WO 20116/068764 PCT/US2005/042651 MODIFIED SUPPORT

MATERIALS FOR CATALYSTS Claim of Priority [0001] The application
WQRIMmOEIBbenefit of U.S. application 60/637,529, filed on De®EMYEROPH)42651

2004, which is hereby incorporated by reference. Field of the Invention

[0002] The present invention relates to catalysts, methods of making the

catalysts, and methods of making alkenyl alkanoates. More particularly,

the invention relates to catalysts, methods of making the catalysts, and

methods of making vinyl acetate. Background of the Invention [0003]

Certain alkenyl alk 1%%8%%%3 \il I CF@E{%@ dlty
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used to make polyvinyl acetate (PVAc), which is used commonly for
adhesives, and accounts for a |large portion of VA use. Other uses for VA
included polyvinyl alcohol (PVEIM &DIMEinyl acetate (EVA), vinyl
[0001] acerﬁ%ﬁmh@% EYARY tRObRABI Bty Rl LB 1i6E b0R5M7 \9DY] Ale@ December
(EVOH), polyvinyl formal (PVF), and vinyl chlorlde -vinyl acetate
20, 200%0‘&131%&@1@@}0@W?@Wé@%ﬁ@%xtlles films, adhesives, and
photosensitive coatings. Films and wire and cable insulation often employ
EVA in some proportion. Major applications for vinyl chloride-vinyl acetate
copolymer include coatingstéM thenl geittéeives often employ VAE
roo0z] "2190 MARRNE RIARGIIG AR SRARIGE G A0 ARSI aRl
VA, |s rimarily use as cement a ves paints, an esives B’is
methodsm:ef migkuseal forylintientayes. iMeampratedlsde éhs josatingsehrtes ittksatal ysts,
EVOH, is used for bayrier f Ims eerin ers. PVF is used for
methOdSV\? rfemena aile ng Paéhgflé {IépgoT%é%nﬁ %m Vgleﬂ?g e basis for so
many commercially significant materials and products, the demand for VA
is large, and VA produc n is fre e on, a relatively large scale,
e.g. 50,000 metric tons “gér(gléf nggf’é'e scale production

[0003] megesdinailBigiif iﬂ&ﬁh@zﬂ@ﬁl@ﬂmﬁﬁs WD 22066088XH4re commodity chemicals in
PCT/US2005/042651 econamies of scale are possible and relatively

high derggi ik FAeCPARE BrBLOLE! FFBELS SoheUGHa Brmeke polyviny deetate (BVAG),

which is used commonly for adhesives, and accounts for a large portion of VA use. Other uses for

VA included polyvinyl alcohol (PVOH), ethylene vinyl acetate (EVA), vinyl acetate ethylene
(VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol (EVOH), polyvinyl formal (PVF), and
vinyl chloride-vinyl acetate copolymer. PVOH is typically used for textiles, films, adhesives, and
photosensitive coatings. Films and wire and cable insulation often employ EVA in some
proportion. Major applications for vinyl chloride-vinyl acetate copolymer include coatings, paints,
and adhesives often employ VAE having VA in some proportion. VAE, which contains more than
50 percent VA, is primarily used as cement additives, paints, and adhesives. PVB is mainly used
for under layer in laminated screens, coatings, and inks. EVOH is used for barrier films and
engineering polymers. PVF is 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



catalyst characteristics can have a significant economic impact on the cost

of the production of VA. [0005] Many techniques have been reported for
WarR80erdlietion of alkenyl alkanoates. For example, in makind@KUa2005/042651

widely used technique includes a catalyzed gas phase reaction of

ethylene with acetic acid and oxygen, as seen in the following reaction:

C2R4 + CH3000H + 0.5 02 CH3000CH=CH2 + H20 Several side

reactions may take place, including, such as, the formation of CO2. The

economiesoftsalethis peaitiienal ectlitouBsaibile teimgsafithh spasedimaodedsi conditions or
I %TE}% of.the reacrhié)n systeng, where the STY is the %ﬂams of %/A .
catalyst SpATGIELFIET TRBIPBY R AR SRR S0P OTYE ABRIR A Gy Treh O fobp Bofgtion of
VA. composition of the starting material feed can be varied within wide limits.
Typically, the starting material feed includes 30-70% ethylene, 10-30%

[0005] acgh@%fcﬁ%ﬂawa%%a)ée BssryEsiorise feethatpdstonof tikshxteaersts For

examplSHE i DA Q988 y MRINRRENRINANR IR ERRANE: 0@ B RUHANBIUDN of
The primary restriction on feed composition is the oxygen level in the

ethylenegfrithetnictivesif exdtionyaen, s et Witke Fleugsertfiiow such that the
streaps ide the fl bility zone. Th (ﬁftltﬁu_e in the effl is

CH, affe?g%%yt e oxygen ?é%??n the sta'rflng glg%gr%a S rearggez convﬁgé)n

Several ra({fe oft Siis rancg[iorg]ikaenclatpee A0 i?lt 0];1?(: aisn%te oateglaéﬁnomOeﬁ%?n}ésults of this
fb Ot?f he gas f')lt*nasepreaé ion hashEeen carried Ut whare afedd of the

reaction stardisgussatenistaiss pAtsegaetinrethid dgi TiXe dihke read@isystem, where the

. .Successf ults have been obtained through the use of reaction, .
STY is (i R PR g8 o3BG EE NS TELSatN RS GRS
[0006] 1-IHheaivinppigtasoRitadypicals[RR0S]NMble these sysiaisthay e iaoNidie
. _-adequate. yields, there continues to be a need for reduced production of .
Typically, the siarfibe majrer et iBevdeddibd a e Ly aseiadnidpnd 4-16%

oxygen. PrR6ESEIPMaY ARARRINAS thistid HRPEAY S AN S haiiasseHiStfthane, ethane,
particularly as to CO2 selectivity and/or activity of the catalyst. Another

propane,1gea A4 ar tekBRify! FeARIBAT ¥ SRETIEHAD St dReds emppaifipbissiartrysen level in
the effluBRatenials Qﬁﬁg{t&“ﬂ&{@tg?%tm%ﬁ b6 ©artam MSsBRAREs outside the

velocity (SV) of the starting material feed, and operating temperatures
flammabgiliy peegs g opygen level in the effluent is affected by the oxygen level in the starting
material stream, O, conversion rate of the reaction and the amount of any inert material in the
effluent.
[0007] The gas phase reaction has been carried out where a feed of the starting materials is
passed over or through fixed bed reactors. Successful results have been obtained through the use
of reaction temperatures in the range of 125°C to 200°C, while reaction pressures of 1-15
atmospheres are typical.
[0008] While these systems have provided adequate yields, there continues to be a need for
reduced production of by-products, higher rates of VA output, and lower energy use during
production. One approach is to improve catalyst characteristics, particularly as to CO, selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the ratio

of starting materials to each other, the O, conversion of the reaction, the space velocity (SV) of the

starting material feed, and operating temperatures and pressures.



WO 2006/068764 PCT/US2005/042651 [0009] The formation of CO2 is
one aspect which may be reduced through the use of improved catalysts.
W@ selectivity is the percentage of the ethylene converidiiiaefiyéd2651

to CO2. Decreasing the CO2 selectivity permits a larger amount of VA

per unit volume and unit time in existing plants, even retaining all other

reaction conditions. [0010] The formation of ethyl acetate (EA) is another

aspect which maybe reduced through the use of improved catalysts. The

[0009] EAThel&stivityds os0al})isxpesped inppmmy thaedticet Atvaghvitestse of improved

Decreasing the EA selectivit rmits reducing or eliminati
catalystsp e O RSB IR SRR STV ) PRl e EXC R Aty g CO>
Decreasifigt@ly StGheepasassignsie pslassp aiatactht\d iV paemavallaaddreunit time in
eliminated, thus providing cost savings. |t would be desirable to achieve

existing plangsagyen retanEsaih g ehEeRAieRIRREI Sbout 700 ppm, preferably

[0010] 'esputhan.ahesh SPRRANAtbeEhgaskfisRer g LRSS nial Besett@idtirough
or its activity. [0011] Attempts to reduce EA output have included

the use ofignezayisg Batalysle 18 hsiddralrctitity shushal vspystsedinpspinaio EA/VA
wtiwt, DderedSREHN0A IR P iR 1Rif,0RIEHE inchicaiendhaking o BN purification

ratio eventually goes to Zero with a high enough gold to palladium ratio,
of VA. BypediviasthetBLisientivibeeirnatlstidhepressseiagifieps dgrociated with EA

removal g(&){%ﬁ %@%ﬁ{lgﬁ{%gg, S %MW&% SAGH &%%aroﬂ%&ﬂfblé%ﬁfrﬂei REIERRRA an

to pa m ratio. Consequently, another approach is needed. [0012]
EA/VA wthodespthof tpéyrpicalantieadiidrosl20mnmapisteeab bylews/iben diper200 ppm
) factars including .th ivity of the st..the ratio of starting materials
without 10 eacn fﬁxeer? gaelyag’ggg)\%gésl%é ‘g%}?k%éailtre%%atti‘z)ﬁ , the space velocity (SV)
[0011] of KweestpttingrehterBAfoethuahdveperhtidgl iempgesiagifes guid tppediedres ratio on

All these factors coqperaje to determi -fime yield (ST'Y) of.th
the cata SHER S SEARRR BT ATV oLkt T TE G B SR SR the
EA/V A farseeathpdlioenbcaialystiparhizghunobsaaciototimBadiug tatif) @k f¢rimental
) Generally, activity is g significant factor in determjning the STY,.but other
testing BRGS0 S RERF AEEHL m AL BT TGN 7 eod trouh
the use ofBIcHREs8EHIN &f puladalystatie Uigheriba S Tadaecappiysiclsiahteded.

produce. [0014] The 02 conversion is a measure of how much oxygen
reacts in the presence of the catalyst. The 02 conversion rate is

[0012] teRERRINE SeReRdRNlSUchina! hasanyaiRioRd Bieeeaaaliter factors including
the activity of the catalyst, 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. All these factors cooperate to determine the space-time yield (STY) of the reaction
system, where the STY is discussed in terms of grams of VA produced per liter of catalyst per
hour of reaction time or g/1*h.

[0013] Generally, activity is a significant factor in determining the STY, but other factors may
still have a significant impact on the STY. Typically, the higher the activity of a catalyst, the
higher the STY the catalyst is able to produce.

[0014] The O, 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



3 WO 2006/068764 PCTIUS2005/042651 climbs with the reaction
temperature. However, the CO2 selectivity also increases along with the
W86 temperature. Thus, the 02 conversion rate is seleBEHE82§pe)42651

the desired VA output balanced against the amount of CO2 produced. A
catalyst with a higher activity means that the overall reaction temperature
can be lowered while maintaining the same 02 conversion. Alternatively, a
catalyst with a higher activity will give a higher 02 conversion rate at a

climbs wdiliehe tieauperaitirpaathcpake welee) the[QOL Sk1bisi copraitonibabsatalpaswith the

) employ one or more catalytic components carried on a .relatively.iner,

inctease LSRN AN T BT U Gl e IRe SR B Ao

balanced¥pigAlYRephibuie 6f 0B fthakmay badistribitted Mpiferaywiyongiauhat the
the support material ("all throuah-o,ut catalysts"), just on the surface of the

overall reacdion SHREARI P MR WP}%%%“%%W&%H@FB%‘B@B?P}%%@%
AlternativEg9ala watRirsishi i iig epiei R kbibe SHpPRH M JskiRkstoraatyatka given

catalysts"). Preferred type of metal distribution is dependent a number of
temperatigerard SPRIENRIECEHE reactor system and catalyst size/shape. [0016]

[0015] NURE' QR AR LRSS OE PP G e S DavSReeshSHIBRRIBEHR on a

use in VA catalyst including silica, cerium doped silica, alumina, titania,

relatively insshiaerattoniderinlidords. @se ofeVlrarlyrieshgadr viarenrersices
typically%?rtnvi/ft%rrlgtQ?rﬁ%ﬁlﬁa%&?ﬁéﬁ?&%ﬁ%?%ﬂ%ﬁn? fh%% Hb%ttlﬁ)égﬁp(ﬁ'ay material

silica and alumina have att een commercialized as support
(“all thromgtterislsatiBLs?), Quse arsdfelsuoiasinbtiorsuppoetaie toral A'deibbaidyists™), just
alladjum anﬁ od..Pti/‘Au catalysts pr v:'esle adequate CQ2 selectivit .
e & o SRt by Gt gl
(“egg yolheaehntit)idxdtised ypeatfanetpbdisibieutivthis depdudtivnacfuther[@DE8}ors

. . One process for makjng Pd/Au catalysts typically includes the steps of

lndudmg’r#t?rgﬁzf’fg?ﬁsd's?ﬁrg %ﬂ%ﬁ%ﬁ%%ﬁ%e LSJ%%/)L?S solutions of water-soluble salts of

[0016] paiadisnowdlfiatdit repeting shspdmpiggrialeavatereachuplessal®mite anVA
.apprgpriate alkaline compound e.g,, sodimn hydroxide, to precipitate

catalyst Gt TS ORI TS SIEHEE AR TRURBI CoMpaYRAges: But

very littl€ iflvEia gAysH @ fiiRdivfasing Wigvweetis pRpémaesahloabese done. For the
un-fixed compounds and to otherwise cleanse the catalyst of an

most parfy syl AR AR ASTALLRS Ayt et trSE ap fypport materials.
[0017] One useful combination of metals for VA catalysis is palladium and gold. Pd/Au

catalysts provide adequate CO; selectivity and activity, but there continues to be a need for
improved catalysts given the economies of scale that are possible in the production of VA.

