WO 2005/ 061107 PCT/ US2004/ 039039 Zirconi a Contai ning Support Material for
Catal ysts Claimof Priority [0001] This application clainms the benefit of
U.S. Provisional Application No. 60/531,486, filed Decenber 19, 2003, which
is hereby incorporated by reference. Field of the Invention [0002] The
present i nVEREIHROIY| ates to catal ysts, nethods of naki RETUROERPEOysts, and
nmet hods of maki ng al kenyl al kanoates. More particularly, the invention
relates to nethods of rmaking vinyl acetate. Background of the Invention

[ 0003] Certain al kenyl al kanoates, such as vinyl acetate (VA), are commodity
chemcals in high demand in their nmononer form For exanple, VA is used to
make pol yvinyl acetate (PVAc), which is. used comonly for adhesives, and
accounts for a large portion of VA use. Oher uses for VA included

ot yvinyl al cohol (PaloniaCanbiNG: Sk MGRIAL fr GVl Vi V1 | acetate
et hyl ene (VAE), pol yvi nylu utyra 3 y rCatliats al cohol (EVOH),
polyvinyl formal (PVF), and vi Ny tde-vinyl acetate copolynmer. PVOH is
typically used for textiles, fi ﬁ%%lﬂggﬁieog%es, and phot osensitive coatings.

Fi | ns af@0l] r e Thisdpplidation ¢laisus|th benafitaff i b Peoméianal ARphcation DlonG/§X1aB6s t i on.
Maj or appl..cationg.f vinyl. chl oride-vinyl acetate copol ynmer include

coat i nggl,%dd%qc geﬁg’rﬁoa’d‘ﬁlgéf \53’?%3”[“8?@8‘?‘7’%%39/’ r%%ﬁl‘f‘?avi ng VA in sone
proportion. VAE, which contains nore than 50 percent VA, is primarily used
as cenent additives, paints, and adhesives. PVB is mainly used for under

| ayer in lamnated screens, coajjedbtthSiRendnsS: EVOH is used for barrier

films and engineering polynmers. PVF is used for wire enanel and magnetic
tape. [ 093] Bdbepweenymviriioniyelatss o catatysts, wethodsrof nwbingdhadatalysts, sidgni f i cant
mat eri al C for. VA.i s, lar and VA production is
1t equentiey R pERaaHE By AGRHET NG Rl . ol ekion A QaRE B e o
nmor e pemakidgivinylidetatd, ar ge scal e production nmeans that significant econom es
of scale are possible and relatively subtle changes in the process, process
conditions 1 WD 2005/061107 PCT/ U82004/ 039039 or catal yst characteristics

can have a significant econo@agké'rggﬂ&gfﬁgIﬁﬁ,ﬁﬁgﬁ)st of the production of

[0003] Certain alkenyl alkanoates, such as vinyl acetate (VA), are commodity chemicals in
high demand in their monomer form. For example, VA is used to make polyvinyl acetate

{PV Ac), which is used commonly for adhesives, and accounts for a large portion of VA use.
Other uses for VA included polyviﬁyl alcohol (PVOH), ethylene vinyl acetate (EVA), vinyl
acetate ethyle;ne (VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol (EVOH), polyvinyi
formal (PVF), and vinyl chloride-vinyl acetate copolymer. PVOH is typically used for textiles,
ﬁ]ms, adhesives, and photosensitive coatings. Films and wire and cable insulation often employ
EVA in some proportion. Major applications for vinyl chloride-vinyl acetate copolymer include
coatings, paints, and adhesives often employ VAE having VA in some proportion, VAE, which
contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.
PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for
barrier films and engineering polymers. PVF is used for wire enamel and magnetic tape.

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

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



VA. [0005] Many techniques have been reported for the production of al kenyl
al kanoates. For exanple, in making VA, a wdely used techni que includes a
catal yzed gas phase reaction of ethylene with acetic acid and oxygen, as
seen in the follow ng reaction: C2H4 + CH3000H + 0.5 02 No CH3COOCH=CH2 +

H20 Sever al actions may take place, including, h._as
formation o?v%% %’ﬁe results of this reaction are di scul)s(g'e'(].iszp%"“?%’??rs of the

space-tine yield (STY) of the reaction system where the STY is the grans
of VA produced per liter of catalyst per hour of reaction tinme (g/l*h).

[ 0006] The conposition of the starting material feed can be varied within
wde limts. Typically, the starting material feed includes 30-70%

et hyl ene, 10-30% acetic acid and 4-16% oxygen. The feed may al so incl ude
inert materials such as C02, nitrogen, nethane, ethane, propane, argon

and/ or helcatalyst chiractpridtivhcan Haes siptifican cfohRahped &R G dobtsT theSprbdigtieyen
level in,  the effluent streamexiting the reactor nust be sufficiently |ow
such thafAthe streamis outside the flanmmabili ty zone. The oxygen level. in
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stream 02 conver si on e of the eactl on he - amun any I nert
mat eri al examplbhe makirig Vit widply@eed teckingug amlq:dhsaa; mtalmdtghmhahaxa@bﬂ fcarried

out vvher of .the starting mater assed over or through fixed
bed rea é%‘ %técsﬂ“lﬁaf’fié’é‘mef‘s%ﬁa%%‘?éﬁ“ F REP hr ough the use of

reacti onCtHerrper at(}]{@@(j}[l the pange of - J125@¢ cphi l ¢ rﬁa@tr on
pressures df 1-15 ‘at nmospheres are typi cal . [(3008] V\hrlﬁe1 these Syeveats have

provi ded, de uate t he contj nues to he a_need_for

product i UBRS 1B tﬁjﬁ%flé"e”r‘i’icﬁ]‘ﬁ ’SP&]?%%“ ffo ﬁ%?’fbﬂ@ dgf?d' E?’@nergy use
during (piaeh eleideussCB taﬁﬁrcﬂafe he-tine drlérerw?) SFaheeldHon %i?&@ér@%tﬁfé R i Cs,
particularly as to .CO2 sel ectrvr and/ or ‘activity of the catalyst. Another

appr oac ST%sttke grews oV Agueduceshper btﬂj pf ¢atalyst pelnotr afgeactien tmna(&/B‘hbf starting
Vel oci £ yoplef, it Bekoiiian ofine RGBT e el on 2R Gt AR R 2t ur e and
pr essur eBypical YDAk A EUITadinRR86/708 %08 kene, 10-30% acetlc acid and 4-16%
oxygen. The feed may aiso include inert materials such as CO,, nitrogen, methane, ethane,
propane, argon and/or helium. The primary restriction on feed composition is the oxygen level in
the effluent stream exiting the reactor must be sufficiently low such that the stream is outside the
flammability zone. The oxygen level in the effluent is affected by the oxygen level in the starting
r,nater_iallzstream, 0, comr_e;sigg rate Qf the reaction and the amount of any inert material in the
efﬂuent..
[0007]  The gas phase reaction has been carried out where a feed of the starting materials is
passed over or through fixed bed reactors. Successful results have Been obtained through the use
of reaction temperatures in the range of - 125°C to 200°C, while reaction pressures of 1-15
atmospheres are typical.
[0008] While these systems have provided adequate yields, there continues to be a need for
reduced production of by-products, higher rates of VA output, and lower energy use during
production. One approach is to improve catalyst characteristics, particularly as fo CO; selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the
ratio of starting materials to each other, the O, conversion of the reaction, the space velocity (SV)

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



[0009] The formation of CO2 is one aspect which may be reduced through the
use of inproved catalysts. The CO2 selectivity is the percentage of the

et hyl ene converted that goes to CO2. Decreasing the CO2 selectivity permts
a larger ampunt of VA per unit volume and unit tine in existing plants,
even retai ni"Y2U4P1%her reaction conditions. 100101 VA BGT’Hﬁ%"O‘g?39‘é"’9
particul ar reaction systemis affected by several other factors including
the activity of the catalyst, the ratio of starting naterials to each other,
the Oz conversion of the reaction, the space velocity (SV) of the starting
material feed, and operating tenperatures and pressures. Al these factors
cooperate to determ ne the space-tine yield (STY) of the reaction system
where the STY is discussed in terns of grans of VA produced per liter of

cat al yst ho. f react. dine or Jxh. 100111 ner,al | tivity is a
signifi c[gﬁ@']f acf%erfapﬂatt?&ogr(m;ﬁi ?\n§ v @,’mﬁﬂ’eb H@F%ﬁg% gﬁserPZ‘; stil ?/ have
a si gni finfpadved campigss. TRe COS sefebvityliy MieGRicediagd dTahdétBylete dohferR@ tHay pdey tof a

cat al yst the higher the STY the catalyst Is able to produce. [00121 The 02
conver si 8@z Recieasig SereOnTelasivitrrsEmitalprssrameumt pEV Aper wat YoleseMddmist  he

cat al yst g The02n ﬁ@g{@?ﬁp%ﬁﬁirﬁggﬁ%h%ﬁgk%ﬁ%&ﬁdgﬁﬁgpendent such that the

conversion rate ¢ the reaction tenperature. However,
t he anou@l@lf CUA quiped ofepartitidar rectioresysien is afferg byistveriloehed Bactoonver si on.

Thus, the 02 cqgnversjio ate.is sel ect to give the desjre out put
bal anced&Y%na aﬁ‘l@tya?}ﬁ%%‘fat%‘llsn&ﬁz"a%‘?%ﬁ%éwgﬁe%ﬁf%?&fc’ Ty ﬂ‘egﬁhi gher

acti Vit yediRasion of 18 teabiiéh, Meahalel veloBRFE(SVY Bf the FRATAIIML & 8dd PRdlop¥etiRd While
mai ntai ni ng the same 02 conversion. = Al ternatively, a catal yst with a higher

acti vi t ytewperatuggsead prefugise rAlDthess dapiass edoperatcde detenmine e vease-tineriald &1e and

cararyt i BeinbieR Rttt pert e 3 T el B Sk R ROl RIS | 1

case of Maigsapalhyhi of redckien Giakal yithc conponents are typically a m xture of
metals that may _be distributed uniformy throughout the support material

("all thi%8tYn- ofenceallyappivityisa signidantiactpria detepuging thg STROW absoReoMat eri al

("shel | VRN | ta8#i¥if) oy caggsihi t €
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3 WO 200tk bighdrGie PLY thiS260vet 33BR3produce.

[0012]  The O2 conversion is a measure of how much oxygen reacts in the presence of the

catalyst. The O, conversion rate is temperature dependent such that the conversion rate generally
climbs with the reaction temperature. However, the amount of CO; produced also increases
albng with the O; conversion. Thus, the O, conversion rate is selected to give the desired VA '
output balanced against the amount of CO; produced. A. catalyst with a higher activity means
that the overall reaction temperature can be lowered while maintaining the same O2 conversion.
Alternatively, a catalyst with a higher activity will give a higher O, conversion rate at a given
temperature and space velocity.

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

(“egg yolk catalysts™).



[0014] Nunerous different types of support materials have been suggested for
use in VA catalyst including silica, ceriumdoped silica, alumna, titania,
zirconia and oxide m xtures. But wvery little investigation of the

di fferences between the support materials has been done. For the nost part,

only silica l.na have actually been commercialized as support

mat eri al s. F@%f@idgggg useful conbination of netals for W TW&‘F‘ 39089 5

pal | adi um and gol d. Pd/ Au catal ysts provi de adequate CO2 sel ectivity and
activity, but there continues to be a need for inproved catalysts given the
econom es of scale that are possible in the production of VA, [0016) One
process for making Pd/ Au catalysts typically includes the steps of

i npregnating the support w th aqueous sol utions of water-soluble salts of
pal | adi um and gol d; reacting the inpregnated water-soluble salts with an

appropri ghg4p! K Muniteous AR Rs 8f supSRChatBRANV IO Kb dSmeedsRaREARE RIV AL e (Of ten
called fixing) the netallic elenents as water-insol ubFe conpounds, e, g. the

hydr oxi destalysiaadiidieg silies, ¢drivevdopad pliea, alpminay titaniatzirconinpudoxide mixuwes. dbpounds

and to ot henxy s t catal.wvst of, an ent.i.al poi sons, x€..0.

chl ori de}le‘&él uecl:ﬁ‘ﬁeéﬁ%ﬁilgg\?\’/&hg?ﬁf%%g U e?%een (%%,nguaﬁp at\?ﬁ'?lﬁil% 3%3%131 F Petuct ant
such as Iyt Raeouly eilitydrinduiina Ay 8mbiichecR Sohraeidialigedan supokahdteriy al
conpound such as_potassi um or, sodi um acetate. [0017) Various nodjfications
to this WML peasfulrombingionosmefals fardeh catalysivis pakadium ppgd gald. $d/fut ent No.
5,990, 34 o Lec J: | 10: I rtaken
atter ¢ ngalis bRV RBGRAE 0 ABko Rl Acibick bl e RS B AP D s,
it suggesmpwvedamtalystlgivenitinpecohanies offspale that are poasible indlkyroduptiat abépher e af ter

i mpr egnatj wi'th both | I adi u nd gold salfs, m.ght be advantageous. In
voba/ 313 H010] ¢ iche sgsaerating o At cafins nabeloinc e e fruskt BRECHURE bef or e
its firstndieBport %ih &ﬁ%&ls&ﬁéiutiﬂﬁsyotﬂfaté?fs&hﬁlﬁ@élﬁ%fg%llla%tﬁﬂ?%ﬁiﬁ%o\kﬁ eatdme i n

oxidi zing, inert, and reducing atnospheres. ( S. Patent No.
5, 466, 652mpiegnated vealgrgekiblecalthwith smnpropointe plkalizeoiomponndie.go sadivny hydrewide,

5 oy e PaPREorBh SRR i e R ent s Sl R Rt o todils 5 ¢
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conpl exes_ of palladi um sol uble in unsubstjtuted carboxylic acids having two
to ten cakawndte catalis ofGoy poisnis poisess eissonde) seiygige the water insoluble

compounds with a typical reductant such as hydrogen, ethylene or hydrazine, and adding an
alkali metal compound such as potassium or sodium acetate. '

[0017]  Various modifications to this basic process have been suggested. For example, in
U.S. Patent No. 5,990,344, it is suggested that sintering of the palladium be undertaken after the
reduction to its free metal form. In U.S. Patent No. 6,022,823, it suggested that calcining the
support in a non-reducing atmosphere afier impregnation with both palladium and gold salis
might be advantageous. In WQ94/21374, it is suggested that after reduction and activation, but
before its first use, the catalyst may be pretreated by successive heating in oxidizing, inert, and
reducing atmospheres.

[6018] In U.S. Patent No. 5,466,652, it is suggested that salts of palladium and gold that are
hydroxyl-, halide- and barium-free and soluble in acetic acid may be useful to impregnate the
support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-
and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



[0019] In U. S. Patent No. 6,486,370, it suggested that a layered catal yst
may be used in a dehydrogenation process where the inner |ayer support
material differs fromthe outer |layer support material. Simlarly, U S

Pat ent No. 5,935, 889 suggests that a | ayered catal yst may useful as acid
catal ysts. Buab2msi06118r suggests the use of | ayered cat al sﬁ&mhﬂﬁg
production of al kenyl al kanoates. [0020] Taken together, the 1nventors have
recogni zed and addressed the need for continued inprovenents in the field
of VA catalysts to provide inproved VA production at |ower costs. Sunmmary
of the Invention [0021] The present invention addresses at |east four
different aspects relating to catalyst structure, nmethods of making those
catal ysts and net hods of using those catal ysts for making al kenyl

al kanoates'. Separately or together in conbination, the various aspects of
the i nveiolgn &S dpatent Neds,486,3 10pit eidgeded thet alliyeeidCdata®Rt Bhy B #edif a
alkanoa&f (gnd VA in partjcular, including reduction of by-products and

i npr oved SHYCRBROPHWYPragery Wi thy inner fayerspppesiiasenab differirorn dascqwter layervent i on
pertain Laue: i I - V. jonal l'y
calcineéyb ﬁgﬁHQP%bﬁﬂggg r gﬁ?ﬁ%@gﬁlg%%%h%fﬁﬁ%%gﬁﬁﬁﬂﬁ g%gﬁﬁ&géﬁg%{ pertains
to a palusafil asmcisodathlystst Buysdither suggests thensa loffayeredertalyss inabeptoduttian bfayer ed
support ﬁgte{i I Wpere one | ayer of the support material is substantially
free of §.§ﬁW@a8%nponents. A third aspect pertains to a palladi um gold

cat al yst[pazo] Preakedtopbihed, tHAin@nd KB iRoSRRH Ahd hdiBesSsHRO hbed B @hlidled A _
fourth aspect pertains to a palladiungold catalyst or pre-catalyst that is

pr oduc ednpreyiemsu it tha fipldiof Y Aceatalystsde provisde improxed ¥ Aprodistipoaidews cogbet ai | ed
Description [0022] Catalysts [0023] For present purposes, a catalyst is any
support material that contains at |east one catalytic conponent and that is
capabl e of catalyzing a reactiSummahesfaRehiveitienr cat al yst is any naterial
t hat resulis fromany of the catal yst preparation steps discussed herein. 5

w0 2005/ 883407 Pesmresspigovmen adiessespt teagt fem duiepa aspasfarqlstmedacatlyt s of the
present -4AVGH ifdhoBys dldjﬂgt{ﬂgs.etcgﬁﬁgts g‘%%ﬁ olof hﬁﬁ%?qa«%%al%s fobBatigg | oW ng

attributes:..]1) the catalyst wll adi um a d Tontalning catal yst
-alkényl alkanoates, Separately or together in combination, the various aspects of the invention

"are directed at improving the production of alkenyl alkanoates and VA in particular, including
reduction of by—prdducts and improved production efficiency. A first aspect of the present
invention iaertains to a unique palladivim/gold catalyst or pre-catalyst (optionally calcined) that
includes rhodium or another metal. A second aspect pertains to a palladium/gold catalyst or pre-

, batiiijéf that is based on a layered suppért material where one layer of the support material is

- substantially frée of catalytic components. A third aspect pertains to a palladium/gold catalyst or
pre-catalyst on a zirconia containing support material. A fourth aspect pertains to a
palladium/gold catalyst or pre-catalyst that is produced from substantially chloride free catalytic

components.

