WO 2005/ 061107 PCTI US20041039039 Zirconi a Contai ni ng Support Material for
Catal ysts Claimof Priority [0001] This application clainms the benefit of
U.S. Provisional Application No. 60/531,486, filed Decenber 19, 2003, which
is hereby incorporated by reference. Field of the Invention [0002] The

present invention relates to catalysts, nethods of nmaking the catalysts, and
met hods of OrfKTUY%A) kenyl al kanoates. More parti cul ar IRETES@04{03898ht i on

relates to nethods of rmaking vinyl acetate. Background of the Invention

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

pol yvi nyl al cohol (PVOH), ethylene vinyl acetate (EVA), vinyl acetate

ethyl ene (VAE), polz&h&mkcﬁuiavﬁi#sﬁﬁ’%@mﬁéﬁmkﬁat\ﬁgw al cohol (EVQH),

pol yvinyl formal ( . and vinyl C rde-v ate copolyner. PVOH is

typically used for textiles, fﬂaﬁﬁof?ﬂbﬂ ives, and photosensitive coatings.
t

Films and wire and cable insulation often“enploy EVA in sonme proportion.
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ti i nt hesi ft | VAE havi VA |
or oporFORECRRRE 15, A0, S5 By HroPer LY 57r cont VA i pri mari |y used

as cenent additives, paints, and adhesives. PVB is mainly used for under
| ayer in |am nated screens, coatings, and inks. EVOH is used for barrier
films and engi neering pol ynmer gjei¥fthe fnvbngenf Or W re enanel and magnetic
t ape. [g0004] Because VA is the basis for so many commercially significant
mat er i [20@2] andTsrroekenitinyentiotheslatks e patalysss, mgthods of maslgeg the watalysts,andduct i on is
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of scahskigg dnylassatbl e and rel atively subtle changes in the process, process
conditions' 1 WD 2005/061107 PCT/ US2004/ 039039 or catal yst characteristics
can have a significant econom c inpact on the cost of the production of

Background of the Invention
[0003} Certain alkenyl alkanoates, such as vinyl acetate (VA), are commodity chemicals in
high demand in their monomer form. For example, VA is used to make polyvinyl acetate
{PVAc), which is used commonly for adhesives, and accounts for a large portion of VA use.
Other uses for VA included polyviﬁyl alcohol (PVOR), ethylene vinyl acetate (EVA), vinyl
acetate ethylene (VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol (EVOH), polyviny!
formal (PVF), and vinyl chloride-vinyl acetate copolymer. PVOH is typically used for textiles,
ﬁ]ms, adhesives, and photosensitive coatings. Films and wire and cable insulation often employ
EVA in some proportion. Major applications for vinyl chloride-vinyl acetate copolymer include
coatings, paints, and adhesives often employ VAE having VA in some proportion. VAE, which
contains more than 50 percent VA, is primarily used as cement additives, paints, and adhesives.
PVB is mainly used for under layer in laminated screens, coatings, and inks. EVOH is used for
barrier films and engineering polymers. PVF is used for wire enamel and magnetic tape.
[0004]  Because VA is the basis for so many commercially significant materials and products,
the demand for VA is large, and VA production is frequently done on a relatively large scale, e.g.
50,000 metric tons or more per year. This large scale production means that significant

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



VA. [0005] Many techniques have been reported for the production of al kenyl
al kanoates. For exanple, in making VA, a wdely used techni que includes a
catal yzed gas phase reaction of ethylene with acetic acid and oxygen, as
seen in the followi ng reaction: C2H4 + CH3COOH + 0.5 02 I N CH3COOCH=CH2 +
H2O Sever 0 20858d1¢7eact i ons may take place, includi ng, PEVUR08603%630e
formation of CO2. The results of this reaction are discussed in terns of the
space-tine yield (STY) of the reaction system where the STY is the grans
of VA produced per liter of catalyst per hour of reaction tinme (g/1*h).

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

et hyl ene, 10-30% acetic acid and 4-16% oxygen. The feed may al so include
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pressures of 1-15 atnospheres are typical. [0008] Wile these sys ens have
provi dside madipusiay yake bHse, indhelire, aehis, theeforraiohef €0p.c&he fesults af @dsiced

pr oductl on of rQducts, her rates and | ower energy use
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oxygen. The feed may also include inert materials such as CO», nitrogen, methane, ethane,
propane, argon and/or helium. The primary restriction on feed composition is the oxygen level in
the effluent stream exiting the reactor must be sufficiently low such that the stream is outside the
flammability zone. The oxygen level in the effluent is affected by the oxygen level in the starting
mate;iaf stream, 0O, con\{er_sipg rate pf the reaction and the amount of any inert material in the
efﬂuent.l
[0007]  The gas phase reaction has been carried out where a feed of the starting materials is
passed over o 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 outpnt, 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.



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

et hyl ene converted that goes to CO2. Decreasing the CO2 selectivity permts
a larger amount of VA per unit volume and unit tine in existing pI ants,

even ret al‘,% @%11070t her reaction conditions. [0010] VA out?ut of
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the higher the STY the catalyst is able to produce.

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

catalyst. The O, conversion rate is temperature dependent such that the conversion rate generally
climbs with the reaction temperature. However, the amount of CO;, produced aiso increases
albng with the O, conversion. Thus, the O, conversion rate is selected fo give the desired VA |
output balanced against the amount of CO; produced. A catalyst with a higher activity means
that the overall reaction temperature can be lowered while maintaining the same Q2 conversion.
Alternatively, a catalyst with a higher activity will give a higher O; conversion rate at a given
temperature and space velocity.

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

(“egg yolk catalysts™).



[0014] Nunerous different types of support materials have been suggested for
use in VA catalyst including silica, ceriumdoped silica, alumna, titania,
zirconia and oxide m xtures. But wvery little investigation of the
differenceangﬁgﬂﬁf the support materials has been done. For the nost part,
only silica an fina have actual |y been conmerci al i 25/ &R0U(I3Y8? ¢
materials. [0015] One useful conbination of netals for VA catalysis is

pal | adi um and gol d. Pd/ Au catal ysts provi de adequate CO2 sel ectivity and
activity, but there continues to be a need for inproved catalysts given the
econom es of scale that are possible in the production of VA. [00161 One
process for making Pd/ Au catalysts typically includes the steps of

i npregnating the support w th aqueous sol utions of water-soluble salts of
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its first use, the catalyst may be pretreated by successive heating in
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alkali metal compound such as potassium or sodium acetate.

[0017]  Various modifications to this basic process have been suggested. For example, in
U.S. Patent No. 5,990,344, it is suggested that sintering of the palladium be undertaken after the
reduction to its free metal form. In U.S. Patent No. 6,022,823, it suggested that calcining the
support in a non-reducing atmosphere after impregnation with both palladium and gold salts
might be advantageous. In W094/21374, it is suggested that after reduction and activation, but
before its first use, the catalyst may be pretreated by successive heating in oxidizing, inert, and
reducing atmospheres.

[0018] In U.S. Patent No. 5,466,652, it is suggested that salts of palladium and gold that are
hydroxyl-, halide- and barinm-free and soluble in acetic acid may be useful to impregnate the
support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. use of halide-
and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



[0019] In U. S. Patent No. 6,486,370, it suggested that a | ayered catal yst
may be used in a dehydrogenation process where the inner |ayer support
material differs fromthe outer |layer support material. Simlarly, U S
Pat ent No. suggests that a | ayered catal yst nma useful as acid
cat al ysts. éu&%ﬁgﬁgﬁer suggests the use of |ayered catdF%@?ﬁWHN%Wﬁé
production of al kenyl al kanoates. [0020] Taken together, the inventors have
recogni zed and addressed the need for continued inprovenents in the field
of VA catalysts to.provide inproved VA production at |ower costs. Sunmary
of the Invention [0021] The present invention addresses at |east four
different aspects relating to catalyst structure, nmethods of making those
catal ysts and net hods of using those catalysts for making ' al kenyl
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Description [0022] Catalysts [0023] For present purposes, a catalyst is any
support material that contai atal ytic conponent and that is
; $ﬁnl OﬂIan r%ﬁﬁﬁerklx%ﬁ tiolf

capabl e of catalyzing a reac eas a pre-catalyst is any materi al
t hat r§@8ul]t s Theopresoniinedntivheddredsed at $dastfower pliffautrit aspests e¢latingits cmtsly@d herein. 5

WO 2005/.061107 P 004/ 03903 ts of th
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" are directed at improving the production of alkenyl alkanocates and VA in particular, including

reduction of by-products and improved production efficiency. A first aspect of the present
invention i)ertains to a unique palladium/gold catalyst or pre-catalyst (optionally calcined) that
includes rhodium or another metal. A second aspect pertains to a palladium/gold catalyst or pre-
_ batﬁiﬁéi that is based on a layered suppbrt material where one layer of the support material is
- substantially frée of catalytic components. A third aspect pertains to a palladium/gold catalyst or
pre-catalyst on a zirconia containing support material. A fourth aspect pertains to a
palladium/gold catalyst or pre-catalyst that is produced from substantially chloride free catalytic

components,

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

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



that includes at |east another catal ytic conponent, e.g. rhodiumwhere the
one or nore of the catalytic conponents have been cal ci ned; 2) the catal yst
will be carried on a | ayered support, 3) the catalyst will be carried on a
zirconia containing support material; 4) the catalyst will be produced with
chl ori de fYQ@?mFW598?sors or any conbi nation of the for @fFVEGI4EBIt | ve use
of the catalyst accordingly should help inprove CO2 selectivity, activity
or both, particularly as pertaining to VA production. [0025] It should be
appreci ated that the present invention is described in the context of
certain illustrative enbodi nents, but nmay be varied in any of a nunber of
aspects depending on the needs of a particular application. By way of
exanple, without limtation, the catalysts nay have the catalytic

compon unj-f or. | stributed throughout.the su r terial, or they may
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sui tabl e,, where the catal ytic conponents reside substantially away fromthe
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includes the netal in a variety of states, such as salt, solution, sol-gel,
suspenkir@Hang 1©4{A produstiosuspensi ons, free nmetal, alloy, or conbinations
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catal ytic conponent Is selected fromW N, Nb, Ta, Ti, Zr, Y, 'Re,” Cs, Fe,
Cu, Cobe shall catalystgmhere the catabytic compenentsemifonnbiniagelativalethispshell 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.

[0026] -~ Catalytic Components -

[0027] In general, the catalysts and pre-catalysts of the present invention include metals and

particularly include a combination of at least two metals. In particular, the combination of metals

includes at least one from Group VIIB and at least one from Group IB. It will be appreciated

that “catalytic component” is used to signify the metal that ultimately provides catalytic

functionally to the catalyst, but also includes the metal in a variety of states, such as salt,

solution, sol-gel, suspensions, colloidal suspensions, free metal, alloy, or combinations thereof.

Preferred catalysts include palladium and gold as the catalytic components.

[0028]  One embodiment of the catalyst includes a combination of catalytic components

having palladium and gold combined with a third catalytic component. The third catalytic

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



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

catal ytic conponents including proportions of palladium gold, and rhodi um
Optionally a third catalytic conponent (as |isted above) nay al so be
included in this enbodinent in place of Rh. In another enbodi ment, two or
nore cat al nents fromthe above list may be e 00301 I n one
exanpl e, ‘¥¢Paa@§ﬁ?§nd gold may be conbined with Rh tonghﬁﬁggygégglyst t hat
shows |nproved CO2 selectively (i.e. decreased formati on of C02) conpared to
Pd/ Au catalysts that |ack Rh. Also, the addition of Rh does not appear to
adversely affect the activity of the catalyst. The CO2 selectivity of the
pal | adi um gol d, rhodium catalyst nmay al so be inproved through cal cining
during the catal yst preparation and/or through the use of water-soluble
halide free precursors (both discussed bel ow), although these are not
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follo y reduction in the rtrclesrz r|r1d|n
20051 OBy PEiR Bt Rpigeesgd B Coomaongs o raliur e e o b tutieaf |
CONMPONBB&EIN. U580 E8Ht 20! BreliRefbdBly IHRR O taTRERE 18! Indhk @fnbbd]ﬁient, the

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

catalyst. |

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

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

contacted to the support material followed by a reduction in the particle size (e.g. by grinding or
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support material has been reduced in size. [00341 For shell catalysts, the
t hi ckness of the shell of catalytic conponents on the support materi al
ranges from about 5 mto about 500 m Mre preferred ranges include from
about 5 i n to about 300 m [0035] Support Materi al 3#00365 As i ndi cat ed,
in one as% @1¥0he i nvention, the catal ytic conponerdtE@/&RINE03Y esent

I nvention generally wll be carri ed by a support material. Suitable support
materials typically include materials that are substantially uniformin
identity or a mixture of materials. Overall, the support materials are
typically inert in the reaction being perfornmed. Support materials nmay be
conposed of any suitable substance preferably selected so that the support
materials have a relatively high surface area per unit mass or volunme, such

o ot RN heRL it Wiy fy PROSHE SR efe bt B ORI Bl Cont e

si |'i canppdrivratedal had bdefi Redatedinnize. ti tanl a zirconia, niobia, silicates,
al um ngsi llcal*é)g ]Eeéltltanates spi ne 1|con carbide, silicon n|tr|de
il

car borl00%k g catalysts YhFéh“’l‘B’é?Fto(gmetSBel i catplytic chiapeneats o thesIBROT quart z,
pumn C;%Eataﬁ@ bdnb&Sfrorh) b 93&& fol aBoﬁf%b@Ph&' Mors b &&dqg{ge%ﬁ@ﬁh%&mtab&ftgof and

the | Any "of the different crys 't ne ormo e materials nay also be
sui t ablmeto ®Ogt30all-qnha or gamma alumna. Silica and zirconia containing
suppor[h %ﬁt eré al s SE@ tage nost preferred. In addition, multilayer support
mat eri QP l e for use in the present invention. [0037] The
SUpporo3Rt er Agindichted, hﬁ oﬁ@mw@fm@invbmoﬁ ﬂhewalsrh@ébrﬂamlaﬁs 6O P&t Of
particles havin various regular or jrregular shapes, such as

spher eraventlatbg@p@ﬂyw bﬁ@?éfl@d bytp ipport m@g@ Suiiable SIppest meterials tpiralies. The

suppor; %nf;t dth of
about &dﬁ@érﬁ%%%dtls W%Q]%gtﬁg* Eg?g%} y ab nﬁgao? aqﬁl %gfdn até n&ﬁga{llf fh\glul ar

havi ngsupport mgmharls ars Ih)qqixmlly ineg.in ﬁmhmctimﬁlbe)ng/pekﬂordmi/ eSupport ﬁmtepale heybed | ar gest

di mensi on o

to_abou it d wd
SUppor AT Y THigH B BT BP b PR HabeuBY A BHR has o
regul agjativel Oﬂixgﬁ%-fa@é al%ﬁg&%nwlﬁeﬂs 8r VLR ith a@‘ap%w@tﬁ&u@@%ﬁmé&laﬁkﬁ@ns and

about 1000 mcron preferred sizes being between about 10 and about
700 i sEmenss, ah@uewqmﬁucmpemth@rdugabwwm@bewm thetsppportig@enilcr ons and

about éﬁ%%ﬁ% u:%rnq 111ca-ah§mnal ltﬂmas zik oma8n1m91a,2 af §4t£6§1u81n051110ates

PCT/ U
titanates, spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays,

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

[0037}] * The support material in tfw catalyst of this invention may be composed of particles
having any of various regular or irregular shapes, such as spheres, tablets, cylinders, discs, rings,
stars, or other shapes. The support material may have dimensions such as diameter, length or
width of about 1 to about 10 mm, preferably about 3 to about 9 mm. In particular having a
regular shape (e.g. spherical) will have as its preferred largest dimension of about 4 mm to about
8§ mm. In addition, a ground or powder support material may be svitable such that the support
material has a regular or irregulér shape with a diameter of between about 10 microns and about
1000 micron, with preferred sizes being between about 1¢ and about 700 microns, with most

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes
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may be enpl oyed, as well as pol ydi sperse collections of particles sizes. For
exanple, for a fluid bed catalyst a preferred size range would include 10
to 150 mcrons. For precursors used in |ayered catalysts, a size range of
10 to 250 gigr&ns |s preferred. [0038] Surface areas avail able for

supporti ngO¢PAT ¢ conponents, as measured by the BEFTUSRIMARIE  Emett,
and Teller) nethod, may generally be between about | n2/g and about 500
n2/ g, preferably about 100 n2/g to about 200 nR/g. For exanple, for a porous
support, the pore volune of the support material may generally be about 0.1
to about 2 nug, and preferably about 0.4 to about 1.2 m/g. An average pore
size in the range, for exanple, of about 50 to about 2000 angstrons is
desirabl e, but not required. [0039] Exanples of suitable silica containing
SUPPOL e BLEDIAE ol Aoh U KALER CORMIGNT RO B BLOLURL SR, LR Do0Uos
and ot hér pyfrogenic or Croporous-Tres sPiicas wthoa particle size of
about btd ratalysh a pteferted e mange p@aWHhclidealfpd €30 micrensi Fabprecwrsorewseid én cont ai ni ng
suppor.t terials include ose from NorPro, Zirconia Sales (Amrerica),

I nc. , lﬁ&?e?ﬁ?takf ﬁté’rf’éz(?r%é’ﬂlgf@o&?d’?wgﬁﬂ“%ﬂ@i um Elektron Inc (ME).