[0018] One process for making Pd/Au catalysts typically includes the steps of impregnating
the support with aqueous solutions of water-soluble salts of palladium and gold; reacting the
impregnated water-soluble salts with an appropriate alkaline cbmpound e.g., sodium hydroxide, to
precipitate (often called fixing) the metallic elements as water-insoluble compounds, e.g. the
hydroxides; washing the fixed support material to remove un-fixed compounds and to otherwise
cleanse the catalyst of any potential poisons, e.g. chloride; reducing 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.



compounds with a typical reductant such as hydrogen, ethylene or
hydrazine, and adding an alkali metal compound such as potassium or
W@ athofiedicdtate. 4 WO 2006/068764 PCTIUS2005/042651 [(EIGY 240G 2651
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
[0019] atrWesphera’fifciipregnatiobasitphotsyiaiadicsn angeguatd sélts exighple, in U.S.

e tageaous. In W094/21374, it is ested.that after.reduction a
Patent NG 0 BREHLS e LR BLLE G T B Rrb ety e
reductio 846 eRSEREAt e OXTIZNRatitMoaBPeBRING sapipasphttrasROR0} the
In U.S. Patent No. 5,466,652, it is suggested that salts of palladium an .
Support KRt SHS M EERT PSR ke BB SER AT A0 Hopgts migh
be advard@¥RE. UBEWU0AMDIegnate Shes SHaPOH: MRde Fiadu fistnalar 2ugaasHoBusbefore its
made in U.S. Patent No. 4,902,823, i.e. use of halide- and sulfur-free salts

first use.4hg eAlTERGY BE PatARALRS RORISIESH GRMERRAQK FRBNerkdad reducing
atmosphgl%ww two to ten carbons. [0021] hi U.S. Patent No. 6,486,370, it
suggested that a layered catalyst may be used in a dehydrogenation

[0020] prdaddSwitrsratiNe-iArkaoiaTer bippumaviatshal sierl mahdierotnd epigdhat are
hydroxyfuﬂﬂ% P&ﬁ&%%u%%%% ot BTG NR. &i%%ﬁa%ﬁge%ggﬁ?%si%%gate the

dyered catalyst may useful as acid catalysts. But neither sugge _
support msteuhlayesadibatahggesivthis prastiuotidd P aitkeie . #RAAG3HS. aruse Sf halide-

Patent Publication 2005/0 40, lay e gr&yéaq,gg 8ds havi
and Sulﬁé afctg\?\?nf I%ta%%(cj?ﬁl es)ﬁegpooﬁjﬁg?é?élg%arglﬁﬁ%%ﬁgﬁﬁ U.S. PagﬁtcNo. S having
two to teh, 8A®™BH it suggested that a titanium or zirconium maybe used to

pre-t silica or alumj upport material to.improved activity and/or . .
oot A B R e B R
dehydrogeeaiiizadapchdddeassdddibel needufspoconianted differofflemehtsom¢héayer

field of VA catalys rovide improved VA producti tl ts.
support gaﬁ%hr&](ﬁ%ﬁ }fnté ti%ﬁent ?\Io 9 935,5983%2&%&%% Igtn a%ayce)\r/g rc% a ysst may useful

as acid catalysts. But neither suggests the use of layered catalysts in the production of alkenyl
alkanoates. In U.S. Patent Publication 2005/0181940, layered catalysts for vinyl acetate are
shown, but modified support materials are not.

[0022] In U.S. Patent No. 5,808,136 it suggested that a titanium or zirconium may be used to
pre-treat a silica or alumina support material to improved activity and/or CO, selectivity of the
catalyst.

[0023] Taken together, the inventors have recognized and addressed the need for continued

improvements in the field of VA catalysts to provide improved VA production at lower costs.

Summary of the Invention
[0024] The present invention relates to a method of producing a catalyst or pre-catalyst
suitable for assisting in the production of alkenyl alkanoates. The method includes contacting a

modifier precursor to a support material to form a modified support material. One or more



[0024] The present invention relates to a method of producing a catalyst
or pre-catalyst suitable for assisting in the production of alkenyl
WQRoenedied. The method includes contacting a modifier precB¢€S8Y$3085/042651

support material to form a modified support material. One or more 5 WO

2006/068764 PCT/US2005/042651 catalytic component precursors

(palladium and/or gold) maybe contacted to the modified support

material. The atomic ratio of gold to palladium is preferably in the range of
catalytiaboupBricpatousofs §pal Hdusu prbidrpalidr iaks itk dhededalytibe modified support

material TR ot%f”okiﬁ {qugﬁgﬁu‘%ﬁ'ﬁgg%{%%ﬁf'” YaREe o MY about
activated using wi n activating agent sucn a C. Compos‘ftlon for
0.90. Thatalypingriacepabduwitiothotanlalkeoyhpdkenoates tival beinglacetbakfieda reducing

.___support.materijal with palladium and gald is also in¢lud ithin the ..
environ e S e LB I ML) LD g A8 prbgiposion fo
catalyzifgkenryjratlasnionietakn Jeasrcdantd sy atetae nmpedtiedaugpetadederial with

Description [0025] Catalysts [0026] For present purposes, a catalyst is

palladiugy, and gold s Hseeisiifad doHtmAednIcaSesn - 2kl Bemissrah iayRption may
be used {3airisicaP AR f sRial¥2IngiA FEAGHO B ARk 38 ARy SGRAIYSIAS any

material that results from any of the catalyst preparation steps discussed
herein. [0027] Catalysts and pre-catalysts of the present invention may

include those having a mocyj@giféﬂpggggl@ﬁggﬂal. Effective use of the
catalyst accordingly should help improve EA selectivity while maintaining

[0025] or ikgiebisisg CO2 selectivity, activity or both, particularly as pertaining to

VA ' ver inati ' i f
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catalyticagtivityrisradudrialyinffaptbls. of0eREj1tshowddbiempyresated thatrthlyst is any
. present invention is described.in the context of certain_illustrative

mateie R e o BB enaing

[0027] on @maheedsdpe-patiiyutavifpioatan iByenidynohexarjuds witketihving a

s R ARSI RO copponeno O o
selectivityhehtl¢hrabatiahitig compaoenis @0p telud ity setatiyeby Buthshetientuiichs
peraim SRR el oy, Eqg e catalysts ey also be sutabie METen
maintaining or improving CO; selectivity may be desirable even if activity is adversely affected.
[0028] It should be appreciated that the present invention is described in the context of certain
illustrative embodiments, but may be varied in any of a number of aspects depending on the needs
of a particular application. By way of example, without limitation, the catalysts may have the
catalytic components uniformly distributed throughout the support material or they may be shell
catalysts where the catalytic components are found in a relatively thin 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.
Preferred type of metal distribution is dependent on a number of factors including the reactor

system and catalyst size/shape and include shell catalysts and layered catalysts.

[0029] Catalytic Components




substantially away from the center of support material. Egg yolk catalysts
may also be suitable. Preferred type of metal distribution is dependent on

W 20061168T6df factors including the reactor system and catalysPER/ERA8F/B:42651
and include shell catalysts and layered catalysts. [0029] Catalytic
Components 6 WO 2006/068764 PCTIUS2005/042651 [0030] 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

[0030] comkisatian dfdveatalstinclddes aititast ofehtrpresitaupedtiia andudelerstls and

. .one from Group 113, It will be appreciated, that "catalytic component’.is
pamculaa@elaﬁ%*r@?g%f@%ﬂﬁ%@aﬁﬂ%{ﬁfﬂﬁmg@w%ﬁ353%%?{% R GOBIRARY g of metals
includesthel&atalustibul asvinbesihetratabiedvalichy gl Bnteswslck agpsadiated that

solution, sol-gel, suspensions, colloidal suspensions, free metal, allo

. s ; ) : , O,
“cataly g GABARBROIHIEbI RETEHAL B, el WILTOHE b RTaTHF Shiet g Adagtionally to
the cataliR€ GRIAIKHGEANRE BENEH1G3 A1 VARBLPST Pratersaeess RaRim i 66 1861-gel,

catalyst includes between about 1 to about 10 grams of palladium and

suspensigpsféerdlslifpetivpsnsitisufieamsed ghomobrparmitisnpeichsst. [Brioped catalysts
include ﬁﬂﬁcﬁmﬁ%ﬁ%&fgtﬁ@tﬂvﬁﬁiﬁaﬁﬂaﬁ&ﬁ@mic ratios between about 0.1

and about maybe preferred for catalysts. Most preferred Au:Pd

[0031] atohwietharipscérddombndineit Phéhacstalisidtielustes betweapusibeol to about 10
grams o%@ﬁ% AABIGUNANG G T arier Wi EaMIONMAN, Sthigher

r atomic ratios tends to favor refatively lower EA/VA ratios
[0032] bufrhigleemB@inseié ftivityta] P03 3) OePdratvodinrentidtire eepeabbyirOunahd about

of powder catalysts for screening pf catalyst .compositjons, A grou
125 me L L SR AL B S R e AP e

atomic ratip paithmatiuisbioftobebthbyther EdubtiRdirdtieiyamit EQjzel@gvity Employment
. rinding_or. hall milling) or .one where the catalytic com are. .
of highep A 18 ESBIB PHOR T SHPIE CUBSH TGN NCA s bu hgher

CO, selg@bliged in size. In one embodiment, a ground or powder catalyst is used
to simulate a . shell catalyst. In simulated shell catalyst, an aliquot of

[0033] 5, psiEmRadiREwith B LRs R OHIh Ot BRRESHATBNTGY HbSfEraRR Qfrtalyst
composiGeiRlY UC SSMRPORAEISHLEE G RIRSUBB QNS et dftsSke Fattalby to the

support ggt%r(i)gl nfqo?ijcigvee? b%/ng /rgcrigc?tti%ygf tﬁg rggr(t)igﬁinstizg %z:.gégybgggd?rfgﬂ\cg?gbeaclilvgglqing) or
one where the catalytic components are contacted to the support material after the support material
has been reduced in size. In one embodiment, a ground or powder catalyst is used to simulate a
shell catalyst. In simulated shell catalyst, an aliquot of support material with a relatively high
concentration of modifiers and/or catalytic components is diluted with a support material that is
substantially free of modifiers and/or catalytic component, but has been activated with an
activation agent (e.g. potassium acetate), as discussed below. The diluted support material then
has the preferred amounts of modifiers and/or catalytic components in the catalyst.

[0034] For shell catalysts, the thickness of the shell of catalytic components on the support
material ranges from about 5 pm to about 500 pm. More preferred ranges include from about 5

pm to about 300 pm.
[0035] Support Materials




activation agent (e.g. potassium acetate), as discussed below. The diluted
support material then has the preferred amounts of modifiers and/or
W@t semponents in the catalyst. [0034] For shell catalystBCtH&S2005/042651
thickness of the shell of catalytic components on the support material
ranges from about 5 m to about 500 m. More preferred ranges include
from about 5 pm to about 300 m. [0035] Support Materials 7 WO
2006/068764 PCT/US2005/042651 [0036] In one aspect of the invention,
[0036] thencaiadvip&ampoBemnsmidhaln esaMitio\wititheat el el prédde sasritdn
a support material. Suitable s,uloport materials %pically include
f

by . .
generally pill be CAHIGLPY 3 SHRIGHHRAF Ao P 1A SRR D rarHrTalH BB A BIde
material Vet e D SURRALY MstSHAlE Aleitupieadninek @ RAIONMRIAG, the support

erformed. Support materials may be composed_of any suitable

materialggisstupical b dleraihsdraciiends mmp s BhoPURRAE AR iRl ey be composed
of any sURKBIY SLb L SRS 2,8/ GBI RSEH U R SR RUNYPYHNRARYGT 32 RAPHR ely high

structure, a molecular sieve structure, a honeycomb structure, or other
surface a5 ABTIBHBASPOT VO ERGIPIIB athe BUPPOFHAYERicl Malpedataisveiisacture, a

honeycof'ﬂb' @%@t}ﬁjéi,céf %M@‘&ﬁta%@%&‘iﬂ%? 'PHF%% EQHéas@gﬁ%%ﬁgﬁﬁtﬁzay contain
niobia, silicates, alumino-silicates, titanates, spinel, silicon carbide, silicon
silica, alwinijoie, sthebaiyodral éifanias tétatitesilientito niteg ik repetasdlicites seshia, silicates,
. I mice, zealites, non-zeolitic molecular,sieves gcomhinati .
i s A IS e
bentonitenalpwsm el ss gitaists, eugrtalphanmregasniiies atomiremlificooniagular sieves

combinafiogs ?lg)érs?lltl)%%tgdsfﬁg (1]1\;5&51?{? Icl)lf tg 3 er%tr‘x’j}l Q&&aﬁﬁgg (%rtngln%ﬁgglrsna léeiygﬁemay also
most preferred. [naddition,"multilayer Support materials are” also suitable
be suitabllef elge diptacoprasent invertion ZiRO3ih, Tiie auppidicarataithtiaibeitiaiadyst

.. of this invention maybe composed of particles. havin of various .
continig HRP PAGENE R SheE Sh H EfndP USB ETH S RGEgmateias ar
also suitdlgSorsisgsnahopredeshipestidhe support material may have dimensions

such as diameter, length or width of about 1 to about 10 mm, preferably

100371 apbtif SYBPAPoRt S D fhpettittiaP hAumg A EghBsha peqged of particles

having agpleraaduitbarne asiegaafataskiataenhdiprasi0n Bl AL NI 8kcs, rings,
about 8 mm. In addition, a ground or powder support material may be

stars, or %@%E@E%h@hﬁ?%@%%’t‘i% #ayihpve dimensions such as diameter, length or

width of about 1 to about 10 mm, preferably about 3 to about 9 mm. In particular having a regular
shape (e.g. spherical) will have as its preferred largest dimension of about 4 mm to about 8 mm.
In addition, a ground or powder support material may be suitable such that the support material
has a regular or irregular shape with a diameter of between about 10 microns and about 1000
micron, with preferred sizes being between about 10 and about 700 microns, with most preferred
sizes being between about 180 microns and about 450 microns. Larger or smaller sizes may be
employed, as well as polydisperse collections of particles sizes. For example, for a fluid bed
catalyst a preferred size range would include 10 to 150 microns. For precursors used in layered
catalysts, a size range of 10 to 250 microns is preferred.

