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Claimof Priority [0001] This application clains the benefit of U S.

Provi si onal Application No. 60/530,936, filed Decenber 19, 2003, which is
hereby incorporated by reference. Field of the Invention [00021 The present
i nvention rghago€sssky catal ysts, nethods of making the nd

nmet hods of maki ng al kenyl al kanoates. More parti cul arlgéf,?%g@?or%ﬁ/%ﬁti on
relates to nethods of rmaking vinyl acetate. Background of the Invention

[ 00031 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 (PY¥fgdd siporiMateriniIedcsarpRn! y for adhesives, and
accounts for a large portion of VA use. Oher uses for VA included

pol yvinyl al cohol (PVOH), ethyl ergyjpidpptioAget ate (EVA), vinyl acetate

et hyl ene (VAE), polyvinyl butyral (PVB), et’hylene vinyl alcohol (EVOH),

pol yvi nyl[000f]or n&his apNiE3tionghimsthadnciEiof GrS. Bevisionsl Apptietiot Nod®FG0@RGEr . PVOH i s
typi cal | d for.textiles, . fi ive and phot osensitive coatings.
Fil s anéle\lémifege%br?ﬁl%ggéjévﬁ r?gtlﬂhéeﬁj nc%rﬁqqgetgﬂgyrrrﬁ e{)e)]}we'EVA in sone proportion.

Maj or applications for vinyl chloride-vinyl acetate copol yner include
.coatings, paints, and adhesives often enploy VAE having VA in sone
proportion. VAE, which contai nBieldnf thellheentib®) percent VA, is primarily used
as cenent additjves, paints, and adhesives. PVB is mainly used for under

| ayer i nl08#h nafRepreentdayrationTgiaes Rgalalysh aefiorso! malung thecalibs ®dr  barri er
films ang.pe JFeRkind AkB) YiBlostes. Mibre patideSY, hofnviiof r&RATE heABEL JFagnet i c
tape. [00041 Because VA'is the basis for so0 many commercially significant
mat.er i al oakingvigylgekiges, the demand for VA is large, and VA production is
frequently done on a relatively large scale, e.g. 50,000 netric tons or
nore per year. This large scal e production neans that significant econonm es
of scal e are possi bl e and relBatkgrednd of distllheendioanges in the process, process

diti W0.20051065821 PCT/ HS2004/ 03881 tal yst characteristi
can havel 03 g FRIHER BB TRUSCEORERLY B2t SRAPHD SFBUORE] on of VA

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 inclnded polyviny! alcohol (PVOH), ethylene vinyl acetate (EVA), vinyl
acetate ethylene (VAE), polyvinyl butyral (PVRB), ethylene vinyl alcohol (EVOH), polyvinyl
formal (PVF), and vinyl chloride-vinyl acetate copolymer. PVOH is typically used for textiles,
fitms, 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 uged for wire enamel and magnetic tape.
[0004]  Because VA is the basis for so many commercially significant materials and products,
ihe 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



[ 0005] Many techni ques have been reported for the production of alkenyl

al kanoates. For exanple, in making VA, a widely used techni que includes a
catal yzed gas phase reaction of ethylene with acetic acid and oxygen, as
seen in the followi ng reaction: CZH4 + CH3COCH + 0.5 02 - CH3COOOH=CH2 + H20O
Several side reactions may take place, including, such as, the formation of
c®. The re¥QPE8B2% his reaction are discussed in termsTm‘szonatJBszﬂpace tinme
yield (STY) of the reaction system where the STY is the grans of VA
produced per liter of catalyst per hour of reaction tinme (g/l*.h). [0006]
The conposition of the starting material feed can be varied within w de
limts. Typically, the starting material feed includes 30-70% et hyl ene,

10- 30% acetatdyshetiapcigngicscandmye osgnfaant STHEMCERagAY thelcas of e podestipmef t

mat erlaI? such as C02, nitrogen, nethane, ethane, propane, argon and/or
helium The primary restriction on feed conposition is the oxygen level in
t he ef fl y&s] st h@ayﬂedxﬁquemlgwb h&mr@aﬂeddbr tivel ptodipios of flkenilefitxhoatdsoRorsuch t hat

t he streaml out y_zone. e 0X n level in the

ef f | uent e?‘@n f%@?ﬁ?@% at‘%d&%zer‘fhrfl@{?é}l‘é‘f%s t ﬁ%aqysztegg%gi%ﬁﬁe 'REFSfal stream
02 convergiyRic il Rc@f acidi@d bash, a0 feitdhd HBowiRBLALical any inert material in
the effluent. [0007] The gas phase reaction has been carried out Wnere a

feed of tHE,star tith§ erfal®i% passed SFFOBLHFERBugH fﬂg@%
reactors. Successful results have been obtained through the use®Y8f reaction

t enper at yide seabtidnt Mgy tai 198 e Ohclndide) Bioh b9 th2ABGativhidb GO, Gaetekdf oph@ssur es of
1-15 at m)spheres are typical. [0008] Wile these systems have provided

adequat e [SFFEIFE ALRErEnIGRE Pﬁ@%?aﬁeﬁmﬁﬁ“ﬁd Kl of Bie redetion vEemprlsiribt i on of

by- pr odugtry:is i gﬁﬁg oﬂ"@A%ﬁnd@éed\ﬁ@r 18P ithalys208 b4 FeaBRRTEL (), Ui ng
pI’OdUCtIOI’l r oac Is to IITpI’OVE,‘ al yst C aracterlstlcs

parti cul él?qﬂﬂ asTlne@ommsﬁsfellcéﬂtqstﬁrtmgma@n@lllfmd e b¢ varieq wihin whide ligeitsal yst. Anot her
appr oach 1cal AI{I#EI?I&QI?% %e%@gﬁﬁﬁ&' 3b1780 Sy #8 Ho%%% a@& aE*ata.L:fzi 9k, St ar ting

mat eri al s conversion-o fleact |on hé 'sp
vel oci tyo(q&‘ei) Tlmffeetllmyatsamcludgmmmtmtenm smbaﬂcoﬁnﬂkog@em&hmgemmaper at ur es and

pressures. eV\D %006‘-}/ 1‘—31821 CTl USZ% 4/ 038181 000(% '111 : Jp of CO2
i s one aSPR¥ HFIEH H&? o2 F HRITEY ¢ %P%tl?ar? %Pﬁ:g {’f% g‘l" ! %%ge c?g’f’al ysts.
The CQ2 ﬂeleﬁﬁxtsm\mam dx@tinglile: et entiag euffifiedthaow bty lienge @tﬁelﬁicﬂ&f hgdddthat goes to
flammability zone. The oxygen level in the effluent is affected by the oxygen level in the starting
material stream, O; conversion rate of the reaction and the amount of any inert material in the
effluent. _
[0007]  The gas phase reaction has been carried out where a feed of the starting materials is
passed over or through fixed bed reactors. Successful results have been obtained through the use
of reaction temperatures in the range of - 125°C to 200°C, while reaction pressures of'1-15
{ atmospheres are typical.
[0008]  While these systems have provided adequate yields, there continues to be a need for
reduced production of by-products, higher rates of VA output, and lower energy use:during
production. One approach is to improve catalyst characteristics, particularly as to CO; selectivity
and/or activity of the catalyst. Another approach is to modify reaction conditions, such as the
ratio of starting materials to each other, the O, conversion of the reaction, the space velocity (SV)

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



CO2. Decreasing the CO2 selectivity permts a |larger amount of VA per unit
volunme and unit time in existing plants, even retaining all other reaction
conditions. [0010} VA output of a particular reaction systemis affected by
several other factors including the activity of the catalyst, the ratio of
starting may@hadhessio each other, the 02 conversion o Lion, t he
space velocity (SV) of the startl ng material feed, andi)%%)fggzgé"?o%%s‘&
tenperatures and pressures. Al these factors cooperate to determ ne the
space-tine yield (STY) of the reaction system where the STY is discussed
in terns of granms of VA produced per liter of catalyst per hour of reaction
tinme or I or in
determ nﬂéldg#]he&g%%%%ﬁ%?{:ﬁgr%%l Ac ? %)értghﬁymhfb&eﬂcgﬂ{ﬁdu%ﬂEhtelugeﬁ%| cant i npact
on the STifproTaduaiabbth.yThet G, saleghily istthepearithgd df yheafhylne adnabriedithat goebe hi gher

the STY t at al I 0 duce 001 The 02 c nversjon is a
neasur e 2hg) %‘ﬁ%@éﬁ“ﬁ%‘é %mﬁﬁ faFg@r%? Vés’%efw ?’};d‘%tt The 02
conver si q&eﬁ@&:@sﬂngph@tmé@wrnﬁxgtiﬂmﬂﬁmmﬁmhﬁbh@t t he converSI on rate
generally climbs with the reaction tenperature. However, the amount of CO2

produced [8418b | Nérouipubal a partishlgr Wrpctian eEmaDatiesied by sveral othgs fstory he 02

conver si eal.eg L Me gmfg}%aﬁﬁ@ YheacR Y | anced agai nst
t he anou%’%‘%ﬁﬁg%éa%%??oug}gg alxgctgtfé c§/st Wt |Sghearc gclzltgjiu%/hle?é means that

t he over abiversimacf horeattionpibe sracs @lasin(SHa of boeméns whiktia foed) ant aperiting the same
02 convergij v ti Vi give a
hi gher 0% mcpbe%\%?sg%%ﬁlrer g{% ‘Ig{l %Ssegﬁa@%%%%%%tﬁﬁ% ﬁgggﬁgg sceggng y\l/eécf %"(r:r:% [ 0013]
It is conﬁmardahmhswxaw&mhe@mi@yliscm&dmtmoégraatsafymmodnwmﬂﬂamﬁ carried
on.a relatlve rt suppor terial. In the case of VA catal ysts, the
catal yti Eaﬁléﬁrﬁ P&O regpien F@F& 'y a mixture of netals that may be

di stri buggdiuni Gererdlly, Jcﬂﬁ@ugmggﬁiﬁ&ahﬁaa&ﬂﬂ@ét&nﬂmﬁ;,ethe 8rY, tut athér fﬁdM:@ugh out
catal ysts"), iUSt on the surface of the support. mat eri al_ ("

("she
cat al yst & st} hage wa@ﬁ o ipagien thea! Ys Jypistlys thabighsr fie setivygf &Pﬂti‘llé‘;tnc atal ysts")
or in the.g ?%’D@rtﬁésﬁhﬁle%mg 'istab[E%gfoHﬁ:'e ("egg yol k catalysts”). 3 WO
2005/ 065821 PCTI US2004/ 038814 14] Nurmerous different types of support
mat er i al $00AZlve Bl suygecn gd me@qupg“éonu\;moxygatraqtcysgtl therpetserde ngthsi | i ca,
ceriumd S g@; But
very i t? éﬁggst ny{ées 2%'m?i‘t%lk:gbnrllil ro? 'S th&éﬁ ? g efﬁc%g%q%ﬂ{] a/eq%n‘:%t teg&éﬁ]a% %E?H?ilgt erials
has beencldﬂlﬁnemthﬁbafreadnen temperature. However, the amount of CO; produced also increases

along with the O, conversion. Thus, the O, conversion rate is selected to give the desired VA
ouiput balanced against the amount of CO; produced. A catalyst with a higher activity means
that the overall reaction ternperaﬁne can be lowered while maintaining the same O2 conversion.
Alternatively, a catalyst with a higher activity will give a higher O; conversion rate ata given
temperature and space velocity. -

[0013]  Ttis common that catalysts employ one or more catalytic components carried on a
relatively inert support material. In the case of VA catalysts, the catalytic components are
typically a mixiure 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™).



nost part, only silica and alum na have actually been commercialized as
support materials. [0015) One useful conbination of netals for VA catalysis
i s palladiumand gold. Pd/Au catalysts provide adequate CO2 selectivity and
activity, but there continues to be a need for inproved catalysts given the
econoni es hat are possible in the production 0016) One
process fo?ﬁ?]%@iglggs%d/ Au catal ysts typically includes {)(%ltéU%é@g‘ff’g&s&

i npregnating the support w th aqueous sol utions of water-soluble salts of
pal | adi um and gol d; reacting the inpregnated water-soluble salts with an
appropriate al kaline conpound e.g., sodium hydroxide, to preci pi tate (often
called fi ) t ed | e.g. the
hydr oxi de;m}‘qg/as ﬁ%&@%gﬁﬁe@e egg%%%ﬁorﬂﬁat%ﬁsﬁgl‘lé %EL%%%&%%EE corrpounds
and to otchelystiisduding steneritrndopedbiéitay stimaors, tiamya, m(toamtandlbxm@mﬁmﬁ&, Bt g.

chl ori de; r cing.the el...l nsol.ubl e conpounds w cal r educt ant

cuch ne hyaoo G S it v e ST A I ot A Forke

conpound n@ddzcﬁma&ﬂpﬁﬁ@s&ﬁﬂ biRh hSRALMANARE! enerliARdT s s%s{gfoh%%eﬂmdl fications

to this basic process have been sug{gested For exag) U. S. Patent No.
1y

5, 990, 3449015} §ﬂ39%é§?f@1ﬂn¥lﬁ&9fl§?t § &y iVidycattlysisirepaf Iﬁaﬁfiﬁﬁﬂ%é’dﬁﬁdertaken
after theg, 3&9445%1&19511 é&té &6, s%fﬁ&ﬁ/ngﬁﬁcﬁécn%ﬂf Bt e ddntPu gffatb%%eéﬁ%r 6,022, 823,
at ca I ni ng

it suggeste upport i n a non-reduci ng at nosphere after
i npr egnatinpmvagi catalykte giverptht baddmmes efiscklgihhichrepristigle inthgprodusBoracflght ageous. | n

ts 1irot0ugh, ORePRSRER Bl el uitet BaPal B Elbe dibiol Burtirnsy 10 "

oxi di zi Nghe supiREtwitharteous @dwanmuatmmems of 1a04h8) ardBold; Bactatignt No.
5,466,652, it is suggested that salts of E:alladi um and gol d that_ are
hydr oxy! hpregpated arateEsRlublesalty vtk snpprprate gkalpe sorRpuad ag. ©dmm hydiegigepe usef ul

to inpr ewﬁ%ﬁpliamoﬂ@%@&rﬁxn{gy&e kdeBllic ofenhitial ﬁﬁteﬁﬂﬂ%&tdoﬁlﬁlomﬁs Rdgei n U S.
Pat ent . 902,823, i.e. uUse of halide- and sulfur-free salts and

conpl ex ebﬂiﬁm?ﬁﬁl VasHing thedpdwpeort materind tygmpyeumeired egnironydsiand eitipswidavi ng  t wo

to ten c Uﬁgg}gjg/ U. S. Patent
No. 6, 48?6%{%%&13 Cétalggpag%g? é%ﬁtgﬁétgmggggyer e clg@%ﬁégl%e ‘{n@geq Jéluhlg ed in a
dehydr ogemagduods \pﬂmdm&isalvddmtmt sueh ag hude:rgeti a%hnmmWMHmmdaddlag agli ffers from
t he outer Ila ST gﬂ@ L mat etgs %m SO({% et?%(é U. S. Patent No. 5,935, 889
suggest s “FALPER! PRPRFEFILLE RIS EP TRy R AYTR® as acid catal ysts. But neit her
suggest s [60hE USTafidus hﬁﬁﬁbz&ﬂn@t&&lﬁ& yesicsprdcessmh& HeerDdEgie® NF@kxample, 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 suggesied 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] InTU.S. Patent No. 5,466,652, it is suggested that salts of palladium and gold that are
hydroxyl-, halide- and barium-free and soluble in acetic acid may be usefil to impregnate the
support material. A similar suggestion is made in U.S. Patent No. 4,902,823, i.e. nse of halide-
and sulfur-free salts and complexes of palladium soluble in unsubstituted carboxylic acids having

two to ten carbons.



al kenyl al kanoates. [0020] Taken together, the inventors have recogni zed and
addressed the need for continued inprovenents in the field of VA catal ysts
to provide inproved VA production at |ower costs. Sumary of the Invention
[ 0021] The present invention addresses at |east four different aspects
relating t structure, nethods of making those catal ysts and

nmet hods ofqﬂggﬁg&%ﬁ%se catal ysts for making al kenyl éﬂﬁgﬁggF@ shﬁeparately
or together in conbination, the various aspects of the invention are
directed at inproving the production of al kenyl al kanoates and VA in
particular, including reduction of by-products and inproved production

efficien fir t,he..pre i_nventi ertains.to a unique
pal | adi uiql%%]ﬁd R @%‘?%?@%’ 68%8&@‘5%*&?%@%%8%??@’%@|°§&¥§|“€'P’§eeﬁiedfrh%t i ncl udes
r hodi um dehydrgdrassn predesd whefs themod thyaspgmtt o@dabdintsrs iomahpatdragdiern gol d

catal yst or pre- catalyst that is b n a layered support material where
one | ayeFuPGPgm%@fl%lu H’Hﬁfiy’r{ﬁﬁgprafe&jsm?'gfgggﬁ%ssflﬁﬁﬁ%tw ¥ lapsrecaplystmen) yti c
conponentgesl As 4 abhiR&P BAL neRRd: bitls8%s thdys8 oPRY @ttt I @ Mo ﬁl%?l?étiﬁﬁ b OF

pr e- cat al ﬁ/(st on a zirconia contalning support matéerial. A fourth aspect
pert ai ns alkenyhalkgpgitbsadi unf gol.d catal yst or pre-catalyst that is produced from

subst ant i y C i ree. I tak ri,ption
[0022) P2 o TRl B E R Mok oo MR E Rl Bl Bl GRBEEN Do
mat er i al imjretenreonithe Seldbf Vaasblywate provilk dhybveal \CO plodumeing atdoderichbad, | s capabl e
of catalyzing a reaction, whereas a pre-catalyst is any nmaterial that
results fromany of the catal yst preparation steps discussed herein. 5 WO
20051065821 PCTI U82004/ 038814 s1;hQRAlf tketngbMiphs and pre-catal ysts of the
present invention may include those having at |east one of the follow ng

attri but 892111) Theepresgatappaiongpgpssesat lgash fuy diffeionh asprgisgartmecomaishi ng cat al yst
that inclydes %mb@sa&ha@pg&mggcaﬁ%@mmah QUPRHose sﬁtgwg %ﬁﬁ@[ where the

one or nore of the catalytic conpopents have bé&en calcined; he cat al yst
wi || be ellenyl dichnosicsa Sepayatel of tagefispintcombBipationibe variond 3gptctswif e tipenidar ri ed on a

el or1 et be i Db SHRRRLbro U S o BhncdRaf B A Bigmllsir, HEgB 0T UE e
of the gatdbysibygechicdianbimprabdnbdlichiel gfidcienpy.oxdirdakesel thebievdnty, activity
or both, n gl%%lil Séjria%rs lt(y a 1?1'1sxque 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-

catalyst that is based on a layered support material where one layer of the support material is

substantialiy free of catalytic components. A third aspect pertains to a palladivm/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

camponents,

Detailed Pescription
[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.



