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olefins) with oxygen has been the subject of intense industrial interest for several

decades. Much effort has focused on the direct oxidation of propylene by oxygen to
propylene oxide. Such a process is sought for replacement of indirect multi-step
manufacturing processes currently in practice, including the well-known chlorohydrin
and organic hydroperoxide routes to propylene oxide. It is known that silver catalysts
can catalyze the direct oxidation of propylene with oxygen to propylene oxide in a
selectivity of not more than about 70 mole percent. Disadvantageously, the process
produces significant quantities of partial oxidation by-products, including acrolein,
acetone, and propionaldehyde, as well as deep oxidation by-products, namely, carbon
monoxide and carbon dioxide.

Over the past ten years many patents have disclosed direct hydro-
oxidation of olefins having three or more carbon atoms with oxygen in the presence of
hydrogen to form olefin oxides. Catalysts for the hydro-oxidation are disclosed to

comprise gold, silver, and noble metals, such as palladium and platinum, and optionally
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produced, the olefin hydro-oxidation produces a stoichiometric equivalent of water.
Additional water can also be formed through one or more undesirable side-reactions,
for example, by the direct oxidation of hydrogen with oxygen. Hydrogen efficiency can
be ascertained by measuring a molar ratio of water to olefin oxide in the product
stream, e.g., water to propylene oxide (H,O/PO). Desirably, the ratio is 1/1; but in
practice, at any specific time during process operation, a higher ratio is usually
observed. Moreover, with current prior art catalysts, the formation of water and the
water/olefin oxide molar ratio increase unacceptably with time. While it is informative
to track the water/olefin oxide molar ratio at intervals throughout a process, a

cumulative water/olefin oxide molar ratio may be more indicative of overall hydrogen
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Fourth and most importantly, prior art hydro-oxidation catalysts exhibit
decreasing activity over time and reach a reduced level of activity after several days. At
such time, the hydro-oxidation process must be shut down, and the catalyst must be
regenerated. A need exists in the art to stabilize the activity of the catalyst over a longer
run-time, so as to increase the intervals between catalyst regenerations and to increase
overall catalyst lifetime. The term “catalyst lifetime” as used herein refers to the time
measured from the start of the hydro-oxidation process to a point at which the catalyst,

after one or more regenerations, has lost sufficient activity so as to render the catalyst

unacceptable, particularly, from a commercial point of view.
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catalyst being prepared by a process comprising depositing a gold-ligand cluster
complex onto a nanoporous titanium-containing support under conditions sufficient to
form a catalyst precursor, and then heating and/or chemically treating the catalyst
precursor under conditions sufficient to form the hydro-oxidation catalyst.

The novel process of this invention is useful for producing an olefin
oxide directly from an olefin having three or more carbon atoms and oxygen in the
presence of hydrogen. The advantages of the process of this invention are discussed
hereinafter; but such a discussion should not impose any limitations on the process as
claimed herein. As a first advantage, the process of this invention typically achieves

stable catalyst activity over an extended run time of greater than about 25 days, and
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art processes. A gold loading from about 10 parts per million (ppm) to about 20,000
ppm, and preferably, from about 50 ppm to about 1,000 ppm, can be employed to
economic advantage.

In a second aspect, this invention provides for a novel catalyst
composition comprising gold nanoparticles deposited on particles of a nanoporous
titanium-containing support, the catalyst being prepared by a process comprising
depositing a gold-ligand cluster complex onto a nanoporous titanium-containing

support under conditions sufficient to form a catalyst precursor, and then heating and/or
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hydrogen and in the presence of a catalyst embodiment of this invention prepared from
a Aug-ligand cluster compound.

Figure 2 provides a graph of cumulative molar ratio of water to
propylene oxide versus time for the process embodiment illustrated in Example 1.

Figure 3 provides a graph of propylene conversion versus time and a
graph of selectivity to propylene oxide versus time in a process of this invention
illustrated in Example 2 using a catalyst embodiment of this invention prepared from a
Aug-ligand cluster compound.

Figure 4 provides a graph of cumulative molar ratio of water to

propylene oxide versus time in the process embodiment illustrated in Example 2.
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Figure 11 provides a graph of cumulative molar ratio of water to
propylene oxide versus time in the process embodiment illustrated in Example 6.
Figure 12 provides a graph of propylene conversion versus time and a
graph of selectivity to propylene oxide versus time in a process of this invention
illustrated in Example 7 using a catalyst embodiment of this invention prepared from a
Auss-ligand cluster complex.
Figure 13 provides a graph of cumulative molar ratio of water to
propylene oxide versus time in the process embodiment illustrated in Example 7.
Figure 14 provides a graph of propylene conversion versus time and a
graph of selectivity to propylene oxide versus time in a process of this invention

illustrated in Example 8 using a catalyst embodiment of this invention prepared from a

Nanogold® brand Au-ligand cluster complex.



propyl ene oxide versus tinme for the process enbodi nment

illustrated in Exanple 1. Figure 3 provides a graph of
WQEL@pYPs38HE conversion versus time and a graph BPET/US2007/083859

selectivity to propyl ene oxide versus tinme in a

process ®iguidl 3 pionicden b igedphidf lcusiuilagit e chaldy ritkasihdol stei2to

usi ng a catal yst enbodi nent of this invention prepared
Prapylsie axidg gersiy g it hedtresese enpolingnt ipgfiated in Bspapicids

a graph ' r erat| f .

o opyl ono s T BLIES o B lor bR Ra® sol 8 dn bl fime
graphlofiséleatvert td prdpyRAPbLide vEisgiitide In peovipdasveapracaphsiag a

propyl ene conversion versus tine and a graph of
catglyptecoptaiiing chlgrogpap g¢idris dsxqriped ik empanafieExpergnent 1.

process (.10 [ i1l [ a

using a g%?%?;zPhg#%géﬁﬁgﬁfﬁgﬁé%%ﬁéggﬁ%gﬁ fgﬁgﬁégggred
prdpiyie axNaRegas dine)in BeasoehpAtitive @aedssGllbataedd ia aadRxative

Figure 6 provides a graph of cunulative nolar ratio of
Expeitreenttlo pr opyl ene oxi de versus time in the process

e B A RS s IR B i o ML B
groph QP Yd18aRit9Xd g@gﬁhé BRidE ivBBud Am@ iPh 06@FFaeVdRdLdt®ating a

illustrated in anpl e 4, wherein propylene is reacted
catafystreopseyijag chlaraahec peidsssicecribed iy dpogamntishbxpergaana Ly st

prepared fro m xed Pt-Au.cluster complex. Figure 8

ot v des P MERHES s g b o aBlaTs SRER 5 2ot e
propyRend ofid@RBrsaf timelif tHel dohipdiratiQe PraRBYS! iRNGraH i € ondJasiive

time in a process of this invention illustrated in
Expxanpite. 5 usi ng a catal yst enbodi nent of this

i nvention prepared from Positively Charged Nanoprobes
brand Au-ligand cluster conplex. Figure 9 provides a

DHEIFAPEDPHESCRWADN OFMHRINVANTOOR water to propyl ene
oxi de versus time in the process enbodi nment

i || ust r atléd npyel Bydnopdeddion Birepgs eofltdispnentide sompigseaph
oo BB S B S R WS 1505 APl Beence o
B BRI LS A AR
thef qopmsponding olefin oxide. Optionally, the reactants comprising the olefin, oxygen,
and hydrogen may be fed with one or more diluents, as described hereinbelow. The
relative molar quantities of olefin, oxygen, hydrogen, and optional diluent can be any
that are sufficient to prepare the desired olefin oxide. In a preferred embodiment of this
invention, the olefin is a Cs_, olefin, and it is converted to the corresponding Cs_;»
olefin oxide. In a more preferred embodiment, the olefin is a Cs_g olefin, and it is
converted to the corresponding C;_g olefin oxide. In a most preferred embodiment, the
olefin is propylene, and the olefin oxide is propylene oxide.

The hydro-oxidation catalyst employed in the process of this invention

comprises gold nanoparticles deposited on particles of a nanoporous titanium-

containing support, the catalyst being prepared by a process comprising depositing a

gold-ligand cluster complex onto a nanoporous titanium-containing support under



Negati vely Charged Nanoprobes brand Au-ligand cluster

conpl ex. Figure 11 provides a graph of cunul ative
wore08/06388t i 0 of water to propyl ene oxi de ver SUBCT/UR®OT/0B3859

t he process enbodinment illustrated in Exanple 6.
cortdigotsasufifZigt av fotesa @tgyaphecafson mﬁ@weﬁmeat@iyb\tﬂf@ichﬂnically

versus tinme and a graph of selectivity to opyl ene
tregfiecte GapkBPeqUROT UAdY cPEERSSUSFicIE;ts foray tCF‘ Jyst.
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mol ar ratio of water to §%/Iene oxi de versus tine in
paitigles hiapgias froahgysaehiiag abcputlQ rateless hagebeys|o@ nm, preferably,

fron{%%tgr%lén ngo%\{gdﬂ’?m Qﬁ?&? gé erl Ryl ene conversion

|V|ty to propyl ene

oxi de Verstielpuffdsésofahig m%ﬂﬁsn Qﬁe {vbids “tibWaiMcOitaining
illustrated in Exanple 8 using a catal yst enbodi ment

supprortt” iefsr foranas ﬁphlfbwhmeeptatﬂ@@m i @m@ewk@gmoaem)of toheagedid’s
framfewga e nd ul%%,gosrt rerecl:r(l) 2 a?tnlleu)én gslf gqgtli d on Ol\r/c% gylinewgl%os%%ature or

wh\éﬁsﬁrswﬁoﬁlblmld)moft ﬂaﬁn@mﬁaﬁé m@@ @Iﬂtmnh id lbﬂewht I fheftotdn
Exanpl e 8. Figure 16 prOV|§es a graph of propyl ene
“nanopQrens| it 1eders tsthe |t1m@nandoatagn@gmlp@f>rt g@ﬂe@d@ khei prosenee of

en PR Cuthiny Y B RGOy SRRy R 58 ERanets,
poReSEEIVARA HalinSRAMMAh&ks (68 lzﬁgﬁeﬂﬂnﬁﬁ%nﬂ-froﬁ' a%@ﬁﬁ) 4 Am to about
provi des a graph of cunul ative nolar ratio of water to

50 prp gy Enet ip xiade on élitescilstrlbumn pfrthe hlean@dﬁpmfa% ApdopFaytiess s

il ust ated i.n Co a e 18
whigh R0 ARG D o RERAL A ST SRRy e SuRtEnd Pos. he
ch@dlsahGh @R Afay s)%lo%@ttw bytht@ dReRYbRNe Oxi de versus

tl e | n a COlTpar at | ve pr ocess USl ng a cat al ySt

cont ai ni m‘g wséd lereiauthe ¢eracTlggandisrefies tr dnfyeaiganic or inorganic,

Co arat eriment 2. Fi e 19 provide
neyfgal TRt g haif potte i Bus O Bof i Tasf R s case.
goMerrr%gf gth:e{/rgle{am irf (A€ cHARBALRNI A QilPErQ% &8BleihdtitStuak §9pdiRdium

or platinum. As used herein, the word “ligand” includes singular and plural, and thus
may include a cluster complex containing only one ligand or a cluster complex
containing two or more ligands, which may be the same or different.

The term "complex"” as used herein means a coordination compound
formed by the union of one or more electronically rich molecules and/or ions (ligand)
with one or more electronically poor atoms or ions (e.g., metal). In this case, the
electronically poor atom(s) or ion(s) is/are gold. or a combination of gold and silver, or
a combination of gold and a noble metal, or a combination of gold, silver, and a noble
metal, as explained hereinafter. This statement does not imply that all of the gold or
other metal atoms in the cluster complex are electronically poor. Some of the gold
and/or other metal atoms may be electronically poor and bound to one or more ligands,
while other gold and/or metal atoms may not be electronically poor and may be bound

to other metal atoms but not to ligands.



Experi ment 2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The novel hydro-oxidation process of this invention
W@09pi063886E contacting an ol efin having three oPCHUS207/083859

carbon atonms with oxygen in the presence of hydrogen

and a hydsarsekhdtainl e taal alyssdr” wfele o preltesidn or group of gold

conditions sufficient to prepare the correspondi ng
atogsgPMprigiigdel @bty GriwpP oy morhgold @¥isant s conpri si ng t he

more a1 (Lureeed BYRRAT R e b e hys

dianar oldaiett dimessiof) 1algef than theXyaesize bitte ageIporaR @itanium-
optional diluent can be any that are sufficient to
copiaHr wPPHE el ¥ pgfesred pmbodivjeabsubsiantialpr appies St the gold-
. [ IS lnventi fin i
g TRy i S RYRRML e s Ra BBl Bnfpinfgpepores

or ha@hEIR 0P¥dviles Jf fhePnadiBp&oRs efabiuie o BREI sUBpYrt ard) eherefore,
olefinis a C3 s olefin, and it is converted to the

rergn pelsponallngn &y extesios urfacef g, suppors nost preferred

enbodi nment he olefip. i ropyl.ene nd the ol efi
oxi de 15 TBYT eREs obodtngR b ERE BTG by

cofPiéed ¥ebld-Ngdrde ik e mpledfhal fhigSonk B Bivhd DEanclo B tERFom the
gol d nanoparticles deposited on particles of a

gravareopestingsoitantiegs imineh eanidsisnignidesp poesphinehdhiokst Biiglstes, and

o RS0 B aPRERSFBRoHATBL LR AR ERGRLS Ao
cotnpi@RiaWH £ EhAdPHobShoP IR cHRME E@rﬁﬁ@k}ﬂl@ﬂéﬁqr%fﬂ)h@ h@Bld-

to forma catalyst precursor, and then heating and/or
orgshephosplhiihg ligandatlustey coglaxat al yst precursor under

conditions sufficient to formthe catalyst,.For the

pur posea TS bkt T e i g 5P aining sdppor
coMPARRAMah&p R8s RAQRAHIMte! Blof! SrefePatPlahaR8pdrb&d @End\@YdaRlof

a dianeter (or largest dinension in case of

thendh! syktellographipsiructwt e$he timngsihepté pOMEY swadtter hahamaximum
about 0,6 to les han .about 50 .nm . pr.ef erabl )
poftinsbatidl 4 fn7 et 1 mhre Sy Pt hern the
nmﬁﬁbnﬁ@&ﬁ&ﬁ@ﬂ@&&BQ?%?Nﬁﬁs&&h&e!@M Bktﬁﬁmd%h%&%@ﬁﬁébx
"titani um contai ning support” refer to any solid
prefgreblgihas & diaaretartoi lsrgast dimeegom greterpbaneatioutd. 54 hen (5.4
solid'.s framework structure, or wherein titaniumis
ANgSU9MYY onto a solid framework structure, or

In yet another preferred embodiment, the hydro-oxidation catalyst
further comprises a promoter, defined as any elemental metal or metallic ion that
enhances the performance of the catalyst, as detailed hereinafter. More preferably, the
promoter is selected from silver, Group 1, Group 2, the lanthanide rare earth and
actinide elements of the Periodic Table, their salts, and/or other compounds thereof, as
well as mixtures thereof, as referenced in the CRC Handbook of Chemistry and Physics,
75" ed., CRC Press, 1994.

In another aspect, this invention provides for a catalyst precursor
composition comprising a gold-ligand cluster complex deposited on particles of a

nanoporous titanosilicate support.
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wherein a conbi nati on of framework and grafted
titaniumis present. The word "nanoporous" as it
WO 2§08/06388® t he titani um containing support refRPCHUS2907/083859
the presence of channels, pores and/or cavities within
t he suppinty'oteffnr iesMing tistd oiChuoifeeart®aiatbrehaniiitse of such
pores or cavities having a dianeter (or |argest .
ole@mﬁé%beomplpy%ﬂﬁna%mocw?f HHs tnyerfis tMempolgfns i $yitgble, as
[ 0 |
areac?])g;l’%rqﬁ%saé\%ni ﬁng k\\%\é‘ {)f“ IE’IH}C oqgfblﬁz Péll?(gsl, S Qm@% e%lbsr ?glli (ﬁefl? can

be disBile hsﬂlﬁéhrbdil’[ &Liﬁhﬁiﬂlg dhbecaﬂﬂinl edldfliydf@m ﬁtl@msTblealternatlvely,
channel s thensel ves may be one, two, or three
thecnlmféandmﬂubstmteé SbanyHE g errberomes prhran; igeyh rbskisieat: sThe

Q‘ll?f[lliy & 1%%8;11% ?1{ récpugrreggi% ﬁl{)stﬂﬁe% [oalLe girl%lst%ﬁtﬂlgr q%ql—reactive in

charged 1 0on

thel p}oéé’ﬂs 6f Gasi@ver@@hd Saftatadiheat shsmumt@incluae tHe agatoalipsied to,
such as silver or noble netals, such as palladlun1or

halgﬂeax qtharnestonsaloehiod and aeqmaticheictigs: ﬁreffrra@an@ﬂorpn@l udéer, Cp2
ester a cr g 12 glndhcﬁ mmgtle’s zrnrcli t lz’llsom 01etles ?ﬁ Lélng examples

con alrning on I gan

of 51@{11@4 ®Kich QRS @iitablRgor he wcemmhﬂs Iu%ﬁdé;n mWHid@ fprdﬁ@Yene el-
the sane or different. The term "conpl ex" as used

butsae.-buterea Agnethdpmpdin étpe@wne,o%’p@um £onatled- 1b'9Utt3¢f~'92 methyl-
f | ectr I h I

2 e R TR, AR aPEe U5 wlPhE RPRER of

meRBPfentin® r@hfibutbﬁ’é"%eﬁt@neg metﬁﬁﬂﬁ@dehe etiy1fhtehe a6 FylbhitBfe, the

el'ectronically poor aton(s) or |on(s) is/are gold or a
octengsbinghudingproferapty Hoatade. il weher higherangngbéneltthem; of well as