[0038] Surface areas available for supporting catalytic components, as measured by the BET

(Brunauer, Emmett, and Teller) method, may generally be between about 1 m*/ g and about 500



has a regular or irregular shape with a diameter of between about 10
microns and about 1000 micron, with preferred sizes being between
W RMGt08878thd about 700 microns, with most preferred sizes BRGAGS2005/042651

between about 180 microns and about 450 microns. Larger or smaller

sizes may be employed, as well as polydisperse collections of particles

sizes. For example, for a fluid bed catalyst a preferred size range would
include 10 to 150 microns. For precursors used in layered catalysts, a

m?/g, prefebBrge el A0md/ 2 GO atmatais it Pee feFactAaa 8], Sutrfaperaueaspport, the pore

vailable for supporting catalytic components, as, measured by the BE
wtume QL R e R R R P ST A Sy oou
0.4 to abdun2/Dand. ahauk6R8e $MQiZOVSINERAEE, e ERIBRM) YDARAH T 0mdbout 2000
preferably about 20 m2/g to about 200 m2/g. For example, for a porous

ang“”“%ﬂﬁﬁ@?@,r?ﬁ?p}b‘ibn%‘?ﬁﬁg%lf the support material may generally be about
[0039] O-EioABMt A fkign RIS IARN APRIH AR APt FdRUIANRD from Sud

~average pore size in the range, for example, of about 50 to about 2000 )
Chemie, AvgelysiasidtaasiParssbanhothequiresriorsonEiepApEs-Bes sitisreveilca particle

size of alkAMRRIRG:SUBBA L Bgtgrials include KA160 from Sud Chemie,
Aerolyst350 from Degussa and other pyrogenic or microporous-free silicas

[0040] wiifxamppleichs ssiiteblsf zibwmia centaibizhBwred meic[RduoicEdeisiesisim NorPro,
. . itable zirconia,contajni t ials ingl
T
Elektron dnd (Mdghe SititablE lskemnal supiME MaBuke vareoriite sapgoef mafertatseas from
less than%%a\c/)ﬁelgaa\gﬂgf ﬁg r;goer 9 hsallrjlg%%emai/%a%%%prf#{a zsf?ctgl%n g#é)ég A ge/gatlcs) N9 urface

g. Preterred zirconfa support materials € surrace areas

areas froffiorboa A0tRD M kb batalsouml/s0 witv'g ravige of larigeaf betutekhnahand@bout 100

2 m2/g and about 100 m2/g more prefefred. Support materials have . .
g MOt BB S PRSI PO AR A SR R SURER B G e st in
which théndteiiakbippaaiadiefibeihinadiagd. retis testilersduiassaias sarticharaupPidr support

. . material (e.g. calcining). This provides a method of creating sypport .
materia (& & GEISATEN < BRI aitaaamst el of QRN SHPBRRLARICE e YARARFeific

surface afdAipRla Mot waRiaRe 0O b ramplesofrotheuspiiakle support

materials include titan-silicates from Grace such_as SP18-9534 (silica

[0041]  ifferenlys pioziiespiiablicaRRotRAsIHTRsEMIE (tRnassdisaise apa Sifieee such
as SP18-9534 (silica with 0.61% TiO;) or zircono-silicates from Grace such as SP189043 (silica

with 1.69% ZrO,). More generally, suitable support materials may include up to about 50% TiO,;
more preferably between about 0.01% and about 25% TiO,; and most preferably between about
0.1 and about 5% TiO,. Also, suitable support materials may include up to about 50% ZrO,; more
preferably between about 0.01% and about 25% ZrO,; and most preferably between about 0.1 and
about 5% ZrO,.

[0042] 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 and silica) with different characteristics may exhibit different activities and CO,
selectivities, thus permitting preparation of catalysts with a desired set of characteristics, 1.e.

activity of a catalyst may be balanced against the CO; selectivity of the catalyst.



with 1.69% Zr02). More generally, suitable support materials may include
up to about 50% Ti02; more preferably between about 0.01 % and about

WQ 3 DB264eand most preferably between about 0.1 and abouPS¥6UBRDES/042651
Also, suitable support materials may include up to about 50% Zr02; more
preferably between about 0.01% and about 25% Zr02; and most
preferably between about 0.1 and about 5% Zr02. [0042] In another
embodiment, it is contemplated to employ at least a plural combination of

[0043] supposksIdesiRls, Maatwih a different characteristic. For example, at
least two suppgrt materials (e.g. zirconia and silica) with different

[0044] - Inane cathedimsyieRE diffsrersppofie arasine kb adavried canfiguration

as discuRAMHING. Iraear atisnQtieatabn ¢l desiradi serRisatasierRtE By Rference.
activity of a catalyst may be balanced _against the CO2 selectivity of the

Layeringaaais a0hivesdowied romoss/of gibers appsaadess staberetaprality of
lamella tRAPREEMAAIARIAAMHIR01¢ cE3RAITE. RLERFdHRLeRt GURRCEEH A& is to

employed in a’layered configuration as discussed in U.S. Patent

utilize sypgefidueloreRodepoIBlEyan, fplaitveit e reiaheumplaate dibgaesmle hewein, layered

support ﬁ%?fé‘?@t%?ﬁa 7 1ﬁ8ﬂf$¥ %g]ﬁ% ! M %%ﬂgggp gﬁé) : gigfg{&qa%%q@g?%ﬁrﬁally

such as & plurality of lame at are genherally flat, undulated or a
surroundeogrtbinbtion ltyere dfl0nelpemticofar aysped actalgstomayilirensub fedsivdigcussed
below, wi Va?tl? a{gtgcﬁ%yoert%rrfelggrvercta e g)r(]%lea}{qc%é%&%?«% ; ! X E?Il’alggrrgigd n%referably

layered support materials typically include at least an inner tayer and an
contains eubstaalydiamleasifrattibityc somponditadghive tienemkayleyeAlllthentagrais dinaent, the
. ayered catalyst may be modified as discyssed below, with at least the .
iner and A R LA oy A SpretE dppme. Whil
the innerdapéaing subsianpaityus) ot fepsbatiiticeriipdnénis thaer tageinheat iayerous.

In one embodiment, the inner and outer layers are made of different

materials; but the materials may be the same. While the inner layer may

[0045] beTH=3ered SusibaEahdiieRisiRclusataminTerlayen ihallisdpaiet!SBut the
[0045] The I,a)Lered support material preferably results in a form of a shell

layered spppaiianateriaheffess arugls dpiinse hrsvadmy dsbreen ik deaddisotipgar, material

that hav. R HgphesstehiuaisupRAS AR bt thalsbane cateMHFe IPRNEMStructed
and the areas that do not. Also, the outer layer can be constructed

consistergbnwidhom dgsiind higkasssd Fnerthssdererymaay weddbesairym tbigkaess of the
outer lay=FHRUR HICKRESERLINIE that is a shell of catalytic components that is of a uniform and

known thickness.
[0046] Several techniques are known for creating layered support materials includes those

described in U.S. Patent Nos. 6,486,370; 5,935,889, and 5,200,382, each of which is incorporated

by reference. In one embodiment, the materials of the inner layer are also not substantially
penetrated by liquids, e.g., metals including but not limited to aluminum, titanium and zirconium.
Examples of other materials for the inner layer include, but are not limited to, silica, alumina,
silica-alumina, titania, titano-silicate, zirconia, zircono-silicate, niobia, silicates, alumino-silicates,
titanates, spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays,
metals, glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves combinations thereof and

the like. A preferred inner layer is silica and KA160, in particular.
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outer layer result in a shell catalyst that is a shell of catalytic components
that is of a uniform and known thickness. [0046] Several techniques are
Wk GI6¢reating layered support materials includes those BEEArN380p5iAH2651

U.S. Patent Nos. 6,486,370; 5,935,889; and 5,200,382, each of which is

incorporated by reference. In one embodiment, the materials of the inner

layer are also not substantially penetrated by liquids, e.g., metals

including but not limited to aluminum, titanium and zirconium. Examples
[0047] of Pihse mataitalsvaidhenuiran dyeinna l]lﬁt&.rl:mﬂ}a]be inot lianitey &6 feilicasuch as

alumina, silica-alumina, i@}%}fé titano-silicate, Z|rc?nla zircono-silicate,

regulary g AR SRS SHee LRAFRRE S Rl R e saeen

wheels, mﬁg@oﬁﬁfmtﬁ@f@u%ﬁ@d standiie Abgitends palajsleehals; iglassepreferred. The
guartz, pumice, zeolites, non-zeolitic molecular sieves combinations

inner e e BGP R RECTA BT RPN JATS SR EA TR A Ega o about 10.0
mm and ?éﬁ(fh!@fl fﬂ&ﬁ’%ﬁbé@@@/@ﬁﬁz%éﬁﬂ@@%ﬁ%/ 042651 [0047] These

materlals which make up the inner layer may be in a variety of forms such

[0048] s Thepniatpasidprer pAARURMEE PRSNGSRV PHFIdSIBREQUHdHsta surface
area in tkgé?%ﬁﬁé'gggb&&"ﬁlgsn}“’/%gcg N ReRIE nRENGRDR P PHRh SHRREhDANES rhttal,

al particulate nner layer is preferred. The inner layer, whéther
ceramic spmmabmahon, thaeah) affbotivecdimbrdinettdbisurcteoediranoatipaingg silica,

sﬂlca—alum na El%f %{I%%lﬁ{lglrol’l% 0.%1939% @l%ﬂlggﬂ%t%s t[a%oﬁﬁlglhgﬂlcon carbide,

outermos yer of any mu tilayer stfucture is one which is pdrous, has a
silicon nﬂuﬂap@lrhoaaqordlmmamjeamabomoﬁltnm@w,abﬁalSSQI’dm./gLu’ﬁﬁé, pumice,

zeolites, rrrlgiéezré% 1];%% %g E{rlg,?er X a met a B%rsr? o120 an Ipeq,%lﬁ)pﬁ 8f1?c9§ 'alumina,
n one em imen It IS selec rom alumina, S a, Sl alumina,

silica, s1Iﬁktammrmmapmahmmbian&bohtemcﬂhmimtssdmté‘éztvﬂ&)aim;mpnmomm(aod

rbid |I|c%n nitride, carbcin cordlerlte teatlt% entlcl)lnltoer CcI Shations thereof.
mlxturesnt?éqglé g%gg 1 G ATRBLOR ARSIRES RSt SHISR. Sab s SEG AP RIagHe '

and combinations thereof and preferably mclude alumina, silica,

silica/alumina, zeolites, non-zeolite m ar sieyes (NZMS), tltanf ..
(00451 SR A 5 EHES HRLFELY SBPRLR SUAHEICE I S B s his s o

necessar@pehalvabinga®h ceriinations b erant ilked BV mearbewstesyayeaiay be employed.
typically surrounds substantially the entire inner layer, this is not

necessarily the case and a selective coating on the inner layer by the
[0050] OUE[:IBYR!: T RE§BPIQHREH on to the underlying layer in a suitable manner. In one

embodiment, a slurry of the outer layer material is employed. Coating of the inner layer with the
slurry may be accomplished by methods such as rolling, dipping, spraying, wash coating, other
slurry coating techniques, combinations thereof or the like. 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 slurry may be applied repeatedly in small amounts, with intervening
drying, to provide an outer layer that is highly uniform in thickness.

[0051] The slurry utilized to coat the inner layer may also include any of a number of additives
such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of the outer
layer to an underlying layer, or combinations thereof. Examples of this organic bonding agent

include but are not limited to PVA, hydroxypropylcellulose, methyl cellulose, and
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[0050] The outer layer may be coated on to the underlying layer in a

suitable manner. In one embodiment, a slurry of the outer layer material
We280n0f8yet. Coating of the inner layer with the slurry may b&CT/US2005/042651

accomplished by methods such as rolling, dipping, spraying, wash

coating, other slurry coating techniques, combinations thereof or the like.

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

carboxyﬂé&[}ﬂ,éelﬂbl%ﬁiumlyemﬂmlh& aﬁ@i'@ﬂirebﬁaimﬁ)afg&mmaibhrimdd&i Wiulhe slurry may
tervenln dryi rovide u er tha hly unifor
vary, suq L ROBE 1 i S oA SRS IHEr )& i dfogtand

bondinginEdneleranpiad BRMbRRLAlatditigsasieh 48 ﬁalﬁdféﬂd&@lﬁﬁ anabugambonding agent
inorganic bondln%Pgent that aids in the adhesjon of

(e:2 BORRH A R HIHEr Bl HErob OB A AEE h??ﬁﬂg‘g?éé% e:8 Boonia

acetate RUIANIAIELINGIHEERIMLRIGRStHEME toxBMAeb e eyDERRieel oS include
methyl cellulose, and 11 WO 2006/068764 PCT/US2005/042651

silica sokamdsijen ety heBilaIBsanmpe ofbimnarortiRkABERA NS e A uiHRA S, bentonite,
Bohm1teagg§qm%t1lﬂﬁrﬁlM{%@afhgﬁfﬂoﬁ%gfqﬁd( %Sglél%eﬁ&l%g\ﬂg&%%?%ﬁééﬂf&h about 2

4o of the combination of outer layer and bonding ient Examples of

wt % to phongddicbdnaingeeenbinatiorete guteniexer anthinsP podiamgasgbnt he thickness
of the ou(%igla % esﬁlgﬁl RRReiRG, AGRI (@ AbbHds0 IE%QE}ISZABQPSE@fQ%BHJ Between

agen |rco la acetate or colloidal zirconia) or combinations theréof.
about ZOEnmmbmf@lhoaMIn@agents include silica sol and silica gel, while

[0052] B %5::]8 %ﬁeoif alu mgr li)socnod raa“%?h Selgﬁ léfj {’j r&lg {;le?lﬂltg %&ﬁ éﬁ’s I}1){)ort will be

ite, Ainum i e amount |horgan|c g age
dried, suciays @nlg@fmgraebmmlzerwu% ab ﬁiﬂxmuﬂ 06°Wttembbthd2e5Mm lﬁmg.tlﬁ)m ofitheof about

r. layer and the bondin ickness of th oute e
lto abO‘r‘ﬁﬁg P}(/SF# %{BFSEF% %?&%?-,‘%O{bg @% utC§ m(lil(crgn%sea pre erab yxbgg'@?éc to about
900°C (@pofék 2Qimics®asound.ahedbaHOl Mierans 108hahEroa dhegitirestegrdnysr to it
coated with the outer layer, tFe resyjtant | eredés&£port |II be d ied,

underlying layerQyoR fleasiAto SaF AR08 Bygste (%uap%r The

drying addténRigfalRehs t40 @@&ﬁhﬁiﬁé@pﬂﬂt@) ackige n’H’HaYCQﬂwﬂaﬂydﬁailepmﬁdnaterial
at a temperature of about 300C to about 900C (e.g. for a time of a

may be qpBagteWith qo S FOPBAMEIIS S HTARY HHaehEBPeL, Matere! aaa%mguctwn of
catalystsla¥EedRVEh &l IsaRkA ROKAREISRHReL1ANG Ripyilenmiamared atabist to catalytic

support. The
components before it is coated onto the underlying layer.
[0053] In another embodiment of the layered support, a second outer layer is added to
surround the initial outer layer to form at least three layers. The material for the second outer layer
may be the same or different than the first outer layer. Suitable materials include those discussed
with respect to the first outer layer. The method for applying the second outer layer may be the
same or different than the method used to apply the middle layer and suitable methods include
those discussed with respect to the first outer layer. Organic or inorganic bonding agents as
described may suitably used in the formation of the second outer layer.

