MODI FI ED SUPPORT MATERI ALS FOR CATALYSTS d ai m of
Priority [0001] The application clains the benefit of
wdl286/0apmol i cati on 60/ 637,529, filed on DecenmbePCR@S2005/042651
2004, which is hereby incorporated by reference. Field
of the Invention [0002] The present invention rel ates
to catal ysts, nethods of nmaking the catal ysts, and
nmet hods of naki ng al kenyl al kanoates. Mre
particularly, the invention relates to catal ysts,
nmet hods of making the catal ysts, and nethods of mnaking
vinyl aSEOBIFImAUBORIYRTEIIALSVOR ERTAIOPOT
(VA), are commodity chemicals in hi gh demand in their
nmononer form For exanple, VA is used to nmake
pol yvi nyl acetate (PVK&P““MﬂRﬂPW@’used commonly for
ad r
[0001] 2NER! p8RearBIdIAGE A ke fé@&%ﬂyﬁ?@@é Orﬁgp%q)%fnebecember
20, 2ooetxk}uﬂcﬁtsaammhc@@siawdq)y(rav{&me.vi nyl acetate ethylene
(VAE), polyvinyl butyral (PVB), ethylene vinyl alcohol
(EVOH), pol yvinyl formal (PVF) and vi nyl

chl ori de-vinyl acetat 0 PVOH is typically
used for textiles, Ifﬂé Pﬁ%%@@*e% and

[0002] PhotiRseaSht 1|n‘é§1tfdh%laﬂﬁ So cdrall/ 418 rﬁ’&ﬂod@ﬂ Jfenakitth 18 Lht8lysts, and
insul ation often enploy EVA'in some proportion. MBj or

methodapﬁmablag at}.m;gylfaikamaﬁq:yl Mok pariicidanly, yd ingergioatrelates to catalysts,
C Iude coat i.n nts, and adhesives
method§ OF By BR HleoiF NG A0 AR ORC! RoKBRa T B5ARE on. | VAE.

whi ch contalns nor e than 50 percent VA, is primrily

used as cenent additives, paints, and adhesives. PVB

is mainly used forBadkgeoundgitheilnvémtivnnat ed screens,
nks EVOH i s, used for Rarrler fi

d ..
[0003] eng‘fL %wﬂﬁalyg kapestes, syshes vyl acstpte bY meecogﬁaﬂ%ry %ﬁgmals in
high deARED & hSir LARS eF @&%4]F&%QQH;§1€ YA ik ﬁsetd%nﬁﬁé béllygrgiér(l: t§<%tate (PVAc),

many conmercially significant’ materials and
which i hﬁdd‘emﬁﬂﬂy fir adhediees) ﬂﬂ@&o@tﬂok/é\la}iﬂg@pﬁfﬁbm of]ViASuse Other uses for
frequently done ﬁ@va rel atively Iarqg sca

VA inclydedpdyvieylraleohob fsV gH), rﬁérYéenﬁémmgl aeftate Y 4), |Vam>d@0%téf§| cghylene
(Noxaxg@ §f592¥€?%2§ émgh c&@ﬁgEQ%ﬁgugyﬁﬁﬁg aﬁgg§§VF)and

vinyl c}ﬂdimiepﬁﬂjd%snatenfo‘p(i@&&r CBVG)IH is ypHcadly wwad for Yextiles, films, adhesives, and
characteristics can have a significant econonic |npact
photosegsitiveeoatings. Bilms ped Wire o e3bdmingylation often employ EVA in some

proportion. Major applications for vinyl chloride-vinyl acetate copolymer include coatings, paints,
and adhesives often employ VAE having VA in some proportion. VAE, which contains more than
50 percent VA, is primarily used as cement additives, paints, and adhesives. PVB is mainly used
for under layer in laminated screens, coatings, and inks. EVOH is used for barrier films and
engineering polymers. PVF is used for wire enamel and magnetic tape.

[0004] Because VA is the basis for so many commercially significant materials and products,
the demand for VA is large, and VA production is frequently done on a relatively large scale, e.g.

50,000 metric tons or more per year. This large scale production means that significant economies



VA. [0005] Many techni ques have been reported for the

production of al kenyl al kanoates. For exanple, in
woahiorngs™A, a w dely used techni que includes aPCT/US2005/042651

cat al yzed gas phase reaction of ethylene with acetic

acid and oxygen, as seen in the follow ng reaction:

C2H4 + CH3COOH + 0.5 2 CH3COOCH=CH 2 + H20 Severa

side reactions nay take place, including, such as, the

fornati on of ults of this reaction are

economéﬁs&:f §ide arelp@sstlg],e&gd E;ﬁattvﬁ 55‘&5’518@ Qr}gﬁ@mytb@ PEPCESTRIOCET conditions or
catalyst lﬂgr LER tés QW X IH)?HI§-I;XI) cb oxrl lfh% REATHLO I‘OXOACUOH of
& ter cata P n

uced per our of reac
VA. tlne (g/l*h). [0006] The conp05|t|on of the starting
material feed can be varied within wide limt

[0005] Ty d¥lene tghniquse hayedroen reporigt &er the Produeriqned] ad@élyl ébarm@% For
exampl$ étaﬁﬂl \é[%g o‘%lgdn/ C}ﬁ.ﬁ g& kecner lug 11%;l]udeé} algt %:gas Sphé&reactton of

err al
ethylendlwith @2, aciPirdedk§ gere b 8o in FeOBAORIn &éz@:ﬁﬁnan d/ or
helium The primary restriction on teed conposition is
CH, the okygeoOHevel i0b (he efflwent GHQMCHCHNg theH,0
reactor nmust be sufficiently |ow such that the stream
Several ks&le @HcGbgkembPRKE hRDEBRILdihY, #6Ras, tTIRAXYGESY ¢OY ethd Bsults of this
the effluent is affected by the oxygen | evel in the
reactiongtradis¢usgechiat temised  thit spaaertimeR/idd KYEY soidhe rarceomsystdng where the

ST is ERPER: PR Bp S e e bk RSl ibR .
[0006] Carrhi %Qmeyémwﬂ §F @e Saft8RAnAbridiNBe SR VAL AR Bl B hlnﬁts

passed over or through fixed bed reactors. Successful

Typlcallryeﬁla Istastnt@metebeleﬁaedmlutladeseﬂ) -7 Oocatigherteh £0-08% aobtic edd tndh16%
2Q00C, while

tures i.n t nge of 125C
OXygen. . ﬁfi‘g@fﬂ@ isgéﬁ? I 18? pefeg gﬁﬁ @ésmm% sithage, ethane,
; )
] S M1 4SO 184 NS o v
the efﬂlpntmimaﬂm e(xmrrgthbyeaptbodmsttlm suffig gty loatsash dfat ¥ha strgb id outside the
ener gy . us prodyct i One approac

I
ﬂamma‘?lﬁtwggﬁﬁ P%%Y%?Qtl%t’leﬁglttﬁ%ﬁ gt 8 af st BY U AP BEL eap oy the starting
matenalas‘ﬁ‘eﬁrﬁ %Iﬁi%ts I Jtheaf%géfﬁf AAthY hh¥uflof Elgyeln%ﬁtxﬂté(rﬁti in the

er approach 1s to no y reaction conditio

effluentsuch as the ratio of starting naterials to each other,

the Q2 caonversion of the reaction, the space velocit
[0007] ( S%le &%s phgse 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.



starting material feed, and operating tenperatures and

pressures.[0009] The formation of CO2 is one aspect
wohbwhesmmy be reduced through the use of i nprovedUs2005/042651

catal ysts. The CO2 selectivity is the percentage of

the ethyl ene converted that goes to CO . Decreasing

the CO2 selectivity permts a | arger anount of VA per

unit volune and unit time in existing plants, even

retaining all her reaction.conditions. [0010] .The .
100091 § o Fadargeign o6CRY F° atsaeires i MrebeRaingr DREBh A e of improved
' e to CO,.
ST By GG A Ol 080y, St i O
Decreasipgnh@€ 0L helectatitypemaitd/Alangdramoubecti eA piengnit helufba and unit time in

.. selectivity permits reducing aor.elimnating
existing pipafs, By oGBS alh athcr FagiobyPnditiopd. By reduci ng the EA

se i Vit C : '
o010 SEIRE RN AR AIED LA AE QSR MR TR e o
the use dfi@ptlicd Ga@Bits. ThviBAgselectivitwiilsdaleeghessiseddnl ppnt 8s the ratio EA/VA
achieve an EA/VA ratio less than the typical ratio of

wt/wt. Resaensinegbe Bonselosteheperntity redising aigHmaibing posiopipgiation purification

i t hout sacrificing.th ysts' | Vi

of VA. PyreSSiinel el {5515 0Fs SRR BE oot B G Blin A

removallcBldUtedinhingee afhs\gobiam Rk tal hgpalt vadildive déirableanadhiere an
catal yst, such as shown in U S Patent No. 5, 185, 308.

EA/V A wtiol lessttharsthe dypierd ratiodifekpeis700mpm, prefersply\pssthar ghout 200 ppm

) event ual 0es tQ~zero w.th hi.gh _enough gold to
without Ea%ﬂf‘l%ﬁmgl}hg F%?S’S‘f QQ?J%?I‘?%W ar %f‘ %Cstﬁ'FtP{g has been unabl e
[0011] ! OARRRIRAEGEALRIER SRkt Have Mbhidea iiBRERing@hL g5lal 16 phlladiviny ratio on
is sacrificed through the use of an increased gold to

the catalyst) $uestlias showan iroU.SCBatsriiNer, 1 85,3 oVhide thappatentdndipaies that the
eded. [0012] VA out.put ticul fi. _
EANVA Bgdneliaprace eony sl snobrasd Pablian SR i apgmenta

testing HaDBedCira¥lel ¥ r&frodle® tE8tALMS Furthdigiof 20 sefechii®f fsisitdificed through
materials to each other, the O2 conversion of the

the use sf@adhdremsed ighkl to palialivelratid. t §or{s8yent§, anthes approaahgs needed.
mat eri al feed, and operating tenperatures and
pressures. Al these factors cooperate to determ ne
[

[0012] mgf@&?ﬁg’f Wﬁ?uﬁr%&ﬁgﬁiy&émﬁﬁﬁferc%ﬁ%i s@%ﬁyﬁhﬁ\%tors including

SCuss I'n terns of "grans of
the activity@d tieechtigat, the taio offstactidgaiytetialpes edvhwthenf the €acbina@rsion of the
time or 013] Geperally, activ

reactiongfg ﬁpfﬁea%i&c;t? Z\%‘[{g?f thﬁ]’q StE NIRRT §oadn @35%1{@?5@&%8??{ giures and
s S5 Ty By 101549 GBI G801 DS (I cwin
system, Whereth@BEY it dicsiad inhernead fadrynat of ¥Agirbéuded ppr bidtickatalyst per
hour of reaction time or g/1*h.

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

[0014] The O, conversion is a measure of how much oxygen reacts in the presence of the

catalyst. The O, conversion rate is temperature dependent such that the conversion rate generally



[0014] The 2 conversion is a nmeasure of how nuch

oxygen reacts in the presence of the catalyst. The Q2
woams@esicon rate i s tenperature dependent suchprPChals2d080842651

conversion rate generallyclinbs with the reaction

tenperature. However, the CO2 selectivity also

i ncreases along with the increase in tenperature.

Thus, the 2 conversion rate is selected to give the

_ desired VA out put bal anced Last .t he. t of :
climbs Vﬂﬁlg@l&e%%fﬁww%gt%ty@t P&Wﬁeé%%ﬁagﬁ;d%g’?@{;E%J?qﬁﬁgﬁg%% with the
increase:irgi?er?%e%ﬁl'é. "Irhﬁlg,ctfslg ?:23 c%&ggﬁlsﬁfa% s s&%@tgﬁ % %@ﬁee&sm V% output

ntaining t onversi on. ternativel y, a

balanced agatdsy Site amhdut of QOg prrduaat. | A catylywd with ghigheaadtivith ercafi®that the
conversion rate at a given tenperature and space .
overall rgeqtign; temaperpiypeIsn betlowered grhilsAnainaningthg sywe O: SApYSsion.

Altematgreéfyatgl{c\a}%?wﬁ@%?& telr gct%mnﬁpg?\?e}[ }?1@11%1] (?%co%ex@ion r?te\?ka given

upport e case o
temperafidd @ahd/§ase vélbgtycat al yti c conponents are typically a
m xture of nmetals that may be distributed uniformly
[0015] t hFtds geromontlreé catalypisempheit @i aiimqre gatplytis cowighnesis carried on a

T O R -
typicallyS+RPRUte JTBARILL Blat MaQ B dV¥AiB iRt RISy Srrdughoud the bl ort material

core of the support material ("egg yolk catal ysts'é. )
(“all thrirrght et cetdlysighejust omiheaurfa¢esefithdewpport naterdd héshald patalysts™), just

nunper of factors,includin e.react.or system and .
below  SERTET sPen FEl-BRE( BE 10T BT AR S U FTD e S Qgignaterial
(“egg yof cAMRRSN PRRLRA RS MAMEl RQEBuRIHTLASH SO nutSiRer bR fa¥fdrs

catal yst “including silica, ceriumdoped silica,
including thevieactpr syistepnrving, catalyst eiaé/shaped oxi de mi xtures. But

ve littleg investigation of th i fferences tween .

[0016] (1, g et SHaRor BTG RV (e SORGOLY! (os in VA
catalyst RR[din8lida, Sdryint Boickiddal Fufifnd) St A G il ih ¥nd&68e mixtures. But
comercl al rzed as supporf materials. [0017] One useful
very little omdzistigdtionrof dfe diffemhsesftetwadA thatupbys insatersalphdsitedin dome. For the

and gol d. Pd/ Au. catal ysts provi de adequate CO2 .
most parg.AnLY £1iGH ey dginadiny aftyaﬂﬁeﬁwwr% g eprog paegals.
ne
o011 126fs k] ERUANEASRURLIE 5, 1S, AODAA G . Paa
catalysts[f36:i8E afparCesiectioity aakadngitPduithescat@altimsiesto be a need for
ically includes the steps of inpregnating

) t / he
lmproveéég@bists gmnﬁh%ﬁ?@ew%se%lg ik argogrblenn g mm&@t% of YA.

of | ] i . : i . . . .
outs) 7 PRSI AUy 58 BB 05 L TRASRRE ot mprgating
the supp6RFEaUNEheBusolutDAs biWaky-dslaKicdels ¢fpaplagitbpirtdaiotd; rectiap the

) called tfixing) the netallic elenents: as ) )
impregnoige svatsrreobiblasialis vathroapgropristeglkaline compound e.g., sodium hydroxide, to

precipitate (often called fixing) the metallic elements as water-insoluble compounds, e.g. the

hydroxides; washing the fixed support material to remove un-fixed compounds and to otherwise
cleanse the catalyst of any potential poisons, e.g. chloride; reducing the water insoluble
compounds with a typical reductant such as hydrogen, ethylene or hydrazine, and adding an alkali

metal compound such as potassium or sodium acetate.