pertaining to VA production. [0025] It should be appreciated that the
present invention is described in the context of certain illustrative
enbodi ments, but may be varied in any of a nunber of aspects dependi ng on
the needs of a particular application. By way of exanple, w thout
limtation, the catalysts may have the catal ytic conponents uniformy
dlstrlbutedWPHW§@§ﬁEut the support material or they nmapCI/be2os4mssii4cat al ysts
where the catal ytic conponents are found in a relatively thin shell around a
support material core. Egg white catalysts may al so be suitable, where the
catal ytic conponents reside substantially away fromthe center of support
material. Egg yolk catalysts may al so be suitable. 100261 Catal ytic
Conponent [#034D02 Tatalysts gmwﬁahtalysthe” M@ﬁblytém@n@mdnqoﬁm:hﬂfaﬁmsqhew@gat leashe present

invention in net a | 0 |nat| f at | east
two metal §€° flk‘ g@?‘ﬁngﬁ est H %JB' F’o%pal?agm 115018 Tt %f 9I east one
from Gr O UBat WclukdEs «8 [edst aﬁotllieeaaﬁlyt@;rt@mfpmm & atipiidad Fherb thewink br ére apfe eci at ed

t hat catal¥t|c conponent™ i s used Hﬁ €%§|f¥ t he tal that ultimtely
provi des WIS gaoproncnfs haxe basasaisged; 2) thecatabat withhe carripd pn aluged Breds t he
metal i n g wafijehi b@fcarﬁfe@&neaszm%iﬁ Ebn@a%m?g%’ubporﬁrﬁit&ﬁa’l O the $RhIyE S/ bS USPENsi ons,
col | oi dal suspensions, free netal K@ nmbi nati ons”t her eof

Pr ef er r ecbredae] Wﬁt@oﬂﬁ%ﬁmeopépﬂs adanmma atg:moﬂﬂlagor@gwlgc #fagtiye hes of éponent s.

component S SRaT UL 8Lt BT A0t kBRI, FRAL ARARE T

conponentpertdihiag tolW A grodatiah.yti ¢ conponent is pref erably selected from G oup

PCTI Us200M 8has 13 o\t b BpFRaacs BRER s BEER it RS RGP EWHEOE i 1 o

catal yti GeonmRasiie é@oa@{eaﬁt@ﬁmfay BéWa¥éd Miany N numbas ofzspccta%mﬂm Cs, Fe,
Cu, Co, 2Zn, In, Sri, CGe, Ga_and conbi nati ons t hereof 029] Anot her

embodi nerthe %?FdstoﬁéP%?“éﬁWBﬂhcﬁti%l Guaey af xanplerathonilingtation fig cﬁawéts g8hponent s
i ncludin Rk third
catal yti glag%@r%%?\%%l? &?ﬁgm ?g[%leghlgraz)s\t/rgﬂ{eg thr@\féﬁ%% B%g I udegp&%eﬁﬂlag
enbodi merite shelf cpelygewhdre mhcatalmtlcamumhwtsawtfgmdnmmtelatml@ﬂmr shelbproumlet al yti c
ol | ad uriaret st ooy S ol TR it RO B S M bl BT Shovi
i mproved r&iR sﬁlﬁtaeﬁztﬂly‘mhyﬁ(m tte cerdeif a@pﬁdmﬁmﬂnﬁgmuoéatm&n@mmpae ed to Pd/ Au

cat al yst Sutable

[0026] Catalytic Components

[0027]  In general, the catalysts and pre-catalysts of the present invention include metals and
particularly inclide a combination of at least two metals. In particular, the combination of metals
includes at least one from Group VIIIB and at least one from Group IB. It will be appreciated
that “catalytic component” is used to signify the metal that ultimately provides catalytic
functionally to the catalyst, but also includes the metal in a variety of states, such as salt,

solution, sol-gel, suspensions, colloidal suspensions, free metal, alloy, or combinations thereof.
Preferred catalysts include 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 VIIB, with Rh being the most preferred. Other



that |lack Rh. Also, the addition of Rh does not appear to adversely affect
the activity of the catalyst. The CO2 selectivity of the palladium gold,
rhodi um catal yst may al so be i nproved through calcining during the catalyst
preparation and/or through the use of water-soluble halide free precursors
(bot h di scugseghshedsew) , al t hough these are not necessa e the Rh
effect. (0031] The atomc ratio of the third catal yti %ﬁg@%@i@@g@x

pal | adium may be in the range of about 0.005 to about 1.0, nore preferably
about 0.01 to about 1.0. In one enbodinent, the catalyst contains between
about 0.01 and about 5.0 g of the third catalytic corrponent per liter of

cat al yst. des

bet ween ab %%?éﬁda%zggggﬁgﬁ{de 18%‘@?63?%%&]0{}? Qgél?ifcrbgmgzrﬁ&%a&%b f%@% (&)\)‘15 about 10
grans of Ty Zpéf, Rej O Fe,dfu, CatZal, ins$n, Cﬂ@e é‘mumctonﬂrﬁnangtcslthbrecg pr ef erably from

anbodi mor0hy *ghshintertincin g EoChe byt S B LA st bt 0.5

and aboutindiu@fl feyorkies I@fﬁli@tﬂlﬁ]ﬁcgdid)ﬁncﬂﬂ@ﬁhﬂﬁl Optoahl¥sd tird IR@ytatdfibsneht i 0 can
be adjusted to balance the activity and CO2 selectivity. Enploynent of

hi gher AURPEBSAePTR maY alst Rringuded i % empedigent froplgcg pb R n@raémﬁ’éft ive, nore
sel'ect | Ve ARIAIIE S, o i ek bohRAklY bl e an6RYR| HSalipllygn atomic ratio

of about 0.6 is less selective al so ha activity than a
cat al yst Mpih a Inpesdxemple, mb@imm aldaz,olcflfme' bétélebnecw’lﬂtlhletotfmgha gatplRtithat omi ¢
rati o on round su r r b anced t.h h_t use of
relativel ik rfgg@@ ke n‘{a{:le L; de(c:feg/sed iafﬁé?mn fgdgﬂggné &tf’%%%vﬁaiiaﬁgt? espect to
the fixi r‘tgat$etcEiRh Alsgrtbuﬁttdhtmatoﬁkyﬂdies metyapixar pnRdverdeBragictthiee aadtialoftiec conmponent s

are. contac o he support, majeri al fo wed a reduction in the
particle “éaLy b Eﬁ]/ecﬂﬁfrﬂflﬂ??d’a o @@d’fg@g‘f%%éiﬁwwmmvﬁ%%m bal |
m | 1ing) t%u@f@lcm%r(ﬁnh@&e CAhIH! Ylch&atloq BRDPARD Sshaheuse OMvAGL Rhbledalidte support
material after the (&port mat er1 al has been reduced in size. [00341 For

shel | catfgepsewsort fathdiscuseerielovgsalthppgh §Wéq qre gt ﬂ@ca@saww plseive thsdwesied on t he
t d
suppor g@gr | & LARASTH] & tﬁ@@&'&agfﬁc g, o‘ﬂelﬁ 3 3%}1 nggz oM fe %gge; grre

ranges |i e from about mto pport rials
[0036] Asibout@itfatostioutild), swe padpreldy atofit ¢. (Heio abnne hoilppne ¢erfmdieenkkbet i ¢
ﬁg?g??grt 3 Jtco%'rng&seg\%e%g%t ot Uﬁg?xlgcfél%outg %eorf l ltﬁﬁrd"éal ll)ft}@%o gorn%nt%griﬁgro? support

catalyst.

[0032]  Another preferred embodiment of the catalyst includes between about 1 to about 10
grams of palladium, and about 0.5 to about 10 grams of gold per liter of catalyst. The amount of
gold is preferably from about 10 to about 125 wt % based on the weight of palladium.
[0033]  In one embodiment for ground catalysts, Au to Pd atomic ratios beiween about 0.5
and about 1.00 may be preferred for ground catalysts. The atomic ratio can be adjusted fo

b balance the activity and CO, selectivity. Employment of higher An/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 CO,, 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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include materials that are substantially uniformin identity or a m xture of
materials. Overall, the support naterials are typically inert in the
reaction being performed. Support materials nay be conposed of any suitable
substance preferably selected so that the support materials have a

rel atively v &ds/dg:hace area per unit mass or vol une, lﬁﬂﬁ%Pas a _porous
structure, a nolecular sieve structure, a honeyconb s Pi@sss ot her
suitabl e structure. For exanple, the support nmaterial may contain silica,
alumina, silica-alumna, titania, zirconia, niobia, silicates,
alurninosilicates titanates, spinel, silicon carbide, silicon nitride,

car bon, , tﬁk%“ uartz,

pum ce, zeoll g &%ﬁ%ﬁhgggkﬁgﬁg&ﬁoﬁggh Eaﬁﬁ%@%@?“@@%% atlons ?ﬁiregf and

t he Iikemmpmymmmnﬁhaﬂﬂﬂfﬁ@mahmsaﬁystaII|ne formof the naterlals may al so be

sui tabl e g. alph r | um |I|c and zirc cont ai ni ng
suppor t W’a%ér i all%é B}‘flﬂég}fﬂﬁgg %ngﬁi %P%Sfoé rl’l:é]?fﬁ qfﬁata Lfefiopipghnts %i‘q PERPEr  support
mat eri al SadkL ra’&F&(ﬁo&wb'b@t@ i foliboit 00 L, Mife REREG NN ¥RRE 88n HRVS71 The
support material in the catalyst of this invention naybe conposed of
partlcle&mt%%WWﬁ@ &y of various regul ar or irregular shapes, such as
spher es, | et s, discs, rings, stars, or other shapes. The
support wg?§r|é$m%%§M%g€§£dlnen5|ons such as dlaneter |l ength or w dth of
about 1 [tOQSGibou‘ts m)caw; inpnefspedbf e Hvention, 3he catalyitio pom@nents ofithe Hareaenti cul ar

havi ng a ul ar herical).widl have as its red | argest
di nensi olrl%veo 9%%38 E)I%e(camg%b %)up%)r{:rﬁ}%tgriapn ézil&%]i’qf ?“SH?‘%%‘&P%}%B %l[ powder
suppor t lﬁﬂﬁwmzaénamtbxe setsiahtidily@nisatalin idestity bemistippeiniateriaRl €vemdll, thas a
regular or irregular sha e wth a dlanzter of befween about 10 mi crons and

about  1UBPHEFE, AR ]éfl‘@f"é? g gPagiiopdsing Berfrgrerk t3NERA HERAL 188 bend about

700 m Crd%ﬂl%ose%fﬁy@ﬁﬁable sRSsRO & reekaRl, 8%t 8h fhgt hed gg&ﬂmﬁt%"éﬁ ha¥8Q m crons and
about 450 m crons. Larger or smaller sizes 5/ 065821

PCTI US206/4t0858alusurfpag pres @t imayees volimessiel asas)owm sracaEer BeleewimisiEve | ons of
particl es?ruﬂflléea?’kron Rl £o r $tfdr stable YinthenrD 88y 64 g@eyalfe ﬁ%&f@ed si ze

range woul 10 to m crons. For precursors$ us ayered
cat al ystmsay cantginzgics, alugmlaomhc_‘a@hmn@ 5@zl Brcons mo@lapmbcfa@,r@dmnc[sﬂﬁa&] Surf ace

oL e Sl i ERRAL e AL Y SRR BRIERMS 0 1 ST,
and abouhetfi§)Qlasa® lpgartzppediey, adaliys, a:bﬂ)lzléohﬁé)ﬁo]&ﬁﬂag sie@es&bﬁhhatﬁﬁ@th@i@b@nd For
exanpl e, for por ous, port volune of mat eri al may
gener al 1% 5@ 25‘ tﬁ%‘?‘ifsrte %@Hiﬂeg’ 6‘3 nagfegals poay %[FOaIPﬂ 55'}1@’3%6 @a@rt o about
1.2 m/ AR a2 §Rich AR iR brALcontiriipuprRGRaterfaRlar AN SMB: Brefcdled. aiout 50 to

about 2000 ] _ ) ] _ )
addition, multilayer support materials are also suitable for use in the present invention.

.-.4

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

preferred sizes being between about 180 microns and about 450 microns. Larger or smaller sizes
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angstrons is desirable, but not required. [0039] Exanples of suitable silica
contai ning support materials include KAI60 from Sud Chem e, Aerolyst3 50
from Degussa and ot her pyrogenic or mcroporous-free silicas with a

particle size of about 1 mmto about 10 mm [0040] Exanples of suitable
zirconia cowqugoﬁgusupport materials include those from NorPro, Zirconia
Sal es (Anerica) nc Dai chi Ki genso Kagaku Kogyo, an8C W@&W@@P&Hﬁ El ekt ron
Inc (MElI). Suitable zirconia support naterials have a wi de range of surface
areas from |ess than about 5 n2/g to nore than 300 n2/g. Preferred zirconia
support materials have surface areas fromabout 10 nR/g to about 135 n2/g.

S d
b chiekEe v St e il RE TR R e Rt Al (R

surf ace aémtagfstiﬁ}&eﬁémﬁﬁngérﬁrbﬂﬁmludé 8} 9.15C ali@bi H@l)prec’u'i‘sbﬁ upddayi des a
met hod of creati n% ort materlals W, th specific surface areas that may
not ot hetaxpredcatdys e%aﬂ?q@“gé\?é Q’Qﬁﬁ‘émf‘ﬁr@ﬁiséﬁifﬁﬁders [ 0041] I n anot her

enbodi ”E!?.??Se 'r .t anﬁfa@Qﬁ}EﬁWAﬁh@@m ShpBARE B¥al 51{611@ é&'n‘ré%&ﬁed%?ﬂf?éﬁ@]l“ on of

support eac a different T ara terl stic, For exanple, at
| east tm@mmmﬁmeﬁméffﬂ@k)snf(t@dgmayzgm@dm ta)betmiesthateinf ¥ wi/e mtd abbvatr58gt eri sti cs

may exhlb ti g;()ZF seet|V|t|es t hu ermtting

pr epar at [’ ot p(f?f];%a Out?&) my%%agouég@? oéfxmrfp s Q(Q,]iogﬁugﬁrggp ©PProe,

acti vi t yvslimaotias alby@tmml hay pakaieectbagal s tbdun @ mDgPand gleBadblyitoyt of the
are enpl oyed

cat al yst 0 one enbodi nent,. plural different ort

in a Iay%ﬁ%‘ﬁ%&éﬂfi U8 ot Bygrege E‘g%‘??‘ﬁéheﬁﬁ}ﬁeﬁcgr %{féﬁplé\/gaﬁ ? %B'ft 20hunber of
di fferengnﬁgﬁgﬁggggg@%le SHGRt Aguidpl urality of lanella that are general l'y

flat, und ed or a conbination thereof. One parti cul ar approach is to 9 WO

2005/ 06589391 PCTEIsRie af Dddgda silicagpitiipizg sppet melsiiieingludnk Al @hiravg Sicay er s
relative support

ot or 1 al SEyEPS P ol Bl Pk ond Ay AR i AR B WAL Dy er a

| east papdriicd dize of sout domdionbout hemmner | ayer. The outer |ayer preferably
cont ai ns stantiall r.e of catalyti e inner |ayer.
o one MBI i b SRHEs Sien tlaite aup P CRARE Rbde3ost it o en

mat eri al NorPhi,HZchhh& smezxm&ioa), Ry Daiehitdigens@REsak Kby, inli@ldghd@im | ayer nay be
non- porous, other_enbodiments include an jnner | ayer that is parous. [0043)

The | ayeﬁlé%rrogﬂdbcp%ﬁl) s arcobtﬁélfpa?%ﬁfynﬁlﬁwpﬁ&l#eﬁars%ﬂpﬁwﬁaeﬁar%ﬁs &p@| |

cat al yst jesdBith abbi8 5 nh?ANE bRk 184400 w/gr@;e%eahu&hfa%ﬁﬁpoa ¥¥edats @8fe sh@ghe POUNdary
between the areas of the support material
areas from about 10 m%/g to about 135 m*/g. Support materials may have their surfaces treated

through a calcining step 1n 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]  In another embodiment, it is contemeplated to employ at least a plural combination of
support materials, each with a different characteristic. For example, at least two support
materials (e.g. zirconia) with different characteristics may exhibit different activities and CO,
selectivities, thus permitting preparation of catalysts with a desired set of characteristics, i.e.
activity of a catalyst may be balanced against the CO, selectivity of the catalyst.

[0042] In one embodiment, plural different supports are employed in a layered configuration.
Layering may be achieved in any of a number of different approaches, such as a plurality of

lamella that are generally flat, undulated or a combination thereof. One particular approach is to
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that have catal ytic conponents and the areas that do not. Al so, the outer

| ayer can be constructed consistently with a desired thickness. Toget her

t he boundary and the uniformthickness of the outer layer result in a shel
catalyst that is a shell of catalytic conponents that is of a uniform and
known t hi ckiges®snds944[ Several techniques are known for creating |ayered
support materials includes those described in U S. PatEhYs? ﬂB&”m%'486,370;
5,935, 889; and 5, 200, 382, each of which is incorporated by reference. In
one enbodi ment, the materials of the inner |layer are also not substantially
penetrated by liquids, e.g., netals including but not limted to al um num

titanium,..and zirc n|u h rla for, the inner | ayer

i ncl ude, M USRS rpn]? 1{%%%3%)5 rel%m?ei tagﬁs ﬁgtfal & 365 L‘sqefl?r?:l B RS titani a,
zi rconi ag,upp’di‘tﬁiiut@}alssyﬂldaﬂﬁirﬁﬁlde #1450 an @set lﬁﬁahxﬁfan dutet RptaCRast pARilRel , silicon
carbi de, sil |cogln|tr|de carbon, cordierite, steatite, bentonite, clays,
metal s, SugPuRdig e ngnlayer. TB%?Ht?éaYerzFE%fFrﬁ?lﬁEont%ﬁ“%@lm%mﬁﬁq%@lﬂ“ar si eves
and conmoﬂ@sxiegﬂa%ma hRhaef tayd TR bRbsd@derd, riﬁheiﬁnér @ﬂ@éutér?ay%x‘s LicGaadhel KAl 60, in
particular. [0045] These materials whi ch nake up the 'nner layer may be in a
var|etyfbﬁﬁﬂﬁﬂﬁﬁnéﬂéhﬁhsHMWEQEH@Yth%ﬁ@pe&ﬂﬁaﬂ@ﬂ@@rhﬁ@gmyb¢magumaﬁJy shaped
particul g t. wagon wheel's, honeyconbs or

ot her é%g%m%ﬂg#égﬁ%@ %??%%*£%%?§? ate i nner |ayer is preferred. The
i nner I domi] wihe }age*recsqmlpﬁcrrt mabnabprefmﬂa yrlmks an fehf eGitshslpcathilyatrdvethe of about
0.02 mm to bou and . pr abl rom about 0.04 mmto ahout 8.0 mm
o0a6l e BurepH L B A gre ke Pl ROt R S 0L I ST AT | <
porous, Rk cahlyfidetpoidnRand thebRes thalg 8ot0AIRDGY butdr 1514 Sinthe céHeMEed300 niZ/ g.
The naterlal of the outer layer is a netal 10 WD 20051065821

PCTI US260msistrstewith a desiradihickness. Tozetherisherpaundsry anp &easiforthislaiess dtle enbodi ment
It is S%luﬁffafeq szﬁIPﬂ‘a%hHmaMyst Bitlid £&el oﬁa{alﬁ@c&ﬁﬁé%ﬂ?@ﬂl 4 &ﬁ%ﬂbrmzalnﬁcom a,

ni obi a icates, alumnosilicates, titanates, splnef I'i con carbi de
S|I|conhwwnﬂmﬁm%%arbon cordierite, steatite, bentonlte clays, netals,

gl asses, rt c | i olitic ec ves and

conbi nat ?@%@ tﬁ%"re{aagké%m‘ﬁjesb%rg eoréaefslg/cr%ﬁ{é'%lé éecf %Orlﬁmatemgs’l udgs fhse

si | i cal akagtibaddy USeBtertt &s. G363 7® 6|93, ésmmidemuoasz &aﬂm&"&vh(cNZdVB) titania,

zirconia and res thereof ific ex es clude |rcon|a silica
2 o ooy ke Brres SrbdTREE Mok St R e iftoyee ¢ vpi call y
sur r oungghsmisily peictratbd ¥y kduRis Q9. | thdald MEIBding B Q61 LintildH %o AlSmiRGkh, titanium

and zirconinm. Examples of other materials for the inner layer include, but are not limited to,

alumina, silica, silica-alumina, titania, zirconia, niobia, silicates, alumninosilicates, 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 KA160, in particular.