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

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



that includes at |east another catal ytic conponent, e.g, rhodiumwhere the
one or nore of the catalytic conponents have been cal ci ned; 2) the catal yst
will be carried on a | ayered support, 3) the catalyst will be carried on a
zirconia containing support material; 4) the catalyst will be produced with
chl ori de fr@g)ﬁpggapgors or any conbi nation of the foregBfRYS20\438030i ve use
of the catalyst accordingly should help inprove CO2 selectivity, activity
or both, particularly as pertaining to VA production. [0025] It should be
appreci ated that the present invention is described in the context of
certain illustrative enbodi nents, but nmay be varied in any of a nunber of
aspects depending on the needs of a particular application. By way of
exanple, without limtation, the catalysts nay have the catalytic

conpone ni for di,stributed throughaut t.he su rt material or they may
be shel R4 seiain iontit R ER e mey | bpde AR PRR [BMa | vel y
thin shehé ofthe BBwang SHBMeE: 1) IRcakIya witl®k & palt@hiniRhd Sol6 BSrMiMink Sathipy al so be
suitabl e, where the catalytic conponents reside subStantially away fromthe

center et ighyder at lepstampthal catabiiy cpmprucahies) hedismivlieraths onper mewiof tisi e. [ 0026]
Cat al yt 'c&algﬁ%@xglﬁ{%&s LARLL, éa&‘ci&%“@f tﬁ% %aééﬂ?sggﬁfﬁé‘é Séqscilnaarnﬁgef%%fél%gér? ts of

l.ys
t he presen on 1 nclude netal’s I cular C(“;’ I nation
of at | elestatalysowilEticalamiedlon apircéric edndaining hippow matenial; pthe ehtalyBitwillde | ncl udes

at least one fram & o VIIIB and at |east one fromGoup IB, It wll be
appr eci Rrodyced; : Ch%fﬁté%eﬁpfeﬁu@?fﬁﬁbﬁﬁ’ﬁm%?@u%@? TSEOHIS %‘;ﬁf"t’tﬁé uspetihe ¢ hat
ul ti mat ghiiyRreMirdigsly GRGA ¥dth ﬁnprBW@% Rk, bQivit6r G&Tx,?ﬂa%ﬁ:tggaflg% al so

includes the netal "in a variety of states, 'such as sa tion, sol-gel,
suspensipemaining &t Vaipgeducenspensi ons, free netal, alloy, or conbinations

t her eof . eferr at al yst.s.i.ncl ude | | adi um and.,gql.d_.as t.h atal ytic
corrponerwoszgf [ 03%?%8 a@?%%%f?‘?r@ﬁﬂ‘%? feﬁ?ﬁ)‘g“% 8@5’?19%&3?%%?%% cgntg’gr‘r%i nation of
cat al yt icertai0IMMeRRIvE Smbbditichts, HfMmapbé viFed Margf d naRABEI oTashesisidbpeading ioh d

catal ytic conponent, The third catalytic conponent is preferably selected

f rom Gr difgieeds afg patticplar splipationq By ey 08 stample Fithowt dimitafipm, ihecaiadystsony 061107
PCT/ US2 ' 39,: . 4..Q ] L .
Cat al yt DAve o Elsic iRkl ihiRh deiuéd itolhout QSGMAT et Gr by ity

Cu, Co, bZshelllcatalySis, witer, thé&eptal@ic cnmgponandndre fiand omsretatieelg difin shell around a

support material core. Egg white catalysts may also be suitable, where the catalytic components

reside substantially away from the center of support material. Egg yolk catalysts may also be
suitable.

‘[(']026]'-~ Catalytic Comﬁdnents '

[0027]  In general, the catalysts and pre-catalysts of the present invention include metals and
particularly include a combination of at least two metals. In particular, the combination of metals
includes at least one from Group VIIIB and at least one from Group IB. It will be appreciated
that “catalytic component” is used to signify the metal that ultimately provides catalytic
functionally to the catalyst, but also includes the metal in a variety of states, such as salt,
solution, sol-gel, suspensions, colloidal suspensions, free metal, alloy, or combinations thereof.
Preferred catalysts include paliadium and gold as the catalytic components.

[0028] One embodiment of the catalyst includes a combination of catalytic components
having palladium and gold combined with a third catalytic component. The third catalytic

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



[ 0029] . Anot her enbodi nent of the catal yst includes a conbination of

catal ytic conponents including proportions of palladium gold, and rhodi um
Optionally a third catalytic conponent (as |isted above) nay al so be
included in this enbodinent in place of Rh. In another enbodi ment, two or
nore cat al yt,j ents fromthe above |ist may be empl oyed. [0030] In one
exanpl e, piaa{v?g%ﬁ%@%ﬂgpnd gol d maybe conbined with Rh to fd’lcﬁ%l@z@é%ﬁ’f’i?st t hat
shows inproved CO2 selectively (i.e. decreased formation of C02) conpared to
Pd/ Au catalysts that |ack Rh. Also, the addition of Rh does not appear to
adversely affect the activity of the catalyst. The CO2 selectivity of the
pal | adi um gol d, rhodium catalyst nmay al so be inproved through cal cining
during the catal yst preparation and/or through the use of water-soluble
halide free precursors (both discussed bel ow), although these are not

necessafp¥fefr QRAREMRLNEHRR wRlctant third[g%@ﬁl gﬁg&n@mﬂe@?&ﬁt&&l gf (I)\fi,o third

catal ytic conponent to palladiummay be I range o abou to
about 1T Tidre R O8dreabhyCaouln, 8n, @k, Go, Glrowdicombinations thexeofenbodi ment, the

catal ys nt aj ns, bet n a 0.01 and .about .5. f e third catalytic
conpon e[h Pf"g er- Mtftgq GBVT'\’% SW{;%@? qata?jﬁb‘?#dﬁﬁoct"ﬁ’é’?mgPlgf’g‘faf"’éﬁm@%‘ﬂﬂ‘?eﬁént of the
cat al ysikcludifig pdporibas ygRNadRAUold, afdrholiam! CGitiondlyH Hir®tatillid deipafizntand about
0, .5 to about 1Q grans of ?ol d. per liter of catal ést. The amount of gold

i s pr ef(@s hged aboy)mmaysbiebeiurlydsd ihibisrembodimgnt ingplags efiRbnIn asethli ght |

of pal | agiyddim ] | nto Pd atom ¢
ralto i osa%%t megﬁggggh{ ﬁlgregﬂﬁlgﬁgg g‘ﬂ%@?%%@%%é%%@@%@dﬁ ?ygﬁt gr ound

cat al ysip830] Thelnane exanple tpialladien atkeoddinag becbnitinedbaitioRit & fhre aasttlystithiay and CO2
selectiyity, Enplo nt of hj.gher Au/Pd wei gh r atom¢ ratjos .tends to
Favor rivPY imarpird Cororiec Qe Geregast firpetiat ot gD edrmapreC oAy g yece

cat al yS&at%&ch{lﬁmls@f‘tﬁﬁ‘ad@itfoﬁtofﬁh%esflﬁ%ﬁpe&-t allerdeBagrestah & adii oif) tﬁé8 @02, but

al so has less activity than a catalyst wth a ratio of abou The
ef f ect @falysheltei GPe salecPdtysnf dire nalladiomogaidh rigndium datelyss pasytalsode dnpravedmay  al so

b h . th e of relativel i gh f h ' i on,

e o AN Pl PR ALY Rl e R it omy oS
one Whefie prét@rsoat(Botl ldiscusseRUVeNilthoagiCthe QRS @t hedbsdasy tloBsereIRORE effedier i al
followed by a reductjon . in the particle size gﬂeeg by grinding or. .7 WO
2005/ odﬂﬂ%ﬁ pcihastomis spiiaidhothind gatalylis ¢omneggnt de palladivinanbeip dicganesioft i ¢

COMPONEhG: Phdd 16 Wi oS FhotcriiiGoy UBAR 001 TE Lt 20. Rl dnE bmbSiment, the

catalyst contains between about 0.01 and about 5.0 g of the third catalytic component per liter of

catalyst, .

[0032] . Another preferred embodiment of the catalyst includes between about 1 to about 10
grams of palladium, and about 0.5 to about 10 grams of gold per liter of catalyst. The amount of
gold is preferably"ﬁ'om about 10 to about 125 wt % based on the weight of palladium.

{0033] Inone embodiment for ground catalysts, Au to Pd atomic ratios between about 0.5
and about 1.00 may be preferred for ground catalysts. The atomic ratio can be adjusted to
balance the activity and CO; selectivity. Employment of higher Au/Pd weight or atomic ratios
tends to favor more active, more selective catalysts. Stated aiternatively, a catalyst with an
atomic ratio of about 0.6 is less selective for CO,, but also has less activity than a catalyst with a
ratio of about 0.8. The effect of the high Aw/Pd atomic ratio on ground support material may
also be enhanced through the use of relatively high excess of hydroxide ion, as discussed below
with respect to the fixing step. A ground catalyst may be one where the catalytic components are

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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support material has been reduced in size. [00341 For shell catalysts, the
t hi ckness of the shell of catalytic conponents on the support materi al
ranges from about 5 mto about 500 gm More preferred ranges include from
about 5 mto about 300 m [00351 Support Materials [00361 As indicated, in
one aspect Y20} Henti on, the catal ytic conponents oPCT/HE0pHEBIGAL

i nvention generally will be carried by a support material. Suitable support
materials typically include materials that are substantially uniformin
identity or a mixture of materials. Overall, the support materials are

typically inert in the reaction being perfornmed. Support materials nmay be
conposed of any suitable substance preferably selected so that the support
materials have a relatively high surface area per unit mass or volune, such

as a po . r a,.nmolecul ar sieve ruct ur a_hopeyco st.ructure,
or othe ﬁgﬁflﬁ'ﬁa%l%gsgﬁﬁfﬁ fhegata f’coer&%?r?ﬁqt%?re? %%acgiﬁ;tﬁgl?efsuﬁﬁ?rg#tﬁﬁw aﬁ‘ﬁvﬁ%ont ain
si |'i ca, swpipturidageriabhas bedr @wed Gesizel | t ani a, zirconia, niobia, silicates,

alum nosilicates,  titanates, spinel, silicon carbide, silicon nitride,

car bon, [093#lyi eFpi shell catalysts.the thickpasypi theshell phgatalytiqromposentspruhe spPotuar t 7,

pum ce, i L.t ravsi | | and
Phe || kEARRHRs SORNRERS b6 TR, ST MO SRR M FEE 210 pe
sui t abl emteabput 30ppa. or gamma alunina. Silica and zirconia containing

support @B.erisls %ﬁg thg nost preferred. In addition, multilayer support
materi af e _ e for use in the present invention. 100371 The
support (gméser | als indicatddSintoie abpeet of Me ihvinfon, MeSAtal e cORYORNEITRR R ert]

particles having any of various regular or irregular shapes, such as
spher es inventigngeneralpywillhecpmied d 8 sapportimatrsial. SBitabls summortonaterialssipipdly. The

support . .8l V. ' ' | re.ength | dt h of
about 1 1EE sttt B BT E SHE R oYL BRGS0l e,
gavi ng axppm%emalt)eainlsafeetppicw ig%rt Bitherehdtiah being b%rgdme. Sﬁpliot‘tSnabeEr?IsQﬁatyQﬂmljar gest
I mension o ut 4 t 0 about In addition, a.ground or powder
suppor t F?Péﬁ"é?‘f"at?a“ﬁﬁ‘i}tagp Uhcs P@fﬁ&m%ﬁﬂ 5 Fat g SERROTt MAiA 1248 2 has a -
regul ar yébfiivbl, heuhAhceS R Whit Mad of vAITRE ShctPls at}ﬁiré{ﬁ%&u&ﬂ%}% méciArGiRes and

about 1000 mcron, with preferred sizes being between about. 10 and about
700 mi cstowsire, wihoheyeormb sttt crodur siitalls sthsturg  BatenerepleAdbosippa@Materier ons and
glé(.:l).y tUSgg%ﬁ ;;%13438 gigba, Iﬁﬁ&x%r?a{, st i(:a—%ﬁu%lirlla? {itagila,zz?r%ongia,vﬁ%bzlao, 031 {égtgs]; ]é{?u?ninosilicates,

titanates, spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays,

metals, glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves combinations thereof ar_1d
thé like. Any of the different érystalline form of the materials may also be suitable, e.g. alpha or
gamma alumina. Silié_a and zirconia containing support materials are the most preferred. In
;addition, multilayer support materials are also suitable for use in the present invention.

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

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes
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may be enpl oyed, as well as pol ydi sperse collections of particles sizes. For
exanple, for a fluid bed catalyst a preferred size range would include 10
to 150 mcrons. For precursors used in |ayered catalysts, a size range of
10 to 250 %%i‘ﬁgﬁl preferred. [00381 Surface areas avallable ar
suppor ti ng "CAEEPVHY conponents, as neasured by the BETPCUBPHHLNRE!® Emmett,
and Tel |l er) nethod may generally be between about 1 nR/g and about 500
n2/ g, preferably about 100 n2/g to about 200 n2/g. For exanple, for a porous
support, the pore volune of the support material may generally be about 0.1
to about 2 m /g, and preferably about 0.4 to about 1.2 nug. An average pore
size in the range, for exanple, of about 50 to about 2000 angstrons is
desirabl e, but not required. [0039] Exanples of suitable silica containing
suppor t [ 180 ACT B Y gussa
and ot hﬁ%?é%gbﬁdc&&ap&w %Bous re %ebq%? |caslé;§'v§/|1 eﬁ' gAr e%é‘?‘?‘?’ fplfagg'}lgg of
about . bed cafalysba plofeutd e range WOaldGrichide Afipd EX) mibress Fadprecuzdotsaged ia cont ai ni ng
support material s include t e from NarPrq, Zirconia Sales (Anmerica),

| nc. D&W8ﬁ§ %ﬁﬁ%%§8wkgﬁﬁﬁﬁpﬁgﬁf§6n&ﬁ@”ﬁﬁ@ﬁ E8°m  El ektron Inc (MEI).

Sui t abl ﬁl@ﬂ{)coﬂbﬁa&wwmlﬂﬁﬁ%r'sﬁﬂ)rﬁ)rtﬂ%‘b@t ngm%sigpdl@ﬂ@eas%awé& Br@e8Egas from
| ess than about to nore than 3 referred zirconia support

mat er i alBrupaige Eglljﬁeﬁta@@ Telledaretiiado may Beygrelly be hetwgen abonbbowt/g zadbabeet 0 Support
t whi ch
L 2 TR L3568 0 PRt S AR B4 1

of the sounmebfthm@bttaiate(ral fhay geletdlipbaghout J.0ite ajpino¥ ndi@gsardl presedably absutcr eat i ng
support materlf s]}r/énoth specific surface areas that fé%ﬁnot ot herw se be
readi | y04vantosh Mﬁ% BP1S size [thaTepes. dorSRapiss ofheW U iR alout 2000,

conterrplagésggmggdggﬁbg}/blﬁho{l%aﬁ}eda plural conbination of support nmaterials,
each with a different characteristic. For exanple, at |east two support

mat er i af@3Pk. g Exaiplesosfi saytahlm mhcachohfaeu@mppﬁmacnds instude EAGQ fromifiudi t

cat al yobdefie heahores RO rigbesn AR ipbtoaric by b hoRGR s B PR 2 O

cat al yspamsigeogﬁt,b@tnp@ﬁl@ggwﬁn mhe CO2 selectivity of the catal yst [ 0042]
I n one enbodi nent, plural different supports are enployed in a | ayered

conf i guf®¥fbn. Exmglmfrﬁ:gﬂarbé@/zmn@@nméwe suppoaﬁyatmal@n Apdbpsedfondi f f er ent
appr oac |4t f I at
uggul at §I§§Pro Sjgt%glg | na All:g%rﬁt hye’q?awhkﬁg% a%&éc%%* appr oacﬁl

Elektron Inc (MEI). Suitable zirconia support matenals have a wnde range of surface areas from

less than about 5 m%/ g to more than 300 m%/g. Preferred zirconia support materials have surface

" areas from aﬁopt 10 m¥ g o about 135 m¥g. Support materials may have their surfaces treated -
through a calcining step in which the virgin support material is heated. The heating reduces the
surface area of the support material (e.g. caleining). This provides a method of creating support
materials with specific surface areas that may not otherwise be readily available from suppliers.
[0041} In another embodiment, it is contemplated to employ at least a plural combination of
support materials, each with a different characteristic. For example, at least two support
materials (e.g. zirconia) with different characteristics may exhibit different activities and CO;
selectivities, thus permitting preparation of catalysts with a desired set of characteristics, i.e.
activity of a catalyst may be balanced against the CO; selectivity of the catalyst.
[0042] In one embodiment, plural different supports are employed in a layered configuration.
Layering may be achieved in any of a number of different approaches, such as a plurality of

lamella that are generally flat, undulated or a combination thereof. One particular approach is to
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WO 2005/ 061107 PCT/ US20041039039 utilize successively envel oping |ayers
relative to an initial core layer. In general, herein, |layered support
materials typically include at |east an inner |ayer and an outer |ayer at

| east partiall surroundi ng the inner |layer. The outer referably
cont ai ns sH%%?%ﬁWq%ﬂly nmore of catalytic conponents thgﬁwﬁ ‘ﬂﬁﬁ?? Iayer

I n one enbodi nent, the inner and outer |ayers are nade of different
mat eri al s; but the material s may be the sane. Wiile the inner |ayer may be
non- porous, other enbodi nments include an inner layer that is porous. [0043]
The | ayered support material preferably results in a formof a shel
catalyst. But the |I|ayered support material offers a well defined boundary
bet ween the areas of the support material that have catal ytic conmponents

and the eas t hat he, out.er. .| a be copst.ruct ed

consi st%ﬁ?‘? ?lcﬁsflﬁd&eﬂ@gqp%a 19#?3%‘[9 any %Ltcﬂ’éqweﬁaﬂtﬁiﬁ‘mﬁﬁ?elﬁﬁgym uni f orm
t hi cknegppdaf mhtbals Gpically ih@Mes at@Stirlinkdd 1erSdd@lah obRE Ryt IchstPhrtinBy @ shel | of
catal yti c conponents that is of a uniformand, known thickness. [0044]

Sever alsufrgupiinedhe tnerlayer. nBigowies dayer praferably qontpins substantiply moveef 631pli% i ncl udes
th Pat 200, 382,
T it e R

mat er i ad1ﬁereﬁt rmdumailmhﬁrthd myterialamay bt 8o sané, Whﬂd&)t‘hte aitet Blybrymgycieatonaoms,by
l'i qui ds met al s, i ,ncl udi but pot limted to alumnum titanium and

zi rconquxli“f-’lr %?ﬁﬁﬁe’étééﬁd"é?ﬂ’ém Y ihat § MYt he i nner | ayer include, but are
not | njoba] tOrhe lﬁg}ei’H?i‘sﬁﬁportsdlﬁtbﬁﬁpr@féﬂaﬁl??es@lltﬁﬁ‘a@@nn 5*;@1@11 Batal tr Q{Ithél ni obi a,

silicates, "alumnosilicates, titanates; spi-nel I con ca e, silicon

ni tri deayecedrsuppprt watedsl offets @, welk defined b)unﬁm betwr:@ethe aleas/ef, thmamad:rsmategalas ses,
quart z, eoll zeol i a £s and. conbi nat.i ons
hor cor AT REE b Sine AR s ol o ot Mt e RUEY BSer a8 o SR G045
These nhsistelysviiid ddireipdiiichigds.t Mopettith e bb@iaty difd Yhdgifofin thividkisaifyheof f or ns
such as regularl shaped partlculates irregularly shaped partlculates

pel | et soutqallaye&resvrl 1H§§ heliqatatyst thapig g.ghe I gfsatplytic iRt rof s ppkermsandped

bodi es. hﬁwﬁ fsa part iculate inner layer is preferred. The inner [|ayer,
whet her spherical or not, has an effective diameter of about 0.02 mmto

about J00481] MmYanar! taclaﬁcweahﬂeﬂmﬁwm forairatitg 1aydet] suppdromatedals ii@ldestwse 0046] The
oo MO SIS U AL LY s LM LR A e MER U porous, has 2
of the jQstifdrate@YPrefdréncd. Hﬁn@'embodlment, the materials of the inner layer are also not
substantially penctrated by l_iquids, e.g., metals including but not limited to aluminum, titanium
‘and zirconium,. Exarﬂplé"s-t;'f ofhér materials for the inner layer include, but are not limited to,
alumina, silica, silica—alpmiila, titania, zirconia, niobia, silicates, aIumiﬁosilicates, titanates,
8pinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays, metals,
glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves and combinations thereof. A
preferred inner layer is silica and XA 160, in particular.
{0045] These materials which make up the inner layer may be in a variety of forms such as
regularly shaped particulates, irregularly shaped particulates, pellets, discs, rings, stars, wagon
wheels, honeycombs or other shaped bodies. A spherical particulate inner layer is preferred. The
inner layer, whether spherical or not, has an effective diameter of about 0.02 mm fo about 10.0
mm and preferably from about 0.04 mm to about 8.0 mun.
[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 materia] of the outer layer is a metal,
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10 WO 2005/ 061107 PCTI US2004/ 039039 ceramc, or a conbination thereof, and
in one enbodinment it is selected fromalumna, silica, silica-alum na,
titania, zirconia, niobia, silicates, alum nosilicates, titanates, spinel,
silicon carhide, silicon nitride, carbon, cordierite, steatite, bentonite,
clays, metalQ25{%848hs quartz, pumice, zeolites, non- PEATUSRI0HEH%ecul ar

si eves and conbi nations thereof and preferably include alumna, silica,
silicalalum na, zeolites, non-zeolite nolecul ar sieves (NZMS), titania,
zirconia and mxtures thereof. Specific exanples include zirconia, silica
and alum na or conbinations thereof. [00471 While the outer |ayer typically
surrounds substantially the entire inner layer, this is not necessarily the
case and a selective coating on the inner |layer by the outer |ayer nay be

enpl oyed. 100481 The quter |ayer. maybe coated on to the underlying |ayer in
a sui ta?ﬂr%mﬁ’eﬂ{ﬁé’f’fn%}xﬁ“% ere%_ﬁ%‘&fii’?r?ﬁ%?‘?*’%@“??‘ﬁﬂtrl?S%?ctqdl'%o%ﬁlﬁl@lmab He& materi al
i s enpl gyaOalubRal fitdla, HrcdiiE nidbREEilibatéty AmMobilodteiC itaBAttY, S¥indTBIId ,
acconpl i shed by methods such as rolling, dipping, spraying, wash coating,

ot her wirkide, pilisomnitnids, casldmiardieste, Sentits, hertondiesclaysemetols, glasseshguarizke. One

preferred technigue invel.yes sing a fixed.or. fluidized bed.of.inner |ayer
Par 1 ol B GoQU G BERY Aot 205 e hEiBlons RueraRd prETpy in BHES

evenl y. aliiagsdilical; ¥ilicasluiia 24Rplites; doni-2a2d Melledulirticy BRINZMIPD HRALS, zitbhih
intervening, drying, to provide an outer layer that is highly uniformin

t hi cknedyl mixbiesthergofe Speqific graples inclye giscanish silichand; alaina pegaapbinalions| so

i ncl udegahye of a nunber of additives such as a surfactant, an organic or

. thereaf, V' . . .