hydr oxi des; washing the fixed support material to

renmove un-fixed conpounds and to ot herw se cl eanse the
woavwlogsted of any potential poisons, e.g. chl or PAeUS2005/042651

reduci ng the water insoluble conpounds with a typica

reduct ant such as hydrogen, ethylene or hydrazine, and

addi ng an al kali netal conpound such as potassium or

sodi um acet ate. [ 0019] Vari ous nndifications to this

basi c. proc For exa

10019] (el BAATRBLO (9905 39S PESS S RSt EaBaFoF Scample, in US.
Patent I\fd g@@b'ﬁg i?ls shgges?éﬁl th%rﬁgﬁ?&feoﬂiﬂgﬁemaﬁm b@ﬁﬁ&ﬁak&l?atter the

uction to i ree net orm-In US. Patent
reductiof, t® 22 fi82 Hetdl forsn gipes Se Hateinalo. 62022828 g st gpestsdi frad calcmmg the
a non-reducing at nosphere after, i npr ation. wth q&h )
support bt PRHTIINFIRRG r@%ﬂp&@@aqf&eélmﬁrwﬂ% Wi 1@3&5@1 ar} gold salts might
be advaé{@edb/ug 1 ?}1761094% 1'351451{9 gsgﬁ%%%ge thatandf IteﬁﬁctL %daﬂﬁtal:ﬁi’%tﬁﬁdbut before its

vation I rst use € cata

first useP@cRbRlysERAbEHe bt}étl‘&h&@@ ®$ suacesshedichiigy nnrbxﬁ)dmdg,zmﬂg, and reducmg
inert, and reducing atnospheres. [0020] hi U S. Patent

atmOSPhWS 5,466,652, it is suggest ed that salts of palladium

[0020] gl @O# 3)8 eg? ﬁﬁaéfgg? Xgi O?( 1¥ ufii;%ag@% éh%géaé%&qp?@gd1Manﬁ ﬁS@ that are

hydroxyuh BalfdéP BRY barliih-Glek ahd soﬁuliille 7] ilo%ﬁc ﬁ@i@g@?tﬂemsem tquﬁegxme the
U S. Patent No. 4,902,823, i.e. use hal i deand

support gukdrial.- Arsguilarsngsesting IScmﬁfiﬂ inkbS. Retens 0. 4902823 .01aupeeof halide-
and sulflgrafrs ﬁag%:s) afl%tﬁ%%}ﬁpeﬁ ‘Ejb pgﬁ)f{(y 53 ubﬂ%lnh%\élh‘tgsgt%%carb?}y%c acids having

two to tsHegssised that a | ayered cat alyst may be used in a
dehydr ogenati on process where the inner |ayer support
[0021] nafebi&lPatinf Ner 6,486,070 tltmlggm@rthatayleyergdjmjdyqt may be used in a

dehydroggen pesceathese 18 Bpedies PPy By GURTE FoRag g laver

support ﬁ?a? aY S§inilaBYt UNEIPLRGE NS UG I8SERD Eges‘?bst%aﬂff lay@¥e Eﬁglyst may useful
alysts i n"the production &f al al kanoates. "In

as acid ddteﬂSystPa}Blﬂmmtﬁhrtsluggﬂts the umai}@nﬂlc@lubystd iaytey pdduction of alkenyl

oG B RS ) SR B S0 B P St
shown, lg’u@lqﬁilﬁg’@s oﬁ%&ﬁl?%e%@?t a t' tani umor zirconi um

Used to pre-treat a silica or alumina support
[0022] matheU Si[Patent Nﬁpﬁ 808 d3aittsigdettyd dratlA GitanGGR os Bk@miumg intay be used to
of the catalyst. [0023]. Taken to et her, e inhventors
pre-treaifgiica @c@é@mnféapmma@a%@é@arqu% agfbay aﬁ‘éﬂ’ @Qﬁtsieﬂ’ﬁg}ﬂ‘ty of the

catalyst.

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

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

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

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



i nprovenents in the field of VA catalysts to provide

i nproved VA production at |ower costs. Summary of the
wonvekswn [ 0024] The present invention rel at eBCTAWS2005/042651

nmet hod of producing a catalyst or pre-catalyst

suitable for assisting in the production of al kenyl

al kanoat es. The net hod i ncludes contacting a nodifier

precursor to a support materi al to forma nodified

catalytid SBRRenf BeE s i O T S bt s el TR s rmgdifigd support

material. h?hé‘iﬁgﬂxﬁd I%Eio SERORIth p Hﬁéd%h A pre%%l?hpcﬁb Pan%@%f Qb&ft 0. 3 to about
gold to palladiumis preferab y in the range of about

0.90. The3upmrtabatatiald vat thF haalytippemponeat may Hies baireducethesing a reducing
cat iCc co nent y then be reduc ] ...

enviroriRgf e a@ﬂﬁ?@ﬁﬁaﬁw V408 GG g AN Phocgfpositon fo

catalyzﬁgtthé’@{‘)ﬂﬂgloﬁ%?ﬁﬁ %mcﬁdﬁ%ﬁ@?&iﬁbg Qur}; SOt matenal with

zing the pro uctlon an a
palladlum ehdigoldgs asorbutided svithirpthe ivenider Catlalysts ofi tha:qubam mmention may
gold is also included wthin the inventi.on.
be usedéaﬂogﬂdyg? alkepyl pflanpstesigensraladie apeicprpudedat o
produce al kenyl al kanoates in general and vinyl
acetate in particular. Detailed Description [0025]
Cat al ysts [0026] For petafenDesutiftaes, a catalyst is
any support mat erial that contains at |east one
[0025] ¢ atlaatalysts conponent and that is capable of cataly2|ng

ar aLa
[0026] th tofil%}eeggrﬂtp S \rlﬁ})r Ot an%bg{l%‘ ﬁ%g cpé% alr§/1%t§ H%P%arg 21? lté ms a least one
catalyti$ b@ﬁﬁorﬂhﬁﬁﬂ&ﬁﬁds bﬁfa@lébf ch@B2ifly AGahalnSiherditth pre- catalyst is any
re-catal ysts of the present i nventi on may i ncl ude

materia W@%@SLHE Qg 2By ﬁﬁ@lﬁfcat@h/stslmm&ttonrﬁm@rﬁmusse@f:@m ive

f the at al a rdin shoul d hel roye
10027) 3oty gl et TR Bvverti By Tk Rose Hiving'a
modlﬁea%h@ﬁ”ﬂ Mhfedal. BEfbivd vbe OF tHRQEALYsPAIcbG IR RS Relp improve EA
aining to VA production. Nbreover, the conbination

Selectwtw whitp n@intaigireordmipeating/€0y sq&mtivetynmtwttmnbotg jarticularly as

ti d bl.
pertainig i JNfoEREn, Bl G by e 2B b by whie
malntalr'ﬁﬁ@ o GhStb PR RS sel BV § ? R2FBE dbAMBIM dveR i titiep Fsrddb@rgel& Rffected.

hé cont ext of certain illustrative enbodi nents,
[0028] ma;lt sheuldrei apgracretaththatothe aresentixerentdn asfeeatted de ﬁ@rmbntegt of certain

illustratlgf)ggﬁrgﬂ%gpn? egsi Hggmgy ?n%rléq%ﬂg glrly P lmlérg «Eg: gggec?/ﬁfi%a E%fglég on the needs
o B ALY FSATRRNSHA BT B4 B gy v
catalytic components uniformly distributed throughout the support material or they may be shell
catalysts where the catalytic components are found in a relatively thin shell around a support
material core. Egg white catalysts may also be suitable, where the catalytic components reside
substantially away from the center of support material. Egg yolk catalysts may also be suitable.
Preferred type of metal distribution is dependent on a number of factors including the reactor

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

[0029] Catalytic Components




catal ysts where the catal ytic conponents are found in

a relatively thin shell around a support materi al
woanws/06Egy white catal ysts nay al so be suitabl eCTmisers/042651

the catalytic conponents reside substantially away

fromthe center of support material. Egg yol k

catal ysts nmay also be suitable. Preferred type of

netal distribution is dependent on a nunber of factors

including the reactor system and catal yst si.zel/shape
[0030] andp BrsralbesnelFseas arey-%ettéyséﬁag ihg Bl TRePLPy §9diae metals and

. 3 i . ] o . f t 1
puicul 0500 0F LB LB POTRIRETLA! ARRR) hRoBneE b chfinyionof
included fddagoenentedral Groap ¥ PR ML atileast byie frorl Grdap B c Gndoilnize dppreciated that

of at least two netals. In particular, the conbinatjon

“catalytigicomppaety” it dessaty theartaldhad wtiarlapEudss qafabytisynctionally to
s carafly, b AP AT, ANE S by Ml 8, RERSESH 57 o

suspensiVRE, dollbidal sushérsiks efree REQN a6 of abmbinhticnsithéres . dafeln¢d catalysts
to the catalyst, but also includes the netal in a

include paltadiamy apd geldas dee cataldie epsnpoapnts. sol ution, sol - gel ,
suspensi on cpl | .0i dal ensi.ons. . free netal l,1.0
100311 o, AT RiEFaer ey o BRPL kb P/ s phafh i Hbout 10
grams oPpallaafin %&Pﬁfé}%@ baSvebR 8b&iatl A0 Gra PgeRlmm p&isd]
e

Anot her preferred enbodi ment of the catalyst includes
[0032] beimesmerabwliment foocatblysts, Atogh hatemaf rapes betdieemalzong 0.1 and about

ef erabl y. bet ween t d 1 f | L adi
1.25 ma 0 ptiged o GUSTRR) NGhEre B HERTIorDr T ASATE 0 Ry The
atomic fafo B5h B QTh&Ged RIaBhcb BleIReN 2096 vy And 0D, 3BRMvidy. Fanployment
maybe preferred for catalysts. Myst preferred Au:"Pd

of higheatAort Cweizht asatame htionefdsFoFa®r rdlhtvely lowier EAdViAoratiasbut higher
be. adj usted to bal ance the EA/ VA selectivity and CO2
CO; seleqlivit¥t i vity. Enpl oyment of hi gher Au/ Pd wei ght or
o1 o . . !
00531 2L {8 5 03 SN S Vo) R
composiivho dA geeind tdlyse magde ohe grhorerttle oatalpnowckenpashts ars tentacted to the

support ggiesiel BXIonsg P SHHE AR UR BeTRB LT 15 by SERBOROR byl alng) or
one whe?%@%: ??tfa%icitc%n‘b)ﬁﬁerﬁy PRRbLtaORE & {h?les. %&Irtlbrﬂ%(@fqal%e? the support material

e particle size . by grinding or

has beerb@lilicediih lsizeg)n ofic @nodihertea gfvaing at pdyddr catabrpinsed ® simulate a
are contacted to the support material after the

shell catglyplp dn sirmileler ishll srdaly Bedrpliq@at Rleyppait mptegial With grelatively high
conseRDF1 5 PSR, BRI 8 AR Bt
substantGllly dey Hif mcfiéb badot cadlytid@ReidneiR beitiagbest ddtivated with an
activa’ciorn(:)algfcjalttltI (\é.egl. %)/otglss%llqm acetate), as discussed below. The diluted support material then
has the preferred amounts of modifiers and/or catalytic components in the catalyst.

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

pm to about 300 pm.
[0035] Support Materials




concentration of nodifiers and/or catalytic conponents
is diluted with a support material that is

weoeubstoasitsikal | y free of nodifiers and/ or catal yPCT/US2005/042651
conmponent, but has been activated with an activation
agent (e.g. potassium acetate), as discussed bel ow
The diluted support nmaterial then has the preferred
anmounts of nodifiers and/or catal ytic conponents in

t he catal yst 0034] . For shell catalysts, the
[0036] { il seﬁ@g%peetfoftt ingefdion, e ce@iﬁncwpm%%%@ﬁm%@w ipygation

generallmﬁ etrcgf%etrd ik gwg&?‘ena{ %1?&%%%@? 'l 'ie% ?sbtgﬂxtcalipﬁclude

ranges ‘i nc om'a
matenal@bl@&ﬂhr&%sﬁiﬁhal[y&@%hniummt’nty dyatmgikuat ﬁﬁ%ﬂalsl OveRe], the support
aspect of the invention, the cat alqyt I C conponents of
materials jgee fypisgByiinertrip distrantiogdrmeareriprmgd. | Suppod anateraals gy he composed
of any sulﬁ oéltébsgr?%tggpregqrabl}ls geét %%Ar 0 t%uﬁtgg rsllgﬁpggltrﬁétleﬁ%ls P%ér{% rce?atlvgly high
surface ard@Péi dinit Masstor Mok, Sudhf asiBioRdisatrbictufd/ @madlbeuldreve structure, a
support materials are typically inert in the reaction
honeycoyeh stpcpureS arratiea sm&lpﬂmmctmt Eerj @h@plmﬁlekﬁelpp@mml iy contain
sui.t abl e subst anc &er abl.y sel ect ed

sitea, a{p S ARt Bpd T e PUFUE e S PG ol Ralro aplggticate,
aluminoPElicaty titaMBRS spinel @ﬂll‘éﬁi?carﬁi&‘éh&ﬁ@on%lﬁﬁfeoé’a?b&{ Ui H1 & steBtite,
nol ecufar si eve struct ure, a honeycorrb StrUCt ure, or

bentonitet dlays, sgtalsiglagsest qtudszemCFmeomampheceOhmmqugpbr sieves

erial Jma tain silic al umn a um na
combingiops Hiedeo B ke ¥ite e ek ain ot L e HETRls may also
be suitablbQbk. 3&1 I§a' clr' g%ﬁﬁl@asalurﬂiddmqu‘%ﬁﬂal JifcBh&: §rhc‘éﬂe§ %ﬁ‘@ﬁ%ﬁo silicates
spi nel 'i"con carbide, silicon nitride, carbon,
containig® mq:p@rh mapnsls eatthe m,osﬂmafetmdt 153} additams mudltﬂaﬁrssupport materials are
also sultglblp ses, artz, pum ce zeolites, non-zeolitic

%ﬂ‘sgrm CRIESCICGRENUPR i ons t hereof and the I ke.
An I H :
[0037] srheg S;SAJE)Et xﬂét%{lfﬁagmee &Eeg%sk 8k {h gv%{?{og‘éﬁi ﬁéfon?ﬁi%n@d b Sticles
having aziyy K)(E oafiays regulaoorarsgularcaes, samtl ab siherss; wblets; ayl@siers, discs, rings,
cont ai ni ng_support mat erl al s are the nost pr eferred,

stars, ot pfieq SRADES-ofRe FHPPPY Imajeial 81y hav e dimensiong Fuchaas diamele, length or
width ofsa"dbﬁtap{o alfro%[ 1(5)J 'ppeérﬁ yp:ﬂ)gtct {o a{bg‘\[ﬁe@ @ " nt\g/ (?hﬂr h-wﬁ‘ig a regular

mat er | a cata this i

shape (ekge s;ﬂ{elﬂipﬁ)ls edll hvearitsipetfeged &vgersgdlafenmoﬁ of abdu Usnmeg dba@it 8 mm.
i rregul ar shapes, such _as spheres, tablets
In addltlem 3 %f&lé’f“i: or pvedes suppioFigateralanay beswitahln spchsihaibe suppee material

S Y TSI 81 5, B o
micron, ¥ prefdrrtd siabobtingdbatiWeen 4boRBI W htldbalt NEY/iniGos, Wh‘h@t preferred

sizes being between about 180 microns and about 450 microns. Larger or smaller sizes may be

employed, as well as polydisperse collections of particles sizes. For example, for a fluid bed
catalyst a preferred size range would include 10 to 150 microns. For precursors used in layered
catalysts, a size range of 10 to 250 microns is preferred.