Sui t aljbessyi r Gafteck aiéh@ﬂ%iiab%ﬁiu?ﬁdrﬁn VBt cOmPEnnBNBEmOsu 3l B§r arpmr eas from
| ess than about 5 ﬁrrgé_g to nore an 300 nR/g. Preferred zirconia support

mat er i(BrunayesEmmeth, elleg) metbod, meangatssally bebeiveen abaut & o (g and 3Bowi#0Q. Support

mat er i h [2,Syrfac t reat t hrough cal cini.ng step in which
t he vin?égs’ Rggéé%b&g%ﬁ%u{rm enr“i/ §F° arbguﬁ@gtné% F%ﬁ%"%é?’ :ﬂ%& p%@?ﬂﬁé&%pophgw Perface area
of t herohitrdriie siBioRY h@bridl @nay.gef@hlBi beiabeht 0.1Tib oI Rawi g esd prefiRibhomoad creating
support terials with specifi¢ surface areas that _nay not otherw se be
readi 144 @Uag?qfé& ‘EVS-%?%IPP&%Z}’ in thg@angp. fphexappion af abolbybio short 2004 j s
conterm%%ﬁgig%sigypg Bt ok rdgBf&d. @ plural conbination of support materials,

f ¥ * .

each wth a different characteristic. For exanple, at |east two support
mat er i[8939] ( e Examples obsvitadle wilichcalitdifing support hratesiols endhstei KA160e one St bi t

differgnt .agtiyiLl a (607 el.ectivities, .thus permtting.preparation of
cat al PG Apioliatisl BoRieatie apd SlRE bl FE micgPopehes dicer 5 by o

cat al yafticRyzebeatvat BRESE APad Ishmt he CO2 sel ectivity of the catalyst. [0042]
I n one enbodi nent, plural different supports are enployed in a | ayered

conf i JOR4H i oExample of suilgbleaiyeraizeniabiagSupperamytentls inchidathese emdi f T er ent

Cindul A 7RE SHis TaRER, DBk KRR KRdlRoglt S8 F0SkANL | 7
Elektron Inc (MEIL). Suitable zirconia support materials have a wide range of surface areas from
less than about 5 m?/g to more than 300 m%g. Preferred zirconia support materials have surface

" areas from aﬁqut 10 ml"‘/ g to about 135 m*g. Support materials may have their surfaces treated

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

lamella that are generaily flat, undulated or a combination thereof. One particular approach is to
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WO 2005/ 061107 PCT/ US2004/ 039039 utilize successively envel oping |ayers
relative to an initial core layer. In general, herein, |layered support
materials typically include at |east an inner |ayer and an outer |ayer at

| east partially surrounding the inner |ayer. The outer |ayer preferably
cont ai ns WbWoHME10dl | y nore of catal ytic conponents tPEHUSXe/@BHSRr | ayer

I n one enbodi nent, the inner and outer |ayers are nade of different
materials; but the materials may be the sane. Wile the inner |ayer nay be
non- porous, other enbodinments include an inner layer that is porous. [0043]
The | ayered support material preferably results in a formof a shel
catalyst. But the |I|ayered support material offers a well defined boundary
bet ween the areas of the support material that have catal ytic conponents
and the areas that do not. Also, the outer |ayer can be constructed

consi JKiliag FugCsaively snvglopingdeyertelaiiveiogn il epedayer.hie gsaurnldbergingayeredie uni f or m

t hi ck ol . l.t ] I . s a shell of
cat al TR R b BUAE imBUE 1GE5H thoct Tyl BTG by ko Bty 000
Sever atrrowding theipscrdnyer. Kitemutdr dayerprefetabhygohtains seitktatipipomorerofitealytadd s i ncl udes

those descrj l:% d thn. U. % . Pat ent S.. 6, 4&%,.370; 5, 935, 889; an‘f , 200, 382,
each GPTRRReEH han the inaer Tayer: Jlnanesmbpimei e winer tpd inier Fagts s BAte ot he
nat er i @frse@imddifilst BiRee tha¥edls ﬁawb@{h%@mﬂé?twhﬁ%g trdfet la§ld YayPRIRhpBioRSl bY

liquids, e.g., metals including but not limted to alum num titanium and
zi r cormthene meite schile an inger layer dhat biperouer the inner | ayer include, but are

not |iRhj.ed t ' lLJ.ca Il ca-al.um.na i i I peonia, niobia,
sili calp%‘és? alrﬁlr% laoge:d{g}l@)g{te@#tgl{lépgeﬁ%%belg }'esulgs‘.pl.i’f %g?r’ni %th s:hglgﬁe‘&%lgsftb H{e)taé silicon

ni tri deyereiznpson maeddioffers havellsdefiaéd boRnd e béteer the mehsofihe fPp@t Materigl asses,
quartz um ce, zeolites éggn-zeol i tic nol gcul ar sieves and conbi nati ons

t her edhat have qajalyticcomponepis@pd fheaeses that dg nqtc Alsanihe RuleplyericAn pasansiaustesr . [ 0045]

These QL ' | | i of forns
Uch ASRE RN TR, Ol B8 bop i T BToR (BEE FHK 1 e
pel | etaer dysssultrin aghsll etadyssthatiagehell ofivatelytic cdnaprayuts s isef a ohifem akaped

bodi egﬁh A ﬁlﬁ erical particulate inner layer is preferred. The inner |ayer,
whet h Og/B FrEst or not, has an effective dianeter of about 0.02 nmto

about [B644) rSBveraricEHnRfues Aelkiowh RNcAREM lafrKsufPort MaRES incRidds MBke [ 0046] The

out er nost _| ayer of ani/\@rrultlla er structure is one which is porous, has a

sur f aclescriped in V. Patent Napged 8613 o BE5.389%hndep 309,388 orech gbwhikisy.  The materi al
of 1 hein&%cﬁﬁte& ﬂ%%ferérﬁe.ahr@ﬁa %lnbodiment, the materials of the inner layer are also not

substantially penetrated by lﬁquids, e.g., metals including but not limited to aluminum, titanivin
‘and zirconium. Exan{ﬁlés ‘of other materials for the inner layer include, but are not limited to,
alumina, silica, silica—alﬁmiﬁa, titania, zirconia, niobia, silicates, alunﬁﬁosilicates, titanates,
spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays, metals,
glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves and combinations thereof., A
preferred inner layer is silica and KXA160, in particular,

[0045]  These materials which make up the inner layer may be in a variety of forms such as
regularly shaped particulates, irregularly shaped particulates, pellets, discs, rings, stars, wagon
wheels, honeycombs or other shaped bodies, A spherical particulate inner layer is preferred. The
inner layer, whether spherical or not, has an effective diameter of about 0.02 mm to about 10.0
mm and preferably from about 0.04 mm to about 8.0 mm.

[0046] The outermost layer of any multilayer structure is one which is porous, has a surface

area in the range of about 5 m?/g to about 300 m*/g. The material of the outer layer is a metal,
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10 WO 2005/ 061107 PCTI US2004/ 039039 ceramc, or a conbination thereof, and
in one enbodinment it is selected fromalumna, silica, silica-alum na,
titania, zirconia, niobia, silicates, alum nosilicates, titanates, spinel,
silicon §,b|d silicon nitride, carbon, cordierite, steatite, bentonite,
cl ays, 005316%1@%% quartz, pumice, zeolites, non-ZddV§2403¥8? ecul ar

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

enpl oyed. 1004 e out.e a may be.co nto.the underJ ing layer in
a sui t SBFBNH “f"“\tim’&h’greot ﬁ%‘gm %ﬁfﬂg aidf’lsﬁg%‘fte‘fﬁ 'é% mat eri al
is enp hxﬂ&’@ﬁ!um%@t:ﬂaﬂﬁ HcohiB Ghthii} ilicht8y/ AumihdsilichiBe titahhles, rs)zlm@lﬁsih&ﬁt acconpl i shed
by net hods such as rolling, dipping, spraying, wash coatlng, other slurry

coat i ngerbideiicgnairide éﬁfbi’fh Aptdiswide, piRite Gentemite; Pu‘é}’sl, W@IS: ghasenh gBar 1 ed
t echni ghifick/BEBHKE hon YEUIHHE nibldohitPHeRt abd wn%%a%q{,gﬁgmefaddgpatmttgxﬁgudear ticles

and sp ayl ng urry intot to coa articles e

slurr yaimynd;)s:hempilma’aﬂunmmemohwb,mohmedﬁambleaﬂmnm&s (N\ZMB), ititetnés; wiesoiniag dr yi ng,
to prov n that yni form t hi ckness 00491 The

o1 ur vy 9 Fiiiteiiigor s fin eXiiplsinstdhaitonty suice 67 flepiiac SHDBHOB nunber of
addi ti wRgsopuch as a surfactant, an organic or inorganic bondi ng agent that
aids in the adhesion of the outer | ayer to an underlying |ayer, or

conbi n#idhs Wiletbe outendayen hpicaly smtﬂusdscﬁugﬁmn@ﬂb@n@mrrg mmgbmr thisds mete but
are Nofdl sﬁhfye[ ﬁa‘%]ao Bty aﬁl%ﬂ&eoé%ﬁﬁré’&}’thgﬁmk e?%gth@goh@{t Sreljn% ose, and

carboxyne se. e anou gen ich is added
to theem_blmwcy may vary, such as from about 1w %to about 15 wt % of the

conbi nation of outer |ayer and t bondi ng ,agent | es of |norgan|c
bondi niﬁﬂégbm éfhapgtet;@mtwemt# ofhto e %A Hmrrt@as'agﬁg Imeey Mpdhnite), a

i:LLgﬁngggg@g&§g§?90f?$gF%tH zF%%%%?%kmgib%gg%?%gﬁﬁgﬁiﬁgﬁgreo?ﬁﬁExanples of
si | i casbupdiayde acapsplished iy imethods fichearadilg, dipping; spiaymggehsh onhiiigeotbxranpl es of
al um n & b9 @93'131% tecgmqaess ci:omcbmafétons thereof or the like. One preferred technique involves

using a fixed or fluidized bed of inner layer particles and spraying the shury into the bed to coat

the particies evenly. The slurry may be applied repeatedly in small amounts, with intervening

drying, to 'pr'ov:ide an outer layer that is highly uniform in thickness.

[0049] - The slurry utilized to coat the inner layer may also include any of & number of

additives such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of

the outer layer to an underlyitlg layer, or combinations thereof. Examples of this organic bonding

agent include but are not limited to PV A, hydroxypropylcellulose, methyl cellulose, and

carboxymethylcellulose. The amount of organic bonding agent which is added to the slurry may

vary, such as from about 1 wi % to about 15 wt % of the combination of outer layer and the

bonding agent. Examlales of inorganic bonding agents are selected from an alumina bonding

agent (e.g. Bohmite), a silica bonding agent (e.g. Ludox, Teos), zirconia bonding agent (e.g.

zirconia acetate or colloidal zirconia) or combinations thereof. Examples of silica bonding

agents include silica sol and silica gel, while examples of alumina bonding agents include

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

I nor gani ¢ bondi ng agent 11 WD 2005/ 061107 PCT/ US2004/ 039039 nmay range from
about 2 wt %to about 15 wt % of the conbination of the outer layer and the
bondi ng agent. The thickness of the outer |ayer may range from about 5
microns to"2F8WOEWS i crons and preferably between adSHUSL4PBWDHNs and
about 250 m crons. 100501 Once the inner layer is coated with the outer

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

portion of its surfac d proyvigde | ayered.catal yst support.  The drying
and caI“Wﬁ?'}%%@fﬂeﬁ v W?‘%’em@%%ilg%% ?’f%ﬁ %ﬂ?ﬂ’l%aﬁ@‘b?}(%ﬁ@uﬁeggﬁ?rta&ﬁfhel ayer ed
SUPPOT thondifd feh@ THERY B EOSTRE S 1itsH Mgef Fhaffilnge Hbr GbGRBRPBAME B dbdsi508S any

u

ot her support materjal in the roduction of catalysts, as described bel ow.
Al t er nanieroys andrsefgiablybeivwpge pbosit phwicronsend ehout 25Gmiceanst act ed to catal ytic

cboai TP of QHeE ti<ioh L8E% ER U S RE G e PG el Bipmad i) ="'

sur r oumd dtied; siiohi dsibgheminizaf a tetipeianir@off bbb 180°C¢ RadbuttI20EE (4.8 Y6 sXtimeldre mat eri al
for the second outer |ayer may be.the 1s)ama or different than the first
i

out er (2Bgu! to 2t o herrRng fheg nayioptionaliy be pridiped i denpssaarent gpput 8856ct to the
fi T i :
i rst Quibuut bwgir(?. g 18fa HRE lapsbohﬁ@e.s aPRoUi ﬂﬂlotgglﬁ {fﬁ%ﬁ%ﬁ beyﬁgg trge%feg 1aPré¥ay

be' the sane or erent than the nmethod us y ayer and
sui t ablteit undarlyingdayenovarddeastapatiati of Gis swrdinbe wind provids p dayere watalyst sippast,  out er

| ayer. nic ar dnerganic bonding.agents as fJescrib may, sui tably used

i nyt he T%?ﬁ%%%ﬁc%fwn?ré%?ég%%e °8H{Lb d|“§§}8’:1‘? steg. (;lg:gﬂsuklt?fﬁq?yﬁfeﬁsgﬁpo ut e%/ | ayer
Ny ‘or niddtialRhky BOLdntdchdomtiedalytie cORPRRAR TGS as SlyBilleR EilpportniferiabPapnd out er

| ayer.may:of.- ngy.not contain catalytic conmponents. .If both outer |ayers

cont ai @rodugiion gfcpielygisrsdateribed holem plenatelighy ower lpgsr sympostapaterial isc conponent s
ar e useg.«i Tela My o alt i Sk ( g %%ﬁ]' i ly the case. In one
prefer ?%@?ﬁ%&?fﬁgﬁ%é%?ﬂ%ﬁwﬁ:ﬂ?ﬁ%h %&Pgtredﬁlggg*rmﬂg% S %*ér'cont ain a catalytic
conpond®ds1] Corlh andthergmbadiaieyt dfchelaygralwpport, @ stdvad outechydrdyadded ey be
acconpl.i she . Lnpregnati on. or spr cqQatin as described bel ow. 100531 In
enbog}) ﬁ%ﬁﬁ?@%\rﬁ%%l&@w&gﬁqm# QafP“Bﬁ"tlg?Sa{"éiﬁgﬁyeﬁso i r@i o5 fr seeom8 OMSbnent , one

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
3’-‘rr’1fai§bé’thg same or different than the method used fo apply the middle layer and suitable * |
metilods include those discuséed with respect to the first outer layer. Organic or inorganic
bonding agents as described may suitably used in the formation of the second outer layer.
[0052}  The initial outer layer may or may not contain catalytic components, Similarly, the
second outer layer may or may not contain catalytic components. If both outer layers contain
catalytic component, then preferably different catalytic components are used in each layer,
although this is not necessarily the case. In one preferred embodiment, the initial outer layer
does not contain a catalytic component. Contacting catalytic component to the outer layers may
be accomplished by impregnation or spray coating, as described below.