[0045] ‘ These materials which make up the inner layer may be in a variety of forms such as
regularly shaped particulates, irregelarly 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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necessarily the case and a sel ective coating on the inner |ayer by the outer
| ayer may be enployed. [0048] The outer |ayer may be coated on to the
underlying layer in a suitable manner. In one enbodinent, a slurry of the
outer layer material is enployed. Coating of the inner layer with the
slurry may We a8 | i shed by methods such as rolling, dippin sprayi ng,
wash coati ng, otﬁggﬁ'slurry coati ng techni ques, conbinggpﬁﬁ?maﬁgtéof or the
| i ke. One preferred technique involves wusing a fixed or fluidized bed of
inner layer particles and spraying the slurry into the bed to coat the
particles evenly. The slurry may be applied repeatedly in small anounts,

wth int i V] i hat shl th unlform
in th|ckgéégﬁ‘F%ﬁ%@?x##%im%%Fg£@%¥ﬁ |ze38¥%P%g§?%§%i IﬁﬁEFu g >may al so

i ncl ude ailiya-dimiaa,nitenizerircohia, molda, silivads, Bwaihosiigaias sztwnfatas;ts;aﬁél silfgdn Or gani ¢ or

i norgani ¢ _pqondi.ng a hat ld dhesi on the outer |layer to an
underlylﬁﬁggﬁﬁgfg”ggﬁﬁﬁ Pﬁaﬁi ?ﬁ@%qug %%%E@aﬁfgﬁﬁ? s Gani ¢ bondi ng
agent i Nghihde zBiKkes HoB-zB6Mtic |nidl@cﬁ1@1dm§v@s AN CombliionxHpeonml Rkt P8Gudemet hyl

cel lul ose, and car box met hyl cel | ul ose. The anmpunt of organi c bondi ng agent
whi ch i s2@Eediis. Sﬁlt?é/ag‘ﬂ&‘?aﬁ eokiigy norrggolite molgeplapsievey GHEMBlobitenia, AjiEoma t o about
15w % Exanpl es
of |norg§£ﬁgﬁgw Inaﬁgigﬁ?g%%n%ﬁ%%%%@?%%&g%%ﬁy%%ﬁ h%%?%%ﬂ%gﬁgﬁngs agent
(e.qg. Boﬂnnné) a silica bonding agent (e.g. Ludox, Tens), 2|rcon|a bonding
agent (e a tat or.. col I0|da Zi.reco or c atlo

t her eof . [@Q'Q @gﬁ% gl?t @’fr@Bﬁﬁl PrigrouRds r‘t‘k’%anitlﬁ@ftﬁ glztg'f e aygw Satﬁa° silica
gel, whi h&e@ﬁﬁj’rﬂbe&e afid Adcleoiivdaoldg 6h thg irgelntes by Me budelayaahigboa sol
bentonlte Bohmte, and alum numnitrate. The amount of inorganic bondlng
agent llmﬁﬁpﬁ%05/065821 PCT/ US2004/ 038814 may range fromabout 2 wt %to
about  15700ks;% othetottar LAFRIRBE cARdQh td ORI RAg LY 8 a AREbIE BennePOREANT agent .

The thickness of the outer | ayer may range from about 5 microns to about 500
m crons an@dpm@faéﬁlam' of ibeewierdpycabdenal Bompioyed hsating ! tib duer BOwih theons.

[ 0050] it N I resul tant
| ayer ed sﬁ%? ort MA ﬁ&h%ﬁxginw 0&§@%ﬁgnﬂh%€mh Qﬁ%ﬁ %“%Mf&mn%$§@ure of about
100C t o dhoudoatdR0hfigueay, coflnbinations itheeeobr theabmut)napl’eﬁrracbmcitm@d idvolress) and t hen

(2 o 1 ol AR e o e BRI b B PE 8 mRRare “BURThg 1 ho

out er | agepartidies dvénljd ﬁﬂﬁl’sluyrbf Gy bamhemlﬁlate&ﬂy livesgal] adnopes twitintefveniis sur f ace

and provide a |ayered ca t.s
P drying, to prov1 & an outertl 1)’ tﬁat 18 hlijéit?y umform in thickness.

[0049]  The slurry utilized to coat the inner layer may also include any of a number of
additives such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of
the outer layer to an underlying laver, or combinations thereof. Examiples of this organic bonding

' agent include but are not limited to PV A, hydroxypropylceliulose, methyl cellulose, and
carboxymethylcellnlose. The amount of organic bonding agent which is added to the slurry may
vary, such as from about 1 wt % to about 15 wt % of the combination of outer layer and the
bonding agent. Examples of inorganic bonding agants 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, Bbhmite, and alumirnum nitrate. The amount of inorganic bonding agent
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The drying and cal ci ning steps can be conbined into one step. The resultant
| ayered support material may be contacted with catal ytic conponents just as
any ot her support material in the production of catalysts, as described
bel ow. Alternately, the outer |ayer support material is contacted to

catal ytic ¢@iReReLs before it is coated onto the und ' | ayer. [0051]

I n anot her enbodi nent of the | ayered support, a seconglrégmsg‘g‘upg' %)/]ér i s added
to surround the initial outer layer to format |east three |ayers. The
material for the second outer |ayer naybe the sanme or different than the
first outer layer. Suitable materials include those discussed wth respect
to the Tkl adoyPhe o MifbollPINAD, bthe R er |ayer
may be t a§ an%‘: 2 ﬁi‘fferént {)Eﬁ the ma{3 &ggtgc’f;tﬂeec’&‘gq gltﬁm ddl e | ayer
and sui thcbidmg agmt. hﬁdshwlmdsuﬂ’élemt@sleyedmmass@ﬁomﬁdntmm:pmsto ghout 306 first
outer |ayer i C bondi ng agents. as described may suitably
used in céonrsg?fgpé%:e%]ﬁly%?w?%l s@ggﬁac@ﬂfta@g%c’g&gb MICIO¥H521 The initial outer
l'ayer nmajo0so] megnda e iGRnlafdris wakdlith the oﬁt@ﬂl@%&mmm&m}le@ﬂ kippoi R@1 second
outer layer_ nmay or may nhot contain catalytic conponents. |If both outer

| ayers c I&Flﬁ‘ld’caﬁtbéhiﬁflP%atéd?Pﬁi&FPé‘ﬁﬁ ObeH‘Er?O%ICetPéP%ﬁ%ﬂ Hi(e-e-dorarfimasdt al yti c
componenfiSudy § abiesh hdir§ A thdrAUES optiod 1&9@&&%&*&{ §te ?erﬁtﬁ\; X §§®E¢' y the

case. In one preferred éenbodinment, the initial oute oes not contain
a cat al ytoiabow 8856 rentior aCure debiung 5 ¢atbaityitlihous birponeet bonding the outat leyer | ayer s

may be tin scri hed bel ow.
0053] 1 ATERRBIRIGR S LR FRORN e Hor BRG0P RE e 1
conponenTke doyieg andetlbioig thapsaﬂhl bemm‘rgleﬁ Imtesoneﬁstepo ThonrbdRht [hsedeaipaltyt i C

conponent to.the nater.i 2 WO 2005/ 065821
o] s AP AT b g Vitb gt b st s L oS VRS AP Werner | ayer

The secopeheHsEIT chialygy, amyme@mbw eflidratel fm%dunsr tawflsulsi;léh%atér@msr neat or
contai ning catal yti¢c conponent. [0054) O sui tabl e techni ques nmay be used

to achi eﬁP@ta&te‘iWﬁé@W‘éﬁP&i’éWﬂ&hﬁﬁ’é‘?lﬁ15&9@@(9% thﬁhndﬂﬁﬁﬂgzhy@ne or more of the
outer | agsss CaRbftulh: GRSt 6r FONPRRRNLS:, 4 A &g@rﬁ%’ce} e é@%egéoetq support

material is'not Iimt tothree ayers, I nc five or nore
| ayers, swrenddhe igitipl apfer lamlt@fwnnayleﬁbﬁhteadayersafm ny@tﬁllﬁl ﬁ:@ﬂp@mml guter] 0055] I n

addi ti M &g Qut'HP?aEnegP iR G A th{f%lsﬁlu%’& iag - SRR aﬁshlﬁ‘cl %, Det ween the
| ayers }éelayere supporEl et eriar, Other ¢ AP APy Tdyde dy Te. g
porosit yc11scpaed with esgtize the $imst batedayar. €Ehe metod donapplying the@scohdeitdrildyer of t he
support nq%;[ b%rtfw samggly dl%ere% tht%% ﬁgen? otd blg'\edl to prﬁy the middle layer and suitable

methods include those discussed with respect to the first outer layer. Organic ot inorganic

bonding agents as described may suitably used in the formation of the second outer {ayer.

[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 to contact the catalytic component to the material of the initial outer

1l
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[ 0056] Methods OF Making Catal ysts [0057) In general the nethod includes

contacting support material catalytic conponents and reducing the catalytic
conponents. Preferred nmethods of the present invention include inpregnating
the catal ytic conmponents into the support material, calcining the catalytic

conponent GRHbakHisRY support material, reducing the ca% i c conponents and
nodi fying the reduced catalytic corrponents on the sup Mézﬂ%{o& n:g

Addi ti onal steps such as fixing the catalytic conmponents on the support:
mat eri al and washing the fixed catalytic conponents may also be included in
t he nethod of making the catal yst or pre catal yst. Sone of the steps listed

above, A" ROl Ay A DR TR i gk "LIAEEGS biathycl Sy VASBLAA, AN T1 X1 10

st eps). t1on, regnat| on
or fix sthepmﬁalamtdrlhjmen@tdmonwﬂunghaam@qmmpomy be different from t hat |isted

above (e t he_reduci e edes t he,cal ¢i nin ste . certain
extent( Fﬁé‘”oon?%ﬁ ﬁ@’?‘gﬁaé’ﬁ ‘&ﬁprflay S0 ﬁcg‘l%éfhr edpygped FE‘B@ H&Feé‘alﬁéeded for
the for Mghich Bnd¥r mdrd6F tRAuddr YaStrs cdrdb@lalfioRbRsdricRts BHAN, tLQ Eé% sﬁﬁlf'orpartl cul ar

approach to contacting is one pursuant to which an e? yst or
pr e- cat ainpigraljisnot fimg OfIHPPI&ygS Diinmay inchude fops tfive pr ipere wms,aspgagpr jlkoff or med, an

al | thro {?iﬁtag&?ﬁﬂé/gatiym%mpgn@n%at alyst is fornmed or a shell catalyst or

pre-cata orme a conbi nation thereof. In one enbodinent,
t echni qu E!ESS] hat Infadditivrs Helnhmbataad typd o catabtiqoazcmfpenetmthat 13yWewaeDh: REa821

PCT/ US2004J038814 [ 00601. Th nt ctl n arried out using any of
t he supp?)ﬁli]1 %4 rﬂag%}’l @5‘6‘:%“3%8’\[)3 ¢ tlf??%ﬂ?lp@gmgﬂz?&ﬂ 3°5 %Sfd | ayer ed
support paat ecﬂma& 9r $1@ liké) ioNthd Guppbit GaRtid nﬁ@w&g bktR@e S tayer.avor ed. The

cont acti n% step is preferably carried out at anbient tenperature and

priessur el nduMa%a&_%a@MO Iysduced or el evated terrperatures or pressures
may be efpbAY &chn bttt cloihofBENALALREERY R0k Al %H@s;l&ﬁt mat eri al

is i npr egnat ed wi t one or nore aqueou [utions o
corrponenrteéuCQngéheeqatamcp@nmem erefrsaymaiolds bf thesipsentTih 'eenpcbtymclu@d state of the

SUPPOT ! RS (LA L8 BORLAS NG RHORIRY chBufl i busghl 0, @ slurry, a

sol - gel 3 suspension or t n-on enbodlnent
catal yti @ntpomnomtmmlgmmcan meetial, medhheg the mi&lytﬁxubmﬁmieﬂfs |am.’nm6d1ﬁ_,nngwm er sol uble

iﬁ: E)f | gaexggucgé cata ﬁm%oarglgclnr%}ltis 8n 81 rs?ppo t%nal Rﬁd:ﬁoua gepbsléhch as tﬁx rﬂet ed to,
catalytic components on the support material and washing the fixed catalytic components may
also be included in the method of making the catalyst or pre-catalyst. Some of the steps listed
above are optional and others may be eliminated (e.g. the washing and/fixing steps). In addition,
some steps may be repeated (e.g. multiple impregnation or fix steps) and the order of the steps
may be different from that listed above (e.g. the reducing step precedes the caleining step). To a
certain extent, the contacting step will determine what later steps are needed for the formation of
the catalyét. |
[0058]  Contacting Step
[0059] One particular approach to contacting is one pursuant to which an egg yolk catalyst or
pre-c;cltalyst 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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other halides, nitrates, nitrites, hydroxi des, oxides, oxal ates, acetates
(OAc), and amnes, with halide free salts being preferred and chloride free
salts being nore preferred. Exanples of palladiumsalts suitable for use in
precursor solutions include PdC 2, Na2PdCl4, Pd(NH3)2(NG2)2, Pd(NH3)4(0OH)?2,
Pd( NH3) 4( 3)2, Pd(NH3)4(0Ac)2, Pd(NH3)2(0OAc)2, Pd(QAa)2 in KOH
and/ or Nm%g?ﬁ@%gir}nmm, Pd( NH3) 4( HCO8) 2 and pal | adi fB%@&é“éP? MO the

chl oride- containing palladium precursors, Na2PdCl4 is nost preferred. O
the chloride free palladium- precursor salts, the following four are the
nost preferred: Pd(NH3)4(NG3)2, Pd(NG3)2, Pd(NH3)2(NO2)2, Pd(NH3)4(O0OH) 2.

Exanpl es old salfs.suitable for use in precursor solutio I ncl ude
AuC13, %%R , ﬂ%‘%ﬁ?&%ﬁt}ngﬁfﬁ &Y %F\lﬁ%&{ﬁ%ﬁu Wfﬁﬂ@%ﬂe KPR R N d/ or
NMe4OH ashorg) witharslicklAsCNEB i 1hyRred sippbie maktisls cobtdiiind AR, Behdge 108 NSt

preferred of the <chloride free giol d precursors. anpl es of rhodiumsalts
sui t abl e favered.y e Goptaging step dmreferahly carpsdout stppisgderproitre aphrey®ery 3, and
RN(NO3) 2 g0, hbL: 8w SR, iy o DB AROM SRS G dr BRG] i ¢’ conponents
may al so be se%’ec‘?%%.’ T%‘ngélé’l .V@&rt er nor e,rgrmrutéégtlnﬁgﬁg%}ln%&%g'lt may be used
in a givéspr eclrenoprefoied tintastindstap, & exporpinaeria igjaptegahitainvithaint ommybe conbi ned
wth a gold salt..or i.fferent l.] adi salts may .Db i ned toget her
M e o naveoB bt M8 shtpr iR e REH Ol Bieb B R yisPRa g P ne. imde
by di ssokwmicrgtht hepseiartisdusayd the nta8iglstepinthybah efy, sold, b Blufy, awbl D at

sol ubi |'i t{{} n(g ifiers such _as acids, bases or other solvents. O her

non- aqueSAIRLTURSAER Hrdle ieso be suitable. 14 WD 2005/ 065821

PCTI U820%2388ﬂ14me LR ent 6 dfafad Eo?nﬂfonéﬁ déh@aﬂi@@inrfﬁt#r&%rsb%ﬁﬁgﬁ' aled onto

the support ‘material simultaneously (e.g. co-inpregnation) or sequentially
and may Wbetei sppiblegalisireade ohthe aajilyicrempeentsfinglgdingut neilliited @, chimidesr sor

sol ution (th tk . | Vit 1.C i.nat | of

ot mil t andgodeifbe EEE SRRkl iR RO/, SETRAIZ AP

pal | adi uhalan freq sabdheing prefrrddend thigide dreatadie béitg wogprefdned uBenplesaf si ngl e

Pt eona Bt S bR iE b S PO G Pt ar SRRRERYOR cat al ye i
CONMpoNenPAIVEl), 021y, FRINRNAT@L,, DANOS);, TARNED)H OB, P OACH PH{OAS, it eps, such
that a portion of theﬁ_;:dz{ral éti c.component is contacted each tine. For

exanpl e, K&Fend/gr 7¢sEL OEOH: hldEpECi and prYadigm Axalsey GFtmchigndes of | owed
by i mpr egn@fidiklhahditin ¥ecurfdd, NawRe, BYmdIPLRABE HNFe AURJR ¥4 SdNadifh-

precursor salts, the following four are the most preferred: PA(NH3)4(NO;3),, PA(NO3);,
Pd(INH;)2(NO»)z, PA(NH3):(OH),. Examples of gold salts suitable for use in precursor solution
include AuCls, HAuCly, NaAuCls, KAuO;, NaAuQO,, NMesAuO;, Au{OAc); in KOH and/or
NMe,OH as well as HAu(NO3), in nitric acid, with KAuO, being the most preferred of the

" chloride free gold precursors. Examples of rthodinm salts suitable for use in precursor solutions
include RhCl, Rh(OAc)s, and RE(NOs);. Similar salts of the above described third catalytic
components may also be selected.
[0063] . Furthermore, more than one salt may be used in a given precursor solution. For
example, a palladium salt may be combined with a gold salt or two different palladium salts may
be combined together in a single precursor solution. Precursor solutions typically may be made
by dissolving the selected salt or salts in water, with or without solubility modifiers such as acids,

bases or other solvents. Other non-aqueous solvents may also be suitable.
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[ 0065] The order of inpregnating the support nmaterial with the precursor
solutions is not «critical; although there may be sone advantages to certain
orders, as discussed below, with respect to the calcining step. Preferably,
t he pal |l adium catal ytic conponent is inpregnated onto the support materi al
first, wt 4sng i npregnated after palladium or_last. Rhodium or

ot her thi %gggcﬁfaﬂ%ﬁ c conponent, when used, nmay be i nprEYRAEYEEMFth t he
palladium wth the gold or by itself Al so, the support material naybe
inpregnated nultiple times with the sane catalytic conponent. For exanpl e,
a portion of the overall gold contained in the catalyst maybe first

contacte ol l.gwed by cont.acting of a ond.portiaon of. the gold. One nore
ot her st pésJ] may eip'rtﬁmeu)ré0 el ﬁfgl%%nest%ﬁﬁ 11,:[13%%gn§tg ée:%ngo Jlthﬁ S\ A Wtﬁuﬂlg@%oﬁfléct ed to
the suppg@lg conripedh@tion) @ sgquemtilll@ b iy, be inyreliicd thro@R dhise bf ol BPmuEPRE6] The
aci d-base profile of the precursor solutions may influence whether a co-

i npr egnalFafFobiolions GV thregior mgscalghiit (oFRORISy? Fambiraiion Thiirgultageiuy precur sor

sol uti 0ng»ad\a@c}uenﬁa%{ﬂrégﬁ&ﬁoa%a?lbeas%e. PorQbdrhy e, 59&5%191 B8 hiith AP her in a

co-inpregnating step; this élimnates any ~acid-base reactions that may foul
t he pr ecimpsgpateighigngtohe usejod@ einkle Poeurioheohitiop (ustsrvad formg aso-eppregriation)ol une of

DI oot S OF kit iBek B SELBFY Bk A8 Litbn e SO8T RIRAAGS L RBA] veen about 89%

and abou 0 pore volune o r eria R0l umes bet ween
about 95€mmnaknadneyite ilPR¥hadd dnhe sypperemutaial ivemdfiplt Bepss lph tiat 2 pati@rdfal ar e

referred, and. nore preferably between about 98% a about, 99% of the pore
\F/)ol une. %%05\9%“?68@??5%?8530“%@% 6@5%@&1@%%@? & PB@%@%‘T?‘SP&%{‘IW@’@‘?‘P‘?@ pr e(F:) ur sor
sol ut i oninipsegAdle dith 0d ! HRowod PP @fifredial@ivitl Aig AtloWbeb s rippQhlting ApdiSwirRl 1S

al | owed absorb the precursor solution. This nmay be done drop wise until
i nci pi end® wetness of the support material is substantially achieved.