J]d an | e t al or.a conbinatio f gol d,
b i g R o T apertadice SURNa: g b Sar § or
dllelIm@en%E@et gﬁﬁ@ﬁcoﬂgﬁﬁllﬂ%hérm Yet'h:?laéthé}l At i)ufprhﬁe,glﬂgrpac@fate,

er I’Teta atons I n the C Uste COITp

allﬁlhentanemllmphglypether. albdmeomfl ethhe agdhldylaanchoter Rytfeebly, the
etal atons, be el.ectrgnically poor bound to
d° B URBPRITieE AR DG S MR B’&rﬁpr&%é;{&)’ angngybstituted
d
or é‘%b‘g*%&ﬁ%?% A A SR A SR
afdheneitioned blefiheamaveilabtd @mimeefadly sothers @aicbé peparied by ohemical
group, of gold atons conprising a plurality of two or
Provetses b txews. skileddndicsief erred enbodi nent, the

gol d-1i g%g qﬁ!uﬂ§§ &f olgﬂﬁrpllllﬁff)yg(?éarlavary over a wide range provided

that the corresponding olefin oxide is produced in the process. Generally, the quantity
of olefin depends upon the specific process features, including for example, the design
of the reactor, the specific olefin, and economic and safety considerations. Those
skilled in the art will know how to determine a suitable range of olefin concentrations
for the specific process features. In light of the disclosure herein, the quantity of olefin
is typically greater than about 1, preferably, greater than about 5, and more preferably,
greater than about 10 mole percent, based on the total moles of olefin, oxygen,
hydrogen, and optional diluent. Typically, the quantity of olefin is less than about 99,
and preferably, less than about 80, and more preferably, less than about 60 mole

percent, based on the total moles of olefin, oxygen, hydrogen, and optional diluent.
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di ameter (or |argest dinension) |arger than the pore

si ze of the nanoporous titaniuncontaining support.
W@SwR/0688p0r ef erred enbodi ment substantial |y enseeBEES100H083859

the goldligand cluster conplex and, consequently, the

gol d nanQpagéd islabs requfdtfoetht groctiseofplik @isveatior hannedisce of

or cavities of the nanoporous titaniumcontainin
OX¥gfHpbACeRtABle, IMFBABRGTOr esteRtinlhy RYUB S1ARUI %4 OKYLHn C?th%r sources

o AL P58 AR L BRBLP S RECERF S
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conplex conpilse

tha@Qbgutor, gad ﬁ%@tq&@fé@db%s glleht@Ahen absis t5&hole @aﬁbﬁx base® 8 the total
preferablﬁ gol dor ganophosphi ne |igand cl uster

malesralogstin, hydragrit Reygepr afderntionalaiyorti rseferabhyée quantity of
ox{/greingﬂ 568 ﬁhlgug g%out %pb ofe Fﬁggra%gb?n?{hﬁ%ﬁﬂ%p gI(IJCP gl()g)tupsreferably

lesk tHaaRB&ut A0GAbIe p@fceﬁthsaswﬁbn Glie/®ta bl NG TR, BYdrogdl bRygen,
The titanosilicate of MFI structure has a maxi num pore

ang ppteongt didisotit Abow4abant 20 moly, Brcenimthe ¢pngentistion pf exygen aehy

di t tit I te h
fa R R e e G B P Pl ie b R et o
pref er ablHydhasn & e{ié@l@gﬁl%d foP thel R6@LS bf AisTRAIIOA) In the
greater than about 0.54 nm (5.4 Angstrons). In yet

absgnert didrydpreshicthe adivaiytnd dhlmﬁﬁlystusrmgrﬁﬁdmlwb@maieﬂo Any source

st furt co r onot er ned as any
of tsFeatican DHHLD bF BiBE o DB oS R E R
mdX@f2 hYBBEEh StaihBE [16AL tBé M ydré@ Sttt IS drRemshhafd f&ohols.
More preferably, the pronnter I's selected fromsilver,
In @r ai!;qyna.fb,ve @rrmplrment pheid iameritmni dhe hydiogereamay be gertrated in situ in

t t he, Peri. qdi Tabl th al t
D ey S B e p e p b e i gy, Ry dsepropane

or {sBEEERS, or ﬂ%oﬁcﬁ L&N&Sdotiutardol eA%aﬁW%@l?@K)gQﬁ may be used to
Chem stry and Physics, 75th ed réss

generate a catalyst-hydride complex or a catalyst-hydrogen complex Wthh can provide

the necessary hydrogen to the process. The trace quantity of hydrogen in air is too

negligible to provide the necessary quantity of hydrogen to the process of this

invention. A source of additional hydrogen must be fed to the process or generated in

situ in the process.

Any quantity of hydrogen can be employed in the process provided that
the amount is sufficient to produce the olefin oxide. Suitable quantities of hydrogen are
typically greater than about 0.01, preferably, greater than about 0.1, and more
preferably, greater than about 3 mole percent, based on the total moles of olefin,
hydrogen, oxygen, and optional diluent. Suitable quantities of hydrogen are typically
less than about 50, preferably, less than about 30, and more preferably, less than about
20 mole percent, based on the total moles of olefin, hydrogen, oxygen, and optional

diluent.
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I n anot her aspect, this invention provides for a
catal yst precursor conposition conprising a
w@oiodobisgand cl uster conpl ex deposited on partPCI/E82001/083859
a nanoporous titanosilicate support.Any ol efin
cont ai ni Mgadditi@etoahe NEyve réREM0) itahQnEe dkirablX takreplof a
such ol efins can be enployed in the process of this

dilpensenthppeh threroBIcETf HOPsPRals Bircgheprogess of Bt BIYPHITdS
ex@ﬁe {: rﬁfﬁﬂlehy@engﬁcigﬂ; ?rogl[d%g h% %n?gﬂgﬁlov gca?d %%‘ss%é&@iﬁ@:

In can ocar bon ¢ al ni

he i dudednich daylilioagee dﬁhmro@desahteapmﬁied‘tehqentrhditﬁl regime in
ol efin can be substituted at any of the carbon atons
whight the graciapisrare sabBammabler Thyeuerd can be por gas or diquiggbay does

not 1%51% tthe ﬁl%gg slof a}iﬁﬂ%el’?ﬁgﬁs t'fhte%ﬁ&%lﬁct, 8i11?§1t %H(%)s%}l At idQIIJelnﬁ upon

reac

theSﬂilﬂn@blrﬁwhlﬂH ke [HUBSE istdoaBdided. rﬁﬂrlédgm}ﬂ@uif tledr }ﬁo&gb is conducted
limted to, halides, ether, ester cohol , and

in fag%srlﬁtaﬁfc thepi seitikle gasgpus @hwntsyncle@ﬁ brbare ot limited te helium,

mtrorge 28{? 1 er ag dcarq‘) (g O)flde s eam anci etht],elI'SeS thaenéjof C?f tI1ie grocess 18
o nnle I’es. ing exa es of "ol efin

condiicteld iRh GiqEidi phakd, ehe‘nque almﬁanpémyqudahbﬁ staB\ant itltmally
i ncl ude propyl ene, 1- butene, 2-butene,
stablerispuil | lgm@p@weof smﬁzﬁéenhqmé dllgetp@mcbhig ahphatlc alcohols, preferably

2- hyl -l - but but
o5 ARG R Sk TRt i EBuen g TS prdn &) ffuvic aconols
prdf&ﬁﬂl@rﬁ PEnIBBERY] RRMBN @uc}ﬁisrl:‘i‘ﬂd?é‘;l&@ﬁﬁlol harreRed hydrocarbons,
nmet hyl hexene, ethylpentene pr opy but ene, the ocfenes,

prdfcrr@bludimgclml@fm@mdyocgrhms eneh andighlotdegrang pgheltlorinated

ber?z?;gc:a 0 ggﬁ.l Bngg}% ?ﬁ%mlgﬁbgﬁéggg ,;ai?gn,r?lgthcehydrocarbons
prefeiBiy Nyl Etﬂérﬁﬁﬁ: , hydtoeafioh D enaeReendbdey tol@ne Ol xyldk!:¥khers,
et her, Iyl ethyl ether, allyl butyrate, allyl

pr@@eblat & zoatheysl 1®M@Q¢ralaydnyﬂurqmmd;dh0@nhas ,wedll dsyhiquid

r I ani sole. Preferably, the
po@?@?ﬁynp‘?ﬁgeszqé &HEBB@A Hﬁ?léd or substituted C 1 ol efin,
nor e prefef @Rley 1s%@ed1ﬁ115tH@?£s| ﬂh‘é&ee GheImAHp 8t Jh‘ldéfnﬁfi tﬁ'ﬁaﬁly
ol efin. Most preferably, the olefin is propyl ene.” Many
greafer thee ahbar(e peaftnablny@ieammhamoat @1 aamll thaelpeeferably, greater than
[ rs.can m cal

commer ¢i al | ot h
aboyit ggggélg BERAHWIRSEG OB Hisdata R]ioqug [ gﬁ?ﬁlydﬁ%@n and
dilGBMRNTA £ Y1he iRhuSdd i tﬁ‘é"?z{s?h gk, ARMNYGRMY opeﬁﬁfenﬁls%ﬁ@alfyqé‘&Qhan

provi ded that the corfesponding olefin oxide is
abqart GGugreftrabiy, tiére tlnnnoﬂnessSO @aderoad prgferatiy leps almtni abput 70 mole
percent, based on the total moles of olefin, oxygen, hydrogen, and diluent. If a liquid
diluent (or solvent) is used in the liquid phase, the amount of liquid diluent (or solvent)
is typically greater than about 0, and preferably, greater than about 5 weight percent,
based on the total weight of the olefin and diluent. If a liquid diluent is used in the
liquid phase, the amount of liquid diluent is typically less than about 99, and preferably,
less than about 95 weight percent, based on the total moles of olefin and diluent.

The concentrations of olefin, oxygen, hydrogen, and diluent disclosed

hereinabove are suitably based on the reactor designs and process parameters disclosed

herein. Those skilled in the art will recognize that concentrations other than those
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of ol efin depends upon the specific process features,
i ncludi ng for exanple, the design of the reactor, the
WG p@8i063880 ol ef i n, and econom c and safety PCT/US2007/083859
consi derations. Those skilled in the art will know how
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for the specific process features. In |ight of the
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duﬂﬂ%)ﬂh@ ca bt hiy i RUSAdAwNASSle o UELbnASstibitiFRUBrAXIANG analytical
Mol ecul ar ox%gen is preferred. The quantity of oxygen
techpigho {hatliscapablaplmeasaring owjdgidon stpigeast/@thele selativgtamdyats can

ti i ffici f duci h i red
be giigRvR Yyt L SR o R0 R ER ARy i rapte
X-&%%b%leﬂi‘ém spRR@bcoPy OXPS B \icREAf@ma Phasurdd 8a4LE it alet-
about 1, and nost preferably greater than about 5 nole

visgde digfwse rdflgsiedceotpeethemetot @I'V-vdS &R DF X Seniay be hefreagend can

ve SPHGE it RuTRAS T R el SrEP BT st KPR ok
any 8fivalfWersss, and nost preferably |ess than about 20

nol e percent, based on the total noles of olefin,
hydr ogen Higlxyegeln{iomtrainsopssignaectainl specitoscoylyd VR BN bcarAge

|l e percent, the concentration of o en may fall. .
b I T AARBA - RO B L ARy GhBg et By s fresh
or Med it 8s whlY 9§ G98R dafil Rl SRS UWInERsiish. 1h§ hﬁ’%}f){%%ﬁﬁtié}f
this invention. In the absence of hydrogen, the

tragshission ylectfort ineresabpe sting spaingtoi foirt aesolutiodet Refhswgreater
- sour ce of hydrogen can be to the process of

resplifion; S B e t R Gtmgprer TERbsriane Sipltsiad o typlcally

emﬁﬁ?@ e QiR MedyEn oL Aedide PYHFRIBRAIIRAIIRE upon one’s

ocarbons and al cohols. In an alternative
prederbioati (Eh¢ “ofraghipsrticlevséas’iioealcitlfted hy dividjeg threeymbef the sizes

nerated in situ in
of gl?partic es 9n the sample by the number of particles in the sample. The “median

particle size” is that size about which 50 percent of the particles are smaller and 50
percent of the particles are larger in size.) For a reference discussing TEM counting
statistics, see A. K. Dayte, et al., Catalysis Today, 111 (2000), 59-67, incorporated
herein by reference. Typically, the catalyst composition of this invention comprises a
distribution of gold nanoparticles ranging in diameter (or largest dimension in the case
of non-spherical particles) from greater than about 0.6 nm, and preferably, greater than
about 0.7 nm to typically less than about 50 nm, preferably, less than about 20 nm,

more preferably less than about 10 nm, even more preferably, less than about 8 nm, as
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the olefin oxidation reactor, for exanple, by

dehydr ogenati ng al kanes, such as propane or isobutane,
W@erooakesbol s, such as isobutanol. Alternativel BCT/US2007/083859

hydrogen nay be used to generate a catal yst-hydride

meaQiipd BX HRTEM C &t édeyabst pyddeogbembalifpbeX thatthetiarcgold particle
provi de the necessary hydrogen to the process. The

sizg Pt fepgh ARkt 1aReas feanb et Dis tam fo less thapabra Bl a8 t o
TR RN S NSRSyl e

mdmytetlege Niishpdfiaf 8e fdundtifduding, CfeSS)ia@{plg eilayert,edlftd, n
situ in the process. Any quantity of hydrogen can be

hergisphespe dphaics, Rblafsrigras ¢ Hridaficaedisnhgees), chkoogibadia. ansl
U“ﬁ&“&1&¥ﬁﬂgm”$1% pduce the ol efin oxide. Suitable
y

drogen are typically greater than

about 0. Qlditinellgnabdyyabs@ipaat Eihe tihasturd Rpetirofeoby (AAES) can
nore preferably, greater than about 3 nole percent,

be phigagdon arstrechrofren) Xrgy E8htopuisk é¢.£n Adngiged @éﬂtono%@ygf@n
Ar%?néle?gatrt)llog% a[rabo atol’}g r(])% a (l)’lrllt gtsﬁlé?}g% ron éﬁ‘ 21101% esgl eenn

NatiBd) [abérdtory (US@)’MEL 1@e ﬁﬁ&fnﬁd‘tlab oyt ,thd 8&fa é&fé@ﬁle@ﬁ‘ﬁlgblc?—o

nol e percent, based on the total noles of olefin
pam@rse@en anbf@;rgmf theprialyt(frovhetr wipd)neithe qatalyd grachisar.t Bhe
ove .reactants y .rabl e t
eeREARa] FRELER e o Sl Bfrilar Mt o
nef%ﬁ@orﬁfg%ﬁ& StoRs), tHih 1s MN@Ndohr R Mitd SwRK @blaati o sife. AX AHStcan
eneficially prOV|des a neans of renoving and

alsd mmwkamfmglatlh@ oh gwtavprage gs@dtlon statacpitlteigobd. t he

di I uent i de trat.
i ch ¢ hbh PEEER Loy B R- P SHRABIEL Cor A B B e
suptRrany agdf e bdraeinh b hat alﬂqe§mnﬁé ebNiRbtarkble: AEacaRS

of this invention. The specific di uent chosen wi ||
sutdemenidy opte extegiomanerdernairsunhacedl thi parpiciss e theingnoporous

.. conducted. For exappl if the ocess.i s .conduct ed .
RSN Ring prEh BB B phoot s BS TR Rih 1 Rt urtale
of dthafbgorO R tithhilnt &Aedifng Q@ﬁoﬁ%nﬂiﬂs&o@@ BxtefHaBQHace or

nmet hane, carbon di oxi de, steam and m xtures thereof.
en‘l'a‘lonersanpumh3§ ﬁlel]@mrtmdmdlmggldmemt@ dfithipusugppphiadbe exthecvr surface

n B oDt G20 8 S0 Q5 datton, 9L bl ¢ cnd Lncr el Ly
dedg1qh ¢ag-AL RN ahicFioAbCARC S suPiRf 85:aPi%s the walls of all pores,
channels, cavities, and cracks that are deeper than they are wide. With reference to the
gold nanoparticles being substantially located on the exterior surface of the support in
preferred embodiments of this invention, the term *“substantially” means that greater
than about 90 percent, and preferably, greater than about 95 percent of the gold
nanoparticles are located on the exterior surface of the support. Accordingly, less than
about 10 percent, and preferably, less than about 5 percent, of the gold nanoparticles are
present on the interior surface of the titanium-containing support.

The size and location of the gold nanoparticles can be observed by
transmission electron microscopy (TEM) or scanning transmission electron microscopy

(STEM), preferably, by transmission electron microscopy tomography (TEM
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C1-10 al i phati c al cohols, such as nethanol and

t-butanol; chlorinated aliphatic al cohols, preferably
W@2008@53880 or i nat ed al kanol s, such as chl or opr opErBE2007/083859

chl ori nated hydrocarbons, preferably Cl-10 chlorinated
torkygHisiGAr WBNGtonsigedpha praliiddsl ach e idiaatsia@at steldtat ide@ireihation

benzenes, including chlorgobenzene and di chl or obenzene;

by slestien MicrAsF@PBC ARpEHple t?r‘é?‘@‘?‘h‘kﬁ YEMat diffegerfraggle of rotation,
forggﬁglél?gé% gﬁ;?ZeOr"s yet@?ﬁpcgﬁg erretssglltlﬂg @?nl}gﬁ%g)nxéflp?&%%s the

skitled ﬁ@bmd&dhfdﬂeaﬂmﬁi’thih@mqmﬁld@Sf el s 1asattd olhrtlexterior surface
pol yet hers, E | yesters, and pol yal cohols. |If a dil uent
t

or arsméﬁgw wal. GemogRasecanty e ﬁﬁmﬂusmgb@ FEjekaenpisl2 TEM
(F]%Z a&l‘yu}( %%hglr# QB%@ %%f)a%c% 29 12@ ﬁ(%’f ShR Ill%éro%r ?}%:t i§ Eyplcally

eraply, greate

equa pemt with a M MPDPSFeRpE thabﬂifﬁlﬂy esmpiter doatralledTOARFEDbrand
efin, oxygen, hydrogen, and diluent. If a diluent is

tOm%@PthﬁOftWémgﬁ@k%ﬂ@ﬁé eupes tarepniel the ingagingand titling conditions

t caII ess h about 90 refer E | ess t.han
culiPlre SoeptsFRSL ORI BRI e hELES AR e B0 o

recBB{tARAbn ob@e8dD G»Bldnlr@cams‘e@kccrm}blﬁsﬁe@fmﬁllﬁg‘pe&w@wmm (FEI
hy drq&g and diluent. If a liquid dilue (or
Cogphne ) Alnyra@é@lftwmret(h@rsuoném b i &sapangie ) sambebisadffor

uent ) is typically greater than
visgy Tl S iGMspsRl SO B heliind  Phan aboct 5 wei gh
percent, ThassthvaRs piichQbR ar¥Bic@iHed b1 dlaBlefet bIMTEnd
diluent. If aliquid diluent 1s used in the liquid

TEDA toseograiy ragasuietments, 41l gt@hlntamnsuecmrpq)rgted@preuaw lspfftrels@:

ha ou ferab e
WUARGHD Hpabe CRter BaBEd TR ERidH B Groniiageds Tor e Gheprer
1, P‘l‘ehﬁ’rﬁ Bress, S SN el@bﬁaltﬂi%p‘ﬁfly ALRLLEd REYEEGEBM software for
hydrogen,” and di |'uent’ di scl osed herei nabove are

eaxyuchadsinyonbiaes%ktmntmrhe@d gact/aaride $ilgmnsryaBdP. ﬂbcnkmn HW.,

el Veldogh] D donSatte dRgn ol ki gl W- i Ticger

tm%egl'n/?e%lgﬁ%nrﬂt@fu% Het%%n&’ﬁorﬁw Jl@cwdh l’ﬁl‘gp(;SQ%@ﬁ( nbﬁ‘penodlc

her various engi neering reali"zations of pr ocess.
spe'EhﬁematuaHywkei . (Id. bﬂmfpum:*zﬂrbgesﬂnp bﬁEkdtromMzhescope
hydro OX|dat|on}ggocess of this ention conpri

Imegss SSHEEH AT e INeddegpaditved o8h 18§ thiratked . dfires- dimensional
E13R0RP- Pz Wan ;d‘/lgpb;lg}”ﬂ&sglgl ﬁé&p&%F%emlyﬁ’?esgoéa% Ibl%go

present pr as nmet al I C go
1996; Midgley, P.A. and Weyland, M., “3D Electron Microscopy in the Physical
Sciences: the Development of Z-contrast and EFTEM tomography,” Ultramicroscopy,
2003, 96, 413-431.