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

method of achieving this is o contact the catalytic component to the material of the initial outer
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met hod of achieving this is to contact the catal ytic conponent to the
material of the initial outer 12 W 2005/061107 PCT/ US2004/ 039039 | ayer
before the material is applied to the inner layer. The second outer |ayer
may be apalled to the initial outer layer neat or containing catalytic
conmponent WG BBEWI1 her suitabl e techni ques may be useBCYVBSHMMBYGR 3 three
| ayered support material in which one or nore of the outer |ayers contain
catal yti c conponents. indeed, the | ayered support material is not limted
to three layers, but may include four, five or nore | ayers, sonme or all of
whi ch may contain catal ytic conponents. [0055] . In addition, the nunber and
type of catalytic conponents that vary between the |layers of the |ayered
support material, other characteristics (e.g. porosity, particle si ze,

surfa f qigRY vary
bet weq% me I at%/eg?ét&]%gﬁ%’gﬁ eq\;gtﬂﬁe 1§§er&))é f\"/a e seéﬂ'&’;\t gﬁépﬁg ért"f%aﬁ%ﬁ gener al the
met hodhennmlalmim lmnnmbnmtammmameﬁytmbmpomt catal ytic corrponent s and
redum&%H _ taI tlcﬁeco onent Preferred rret hods the present

i nvent FH’@Y fused ig VP @ the “Qp?rﬁ’cnﬁteflﬂénsupport
mat er iylioh cﬁx@'o?hﬁi‘er&' tﬁé‘&t&%ﬁféﬁbﬁtﬁm cﬁﬁ%@ 'B@xﬁ{aorﬁsﬁ@t ﬁid@écﬂ ChelbRRAs {315”8?4 erial,

reduci ng the catal ytic conponents and fying the reduced catalytic
conpomsweril ismot hmﬂgljpp}nﬁ@ laprers,dui mhy mAhtdﬁ fqunrﬁ;zle os tnepslags; koms orf dlbofng t he

cat al #@%@ %r?@?np galﬁgmtoﬂlg)?%gl%port mat erial and washing the fixed catalytic

conpo d in the method of making the catal yst or
pre- cqmsyst In 8&d1HorQ thel dughbst ﬁﬂ&ﬂielo&‘bﬁdlyn@mlﬁm&it@ﬂﬁp& Bétlvetitle Ri&er s may be

elimnated (e.g. the washin /fixing steps). In_ addition, sone steps

maybe of @’ﬁé%ue@é Smwgt mapyial; 05!1@ Gh%?ﬁt%'@ﬁ@t(ﬁﬁnp%?m% s@r%ql%ﬂés surfage #168 or der  of
the, 35%% ﬂ@llﬂé})fcif?r{eesﬂ{:pgrq:ﬂﬁbﬁﬁ lvhﬁrtb%gve%ﬁ%q the reducing step

precedes t eéa cining step taln extent, econtactlng step wll
deterr[ﬂﬂiélmhdﬂe sc)f el Catn stmeeded for the forrratlon of the catalyst.

[ 0058], tacgtin t e articul ar to contacting is one
& s D Rk g e s SR BE B o BB oo
white ré‘c&%ﬁhﬂﬁca&lyﬂ%@mﬁ@ﬁeﬁ{sy?Eeférfedfrﬂétﬁ% of B8 p?ésént‘iﬁ\fe&ﬁtgﬂﬁblﬁd& at al ySt or

pre-catalyst: is forned a-shell catalyst of pre-catalyst is formed, or a

conbi rimipiegiating grecoafalytic momponents into the support material, calcining the catalytic

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

[0058]) Contacting Step

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

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

and | ayered su (gort material s containing zirconia bei gl%ithe nost favored.
The cont aYYPZHE;J) 18) is preferably carried out at anbi tT/VEAHEPPUre and
pressure conditions; however, reduced or elevated tenperatures or pressures

may be enpl oyed. [00611 In one preferred contacting step, a support naterial
s inmpregnated with one or nore aqueous solutions of the catalytic
conponents (referred to as precursor solutions). The physical state of the
support material during the contacting step naybe a dry solid, a slurry, a
sol-gel, a colloidal suspension or the like. [00621 In one enbodi nent, the

oo OB A R AEBHE Y Sl Sk e e B ' 1 ©

chl or i 86e, witlslies, ﬁl@&ﬂl&'@l&lla?ér&ds%}:ﬁﬁt mﬁ‘tbﬁ:ﬂé é&ﬁamﬂggﬁwﬁiad&m g tRehegs. Oxal ates,
acetates (QAc), and amines, with halide free salts bel ng preferred and

chl or i @eored: e'léhes;amﬂ@ms@tqus pmfeeabbfosn@rho@wt ambienplempergiure pul presslitem sal t s

Pl o DY RREs Bl rREFS G ol Rl e e Bl sl i) 4 o) 2,

Pd( Nquaﬂq}Ac)]ﬂ,onPglx(eﬁe@)izoﬂltﬂcnngadp asitpsort el iapégantedlaihlonPe(hiid) 4( HCO3) 2
and pal | adi um oxa O the chloride- containing palladi um precur sors,

Na2 Pd (f#equs sqpliqus ﬁ?@ﬁéﬁ%&c CRIPQDRRYS IRIEHR] tsre&sweéarsgraﬁoi%pﬂm ?)P]Hé’&?]sor salts,
the f allioutROsfoBot nifefia &%Hg‘ﬂ%coﬂfa&ﬁﬁ;sfeg%x 5@@&% ﬁﬁ“@ﬁm PQﬂ%}) U

Pd( NH3) 2( NO2) 2, Pd(NHS) 4( Exanpl € salts’ sultdble
pr ecur@ﬂbldsbnﬁlen&;wonth@;hkﬂie AuCl13, HAuCl4, NaAuCl4, KAu02, NaAu02, NMe4AuC2,

Au( OAc and/ o J] 3 in nitri aC|d W th
a0z Bl CREmRaebSEmeRlte grte dmpondiy SRR B RRHOL GRS o
Exanpl wger@blubleQalits tindea il o%th%;&ﬁ RbBpdiRAhts, Liﬁﬁudlﬂg BhigRtIRAEd ROtHARES | ncl ude
RhC13, Rh(QOAc)3, and Rh(NO3 Simlar salts.of the above described third

cat al yftﬂlfl? alidghapufasen thmmsy haqlrgﬁd@emgéersfe@ta@@s, 351268 (Ofa)k ﬂIFFbﬂfmimSerthDr e than
O achaiod e B ARl Bl et FRLLACHRR LI ARnCR mBHRIRES 2| i
sal ts pablydiuth ealtscsuimhieﬁbr hmjﬁtpmmson‘somnsmmgdﬂ&dqaﬁ’cﬁﬁg DNagPdClg IPti(NIQUh(NBf)g cursor
S0 Ut e B PNy, B0, PAONH)(OAC, PANEL)(OAG), PA(OAG) in
KOH and/or NMe,OH and/or NaOH, PA(NH;)4(HCO;); and palladium oxalate. Of the chloride-
containing palladium precursors, Na,PdCl, is most preferred. Of the chloride free palladium
'precu"i-'sc-sr éz{lts, the following four are the most preferred: Pd(NH3)4(N03)2, PA(NO;)z, -
-Pd(NH;;)z(NO-z)z, PA(NHz1)s(OH);. Examples of gold salts suitab}e for u"se in precursor solution
include AuCly, HAuCl, NaAuCl, KAuQ,, NaAuQ,, NMesAuO;, Au(OAc); in KOH and/or
NMe;OH as well as HAu(NO,), in nitric acid, with KAuO, being the most preferred of the

chloride free gold precursors. Examples of rhodium saits suitable for use in precursor solutions
include RhCl3, Rh(OAc)3, and Rh(NO3),. Similar salts of the above described third catalytic
components may also be selected.

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

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

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

PCT/ US2004 039039 0064] The precursor solutions may be inpregnated onto

t he suppor simul taneously (e.g. co-inpregnat PEHYSHp4/5880ent i al |y
and nmay be |npregnated t hrough the use of one or nultiple precursor
solutions. Wth three or nore catal ytic conponents, a conbination of

si mul taneous and sequential inpregnation may be used. For exanpl e,

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

| mpregnati on mﬁth a precursor solution of the gold. In addition, a catalytic

conpone y e ted on to,support material in nultiple steps, such
that a @@ﬁ‘{f& "e 8‘9%03 #tiong ey be Srgeamatst ope thefipaet agteaalsimplisngousivo,

exanpl e, goéhemﬁ%ghﬂhh?opé'eﬂﬁ&%ﬁhy ﬁm’mdfﬁéldﬁ?ﬁa AtPhRRY Eﬂe']ﬂe Ef(ltg]rﬁ oF hulth Ra' | owed
by inmpregnatin | owed g?latl ng gal n wt An. 0065] The
or der q:frequrﬁpr @g‘n@m n\'}’lﬁlhbes mplpmetcaﬂa’eruecorwonmts,h coinbinafier aof swnltanedust i ons | S

not crj gh there mayb adyv es.t.o .certain orders,
di scusseg %@Fﬂua? n{l/é]g "?%g%%ﬁ? U6 FW Plg R@ﬁ%}u}gtag rhog}lng @Pﬁﬁ? t he
pal | adi lmpragaitad Wirough cmrme BEO$ingls preainmgaaﬁ@qrﬁa&m totabe csmp@gﬁaneﬂ)t eri al
first, I d bei ng regnated after palladium aqr |ast, Rhodium or

ot her \Ah‘i’"f’?ﬁl é?’BTeﬁPqt’@né’B eqwsor slution pf dhe 2ol n gadition pegilitied with the
pal | adi dyfpoMink fhaf B@Lrﬂﬁé&aﬁéﬁ o;nt?cy sdtph%hfatenﬁ 1ﬁ911ﬂ1t§ﬂ7@st§ﬂépaﬂﬁtthag§%§ﬁlbﬂbf may be

| mpr egnat ed multiple tines wt e sanme cata componen For exanpl e,
a portitoe caﬁﬁlyttmmpomisl cogiabted eahitiaien &dr ¢xampleconzasuitiis protavpl iney intlndd
contact.ed, faqllo on i n econ lon of the gold...One nore
otner srpering MR RETIERS BRI BRCE IR et BB ot e (0
the supp@rt material, e.g. calcining, reducing, and/or fixing. [0066] The
aci d-base profile of the precursor solutions nmay influence whether a co-

i mpr egri@064n oTh@r@@qﬁmrpmann&ﬁpéwﬂmnabm e.pzwrsowlﬂlonwmyt pr ecur sor
sol ut | oaficl difhou| bt oy 36 R AEnRER' LErub Rtk D BishSedt hage gy | 2

co-i npregnat i ng s an ’base-reacti ons at - may foul

t he pr aespestdo tlmmhluhmlgmtep [Fo&reratlyfhe pallaélunmatalggma:bmpgnmt spimptegratedodntore  of

r r | uti | | hat i
precu Stge swfpgorlfl }fnat%gal f%rst? %11: gol%lq)eﬁi% ntnpraegnatéd after palladium, or last. Rhodium or other

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

: C(;m}'nor-iéf_it. For exélnple,' a portion. of the overall gold contained in the catalyst may be ﬁrst
contacted, followed by confacting of a second portion of the gold. One more other steps may

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

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

preferred, and more preferably between about 98% and about 99% of the pore volume.
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corresponds to between about 85% and about 110% of the pore volune of the
support material. Vol unes between about 95% and about 100% of the pore

vol une of the support material are preferred, and nore preferably between
about 98% and about 99% of the pore volune. 15 WO 2005/ 061107

PCT/ US200%0G83@8007 [ 00681 Typi cal ly, the precursor solR@IVEA0#G3%8Wded to t he
support material and the support material is allowed absorb the precursor
solution. This may be done drop wi se until incipient wetness of the support
material is substantially achieved. Alternatively, the support material may
be placed by aliquots or batch wise into the precursor solution. A
roto-inmersion or other assistive apparatus nay be used to achi eve thorough
contact between the support material and the precursor solution. Further, a
spray device may be used such that the precursor solution is sprayed

t hr oudf68] noA¥pisallyths prasarseyobsion inatided foghs supbert materiakdnd ghesugporOpt i onal |y,

decant i .ng..r: r used to renmyv ny.excess liquid
ot - apeifintis Aol KRR RIN, ThE 2 v5R65 drd SRR AR T2 "t

| Npr egraicssof thd DPERImbtenal ihebstaitiatig actitved. AltemativieR theGlipioet Hitedidl @@yr sor
solution is, selected so that, it corresponds to between about 85% and about
110% 5F Plarcd Byliguess prheichotisg into e Bisetor falien: o roto-yBmatson Bethfken about 95%
and abgutkivd A%ak ot Bro USHiENEYL | : ferred,
and nore pr g‘f%er?gi;gl yé}g’gp\%ee‘n\éggout g(g%/%hgtﬁaég%ﬁfée%gg% gﬁdtrﬁtgatglg?em d\ggﬁgums.

[ 0070 prepyysprsalutipn. Furthep aspiay dovicewhybe used sush gt td prasutshesodutiopds t nat eri al

and the._s r terial,is allowed absorb the rs olution. This may
e doe TR Oupta ik ond the. FapPors ARl WRGE M boind. toflly. AfkeBing” i

subst agdtioatddvced hisqitethay B LA M@Emot iny dxb&ss HYEBA6E abiBbed bpdhe BRYortbe pl aced
by aliquots or batch wise into the precursor solution. A roto-inmmersion or

ot her maiezig] entp gy thgpppert materalafise impregnation. achi eve t horough contact bet ween
the s t I L on. , ray device
my bOVOSLy ok B ifteeBfink B (B GRS Gl prbitudh | op WA BB %Y vt 6
ont 0 theesporpio do betwednabowet| 85 Ydndrabotitt] 1 6%od tHegdre ohimooithe suppokt omtetinlng, heat
or requced pressur.e: be used to r ve any excess-.|iquid not absorbed by
t he SSE%BWS eIEP#HO, F%a?q)a _ 14%%"@5%5?5??’0 8? |S“I§}“?%F&f‘?f’gf@gnat ion.