Al ternat joyey) v, ﬁh@%rd%%@:%ﬂg%ﬂﬁﬁ%ﬁiﬂs SppdtPfateldff with G LecoAo @8RS, QY batch wi se

into the precursor sol ut roto-1nmmersion or "ot her assi stive apparatus
maybe usaticalolheighdhee miydrecoyhadyertegse to chddimerderstas dissuspddelownaitier i al and t he

precursoyr i . F 2/ y used.such that the
- precur sor Spé%llmﬂtﬁ‘% gaﬁm?uslél gt%%@fg%bl?,ﬁée%&%%\éﬂ %gazli[ﬁéz D%ﬁ?%enﬁggg pgigj%‘f)tg(?]?nt%nt erial,
wher e i tthahsporbesteriaDptst, ouitalgbid beide oantgnme] aftehpdladiom, sidekicRibdpieasitiee may be
used to rermove any excess, |iquid not, absorhed t he..suppQqr terial or to
ry t ho SEDRIOHE ERE, wiepodd PR o Rt e i Bonaci ng
step, thg ek Utieo, Be sBfpRa W5l 5 bdlihSBenad SRl 1R6ks Sﬁthtﬂlfvsaetan_ﬁs tatalytic

component. For example, a portion of the overall gold contained in the catalyst may be first

contacted, followed by contacting 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. c.ialcining,
reducing, and/or fixing.

[0066]  The acid-base profile of the precursor solutions may influence whether a co-
impregnation or a sequential impregnation is utiized. Thus, only precursor solution:'s‘ with
similar acid-base profile should be used together in a co-impregnating step; this eliminates any
acid-base reactions 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. [0070] Typically, the precursor
solution isgy @% % the support material and the support material is

al | oned abso e precursor solution. This may be dorf&TdiSe944#88 unti |

i nci pient wetness of the support material is substantially achieved.
Alternatively, the support material may be placed by aliquots or batch w se
into the precursor solution. A roto-imersion or other assistive apparatus

b h th t t t I dth
or cour soP e o SBReSFiF pen e raowirdy Lt Kk RRp e PR e

pr ecur s ofmat&di titalloRed Hsorb e @yeeﬂsdrhmemgh 'Ialsrmzyz)b ﬂor@"@iﬁ:@ WwikeursiupBRlcht materi al ,
where it absorbed. Optionally, decanting heat or reduced pressure may be

used to VeRsyve! thhyesroady lSciﬁl?SEPnH%b’ a%FB%‘@ii béHerpivelpahaypprst matetipghmey | al or to
dry the RR fanad cting
t echni ques rrglcg/IS béem%ﬁgeé tatgﬁg,&/sglmb gﬁﬁ)l Xi nésgt%oﬁl[ \%holl%g%lmg.eﬁ%fn&g%lgw ng a shell
cat al yst assiftoye appacainsingy be aged Itcyach@‘fﬁafbnqo@gheqontgct elyvetrethe empert nateri4l endithg uppor t

mat eri al c Vv LEd as described in
us2001/ dﬁ%@gﬂ%&%%\lﬁ %ﬁl&@ Qpr oc%g%% a IPO‘%E& éug?thggtge %&lﬁo s SOEUQIQ%FSay coating or
ot her wi sgprayadtizrougios wozein mﬁtothmisypmrtaaatanapwhgaaMMr®mp@m®amHMtMg as an
out er on to an i er effectivel rms she catal yst that may
o560 be ekttt Pratur s e S ot Eooriten R BooEhvGt MRS SRR que. 16 VO
2005/ 06582445 kb h&%&ﬁmﬂf,ﬁ;ﬁﬁﬁg&ml atganeemi@nl i c precursors of catalytic
conponents, particularly with respect to gold, my be used to form shell
cat al yst[806%s  desihe impseEnpingstes, thpwlang ofiscusor solgtigrsis selegtidem thakit | ncor por at ed
b f 0 b

V1 e SR nds kDR Aen Anchllyss) %r?dsﬁ?g\?llqhéﬁfo?{hgg&& QblubnE 6ABE SiFord iSO e

sui tabl e e pro UCtIOﬂ 0} cata precursor
sol uti onVcrmyeslbetwpr@yet&S%md alaoutné@t’/e@f tha,nwp@mumreaf@m sa@poanna@rial ayer ed support

mat eri al e.th C on._evapor at es upon
Tont ner. Prone Skt SOlNSRbolcat i BRGS0y S0 MO RSV aBRE o 2 ot BVt ¢
conponeros7o] n &ysibaly thepremm:r scﬁmmpmsretdddmbﬁfelsa;ipoxtlﬁiae:helrabﬂ;e,suﬁpeﬂper atures
bet ween about. 40 and, 140C maybe used. e t i kness of the shell maybe
cont r o 1Ty s Sllab e e Erp Ny Shsmay Rl FB P M GF TR and ¢ he
fl ow rateuhbs diaR seoHima@mialib E&Hﬁﬁﬁaﬁlﬁ@ch&ﬁécﬁypd&%ﬁ‘ir&y, tHe@fppex ARkl mM t h

t enper at ur es above
be placed by aliquots or batch wise into the precursor solution. A roto-immersion or other

assistive apparatus may be used to achieve thorough contact between the support material and the
precursor solution. Further, a spray device may be used such that the precursor solution is
sprayed through a nozzle onto the support material, where it absorbed. Optionally, decanting,
heat or reduced pressure may be used to remove any excess liquid not absorbed by the support
material <;r to dry the support material after impregnation.

[0071]  Other contacting techniques may be used to avoid a fixing step while still achieving a
shell catalyst. For example, catalytic components may be contacted to a support material through
a chemical vapor deposition process, such as deseribed 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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about 100C, a relatively thin shell is formed. This enbodi nent may be
particularly useful when chloride free precursors are utilized to help
enhance the shell formation on the support material. [0073] One skilled in
the art will understand that a conbination of the contacting steps nmay be

an appropriabesrridaed of form ng a contacted support ial. [0074] Fixing
Step [0075] It may be desirable to transform at Ieastngkﬁépppﬂﬁhﬂf t he

catal yti c conponents on the contacted support nmaterial froma water-soluble
formto a water-insoluble form Such a step may be referred to as a fixing
step. This maybe acconplished by applying a fixing agent (e.g. dispersion

inaliquj ; [Mets)) (Wre %gng terial which
causes a?}‘Ea§@n§§%§%?%§EH%¥ﬁ¥ﬁg&'%%%ﬁ}%ﬁ%&c npgﬁgﬁ%gﬂg%h%fgyﬁﬁﬁﬁate. Thi s
fixing stefprihalefisattlyst§,as deseriteth el U.S. RasehElNy. ${700/388, wihichiohcotegatedigd to form
shel |l catal ysts. [0076] Any suitable fixing agent may be used, with

hydr oxi d ﬂ%@?g. al kali netal hydroxides), silicates, borates, carbonates

and bi cafjpomat e phikiAd#RN Emsih WohaRs 08 a9 b kafBk fdhe phtRictid @k ed fi xi ng
agent is NaOH Fixing may be acconplished by adding the fixing agent to the

suppor t  Faitlits dferg Ergresutsenspiuiey ey bappraredionle aededrisent mepial Pohs are
| npr egn ala?Qe@éﬁP%&ﬁnﬁﬂr@aﬁ,%ﬂere ABoRehi@r t@yeeﬁl@@fl shﬁﬂtioﬂ %&a&@ B agelf s used
that the con

subsequent to e contacting step suc acted support nateria
i s al | owwiththe hsmetksupport hgeral,Wing germgiéing the cdtalyticonmpenenta boaithell og theabout 24

hours. The specifi.Cc il en upan _th i LeNn of th r ecur sor
soIutionm?RﬁPF%%n?iE%ﬁggﬁg%%EpgﬁﬁgE%gggf%mﬁ%@%ﬁ%@@dﬁ?ﬁ%@%%ﬁg ent. Like the
i npr egnathidkgess bBthe stell nAg B¢ &ntruitedde vélatng S edhpasitude dfalicupiiBtfiAérDNa@ppar at us
as. descrihed in S. Patent . 5,332,710, which i.§5 incorporated herein by
re&erench?Wﬂ§MBgﬁ%%ﬁWﬁﬁégﬁgﬁgﬁﬁémﬁ%@8?EnQWH%mFﬂ%ﬁﬁ t@ﬁ@ﬁﬁB?%@WWﬁ The fixing
step may Qﬁpﬁﬁ)@%{ﬁ'r&lﬁmg{ thifl sRINEs BEMAIU This RinBodihBR $nay bEhREGRMyASr@ WRenfi X or a
separate fix. In a co-fix, one or nore volunes of a fixing agent_solution is

appl i ed shioriddee proFnest aseuBizphiomelp maltaase thy shall fasmatigniontheauprertanatiel. pr ecur sor
sol uti on@gﬁave x%%?}hlf%@ﬂhﬁ&%}@ééﬂltlﬁldér{l&d i B RAindiBh ﬁfﬂhékoma\eﬁ@gtégegg rsngfe cont act

was acco shed through the use of one or nultiple precurs utions.
For exanid a, appropriatgmuethe kst fereupgarvoitadted syppasignaittiabn wi th a pal | adi um

precurso | ut.i.on gol d precursor solution and a rhodi um precursor
solutionﬁvzﬁld %%ggég%-fix, as would fixing after a co-inpregnation wth a

pal | adi up@dy3)odi lufitapbedesitbito Salsfobh artedsod pamobfihe catalytic components on the
contacted support matetial from a water-soluble form to a water-insoluble form. Such a step may
be referred to as a fixing step. This may be accomplished by applying a fixing agent (e.g.
dispersion in a liqﬁid, such as a solution) to the impregnated support material which causes at
least a portion of the catalytic components to precipitate. This fixing step helps to form a shell

‘ catalyst, but is not required to form shell catalysts.

[0076]  Any suitable fixing agent may be used, with hydroxides (e.g. alkali metal hydroxides),
silicates, borates, carbonates and bicarbonates in aqueous solutions being preferred, The
preferred fixing agent 1s NaOH. Fixing may be acéomplished 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
contacied support material is Aallowed 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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i npregnation with a gold precursor solution. An exanple of co-fixing my be
found in U S Patent No. 5,314,888, which is incorporated by reference.

[ 00781 A separate fix, on the other hand, would include applying a fixing
agent solution during or after each inpregnation with a precursor sol uti on.
For exanple, the following protocols would be a separate frx

i npr egnat i nyopaésoastem f ol | owed by fixing followed by pi &% kN9 wth
gold followed by fixing; orb) co-inpregnating with palladi unran rhodi um
foll owed by fixing followed by inpregnating with gold followed by fixing.
Between a fix and subsequent inpregnation, any excess |liquid my be renoved
and the support material dried, although this is not necessarily the case.

An exanpl geQf L&@Q@Exﬁﬁr@%ﬁahffg 4, araaésmefd@ru&dsdcﬁ adh Bto imbtEIN apMRatubas034, 030,
which is |nco@£‘or at ed ref eré&nce. 0791 I'n anot her errbodr ment, the fixing

step and deprab ﬁt‘%‘étpraﬁgﬂﬁq 833571, whig Gé@fé@orﬂéﬁdrhﬁiﬂtmé@‘h@n%méme exanpl e of
which is a%%?a?g ngPseyiﬁhePﬁthgpn'\b 4,048,096, which is incorporated by

ref erence a sim eous fix mght be: inpregnating with
pal | adi unfp#7} | o%dﬁiuyg btexinagbd wtdngphetekd iy orierp maljipitsiepg raterrdd agaled-fianda f i Xi ng
agent. In a ducted tw ce

for a catsgﬁ’agr/att? r::]ﬁtl O%érﬁne Oﬂhlo@gggfnﬁst &?%Wgﬂgﬁ?luwgﬁjé’ﬁﬁ‘g? €l | y fixed

when it lo‘ént@@cfﬂs@ﬁﬁo@tdnétﬁiaﬁ her swmeealévaﬁf@feeﬁmlsomﬁ@islh@fb HRen catabied fd e ) »
followed an additjonal, final fix. For exa i rrpré’gnatr ng with palladium

fol | owed SEEPoFtmstcsigh whethey thi qontag Ses2csprPlShes orlgwlﬁgse Bt o mBRYed by fixing
with a f 'ﬁﬂ&hl‘s&ﬂs&uﬂ&m1@0%&&9%@%@%&%&% #%Qﬁfaﬁﬁﬁﬁﬁﬂa e??cﬁt ypeThI S

techni que nay be used insure the formation of catal yst as
opposed prasuer salutior, hgeld grmmsor@@ltl@anwsé a rqmgu]rewwombﬁxh@woelmd corBnt |

part I cul al LvXu]ﬁ lﬁkﬂlg%e? eEt gg-émmﬁfnée‘r%r} \Dlt A;rlaﬂﬁdl odﬁl?n E&E‘s‘d{ io(i)un%h folﬂ?rved gy PPOr t

material 1S pre-treat I XI ng agen perti of the
support rmp:egnaadm with ;mgdldh precvesvb ecditivenAn exdnanlsmfmpaﬁxmgmmyée rfcmhd IIBU Bir st

i mpr egnat ed acid or .bas soI ution, typically free of netals.
Aft er drif Ejt%"( ’é%%‘% W’é’i‘cgmo’é?fed% IS gnat ed with a precursor sol ution

that has [odv8] oppQspdiae ﬂraloelrtﬂewﬁ&k Heali] wduld/in@8dd BElyRiE a Geling URPOEJIutivRt eri al . The
ensui ng aci.d- base reaction fornms a shell of catalytic corrponents on the

suppor t - FHHrr 4fior cpebimpsegRAypR With  propgsor %rtwnnﬁyrrféma%dhq% BriEetreat a
support 'ﬁ?&t&()la@r}oufdm@ta séaararetﬁm a) %pf ﬁgﬁrrﬁl giqm%ﬁdarvea bPBE (WO FELE O

sol ution such as formati on techni que 'nay be

consi der dmpragrating w.ﬁlgi gol followed by fixing; or b) co-impregnating with palladium and rhodium
followed by fixing followed by impregnating with gold followed by fixing. Between a fix and
subsequent impregnation, any excess liquid may be removed and the support material dried,
although this is not necessarily the case. An example of separate fixing may be found in U.S. _
Patent No. 6,034,030, which ié incorporated by reference.
[0079]  In another embodiment, the fixing step and the contacting step are conducted
simultaneously, one example of which is described 1n 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 pafladium

followed by impregnating with gold and a pre-fixing agent followed by fixing with a final fixing

18



fixing step followed by a contacting step. [0081] The concentration of
fixing agent in the solution is typically a nolar excess of the anount of
catal yti c conponents inpregnated on the support material. The anount of
fixing agent should be between about 1.0 to about 2.0, preferably about 1.1
to about 1.8 tines the amount necessary to react with the catalytically

active catigoRiesent in the water-soluble salt. In Ljrent using a
hi gh Au/Pd atomic or weight ratio, an increased nol ar 3§§%§émggkﬂﬁydroxi de

i on enhances the CO2 selectivity and activity of the resultant catal yst.
[0082] The volume of fixing agent solution supplied generally should be an
anount sufficient to cover the available free surfaces of the inpregnated

support NRbAr Ak tebitlifuchRY bE 8sed A B RburSIhe ShrRiiidn/dk BIRAYG)NG1yE A8 ofpaar! e, a

volune that is greater than the pore volune of the contacfed support
mat eri al . topo@Bdyoushnat ex¥yt-nat i on of inpregnating and fixing steps can forma

shell ty t al : : } rsor._sol ytions al so
permts t %@or r%?rli O(Ehr? P%*Fboéh{sl glpﬁgue{%}éll Sg@%blle%ﬁ 455%8%‘%%%%% ﬁe)P reé}ulsér%ls’rtllgti ng the
fixing stsapportimmatérhabis plesteated with adixtiglagamt vedjpstelcuprgmertjes af thasipbogmsksy, as

di scusse el ow, .m obvi ated.. Further, the process can be free of a step
of fixi ngh?ﬁst %ﬁ‘%gf"b%gﬁ’ﬁﬁ%ﬁamage Hg{irs&,g@fe@i%%\@m@gr %@Clﬁgggfgas G108y vi ve

t he washi i@cadly &Pe ofBRGad SEfd ArytRstE AfporSinepridl & iﬁﬁﬁ@ﬁ!‘ﬂed Wiltea adugdoy t i C
conmponents need not be fixed to survive the washing step. = Subsequent steps

in the meehien halilehge pprositercidityskalygy aghe frsggrpnertoiéerisht e grsubgedfiponent s be
19 WO 20Qp{d6»8en Rt éﬂ@ﬁQP&@%@§&n4ponéﬂte<§1%@gﬁgp&bmaeﬁﬂex«*&%%ﬂg%{m&f the

step maybe carried out wthout additional preparatory steps. Overall, the
use of chicdmiagdde fived &0 prpitnset@rsunoy upéerind thal imluds mipyesmated wigh e beositratcysor

producti q i . | t h e g the
nunber ofsglsu epé'lsﬁglﬂ‘riesell(ﬁig@gl F8§%§@§%g{wsﬁfgﬁ%§?%@§h§%§Q{ﬁggeefoln%‘lﬁ(%g ?Sﬂ‘gﬁ% e need to
di spose dixingtstep folibered oyd edntvictiigg stwpst e. [ 00841 WAashing Step [ 00851