i norgani ¢ bondi ng agent that aids in the adhesion of the outer layer to an
under | y[0847]l ay & hileshe @beridayentypivalty suironets Subskntiali the etire innkslayer,ghisismobondi ng

agent includ ut are not. limted to PVA droxypropyl cel | ul.ose, net hyl

cel | ul ogf‘éFSSéﬁa AP HO ATl g ?I“Wga/yﬁfr@ﬁ °Btg¥%yﬁé‘i‘ﬁyé’ebondi ng agent
whi ch i&ngqu@[d to the slurry may vary, such as fromabout 1 wt %to about
15 wt % of the conbination of outer layer and the bonding agent. Exanples
of i nor #8481 bdhelpigr layps may ba peatedaande thegmferbinglayes inuaduitabls sreanerg In engent
(e.g. . 1 & a:Silig J andt. , L Q i.rconia bondi ng
agen ( Btgpdibnn Eyfier i AR B 3RS Epded LERM o BR ner SHECP e

t her eof shufck mapbe sccofmphished bambthods sigh aa@ingsdipping, upaying) weh coaingpnkkrsi | i ca

el, while ex | es .of alum,na bonding a ts_include L.
g shurry coa?img) techniques, combinations thereof or th%?ﬂce. One preferred technique involves

using a fixed or fluidized bed of inner layer particles and spraying the slurry into the bed to coat
the particles evenly. The sturry may be applied repeatedly in small amounts, with intervening
drying, to 'prbvide an outer layer that is highly uniform in thickness.

[0049]1 - The shurry utilized to coat the inner layer may also include any of a number of
additives such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of
the outer layer to an underlyiﬁg layer, or combinations thereof. Examples of this organic bonding
agent include but are not limited to PVA, hydroxypropylcellulose, methyl cellulose, and
carboxymethylcellulose. The amount of organic bonding agent which is added to the slurry may
vary, such as from about 1 wi % fo about 15 wt % of the combination of outer layer and the
bonding agent. Examﬁles of inorganic bonding agents are selected from an alumina bonding
agent (e.g. Bohmite), a silica bonding agent (e.g. Ludox, Teos), zirconia bonding agent (e.g.
zirconia acetate or colloidal zirconia) or combinations thereof. Examples of silica bonding
agents include silica sol and silica gel, while examples of alumina bonding agents include

alumina sol, bentonite, Bohmite, and aluminum nitrate. The amount of inorganic bonding agent
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alum na sol, bentonite, Bohmte, and alumnumnitrate. The anount of

I nor gani ¢ bondi ng agent 11 WD 2005/ 061107 PCT/ US2004/ 039039 nmay range from
about 2 wt %to about 15 wt % of the conbination of the outer layer and the
bondi ng agent. The thickness of the outer |ayer may range from about 5

m crons to AHHEHE” ni crons and preferably between abd§I/G8300408%0hs and
about 250 m crons. [0050] Once the inner layer is coated with the outer

| ayer, the resultant |ayered support will be dried, such as by heating at a
tenperature of about 100C to about 320C (e.g, for a tine of about 1 to
about 24 hours) and then may optionally be calcined at a tenperature of
about 300C to about 900C (e.g. for a tine of about 0.5 to about 10 hours)
to enhance bonding the outer layer to it underlying |layer over a |least a

portion of its surface and provi a | ayered catal yst support. The drying
and cal & Fange Somabo %“’Bg’ tg&’?ﬁﬁ‘it ggﬁ't ?/"rﬂakyéh%‘i?él@rtagﬁrﬁo opteslaverand theayer ed

SUPPOr t poRBALAdeAl, THRYIRBKHRR fated Gifer Wybfim Vfrbifi abANBRNEBLStd B8kt 585 any

ot her support material in the production of catalysts, as described bel ow
Al t er namdsrpns ard@preferelly beiakeer aboupYbmicronstand pbput 2% mpomsact ed to catal ytic

conpone efore [t .S at.ed {o.t nderl ying | . 051] .1, anot her
orboqt mIBobe" R e e VRS Sorbie Wit 8 ol b ol layert Ohpmr bl

sur r ounde tiHed, kithtas By hedting fat 4 RiPeratuée SRABGXAVOICRTbORBROR (e Ere tindd W Materi al
for the second outer. |ayer nmaybe the sane or different than the first outer

| ayer. @butdne ebovhitheutiangd then i optienslly beisaleinesiat 4 tomneratyre ohahout 39°€he i rst
| . i 1 h
outer | aygaf, tJdbett-:f(&%*}efia Eo@ﬂﬁh&’éﬁ'% & foqﬁg{kgmtq{%ﬁelﬂﬁegg?@ﬁ% the Tat%r RGert €

same or dlflyeren than the nmethod used to ap ayer an
sui t abl ¢o it pedenlythy liyec bl e ldabtogmriitinsdiits sefecapndproesdp e tdyeted chthlystfsupmtt. out er

| ayer. ni.c or, i.notrgani c ondi nts as scri bed. may ,suitably used

in the 1%‘? g Ad GRlenipg stepg Bﬁ%ﬁrﬂgﬁ‘eﬁ%ﬂ?@ st%glg'@]res?ﬁ@g iIWF%éfiéFPPSat er |ayer

My or RYerfAPinag BElokdRtcddtial chtal ytic COMPEHRRRY St aﬁdn?‘iohﬁf ka{ogo& RetermBmAmA out er

| ayer .may or- may not contain catalytic conponents. |f. both outer -layers

cont ai’n prasaetiomaficatalysfayns dessribed bedaw. phiserastelis the entertlayes supperimeaterial & conponent s

are useqil.pg n,J. G- dalt J0is ' sssari] v the case. In one

preferr ggﬁtgcﬁﬁ;tggﬁﬂgﬁﬁ%?rﬁ%ﬁ#eﬁi?? %ﬂg %@tcg?t %@gﬁe%gg%%%&%bnt ai.n a.catalytic

oD e by o G oE e e 2o deert bod el ow. [0053] 11
l J I I ng, : | W.

enbodi mEWF imitiaheiter aer & O EFas BrErlayen tThe Fstecial for ?hei secwd fpShent , one

layer may be the same or different than the first outer layer. Suitable materials include those

discussed with reépect to the first outer layer. The method for applying the second outer layer
?‘-'Ihféi&'bé’ the same or different than the méthod used fo apply the middle layer and suitable
methods include those discuséed with respect to the first outer layer. Organic or inorganic
bonding agents as described may suitably used in the formation of the second outer layer. -
[0052]  The initial outer layer may or may not contain catalytic components. Similarly, the
second outer layer may or may not contain catalytic components. If both outer layers contain
catalytic component, then preferably different catalytic components are used in each layer,
although this is not necessarily the case. In one preferred embodiment, the initial outer layer
does not contain a catalytic component, Coniacting catalytic component to the outer layers may
be accomplished by impregnation or spray coating, as described below,

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

method of achieving this is to contact the catalytic component to the materia! of the initial outer
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met hod of achieving this is to contact the catal ytic conponent to the
material of the initial outer 12 W 2005/061107 PCT/ US2004/ 039039 | ayer
before the material is applied to the inner layer. The second outer |ayer
may be applied to the initial outer layer neat or containing catalytic
conmponent . YB&R" M her suitabl e techni ques may be used K ﬁm@ﬁﬁﬁh three
| ayered support material in which one or nore of the outer |ayers contain
catal yti c conponents. Indeed, the | ayered support material is not limted
to three layers, but may include four, five or nore | ayers, sonme or all of
whi ch may contain catal ytic conponents. [0055] . In addition, the nunber and
type of catalytic conponents that vary between the |layers of the |ayered
support material, other characteristics (e.g. porosity, particle size,

surface . ar. & ol |.al vary
Dot veon teeioss B8kl Wlliiie bidTor i, the LG BRI BBL B0 BBy 12T,
t he rretthediﬁﬁaicohtwdhgemmﬁc&@bﬁtnigh@marpm&commmerhtal cat al ytic conponents and
reducin | corrponents Pre erred me s of, the present

i nvent i gwg‘hncl ‘W%ké@qli%{qf‘ uset iQiapkieye & g?YéWEi§ul?l’r?Ftdmftﬁ@1§hpport
MRt er i Alyhich 6}1&6{}1161‘8 of 8 o2t bt bé‘malﬁ CAROREYmoR Bt A, Y @Bﬁr al,
reduci ng the catal ytic conpohents and nbdifying the reduce cat tic
conponengisrigs nﬁélnytfpp@ﬂmeemem, butlmayAnilicde fourafivesorapere dayets, samefar il n’g t he

catal yt} nts o} S ort material and washing the fixed catalytic
corrpone‘ﬁﬁlgﬁ%gg fﬂ@"‘?ﬁ%‘if’d’g %in the method of nmking the catalyst or
pre- cat piossyt - ﬁpdmmh thb QusbeREd h,?& bechtal AR Qe MpahidhtsaRit veRdetvided tllaREsS may be
ellmnated{a¥ ‘% t he vvashln and/fixing steps In addition, sonme steps

Gye

maybe r el gwpgort matariply p%ler %ﬁaé@ﬁav:ﬁ e @Pml‘-ﬂt}’e pattiglegizeapalaeasetor der of
t he, gtﬁ'é voltf¥, &¥endtileh 6f 0 %uﬂ(pfiuq Rab?Rl mby $45 Het QY e ga%e : ot he reducing step

g

precedeS the calcining’ste certaln’ extent, ntacting step wll
determ [MSﬂhat Me&toﬁstfMg mded for the forrrat ion of the catal yst.

[ 0058] ac %138}9 articul ar approach to. contacting. .is one
pur suanﬁ%gb F@‘ﬁ 8!&“"8&1‘3% ‘%‘Fhﬁg suppprd Imateria) catalytic compeneals agﬁn eqgg

white cl%aeélﬂgsam eata@ﬁ@c&ﬁ;oaéﬁ@tw@enfe@ﬁﬁpyds &f'}h@éﬂesehhﬁm%iﬂiﬁﬁ&ﬁclﬁét alyst or

pre-catal yst fof ned a shel st or pre-catalyst is formed, or a
conbi natmmmmtbgﬂatalyhc components into the support matenal calcining the catalytic

component containing support material, reducing the catalytic components and modifying the
reduced catalytic components on the support material. Additional steps such as fixing the
catalytlc components on the support matenal and washing the fixed catalytic components may
also be mcluded in the method of makmg the catalyst or pre-catalyst. Some of the steps listed
above are optional and others may be eliminated (e.g. the washing and/fixing steps). In addition,
some steps may be repeated (e.g. multiple impregnation or fix steps) and the order of the steps
may be different from that listed above (e.g. the reducing step precedes the calcining step). To a
certain extent, the contacting step will determine what later steps are needed for the formation of
the catalyst.

[0058] Contacting Step

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

one embodiment, techniques that form shell catalysts are preferred.
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one enbodi nent, techniques that formshell catalysts are preferred. 13 WO
2005/ 061107 PCT/ US2004/ 039039 [0060] The contacting step naybe carried out
usi ng any of the support materials described above, with silica, zirconia
and | ayered support materials containing zirconia being the nost favored.

The cont act s preferably carried out at anbien £ and
pressure ‘EﬁgW§b§ﬁ%’ however, reduced or el evated tenpé?%ﬁgﬁﬁ%ﬂ%ﬁgpressures
may be enpl oyed. [0061] In one preferred contacting step, a support nateri al
is inpregnated with one or nore aqueous solutions of the catalytic
conponents (referred to as precursor solutions). The physical state of the
support material during the contacting step may be a dry solid, a slurry, a
sol-gel, a colloidal suspension or the like. [0062] In one enbodi nent, the
catal ytic conponents contained in the precursor solution are water soluble

sal ts nz‘ﬁﬁi Pf e %ﬁgétsteﬁ a&rﬁg UGS Sut uklﬂ% Lugdéfrlﬂe d&.lgéorf' glatelrlhlg]dé ggbeldo

chlorid ot her rates, nitri des, oxal at es,
acet at eabé@w)th sific] zammre:md litgrekekd su;lspmhl mhieﬂalsr@&taiiﬁ:hg #rcbgia I’hgmg ﬂﬁfrﬁ.‘fst ed and
chlorid alts or e ferred. Exappl es of aIIadlumsaIts

sui t abl JB8 coraching step Luprelegplye iowﬁe iR oratuRaabaTessire

Pd( NH3 H3) 4( OAc) 2
AN %E’%&L%Z%“%* S A z‘f’e{d?"“"%‘aaﬁ?‘ﬁ‘ﬁ TSPy RSBPITR \s) o( Hoc) 2

and pal I[é@6lhm dstamamrefen@l corttastiog step, |ad@pou@nﬁta1amsnglpmh¢taﬁwwmnm@msor s,

Na2PdCI4| O the [ fr al | ecur.sQr salts
the 1ol PEWRERuGRS & B bffliipiadfubttbnttingt Riafirebliom s

Pd( NH3) zfauca)ﬂa: supjstriNbR):A41 Qg ﬂﬁmﬁmitmg 51915 mgsa béla&f:}‘doﬁd Sibldrabh eolfger, gUse in
precursor_solution, include AuC 3, HAuC4, NaAuCl4, KAuQ2, NaAuO02, Nve4AuC2,

Au( OAc) Foligid qk@l‘ﬂ’ﬁ‘ﬁwt NWE40H as wel | as HAU(NO3)4 in nitric acid, with
KAu02 b
A 3 ‘g% g& um s Gt iy a%{'lg{ for mpGitn® e BﬁﬁhQ?}es ‘51'%8}&{1‘?19 Brg

Exanpl e S sul use I n precurso utrons 1 nclude
RhC13, W@éﬂi}lﬂg salisandda O3 c2talySe mrhlmmema likcdudidg vt @otlioie tdechtoridtseed t hird

tal yt t b t 0063 th th
one. sal ©UieE GBS HUBLES T ecg o RS R AP e e (G St
pal | adi ipglideitkds same dﬁa’emmﬂ cBlokiBe ﬁeé},(aitéjbe?ﬁ’é ﬁno&rpréf@@edilﬁ;a‘aﬁxm%f pal I adi um

salts may. be conbi ned together in a single precursor solution. Precursor
sol ut i opeliadjysn sadts Bgatqb@giob@semg@cursor solutions include PdCl,, NayPdCly, PA(NH;3)>(NO;),,

Pd(NH;3)4(OH)z, PA(NH;3)4(NO3),, PAINOs)z, PA(NH3)4(OAc),, PA(NH3)2(0AC)z, PA(OAc), in
KOH and/or NMe;OH and/or NaOH, Pd(NH;)4(HCO3), and palladium oxalate. Of the chloride-
contaim'ng palladium precursors, Na,PdCl, is most preferred. Of the chloride free pailadium
precursor salts, the following four are the most preferred: Pd(NH3)4(N 03)2, PA(NOs)s,
Pd(NH;)2(NO)2, PA(NH3)4(CH),. Examples of gold salts smtable for use in precursor solution
include AuCl;, HAuCly, NaAuCly, KAuQs, NaAuO,, NMesAuO;, Au(OAc); in KOH and/or
NMe,OH as well as HAu(NQO;), in nitric acid, with KAuO, being the most preferred of the

chloride free gold precursors. Examples of rhodium salts suitable for use in precursor solutions
include RhCl;3, Ri(OAc)s, and Rh(NO3),. Similar salts of the above described third catalytic
components may also be selected.