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

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



shape (e.g. spherical) will have as its preferred
| argest di nension of about 4 mMmto about 8 mm 1In
waddadictocems4 a ground or powder support nateri al POBUSE®S/042651
suitabl e such that the support material has a regul ar
or irregular shape with a dianeter of between about 10
m crons and about 1000 micron, with preferred sizes
bei ng between about 10 and about 700 microns, with
nmost preferred sizes be vveen about 180 m crons
g, profacr ok 4500 bR SO0 for Per SppaLs ﬁﬁipoﬁethe pore
| Rehy Y %P&It%q HApbRES | ferably about
volume gfr[ﬂﬂtgl(gczllg&’srt @ﬁtfﬁgrh nexa>n{"pe for a fl ufdhggg cal%rgleyr/astya ot
0.4 to abdupt 2frelg edn aivaege porg eizeruthd range,| futlexdifplt,cofEbOut 50 to about 2000
mcrons. For precursors used in |ayered catalysts, a
angstromy lf@eﬁlﬁ%bé?n%@equére%o mcrons is preferred. [0038]
Su f S L i
[0039] E %ﬁ‘glﬁ’? OF amagle%lhc% gtaLn%% %g&%g#k 1§1%Eﬁd¥ Cnl]%gtffo’m Sud

as maasure uhauer,

Chemie, Q@&ol 13150 'ﬁ)onﬂb&ét@@a aﬂ@c}’th@q{yﬁfg@hﬂc)@r hﬁcr@@bmelfreabﬁkths with a particle
nR/ -ggand about 500n2/g, preferably about 20 n2/g to

SlZGOfab@@idtmEO‘@&bQngOmm exanpl e, for a porous support t he

[0040] prfji‘mB e§ 0 n?%ul{gg%lﬁlrc%m cglétgxngn%&%év g# g]gg%ll gglga? %se §9m NorPro,

erconla@%@éét(A}n&chj k., PMIcREEGHES KIQAIG BOER, 'Eﬂgélh@rdh@ﬂ%a@%ﬁﬁm
exanpl e, of about 50 t6 about 2000 angstrons is

Elektrondss (V). Suitable zmoonip @qmpqﬁ’etdatel[x@s)h@ﬂe aewgh:p‘aw @ffsurface areas from

sui taple,silica _contai nin rt materials include
ess thanggRon o o 1y RO 8 /el ot 4560 P S L S e surace
areas frof} M&Jut PYPEER Bo@H lﬂ@rﬁ?/ % R%}Qélﬁngé 6%%%&195&)&6’80 lelg and about 100
particle size of about mmto about 10 mMm 40]

m”*/g mofexpuefiresl. Suppwit matsrielszhaycluve thepontfaas trﬁgtasiabmgh a calcining step in

which thg%‘rgrlf gi.l)i)ol %?Egrlda Egt&{]egs Ehﬁ g‘ﬁag'\%gp ﬁ% r Cg&' & asréaa Stthe support

material E@geéa@ﬁﬁ Angh; Rk %l%e%&#&ffc%tlh Q%ﬂﬂ\ﬁl ﬁ1ate§h‘l's Lt Becific

coni a uppor materi al s have a W de range of
surface ssegsfthgtenay wa stiferwoise bes&adﬂh aveilable ditond suyipligrs o rmr e than

300 nm2/g. Preferred zirconia s ppo nmat eri,
0041] suﬁraeel%apéfa@e&%ﬁ? s SsRor e ies b e et @a @n Grace such

as SP1 8—}%;&5 (sEThéaaxQﬁﬁ 0 ?‘?gﬁ‘zlﬁ%ﬁb‘ tmhggte@% @nde ?ﬁc@l S:tﬁ 2?943 (silica

nore pre erre pport nateria s may
with 1. 69%r21@;_§3 sl\/ltorcegdneﬂllymu@tu@lh s&ppwd matedialg n&tyepclume thodbotzf@% TiOy;
virgin support material js heated. The heating reduce

more prefera ]é/l_hefi\ﬁ%eél a@plétap k7 aRd 2aQH 'gé"r/otTlﬁ)a,t anyd; mgpst (péefsrably Detween about
0.1 and ARLESH TP, ATY S BRI MaTBER My S Bb 18 b BORI 410y more
preferab@/tﬁwﬁfw,rﬁ@obﬁo Omtihﬂﬁb@%aﬁ%bﬂ(ﬁ ﬁﬂdlﬁbﬁlm@ﬂet@ﬂ}sbetween about 0.1 and
about 5% ZrO,.

[0042] In another embodiment, it is contemplated to employ at least a plural combination of
support materials, each with a different characteristic. For example, at least two support materials
(e.g. zirconia and silica) with different characteristics may exhibit different activities and CO,

selectivities, thus permitting preparation of catalysts with a desired set of characteristics, 1.e.

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



[0041] Exanples of other suitable support materials
include titano-silicates from Grace such as SP18-9534
woOideiosgrewi t h 0. 61% Ti O2) or zircono-sili cat esPETAISL005/042651

G ace such as SP189043 (silica wth 1.69% ZrQ2) . More
general ly, suitable support materials may include up
to about 50% Ti O2; nore preferably between about 0.01%
and about 25% Ti O2; and nost preferably between about
0.1 and about 5% Ti Q2. Al so, suitable support

[0043] rpdaysred Suppopt Materialte up to about 50% Zr O2; nore

[0044] pr %{\ Sﬁeag #gorcg %Isﬁe gﬁtrf\’,}\ggf#rg% S ]gp{%ﬁ%ge 32)8%& ?10/%@%(82 uration
as d1scu§sQ@412]J g. fPa@dﬂDPﬁllﬁ[caﬁHﬁJ 000378181 940, twhish GHEr&h@gstate® by reference.
enpl oy at least a Flural conbi nati on of support

Layeringygyag be abhjeveddn anyipf dnumerfoff érf&ﬁ@nt@haroaéheér such jag a phogality of

ameta R Ener By 1T R P PERRA il Rrtor Ru O Ry Abipipfn is o
utilize sGddeb@¥ N bnvtdping fal&@s ré ik ¢@6%an et fdok lak/ére In géﬂ'&kﬂ herein, layered

permtting preparation of catalysts with a desired set
support matetrhéertapmliy igtluds at jeass an auer W@mrrdfanapuéfartlwey sitleartiparielly

d [ h 2 s
surroun(g %;igjeerq%%l& gii tg@@?"éra 0§a gaﬁg]i%bl \éﬁﬁ%} %) [r%hfﬂd 38 rclhscussed
below, vAREaAERP R 1ayRl Hetirally bERE BRIdiFP PR i@ 188 TRb ?Veﬁ«t@fably

in a layered configuration as discussed in U'S. Pa
containsRubsthutét iyomor2 00 8dtaly8d deﬁponmhts chari the lwree bayer. nioonp emabdidhent, the

) ref erence. chleved in any .of _a .

inner an s 1SSGR K P S AI0B T AR gls, SuhiEe mglsials a8 e sarpg. While

the innet ﬂgjng rh - rSuQ Shfer @}nlbbfdlfﬂeﬁ{sq 4pausAied: lﬁfler Fhat 1 1s porous.
ination thereof. One particular approac

utilize succe33|vely enveloplng | ayers relatlve to an
general, herein, |ayer

RS >S
[0045] LBEB%?%yef?a%Evn%ﬁy a&%ﬁ ra;raferagblx TeeylifdB afpim esgﬁh%lrfsaif%rw the
ey 0 A TR L e Bl WS Py o pppop il

that have edtallysis tompohch® and dihd areﬁls thst ddiree.udse ttteeiuoaw layet tdn &t constructed
| east the outer |ayer preferably bei r;]% nodi fied, The

consistepyliy mth|az517élfedath§%sn?ﬁseffeg%tbwh%mnéiaw (B paifrmethicimess of the
I
outer la}gp fe%ufr?l% %gﬁeaﬁ c%{alyﬁq ﬁ&?ﬁsﬁ%@@%%t&&%ﬁ?&é Q‘F%‘b@%gﬁs 5@%@% ﬁngorm and
knowntﬂmkﬂﬁsent materials; but the materials may be the
VWil e the inner |ayer may be non-porous, other

ane.
[0046] enﬁ@YﬁTﬁém@lquﬁ%ﬂde@OWﬁ fpigiegtingdgnered fgpost @q@maémoludes those

descrivef {6 £k, NOY BB TP R OG0 BT ke ARG feprporared

by referdiBé €I @e PifodinSerd, t‘h’@kﬂatéiﬁlﬁd JTesk Qxﬁ&nﬁ?érﬁr@%&\ﬁ&%ubhﬁltmlly
areas of the support mat eri al _
penetrated by liquids, e.g., metals including but not limited to aluminum, titanium and zirconium.

Examples of other materials for the inner layer include, but are not limited to, silica, alumina,
silica-alumina, titania, titano-silicate, zirconia, zircono-silicate, niobia, silicates, alumino-silicates,
titanates, spinel, silicon carbide, silicon nitride, carbon, cordierite, steatite, bentonite, clays,
metals, glasses, quartz, pumice, zeolites, non-zeolitic molecular sieves combinations thereof and

the like. A preferred inner layer is silica and KA160, in particular.
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that have catal ytic conponents and the areas that do

not. Also, the outer |ayer can be constructed
woansissent |y with a desired thickness. Toget hecTmisen0s/042651

boundary and the uniformthickness of the outer |ayer

result in a shell catalyst that is a shell of

catal ytic conponents that is of a uniformand known

t hi ckness. [0046] Several techniques are known for

ng | ayered support naterjals includes thos
10047) GodBreeuuients Bhih ARG RSS! ByagRe o o et dgems such as

regularlfﬂ?ag ﬁ%cﬁﬁlﬁzzs 01%2 n@y ﬁ@ﬁe&}ﬁhﬁlaﬁhﬂgﬁg{ He Fgcflgqo?ﬁ(%s stars, wagon

wheels, hoi§tohBy&f othéreshapRicbadids. Aldphtme paﬂtﬂayla&anﬁrﬂ@teeds fogferred. The
quids, e.g., netals including but not linmted

[
inner law,uﬁhqﬁhﬁhsmrtcah@rumtd?@e an prechive diametsrnhsbed (2 @th@rabout 10.0
mm andlpr?fliaégr 1?()01’{1%501#%604 G albg‘é(tegO rCl ude, but are not

ica aumna SiTica-alumna, titania,

[0048] ti tTABGuBihdk Byer oZaryGAilt RyerZtfue QRO sink ndddlels pBicb) leas a surface
silicates, al urg no-silicate titanates, spinel

area in thcp tangonf dwubb de/g i 4bpet0300nn g.i Tee meterisbel the euter layeris 2 metal,

teatite, ben ta
ceramic oA oA RGES FSh R EEPR i oS R, sitca,
sﬂlca—ah‘ﬁﬂffﬁ' fidhiaOfifcohhe hﬁﬂbﬁa aiidatbNalumikSsilidrtd! 8fagite€ dpindl eilicon carbide,
layef is silica and KAl 60, in partlcufar [004 ] These
silicon mitaitder dasthoz, mdmtmtcetm@pbemmmndéys tr@y?éﬂr glrases bguarty, pumice,
vari et

zeotitesyipciealicimale S FF rycr g ERANGE HaRel B apipgbly include alumina

silica, siR8/hiBESna, Jbcifiss, nBﬁJ%Qcﬁlte fHofcBlar WRGRNNMMES), Sianl0 BRYSGRARS
or other shaped bodies. A spheri cal parti cul ate i nner

mixtured thyeeof.i Spepifef exargples ifitledd zirvenia) silier andpiemineror spibinatigns thereof.
or not, has an effective diameter of about 0.02 mMmto
about 10.0 nm and preferably fromabout 0.04 mmto
ab 1 Qb BSthndiANShe Stir8Mher layer, this is not
[0049] %1 egthg?ﬁg% rak é&]éalli-}&%one which is or%uslr halser aayer Is 1s o
necessan;lyl‘t]ﬁcﬁ@ee aeasdlectiveeoatanggm thé immleolayerbyni¢ guteolagbrausy BOOmployed.
n2/g. The material of the outer layer is a netal,
ceranj c, or a conbination thereof, and in one
[0050] en’?ﬁgb{i‘{%{faﬁ éyc‘?égéa%ﬁto%qoftﬁé)tm&h Q%/erﬁialélﬁ ble manner. In one
silica- tania, zirconia | cat es,

embodiradni)d £1081 bi thetotser ldiet anatiebis caipldyet., Csidting 06 thedandsi ldyhr with the
silicon nitride, carbon, cordierite, steatite,

slurry mpg he @wwr@hsleqddrgysmet#e@%qug ayfohkng ¢ iPrifisa FRIBYINGUM sk oating, other
slurry coa? n%kec ugso(r:]?lﬁer 2} cl)éﬂscth éfeo(} i léxlyee e% d t(—fchmq#e involves

I'na onS e pre era

using a ﬁxddl &éﬂulcﬁkéd W6/ ol iidr Ndyer BeRBEled QR spﬂ@i}ngzme |sluh@/ into the bed to coat
nol ecul ar _sieves (NZM5), titania, zirconia and

the partighes pyands Thf:ealw magjheepplicd rencatadiein sadl agpants, Ftbriptgrvening
drying, to pr0V1ge an outer layerr%ﬁ‘at hlgﬁlnbunﬂ%}rh %‘ﬁuél&gé’ ?Of

[0051] The slurry utilized to coat the inner layer may also include any of a number of additives

—

such as a surfactant, an organic or inorganic bonding agent that aids in the adhesion of the outer
layer to an underlying layer, or combinations thereof. Examples of this organic bonding agent

include but are not limited to PVA, hydroxypropylcellulose, methyl cellulose, and

11



[0049] Wile the outer layer typically surrounds

substantially the entire inner layer, this is not
waeowsdssmnil y the case and a sel ective coati ng 8aTAIS2005/042651

i nner layer by the outer |ayer nmay be enpl oyed. [0050]

The outer |ayer may be coated on to the underlying

| ayer in a suitable manner. In one enbodi nent, a

slurry of the outer layer material is enployed.

Coating of the inner |ayer. with the sl
carboxyFEQOIRSTF e Jlﬁmpémh#dé ¢ Hoiding gord Hichds BBHEAJS the stury may
t I
vary, su?l? ﬁ%?%%ggwﬁs Iotg; éi%)?lgcnl SSQ%/ eroefft) éJ%Jrrﬂﬂ? Qﬁ)tn cﬁ%ute&l]ayer and the
bondingpagehe rixachplaciimmargmic boalivesgents arg saiedte&feoin@n alumina bonding agent

(c-2 Bobilels il DPREDE BN (i LosoBosbiaropan PPeling “ga g zirconia
acetate mhct%%l% dle{{ 3i¥eolBY of S%ﬂﬁ%ﬁo%q h&GBSAEEAp1ds R SHRA bf)ﬁ'&mg Bfehts include
ervenrng drying, to provide an outer |aye

silica soll Bid silisa $610WhiYe exainfpldsBfiafuntinh bkndisg agdn@abdlhdd hiemshaisal yentonite,
utilized to coat the inner |ayer nmay al so include any
Bohmitefang ahlmmlem niffateddhe speut of Bipreaiebyineagennay gRge from about 2

wt % to gbﬁ%rﬁp n@?r&gnrhniatgﬁg?ltﬁ Lﬁ&el”§er gﬂhe%o%ﬁmlgrh)ggllﬂe The thickness

&t to-arr un
of the o6t ;yé}é}héﬂ&ﬁ gd 6MEMbut fﬁﬁ@ﬂ‘@ﬂlﬁ% aBbutt 3V0Snierdd8 Ahe prﬁﬁdlblBl getween
agent include but are not limted to PVA
about Z%ymromxd(ﬂbyqu wicowe, nethyl cell ul ose,

s S35 BT Lo T, STRATS S L08R oot
dried, SL?C‘HCCQ b?%eﬁtﬁ%rﬁt%k?&ﬁ%ergﬁ%e SpabBuetIt td abdMt 320 (& N1or a time of about

nmbi hati on of ou | ayer and the bondi ng agent.
1to aboEkzmbches) apfl thenomgpoptonbldyntie ngcingé at stemperasiut of aleait BPGA to about

T T IO S M
underlyﬁﬁ%ﬁ_:%’e S@erg ledst 5 Qﬁioﬁ o@ﬁ?%@?ﬁ:eoﬁd?}%%@ fabered E&t@l%tas)upﬁc!rt The

nations th reo les o l'ica bond
drying aag (enlk:mmgm‘dapscban beelcombinsd Imta m»de stiepi The gasill,tanmﬂ}demd support material
mpl es. of um na bondi.n ent iﬁl ncl ude

may be GRacIeSLNH B RHARTC BBRAREBLS AT 4y AL THORPY. Pt fitil o production of
g
catalyst%1 %ﬁ%ﬂ%d lBe‘gQ\Rf Al iefn A)Qfé{&tltﬁlgﬁg% il oar{ @g%ﬁgl; 13?82@5’1@&1 to catalytic
componem‘k éefokaiy & coated driufethb andérbydn@atpgat . The t hi cknes s of
uter layer may range from about 5 m crans

[0053] 2 dunostis cmieAtHR Ahe pETest S&l@?%ﬁeﬁt@ﬁ@@ﬂ%&mfﬁr%ﬁdded to
surrounmh [ORS ARG 1?2%% fc?ﬁ; n%a%{ e% 1:4«599 SPhe rgf?]t%ﬁalt 3¢ He%@@(fnd outer layer

er 1's coa ayer, e resu
may be thay;ame dr 8iffepait thani thd ﬁﬁewiét E(;*er SSI@thblasndﬁgtldm‘;‘ﬁbhndg t}m‘se discussed
nperature of about 100C to about 320C (e.

with resp@q’féo e fagowter jayes Bisomethod foroappsying g S?q%lﬁ Ohkasv?ayer may be the
same or%@ftfgsrgt%ary the me?l?l dcds 0§ go Qppl}athemﬁfe%%rr fnd gulﬁgfé%etﬁg(@s(}nclude

those discussed with respect to the first outer layer. Organic or inorganic bonding agents as

described may suitably used in the formation of the second outer layer.
[0054] The initial outer layer may or may not contain catalytic components. Similarly, the

second outer layer may or may not contain catalytic components. If both outer layers contain
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9000C (e.g. for a time of about 0.5 to about 10 hours)
to enhance bonding the outer layer to it underlying
woOaywrocemwer a | east a portion of its surface ardT/US2005/042651

provi de a | ayered catal yst support. The drying and

cal cining steps can be conbined into one step. The

resul tant | ayered support material may be contacted

with catalytic conponents just as any other support
material in the production of catalysts as descri bed

catalytiqeanengnen, theppaglerhly ditieropiatalyicApBIPORREY Bictushdiesarafayer,
RY
althougllx ﬁn{fgglto f%c%g%a%@r tglélg%sre] §I/1]|1 ﬁ@&ﬁg&%ﬁ %{1138@%691 ﬁh% %1(1)1{1 outer layer does
not cont@ifOehitdRid cathpdnest. IGHnedcedg satplytic tomporRacoitte outee tayers may be
| ayer i s added to surround the initial outer |ayer to
accomphsheﬁwbatlmlpé%@ﬂthrmréerawy@tng, asrfgscrkaddiclaly. for the
[0055] ir?gﬁnpgéll%geb{s v?ﬁ/qr t)pg ru){ltlgluciL{tcgg? o %1%’[%?15 delrtglfyﬁ(r:n ggﬁlBS&%{] one method
of achlekfﬂl‘éstl‘ﬁs G RClonEREMBAAtAIyiE SHBFdndnOtol the miatdiial o OME eiitihiayedr layer
he nmet hod for applying the second outer |ayer may be
before thehma@aabls @ppl@hd‘tﬁ érasinnentigen. Theserendoefetiore may bppipjied to the

r .and tabl e met hods i ncl ude those
E

il otyPC il o LA UED G SERETRY or outer | ayer.