The process of this invention beneficially provides for practical
operation at lower gold loading on the catalyst, as compared with prior art processes.
Generally, the gold loading is greater than about 10 ppm, preferably, greater than about
50 ppm, and more preferably, greater than about 100 ppm, based on the total weight of
the catalyst composition. Typically, the gold loading is less than about 20,000 ppm,
preferably, less than about 5,000 ppm, more preferably, less than about 1,000 ppm,

based on the total weight of the catalyst composition.
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(el emental or zerovalent gold). In this context, the
word "predom nantly" neans greater than about 80
w@eroseeasso pref erably, greater than about 85 pePCEN$2007/083859
and nore preferably, greater than about 90 percent
met al || ¢ Tyetdtantiyn-v&itghing spait zad bgahg séthlywhaeipriaseiin is
in any oxidation state fromgreater than 0 to +3,
an gtegiakcomPosenoh s WHE S§E)9é%fi"€§k dUiNGtH, Pihshegindityiym is grafted
or H%/P%rsf?e{(p ?atsbﬁ stﬁ}éﬁlrg Hepelﬁ Q@Smbfn%Bng oizﬁrgmgx%lrp anﬁ‘ryafted
que th neasu

or @e@o@ﬁéd Anisteik @Sesamtd Noe v&d’y]@r ﬁaﬂo@b@hs’\/zﬁ; 1&&@&11‘15@ tﬁ@fitabﬁlm—
enpl oyed to determ ne the oxidation state(s) of the
coRfainiNg; &wepwarqﬁgs tq e pé%amﬂ o chaqnelsy PpyRd RFEPIeaY iigh within the

Ct 0]
so PRESRRRORG bt 8 ¢ M P AR RO i Bhoout 02
nil( tbMS0RRS) SuckHSoromysthetuddsefoRids e thia@bporeatakled as pore widths
collected on a Kratos Axis 165 XPS instrunment or a PHI

nogxgeedirEsahions 2 npend mempomytaéqry ps/Rare idthy between abqugl nm
g 1RG0 B BT S BB OBy BREH BOFgBgE T

grelaf¥f tHa@l 30Sn® Bretdde uﬁsﬂid@h ¥i$ the QPG RnbpRBud. NAk hientib@giealier, the
used formas well as on the catal yst precursor

dlStrdm@@Q iof therehangeys, ppegh, anéémIcmltlmamrtmsgnlgs:rrme@l@c @mbtﬂie

porgy S RETRR IS Ll B Pob ™D’ BuR iy Ba%1 K fpEh Sottining

supPertRan ®e ciEMIGRYGhdsNBrySiaBink Sé @forphidust YRkl shiyports, the
enpl oyed to determ ne the average or nedi an partl cle

titagiiure exidie pesediinlly aspon-roefellis tirdder ence. (The aver age
particle cal.cul at. by .di vi d|n L}
Phe. iz At ol Br Qi o e L b ie S n o
de®fmiRad ol fBoiphok NSURAAPLAng, ThEex WM, AtrddRh bhEhiqnsi ze”
is that size about which 50 percent of the particles

tena?eeatslmadf 18554 bmhmg ﬁc@npdrmmgen@ﬁ amhinpatntospheeis paeseutcarler

ef rence di scussi count
sungits etk pad i §E Sgpriate R BB e bR dagpEm)
cadddbofptBR Method® ToF a nhdi6 L6 RPTAL &L REEE bf‘th@é/e & BHRBGEfer to
Typi cally, the catalyst conposition of this invention
Angarirpn Nagena Sghinglturdi Basting NMegifodg 4150 Mh Erﬁﬁ@ér?t& aldds IVBAGL KgS.

WAL o1 o g2t 0L RERShoR. L, Ese b i
RefiRnc@ MRS EHAR on HTSRHRES APéﬂ@lﬂd Porosity,” Pure & Applied
Chemistry, Vol. 57, No. 4 (1985), pp. 603-619, incorporated herein by reference.
Generally, the nanoporous titanium-containing support possesses a surface area greater
than about 5 m*/g, preferably, greater than about 50 m*/g, more preferably, greater than
about 150 m*/g, as determined by the BET method.

Suitable supports include, without limitation, titanium-containing
amorphous and crystalline silicas, such as silicalite or MCM-41, aluminas,
metallosilicates, such as, aluminosilicates and preferably titanosilicates, promoter metal
silicates, such as, the silicates of Groups 1 and 2 and the lanthanide and actinide

elements, and other refractory oxides or conventional support materials.

17



about 0.7 nmto typically |less than about 50 nm
preferably, |ess than about 20 nm nore preferably
WO 2®8/06388n about 10 nm even nore preferably, PEBEES100HOB3859
about 8 nm asneasured by HRTEM In one nost preferred
enbodi medlso dufreblerd tirrsugpbrtdmpa bt iselidiahatc of néhetofch@sietric
catal yst ranges from about 0.8 nmto | ess than about
pragngierfRftabdtapEesefady ¥y lipRyEnorpheusystwe Ry Bigar 1 fdreaea
t lirdte _ _cneci £ o '
el BRI, 0 R AL S SERERAGhAEN, 0 RS
Grb@ ,Sploap 2sandsthb &méBinidelRinataetifios Meta(. Wiitabllyl ik tpesracter metal
_spheres), cubooctahedra, and truncated variations
titanperie el cctosigpmitimgiony conkisting of PSR Htpisecal¢ipmctitppase,

] 0 . XAE an [ at.r on.
bR R o e E o AR TO Ry R LR tranace
cesNirg @ifdhateNatbi A BRI tithialt) had eeltitiatdNaifieBiah, RYdRRT, BidrRin, and

Li ght Source, Brookhaven National Laboratory, USA) to
uranpgy Gé aifptlsr raitabdhsupporthan aephes o crysadlingritgype oxide,
. particle size in any formof the catalys fresh or
inci2g Sgfes§ B o B i Rl Bkl 2 e aven

gred R thainRBo RS Ak BE safabBoanslopat i on nunber (or nunber
of nei ghboring gold atons), V\h?%ih Is then correl ated

wi t h gol &rgfenred eheiugi-gantaidAESUpROIE are ddssiabadrio W @&8/00413,

WOERROTR EPRHIG. BHEISHRRES 9. Al BB Gy Db riappgrein

by kdT¥@Akd. ON Wherein the support has a pore size between
0.2 nmand 1 nm the gold nanoparticles are |ocated
subst ant Tathoye mntanérs veheran titaniwm iseatfisecherito opinf the supplort, the
. the particles of the nanoporous titaniumcontaining,.
g B inegegf Be Ry B S EeeRop HRrLYd ORI ERE riyedh oF s
inveR%SE Ticatly! tha¢ani@h 18448 13 BRARKE A4 about 0.02 weight percent,
titani um contai ning support conprises the externa
prefermblacgeger bavebop . Isueighiprdient based quathe welghs olothe support

) | onerates of the support. The exterior surface

incHtRpg SRRIRgar a5 pote! BeRbBECE thypirlly: fr Standim JagingeS less than

ab&lt 88 K%l%}ﬁ brc@hCald ﬂ‘éferﬁtﬁ Neds M8 MoBt ﬁ?@@igh! Per&Rtad&ton the
the "interior or internal surface" conprises the walls

wegght af the popmst inclidmgelng birclani It isste beamderstoad kst irhaisesawkerein

. deeper than they are wwde.. Wth reference to thengold

UtRLHR it HPiChies ?Pén%‘lﬁ‘ﬁ’%tt‘)iﬁ]ﬂ? PPy YeR L YAMEfEE netal

titdB% 8 thO e U pAE& e JtarSMRRP e shiPport can be higher than 35 weight

percent.

In a more preferred embodiment, the support comprises a nanoporous
titanosilicate, even more preferably, a titanosilicate zeolite. An even more preferred
titanium-containing support comprises a nanoporous titanosilicate selected from TS-1,
TS-2, Ti-beta, Ti-MCM-41, Ti-MCM-48, Ti-SBA-15, and Ti-SBA-3. A most preferred
titanosilicate comprises a quasi-crystalline titanosilicate having an MFI structure, which
is orthorhombic at room temperature (21°C), as determined by X-ray diffraction
(XRD). Such a support and its method of preparation are disclosed in US 6,255,499,

incorporated herein by reference.
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preferred enbodi nents of this invention, the term
"substantially" neans that greater than about 90

w@eroseeasso and preferably, greater than about 9BCPERETI083859
of the gold nanoparticles are |ocated on the exterior

surf ace @he kitieoss upganium Acmardiia ghiyli) bets pidiadedadxandsilicate

10 percent, and preferably, |ess than about 5 percent,
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e e
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M Cr 0SCOPYy cHhbirfdoR bemiGuiel Wechidy-coinig dippbfs dribed
angl es of rotation, for exanple 0, 15, 20, 40, etc.
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t% anjum-con a1n1n support ma l?e shape into any form; sultable
gold is Ioca onan exteritor surfaceror an rnterior

for@talyst faEivLIES) ﬁ@lgﬁ*fx%ﬂﬂﬂ’e N sb 1ReY, fsHer@dhatly e nfolbliths,
Tecnai -12 TEM ( FEl (tm, Serial # D250)

cx iyttt @téﬂ f@lmSﬁmtwvallymlee titheinosepEnNing Stl?mﬂf,{atmby extruded
iR PRRP i o Sk REG KDe ket o R e e

cataB5 ReUseMdIR isPRIVIMY the BRalyi@gitRag@t atthitibh ﬂe@lstance For
conditions during the acquiSition of the tilt series.

exameleat ngp e desiablet th eorftparet a e filg ofithd titandwnson@otinsppprt

on G ORSREF PRI LBRBARyEER 0 A Hape e RS  ShHon
sec%n&-ar} supperts GRITRRNALEIR a)nd%ﬁ%raﬁacﬂﬁ’? GXIHQ Fsu¥h 84/ @ilicﬁ atthQn,

d mani pul ation of the 3 vol une. The fol 'ow ng
aluprum |abanmombcaa¢se apt megnbed; t@ammaalbbladmgtcer;ttnld' Evbalegand

Mto hy nmeasur ement b icati
it o PO LU E T SBgparbr Genertly: Piundit of Band syppor
ran fr@fn abg:ut Fro ab@ﬁ%i%%ﬁ! Sicdal eatdath M @51%591@& weight of the
Basi cs, Chapter enum Press, New York, 199 FEI
catakyaqignlyl anAdivenoe doTaanag sUppMtsafd smawreiaﬁosuppals,wlth the

fol%“gﬁélg@gs%g'\ﬁ; t&@]&{c‘igé# s%{‘lp 1gy s}\gaggt? gﬁtg%%ﬂen la/mfally, the
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Heger |
the total welght of the catalyst including secondary support. Unless otherwise noted,

any binder added to, physically mixed with, extruded with, or incorporated into the
titanium-containing support shall be considered to be a component of the titanium-
containing support.

The particles of the nanoporous titanium-containing support, excluding
any binder, are preferably greater than about 50 nm and less than about 2 microns ((m)
in diameter (or largest dimension). More preferably, the particles of the nanoporous
titanium-containing support, including binder, are greater than about 50 nm and less

than about 1 pm in diameter (or largest dimension).
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R, Three-di nmensional structure determ nation by

el ectron m croscopy (nonperiodic specinens), in
woHMRe6388P. W (Ed. ), Conputer Processing of ElRCI/D82007/083859

M croscope | mages, Springer, Berlin, Heidelberg, New

Yor k, 198Qthegrases tiche, thd hy@e-dkidueios icaaBkt &l tRistif@ntion is

M croscopy of Macronol ecul ar Assenblies, Academ c
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o3 PRG350\ ERAE SRS, SRR ey
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this invention beneficially provides for practical -
prespeprendshcenditignepiiigiing tq amithgyhyshiorridatian gatglyst cogrposition
] W i or e S ner s I
o QARG PR BB PR S, Eh i

coipRRtiEprefdialy amplole®OhRAMas aAchniBidr& oPlafest @Rledsion) greater
greater than about 100 ppm based on the total weight
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comBEY <t el o500 T heh s et eryliey of frd sbhor and
theddT6étin 1hdd0 Brefififad dasstmeris, theclhQéddonyié:gbihdofubsfaftially to the

catal yst conposition. The "titani um containing support"
exteror wefagngf e supporih <rdiltigrid elnstemedngpleres ipm‘@%q spiveral

dcoq%onent of trrt1e ﬁol i,d f f ramewor k structur e v®h oxidati

ACYEEISET RV PHQR TG AP sC_OHPléiﬁ BaParioge B P QEFPSHPE MY g apdftion
catdlystdC FHE®y, oB1d-NRaH R1RteR cEAPRkSALhOD 0 isdlhRIERYRIKofaNHlatively

grafted or deposited titaniumis present. The word

puterrad opmodisgersaforing  [dks ethpibwable hempoundni thergoldtligiand algster

coHiRer okt rerdet Rl PREEaTpr VR St P Soveen
andfbf WEEHT We réforimUAdlhBwE R, dAEBaSEHLMRRRINRImdRAGI N

fromabout 0.2 nmto about 50 nm Such porous
herinbalotur es possess m cropores, taken as pore w dths

not exceedi ng about 2 nm and, nesqpores,. taken as pore
W dt he barHEgERpEb s TR SE e e Gng: Bsfidin 2,
pre%eﬁ@@l?,sgrepc&t Hee R RRUL Afd BSrePretbALRS bRAtel haft aB&iLS £J1€ atoms.

f awdth greater than 50 nmarée not included in the
Typiealmltistermn opuniousss thasaboeint (0,00 dreéambly eless thimeabout 500 gold

di stribution of the channels,  pores, and/or cavidti
atoian G gt livigremegarapainifRng Tl Blngfcl g eold atoms
are%mﬁr MH@@ féH ke gélﬂ@igaﬁ’([ clhﬂEF&m%lQﬁ that ﬂ%bosit-gh ®nto the

titani u cont al ni ng
titanium-containing support: Aus, Aus, Aus, Aue, Auy, Aug, Aug, Aujg, Auyi, Aups,

Auys, Auyg, Auss, and Aujg;. At the current time, Auss is more preferred. As the
number of gold atoms increases in the cluster, difficulty may be encountered in
preparing precisely monodisperse clusters. Thus, some variation is expected in the
number of gold atoms. For clusters of 20 or more gold atoms, a variation of +/- 10
percent may be expected in the number of gold atoms; for example, Auyg, Auss, and
Auyo are better defined as Auo.- 2), Augss +-5), and Augior +- 10).

Optionally, the gold-ligand cluster complex may comprise any number
of other metal atoms as may be found in mixed gold-silver or gold-noble metal cluster

complexes wherein the noble metal is selected from ruthenium, rhodium, palladium,
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support can be crystalline, quasi-crystalline, or
anor phous. I n such supports, the titaniumexists
w@s®e6issd | y as non-netallic titanium The di sSP€T/DSL00TOB38S9
of pore widths in the titani umcontaining support can
ostagingletidinm, asdlof planmuattsaefetabdy) gbRiodiver, gsldysaliagiunf, and/or gold-
exanpl e, nitrogen gas at the tenperature of the
plagigim liggngh sluster ermplp¥asogdthongh anpble metalipysistupseat, it may

: r . ar : . ,
cofFRH0 oy FUE SR S50 2 R UrRELE (BBRLEE formacon o
prapd8Ofrpini @6pyI@ich otbcofdiiigla witthe bigmetat 1ttt pallaBurar pfatinum,

these techniques, refer to Anerican National Standard

is present. sHVavEs hengficiaBy peidgdle ¢l caglysh 6. oAy BrRATblgmegl) tgy

ing., . ! i n I.SOorpt:| a.fo .
R R R g R i T
clubRt esfiblBRtkAiddfa ndBId ae@] Meedaish Bﬂhé}ﬁhﬁl}/rﬁbdﬁtﬂi,%aﬁadium,

Applied Chem stry, Vol. 57, No. 4 (1985), pp. 603-619,
osinyEb APGHEL ettinemensd pixtyes deeofe. General |y, the

nanopor oys. t.i t ani um cont aji ni.ng s ort posses
surf ace anisdririal & sqthudlcud v dReBpms BomEERI Apflor are

bofHeBat1d hidaHd dyobH bonded® Gich BRHeL dRéRlyRRdRLY Audk€BbRIS; or
t han about 150 n2/g, as determ ned by the BET nethod.

alt@pativehy, ene gpld@tams maydebgadediiotahoilier $eldiatom thepngh an

ALY P 39S 2G5 gt bR Rl b
boR®idab hAsthéi B@hPRomSHER a@SilverloH AbME Sickd1 CatRBy 88, Au-Ag or
preferably titanosilicates, pronoter nmetal silicates,

Auskdtor dlyoughhan igikdringdinesatom agnotgdsbdveand 2 and t he

| ant hani nd. .actinide elenents,. ot her fractor

ot doaoNoudRE e LR Rt tal e Rpub LRl
co@plek eI SdRROAHopABIphB RS HoRh BN RARE bl gan8honophosphine,

non- st oi chi orretprlc prondter netal titanates of a

organgil gihos prene rorgamomphophssplted nigd olganvdpoedyphospinite digendsr aawell
reater than 0 /g, =limgi exanpl es of

os ik ot SRS 1 ok BB H: b M R € Sorfiry ana

secfo'ﬂ@ar!y aRtiRanhd e RRbIsT !iﬁ%eﬁ{?irﬁh@s (e i ﬂaﬁﬁi!té(ylaﬂlf@l%), imides

prondbter netal titanate is selected fromthe group
(e.gomsleghidegswwtinmagieeptitbahimidoacatben nwalosidgnartdi halivies €5, Cl, Br,

D SEl LA banstes Slrontium i snate, sty L anst e
prelrfti{ts’ééftj%pgé}n& dt)ffq \?ri‘i?]a %chgir%grit)&gnéﬂhb%'}ﬁﬁ&? sih a8 &RirliBhosphines,
trialkylphosphines, alkyldiarylphosphines, and dialkylarylphosphines, more preferably,
wherein each alkyl is a C;_»o alkyl and wherein each aryl is a Cg.5 aryl. Non-limiting
examples of suitable gold- ligand cluster complexes for use in this invention include:

(Ph;PAu);OBF,

[(AuPPhs3);O]PFe

Aus(PPh;),Cl

Aug(PPh3)s(BF4)>

Aug(PPh3)6(NOs)2

Aus(PPh3)s(PFs)2

Aug(PPh3)s(NO;)2
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uranium As a further suitable support, an anorphous
or crystalline titanium oxide, including anatase,

wWOo eaosle3sseand br ookite phases of titani um di oxi BEF/US2007/083859

having a surface area greater than about 5 nR2/g can be
sui t abl y AepPPay)NOFr ef erred titani um contai ni ng
supports are descri bed i nWWO 98/00413, WD 98/00414, WO
98/ 00415 Avakdhu)sNEP )6, 255, 499, al | references

i ncor por ?&egppﬁ%%'trp py reference. In those instances
i tAni 'S’

wher ei n affixed onto or in the support,
the titamuwall{oadihgHagPe any that gives rise to an
active catalyst in the process of this invention.