[0063]  Furthermore, more than one salt may be used in a given precursor solution. For
example, a palladium salt may be combined with a gold salt or two different palladium salts may
be combined together in a single precursor solution. Precursor solutions typically may be made
by dissolving the selected salt or salts in water, with or without solubility modifiers such as acids,

bases or other solvents, Other non-aqueous solvents may also be suitable.
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by dissolving the selected salt or salts in water, with or w thout
solubility nodifiers such as acids, bases or other solvents. Qher

non- aqueous sol vents may al so be suitable. 14 WO 2005/ 061107

PCT/ t JS2004| 03 9 0064] The precursor solutions may be inpregnated onto
t he support{‘%a%%gsﬁqﬁmo[’si mul t aneously (e.g. co-inpregnat i SAyUBMEEHsential |y
and nmay be inpregnated through the use of one or multiple precursor
solutions. Wth three or nore catal ytic conponents, a conbination of

si mul t aneous and sequenti al. i npregnati on may be used. For exanpl e,

pal | adi um and rhodi um may be inpregnated through the use of a single
precursor solution (referred to as a co-inpregnation), followed by

i npregnation with a precursor solution of the gold. In addition, a catalytic

Chat a. ROGEY B reHBOTcHiops ey B FpHBAe PRlo i unperb maieHEl P ey
exanpl e (e@rt%.-iﬁhbtégﬁﬂlﬁ%) B RERGBhIEN rh) Ve elBregh AN RSB ﬂ'@glsé/\bit]dﬁe iﬁmul{t%lel owed

by inpregnating with An, followed by i npregnating again wtr 065] The
order ofpréavgsersplutions. nlith teres ogrpone catalytieednagioneits, la combinatiercoff sowltasedust i ons i s

not critical: h.t here, maybe.sone va es ertain orders, as
di scussea%fa%%‘ugr\l/vt,ﬁi lf/'iﬁﬂjt? a?%%%g%‘?e 't‘%g't ﬁ‘g eéﬁ?@?’rﬂaﬁéf’?‘gwﬂ‘a %ﬁ%’?@b ‘i/ t he

pal | adi umipfeghatdthiongl hEReNENY sihgle prRPIreH B6llitish (dTkeed thlaa Sél-ﬂﬁﬂégﬁ.ﬂ&_i)?r i al
first, with gold bei nag_ i npregnated after palladium or |last. Rhodium or

ot her  tIANvFddyimptpenation Siharprursonpdvtionod the gold, Inadditien. agafalviel with t he
pal | adi | | p. ks y be

I mpregn ;&{EIGn 3 %n%l P??%%eﬂ%%%lg{e\c}vio? %0 %‘%E&é %ﬁ%ﬁ%lz{? équg}&?%ééﬁc%’oan%% ﬁl{eﬁﬁ%, .ﬁ‘gﬂlt—lgllrl ojgianpl e,
a porti che cialytiveompeneat 1s cguthcted each dimee doi axanple, aratsaltatie protocolreay inclsde
contacted, followe y.contacting of .a secon ortjoon of the gold. .One nore
Cher suBpEETpE i FOReS by bt SEERY PliSiH Birporermie et od to
the suppgit material, e.g. calcining, reducing, and/or fixing. [0066] The

aci d- base %E‘ofi,l.e_ of the precursor solutions may influence whether a co-
i npr egndf9edh orThe osdsy ebimpireguatingthe guppoit oratarial \mtg thie pragursmhapdutionmisyopr ecur sor

Ut Fons. it hs. -Sirlar. aci d- hase file shoukd be.used dodel har |
oo o db o SR b AR aPEL ) G-l B BRI W " (0w
t he preaudpsarito filcattinigStep] POFaRbIFOhe pAIRdiumvaRGMiR coMPordneis impfégnatel onte  Of

precursor solution is_selected so that it . )
the support material first, with gold being impregnated after palladium, or last. Rhodium or other

third catalytic component, when used, may be impregnated with the palladium, with the gold or
by itself. Also, the support material may be impregnated multiple times with the same catalytic

: c(im;')oﬁéf_l-t. For ex'aminle,‘ a portionl of the overall gold contained in the catalyst may be ﬁfsf
contacted, followed by confacting of a second portion of the gold. One more other steps may

. intervene between the steps in which gold is contacted to the support material, ¢.g. calcining,

reducing, and/or fixing. |
[0066]  The acid-base profile of the precursor solutions may influence whether a co-
impregnation or a sequential impregnation is ntilized. Thus, only precursor solutions with
similar acid-base profile should be used together in a co-impregnating step; this eliminates any
acid-base reactioné that may foul the precursor solutions.
[0067] For the impregnating step, the volume of precursor solution is selected so that it
corresponds to between about 85% and about 110% of the pore volume of the support material.
Volumes between about 95% and about 100% of the pore volume of the support material are

preferred, and more preferably between about 98% and about 99% of the pore volume.
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corresponds to between about 85% and about 110% of the pore volune of the
support material. Vol unes between about 95% and about 100% of the pore
vol une of the support material are preferred, and nore preferably between
about 98% and about 99% of the pore volune. 15 WO 2005/061107
PCT/ US2004/ $838/39%13PDo68] Typi cal Iy, the precursor sol utiIPPEMHIFY to the
support material and the support material is allowed absorb the precursor
solution. This may be done drop wi se until incipient wetness of the support
material is substantially achieved. Alternatively, the support material may
be placed by aliquots or batch wise into the precursor solution. A
roto-inmersion or other assistive apparatus nay be used to achi eve thorough
contact between the support material and the precursor solution. Further, a
spray d v%ﬁﬁ pe used such that the precursor solution is sprayed

zzl

t hr ough [% 1§D thepeecusphigittionds #dpdio thefepert matesBasd ReFupegst | onal |y,
decant i BiguerialBatioRda dbSEiY BRArBNEDS B dﬁayl‘hi%‘amdg%%ﬁé’dﬁﬁ TRl BIAES S | Tquid
not absorbed by the support” materi a or to dry the support material after

i mpr egnaeingss. of ix0BpPorFpatetidlds swmtﬁﬂataﬂngreét Aﬁpmathelyv tﬂetsuppomtfm:ptcm uRygor

solutio sgl ect e orres o et ween about 85% and about
110% of %FH%“‘?:SF‘W‘& E?Fg"ai)‘?”’t”ﬁem%"tfﬁ%t%‘iﬁt‘” figg A TQURTIHMESINS QL about 95%
and aboysistio® ﬁ{oﬁﬂfatﬂsh@ayméruﬁed/t@ labliiBveQhorblieh c%ﬁﬁ@t(l:feiween 'ﬂféts@.?%&‘: m@tefal ahd Ber r ed,
and nore preferably between about 98% and about 99% of ore vol une.

[0070] P;Pﬁtn@a‘l sojutiop. hBurfhes @ Fprey degen mey ansed srvzb&@athte@rﬁtcneog Ris mat er i al
and e s aRAhdousPhdblcdhd e @ghQMt@le%@re?% bt B ablahfy, Thi s may
p Ws

be done unt11” 1 nci 8ssS 0 Re sup or ter aris

subst anthiatlok yedanddrpmsmﬂe nﬂybeusedttm seerloye afiyexcesy mmrltnomhtsabéchby e yupport pl aced
by aquuotngf a’&p‘E W se into, e recursor solution. A roto-inmersion or
ot her 2y SFURPOrS MiBERHa °g3M%thi eve thorough contact between

the suppgugh] MBI il ﬁfegnatlhg step) rte&wmé oSRbdtdoPEolutfonit tt@éaedaso fy device

may be used such that t recursor solution is sprayed through a nozzle
ont 0 t heowesppruistio beiwean; shbyt &Weard aboutalﬂ@%mliw.poaa\tqlmcbﬁ the supporhntaferigl.  heat

Che suppatERe RO bt o3F abGiot RovE G B b BER o CrARL GRS on.

[0071] @tdf@fedp@ﬁtmt Eﬁﬁzrilﬂﬁbﬂwmoﬂm&%)ﬁld%&ﬁ 9b%;, G sbrévélieeng step while
still achievin el |l catal For exa catal yti c conponents may be
cont act 49070b a pyaf ihe,pmc@rspmolqtm@@ﬁed to the support matenal and the support

material is allowed absorb the precursor solution. This may be done drop wise until incipient

-

wetness of the support material is substantially achieved. Alternatively, the support material may
be placed by ahquots or batch wise into the precursor solufion. A roto-immersion or other N
asstetnre apparatus me_ty be used to achieve thorough contact between the support material and the
precursor solution. Further, a spray device may be used such that the précursor solution is
éprayed through a nozzle onto the support material, where it absorbed. Optionally, decanting,
heat or reduced pressure may be used to remove any excess liquid not absorbed by the support
material or to dry the support material after impregnation.
[0071] Other contacting techniques may be used to avoid a fixing step while still achieving a
shell catalyst. For example, catalytic components may be contacted to a support material through
a chemical vapor deposition process, such as described in US2001/0048970, which is
incorporated by reference. Also, spray coating or otherwise layering a uniformly pre-
impregnated support material, as an outer layer, on to an inner layer effectively forms shell

catalyst that may also be described as a layered support material. In another technique,
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a chem cal vapor deposition process, such as described in US2001/ 0048970,
which is incorporated by reference. Al so, spray coating or otherw se
| ayering a uniforn1y pre- inpregnated support material, as an outer |ayer,
on to an inner er effectively fornms shell catalyst that may al so be
descri bed a®¥®? “I"%{gjlﬁéy@d support material. In another techR{Els2004E903D
2005/ 061107 PCTI US2004/ 039039 organonetal lic precursors of catalytic
conponents, particularly with respect to gold, naybe used to form shel
catal ysts, as described in U S. Patent No. 5,700,753, which is incorporated
by reference. [0072] A physical shell formation technique nmay al so be
suitable for. the production of shell catalysts. Here, the precursor
sol ution may be sprayed onto a heated support material or a |ayered support
material, where {he solve %g L¢the precursor sol ution evaporates upon

BB

cont act OWRRIOFREANS EcHIo ip COPARQIERLE Partionlasly Math sePest iy gelhanayhearssd i c
conpone nﬂo%‘oﬁﬁ‘slﬁll%ﬂlﬁig‘sts O} dEJéﬁbe(%HQPS) rﬁatéﬁ?]r\]lﬁ 4 ?dr? 755 whigh %%%’o%&ﬁ atures

bet ween about 40 an e used. T hess he may be
controll@@ﬂﬁyaselectlng t he tenperature of t he support material and the

flow rat th U 027 or, exa

t enper at @P?é] ymcéag E?]S'E’f’%ogéec fl‘;}& qﬁuﬁetg?]gr fhejngo P?fb?f%qlﬂl s
enbodi megikalysey Hbee Iﬂﬁﬁrb&woaﬁdlﬁldﬁﬁﬂéytﬂe sm on@m Héa&é&%u{:ﬁ&ﬁn%ﬁﬂ%ﬁor S are
utilized to help enhance the shel| formation on the support material .

[ 0073] d%er%%mp@amwnﬁlh@haﬁﬁhwlvsnma@mmr sohgiongvanemdies ipon oentast t he
contacti L cted

suppor t e e faiedTibpomafte AL BlobhE LA Slns ety Bt Bt T anst orm
at | eastsmpcpxbmaieuml Frefelablyctampéryiies beivmwpoitent 40 aid MO mapbe aeieThsuppor t

mat eri al om a_.water-sol ubl e f ter-insolupble form Suchastep
may be ﬁhg‘;c@?sf 8&89?511%13"’%?’ bey %?Pﬁﬁg}%ég]éﬁéi%mm@imp%w Gl"er“’I“PE‘Hb‘Ha algpd| ying a
fixing amemw(raeafmequ&rﬁam@hmasﬁrayheéﬂéi Fé%ﬁé with% fg@r E&et he

i mpregnat ed.- support mat €ri al whi ch” causes at | 'east’ a portion o?

cat al yt i @ogbHR9k lsmw@y priedieiis farmed. Thisenitiodiment i pe p:a'tlpdarbmséfut whm shel |

| h bl
oy St 8 pRGsh S B e Ry B RS o 6 BtpiBloh on R P st} ©
si | i cat efp73j0r aogs smn@rmmlllamderﬁbﬁ@mmmauan 146 BstEactiaf HepaAsy bei ng

preferred. The
be an appropriate method of forming a contacted support material.

[0074]  Fixing Step
[0075] It - may be desirable to transform at least a portion of the catalytic components on the

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

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

hours. The specific time depends upon the combination of the precursor solution and the fixing
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preferred fixing agent is NaOH Fixing may be acconplished by addi ng the
fixing agent to the support naterial before, during or after the precursor
solutions are inpregnated on the support material. Typically, the fixing
agent is us nt to the contacting step such that the contacted
support mat g&l gﬁ%ﬁgﬂgfl owed to soak in the fixing agent SEITHZHH/0FWE about 1
to about 24 hours. The specific tine depends upon the conbination of the
precursor solution and the fixing 17 WO 2005/ 061107 PCTI US2004/ 039039

agent. Like the inpregnating step, an assistive device, such as a roto

| rer si on apparatus as described in U S. Patent No. 5,332,710, which is

i ncorporated herein by reference, may advantageously be used in the fixing
step. [0077] The fixing step may be acconpllshed in one or multiple steps,
referred as arate co-fix, one or nore vol umes of

T e Tk She iikntioe SERHh Bzt fivice BBR PLA (RSO CPREE sl a1 o1

al | the agkedeanh UK. PahIN6. 5332 0 O R iR 0B Efle daRIR e@k-#&et]ﬁ@ suppor t
material, whether the contact was acconpli shed t hr oug e use of one or

mul ti pl eadysniageonslpbe geadin therfixingsap. exanpl e, fixing af ter sequenti al

| npr egna I £ sol utian oI rec sol ution
and a rhi)dgq?l'm ptrrg%ﬁ’rﬂgl E ag'tbf’gﬁco\;ﬁ\%gfhgg o5 l@fg}e e %%fig % ﬁﬁ& U ter a
co-i npr egapafatecﬁx vmwraoaixpa;hd ardhoreboltney aﬂnﬂm;:,cagemblu&elh istap?mdfte ktHeowed by

| mpregnat i on e\gls gol d precyrsor _solution. An exanple of co-fixing nmay be

f ound i nC¥ptast atREal agerpflth %@@V"lﬁﬁfe@ﬁ“?@"l‘w&ﬁlﬁdﬁ HF@CPOBVGtP‘EFOéP“ence
.[0078] ﬁtxﬁ@ﬂﬁfa&ﬁﬁl WidtheCBe F&ﬁac@wécc%mhemwugh u{ws HeorR biide @ f1xing

agent so | on uring or ter each pregnat i a precursor solution.
For ex arrpteeuxsctrlseluﬁmtsl dor ﬁ!gimgiﬁ fixmgafier smlwhtiallmpragmkqoamaﬂla palladivra)

i t f | | b t th
gord To PRty RRR ARl BpSHR sion s g ruacRim SR Crorsaiokah AR B4 S oc um
f ol | owed abyorlil Kking afied 4 w&ﬂ: égﬁ dﬁlﬁlﬂﬂf‘ﬁélhﬂiﬁnﬂ’ﬁl&dluﬁ%&ufs@f doiRd fillowed By ng.

Bet ween a fi x and-. subsequent ml)re gnhat i on, ¥ excess liquid may be renoved
and the ynmrswtmwﬂbmgaldm@quear 50 tmozlhéa}gnmwlpg ¢osfixipg mﬂébéﬁglaﬂm St he case.
An exanp f U S. Patent No. 6, 034, 030,

whi ch |sb|§tﬁ@(¥ po’?ggggﬁtﬁlﬂl&rﬂe ere rapeﬁbggé}gzjé ‘%eﬂ anot her enbodi nent, the fixing
st ep andjo078j com@piraﬂegixsbmmeaﬂermaﬁuaﬂeﬁmhﬂe mﬁlﬁa@eﬁumgygemmumﬁpl e of

which is descri I.n Patent No. 4,048,096, which i
ur?ng or ager each 1mpregnatlon wﬂh a precursor solution. 6For example, tﬁe following

protocols would be a separate fix: a) impregnating palladium followed by fixing followed by
mpregnatmg with gold followed by fixing; or b) co-impregnating with palladium and rhodium
'followed by ﬁxmg followed by 1mpregnatmg with gold followed by fixing. Between a fix and
,subsequent impregnation, any excess liquid may be removed and the support material dried,
although this is not necessarily the case. An example of separate fixing may be found in U.S.
Patent No. 6,03 4,630, which is incorporated by reference. '

[0079]  In another embodiment, the fixing step and the contacting step are conducted
simultaneously, one example of which is described in U.S. Patent No. 4,048,096, which is
incorporated by reference. For example, a simultaneous fix might be: impregnating with
palladium followed by fixing followed by impregnating with gold and fixing agent, Ina
variation on this embodiment, the fix may be conducted twice for a catalytic component. A
catalytic component may be partially fixed when it is contacted to the support material (called a
“pre- fix™”), followed an additional, final fix. For example: impregnating with palladium

followed by impregnating with gold and a pre-fixing agent followed by fixing with a final fixing
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I ncorporated by reference. For exanple, a sinultaneous fix m ght be:

I npregnating with palladiumfollowed by fixing foll owed by inpregnating
with gold and fixing agent. In a variation on this enbodinent, the fix may
be conducte ' a catalytic conponent. A catalytic conponent may be
partially f%(%gﬂo\%ﬁﬁelfﬁ&irt is contacted to the support matePFHUSIEHIPEY 4

"pre- fix"), followed an additional, final fix. For exanple: inpregnating
with palladium followed by inpregnating with gold and a pre-fixing agent
followed by fixing with a final fixing 18 WO 2005/061107 PCT/ US2004/ 039039
agent. This technique nmay be used to help insure the formation of shell type
catal yst as opposed to an all throughout catalyst. [0080] In another

enbodi ment, particularly suitable for use with chloride free precursors, the

support materdal. I,S. pre-treat ith a fixing agent, to adjust the properties
of the stifb r'lltmsﬁﬁct}’gﬁggfn.ay er Hset%&?glelg WBWi%@at{oﬂQ?éwﬁWﬁéa@%%i Pgsieg first

| npr egnatoed aWiirbugbhthQtal@n acid or base solution, typically free of netals.
After dryi t he support material is inpre%nated with a precursor solution

that has dﬂg@ oppiospther %@Qﬂﬁmwaaﬂﬁmaﬂ}/ﬁ?ﬁah@ ertise withellosidp o preevasosy thel ] The
sUppor s L2pott iR if GRS iR dMfk A it 8 AOPRG ST HPRANER s, "°

support ethisemabdditbuat this supportmaterial tfirggmpdegthiod wikh eitheasi aidsrdasy Shition,

sol ution_suc s Pd( 2. 0r Ay 3. This formation techpjque may be

consi der%fcgg' %&eioﬁ_ﬁ‘egfg' f’?ﬁ‘?‘ﬁ@“’éﬂ;‘% SPERWG’%F_‘%‘P&SH%‘%W‘E&P@%W [0081] The
concent r iR tik hdsi thé SghoditeAidityTalilaliRinp Rl &R slyShotdiRitE1! Yhed¥Rhabci§xcess of

the ampunt of catalytic conponents i'npregnated on the support naterial. The
anmount obase rer¢tieg formpersheld nbedtalytiscconponaatsrondhroswppart atediala ot exagple, nittief er abl y

about 1.]. 0 . |.nes._the ssar o react wih the
catal yti %cé(? ﬁﬁec#fg(\l/?ab 1%5’[ |e%tnassué %rtslgaﬁ.ggﬁﬂn%alt ﬁlgtﬁﬁvxjég ggﬁ'rg@aaeﬁllw ﬁlsaali’at'ﬂ.c P ne
enbodi mesdlutieistgh 43 PA{QET), AvARCDME); 0 Thie fermatie @tiniquatmay, beabndidiesdea usidg ao! ar
excess of ., hydroxide jion enhances the CO2 selectivity and activiity of the
resul t anfixiggsigy Plpwed BB oqntachiag §'sP-une of fi xi ng agent sol ution suppl | ed

gener al | yyo8H0U $hdena S b 30 idghlerfiee
surfaces Wg? i_]t h eﬂ?@n%?l g%%?%%%%@b%hﬁha?{gﬁfgﬁo Tﬁ@“ﬁ%@ %61261 ﬁjaéé(g%%rgf'lili hed by

| nt r oducamgint ixatabytis wpinponcatsimprageatedat the supgor atatarial. Hebe atvenixdifieingol une of
the Conztigaeﬁtt s?nguﬁ BE ga(vteennz&)to%{ {8 ltd about 2.0, preferably about 1.1 to _gbout 1.8 times the

amount necessary to react with the catalytically active cations present in the water-soluble salt.

In one embodiment using a high Au/Pd atomic or weight ratio, an increased molar excess of

- hydroxide ion enhances the CO; selectivity and activity of the resultant catalyst. | '
[0082])  The volume of fixing afgent solution supplied generally should be an amount ‘
sufficient to cover the available free surfaces of the impregnated support material This may be
accomplished by introducing, for example, a volume that is greater than the pore volume of the
contacted support material.
[0083]  The combination of impregnating and fixing steps can form a shell type catalyst. But,
the use of halide free precursor solutions also permits the formation of a shell catalyst while
optionally eliminating the fixing step. In the absence of a chloride precursor, a washing step, as
discussed below, may be obviated. Further, the process can be free of a step of fixing catalytic
components that would otherwise be needed to survive the washing step. Because no washing
step is needed, the catalytic components need not be fixed to survive the washing step.