[0054] 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
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drying and calcining steps can be combined into one step. The resultant
layered support material may be contacted with catalytic components just
W@2086)68feér support material in the production of catalysts, REHRSCAGEH2651

below. Alternately, the outer layer support material is contacted to catalytic

components before it is coated onto the underlying layer. [0053] In

another embodiment of the layered support, a second outer layer is added

to surround the initial outer layer to form at least three layers. The
catalyticroaiginldiey, thensaetnebbudefftasercanaytioe thepsacne ardiffedantdivan dixe,

first quter layer. Sujtable materials include those discussed with res ecf
althoughy i dsat Biﬁaﬁsm}@ﬁh%ﬁa%émsaefm%ﬁﬁ?ﬁﬁaﬁ%ﬂ 18n %m&r%vﬁﬁf ayer does

not contfRY E8RE - HHehiffeantiniag hameihothpseshiaaprlyihe mjddithay be

layer and suitable methods include those discussed with respect to the

accomp gy mBYRI DGO AN R HIR SReHY IS as described may
[0055] SURRNBREHLBNGISMALIAN Q] hesacoatoktahdawel L ROR4bbfeitiRle method

~outer layer may or may not contain catalytic components. Similarly, the
of achiewsgdhis sutectajestihgyarlyii casinansniife cheahaieridmbbisanisal oyéhlayer
before HRIEHBYPIS SHRN oA ?%@40. 6R{O% L4d CdrRPPRUNEZOBL HRIRNYS th
elore component, %ﬁéln pre%‘ergvgﬁl%ﬁff rent caetglyt?c compor%%/ts ar9e usaegg in °
initial oweclayayseataitronghning dstalytinsosgsmdytthe case. In one preferred
[0056] e”@%%%@ﬁ{t‘%@@?éc Itlialu%lsjter?lalyg {léje% %a%%e%%nﬁt%?e% g&%'guﬁiport material in
component. Contacting catalytic component to the outerlayers may be
which omceomptishethbyutaplegratiantan spraytcoaiinpo@s e dodbed] Beldayered support
teri IEOOSSi.IniErHQOSA%entS wh re the initilal OLEeI‘ Iz%X,eer c%ontainls cartal (;[;ﬁe or all of
matenal 1B o ?, on (é‘ﬂ%%fsb PG fieyvll% lfﬁ?s o tontadtthe 3%%?3/ IC
which megmposeNidalihe matgcatekihe initial outer layer before the material is
applied to.the inner layer. The second outer layer may be applied to the
[0057] innﬁ%ﬁlsmewaf’%? AP B WS HRRiRG ekt |8‘HBH?88H§H?%\%§]%6?H%?“ the layers

of the laféiéakigpirebniaueRIimaebeHisaddasachieve potosas, lpyered siuppaiiface area, pore
material in which one or more of the outer layers contain catalytic

volume, g5 thedkenl theisupomhaplserbeay ypbrbsmRed 94346 imited to three

[0058] laveisuipiebaay BRINER:IpHE, five or more layers, some or all of which may
contain catalytic components. [0057] In addition, the number and type of

[0059] cafaignetbenspthrditemaibgappetivasisiabmaydia a modified support material. A

modified support material is one that includes a modifier. The modifier is preferably a metal

selected from alkali metals, alkaline earth metals, transition metals, and lanthanides. More
preferably the modifier is selected from group 1 to 6 elements. Of these elements, barium,
magnesium, cerium, potassium, calcium, niobium, tantalum, titanium, yttrium, strontium,
zirconium, lanthanum, praseodymium, vanadium, molybdenum, and rubidium are more preferred.
Niobium, titanium, magnesium, and zirconium represent the preferred modifiers, with zirconium
being slightly less preferred. Combinations of these elements are also suitable with binary
combinations the preferred type of combination. For example, suitable binary combinations
include Ti-Zr, Mg-Nb, Nb-Zr, Mg-Ti, Nb-Ti, Mg-Zr or the like. Ratios of metals in the binary

combinations range from about 4:1 to about 1:4.
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of the layered support material, other characteristics (e.g. porosity, particle
size, surface area, pore volume, or the like) of the support material may

W@ asastieen the layers. [0058] Modified Support Materials [(59P$3005/042651
another embodiment, the support material may be a modified support
material. A modified support material is one that includes a modifier. The
modifier is preferably a metal selected from alkali metals, alkaline earth
metals, transition metals, and lanthanides. More preferably the modifier is

[0060] sefgiporfromtagids pré tyfldynentsiQf thése eltdytintsoinpdnents are added to the

magnesium, cerium, potassium, calcium, nigbium, .tantalum, titapium
sppor T, BRI O O A A W o o
more aquUBGIYREAMER ok fubilfiurs arefeneretpeafiaiseidicNiokiunn titahitions). The physical
magnesium, and zirconium represent the preferred modifiers, \{vith

d
state of the; U PR SRR TReSHeRPed R Randhs 8t el s biphibipl ek 2

colloidal MRAAG SRR Miith binary combinations the preferred type of
combination. For example, suitable binary combinations include Ti-Zr,

[0061]  Mdonmerembediogoti hetepr it s ke IR AFEIBIMAMILAR e Water soluble

salts mad¥ S heSRBMRINAL qﬁélﬁﬁﬂ%bﬁﬁpﬁbﬁ?ﬁ%ﬁ b 1AL AndBr¥¥i@es, nitrates, nitrites,
2006/068764 PCTIUS2005/042651 [0060]> Support materials are t)@cally

hydroxidesodiideshetelatentalticsawgiates it e Htkeaiinnand appost ate ahloride free
salts beinlgr Sr%?eplre%f eHaA ﬁ%QQ'%ﬂte@ SHRRAMLAIEHR] ISP BreRnAE ARy I DRE of

ore agueous solution of the modifiers (referred to as modifier
modifier prétsLmsitatdo frtions n Thedphgsizat ussatsdftivasinsbote RatdPale Me@iPe: 6H20,

%'Q%i(cmcﬂ(o-

cevos g N R R T B P Ao

érs contained

)CO,NHiiw (03 8 (01 s6H(o7ate WAt sHidble salts made of the modifiers,

including but not limjted to, chlorides, other, halides, nitra nitrites -
10062] 1 RO S WAt 0L B PR TR Ligngouion
PrecursoR5dlEsnd/ifprialofigefieentalibpelngopvaigiedelittetoctitessaalatester, with or

) and nitrates heing most preferred. Examples of modifier salts suitable for.

without LR SR Y SUEISE S GAECT U EANIO 2 WIS 8 SFig o vents
may also®8@IRDHRBOH20, KNO3, Ca(N03)2.4H20, "NH4)1.35Nb(C204)2.73,

Ta(C204)2.5, Ti(CH3CH(O- )C02NI34)2(0OH)2, Y(N03)[3.6H20, .
[0063] », Qgﬂzﬁqﬁcursor solutions may be impregnated onto the support material in a
single impregnation, although support materials maybe impregnated multiple times with modifiers
having low atomic weight (e.g. Mg) or limited solubility in water (e.g. Nb or Ba). If multiple
modifiers are utilized, the impregnation may be simultaneous (e.g. co-impregnation) or sequential
and support material may be impregnated through the use of one or multiple precursor solutions.
Suitably, the amount of modifier impregnated on to the support material is between about 0.01
wi% and about 5.0 wt% of the support material, and preferably between about 0.1 wt% and about
4.0 wt%.
[0064] For the impregnating step, the volume of precursor solution may be selected so that it

corresponds to up to 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
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[0062] Furthermore, more than one salt may be used in a given modifier
precursor solution. Precursor solutions typically may be made by
WQIRH96IWATIe selected salt or salts in water, with or without SSILBIRRA05/042651

modifiers such as acids, bases or other solvents. Other non-aqueous
solvents may also be suitable. [0063] The modifier precursor solutions
maybe impregnated onto the support material in a single impregnation,
although support materials maybe impregnated multiple times with

[0065] mAifierdlavingddifiatpraimmwedghiuiEog.idvigded lionfhedwuiabifitpterialeed the

e.g..Nh or Ba). |f multj modifiers are utilized, the impregnation may be, .
support R B AURaHr o1 Lhtliorha THEL e b
incipientW@yhbss isTRheguppec thenegdl ibeubseuafadleactiovediplelpraativedy, the support
. . solutions. Suitably, the amount of. modifier impregnated on to the support .
materiel YO B AL 405 0 G D98 S ABBLR S DR G Pe QLRI hersion or
other assibi@@rphantPrefe bk hENeaHeab BhirBubiitdn aidttabotin 448 wifport material

[0064] For the impregnating step, the volume of precursor solution may be

and the PEefEterSOb iR if EEREsBORER (PTiSAaBoGLETHHY thit RsRratFAEsglution is
sprayed 18 EHPR AN RHAKNE QPSR hrbueanyabRUk 8636:88d ahauiddaY o typically

the pore volume of the support material are preferred 14 WO ]
not used ppfies/tiamedi fer PrUS 2o spoRowEIaTEbS) ihistienpi Bgfrsparily the case.
precursor solution is added to the support material and the support

material is allowed absorb the precursor solution. This may be done drop
[0066] widdentildifieipiem heelinssbuseddl Siopshoridberisostiptgrighlfistributed as a
iev rnatively, the jal. licuiaits @y
shell, ancgggc%\%g e&ﬁ% t e%%g%ﬁ%j%ﬁ%%%ﬁ%%%&%@ﬁ%gﬂﬁ assiétiver _
example appdifitus menbbearsaci¢d wohimppatonetaylalcbnesichzetheeisaheapopgeppsition
material and the lution. Further, a spra ' e
process, QA e R BT S L R IR B RO 6. spray

coating csuphast ivateyriaingviersfiiraldgqniseidhpiefinatedsteppistypitatisl, aptnisatetdayer, on

; ._fix,the modié_igr on ﬁ the support material, although this is not necessarily

0 an inngg layee MAYRGSUHRE modifier may be distributed all throughout the

[0067] supperthaterinfi dlistdbuied schatiahidk e asmaceggovhieypas: amterial,
g-yolk. Other, contacting techniques may be used. For. .ex

. e . ple,
decanting g aF AL RO EOTHER IO DPEh ST TR ABY GG GEhR, dagorbed by the
support aReISPRSEPMhe support material.

[0068] After at least one modifier has been contacted to the support material, a calcining step
may also be employed. The calcining step typically is before the catalytic components are
contacted to the modified support material. The calcining step includes heating the support
material in a non-reducing atmosphere (i.e. oxidizing or inert). During calcination, the modifiers
on the support material are at least partially decomposed from their salts to a mixture of their
oxide and free metal form.

[0069] For example, the calcining step is carried out at a temperature in the range of about
100°C to about 900°C, preferably between about 300°C and about 700°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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process, such as described in US2001/0048970, which is incorporated by
reference. Also, spray coating or otherwise layering a uniformly
W@ 80eBEeated support material, as an outer layer, on to aR®@iiBs308&42651

may be suitable. [0067] After the modifier precursor solution has been
contacted to the support material, 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. [0068] After at least one modifier

like. In has hﬁbmﬂhnmadﬂeﬂdaidjmr@mmm cagtedalybicalcatngsptepe nfapbismbaly pure

; em ed. The calcinin t aéj for the catalytic compopent
it B i R G Eo b TR Y A W T ar

betweenli abtude&heathtgutheﬁumnégtemﬁteewnm@snmﬁdhemgcafmnsqﬂmde;(émis on the

tempers R 5 20 SR APy AREB RGBT DA P e olowed

by momtbﬂﬁg%ldﬁlaaectsﬁ@mmahfpfmu&m69] For example, the calcining step is
[0070] carrled out at a temperature in the range of about 100C to about 900C,

and about 700C. Non-reducing gases
[0071] used é@ﬁéﬁ?tﬁ%'ﬁi@ﬁi%ﬁ@ﬁiﬁ@@@%@tﬁ@%dﬁ%@s 3R NSZIRG BRASRSIytic

such as helium, nltrogen argon, neon, nltrogen oxiaes, oxg en, alr,

componeRifsH ardRIIRS SenmsiabitiisreomBrBeH Sy Rr@fzeqﬂ/eezm/e esent invention
include 1%14&11%&9& a0 %?{g@tlé ggmlﬂoﬁ&%ﬁmqgggﬁﬁowgh%ﬁw'Q:gléf'ﬁf?lésthe catalytic

carried out'in an atmosphere of substantially pure nitrogen, oxygen, air or

compongrmpititingsstipmabindaitihatovciiradkernaiplytie conporsiefaiy astivating the
e DB #%ixing the catalyti

redueed R AT} b fipg e catalytic
componentifieticsmpport matenill aecbalm‘h'exg &mjﬁzad betdbltmwethiopentritepingso be

volat co 0070 M s Qf Ma Catal
1ncluded[ %ﬁrﬁl‘] %le(rilg d?: rﬁq ?a?g L pTe r:]at Isnggno ¥ g% S )glsttsed above are
optional madmﬂﬁmﬁfay:ht&@hmmasﬂr(e@ tits washmgi ant’bﬂjxhg smynm addition, some steps

t d meth d f t
T N

differenttii® eadalylistedabpanang. q@etﬁmmng@umpqﬁmmb caliicing dke). To a certain

catalytic components and activating the
extent, the co%tact%ng sPep w{ﬁ etern%ne w%xatqater steps are needed for the formation of the

catalyst.
[0072] Contacting Step

[0073] 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.