[ 0071 breBrhAl ardQhdre flckeisbly BRBerCHBO & %Wmﬂ%bb\&@d%dl‘ﬂ?é’lfvr@y&u&b.x' ng step while
still achieving a shell catalyst. For exanple, catalytic conponents nmay be
cont ad99981 t o Tapiselhp thetpreertser schttionts wsidghto the support material and the support

material is allowed absorb the precursor sofution. This may be done drbp wise until incipient

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

catalyst that may also be described as a layered support material. In another technique,
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a chem cal vapor deposition process, such as described in US2001/ 0048970,
which is incorporated by reference. Al so, spray coating or otherw se

| ayering a uniformy pre- inpregnated support nmaterial, as an outer |ayer,
on to an inner |ayer effectively forns shell catalyst that nay al so be
descri bed V3204504 ed support material. In another teBHERUHHSH/033G5 WD

2005/ 061107 PCT/ 1JS20041 039039 organonetallic precursors of catalytic
conponents, particularly with respect to gold, nay be used to form shel
catal ysts, as described inU S. Patent No. 5,700,753, which is incorporated
by reference. [0072] A physical shell formation technique nmay al so be
suitable for the production of shell <catalysts. Here, the precursor
solution may be sprayed onto a heated support material or a |ayered support
material, where the solvent of the precursor solution evaporates upon

cont acPreagrasiailicpreqasnrief caiahibis compenicnts; particulaly yvithapipestite golds ey eised yt i ¢
conpon ' I ey t e84l . eratures
Dot ooy BnsclTaRLR s Rterey il BRRGy: N Bhocphes, hEh & BRdon B RE) * e
cont r otefeencby sel ecting the tenperature of the support material and the

flow rj of the soluti thro the spray, nozzle. For exanple 1 th
t enper tﬁoﬁﬂes geal éﬁ%%@%@&?&gmﬂgff ‘%??f?flﬁ\%’?ﬁ ﬁuﬁéﬂe £y dhq prf’@““gg‘i‘ H’Es&l‘\é\ﬁ Thi s
embodi pRAYstTEAIRS, tReprediestr dsthNons8f bH sphyBdonts BhefibdRphsrERaRBGESOr s are
utilized to hel p enhance the shell formation on the support nmaterial.

[ 0073] lagered syopprt Ewtarigl, twheredha soltient ofiikapreeyrson solutiont evapargiapipeatcogactof t he

cont act | ' ' cqpt act ed

suppor MRS e sl (RRQLERIR T BB o RpreBE AP 7' T anst orm
at | easll‘.pp];art trmtdrfab@r@ﬂarabhfteg;@bﬁ?lyésib@hmﬁﬁlﬁnwm &mnolt’(bmlay@fema'dctmé ?] uppor t
material from ter-sol ubl e rmto . a water-insoluple form Such a step
may pthigkapss of a’ﬁ\é\ﬁﬂl ney laechnkpl,l-@l. ts@llgc_:t.mgm.lgtewa?aw %ég%-ﬂ‘ﬁl’?%ﬁ'éﬁnbkﬁ“éppl ying a
Fi Xi NgyRIRA rafe®f e sofkiSR ErdighMhd Bray rob A Ebr eR4Hiple, AittPtemBlidfuldBbove0 t he

i npregnat ed support material” which causes at east a portion of the |

cat al yahaut t8ipomestatively thip skeadliip formed . This ergbddinent gnaybe pattictlpdy vssfil shem a shel |

tal yst.,. ibut” s hot .required to. f | tal ysts..[00761 ‘Any. suit abl
£t g g oS o SRS 0 e R A B st BRanplh ot ipbort mpfBfel s
si i cajonys] boOabeklled Athonekibundotad aat Heslitdioh bf e LeMEGInEaleys MAPS bei ng

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

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

) coxf‘télctéd.éuiapon material from a water-soluble form to a water-insoluble form. Sucha step may
be referred to as a fixing step. This may be accomplished by applying a fixing agent (e.g.
dispersion in a liquid, such as a solution) to the impregnated support material which causes at
least a portion of the catalytic components to precipitafe. This fixing step helps to form a shelll
catalyst, but is not required to form shell catalysts.
[0076]  Any suitable fixing agent may be used, with hydroxides (e.g. alkali metal hydroxides),
silicates, borates, carbonates and bicarbonates in aqueous solutions being preferred. The
preferred fixing agent is NaOH. Fixing may be accomplished by adding the fixing agent to the
support material before, during or after the precursor solutions are impregnated on the support
material. Typically, the fixing agent is used subsequent to the contacting step such that the
contacted support material is allowed to soak in the fixing agent solution for about 1 to about 24

hours. The specific time depends upon the combination of the precursor solution and the fixing
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preferred fixing agent is NaOH Fixing may be acconplished by addi ng the
fixing agent to the support naterial before, during or after the precursor
solutions are inpregnated on the support material. Typically, the fixing
agent is L@ﬁ;h&#ﬁ§ﬁguent to the contacting step such that the contacted
support material is allowed to soak in the fixing agentPEBUIH4H39B8Dr about 1
to about 24 hours. The specific tine depends upon the conbination of the
precursor solution and the fixing 17 WO 2005/ 061107 PCT/ US2004/ 039039

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

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

I ncorporated herein by reference, may advantageously be used in the fixing
step. [0077] . The fixing step may be acconplished in one or multiple steps,
referred as_. o-fix or a separate fix. In a co-fix, one or nore vol unes of
a fixi ﬁgenégféﬁ%t HIDHCRRAHINE §tepy7Y P AHIVE devitre SUCh 3H f e HUMEISiopEPPATFHBISr i al aft er
all th s ty : 0, e support

at er T e N 1 R ol b b e b o O or

mul t i phdvanppgewsly o nssloh tie forsg stdpor exanpl e, fixing after sequenti al

i ' i t hal | adi | uti.qn, | d | ut |
o oo R ot BB g Ao ReRas e R BUUR tobs, SeripalE A SPERORA af fer o
CO- | W@Qﬁfh@éﬁ)@ﬁn\ﬂicblﬁ)@og@&ﬂxﬁ&le wﬁlﬁabpdjatﬁﬁhﬁg é‘g%ﬂtrs%ﬁﬂioﬁ?éldébbgf&ﬂoftﬁ | oned by

i npregnation with a gold precursor solution.” An exanp co-fixing maybe
f ound icentagted suppmgt mpterialeiisr 4l tharebyant prgshesor solutionehnve been wutapigd tether ence.

.[ 0078 fi ' | I ncl yde lLyi.ng a fixing
agent é‘ﬁﬂﬁ?‘%ﬁgﬁ%gﬁe{%& tgrgg%@&gﬁgeg%hmjﬁﬁ%rg%g%%gﬁe Wl Eorga 035‘5“& or solution.
For exatephreor sbhoiso| Hopekangple, fixbigatel ssquatilldmpghatide Rdihal @llhdinmn a) _

I npregnating pal,ladiumfollowed by fixing. fol]|owed bﬁ‘fd | rrpre%gatl ng with

gol d f BFrHREFoRionagolpregsoy slpuqnand @ghodivm gregueser sghtion woukhbgdgoriiodi um
follo 1A Tl 2 _ ' ' hs fllXi ng.
et voer SO g O MR rpton WL £ RAKARAALA fidibol RIBRIINAEY O ved
and t hémpagnation withagoldgireairsiop shlutionl tAncugrple bf so-fisingotayhedemdam Ul t he case.

An exanpl:&-of..sepagate .f.ixi.ng m e found in U S. - Patent -No. 6, 034, 030,

whi ch :ﬁgteﬁﬁ%ﬁég?,gﬁgdﬁg@%Séchfp‘g%eél YFBEF8® 1 n anot her enbodi ment, the fixing

step apshrgpe @Qﬁ%ﬁﬁk&ﬂgoﬁﬁﬁRMﬁfEmﬂ?ﬂ&ﬂﬁhﬁﬁﬂs%ggﬁh%ﬁﬁﬁﬁ%%&&us@mﬁmﬁxanp|e of
ich’is

which is described in U S. Patent No. 4,048, 096,
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 and rhodium
'foiloéire& ﬁjlr'dﬁxi'ng fdi.loweﬁ::by iniﬁfegliatihg with gold followed by fixing. Between a fix and
subseéluént impregnation, any excess lignid may be removed and the support material dried,
although tﬁis is not necessarily the case. An example of separate fixing may be found in U.S.
Patent No. 6,034,630, which is incorporated by reference. '

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

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

I npregnating with palladiumfollowed by fixing foll owed by inpregnating
with gold and fixing agent. In a variation on this enbodinent, the fix may
be conduct twce for a catalytic conponent. A catalytic conponent nay be
partially ﬁ’?’fg#’%ﬁ‘é’ﬁ it is contacted to the support matRFVEF2004039082d a

"pre- fix"), followed an additional, final fix. For exanple: inpregnating
with palladium followed by inpregnating with gold and a pre-fixing agent
followed by fixing with a final fixing 18 WO 2005/061107 PCT/ US2004/ 039039
agent. This technique maybe used to help insure the formation of shell type
catal yst as opposed to an all throughout catalyst. [00801 In another

enbodi ment, particularly suitable for use with chloride free precursors, the
suppor t natg&%al i.s pre-treated with a fixing agent _to adjust the properties

of the EPpoRE tehrighe may be ysqd fohelp iuse e fermeation pishell bps cetalystas pprased s f i r st
| npreg @Eﬁﬂl&&&uﬁhcﬁﬁkﬁ@l@;@n acid or base solution, typically free of netals.
After drying, the support material is inpregnated with a precursor solution
t hat hd80&0he dppudthdremhoditicny padikahriysuityblefor ubeewidl cldoridufpardcursatsgthé al . The

ensui ng aci d- .base reaction.forns a shell. .of _ catalytic,conponents on the
oo or o pa it Rt S ik 8 Reedi B aarhl e Drcpetion B8 Srgpe Mosecal &
Suppor tin faé @ibodimdnahe duppbid hatekial ik FRE BEfaine’d WithRitBerRASER B b2 WHIENN,
solution such as Pd(OH) 2 or Au(OH)3. This formation techni que may be

consi devRigplydrenel mefaly. Afiex divipesthe pinport moieeial i ympregnsiadawith mpreswress. [ 0081] The

Crati ) . } : | ;
the arrorubpftns el Bosi 360l bfkalit of e dtie® kit R e ol Ba P TPoS 0
amount bafe ibacxibmfprma g shdll aflvatalytic bemjraicme en ttelsoportimiletia). BboaxtmpleDnitrior ef er abl y

about 1.1 to. about 1.8 tines the a*rP%nt. neces,saré}/ to retgc with the
cat al yt3cEANIPe UG, tg grestueat g Jwoportaaaterial fhat ip fun fiimpresagfed with adagie procyrsprone

enbodi r@tion'sichgs Pa(OEGNoNMOINAT BT for@itiofRédiqus Akl Be cARideRARSASRL MO ar
excess of hydroxide ion enhances the CO2 selectivity and activity of the
resul t diingcéapebayred HyGo®atactitgstepol une of fixing agent sol ution- supplied
gener al lv..shoul.d :be -an anmoynt. sufficient to.cover.the available free
sur f ac'elbys(}_f i #é‘%?ﬂ‘b%‘ﬁﬁﬁwg ?%‘ngﬂg?l{“ ?ﬁoﬁ? 1 ﬁpgﬁaﬂ)é@mg ¢ 95550?@91 shed by
| Nt r odugioiit of CRAlyEX édtibcRentd intSregHiRdloh Me suppddf BateR4]. A8 Bmbikte oPfikifg Vol ume of

the contacted support material. : .
agent should be between about 1.0 to about 2.0, preferably about 1.1 to about 1.8 times the

amount necessary to react with the catalytically active cations present in the water-solubie salt.
In one embodiment using a high Au/Pd atomic or weight ratio, an increased molar excess of

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

Subsequent steps in the method making the catalyst do not require the catalytic components be
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100831 The conbi nation of inpregnating and fixing steps can forma shell
type catalyst. But, the use of halide free precursor solutions also permts
the formation of a shell catalyst while optionally elimnating the fixing
step. In twg) %%szence of a chloride precursor, a washing step, as discussed
bel ow, may"D'6B¥ W ed. Further, the process can be fr eRCH¥S2H0498889 of fi xi ng
catalytic conponents that woul d ot herwi se be needed to survive the washing
step. Because no washing step is needed, the catal ytic conponents need not
be fixed to survive the washing step. Subsequent steps in the nmethod meking
the catal yst do not require the catal ytic conponents be 19 WO 2005/ 061107
PCT/ US2004/ 039039 fixed and thus the remai nder of the step naybe carried
out without additional preparatory steps. Overall, the use of chloride free

precur m re cat st,. produgtion nmethod that is
free offo"a?agg‘g%‘“%&‘e\’iﬁ’%ﬂ? ﬁﬁ@p F@&?&aﬁ& ﬁ ‘ﬁlﬁﬁ%%‘f ditignabprepaaipRy SRRy ¢t o

pr oducepydhdl], gtuaé ¥Sdhloride o8 pictirBets béahith Beatalgﬁ@r E& ditﬁﬁ@ﬁ%dﬁu‘uoﬁ Ble@ol de

cont ai ni ng wast e. [ 0084] , shing Step arti cularly, when halide
cont ai rih#tds Beecf@step of weshing, dis redueing thelnmzlb@r Cﬁ Aigps neededhiorproduppihe catelysins as
desire f rt material may be washed to
rem)vedana%{/ug‘l”rafultlécﬁiié(gl %%ggtgglesﬁé)%%gﬁ%ﬁgﬂif6058%@%9%&&vm' se treated to elimnate
t he potjeedd]al . _Mg;@effect of a contam nant on the support material. The
was hi ng{gﬁ Tp i ncl uded rrnsrn t he fixed support material in water,

pref er éﬁ dei iAW ey hals gqﬂtz%mwmgg)r G@H'éoqsr‘i‘ma“tt;@?@:ﬁ“@}ﬂ ofi€E ont i nuous

mode. - \isphlagnsk dEARA) dRITRIMIY SpSte theh L8R RN betmshﬁ it Wash

wat er has a hal i I on conf ent ss th out 10 pm ang nor e
pr ef er advl haliderrediducion ths supporedrf dthewise treatebtoglimiretpahe petent@ ubgatw&)efﬁccbaﬂ ver

nltratete shin e be, carried .af.te si mul t aneousl y
with tHe %Mﬁnﬂ‘aiél\?élﬂ’pogl ﬁgaégg%b FhiRe stgp e 84 {1}1 %§ edSPPYE G out

bef or e. mArial ¢ waes pRbraftpiconitdionitere Wishifg rag 8e H61@6n RILAGH S P Eorfighdtlsi ONS
permts. the:elimnati on of the washin step. [0086] Cal.ci:ni.ng St.ep [0087]

After dpodee ashiggat @amawmrefu@cﬁhﬁ@ﬁem nn%n%élwfﬂ weshewaterdhag pbalidgppor t
mat g;'eaitb%cafenraheés%ﬁpab%a 0BG SR SRSk rfmtmfy ".rneﬂggcrgm@s%vp' cally is

e reducing step an I XI | ep i s used)
but naynegative rgsiloea silveemiretedest. nThdweashing step say ber camed out after or

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

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

[0086] “Calcining Step

[0087] -+ After at least orre catalytic component has‘been contacted to the support material, a
caleining step may be employed. The calcining step typically is before the reducing step and
after the fixing step (if such a step is used) but may take place elsewhere in the process. In
another embodiment, the calcining step is carried out after the reducing step. The calcining step
includes heating the support material in a non-reducing atmosphere (i.e. oxidizing or inert).
During calcination, the catalytic components on the support material are at least partially
decomposed from their salts to a mixture of their oxide and free metal form.