Parti cul n hal i de caqntaining precursor soluytions are ufilized and in
ot her a%‘ﬁﬁ: a\tA&gﬁ ongnitgR; ‘}(}gél,ng ﬁ$et“glp%feﬁ8ﬁfl?%s H@lcgblféb?m‘?ﬁ@m‘?sﬁ QQ}B suppor t

mat eri al aﬂﬁﬁnt@@cé@ﬁﬂ%@mﬁ&eﬁﬁm@gﬁat@@yﬂ hakhipgért mesHaUehOmduiofIpgort or
otherwise treated to elimnate the gotential negative effect of a

cont ami n#ent giputdrhe betspAPeultet t8 abof 2.0 mrderpily piongl-b taehontded Hesdher i nsi ng the
fixed suppO nedBbfiib MactivihRe GatyiAIS h&HE BhdndGL QRN 13 84 WS Yaghi ng maybe

done in a batch or "a conti nuous ’ ) i
In one embodiment using a high Au/Pd atomic or weight ratio, an increased molar excess of

h);droxide ion enhances 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 1s 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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node. Washing at roomtenperature should continue until the effluent wash
wat er has a halide ion content of |ess than about 1000 ppm and nore
preferably until the final effluent gives a negative result to a silver
nitrate test. The washing step nmaybe carried out after or simultaneously
with the regucl £p, di scussed bel ow, but preferably is carried out
before. As disCUsséd above, the use of halide free pr E&ISENY8I8P Mt | ons
permts the elimnation of the washing step. 10086] Calcining Stte [00871
After at |east one catalytic conponent has been contacted to the support
material, a calcining step may be enployed. The calcining step typically is

before t reduci step.an after .the f Xi.ng, ste such a step i s used)
put rmy  ceb e} G ReaRid e e fep Resirel & P Subonet HREety He, ¢ he
cal ci ni N@v&tAiPtht Sse0AEllbedt fol breafib@s pdnfilts 4 @UGT di@reSdabidyst fro@uciad @bRbNg St ep

i ncl udes heat| ng the support material in a non-reduci ng at rmsghere (1.e

oxi di zi ngh#s fFe5&f ¢ jiep OfULﬁS]i”ﬁ@ thug pedpeiag the prmbenel stegs ageged f@ PEsHFFIRRIAYSBN t he

support r’iﬁ&@lﬁd}ﬁﬁt}r%rtﬁer%d b afg&sera@taﬁmeca{mﬁsg%a@@sed fromtheir salts to a
m xture of elr ree metal form " [00881 For exanple, the

cal ci ni nd088dep VashiagBiced out at a tenperature in the range of about 100C

gases - uddBoF o, PSRl Pl T R o et B e i 88, 0o G 2

gases sucpplaatidvehs deired, Mic nedaing sapgmxenamport Riatefi gLy b@XﬂaﬁiﬁS io @MyEEN, air,
car bon di ox'%g_ caonbi nati ons th reof or h l20 WO 2005/ 06582
PCT/ US200HY bSaTAdus e SOt SrotisnBagiicais fo climipaie the E‘?t?ﬂhﬁb“eg%’fléfﬁ effect oy r j ed

out in a@caﬁtmﬁﬁl@xhcﬁ%e@ﬁppwweﬁtm "Bl his M s€:p it QBRI g tAXN B8 Ruppdit!  OF
conbi nations, thereof. Calcination tines may vary but Er ef er ably are between

about 1 &Pl iREEES Pwﬁ”{@)lﬂ%‘%@dd‘ﬁtﬁﬂe‘&’&%ﬁ%’ |b6ﬁ°11ﬁﬂnﬁ gelegrapytnueusc orponent
sal'ts dGRARds B oo SORES Ak RHAR AR G0Nl vk Wt I ifRf:conat ed

catal yst is calcl bef y nmonitoring vol atil
deconposiidn wnteprad thecthen ab[ﬁ@td@Qq p@u@nd)momr@erdw witihihe @nslteﬁbsntrws be used, such

that at a 0| nt, .af t. t-.0 ca Jyele is contacted to
t he suppoP%/alt ]iesﬁmofm efm ategegfscTa cssnhfaIl eﬁ%yégcéﬁfou erPast cal ci ning

step occummlfb@bﬂnmwﬁlomb &dtxcmg stéph disgeded belaw, Buyreferablyipantsdiout ief@e. zAg coni a
support mater Al t er nat el cal cini of a zi ni.a sup terial
cont ai ni AGEEYAOTE Beiiiat ruge e PearsErIT e b B 300 =B tavor di ng

cal ci ni ngiep.he gol d contai ning zirconia support

[0086]  Calcining Step
[0087]  After at least one catalytic component has been contacted to the support material, a

calcining step may be employed. The calcining step typically is before the reducing step and
after the fixing step (if such a step i3 used) but may take place clsewhere 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, argon, neon, nitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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material at tenperatures above about 300C, the risk that the CO2 selectivity
of the resultant catalyst will be detrinentally affected is reduced. 10090]
Exenpl ary protocols including a calcining step include: a) inpregnating with
pal I adi um fol | oned by cal cining fol |l owed by inpregnating with gold; b)

co-i npregna adi um and rhodi um fol | owed by cal ci ning foll owed by

i npregnat i ngvlo\r/}mg(% QQ%H i npregnating with palladium PST’FIMWW‘*caI ci ning

foll owed by inpregnati ng with rhodium followed by cal cining foll owed by

i npregnating with gold; or d) inpregnating with palladium and rhodi um

foll owed by inpregnating with gol d, followed by calcinati on [ 00911 Reduci ng

Step [ 009 not h ste enerally .her .t artially

t r ansf or %ﬁ%{ €OPG% Omn?'?ﬁpthfg?lﬁﬁlg %gbstfﬁ%%% ttl%anf%?ﬁpg reaﬁt 161>]<’F Cformto a
catal yti gitokh, agrgerveusi @hndinafolR thetd . 0¥aldnatio R diied Mgy @hecm fEiéEHbgBdré y this is
done by exposure of salts or oxides to a reducing ent, exanples of which

i ncl ude &FRYEFH aéoutééfl“é)é ROWBnBEidgRee ‘I’f}fjﬂﬁ‘oé?@éﬁtmnfﬂf@?e(?ét& Q)WPOB*FIE\SQM s,
al dehydegepend &0k Rperdiid ‘h?e%l' aﬂ@lenﬁﬁ bf@ﬁé’th@ﬂﬁﬂ?@g%ate&@ah@%l nél&n@cf:inq%

car boxyl i c acid sal ts carboxylic acid esters and c ations t%ner eof .
Hydr ogenpe éﬂlhyb@?enoryﬁpw@w@ deedrigmbitioreprbgugisazi ne and al kal'i ne  f or mal dehyde

and conbi t her eof .ar.e refer ed red ents With ethylene and
hydr ogen' @?gfn R espgénaﬁgrPse%’lf’fllahrtw%%mgpgflfagﬁ?ati‘faftl"f’é%gh reducti on
enpl oyi ngatﬂytxq_},aﬁ@ﬁm:ﬁt ie eositac R nehé supeorpmetfmem,rleﬂaylﬁ chlelieg | MefetbBptheREr i ed Wi th
aliquid elnw ronment B%% al so b Xbﬁfﬁgoy 065821 PCTI US20041038814 used
(e.g. enflOyPREROCYY ng"%tﬁﬂfﬂ ‘6561 ICICERMPUFR p BrOBIREUINGH for t he
reduct i OmagaR. meﬁ@tely Ja&fﬂxr%@h%ﬂ&onﬁ@u%ﬁrtmfal cer@fhingRedUSidnditdd fes wi |
typically var%&ir om about t o about hour s 009§] Since the process used

to reductmprabesbepyebt é¥RiEoRE ﬁ‘fosdmmakiim‘ﬁa thegrdéeontaining diseriagpeet sti cs of
the fi nalnaféﬁ&l V\}}%&hera gthtvé %ﬁt’ﬁ)ﬁm E EE@; Ee?eq{f yo?%emb f var I ed

dependi ng on act|V|ty, ect|V|ty sone bal ance of
t hese pr @q@d}fﬂtwélsbelcbmmeisllyﬁ&cteﬂﬁﬁeitl}zedl n one enbodi nent, palladiumis

G N T TR N L
and r el pdlladiupdbienes by adidiniaf follbwel bydmereimadns pih gdld @) yinippdeastance.
palladium and rhodium followed by calcining followed by impregnating with Au; c)
impregnating with palladium followed by calcining folowed by impregnating with rhodium
followed by calcining followed by impregnating with gold; or d) impregnating with palladium
and rhodium, 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 2 catalytically active state, such as by a
reducing step. Typically this is done by exposure of salts or oxides to a reducing agent, examples
of which include ammonia, carbon monoxide, hydrogen, hydrocarbons, olefins, aldehydes,
alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters and combinations thereof, Hydrogen, ethylene, propylene, alkaline hydrazine and alkaline
formaldeliyde and combinations thereof are preferred reducing agents with ethylene and
hydrogen blended with inert gases particularly preferred. Although reduction employing a

gaseous environment is preferred, a reducing step carried with a liquid environment may also be
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[ 0095] Exenplary protocols including a reducing step include: a)

inpregnating with palladiumfollowed by optionally calcining foll owed by

i npregnating with gold foll owed by reducing; b) co-inpregnating with

pal | adi um and gol d foll owed by optionally calcining foll owed by reducing;

or c) inpre th palladiumfoll owed by optionally cal cining fol |l owed
reducrn3ﬂ$&*$om%% by inpregnating with gold. [OOQGPXNHH?WV@ﬁﬁ“Step

[0097] Usual ly after the reducing step and before the catalyst is used, a

nodi fying step is desirable. Wiile the catalyst may be used with the

nodi fying step, the step has several beneficial results, including

| engt heni n heoeratlo al life ti of the cat al yst The nodi fying step is
sonet i mes™ }ge?ﬁn AT Wﬁ%}u%@ipﬂ%ﬁﬁnmﬁgs ?Fgr%]tp%qﬁ@&“?‘hca&(’f%‘@? dance

Wi th convgpt ingiak up R B6dtise6-C. NamRkivn uﬁl&amn@ﬁ*mf R&ﬁra&omrc%b@ds i's
contacted with a nodifying agent, such as an nmet al carboxyl ate

and/ or all®®®si netal hydroxide, prior to use. Conventlonal al kali et al
carboxyl ghgs sug 09&e5r5%esgaedrmede9re% cdrbbiThANaGGas WD 92 10 oF -4
al i phati ca boxy acids are enployed-tor I'S pose. preferred
activati rngaragefmucsrorﬁ ﬂtehiealmaraljatcctorndmorufennﬂbybdsfoathe rﬁh&mhrmaacbevmeé with

ot or ol SR OBROT BT 1 oBaC oy S IAPD Pt R PG R eGToIEHES Rogl fyi ng

agent . A&ke&ddryrng, the catal yst may contain, for exanple, about 10 to

about 70 E(g}fleferably abgut 20 to about 60 %ggns of nodi fying a%ent per
liter b y & onezmbogimogonsladser 5 opesiodits Srgorpro swmerial, ﬁ[‘@tﬁ@él Mohods of

Maki ng A%%eeygorﬁk ls&rrreea%ﬁd &&1{33@%&&}%3@%gnraten%mu@@o gﬁmr;fah&' zed to

produce al kenyl al kanoat es from an al kene, kanol c acr an oxygen
cont ai ni mejaterhpatdnts, ﬂ}@vﬂn@ma@wra@m@fmw Preferred al kene starting

et erial Soe0 A0 LRI B haUE oSOLERD 81 AR 88 sBY) Spe. ProPYlene

and n-but'ene anor acrd USed in the
process (pfallatﬂmtrsfollmwﬁrﬁyropmnfaby caibﬂrﬁr(glbﬂrﬂ@d b&hrh}ﬁ‘ﬂgﬂam&é \kﬂn@ﬂd fdlowaitlyai n from two
to four ¢ rhon tons ¢, pro i.qnic d but acr Preferred
product s "BFORHE E)Or’(‘ﬂ?eégg tgﬁgé’” E@g&iﬁ’ﬁ"&ggy OR’HC’H Y OBEPWJ? l?we‘énd al lyl
acet at e. byhaudmgbr sﬂfhﬁf)@gﬂaﬁﬁg ﬁmﬁ;ﬁaﬂlhﬂﬂn oed BY SptidhalyhlbMingAdlodedibacet i c acid
with the VA being t nost preferred product. Thus, the present invention
i's usefuFﬂWﬁn&ﬁ@oﬁgﬂﬁﬂ%¥ﬁﬁmmﬁgwﬁh%ﬁ@n|caIIy unsat urat ed carboxylic esters
from an (Pd(}ggll ni %Mt urat ed conpound, a carboxylic acid and

[0097] Usually after the reducing step and before the catalyst is used, a modifying step is
desirable. While the catalyst may be used with the modifying step, the step has several beneficial
results, including lengthening the operational life time of the catalyst. The modifying step is
sometimes called an activating 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, lithinm and cesium salts of Cy.4 aliphatic carboxylic
acids are employed for this purpose. A preferred activating agent in the production of VA is an
alkali acetzte, 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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oxygen in the presence of a catalyst. Al though the rest of the specification
di scusses VA exclusively, it should be understood that the catalysts,

nmet hod of making the catal ysts and production nethods are equally
applicable to other al kenyl al kanoates, and the description is not intended
as Iiniting“hﬂﬁﬁﬁggkjcation of the invention to VA, [001011 Wen VA is
produced using the catalyst of the present invention, X¢IUS¥PBF4gas,

whi ch contai ns ethyl ene, oxygen or air, and acetic acid is passed over the
catal yst. The conposition of the gas stream can be varied within w de
limts, taking in account the zone of flammbility of the effluent. For

exanpl e, nol ;ratq% f E;h l.ene % oxygen can be about 80:20 to about
98: 2, thelbﬁgg}ﬂarm&miso1L i i 21K E%Sethylene can be about 100:1 to about
1: 100, poefoer atihy prbatinvdfiod ma@bdatilided tapehdisesitkeyl afi@fdbk Yrom@aukeds, 1 t 0

about 1:8. The gas stream may ., al so.contain gaseous al kali netal acetate
and/ or i rigfapolg a@%@@l,d @@éweagmﬁwm%g@ém ﬂq&arﬁ%fa?f' diasxplae. Peabared elkens ur at ed

hydr ocar hefgng fRe@flsicOMaih BRGNSt HoSScaMdh 6BmS &k efg%zgﬁet? gmg%z@ne%ﬁﬁ%ﬁge).

tenperatures, preferably those in the range out * 125-220C. The "pressure
enpl oyed Rrefrrrasialignoie embsipriing melgiaverepindiequpcsss of §riqavenpior & produdieg el evat ed

pressure, f t t nespher auge.
To01021 1HCEHaF Y ¢t B3RSy DutBrbPuoiRy, sl BB RO BRA 0 konyi
al kanoat esidamttefeie! pradutialof it pakest hre Vigy, esgtopioneenting buiyaye, aldstiybe suit ably
enpl oyed in other types of reaction, for, .exanple, fluidize ed reactors.
23 WO 20@%%&%5@??%@‘?%@%%%?%@@&%‘5 FOOREEF AR agid T’gb‘%%)g]‘\ Re teol | owi ng
exanpl es ragseprples Redhct OMhus, ktelBésem iivemiod i wtefalid tHeGko dubiateRihigallge

limting. The apounts, solvents and reactants are approximte. The Au/Pd

at.oni ¢ r aRFYTRE] capeYlicSRgE OB e tincal lyArasatab s o R £ ey beryic (id@dver sa by

the foll 9)\%&9 irﬁﬂé‘ﬁ%&eﬁ&%fa%%lg& AURSTE the tt dfOhemplhiRAlibbRde¥ohght ratio) and
Au/ Pd weight ratio =1.85(Au/Pd atomc ratio. Reduction may be abbreviated
"R fol | cueesivsly, it Bwuiddepadastopddhat the@atalystnpictiod phmaliegibe citdystasad carri ed out.
Li kew se, ' [ ' ' - ature in
S R R R B S D RS i
abbr evi atigichdadas lolmitng th G@LiGHion dhibe patntiby®tVAf exanpl es 1-11 nay be prepared

d [ [ h | d test di to.the follaw
o ocedur A0 Her 8RN ES BRaRedives B itbe: 6 s ' it ntdmel B

which contains ethylene, oxygen or air, and acetic acid is passed over the catalyst. The

)=

composition of the gas stream can be varied within wide limits, taking in account the zone of
flammability of the effluent. For example, the molar ratio of ethylene to oxygen can be about
80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 100:1 to about 1:100,
preferably abont 10:1 to 1:10, and most preferably about 1:1 to about 1:8. The gas stream may
also contain gaseous alkali metal acetate and/or inert gases, such as nitrogen, carbon dioxide
and/or saturated hydrocarbons. Reaction temperatures which can be used are elevated
temperatures, preferably those in the range of about 125-220°C. The pressure employed 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 alkenyl alkanoates and the
catalyst of the present invention may also be suitably employed in other types of reaction, for

example, fluidized bed reactors.
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each other and catalyst from8-11 nay be conpared to each other. Results are
provi ded where available. [00106] The catal ysts of the exanples were tested
for their activity and selectivity to various by-products in the production
of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To
acconpl i sh §hi.g, ?gfyt 60 mM of the catal yst prepared as descri bed were
placed in a Stml1 ess steel basket with the tenperatuPETUaWAHINEBI4f bei ng
nmeasured by a thernocouple at both the top and bottom of the basket. The
basket was placed in a Berty continuously stirred tank reactor of the
recircul ating type and was mai ntained at a tenperature which provi ded about
45@6oxyg?ﬁ8_ ersion wwth an electric heating mantle. A gas m xture of
about 50 P (measured at N.T.P.) of ethylene, about 10 nor nal

liters of ommgerrhe Emewng 4Rnip0s AR prévide@ s ilfstritoh bR nd dtlded 839 Of acetic
acid, and about 4 ng of §ﬁ§a55|un1acetate was caused to travel under

pr essur e ligitingg The emaunisolgnindreastans psagroripate phe sy Pd aoraic rafie meabal yst was
aged undep w%?%ft‘é \}\1}1 t«ﬂﬁ?d Paght CRREHA 110038y t}f%tfollot@f?r%leq 109 Wipdid frﬂ% to a two

hour run, the“reaction was term na ySI's 0 he products
was acco qu10|=501é4i‘(AnyPtbwelghtmmog asl M@mgkﬁgﬁmﬁﬂn R5(AuwBd ytsms: retunﬂledmﬂtion Wt h

ff-1 | t d t st t about
006 to" PR RE, cRIFRL R e PR B R BlS ERR, oy
heavy endske(ide)cakiidti@ihay beabibaited ‘Of BIOAE) by thévempasinletis * Okt wilidhahe My be used

to calculate the percent selectivities ( | ectjvity of these materials
f or each°§%§ﬁﬁpg@5$ﬁ%ﬂV€F&@ﬁﬁ@”ﬁkﬁp%ﬁﬂvnéﬁﬁ h@ﬁ?ﬁnglﬁﬁ)expressed as an

activity 1@Ao¥O 20024R3PG2ankfs! 1@%9%&%%&%&3 deREHET in R AMYIE Ydd t&%& be

conmputer cal cul ated using a series of equations that correlates the )
activity atcautuwrto thetfﬁlomm reepedirg stheresatplestAony Exampigs 17 grayfve conemediton) , oxygen

conver st 9fln A AELL IS £ bR RRY ATRLSR. | BLulle: FERBLLANR that take

pl ace during eS|s ene the a plcally is
|nverselyvmhMated to t he tenperature reqU|red to achi eve constant oxygen

at ot 2l TSMa) ARG DAR CLE B IO TP USSR RPBAS Y0 of | bue:

