattadl Y5Elaidis L EY, edirin/ it catalygtrdr pescaieysieemprises an

about 1 to about 10 granms of palladium and about 0.5
alkalitneetallsgette10 grans of gold per liter of catalyst, with

t amount. . of ' f : : ;
T S R e T
acetatdny of clains 43-48, wherein the support materi al

R i o TSGR e S S
qgoutﬁéan&'?@%ﬂﬁ?‘gs:}?g}i@f ofdYaik. cl ai ms 43- 50,

amou c% b%l . ; .
erein the support conprises zirconia. 52.

41. TMberempadtiaf ofany obélairisil4mts, 4dermin the whtalyeton preheatalyst comprises a

support materi al ' | . '
shell SSPHEPHEEE R CBPYPISE AR T e TP e orpre-
catalysBbRhY f-1HR5udhbr Gl ¥SirekiaBsishel | catal yst or
pre-catalyst, an edg yol k catalyst or pre-catalyst, X
42. edhewhinpesitiat eflapy of dringr24-4la iyt the syppar magterial comprises particle

suppotrthr%gtlégan%lfl% g?oautngls pS;)tortorBathriaﬁ._ catal yst.
43. A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an oxidizer to a catalyst or
pre-catalyst comprising palladium and gold on a support material substantially free of chloride in
the absence of washing.
44.  The method of claim 43, wherein the alkene is ethylene, the alkanoic acid is acetic acid
and the oxidizer is an oxygen containing gas.
45.  The method of either claims 43 or 44, wherein the catalyst or pre-catalyst comprises a
third component.
46.  The method of any of claims 43-45, wherein the third component is selected W, Ni, Nb,
Ta, Ti, Zr, Y, Re, Os, Fe, Cu, Co, Zn, In, Sn, Ce, Ge, Rh, Ga and combinations thereof.
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47.  The method of any of claims 43-45, wherein the catalyst or pre-catalyst comprises a third
component and palladium in a third component to palladium atomic ratio of between about 0.01
and about 0.5.

48.  The method of any of claims 43-47, wherein the catalyst or pre-catalyst comprises
between about 1 to about 10 grams of palladium, and about 0.5 to about 10 grams of gold per
liter of catalyst, with the amount of gold being from about 10 to about 125 wt % based on the

weight of palladium.

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

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

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

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

support material.

53.  The method of any of claims 45-52, 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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