[0088]  For example, the calcining step is carried out at a temperature in the range of about
100°C to about 700°C, preferably between about 200°C and about 500°C. Non-reducing gases
used for the calcination may included one or more inert or oxidizing gases such as helium,

nitrogen, atgon, neon, nitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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anot her enbodi nent, the calcining step is carried out after the reducing
step. The calcining step includes heating the support material in a
non-reduci ng at nosphere (i.e. oxidizing or inert). During calcination, the
catal ytic n the support material are at |east parti al
deconposedﬁﬁrgﬁgﬁﬁéﬁr salts to a mixture of their OX|deP%HﬁS@P@¥9 tal form
[ 0088] For exanple, the calcining step is carried out at a tenperature in

t he range of about 100C to about 700C, preferably between about 200C and
about 500C. Non-reduci ng gases wused for the calcination may included one or
nore inert or oxidizing gases such as helium nitrogen, argon, neon,

nitrogen oxi des, oxygen, air, carbon dioxide, conbinations thereof or the 20
WO 2005/ 061107 PCTIU82004/039039 i ke. I'n one enbodi nent, the calcining

tep i d_out h f. subst ant t
oy gen, HES. 14 67 Bt s G TBE 860 % caFiel i erapeerbat syl
pr ef er afiinpgedl Exypbilaiee Borabifationd tHRRME, SCAIEHDN 1Tl nﬁwagﬂm@{)refé%ww tion of

the catal ytic_conponent salts _ depends on the tenperature used and | engt h of

time theetivessrabgitdiand Sheuss) Jhe dearecofiderompasitipriolthe catpfgtie enmpevie s8F noni t ori ng

vol atil g, %ﬂﬁg may be
used, %‘% t hat aﬂteﬁlg%emg{)ﬁ%g?&% te%tﬁ’g@r%%least ]gr% ggcta%w ﬁsgh%%?r%%ﬁgﬁ? S
cont actb@jfoilowemhymon]utmngvoﬂahbrdﬁaimposmOmpmdm calcined. Preferably, the |ast
cal ci ni tep.occurs befpre contact of .the gold catal C onent to a
St Coni 88l 06 RS S iyPis e fopa ke bipd: b BHALAGY BRMSATE PG S uppor
mat er i aéataﬁm Gdiripoiht BQbkabted ARSI MGhEnRteriall R HRGHE MRS, bﬂeféﬂbﬂpﬁi&ﬁas?’ooc By
avoi ding calcining the gold containing zirconia support material at

t enper atal¢iviag alep oecurshstore govact of m@gwiﬂgﬂalmqommeer@@a s@cwtsumqry of the
resulta at | | uce 090]
Exenpl a&%tegglot@géﬁ el%mﬁé:l{: &‘?fg o?&‘tzfréo o ﬁ]ia rym&%nﬁ%&%ﬁfl l’f c?r%g?%%%at ing with
pal | adi wmpﬁmhka\mm“babonBBmP@ Bg a‘frdihlh@\tﬂdmbgthelmkﬁ@ﬂ&ﬁnﬂi@mmhh s@ﬁﬂod b)
co-inpre natl pal’l adi um m.f ol | owed by cal cinj Ilomed by

i mpr egn cpelgEpres apove 8 t w%tbﬁ%%%ﬁ%m?ﬁg W cal ci ni ng
foll oweglatg Stwmgﬁmbﬁgﬂfﬁegteamgaﬁga fol | owed by cal cining followed by

i mpregnati1hg w-t | npregnating with palladium and rhodium

f ol | owefP0BY] i rrﬁwgﬂampngowlalhclg&hgacdlohingmplmyyldcaa)ampmgnatmg with0911 Reduci ng
Step

palladium followed by calcining followed by impregnating with gold; b) co-impregnating
palladium and rhodium followed by calcining followed by impregnating with Au; c)
impregnating with palladium followed by calcining followed by impregﬁating with thodium.
.f(;ildﬁé'ﬁ'by.’éélqining followed by ilnpreg';ueiting with gold; or d) impregnating with palladium
and thodium, followed by impregnating with gold, followed by calcination.
[0091] . Reducing Step
[0092] Another step employed generally herein to at least partially transform any remaining
catalytic components from a salt or oxide form to a catalytically active state, such as by a
reducing step. Typically this is done by exposure of salts or oxides to a reducing agent, examplies
of which include ammonia, carbon monoxide, hydrogeﬁ, hydrocarbons, olefins, aldehydes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters and combinations thereof. Hydrogen, ethylene, propylene, alkaline hydrazine and alkaline
formaldehyde and combinations thereof are preferred reducing agents with ethylene and
hydrogen blended with inert gases particularly preferred. Although reduction employing a

gaseous environment is preferred, a reducing step carried with a liquid environment may also be

21



100921 Anot her step enployed generally herein to at |east partially
transformany remaining catalytic conponents froma salt or oxide formto a
catalytically active state, such as by a reducing step. Typically this is
done by exposure of salts or oxides to a reducing agent, exanples of which
i ncl ude aﬁﬁ%ﬁ@&@ﬁ%gﬁbon monoxi de, hydrogen, hydr ocar boh&T/USFR#PILS

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

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

a liquid.enyironnent . al sp b 2005/ 061107, PCTI US2004/ 039039 used
e o Sen oy BT g <SBaD: Thy Fmecenre RHel T G SePEaan FOES ( he

r educt frem ambient gngaboit SO MRédRBion tindsviR BRitallP SA% froResheat 1 @ibbitses Wi | |

typi cal é vary fromabout 1 to about 5 hours. [0093] Since the process used

to red the catal ytic conmponents may influences the characteristics of

Lhe 11 f@bsiCcat Sinkete pfRBllubiSudPIRY g -ggqn&e@geﬂtsﬂlﬁirﬂen&wﬁbe varied

dependl ng 'on whet hef high activity, Vit sone bal ance of
t hese ghaopsteristicsof the findlastialyst cofdida emplyehfor whallicti@niay pavdriadi um i s

contacted .o the ort mpaterjal, fjxed and,reduce before gold is

cont actamdiftr TR AL biefsteravly or SMesafibin otipsse DeoPaBet 803, 6, 015, 769
and rgsgbed patents, all of which are incorporated by reference. [0095]

" Exenpl ary protocols including a reducing step include: a) inpregnating with
pal | ad[‘)@ﬂ‘i/]f ol Fowegmbgdigsnt. palladiun isepripeiechly theofuppwbaiatssial, fivedeagd aeduesgd Wi t h

7ol | ouloB B Ptopude il Bineet) R TRE RS, plEhe Mot RO U IS RS0 2 g
Wit h prldiaidiatentsf a1l dfwikch dry imepipoautal Byyefethed. ni ng fol | owed by reducing
SiETTE T NN G TR TR (R
ﬂgz : ;2%% '. ._egﬁ%dgﬁa@ﬁbﬂlbﬁ%ﬁlcmg Bfowafts itplddnitihg w&ﬂhdgoﬁ& fqﬂgwéci'ﬁ_‘;ﬂ the step
reducing; b) co-impregnating with palladium and gold followed by optionally calcining followed
by feducing; ot ¢) impregnating with palladium followed by optionally calcining followed by
reducing followed by impregnating with gold.
[0096]  Modifying Step
{0097] . tiéuéilly affer féﬁe fédﬁcing step and before the catalyst is used, a modifying step is
“desirable. While the éeitalyst may be used with the modifying step, the step has several beneficial
results, including lengéhening the operationa! life time of the catalyst. The modifying step is
sometimes called an acﬁvating step and may be accomplished in accordance with conventional
practice. Namely, the reduced support material is contacted with a modifying agent, such as an
alkali metal carboxylate and/or alkali metal hydroxide, prior to use. Conventional alkali metal
carboxylates such as the sodium, potassium, lithium and cesium salts of C,4 aliphatic carboxylic
acids are employed for this purpose. A preferred activating agent in the production of VA is an
alkali acetate, with potassium acetate (KOAc) being the most preferred. -
[0098]  The support material may optionally be impregnated with a solution of the modifying
agent. After drying, the catalyst may contain, for example, about 10 to about 70, preferably about
20 to about 60 grams of modifying agent per liter of catalyst.
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results, including | engthening the operational life tinme of the catalyst.
The nodifying step is sonetines called an activating step and maybe
acconplished in accordance with conventional practice. Nanely, the reduced
support material is contacted with a nodifying agent, such as an al kal
met al caMs9i7and/ or al kali metal hydroxi de, priopct/gsuegsod@onventi ona
al kali nmetal carboxylates such as the sodium potassium |ithiumand cesium
salts of C2.4 aliphatic carboxylic acids are enployed for this purpose. A
preferred activating agent in the production of VAis an alkali acetate,

W th potassium acetate (KOAc) being the nost preferred. [0098] The support
material nmay optionally be inpregnated with a solution of the nodifying
agent. After drying, the catalyst nmay contain, for exanple, about 10 to
about 70, preferabl about 20 to about 60 grans of nodifying agent per
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applic tton 0 | nvent 001 en; VA 1S roduced usi ng the
cat af '{SW&‘Y’ f*ﬁEf’tBﬁ?B%\é‘?des ﬁ’at %@1‘?@%‘}?‘?\? aking the Gat lﬁ’is‘i%lnt ai ns
et th)f%ﬂﬁctloﬂ)fﬂ%?ls Gfe edldily aﬁﬁﬁ’caﬁﬁ% biheOffikelyl RBRE SicPiHe aesfchﬁu&n% gbyst. The

conposi tion of e gas Streamcan be varied within wide [imts, taking iii
accouvgndehas lmtmg 8fe application of the invention to VA,

[00101] When VA is produced using the catalyst of the present invention, a stream of gas,
which contains ethylene, oxygex or air, and acetic acid is passed over the catalyst. The
'céﬁlﬁoéiﬁén of the gas stream can be varied within wide limits, talging i account the zone of
flammability of the effluent, For examble, the molar ratio of ethylene to oxygen can be about
80:20 to about 98:2, the molar ratio of acetic acid to ethyleﬂe can be about 100:1 to about 1:100,
preferably about 10:1 to 1:10, and most preferably about 1:1 fo about 1:8. The gas stream may
also contain gaseous alkali metal acetate and/or inert gases, such as nitrogen, carbon dioxide
and/or saturated hydrocarbons. Reaction temperatures which can be used are elevated
temperatures, preferably those in the range of about 125-220°C. The pressure employed can be a
somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure of up to
about 20 atmospheres gauge.

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

example, fluidized bed reactors.
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flammability of the effluent. For exanple, the nolar ratio of ethylene to
oxygen can be about 80:20 to about 98:2, the nolar ratio of acetic acid to
et hyl ene can be about 100:1 to about 1:100, preferably about 10:1 to 1:10,
and nost preferably about 1:1 to about 1:8. The gas streammay also contain
gaseous alabhésodBlbfl acetate and/or inert gases, such msnd2bdsR8R5 carbon

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

at nospheres gauge. [00102] In addition to fixed bed reactors, the nethods of
produci ng al kenyl al kanoates and the catalyst of the present invention may
al so be suitably enpl oyed in other types of reaction, for exanple,
f|UIdlg@ﬂgg ors. 23 WD 2005/061107 PCT/ US2004/ 039039 1001031
Exanples | e follow ng exanples are provided for illustration only
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whereas “a drying step nmay
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tenpermwbh capabl e of bei ng rreasured by a thernocoupl e at both the top and

[00106] " The catalysts of the examples were tested for their activity and selectmty to various
by-products in the production of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To
accomplish this, about 60 ml of the catalyst prepared as described were placed in a stainless sieel
basket with the temperature capable of bemg measured by a thermocouple at both the top and
: bottom of the basket The baskct was p]aced in a Berty continuously stirred tank reactor of the
r_ecx;cu}gtmg type anql was maintained at a temperature which provided about 45% oxygen
conversion with an electric heating mantle. A gas mixture of about 50 normal liters (measured at
N.T.‘P.) of ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen, about
50 g of acetic acid, and about 4 mg of potassium acetate, was caused to travel under pressure at
about 12 atmospheres through the basket, and the catalyst was aged under these reaction
conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
Analysis of the products was accomplished by on-line gas chromatographic analysis combined
with off-line liquid product analysis by condensing the product stream at about 10°C to obtain
optimum analysis of the end products carbon dioxide (COy), heavy ends (HE) and ethyl acetate
(EtOAc), the results of which may be used to calculate the percent selectivities (CO; Selectivity)

of these materials for each example. The relative activity of the reaction expressed as an activity
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bottom of the basket. The basket was placed in a Berty continuously stirred
tank reactor of the recirculating type and was mai ntained at a tenperature
whi ch provi ded about 45% oxygen conversion with an electric heating mantle.
A gas m xture of about 50 normal liters (nmeasured at N. T.P.) of ethylene,
about 10 wonrpmlosiiot ers of oxygen, about 49 normal |itaca/eskoemiosanggen, about
50 g of acetic acid, and about 4 ng of potassium acetate, was caused to
travel under pressure at about 12 atnospheres through the basket, and the
catal yst was aged under these reaction conditions for at |east 16 hours
prior to a two hour run, after which the reaction was termnated. Analysis
of the products was acconplished by on-1ine gas chronmat ographi c anal ysis
conbined with off-line liquid product anal ysis by condensing the product
stream at about 10C to obtain optinmum analysis of the end products carbon
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r hadi.um chl ori- e .tri hi/drl te H20 sufficient to provide about 7

gr ams of sodare frisaeheropalladiven #8dGlapd tipditgn ghigride wiydrite RAHBHE2Ohodi um per
it t t
enour SigfAt @ pfidg ob PUERE bFcidhed BAAN d i Pl bl B0 L0

t hen frhodmin per litdzrmf Satphystr The support was shaken in the solution for 5 minutes to ensure

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

' immersionfor 2. 5 hours at appmmmately 5 rpm with 283 m] of an aqueous sodlum hydroxide .
solution prepared from 50% w/w NaOH/H,0 in an amount of 120% of that needed to convert the
palladium and rhodium to their hydroxides. The solution was drained from the treated support
and the support was then rinsed with deionized water and dried at 100°C in a fluid bed drier for
1.2 hours. The support material containing palladium and rhodium hydroxides was then
impregnated with an aqueous solution (81 ml) containing 1.24 g Au from NaAuCl; and 2.71g
50% NaOH solution (1.8 equivalents with respect to Au) using the incipient wetness method.
The NaOH treated pills were allowed to stand ovemight to ensure precipitation of the Au salt to
the insoluble hydroxide. The pills were thoroughly washed with deionized water (~5 hours) to
remove chloride ions and subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The
palladium, thodium, and gold containing support was then calcined at 400°C for 2 hours under

air and then allowed to naturally cool to room temperature. The palladium, rhodium, and gold

25



as palladium (11) and rhodium (111) hydroxi des by contacting the treated
support by roto- imrersion for 2.5. hours at approximately 5 rpmw th 283 ni
of an aqueous sodi um hydroxi de solution prepared from 50% w w NaOH H2O in
an amount of 120% of that needed to convert the palladiumand rhodiumto

t heir hyWo008@61107The sol uti on was drai ned fromthe treztsehozogmort and the
support was then rinsed with deionized water and dried at 100C in a fluid
bed drier for 1.2 hours. The support material containing palladium and
rhodi um hydr oxi des was then inpregnated with an agueous solution (81 m)
containing 1.24 g Au from NaAuCl4 and 2.71 g 50%NaOH solution (1.8

equi valents with respect to Au) using the incipient wetness nethod. The
NaOH treated pills were allowed to stand overni ght to ensure precipitation
of the Au salt to the insoluble hydroxide. The pills were thoroughly washed

with deiecedizatby@ineictifg the Bopost)with@C,H; €19 tenitbEad) idtle Va8 pliRélatsishsequent |y
dried_at 100C_|n_a fluid bed drier for 1.2 hours. The palladium rhodium
and gBird bowrst Emaltnthesatalyst was ipmpregrated bydncipigeigretiesawitap aqueoussoltien under  ai r
and t Beipedirhomesn r@l ; : : di um

Rodi U VSt Bt e S B O B BB G i PRS0 D)

cont aftoned t Examplp BoAtsuppartmOil ulilizisg palladitmend thodivm hidroxidgsovasphase at 150C