Subsequent steps in the method making the catalyst do not require the catalytic components be
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[ 0083] The conbination of inpregnating and fixing steps can form a shel

type catalyst. But, the use of halide free precursor solutions also permts
the formation of a shell catalyst while optionally elimnating the fixing
step. In th of a chloride precursor, a washing ste as discussed
bel ow, may §g9§§$ﬂgﬁgd. Further, the process can be freePEFUR208488038¢ £ xing
catalytic conponents that woul d otherwi se be needed to survive the washing
step. Because no washing step is needed, the catal ytic conponents need not
be fixed to survive the washing step. Subsequent steps in the nmethod meking
the catal yst do not require the catal ytic conponents be 19 WO 2005/ 061107
PCT/ US2004/ 039039 fixed and thus the remai nder of the step naybe carried
out without additional preparatory steps. Overall, the use of chloride free

recurso ' ; uct...on,met hod hat is
Pree of ERediEl B oAl G Inclen B ARE AL AL wRRS Sl SR BRARGARR
produce Ohealtdbealsy of chlaniik mdei#némmsmigggm?ﬁg dr?ydbzftﬂ??@rdﬂ&;}ﬁdﬁl;ﬁﬂ?qag
cont ai ni mast e 0084] Washjn t rticularly, en hali de
cont ai ni ﬁ‘gt %%éﬁ?ﬁas‘%‘?p ‘g-d% aﬁ@?’%&‘é‘“&f"&"fﬂ%itﬁgq 'E’@g’e‘é‘i’lfgtqpﬁ n%*ﬂ?@i"ypfaﬁ‘ﬁ thegpteligls as
desi r ed, araf diinding tHoinebd'® FépBRs oftchiRrille XREiSHPRGRE, Material may be washed to

renove ang hal i de residue on the support or otherwise treated to elimnate
the pot e0BHl n¥fpehingStepffect of a contaninant on the support material. The

washi ng in rinsing. the fixed support .. materj.al .in water; "’
pref er abﬁ))tl}g@ei ogwg‘gg\%t‘v@ﬂl H%\ﬁ‘g ﬁ?lﬁt ""r‘%ﬁymﬁ%@%&ﬁ’t&mf’?ﬁ &e B{éﬁ@ﬁ apd MOt i nuous
node. \\aggpliogions aydesifed;, ef@elicitingsted) diel fike€ QPP UteiAl inky b&'Radbd toueRbverash
water has a halide ion confent of | ess thanabout 1000 Ppm and nore

1

pr ef er abfy haligs Tesigipgorr the suppext oF allewisgitreated o eliminate themioteatizlasgative effeckoki | ver
Bl ! _ g : _ . |
nitrate r@cgt&dmﬁﬁlﬁ o B %%n@igg4ﬁﬁﬂggte?%%g ?1%%1’% e fixed %@pé}é aneously

with the uci ng step, discussed ! I's carr out

bef ore. eterialiis watss pueferblly deionized water. Washiiginay berdere juraimtchawn cemtimbisons
permts the elinination of th shj,ng ,.step. ] 0086]- .Cal ci ni hg Step, [ 0087]
A tor o TRl e R bl Grapetafishonidaentie Shisshe Sty cRsivalst B3 helibor

mat er i al jon@oni6mlof Iehd thein ﬂso@mmxpfphs aﬁ%bﬁ%ﬁéﬁﬁﬁﬁnﬁ&h@ﬁﬁm BfuRAiRves ¥pi-cal Iy is
before theé. reducing step and after the fixing step (if such astepis used)
but may BegRévesEalido asilverniirate teyt. Thewpshingstep maype carried out after or :

simultaneously with the reducing step, discussed below, but preferably is carried out before. As

discussed above, the use of halide free precursor solutions permits the elimination of the washing
step. |

[0086] ° Calcining Step

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

[0088]  For example, the calcining step is carried ouf 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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anot her enbodi nent, the calcining step is carried out after the reducing
step. The calcining step includes heating the support material in a
non-reduci ng at nosphere (i.e. oxidizing or inert). During calcination, the
catalytic c n the support material are at |east partial

deconposed 3%@%@5ﬁ§??Psa|ts to a mxture of their oxide SFYUPIREIMFPal form
[ 0088] For exanple, the calcining step is carried out at a tenperature in

t he range of about 100C to about 700C, preferably between about 200C and
about 500C. Non-reduci ng gases wused for the calcination may included one or
nore inert or oxidizing gases such as helium nitrogen, argon, neon,
nitrogen oxi des, oxygen, air, carbon dioxide, conbinations thereof or the 20
WO 2005/ 061107 PCTI US2004/ 039039 I|ike. In one enbodi nent, the cal cining

step is ry s . Of ial | ur L tragen

oxygen, . T 1idfle BbodifiefELIPARIRE 1P anfed 8L Al oot fEgpe DG Rg e

pr ef er abhitrogers oxjpehvehcor cainbinbtidnsalisgledd. Oaldihationflitesdegyrwey Wit peteastipasi ti on of

t he cat a%gtic orr{)lgne sal tsﬁ" dgrpen on the t ﬁlperat“u_re used and | ength of
time the %?’bé??& fpd- oy, JLhejdegtee p eﬁ@apﬂlaﬁ'aneg e cpfalifip comRIET St oni t or i ng
vol ati | e JeRae RISk tdnfderahi-® 84éatafd 1h P EmERR iRbroBRSd &d@ilfét N Afinsl GRBcall®Y be
used, such that at any point after at least one catalytic conponent is

cont act ede fallowed by mepiteringrvaladite decompasitipnpragdactsal ci ned. Preferably, the | ast

cal cinin p ur ef ok nt act ,of the |d catal ytic c nent to a
2t cont a DD, Breidk oReafiing BsibRlpstd el i pR ol firab R0 L por

mat eri al caalptictonpRgegdd chntaBied i he Giydrt dateriak; iEA e baR el © PR aIY the 1&P0C. By
avoi ding cal cining the g}ol d containing zirconia support, material at

t enper at GRESINGSEY QcaHbriors gertact of thegplicatplylie componeripto 8 ireenia sHPPYTt of t he

resul tan | %d&tar I t |
Exenpl ar ;I/napt)ér}%% 2{% sati ’c? %113%1?}1 g a Z?:rg?[gi& %le h%ﬁ gltg%ggllcﬁgﬁag%neé gog?ﬁ?gn%dr%%ggﬁ ng with
pal | adi utenimetdtaeshbldy atwal 3003Cn Byfavbidmgealciningitimgoddomtiinigg wir¢dniagopmbrt b)

or aonad iR ReR el AP Ak R O SR B MRS o g

foll O\A/echybthlH@@Hachm&ﬂtalM Lfifectddqeliedided. - f ol | owed bycal cining foll owed by
| mpr egnat i'n% wi'th-gold; or d)_inpregnating with palladium and rhodium
f ol | owed 18901 np Exgmplengotapalsingliding acalciningstepigcluder &) impreganting yitoo11 . .
Reduci ng pﬁa%ﬂlm followed by calcining followed by impregnating with gold; b) co-impregnating
palladium and rhodium followed by calcining followed by impregnating with Au; c)
impregnating with palladium followed by calcining followed by impregﬁating with rhodium.
.f(;ildiiréd-by.:éﬁlqining followed by impregnéting with gold; or d) impregnating with palladium
and rﬁodium,— followed by impregnating with gold, followed by calcination.
[0091] . Reducing Step
[0092] Another step employed generally herein to at least partially transform any remaining
catalytic components from a salt or oxide form to a catalytically active state, such as by a
reducing step. Typically this is done by exposure of salts or oxides to a reducing agent, examples
of which include ammonia, carbon monoxide, hydro geﬁ, hydrocarbons, olefins, aldehydes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters and-combinations thereof. Hydrogen, ethylene, propylene, alkaline hydrazine and alkaline
formaldehyde and combinations thereof are preferred reducing agents with ethylene and
hydrogen blended with inert gases particularly preferred. Although reduction employing a

paseous environment is preferred, a reducing step carried with a liquid environment may also be
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[ 0092) Another step enployed generally herein to at |east partially
transformany remaining catalytic conponents froma salt or oxide formto a
catalytically active state, such as by a reducing step. Typically this is
done by exposur f salts or oxides to a reduci ng agent, exanples of which
i ncl ude a ﬁﬁggﬂﬁﬁPbon nonoxi de, hydrogen, hydrocarbongTH@Fg$¥ﬁ§$59

al dehydes, al cohols, hydrazine, primary am nes, carboxylic acids,
carboxylic acid salts, carboxylic acid esters and conbi nations thereof.

Hydr ogen, ethyl ene, propylene, alkaline hydrazine and al kaline fornmal dehyde
and conbi nations thereof are preferred reducing agents with ethyl ene and
hydr ogen bl ended with inert gases particularly preferred. Al though reduction
enpl oying a gaseous environment is preferred, a reducing step carried with

a |liqui LT I 005/ 1Q7 [ US2004/ 039039 used
e o e, Bl I MBI E et S e tiesBRat P e e
reduct i omcanbienng & abbutiFOBObR edictioptithes williayuiicabyQtty fRee bsdut 0o dboi®ES W | |

typi cal L% vary fromabout 1 to about 5 hours. [0093] Since the process used
to redul®the catalytic conponents may influences the characteristics of
the fin tal o (VAT Is vari ed
dependi gdg;] 9?)]?11 msgfcﬁéhreqﬁ(?%%gdgg?iﬁ)vl?% hi gﬁt@gfgﬁﬁ%ﬁgﬁ#ﬂ&e@ggﬁ ance of

t hese prhayetaristies dfshe fitobeatayst, dooditidis dmplayeé for theoddurting maphe vetbdum i s

contacted to the r. t terial, fixed and r.educed, before gold is

cont act g?eﬁﬁlﬂg. P’é&@%@%ﬁ’l%&g@@Pf%‘ésafef’th“ﬁoésmﬁalfa HiEe RELESCPIRETDE3 6, 015, 769
and reladired patents, all of which are incorporated by reference. [0095]
Exenpl ary protocol s including_a_ reducing step include: a) inpregnating with
pal | adi #98b| | dhers asbodisant pailadjure i contartad tor ?ﬁmwﬂa@w%ﬁ@trﬁm@m th
gold fo We(o W ' td i i | d

foll Owegé@ﬁéﬁg%lgﬁiﬁggﬁ%c}ug%39?%%\%2@6.%?&3 }g u%i ﬁ’gké’% g@%lr?r%br%gnati ng
wi t h pakdlated pateniz kil ofebichyredndormmated Yy eékanicai ng f ol | owed by reduci ng

foll hy i'm ti i,t h | d. 096] . Modi, f yi St 0097] “Usual |
a19 t e?m?i@%bldzg"%g@{y@g&ﬁ?%s ’6‘8&‘31“5 atr%‘g“c’c‘?'ﬁ{s@ V?ﬁ“‘%gﬁﬁﬂg@ﬁgg ) yi'n;ast gp is
desi rab‘bﬂlﬁdM'foﬁbﬁv@@bﬁﬁ@tﬁwﬁlca[@:ﬁn@ﬁ:lluﬁr&ﬂbﬂnﬁp?emgm ot 'ﬁgio%EBy' the step

has several. beneficial * ) ,
reducing; b) co-impregnating with palladium and gold followed by optionally calcining followed

by reducing; or ¢) impregnating with palladium followed by optionally calcining followed by
reducing followed by impregnating with gold.
[0096]  Modifying Step
[0097] - USuﬁlly after _ﬂié féciucing step and before the catalyst is used, a modifying stepis
“desirable. While the éétalyst may be used with the modifying step, the step has several beneficial
results, including 1engt.hening the operational life time of the catalyst. The modifying step is
sometimes called an acfivating step and may be accomplished in accordance with conventional
practice. Namely, the reduced support material is contacted with a modifying agent, such as an
alkali metal carboxylate and/or alkali metal hydroxide, prior to use. Conventional alkali metal
carboxylates such as the sodium, potassium, lithium and cesium salts of C,4 aliphatic carboxylic
acids are employed for this purpose. A preferred activating agent in the production of VA is an
alkali acetate, with potassium acetate (KOAc) being the most preferred. '
[0098] The support material may optionally be impregnated with a solution of the modifying
agent. After drying, the catalyst may contain, for example, about 10 to about 70, preferably about
20 to about 60 grams of modifying agent per liter of catalyst.
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results, including | engthening the operational life time of the catalyst.
The nodifying step is sonetines called an activating step and may be
acconplished in accordance with conventional practice. Nanely, the reduced
support mat i ontacted with a nodi fying agent, such as an al kali
metal carbo éﬂ%@Giﬂz/or al kali metal hydroxide, prior tREHEBIEIWIENt i onal
al kali nmetal carboxylates such as the sodium potassium |ithiumand cesium
salts of C24 aliphatic carboxylic acids are enployed for this purpose. A
preferred activating agent in the production of VAis an alkali acetate,

W th potassium acetate (KOAc) being the nost preferred. [0098] The support
material nmay optionally be inpregnated with a solution of the nodifying
agent. After drying, the catalyst nmay contain, for exanple, about 10 to
about 7 arefg&ﬁgl, ..-%.t 60 grans of nodifying agent per
liter of cataly U & TT07 PCl/ US2004/ 039039 [ 0099] Met hods of
Maki ng [eokeny| Tl% mmammbﬂ%%b ufiiiedps poeide allituy alkafatdBionDan alkére] zed to
produce Ike alkanoates froman al kene, al kanojc aci d and an oxygen

cont ai n# 14 fmdiap ox ygea soniaining gasin the ppspase of proglelysty dae aurwea%%enest arting
mat er i alisi60 Haftkidls ChRMh B 3 tb Mtk cﬁﬁa&&&néwﬁm&ﬁn@ grcﬁ,gfyl yl ene
S used |

and n- but ene) Preferred al kanoi¢c acid sta
proces stfenteﬂ alkaioivand stanting matepalsatmdlmgue mcbdeesrqflthmirivantmtfeqmdmi@ n f rom t wo

tofour at ons |on| and butyr.c, . Preferred
br oduor dkgpT ERitaRE Euidn B BRT bk RbaR T A acetty meg‘? bithic an. al 1)
acet at eacﬂjh @rdmsad R6ELROF 8 ps&oegstdr@mnﬁhﬁ éﬂl’@dl&]a&r Qin9f bhre Sand agyiacet i ¢ aci d
with the VA being the nost preferred p uc Thus, the present invention

i s usef afetafen Ehganast prafveed gartisg mstegipls mq:eémﬂ@ne anhagetic: peid whélm‘m)bymgéheest ers
f
R e e e S L R L L Eo

the pres cat R di scusses
VA ex chnsatuméd)carhokylafmtmkscfrm amnléﬁmsill;nﬂsﬁtinatedhbtﬁpmﬂﬁd oashexyliomidad of

maki ng t he catal ysts ar"d. ctl on met hods ar u applicable to
ot her ~aPREFR/n tE‘I’ L @‘Flr‘iif ?fd-ge $RECH i‘t‘% Jﬂﬁcéﬁﬁ%ﬁ Aas 1imiting
the appéﬂcﬁ@fdeﬁr”lt@ﬁmﬂ&‘ﬁ‘e lid&&%t%ﬂ ﬁﬁt {18 cMAtysth Qﬂ&lﬂ:ﬁ]ofﬁghﬁﬁxg% éa%alﬁfsoﬂliced usi ng

the catalyst of the present invention, a 'stream o wht ch cont ai ns
et hyl e npvodmyg erwthods aneequaliy dppliseble to @tb@rdtﬂqesylpémcmﬂesoatﬁrﬂm descriptionliymat. The

composi 1,00 L 1t 18,088 a3lSAR Sl RbentBhkPPAW thi N Wi de i ts, taking il

account
[00101] When VA is produced using the catalyst of the present invention, a stream of gas,

which contams ethylene, oxyget or air, and acetic acid is passed over the catalyst The
-composmon of the gas stream can be varied within wide limits, takmg i1 account the zone of
flammability of the effluent. For example, the molar ratio of ethylene to oxygen can be about
80:20 to about 98:2, the molar ratio of acetic acid to ethylehe can be about 100:1 to about 1:100,
preferably about 10:1 to 1:10, and most preferably about 1:1 to about 1:8. The gas stream may
also contain gaseous alkali metal acetate and/or inert gases, such as nitrogen, carbon dioxide
and/or saturated hydrocarbons. Reaction temperatures which can be used are elevated
temperatures, preferably those in the range of about 125-220°C. The pressure employed canbe a
somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to
about 20 atmospheres gauge.

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

example, fluidized bed reactors.
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flammability of the effluent. For exanple, the nolar ratio of ethylene to
oxygen can be about 80:20 to about 98:2, the nolar ratio of acetic acid to
et hyl ene can be about 100:1 to about 1:100, preferably about 10:1 to 1:10,
and nost preferabyy about 1:1 to about 1:8. The gas streammay also contain
gaseous al REPR00GE¢EI7 acet ate and/ or inert gases, such a§Cﬁﬂﬁﬂ§Q@ﬁF”carbon

di oxi de and/or saturated hydrocarbons. Reaction tenperatures which can be
used are elevated tenperatures, preferably those in the range of about
125-220C. The pressure enployed can be a sonewhat reduced pressure, norna
pressure or elevated pressure, preferably a pressure of up to about 20

at nospheres gauge. [00102] In addition to fixed bed reactors, the nethods of
produci ng al kenyl al kanoates and the catalyst of the present invention may
al so be suitably enployed in other types of reaction, for exanple,
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accor di '&Qlcﬁ@tidﬂ\@asfdaiﬂeﬂ%ﬂgihﬁfe%ﬂ?hg stepRRY 8e Sralined asfagm Exanpl es 1-7 may
be conpared to each other and catalyst from8-11 may be conpared to each

ot her. RMHOPk s Thesatplyshof geammiescl-bl may be praprres] as[degtibed inTtheexaapid andttesteds t he

| . : SN j O :
by F o et L ot Rl ok Ehire s aaf B ale Lt SoaSh one,
oxygen anch clle k& cALlys frothB-1 BeepbPptingfarddhb sachakiett R&Ultsvire pfovides whaieal yst

prepared as described were placed in a stainless steel . basket with the
terrperataﬁ?l@b]@apabl e of being measured by a thernocouple at both the top and

[00106]  The catalysts of the examples were tested for their activity and selectivity to various
by-products in the production of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To
accomplish this, about 60 ml of the catalyst prepared as described were placed in a stainless steel
basket with the temperature capable of being measured by a thermocouple at both the top and
‘bottori of the bhsket': The basket was placed in a Berty continuously stirred tank reactor of the
Ijéci;jcu}a.ti_ng'type and was maintained at a temperature which provided about 45% oxygen
conversion with an electric heating mantle. A gas mixture of about 50 normal liters (measured at
N.T.IP.) of ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen, about
50 g of acetic acid, and about 4 mg of potassium acetate, was caused to travel under pressure at
about 12 atmospheres through the basket, and the catalyst was aged under these reaction
conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
Analysis of the products was accomplished by on-line gas chromatographic analysis combined
with off-line liquid product analysis by condensing the product stream at about 10°C to obtain
optimum analysis of the end products carbon dioxide (CO3), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO; Selectivity)

of these materials for each example, The relative activity of the reaction expressed as an activity
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bottom of the basket. The basket was placed in a Berty continuously stirred
tank reactor of the recirculating type and was mai ntained at a tenperature
whi ch provi ded about 45% oxygen conversion with an electric heating mantle.
A gas m xture of about 50 normal liters (nmeasured at N. T.P.) of ethylene,
about 10 nornmal liters of oxygen, about 49 normal liters of nit n, about
50 g of aceVYPAROPHY and aboﬁ? 4 ng of potassiun1acetatJFT@gg&%é§§§h to
travel under pressure at about 12 atnospheres through the basket, and the
catal yst was aged under these reaction conditions for at |east 16 hours
prior to a two hour run, after which the reaction was termnated. Analysis
of the products was acconplished by on-1ine gas chronmat ographi c anal ysis
conbined with off-line liquid product anal ysis by condensing the product
stream at about 10C to obtain optinmum analysis of the end products carbon
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reacti otﬁ%&%@é%ﬁ%%% é%%&%%%lyge}l#ééoéﬁg :}lgnelgeq}mélf'%ﬁcﬁuﬁrgﬁ ?%:)ac ar’ gﬁ%l}sgé’rn%sj for the
react i ongygehabnvessiem. pl ace during VA synthesis. Mre generally, the activity

factor ta/ﬂoi iallﬁ IS inversglxy related to the tenperature required to achieve
const ant0018 ]yg 0 taiysid 071 Rhodi um Cat al yst Exanpl es [00108]