Typi cal | YK ati(¥iani um | oadi ng is greater than about

0.02 wei ght cent ~pngferably, greater than about
0.1 wei gE‘Fu‘p@ﬁ%iﬁ}?)ﬁO(BQSES&?‘On t he wei ght of the support

i ncl udi N uAPPR)NSETHAS@@HEd hereinafter. Typically,
the titanium |l oading is | ess than about 35 wei ght

per cent , [And(Hhe®He B (NQsss t han about 10 wei ght

percent, ,ba t | t he support including
any bi ndéru?5§F€2P|@§Hf%8m}%Zgj3}2 %od that in cases

wher ei n Ak APPRNLCE a stoichionetric conponent of the
support, such as in pronoter netal titanates, the
whegsiigy Fith"pe paenyl age “Me™ tsimethylum well ahgold-digperst elugtaicanepounds

i.gher than. wei ght . percent. | n.a .nore. preferred .
an B 0 SRR SRR roniG RGB! CRénicas and
Nahbprdpes ilcofitfed, SYARIADIR fg@[@fig‘d@mh)/s’ter%ohﬂple%@@ﬁiiehﬂiﬁ@i 8
zeolite. An even nore pre erred titani um containi ng
Nagoppbes Cadlnpud muasbess Ao B025 3623, uitrdld ndanclandingespewtseef

JTromTS- ], TS Ti,-pbeta, Ti-MM 41 Ti-MM 48,
mix{d: %’éﬁi—“i@? X %1‘21%3@%@&5@? CHMREEES 1B?A18?1%r red
titanosi Iippal)pyAQPPH)SBSOS, quasi -crystal | i ne
titanosilicate having an | structure, which is
or t hor ho P EEOyRsemRRbapeEPE)Ur e (21 0C), as

determn - T, iffraction (XRD). Such a support
and its ﬁ@q(%g%ﬁé}@ aration are disclosed in US
6, 255, 499, (PPROIRRPAAPEL ) h@rej,n by reference. The

silicon to titaniumatomc ratio (Si:Ti) of the
pr ef er r e@PRL:PeA0BPhi)deRe).support can be any ratio that

provi des [ItlagPh%%t(%utPlP}%e)ﬂ%qggsel ective hydro-oxidation
[Pt(AuPPh3)7(Ag):]1(NO3)s
[Pd(AuPPhs)s](PFe),
[Pt(AuPPh3)s](NO3),
[Pt(AuPPhs)s](PFe),
[(PPh3)Pt(AuPPh3)s(Ag)I(NO;),
[Pt2(AuPPhs)10(Ag)13]Cly
[Pt(AuPPhs)sAg] (NO3);
wherein “Ph” is phenyl. Mixtures of any of the aforementioned gold-ligand cluster
complexes, including gold-only, gold-silver, gold-noble metal, and gold-noble metal-
silver ligand cluster complexes, may also be suitably employed. Of course, the

phosphine ligands in the aforementioned formulas can be replaced with any other
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catal yst in the process of this invention. A generally
advantageous Si:Ti atomc ratio is equal to or greater
W@ b@s/osdseut 5: 1, preferably, equal to or greatRCT/URNT/083859
about 50:1. A generally advantageous Si:Ti atomc
equiadleny tiisrgatidilospin®ligdndssich hani(@dgphodpki®od
preferably, %ual to or less than about 300:1. Any
blS&BnlaﬁnmhﬁlP@ﬁhH& mgthaper MO&OV@L £RnPLRE Brpaimihg gfosepyionsd

preg«fgr&%ihfoprﬁglap &l eﬁe%Bﬁkﬁ%i \gﬁﬁ] e ﬁUBLlﬁy gml N }nlg?e u%%fe?llexggld—

S T AVENt T on un}con al ni ng
lighel dhagadnipkxois MNiyiofs1d@ tsatid @ﬂdiiﬁgfuﬁf clﬁﬁélaio)ﬁqﬂex having an
particles, for exanple, beads, pellets, spheres,
averasresRld rSicleivsitiabeis 1. enmy whishean bapurchaseshirom Nanoprobes,
nally, the titani umcontaining support can be
hu%ﬁ%mﬁg@d W th, bound to, or supported on a second

support Pgbr o Ip@Mfl@@ s@oQlhe NippditNle Loldaidagd clulder complex can
catal yst particles and/or inproving the catalyst's

be §li=¥1§ﬁ:§t for examapler bt infared speastosenpy anflior seaempneciear magpgtic

reig tshin fijl
resp TR M oRest AP Eiamolr « Coft o TMaleh ranpizion of e
lighhti(©ntl SoMPRRE dhe BbRI-Be A8 thistep @binBlexe D incBidifidiGhdtnfixed gold-
Sui tabl e secondary supports include carbon and any

nolplefrmeadthgayd ebusigecorsplexesagiay bf pinshaset iftoani aomalerai! vayree or,

el SRR droaR B RE AR LBeg BREM " Tne KB 271

publiRR6A profzBaE LpMon bheneneadut dftowl Ofi g mACAREr SURPRKESs and their
ranges from about O to about 95 wei ght percent, based

chaypctetizationrabi prddicatening heingfingongoratad Aengat by Igfﬂr@ncan dNesmeyanov,

A R HE ] PO n R e RC B 2B C . e
al. £ e9pHasy: ,S@m@{)@on&ﬁwi 19801201 BHSR. CXRIEH. | Wurld6y

tOt al titania is pr esent in an am)unt not gr eater than
Orgloautet@5c me@mwasaew Ch&€20; Wan tireV ¢ldernll. Wl gittal.of

the catal yst di oqg% S pport Unl ess
Inoggqus G §’@’Sﬂéftlggg %?n}g]g% T S Go et 4hn el yéfaf? 4 1988
605M6b§ ﬁ&ﬁlﬁug@ﬂ Wi B CRom. |1@§9r F?ﬁ% iSnﬁtB %INE e al Ingiég
tani um contai'ni ng support 'sha consi der’e
Chamc 9890 & 18696370 heSdhintid U Mo pdrad SinikesssipIgey; 27, ZIIIZtel 8;
particles of the nanoporous titani um containing
Rag@m@@yt{ly, exett ddi ﬁg&m hem. Soc. 1992, 114, 1526-1527; Laguna, A., et al.,
Organometallics 1992, 11, 2759-2760; Rapoport, D. H., et al., J. Phys. Chem. B. 1997,
101, 4175-4183; Warner, M.G., et al., Chem. Mater. 2000, 12, 3316-3320; Nunokawa,
K., et al. Bulletin of the Chemical Society of Japan 2003, 76, 1601-1602; Negishi, Y., et
al., J. Am. Chem. Soc. 2004, 126, 6518-6519; and Shichibu, Y., et al., J. Am. Chem.
Soc. 2005, 127, 13464-13465.

There is no limitation on the method of depositing the gold-ligand
cluster complex onto the titanium-containing support, so long as the catalyst produced
exhibits activity in the hydro-oxidation process of this invention. Non-limiting
examples of suitable deposition methods include impregnation, deposition-
precipitation, spray-drying, ion-exchange, solid-solid reaction, and freeze-drying.

Impregnation is preferred, which involves wetting the support to a point of incipient
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any binder, are preferably greater than about 50 nm

and | ess than about 2 mcrons (nm in dianeter (or
WO 2008606388@i mensi on). More preferably, the partPCl/E82001/083859

t he nanoporous titani um containing support, including
weltieBd@r to agfotnt@f Bt ror ghaafer alaieks, 20 devineanwlith @ sslutibian

about 1 mmin diameter (or | argest dinension% At the
suspEREhOr £pliRid C?Iﬁ@nﬁsgdh%g@ﬁrlw&ﬂg shisteaemplst. bhe imprggnation

corlédgtr\f[%ﬂ}ltﬂsl%ﬁrg W@t‘iﬁflf{e gp%@ it %)ﬁcf gg’({n%%hp r%ioﬁ{g? KERS conantratlon in

eposi er co

theGyolioh e sipBAHOT, AHs tltel pa@tidulds 0 ppdradhplogeds umm;uppd;m ARk be
condi tions sufficient to prepare a catalyst precursor,
tregipg) Withandpledmprreantiong. AAeyisd. cheni cal | y treating the

catal yst Cﬁ%grﬁgxéstﬁé teﬁ‘gag?ag]lrg g? ﬁ{ggdnggﬁtl(?#g iggsl f?{lﬁ abSucfsQ6M

t he hydr o-oxi ddat1 on

ambMehltedrhs absutP1@I°EY t&ﬂ)o@nmbrrmmblefsoltvbmg indRNbtQlRs not
~a gold i gand cluster conplex is preferably enployed
limgtgH ¢y rdey asd irgavmea @ﬂVCGltﬁr thedatgeésmcl@mﬁ& ﬁ1§P]éﬁ1§ (egg- e@ef@pnol,

ethtanoqnlsé]?r%ag lebu allnzo t, eetgnlet m uzrlge on i nhatg and aronilzltlc
S SuUppor dch er co essentl

hy&aaﬁséns%@eﬁﬁ)cﬁﬂbanmrge&netﬁﬁ@ﬂ@@h&rld@rarﬁaa\rkﬁda@Sglya‘olst b@ch as,
support; and therefore in these preferred enbodi nents,

ethyleae glygsland %@hﬁb@glmﬂd Mistvisestaftatesiang organichielvents are also

e of the Sy ort d cl ust.er
o R GU o wbaF AR oRBOR TS (RO G I eoto-
lightRl ug& doﬁiﬁl’é& rafSESERIMS bl 0UPBd1 Mtdth€Rah#alen point thereof,
hydr o- oxi dati on catal ysts. Firstly, gold-Iigand

preé¢ra'slu/eﬁmm@hpmté)<@¥)1tl\ért@l abitPed Ms cﬂ)mtﬂnelltsdhq m},utufn may contain

trelaggy ure nd nnn(? erse f t F

ALt 1S dNCHE I | ?rged‘ﬁalp BE%? & FI‘B iopg dor
exfifPle NG* dee CRIW' thowg s Caenypusp£f f pit SanH‘Sn"iw Phthoted
contact with oxygen and/or water. V& recommend,

helgowEvieps webas amlnnlp rspfagsy sc:thlraamﬂludmg syibater QBOSphates

| T t f i
cafliiiey PaR uiBHERt el et Sk Ry AT Mgy pirates.

malfafal c,elﬁnatrﬂﬁ@s aRPHixtfres AT Uaen&raﬁ? Qh@BLPositiGh §@ESducted
t han about 5 gol d atons. Typi cal usters contain | ess

unddranm ahbmbiend fre@@ds. Wheh érealepysitibressotripéate, dhoental BQ @recursor

old.atong. &l d-|ligand cluster co exes conta ni n
CO’%H%S“F‘EH ‘F%&Beﬁﬁo ?016‘1‘6“66‘? methads nﬂ‘%é@ﬁﬂo&?&f’ %an be
filtPFell &bt gd L br H&%n@@ kSedcb@BNRE GHMFS PrecBRBP R Xnd ﬁ?\ten{ &an be

dep03|ted onto the

evaporated or distilled off to recover the catalyst precursor. The resulting catalyst
precursor composition can be dried at room temperature, if desired, and stored for
future use. Storage under air in a freezer is preferred in order to reduce exposure to
moisture.

The catalyst precursor composition comprising the gold-ligand cluster
complex deposited on particles of the nanoporous titanium-containing support can be
characterized by any modern analytical method. Neutron activation analysis (NAA) or
X-ray fluorescence (XRF), for example, can be used to identify the chemical
composition of the catalyst precursor. STM can be used to visualize clusters with

ligands still attached. XPS can be used to determine the oxidation state of the gold.
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titani um contai ning support: Au, Au, Au, Au, Au,

Aus, Aug, AulO, Aul 1, Aul , Aul3 , Au20, Aub5, and
WQRD863880At the current tine, AUS5 is nore prePE&r/Deu07/083859

As the nunber of gold atonms increases in the cluster,

High fekolatibd ylecmh drergrioausptaradopy( HRERIS)ingy fseled sseful for the
nonodi sperse clusters. Thus, sone variation is

detgupidatitof 39014 pOtheiBeirlSof IQpFANCaItEONS For ¢l usters of
20 or MOHe g%{lalgst%rgﬁmr?s 0 eaﬂélj h%gteﬁ élng/to(r) (ﬁ%é?nl?%i;ft?&ied

may be expe er of

uné@st a67dition A20cieAWS Sornathd cé’tlaﬂy@t]ofahle ibehties. Heftingaa aasnert
Au(20+/ _2cAu(55 +/_5) and Au(101 +/_10) Optionally,
atmpqspheyeligarie sgaﬁlae &elide rln%ﬁt’ﬁ‘roéthiiﬁ%ﬂn@]@%mt@éﬂa rhyhum neon,

arggﬁn‘%%rhk%fnog sesmf:t‘ﬁt \glell g{ﬂ? rl]{?en?sf’lg %ﬁngzrtletﬁa%g car onrﬁl y?lge,

er conpl e

sted 4R ﬂkiﬂé&lyﬂﬁbh@)off@tsﬂéh dsprogine C e@rakioeny thahﬁgl wum
r hodi um pal | adium osm um iridium and/or platinum
Smpﬂ@fl@m [shgmicgbireptmentygich agéiﬂampw unaiat wméﬁmgmgent or heating

un(ger a rg(huac:tlrl%g}lr’lg@ntl l1sgagso sultatillset 5{1 n{:at?/ re Site ges[cng%d Rereinafter.

obl' e ne € presen conr

Thé ﬁ@dtﬁ@&@fﬁpé}yﬁf@mmg nQhe f)d}ﬁcﬂhﬁigaﬁd 1ﬁ\@nveaxmh@ s range

i ncreased formation o Bro pane from propyl ene.
fronegrontei thgh gooufRBi-. arefelsbly. isatal thah akent a1 abrnor00°C,

BB} PSR P LB RSB Sma

clulFEQagBAts! 9 refdrfedieafify feffbeRithe dAnPRN S mAboliNi 2°C to about
i nventi on, e gol d-ligand cluster conpl ex excludes a

40%6b| e et al selected from rut heni um rhodi um

et aof - Ched et i aBiodhd fitlhe 3 Gsifpheemptoved.

Ch@ AP treAmbein 9ol 6 &Jn’th%hﬁﬁ tHRI @ taPR0PREursExU oth jak RITR WIBYa
be bonded to each other directl’y through Au Au bonds;

reagthfa¢ltGHn¢EéIﬁoveX£5mplgmeg@n¢g ageohomanyoxidizingnded. Non- limiting

an ol.d atomthroug i nter dlar atom such
xSl e e e oA G yBre e By
mth)%eﬁ’ 9%@9 h @rog&pf)&@hdg Bind midbR thSe6H @ﬁtlcﬁﬂahy QBe 8Xidizing

l e meta irectly (e.g., Au-Ag or Au-Pd)
agctnh mug)h daptedrwiér areided lgys almsmbamg nnoteédlesdmdméore The preferred
n-limtjng exanples S suit Ie Ee

oxigaie LG el ST BRIE G BRERT AL Gy HoEpHapydon-
lindifi PO pl SUE RuAsH1 OF JBRATRARNRAS RAL 'ﬂ?drogen, alkenes (preferably, C;.
10 alkenes, such as, propylene), sodium borohydride, diborane, formaldehyde, sodium
nitrite, oxalic acid, carbon monoxide, hydrogen peroxide, and mixtures thereof. We
note that hydrogen peroxide may act as either an oxidizing agent or a reducing agent. A
preferred reducing agent is hydrogen, optionally, diluted with an inert gas. If an inert
gas diluent is used with the oxidizing or reducing agent, the concentration of oxidizing
or reducing agent in the diluent may suitably range from about 1 percent to about 99
percent, by volume. As an optional procedure, the precursor composition can be
washed with hydrogen peroxide or reacted in solution or suspension with sodium

borohydride. Alternatively, the catalyst precursor can be converted into the catalyst of

this invention by heating under hydrogen or oxygen in sifu in the hydro-oxidation
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or ganopol yphosphi ne, organononophosphite, and
or ganopol yphosphite ligands, as well as thiolates

W 2008/06388( CH2) U(CH3) ], thiols [HS(CH2) U CH3) ], PErUsZ87/083859
(e.g., primary and secondary am nes and

rea@tdr paal ©antohigy thel Hidresxidaiomigscdse. 8. momedlréteirey {réinda) ,
imdes (e.g., maleimdo, succinimdo, phthalimdo),

invehiep Sratisribk rHaystdn gmhalpde,g ,lggdr()gﬁn o hydg}gen |d)1uteg Agth an inert

s’é}ﬁgﬁ)&y EI% ergﬁﬁ ra“?gl erpérgtqlgg 1?&&891 Abogfﬂg)r C3ndQbout 300°q

nor e spec es

whi ch i ncnhel ﬂeattnrgla@ﬂ@aamﬂleslpmaﬁﬁ@t is¢tmiduasd for a time sufficient
triaryl phosphi nes, trlalﬁélphosphlnes

to myh@hmrwogsrd@g% Faalyst of dls dvantign. aF gy spaerrssof fras about
15 \%}:ﬁutgg %bgtb\éu g\ﬁgur ﬁsnsu?ﬁc1%t2§%<l:n 11§g ocﬁ‘]tPQ Pnﬁjtlgé{lar %}1%1tlons of

eneac

theG¥eaRldes dhf:mﬁizll tr@daﬂnentgmhdhe deh@afadns knesdoFl the gﬁﬁLlﬁgﬁﬁ& bond
for use in this invention include: Ph3PAu OBF4

maly AGPPIG) BOpIREEN. Aﬁaepﬁhgr)%&&@nm@@@pn@) m@ew For confirming

the R G N P B rRas o SOmRsitie Pineriehegipe

and/ér Ehethlénl Q@h@%ﬁh)hoﬂv@er] the]réRbv Lot h% and is not a requirement for
Aul3( PPhS) 4 CH2) H(CH3) 1 4 [ Aul3( PPh2CH2PPh2) 6] (NCB) 4

ob{aUER] PHAEE atign 2@plys GrighisussnRPR, 3) 12c:| 6 wherein
"Ph" is

aol o 1§ oSN S ol iR s BT e Ripws L s

inveRIBRE M Rdhtain 4 pRIMQTRARDHiNNSh WH bREncRék & MnRRM G $netal,
me?aql?c ion, or combination thereof that enhances the performance of the catalyst in the
oxidation process of this invention can be employed as a promoter. Factors
contributing to increased performance include, but are not limited to, increased
conversion of the olefin, increased selectivity to the olefin oxide, decreased productivity
to water, increased catalyst lifetime, and decreased molar ratio of water/olefin oxide,
preferably, HO/PO. Typically, the valence of the promoter ion(s) ranges from +1 to
+7; but metallic species (zerovalent) may also be present. Non-limiting examples of
suitable promoters include the metals of Groups 1 through 12 of the Periodic Table of
the Elements, as well as the rare earth lanthanides and actinides, as referenced in the
CRC Handbook of Chemistry and Physics, 750 ed., CRC Press, 1994, Preferably, the
promoter is selected from silver, Group 1 metals including lithium, sodium, potassium,
rubidium, and cesium; Group 2 metals, including beryllium, magnesium, calcium,
strontium, and barium; the lanthanide rare earth metals, including lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, and lutetium; and the actinide
metals, specifically, thorium and uranium. More preferably, the promoter is selected
from silver, magnesium, calcium, strontium, barium, erbium, lutetium, lithium, sodium,

potassium, rubidium, cesium, and combinations thereof.