[0074] The contacting step may be carried out using any of the modified support materials
described above, with niobium, titanium and magnesium modifiers on support materials
containing zirconia being the most favored. The contacting step is preferably carried out at
ambient temperature and pressure conditions; however, reduced or elevated temperatures or

pressures may be employed.
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reduced catalytic components on the support material. Additional steps

such as fixing the catalytic components on the support material and
WaQRPHhivg e fixed catalytic components may also be include@ ¢ %2005/042651

method of making 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 maybe repeated (e.g. multiple

impregnation or fix steps) and the order of the steps maybe different from

[0075] thaldistedpabioviedeshttiang diepingnsteifpreagaest theteakdinmpteg)afea with one
certain extent, the contacting step will determine what later steps are
or more, AU A5 NSRS PALRHEBY LS CCERS FoB T BT € e g St R 51
solutior@NETRARIHHRA PRAOAL M EGEHITAGHRG IR NG RS htacHhiCiie megtbe a dry
olk catalyst qr pre-catalyst is formed, an egg white catalyst or

.Y C ¢
solid, a Shuryse30lieel raenlaideh YRR e iy st or pre-catalyst is formed
[0076] OF arshed GARINRhNPIR:CRIANEE SiRpRRHht Ot HABRIRANRDH ISR dBlution are

one embodiment, techniques that fonn shell catalysts are preferred.

water sqbiprijatisanssistat tigcstelytinagBrossiipdnsiedismbrang it tigaridarides, otber

halides, SHRRRE H}ﬂﬁ?éé?lﬁ(cﬂs;%ﬁ{é&e&?dég}/&m&sﬁ IR, @R R ANhines, with halide

magnesium maodifiers on support materials containing zirconia being the

free saltmb@'nmv@fféttﬁrtm%dﬁm&m@weﬁ%@e&mm&f@mﬂo Jixamalebiehipalladium
salts suilE0IP RS AHKES A DAL RIES WS SRNd IS 1B EY SR, %ﬁi%@?@ﬁ%z)z,
6 WO2006/068764

temperatures Or pressures may be employed. 16 WO

PA(NH;pEIHSPO0SIDAZDEL; ) {0BIG] Mn)a ks Okéieu@dicn R 9i16P Az mddiffedc), in
t ial js i £ [ re eous solutio f .
KOH ar?#(?};gi\é{n%@tﬁr 5%&]%%%@%?2 I éifl‘gﬁa@%%a%n (Paﬁlzgﬂum 0xa alye.. Ot fle chloride-

Ief/ IC components precursor” solutions).
containifip @gilagsina pstateithNaRISrismatetipledemied 06 thortdotity Steppalladium

maybe a dry..solid, a slurry, a sol-gel, a collpi ensi Eﬁl%lj e.
precursqp B RSB SR e R R S R
PA(NH; @0y so PaaNIion 0ie),waemsgslkiné sslisaizdeinblbdozatedyitiprecursor solution
. omponents, including by pot limijted to, g{t@gdes othw lides, nitrates
incude B e A AL KT LS (e TG L ot
NMe,ORaligrelras Baltglen)yinreiel aci@nsighiondofiesnsatis Beingpreasged of the

. . preferred. Examples of palladium

chloride free gold precursors.
[0077] 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.
[0078] The precursor solutions may be impregnated onto the support material simultaneously
(e.g. co-impregnation) or sequentially and may be impregnated through the use of one or multiple
precursor solutions. In addition, a catalytic component may be impregnated on to support material
in multiple steps, such that a portion of the catalytic component is contacted each time. For

example, one suitable protocol may include impregnating with Pd, followed by impregnating with

Au, followed by impregnating again with Au. In another protocol, Pd and Au are preferably co-
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salts suitable for use in precursor solutions includde~PdC12, Na2PdC14,
PA(NH3)2(NO2)2, Pd(NH3)4(OH)2, Pd(NH3)4(NO3)2, Pd(N03)2,
WEHMASBIOAC)2, PA(NH3)2(OAC)2, Pd(OAC)2 in KOH andR$IMINZMSI6H2651
and/or NaOH, Pd(NI13)4(HC03)2 and palladium oxalate. Of the chloride-
containing palladium precursors, Na2PdC14 is most preferred. Of the
chloride free palladium precursor salts, the following four are the most
preferred: PA(NH3)4(NO3)2, Pd(NO3)2, Pd(NH3)2(NO2)2,
co-impr&adidd3)4(OH)2. Examples of gold salts suitable for use in precursor
solytion incluge AuC13, HAuC14, NaAuC14, KAuO2, NaAuO?2, .
10075] NAHERIEE ARG IR H AR RHS WL A Griebamrpeureor
solutionBiigcaciEtivathaitRcI2R Deigihebyeshpraiestesbef theeablaridecgeasgiitdussed
precursors. [0077] Furthermore, more than one salt may be ysedina |
below, witherssnestirsBieSistigns eP- exesiapbla s palirenranl b s EBRaBRmL
impregn#téh Sre9IthSaliPoiva AHRISTED HHas LHTH 3Rl TRy 28 KO URBL HALUBRERE or 1ast.

in a single precursor solution. Precursor solutions typically may be made

Also, theupResbRIRE M da Earssaatedmy plrigiesnititoibg G caklbingpmponent.
For exarﬂiﬁ&ig?érﬁﬂﬁtb?ﬁ@qg&alp RS:8hQ1HET SPIHE RPN RIa) DR BAYEONRCted,

solvents may also be suitable. [0078] The precursor solutions may be

followedrhpreptestinsonte sreosdmosiomatéharsithuftansesipthergiops may intervene
betweendRd MBEEIRINADA b REAUCHIRIVABIHDAYES IRLegDated tigbah NeHEEing,

of one ‘or multiple “precursor solutions. In addition, a catalytic component
and/or fixiag.be impregnated on to support material in multiple steps, such that a

portion of the catalytic ¢ onent is contacted each ime. F ple,
o080 e B S R e s

impregnistipnegrasievittal Anpfediatied isyutitipedgridtingoagaprevitsdsolntamstiveh similar

. rotocol, Pd gAn re preferably co. 17 WO 2006/068764 .. . .
it s RS BOTON BT, PBINEh SoR SIS SO Th cPadl o IR Ak geic-buse
reactionshiBamadifieshbtippadcnste salunidhsthe catalytic precursor solutions is not
cal; although there may be some adyantages to certain orders, as

critj :
10081] oK R R R BB e VO P IR ENGIoR BrRReRay iR ht i

correspodaHadibepciabiisue8pIpane abisutiMOBGTatRh o9 sherRUPPOE sigiefiahaterial.
first, with gold being impregnated after palladium, or last. Also, the

Volumeg hefssemhabeital riag e homr LNt theunipte aES QidheuRppHgnaterial are

preferreGatAIVIRCIBIRARIM fixing and modifying discussed below, the modifier precursor
solution may make up a lower percentage of pore volume. For example, less than 50% of the pore
volume, less than 25% of the pore volume or less than 10 % of the pore volume.

[0082] Typically, the precursor solution is added to the support material 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 aliquots or batch wise into the precursor solution. A roto-immersion or other
assistive apparatus may be used to achieve thorough contact between the support material and the
precursor solution. Further, a spray device may be used such that the precursor solution is sprayed
through a nozzle onto the support material, where it absorbed. Optionally, decanting, heat or

reduced pressure may be used to remove any excess liquid not absorbed by the support material or
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For example, a portion of the overall gold contained in the catalyst maybe
first contacted, followed by contacting of a second portion of the gold.
W@eoesiesbther steps may intervene between the steps in WPEHEBIW34)42651
contacted to the support material, e.g. calcining, reducing, and/or fixing.
[0080] The acid-base profile of the precursor solutions may influence
whether a co- impregnation or a sequential impregnation is utilized. Thus,
only precursor solutions with similar acid-base profile should be used
material }UStAEY I EppbRRIRERAlING SteppiBimalivhinates any acid-base
reactions that may foul the precursor solutions 10081] For the .

[0083]  imYbSRSARELIES ERRBIGHBBL 5 uset LB PLat ol g sisRivdils ifh aphieving a
shell catﬁ?gwmc%ﬁ%t@wﬁﬁﬁi@leeﬁ{&%%@nﬂ@@@%M&%@ﬂ‘oﬂa%wm&teﬂm through
0

the support material. Volumes between about 95% and about 100% of

a chemiolev pioe drRosHioBMRoECSIHGR 5 deskEbeddn HaPQPa ) d4GARey Which fgincorporated
by referentel RINY @dyndifying difcrsaed Relavy FnsimedifissRIeaprsarasal E\E&?Jbrt

may make up a lower percentage of pore volume. For example, less than

material 55%nofutes [roes, volorde iness ldyan sibwivelh B posshelienialypldes mamalso be
ibed 32 B DI PRIS YA HMEHIROFR LTSRS RS BT pur SO sOlHtiop: 2 addedh ¢

descnbe%ogfhge%ﬁ%ggr% aéégr%@aﬁ%qth%glag pport maté?;ilal IS %ﬁ)wed absc%b the
catalytic prevpesento paitinuliHjs withyrérp etdrie ghidpmasdentiediofram sheltretdysts, as
describecth(ral op pﬁgtergﬁlt\?or! R Lz)%ta%&/ tll%l'lt:%sa ﬁlhIoevegeiteAAtg.mr%war%%et.he support

material may be placed by aliquots or batch wise into the precursor

solution. A roto-immersion or other assistive apparatus may be used to

achieye thoro ontact between the suppoyt material and,the precu
10084 SNSRI LAY BLCHLC R 0 LB S OEHAR B 1 i BEA o Fshel

catalystsSAtiOHS pRIayes braighmaytezipranio she siippaet maidifiel] wipptetinaterial or
absorbed. Optionally, decanting, heat or r%gﬁﬁ%ed ressure maﬁl be used
P

a layered pd sk sHADOBk L Y i B SaHEeY 5t FRUtEFR CEPPagales upon
contact WMPtBODEHIESB s et kPR Ah(R4RPBditiAAdes iedaryigcdiyntiperinpiart shell on the

material after impregnation. [00831 Other contacting techniques may be

b .
support g3kt RSP AN HEP e WHRRD ST 50BN G oAt Uetalyay hegpsed- Selecting

the tempBXRTP 6F GRS SHMRLNE AR MR ¢20BEIRE JO1RIHPPASLEMIR @ray nozzle
through a chemical vapor deposition process, such as described in

~ may be ugssbgtrobihedhizkiesealithmeeriofaegrample, with temperatures above about

100°C, a relatively thin shell is formed. This embodiment may be particularly useful when
chloride free precursors are utilized to help enhance the shell formation on the support material.
See for example U.S. Patent Publication 20050181940.

[0085] One skilled in the art will understand that a combination of the contacting steps may be
an appropriate method of forming a contacted support material.

[0086]  Fixing Step

[0087] It may be desirable to transform at least a portion of the catalytic components on the
contacted and modified support material from a water-soluble form to a water-insoluble form.
Such a step may be referred to as a fixing step. This may be accomplished by applying a fixing
agent (e.g. dispersion in a liquid, such as a solution) to the impregnated support material which

causes at least a portion of the catalytic components to precipitate. This fixing step helps to form a
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by reference. Also, spray coating or otherwise layering a uniformly
pre-impregnated support material, as an outer layer, on to an inner layer
WwegsiaRs4orms shell catalyst that may also be described aP&TARIHIF/042651

support material. In another technique, organometallic precursors of
catalytic components, particularly with respect to gold, may be used to
font shell catalysts, as described in U.S. Patent No. 5,700,753, which is
incorporated by reference. [00841 A physical shell formation technique

a shell candysalbet hersuiteladanthmiotistitiamibtshell catalysts. Here, the

precursor solution may be sprayed onto.a heated.modified support :
(00881 G S RSt R U e DO B pdronides),
silicates, DSIGHS U8 HRR AUEBRIAIRMMROT SQUAE! Yoltkibes veaigeefipalt The preferred
material, thus depositing the catalytic components in a shell on the

fixing agenpisdePReFintns ey hsigctompsatd s skime dhedhone 28eahtp fapeupport
material BRRYrBaIHSRY 0P GIRGIIRE JReRMPRIBHNR atdhmpripartdAaehpdandthaterial.

flow rate of the solution through the spray nozzle may be used control the

TypicallsthibrriedsHigpet shasedBresarapldo e eaiapargisiassupbirbibs roniaeed
support Adgltiveibinghe L dsiompgdn s SR UM MAYREPAIIGHERIY 4 hours. The

useful when chloride free precursors-are utilized to help enhance the shell
specific tiormdeimmdnupen shp pombinaéemp! heorrsseimplatiomsupdhefixing agent. Like

the impr?%tglg%atisqggizglg) ggs%&f&%‘"@éx&@?ﬂclpﬂ% %&H‘%ﬁﬂﬂ&%ﬁ«‘oﬁ%ﬁ@r&%ﬂg eEsidlibed in US.

t a Combination of the contacting steps may be an appropriate method
Patent Nof 5317 @ edrithdsedsupporterhbersiabj0oR6dnFexing Stép[oasprIbrhayised in
betdesirable to transform at least a portion of the catalytic components on
e ontacted and modified support material from a water-soluble form to
[0089] a Watefiiisgkibpenfayrbe Sucmplisterd maydernefetiptt tdeps, adfixirag stepeo-fix or a

his may be accomplished by applyi fixin ent (e.q. dispgrsion jn a
et By SR GBI O RN RS 6 ASERIENUD B
support riatesRs atdeantthcpeltiamoptbainaiadyliticostpreditimtoonteciaitatehd hipport
) fixin(% step helps t(_) form a 19 W?t ?%068764 PC'IEUSZOOS/(?4Z@51 a
material, ANl Ry O B D SR HER R AT ARSI SIS bR Ry Precursor
solutionsSUHG0ie fixine Faawy Afeykequsatavitpydaosisled e alkalimetatursor solution

hydroxides), silicates, borates, carbonates and bicarbonates in %q eoucf, US
€ round in U.o.

and a goldINRRIHEBERTY ove e Dtfecpriiferfay example of co-fixing may
Patent No. 5,314,888, which is incorporated by reference.

the fixin

[0090] A separate fix, on the other hand, would include applying a fixing agent solution
during or after each impregnation with a precursor solution. For example, the following protocols
would be a separate fix: a) impregnating palladium followed by fixing followed by impregnating
with gold followed by fixing; or b) co-impregnating with palladium followed by fixing followed
by impregnating with gold followed by fixing. Between a fix and subsequent impregnation, any
excess liquid may be removed and the support material dried, although this is not necessarily the
case. An example of separate fixing may be found in U.S. Patent No. 6,034,030, which is
incorporated by reference.

[0091] 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
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fixing agent is NaOH. Fixing maybe accomplished by adding the fixing
agent to the support material before, during or after the precursor
W@aN6oens’ede impregnated on the support material. Typically PEEEX20¢H/042651

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 agent. Like the impregnating step, an
incorpomssishy ectlavice, fiocrexsmmlote simmitastonappanibstas idgsegheatthigp wits.