Exanpl e rgj1o6) SYRRAbLe IMA! &bhétt mERAKIRLA sadh b i06! vas

pr epar e(!i a@ foll 0\{/’\5: mjlé’heijiéuplﬁ)ﬂort %a]?lg@?lgﬁﬁyn anldgarrgiéﬁlt 0 &%:ﬁé@%ﬂsi sting
of Sud @hélows:KiheS8pai thiateral is phenast HERHmy cansisingoé Budi Chereie &A-060 flicem , a
density aof about 0.569 g/lnml . in.absorptivity .of uf .0. 568 g. H20/9g

suppor { Sier@prine & ngpine fpineigh "3 naty st g 0 380l Pt o

about  0.a68ut 01568 g H, 028 supbér$,ta SuffidcRBRIF a8bub Y60 RAT7BInENY aed A8 SoliinkBr82. 5 m  of
an aqueous solution of. sodiumtetrachloropalladium((ll) (Na2PdCl 4) and

r hodi umabent 868 drel/g.rwasyftimpregrpiaily, in¢ipient wesness with 846 mief g agieaes sabidior 7

i fer ot SRR BainiGRp BRI Ol BRCH} ol istafth PSS oV GIE U tOn, C0 PO
ensur e sufficjehtetd provideaibptiti ograms of dlenawd] pilladinm Fddeabpad 0.200rwns afeleridimadi um wer e

then fixed.to the s ort . ) .
?hocghum perrilter o'f'gftalyst. The support was shaken in the solution for § minutes to ensure

complete ébsorption of the solution. The palladium and rhodium were then fixed to the support
as palladiom (II) and rhodium (IT) hydroxides by contacting the treated support by roto-

" immersion for 2.5 hours at approxiniately 5 rpm with 283 ml of an aqueous sodium hydroxide '
solution prepared from 50% w/w NaOH/H;0 in an amount of 120% of that neéded to convert the
palladium and rhodium to their hydroxides. The solution was drained from the treated support
and the support was then rinsed with deionized water and dried at 100°C in a fluid bed drier for
1.2 hours. The support material containing palladiom and rhodium hydroxides was then
impregnated with an aqueous solution (81 ml) containing 1.24 g Au from NaAuCly and 2.71g
50% NaOH solution (1.8 equivalents with respect to Au) using the incipient wetness method.
The NaOH treated pills were allowed to stand overnight to ensure precipitation of the Au salt to
the insoluble hydroxide. The pills were thoroughly washed with deionized water (~5 hours) to
remove chloride ions and subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The
palladium, 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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as palladium (I11) and rhodium (111) hydroxi des by contacting the treated
support by roto- imrersion for 2.5, hours at approximately 5 rpmw th 283 ni
of an aqueous sodi um hydroxi de solution prepared from 50% w w NaCOH H2O i n
an amount of 120% of that needed to convert the palladiumand rhodiumto
their hydr oXOf8EHM2 sol ution was drained fromthe treREURH98I8° and the
support was then rinsed with deionized water and dried at 100C in a fluid
bed drier for 1.2 hours. The support material containing palladium and
rhodi um hydr oxi des was then inpregnated with an agueous solution (81 m)
containing 1.24 g An from NaAuCl 4 and 2.71g 50% NaOH solution (1.8

equi valents with respect to Au) using the incipient wetness nethod. The
NaOH treated pills were allowed to stand overni ght to ensure precipitation
of the Au salt to the insoluble hydroxide. The pills were thoroughly washed
Wit h deivews eeceddy epnipctime thasupport with CdhdV% in nitwgemdn fherveparphiassubt®iGent | y

dried at | Ry: |41l e jer f . urs.. The ., pal | adi u £ hodi um
and gol Joéégfri:@é%' mn?laéfystﬁép%égrhfsgv@éhﬁgﬁgé%ﬁ%ﬁﬁ@ ng e%ﬁ‘ﬁé”@o@ AUERKE FE  der  ai r
and t herofa0g ofpethstiomraaétitedh B Y mt BigD ahddried i flaiiRd kit £ .1 0Tefopal hagk um

r hodi um rhs gald 215%\/\0 2005/ 061107 PCT/ US2004/ 039039 were reduced by

cont act ilﬂ'gl he,i;s‘ﬁﬁ‘ﬁ 7 Awproeyaeripliyilizing palladigeand thedinmdydropides Wetase at 150C

for 5 hgﬁép%:ed%'b H&hﬁ%dtiﬁ@,lx%f)l%ll)’%e g@&;ﬂuﬂp&agﬁ&ﬁ&ﬂ cw@%k%%t%%e@ess with

an aqueous_sol ution of of potassium acetate in ried in a
fluid bedlcined er408tC f@@housranderzitand then all§oaiito ahtufatlywpdldo BromNesppturd.

terial utilizi | | adi 1d_r hodi.um h id d
oscr i bertohoibd ApB P mafktnt ShsBind Pl ol Fotst et d Bl ppor s was
then cahmpteprdedlith B104quEols s3IuioH (8 mIPE@Htaimihg 1208 ALTRIM RhASURdnd D7NAt Ural |y

cool to roomtenperature. The cal cined support material containing

pal | adi WelNePH selatiemi 1 eaubselcatssviliaespestén Au) waingthe mcinienfivetressmeipdeous
LUt s ) oo MO
o1 ut i onrte reoH eef I PUrd g st VU, Witt 05 oftye AR

o : usl I'prent wet ness
met hod. thfinsolidéhiydroxddd. €Thepilld weratiotoughlly onasiekdtwithsdebonilzed weken (- iouts) teensur e

preci pi tation of.the-An_salt to he i ubl e hydroxi de.. Fhe pills were
t hor oug HFFOVRESTE ?Wﬂ?ﬁnﬁgbé?ﬂuf’éty‘iﬁgé?@%%ﬁwg e@@elfrf%rnlc%g"‘gﬁlgﬁ de ions

and - subsaaumith | Hodhih ehdoldHAE tleh ratubidy oﬁﬁ&h%gh@&ugg%:w%ﬁ & HPHopm The
pal | adi um rhodium and gold were then reduced cohtacting the
suppor t 'nfragen)GR ke apoh phase atil606hfeny hours. t Finallydhocatgdyst sies awprésedbyr 5 hours.
Finally i;[lcrﬂ%en %e%‘le\éss \twtl\{vgns a&u%gﬁses%ﬂl?itog gf H%g of potassium acetate in 81 ml H,O and dried in

a fluid bed drier at 100°C for 1.2 hours. '

{_0011_0] " Exataple 3: A support material containing palladium and rhodium hydroxides was

prepared és described in EXample 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.

The calcineci support material containing palladium and rhodium hydroxides was then reduced by

contacting the support with C;H, (1% in nitrogen) in the vapor phase at 150°C for 5 hours. The

support containing palladium and rhodium metal was subsequently impregnated with an aqueous

solution (81 ml) containing 1.24g Au from NaAuCl, and 2.71g 50% NaOH solution (1.8

equivalents with respect to Au) ﬁsing the incipient wetness method. The NaOH treated pills

were allowed to stand overnight to ensure precipitation of the Au salt to the insoluble hydroxide.

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

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

were then reduced by contacting the support with CyHy (1% in nitrogen) in the vapor phase at
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i nci pient wetness with an aqueous solution of 1 Oy of potassium acetate in
8l mM H2O and dried in a fluid bed drier at 100C for 1.2 hours. [00110]
Exaiiiple.3: ?, support material containing palladium and rhodi um hydroxi des
was prepared as described in Exanple 1. The pall adium and rhodi um

cont ai ni ng swip®bdoe@d$ then calcined at 400C for 2 hour spE8hosiizdosfnd then
allowed to naturally cool to roomtenperature. The cal cined support

mat eri al containing palladi umand rhodi um hydroxi des was t hen reduced by
contacting the support with CCH4 (1% in nitrogen) in the vapor phase at 150C
for 5 hours. The support containing palladiumand rhodi um netal was
subsequently inpregnated with an aqueous solution (81 m) containing 1.24g
Au from NaAuCl 4 and 2.71g 50% NaOH solution (1.8 equivalents with respect
to Au) using the incipient wetness nethod. The NaCH treated pills were

al | owed t180%C foRd howe! Fingll the QatlS W8 impreSialidths indsletiwdidi8s With Rhduedi® t he
i nsol ubl e hydroxide. The pills were t orouag é washed with dei oni zed wat er

(-' 5 hourmseltiemok 10gsf potassivse pestats i34 ne AHO ang, inefluig befk drisg atk009@ 6 li2n a

fluid bed.giier for 1.2 hours. The palladium rhodium and gold were then
reduced by contacting the support with CCH4 (1% in nitrogen) in the vapor
phase at [@B1VD Zxamplet AsaphiEl mbiSA@4AARMEPaAlladhord Gad odfandipdiaxidekiwvagal | y t he

catal yst was i.npregnat.ed_by incipjent tness, wi.th an aqueous solution of |
Oy of  poiRTl deCridn Framale i Thpesla Sepdiy soytpiping sERertaras denar  100C
for 1.2 chemesat 40083 4ktD HovATRNSG aftand\thet AR ¢ bgﬁfﬁlxahgg@}@ﬁﬂg%rﬁg}a adi um

and rhodi um hydroxi des was prepared as descri

. . . { amp
pal | adi urkhaseicingbaiippent swterial eonteiping prbadiumaad rodiaum hydsoxidasachs denggo@dityr 2

hours under,.air hen. ¢ tq.naturally cool to epperatyre. The
cal ci ned%gﬁtﬁcg%lgttl%%gp}éorrfg#ﬁy 6%\,\@#’&?“2%“0}%#5”’29}% ﬁ?%?g‘a‘sre%?i?(ﬁﬁ fh’ilgﬁ%ﬁk was

t hen redusgmbrivgntaiiiptalhding shi) ehoditppaeihl wistsibdequehdly (ffebdhted will0ghedud t he
vapor phase at 150C for, 5 hours._ The support containing palladi um and

r hodi um rFakten (ﬁééﬂ%ﬁfg@%&éﬁﬂ%ﬂﬁ%@ﬁ% ssingihe pncipient qelsesmetael. (khedills 81 m )
cont ai ni . , BN et hod. T O
here suboantabeflulity digialfH) S Shild offich R 1) it MICHARGIR MRt 10 P11 ©
pal | adi urgoldrweselthentedacrd bygohidctimgthe support with Caldd( 16y inmitnsgau} inise taper phagpor t

1L 2y o A G VAP Br A BRSS!
solution of 10g of potassium acetate in 81 ml F,O and dried in a fluid bed drier at 100°C for 1.2
hours.
[00112] Example 5: A support material containing palladium and rhodium hydroxides was
“prepared aé':déséﬁbed in Exaﬁlple 1. The palladium and rhodium containing support was then
calcined at 400°C: for 2 hours under air and then allowed to naturally cool to room temperature,
The calcined support containing palladium and thodium hydroxides was subsequently
impregnated with an aqueous solution (81 ml) containing 1.1g Au from KAuO; using the
incipient wetness method. The pills were then 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 C3Hy (1% in
nitrogen) in the vapor phase at 150°C for 5 hours. Finaliy the catalyst was impregnated by
incipient wetness with an aqueous solution of 10g of potassium acetate in 81 ml HO and dried in
a fluid bed drier at 100°C for 1.2 hours,
[00113] Example 6: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhodium confaining 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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solution of |og of potassiumacetate in 81 mM H2O0 and dried in a fluid bed
drier at 100C for 1.2 hours. 1001121 Exanple 5: A support materi al

cont ai ni ng pal | adi um and r hodi um hydr oxi des was prepared as, described in
Exanpl e 1. The pall adi um and rhodi um cont ai ni ng support was then cal ci ned
at 400C for wOp@waweligmder air and then all owed to nat uralPCy/uszoko396s9r oom
tenperature. The cal ci ned support. containing palladiumand rhodi um

hydr oxi des was subsequently inpregnated with an aqueous solution (81 m)
containing 1.1g Au from KAuQ2 using the incipient wetness nethod. The pills
were then dried at 100Cin a fluid bed drier for 1.2 hours. The palladium
rhodi um and gold were then reduced by contacting the support with CCH4 (1%
in nitrogen) in the vapor phase at 150C for 5 hours. Finally the catalyst
was i npregnated by incipient wetness with an aqueous solution of | Qg of
pot assi uFfhacaltisadsupporBhaistial lddtaining pdilddaon b rhedifuntiydroRizids dras then mtuckdBE f or

1.2 h ) 31 EX I | adi d
o um FOAAECRE B Suamo Wik et (B 5 By T e ok phseaApt20°G Yo eal iR
and r hodigysb& esdtahiy g@ml.ﬂﬁe@@ﬁ& rhwaﬁmtnhel@ﬂ was ShisbdRAPimptORGtel With%n V%%ﬁs under

air and then allowed to naturally cool to roomterperature.
2005/ 061 s87timc3l wdreokineDb i Aufigen EANQ; 2ndd Os pplessium acetate iging tbo inciiant ng

I 1 adi
P 2 e it ML et e R o RAC i B of AT bR S0PPOT !
support §obd14i nEagnpia WI(Rdﬁewﬁceaﬂstalyhpau smppdfemaﬂenmnﬁmh@qﬁuwmhmatarwaeg nat ed
Dot ase ! RHREER 8 BIGET 1S SHPor R dsoL e SOPNS 250 FOHising ol S0 (Tomike-
subsequengd Mllﬁrsbﬁé}eﬁavﬁ'%q(ﬁohﬁnzﬁ dfaldtef oPPHIngl &'hslémf afbort 01588 [00114]

I,
Exanpl e 7 (Reference Ca A support nateri cont al ni pml | adi um
met al vvagbsomtlemao%oaiso 1 Hy@/g sipertsappiace aremofeboet! 160 to 15 mimend apbre250 n

2« avaeReoE OB bl e bR ipnensf SV R pR R B LT bR w05 o

H2 0/ g sua@ﬁbﬁs, soﬁm&ﬂ bf s’iﬂﬁm@fe&@clﬂtfroﬁél’l@dﬁnnmmﬁm sifffc@bnt @HoddPMoet 7 Vol ume
of about 0.68 fl/ g I Fst_ i npregnated-by incipient. wethess-:wi.th 82.5 ni

of an a&{i‘%‘ eﬁe@m@tﬁh R@Hadwms)@fahtemftcef@h@e'ﬁhwm was;ﬁhahen(m the. semamb&m% ,
suffiC|e ladi er of
St ik QLR AR elpuh S USRS Mot et b

support as palladmm () hydroxides by contacting the treated support by roto-immersion for 2.5

hours at approximately 5 rpm with 283 ml of an aqueous sodium hydroxide solution prepared
from 5 0% w/w NaOH/H;:_O in an amount of 110% of that needed to convert the palladlum to its
hydromde The solutlon was drained from the treated support and the support was then rmsed
with delomzed water and dried at 100°C in a fluid bed drier for 1. 2 hours. The support material
containing palladium hydroxide was then impregnated with an aqueous solution (81 ml)
contéining‘l.24 g Au from NaAuCl, and 2.71g 50% NaOH solution (1.8 equivalents with respect
to Au) using the incipient wetness method. The NaOH treated pills were allowed to stand
overnight to ensure precipitation of the Au salt to the insoluble hydroxide. The pills were
thoroughly washed with deionized water (~5 hours) to remove chloride ions and subsequently
dried at 100°C in a fluid bed drier for 1.2 hours. The palladivm and gold containing support was
then reduced by contacting the support with C;H, (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnated by incipient wetness with an aqueous solution
of 10g of potassium acetate in 81 m! HO and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO, selectivity and activity for the catalyst of Examples 1 and 7.
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m nutes to ensure conplete absorption of the solution. The pall adi um was
then fixed to the, support as palladium (Il) hydroxides by contacting the
treated support by roto-imersion for 2.5 hours at approximately 5 rpmwth
283 m of an aqueous sodi um hydroxi de solution prepared from 50% w w

NaOH H20O i n wo 2e0mmanip7 of 110% of that needed to convert tdggpabdsashiosym to its
hydr oxi de: The sol ution was drained fromthe treated support and the support
was then rinsed wth deionized water and dried at 100C in a fluid bed drier
for 1.2 hours. The support material containing palladium hydroxi de was then
i npregnated with an aqueous solution (81 m) containing 1.24 g Au from
NaAuCl4 and 2.71 g 50% NaOH solution (1.8 equivalents with respect to Au)
using the incipient wetness nmethod. The NaOH treated pills were allowed to
stand overnight to ensure precipitation of the An salt to the insoluble
hydr oxi dg0o1TRe Wabless were thoroughly washed with deioni zed water (-5 hours)
to renove chloride ions and subsequent dried at 100C in a fluid bed drier
for 1.2 hours. The palladi um and gol dcégﬁﬁléﬂmﬂb{g sugpdrity wvas t hen reduced
by cont adixempletihe support with C2H4 (P$®in nitrogenR.d2n the vapor phase at
150C f oExampledr(BefefannalChtglykthe cat al y$t.1vas i npregnat3sd by inci pi ent wet ness
with an aqueous solution of | Qg of potassiumacetate in 81 nl H20 and dried
inafluid b d drier_at 100C for 1.2 hours. Table 1 shows conpari son CQO2
sel ect i vil0Qli8hy Layered Sugportdixamples c at al yst of Exanples 1 and 7. 28 WO

2005/ 061 / P0fehS t
Exanpl e 1&@1@?@5@% 4%?’2%20( ef er é%\uggﬂ%a@a¢K%a§%h%éde5%060%}051%{I Y
IBayeD[( ﬁd mﬂbn%mmadmmggséﬂgﬁ?@ afea 88mi’G. She ﬁaﬁtegaloﬁz:sbal]&ln(l;mwﬁlﬁ)mo lgi_upipl :c ed
ol ea 5 MBI TR e solares st 23 ¢ LRSI HBMHD GretSBroRTBY or 6 h
The sol \m«s[c (ZA20) WdtsBraged nt 59k of Reli BOiRhtoaits RAD] 40 REODAY Smed! Rd3hiegd DY
DKK ( ZA- 20) and s?rayed onto 55°g of spheres of bentonite KA-160 with

OD- 7. 5nmbeds algiredfor b pe6QOXT. cExagination usdes mierogopchasshevm naifdrorshelhder
m cr OSCOW&ﬁﬁn@ﬂﬂ‘ﬁﬂc&@é &rZ%EHIe” formation W|th t hi ckness of 250 pm