26



Nanopr obes, Incorporated, including the gold-I|igand
cluster conplexes identified as Nanoprobes Catal ogue
WO eoBe63s8®010, 2022, 2023. Suitable non-Iin tiPgr/us2007/083859
speci es of m xed gol d-noble netal -1igand cl uster
C onpl exesf onecdr ushee pfopkiths i (sad RREN B %téll\dﬂi)lﬁty of promoter(s)
[ (PPh3) (CO) Pt (AuPPh_ 3)6] (PF6)2 [ Pd(AuPPh 3 ; % ,
genarp yPPEERERETAN AbprE (3 meyeﬁerfhipr&ﬁt%rﬁtbwmb%l 8POPEE)t

oo R AUl AR B AR AT AR

gelee)mau IBGGh SHORPDG )R, GALEIRSLy3)e8( g hENCES 2y it AURPEAEA on
131 7 [Pt (AuPPh 3)8Ag] (NOB)3 wherein "Ph" is
ﬂwﬁﬁ@ﬁyﬁ%hkp&$ﬁﬁéﬁb@ﬁ any of the aforenentloned

gOI d-1i g%ﬂg p?o ?st%r%sﬁ %1? ﬂ? ﬁgé%%fted gt tél%u%)%oqltzgrqmg 'support

gol d-si | ver,

sm[tﬂtaﬂécﬁislyV\Gith {He%@[tﬂhgzldd&ﬂ@[erQ@ﬂi}pleﬁxﬁﬁalteﬁﬁiﬁvaﬂysﬁ DRparate step
suitably enpl oyed. O course, the phosphine Iigands in

eltwé)e@rf@%#eqﬁmm@hgmdmw@r qEmPIezels ﬁémsgé@dlf\m ﬁtaawyl
co ey Do b B R ARERE PN BB wBY il A

canlVb¥ @Pésited WY a AbnTh Suppdktansetidl sitieltAbSuewith a@B&de of
preferred fornmul as can be replaced with an equival ent

titagninarpr aemat eelprie f eepastic §opb ¢ithgydetbre puaftas rthez:mmmee)f titanium
- A0S0 950k oB1REAPRG) SRDE 51350 SR DR
sol686n BesuRp bR Htaldi ASTH NN ARG R BRSmote PERIP IR, optionally,
other additives. Any salt of the promoter can be used; for example, the promoter
halides, such as the fluorides, chlorides, and bromides; nitrates, borates, silicates,
sulfates, phosphates, hydroxides, carbonates, bicarbonates, and carboxylates,
particularly the acetates, oxylates, cinnamates, lactates, maleates, citrates. Mixtures of
the aforementioned salts can be used. If an organic solvent is employed, it can be any
of a variety of known organic solvents, including, for example, alcohols, esters,
ketones, and aliphatic and aromatic hydrocarbons. Ordinarily, the support is contacted
with the solution of the promoter salt under conditions that are similar to those used for
contacting the support with the solution of the gold-ligand cluster complex. After the
promoter(s) are deposited, washing is optional; and if done, the wash liquid preferably
contains salts of the desired promoters. Afterwards, heating the promoter-impregnated
support in an inert gas or heating and/or chemical treatment with a reducing agent or an
oxidizing agent may be conducted in a manner similar to that described hereinbefore for
post-deposition treatment of the gold-ligand cluster complex.

The process of this invention can be conducted in a reactor of any
conventional design suitable for gas or liquid phase processes. These designs broadly
include batch, fixed-bed, transport bed, fluidized bed, moving bed, trickle bed, and
shell and tube reactors, as well as continuous and intermittent flow and swing reactor

designs. The olefin, hydrogen, and oxygen can be contacted together. Alternatively,
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Prior to deposition onto the support, the gold-Iigand
cluster conplex can be anal yzed, for exanple, by
WO pfosa63880 spect roscopy and/ or sol uti on nucl ear PCEYR®DT/G83859
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In flow reactors, the residence time of the reactants and the molar ratio
of reactants to catalyst are typically determined by the space velocity. For a gas phase
process the gas hourly space velocity (GHSV) of the olefin can vary over a wide range,
but typically is greater than about 10 ml olefin per ml catalyst per hour (™), preferably
greater than about 100 h', and more preferably, greater than about 1,000 h'. Typically,
the GHSYV of the olefin is less than about 50,000 h'l, preferably, less than about 35,000
h, and more preferably, less than about 20,000 h. Also, for a gas phase process the
total gas hourly space velocity (GHSV) of the feedstream comprising olefin, oxygen,
hydrogen, and optional diluent can vary over a wide range, but typically is greater than

about 10 ml gas per ml catalyst per hour (h™), preferably, greater than about 100 h',
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I mpregnation is preferred, which involves wetting the
support to a point of incipientwetness or to a point
W@R00BMO6IS8r or greater wetness, as desired, w tPCHUS2007/083859
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acetates, lactates, citrates, nmleates, cinnanates,
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St or age Uhdegledivityito OEflfl roseleeran iveryplepéretingdpdnrthe sgkeific

to redyce exposur ¢ 15 y
process conditions employe or the purposes of this invention, the term “selectivity”
is defined as the mole percentage of reacted olefin that forms a particular product,
desirably, the olefin oxide. In preferred embodiments wherein the gold-ligand cluster
complex excludes a noble metal, the process of this invention produces olefin oxides in
unexpectedly high selectivity. Typically the selectivity to olefin oxide is greater than
about 80, preferably, greater than about 85, and more preferably, greater than about 90
mole percent.

The productivity of the catalyst, measured as grams of propylene oxide

per kilogram catalyst per hour (g PO/kg cat-h) depends upon the specific catalyst used
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noi sture. The catal yst precursor conposition

conprising the gold-ligand cluster conpl ex deposited
W@eoopasIssc| es of the nanoporous titani um cont aPeii/ogR007/083859
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heating wth sinultaneous chem cal treatnment, such as

oxiglatien prioagss to therpoan abwhigh Ahdeptal g aftennerns ampdra geggnerations has
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co&lﬁiéﬁﬁlﬂfspoﬁﬁ ohviche Ra&fiidk af itd hﬁg Migletirf, Qlllé/@l@al?'@ WmABY active
range from greater than about 500C, preferably,

fordprger ertenvhanvithbwalhiliZzdooyitpasblgtle deB00aionas eompared with

.pref bl . bout .1200C t t 5000C. E
i & BB b MRS TR ot snpied g bgb 25 Fuys.
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ca

to about 400C. Chem treatnment, with or wthout
prefieratd amghodirserdgs, she saidly il yhie mykntyachas Ghenivadbr oy eatbeetO
ontacting the catal yst precursor conposition

da}%/%ln‘%’/jﬁli ﬁt%nséé]%?ﬁt}v\%o%hem cal, for exanple, a reducing

agent or yagnql af&i@iitﬁﬂas%@féhsedl\@ An Iuhﬁ@chbtﬁﬂy eXRATRIeE $n Of

sui tabl e oxi di zi ng agents include essentially pure
prefoyegienmbagiimente thervetalyst off thgenvaniodes) bhiyegengaad. Any catalyst
regg;eérgii)i(ét}dﬁlsthgg %erﬁgréﬁﬁyuﬁn%‘?’mf tlget oes%fskillgﬁgtll 81rf]:aa|rt| hh bte I'l]lged with the
catalyst of this invention, provided that the catalyst is reactivated for the hydro-
oxidation process described herein. One suitable regeneration method comprises
heating the deactivated catalyst at a temperature between about 150°C and about 500°C
under an atmosphere of a regeneration gas containing oxygen, hydrogen, water, ozone,
or a mixture thereof, and optionally an inert gas as identified hereinbefore. A preferred
regeneration temperature ranges between about 200°C and about 400°C. Preferably, the
oxygen, hydrogen, or water comprises from about 2 to about 100 mole percent of the
regeneration gas. The regeneration time depends upon the regenerant used; but
typically can range from greater than about 2 minutes up to about 20 hours.

The invention will be further clarified by a consideration of the

following examples, which are intended to be purely exemplary of the use of the
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agent may be diluted with an inert gas, those being
not ed herei nbefore. The preferred oxidizing agent is
W@R008063880 nm xt ure of oxygen and inert gas(es),PCUU0a%083859
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t precursor conposition during the heating and/or

chem cal treatnment; however, the renoval of ligand is

not a requirenent for obtaining an active
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Optionally, the catalyst and catal yst precursor

conposi t NBASMEET $ik¢ eryptalsd ndvesmecoRR Nebltessidimepyigmmtiar

titaRbsiflcdt® gpﬂp%?ttairé) E]ynﬂ{esf%&) HBBE [e%raeég%rtﬁl)ﬁﬂgﬂé ?]IT E(ﬂ?)t, ala’nium n-

butoxide, and tetrapropylammonium hydroxide (TPAOH), in an aqueous reaction

mixture having the molar composition: 1.0 Si: 0.0067 Ti: 25 H,O: 0.16 TPA. Toa

50 L nitrogen purged carboy are added TEOS (20.11 kg). Separately, into a stirred
container in a nitrogen-purged box are added TEOS (1.84 kg) and Ti-butoxide (239.5
g). The mixture in the container is then poured into the 50 L carboy containing the
TEOS. The carboy is sealed and mixed vigorously by shaking. In a second 50 L
carboy, deionized water (41.79 kg) is mixed with TPAOH (8.57 kg). The TPAOH/H,O
mixture is sealed and mixed vigorously. The resulting TPAOH/H,O solution is placed

in a refrigerator overnight and is kept cold by placing on ice until further use.
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metallic ion, or conbination thereof that enhances the

performance of the catalyst in the oxidation process
W@R008/63880 nvent i on can be enpl oyed as a pronotBET/US2007/083859
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room temperature. This procedure is carried out in a static mode, i.e., no air flow is

intentionally introduced to the furnace. The product comprises a nanoporous

titanosilicate material of MFI structure, as determined by XRD. The titanosilicate

product exhibits a bulk Si:Ti ratio of 150:1, as determined by NAA.

Example 1

A sample of the nanoporous titanosilicate support prepared as described
hereinabove is oven dried at 110°C for 1 hour. An aqueous sodium acetate (NaOAc)

solution is prepared by mixing water (75 g) and NaOAc (0.737 g). The NaOAc
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support is to be fabricated during catal yst

preparation, then the pronoter(s) can be deposited
WO i08/06888mN- Ti support material sinmultaneousl yPa#i/UR2087/083859

source of titanium or alternatively, in a separate
solatiep(7.01heris héfedrdeoviefifiera fldik comuinde e titanbatitatersuport
deposited. Typicall the pronoter(s) are deposited

; L1y .
(160: (g an1th ghdkdnes dwingghe additions of g flask 1pHansisreigjagieuum oven
iR r . sal t
o AR Pk B0 LG, DG BURREL TP SN BB
cydi@bfBRaldagaind ApplyieX aunquus attrbem peropavitare foabi gesutes UtHe
as the fluorides, chlorides, and bromi des; nitrates,
sarpple at dsn hedted erdee sacuapl oal0es (ThlkoSpmainets ramp dimex pabkeld for
car honat e bi car popat es. . and carboxyl at es .
S8 PR oy R OB B SR A oril BT TRy and i
malifgihed 88der VRO RA! Sfernight MHe8aculvh $VaH Bpufedtih nitrogen and the
af orementi oned salts can be used. If an organic
sargplk vermoived.eiiid mypedal is re-siaed twel A3 U, ngesh 4F4160{595qfm) and is
kngmn organi ¢ sol vents, including, for exanple,
bottle ohol s, esters, ketones, and aliphatic and aromatic
hydr ocar BORs ;o b LB N0 Ao-inh eI osi R a& Q0P ASH Bven dried
with the g%%ﬂ?ion o?&¥¥é)bﬂgﬁ%ter saf? uﬁderbl%T ven are
at £lndifor bhsurt agoldrligasd olub@r sdletidnie peepasddyfmiking
contacting the sugport with the solution of the

Aug P KNSR OI0U g v tbaRpPES (2 S Brand mretineh X0z e
goﬁ?lg%%lfig%ﬁ&e{ é@§€+tp@)'}'3% gg% ﬁc%gﬁlt? tsh%o']\?a(?%ce—ﬂg@‘gig?%%{etlt\ﬁ@&tﬂlcate

pre y ¢ontai ns sa

sufpodI1ersy. TAE banplalidsveRrdahd Ao EEto sit for 50 minutes, then
pronot er-inpregnated support in an inert gas or
trapgeirgdhig aarianen oxpiefalloaied by dgttimgrmndgl vaguameas 4 Cnipr 30
. t0r oxidi zi t 0 ted. i
AP B PR RPN G s vacwom

ov@afht @epediatdadilyst prRatm®donHositid. GMntenkd] gaal skt Ust, €67 +/- 5
cogplex. The process of this invention can be
PP Nauba98d+/t 90 Bprehic ttdr0 bf 98wy dhvient/i baelcerted: h+/- 5 ppm.

sui tabl e for s, or liquid phase. pro ses. These )

Gosi ans. BPEERE Reaid e BAST GRS i LRERG of enis
inveBGon, fWHidHdis 2&ekdiR dhe RIYS-BLiIdRESh of Fropybee tbqﬂodpﬁéiﬁ oxitRl ds

and tube reactors, as well as continuous an
follavtserifietcriahyst preonsersgmpabitign (@agh srlogttediigtes fixpdebed,

al efin, hydrogen, and.oxyge an be cont act ed .. )
coRiiobae Yo s iha PRSP SR8 To R R B ot gt nygntion.
A 86 8Bf 1 §@rch{yafdgeﬁ h%z VoAb Be Vi helidmfid §dledC Ol’ﬁe%é&&r iWhtded

oxygen and théreafter the oxygenated catal yst is
froporvoacteegensiurt taa2 10°K tat p eate pf prl5E Hogndeld at 250°C for 1 hour, and

then cooled to 100°C. The reactor is then fed with helium, heated to 160°C, and held
for 1 hour. Thereafter, the temperature is reduced to 140°C, and then a feed of
propylene, oxygen, and hydrogen is introduced (30 percent propylene, 10 percent
oxygen, 10 percent hydrogen, balance helium, 250 cc/min space velocity, 100 psig (690
kPa)). Catalyst evaluation is conducted while holding the temperature at 140°C for 8
hours, increasing to 160°C over a period of 8 hours, and then further increasing to
temperatures up to about 240°C. Products are analyzed with an on-line gas

chromatograph. Results are shown in Table 1 and graphed in Figures 1 and 2.
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and hydrogen. Preferably, the process is conducted in
the gas phase, and the reactor is designed with heat
W@ e@po63880 f eat ures for the renoval of the heatPCT/US2007/083859
produced. Preferred reactors designed for these
MaasiipOS&S of pripyidae tonetkidie profgheat loxriedelecdaty, ihditubhgtve
bed, and noving bed reactors, as well as sw ng
wafes 40 POPEleBD A%IAP MAB IS %fﬁi%esiaapr@nmz};elafw@athawsier Ehegrtire
rur} t?rﬂﬁe(ﬂlg gﬁfh&f&ﬁ&ﬁ lﬁllstrﬁgcﬁjl utig gab'l @ré glrqué %rzﬁges recorded
rocess condit ions e oxi dation
apslesiefdtdl¢dvdren eiand Canow8 I(yr tﬁ@cfhsdeﬁil@} ﬁbinystz(it/@ﬂtharun.
nonfl ammabl e and fl anmable regine. It is beneficial,
however, to recognize the conditions t hat distinguish

Det el 10 PNIAGTRRLS, 8oLl AL TNIAY eagRlothe

, and ox Accoﬂging

@@mpos tq@ﬁm@maﬁéanncannbe consmtyctediabmﬁnn&yltaﬁnnuMﬁve
Wjsgh Tor apyygi ven (Pcrn‘%&%%% [ SIR&HaL U6 PRIE: P85S UI],0/PO

WS e+ 148:18]) on-{r 1 agdraol [ an [0)]
3.5 190 1@ HeTRl € T argl J 4.80
L-]E(?LE,E 1t LUIbe)bI lI gr1S, 1 5ILI LI'UI ”?16”6 ULI UEZA%, ’JI 1 Ubeﬁ'.os
[Pl nmorT I 1 CU ea III. LILLIZAY TS [OMNTUI - CTU
HeX ei-nibove 23t e—beki cvmgl o e e 2OF | ot 429
Fege nhenzgne prccesig S per&igd at t“éﬁﬁnre 434
preferred & nf'resTé.d res@%?es specf??ed 4.35
he} ei nbel n\A/23KIp\/pr tthel Léi ner 291 onlwit hid¥st he 4.35