[0056] O @RALGuRADIE RRASIBIMGnAPHChRE (AHDEVE adfired eSO p(SFﬁﬁﬁatenal in
suitably used in the fformati on of the second ou

which ohayemord mﬁdputﬁhbyerm ponitaih cotatysic Cbalpemenmayhldqtednﬁ;ﬁ 1ﬁb®t ed support

matenalgggétr Erﬁgc fo th%e&llgyregso oxﬂ%fn fngfblﬂ{? Ig?rqﬁl Vgtc%/{p%)rejayers some or all of

whlchn&g%ﬁﬁﬁ{‘éﬁal en&gsre Igg_t er layers containcatalytic

component, rably different catalytic
[0057] coilpaditits ths eumisednd typeaf hathla’gie compdrichulyst viahy lsetWe;en the layers

not necessarily the case. S[()@e preferred, fegstlbOdl
of the lae/ﬁéd FWHOFHPaf@Uﬁ]ePthFTa%}’éFaCEF@é%C & PYALES Ratdicle iz, g4 3&6 area, pore
0 the outer
vl R B Y B A hert . cpr o

[0058] coddified 8sppdeidaielgid bel ow. [0055] hi enbodi ments
where the initial outer |ayer contains catalytic
[0059] cohpmmr erhod it {beisuPoraRAteal My bRiagnedfied sermqitapaterial. A

modlﬁea lstQ t¥{1alcaggen§ﬁgtt ﬁ@l{ldés a llhh(% glat ﬁ{e' rﬁ{)dlﬁf T { g;??l%&bfy’ a%etal

ore erraterla

selectedlﬁm@alkhay@dtals le‘l&hﬁ@@ﬁﬂﬂm@tlﬂsefraﬂsﬂmrmé\fahé afl lapphhiges. More
the initial outer | ayer neat or containing catalytic,

preferabdyoiirp ornstifier if olewdd mprharoupul togbelemerts hRif Hieee elmy«‘nﬁebanum

oo S By B Y TS b,
zirconiufR At Nenufh, PRBEIIRIHNIS,; vana@Red mdfiRlchai efiRduBidRRA fe more preferred
material i s not I|n1ted to three Iayers but may

Niobiuni, digdnigie, fegmresiving,wed exrconsyre réragsenithe gmf@-rqg}mgthﬁemg with zirconium

being slightly less preferred. Combinations of these elements are also suitable with binary

combinations the preferred type of combination. For example, suitable binary combinations
include Ti-Zr, Mg-Nb, Nb-Zr, Mg-Ti, Nb-Ti, Mg-Zr or the like. Ratios of metals in the binary

combinations range from about 4:1 to about 1:4.
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whi ch may contain catal ytic conponents. [0057] In

addi tion, the nunber and type of catal ytic conponents
woOheie/06gm6y bet ween the | ayers of the |ayered sBOP@ISE005/042651

material, other characteristics (e.g. porosity,

particle size, surface area, pore volune, or the |ike)

of the support material may vary between the | ayers.

[ 0058] Modified Support Materials [0059] hi another

enbodi nent, the support

o R R U S A
support ﬁila%}ﬁa o eg?ﬁeéé}'é@é}lhﬁ (Ex'h] ent/ B §uﬂﬂ%ﬁ'rﬁét%al'1§1rﬂ;51€£r%éﬂmi¥h 8ne or

Fom a met'al s, al kaline eart
more aqigsslutibn afithe modiifiere (@isredands inaduﬁaapredexsor Mhrtwns) The physical

referably the nodifier is selecte m p,1to
st ot B e oo NS bt GheEss S e ot 8.
colloidaltc%tsg orl Oqtt?‘fﬂ um cal cium niobium tantalum

rum yttrrum strontium zirconium | anthanum

[0061] Pr BS@RceHbddment atha tiddifiersvbivthidedinthe @fHdufsUbScdutum aa¢ water soluble

nore preferred. Niobium titani urr&l nesi um _.and
salts magg oftba mﬁlﬁ@pﬁ@é@txg bhbncﬁﬂlém@ldrt@d? }ﬁwﬁ'eﬁ.%ﬁa@ haljglqspynitrates, nitrites,

hydrOXMgeTs c?)ﬁ(gés: m)é gthsg% iat%s? g(get tgsb &213?) Iﬁ{rxgﬁi\rxnﬂﬁhang%%hé}a&v {tRRloride free

salts beik@ PRl Qip 14dhRe) bRileel @ad hiyes Bbing aiddt prifiradd. EF{@]lhples of
exanpl e, suitable binary conbinations include Ti-

modlﬁen\agltmbmtahba for useny nTadifiggpragursavigolptionsy ingyde Ba@‘éoz)RMg(B@Qz 6H,0,

ceos e, R 67 a0y el b bers IR GES TORCH-

)COZNHE%@H?J Nt 0 37 iNG 8, 4 | ytic conponents are

fo the support matérial. In one preferred
[0062] e nﬁmﬂﬂnemrmre, nzrs tppont sathmey bausdddn argireagnedifigr piequisarelution.

or u lutio f the d|f| r ef
Precurseg ot BaiPaft wetpe s By Grrehap bl G el e Elg et with or
without ggluﬁlhgy ﬁ'ﬂ:i@ﬂﬁfs su@f?ﬁseﬁdlﬂ’é bEES bPEthEN® 1R aTthk# 'ﬂ)nsatqﬁﬁoﬁh@s\blvents
ry solid, a slurrfy, a sol-gel, a colloidal

mayalscslntsmmrableon or the like. [0061] In one errbodl ment, the
nmodi fiers_contained.in the recursor tjon ar

[0063] o b6 MQGF RS PEECREPT S0LGeNS TBRY BB PrRIRe &“ {0 S gerial in 2
single mﬁﬂg &on! élfﬂoh?fj%ui)gort%’al %dlggégbeq}@% Iaéld'lﬁi\ﬁﬁple times with modifiers

tes nit rOXI oxal at es,
having lbﬁ@tcﬁﬁﬁ%e@ﬁﬁ aiMg) ()109101)t¢d aﬂuhnhtwrmvmde gniNhes Ba)M If multiple
chloride free salts, bein ref rred, with.l actates
modifiers g Wtlized sihe ApTERRAtOR B §%neﬁv%@ee& CedmPESEARHnA gr sequential

and suppé)?te%g%glfgir I%S%E%{ | onéﬁé\:t daﬁﬂtogxgﬁ%lg (@f gf,?e %I?A'\gg)% Lprecusor solutions.

Suitably, the amount of modifier impregnated on to the support material is between about 0.01
wi% and about 5.0 wt% of the support material, and preferably between about 0.1 wt% and about
4.0 wt%.

[0064] For the impregnating step, the volume of precursor solution may be selected so that it
corresponds to up to about 110% of the pore volume of the support material. Volumes between

about 95% and about 100% of the pore volume of the support material are preferred
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Ce(N®B) 3- 6H20, KNOB, Ca(NGB) 2-4H20,

(NH4)i.35Nb(C2M4) 2. 73, Ta(C2M)2.5, Ti (CHCH O )CO2
wolky@(oakp2, Y(NO3) 3-6H20, Zr Q(NO 3) 2- xH2O. [ 008eT/US2005/042651

Furthernore, nore than one salt may be used in a given

nodi fier precursor solution. Precursor solutions

typically may be nade by dissolving the selected salt

or salts in water, with or w thout sol ubi Iity

S, suc s _acids

100651 &y RipieFibh dtey e Bariraon-gigy ot gl BE e SRpNE piteral and he

support 3631 is HNEwE® %Jokt?fheqi’r&ﬁﬁo? Slutd&H. UTHlQPr?& 'Hé)ﬁoﬂ@drop wise until
i npregnated onto the support naterial in a singl

1n01plen11 weinegnettheruppart trlalnrgih isswppanttallyatikeyal. SAhﬂyajs’ely, the support
ltiple tinmes w nodi fiers havi

npr.egnat e t
material g e Wg’w@ igaotg or Ry zy.lse|lmﬁ1h1@f‘elafe§1&ﬂs%ﬁo|lwi} Aeaigfiamersion or
other assflﬁg%iaﬁ‘gls’rg%% gtﬁ?o © dﬁé‘%/ :iechselgl;:m 7ol eodggfa?t BeiRedt tht 5&Rfdrt material
and the freeursqrsegiiahi dojtheay a sgay éM1ceaha3ah¢du®dmpdt thattt @rﬂcafsor solution is
may be i npr egnat ed through the use of aqne or_nulti

sprayed Bv@eahr%mzzgeanm fherrppastmeisey Wherat abrotic: of fffaa Siebas typically

not used tglgaﬁecﬁg ﬁ'%?f%w?gflttc? t e@%gﬁ#[)@g%halngﬁﬁdfﬂgtﬂﬁ%ﬂs zsuxkﬁﬁ :'I)ﬂré\fe%ghnly the case.

material, and preferably bet ween about 0.1 vvt%and
about 4.0 wt % 0064é For the inpregnating step
[0066] v oThermodifiep may besbsriswrd el momyb@hg éum’@aat%alt ﬁlﬁ&ﬂhﬂf@d asa

sl SR EEREONRe eI 4 AR A 5H RIS R v

exampledROULfi IRy BE cdiLctePiotn dH blﬂ‘tfﬁlaﬁgnal o eidM i gFdraleposition
are preferred[ 0065 |callg@hthe nodi fi er precursor

process, sethasi @acm@da@la@a&?w 1"18';97911‘15 is inperppiagad tyrrafergnse. Also, spray

L t d
coating %foﬁﬁ%)f‘&’bsr? yﬁe‘#ga OfH ycpg%vgmalfeg%a é&F ss é)poﬁ%rl erlla?fca% &n ou{er layer, on
toannu%@hg@gﬁapgegﬂ@b§upport material is substantially
achieved. Alternatively, the support material may be
[0067] pl A(ftedtmynqhﬁqlmc@rmr sblatiom hasi twen contactedito the eunpogionaterial,
A roto-inmersion.or other assist

decanting el a0 PRSI ORY R NG BV ABY g, KON BRyabsorbed by the

support&%ﬁ%ﬁ&&*&@%@@ﬂ&nﬁ%ﬁm al and the precursor
sol ution urther, a spray device may be used such

[0068] t hAfftet idegst emmnedifies bhubcen nomtscteqatoetjne dupportougbrial, a calcining step
nozzle o t he support material, re it .absorbed, A
may also eREIORE b TS LGP A1 PRy GRRAIOR G FRb T CvBeRtens e
I .
contacte i U8 AR FSH RAG0L 1EFRLEN B ALRRAEGH Tpue] It the support
material G Shbh—bedlﬁdlgaﬂtﬂloiﬂhkm,@hmﬂiditﬂng os inepyr Dunag eailclalat,ion the modifiers
di stributed as

on the support material are at least partially decomposed from their salts to a mixture of their
oxide and free metal form.

[0069] For example, the calcining step is carried out at a temperature in the range of about
100°C to about 900°C, preferably between about 300°C and about 700°C. Non-reducing gases

used for the calcination may included one or more inert or oxidizing gases such as helium,

nitrogen, argon, neon, nitrogen oxides, oxygen, air, carbon dioxide, combinations thereof or the
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shel |, and as an egg white or as an egg-yol k. O her
contacting techni ques nay be used. For exanple,
waonadiciocgrs may be contacted to a support mater Pa/us2005/042651
t hrough a chem cal vapor deposition process, such as
descri bed in US2001/ 0048970, which is incorporated by
reference. Al so, spray coating or otherw se |ayering a
uniformy pre-inpregnated support material, as an

. outer .layer, on ta an inner l.ayer .may be suitahle. .

ike. T2 gmpoRiah (i Aol Br Py PUdP 28 BRORP BHE RS isgially pure

nitroger 8RY&A! HFof QrtlBatfoR R Eo M ihAon tHSGaMy A8y bil§RbfeRibly are
reduced pressure nmay be used to renove any excess

betweer atgput 8 amb$§ hailnsoThedegyrge bhéecomppsition nfithe micalifiersattodeprepds on the
the suppqgrt material. [0068] After at .l east .on

tempergig g oo P enE b BEE iR HEP B8RS BPPOFdNAGTY OF SalGifFGpacgan bp followed

ATl - al enpl oyed. The cal ci ni ng
bynmn@?% ?%%?%g%ﬁﬁqggﬁﬁgﬁéggkﬁhe catal ytic conponents are
[0070] coMethddydfiMaking Gavdidts ed support material. The

cal.cining step_ includes heating the support materi.al )
[0071] { 1 In geisrd themethad inplwies spepdmemedifigd sufpettapaterial with catalytic

compon S5 L . S BB 83500 A0t v

1
e eas
include fIﬁ@x@Fﬁdﬂﬁg thes@dtd1$tid Sordpdtieifs Wit6 tied suppett imabotlatl @ aRiding EFieecatalytic
metal form [0069] For exanple, the calcining step is
compongalrqonséniegisuppertanateng eicduaingthesatahdicrogngenas aybaptivating the
100C t o _about 900 referapl.y, b n Q .
reduceda %1 | 10.}:81.61&0n%%91.} g{f lf@lpp{)gf? %%%Ié%l' ulgéecihﬁg%arl ?}%ﬁ% éucﬁ agcr;lxﬁpgdthe catalytic
compon€ats ©n A JupPoriBiatdriig bl @dsHMEhO TixBB tSralyfle EmPénents may also be
) oxi di zi ng gases such as helium nitrogen, argon, neon,
includedhint the gwthodxif aeaking ey gatalysiirpre-gafplysn %ﬁr@@f@j}@, steps listed above are

oonsCGBR 7 s LBl PRS L BiRRE SERR g some v

be EpRHbA M 4. ahdI¥pIR Y H QR Tix DPEYERY thRiokde@ bf the steps may be
e e%%nbing#%ons %hergg%b Calciﬁ%t%§% ti mes may varypbuty

differenpfrefghatBisied abevd et sudlenrediing stép arededss ruradeiniMp stegp gF e e certain
f dec osi ti.on, of the ifier salts depends.on the
extent, (g PR PP L R OB 1 TS OB Galion of the

catalystSupport material is calcined and can be followed by
nmoni toring vol atil e deconposition products. [0070]
[0072] MetCoodtstiqf Stehki ng Catal ysts [0071] In general the

met hod i ncj udes cqntacting nodi fied support nateria
[0073] i (GeQAT I AEPTEBRHBSRIEE 118 OE UEHHY 1 w@wéépaqg,%tw@ catalyst or

pre-cataf}@?ﬁ%latd,s an & ége\fvﬁfté @egal%attolf] Bpesca%lygt he foPhEe, SR tar tﬂi’o%%ﬁ&ﬁr&atalyst or

pre-catalyst is formed or a shell catalyst or pre-catalyst is formed, or a combination thereof. In one

embodiment, techniques that form shell catalysts are preferred.