- f 5 nh . Finall h t [ ted by incipient t ith
an aqBEOHES axetitatin Bpsin oS Ep any HOORA Srpiites SRPOLBE B dried | n a
f1 ui dcdieifledtit 460°Cofor 1 BBes tfder dir dnd'@d Rlowell GOAASRIFFETRI Bor terfiptROr t

material utilizing palladiumand rhodi um hydroxi des was &gpar ed as

descr Theeplsinedsuppast rmaterial pretaining pabiadinm andorbpdive hydroxisies wen support was
th ; j at : A t [
e PGS 40, A YER A 1000 RO A4 e 11

pal | add%Na@itsohitmdi( L ehyistalents dith raspest tohver) usingtiedgeipieadwethdshmathodqueous

sol ut i on m ) .cont ai ni 249 An fr NaAuCl 4 and.2.71 g, 50% NaOH
ol ut ANk e aldled i e debb o g Bren i s BTKO wer ness
met hpﬁ;e insbf®iB IR xIdee ahe gilR ek Sth¥fdhighiPwhRee Fith AcDhBBdwaEB HetNs) o0 ensure
precipitation: Qf the Au salt to the 1nsoluble hydroxide: The pi-lls were

t hor ofREHIVS chiasérignswndrsublieruently ddedwitl89°( in3 fhidibed) drico ford grwyes. At or i de i ons
o0, S RBARAE Ry ORGPl Pl IR
W t h Giftdger() in fe viipor Phise @Y BIOPCifor 3 hvarsy Fpolly fHeaarlet wdhitprdgastedbpours. Final ly
the c ?Ifc?plig;l% ;[.vet\ilvgsss v:utr{lp atneagqlr}.ggu% (gohtit\{on of 10g of potassium acetate in §1 ml H,O and dried in

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

-{00110] ~’Bxample 3: A sipport material containing palladium and thodium hydroxides was

prepared z;s described in E)ialnple 1. The palladium and rhodium containing support was then

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

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

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

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

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

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

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

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

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

were then reduced by contacting the support with C;EL (1% in nitrogen) in the vapor phase at

26



i nci pient wetness with an aqueous solution of I Qg of potassiumacetate in
8l mM H2O and dried in a fluid bed drier at 100C for 1.2 hours. [00110]

Exai nple.3: A support. material containing palladiumand rhodi um hydr oxi des
was prepared as described in Exanple 1. The pall adium and rhodi um

cont ai ni nYE&WIFOFIL070was t hen cal cined at 400C for 2 hoecsusmdesseasdr and t hen
allowed to naturally cool to roomtenperature. The cal cined support

mat eri al containing palladi umand rhodi um hydroxi des was t hen reduced by
contacting the support with CCH4 (1% in nitrogen) in the vapor phase at 150C
for 5 hours. The support containing palladiumand rhodi umnetal was
subsequently inpregnated with an aqueous solution (81 m) containing 1.24g
Au from NaAuCl4 and 2.71g 50% NaOH solution (1.8 equivalents with respect
to Au) using the incipient wetness nethod. The NaCH treated pills were

al | owetF0f© fartSdatirse Famatlly diket catatystwasimprognased i incipieorwethess inéthAn agugots t 0 t he

(5 o Bt SO s defate e B Bl d By vl PO T o o
fluid kee.drier for 1.2 hours. The palladium rhodium and gold were then
reduced bédscont acting the support with C2H4 (1% in nitrogen) in the vapor

phase ¥WP1H§ Exampesos supertpatriabpotinioseriiadiumiasd chadipm Bydioxides wasi nal |y t he
cat al i : t i &R i th_an ution of
Oy of P s RERAT A Rmple | e ER S SRR e A L' 07 S00c

for 1.@iciedat 400°CEXTA HdurExmiepdicand: theh alowpdtotnatmilsyrdoal toaosrh sénpieragurgal | adi um
and rhqdi um hydr oxi de S repar.ed, as descy.i bed,in Exa el T

pal | agf}lﬁﬁag’lm_ﬁf?ﬁ?&ftdﬂar%@ﬁf’%ﬂtﬁlﬁ p@%ﬂb‘ﬁ}@g\ﬁgﬁ%g‘ﬁdﬂ’ WeEY e“died'i?ﬁgé'f or 2
hour's whtefingthé sapert WHGTH, I(pwmﬁageﬁ%%@{adpxr 19191@% attlcfog@ﬁmsthﬁﬁﬂa.e‘i‘ﬁé ure. The

cal cined support material containing palladiumand rhodi um hydr oxi des was

t hen r@gpeibepniaining paltadiom :n:ﬁl rhediurg meipb ves subsdquariyimpisgnated wit? lamgqm?uSi ndt he
t 5 £ i ni -
hoar oSASE Y m 8Bl P18 S KA, SHERR bR aL R thoBRe, M (o1 )

cont ai wemegubkedueatly driddr 20 100AUGR flusd beg diibrefol NQ hpireN TheveiiRgdium, ey andThe pills
wer e suqﬁ equently dried at ina fluid bed drier for. 1.2 ‘hours. The

pal | adBUoR R ok RetoontsRaE (e PepeT it el A TR CoF) P HEPOY A€ ppor
u L GO 5 ot AR e LRl BRBE RIS inciier nebObitEulBiesus 1 1ol Y

t he catal yst was 1 npregnat ed ness w th an aqueous
solution of 10g of potassium acetate in 81 ml H,O and dried in a fluid bed drier at 100°C for 1.2

hours.
[00112] Example 5: A support material containing palladium and rhodium hydroxides was

" prepared ﬁéf;:le.':sc';ﬁbed in Example 1. The palladium and rhodium containing support was then
calcined at 400°C for 2 hours urider air and then allowed to naturally cool to room temperature,
The calcined support containing palladium and rhodium hydroxides was subsequently
impregnated with an aqueous solution (81 ml) containing 1.1g Au from KAuQ; using the
incipient wetness method. The pills were then dried at 100°C in a fluid bed drier for 1.2 hours.
The palladium, rhodium, and gold were then reduced by contacting the support with C;Ha (1% in
nitrogen) in the vapor phase at 150°C for 5 hours. Finaliy the catalyst was impregnated by
incipient wetness with an aqueous solution of 10g of potassium acetate in 81 m] H,0O and dried in
a fluid bed drier at 100°C for 1.2 hours.
[00113] Example 6: A support material containing palladium and rhodium hydroxides was
prepared as described in Example 1. The palladium and rhodium containing support was then

calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
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solution of |og of potassiumacetate in 81 mM H2O0 and dried in a fluid bed
drier at 100C for 1.2 hours. [001121 Exanple 5: A support materi al
cont ai ni ng pal | adi um and r hodi um hydr oxi des was prepared as, described in
Exanpl e 1. The pall adi um and rhodi um cont ai ni ng support was then cal ci ned
at 400C fwp 2805060% under air and then allowed to nat waldsgozesdoss o room
tenperature. The cal ci ned support containing palladiumand rhodi um
hydr oxi des was subsequently inpregnated with an aqueous solution (81 m)
containing 1.1g Au from KAuQ2 using the incipient wetness nethod. The pills
were then dried at 100Cin a fluid bed drier for 1.2 hours. The palladium
rhodi um and gold were then reduced by contacting the support with CCH4 (1%
in nitrogen) in the vapor phase at 150C for 5 hours. Finally the catalyst
was i npregnated by incipient wetness with an aqueous solution of | Qg of
pot as Shenaleieat Aipport ma&haIﬂontdﬂﬁl@tﬂadiﬂm%d tHodiven Kydedxdddaas dich sduedd bk00C f or

1.2 hours 00113] Exappl e supp rt material containin pal | adi um and
r hodi GARIASH %B@W\thn%pﬁfeﬂaﬁ‘éd“%e égél}e,%gta'ghﬁse@(am)péoq howga 'Bigl | adi um

and r @glsyombﬁ@ﬁh?g wamﬁlaﬂ@ﬁ{ommetm% suﬁ@ o ?g:nngrﬁa Aa@e%%%a@ @\%yr s under

air then all owed to naturally cool tor ature 2
2005/ (36111&10)17(8@@) mmaa@ag(m&om KéLuBahmi Mo@aﬁmratzetanamang tile inadpietdi ni ng

pal | aq m an | dro des duc d. a t he support
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pot as $repaTed e followsy Bherigprarbmptads! i eramoupbeiddganlvensigias of Rud 9h¢ﬂlﬂ§ Kder e
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support as palladium (II) hydroxides by contacting the treated support by roto-immersion for 2.5

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

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

NaOH H20 P Z58H8nt of 110% of that needed to conver PCTNE2084039¢Hi umto its
hydr oxi de. The.sol ution was drained fromthe treated support and the support
was theri rinsed wth deioriized water and dried at 100C in a fluid bed
drier for 1.2 hours. The support material containing palladium hydroxide
was then inpregnated with an aqueous solution (81 nm) containing 1.24 g Au
fromNaAud 4 and 2. 71 g 50% NaOH solution (1.8 equivalents with respect to
Au) using the incipient wetness nethod. The NaOH treated pills were all owed
to stand overnl ght to ensure precipitation of the Au salt to the insol uble
hydr ox [W&15IThdabE | s were t hor oughl y washed with deioni zed water (-5 hours)

to renove chloride ions and subseq jed a c&o Cin a fluid bed drier
for 1.2 Q[(Hr The paI | adi um and g ont a| i ng zH rt was then reduced
by conb §g%hfe (ﬁagrt with C2HA (1% in nitrog g in the vapor phase at
150C B?mlge grerengs Gpiglysh ( he cat alySt was i npredABted by incipient wetness

with an aqueous solution of | Qg of potassiumacetate in 81 nl H20 and dried
in a fliyfeibesacd ] 1.2 hours. Table 1 shows conparison CO2
sel ect d\'/'l':'lt)) aﬁ%‘%&@#\?@#&%ﬁrﬁe catal yst of Exanples | ‘and 7. 28 WO

2005/ 0[1101!)7/] PEImhiﬂE B8040 §30DER) (RCA00,Isapplikd by OKIK GRS cakiredat 630P¢ fAGtH. vi t y

Exarrpl R e Catalyst) 11,13 2.36 [.00116]

Layer e E’tte'éﬁﬁﬂ%ggp‘ﬁgaﬁ?‘]‘g g@’n@i egnatgl@algvaéia I%W@f?d("ﬁﬁ? W8al of yppi i ed
by DKKbI%ﬁrﬁ)%%' m&s@waﬁﬁ%dfvem shgofd?@emhér zﬂ‘goﬂmh%étﬁl? ﬁ}%ﬁe@b)BET surface
area 38 n2/g. The material was led wth 1 water for 6 h.

The soPKkaZAr2®add wrayedamiaS e @ﬁSphEh@ df brauteniteZK Acl6A imdth Qlae? smm. Soppl | ed by
oD 7. St e R B o AR08 C RS UioE Rt o B ARoRaeh Uncer
m cr osf@meudimlﬂsmwmsmfﬁmms hell formation with thickness of 250 pm
[0011!; Example 9: 20 gof 710, (XZ16075, BET surface area 55 ﬁzlg) 'w“'efekixhﬁl‘cgnated
with Pd(NOs)z solution (Aldrich) to give Pd loading of 39 mg/g of ZrO2. Impfegnated material
was dried and 'calcined at 450°C for 4 h. The material was ball milled with 60 ml of DI water for

4h, mixed with 11 g of a binder (ZA-20) and sprayed onto 30 g of bentonite KA-160 spheres.

The beads were calcined at 450°C for 3h, This procedure results in formation of a strong uniform

shell thh 160 pm thickness,

[00119] Example 10: The beads from Example 8 were impregnated with solution of potassium
+ acetate to give loadmg of 40 mg KOAc/ml of KA-160, dried and calcined at 300°C for 4 h. After

that the solution, containing 9.4 mM of Pd(from Pd(INH;)4(OH); supplied by Heraeus) and 4.7

mM of Au (from a 1 M solution, Au(OH); “Alfa” dissolved in 1.6 M KOH) was sprayed onto

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

were crushed and tested in fix bed micro reactor under conditions described in the experimental

section. CO; selectivity of ~ 6% at 45% oxygen conversion was achieved.

[00120] Example 11 (reference catalyst): The same catalyst prepared in Example 7 was used

as a reference catalyst here. Table 2 shows comparison CO; selectivity and activity for the

catalyst of Examples 9-11.

[00121] Table2
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[00118) ., ,Exanple 9: 20 g of ZrQ2 (XZ16075, BET surface area 55 n2/g) were
I npregnated with Pd(NO3)2 solution (Aldrich) to give Pd | oading of 39 ng/g
of Zr02. Irrpregnat ed material was dried and cal cined at 450C for 4 h. The
mat eri al V@é\ %g mlled with 60 mM of D water for 4h, mxed with 11 g of
a bi nder PSUfG sprayed onto 30 g of bentonite KA-PLB“GJSSQDW@-‘W:SD The
beads'were cal cined at 450C for 3h. This procedure results in formation of a
strong uniform shell with 160 mthickness. [00119] Exanple 10: The beads
from Exanple 8 were inpregnated with solution of potassium acetate to give
| oadi ng of 40 ng KOAc/m of KA-160, dried and cal cined at 360C for 4 h.
After that the solution, containing 9.4 nM of Pd(from Pd(NH3)4(OH) 2
supplied by Heraeus) and 4.7 mMof Au (froma | Msolution, Au(OH)3 "Alfa"
di ssolved in 1.6 M KOH) was,sp ged ontQ . these beads. Mat erial was reduced
with the mxture: 5% H2, 95‘3@3?@ GVIBAGEYIor 4 h. The beads were crushed
and t dxewgle 9n fix bed mcro reactof-38dndek0&onditi ons described in the
experiﬁmwp@l section. CO2 selectiQi0By dfi6X 6% at 45% oxygen conversi on was
achi evidmpledd ReferdizxaGphiyst) | (ref didBce X3 al yst): The sane catal yst
prepared in Exanple 7 was used as a reference catalyst here. Table 2 shows

fgg}igrltomn Otr;irl ;agigm%poﬁ mteﬁﬂchnamowd& Frek PrechiREr Ex‘ﬁ@syst SO}‘ E;<armlt es 9-11.
e el ectivity
Acti vdb 28% arﬁheé'oléovgnggengra(bgroc@ummaselsg_cbfogﬂwelobsgmﬂcangir@nmsupm erence
Cat al I ter ride Free

Pr ecuﬁ%%n@at#gﬁtgwg%d%@g% FD}IIH%L gﬁ'l[’]m%h qﬁltg?t F %‘a ghewafg&)used for this

set ofsissadirfiteaia sdpporOnateridippe Isﬁpphﬂmbyszﬁllro CaL B0y S st mr@'mﬁmm@mf ol I ows:

vario ed catal yst . carri e re crushed and sieved. Zi rcom a support
rat e 10 SR S sy Pt o SoRss 2 N Soerei e SR OLNEL