Ll

flhmmble rédine iqd possd bl el a89-%esi gned B) one 4.36
Adlled in PRE art.| Usbally.| th®09rodess id8conduct ed 36

atSa tenper@Bire that i1.80qgreate?0.3 han aboutl61600C,  4.36

pr@f er abl y, 2@¥ eat er] t h&a9 about 29B@OC.| Usudalbhy, the 4.37

process i s @dnducted at.4a tgnpep@ture | ess30bhan gbout.38

JWO0C, | pref egabl y llessithan [aboos.1 28Q0C. UWsgal | y,| t he39

.essure ranges fram apgut at nogpherijc to zBout 500 440

peo 9 (B, 4480kpa), prefenably, Tgom about 1LY psig (6941

kPg) tp abouyg; 300 151 01 4d, U689 Kegj. TN T10Msr eactjorsa 4

T§ residencg;tinme [0f {Q¢ reactgggs and thgsnolar 4.43

rgd 1o f re@gyants to (l:'ggai SU X E typi Caij% 4.45

ern iicu ii¥7l.lle spdul—:g)g/ci OcCT tggs.l':UI a g phase 4.46

AN WA 45 AR A e T
i'uate tha??;éout 10 nﬁ%oibf:nyi@r A cé?mﬁystyper 4.48
ﬁ g {h 1),23?efer b!ylﬁ?eater ?%@n :boutzﬁéo h 1. afg?
dbPe p ef er ég[ Yy, great éESI hahn a&%ﬁit 000 2831 451
H8i cal |y 237 1.34 89.5 281 4.52
12.0 T 237 1.33 89.3 278 4.53
12.5 237 1.32 89.5 275 4.55
13.0 237 1.32 89.3 275 4.56
13.5 237 1.30 89.4 272 4.58
14.0 237 1.30 89.5 271 4.59
14.5 237 1.29 89.1 268 4.61
15.0 237 1.29 89.3 268 4.62
15.5 237 1.28 89.2 266 4.64
16.0 237 1.28 89.2 267 4.65
16.5 237 1.26 89.2 263 4.66
17.0 237 1.27 88.9 263 4.68
17.5 237 1.26 89.2 262 4.69
18.0 237 1.25 89.2 260 4.71
18.5 237 1.25 89.0 259 4.72
19.0 237 1.24 89.2 258 4.73
19.5 237 1.24 89.0 258 4.75
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the GHSV of the olefin is |ess than about 50,000 h 1,

preferably, |ess than about 35,000 h 1, and nore
Wpe@Besmil y, | ess than about 20,000 h 1 . Al soPCT/082087/083859

gas phase process the total gas hourly space velocity
CEhISV) | of the7feedgtreamtconprigsmng al ef i msgoxygen, 4.76
hydrogen, and7optianal 1dzl uent gam vary ovss a wijde 478
papge, | but typi cal lly 1 $29redt ergg han [aboutrs30 m [gas4.79
pe€E m | cat abyst per| hoyphy (h [I), s €f er abl 5o gr eatjer 4.3p
bhign apout 1P h T,]and;ppre [pregggablly, greater fhanggy
ghgur 1, 000,/ T~ Typi§a{ Ty, T1g, GASY of 173g 483
bgsgbl Bdlll (Qg»ylpl I bl Ilg &)QFI I I, O 'g?llrnllxg% BL], T 4.84
A A G TV AP B
Ef’“ﬁfer 1b!‘y" .sts tHan L Oiut 20’ uﬁ k 1’. ':j'gewi se—f a0
24':55 gu-d éhuéz pr ocessﬁf.ie veig .%'(\’lhou! y %Zce '~ 488
oePocity (WA of ltheldbefiln cBhbondnt cadovary lovef89
A5+ de rr-mgsg;ﬁ but tlypi }":]lﬁ;ly Ls %-Zatcr tha?ﬁ“ahmlt 0. 490
868l ef | n per3y catalysi-lper lhout83h 1), priéBerahlly, 491
db-at er thad3about |0, 051h 1,| ané®.hore prefXddably, 4.92
g7.6at el thaA3about [0. 11461 .| Typs.¢al lly. tHHEOWHSV |of 4.93
2hé ol efin 2871 ess [t hahl@about 1805h 1, prefMérably, 494
bess than akewt 50 |h 1].1@&nd |nore8.preflerablyp | esg t hanme
abesut 20 h 237 The |gasiand wei gkg.3hourly space 4.97
yeboci {1 es of7the axygeme hyldrogesn, and didspent 4.97
ooRpPonents ogn be detefpizned Tregsthe spacg;vel odity4og
gh.ot Ne[ Ol eT Ry TakiNg 1 N§p acCoUuggetne TelahgVe nolar 499
Rkl 0S| desinhed. Wen ap prefin Mg at 1/3st Threey o
%fbb()ll at UIIIQ3»75 (..Ulld(..i‘i,‘&l Wit 8)8(4/98[ 7T lj:})g‘ pr ebencg'oo
BLSEIYU ugcuzgﬂg tilcl L,ahcilhyblhluc & |utg' I\Il:!ﬁl,jllaug Sp 501
YR RPN AN DAl Sl 7L Ao g VAR P Ul ST
Qaf L oxt 60 o pr oyt L oxi BeS R e Leomydidr on . 503
388 inlin 1R, ”'“”"“'i NN on c23lyary | 504
d&8end ng |||8371 t he mel‘-il*i c prng&ic dondi t328ns ! 5.05
étfl oyed, i B8l uding thélkpec)ifi8d.dleflin_ tBAper atlur e3.06
gtéssure, m@Peé ratilos bfllreactadd&, agnd f Bt of tlhe 5.07
éaPal yst. Fa@B7the purpbdés of tB3.3 inventiZ3hA, the tehH
38.6nversi on'231 s def|i netllas tlhe 8HP e percemdge of 5.09
8b.6fi n| t hat 28eacts [to 1.00m prodsgts. |Typi @@bly, dn 5.10
@b.sfi n| convassi on of greater| t hghs about 1.05n0l e 5.10
peocent 1s aghi eved. Prederabl ygs.s he [ol efimmaconver si gni
Bgsgreater bhan about 1oo 88.1 224 5.12
38.0 237 1.08 88.1 222 5.13
38.5 237 1.08 87.8 222 5.14
39.0 237 1.08 88.1 221 5.15
39.5 237 1.07 88.2 220 5.16
40.0 237 1.07 88.1 220 5.16
40.5 237 1.07 88.0 219 5.17
41.0 237 1.06 87.8 217 5.18
41.5 237 1.06 87.8 217 5.19

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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nol e percent, nore preferably, greater than about 2.0

nol e percent The selectivity to olefin oxide can vary
waelegseneissy upon the specific process conditi onBCT/US2007/083859

enpl oyed. For the purposes of this invention, the term

"selectivity" is defined as the nol e percentage of

reacted aolefin that fornms a particul ar product,

desi r abl Y\ dl¢fersplanplysis of He uspheplystapyeals therddi@miit s

¥y ol,dz | | ga ste £ I aq:

e b RS B e e B o BN O By 2 v
1 petcehi; @, &x¥7-desprhn unexpect edl y hi gh selectivity.

Typically the selectivity to olefin oxide is greater

t han abouhe gpultpshomes sistuglly fpteriprylenarimdaisbietivisg of Zheyt 89

L E R T e

dayd! Opilcan@lext SBOMRD ndlAagi@Mbat ey StonPeily AU abgut 5.2
PO kg cat-h) depends upon the specific catalyst
dugiegtanamp b das Beréash drarverseon shgwh ap snitigldpgyezsgapd cak, and then

ressur nd. feedrate. The productivity is typically
as%?&%‘?%rﬁqvﬁg%cqlgﬁbut 200 g PO kg cat-h, preferably,

Exgfmerter than about 250 g PO kg cat-h, and nore
preferably, greater than about 300 g PO kg cat-h. The

hydr ogen Aepdriien ehidy titanosidioatn seppeot Blepali gh desctiheth

rior art processes..Accordi ngl the cunul ativ
e Byed Feplh ARET 36 eCTRT LR P Syt bEhife coono
soltib L RIPrép-es ABLH @Y EWaleP &1 9B Bl ant WROAITD,053 gh).OVhe MO C
specifically, the cunul ative water/ol efin oxide nol ar
solption Ol 54&g)iy pildedl drgp-griseato dhe tithnesilidatautupport (2.B0g). | Bwssample

. thap ahout 8:1, and preferably,. |less tha ou 1.

is iRl 20 5 aengim YR BT es cnnndo dgRS ety forg,

hohrTPIHRWHREk ik kirRid b thd BEnpI€ iM1idweiad L8R to ASor ?e%‘ijpeli’zﬁﬁl%'aﬂd
refers to the tine neasured fromthe start of the

main¢aided inoder paamesseverighth €l poiantuna bvevhis elient puegasiabalh ystogen
(gfter one or nore rggen rati ons has | ost sufficient

angtheisgmple 18 pragved and BAWES: t he catal yst unaccept abl e,

particul aK byioh P @E-‘ﬁ{] le@hatRPlidhoRicatd & dried
evi dence o#) I|,tltosol onegcf(? etl%?hatﬁglca?sglﬁ?st \rggmnﬁ?sn%ven He
at BlPC\er f asurl ongeld-ligah@ chiste Ssobiitidh iS padpated Agdniadig vi ty

and little deactivation, as conpared with prior art

AupPéfhe's QW00 B0 gatathysetene @yidcmiang meshangh(0:7Q%ee). The
resgftﬁ%tg%[d—figa%ﬁ C%Jbs?eliltsol%aoﬁi ?()’542 g) is added to the CsOAc/titanosilicate

support (1.10 g). The sample is covered and held for 50 minutes. Then, the sample is
transferred to a vacuum oven followed by heating under vacuum at 100°C for 30
minutes. The sample is then cooled to room temperature and maintained under vacuum
overnight to yield a catalyst precursor composition. Elemental analysis: Au, 233 +/- 5
ppm; Cs, 4340 +/- 90 ppm; Ti, 4720 +/- 90 ppm; Si, 41 +/- 1 percent; and P, 24 +/- 3
ppm. The catalyst precursor composition is then conditioned in a propylene hydro-
oxidation reactor to obtain a catalyst composition of this invention, which is tested in
the hydro-oxidation of propylene; both the conditioning and the hydro-oxidation being
conducted in the manner described in Example 1. Results are presented in Table 2 and

graphed in Figures 3 and 4.
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preferably

achieved in a fixed bed reactor.

W@ ni98/d63s8nt s,

greater than about 30 days,

In nmore

can be
preferred

the catalyst of this invention hBGI/b8®A7/083859

run for up to about 40 days with |ittle deactivation.
When its activity has decreased to an unacceptably | ow

level, in preferred enmpbodi ments the catal yst of this
i nvdrble@n Hysko-pxidatepaiPrapyane with ad/gpy SiCatalyst”
regeneratlon met hod gener al®Py knownP@o t|hos& vskiatived
i nTinteddaypy | dampdieiugs®d [Wiremversion | Satealiyet| of thO&O0
i nverty on, | provilded that t®hé2 catial y¥0i s reacti. it ed
flor th@ hydrooxi2d@ati on |protess des®Bi3bed her ei4d9 One
sui t abs e regeneragi on nmet hod3 conpriosgs heati ngt.ahe
deactiyat ed cat abyst at| a t.emperat uzs bet ween mdpout
15006 ;and pbout 25900C under.san at negpherle of &.86
riegengg at 1 pn gasagont ai|ni ngs@xyden,g3hydrjogen, 3@t er,
OZ0oNgy 5 OF | M Xbug € t hgr eof 5o and ogghonally arg jgiert
gas apy f de tlfi@QShereinbe Qge @gqrerred 3783
r EYETES atTpmmt enpgT at ature T apge Ueb\gtien about 32-53700(3
and ut—4006€C referfabt T |L‘ O c1T, hyeH I, Ot
t ;5g“np iseszggowwa outyggto ab%sé 1066 %Dlg#ftrcent

0 s eg neraL? A—gas T.§7recen§¥4ti A ti“u'ﬁgpends
u r ge.e@%%t usead; Bu t:plgéily can réﬁﬁ% from
g br?‘&% 2 mlnut 546 up 1t o 9§lgn|mt 20 hn?lfg: The
i nvernt® on i ll B8 f urt Her Lﬂ@lrl fli pr%l@y considEY ation
of _t HeS f ol | owi ng2&xanplles, Léhi ch a9 ntlended 3# be
pur el30 exenpl ar ¥28f t hg usbk4sf thei%¥entli on. G-Her
enbodi.ents of £R® i nventi bA3wi I|l B8.9apparent 3 t hose
skill®@ in the a8 from a téhsi der &2i%n |of t hiX8l1
speci4.j cat] on or2®ractijce ofi7the i megntijon as 3.82
di scliosed herei n28 Unl ess ot.herw|semated, all 383
per cepsages areosggven dn ain®l e |[perogant |basi s.3.gihe
folTqwng gnal ybpgal ngihodg; are enplg0yed to 1gentify
t[ne gagal yst preegirsor |and; gat allySlogonposi T1 0k
Eienq@bai AnalryshsT AU, "14P' andy,gr on terlg%fu
CUIIL?Q]SI dl. OT1S <§§§ UBI.. T ilgi) Uy TT O actl Vg:lég OTl1
;::lllcu ¥SHS ( \V_\A)/ T el :l_lhbc\df:hf:l m ||m§2|4y /~:| A 300 ..
pl"?;’;lgl ::II i4> é\25$ I: SI I_:\AIE;EFZ IICI I'Igi'r_}al Ul UII 3\'911l [¢]] yDl

14.0 228 1.40 92.5 3.92

14.5 228 1.39 92.6 3.93

15.0 228 1.39 92.4 3.94

15.5 228 1.40 92.4 3.95

16.0 228 1.38 92.3 3.96

16.5 228 1.38 92.5 3.97

17.0 228 1.37 92.4 3.98

17.5 228 1.37 92.3 4.00

18.0 228 1.36 92.2 4.01

18.5 227 1.36 92.2 4.02

19.0 228 1.36 92.4 4.03

19.5 228 1.35 92.3 4.04

20.0 228 1.35 92.2 4.05

20.5 228 1.35 92.2 4.06

21.0 228 1.34 92.1 4.07

21.5 228 1.35 92.1 4.08

22.0 228 1.34 92.0 4.09

22.5 229 1.33 92.0 4.10

23.0 227 1.31 92.0 4.11
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1410/ 595 nm are crushed and di spersed onto Cu TEM

grids wth | acey-carbon support nesh purchased fromT.
we2008063880 g. , catal og nunber 01883). | nstrunmenkEl/U82007/083859

for Analytical TEM A field em ssion gun TEM (JECL

2010B3.5eripl no.22EML38714- 23) used far i nmagi.mg
net abapanoparti cbgs on [nanppprous apporfts i n 4ot h
convenkl onpl anasgark f|i el d3dEM|npdes. The TEM.is
operatgd af an aggel er dt 1 ngzyol {age400keV. 4.14
Convepki onpl TENbE MBgES ar £33 ecor def gusiing a Gafan
It i26'§can drgi IZ% camgra ( hppdet iv'@g“ﬁwl). Hi gn4 ﬁpgl e
armuhgls far k1 Bhi! (HAADF) 1 5[TBUES @§ also_capt pr ed
ust™ ITC tdll yrsiqirt S Wwal|© V lil 1 Illbl c LT
off SE%bx St oré%%% X 102%5;“ X Is.gl%en & Pv'E“tJS:Gd of
YVALLE 2 7] g—a st alHi-pel T+ atesititeatie—Cat-al-yst
Whate¥e ﬁ Nahomet g‘?gsi ze cry%‘?‘u! s 2vdr age— 500
| arge8? di hensi it i 4.
spnt B29i zed usi 382t et rdet hiP®rt hosiAli®%atle (TF(ﬁQ
tit aBPAm nhut ox28% __and t el 2%pr dpy1988mmni um hyiitlaxi de
(IPAGKY, in an 2Addeous |reatd? on |m ¥2@re |havi ngtihe
nol aB0.6onppsitia@Ad 1.0 |Si 1.20. 0067 920 : |25 H2@.22 0. 16
TPA. 3T6 a 50 L nR§rogen pui.ged car oy arle added23TECS
(20. 315kg)| Sepaeately,| int.po7a stimedd containe24in a
ni t ragen- purged 2b®x ar g addesl TEOCSop2. 84 kg) anzh
Ti - bgbexi de (23929 g). [Therpgxtdreaqim thHe contgsner 1s
thenspgured 1 ntoxghe 50 L ¢ay boy coenbal Ni ng t heyelECS.
e ggkboy[ 1S Seahed and m ¥gd Vi gefieuslly by SfiaKing.
Ima §gconu 50 L,garboy|, Gﬁb@nl ed gater (41 /4927Kg) S
n xe%4\§n t T_PAG???S._%/ K9)1zd ne TPRPH HAO Xl&g;‘
Sleat Sgoallu mxed, ¥y got ust !26 g I%ﬁ%i tTng "_P" H2O
sptt Hs—ptaced—n re gerat"r'ov rnight fre—s
K pt l3’E'SI e—py— %grg e _c <Sr“t. | f%.ﬁt her—use-: 47@8_
T} bﬁz’lzv de/t TE(% 7“ *xtue—S gdd\d Vied valeuum| 4;3 eH-hg
[ m—e—gim—t—ngen—zé@—geeu—ea&@—%J—» 12 1
t mer-8t ur of 289C_ The ch??led TPACH H20O solddlion is
purma?l5| ntp the?P®actor| ovke3 an lapfPaxinate 65 nute
peri 880while sti2P8ing at 168 rpm Aftter ftransf4edd is
cionpBé&be, fhe réagtor i|s hedled |t 0 BO- 650C 4.33
39.0 228 1.22 91.7 4.34
39.5 228 1.24 91.6 4.34
40.0 229 1.22 91.6 4.35
40.5 229 1.22 91.5 4.35
41.0 228 1.22 91.7 4.36
41.5 228 1.23 91.6 4.36

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).

An elemental analysis of the used catalyst reveals the following

composition: Au, 230 +/- 5 ppm; Cs, 4220 +/- 90 ppm; Ti, 4790 +/- 90 ppm; Si, 41 +/-
1 percent; P, not detectable. TEM of the used catalyst shows gold nanoparticles of a
median size 4.4 nm.

The results show a virtually flat propylene oxide selectivity of about 91

mole percent at an operating temperature over 220°C and over a run time of about 41
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(over a period of about 20 mnutes). This tenperature
is maintained for 4.5 hours. The tenperature is
W0 p@seessed to 1600C at maxi mum heating rate (aROUUSHO7/083859
m nutes) and mai ntained for 96 hours. The reactor is
dayshéhe canluedive 61,0080 nicdir ri@e fvesronlyodlightly &as3 Bite abat 4.4
crystals. The titanosilicate crystals are recovered b
dufipgythe Spae bRy PRIy Gonveryian shrwes 28 iitidliisgreaseiad ppaiaded then

f tioned synthesis solution is adjusted
as{éad%&%ﬁf'%?ﬁ%ﬁﬁgw- 0.2 by slow addition of the acid
Exwinple Jvi gorous agitation and sinmultaneous nonitoring of

the pH Fol | ow ng EH adjustnment, the slurry is
b

centri f ugeRPraen abdlisO300mpEE0ated fHanpHECHesHorPrerjred as

Lurcy &5 fil d | yet hyl i f .

et Pue IS PEESE PR LRODY B ERB rsbhigSn i

preph @@y shkih € SYko D@ BehnRIHE B SardH Qudopexc 80Tl U9e nm
bags multiple tines until about 96 percent of the

goldgragticleso Nageprabas, Incepomtasd Cartagsio. @81 Onwitleepldategiranpk(0.81
then ssed throu the.sqlid cake to rinse.excess

) TR hBH P EHE o p e CBE e b S8 A Bt o

soldliSPRIIBEH lothé LSO cARANIIRSE SWRIERH (1,21 errfe%mgre% t&efed
are di spersed, the suspension iIs agitated continuously

andbeld opmiteesep &rrat hinve. Thtearhplaa travfangdits a veoovered, hsld at

S BLR RaR SR B et P L SR
at FIPE-fol EEmiRRAL EddIE t%%i)ﬂstelﬁ[)&aﬁﬁré;' $HE theaNthint B8 tndQ
1410/ 595 mm). The

Isolate a 14/30 U S. mesh fraction (
vagraireoveahightsto yadld b natdlystrpred¢ursdr igomppsifién ef thisrinaaioas

FlesRagal At s, N of Hoted PBY" o) B ald BGEDE: 870 tb 90 ppm: S
42004 Sercd ! QU295 By. Sbih- TROLats RATRUBRLALHE R dlt S

procedure 1s carried out Ic node, 1.e., no
comlitiorfelddnvtliesreaatoren tfoiom a ktylystrdongpdsitied of thi¢ meedtimpadieh is

The praoduct conprises a_nan rous titanosilicate
tesﬁ"_gt”é ?he&}yd&-owégt?%} HUEPRYIe; E;@tﬁd@i thwdx@ﬁrﬂ-e
oA Lo Bl RN B L BB

Tablardomdriogised 5 tiahé@si | i cat e support prepared as
descri bed

Table 3. Hydro-oxidation of Propylene Using Au/Cs/Ti Catalystl’2

Time Temperature PP PO Cumulative

(days) (°C) Conversion | Selectivity H,0O/PO
0.5 140 0.43 99.7 2.10
1.0 176 1.04 98.3 2.31
1.5 188 1.50 97.8 2.60
2.0 188 1.49 97.4 2.73
2.5 188 1.47 97.6 2.82
3.0 190 1.51 97.1 2.89
3.5 190 1.46 97.8 2.95
4.0 198 1.74 97.5 3.00
4.5 205 1.97 96.8 3.06
5.0 208 2.05 96.7 3.11
5.5 208 1.99 96.5 3.15
6.0 210 2.05 96.3 3.20
6.5 210 2.00 96.4 3.24
7.0 210 1.95 96.6 3.27
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her ei nabove is oven dried at 110QC for

1

hour. An

aqueous sodi um acetate (NaOAc) solution is prepared by
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1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).