The suppey: roﬂii’cttﬁhltlfbl prodictan oamaytrtt:etgt: by Rbktioh omwns tok@n @hd Sousk et e KA- 160
silica spheres haV|n? a nom nal dianeter of 7 a density of about 0.569

g/ m, i nagpapkishihieiapgpt 6§ ml aﬁibtﬁata@%@a@edw@é?saﬁbgﬁ BE6 mtaceddngatamété%steét ea of
about  16@,4& whihIhd EBrkBorai@B GapblB 8f KeinghddfRed¥y a thermocouple at both the top and

botiom of the basket, The basket was placed in a Berty continuously stirred tank reactor of the
recirculating type and was maintained at a temperature which provided about 45% oxygen
conversion \tv"ith 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 (CO,), heavy ends (HE) and ethyl acetate
(BtOAc), 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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about 0.68 m/g., was first inpregnated by incipient wetness with 82.5 m of
an aqueous solution of sodiumtetrachloropalladium(ll) (Na2Pdd 4) and
rhodi um chloride trihydrite (RhC13.3H20) sufficient to provide about 7
grans of el enental palladiumand about 0.29 grans of elenental rhodium per
liter of ca hhe support was shaken in the solutign for 5 mnutes to
ensure corrpa’f(%a%loggﬂgﬁésggrpti on of the solution. The pall adi AN BRYdi um ver e
then fixed to the support as palladium (Ti) and rhodium (-1) hydroxides by
contacting the treated support by ro"to- imersion for 2.5 hours at
approximately 5 rpmwith 283 m of an aqueous sodi um hydroxi de solution

prepared fr.om,50% w w NaOH H20 i apmpunt. of . 120% of 't hat, .needed to
convert tRE" A&ﬁ\’@yﬁ%f’%gﬁ?ai p‘rt%%%icﬁ%% (l)lSIfrlrgaelerr1 ohSf FapRtiop et c‘?‘ﬁ%atgsgﬁ?)ti on was

drai ned f &ty hgot witathecktAyppapirameidhrinb theSeRpRst) oxesh cbiveRion] Agedeidst h
dei oni zed water and dri e&ﬁgéaﬁloo in a fl 'Eii d bed drier for 1.2 hours. The

suppor t nﬁtkéqef“él’ar%?r%ﬁoﬁ Hnp .'ifﬁlfﬁpéar?a FrHEA 4 BmipeiF- daraggeils tihen
i npr egnat &q\zi‘gﬂ fhdlo@hiRAY RQMRrs8Rrdktk P KSdmpdrangE Al BEd W Ahicve €bhsBinAn from
NaAuCl4 and Z.71g 50% NaOH solution (1.8 equivalents wth respect to Au)
usi ng t heoXiyadi pireriomet ness nethod. The NaCH treated pills were allowed to
stand oveghight jpi.tation of the An salt to the insoluble
hydr oxi dell.bml[ﬁg B ey &&gg%hl y washed with deionized water (-5 hours)
to renpveomis} orixdepie dns sappdrt sateselqumtaining paltadieh Al rHdAQ6 inttalawds Iptepskeded dri er
for 1.2 hoyrs. The palladium rhodiu nd gol d containing support was then
cal ci ned %t OIE’G’GC'HFSWPPEWF@?PPQI lﬁﬁ‘ﬂ@?ounh‘ir’?rzsgﬁgc‘?ﬁﬁ’éﬁ“%‘?ﬂ%&@&@%‘l% q%’rséhcﬁy cool
to room tSHREIHALHE Snonlilg dR@leteSf Tiin., h RGBT bR, B0 leBni2B MOMRPH65821
PCT/ US2004/ 038814 were reduced by contacting the support with CHA (1%in,
ni‘t r ogen)abpi 038 evhPEsuprEsesudpceprpef afogt 168 th b{Hm /2, phdhaparg valwee efat al yst was
i mpr egnat NG Ri.§ 351 DMk i8R Ql wit Of
pot assi urﬁ%glgg%ggtng%l’n S?;Stn]}%}Hé%% ?nﬁylgﬁled“?%g%%ug?g r%leogglgﬁuggrusgéﬁi 0C for
1. 2 hour oof sodig ke@edhloFopatistiven (&) (We:8d(Ppend thediumrdhpridetrihlydiité RRChaAH240i um and
rhodi um h 0xJ aregd .as SGrh.bed i le 1.. The | I adi um
and rhodi%%cggent? §?°ﬁ%ﬁﬁéb°§g% or Og%esm %g%a%m?fg?'ép‘?\%é’ua' fiiafoled ?%}emfm%gurs under
air and trhetunapdreitee df daalyeaThe @bport weehakeomrtbosshition e 5 alitiies. to enkie cal ci ned
support material contapnin al | adi and r hodi um hydr gxi des was t hen
i mpr egnatcaalpwetahm&woaat@sfpgm Bi W;p@fﬁmv%aanﬁmodwwgﬁ A=A 19 M5 SEBPOFtr om
NaAuCl4 aRdaldiikqrn 2 WhdNatd{rsolyfol R8s Jeoﬁta&iél]g_l'tﬁédﬂe@t&l Suppbrt By o@spect to Au)
usi ng the i1 ncipient wetness nethod. 'Fhe NaOH treated pills were allowed to
st and oveyHicEin forg-Sipyisabanproxbnaiily Aoty 83 mlof apagugpys spdum hiydroxide

solution prepared from 50% w/w NaOH/H,O 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 agueous solution (81 mi) containing 1.24 g Au from NaAuCly ﬁnd 2.71g
50% NaOH solution (1.8 equivalents with respect to Au) using the incipient wetness method.
The NaOH treated pills were allowed to stand overnight to ensure precipitation of the Au sait to
the insoluble hydroxide. The pills were thoroughly washed with deionized water (~5 hours) to
remove chloride ions and subsequently dried at 100°C in a fluid bed drier for 1.2 hours. The
palladium, rhodium, and gold containing support was then calcined at 400°C for 2 hours under

air and then allowed to naturally cool to room temperature. The palladium, rhodivm, and gold
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t he i nsol ubl e hydroxide. The pills were thoroughly washed with deioni zed
water (-5 hours) to renove chloride ions and subsequently dried at 100C in
a fluid bed drier for 1.2 hours. The palladium rhodium and gold were then
reduced by contacting the support with CH4 (1% in nitrogen) in the vapor
phase at 150C for 5 hours. Finally the catal yst was inpregnated by

i nci pi ent wewoesss/eesseh an aqueous sol ution of 10y of po i tate in 81
m H20 and dried in a fluid bed drier at 100C for 1.2 %gﬁﬁggﬁ?%@@fO)
Exanpl e 3: A support material containing palladi umand rhodi um hydr oxi des
was prepared as described in Exanple 1. The pall adium and rhodi um
cont ai ni ng support was then calcined at 400C for 2 hours under air and then

al | oned t oydigtethicadl by con@Rlind tBe SIBEURA WiEIDBL A1% hirenitrogtlFin G&) v @dass UPBRY
mat eri al contai ni ng ﬁal | adi um and r hodi um hydr oxi des was then reduced by

cont act i ngot hieouss pgwry thgicetlyCyepinpiegnaied by nvipigemeiness wikeanpgprgns pltiee at  150C
for 5 hourgind. SRR - b Bl { i 'y I S

subs equentcﬁrgloiir %%Ptegnat g‘%{a\ﬁqi{?ﬁi glglﬁ%a@q%ledg%gh ﬂ{sjaloj?‘{{?il ?%ﬂinfg%qwfgﬁi?g?uﬁ?ng 1. 249
An from NAMIQY Fmenple 214 5ot Na@knlsilizitg paladitm@nd dgdivmalydmzideswiash r espect

to Au) using_ the incipient wetne t hod. e . NaOH treated pills were

i | owbd & Graeinge dSEHR BibatBl dndls SR n] PREPR o mrnER R it fieis Che

i nsol ubl e chyBledxiAdEC folDBoupd inld& aweneththalloowd bl HatamBesl wvidoh telepepativged wat er
(-5 hours) _to renpve chloride ions apd. subseq enél% dried at 100Cin a
fluid bed 4P FEFDFIGHPROIIDHESH CntHAng 13 T WOVt dsmds 61 d  were then
reduced meﬁ;@V\%Ia?e@Wiﬁﬁgmtaglﬁeo%ﬁ%ﬂ(zSW ol 11?%%%&%@1)311&@.7& e vapor
phase at 26 2005/ 065821 PCTI US20041038814 150C for 5 hours. Finally the
cat al yst id¥% Natbt sdjivian €4® ppivialsets piith rasperbtones gsing bh ingipientweagsmetbed. ut i on of

| O of pot i L - flr I Ler at 100C
for 1.2 naareoBRe epL sl SR PRiaf b Sholeh b BERLEAE | 261 um.
and r hodi vimihsptibtiydesideathe ppisorras thetowshhydessbed Yigtdeianizek watet 5 hourdihe

pal | adi um_and rhodi um cont ai nin u Mas_then .cal ci q}at i&OCfor 2
hour o undernate PREE i raudt FURARe bk g uddre B8 st lndia ur e he
cal ci ned sghipgived, ridingy; kal gobDidraihtn Rducpdby aatiaotinahckuppathi T IY ek des was
t hen reduced by, contacting '%}E UpRort t615| H4 3&1%i_n nitrogen) in the
vapor phaé‘{—f‘mﬁ?‘g E‘B@’%’B‘E Pl?sarf’éﬁl C%GF% °“r§u%dl|5‘ th%%ag F WPSEPIERat Pum and
rhodi um Ngtcdlieny\@SinSsH REA G Sqtedid sbINTRIMRP D6 &oibhdilin ARtaROH S PHS H,G MdUfie@m (81 m)
containing 1.1g Au from KAuQ2 using the incipient wetness:- nethod. The pills

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

[00110] Example 3: A support material containing palladium and rhodium hydroxides was

prepared as described in Exampie 1. The palladium and rhodium containing support was then

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

The calcined 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 éontaining palladium and rhodium metal was subsequently impregnated with an aqueous

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

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

were allowed to stand overni ght fo ensure precipitation of the Au salt to the insoluble hydroxide.

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

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

were then reduced by contacting the support with C;Ha (1% in nifrogen) in the vapor phase at
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wer e subsequently dried at 100C in a fluid bed drier for 1.2 hours. The

pal l adium rhodium and gold were then reduced by contacting the support
with CH4 (1% in nitrogen) in the vapor phase at 150C for 5 hours. Finally
the catal yst was inpregnated by incipient wetness with an aqueous solution
of 10y of potassiumacetate in 81 ml H20 and dried in a fluid bed drier at
100C for 1320 20090¥581 [ 00112] Exanple 5: A support mat i ng

pal | adi um and rhodi um hydr oxi des was prepared as desglg(#@s(%gﬁ%@‘{;npl e 1.

The pal | adi um and rhodi um cont ai ni ng support was then calcined at 400C for
2 hours under air and then allowed to naturally cool to roomtenperature.
The cal ci ned support containing palladi umand rhodi um hydroxi des was
subsequeppb Akning 1.1g
An from ggu%orgg?ﬁrfgg?%%@q?%%&sgﬁ%s ér)lﬂledi%%gﬁﬁrprélt Eieﬂﬂw&ﬁe pi %Fpﬁ&ere then dried
at 100C dohuiign 6f Wi df peeksidim agetalp mrSIknlziz@@ud dried i Buiddied dukram00fGidil Gm  and

gol d wer.e then reduced by contacting the support with C2H4 (1% in nitrogen)
in the v%lpor phase at 150C for 5 hours. Finally the catal yst was inpregnated
by i ncippdsn} v]Bdampﬁsi WistyfpoftMnagidbotiginhg lpaltadiom o rﬂacﬁgxnoﬁydmicﬁwhwm acetate

in 81 mM H2O an ried fl r.at 100C for 1.2 hours, [001131
Exanpl e BePakdas b[esﬁh‘%’@mpgq c’@‘ﬁPQFﬁ‘i‘lﬁ‘ %&Pfi‘&’a‘lcﬂﬁtﬁ’éﬁ’@ SPIRSH %3 dr oxi des
was -pr eppiRdaamotesss h&ﬁpuﬂder ﬁmmaieﬁ alioweﬂlﬁnaﬁﬁéﬂy%‘ébﬁﬂk&ﬂﬁe&ﬁ@ﬁhﬂém

contai ni ng support was then calcined hours under air and then

al | owed Ths cplapert aippayt wafenial p@tm@meﬂm msdtrb@cbum h@cm@smﬂm&@@@iby

PCTI US200 3”@@ I i um and

r hodi umchﬁ% g%egpp&ggm 2ﬁ4?§dﬁlc g‘@t‘“ con |a%e§£?%@%€%%r ) VLFIIﬁ?h CHA (1%
innitr oaggpvﬁ qomtamhng peidgdomn pidalselnet matHGa@s fmbseqﬁeﬂtlymmpregﬁﬁkad witheppauebuscont ai ni ng

pal | adi u um et syhsequent] y. i.n nat ed w aqueous
sol ut i orfnt“g )m C”"ltd‘étlﬂ%lraﬁ{gg‘%l??%m%% uﬁ%%smgléﬁ}&gfg dgﬁ“ﬁas B élsgrPEPHl%lcet ate
ugiogg thﬁar? fimsqquﬁﬂydxémmmmfs: lmﬂgldﬁeddﬂﬁﬁfapi%hﬁlmeﬂﬁpiumwﬂﬁi(ﬁhh?aﬂil ed at
1 in a ui er for 1 our s e 7 (Reference

Cat al yst&ld wr%@ 3?06 Y efagiine e Sugp o K %élp ?‘a(éi%‘?ﬁé@d? thgapor Baspar ed as

foll ows:gt Tﬂﬁcwgnﬁﬁ& Pﬁ'&]@fﬂm@éatdlﬁ;t ) iRpRRpated Bf m% nfvetG Q8 $ith b aﬁe&fs Sud
Chem e KA- 160 silica spheres havi n%yg nom nal dianeter of 7 , a density

of aboutsolytiged 1§ pf potgsHum sepsae 8l wil £iyO agd dilsd i a ﬂlﬂ@B@ @ef—ﬁdﬁ’@”csfarplp%r t, a

surface jparea of about 160 to 175 n2/g, and a pore volune of about 0.68

m/g., was first inpregnated by incipient wetness with 82.5 an of an
[00112] Example 5: A support material containing palladium and rhodium hydroxides was

prepared as described in Example 1. The palladium and rhodivm containing support was then
calcined at 400°C for 2 hours under air and then allowed to naturally cool to room temperature.
The calcined support containing palladium and rhodium hydroxides was subsequently
impregnated with an aqueous solution (81 ml) containing 1.1g Au from KAuO; using the

" incipient wetness method. The pitls were then dried at 100°C in a fluid bed drier for 1.2 hours.
The palladium, rthodium, and gold were then reduced by contacting the support with CoHy (1% in
nitrogen) in the vapor phase at 150°C for 5 hours. Finally the catalyst was impregnated by
incipient wetness with an aqueous solution of IOg‘of potassium acetate in 81 ml H,0 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 femperature. -
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aqueous sol ution of sodiumtetrachloropall adium (I1) "(Na2PdC14) sufficient
to provide about 7 grans of elenental palladiumper liter of catalyst. The
support was shaken in the solution for 5 mnutes to ensure conplete
absorption of the solution. The palladiumwas then fixed to the support as
pal l adium (11) hydroxi des by contacting the treated support by

r ot o- i nmer sWOREEE5821 5 hours at approximately 5 rpm Wipleh/ (R %3 /5938 gf an
aqueous sodi um hydr oxi de sol ution prepared from 50% w w NaC]—ﬁ H2O0'in an
amount of 110% of that needed to convert the palladiumto its hydroxide.
The solution was drained fromthe treated support and the support was then
rinsed wth deionized water and dried at 100C in a fluid bed drier for 1.2

hours. Thge &URRAKLpPIARAIHA conttiRb PhiBiNG Ha kﬂaamhmwfbmrépa&hsdﬁenwe&cém
i npregnated with an aqueous solution (81i m) containi n% Au from

NaAuCl4 amﬂcgng?@gmm NG| et wigogen) ig tegiapay fhasa a1 M€ rﬁézgmcrhe to Au)
usi ng thsg)?m g@kmﬁ o MRLAES Snd BbAAH me&b%amgyxﬁhmﬁﬂa@ Rief Rl -%uéc!uL owed to

st and t to ensure precipitation o nsol ubl e
hydr oxi declutibhé8 lpnl) centaimne!.1g h@rﬁomg{]‘w)zmmdaomsmmn aeiabmisigdhaiadigient( - 5 hour s)

to renmove chl or ons,, and s bse t in a,.luid bed drier
for 15 REGRTesRe BRI R ST Bl it B b Rud2woien ¢ educed
by cont agiping tb@u@wmefereﬂwmwmd;%ﬁma&hmrceﬂ@mhg allddien MaBiorasphase at
150C for 5 hours._ Finally the catal yst was |g$re gha gcﬁ%glnC|p|ent wet ness

with an BEeEwiAs flomst The ﬁuppelft magsgalgn anErassetd @é@%nalﬁféna 4 ChemipEd-and dri ed
ina flujg slﬂfcg eheS havdle ajx{aglg’lai @hméterdof I??rHﬁ Sa denﬁ@ftblf deut 8. QW\QK? arison CO2

selectivity aCtIVIt%/S or the catalyst of Exanples -1 an . 28 WO
2005/ 0658)2(11PP@M ajgru0d ek e squﬁm 15U TaTa fyhaofiab@tR 6%k 136 ni'ig and afotei vi ty

Exanpl e 00116 .
Laytranr) ed é)u‘%%%?qa%@%% Fﬁ@%%ﬁ%tf%ﬂ Irbg%g'%g%&%% “%&5%%(@@%%)0[ supp} i ed
by DKK) momaxblaﬁdm@dscaﬁunﬁtéﬂﬁhiompamadium (W@%Pddlﬂguﬂﬁatﬁrw pﬂovidasboat ‘BET surface
area 38 n/ he ball mlled with ter for 6 h.
The sol RABY skl wedisn go¥iesp s hirpb VesafitkemnBerdtion g i ed by
DKK (ZA- Ia&hteﬁmnm t@aﬂ,&&p@ﬁ o tiRGoISRRETIRSaDAdiRE RaOMER BxdiAo 460 Wi th
OD-7.5mMm Coated bea were calcined for 3 h at 600C. Exam nati on under

ni cr oscoPeryEs pallaginm @Ipip}déqueg H¥fqniacting the treated support by roto-immersion for 2.5

hours at approximately 5 rpm with 283 ml of an aqueous sodinm hydroxide solution prepared
from 50% w/w NaOH/ ;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 drier for 1.2 hours. The support material
containing palladium hydroxide was then impregnated with an aqueous solution (8 lir'nl)
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
overnight to ensure precipitation of the Au salt to the insoluble hydroxide. The pills‘ were
thoroughly washed with deionized water (~5 hours) to remove chloride ions and subsequently
dried at 100°C in a fluid bed drier for 1.2 hours. The palladium and gold contaminé support was
then reduced by contacting the support with C;H, (1% in nitrogen) in the vapor phase at 150°C
for 5 hours. Finally the catalyst was impregnaied by incipient wetness with an aqueous solution
of 10g of potassium acetate in 81 ml H,O and dried in a fluid bed drier at 100°C for 1.2 hours.

Table 1 shows comparison CO; selectivity and activity for the catalyst of Examples:1 and 7.
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formation with thickness of 250 gm 1001181 Exanple 9: 20 g of ZrQ2
(XZ16075, BET surface area 55 nR2/g) were inpregnated w th Pd(NO3)2 sol ution
(Aldrich) to give Pd loading of 39 ng/g of ZrQ2. Inpregnated material was
dried and cal cined at 450C for 4 h. The material was ball mlled with 60 ml
of DI water for 4h, mxed with 11 g of a binder (ZA-20) and sprayed onto 30
g of bent oniwe20eE80 spheres. The beads were cal ci nedP@fmélz@(ﬁ%,I%{ 3h. This
procedure results in formation of a strong uniform shell wt i68 pm

t hi ckness. [00119] Exanple 10: The beads from Exanple 8 were inpregnated

wi th solution of potassium acetate to give |oading of 40 ng KOAc/ m of KA-
160, dried and calcined at 300C for 4 it After that the solution,

cont ai ni n@oPrs¢ mvbrft Pd(from Pd(NH3) 4(OH) 2 supplied by Heraeus) and 4.7 nM
of Au (froma | Msolution, Au(OH)3 "Alfa" dissolved in 1.6 M KCOH) was
sprayed onto these beads. Material W&sSelediyéied wi d¢iivitie mi xture: 5% H2, 95
% N2 at 2BG@pltedr 4 h. The beads wer&.88rushed and 2.85ted in fix bed micro
react or ubdenlecoiefctenanGatadygcri bed i al.ihe experi nens@l section. CO2
selectivity of - 6% at 45% oxygen conversion was achieved. [001201 Exanple

11 (reference catal yst%: The s;rre catal yst prepared in Exanple 7 was used

as a ref dP8Hek IESbl e 2 shows conpari son CO2 sel ectivity and

activity y hesyxafmaie@l #8¢ 0190 0SstpPhich b i ° .