Fract | e TRy A I pEPUng T <1 v
sequerstapal I W°(Z\‘4| amh opitorialy withen infermedintp |caigmatmn step) to mclplent wetness wrth aPd
,and Au precursor solunon optronally calcmed in air, reduced w1th S%Hle 2 formatlon gas, post~
nnpregnated wrth KOAc solutron, dned at 100°C under Nz, and screened ina 81E@mu1t1 channel
fixed bed reactor. A solution of An(OH); in KOH was used as the Aun precursor Aqueons
solutions of PA(NH3)4(OH);, PA(NH3)2(NO2)2, PA(NH;3)4(NO;3), and PA(NOs), were used as the
Pd precursors.
_'{001:".4] A silica support matenal catalyst reference was made as follows: A support material
contammg palladrurn and rhod1um metal was prepared as follows: The support matenal inan
amount of 250 ml cons1st1ng of Sud Chemie KA-160 silica spheres having a nommal diameter of
7 mi'ri_,-a density of about 0.569 g/ml, an absorptivity of about 0.568 g H,O/g support,‘ a surface
area of about 160 to 175 m%/g, and a pore volume of about 0.68 ml/g., was first impregnated by
incipient wetness with 82.5 ml of an aqueous solution of sodium tefrachloropalladium (II)
(NayPdCly) sufficient to provide about 7 grams of elemental palladium per liter of catalyst. The
support was shaken in the solution for 5 minutes to ensure complete absorption of the solution.
The palladium was then fixed to the support as palladium(Il) hydroxides by contacting the treated
support by roto-immersion for 2‘.5 hours at approximately 5 rpm with 283 ml of an aqueous
sodium hydroxide solution prepared from 50% w/w NaOH/H,0 in an amount of 110% of that
needed to convert the palladium to its hydroxide. The solution was drained from the treated

support and the support was then rinsed with deionized water and dried at 100°C in a fluid bed
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step at 110C and optionally with an internediate calcination step) to
i nci pient wetness with a Pd and An precursor solution, optionally cal cined
inair, reduced with 5%42/ N2 formation gas, post- uiipregnated ivithKOAc
solution, dried at 100C under N2, and screened in a 8x6 multi channel fixed
bed react WO.2005/®d100t i on of Au(OH) 3 in KOH was used as RERUS0PEHWGUT SOT .
Agueous solutions of Pd(NH3)4(OH) 2, Pd(NH3)2(NO2)2, Pd(NH3)4(N33)2 and
Pd(NG3) 2 were used as the Pd precursors. [00124] .A, silica support
material catal yst reference was made as follows: A support material
cont ai ni ng pal | adium and rhodi um netal was prepared as follows: The support
material in an anmount of 250 ml consisting of Sud Chem e KA-160 silica
spheres having a nom nal dianmeter of 7 mm a density of about 0.569 g/n,
an absorptivity of about 0.568 g H2O' g support, a surface area of about 160
to 17&1’@2&9‘ 1.2dndrsa mnarseppaﬁlmumlabéomdimg pallaBBinydebxideneess tﬁdnﬁﬁ@rdgﬂaiéd?gnat ed by
i nci pi e wet ness wi.th 82. ig ueous_solution_of sod

gl4f g

t et r acHit %WP‘P‘Q&PWHP’( @i)ml) E‘Né@F‘B ﬁ?‘&ﬁ@ﬁ@cké“‘égg\}g é%iﬁ’@ﬂ 7 grams of
el emendopltioR el .8 agliiRREWith bdsfidct t%fA %%;%%Mﬁtm%m WeRkbBPREho nin the

solution for.5 mnutes to ensure ete absorption o the solution. The
pal | adreated\palis werealldwedda sinnﬂ mwangm nxpmsure@secpmlahtamfu}m( Ay sdliigrtiednshdbldy

contacti.ng.th t ed j mrersion, f 2.5 hours at
ot oslsRfide) Tub bR ik o BAT et Wb SeioBREL S8l B BB Soi ut i on
prepar a@bﬁdre@cmsaﬁ&/ewsmu%a@ﬂrtéa@ 10v°@hin 2 ARdYed Bfier¥3:000 Bburk. Mefie pangdaiad to

convert the palladiumto its hydroxide. The solution was drained fromthe

t r eat ed BRI RIBRINIE YPPHEWaT {BpDIOducRA &Y contesting H@é‘ﬂl—"m‘)}‘iﬂtﬂ@z}&rﬂé’éﬂ wat er and
dri ed foddlf th@v%ofél’:&sgatqgg.@ %&905{09@1&9;@3&% b Seliaqgo  drier for

1.2 hour e support material containin was then
i npr egngipiedt wamesblwziath aa ggeoussobidlon of g ¢fSbtasdiym acstdtainB Ingl Hg(‘z dndodriad iff r om

uei ng. PR presran UL L R hbom i SRt el SE T8 owed 10

st and Qmawagmmﬁqweg%%@egfggu Pistatdanusef the An salt. to the insoluble
hydr oxi de: .The: pi | |'s were.thoroughly washed with deionized water (-5 hours)

to reni‘}Ob‘lslchC@iﬁ%télbrms omysmﬁﬁs@we:r&qoylmmueela@twalwereldwsxanefdlamld bed drier

by corfestb et et IRt iTlon 3t a2l g SpRRRE LIS P 0000,
150C fmlutﬁnhmugﬂav&%du}d difyengdag mbyts10.MASfisapposgnatued foy each library

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

[00126] KOAc loadmg is reported as grams KOAc per liter catalyst volume or as pmol KOAc
“on 0, 4ml support For the spemﬁcatxon of Au loading, the relatwe atomic ratio of Au to Pd is
reported as Aw/Pd. Pd loading is specified as mg Pd per 0.4ml support volume (i.e. absolute
amount of Pd in reactor vessel)

[00127] The screening protocol used a temperature ramp from 145°C to 165°Cin 5°C
increments, at a fixed space velocity of 175% (with 1.5mg Pd on 0.4ml support). 100% space
velocity is defined as the following flows: 5.75 scem of Nitrogen, .94 scem of Oxygen, 5.94
scem of Ethylene, and 5.38 microliters per minute of Acetic Acid through each of the 48 catalyst
vessels (all of which had an inner diameter of approximately 4 mm). CO, selectivity was plotted
Versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CQO, selectivity at 45% oxygen conversion reported in the performance summary tables below.
The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO,

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

si ze range of 180-425um was used. [00125] -Catalyst libraries of arrays of
8 rows x BCWOLMH7in gl ass vials were designed and a pcpUR00§/038@G9 gl ass
vials was nounted on a vortexer and agitated while dispensing netal
precursor solutions using Cavro" |iquid dispensing robots. 0.4nml of support
was used for each library elenment, for the glass vial synthesis as well as
| oaded to each reactor vessel. [00126] KOAc |oading is reported as grans
KOAc per liter catalyst volunme or as gnol KOAc on 0.4nl support. For the
specification of Au loading, the relative atomc ratio of Auto Pd is
reported as Au/Pd. Pd |loading is specified as ng Pd per 0.4ml support vol une
(i.e. cabsbtedﬁ@lpemmﬂtemghef’ﬂhe ctivityaf thercatalysts Thy spapdfihe FiEIdISEYs g Meeni ng

prot ocol, us om 145C t0.165C in 5C _.increnents, at a
fixed p§ 8%‘{9?75%8%%@%&0 uf*FER? Wﬁ%&‘f’cggﬁﬂ cppvesiionis amreas B BHME) . 100% space
vel ociprydubtivitjesfitnadiast.t he following flows: 5.75 seemof N trogen, 0.94 seem
of Oxygen, 5.94 sccmof Ethylene, and 5. 38 mcrollters per m nute of Acetic

Aci d tIP138hh Eammlico: 4ol nﬁz&tcmnpmﬂl\ﬁ@%%@ﬁm feab bupplicditand KZ16052an i nner

di anet I =T} PRV td S oxygen
converEresibnERRGCIALS 1t et gl It BB HED GBRIRLS (1 Poc:
cases)Pd momﬁbmmmtwmks,dﬁ&éanxy@’ﬂfoﬁﬁnmpmmdrmma% (O]91Nli@mperfor mance
sunmar es belJow, The te rature at_45% o y en conversion_cal cul ated
from ts?li’é{‘ ﬁquté?f% t‘{ ¥npiRient wetngss, %ggéfdzm éé‘?réé‘t ‘iegﬁl‘ieé abind® G)f?’g”é’rf“écﬁwé\hsl on

Ver sUsofmfdeh b pd d I

2005/ 0%1107 E lJS %a(%glgg%(@égﬁgﬂﬁme%@ﬁgper% H?g@?/ﬁ\tu%l gher the

act i V|(5136H®qur¢lélendthab@'1:/9 3 wWitheK 4 pe(bdilutérifprelppdsiddviftSiog/l KOA), i.pddduced per ni

or odudty AR e BheBhiyity G IR MR SPhRR S BRET R Gr B 1 or s
XZ160 Ressefs STHY Tl [osdisd iy mﬁg PaRYOSEL BT hell (M@ﬂsmaoem/gts 650g/PAlint 0 | oner
the surface-area to 42n2/g) were inpregnated with 3-different. Pd sol utions

to lnc,rpﬁtst% N@sska%%%lsbraraﬁlewnﬁtT@Mrﬁwsowerﬁ wa o2 4 g Jard (0. 97M An
stock g %@%% ESIENRY £Rd PRGNS, ﬁf’eo@&mﬁjaoaﬁidfd%uﬁ%ofs‘?ﬁwg at 350C

for 4h
and row 5, Auw/Pd=0.6 in row 3, Aw/Pd=0.9 in row 4, row 6 and row 7. The KOAc loading was

114umol in rows 2, 3, 5 and 147umol in rows 4, 6, 7. The silica reference catalyst was loaded
into Row 1. The library was screened using the T ramp screening protocol at fixed SV.
;§éreénihg‘ results are summarized in Table 3

{00129} Table 3 ‘

T CO; Selectivity Temp at STY
C1 Precursors on Si0; 7.37 156.6 729
PA(NH;).(0H), on ZrO, 5.79 1524 787
Pd(NH3)4(N03)2 011 ZI‘Oz 5.90 152.3 783
Pd(NH;),(NO,), on ZrO, 5.57 150.7 795

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

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

reduced at 350°C for 4h in 5%H/N; formation gas, post-impregnated with KOAc and dried at
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formati on gas, post-inpregnated with KOAc and dried at 110C for 5h. The
Pd/ Au/ Zt 2 sanples (shells) were then diluted 1/9.3 with KA160 dil uter
(prel oaded with 40g/|l KOAc), i.e. 43ul Pd/Au/Zr2 shell and 357ul dil uter
(400ul total fixed bed volune) were charged to the reactor vessels. The Pd
| oadi ng was”? WS i n 400ul Zr 2 shel | (or 14*43/ 4002CT/US20840396%y Pd i n
reactor. vessel for all library elenents. The Pd precursors were

Pd(NH3) 2(N02)2 in colums 1 and 14, Pd(NH3)4(OH)2 in colums 2 and 5,
Pd(NH3) 4(NG3)2 in colums 3 and 6. Au/Pd=0.3 in row 2 and row 5, Au/Pd-0.6
inrow 3, Au/Pd=0.9 in row 4, row 6 and row 7. The KQAc | oading was 1 | 4unol
inrows 2, 3, 5 and 147unol in rows 4, 6, 7. The silica reference catal yst
was |oaded into Row 1. The library was screened using the T ranp screening

roto Cree It ar. ble 3 [00129
P 303 bopsty Bk s e 340 Bl TRMAR AP a8 5,°180 5 700
Pd )2 (ﬁilaloadanvz&m&/ﬂcd&c)lfe 343U/ AREr P, catalid) ahd 366 Zn Bluser UD0EPEaB 783  Pd 3
2 Oz on Zr@2 5.57 150.7 795 *Data shown is taken from average of two Au/ Pd

at oni cﬁ%b%@ RQY e S Claregd it geagtpr waseels. wibe Libtpryrdssign endlibraryslamest t s. [ 00130]
Cor oA Gl L o BEATARS PRI gy, 01 210057

(precal cined at 650U ace area to
i npr e gEAIOGER (B50HC) ilPck{lnikiy 4+0 QB hlf oflliZ My PThe Pd tadmg watk it 8 mjg Rdan |4mnl pi ent

ot ook 240 1 G 18P PhorRita e ndip et vty S E8uShe Fasls BEH el  350c
for 4GS, Bolamid6dN3 HeQG6®R 1 b B Pﬂaﬁm(ﬁﬂ)ziﬁzlsm?9@@‘3@?&0%1@1%%@&1@‘1 dried at 32

WO 2005/ 061107 PCT/ US2004/ 039039 110C f or The. Pd/ Au/ ZrQ2 sanpl es
(shel |rga)ct%¢séelb eseluann Licels A1-G1) apd wlm-fs@eﬂs AdrG; 14pg B it ZiCzh 409/ |

KOA) by for 130 £ A2, ab S 1900,70 it AL eGPy torl

were ¢ e reac rary design
and I |(b&1hﬂ$-1€5|)e4ntdm-0 Tpe dnll e Syven/Bd-e0s5 Inabivavimid réw G2AXPEE07 tn jow col umms
1-3 (Ieft hal f, of

4 and row (except ce s K{ )Qzl %} Ggw ere Aw/Pd was 0.3). The KOAc loading was
1 l4umol (except cells D3, G3, D6, G6 where KOAc loading was 147umol). The silica reference

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

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

CQ; Selectivity | Temp at 45% Conv STY
Au/Pd Atomic Ratio -} 0.3 | 0.5 ] 0.7 | 0.3 05 | 0.7 0.3 0.5 0.7
Cl Precursorson SiQ, 1 6.98 ] - | - .{154.8] - - | 742.8

Zr0y: XZ16052 6.06 | 5.31 | 5.38 | 153.7 1 152.3 | 154.9 | 776.8 | 806.0 | 803.0
Zr0Oy: XZ16075 6.18 | 5.62 | 5.71 | 147.5 | 151.0 | 154.4 | 773.8 | 791.6 | 790.3

[00132] Example 14: ZrO2 carrier (supplied by NorPro, XZ16075, sieve fraction 180-425um,
density 1.15g/ml, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with
Pd(NO3)2 precursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuQ; solution
(prepared by dissolution of Au(OH); in KOH), dried at 110°C, reduced with 5%H2/N> formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/l in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4ml support. Two
different Au loadings were chosen (Aw/Pd=0.5 in columns 1, 3, 5 and Avw/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1, The library was screened using the T
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XZ16052 (650C) in colums 4-6 (right half of library). The Pd | oading was 18
nmg Pd in 400ul ZrQ2 shell (or 18*33/400=18/12 ng Pd in reactor vessel) in
cell &, colum 3 (cells B3-G&3), cell G5, colum 6 (cells B6-G6); 10'ng Pd
in 400ul Zr2 shell (or 10*33/400=10/12 ng Pd in reactor vessel) in columm
1 (cells NOWYOYHY colum 4 (cells A4-G4); 14 ny Pd | RCHUSWI4/BE®2  shel |
(or 14*33/400=14/12 ng Pd in reactor vessel) in colum 2 (cells B2-F2) and
colum 5 (cells B5-F5). Au/Pd=0.3 in row 2 and row 5, Au/Pd=0.5 in row 3
and row 6, Au/Pd=0.7 in row 4 and row 7 (except cells A, A4, &, G where
Au/Pd was 0.3). The KOAc | oading was 1.14unol (except cells D3, G3, D6, G6
where KOAc | oading was 147unvol). The silica reference catalyst was | oaded
into Row 1. The library was screened usi ng the T rarrp screeni ng protocol at

fixed SV. Screenl summr n,Table 4 00131] Table 4 CO2
Sel ec T FFRURPL A’gb}‘%ﬁg“g%miﬁﬂ?@& cSEERNG TESULS @res iged3 0.5 0.7
0.3 0ipThhigs5. G Precursors on Si02 6.98 - - . 154.8 - - 742.8 - Zr2:

XZ16052 6.06 5. 31 5.38 153.7 152.3 154.9 776.8 806.0 803.0 Zr2: XZ16075
6. 18 30W33b. Apbled7 5 151.0 154.4 773.8 791.6 790.3 [00132] Exanple 14: ZrQ

carri 1 c')"1%-" GOT7S - ‘lag% Cdn%m T 486 425um  density

1. 15g-gt—pore—v ; Fate—atre w2/ig) was i npregnated with
Pd( Mg?rqgulﬁqman}_d% r:JV\n o+ 4 —-ept—wetnesls Té’ﬁdr =) at 110C, cal ci ned at
250C LEAINOHE on Zr0; 2\ fQ\c (colu 453 4)., _A50C ( ddbumms 72) inair,

i mpr edPaiRsHoWR istakiefom assrage PHio P@ﬁ%aam@craw (s pétanéﬁ pt WgfloH) 3 i n

KCOH) , o éﬁﬁgd N2 formation gas at 350C for 4h, and
post-|I§T§)I!rm§gérllgl%l %%?4%6% C SO U%’I on. ie library has a KOAc gradient from
25 to [ﬂﬁlg#]l iBxamply 13: Zﬁ)zrc@ME?(suﬂ'ﬂiﬁ:dlBgiNod&dj Xig) cans sivvs fiactich. 1309 2Rdn,on 0. 4l
suppo

|ffere rec S Au/Pd05|n colums 1, 3,
5 and 958§ 'W\é\gé l; H?r‘?: g‘éﬁﬁ d]g]g’? facqffga & ?Oq’fg)a #sdpprespeied Wik al yst was
| oadeg g&e&msermmubiq kRl veaﬁwaﬁés@%@ avﬁlo% ctataﬁlel abA5 i P51061107
PCTI USZ 4/Q scr eenl ng protocol tn MCFB48 VA reactor at fixed SV.