. Patent No, 5,332,710, which is incorporated herei reference, may. .
patadie g B B e R P e oiaion
on this cagbodipbanehkeifi:onepbeavdtipietsteps cedarechadyd cootiponantsepansdbytic

fix, In a co-fix,,one or more valumes of a fixing agent solution i lied to ”
compongig KB ot A SFE FAAE S G 10t I AP PR P L Br-£x),
followed an@ a0 TASIEE (Fdie:suppRitimpatgtalinyReliresdneicont@tionad by

accomplished through the use of one or multiple precursor _solutions. For

impregnalingm il ARIAG R PLedEaiasTh SrdgRatohy WS palitikinaldisigggpnt. This
techniquROKAPBe AR QR RISGH BRY SRR WOMHIDE BeCrtiKysf\k @ppouRie8ian all
co-fixing may be found in U.S. Patent No. 5,314,888, which is
throu%h%@ﬁ%b’ﬁfed by reference. [0090] A separate fix, on the other hand, would
[0092] NCiidR ARANRG ATXINE SERRLIAHENRHY HREH AR RAERITREPIRAARing

_with a precursor solution. For example, the following protocols would be a
solutionde papaeststcd)rinphe gnedidtppsiprivimibtiosl sddbytiptihgHaiwbauiy2S and about
95% of IAPEAIING AL Y g, AmpLegnAsiag W !

o e e T kS ke gy volume

is filled by thadxiBetoletona Thanchsibdegddnt opreghuion tey fdicksitlidbicatalytic

m e removed.and the s rt materal dri Ithough this is.not .
precurso e B B A S B g s
simultanaterfit:\Nmd6@ 840080, svepiakdslsiticonpaid fterch dyyiefestpc én {068} lifiying the
process. RGO LTSGR BH e ST & DAL i igpddes,alal
metal caRtairattd\ alkd]DdB19Dbicaibisiniss S0MBUARAGRAESET 6Phe fixing solutions may also be

PCTIUS2005/042651. incorporated by reference. For example, a
butfered i RARARURE o B S B ating wih

[0093] In another embodiment, particularly suitable for use with chloride free precursors, the

modified support material is pre-treated with a fixing agent to adjust the properties of the support
material. In this embodiment, the support material is first impregnated with either an acid or base
solution, typically free of metals. After drying, the support material is impregnated with a
precursor solution that has the opposite acidity/alkalinity as the dried support material. The
ensuing acid-base reaction forms a shell of catalytic components on the support material. For
example, nitric acid may be used to pre-treat a support material that in turn is impregnated with a
basic precursor solution such as PA(OH), or Au(OH)3. This formation technique may be
considered as using a fixing step followed by a contacting step.

[0094] In another embodiment, the modified support may be pre-treated before impregnation

of the Pd and or Au in order to neutralize potentially chemically reactive sites on the support
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palladium followed by fixing followed by impregnating with gold and fixing
agent. In a variation on this embodiment, the fix may be conducted twice
WaR0gsdeahAic component. A catalytic component may be pami@MURReL$/042651

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 agent. This technique maybe used to help insure the formation

materiabiih Imaye vsalystash ol fosedito.af @llexhngqpighobtstatalystr{ (@@ 2%irconia) may

another. iment of the simultaneous fixing and contacting step, the ..
e e < FaLs AT D DoE SN N iR Ll agpion nd
by fixingetiwkdéasabout 25 and about 95% of the pore volume is filled. Preferably,

ovss) SRR SRR 0 R0 R e s L .

amount PRAIEATcSIHIRheHiENMSEnalcd QN REPAEA MR dAE CalRViHE QIR SRing agent
used. This_simultaneous fix and contactin%step avoids the need

b
should B PERHRGEEL IS RTBA e HRoRERE bR GG the amount
necessaSPIHORT Wighige Haeaotampiising allslidpetabhividraxideseatsalbeial

carbonates, alkali metal bicarbonates or mixtures thereof. The fixing

[0096] so|dinsriolviay afsties pesrérodrtiPRalpriiafeinatprH thee soranent sufficient
to covelfc@%gﬁal@aﬁﬁoﬁ@%rsﬁmgim%'iﬁﬂﬂggﬂﬁéu HRbleRE e R BH A complished

. ree precursors, the modified support material is pre-treated witha fixing
by introgyringdoadjisnpie properictisritheeiippbranihatpeis vmumie efvoeniresied
support IiggtgHaport material is first impregnated vyith either an acid or b{;\sg
solution, typically free of metals. After drying, the support material is
[0097] imprbgnateingtinrac prepuegortzy aidrfithiagistep strafypositehell type catalyst. But,

the use gtclll%i%ea ge"nirt At &T go?&%’nis lélt sgorénrrﬁ%tse{}ilal fg&%ﬁ%ﬂ%%jggl%ﬁ% QEIS%"’C hile
reaction forms a shell of catalytic componénts on-the support ma erial. For
optionaléxelupisstiigithadidingstbe Usdhctabseadeadtachlypplerpreatesoal sheddhitgrsiep, as

s RN SR S R SRS B
componsieptial cveatt ke castdeting dtdpo [094}d tharaikign e sagndBeeniséi® washing
s e RIS TR B S e e ireanalon f e B and
Subsequedppefisdd the method making the catalyst do not require the catalytic components be
fixed and thus the remainder of the step maybe carried out without additional preparatory steps.
Overall, the use of chloride free precursors permits a catalyst or pre-catalyst production method
that is free of a step of washing, thus reducing the number of steps needed to produce the catalyst
and eliminating the need to dispose of chloride containing waste.

[0098] Washing Step

[0099] Particularly, when halide containing precursor solutions are utilized and in other
applications as desired, after the fixing step, the ﬁ.xed support material may be washed to remove
any halide residue on the support or otherwise treated to eliminate the potential negative effect of a
contaminant on the support material. The washing step included rinsing the fixed support material

in water, preferably deionized water. Washing may be done in a batch or a continuous mode.
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WO 2006/068764 PCT/US2005/042651 material which may cause poor
shell formation. For example, a basic support (e.g. zirconia) may be
W@ r80reedeet with HC1 to neutralize selected sites, followed byRGTAUS2DBF{H2651
ALL impregnation and by fixing with base. [0095] The concentration of
fixing agent in the solution is typically a molar excess of the amount of
catalytic components impregnated on the support material. The amount of
fixing agent should be between about 1.0 to about 3.0, preferably about
mode. Washﬁlgkad)m@mwmp@meaihmddtcthmuﬁhdlﬁﬁﬂmnﬂwa@@mmyﬁwﬂylalide
activ catl es the water squbIe The volu
fon contBi 4F1EEL 08 REESE IO Sy R RS e R e e =
negatlvecmzelt tioen aviaitalnler fite eesiurdcew athing stepnegnatechsigpont afateoiadimisancously

he acco lishe intr ducm example,a Vv e that
with e R A B UG DPURES AL B bON TSl Tbeppocd dbove
the use Jﬂlﬁil@&&ﬁ%ﬁ@@B@cﬁhﬁﬁdﬁ@@hﬁ:ﬁﬂﬁtmﬂﬂdtﬁwﬁﬂrﬁm&ﬁ@f fsrwasising ktype
catalyst. But, the use of halide free precursor solutions also permits the
formation of a shell catalyst while optionally eliminating the fixing step. In

[00100] thecaRsaneERER ShiQliloRreswiseheatyvashing step, as discussed below,
may be obviated. Further, the process can be free of a Stegﬁﬁ()f fixing

[00101] ¢4t a @ﬁ@b@ﬁ@ﬁ%ﬂéﬁa@ frsaReBERERRideecRBtagtd {9 Sersiepaibmaterial, one
or more WSS IRy BECIURERP WA RIhSIER {75 REAR el SRTIWC case and in some

components need not be fixéd to survive the washing step. "Subsequent
instances s ot puefernedthbbernalkintn grsepananest o Henfree theerede dagatiairand after the

fixing stg% %”c{%tgg sy g@gt%{ EQ?e q&%‘@ﬂ%ﬂ%@ﬁ@ﬁ?&% € altiSHer

thout |t|onal reparatory s ps Overa of chloride free
embodimeet; umcpemgts;ep w@aty@danp raeftcathwmpmﬁnp nifhemd)dnmatstsp includes

ee of a ashln sredu in bero steps ne
resting L L B S Y S e e

calcmatlonnthmmaglwmtmdfpﬁﬁaltWﬂSIhﬁ gi&ﬂm)eﬁ)ﬁﬁ@ﬂoﬁalmmﬂmﬂymmmwwmﬂy

tainin rec S rsolutlons utlllze othe lications as
decomp %gegl?é gh Li{%lx?nagr%]t)eﬁr @elr suppor ma ena[faﬁgy )e washed to

[00102] rerﬁewexﬁﬁplbeﬂiféecaastdmgmptfsecsum@omhomﬂ&enw@ehﬁmeatesﬂlmange of about
100°C t eI| pot %%-%y%s ative ffect%?? Qn%? aém()g& Iﬁﬂ g;#tmg gases
used for the ca1c1nat10n 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
like. In one embodiment, the calcining step is carried out in an atmosphere of substantially pure
nitrogen, oxygen, air or combinations thereof. Calcination times may vary but preferably are
between about 1 and 5 hours. The degree of decomposition of the catalytic component salts
depends on the temperature used and length of time the impregnated catalyst is calcined and can
be followed by monitoring volatile decomposition products. Optionally, on zirconia support

materials, only the Pd is calcined.

[00103] Reducing Step
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in water, preferably deionized water. Washing may be done in a batch or a
continuous mode. 22 WO 2006/068764 PCT/US2005/042651 mode.
WQaeied’et room temperature should continue until the effluePEWES?H05/042651
water has a halide ion content of less than about 1000 ppm, and more
preferably until the final effluent gives a negative result to a silver nitrate
test. The washing step may be carried out after or simultaneously with the
reducing step, discussed below, but preferably is carried out before. As
[00104] discussed abovapihedgenctiiplideréieeoeiasspasllitionsfermitayhemaining
. elimination of the washing step. [00100] Calcining Step of Catalytic .
catalytic ERGBRRINLTI0 LT RHEFAEILAEE B (AR SoRSBR EHL Rty 2 reducing

step. TypRAIBCtEd 19 dbBsHippgIbMIetiahlang oxideste arealGinipagiensrmayloeof which
employed, although this is not necegssarily the case and in some

include FREgRAL SHEPRERIHEY Y Bl MYREPSAERC R RISH s Hefbpuitenlconols,
hydrazint€FHAIRE, SIERHRE ¢ ABELINE alixdagdeateRxiiRurliaAie PeiabtsedichisidRadrs and

take place elsewhere in the process. In another embodiment, the

combinatefsithatrete fxdsagaocdui et PraRYEHR CHG 518 pyireiaiantiigates
formaldeo“g?l(?i d63 JIGANNgHNG SHRROFLMARHA! I 2AA8HE dUSRY IR QERNGIE &€ hydrogen

zing or inert). During calcination, the catalytic components on the

blended wititlified sess@artirtleriairirseatadady fanitiyedictompasdelingm sagrous
environrrf’F?ll{sistor% erlr)g&l e r%ﬁ@ﬁ{ggégg%ﬁﬁgcf r\?’ﬁﬂ%%fg @V&Q&Q&t E&iﬁﬁ?&ﬂ%‘ Gsed (e.g.

e caicining step Is car ut at a temperature in the range of‘about
employinbO0@docaipat9600), ffedsrapiobiweeltectbd tir2be Cdwetiabean 30GE from
ambient xll\l Otn-lé%(cj)ﬁ .I g@?%edﬂtgggnﬁ{rﬁge\%ﬁﬁ{&“oﬁgmg Iﬁglrlﬁda%%&nletg‘gmgﬁo hours,

hert oF oxi izing 'gases such as heliunt," nitrogen; argon, neon, nitrogen
with 5 haidesfaxyden, air, carbon dioxide, combinations thereof or the like. In

one embodiment, the calcining step is, carried out in an atmasphere of
100105) & KR TRBARGRS HAC GO 4B B CORUAATONG tRapagRences the
character{zal& ARG finALSHaBNtY asy ditibpseiersbledifer tirtvedantRiont} Bvhfied

ours. The degree of decomposition of the cata)ytjc compﬁﬁnent salts. . .
desired.
PreBietes i

h
depending gn-whethef (HehSHE i FELRF UrE SR SRMB PRIARC T

catalyst is calcined and can be followed by monitoring volatile

decomposition products. Optionally, on zirconia support materials, only
[00106] thm%eggfemg&n[(@ngwgdaemﬁaﬁgbto the support material, fixed and reduced

before gold is contacted and reduced, as described in U.S. Patent Nos. 6,486,093, 6,015,769 and
related patents, all of which are incorporated by reference.

[00107] Exemplary protocols including a reducing step include: a) impregnating with palladium
followed by optionally calcining followed by impregnating with gold followed by 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.

[00108] Activating Step

[00109] Usually after the reducing step and before the catalyst is used, an activating step is

desirable. While the catalyst may be used without the activating step, the step has several

beneficial results, including lengthening the operational life time of the catalyst. The activating
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23 WO 2006/068764 PCT/US2005/042651 [00104] Another step
employed generally herein to at least partially transform any remaining
W@t semponents from a salt or oxide form to a catalyticaP®Ca#3{R2805/042651
state, such as by a reducing step. Typically this is done by exposure of
salts or oxides to a reducing agent, examples of which include ammonia,
carbon monoxide, hydrogen, hydrocarbons, olefins, aldehydes, alcohols,
hydrazine, primary amines, carboxylic acids, carboxylic acid salts,
step maydss boxyli Held Eiiats @ddncombinationratibesbpfadtivdroyemebtylengiuced support

. . propylene, alkaline hydrazine and alkaline formaldehyde and
material i EOBACR TGRS AP RGP PER AR A MR ferytate andor
alkali mdWOhQaRXiSgHIRG Wilhéarbaasasopar itRilyepetarses yAQugR as the sodium,

reduction employing a gaseous environment is preferred, a reducin%)step

potassiugy i #nd I sATH 85 ent FRBgts SarbRie ey e ARG tor this

purpose. "edBRIRGeQINtianki NS IemBaIRIPredRIRFIeE (oK Hehedieliareeas, KB Potassium
from ambient up to about 550C. Reduction times will typically vary from

acetate (R benabuEstsaRIradith 5 hours preferred. [00105] Since the

[00110] prqqf‘esﬁlkfﬁ&q IfEMGE %ﬁ%ﬁﬁﬂ%‘é‘l %Q@W'QQU%%%mﬁe_activaﬁng

characteristics of the final catalyst,”conditions employed for the reduction
agent. Aferydspingirtbel cetelyshdiay emiainetheexdgiplacabiyt higle sbradtidigrams, preferably
. rties.i gle Q ] In one embodiment,
about 203%%8%%@ cé%%%?fcg%{ﬁ?g gg%%jr%%%teﬁfa{ %QSE ‘and reduced before
[00111] goMéthodstedvEdkimgdiikdngbdllemaotgseribed in U.S. Patent Nos.
6,486,093, 6,015,769 and related patents, all of which are incorporated
100112) SR oGP e R B D et L ARG 56 ateene,
alkanoic ingllided an ivapgeq vatitgnivithepaliadia prefoliowefhnaapion iyfeatainitkgne starting

. . followed by impregnating with gold followe reducing; b) co-
materil§ GRS MR P TR APRAABICBATEy BRI e itgne):
Preferredaliemiot Ryitedueing ntiteg)ald e atirprytibs p altasivmveliomediptoducing
optionally calcining followed by reducing followed by impregnating with . .
alkenyl QlEARO RS ROBT AR ARPRR Y SR 5%@%@%&%%@&?&%@@8&9@1&@@%& acid).
Preferreddgfodg e £alaprokind iRy AN AakY piiiEosap, windesiiaklge \WhilglHAcetate. The

catalyst may be used without the activating step, the step has several
most preferred starting materials are ethylene and acetic acid with the VA being the most preferred

product. Thus, the present invention is useful in the production of olefinically unsaturated
carboxylic esters from an olefinically unsaturated compound, a carboxylic acid and oxygen in the
presence of a catalyst. Although the rest of the specification discusses VA exclusively, it should
be understood that the catalysts, method of making the catalysts and production methods are
equally applicable to other alkenyl alkanoates, and the description is not intended as limiting the
application of the invention to VA.