[00118] Example 9: 20 g of ZrOz (X216075 BET surface area 55 /g) were nnpregnated
with Pd(N03)2 solution (Aldrich) to give Pd loading of 39 mg/g of ZrO2. Impregnated material
was dried and _calcmed at 450°C for 4 h. The material was ball milled with 60 mi of DI water for
4h, mixed with 11 g of a binder (ZA-20) and sprayed onto 30 g of bentonite KA-160 spheres.
The beads were calcined at 450°C for 3h. This procedure resuits in formation of a strong uniform
shell w1th 160 pm thickness,
[00119] Example 10: The beads from Example 8 were impregnated with solution of potassium
- acetate to give loadmg of 40 mg KOAc/m? of KA-160, dried and calcined at 300°C for 4 h. After
that the solution, containing 9.4 mM of Pd(from PA(NH;)4(OH); supplied by Heraeus) and 4.7
mM of Au (from a | M solution, Au(OH); “Alfa” dissolved in 1.6 M KOH) was sprayed onto
these beads. Material was reduced with the mixture: 5% Hs, 95 % N at 200°C for 4 h. The beads
were crushed and tested in fix bed micro reactor under conditions described in the experimental
section. CO; selectivity of ~ 6% at 45% oxygen conversion was achieved.
[00120] Example 11 (reference catalyst): The same catalyst prepared in Example 7 was used
as a reference catalyst here. Table 2 shows comparison CO; selectivity and activity for the
catalyst of Examples 9-11.
[00121] Table2
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[00118] ".Exanple 9: 20 g of ZrQ2 (XZ16075, BET surface area 55 n2/g) were
I npregnated with Pd(NOG3)2 solution (Aldrich) to give Pd | oading of 39 ng/g
of Zr02. Inpregnated material was dried and cal ci ned at 450C for 4 h. The
material was ball mlled with 60 mMl of D water for m xed with 11 g of
a binder (ZAxdOh prayed onto 30 g of bentonite KA- her es The
beads were calfé(g}lbnszdgglaot5 450C for 3h. This procedure resul 3P6€Qﬁf'§5‘)29<5%0a959§% on of a
strong uniform shellLv th 160 pmthickness. [001191 . Exanpl e 10: The beads
from Exanple 8 were inpregnated with sol ution of potassium acetate to give
| oadi ng of 40 ng KOAc/m of KA-160, dried and cal cined at 300C for 4 h.
After that the solution, containing 9.4 nM of Pd(from Pd(NH3)4(CH) 2
supplied by Heraeus) and 4.7- mMof Au (froma 1 Msolution, Au(OH)3 "Alfa"
dissolved in 1.6 M KOH) was sprayed onto these beads. Material was reduced
wth the mxture: 5% H2, 95 O/qjﬁgsgjec chuQ{ 4 h. The beads were crushed
and testgdife§ix bed mcro reactor %dltlons described in the

experi tg ction. CO2 selecti VI Yo at 45% oxygen conver si on was
achi eve 0 a (ref er yst): The same cat al yst

prepar e ’falﬁ"p%% g‘geinng/ggtallﬁgd as e catal yst here. Table 2 shows
conpari son CO2 sel ectivity_and acti VI ty for the catalyst of Exanples 9-11.
[001211 P82 oZipepnigSupport Materiaband i¢hioride FerPrecuomnaBxanmles Sel ect i vi ty

Acti vi t Yio 9 ence
Cat al yst[) E@ﬁ?Sﬁf’ @g ‘?ﬁ'&%ﬁ%ﬁlfﬁé@%{# g"“%‘%ﬁ% %uﬁ/ﬁ‘%gﬁ e’é%(ﬂ%mr%d%t%‘gmé %83 ree

Pr ecur s ofiatEsia eptaiysis ReRURIE o idlofve] x}aﬂ‘mumElmrbefangt Qifsedueensha aded for this
set of exanplgs. Zirconia support ferial catal YGtS were made _as fol |l ows:

vari ous SHSDHetTERiaIPRert materipls vere P werb&@q‘i’é’%f‘)% 052 @y § 216070 IM 5 2ad ppor t
nat er i al JENfiifaShi ﬁgeﬁdfs %@t@@ﬁ@ll@d@-ﬁ@é%saadﬁg skﬁl:‘ﬁ%@ Th%emtm{\@

Silica support materials were supplied Degussa and Sud Cheme. The sieve

fractio n1 &91’-4251@0%4 Ipuegawed (either elgwétmu%lxe px muen@aﬂwmﬂamemydm drying
sequent ' » df l‘ﬂ)@aﬂ% phona yqs?%'a% ﬁe dmﬂ:%alcmatmn step) to mcnpwnt wetness w1th aPd

jand Au precutsor solutxon optmnally calcmed in air, reduced w1th 5%H2/Nz formatlon gas, post~

1mpregnated W1th KOAc solutxon, dned at 100°C under Nz, and screened ina 8x6 multl channel

fixed bed reactor, A solution of Au(OH); in KOH was used as the Au precursot Aqueous
solutions of PA(NH;)4(OH);, PA(NH;3)2(NO3),, PA(INH3)4(NO3), and PA(NO3), were used as the
Pd precursors.

_.[00124] A silica support matemal catalyst reference was made as follows: A support material
contammg palladmm and rhodlum metal was prepared as follows: The support matenal in an
amount of 250 ml cons1st1ng of Sud Chemie KA-160 silica spheres having a nommal diameter of
7 miﬁ,—a density of about 0.569 g/ml, an absorptivity of about 0.568 g H;0/g support,‘ a surface
area of about 160 to 175 m*/g, and a pore volume of about 0.68 ml/g., was first impregnated by
incipient wetness with 82.5 ml of an aqueous solution of sodium tetrachloropalladium (II)
(NayPdCly) sufficient to provide about 7 grams of elemental palladium per liter of catalyst. The
support was shaken in the solution for 5 minutes to ensure complete absorption of the solution.
The palladium was then fixed to the support as palladium(II) hydroxides by contacting the treated
support by roto-immersion for 2..5 hours at approximately 5 xpm with 283 ml of an aqueous
sodium hydroxide solution prepared from 50% w/w NaOH/H;0 in an amount of 110% of that
needed to convert the palladium to its hydroxide. The solution was drained from the treated

suppott and the support was then rinsed with deionized water and dried at 100°C in a fluid bed
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step at 110C and optionally with an internediate calcination step) to

i nci pient wetness with a Pd and An precursor solution, optionally cal cined
inair, reduced with 5%/ N2 formati on gas, post- itnpregnated w thKQAc
solution, dried at 100C under N2, and screened ma 8x6 nulti channel fixed
bed react or wovmsbartdzon of Au(OH) 3 in KOH was used as t hpchAuUSpOILGHI3SOTr .
Agueous solutions of Pd(NH3)4(OH) 2, Pd(NH3)2(NO2)2, Pd(NH3)4(N03)2 and
Pd(NO3)2 were used as the Pd precursors. [001241 A silica support materi al
catal yst reference was nade as follows: A support material containing

pal | adi um and rhodi um netal was prepared as follows: The support material in
an anount of 250 ml consisting of Sad Chem e KA-160 silica spheres having a
nom nal dianeter of 7 mm a density of about 0.569 g/m, an absorptivity of
about 0.568 g H20/g support, a surface area of about 160 to 175 nR/g, and a

pore vol e faf1.2beus. ThebBppoitmatend Sorthinihl philAnLY ARkQHIDYas thétpmgi@mtea\et ness
with 82.5 n1 of an agueous solution of sodiumtetrachl oropal ium (11)

|
( Na2PdC1¥ith %PQ‘}CE?Se'i‘PluUPB (%@Dl"%m&’%dt 'B@‘F b N ubllcang 272 SBU NaQH um per
liter of S(ﬁl?tfd?ll Y.%te uithlents R4tR %f)éct ng Ehi@ aﬁ le@3d. Phe ﬁﬁ@j{nut es to
0 ut fon e pa

ensure conp eteasorptlon the s : rumwas then fixed to
t he sup ptneatechxillmem abowed tb Isdand whnnghtde snslm;e prenigitation ofthe Au stlt tnethenhsolshlppor t

by rot o- hou a matel 283 m of an
aqueous h%‘%%%é’ﬁ&‘?’ﬁ% lﬁ’ﬁ Sﬁﬁa%b%v BO in an
armount oémaﬂ&%ﬁsfanalaaﬁseqmam%dta@1wmﬁamumﬁdraﬁlaﬂ RBF AMoie. Thepdmiginaxi de.
The solution was drained fromthe treated support and the s 8&0” was t hen

ri nsed whidBolfbtosAniBgsuRRewS vag ian erdnesd bycontediogithe wppartividh Gelde

20051061 g}ﬁ;{ o r terial
cont ai ni ‘:1“8’3% atg %ﬁ:@g& 8 (\!j\/gdg%t 0&% |F?Ir1pr &%lé%ayﬁ I%B fégi?ag%du ous

sol ut i oninciplentrivpiness rmtithi amalqgeoizs 2olutipn/uf 10g oﬁpd&aﬂuﬁh&etaam &l mlH,0aAdNi{ad in

sol ution u re t to Au u3|n the in ent ness
et hod. -t Rcabenst LGPLTob -} haihoBSte rnbdie SRR NES GUUE Al EotG Thour o
preci pi tﬁ&*&%@ﬁoﬁxﬂ%ﬁh&%ﬁe&%@ hgsuneed wbde  hydroxide. The pills were

t hor oughl y -washed with deioni zed water (-5 hours) to remove -chloride ions

and subsH§l2sit | ?aﬁb’ﬁeldﬂr&les pbaGys af Sirawsud Gicdhensdn iglass fials “@rezdemm@nd‘ah e

pal | adi u ¢oHL @ n| n Lhe o} ting the
suppor t PQP%@%QS(S %5 %1 e AT %g"zlr%‘)%?‘%""t" ﬁté&\lr ol W&‘ﬁsg ggeé}su%g%%q % Iﬁou rs.
Fi nal |y gdmtionatshy Shvru}a’éliquﬂm&e@nﬁhgﬁbbbm 0.4m] of support was used for each hbrary

element, for the glass vial synthesis as well as loaded to each reactor vessel.

[00126] KOAc loading is reported as grams KOAc per liter catalyst volume or as pmol KOAc
“on 04ml —s:upport. For the specification of Au loading, the—relativg atomic ratio of Au to Pd is
reported as AwPd, Pd loading is specified as mg Pd per 0.4m] support volume (i.e. absolute
amount of Pd in reactor vessel)
{00127} The screening protocol used a temperature ramp from 145°C to 165°Cin 5°C
increments, at a fixed space velocity of 175% (with 1.5mg Pd on 0.4ml support). 100% space
velocity is defined as the following flows: 5.75 scem of Nitrogen, 0.94 sccm of Oxygen, 5.94
sccm of Ethylene, and 5.38 microliters per minute of Acetic Acid through each of the 48 catalyst
vessels (all of which had an inner diameter of approximately 4 mm). CO, selectivity was plotted
versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CO, selectivity at 45% oxygen conversion reported in the performance summary tables below.
The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO,

selectivity and oxygen conversion versus reaction temperature is also reported). The lower this
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i nci pient wetness with an aqueous solution of | Oy of potassiumacetate in 81
m H20 and dried in a fluid bed drier at 100C for 1.2 hours. Before
testing, the catal yst was crushed and sieved. The sieved fraction in the

si ze range of 180-425um was used. 100125) .;;Catalyst libraries of arrays of
8 rows x 6 owmbemmsesiitgy gl ass vials weredesi gned and a ragkr®k08H08h@ss vial s
was nounted on a vortexer and agitated while dispensing netal precursor

sol utions using CavroTm |iquid di spensing robots. 0.4m of support was used
for each library - elenent, for the glass vial synthesis as well as |oaded to
each reactor vessel. [00126) . KOAc |oading is reported as grans KOAc per
liter catalyst volunme or as .tnol KOAc on O.4nl support. For the
specification of Au |loading, the relative atomc ratio of An to Pd is
reported as Au/Pd. .Pd loading is specified as ng Pd per 0.4m support volume
(i.e. abhahulated terapapatmie tof hiflokr the acivingtofhocatbetl. The sphlOfad yiek S TYE gar0i ng
protocol used,a tenperature r from 145C to 165C in 5C increments, at a
fixed sp4® C%P%&lggf {WVP F(“:FIBHT 43 VeryewroBrersionise measwHEef e 100% space
vel oci tYprb&imH ?m‘gﬁﬁspe following flows: 5.75 sccmof N trogen, 0.94 sccm
of Oxygen, sccmof Ethylene, and 5.38 mcroliters per mnute of Acetic
Acid t hr[omjas] eabramyple 1h 4008 of AtChlogiers X@hf@éi 655¢dlg as afippliad)camd B 6852 | nner

conver o @488 B0t e Fabs e it Briamyal Ve arpiregirt i S RURER | post

cases) KA Rlidshentihoipitit vainedd Wiokyd20°C R Y. imbRANAEPRIE BAWO) (0.bevper f or mance
sunmary tabl es .below., . The tenperature at 459% oxyegen conversion cal cul at ed

fr om t hestoeksalyion)|te Higkpient yet@esss di@é)zlt 1HBCder hy redyced i3 PX ¢ ferdleigveiAon
So00) corBa s BRI PR Rk PACERBEIEd 1o Bl uéfg“ﬁ%gh’%ﬁ%@ s
acti vi t y(siedilst were den dilysd 1/9%11:151%1&0 titurer (piciladed VETHY4020l KAAAcp[ adl@n]ed per m
o odust 1B RY 255 i a3 SRie 5B T BRIty wes i &y Boread o1

XZ16075 caRPTEe P@m&&iﬂ@wm m@Pd 40RO 222 dhen @ﬁqmmm@@’é@ Ipdtip | over

the surface-area to 42n2/ were i regnated wth di. f-f er ent d sol utions

to inci preeater vegsehfesal lﬂamiy mepts] T cipnectswrs werp Pé@ﬁéa)éﬂoa]z@mcqml d. 97M An
stock sof ‘P@Qﬁé})@ﬁ)z iR ShRRES P, MRERE) INGRS 1Rboldd S ffs. %/Pc{%%ﬁ?&iv gt 350C

ror 4n aid row 5, Au/Pd=0.6 in row 3, Au/Pd=0.9 in row 4, row 6 and row 7. The KOAc¢ loading was
114umol in rows 2, 3, 5 and 147umol in rows 4, 6, 7. The silica reference catalyst was loaded
into Row 1. The library was screened using the T ramp screening protocol at fixed SV.
}éﬁreéniiig' results are éumn;a_l_'ized in Table 3
100129} Table 3. ‘. '

- CO; Selectivity Temp at STY
Cl Precursors on Si0, 7.37 156.6 729
PA(NH4)2(OH); on ZrO, 5.79 152.4 787
PA(NH:)4(NO3), on ZrO, 5.90 152.3 783
PA(NH;3),(NO;), on ZrO, 5.57 150.7 795

*Data shown is taken from average of two Au/Pd atomic ratios (namely 0.3 and 0.6} and two
different ZrQ; supports.

[00130] Example 13: 400ul of ZrO; carriers XZ16075 (55m®/g as supplied) and XZ16052
(precalcined at 650°C/2h to lower the surface area to 42m?/g) were impregnated with
PA(NH;)4(0OH); (1.117M Pd stock solution) to incipient wetness, calcined at 350°C for 4h in air,
impregnated with KAuO, (0.97M Au stock solution) to incipient wetness, dried at 110°C for 5h,

reduced at 350°C for 4h in 5%H,/N, formation gas, post-impregnated with KOAc and dried at
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formati on gas, post-inpregnated with KOAc and dried at 110C for Sh. The

Pd/ Au/ Zr 02 sanples (shells) were then diluted 1/9.3 with KA160 dil uter
(prel oaded with 40g/|l KOAc), i.e. 43ul Pd/Au/Zr2 shell and 357ul diluter
(400ul total fixed bed volune) were charged to the reactor vessels. The Pd
| oadi ng was wighgoedeh7i n 400ul Zr 02 shel |l (or 14*43/400=1¢(Budndsy9fePd in
reactor vessel for all library elements. The Pd precursors were

Pd(NH3) 2(N02)2'in colums | and 4, Pd(NH3)4(OH)2 in colums 2 and 5,
Pd(NH3) 4(NG3)2 in colums 3 and 6. Au/Pd=0.3 in row 2 and row 5, Au/Pd-0.6
inrow 3, Au/Pd=0.9 in row 4, row 6 and row 7. The KQAc | oading was 114unol
inrows 2, 3, 5 and 147unol in rows 4, 6, 7. The silica reference catal yst
was | oaded into Row 1. The library was screened using the T ranmp screening
protocol at fixed SV. ,Screening results are summarized in Table 3 1001291
Tabl e 311€CfosaH. biteiRdi Ay ZA2gamales GRMis) @erePhencdilutedr1gl 20mitiSKA2 67 diBiter1 56. 6 729

2 o2 Ry e KDasY g 1L i ea ek e R 160 P AR B o A po

atom c gbd B VoNmiey iérdbhargdd th tBe RhctaiNvbsde WO Thlirhgdefbn %ic@ﬂ:raﬁ’y‘@l%ﬁfeﬁts [001301
Exanpl e 13: 400ul of ZrO2 carriers XZ16075 (55n2 ghas suppl i ed and XZ16052

(pr ecal ePmRRSitions BEEEs Mlovs: ZEReFZIOAE lmpma@él-&r(m alf of Biyearg)an

wer noss ~ZA8p eSSt At hubde i), Fhet efi‘lﬁ%f?*l%“ﬁ?%mk%ddﬁ&?%i O7M An
fsg ?CZhS :31015 %Imlzhllortlé*?;)MOp_i ?’m magd’tdlmm?t_oplves;mu) iatell GAGohonn 3 I(cellsa B@-d}g?,:i:glé a; t Sggc
VO 2005)(%6'1‘3@“7“ géﬁﬁ SBagi; Dsdaky i {Osizats shell (o %ﬁ‘é%@ﬂﬁ@ Bgéﬂ“rpl es

(shel | s}eqppp eestsélﬁﬁ ceruhm elld ARG 4 SRR gélhs%ﬂ; (mfn?é PRFEMHOUI A0, 409/ 1
KQAc), i.e. 33.3ul Pd/Au/Zr Q2 cat aI yst and 366. 7ul | uter (400ul total

fixed behblh(ot Lﬁ?‘éﬁfﬂaﬁﬁﬁléf 12hag géu: reaetortvesseky sceodmny 2 Gsls BZ-Flllh end dobumer /)  desi gn

and |ibra 05| r s fol |l o ro2 75,in _colunms
1-3 (I e1((f 51% gsTF%ngAIYP% r@)rovg FCH\QV\? AP0 50' in'rSW'3" an% TOW 6%&7@8—057 I row
4 and row 7 (except cells Al, A4, G2, G5 where Aw/Pd was 0.3). The KOAc loading was
a 1 14umol (except cells D3 G3, D6, G6 where KOAc loading was 147umol). The silica reference

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

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

CO; Selectivity | Temp at 45% Conv STY
AwPd Atomic Ratio | 0.3 1 0.5 ] 0.7 | 03 0.5 0.7 0.3 0.5 0.7
Cl Precursorson Si0; {6981 - | ~ 11548 - - | 742.8

Zr0y: XZ16052 6.06 | 5.31 | 5.38 | 153.7 | 152.3 | 154.9 | 776.8 | 806.0 | 803.0
ZrOy: XZ160735 6.18 | 5.62 ] 5.71 | 14751 151.0 | 154.4 | 773.8 | 791.6 | 790.3

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

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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XZ16052 (650C) in colums 4-6 (right half of library). The Pd | oading was 18
nmg Pd in 400ul Zr02 shell (or 18*33/400=18112 ng Pd in reactor vessel) in
cell &, colum 3 (cells B3-G&3), cell G5, colum 6 (cells B6-G6); 10'ng Pd
in 400ul Zr@2 shell (or 10*33/400=10/12 ng Pd in reactor vessel) in columm
1 (cells Al-A) and colum 4 (cells AA-HA); 14 ng Pd in 400ul Zr02 shell

(or 14*33/ = ng Pd in reactor vessel) in colum I -F2) and
colum 5 Ecei @G@ZFS). Au/Pd=0.3 in row 2 and row 5, @@%2%%%&5% row 3

and row 6, Au/Pd=0.7 in row 4 and row 7 (except cells A, A4, &, G where
Au/Pd was 0.3). The KOAc | oading was | |4unol (except cells D3, G3, D6, G5
where KOAc | oading was 147unvol). The silica reference catalyst was | oaded
into Row 1. The library was screened using the T ranp screening protocol at

fixed SV. Screening results are sunmarized in Table 4. 100131] Table 4 CO2
Selectiyity Tem at 45% Conv STY Au/Pd Atomc Ratio 0.3 0.5 0.7 0.3 0.5