Scr ee nmn@gmaé@tmﬂsKAu@z salwtinar (prepated bywdigeabiiion 8 Au(OH); i m KOH), dried at
’-.110°C reduced w1th 5%H,/N; formation gas at 200°C {columns 1-2), 300°C (columns 3-4), or
400°C (columns 5-6), and post-impregnated with KOAc solution. The library has a KOAc
gradient from 15 to 40g/1 in row 2 to row 7. The Pd loading amounts to 1.5mg Pd on 0.4m

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

in columns 2, 4, 6). The silica reference catalyst was loaded in row 1. The library was screened
-in MCFB48 VA reactor using the T ramp screening protocol at fixed SV. Screening results are
sunirmarized in Table 6. - |

[00135] Table 6

CO; Selectivity Temp at 45% Conv STY
Cl Precursors on Si0; 7.11 154.2 738

Pd(NO3)2 on ZrO2 5.51 145.4 | 797
*Data shown is taken from average of two Au/Pd atomic ratios (namely 0.5 and 0.7) at 40g/L

KOAc, calcination at 450°C, and reduction at 400°C.

{00136} 1t 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
conternplates all of these combinations. Unless stated otherwise, dimensions and geometries of

the various structures depicted herein are not intended to be restrictive of the invention, and other
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1001331 Table 5 C02 Selectivity Tenp at 45% Conv STY O Precursors on Si02
7.21 154.7 734 Pd(N0O3)2 on Zr02 6.10 145.3 775 *Data shown is taken from
average of two Au/Pd atomic ratios (nanely 0.5 and 0.7) at 40g/L KOAc,

cal cination at 450C, and reduction at 350C. [001341 Exanple 15: ZrQ2 carrier
(suppl i edVEYOMEFPPD, XZ16075, sieve fraction 180- 425uPCT/i$adi0399391. 159/ i
pore vol unme 575ul /g, BET surface area 55n2/g) was inpregnated with Pd(NO03)2
precursor solution to incipient wetness, dried at 110C, cal cined at 450C in
air, inpregnated with KAuO2 solution (prepared by dissolution of Au(OH)3 in
KOH), dried at 110C;, reduced with 5% | N2 formati on gas at 200C (col unms
1-2), 300C (colums 3-4), or 400C (colums 5-6), and post-inpregnated with
KOQAc solution. The library has a KOAc gradient from15 to 40g/l inrow 2 to
row 7. The Pd | oading amounts to 1.5ng Pd on 0.4nml support. Two different
An | o8HRSEENS 8 BE0BetE ST PRssibiR) Riura! stractursl epmnonants ar stepsgaribewiprdedbyy i n

I 1. Th
1 br afy s ifem b shlifins b dg P ALY £ Rk Rah e S BESP LA Bkl
pr ot odivided inté sepexitePhuraSengnenmgor seeplTh sdditiom, wﬁﬂﬁm@edﬂhﬂpﬁ&iﬂe 6. 1001351
Tabl e, 6 Sel t t ad. P 2 738
p( ND VSR BpEB v basn et i ghe coptertoTenbyiRe oS T AR SFRRIGe of two

Au/ Pd s@dnQelingre frid %meﬁmﬁmeaewh Bncordie Qﬂlgr)fez%ﬁreégﬂétker eltfB0Gimenal fok AL 1 O at
450C, and reduction at 400C. 1001361 It wil further a reC| ated t hat

f unct igtas applicaion it will also be axmrqﬂatndeﬂ'qm the @bo‘@élnqﬁ @lvefnlvrgcatlm 0 emqway be
i t the f . truct f
COn®! Yl S S ATRIBEE B o5 R MR BhE 52 °

pr esemivehtivnent i on contenpl ates all of these conbi nati ons. Unl ess stated
ot herwi se, dinensions and geonetries of _the various structures depicted

her ei i0UFY ndhe pralenEen g INBIHISTS preseederstn atn ntonded iR JEGRAtONErDt her 34
skilled in the art with the invention, its principles, and its practical application. Those skilled in

the art may adapt and apply the mventlon in its numerous forms, as may be best suited to the
-reqmrements ofa partwular use. Accordingly, the spec1ﬁc embodunents of the present mventlon
as set forth are not intended as being exhaustive or limiting of the mventlon The scope of the
invention should, therefore, be determined not with reference to the above description, but should
instead be determined with reference to the appended claims, along with the full scope of
eqmvalents to which such claims are entitled. The disclosures of all articles and references

mcludmg patent apphcanons and pubhcatmns, are incorporated by reference for all purposes
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WO 2005/ 061107 PCT/ US2004/ 039039 di mensi ons or geonetries are possible.
Plural structural conponents or steps can be provided by a single
integrated structure or step. Alternatively, a single integrated structure
or step mght be divided into separate plural conponents or steps. In
addition, while a feature of the present invention may have been descri bed
in the context of only one of the illustrated enbodi nents, such feature may
be conbined with one or nore other features of other enbodi nents, for any
given application. It will also be appreciated fromthe above that the

f abr i Betdlgms defitihg theringuéon sieraaddlloves herei n and the operation thereof also
constitute nethods in accordance, with the present invention. [001371 The
expl anations and illustrations presented herein are intended to acquai nt
otherg  ski hie@bdiof pfdﬂlﬁciﬁ%h ciafylt dripRe-LAMOALRbIe fok Bssiiing 6 Bk PPodustits dit S
practical application. Those skilled in the art flay adapt and apply the

i nventlkesy! alkanoptes.comprisug: f or ms, as maybe best suited to the requirenents
of a parti g fﬁﬁo i Y, i fi L.ment t esent
invention(ﬁgéa@ggigg}f é#g %g@IF%?%%re§§§s%b%P%g?§§ﬁgﬁlt?%@g%ﬁﬂ Fﬁ$ting of
t he iwhecihitbazirddné saogeingfsupfpret marviehiidsenBENoutfdee ide vébomeen heouddter mi ned
not with rﬁ%ﬁrﬁﬂfeztp t.he above description, but should instead be

det erM/&&Rt B> BY&®fce to the appended clains, along with the full scope

of equi v%&reﬁ@f atqemit@pa}aamnpg?écmoﬁw c&ﬂa&&fg%dred_{[aﬁg dhvirdnarnf esaRl al |
articles and reterences, including pat'ent applications'and publications,

ar e iziconipeeaitisihgryppaf waeriele for all purposes. 35 The clains defining the
invention are as follows: 1. A nethod of producing a catal yst or
pre-catal yst suitable for assisting in the production of alkenyl

al kanpat esA nfeg{Badf prdtldictichokengt alRghoR@b, coffipkiband gol d precursors to a
zirconi a conta[nlng§supponp material wherein the zirconia containing
support neERBtarES hipsd somprisigg pp glkeng e 4lkenoip atidead aawigtizerdp a getalysttas about

135 ; i . | easi -] adi ing a
reductta e sl IRl CAT e n BcHlHs SEhAIRALERR0 W BT 39 2
met hoBEDfurfiace dreathietweeahl@n i D netf kianbaitd 5 ncéprpri si ng: contacting a feed
conprising an al kene, an al kanoic acid and an oxidizer to a catal yst or
3. A composition for catalyzing the production of an alkenyl alkanoates, comprising:
a zirconia containing support material having a BET surface arca between about 10 m%/g
to about 135 m%g with at least pailadium and gold contacted thereon to form a catalyst or pre-

catalyst.

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

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

about 60 m*/g.

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

to 5, wherein the zirconia containing support material has a BET surface area of about 42 m*/g.

36



pre-catal yst conprising palladiumand gold on a zirconia containing support
mat eri al having a BET surface area between about 10 nR/g to about 125 nR/g.
3. A conposition for catalyzing the production of an al kenyl al kanoat es,
conprising: a zirconia containing support material having a BET surface area
bet ween about 10 n2/g to about 135 nR/g with at |east palladiumand gold
contacted thereon to forma catalyst or pre- catalyst. 4. The nethod of
claiml or 2 or the conposition of claim3, wherein the zirconia containing
support material has a BET surface area of between about 10 nR/g and about
60 nR/ 5. The net hod of any one of clains 1, 2 and 4 or the conposition
of cl & m 3 The mpthgdeafany one pEclaimsclodi 4 aebhraihvioagpssippoet anyeanerof slaihed a BET
surfa thod of
ny. ong oAt ORGSR Bty SopdtelrblcRtha 8 2t bRl BeRor Bou S dEL TS S
to 5, wherein the zirconia containing support materi al has a BET surface

ar ea f ab he od of one of clains 1, 2, 4 and 5
or th n%g‘g mqﬁwﬁﬁ%"%n&ﬁpe aﬁ%la Iegeawﬁé g 0631%‘30%%'@}1&  emeong ¢fcdimg
cont al3mon;9 whURROME zi’f@&ﬂa{ b@f!talﬂﬁé s@pﬁﬁrmﬁls'ﬂa(l 34 gsl%%mm@!?pwwéél e(r)sgmgo 18. The

met hod of "any one of clains 1, he conposition any one of
cl ai man /Qartdcﬁb@ut%e"r@ n the zirconia contai n| ng support material has a pore
vol une of between about 0.1 nR/g and about 0.6 n2/g. 9. The nethod of any
one of clainms 1 and 4 to 8, wherein the contacting step conprises

i npregnat i Mile tnixghad SICEHY eheCOMElIARI NEnE YRGS Wh@ﬁi@ﬂk&iont&cﬁx? gap b@;ﬂpm and
gold precursors. 10. The nethod of an%¥one of cl ains 4 to 9, wherein

the i mp@@n@ﬂ@dh%@wn@dﬁmﬁw%sup@@w@ inhyvith palindivay ard 8¢ PsaRSEi um and gol d
precursors onto the zirconia containing support material. 11. The nethod of
any one of claims 1 and 4 to 10, further conprising at |east one fixing step
utilizidng dhtimetingl efgmytone b2 clalhe | nied ad 9pfvharein thnempfegﬁdttad gep todpidked to 11,
wherein the reducin _stegloccurs before the |np nating of the gold

pr ecursé@ientialy impreenatinggetlagium apd Ryl Brecwsass Qutorthg Camw&tsm%%\p@inﬁ t he
i npreghatidlg step conprises

11.  The method of any one of claims 1 and 4 to 10, further comprising at least one fixing step

utilizing a fixing agent.

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

the impregnating of the gold precursor.

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

co-impregnating palladium and gold precursors.

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

free precursor solutions.

[5.  The method of any one of claims 1 and 4 to 14, wherein the substantially chloride free
precursors of palladium comprise PA(NH3)2(NOz);, PA(NH;3)4(OH),, PA(NH3)4(NO3)2, PA(NO;)s,
Pd(NH3)s(OAc);, Pd(NH3):(0Ac);, Pd(OAc); in KOH or NMEs OH or NaOH,
Pd(NH;)4(HCOs)s,, palladium oxalate or combinations thereof.
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co-inpregnating pall adi umand gol d precursors. 14. The nmethod of any one of

‘clains 1 and 4 to 13, wherein the inpregnating step conprises inpregnating

the zirconia containing support naterial with water sol uble substantially

chloride free precursor solutions. 15. The nethod of any one of clains 1

and 4 to 14, wherein the substantially chloride free precursors of

pal I adi um conpri se Pd(NH3) 2( NO2) 2, Pd(NH3) 4(OH) 2, Pd(NH3) 4( NC3) 2, Pd(NO3) 2,

Pd( NH3) 4( OAc) 2, Pd(NH3)2(QAc)2, Pd(OAc)2 in KOH or NME4ACH or NaOH,

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

met hod of any one of clainms 1 and 4 to 15, wherein the substantially
rAu(OA\c)3

chl ori fr ecursors of .gol d conpris 2, Aul?, . AuCR,
koS e BeaeRfioa RN gas b ey £ ARE g T Shere by adteroral e 644  The
net hodpRturdsty ofnRIdtomiprdeMBALOZNNaAudL NMe, AMTS! ATOABS ik AOBCH NBeRbIEP
further. caonprises contacting a third conponent precursor containing

r hodi ubAuS0s)T Henitistasiserepmbriptionsehereofe| ains 1 and 4 to 17, further
conprising contacting potassium acetate to the zirconia containing support
material. 19. The nethod of claim 18, wherein the potassium acetate is
present7.i n Hme awrthodtofodny dret efedainabbuatd H0toahs] Wikrein ahes coeactingtstap Hifrther

catal yst. 20. The net h@d of ang one of clai.ns nd 4 to 19, wherein the
cont acPYTARYISEE ENERCEHAE A HNELCOMROREY PISHEOLERNFRINIRS M-1 to about 10 grans of

pal | adium and about 0.5 to about 10 grans of gold per liter of catalyst,
wi th the anount of gold being fromabout 10 to about 125 wt % based on the
wei ght 1&f p&he methadnof 2y orfhef akimidcind # tarly, Guibendomprisingscontagiing gptassiugo,

wher ei n E?ggm%ggj ¢ rat in{).nqlf} al grtt o} pgl | adi umis between about 0.50 and
about T°GY" . %glac%’rrpaéslgl oR°%M éeﬁf'one of clainms 3 to 8, wherein the
pal | adi um and gol d have been reduced. 23. The conposition of any one of
clainms 3 to 8 and 22, wherein the catal yst_ or pre-catalyst, conprises_ a

third ¢dnpohbhimetiod: off flpity I8nadictrn theapolatsiing GRIHS| if inseseBt inaAY akEnof! cl ai ms
3 10 Bpeigheifbulto attRY Sthis E)qut&a(}f%laﬁéﬁftst. or pre-

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

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

palladium is between about 0.50 and about 1.00.

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

reduced.

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

comprises a third component containing rhodium.

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

catalyst comprise between about 1 to about 10 grams of palladium, and about 0.5 to about 10
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catal yst conprise between about | to about 10 granms of palladium and about
0.5 to about 10 38 grans of gold per liter of catalyst, wth the anount of
gold being fromabout 10 to about 125 wt % based on the wei ght of
pal | adium 25. The conposition of any one of clains 3 to 8 and 22 to 24,
wherein the catal yst or pre- catal yst conprises potassium acetate. 26. The
conposition of clains 25, wherein the potassium acetate is present in an
anount of between about 10 and 70 grans per liter of catalyst. 27. The
conposition of any one of clains 3 to 8 and 22 to 26, wherein the zirconia
cont aignamgofsgaieh pert litoradfemialytst, outipthe smsugtanftgo kil lesirgufpqra raboureltdab iabdutde s st gr ound
support material. .28. Th thod of any one of clainms 2 and 4 to 8, where

t he a|"4tzé?ﬂse¢di°§ t@?‘ﬁ?ﬁéﬁfépaﬁﬁg&& kanoic acid is acetic acid and the oxidizer
is an oxygen gas. 29. The nmethod of any one of clains 2, 4 to 8 and 28,
wherein the catalyst or pre-catalyst conprises a third conmponent contai ning
rhodi ?i 30he Thmppsitiviod! afy eeyoloiamsfl ol fnds22t0 24,twhegin 28 eataly2@r pwher ei n

t he cat%ﬁ §t or. gre-tgat al %/s% conpri ses between about 1 to about 10 grans of
pal | a |ur?%é NPT DS 95 bout 10 grans of gold per liter of catalyst,
wi th the anount of gold being fromabout 10 to about 125 wt % based on the

wei ght of palladium 39 ) . i )
26.  'The composition of claims 25, wherein the potassium acetate is present in an amount of

between about 10 and 70 grams per liter of catalyst.

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

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

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

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

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

comprises a third component containing rhodium.

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

on the weight of palladium.

39