[00113] When VA is produced using the catalyst of the present invention, a stream of gas,
which contains ethylene, oxygen or air, and acetic acid is passed over the catalyst. The
composition of the gas stream can be varied within wide limits, taking in account the zone of
flammability of the effluent. For example, the molar ratio of ethylene to oxygen can be about

80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 100:1 to about 1:100,
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beneficial results, including lengthening the operational life time of the

catalyst. The activating 24 WO 2006/068764 PCT/US2005/042651 step
WorRgYw&Ieé¢omplished in accordance with conventional practiE€TNR2H)42651

the reduced support material is contacted with an activating agent, such

as an alkali metal salt (e.g. carboxylate and/or alkali metal hydroxide),

prior to use. Conventional alkali metal carboxylates such as the sodium,

potassium, lithium and cesium salts of C2-4 aliphatic carboxylic acids are

preferabgmiplayerd fordHid (urpbsestpprtietigdianiivating algantlid tHEhprgdhattiom may

of. VA is an j acetate, with pqtassium acetate (KOAC) being the most.
50 confiy BRI P ST ACHAT Ay or Yoty M Rpreg e e
and/or switfhRSaldiocn@ione adhstiongeageniufdiardatingn thewaladystioeyted
contain, for example, ahout 10 to about 70 grams, preferably about 20 t
9P ok Beglgan be a

temperatyygs, PEpIe R oS AR VAR AEPEE ShE P iker C T AR
somewhMakingAlkenvhAlkanaaies HIfb 2l ERe Hea5aBtdine pHeraBay Derellizedf up to

to produce alkenyl alkanoates from an alkene, alkanoic acid and an
about 2(Q34mespheiRtartEs gas in the presence of a catalyst. Preferred alkene

[00114] StafiREMEer 3R LPHLAIRHAR LW R dA1HIS R0 AISIS AR Gy B HIMBRBtes and the

propylene and n-butene). Preferred alkanoic acid starting materials used

catalyst of the prieseatinvinpnimasaien bespiablycrryplaned in aheahnae e ldsaedien, for

examplefrﬁ{?(wgdtge@perag%gqn atoms (e.g., acetic, _propioni(_: and but_yric acid).
Preferred products of the process are VA, vinyl propionate, vinyl butyrate,

[00115] and ladiyhetbedatef Yhepadisttprefoatechbinriidereaan ind \Weretilydé hessaiign about
acetic acid with the VA bein ost preferred . S
II%IIP pess tﬁ‘a 'b&[h%gn r%pd{lj’c | ore reféﬁ%g}aﬁ%s-@a‘ﬁ aﬁ@‘ﬁt 250 ppm and

800 ppny, more preferal
PP present invention Is usel?u In the onafo unsaturated

most prefariddyylissebiarsbison? ot miafintadyethedturhtepretamap humdiiev earbéxydidectivity
acid.an genin the presence. of g catalyst, Although the rest of th 0
of less than ab ud[ ?&y ancf more ﬁg\?@raﬁfg lesse%haﬁl % 81& §d)5 ém%og{ € (fli%%l%’tﬁ%s than 8%

Eettation o CUESER KTR BXarisvely, erstos
when the@ialyaisemiethod Somakingptetecatinlysdis el yroddilChore beththesEav eV A ratio and

4 equally a Iicﬁaﬁfl to other alkenyl alkanoates, and the description is not
€O, Sel‘?ﬁ?é’ﬁtgéqisggsﬁ 'ﬁﬁ&vtﬁe application of the invention to VA. [00113] When

[00116] VANBRIGEkICEE prifehihecaaialyst ViAheoairseatgraRAlionra st @amaditained or
. as, which contains ethylene, oxygen or air, and acetic acid is passed
1mprovea\féqbﬂ§glegf¥}§)§§ asrompared to a standard catalyst utilized mn similar processing

conditions. A standard catalyst is any catalyst that may be used as a control, and preferably does
not include a modified support material. To make the comparison, the standard catalyst is used as
a control in the same or similar processing conditions as processing conditions for the modified
support material catalyst. The catalyst on the modified support material need only match (or
improve upqn) the CO; selectivity of the standard catalyst at a given O, conversion. One example
of a catalyst that may be used as a standard catalyst is shown in U.S. Patent No. 5,332,710, hereby
incorporated by reference.

[00117] Examples of Catalysts on Modified Support Materials

[00118] Combinatorial/High Throughput chemistry and analysis techniques were utilized to
screen catalysts with modified support materials. The compositional space for the screened

catalysts included those with gold and palladium as catalytic components where the atomic ratio of

26



composition of the gas stream can be varied within wide limits, taking in
account the zone of flammability of the effluent. For example, the molar
WO66868Th/lene to oxygen can be about 80:20 to about 98: 2PEHEUSRIIY 042651

ratio of acetic acid to ethylene can be about 100:1 to about 1:100, 25 WO
2006/068764 PCTIUS2005/042651 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

of gold wiqidieliamdiobstaterated toytld cavppos. iReadtibritdmjedr dfuke o isticesatumina),

e elevated te es, preferabl in.the eo .
ororo R R A SR P i,
Grace SPressa(silina)nGijecSBure0ar( st €l pre SR deles ably ArpoasssitieOf Grace
up to. about 20 atmospheres gauge. [00114] In addition_to fj d .
5P18-99 8, (o R RSP Sy CHETR LR B S It 2aligari- The
above stPBdf @SB HY QRile MaHS lSsethasUNeD e mployesinther, typss, of, La, Pr, V,
reaction, for example, fluidized bed reactors. [00115] The methods of VA

Mo, Rbudslisiepharastashic sembiationedirgussetiatoresSamp Hirsl tunper paicrials

were alsO¥garefemhiyless than about 400 ppm, more preferably less than about
250 ppm and most preferably less than about 200 ppm. The methods
[00119] 5 s} prifschsiyrahdpcHabohecibetviiFoptacie eapparssp Y ovpregnating 0.5 g

samples@?gﬁp?@gﬁmﬂ LRS@W @PQH%?MSQ% LeisrabsiensinAnfhe: precursor

~when the 02 conversion is 45%. Most preferably, the catalyst will have ~
solutionp ¢erechie EeAMofhiccartel eOR Galdnivitd Hisdiss ethisbose fqUoweg] by drying at 105

°C for aMAGOR Eg@%ﬁ!@%?ﬁ%’(‘j&?c%‘%%f)&%ﬁ ﬁ@ﬁﬁﬁ{iﬁgg&g@fgﬁgw&w H?bén Hamilton

maintained or iImprove s€lectivities as comp a standar
was useddvadpstiUtifipedidsgémilag processing conditions. A standard catalyst is

an%ﬁatala/(ﬁtf{h t max r?e used.as a control aqtd dqreferabé%tdoe

not_. _—
[00120] inclutie & modried 84 pprg?{erlﬁ% Sewgf?frg%%%}iea e comt énso"r‘n’??ﬁ%ss with a solution

of PA(NE9@ED), tataRétlimdinghis2 8 gdfblcatdlystsdein sihilfiepimpessinatgon, the

conditions as processin nditipns for th odified support material )
support ESTRE e CRIRETHAHhPHAD UM SopfyF ARG NSBer SR RS Paterisl
were drié@ inrmipVe siponbing & Salesidvihentildriandatichcasllyst abreldiyerith a heating

02 conversion. One example of a catalyst that maybe used as a standard
rate of 2-4:4R)% is shown in U.S. Patent No. 5,332,710, hereby

[00121] Next, the modified support materials were impregnated to incipient wetness with
freshly prepared 1 M [KOH + Au(OH)s] solution to achieve Au:Pd ratios of 0.45, 0.6, 0.9, and
1.2. During and after impregnation, the impregnated support materials were homogenized for at
least 1 h, followed by drying in air at 105 °C for at least 2 h.

[00122] The modified support materials with the catalytic components were reduced in 7%
hydrogen in nitrogen. The samples were placed in small crucibles in which the catalyst bed was
about 1 to 3 mm deep. A flow of 100 mL was maintained throughout the reduction, with a
2°C/min heating rate, 5 h at 350 °C. After reduction, the samples were activated by impregnation

with a KOAc solution to 40 g KOAc/L catalyst and dried at 105 °C for at least 2 h.
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incorporated by reference. [00117] Examples of Catalysts on Modified
Support Materials [00118] Combinatorial/High Throughput chemistry and
W Rl988TeEhniques were utilized to screen catalysts with mdtifféds2005/042651
support materials. The compositional space for the screened catalysts
included those with gold and palladium as catalytic components where the
atomic ratio of 26 WO 2006/068764 PCT/US2005/042651 of gold to
palladium is between 0.3 to 1.2. Support materials included: KA-160
[00123] (sili¢adafisahitieonionpypoXAnh6at2s(sieco maje Asingyess SHih(Giliba) s@napeocedure

. SP-9600 (silica), Grace SP-96Q1 ( iIi{@) Grage SP-9599 (silica), Grace .
s discusSyd GRoLF GHEAY! 08 S HE S AR A bR MRS afagaend B reduction
utilized 5B ¢8rfend iditdnegiicates)ndnrpro XZ 16075 (zirconia) and Norpro XZ
16052 (zirconia). The abgve support materials were modified wi

) nBa, .
1001241 CRALIRS BEEPRISS FACoHNE G PERTPAo Yo ST RISt vt
support NSRS cRMRIBalPES RIoaeseRd wPayevimMaribedisy BPOrbMardsalgulated

were also tested as controls. [00119] Modified support materials other

shell catalists IERE IR HS BRchEABH A IIpragHatRg 0 et A ARSI i pottlectivity
and EA/(GLIeSiak %@ngaf Bﬁﬁﬁl@%ﬁ&&)s%t@ﬁipiﬁ% WAIDAAS-YHIBCRAHHIRld testing the

precursor solutions to achieve one of three levels: 1.0, 2.0 and 4.0 wt %.

catalysts FoisS asrronades aoynahfaeg scat 105 °€ (b3 1dHee 8 calginationQerand 38%
Ny, =10 Cs With 36 Apin, Realingialey Awehol fiom Hamjlian 1 9aeusEsh d9sadh and

iquid dispensing [00120] The modified support materials were o
145°C wis pregnatddamhigipieiowvatiessmvetsacstalisbnCefabatnhal slomyd ¢0a selectivity
less thanaiaBP86, Of 426 8 Pkl CRIBN Sh U188 A1 AIS L IACRARAD B8 were

suppoit materials were homogenized for at least I h. After impregnation,
deemed theeptydpart materials were dried in air at 105 C for at least 2 h, and then

calgined in air at 35 for 2 h, with.a.heating rate of 2 C/mi 0121]. .

1001251 N e L e e g S IA Hr enivity and
EA/VA wetkess stiskviiresthly tabépeskeovt M [KOH + Au(OH)3] solution to achieve

Au;Rdratios-6f 0-45-0-6:-0-9-anrd—1-2-Duringand-afterimpregnatior; the
impteppercaaaiabNA®erials were homodeéned foYat /e MEfh [La
follgiice-dlyaiiping ifkair 10105 C for at leagt 2h, X X X X
zircono-silicate |Grace SP189043.USA3 X X X
silica IAerolyst 350 X X
titano-silicate  |Grace SP18-9534 X X X [x
silica Grace SP-9601 X X X
zirconia Norpro XZ 16075 X XK X X KX X
zirconia Norpro XZ 16052 X X X

[00126] Based on the results above, other levels of modifier (e.g. 0.1 wt % and 0.4 wt %)
and/or other Au:Pd ratios were tested to optimize the CO, selectivity and the EA/VA ratio.
Furthermore, variations in catalyst preparation conditions were also tested (e.g. different
calcination temperatures, impregnation methods and/or different reduction conditions).

[00127] To differentiate between the acceptable catalysts, a high temperature deactivation test
was used. Normal feeds (13.8% HOAc, 40% C,Hy, 7.9% O and 38% Ny, P=10 atm, SV = 138
cc/min/ce catalyst) were used for 8 hours at 180°C as a line-in protocol. The line-in was followed

by a temperature ramp of 165°C, 175°C, 185°C, 195°C and 165°C. Catalysts that showed
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[00122] The modified support materials with the catalytic components
were reduced in 7% hydrogen in nitrogen. The samples were placed in
WQ298f/eisbles in which the catalyst bed was about 1 to 3 mRCIEEFRA5/042651
flow of 100 mL was maintained throughout the reduction, with a 2C/min
heating rate, 5 h at 350 C. After reduction, the samples were activated by
impregnation with a KOAc solution to 40 g KOAc/L catalyst and dried at
105 C for at least 2 h. 27 WO 2006/068764 PCT/US2005/042651
showed af2@p2bleMngifiettyinnderia swppsiringant setlognid shacke(asirn d&bBhtianio of less
that same procedur iscussed above inati
than abor B SR o A e O gt R B D st
preferred WirogaRRlERO6 (ROM34iichialysis prapapéd dbodedihs wrabisqdrthocobst
were, heterogeneaqus y#ilut d with. support material containing 40 g/1
prefered SRS GO RRROEIAF BNt o A B b SN e
materialsWRISIBRRGUS Rerd Slandar ddingirtopiaiosnldditesvihtheainlystsich?
selectivity and EA/VA ratios using a paralle] reactor system. The standard

[00128] o GRIBBRIRINAE ALY HHE Ak X hRUSROHYL S RRESH PR TS s carried

out using]awgﬁfﬁéﬁg A% G2 dftg A Qdndnpk S Gy Zs RseliQdent ovhtypes of
138 cc/min/cc catalyst). A temperature ramp of 155C, 165C, 175C and

catalysts. 1H5 e Aot serrop Sedal OTHARO Y G WABFRE Sl Telita RfqamRgpents or

steps may BQW&%&’% ﬁﬁ@&%@e'&ﬁﬁ G%@QPE{E& QY4rRL A%t 98 CRNYRISIG8s AT hne-step
an EA/VA ratio of lessthan 800 ppm were deemed acceptable. [00125]

or compaBenalysts knspi ditiedspiYpYianateriers IS oWk REC¥HaBIETOD
contempl?ah%%% 'lVIthﬁQ&: 5@(% [Rles arastaundn theable halensisidrRRrbeometries of

aterial Name a "Zrgra silica-alumina KA-160 x ircono-silicate
the varioBreicecBRPESOPIGA] SaBisilivamnicnstBid to beansisditee Ghadavention, and other

dimensio%sP c]>'1‘8 éggr%%t)lsiesxailép)c()ssslitl). &2 %@%?s?rﬁé&?ﬁ%&%%@ﬁeﬁ%%r@t%&%a:h%?ﬁovided bya
single integrated structure or step. Alternatively, a single integrated structure or step might be
divided into separate plural components or steps. In addition, while a feature of the present
invention may have been described in the context of only one of the illustrated embodiments, such
feature may be combined with one or more other features of other embodiments, for any given
application. It will also be appreciated from the above that the fabrication of the unique structures

herein and the operation thereof also constitute methods in accordance with the present invention.