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

pressures may be employed.
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i nclude i npregnating the catal ytic conponents into the
support material, calcining the catal ytic conponent
woanmicaicsriemg support material, reduci ng the cat aCymiseo05/042651
conmponents and activating the reduced catalytic
conmponents on the support material. Additional steps
such as fixing the catal ytic conponents on the support
mat eri al and washing the fixed catalytic conmponents
may_ al so be ipcluded in the t hod of naki t he .
[0075] ¢ at Tgmygtpreér«rr ndacting §isp. @ wafte gﬁ“ﬁpﬁét rg%te%%r,\ i frgleréanated with one
ILPRA
o7 o R R o SRR er T [ Rl e freCluser
solu‘uomﬁ}y Tbeplﬁ}epﬁattatﬂa of ehegsupm.t’t triapdrial dugiigette adritantingrstdp may be a dry
and the order of the steps nay be different
solid, afs}% @ Kok 29l; ¢aligidah sspensiongor ﬂfl%ﬁ k¢-educi ng step

[0076] (F:){)n]?l ?%mﬁ)gﬁltrﬁe%lt Cth?%ﬁ:%g?ct ceo%pon-gfv?\ﬁ %Pﬁr]ﬁ{nte&‘ rpthtgééécrlﬁésr% tsglﬁtion are

water soRBRedltd dadd bfi‘thE QLtABAit e6npdnchBeimealdalgiat nol B@RE] to, chlorides, other
Contacting Step [0073] One particul ar approach to

halides cjtrptas miltiges; By ﬁ’éld% p@daﬁapxalétewﬁcmt@aﬁoéglg ap@pmines, with halide

free salgsal:tegg)}?tfegr%:d gxrug lil ciq %%et saitg b?lgg ﬁogé preﬁer%‘elgg l%é‘(hﬁplg hoct)" pf'illadmm

salts sut@lakorsise of ﬁ)ﬂ@élﬁ‘s&%mtﬁéﬁg incRdt @aed NefpPd&ls PGUUHQ@(NIDZ}};I
or pre-cat is forned, or a conbi nat i on t her eof

Pd(NH:i)r(%HB P@ﬁﬂﬁHdhﬁé(ﬁi)z, Ptdéi&@ﬁn,dﬁi@élm]n@A@mrth(IéiHe)v(OAC)z, Pd(OAc), in

KOk af o YR QPG R SRR CPr A ARy B e cloride-

contam[f%t;ﬁ[lhcﬁ{lﬁ 88£5drHath, PEOLY & m¥étphefBir&P| GMhe thiogab lﬁféb dAlladium
magnesi um nodi fi ers on support materials containing

precurset satsthafdisivigg fdve aredbe mpsivweferted THé(P&bMH&a)zn@d@f@pz

pacura Rl B GRS e B S8 T RS A b s

includetAMME HRA MG SN QAu@lﬁ,%ﬁH@? N0, PEMVERLOY &k U?’Q:ngﬂn KOH and/or
one preferred contacting step,” a nodified sup

NMe,Ofrbasewélbas HAuNO1)e gratreschend, ththdduOs being theagest (pmferred of the
hlorid gl ut i gns of the catalytic conmponents (referred to as
chlorid¢ e gald PEECHIS@Fur sor sol uti ons). The physical state of

[0077] ;h E@ME@%{% rﬁgﬁe%}iér%nedsuﬁ 'nfhg/ velie F&Hﬂi @G?fﬂ[ é%&psom%nb &or

urry,
exampls,ugpdadinonsatirmayhiee donkened| vy ﬁgolldl saly roetvaﬂdhdiférm phlladilne salts may
catal yti c conponents contained_in the precursor
be comigpd ioRsHenINe Yl ePreSHIUIOBIIOR! PEcCyERE SR YRiSH Y ey ge made by

dlSSOlVlglg %ﬁé@ﬁ@{eﬁ ssalt BF LHAA g/atéy,twﬂ?& Wit %&uﬁﬂ’ity R O6Rh as acids,

bases or other solvents. Other non-aqueous solvents may also be suitable.

[0078] The precursor solutions may be impregnated onto the support material simultaneously
(e.g. co-impregnation) or sequentially and may be impregnated through the use of one or multiple
precursor solutions. In addition, a catalytic component may be impregnated on to support material
in multiple steps, such that a portion of the catalytic component is contacted each time. For
example, one suitable protocol may include impregnating with Pd, followed by impregnating with

Au, followed by impregnating again with Au. In another protocol, Pd and Au are preferably co-
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hal i des, nitrates, nitrites, hydroxides, oxides,
oxal ates, acetates (OAc), and am nes, with halide free
weoeabdsedmwi ng preferred and chloride free sal t sSPO®IUSE05/042651

nore preferred. Exanples of palladiumsalts suitable

for use in precursor solutions include PdC 2,

Na2PdC 4, Pd(NH3) 2(NO2) 2, Pd(NH 3)4(OH) 2,

Pd( NH3) 4( NGB) 2, Pd(NGB) 2, Pd(NH3)4(0Ac) 2,

Pd( NI?)Z(OAC)Z Pd(QAc)2 in KOH and/ or NMe4CH and/ or
co-impiREEYLed- pg( NH3) 4( HOOB) 2 and pal | adi um oxal ate. Of the

chl-gr.i [
10079 mslﬁfepﬁg%?ﬁﬁéh%%% BT AR HTBLSRH 28 An) TR TR S precursor
solutiorprienetresnicals althaughtthee fraly lbewbing atlvantagas & del@inaders, as discussed

preferred: Pd(NH3)4(NG3)2, Pd( 2 PA(NH 3) 2( NO2

below, w&b KRSPayi4p mczlcwaﬁtspe@%?ra‘d& alladaurg &ﬁ&aa*)apfsoma%mm is

Y RN S

Also, thaRapsvrt WikRAHnas bevthpreggatddAu (NGB mésnwith tHel sam@@iatd]ytic component.
with KAuQ®2 being the nost preferred of the chloride
For examplee a@@mprmfébm‘s%ﬂ&golp cormeti the eptatyplenaybe Erst Remacted,

followe&@y cgr?tg%r?%gf aasecgrﬁqepgo&'{lon 8¢ t% égfc]l Rﬁl}%%&%%{ihé% C?Bg h}%ﬂ intervene

-

um sa e conb

betweerdk @tepalid whichtdond @icbhtesiedto Ppa |shﬂ%h‘tliﬁﬁt5ﬁélt §.gh@ycibig, reducing,
conbi ned together in a single precursor solution.

and/orfpﬁ@g;ursor solutions typically may be nade by

00s0] 5 ke afishfesk Sforlf prES Biisiftpt sl G b utiRhepiit o o

1mpregr&ﬁoﬁ?bf‘§ %ecﬁféhﬂﬁ%@regﬁﬂﬁﬁﬁs RANzR UBRY SonPhBIkSr JHRMioAk $@th similar
be suitab The precursor sol utlons may be

ac1d-basermoﬁkgrsabeld b@nlscd tolgethwpmlmmcmim stepp; rtbistelimanaied any acid-base
i pregnation) or sequentially and may be
reactloqgﬁly? B]rurt%f’ ﬁ?e&ﬂﬁﬂr ﬁ%‘ét‘qlﬁe of one or multiple
10081] pr %P Eﬁhﬁ%ﬂéﬁhg% thdv ALk b BRcuRolCRi Rl oAtk Selected so that it
onent “may yregnated on to support material in

correspmdls tto ‘pbmvesn ebew,t 8§ %calmdtdbaut 1d Opyoof the porefvoliree oﬁﬂha Isyppoa:t material.

Votume frbgnab aboiiete seand %@@9 1B B .mﬁwgﬁa? PR Pwrbﬁla‘feﬂal are
preferrefl O FLAKED ﬁ?)nbéﬁa g%‘g?&ﬂ%[ dnﬁ%%ﬂlfﬁqﬁiscu“s%dl R Y mod1ﬂ§(rj precursor

| mpregna not pr ot ocol
solutionamgly rﬁukanle afoeérgreadehipge ofport rpluagn &oe dx anfifle,7183s thine50% of the pore

order of inpregnating the nodified Sﬁﬁmort terlal
volume,Jegsriham s %att élpeyﬁqre V@W&ﬂr 455 thag) 19 G e RoTR Yolum

Cri
ESED e R e aT—
materiak 1b aliowtd alﬁﬁoﬁgt}ﬁtpe@urst sdleti@b| Phis tlag bp dbhadiiop Wise until incipient

Wetnessco%ttl?el s}{ltplpgrt %)aqgr?aﬁ] ?snstublstgnnally achieved. Alternatively, the support material may
be placed by aliquots or batch wise into the precursor solution. A roto-immersion or other
assistive apparatus may be used to achieve thorough contact between the support material and the
precursor solution. Further, a spray device may be used such that the precursor solution is sprayed
through a nozzle onto the support material, where it absorbed. Optionally, decanting, heat or

reduced pressure may be used to remove any excess liquid not absorbed by the support material or
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i npregnated onto the support material first, with gold
being i npregnated after palladium or last. Al so, the
weoeuppmes7emat eri al may be i npregnated nultipl e PCIAES2005/042651
with the sane catal ytic conponent. For exanple, a
portion of the overall gold contained in the catal yst
may be first contacted, followed by contacting of a
second portion of the gold. One nore other steps may
i ntervene between the steps in which gold is contacted
materialios to Hiy tha spRiort melewsliadier inaprgenalign.ci ni ng, reduci ng,
[0083] anq{tfl)err cfolnélc{] A?%Ee[:%ngggés 1 | r?fq]‘:sleéjtoba%%%fg E{ s?epqtvhlrléqs%ll achieving a

precursor Sso uence

shell catﬁl%m &@R@I!I}RE”CM}’T@) &fﬁ%tﬁl@hﬂs aaylbeRbe@BRUIt® 8 siyport matenal through
utilized only precursor solutions with simla

a chemiead wapcua@oghm pnogesgmgh @,s BescribesintlEFOOALI04BH7Q which is mcorporated
nating. st ep; I.m nat.

by refersig (s Dk PRy U R A h B AL P el BB pror
material FQJ arf H\fed Iﬂ?ére&[‘l%tdnrlﬁne?q%r cHBRIVYG! foBs SHellRaREHE Saf may also be

solution is selected so that it corresponds to between
described las atlayg5ed supgod bmterial. 104nothet teehrpque opgsingmestadiic priseursors of

ort materi Vi et bout

catly i FRRBFT D HRe B HED G 08 RUCGUPROY SecHidy el Agiysts, a
describeR'if 18§ ' Bfent Y. 51780,753 GWhl@H?s 1§5&Borﬁﬂeﬁ|b@geféﬂé}'w€0d| fying

di scussed below, the nodifier precursor solution may

nake up a Iomer per cent age of pore volune. For

than 50% of the p ~ | €ss than

[0084] 554 xaifysm%sfﬁ Aempdion s haiaue daay 2B | %3@56@ tﬁﬁ@fﬂ&&&&n of shell
catalysts 8 e bty SR Gy be bt o ROk B el Sughrtpateria o
a layered modlficavergpérb antebial, nhepy the solsatt of diapremsor‘ﬁblmlomyam)eates upon

done drop wi se until, incipj entté‘geti}ness of the sup

contact yeith diq hgatedssugpst matstinh thyp depeniiedge cxpbyEr RamPQRS mtra:ﬁéleﬂ on the
support ﬁllipe?% t };JE?%(?&&/% E&Xtupgs AT 0 4? a{n‘aul%sc% P}glﬁtlﬁgd Selecting

rsor sol ution. roto-inmme on or

the tempetd’n@ffe ofslsd Sippue napal atiditefy far afskdsdloti@cthr@igh the spray nozzle
t hor ough contact between the support material and the

* may be ysed cantolthe Brickeero! tha et Aror %W%WI&EK‘FH&’@%{?S pRove about
100°C, 4 PR ir 380 i BnPL OFHE 2fhoBRcH! AP BatRIANG ect} when

a nhozZzl'e on e sup

chlondeﬂb%%’r&ﬁﬂsor%lﬂﬁ@éd 1, heﬁﬁé‘rﬂlﬁh(teﬁﬁe sHetiaforadtidresilihe dupport material.
pressure nmay be used to renpbve any excess |iquid not

See for exagplHBES. B&atthu@@ﬁb@n 20GP8F9481 ormaterial or to dry

oty SRR IR Ll R SHT 0o %Py sy

an approphiaf ﬂ’i@tihBQ o8 FdrhlingdLn@AtkdiiCudport material.

[0086]  Fixing Step

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

causes at least a portion of the catalytic components to precipitate. This fixing step helps to form a
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shel | catal yst. For exanple, catalytic conponents may

be contacted to a support material through a chem cal
wOoapwrocseposi ti on process, such as described i RCT/US2005/042651

US2001/ 0048970, which is incorporated by reference.

Al so, spray coating or otherw se layering a uniformy

pre-inpregnated support nmaterial, as an outer |ayer,

on to an inner layer effectively forns shell catalyst

t hat al so be described as a |ayered support
a shell cafalygt P‘é\yls nptregigithie fo’t"néé’ﬂﬁj GEpLyStsor ganorret allic
pr r
o PGS I GBSO s it it

silicates dforgtes Caitoasted mdbiarbbadterih al}i@aou5 sﬂlﬁﬂoﬂﬁﬂe,lng/\jmeﬁreds The preferred
) |ncwd§orated by reference. [0084]. A physical shell
fixing agest isa¥a(h. Fedngimaube pespmalisheddy addingdthe &xngragepido the support

material @8? d UC 61%1%%@92 rr{ﬁé {_}re&ig&l % i%ns El% é%‘gﬁ}[oﬁggg ﬁ%gort material.

Typlcallyf&hé !ﬁ'xﬁig AEntds h@b}d@hﬁ@%qﬁeﬂlté t}%(ioﬁtwﬁﬁg stepredicdrthatlthe udmmaed
the solvent of the precursor solution evaporates upon

support wetsriakis aupwnd togoak dmthsd i ugpissat softasy fog pboyt f jg about 24 hours. The

specific gﬂ'%&%lp{erll G atrr%rui%t{o?l ;fg fﬂil@p??c%réoz rsg{ﬁ&r%ré %H% 1‘{6 fﬂpnné gg%nt. Like
the 1mpr@@%'h 4Rp aﬂﬁas@ﬁ@@: BN cd) SudhsR @ rotdahRedrbiog a ﬁ}lﬂﬁatus as described in U.S.

rrperature of the support material and the flowrate
Patent Nof 5,882,730 whitlois intnrpergredtiseeiny weferpcez ey pelyanigeousdybe used in
. control the thickness of the shell. For exanple, wth
the fiXing §itPer at ur es above about 1000C, a relatively thin

[0089] S h?#x!a Pk s@é'pqﬁ%/ bel e BUBRA B oM ItE RSS! teFttedlds¥ co-fix ora
en chl’oride free precursors are utilized to

separate Hfiad. (In ervoafing ent hems»lmifdlumes ofeet fixdng egr:rfc elusiop rapplied to the contacted
mat er & gee f exa le U.S, Pat Publlc q
support gtseioh s 4. hq BUHER I ORGH SR P RHGFS TV gL pRutggiyq 8 the support

material U\Qﬂ&éét R0t Rt R 2EQHRINAE @1?00%@1 thd G5 LCAYnB Gk hhipié Eﬂ?@ursor

e an appropriate et hod form ng a contacted
solutions ummthphﬂ; @xinglaftef ﬁmlaex]mlenmpmgnaﬁtoamlgmﬂﬁal}adutm peegutiser solution

U D T M
Patent N%u? @QE%SMEEI? ﬁli?&f Fafkd ‘élﬁtr%reﬁ%.um e formto a

er-insolu or a step may be referred to

[0090] as Assephratenfix, ot elpe oﬂlibm Isandpyoldé naxhsIﬂm*qplpl}S]h]gad ﬁl&ylgagphtyﬁohlglon
a fixing agent (e.q. dispersion in

during o aften qa@h)mrr@gnqﬁl@nmﬁ% eBiTaYEY S§l}‘él198r % Oﬁﬁ’f?’é‘?l? & ‘fﬁ‘\‘ﬂﬁﬂewmg protocols
would b% Qlég O 518 x| %ﬁﬁ{pr%ﬂﬁﬁé Fﬁﬁdﬂlfm ohl%vx%gtbgl f%(tnll o‘ﬂ%W@@ '39 hpregnating

reC|p it Xing step h
with gol8 fﬂ@lﬂdw&%yaﬁ)ﬁﬁg,, orld) o dimpreghatin@opuith ﬁzdla‘dmrﬁ tﬁcﬁlmv@d&iyl fixing followed

by 1mprecg?1tat?r|1gy with gold followed by fixing. Between a fix and subsequent impregnation, any
excess liquid may be removed and the support material dried, although this is not necessarily the
case. An example of separate fixing may be found in U.S. Patent No. 6,034,030, which is
incorporated by reference.