0.7 0. %?Lx@tocgf 1ﬁMCFB4§VR'}ea§toQ at i@fe%%\f Scrél:ﬁﬂlg%esults aré SemBarized £r O2:
XZ16052 06 5 153. 7 152. 154. 776. 806 803.0 ZrQO2: X216075

6. 18 5imgBeb 571 147.5 151.0 1554.4 773.8 791.6 790.3 1001321 Exanple 14:
Zr 2 0}5@ %ﬁiggl ied by NorPro, XZ 16075, sieve fraction 180-425um
densi tjﬁ 59 pore vol une 475ul/g, BET surface area 55n2/g) was

i mpregnated with Pd(B)stldefieien ' Sempe@istiaivt 0 STYCI pijent wet ness, dried at

110C, [epbfetiteds & sich0G Jjcol uims T-154), 350C (collggms 3-{4), 450C (coI ums
5-6) iBaNcy TRIGAN téel@wmﬁmqlqg §0I utrion ( 5?‘ ared by dissol ution of

Au( OH) ) efor ' as at 350C
for 4h, L posf taﬁ{%r%rke{%l%é{?rége %WHW#%IFU%MS N gO § ia%‘fg?i/&%’g a KOAc
gr adi eRDAC éaldination 6045900/ dhdirsducion 2 350°0, ow 7. The Pd | oadi ng anounts to
1.5mg Pd on O0.4ml support. Two different An | oadings were chosen (Au/Pd=0.5

in coI (9434]1 | Exgampie é fQ@PFﬁe‘(ﬂsthPﬂ BoNoRFs XZ216076, 51673 fragtien 4$¢-F24% ef er ence
20051 DEPTE A T AR D M bl e o R AR AL T A, ot or
at fi xEd{I\E)z).? Becieamisolgticre®hdipiestrvesteasydred ad d0°d, nala‘mbd & 450°C in air,

nnpregnated Wlth K AuQ; solution (prepared by dissolution of Au(OI-I)3 in KOH) dried at

5.110°C reduced Wlth 5%H,/N, formation gas at 200°C (columns 1-2), 300°C (columns 3-4), or

400°C (columns 5-6), and post-impregnated with KOAc solution. The library has a KOAc

gradient from 15 to 40g/l in row 2 to row 7, The Pd loading amounts to 1.5mg Pd on 0.4m

support. Two different Au loadings were chosen (Au/Pd=0.5 in colurans 1, 3, 5 and Auw/Pd=0.7

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

-in MCFB48 VA reactor using the T ramp screening protocol at fixed SV. Screening results are
summarized in Table 6.
[00135] Table 6

CO; Selectivity Temp at 45% Cony STY
Cl Precursors on Si0O; 7.11 154.2 738

PA(NQ3)2 on ZrO2 5.51 145.4 797
*Data shown is taken from average of two Auw/Pd atomnic ratios (namely 0.5 and 0.7) at 40g/L

KOAg, calcination at 450°C, and reduction at 400°C.
[00136] It will be further appreciated that functions or structures of a plurality of components

or steps may be combined into a single component or step, or the functions or structures of one
step or component may be split among plural steps or components. The present invention
contemplates all of these combinations. Unless stated otherwise, dimensions and geometries of

the various structures depicted herein are not intended to be restrictive of the invention, and other
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[00133) Table 5 CO2 Sel ectivity Tenp at 45% Cony STY O Precursors on Si Q2
7.21 154.7 734 Pd(N03)2 on Zr2 6.10 145.3 775 *Data shown is taken from
average of two Au/Pd atomic ratios (nanely 0.5 and 0.7) at 40g/L | CQAc,

cal cination nd reduction at 350C. [00134] Exanple 15: Zr(2 carrier
(suppl i ed bya’hoﬁ%%%m 16075, sieve fraction 180-425um ShETPY04909%y) nf |
pore vol ume 575ul/ g, BET surface area 55n2/g) was inpregnated with Pd(N03)2
precursor solution to incipient wetness, dried at 1,10C, calcined at 450C in
air, inpregnated with KAuO2 solution (prepared by dissolution of Au(OH)3 in
KOH), dried at 110C;, reduced with 5%/ N2 formation gas at 200C (col unms
1-2), 300C (colums 3-4), or 400C (colums 5-6), and post-inpregnated with
KOQAc solution. The library has a KOAc gradient from15 to 40g/1 inrow 2 to

row 7. T n support. . Two er ent
An | oadi Qg‘ggg\}é)#%& eglg‘gt?iln%% /&) %sdq tg ép 1| n tm?urrns(g'hipomgntsg’r §%?f %BP&B“’B%%‘H’

f:olbu ms  2,single 1ﬁt)3grang stnsithre Oﬁstépa fAgtematieely, atsmgy:sihtegﬁ&ﬁ spaded ot Stef B¥ghibe The

i brary S,SGreene -in MCFB48 VA reactor ysing.the T ra screeni ng

pr ot ocol \ﬁg‘t‘d e gepaiate murakeqipngents of gigpe. I pddition, N'Fq‘r’h‘? pAeaipre gt ﬁng‘ﬁﬁﬁéeﬂé [ 00135]
Tabl e 6 GtRnRHl Iﬁ%iﬂa‘éé baen RERILRA ik %&@E?(YOI%% orfelof ﬁ{eQQﬁgh%% H@Hdlﬁ ik, 7- 11
154.2 738 Pd(N03)2 on Zr02 5.51 145.4 /97 *Data shown Is ta from average

of two Aun@cfem miay be geinbined withwhyoonde athdr Hailies af ofh@gp’nt_bodi@hts forahyci nati on

at 450C, and_reducti t 4 OC rec.l at ed t hat
Funct 1 ond e =filidn, R Suft o B ponpeatie o e s o bl BERE iy

conbi ned siridt@reshedtin Ghdthe pRMIR therdst atso @Bnstifute inbBod i GbdoAdmcOWith t}retpeésemes of
one step or conponent nmay be split anong plural steps or conponents. The

pr esent iiBKeatAn. on contenplates all of these conbinations. Unless stated

ner i n antl Al ARe SR a0 n AR TR s Breorhhthel W el A MR HRRL T 54

skllled in the art with the invention, its principles, and its practical application. Those skilled in

the art’ may adapt and apply the mventlon in its numerous forms, as may be best suited to the
-requlrements ofa partlcular use. Accordmgly, the speclﬁc embodnnents of the present mventlon
as set forth are not intended as being exhaustive or limiting of the mventlon The scope of the
invention should, therefore, be determined not with reference to the above description, but should
instead be determined with reference to the appended claims, along with the full scope of
equxvalents to which such claims are entitled. The disclosures of all articles and references

mcludmg patent apphcatmns and pubhcatwns are incorporated by reference for all purposes
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WO 2005/ 061107 PCT/ US2004/ 039039 di mensi ons or geonetries are possible.
Plural structural conponents or steps can be provided by a single
integrated structure or step. Alternatively, a single integrated structure
or step mght be divided into separate plural conponents or steps. In
addition, while a feature of the present invention may have been descri bed
in the context of only one of the illustrated enbodi nents, such feature may
be conbined with one or nore other features of other enbodi nents, for any
given application. It will also be appreciated fromthe above that the
fabri catd Hni t erein and the operation thereof also
constitdpgﬂﬁgéﬁgggnyahgggg?gg%%%Fgaﬁgwgthe present invention. 100137) The
expl anations and illustrations presented herein are intended to acquai nt

ot hers killed in the art., with the inventiaon,. its_principles, and its
practical’ app& WW(S’EP“%HB‘QE a§ﬂ‘iafylsre%f Prgycatplys S‘a\?"lbt]%ﬁlg asaséﬁélﬁgl 8 PESHPYRT e

i nvent i ofikdn§l Atk snoRteERORIPSIsi@! M5, as may be best suited to the requirenents
of a particular use. Accordingly, the specific enbodinents of the present

i nvention asos@ctifopelipdiine andt gelat prederado Bekingpnex henisiningesuppolt | nriteiialg of
the inv Lon..,. T 0 of. i.hvent.on sh d her ef o be dget er.m ned
ot i t Pl an 2 Bia st d e R B Bl bl e RSt BT

det er ni natig v 4dout B @f/gnerl to the appended clains, along with the full scope
of equivalents to which SUEQ clains are entitled. The disclosures of al
articles and 'PEFaEHIESt thy prlladiinh gresueenty spprGtiogd sducas gnpIEmeahtq Bes,

are in?Oiifé%i%tc@&a?g}g‘l's%gt{r?@ﬁﬁg\gpr all purposes. 35 The clains defining the

invention are as met hod of producing a catal yst or
pre-catal yst suitable for assisting in the production of alkenyl

al kanoates, c i §ing: contactin al | adi um and gol d precursors to a

zi r coni ‘cont‘%?‘%ﬁ?@ 0285518?'230 lfeélP’P%lEano\?ﬁérCSPW“f“H% zi rconi a contai ni ng
support mat erdogfactiiSa ﬁae@%iﬁm%ﬂéifx%\ﬁﬁ? alkeRd aRhilBREVREI A8 QM toxidzer R4 GathRstakyout
35 nR/g; and reducing at |east the palladium precursor by contacting a

reduci ngprewetplyshensmrising pabladivgy andogrld o8 gritirgpnip rgnis iR supPAt theaterial having A

compr i si A5 S e A S B G er To & catal yst or
3. A composition for catalyzing the production of an alkenyl alkanoates, comprising:

a zirconia containing support material having a BET surface area between about 10 m%/g

to about 135 m>/g with at least palladium and gold contacted thereon to form a catalyst or pre-

catalyst.

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

containing support material has a BET surface area of between about 10 m%/g and about 60 m’/g,
5. The method of any one of claims 1, 2 and 4 or the composition of claim 3 or 4 wherein
the zirconia containing support material has a BET surface area of between about 37 m?/g and

about 60 m*/g,

6. The method of any one of claims 1, 2, 4 and 5 or the composition of any one of claims 3

to 5, wherein the zirconia containing support material has a BET surface area of about 42 m’/g.
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pre-catal yst conprising palladiumand gold on a zirconia containing support
mat eri al having a BET surface area between about 10 nR/g to about 125 nR/g.
3. A conposition for catalyzing the production of an al kenyl al kanoat es,
conprising: a zirconia containing support material having a BET surface area
bet ween about 10 n2/g to about 135 nR/g with at |east palladiumand gold
contacted thereon to forma catalyst or pre- catalyst. 4. The nethod of
claiml or 2 or the conposition of claim3, wherein the zirconia containing
suppor t naterlal has a BET surface area of between about 10 nR/g and about

60 n2/g.7 5. ﬁf‘emﬁ%f’%@ﬁafb’fo@rﬁf claives bf 2@ adpsorthe comppsitipngyf apheneefgeigistdi on
sur face SrsarsftlBE Rt hia foslhE SaoR RO LOE SRR e R 530 P of
any one of clainms 1, 2, 4 and 5 or the conposition of any one of clains 3

L0 0 gLl B PR, SO AT 19 SUPPRY TREL) oL a0 A PEL LRSS |
or the cwemmﬁéraﬁ def mﬁ‘:@iﬁa%ﬁtaﬁﬁnézéugtl)_ m%terf‘aphé’a M@@@h&é&?%ﬁ%&ﬁ%@m |
cont ai nin upport material has surface area of about 55 nR/g The

met hod oﬂh@ﬁyd@hanﬂﬁrdﬂalns 1, 2 and 4 to 7 or the conposition of any one of
claine 3 to 7, wherein the zirconia containing support material has a pore
vol une of between about 0.1 nR/g and about 0.6 n2/g. 9. The nethod of any

one of cbai MeThe aBhod of @nB on¥Md€ cRiidis U R@d Cloft SOVheEIn Shee PorG AR s Scomprises

i npregnating the zirconia containing support material wth palladi umand

gol d_pr ebuire@ILnNg the Zirgerda pRItHBEIE SPPRRMy @R fithgialadigmiand galdpreqyrsyrs. wher ei n
the inpregnated step conprises sequentially inpregnating-palladiumand gold
precursors onto the zirconia containing support material. 11. The nethod of
any one of. cl Bhamethodiofl ady due diOclaifnsr]t felr 4 tco?;mhaéingheahnﬁregmtedcsm doimpirisey St ep
utilizin j Xi f.clains I. .and 4 to 11,

a fjxin ent d of any 0
wher ef n" Speicaly CPRG LER s BORIRG i o8 Pr‘?"H@"Fn&W% o TRy Pofonidiing gpepor
precur Sopgatedat. The nethod of any one of clains 1 and 4 to 12, wherein the
i npregnating step conpri ses
11.  The method of any one of claims 1 and 4 to 10, further comprising at least one fixing step

utilizing a fixing agent.

12.  The method of any one of claims 1 and 4 to 11, wherein the reducing step occurs before

the impregnating of the gold precursor.

13.  The method of any one of claims 1 and 4 to 12, wherein the impregnating step comprises

co-impregnating palladium and gold precutsors.

14.  The method of any one of claims 1 and 4 to 13, wherein the impregnating step comprises
impregnating the zirconia containing support material with water soluble substantially chloride

free precursor solutions.

15.  The method of any one of claims 1 and 4 to 14, wherein the substantially chloride free
precursors of palladium comprise Pd(NH3),(NO,)s, PA(NH;3)4(OH)2, PANH3)4(NO3)z, PANO;3),
PA(NH3)4(OAc);, Pd(NH3)(OAc),, Pd(OAc), in KOH or NME OH or NaOH,
Pd(NH;3)4(HCO;),, palladium oxalate or combinations thereof.
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co-inpregnating palladi umand gold precursors. 14. The nmethod of any one of
clainms 1 and 4 to 13, wherein the inpregnating step conprises inpregnating
the zirconia containing support naterial with water sol uble substantially
chloride free precursor solutions. 15. The nethod of any one of clains 1
and 4 to 14, wherein the substantially chloride free precursors of

pal | adi um conpri se Pd(NH3) 2(N02) 2, Pd(NH3)4(OH) 2, Pd(NH3)4(NG3)2, Pd(N0O3) 2,
Pd( NH3) 4( OAc) 2, Pd(NH3)2(QAc)z, Pd(OAc)2 in KOH or NME4OH or NaCH,

Pd( NH3) 4( HCG3) 2, pal | adi um oxal ate or conbi nations thereof. 37 16. The

met hod of any one of clainms 1 and 4 to 15, wherein the substantially

hl ori de,f f d [ s
n ko 8F veieRBetial akbaft P Rlatns PIIRE 437 4 ol esimPhar bt nghionte f7 The

met hod gfecasyrs wiegold cohplifBKAudRANAA LO,, DOMee,eiAu(ORE),GATKOR! drMEMRLGR,
further _ caonprises contacting a third conponent precursor containing

r hodi unfIABENOD &0 pififG s focoﬁ’%&“a&ﬁ'és@?reeﬁ’ai ms 1 and 4 to 17, further
conprising contacting potassium acetate to the zirconia containing support
material. 19. The nethod of claim 18, wherein the potassium acetate is
present 17.n ahhansthod of anybetenefdlaimizoutand G enth, Abhegeiartbe pemtadtingestepofurther

catalyst. 20. The neth f any one of clains 1 d 4 to 19, wherein the
cont act F%préﬁeéﬁorg?ﬁ%giaglg‘gc%?ﬁ%‘ﬁ?:tﬂr%m%?%@ﬂmﬁ U to about 10 grams of
pal | adium and about 0.5 to about 10 grans of gold per liter of catalyst,

w th the anmount o{hﬁgol d being from about 10 to about 125 w % based on the
wei ght &$. pallhaaiethed of any mreoliedaimed asfl 4yl 7ofvetherf campising contigdngpatessipo

wher ei n, &e %&3%@5@%&@%{)&1{??gdr??’gl%t?nat&%i-' adiumis between about 0.50 and

about 1. Si any one of clainms 3 to 8, wherein the
pal | adi um and gol d have been reduced. 23. The conposition of any one of

cl ai ns to 8 and 22, erein the catal yst or pre-catalyst  conprises a
third coiponéht “’t‘-‘gﬁ%a? Fhagn Rodt FRIN D€ PRSI RETAIEL IS HCHR! Hhgn GAWUBE ok ai s

3 10 8, p2deBiNtbotid10 YETELAmS BEr 1IRBLH YBlysPr Pre-

20.  The method of any one of claims 1 and 4 to 19, wherein the contacting step comprises
contacting between about 1 to about 10 grams of palladium, and about 0.5 to about 10 grams of
gold per liter of catalyst, with the amount of gold being from about 10 to about 125 wt % based

on the weight of palladium.

21,  The method of any one of claims 1 and 4 to 20, wherein the atomic ratio of gold {o

palladium is between about 0.50 and about 1.00.

22.  The composition of any one of claims 3 to 8, wherein the palladium and gold have been

reduced.

23.  The composition of any one of claims 3 to 8 and 22, wherein the catalyst or pre-catalyst

comprises a third component containing rhodium.

24.  The composition of any one of claims 3 to 8, 22 and 23, wherein the catalyst or pre-

catalyst comprise between about 1 to about 10 grams of palladium, and about 0.5 to about 10
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catal yst conprise between about 1 to about 10 grans of palladium and about
0.5 to about 10 38 grans of gold per liter of catalyst, wth the anount of
gold being fromabout 10 to about 125 wt % based on the wei ght of
pal | adium 25. The conposition of any one of clains 3 to 8 and 22 to 24,
wherein the catal yst or pre- catal yst conprises potassium acetate. 26. The
conposition of clains 25, wherein the potassium acetate is present in an
anount of between about 10 and 70 grans per liter of catalyst. 27. The
conposition of any one of clains 3 to 8 and 22 to 26, wherein the zirconia
cont ai ngrags 9 gpldrer heer of casdlysowish teesnquar of gl bsing font abwat £F foadboot 128 wgr ound
support,material. 28, The nethod of any one of clains 2 and 4 to 8, where

t he aIkéﬂ%m?sm§®ﬁyF5W%?pWﬂ%E%Fkanoic acid is acetic acid and the oxidizer
is an oxygen gas. 29. The nmethod of any one of clains 2, 4 to 8 and 28,
wherein the catal yst or pre-catalyst conprises a _third conponent containing
r hodi un?2-30. Theneonrositien obfenyepe helapns 2 rxp mad 22 tg 24 owhercinghe safalyst, ontier ei n

t he cat - onpri ses between about Ito about 10 grans of
palIadi§#¥§%ﬁg&gﬁ%ﬁpgﬁ&g&¥35%%%Ut 10 granms of gold per liter of catalyst,
wi th the anount of gold being fromabout 10 to about 125 wt % based on the

wei ght | adi um 39 . . . . .
g % pa’l‘he composition of claims 25, wherein the potassium acetate is present in an amount of

between about 10 and 70 grams per liter of catalyst.

27, The composition of any one of claims 3 to 8 and 22 to 26, wherein the zirconia

containing support material comprises particle support material or a ground support material.

28.  The method of any one of claims 2 and 4 to 8, where the alkene is ethylene, the alkanoic

acid is acetic acid and the oxidizer is an oxygen gas.

29.  The method of any one of claims 2, 4 to 8 and 28, wherein the catalyst or pre-catalyst

comprises a third component containing rhodium.

30.  The method of any one of claims 2, 4 to 8, 28 and 29, wherein the catalyst or pre-catalyst
comprises between about 1 to about 10 grams of palladium, and about 0.5 to about 10 grams of
gold per liter of catalyst, with the amount of gold being from about 10 to about 125 wt % based

on the weight of palladium.
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