2005/ 0658@?!1%_ /0‘%‘%’%‘04/ MR ORITH Selzglglii v?’%@%‘t% 3 5?‘%‘3“@52%?3“53@9.33 2.08

Exanpl e Resgitiggmateisd haseadiiiueface prep RE Pefge Rreramaeriahvyssha)! mileditip] 286ni[000122]

Zi reoni a SUpRAE NREAL éo%aﬁ{?&eé@ﬁﬂidﬁgoﬁﬁfﬁnfé %ﬁé&ﬁ]&rac E(F[Jgﬁéd 00123] The
or et o npl-es.

fol |l owi ng'general procedure was use IS S exa irconia
support DEKELAAD) mds@hyes bstoWe gef sphetes ddefitatitedis-160/aith ODs7. SlampEckiaiat al yst

carriers were crushed.a i . Zir.conia support. materi al. re supplied
o Nor Pr PR R ER £ A5 et BYE il R BB ok B AR 1 o ver &
suppl i ed bymabBegwas hidkids Sxoghem e. The sieve fraction of 180-425um was

i npregnat ed (either sinultaneous or. sequenti all ith an i nternedi ate
d?gi ng [00118] Example 9: 20 g of Z10O; (XZ){ { S\émvyl ¢

| 6075, BET surface area /g) were impregnated
with Pd(NOs), solution (Aldrich) to give Pd loading of 39 mg/g of ZrO2. Impregnated 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 with 160 um thickness.

[00119} Example 10: The beads from Example 8 were impregnated with solution of potassinm
acetate to give loadiﬁg 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(NHa).(OH), supplied by Heraeus) and 4.7
mM of Au (from a I M solution, Au(OH); “Alfa” dissolved in 1.6 M KO¥) was sprayed onto
these beads. Material was reduced with the mixture: 5% Hj, 95 % N3 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 compatison CO; selectivity and activity for the

catalyst of Examples 9-11.
[00121] Table2
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step at 110C and optionally with an internediate calcination step) to

i nci pient wetness with a Pd and Au precursor solution, optionally cal cined
inair, reduced with 5%/ N2 formati on gas, post- inpregnated with KQOAc
solution, dried at 100C under N2, and screened in a 8x6 multi channel fixed
bed reactor. A solution of Au(OH)3 in KOH was used as the An precursor.
Agqueous sol woizoimesetiPd( NH3) 4( OH) 2, Pd( NH3) 2( NQ2) 2, Pd(k}ltli%gi(?g%%z and
Pd(NO3) 2 were used as the Pd precursors. [00124] A silicd B4 mat eri al
catal yst reference was nade as follows: A support material containing

pal | adi um and rhodi um netal was prepared as follows: The support material in
an anount of 250 ml consisting of Sud Chem e KA-160 silica spheres having a
nom nal dianeter of 7 mMm a i.LV.. af out 0.569 g/m, an absorptivity of
about Oﬁﬁgrrg) I—éZO/g support, %@?F%éw%y‘t&gﬁg of about 160 to 175 nR/g, and a
pore vol f*about 0. 68 mug., was Ppst 4 regnated by incipient wetness
with 82. 5E¥#uplfilan aqueous sol ution 8% sodi®m t et r achl oropal I adium (I1)
(Na2Pddl 45xasplef ildRefpended apalsli de abddtl37 @r38ns of el emental pal | adi um per
liter of catalyst. The support was shaken in the solution for 5 mnutes to

ensure colipl22f e Ziboswy Btriport Mte d itle Bree Prediigr Padrhdel um was t hen fixed to
t he suppo | l.adi um(11) .hydr oxi des by. cont gct.i n he_treated support
by roto-i Mﬁl gﬁ’efﬁgwﬂ@eﬂ%ﬂPgécgfwea‘ﬁ??r%%yfﬁh@@IS'% Oée’iﬁg‘ﬂ% ?’ﬁc"f’@éuﬂﬁoﬁof an
aqueous  HQeH BAAIE vaxé ABdeR fdllowervaRf R REdped ol R NP0 Wikcihigfellak® O i n an
anount of 110%of that needed to convert the Sgl | adiumto its hydroxide.

The sol utFORL-wEHECHA SYDREH malcE Al RIS Seipdsd BUNorBiad 542052 Al XAK0ZYpBBKandas t hen
rinsed w .00 : - ' i

2005/ 0658%?1' g?:f% %‘gg@gﬁ%@%ﬁ@ gud,g iﬁée(?@frg%g”%?%ghsél i F??%ﬁ%lg SS%S%%%?”%@.% erial
cont ai ni ngopgainawuimptegdatetdeider sasliznhenslyiorprqeegtialiewith ani infermzadiatefngng)s
solution (81 L nj .. cl4 and. 2. 7 509

sol ution S?ef .aé f'feo()i% %\g/)d;(%p gﬁ‘?"é@%@ﬁgﬁ%%ﬁlg%tg %aggp%gi? ﬁa%{gq) Fﬁ;m? R |“ﬁecj?|% fjsl "glr@ abgﬁegt_'nes S
met hod. Tdneé AN@Echirsdrrselatiad oftionkily cakeined Al diromwdabed @itls 5 AHE No hemmidphhs, bostensur e

precipitation of th salt tp the jnsoluhle .hydroxide, The.pills were
thoroughl‘?lp(féﬁ%*}(aﬁ@dv%%@gﬂﬁ’?‘@ﬁﬁi%ﬁ& QQPQ&S erﬁ}l[?u?“g)s rF%le?mm‘ﬁ%&@Fl? e ions
and subs egjid@ pdd r¥achr.i A ebleton bOAKITH); @A K ivels Wedasdid &1 pb@ksod Aubagrs. The

pal | adium and gol d cont ai nl%;éﬁ(gort was_ then reduced by contacting the

support ViPlHors2HEdNFoA(QfD2 A 2Yi BRI ¥ brend RERIO Da perpmiged 8 dfle 5 hour s.
Finally tfla%r&gxtsﬁls_yst was i npregnated by incipient wetness with an agueous

solution of Qg of potassiumacetate in 81 m H20 and dried in
[00124] A silica support material catalyst reference was made as follows: A support material

containing palladium and rhodium metal was prepared as follows: The support material in an
amount of 250 ml consisting of Sud Chemie KA~I6O silica spheres having a nominal diameter of
7 mm, 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 ra*/g, and a pore volume of about 0.68 ml/g., was first impregnated by
incipient wetness with 82.5 m] of an aqueous solution of sodium tetrachloropalladiuim (II)
(Na,PdCls) 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 sclution 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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a fluid bed drier at 100C for 1.2 hours. Before testing, the catal yst was
crushed and sieved. The sieved fraction in the size range of 180-425um was
used. 100125] Catalyst libraries of arrays of 8 rows x 6 colums in gl ass
vials were designed and a rack of 36 glass vials was nounted on a vortexer
and agitated while dispensing netal precursor solutions using CavroTM

i qui d di spemerngossefiots. 0. 4nl of support was used forP@ﬁﬁ&uMo@és‘Hy

el enent, for the glass vial synthesis as well as |oaded to eacﬁ react or
vessel . 100126] KOAc |l oading is reported as granms KOAc per |iter catalyst
volune or as nol KOAc on 0.4nl support. For the specification of An

| oading, the relative atomc ratio of An to Pd is reported as Au/Pd. Pd

| 0adi ng i @i REELILEY, ¥ WBpdRdnAG al nfhiHasSRRALL OBy dslineR q-rﬁﬁﬂe%rg{eﬁt e

amount of Pd in reactor vessel). 1 1001Z27] The screening protoc used a
t enper at uwith sncaqpeois enkuiiba 56 b cansBing h2hCAt fmedadenl:snd 271850% NedHspace

velocity of .175% (wi.th 1. Pd 4 suppart). 100% s e ocity is
defined as Iuthﬂréaf% g&mﬂrﬁ% V“%ng\?\%@t@%gusén e 16@8 |ttv?r’e ea%?m%‘?(gzﬁg ygﬁ?ﬂof Oxygen,
5.94  seersaf pills hyteallowedndtaid @8mightioehiutepracigigtiondhhd Au it tdthetidsclufiei d

of " appr onPHEREFy 1 Hifg L a ol Ty d st Seiebas WerdaE B gen
conver si Gfhjoride lohO 8@ sulidedueR®y drRh BEGo-GRY fulifred aliGUbal houtd. NthepRGkARLd in nost
cases) CO2 selectivity at 45% oxygen conversion reported in the performnce

summary taapgeld coiiping suppeie wasdheiap@icei y cartadmgdhssyrpert witrfxels €% cal cul at ed

fromthe [ j el i . ersion

ver sus re%é{glg@ﬁn 'gﬂgr‘{%@? 1’3%% %tsléésbfca sohorugsbg?]t%el%gﬁ%E#ﬁgﬂﬁlg%&%}g{%ﬁ@ 1 WO

2005/ 06582dpiRCTHcWSR0GN/ 0 3880w soltibcefl 18g ethotasipe netair in 8 nd FhDghé driddhe
activity of .the cat ~.Ihe space.ti i.eld (STY; \Y/ r.odyc per m ,
cat al yst f\fg‘ﬁ}ﬁé dBEIra?W@gth%g&‘%%ygg re(:t%‘?f{?élﬂéei c&?fi‘g?s SV cﬁ'ﬁg@ﬁ‘gs%‘feﬂt ﬁg‘a "
product i sidvyd Bdctibihig teadaalryst of [S002A8d wixaem! e 12: 400ul of Zr02 carriers
XZ16075 (55n2/ g as. supplied) and XZ16052 _(precal cined at 650C 2h to | ower
the surf d@'@zéﬂr e&atalystz!@ﬁ@f )i %}‘Sé’f'rgﬁ‘ﬁﬁ‘sé‘g@fé’ﬂ‘é@s\}ﬁ‘ gipss 31l "f"ff%i_i"éﬁped%ﬁéasol utions
to inci pirkilor Y@EIRRYRls WHsnRRn@E oxil-é-%e%?'éncﬂkitathmﬁi?&ﬁ@eﬁéﬂng‘g&ﬁétﬁ pkAGR (0. 97M An

stock solution) to incipient wetness, dried at 110C for reduced at 350C
for 4h i noBtgrRrNps Crae mdiguishiisgensing pabets- Q. 4rpirod grnpos oragiseh foxemd Ligredy dri ed at

L0 o Bl BB S RL sl g o e 1195wt
[00126] KOAc loading is reported as grams KOAc per liter catalyst volume or as pmo! KOAc
on 0.4m! support. For the specification of Au loading, the relative atomic ratio of Au to Pd is
reported as Au/Pd. Pd loading is specified as mg Pd per 0.4ml support volume (i.¢. absolute
amount of Pd in reactor vessel). !

[00127} The screening protocol used a temperature ramp from 145°C to 165°C in 5°C
increments, at a fixed space velocity of 175% (with 1.5mg Pd on 0.4ml support). 100% space
velocity is defined as the following flows: 5.75 scem of Nitrogen, 0.94 scom of Oxygen, 5.94
sccmn of Ethylene, and 5.38 microliters per minute of Acetic Acid through each of the 48 catalyst
vessels (all of which had an inner diameter of approximately 4 mm). CO; selectivity was plotted
versus oxygen conversion, a linear fit performed, and the calculated (interpolated in most cases)
CO;, selectivity at 45% oxygen conversion reported in the performance summary tables below.

The temperature at 45% oxygen conversion calculated from the T ramp (linear fits of CO;

selectivity and oxygen conversion versus reaction temperature is also reported). The lower this
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Pd/ Au/ Zr 02 shell and 357ul diluter (400ul total fixed bed volune) were
charged to the reactor vessels. The Pd | oading was 14 ng Pd in 400ul Zr02
shel |l (or 14*43/400=14/9.3=1.5ng Pd in reactor vessel for all library

el ements. The Pd precursors were Pd(NH3)2(NO2)2 in colums | and 4,
PA(NH3)4(OH)2 in colums 2 and 5, Pd(NH3)4(NG3)2 in colums 3 and 6.

Au/ Pd=0. 3 iwonrmsngsziand row 5, Au/Pd=0.6 in row 3, Au/Bdz j w4, row 6
and row 7. The KOAc | oading was | 214unol in rows 2, S,EgT@%@OJi@%%DI in rows
4, 6, 7. The silica reference catalyst was |oaded into Row 1. The library
was screened using the T ranp screening protocol at fixed SV. Screening
results are summari zed in Table 3 [00129] Table 3 CO2 Selectivity Tenp at

STY d R 0o BT 4 i .O&, 5. 79 152. 4
787 Pd( IS A N g e el B acily S KSR gg%%%ﬂ’\?éﬁlg BHEVE V67

150. 7 79%rodmeed gershiowialystsvoluateasr Hradfd Ya oxigeneonyisioms aMeafek efttieni ¢ rati os

(namely. Q. n two different ZrQ2 supports. [001301 Exanple 13:
400ul of p?%ﬁ%l@é?ﬁf?%%ﬂ%@ 16075 (55m2/ g as supplied) and XZ16052

(precal cijo@Edsjat EemHTE 2h 40@:l bixvey, cirties XATH0AE 6 5argas hppHally ROz 6052
i npregnated wth (OH).2 .117M Pd stock solution) to |ncipient
wet noge. (Espelinetar G0 Qb (v T oris? B4 o AT SR SREEESHRG HESAGEBRED. 57M A

st ock  sOlpdlsbigiins kOndifiehiRicBREs, WRINES®PC _finrrim,dmaltegéaiéa@_«iﬁl%xﬁo%(o.9mg&ﬁc ed at 350C
for 4h in 5%42/ N2 formation g ost-lnf'pre nated with KOAc and dried at 32
P

"‘DhZPP5’ GEsisRlutpgTg i@iﬂi@@ﬂﬁ‘l);@ggiﬁg at11¢€ roﬂl%ﬁl.lﬁ@tfh@ﬁﬂ ﬁ?lufﬂziﬂ@lfbéﬁpl es N
> ) o | g
onc) ) 1o dERoupl-BOicH it RO A il A GBSt SRR RPATE st o7

fi xed bedshelitd) waehendilated WaB3gath KAl 60dButerdpreioatedwathsi@b/s KORap i.b.idBular y desi gn
23 (1 or Pl O0RRh pak STl A0 Y5 By BB o pRE B el FUBRER S (11 ot
1333 40018 12 1 BT eact o vessely in cell 2 eoLam 3 (cal | B3- )
cel | G IeaEgT (i 6 f(lgléh%' clsgei e Fopagio e HUDERROIGE BRI gRd ’
10* 33/ 40Q-AHNER, (OH),RE cdifimns 2 and 5, PANH;3)4(NO3); in columns 3 and 6. AwPd=0.3 in row 2

and row 5, Au/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, §, 7. The silica reference catalyst was loaded
into Row 1. The library was screened using the T ramp screening protocol at ﬁxéd SV.
Screening results are summarized in Table 3

[00129] Table 3

CQO, Selectivity Temp at STY

Cl Precursors on 5i0; 7.37 156.6 729
PA(NH, L (OH), on Zr0, 5.79 152.4 787

; Pd(NH3)4(NO3)2 on Zl‘Og 5.90 152.3 783
“ PA(NH3):(NO,), on Zx0; 5.57 150.7 795

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

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

reduced at 350°C for 4h in 5%Hz/N, formation gas, post-impregtated with KOAc and dried at
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reactor vessel) in colum I. (cells At-A@) and colum 4 (cells AA-A); 14 ny
Pd in 400ul Zr®2 shell (or 14*331400=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, A&o %wso6ége; Where Au/ Pd was 0.3). The KOAc Ioadl%g 14unol
(except cells D3, G3, D6, G6 where KOAc |oading was 14FSHgS3004 qsﬁ%“m lica
reference catalyst was |oaded into Row 1. The library was screened usi ng
the T ranp screening protocol at fixed SV. Screening results are summari zed
in Table 4. [001311 Table 4 C02 Selectivity Tenp at 45% Conv STY Au/Pd

Atom c R 8 0, 0. Pr ecur on SiO2 6.98
. - 154, gtlbc% t0“75}[‘2% P%A“’zéé’cﬁ‘m Bez&%ﬂ%&wgeaen gﬂ‘ﬁid g% 1§ 841804Re7s 154, o
776. 8 806Gp©0loRRA with 46g7r ICBA N 697H Pﬁ/All&rag E»Ealﬁta"rmsﬂu15h1aéﬂ(4@0@5ﬂai4 773.8

791.6 790, 3 001321 Exanple 14: Zr02 c r|er (supplied by Nor Pro, XZ16075,
sieve fraked A veRmeess Apresh e Fepeter vEsglR-nihe Liggpycdeyian enddibaarpelpmgt  BET

surface hQfbshRARKE ad¥BBodMRERI0NALEH MbdHinnsAde gﬁ@ﬁﬁf&ﬁ@&%%z@' ution to

inci pient wetness, dried at 110C, cal ci ned at 0C (colurmms 1 - é), 350C
( col ums XZ14§52 (@560 ip edrnend 6 Grigh) halfpf brary). |Tﬁ9Pé@ﬂ@newaw&mg Ra\in@0¢ol ut i on

o6l N PEDTLE] Gh PO 8 A RO SR i B0 B e R O R

sol ut i on G5T¢vdonhn fbﬁcdh%ﬁfhé@) 2 MEORA ingt0fuli 7204 shell (oo A¥B3/400=190¢/mbg Pdinr ow 2 t 0 row

foagf‘ﬁgid EPEFeRBER AL et e O s o1 APCBR Y egllpantl < Tt L

2, 4, O6)hell 4333!/400@114/@‘:% PO GGeA ok ddsyB)in ¥6lemh 9 adBgR2- M2y AWcdumdbe |ibrary
was screene u5| n the T 33 WO 2005/065821 PCTI US2004/ 038814 ranp Screeni.ng
prot ocol (Gefls Rk U%Or-’e’&cf?%?%QTW&@WW5@6P%éﬁP%@W@§W% A% unmari zed

in Tabl e 43nd HAY 3(3&)3}%1@11& £l 5\4@ C%edrI%FéAMP& Mas-@ﬂ”jpTlétKéﬁc/Po %WQTY a
Precursors on Si02 154.7 734 8 onZr02 6.10 1
114umol (except cells D3, G3, D6, G6 where KOAc loadmg 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

CQO; Selectivity | Temp at 45% Conv STY
Au/Pd AtomicRatio { 0.3 | 05 | 0.7 | 0.3 0.5 0.7 0.3 0.5 0.7
Cl Precursors on Si(); | 6.98 | - - [ 154.8 - - 742.8

Zr0y: XZ16052 6.06 531 1538153.7]152.3]154.9] 776.8 | 806.0 | 803.0
20y XZ16075 [ 6.18 1562 § 5.71 | 147.5 { 151.0 | 154.4 | 773.8 | 791.6 | 790.3

[00132] Example 14: ZrO2 carner (supplied by NorPro, XZ16075, sieve fraction 180-425um,

[ | density 1.15g/ml, pore volume 475ul/g, BET surface area 55m2/g) was impregnated with

| PA(NO3)2 precursor solution to incipient wetness, dried at 110°C, calcined at 250°C (columns 1-
2), 350°C (columns 3-4), 450°C (columns 5-6) in air, impregnated with KAuO, solution
(prepared by dissolution of Au(CH); in KOH), dﬁed at 110°C, reduced with 5%H;/N; formation
gas at 350°C for 4h, and post-impregnated with KOAc solution. The library has a KOAc gradient
from 25 to 50g/l inrow 2 fo row 7. The Pd loading amounts to 1.5mg Pd on 0.4m! support. Two
different Au loadings were chosen (AwPd=0.5 in columns 1, 3, 5 and Aw/Pd=0.7 in columns 2,