[0091] In another embodiment, the fixing step and the contacting step are conducted

simultaneously, one example of which is described in U.S. Patent No. 4,048,096, which is

20



[0088] Any suitable fixing agent may be used, with

hydr oxi des (e.g. alkali netal hydroxides), silicates,
wOQn@t0es764 car bonat es and bi carbonat es i n agueoBET/US2005/042651

sol utions being preferred. The preferred fixi ng agent

is NaOH. Fixing may be acconplished by adding the

fixing agent to the support material before, during or

after the precursor solutions are inpregnated on the

incorpoR{tE R tRF o FOh B E et PSP G SR R e tinE vt
palladuﬁl‘? RS IRG Ry SRR fRE %P ifbre %ﬁtﬁglvﬂﬂ?gola An® AR¥hglaBedtNen a variation

fixing agent solution for about "1 to about 24 hours
on this dihbodipent, fhiedixt mayeb@l epeidsd tpioa fdrtrecatadytin coatpooantofA tzttelytw
recur or sol uti nd. t he fi xi_ ng _agent

Li ke | he « .
comporf%ﬁbmézg e paHgllhstiegl when it sgoutaptsd t .seaporga’er?ﬂaﬁ&aﬂ%% re-fix”),

t
rollowel SSESHORIPRAT Y5 BEAHTSSE Rafath i Bog Rt G Mire by
impregiragiyig ardﬂmulchg&bzuﬁﬂeﬁmﬂg ageatifollowed éyffxxﬂgl\gltb téipal ﬂjﬂﬁ@ lent This
The fi mgg step acconplished in one or nult
techmq‘éft B3Y be peslde hela laelr%ﬂ@cfornakwa of ghedldyne eatelygtiag Opwreé Ro & al
one or nore volunes of a fixing agent solution
throughSchfa'tﬁfY |ted to the contacted support material after all

[0092] t herneﬁd)tﬁw@ittboﬂﬁﬁeuware sAhltHneOnstixiay endesiiactiap sap! 86 fixing
to the support material, whether the contact was
solutiongig é@ﬁ%ﬂ@?ﬁg@tq the suqshifiecheppere maferish emélrth@hhef\rqw@bout 25 and about

95% of H{e?ol'rlé ok Jln%? il fle(P NS ferégnrlm%)é\i?v@n %bﬁ)tfta a%&it?ro I/SOf the pore volume

i hpregnat | a pa i‘Umpre

is filled 991 thid ﬁx)rﬂg a16ti6n. gDhhrepiagRidf S0he pOleUioh@he Wabdfild&] with the catalytic
co-fi An exanpl e of cofrxrnghma be found in U S

PTGCUTSCPTaiOBmOHN@tGPSW 136 a1 g8 gNprEEHatian &1 er?@tﬁhﬁ@rm@msorsway be used. This
A se r ate fix her

simultafgyS A8 porathe s RERE R el S, B irebee IS hinfiing the

process OExahbRE oﬁﬁlﬁh% 's@]ﬂﬁ@ﬁﬁh@t:lh@@th%é CorBp i BE MK SPMesP hyurb@rares alkali
For exa he foll owi ng protocols would be

metal cagb@mt@t elkah wetahpicarhonaignert mmturpsibieredt. Ui ﬁkllne\mldltlblys may also be

natln with gold followed b
buffere(i ?Fgmaglral%gﬁ@&%%%@]ﬁ % ng \%I th palgl adi um f ol | owe)é
[0093] by Iﬁhffdtﬂ& cholpN&f AYtidulRRARAS1E RS vdb WHHARl FideTtdcPMGhrsors, the

fixing. Between a fix and subsequent i npr egnation,
modlﬁed ﬁyppe)xtcfestsnalquneetrqmd Wigh 2 Grimgegertrid atjust thepppetties of the support

i A A PR ST B e it s
solutlon?utgéma gtﬁ‘e%@ bt Meta1H R4 de’rng, &R0k Sndt @R I PR AL Gt dMwith a

erehc
precursor solution that has the opposite acidity/alkalinity as the dried support material. The

ensuing acid-base reaction forms a shell of catalytic components on the support material. For
example, nitric acid may be used to pre-treat a support material that in turn is impregnated with a
basic precursor solution such as PA(OH), or Au(OH)3. This formation technique may be
considered as using a fixing step followed by a contacting step.

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

of the Pd and or Au in order to neutralize potentially chemically reactive sites on the support

21



[0091] In another enbodi ment, the fixing step and the

contacting step are conducted sinultaneously, one
wexerspleg7eof which is described in U S, Patent ROT/US2005/042651

4,048, 096, which isincorporated by reference. For

exanpl e, a sinultaneous fix mght be: inpregnating

with palladiumfollowed by fixing foll owed by

i mpregnating wth gold and fixing agent In a

. ti t hi duct.
materie) fibicl o ool bpbnr F BPRRRO disner e B Fippg8 By ifienia) may
be pre-T8XedRitR B it@hbtrdliz¥ %e%@ﬁte‘st fo'll%w@@ By @&th@‘?i dn@ APBnpregnation and

support material (call ‘pre-fix"), followed an
by fixingowhth basaal , final fix. For exanpl e i mpr egnat i ng vv| th

pal l.adi um fol.l o by inpregnating with Id an
0093 PRSI LOLLOUES B LTBOANaLA Bl 1 0L 00 e ot
amountfdf)&hﬁgfn@QSHl ondid¥ Sugr é%ﬁwd%ethg@ﬁ( t Ha alt ThBGHBunt of fixing agent
insure the formati on of shel Q)e cata yst as opposeg

should bobetweal dbduh i Gutghbott 3d}31pa§fynab1y 4b0GOR] td sboanDDhemnes the amount

enbodi nent t1‘(af t he simul taneous fixing and contactin
necessagy @yeaqt athyths rafglytistlytactive palionspresgan e Walerosolyhde salt.

[0096] MO dfﬁe'b\%(ﬂ%rﬁg gfﬁ{u g{!ﬁén‘? Coitior %{]&ﬁ)hteﬁ %Enér?ﬁ mgﬁld%goaﬂtan‘?o%m sufficient

and a ore v

to coveP&efaeﬁlwble/ﬁedoﬁirthemfammpré@awmsu@b@u naB0i% Ohis ke HeGic€omplished
volune is filled by the fixing solution. The renai nder

by introgpcippgefopeannlel aipdine thehisgreaten then (e pareiodipaehihy cpetacted

sor solution. Step-w se or co-inpregnation of
Support?ﬁagg%%t al ytic precursor may be used. This sinultaneous

[0097] i XTiR@nbantideoif ﬁﬁpﬁ:@@ﬁ’lng‘éﬁd disirigdepieen fdrra shellltypd Whtalyst. But,
step, thus sinplifying the process. Exanples of fixing

the use 9611411466?@@ Presersed eolﬂhwétlsempmts IIngoanazcmof mehdl catalyst while

optionalJY S AHATE e iR, b FRIREDR oM Bhong L stipgsten

discussétEeléd Srﬁa}bl?e obifised efurtier R ErdEBéeraﬁ ibB fleb8f PP bf kMg catalytic
sol ution I'n anot’her embodi nent, particularly

ComporgutSttbailv@uﬂtLothge’esm keedéd orsugave ﬂee)vq@hmg gtepoBscaush@o washing
eat ed

step is (g8t WGBS ey bt 0B P i g sfine "
Subsequiit SipFin-the ﬁletﬂauﬁnﬁm%ﬁb eRAlyst adwﬁotsretpﬂlertﬁe 6@51% &dmpchents be
first inpregnated wt elther an acid

fixed arglighug the memaiygrireditheystépr eeybefcarmetdadug wmbu@ddmoylahgepatrhtery steps.

o ik - S S e o
that is FeB@rdlefr SHPRRE tthﬁ?ﬁe@ﬁdu"i’é the ﬁ1b%9 §P’ét§}% REIL B %?@duce the catalyst

reaction forns a shell of” catal ytic conmponents on
and elinsinpijy the ne&detolcbdposdcmﬁchk)raimioata1mng wasteaci d may be used

[0098]}0 QrETtrgatmftﬁugport material that in turn is

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

in water, preferably deionized water. Washing may be done in a batch or a continuous mode.
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basi c precursor solution such as Pd(CH) 2 or Au(COH)3.

This formation techni que may be considered as using a
woizniervgsmst ep fol l owed by a contacting step. [ 000%juskwws/042651

anot her enbodi nent, the nodified support may be

pre-treated before inpregnation of the Pd and or Au in

order to neutralize potentially chemcally reactive

sites on the supportmaterial which may cause poor

ell formatjon. For ex I a basi c ort .(e.Qq. .
mode. iFhignEiooHb e S0 Bapewp eRC s e FYPRC sy Gipas o naice
ion conf8l SAEQ&hS Lt 160 ﬂ&ﬂ\ﬁﬁdkﬁﬂor}é\ﬁtp?éferggly@ﬁﬁl Y final effluent gives a

i mpregnation and by fixing with basé. [0095] The _
negative pule it 7 sitvieo nitofte festx iTig veagkimg step mdyebesainiad an after or simultaneously
. typically a.nol ar,.excess, of .t amount, of . catal yti.c
with the 5GBSR RgREIoSA DBHPIE fReaRLy, Faricdadt Bl Agfioussed above,
th L REhR ©P 1ROk et O
o use GERMRL (R Py SPLpTRRTE FRA e DSpRiE SR g hirk ot
anount necessary to react with the catalytically
active cations present in the water-soluble salt.
g Stenef (pgtalyiic Comapenenisyent sol ution suppl i ed
ge I I ffici .
roo10uJE S st N <o e B BRE ha e bR LALE SR Bferal, one
or moreMBdafinial sttps mafby bpRsedMthbedtetidiy notticc ediliynge cds0bnd in some
) exanpl e, a volume that is greater than the pore vol une
instancegfis pe{Preferediclevicawpps stepiwmiedlyap beforby yedpgimg step and after the

T T R e

embodiRERS theSAlciifg bieh M @rrddssut RRENthE Sedubitig k@p MBld @lcifngatep includes
shell catalyst while optionally elimnating the fixing

heating greepppart mhtcriabiehew-suing Amasplse frce eXidizing ouingrs Hwgs
S N L

decomp6SUATRAE Mckr daltatto MR tEreIIRIIMG:E8e BRI Readed] foemsur vi ve
the washi ng step. Because no washing step i s needed,

[00102]t h&orextaammpie.ithe cdapmgestepss navidd nut atladerhperelire in therange ef about

100°C th ARo 0PI et AR B AR et BT (R reducing gases

used forGREPAGBMGh B8y tickRidd 8Rlof RBR: th&® of S)Ffaiizﬁ%egaség subh8s BdIRE,

maybe carried out w thout additional preparatory
nitrogens tiggos, neOnenifogen ohidesuseygefi, aihlcarbbul didkideec@niipatissrthereof or the
s.a cat alé/ t. or pre-cata %/]st. productj o

ike. Tn PG Ppadifiegh ot A e RS GRS Hin Bh GG B Phg e atially pure
ivos RIS O oSS IR, L8, BBy it bty o
betweenvawtiel and 5 hours. The degree of decomposition of the catalytic component salts
depends on the temperature used and length of time the impregnated catalyst is calcined and can
be followed by monitoring volatile decomposition products. Optionally, on zirconia support

materials, only the Pd is calcined.

[00103] Reducing Step
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[0098] Washing Step [0099] Particularly, when halide

containing precursor solutions are utilized and in
wothwrocgqepl i cati ons as desired, after the fixi RQTRISEWS/042651

the fixed support material may be washed to renove any

hal i de resi due on the support or otherwi se treated to

elimnate the potential negative effect of a

contaninant on the support material. The washing step

uded rinsing the fixed support materia
[00104] énemswtyp goplits s Eheribdtere SR gt ma%sét%sﬁ@m #Y gemaining

catalytlct%g%_ln‘g)grﬁg{t% ?rgﬁiozﬂgalltrbg %Qﬁierﬁgﬂﬁ td'R g@calry%{?%fg/ ajgg}[?gta{eoﬁﬁh al§] by a reducing

oul continue unti uent

step. Typﬁhny el dnbadk edsosutofeans endxidds tb essddch@ngabo aiarﬂ;cﬂ@sﬂof which
and nore preferably until the final efflu
include gnm@glaacaﬁb@ampvw%élmog% hydegepspaps, Rietmgt féd%faétﬁs alppols,

hydraz1n\§’1a QS}:LE}IP?% 2 Eg n%gc))gﬁlcca%gsjr gag%c%&ﬁnlc % ?%Eltso 8arbox%hc aé:ld esters and

combma'ﬂ@h@tﬂere@ﬂt Hgﬂﬁ)@@{ @ﬂiyl/enbspr@?ﬂéh@ dlk@.ﬁﬁe bgfrofife afBalkaline
di scussed above, the use of halide free precursor

formaldehytle pnbeambpisaiinns sharens 3é¢ pli@femdu redicats agBiswaghethyleng and hydrogen

blended J§\pgperk g2 Betio biRbafis A Rskh Rt aErh Ry T

env1ronrﬁé?ﬁli§19&ﬁigreﬁoa tdagcifis bR rchrrféﬁtvﬁfﬁ Aliqui® BRviBInniEMt Ena also be used (e.g.
cal cining steps nay be enpl oyed, although this is not

employinge esisainglsylutine). disdemneraure sdented fas therredictios captange from

erred, Jhe_ cal ci nj ically is,before, t
ambient R, ErG O30y Biaeart P ol Py “Soetprn PO LR b0 houss,
WIthShgﬁrg?réféTé@ed) but may take place el sewhere in the

ess. I n another enbodinment, the calcining step is

[00105] c a8 incethequrbceaf heed to hﬂlucet}wcdata@fti;:toempofEMS mb'c'lilﬂuenges the

characteﬁ%}epg loié ﬂ%lcqu rhag %ﬁt?]gz%;%ﬂ%g Lhe %’@%J 2 faqnfgp K uapoxp ﬁ]@ﬁbi varied
dependu%(gi ?Iﬂeetg\éjslggfg g‘?t%@ahlgﬂ @el‘éé’ﬁx@! yotr'sGmE Qgﬂﬁas'e(‘;‘fttﬁeéérbréﬂéﬁles is desired.

rial ar  east partially
decorrposed fromtheir salts to a m xture of their
de and free nmetal. form étt E_?For exa

[00106] camlmqaamréﬁm relledivpy s goBiaeted fo dhesupRAst Be n@r@l’ .ﬁﬁeff gl reduced

vt 08B0 OR300 TO0C K GLD LN B og

related pafeatscall 6f waichare ieyrpbrddisedfaareor more inert or
oxi di zi ng gases such as helium nitrogen, argon, neq

[00107] ni Ex@g@ﬁr}w{pg@gls 1@%@& a rgluplng@gqpugﬁu @§( ;ragregnatmg w1th palladium

Qi n at | r
followe op’uaolnC |1¥1| ﬁl&l%g?efgﬁévggdé %)% EL?%JS E'\Vl@lﬁ)lf ?girms peﬂ%?tred%cmg, b) co-
impregn&uRsk AN bhidddivm RH BolaifbNOYe by ﬁpﬁ(@@my cdléiningf followed by reducing; or

conbi nations thereof. Calcination tinmes may vary but
¢) impregragihgrat yalkdam followed by optionally calcining followed by reducmg followed
by impregnating with gold.
[00108] Activating Step

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

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

beneficial results, including lengthening the operational life time of the catalyst. The activating
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bet ween about 1 and 5 hours. The degree of

deconposition of the catal ytic conponent salts depends
wonodslesteenper at ure used and | ength of tinme thecT/us2005/042651

i mpregnated catal yst is calcined and can be fol | owed

by nonitoring vol atil e deconposition products.