An elemental analysis of the used catalyst reveals the following

composition: Au, 278 +/- 5 ppm; Cs, 4250 +/- 90 ppm; Ti, 4450 +/- 90 ppm; Si, 40 +/-
1 percent; P, 12 +/- 3 ppm. TEM of the used catalyst shows gold nanoparticles of a
median size 2.3 nm.

The results show a high propylene oxide selectivity of greater than or
close to 95 mole percent at an operating temperature over 200°C throughout a run time
of about 25 days. After approximately an initial four days, the conversion is maintained

at approximately 2 percent by adjustments in the reaction temperature. The cumulative
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then cooled to 1000C. The reactor is then fed with

hel ium heated to 1600C, and held for 1 hour.
wab@seedsser, the tenperature is reduced to 1400C/U8s29d7/083859
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coftbi{iigalotiMen NatRs (1135 R pRYIRNE a@élédd el“h’é[ﬂry’ﬂdtalﬁﬂd fit@nailecate is
t aken approxi mately every hour over the entire run

snmiamréo theiganesidisate arechind=xapmplest heredbeye- tTe sphé isemariglly
sw1r Eih ?utltol?ledurl el%cﬁ ?me ty&j (glPsatQp q ?%(pg)gl?lh?l B er\f) d¥)nt]02the

our's (or rom's
tlta-ﬁ@mleaté THeleste s %tl%ﬂéﬂe%l&fde@bﬂlﬁ)éh eN@citth oﬁuﬁé\lﬁﬂfﬁsand a
Catal yst1,21. PP = propyl ene; PO = propyl ene oxide 2.
catglefetcpre@msom spapntitipn bpsdlatad onto@ dreing @ith. dbhy geaeurseo

cent 250 .cc/mn sp o
coB it i i 6 s SHNGR i Pl p Sk R Al SRS e
fort 1h1ﬂ)ul#3 Fe SRRy g)ﬁ@ﬁé&@nﬁd@tufbﬁiak RWERE (PGNP i88h outer
230 +/- 5 ppri Na, 1670 +/- 90 ppm Ti, 4670+ - 90
ammqm &)d drigl upder ﬂomgc}éerm 16§°C Bor e thCpimrﬁ capigst péﬁuﬁi ts

sh tual | I ct t
im0 “aterssplnp i O o ST e BRI 1 Bkt bttt
prop3 RAE RN FhaRNGTsi i1 A4 ExhiBleof ha@Biaiovd, Witk 8Sexcdftn that the

cumul ative HHO PO nolar ratio slowy rises fromonly

predsige s 4aiiragit648 kPapattien than HOO paiget 690 KPdaRepdtsi apelshown in
T q% verslon homs an initial increase and peak, and
ap ﬁmg ?ﬁ% y but slow decline. Exanple 2 A portion of
the titanosilicate support, prepared as described
her ei nabove, is oven dried at 1100QC for 1 hour . An

aquésils 4 dxruptigion af RropieroAlineFsAutGleveriComples par ed by

m Xi ngjwater (4.9/7/Y9] Q) ﬁ']d s ()‘-\50( U. PDoZ2 wéducl!l()ﬁy L'Su-%umulative
Time (hours) | Temperature (°C) | Conversion | Selectivity (g PO/kg cat-h) H,O/PO
0.0 152 28.00 0.00 0 0.00
1.3 151 18.18 0.00 0 0.00
2.7 74 19.23 0.00 0 0.00
4.0 111 0.00 0.00 0 0.00
5.4 122 0.36 0.00 0 0.00
6.7 122 0.36 0.00 0 0.00
8.1 121 0.48 0.00 0 0.00
9.4 121 5.45 2.38 30 475
10.7 121 8.22 3.97 76 5.93
12.1 121 8.78 4.28 88 6.29
13.4 121 9.01 4.49 95 6.49
14.8 121 8.99 4.40 92 6.65
16.1 120 9.05 4.19 89 6.83
17.5 122 9.08 4.31 91 6.93
18.8 125 9.25 4.65 101 7.01
20.2 129 9.37 5.13 112 7.06
21.5 132 9.43 5.60 123 7.12
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solution (1.54 g) is added drop-wi se to the
titanosilicate support (2.20 g). The sanple is

WO e@Re63880r ed to a vacuum oven and i s heated unBE&r/US2007/083859
vacuumto 70C and held for 1 hour. The heat is turned
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49derni ght to6Pield a cAthl yst Prbcurbor codfdsition. 7.04

4El6enent al _anl@®ysi s: | Au9.5233 [+/ -8.9% ppm_Cs, 24840 +/ - 907.03

PPm Ti, 47200+/- 90 ppwp Si|, 4.4 +/} 1 periéent; and 7.03

483 24 +/- 3 1wpm The caual yst pg.eElcursor conpdsition is7.02

46hien condi tiwoed i n| a prepylienes.fgydr poxi datibpn readt or 7.01

479 obtain a watal ysf composifti aquef this I ngention, 7.01

ki ch s tesfggd T n [heoRydr0- oxd sfat1 pn of peppylend; 701

45§t The congpTi oni NG gRg TNE Mysy 0- pxi datiigp being 709

sggnaucted Tnghhe manneg (fesqrinesh Tn| Exanplgs 1. 700
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LI

Y + o Ay Ca | =4 1 P — by ] SR

opytine oxtlle o Feedolan Toer bl bropyt d4g. 1o | 100
5§é‘r Sén oxygdl 10 ergé?‘.t .sdr% eh wr{angzg:he! 02
5380 celmin sice vel ocPOY 100 hZ g (eag kPA an | 7.00
S81lenent al nnl.-f?p\/cl s of 9#@3’ usled 71:% gl St rleénl s the 7.00

6P48l | owi ng (‘nlréﬁnmtl n: 988 230 473 5[ ppm @45 4220 |+/-7.00

698 ppm Ti, 4990 +/L 98.6hpm| Si7.7% 1| +/- 1 lg#rcent:| P, 7.00

63dt det ect ablt8. TEM of 9he used/.¢at a] yst sHaéds gol d 7.00

onanoparti cl e®0of a pedPdafl sijlze 464 nmn 174 7.00
65.8 160 9.61 7.74 174 7.00
67.2 160 9.62 7.70 173 7.00
68.5 160 9.58 7.73 173 7.00
69.9 160 9.59 7.76 174 7.00

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 94 psig (648 kPa).

The data show that a catalyst prepared from a mixed Au-Pt-phosphine
ligand cluster complex produces, after start-up, a propylene conversion of between 9
and about 10 percent through a run time of up to 69.9 hours. Selectivity to propylene
oxide varies and does not exceed 10 percent; propane is the primary product.
Significantly, after start-up, the cumulative H,O/PO molar ratio remains steady between

6 and 7 through the run time of 69.9 hours.
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The results show a virtually flat propyl ene oxide
selectivity of about 9 1 nole percent at an operating
W@ 209p@6suUr e over 2200C and over a run tinme of PEADUSI007083859
ldays. The cunul ative H2OQ PO nol ar ratio rises only
ExsinpiB [y from 3.8 to about 4.4 during the same 4 1 day
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nm@%d ‘i g0 qp&rtlﬁlﬁ@ gIItHNIHE e imas ABpIeopaEns per molecule;

Nabgg gh&R2 ;n%%%%rate AAd 1. 20%%)3\%1 Pk EARANC rhe
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added to the CsOAc/titanosilicate support (1.2 Q). The

sargplap @Vﬁ@d@@d deldont e anperatpredor Qepmrest grhepamg

transl}erre o'a Vac1|1S L régl? fegtr(riﬁ (2()QCahe\f %tdf‘qu"eﬁ)r&g) 1nuges cooled to

room enpera clover
rod?@ bdn@érhreaielthe3hamitAid Pendeh @Acthuat ovERHEKE th 9Tel HH catalyst
m nutes, cooled to roomtenperature, and then
pregnisar edmpagitionhs ithig m@nmmvﬂrqﬂagqiyst pecyiser eprepasiitoaliy dien
ecur.sor. conposi tion of this
colfiUTE neRRGEs rila Bligylh Selg Rk P s TR, B is
tesfbd 4Rt/ ryd 8o BRAGondf, pré@ylee; bdthRES ESRttiondpand, thd Rydro- 3
ppm The catal yst precursor conposition is then '
oxiglatieli béingmeehdupted irethearanner daserifagrimExamateal . yBesults are shown in
onpositi on of is invention, which is tested in the
Th@ﬁﬁﬁgﬁ&ﬁ@ﬂg%?g%lgf propyl ene; both the conditioning
and the hydrooxidation being conducted in the manner

described in Exanple 1. Results are shown in Table 3
and Teblgur Byd®-awidat®n of vyl Gie Ujng du GtusdertGamplet Pr o

| ene Usin Au/Cs/Ti Catal stl1,21. PP = propylene; PO =
pr offythene | oXiethgpeatudeeed: 3PP per centP@r opy! ed&muilftive
per gapd) oxygen, A0 per cevhvdiyidi Ogerctivifl ance Hg/POm
250 gg/ m n spacrgevel oclty,p2000 psi @74690] kPa) . 3 Am
glenggt al [anal ygbsS 0f [he Uped cat ajgst | eveal 503 ne
ol pw ng 209 0.99 90.8 4.15
2.0 242 1.71 87.2 4.38
2.5 240 1.60 86.6 4.63
3.0 241 1.55 86.3 4.82
3.5 240 1.51 86.4 4,99
4.0 238 1.49 86.1 5.15
4.5 240 1.48 86.1 5.28
5.0 239 1.47 85.9 5.41
5.5 243 1.43 86.1 5.52
6.0 240 1.43 86.1 5.57
6.5 240 1.42 85.6 5.73

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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conposi tion: Au, 278 +/- 5 ppm Cs, 4250 +/- 90 ppm

Ti, 4450 +/- 90 ppm Si, 40 +/- 1 percent; P, 12 +/- 3
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described in Example 2 is oven dried at 136°C for 1 hour. A gold cluster solution is
prepared by mixing Auss[P(CsHs)3]12Cls (0.0040 g; Strem Chemicals, Incorporated)
with chloroform (4.616 g). The solution (1.420 g) is then added to the
CsOAc/titanosilicate support (1.20 g). The sample is covered and held at room
temperature for about 50 minutes. The sample is transferred to a vacuum oven, heated
to 100°C, held at 100°C for 30 minutes, cooled to room temperature, and then
maintained under vacuum overnight to yield a catalyst precursor composition of this
invention. The catalyst precursor composition is conditioned in the reactor to form a
catalyst composition of this invention, which is tested in the hydro-oxidation of
propylene; both the conditioning and the hydro-oxidation being conducted in the

manner described in Example 1. Results are shown in Table 7 and Figures 12 and 13.
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Example 8.

A portion of CsOAc-impregnated titanosilicate support prepared as
described in Example 2 is oven dried at 136°C for 1 hour. An aqueous barium acetate
solution is prepared by mixing water (4.704 g) and barium acetate (0.0131 g). The
barium acetate solution (0.387 g) is added to the CsOAc/titanosilicate support (0.55 g).
The sample is transferred to a vacuum oven and is heated under vacuum to 70°C and
held for 1 hour. The heat is turned off and the sample is cooled to room temperature
and maintained under vacuum overnight. A portion of CsOAc/barium
acetate/titanosilicate support is oven dried at 136°C for 1 hour. A gold cluster solution

is prepared by mixing Nanogold® Au-ligand cluster complex (30 nmol; 1.4 nm gold
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PR R T RS, Rl B i BT gren
comyitidricdiin eheAehdtGA(t6 fbin a katdlySH cotipolitidR ofthiStnfemion, which is
Chem cals, Incorporated) with chloroform (4.616 g(?.
ydaro-

testeddn ghel hdroaxidatiqnef piypylenct heth thgjeraditianingynd the h
CsOAc/ t.i tanosi | i,.care support (,1.20 T aml e i .
oxB R e fReeh TR AR el Pbing e 6 BRI e Rown i
TabBle BUNEFigutbe1Sal® is transferred to a vacuum oven,
heated to 1000C, held at 1000C for 30 m nutes, cool ed
to roomtenperature, and then maintai ned under vacuum

ovesa it (9 415 SHalIst PTeck 0 comesition o

~J L

Ty P .
¢ondi ti oned JsPRFEUEeart orFR o f or mEP cat al yStumulative
rdimedhis) on of @RI s i nyEARYHON WARERLYY t est dG/ROt he
hydr & oxi dat i onl4df propyl éH¥; bot h %Ke clondi ti 8AP ng
and tlhe hydro- oiildati op beéiG3g cond@stsed j n t hel.fnner
descinbbed|in Exdeple 1] Rasi9l ts|ar®@2dhown in Takde 7
B

and Bogures 12 mand 13. Tabliee/. 1-1ywdgo- oxi dati 008 of
Pr opyb ene| Usi ngpsAub5 ustiers Cofrpl @x.1' 2 Time 156

enpgpat ure PP 1H® Cunu| at iivg (days)poC) [Conver gben
Sefegti vitly HZQsFO 0. 5[ 143 4) 17 93.9925. /8 1.0 ZTP 1.49

93, 24l 33 255 2.00 914 2.36
45 256 2.01 91.3 2.51
50 255 1.97 91.1 2.60
55 254 1.88 91.1 2.70
60 255 1.90 91.4 2.76
65 255 1.88 91.0 2.83

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).

Examples 9 to 16
A series of catalysts is prepared as follows: A portion of the

titanosilicate support prepared as described hereinabove is oven dried at 136°C for 1
hour. An aqueous alkali metal salt solution is prepared by mixing water (5 g) and an
alkali metal salt as follows: Example 9: lithium acetate, LiOAc, 0.018 g; Example 10:
sodium acetate, NaOAc, 0.0224 g; Example 11: potassium acetate, KOAc, 0.0271 g;
Example 12: rubidium acetate, RbOAc, 0.0390 g; Example 13: cesium carbonate,
Cs,COs3, 0.0440 g; Example 14: cesium formate, CsOCH(O), 0.048 g; Example 15:
cesium bicarbonate, CsHCO3, 0.054 g; and Example 16: cesium oxalate, 0.048 g. The
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1.5 235 2.01 91.7 4.13 2.0 236 2.01 91.5 4.10 2.5 237

2.01 91.4 4.10 3.0 237 1.98 91.4 4.12 3.5 237 1.97
W@1008/063886 4.0 238 1.99 91.0 4.18 4.5 240 2. 05POODUS2007/083859

4.22 5.0 240 2.04 90.5 4.25 5.5 240 2.04 90.5 4.29 6.0

aquds 2100 nffhl 2ald s@dtidn 5 addddl tb.tRBtiQNosIlichte3shippold alADwighO
90.0 4.41 7.5 240 1.97 90.0 4.46 8.0 240 1.94 90.0
peigemjvegnass pmpregnajigng Jhg samplg igtranspyredo g yagging oyensmdgs Beld

oI350y 55 0, B I8Tuh B8 9 %6107 8
theB%he Bl ¢hdéBvaRuth 240°Afor9 1B9r. 1THe Beht kdumed 40 ahd (B S8afde is
allgf\;vgdgtolc?(’)bPtozrﬁgmjiénzgerggfrelan% n%gingﬁﬁe% u%ffigr Vla'cZ&m %%ér}ligdﬂt.gg
portion of the alkali metal salt-impregnated titanosilicate support is oven dried at 136°C
for 1 hour. A gold cluster solution is prepared by mixing Nanogold® Au-ligand cluster
complex (Nanoprobes, Incorporated; Catalog no. 2010; 1.4 nm gold particles; 60 nmol
for Ex. 9-12; 30 nmol for Ex. 13-16) with cold methanol (2.173 g). The solution (0.36
—0.39 g) is then added to the alkali metal salt-impregnated titanosilicate support (0.56
2). The sample is covered and held in a freezer for about 90 minutes. The sample is
transferred to a vacuum oven, heated to 100°C, held at 100°C for 30 minutes, cooled to
room temperature, and then maintained under vacuum overnight to yield a catalyst
precursor composition of this invention. The catalyst precursor composition is then
conditioned in the reactor to form a catalyst composition of this invention, which is
tested in the hydro-oxidation of propylene; both the conditioning and the hydro-

oxidation being conducted in the manner described in Example 1. Results are shown

for each catalyst in Tables 9 and 10.
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1.

PP =

propyl ene;
percent propyl ene,

10 percent

oxygen,

PO = propyl ene oxide 2. Feed::

10 percent

30

whyasoess) bal ance helium 250 cc/m n space veP@DUS2007/083859

100 psig (690 kPa).

Exanple 8. A portion of

CsQAc-i npregnated titanosilicate support prepared as

described in Exanple 2 is oven dried at 136C for 1 ,
Tabls 9 Hydgo-orichationof Raonvighedéssngytn (dwiteriand v ariQuy, P L
Exapylari[xi ng water (4.704 g) and barPRim adet atP® (0. 013umulative

(Progpter) TIHBiniza(hysn| dE@hpdratusoPU} i| ofor(V@rs3@v | gJelecivatgded /PO
bhe (sOAc/titanosilicate support (0.55|g). The sjanple

(Li0&c)t rlansferred (to a vacuum oven and i s |[heated under
vacuuym to 700C|and held for 1 hour. The heat is turned

off and the sanpl e | g4600l ed [T 0 pOgmM t enmpesgas ur € and; o4

mai ntjai nefly under vacuyp overni ghig.geA par T 315 of 731

CsCOAC] barj gm a etatebgbtan05|||CQ%g SU porgégs OVET 306

drie dE %§6C_|pl LM@gHI.Ié/gU|u1%$UbLtL bgiytlUM S35,

prepdar cu LI LI L | yuru(tly) AU=-Tyaifgu v U Tl
eotphex (?é At 1j§j.7}golaparjiéles; Na%igrob"s, ggi

Incorporaﬁ e Cntalo% ro—2040) Jﬂ h—egl-d—fEt-hane .