[00129] The explanations and illustrations presented herein are intended to acquaint others
skilled in the art with the invention, its principles, and its practical application. Those skilled in
the art may adapt and apply the invention in its numerous forms, as may be best suited to the
requirements of a particular use. Accordingly, the specific embodiments of the present invention
as set forth are not intended as being exhaustive or limiting of the invention. 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
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variations in catalyst preparation conditions were also tested (e.g. different
calcination temperatures, impregnation methods and/or different reduction
conditions). [001271 To differentiate between the acceptable catalysts, a
high temperature deactivation test was used. Nonnal feeds (13.8%

equivaletOA oy MO s @M MOMeG bihe 39 NBcPsuBwoiaBartcle38nd episisass,

. . catalyst) were used fqr 8.-hours at 180C as a line [, The Jine-i

including R A T, O R BB PHOlERL (O o
165C. Catalysts that showed 28 WO 2006/068764 PCT/US2005/042651
showed acceptable properties under a more stringent set of guidelines
(e.g. an EA/VA ratio of less than about 250 ppm with acceptable CO2
selectivity at 45% 02 conversion) would be the most preferred of the
catalysts on the modified support materials. Under this protocol, the most
preferred modified supports include niobium, titanium and magnesium on
zirconia support materials. Also preferred were titanium and zirconium
modifiers on the titano-silicate. [00128] Comparison of catalysts with and
without modified support materials may be carried out using any VA
synthetic procedure so long as the same procedure is used to test both
types of catalysts. 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
dimensions or geometries are possible. Plural structural components or
steps can be provided by a single integrated structure or step.
Alternatively, a single integrated structure or step might be divided into
separate plural components or steps. In addition, while a feature of the
present invention may have been described in the context of only one of
the illustrated embodiments, such feature may be combined with one or
more other features of other embodiments, for any given
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explanations and illustrations presented herein are intended to acquaint
W Cf)the_rs skilled in the art with the invention, its principles, and its practical
fication. Those skilled in the art may adapt and apply the invention in

1. ita meteiows fromsciag viaylecbesktsuiathizimg requirements of a
particular use, Accordingly, the specific embodiments of the present

iCANREIN 8 RRIFAMBISING FIOVIRNSR) 88855 RGE AR-RNERNFAMAIMNELgas to a
paIIadTU%iaﬁﬁ'ﬁGH-cm?aﬁﬁﬂg%ﬁﬂ(al&?t BrvsRleaBRKY BIPEEineRifRe agd calcined support

determined not with reference to the above description, but shoul

materiakte ddab segettsr iy haceiaie anttatigme ypedded wiaaiein dhsngupnart material is
o : 0 f 29 1 PCT/ / -
momfl?&%%i@ﬁt@?ob% mﬁﬁé(éc':?ﬁ]% Jﬁmga%?éﬁeni e .’%ﬁé@@éﬁs@% ?’ym'“m or
combiadites drefeefeoeasaninchudingrpatdunerophusinatieresntherdufcatienshe support
are inccfrpor \t)pd by reference for altj1 urposes. 3.? We Claim: 1. A method
materigy b?é&%%g TN FUsaR. RS g‘?t M2eARY54ed comprising
2. eﬁl‘ﬁ@?ﬁ@tk@ﬁ?@iﬁ@&iﬁ @WW@K%E@%?SW@UEP%@&&W%@M ikl ‘ﬂﬁ‘éj ratio of ethyl
gold containing catalyst or pre-catalyst formed on a modified and calcined

aCetatﬁJT@pr&ﬁUHﬂbﬂﬁ&i@ﬂ@é@t@&iﬁﬂmtﬁ@@@d atleast one
3. DyRLORuEho"'S ﬁl%elsb'lp?%fiﬂ?@ ﬁ'ﬁé'ﬁyﬂB&H&%g@%mﬂé@% and the ratio of

magnesium, tantalum, yttrium, l[anthanum,’or praseodymi
ethyl acetdiin &ioesuttereah) a2 ptatmisihean tvoah2BO ppchcombinations thereof

4 R e R T W o R TSR D B e meta

salt a@ixdingeigéa@and the ratio of ethyl acetate to resultant vinyl acetate is
less than about 800 ppm. 3. The method of claims 1 or 2 wherein the

S5 piprodcEasRi¢Bhirhvhaieiaitacalaly o @ialyediaa t3elaatiy of

less tYARVABGEIRIPER less than about 250 ppm. 4. The method of claims 1-3
wherein the catalyst or pre-catalyst comprises an alkali metal salt
6. atheanathagaitclaims 1-5 wherein the catalyst ergatalyst has a GQelectivity of

less than about 9.0% at 45% €dnversion.

7. The method of claims 1-6 wherein the byproductudek ethyl acetate and the ratio of
ethyl acetate to the resultant vinyl acetate is tean about 800 ppm and wherein the catalyst or
pre-catalyst has a GBelectivity of less than about 9.0%.

8. The method of claims 1-7 wherein the byproductudek ethyl acetate and the ratio of
ethyl acetate to the resultant vinyl acetate is tean about 800 ppm and wherein the catalyst or
pre-catalyst has a GBelectivity of less than about 9.0% at 45%cOnversion.

9. The method of claims 1-8 wherein the byproductudek ethyl acetate and the ratio of
ethyl acetate to the resultant vinyl acetate is tean about 250 ppm and wherein the catalyst or
pre-catalyst has a GBelectivity of less than about 9.0%.

10.  The method of claims 1-9 wherein the byproductudek ethyl acetate and the ratio of
ethyl acetate to the resultant vinyl acetate is than about 250 ppm and wherein the catalyst or

pre-catalyst has a GQelectivity of less than about 9.0% at 45%cOnversion.
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about 9.0% at 45% 02 conversion. 7. The method of claims 1-6 wherein

the bypraduct includes.ethyl acetate and the ratio of ethyl acetate ta the
11, SRR AR £ R AR aeRo el AT iR RoBEm, o
magnesiiaysir@omisreaiahgstiaasd. CO2 selectivity of less than about 9.0%. 8.

The method of claims 1-7 wherein the byproduct includes_ ethyl acetate

12. Jheesmeeihnd 8f daipsakdhiwieraie 1o SRROVAFHIRQPRESRS GUS R
13. PSR ARPEt %M@@WH&@FH%EQ%W@T?@Eébfﬁbﬁééé‘tﬁ%ﬁg-siIicate or

. selectivity of less than about 9.0% at 45% 02 conversion. 9. The method
zirconef siliwiate. 1-8 wherein the byproduct includes ethyl acetate and the ratio of

o B R D T R T L R e
15. ahoneSodofifiodbeimyedcadabyst ampselcnalystaitetfor bypistithgeinnbigesduction of

. ethyl acetate and the ratio of ethyl acetate to the resultant vinyl acetate is
vinyl qeELtRaROAR'P80 ppm and wherein the catalyst or pre-catalyst has a

G régmﬁwglé%'}?ﬁérmﬁﬁt@ﬁ&%@kp% abfled@iReapneeimast stlukibnT Aerein the

method of claims 1-10 wherein the support material is modified with

mOdiﬁﬁrol_b‘i@W,rWr ﬁ%ﬁé&ﬂﬁﬂbﬁi@@iﬁmnmm@bmwm%é@ﬁ@aﬁwm, or
prasefrfn@mgj A]noﬁ Mﬁlﬂﬂf@ﬁv .86?'”8??%%‘%?@8@ GHFCQRPedribiAfions thereof

erein the support material comprises
when titersupibicd te ate rralderse sttt drdm . Zincatt@athsedicdtel ainze doh8 siheatsn

the support materjal is a layered su rt material. 15. A method of
p?%i'fﬁ(ﬁ% th%ﬁ?&@i?ér%@%&%?@éﬁable for assisting in the production

oimpirg rRafigtecCoBMiisng tﬁ?ﬁfﬁﬁmﬁﬂgl URHaRRsomateighidtid@nponent
agueous modifier precursor solution, wherein the modifier precursor

PrecuisShpALEoN,) MisHRIMthA sgtRIMI S OPRRIBREWRAL A MRSRMBAlagium or gold and

combiPERRSRAYBIEBY: Yrgpmbinations thereof; or 2) titanium or zirconium and
combinations thereof

reducing the catalytic component precursor byaciig a reducing environment to the
support material.
16. The method of claim 15 wherein the calcining of iified support material step
comprises calcining at a temperature between &@fiC and about 700°C.
17.  The method of claims 15 or 16 wherein the firstiegmating step comprises
impregnating the support material with between &abaliwt % and about 4.0 wt % of modifier
based on the weight of support material.
18.  The method of claims 15-17 wherein the modifiercpreor solution comprises niobium
or magnesium or combinations thereof.
19. The method of claims 15-18 wherein the modifiercpreor solution comprises titanium,
zirconium or combinations thereof.
20.  The method of claims 15-19 wherein the modifiercprsor solution comprises a
chloride, a nitrate, an oxalate, a lactate or comions thereof.
21.  The method of claims 15-20 wherein the support redteomprises zirconia.

22.  The method of claims 15-21 wherein the support nadtis a layered support material.
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solution, wherein the catalytic component precursor comprises palladium

3. T e e R e B ol R RAREERe mooitea

suppolﬁm‘élt@nm%hhdhé ctaalytloosheieie e ralasungion) modlfled Support

material step comprises calcining at a temperature between about 300C

24 ahoeBEtRoBECIaMS ha-fbtHBHSI QBRI Y SORBEHeeatalel Rspre-catalyst

with aWﬁ%tﬁq;gg%ﬁP comprises impregnating the support material with
between about 0.1 wt % and about 4.0 wt % of modifier based on the

25.  widighmethaihpbelaimasctai24 urther eRHTS BNt atkaly weiatsiaatate to the

recurs r
sonpe A A RS SheLp D oI s
26. rrchréfmemmﬂ;afsﬂammmmBwhpraasrieacratawtlmmonemmma:mnglemp)oemprises
thereof. 20. Thr-émethod clal s 15-19 8;3&”] th %dttlfler recurs
a

contagiigieWeRTbARANEL Eh rﬂfﬁ{f@ IS ILET VSt and about 0.5 to
about QURPHIRE NGB 1ea ik oT*&‘ét'&l?HﬂQHIﬁ SABOALGT gQIGVBQFrﬂj'TrT&M about 10 to

material comprises zirconia. 22. The method of claims 15-21

1
about, 4B 4 Raseg s HS BN AN B Bupport material, 32 23, The
27, MeLaas RLAIAITS 2R AR RS A S0 ey ImREeoe)

modified” support mat the cat ytccompo ent precursor so t|on
Zasmppoﬂeﬂabelrm ovdhred lenA3af omtiokfi exo pepliasinancogoie togtaetechtagrson to form

tal th tivatin Th th f 15-
2 cae 0 g oSMeLEk dfe TRRP RS OFAOR ddinfgoucing
atmosprfcarmegnt of between about 10 and 70 grams per liter of catalyst. 26.

The method of claims 15-25 wherein the catalytic component contacting
stBp Badifiesegmprises: 1) niobium, magnesiumtam, yttrium, lanthanum or

praseodymium or combinations thereof; or 2) titamir zirconium and combinations thereof
when the support material is selected from titaficase, zircono-silicate or zirconia.

28.  The composition of claim 27 wherein the modifiemgoises niobium, magnesium,
tantalum, yttrium, lanthanum or praseodymium or borations thereof and the support material
comprises silica.

29.  The composition of claims 27 or 28 wherein the rfiedcomprises niobium,
magnesium, tantalum, yttrium, lanthanum or prassodm or combinations thereof and the
support material comprises silica and alumina.

30.  The composition of claims 27-29 wherein the suppuaterial comprises zirconia.

31.  The composition of claims 27-30 wherein the suppuaterial comprises a layered
support material.

32.  The composition of claims 27-31 wherein the catatygre-catalyst comprises between
1 to 10 grams of palladium, and 0.5 to 10 gramgodd per liter of catalyst, with the amount of
gold being from 10 to 125 wt % based on the wegjigalladium.

33.  The composition of claims 27-32 wherein the catatygre-catalyst comprises an alkali

metal acetate that is present in an amount of kestvi@ and 70 grams per liter of catalyst.
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weight of palladium. 27. A composition for catalyzing the production of an

enyl alkangates, comprisjng,.a support erial with at least a ifier

3. Ao SRR e R o et oS TheR T st w52 0

conveydigtein at least the modifier have been calcined in a non-reducing
atmosphere; and the modifier comprises: 1) niobium, magnesium,
tantalum, yttrium, lanthanum or praseodymium or combinations thereof;
or 2) titanium or zirconium and combinations thereof when the support
material is selected from titano-silicate, zircono-silicate or zirconia. 28.
The composition of claim 27 wherein the modifier comprises niobium,
magnesium, tantalum, yttrium, lanthanum or praseodymium or
combinations thereof and the support material comprises silica. 29. The
composition of claims 27 or 28 wherein the modifier comprises niobium,
magnesium, tantalum, yttrium, lanthanum or praseodymium or
combinations thereof and the support material comprises silica and
alumina. 30. The composition of claims 27-29 wherein the support
material comprises zirconia. 31. The composition of claims 27-30 wherein
the support material comprises a layered support material. 32. The
composition of claims 27-31 wherein the catalyst or pre-catalyst
comprises between 1 to 10 grams of palladium, and 0.5 to 10 grams of
gold per liter of catalyst, with the amount of gold being from 10 to 125 wt
% based on the weight of palladium. 33. The composition of claims 27-32
wherein the catalyst or pre-catalyst comprises an alkali metal acetate that
is present in an amount of between 10 and 70 grams per liter of catalyst.
33 34. The composition of claims 27-33 having a CO2 selectivity of less
than 9.0% at 45% 02 conversion. 34
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