Optionally, on zirconia support materials, only the Pd

is cal cined. [00103] Reducing Step[00104] Another step

npl oyed_general ly herein to at Ieast partja
step may PORSPBIHS J0 PERFESAICH 1O £ORY SHiPRAl PERRSG e Ghehy grgduced support
C
materlals@bé]nt%te tggnfa 5@1}"18 gmﬁ astuélllrgyﬁ) z}n(:% %ﬁ’m@%ﬁ Eé/l? Sgag%rﬁoxylate and/or
alkali memp@ﬁnds;ade)t piséd tb sis@r Coxvetldsndl alkali Ih&ithl&ﬁfh@xﬁk;&l tsuch as the sodium,
exampl es of which include anmmoni a, carbon nono

potassiupy fifigarand ﬁyﬁyma@alﬁw?{ém dipaptiGrarboxyHe Agideare empé@f?&fgr this
purpose. }&dp%rg elrrré actlat %?n?nﬁ ﬁl%;i‘%&%ﬁ? P&y ‘{/Acis a5 hﬁzglrl gcegﬁtg’ with potassium

carboxylTc ARG IC acid e

acetate (R@Wd)haidgans mobgireRiredHydr ogen, et hyl ene, propyl ene,
al kal'i ne hydrazi ne and al kal i ne formal dehyde and

[00110] c oikbE meppionisaterivd rn@;aﬁOMmealbf@f igpregated dvidh ®eplaimneighe activating
et hy blend i.ne ses
asent. Al B PTGy GNP BDR IR R T pry Rreferably
about 2(&%%%8%5609@!% QMEQﬁffanh ameh Q@S caalygduci ng step
carried with a liquid environnent may al so be used
[00111] ( eMethaiswif daking A pepages| ution). The tenperature

sel ected for theAred‘ctl ) can r e fr anmbi ent u
1001121 o T Biseons SeyseoRBaOE PURPES AR ke LGPy 2y an alkene,
alkanoic a!'cmrﬁ‘lbﬁl%xy%eﬂ &n@?&lﬁ% #%9 i 1R8psentt bia éatla%'ﬂ SPreferred alkene starting

preferred he process used to reduce
material$ bentaiatfedny twcctocfonpmbmt a;‘.omaf(e g.rflylercpopylese and n-butene).

bt S e b S s SO B ppacing
alkenyl éb’ﬂg ARk cBhEh Ah o 1Y foulbdhors ﬁblgxg gc—:;.g.égc.yetx[go%l%gﬁ?lc and butyric acid).

ance of these properties Is I'n one

Preferree pivadtsefithe ppadebagtie W | dnyl prdpaatagd vinyl bhigraelppdallyl acetate. The
materi al, fixed and reduced, before gald is contacted
most predereed StibematoasIscias ey I5Be ARG SactbR i Nk bem the most preferred

product. %ﬁﬁ?th%gﬁesegh J%t%ﬁ?s Gk ﬁtp?f%%?gg?% El)c(aﬁﬁ llfﬁns‘ﬁ‘mr&@d

rporate Yy re erence

carboxylﬁ)dr @-aihﬁ@ Glogn anslbfudcalty wshiveliel cugnmuad, mbdidﬁc aa)i and oxygen in the
ag?atlgg with palladi um foll owed by optional
presence lyig nEhoushelic Bt Phibe sessiicrtien WSWS@%YA eiuFaleit should

ol L ST M 1

equally &pplicable to other alkenyl alkanoates, and the description is not intended as limiting the

application of the invention to VA.

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

80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 100:1 to about 1:100,
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c) inpregnating with palladiumfollowed by optionally
calcining foll owed by reducing foll owed by

wonmedgsrati ng with gol d. [00108] Activating StepT/US2005/042651
[00109] Usually after the reducing step and before the
catalyst is used, an activating step is desirable.
Wil e the catal yst may be used w thout the activating
step, the step has several beneficial results,

T
also coﬁﬁg%ﬁgﬁﬂg Sl bt ABUERLL@BAInR #@ &sl &Rh ablﬁﬁﬁ%@’n chf¥n dioxide
re ce tac

support material is co ted wth an
and/or sattfratedhydrgeagigest Reaciodn tampmatuad:smmch pat ad ussdbte e(levagad

car boxyl ate and/ or_al kal i _ et aI | or
temperaiigs, peeirigebitthesiedrn tha Iﬁagq offopy 1 Zé alegF plosdiie fragloved can be a

eGSR RO a0t el Wi s oo

aboutz@biﬁmﬁeresbg@geferred actlvatl ng agent in the
production of VA is an alkali acetate, wth potassium

[00114]ac.dn atditiokondeddidigactors themethedepiprodicing abiny @}katppies and the
catalyst o% ;In%sr? ox%lg?rﬁl%n m algtﬂbén 8?&%1&3{3%1&&% tqglﬁl gg@f;‘{yﬁgs %%%tﬁ)n, for

exampl@&lu@dd&ibeﬂ&yac@&@t ain, for exarrpl e, about 10 to about
ramh@Freferably about 20 to about 60 %rarrs of

[00115]acﬂih¢an¢t s&f & prseluction prefegblicanhadvg an EA[/M 1111m§> of less than about

500 pprg g e DRI Rty U LT D0 e3P B Sundl gy 250 ppm and

most préekB PR R S5 200 ﬂﬁe M@e nRtHEAB Qls6 pATEdbRRchiele §XYH&Blectivity
contdining gas in the presence of a catalyst.

of less tRareftmut §@Pozdrklaneregtrefietabhglessehar dtmus 9%omdanast preferalblydess than 8%
e 5y 9§ B 2 BB g B B TBN B B o nd

CO, Selé@ﬁ,@tyldigcﬁgggd%&%ess of this invention for producing
kenyl al kanoates contain fromtwo to four carbon

[001 16]at Msre(eer ghe pesettincsthgisafiVvih pmdactcbrm.reﬁerabiy las:uldm maintained or
erred roducts of .the process .are

improve&rﬁéz erkerbialhos A, GmBiTe Fout windgfe gty e deitiappuocessing
conditiofOSh RERLES Ja dcr ?aqi){s% ﬁs""%}n;y' cﬁ%l)ggfhﬁg ﬂntQ%(]ﬁe el 8 ta%ht%lem%ﬂefm ably does

aceti c aci e nost preferted
not inclydecrimotlified butsport hetepale Senmalkiertie norparisos, the ethudard nathlyet is used as

roduction aqf .ol efinically_ unsaturated carbgx .
a controig e gy BhATBH A PTOP PPN IR AN RIP SSBBE em%%ﬁafor the modified

agi [ fded®nly match
s SRR S S W By ey Bty mach (o
improvedipad &%@Soz\é%lﬁﬁcitjd 8f thelstandart catabl 4t a given O, conversion. One example
of a catalyst that may be used as a standard catalyst is shown in U.S. Patent No. 5,332,710, hereby
incorporated by reference.

[00117] Examples of Catalysts on Modified Support Materials

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

catalysts included those with gold and palladium as catalytic components where the atomic ratio of
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be understood that the catal ysts, nmethod of making the
catal ysts and production nethods are equally

wapplsiosstoh e t o ot her al kenyl al kanoat es, and t ReT/US2005/042651
description is not intended as limting the
application of the invention to VA. [00113] Wen VA is
produced using the catal yst of the present invention,
a stream of gas whi ch contai ns ethyl ene, oxygen or

o s 550 e b BEGRTEe USrEALR iy R i,
Norpro\MZj%dSQ '(Hr@omat) Klm%gyst 5‘5@@%&9}1@&&981196@ (@fhc? GraceI SP-9601 (silica),

I anmmabi 'l he effluent. For exanple,
Grace StPa959@ (smce)t Gydmlﬁ’ 2@2dxigeIn Geawe Ipd 8QBBUYS 88 (ZGcono- s1110a) Grace

SP18- 9%&1&{5@%2% @ﬁté)?%@%!)?@ @gia?zigcfoi}a i aCI &%?@L{ 1rceor}1?a) The
above 5%19%0]1159 eﬁal%%er@%dmtwﬁ{]ﬁ g%é’ I@%UNbJ-Tal ’ltl K f?lth, La, Pr, V,

gas stream may a ‘ont’al’n gaseous a

Mo, Rbmecdeleardttainetatiiv/ontbinations dngaiseed atsuve hUamodifisdogeport materials
carbon di oxi de and/ or saturated hydrocarbons. Reaction

Werealﬁtoe‘ﬁﬁ g eE®lsahi ch can be used are eI evat ed

o115 S5 i B SLALEOLY: 0095, 1 09,6 bl 0.

sampled @fc:bup}adt @rRASY IIBO °0 @cb’rfmleaﬁfﬁﬁ)&td ligcipiented @&t @dth modifier precursor
pressure, preferably Eressure of up to about 20
solutwr@tt%@ip%@r@@ of dlyge levpboh 4.0 and 48avt Yoo ﬂ hisgvgsi feHegwp@ By drying at 105

°C for aéﬁaCt a%daf 2‘?‘9%1% ha&%ﬁ pxg{t}?%k? il h% Xte % %%?%E%lsHamdton

esen nven ron may
wasuseaubuablmqamml%m&n gEn other types of reaction, for
exa fluidized bed reactors. [001 15] The net hods
[00120]of ’RhAnmcbﬁ@d: suppartpraéralawenp lmpm%e@d sninsipieph weidse with a solution’

of PSS btiossibe et BBl fy i Diaimd 303 8 enyap. me
support"i‘ﬁ‘aqeﬂ'ﬂi’ssxtveﬁérl%fnﬁfgéﬁilﬁd fcﬁ%ﬁleﬁ:ﬂqf}l akaeit an@éségﬁ?@éﬁ tﬂ_é"ﬁlppo? materials

hods al so preferably achieve a lectivit
were dﬂedss air ka0 Mo fir at 896t 2l dndrren galcafedrinbirpt 3Es3C 1f¢ra?nh with a heating
bout. 9% and nost preferably | ess than 8% when the O2
rate ijs c%“é‘?& on is 45% Most preferably, the catalyst will
[00121]h aMGexP hd mb i AL ? rt ﬁ‘ltafeﬁa@ Rebr R glafbith YhdiYient wetness with
di scussed above. Mor eover, "t he present
freshly prepiredi$ M KOAL pnAQIQOHt)j] (snlupolefcea(ﬂniﬁvy: AweRditatios nf 0.45, 0.6, 0.9, and

nai nt ai ned or i nproved. COseIectlwtles S ared
1.2. Dugingand aBerdmpaeneyan. (e nrssndtad suBper ma?enalsa&f‘ég nggemzed for at

least 1 %@%@édﬁdgy@gﬁﬁ AR 6k GafAlaY fhstloSh any catal yst that

control, and preferably does
[00122] The modified support materials w1th the catalytic components were reduced in 7%

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

with a KOAc solution to 40 g KOAc/L catalyst and dried at 105 °C for at least 2 h.
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not include a nodified support material. To nake the

conparison, the standard catalyst is used as a contro
woOnodslvesmsane or simlar processing conditions BET/US2005/042651

processing conditions for the nodified support

mat eri al catalyst. The catal yst on the nodified

support material need only match (or inprove upon) the

C2 selectivity of the standard catal yst at a given 2

LML S W R W -
as discu%gg r%%?\geé g)éc%elﬂgg?g?(g)/ Eaﬂﬁﬁﬁtp&rt@gllg pla@é’ aﬂ&fP%riﬁiﬂ)‘ff%la{iQxQ ddd’the reduction

sts on Mo i ed Support terials
utilized pROtAREnCaiirogenait i180°4H gh Thr oughput chemi stry and

analysis techni ques _were_ utilized to screen catal.ysts .
[00124] i Chatabsts RreRared agsoriing ipdhismrafogol wgh@sq%sgw@efmted with

: I iRG ik k:
sovor ARG L8l B EROR S YA Wil g8, Y

shell catalyoiweeré adsted 18fn@fa sgldardtlnepialpradialno iest thecuabntsOCB), telectivity
Support materials included: KA- 16

1.2. 0o . .
and EA/V& 1atioa using gipaeailel 1qastor fystem. 1Brsgandgidrateca) includpd fegting the

350, (sili G P- i Ld P- .
3P 5 2 R RaRou 0% (ELL AR e TR 5 P9 0r o s
N,, P=10 8irh,| P8)- 13§ RERINFRLIABAS. WSApezitire edmip 61 15508) 1658Ca¢5°C and

SPI 8-9534 (titano-silicate), Norpro XzZ 16075 .
145°C wWagithenomsied Yo elptdinNpfopmatiowon e zatapist domplagts thah shayrrsh/eO2 selectivity

less tha@%ﬁﬁ%ﬁ)%}g%g% " zé’or\{\\%gs?orggrgi%% E&\y\ﬁ\ %ﬁ?io'?ﬁ&)}" le%gl’danggocp ﬁ%m were

deemed 3&depfabRd bimetal lic conbinations di scussed above.
Unnodi fied support materials were also tested as o
[00125] c oRntadysss off BOAER] shpmdirt inatdrigls tiped showestaseepittde 61Cheelectivity and
than zirconi.a wer repared by inpregnating 0.5 g
EA/VAE%WﬁIaEeSSh&f”nslHﬁlib%‘iﬂgle%aﬁﬁ d at 120 C for at least 2 h)
to

N AN 1 R
' ul

to : oV e UTTO T T e e‘vlels: J’ .
ThifgliGg-aluming o, -Eéb_%g“_gt 185 K00 1 K Be M o
andzixegheisHigpieonGrace 58G3YW 3. Wp AR 12T nilh ti By
r okmdlicaf r om Ham Aewiysth@50 used t o |do! al|l i qui X
X
i

NI

b
)
>

al s|were
op 6f

e Support

di spenskMidatk00128ice B8 9584 fi ed [sufpatt | me

| mEggnat ed To |GagkRipedgoivwet ness W th al sd

PACNL R (Or2 KRyt KRG, {8 10 O %26 B 1
| -

+ =Y
| =,V ) | artg AL TTUTI

k e
% Ut
ol

X A X
for—at Feastl1-1h—SAHtes

c =

i mpregnation, the support materials were drl ed in air
[00126] 5L BAsE o, grieﬁ?ii?ts l%&?vﬁé,t offiel ey & gf LR&RCR £ioned bufd 0.4 8t %)

and/or other Au:Pd ratios were tested to optimize the CO, selectivity and the EA/VA ratio.

Furthermore, variations in catalyst preparation conditions were also tested (e.g. different
calcination temperatures, impregnation methods and/or different reduction conditions).

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

by a temperature ramp of 165°C, 175°C, 185°C, 195°C and 165°C. Catalysts that showed
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rate of2 ¢ mn. [00121] Next, the nodified support

materials were inpregnated to incipient wetness with
woneslucyropr epared 1M [ KOH + Au(OH) 3] sol ution POT/US2005/042651

achieve Au: Pd ratios of 0.45, 0.6, 0.9, and 1.2.