4, 6). The silica reference catalyst was loaded in row 1. The library was screened using the T
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*Data shown is taken from average of two Au/Pd atomic ratios (nanely 0.5 and
0.7) at 40g/L KOAc, calcination at 450C, and reduction at 350C [001341
Exanpl e 15: Zt02 carrier (supplied by NorPro, XZ16075, sieve fraction
180-425um density 1.15g/m, pore volume 575ul/ g, BET surface area 55n2/Q)
was i npregnated with Pd(NO3)2 precursor solution to incipient wetness,
dried at 110Go0 ®weédessaed at 450C in air, inpregnated w so] ution
(prepared by dissolution of Au(OH)3 in KOH), dried at %?6@%9%&33@&1 W th
5%12/ N2 formation gas at 200C (colums 1-2), 300C (columms 3-4), or 400C
(colums 5-6), and post-inpregnated with KOAc solution. The library has a
KOAc gradient from15 to 40g/1 inrow 2 to row 7. The Pd | oadi ng amounts to
1. 5mg Pd ine DIRRAT ik ardiPis )4 foatisnl £ syoag Anfifdl/ PI=0. 5
in col urms Sc% gzn g\ul}]%:}gg; Altr? colums 2, eg%ﬁgyﬁﬁga%rg Ica igref erence
cat al yst vmgafbl@é.ded inrowl The library was screened in MCFB48 VA reactor
using the reening protocol at fixed SV. Screening results are
sumar i Zecﬁ?]{,ﬁfgg&%@eg [ 001351 Table 6 COZ Sel ectivi Tem at 45% Conv STY d
Precursorfs on SI Q2 7. 11 | oA SlediBty 12, @andr Br®. 51 145. 4 797 *Dat a

shown is t@aken,ksebh 8slagze of Two Azlhd atom ¢ rajd0S (panely 0.5 and 0.7)
at 409! L g5y GRZRANAllqy at 450G 1 gnad reducti oyt 400C. 1001361 It wil|

be further; ‘ T e f of
corrponentsn{%%hs egsﬁ%rr;éy%e %l(o#e“g’ Into (g}ug?’é{nﬁlg %18 %anéa 4|0%/Xp, or the
f uncti ons KWDAs teleiadtion esd567C, camieredmﬁematdﬁ()"ébrrponent may be split anong plural

Conbi nat | ATy Feaewis (S R GoGPLET b RrE RN B g dorb ARt ne

various stdehiiy UNesml §pleGoReheIEHRIcBET S B arda FRDERHad iph@ndi@Stit ctive of the
i nyention, and other 34 WD 2005/ 065821 PCT/ US2004/ 038814  di mensi ons or

geonet ri e PIGNE3)P gregrasr golutisyfp Hetpisnt Widiess ATieda AHE Retsicined pt H0%pH an be -
provi ded g.ﬁlxgre a%'d%ﬂh%d@z%&ﬁ%rﬂﬂre?&édﬁ;&gsﬁu@n oTEA‘ﬁ?BH}A‘ Jﬁ(‘f)ﬁ?%é’ ty, a single

i ntegrate tfucture or ste divided In Separ a | ur al
conponent $161C, sdegsd Wlthrﬁ%&l;l@iztf@@ﬁfwwm? 20’ G (eedtmpsel Zl)t3Q0ﬁ@ (qmlm“eﬁtﬁl) arnvention

may have Been dG56hd PEIaldhobIp&RMt it ¥ o LNoYuti8NGnlibkfFial ) kBAL at ed

enbodi ment's
gradient from 15 to 40g/! 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 Aw/Pd=0.7

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

{00135] Table6

CO; Selectivity Temp at 45% Conv STY
Cl Precursors on Si0; 7.11 154.2 738
PAINO3)2 on Zr02 5.51 145.4 797

*Data shown is taken from average of two Auw/Pd atomic ratios (namely 0.5 and 0.7) at 40g/L
KOAc, calcination at 450°C, and reduction at 400°C.

[00136] It will be further appreciated that functions or structures of a plurality of components
or steps may be combined into a single component or step, or the functions or structures of one
step or component may be split among plural steps or components. The present invention
contemplates all of these combinations. Unless stated otherwise, dimensions and geometries of

the various structures depicted herein are not intended to be restrictive of the invention, and other
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such feature may be conbined with one or nore other features of other

enbodi nents, for any given application. It will also be appreciated from

t he above that the fabrication of the unique structures herein and the
operation thereof also constitute nethods in accordance with the present
invention. [QR)Rbdockée expl anations and illustrations pr ed herein are
intended to acquaint others skilled in the art with thel?(is“ﬁ@%ﬂ({“{oﬁfﬁ}“ its
principles, and its practical application, Those skilled in the art may
adapt and apply the invention in its nunmerous forns, as nay be best suited
to the requirenents of a particular use. Accordingly, the specific

enbodi nent s_of . t ] i forth. ar ot . intended as being
exhaust i ved?n&?mlo%'gr:?q’tg? ‘g{g&%% afé}ﬁebysl?ﬂ%ielﬁ %%ﬁcﬁ’%femgl %8%% ts'001‘rgtte{’:sectan ?’%B@%lﬂ 7ol shoul d,
t her ef or e,a sheledstt@ntad stediuratr stap. tAitermefietye n aingle mtdehutedahosercdesey miphiten, but
should instead be determned with reference to t.he appended cl ai nms, al ong
with the kit eﬁé‘é&ﬁf‘é’m&ﬁpﬁlﬁﬂﬁwfé\qn&ﬂf? B 10&%‘?&&; Gt L hererml tled. The
di scl osur ggyeafiondhdy hatd beeh Escrand in 1B @nRRCETSnly oh&6 ikelingr-RAleaBbdiARRMS, | cati ons
and publications, are incorporated by reference for all purposes. 35 W

Claim 1, swehieatweeapbe gsense il ope Fatoar 9B fesfurpsrad othar embpdimestsi oadie f or
assi Sti ng g LAReRIAEH] A b0 boordldt 8Nt @l KARORLAS. BRG] 5FRGumd@Yeri Ng 3
first support terial and a surfactant or bonding agent on to a' second
support  hbamresersimand thedhpemstian thaedfivlso bamsiute nsflodeid asepiroed wikathepiesght havi ng
an outer Iia er. and an inner |ayer, wherein catalytic conponents of
pal | adi um™ B1%- or conbinations thereof are contained in the outer | ayer of
t he | ayer ¢@b13TIppOhd exphehstiongind iRustrdvas predchiad hatin atedhttnded Wheetelim ofhae | ayeri ng
step conprjses slurry coating the first upport terial and the. surfactant
or bondi nék‘ﬁﬁdéﬁlthed‘ﬁ ‘%/13‘ PHEVOBRD HEPL Tatnaﬂfgg’@ﬁcéﬁ?’p@a“%eﬁﬁﬁ%g@d&_ claim?2
wher ei N | ek g a8ipR PadCRPRicSBRnN@SH ite ARt draid ffthns SR EAY b6 Bl hited e first
support material and the surfactant or bonding agent on to the second
suppor t - mégagirgreanis of a paHeaiEEh diroerringhhthefpeeifin prodinents affhemessant inventispndi ng
agent i s s ARk 4R CnRARKIDGhin SR ve 2 limABE oFfEk HREh. ARk P8I M 1-4,
wherei n the bonding agent is 'selected froma~alum na ondi ng agent, a
silica bomdenignalyewd thewiore. be drieraingd nokiwith refgente to fheebomsidastipigmsbut Hewld of . 6.
T ot nOthska S W%ucRhinéd BloRrckinde 1o dbPSe HRY, R i AU Looft N catal ytic
equivalents to which such claims are entitled. The disclosures of all articles and references,

including patent applications and publications, are incorporated by reference for all purposes.
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to the first support material before the |ayering step. 7. The nethod of any
of clainms 1-6, further conprising contacting the catalytic conponents to
the first support material after the layering step. 8. The nethod of any of
clainms 1-7, wherein the inner layer is free of catalytic conponents. 9. The
met hod of any of clains 1-8, further conprising contacting at least a third
conponent to the outer |layer, the third conponent containing rhodium 10.
The nethod of any of clains 1-9, further conprising contacting potassium
acetate to the outer layer. 11. The nmethod of any of clains 1-10, wherein
the first and second support materials are porous. 12. The nmethod of any of
clainms 1-11, wherein the second support nmaterial is non-porous. 13. The

nmet hod 0 e&%vmof claims 1-12, wherein the first and second support materials
conprise the sanme material. 36 14. The nethod of any of clains 1-13, wherein
the first and second support materials conprise different materials. 15.
The net hod ofA mnt;hod)bf ploduaisg 4 edt4lystwin ereedatalysh enifablestor sssippng in thepedudaioniof
selected,fr n1t e grouEPconS|st|ng of alum na, silical/alumna, zeolites,

non- zeoFW??X*WﬁW@@ﬁ H&s, titania, =zirconia, niobia, silica,

bentonite, claxfing afest sqyHdtAdtERNSnd HIreREant dfbondiie 0B1tRAG QEecaﬂa/ sipo! ai s
1-15, wherein the first support material conprises zirconia, l'ica,

al umi na resteréad m)prﬁémqemrtu @ deyeret Buppriempietit daviog aanyteofayeﬂa@dmn irnet 6,
wher ei n 1%?%? éfﬁ' gat§ g«gré%orﬁ%}ﬁ of &llaldﬁmf, %kﬁcér%gmg{n%{%ns tﬁere(gfr ar Qoncfac{rr]l]e5|1rslt i ng
tanl a, Stea

of alum |con 2|rc nia, i'te, nio I'ca,
bent oni tike ou?téralyﬁe,r oﬂ’&kaéy&redg;hpmemateﬂanartz silicon nitride, al um na silica,
pum ce, non-zeolitic I ecul ar si eves and conbi nati ons thereof. 18. The
method & anyt %51‘“@6‘4% aim J whesgin fhe layering step comprises sgwcorifedhe Brst conpr i ses

Zi rconi gy d;?dr! th&@riQland e uPBetark Br bditindRicA0sh thh@&)éo&f supb&t Hi%te]-ialw wher ei n

the second support material conprises a spherical bead of to mmin
di anet er3. 20 Themethrdtdichhinf vereyeiniayeting step qmnmsewveaheqontlmgw Sﬁ)raywatgmb@r t

mat er| alﬁr?tasﬁpgo E;trtersm ang %% surfactant or bonding agent on fo the second support material.

4. The method of any of claims 1-3, wherein the bonding agent is an inorganic bonding
agents.
5. The method of any of claims 1-4, wherein the bonding agent is selected from a alumina

bonding agent, a silica bonding agent, a zirconia bonding agent or combinations there of.

6. The method of any of claims 1-5, further comprising contacting the catalytic components

to the first support material before the layering step.

7. The method of any of claims 1-6, further comprising contacting the catalytic components
 to the first support material after the layering step.

8. The method of any of claims 1-7, wherein the inner layer is free of catalytic components.

9. The method of any of claims 1-8, further comprising contacting at least a third

component to the outer layer, the third component containing rhodium.

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

outer layer.

11.  The method of any of claims 1-10, wherein the first and second support materials are

porous.

12.  The method of any of claims 1-11, wherein the second support material is non-porous.

13.  The method of any of claims 1-12, wherein the first and second support materials

comprise the same material.
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area of between 5 and 150 nR/g. 21. The nethod of any of clains 1-20,
wherein the outer |ayer has a thickness of between 5 and 500 m crons. 22,
The net hod of any of clainms of 1-21 further conprising contacting the
catalytic conponents to the first support material in the formof chloride
free precursor solutions. 23. A conposition for catalyzing the production
of an al kenyl al kanoates, conprising: a particulate, |ayered support
material conprising at |east an outer layer conprising a first support
material |ayer, a surfactant or bondi ng agent and an inner |ayer conprising

a second . support er.i al erein _the out |ayer conprises at |east

pal | adi ut'i n @EW@EP%WW ‘%Ilgl3’ WEWF%’E‘%EPQ{ PRt sseend YPPYF mRterialst al yst or
pre- cat abysprisco @& Shimithigald nner |l ayer is free of palladium and gold. 24.
The conposition of claim23, wherein the outer layer is a slurry coated

| ayer. 283 Théhewwihod of mroicfaimay-19f wherainthe 8t sppod mapdrial &isaletthe fromt the

| ayer is . t . r coated,layer. 37.26.,The conposit.ion of any
of clai mg?o élﬁ_%§€il§l€lﬁg?g]iuﬁﬁ]%%§i%6%%] fn?irba’ %1%%1}1 S 'Zaercl)h?%g%eﬁﬁl%sw ’nt&fuﬁﬂr agent .
27|. Thede?cmﬁtshidbtalnsiﬁta,aE%toﬂie,clagié,lﬁﬁd a&naﬁati%ﬂ@ﬁfeaédﬂ. t he bondi ng agent is

sel ecte ro al um na bondi.ng_agent, a silica bonding agent, a zirconia
bondi ng éeenprg‘? m@@ﬁg]i“ﬁ%fﬁi?f “Eﬂﬁérlg, Wia?r.emzhe. ﬁl‘Fh@P@B‘ﬁ%‘éfi%{ﬂi %?mmseaﬁgpoafaa

cl ai ms 2§ﬂi€$alﬁi‘l‘ﬂﬁ£§§€bn’iﬂ?§a&ﬂ§ Blrdoftyer conprises material selected fromthe
group consisting of alum na, S|Tica/alunina, zeolites, non-zeolitic

mol ecul al7. si ehemethoil phmiyf cldims drlibawhercinithasecend support bentrahistselected iy, and
conbi nat i,ons t her eof . The conpositjon of. any of clains. 23-28 wherein
Che ot e M By pgais SAlmRE TROR Sabide) Riednisg iy MO SoHEr HlEH ons

t her eof . baklonite)Elag) MRQH, kiaddks Qfuarhil@bn altAlld Blud3n2 SlicapemBlendgolinger | ayer
conprises material selected fromthe group consisting of al um na, silicon
car bi de, malqculgnpigvesiapd goiphinatignsdhqread, niobia, silica, bentonite, clays,

el 9haSeoh yBHBNLE AR £ L MEMIPG SR BRI
any of ckatomia, 2ilicB0r alwhewmei n t he i nner | ayer conprises zirconia,
19.  The method of any of claims 1-18, wherein the second support material comprises a
spherical bead of 4 to 8 mm in diameter.
20.  The method of any of claims 1-19, Wﬁerein the first support material has a BET surface
area of between 5 and 150 m°/g.
21.  The method of any of claims 1-20, wherein the outer layer has a thickness of between 5
and 500 microns.
22,  The method of any of claims of 1-21 further comprising contacting the catalytic
components to the first support material in the form of chloride free precursor solutions.
23. A composition for catalyzing the production of an alkenyl alkanoates, comprising:

a particulate, layered support material comprising at least an outer layer comprising a first
support material layer, a surfactant or bonding agent and an inner layer comprising a second
support material wherein the out layer comprises at least palladium in combination with gold
contacted thereon to form a catalyst or pre-catalyst, wherein the inner layer is free of palladium
and gold.

24.  The composition of claim 23, wherein the outer layer is a slurry coated layer.
25.  The composition of any of claims 23 or 24, wherein the outer layer is a wash coated or

spray coated layer.
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silica and alum na. 32. The conposition of any of clains 23-31, wherein the
pal | adi um and gol d have been reduced. 33. The conposition of any of clains
23-32, wherein the catal yst conprises between 1 to 10 grans of palladium
and 0.5 to 10 granms of gold per liter of catalyst, with the amount of gold
being from 10 to 125 w % based on the wei ght of palladium 34. The

conposi tion of any of claims 23-33, wherein the atomc ratio of gold to
palladiumis between 0.50 and 1.00. 35. The conposition of any of clains
23- 34, wher ein palladium gold and a third conponent are contacted on the
out er ﬁgr agﬂ wherein the thjird conmponent contains rhodium 36. A nethod
of produ ng R%?WH’OSH}% gaye CIaléﬁr?Br%SSWh5r31néb‘?1?‘%fl§]ﬂfi§@eat1?@’&@%@#&| sing an
al kene, a@Bndhkanaic acid and an oxidizer to a catalyst or pre-catalyst
conprising palladiumin conbination with gold or rhodiumon a particul ate,

| ayer ed 2§upp6h@ Cwmm@tioalofcaomfﬂsim@fia% wbersin thmbtbrrdliIQagmpip@wlbctﬂhﬁmniaal , a
surf act an n gent. a an outer or 8 37. .The

et hod of ety Brgee (helr & PhiofRinafiebtt, BB oot of camBpay ot ed
onto theefinner support material. 38. The nmethod of any of clains 36 or 37,
wherein the outer support material is wash coated or spray coated onto the
i nner suppor t Thaeeppegitionzd ansTakclpEsRd P ToMherip the owriipyey cogPBE:s WFRi%i n t he

bondi ng gagged {ifm @l 4085 SRR P O e Atha h@g&%um@g Q18 TRL DGO, iR

clainms 3 e1ls &noi ¢ acid’ aceti
aci d and stehes, otantli zxmomasmammmm;pehemmnteaclmysnglcgmbnzmbmnﬂ' therenBt hod of any of

cl ai ns 3-40, erein.the ato ratiq of gold to | adi um.i s . between 0.50
o 100 o, FHECOHERITBIROE gt e ote vhd e rBrlayd ComBHeS iyt

conpri segﬂiggta\hﬁﬁﬂab;&lﬁ@nat%gﬂﬁr&f pal l adium and 0.5 to 10 grans of gold
per liter of catalyst, with the anmount of gold being from10 to 125 wt %

based on3fhe Wbt gorpasttionalf eayipfeteims33-2PhwhereinHbelinoer laysy comptsesimmterpb- 42,
wherein t gct!::({] ﬁl’gljil t}?e”ErB% Eon%}isthgé ofa chluI%l sﬂmso%scar Iu&el %f’f*‘coma titania, steatite, niobia,

silica, bentonite, clays, metals, glasses, quartz, silicon nitride, alumina-silica, pumice, non-
zeolitic molecular sieves and combinations thereof.
31.  The composition of any of claims 23-30, wherein the inner layer comprises zirconia,
silica and alumina.
32.  The composition of any of claims 23-31, wherein the palladium and gold have been
reduced.
33.  The composition of any of claims 23-32, wherein the catalyst comprises between 1 to 10
grams of palladium, and 0.5 to 10 grams of gold per liter of catalyst, with the amount of gold
being from 10 to 125 wt % based on the weight of palladium.
34,  The composition of any of claims 23-33, wherein the atomic ratio of gold to palladium is
between 0.50 and 1.00.
35.  The composition of any of claims 23-34, wherein palladium, gold and a third component
are contacted on the outer layer and wherein the third component contains rhodium.
36. A method of producing alkenyl alkanoates, comprising:

contacting a feed comprising an alkene, an alkanoic acid and an oxidizer to a catalyst or
pre-catalyst comprising palladium in combination with gold or rhodium on a particulate, layered
support material comprising. at least an inner support material, a surfactant or bonding agent and

an outer support material.
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44. The nethod of any of clains 36-43, wherein the outer support materi al
conprises zirconia. 39

37.  The method of claim 36, wherein the outer support material is a slurry coated onto the
inner support material.

38.  The method of any of claims 36 or 37, wherein the outer support material is wash coated
or spray coated onto the inner support material.

39.  The method of any of claims 36-38, wherein the bonding agent is an inorganic bonding
agent.

40.  The method of any of claims 36-39, wherein the alkene 1s ethylene, the alkanoic acid is
acetic acid and the oxidizer is an oxygen containing gas.

41.  The method of any of claims 36-40, wherein the atomic ratio of gold to palladium is
between (.50 and 1.00

42.  The method of any of claims 36-41, wherein the catalyst comprises between 1 to 10
grams of palladium, and 0.5 to 10 grams of gold per liter of catalyst, with the amount of gold
being from 10 to 125 wt % based on the weight of palladium.

43.  The method of any of claims 36-42, wherein the inner support material comprises silica.
44.  The method of any of claims 36-43, wherein the outer support material comprises

zirconia.

39