During and after inpregnation, the inpregnated support

materi als were honogeni zed for at least 1 h, foll owed

by drying in air at 105 OC for at least 2 h. [00122]

s B i PR L B A o o

than aboult o?ﬁ)ﬁ?'m% et @OS Gelbdtivirnat 45% 01cioRk@SionNwehiddse the most
e Ottﬂze% tal ystal bed was g\bout1 1"to 3 mm geeﬁ,l Ay]fl ow. of oo
1

preferredléfQhertatabysts waitit modided sippoughderials. hendesdbistretacolyihe mogt
2C/min heating rate,, 5 h at 350 0C. After reduyction
preferect R ghaRoridn e tio ey miBaRie T OGP T Riamert
. lout i . ,
i £ 3088 8 A ol SRR a0 e
[00128] MBCembatisnwEcetalyal evitisindgvidssembiliied supipat metemels may be carried
procedure as di scussed above, except that n

out using:@YCY Aynibatic BORSIIRILIORE A& MePHNE RIACSESLS BiPdde dest psh types of
caltalysts[r gtg\?liglzllieo%gt?xéxi %P!gfeggaée%(y&gtt 1@%&5’2‘% 8fr grd}'t&rt[eggf%#ﬁbh]cy'ﬁ O omponents or

repar I ng S protocol

steps maWBE @oRBirRdageReMisd sortiidnehiad swipt br thel fipatibnsrat erichires of one-step
containing 40 g/1 KOAc to give an overall Pd | oading

or comprfenymgy be srensingullge bdenstas cpmpeReatsy ke Riges! tyghtay
contemp 5 t és%nda%gna iOIE Ul ROk se §ftherds¥ais and geometries of
\i g f

efectivity an rati os using a

the varioR@E@hdt@les HEFI6M@hereinsdre Abt ihttadst tadaedrigrivat afabt invention, and other
i ncluded testing the catal ysts for 8 hours under

dimensiqus omgkothetsigs argpossic Phusalgtgisiaaé componants or stepsgag ppprovided by a

. . and 38% P=1.0 a V = 138 cc/m

sncte nf 2P S Pl o Ml BB HIRNRF o i i e

divided ihhﬁé'bpﬂl%%jplhﬁhl ebth@ddenis @fepRt IndlddRidnS@tile 6 dang S the present
Catalysts that showed CO2 selectivity | ess than about

inventio®nyshave Uesdascribe vie theiconteahef oaly sy afshe Hiusiatgd empgdiments, such

t han 80Q . re deened_ acceptable. ., [0 5§ :
feturerigy U G BB OY O MR CH R rer URsY! CHOvO SURERr apY 2 eiven
applicatifP TISAIEAL Be Jpgre%fh@ed@ér}{%é Aol @ thabilR faheyioh Bf tHe&mique structures

tabl e bel ow. [00126] Based on the results above, other )
herein arldethe lopemfiomtintrdoif elso Censgitut® mkthatls ¥ aagardande with dhe prpggnpmvention.

other Au:Pd ratios were tested to optim ze the CO2

selectivity and the EA/ VA rati o.

[00129] The explanations and illustrations presented herein are intended to acquaint others
skilled in the art with the invention, its principles, and its practical application. Those skilled in
the art may adapt and apply the invention in its numerous forms, as may be best suited to the
requirements of a particular use. Accordingly, the specific embodiments of the present invention
as set forth are not intended as being exhaustive or limiting of the invention. The scope of the
invention should, therefore, be determined not with reference to the above description, but should

instead be determined with reference to the appended claims, along with the full scope of
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Furthernore, variations in catalyst preparation
conditions were also tested (e.g. different

woabmioagicik on t enper at ures, i npregnati on nmet hodBCRWS2ME/042651
di fferent reduction conditions). [00127] To
differentiate between the acceptable catal ysts, a high
tenperature deactivation test was used. Normal feeds
(13.8% HOAc, 40% C2H4, 7.9% O2 and 38% N2, P=1O atm

v 8 SEL A S A0 e e
1nclud1n%gat@ntt edthns bfd Eﬁﬂ&aﬁfmsl 33 Q&orﬁ&@t@@by 1&Bfencel Do &ll piboses.

alysts that showedshowed accept abl e
properties under a nore stringent set of guidelines
(e.g. an EA/VA ratio of |less than about 250 ppmw th
acceptable CO2 selectivity at 45% O conversion) would
be the nost preferred of the catalysts on the nodified
support materials. Under this protocol, the nost
preferred nodified supports include niobium titanium
and nmagnesi um on zirconia support nmaterials. Also
preferred were titaniumand zirconiumnodifiers on the
titano-silicate. [00128] Conparison of catalysts with
and w thout nodified support materials may be carried
out using any VA synthetic procedure so long as the
same procedure is used to test both types of
catal ysts. It will be further appreciated that
functions or structures of a plurality of conponents
or steps may be conbined into a single conponent or
step, or the functions or structures of one-step or
conmponent may be split anong plural steps or
conmponents. The present invention contenplates all of
t hese conbi nati ons. Unl ess stated otherw se,

di mensi ons and geonetries of the various structures
depicted herein are not intended to be restrictive of
the invention, and other dinensions or geonetries are
possi bl e. Plural structural conponents or steps can be
provided by a single integrated structure or step.
Alternatively, a single integrated structure or step
m ght be divided into separate plural conponents or
steps. In addition, while a feature of the present

i nventi on may have been described in the context of
only one of the illustrated enbodi nents, such feature
may be conbined with one or nore other features of

ot her enbodi nents, for any given application. It wll
al so be appreciated fromthe above that the
fabrication of the unique structures herein and the
operation thereof also constitute nethods in
accordance with the present invention. [00129] The
expl anations and illustrations presented herein are

i ntended to acquai nt others
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skilled in the art with the invention, its principles,

and its practical application. Those skilled in the
wanboerageadapt and apply the invention in its ROMEISZNS/042651

forms, as may be best suited to the requirenents of a

particul ar use. Accordingly, the specific enbodi nents

of the present invention as set forth are not intended

as bei ng exhaustive or limting of the invention. The

scope of the invention should, therefore, be

We Clalflt er mined not with reference to the above

1. Ae58hbPEH RBdudd alREBY hitandasdseashmpigsigiet er m ned with

reference to the appended clains, along with the full
sdgéng & depdi opaipeising anallehe.cin alkenieiccdcad ansl aaraxidiger tolaggtalyst or

he .di s¢cl osures.of all .articles and references,
pre-catalx%f © @nﬁﬂ%ﬁﬁe‘gﬂmp%éﬂ%&@% and publications, are

2. TREQERSE BF gﬁm?ki Wik &h BRGHdnRis &thl1eRA RO RS & d¥etic acid and
1. A nethod of producing al kenyl™ al Kanoat es,

the oxidizemiy drsaxygen coniiacigigag a feed conprising an al kene, an

al kanoi ¢ acid and an oxi di r . to a catalyst or ) )
3. Froneledp)cim 89133@6616 Fhea{n?égﬁé ?wogtdaﬁaﬁl%ﬁﬂﬁg%@i Gfcinegl prior to
the COHttIﬂﬁlng{t(lbgﬂalg{ic g&gb%gmy\her ein the al kene is ethylene,

e “al kanol T aci acetic acid and the oxidizer is
4. T @xthgé of claith diwlengn garsati@of dhgl aretatead aatsuttand atkéhyl alkanoate is
wherein the nodified support material has been
less thar alpqut 8BYPHAi or to the contacting with catal ytic

5. gﬁé@gﬁgﬁ%? claﬁn ggﬁ%ré.ﬂ:f b9y %}f gth?l' te %rar%?ﬁ]taﬁﬂﬁk&ﬁ/ﬁ hRanoate is

aceta 0 a resultant” alkeny anoate I's
less thah gis&uit bh@ppabout 800 ppm 5. The nethod of claim3
wherein the ratio of ethyl acetate to a _resultant

6. Ehacmathpd af wlate Atveherein theatalyshar piscatalyst rpgeon ghe mpdified support
; | ' | yst - cat al yst
maerio NG B O MR UBRE AN RYSL o 0o oo v

7. Th¥msebeef tiirh ¥ fashé csinprisiag domphrah /bt catdlystldreprerebtabat formed on
of claiml further conprising conparing the catalyst
the modgfiedyupperamateyial tof pstarddrdeatalid. nodi fi ed support

terjal a standard catal yst. 8. -
. TRLRRSh o8t 3 PRLPR DS G Dol PRI L maeigt swovor
material ¥ a0 JelRflvisy RRAOIstlcIBMIdr 2udlas tie CORse&ki@fY ¥ tHe)standard
that is less than or equal to the CO2 selectivity of

catalystt he standard catal yst.

9. The method of claim 3 wherein the catalyst or pre-catalyst has a CO, selectivity of less
than about 9.0%.

10. The method of claim 9 wherein the catalyst or pre-catalyst has a CO; selectivity of less
than about 9.0% at 45% O, conversion.

11. The method of claim 3 wherein the ratio of ethyl acetate to a resultant-alkenyl alkanoate is
less than about 800 ppm and wherein the catalyst or pre-catalyst has a CO; selectivity of less than

about 9.0%.
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9. The nethod of claim 3 wherein the catal yst or
pre-catal yst has a CO2 selectivity of |ess than about

w0 200606464 The et hod of claim9 wherein the caCalugst5/042651
or pre-catalyst has a CO2 selectivity of |less than
about 9.0% at 45% 2 conversion. 11. The nethod of
claim3 wherein the ratio of ethyl acetate to a
resultant- al kenyl al kanoate is |ess than about 800

12. m a{h%\c}ygt%;; ei qllt er?clﬁtgﬁel %ﬁS 8? egg{ﬁ&ef} ! aI r%gulp ﬁﬁal@e %lkanoate 1s

less thafy 5@6@8@)@ P}Sﬁled’n%'\ﬁhe?aﬁ tiAddt Ry or Eiebdékalﬁs‘@ ﬁﬁsa;l @dz Qel8ctivity of less than

resul tant al kenyl al kanoate is | ess than about 800 ppm
about9@h’datv4rﬁé4s®2r¢on¢aeswmt al yst or pre cat al yst has a CO2

13. Sﬁ%&%ﬁ@ﬁgﬁ Clailg 3|We|‘1§f% 1}1}2 ‘Tq@glbo eﬂ}y!a? A 1%{111{ plkenyl alkanoate is

less thaﬁ & 28D gS{rh%:d v@fe%l 1% dofal st r()?éfél-c,taﬁfﬁist ahke Gﬂz selectivity of less than

anoat ess t an about ppm and wherein the
about9®% al yst or pre cat al yst has a CO2 selectivity of |less

t han about 0% 14. The d of claim13 erejn .
14, Phomedeonorsiiay fyhciBda Bop 6! S ErTSHa B BR ke alkanoate i
fless th
s a3l i SERH R OB 75 JRIEAS, OO S g o s
about 910k 48960t Bn@fkied. 45% 2 conversion. 15. The met hod
of claim 1l wherein the support material .conprisin

15.  howiethed oficlamiLRerARghe SIPRRT SRaLeAT 5P BT FIBA S100HUF: Jiggnium,
magnesm?n gr C(%Iﬁiblgl%.t?gns tlﬂe@eof a@% A54iRgd of claim1 wherein the

i'ses zirconia. 17. The net hod of

16. h@tﬂ%thbd\/ﬂ%[aemrl Wﬂi@m&&]@@@fﬁpoﬂ&ﬁﬁéﬂa’hbompfmsrsizﬂeSnla
titano-silicate or zircono silicate. 18. The nethod of

17.  Themethodwietaim wivsciaihpenporanaipia comprises|tignorsicate or zircono
support material. 19. A nethod of producing a catal yst
or pre-catalyst suitable for assisting in the

18.  PROFEHIIVT cimal ddeiyin tBé KapeaineBerid QPlal&led gupport material.
contacting a nodifier precursor to a support material;

19.  Aonethed phigroducingasatabysieorque antphysicsuiiaip dorersisreiahaspioduction of

alkenyl aﬁ(anoeﬁesn%gﬁlghselgg support material; and

silicate.

contacting a modifier precursor to a support material;

contacting at least one catalytic component precursor to the modified support material; and

reducing the catalytic component precursor by contacting a reducing environment to the
support material.
20.  The method of claim 19 further comprising calcining the modified support material in a
non-reducing atmosphere prior to contacting the at least one catalytic component precursor to the
modified support material.
21.  The method of claim 20 wherein the modifier precursor comprises barium, magnesium,
cerium, potassium, calcium, niobium, tantalum, titanium, yttrium, strontium, zirconium,

lanthanum, praseodymium, vanadium, molybdenum, rubidium, or binary combinations thereof.
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reduci ng the catal ytic conponent precursor by
contacting a reducing environnent to the support
wortmrocgied 20. The met hod of claim 19 further PCT/US2005/042651
conprising calcining the nodified support material in
a non-reduci ng atnosphere prior to contacting the at
| east one catal ytic conponent precursor to the
nodi fied support material. 2 1. The nethod of claim 20
er.ei.n modifier precur conprises barjium . o
22. ::@16 HEGE,}?OL?( n;{r}ec&aémdiwﬁgsﬁ éﬁ%ﬁ“ﬁ’ﬁﬁ?{% 8{68 rLsJ?ﬁ compéﬁfe%m%lum, titanium,
magnedi@f! AtcdMiunt bi @&mbifAtiont tHekddh) strontium zirconi um
| ant hanum praseodym um vanadi um nol ybdenum
23.  rlbinetithod ofmlaiby 32awkercinnind madifionprecreorawinp2des Fobium, titanium,
nmet hod oé.c{ainh2 1.wherein the nodifier precursor
magnesiyioF FUBRINATONS HEFO% i t ani um  nmgnesi um  zi r coni um or

24.  qQERidRRId GNSaitn 8BS $Rrein 4R m-cmi?ief‘fﬁltee&}gor(gonﬂrﬁlb% @Rloride, a nitrate, an

wherein the nodifier precursor conprises niobium
oxalate{ & taatateuon comibgma®insitheorof.conbi nat i ons thereof. 24. The
thod of claim?20 wherein the nodifier precursar
25. gg‘ﬁﬁﬁt flaimy 4 Vhgen hejuppoit a}at%rﬁﬁ B%BPlg%eé ZI§ONg et at e

26. e %ﬂ@d cilzﬁﬁlSZd \bﬁérgﬁfthe gug})ox:[ %t%‘i ﬁ’ges Qﬂtﬁio@i%@a‘ce or Zircono
erein the support nateri conprises zirconia. Z26.
silicateThe met hod of claim 20 wherein the support materia
conprises titano-sjilicate or zircono, silicate. 27. The

27. e msthogrofclaimmOpherpia s suppevé malgspbista Iavared pupporigmaferial
25, R SRR TR B ol SnEED Ol A cing o

support mteeg vatt fgadueeuspdidet pre@irsirisalutioht h an agqueous
nodi fi er. precursor solution. 29. The nmethod of claim
29.  Jyewsthodiaf clava 28 wharein g st sangpcding plep 6pppTisescontacting the support
materizfQAYRERFI bR PP g T8R4 B e g Bsctafithe Hedbtof
supporiwitghdl. of support material. 30. The nethod of claim 19
wherei n the second contacting step conprises | '
30.  Therethedtalstpimne whaspo the seaensk qoataching sfep pomptisssuspregnating the
C Lyti.c conmpanent  precursor solution. ;31. The nethod
supporgfiraf bt 4 REPE e B HhREbERr R sl o
31. QReRleit®AOfeadisi X1 Wigkréth tiée modifier calcining step comprises calcining at a

temperature beﬁeen about 300°C and about 700°C.

32. The method of claim 19 further comprising calcining after contacting the support material
with the catalytic component precursor.

33.  The method of claim 19 wherein the catalytic component precursor comprises gold,
palladium, or a combination thereof.

34.  The method of claim 33 wherein the atomic ratio of gold to palladium is between about 0.1
and about 1.25.

35.  The method of claim 34 wherein atomic ratio of gold to palladium is between about 0.3

and about 0.90.
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tenperature between about 3000C and about 700C. 32.
The method of claim 19 further conprising cal cining
wahomroegmmt acti ng the support material w th thecT/us2005/042651
catal yti c conponent precursor. 33. The nethod of claim
19 wherein the catal ytic conponent precursor conprises
gold, palladium or a conbination thereof. 34. The
nmet hod of claim 33 wherein the atomic ratio of gold to
al ladium is het n about. 0.1 and out, 1. 25, .
6. Themeedat ol i b oror g ORRTnRe S gl ngpgald Hvith an
I diumis between about 0.3 and about 0.90.36. The
actwatxn%g%«#lgd of claim 19 further conprising contacting the
37,  Thabhmkystofetainris-fosthal oostprising ltontactig aliali ingtp! agpéaie to the support
. The nethod _ of claim 36 fu er _conpr. si ontacting
matrial 1y ReATORFGORICHERE BT 18 ShD BEBHAFT RCETIAI - an
Q%}% Q Uhe a1 ntte ol oA nPRIing btk torBprises
38. Tga a yoéjtchg%Fl\@ﬁgh%g?ho% o%ﬁcl a?izlr%; 33 wherei néthlg b
contactingdetdathi aboganpabent 1 Cgamaof paitadatre peciiapo @idyst, and about 0.5 to

contacting between about 1 to about 10 grans_of b
about 10 gzathself a0l perliter efeatabyst, cthdhy apountef solhbrmngfrgmyahout 10 to about

oAbout 1 [ q per liter of catalyst, with the
125wt @%ﬁhpn%%%@t%&a%EAIgggm about 10 to about 125 wt %
39,  Thasgdiyetordphe caelysihhady acpakingdo tim m8®od Bhelamat H-§8t or

pre-catal yst nade according to the nethod of clains
19- 38.
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