(2 195 \00tha ooty 288 (o 375 o\%s {Hen SHled to A3

%%CMc/bariun1acetate/t|tan03|Iicate support (0.55 Q).
(NaQﬁ@ Qnmrjl e s govered and helld in a freezer for 50

m nutles Ohe sz npl e i146¢ r ansflerr 8% 0 a va®¥%m oven 1.79

heated t 012000C¢, hel #18t 100QC fdi5160 mi nubed  cool ed-99

to room td%perature, 2dhd t hen mail®Bai ned ubber viacuudds
overni ght3.00 vyilel d a2d@tal ystl préddrsor cofpdsit)on 3f77
this |invehOion.| The Qdbal yst |preddesor |conf®si tiljon i §.00

t hen [conds.0i oned in the reactior tigiform a 8atal yst 3.16

conpgsiti@m of [this ioagention, whiegch i§ tessted ijn the2y

nydr g- oxi dati on of propylene; both the|condition)ng
(K@Rg tlhe hydrooxi dation being|conducted|in the manner

descrii bedpsn Bxfanpl e (kg Resullls @re shawn bz 1abl € S5 55

and Hrgurgg 14 [and 15, Tabl e 8. Hhigdro- X|aggﬁon of 376

Pr Opyl enezébl 414 AU uzggt er Cq [Tpl 2)651 yA Q’r’l - 3.43

P U[in UIIU3OI‘U -+ MI Upbgglle UXI UU éOlrch; Jyo gUI CIETTU 3.50

ELIUE‘J_YLfIICZl-OJ.U HCI L.Clll23g)\_ngIl, J.U 1%ZI CTIIt Ilgg,lé UQCII, 362

T 50 235 1.74 89.9 3.71

6.0 235 1.65 89.9 3.79

12

(RbOAC)
0.5 143 0.29 99.2 2.16
1.0 183 0.82 96.3 2.13
2.0 225 2.05 92.6 2.62
3.0 231 2.06 91.1 2.93
4.0 231 1.86 91.2 3.15
5.0 231 1.75 91.5 3.31
6.0 231 1.64 91.3 3.43

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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hel ium 250 cc/m n space velocity,

100 psig (690 kPa).

Exanples 9 to 16 A series of catalysts is prepared as
WO 200B06us80 A portion of the titanosilicate suppRCT/US2007/083859
prepared as descri bed herei nabove is oven dried at

136C for 1 hour. An aqueous al kali netal salt solution
Tablg 101 Hpaoaskidiioliof PREpyWak €rsifbA@ L Lars and Vatiksad Proreitak'-
Exagfpld @S Tghé owg: Exanple 9: [li thipgn acet at g LI CACCumulative
(Pro o8 9 Ea&é‘)"p' eTéIQf)CéthPé ('f'@} ac@{)ﬁ,@%io&kl%&qct%&z 4;0/PO
[ J.J. puasst utir atet dat ., NUAL, JUZr1l oy, CX4AiTpr ©
(Cs - rjubi di um aget ate, RbOAc, |0. 0390 g; [Exanple 13:
o5l um car bonatle, Cs2CO3, 0.0440 g; Exanple 14: cesium
o Coe OO\ N NAO0 ~ \lnnnnl o 10 - act
bi-car bonats,— CYHODB, 102054 g and-Abxany o B0 ¢ ok uml]
- oxalate; 40048 g- ThéaBueous lal k&2 netlal d%# 2.78
solution 22 added to 1f9ﬁp ti frnnclllq3rnfc suBhort t 7871
wei ght pef@ent |wet ne<29i npregnat ild_ The sAiPle g 265
transferré®d tola vacidin oven land 1i88 helld uB#ér vacuuh6?
at room té&bkperature 287 30 m|nut d97 hedt ed9ubder 2.71
vacuum t 06700C,| and t%&n hel d unde&8 vadquundas 700C f 8175
1 hour. The heat is tdfned offf andot he |[sanptg is 2.79
Bl lowed to coolf to roomtenperature and mai ntai ned
Cso@mmder| vacuum overni ght. A porition of the alkali netal
salt-jinpregnated titanosilicate support| is oven dried
at 136C for 1 Rour. Aagold cljust erpasol Uti ompds 3933
prepared hy m X1 ng Nagggol d(r]) A-Jdii gand Cigdf er 3.90
conpleX (Hnopr|obes, jpgcor porjat eq; OSL,at dglogofio. 2010; 515
T 4 nm g?h@l,E? ticl €553, 60 Nm | rqr% 19" 154'1\59 o3 ¢7
IUII FX 1 O\J-EL WI i‘llﬂ I7U llb‘lidllUIl d?ﬁ i. :5 993;4”]'8 |336
o B0 36 |~ O~ 39y = then jagued [to b IEat kel s
g)—The—silpleli 5 coviled andheldlind+isker—for—2)
about-90 ]..d.nut\s. The“sanple ti-s tlrﬁunsh”egz?o a 3.19
Vacuum oven, heat ed to 1000C,| hel d at 1000C for B0
CSHQQ&)H es, cooled to roomtenperature, and t hen
mai ntlai ned under vacudt averni ghiO-QtSn yilel d9%48cat al yqﬁ-15
sor1@onpqgsition48f thig inPeftion. THA®3catal ysth07
precur sor 2¢onpasi ti on%s t hen coddilti oned Ph4t he 3.28
reactior té#0form a cat?8lyst canpodidi on |of PhPs 2.92
i nventionpOwhi gh is t28%ted in thd.8ydra-oxbaati on of 2.92
propy|l enegoboth the cagaditioningiand the 924 2.96
hydr ooxi dapoi on 240 1.71 92.1 3.01
110 240 1.64 92.1 3.02
16
(Cs
oxalate)
5 142 0.24 96.6 4.18
10 141 0.20 97.2 3.38
20 199 1.02 96.6 2.94
40 231 1.87 94.3 2.72
60 237 1.90 93.3 2.74
80 240 1.86 92.9 2.81
100 240 1.76 92.9 2.85
110 240 1.69 92.9 2.87

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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bei ng conducted in the manner described in Exanple 1.
Results are shown for each catalyst in Tables 9 and
W@ 008/06388 = propyl ene; PO = propyl ene oxi de 2.PEEESR003EB3LSY
percent propyl ene, 10 percent oxygen, 10 percent
hydr ogen, bal ance helium 250 cc/m n space velocity,
Exdfde pBi g (690 kPa) 1 PP = propyl ene; PO = propyl ene

oxi de 2.. rcent propylene, 10 rcent . .
oy Gririiaop e e s oglre Bl as el Tserinabove, i
ov&PAﬁ@dnatslgé@eonqlh%ﬁf t Xn aﬂ-n%u@ sdsturk ER8riP R A @i it 7 A

portion of the titanosilicate support, prepared as
pre@es:dl‘olybmdmgmzttar(él(nakg()umd CsGl (@\;(1464 @b.i €ble @sCll®biiohdl 033 g)
us cesiumc (Csd.) solution is
is a&ﬁewr@a tlfﬂ?’ IS3tR GRS %? é*)m%!ﬁé@) feasferied (pagacuum
ov&) helﬁnﬁd cudflat FdoD tebipeBee g%r 305rﬁﬂﬁilge%dh&%a96dt1{h%er vacuum to
tr'tanosilicate support (1.50 Q). e sanmple iIs
70%, and flenhettl indeavacacmut703Efor 1heud Tindierat isactmadofftand the
roomtenperature for 30 m nutes, heated under vacuum
sarpgle FoRteVes it CONER PR (FRRIRINIC\ARE (R nCS gpger paFuum overnight.

o)

A R4 B8 CREReh oM E,01, 208 00 £ 29BLS) yoh. ot

clu‘gaﬁ mlﬁmmn/s tpid pghed. byAn g Narmvgofd@ Ae-1{gakil bhmttsacmﬁplbx CHI @mol;
port is oven dried at 136C for 1 hour.

1 41:% @91é1rpa§teﬂ1%& NanRoprebssy ysarnemtest; Gafalogge. @Qh@g\&ﬂa G‘Pl}i methanol
2 o1 LR R PR U TG g

g) Wi idsaelélis mevclsratm ohd hedd 1ibhfiggzer Tdrabsa 40 hidmtels O TBE Sar@ple is
is then added to the CsA/titanosilicate support (0.55
traggferrephie asvarpie oven. deded &yl Uhd. rdd at 109°Q forr Eepimutes ggooled to

R B % 0PSB | R PIFARRS R F

preduiiot @npdsivhed thio ifventid. ENfResaddlyst BrecaRdr ¢dMpbsition is then
mai nt ai ned under vacuum overni ght to %leld a catal yst

corpk@wﬁs@ ﬁhecréms@rstptf@@ha éﬁ‘ta]lyﬁﬁ @mnw@ﬁtl ob Fis yentiosy whicktis
tesg:éi alI(l: dro )g.rﬁgﬁogntol ap{g}f}g/%t{e g&h‘%%g:j(inltd%tﬁorﬁ?d Inﬁ tfleh ﬁydro—
oxidﬁti@ﬂbélﬁ)g'lcoﬂﬂﬁbt@h int &etrﬁ@ﬁleﬂddsﬁnﬁdﬂﬁn I%din 1eop<h&alhame®tuh the
propyl ene; both the conditioning and t
Hﬁhkﬁﬂww&w@éﬁbbﬂlbelng conducted in the nanner descri bed
in Exanpl e 1 herei nabove with the results shown in
Tabl e 11. Table 11. Hydro-oxidation of Propyl ene Using
Au Cluster and Various Pronoters 1'21. PP = propyl ene;
PO = propyl ene oxide
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2. Feed: 30 percent propyl ene,
percent hydrogen,

wa 2008063890 100 psig (690 kPa).
repeated, with the exception that cesiumchloride
Tab18.10 228d19)oxadudion @S Propybme t airg; A0 CDREL agd Varieuswiatbters'
vater (5. 001 g) and a p

10 percent oxygen,
bal ance helium 250 cc/m n space

10

Exanpl e 18 ExanptBUS2007/683859

wi-th W portion of the resuylting
Exa dus &/ cd0oAc sol ution (1.04Pg) ils i RS egnat@emulative
(Promateo |t héhaurs)angsTémpatterestpor Conviersipl acseledtivitye] H,O/PO
Klesi um chl oride solution of Exanple 17. Results are
(Cgtipwn in Table|11l. Exanple 19 Exanple 17 is repefated,
wi th [the exceptlion that a sollution is prepared b
m xi ng watser (35.0131g) and ¢esi gnoetri fil uop@acetat e 6.35
(Fl'uka, 610M 0.[304 mupp and the pgsul tijng ¢esi um 5.33
trifljuoroaget aife sol ybipon (L1.[395 1@y IS |1l npoegnated 437
ONT O [The §jTangsiTicaks Suppart (400 g), @ Pl ace ok g3
the CeS|um30n| I 0e S@Euti o [of BYglpt & I7go KESUITS 3 o9
are bnummsén‘i Ule L&SSEXdeI?kZEOEXdHfi?.éiglb 363
repycdal cu, Ul L11e T LT UITTtITa SUITUTLT I
cofit .n.r6d es.un1a0"bg?e atid cejﬁgnitriflﬁlloaC"tatéﬁl
HS—prepar ang dcpo§$gcd entte tPQ t+Ht4nes qécat EA
nlace—of qe C\SEUP’éﬁPoride so!JPPon, the %?oce w301
foll ows. An|aqueous cesiumtrifluorgacetate
(Cs&Brtutfi on i s prepared by m xing water (35.013 g) Jand
(Cs@Aek Um trifluonoacetate (Fluka 6 M 01304 ) AN
aquequs cési umlacet at!d9sol ut ilon 045pr epar eM-by nj xi n§:25
wat er| (171600 ¢) and 1¢@si um acet &tl1é (0.[183841 4.88
conbilned 2@®si uth acet 22¢ and desi U0t ri fll uoPdacetlat e 4.06
sol utjion B& prepared 28y m xing 2.1%6nl of tHBSces|j um 3.52
triflluorodtetatle sol kbon witth 2.1%96nl of tHe5cesj um 3.36
acetate sebuti on. Themot he conbi ned soljutioni (1.397 gps
I's deposi p@d onto theaditanosiligase (2. 000gy), and the4
procedur eyt Banpl e k7 1s conti ngyed egsendpially 3.22
W Thout Ch@nge.| Resulk$ ar e $NOWq oin 918 3902
19
(CsTFA)
5 215 2.07 94,7 1.49
10 213 2.01 94,9 1.75
20 215 1.86 94,9 2.01
30 215 1.78 95.0 2.17
40 224 2.10 939 2.30
50 225 1.98 94.1 2.41
60 229 2.03 93.8 2.50
70 228 1.97 94.1 2.57
20
(CSTFA) +
(CsOAc)
5 214 2.10 94.8 1.42
10 214 2.03 94,9 1.68
20 215 1.89 95.4 1.95
30 214 1.81 95.1 2.11
40 225 2.12 94.3 2.24
50 225 1.99 94.3 2.36
60 227 2.05 93.8 2.45
70 229 1.99 94.1 2.52
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Table 11. Exanple 2 1 A portion of CsOAc-i npregnated

titanosilicate support prepared as described in
WE@AP6388® i s cal cined at 5000C for 1 hour. A BOI/US2007/083859

cluster solution is prepared by m xi ng AUS5[ P(C 6H

) 3] 1218 6 pfoPylBh4 0O G pr&yiedsoaen cal s, | ncorpor at ed)

W t D, KBl BOQEREIMp(hyRAK 10 percehln Bxyeoh, U ip@Ber hydtdedn BalanSe

t heRelagldesh tdninRpace akiedife thospdRAesd krat. 20 g) . The

le is covered and held at roomtenperature for

Exa@g&

850 minutes. The sanple is transferred to a

vacuum oﬁ%@mpﬁﬁl Lie gerptggte& qg%he I%?l:&tl%h tﬂag Qgﬁ%& %ﬁlo%ge (0.0228

m nut es, €00 omt enper at
g) el eesAinn A tasn (0261 39 dtenmixee W\Fitlg\hﬁtelt @.001)) dndlaqbattﬁin)tﬁithe
precursor conposition of this invention. The catal yst

reSﬁF’é‘@@ﬂg‘%ﬂus EsRPEEP AR sAlutien { hBHY 8oindmpieapied prfo thrdtitanosilicate
o Nk SRS R P RILRy gy o

Tapledpyl ene; both the conditioning and the
hydr o- oxi dati on bei ng conducted in the nmanner
described in Exanple 1. Results are shown in Table 12.
EX%I%E ee1912 Hydr o- oxi dati on of Propyl ene Using AU55
ster 1'2 1. PP = propyl ene; PO = propyl ene oxi de 2.

Feed: 30ERempRNL7 iPrRykengith 4 cREF BN tha®X¥eRkion Iprepared by
percent hydrogen, balance helium 250 cc/m n space

miyiag c%ﬂltétr;@ begbmdgfe@egﬂﬂlﬂpal)oa@ﬁp aFlaka, \ﬁeMEQé@ﬁ* rfrﬂcén%ndlthe
resAltln ce51 Xtrlﬂl%rloon tzﬁe so 10§9 1s Rn d o) tO the
%m o] Hat'ed

aredr ronY CRY S oAUt € in the

tltzfrh)ééih@at@ ¥hhatt (2100, iRHaRY behrR c\%mﬂl dhwgﬁmomﬁoh 3¢ Example 17.
presence of h drogen under isothermal process

Regdsdice shomgy inAaplsrkli. on of the titanosilicate support,
prepared as described in Exanple 1 hereinabove, is
oven dried at 110 OC for 1 hour. An aqueous sol ution

Exh@pRr@pared by nmixing water (5.01 g), sodiumacetate
(O 098 g), and hydrogen tetrachl oroaurate(l!ll)
trihydr aﬁéaf@mll@l i4 repee, witlode egyeptiphéhagelsdlusion Qmilt@iming

b Rl B S PR SRR L
titadn@sihiSatdfn pladtofithelesiieh EhiBREESolV@GH B Fibcellrddfs thREws. An
aqueous cesium trifluoroacetate solution is prepared by mixing water (35.013 g) and
cesium trifluoroacetate (Fluka, 6 M, 0.304 mL). An aqueous cesium acetate solution is
prepared by mixing water (17.500 g) and cesium acetate (0.1830g). A combined
cesium acetate and cesium trifluoroacetate solution is prepared by mixing 2.5 mL of the
cesium trifluoroacetate solution with 2.5 mL of the cesium acetate solution. Then the
combined solution (1.397 g) is deposited onto the titanosilicate (2.00 g), and the
procedure of Example 17 is continued essentially without change. Results are shown in

Table 11.
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1 hour. The heat is turned off and the sanple is
allowed to cool to roomtenperature and nai ntai ned
W@ a@en63sacuum over ni ght. The sanple is then teRCEUSINT/083859
t he hydrooxi dati on of propylene in the manner
descri bed in Exanple 1 herei nabove. The reactor
tenperature is increased to 160 0OC and held there for
Exgmaleddr ation of the run. Results are shown in Table 13
and in Fi . F - OX] [ f
propyl end tL S SRRRORe Thpreb R o Y BBk GRLRR
deRFibeY IneempPER F ¢l@nyd fFE0WKida hdur. FA®DId d0stpedolieivh is
propyl ene, 10 percent oxygen, 10 percent hydrogen, '
Pm@alled%/'i’démﬁé]gi fum[P@sléadc@n{(gO s tigg] Glgrpigals Jlpoorgesaged) with
Tabpl. Fi.agur . e
chibfiit F201G I e OB R0 2 E e e B GEFughedblbpon

(1.2@p). EBt@Ndadiple/ie coferbdhtd hdl BNobANembpératige f@@BotHBminutes.
activity of the prior art catalyst degrades nore

Thegarerleys arfaried te arra¢wam Qeennheased PA0PHL.ihsld #dPe%sts 30

o R e A HRTRR SRS RA PeS pg
yieSBd adtXI§st pRéculdoR cOmpViticH &f this ifVepBah €Uhd EQayaipr&ueRur i ¢
acid and evaluated in the hydro-oxidation of propylene
compesitiorkipdlean donditivacpinehe rastopfo foyriraggeaty st spmposition of this
. tenperatyre adjustments for. gperation unde o
imBEBROTLH § SRR U ReBro RO ChrofRgls) Pefhune sonditoning
and® Methy@rd-&fidAthR Heidgaddngidte s Al e SRR desdbRB A BRarASlei1N
Exanpl e 1 herei nabove is oven dried at 110 0C for 1
Repdisrare fovagindabl Kol ution is prepared by m xi ng water

Sl SIS Bt

solution (1.40 g) is added to the titanosilicate

supgent (2. ORngperatdiee sanmppe is|trapeferfed d@ndative
acoven. heated to] éBnfiofNBelbitinhel d undspo
aCUbl'W dal I.U U 4 or 1 0"”0.20' ne HE@LI_'SI S ur neui%r arna
the iﬁ!lpi ETS 1|9uvved 0 "luéii . tu‘ reQITt enpet at SRE illld
UM T W AR R G -l
nanni de;cribéézin Ex,npﬂ§§1 hhrgﬁ géov T“elPZactor
tenpgpatJ e is Prcreaspd #Mvarioudlilntepval s fgl
&l nt-8in _or npyl%ﬁp 2.04 89.4 4.99
6.0 237 1.99 89.5 5.05
7.0 237 1.99 89.1 5.12
8.0 237 1.95 89.0 5.19
9.0 237 1.90 89.1 5.27
10.0 237 1.86 88.7 5.34
11.0 237 1.86 88.6 542
12.0 237 1.85 88.2 5.53
13.0 237 1.80 88.1 5.63

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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conversi ons between approximately 1.5 - 2.1 percent.

Results are shown in Table 14 and in Figures 18 and
wWQa08Med8BE® 14. Hydr o- oxi dati on of Propyl ene UsPEyUS2007/083859

Chloroauric Acidl' 21. PP = propylene; PO = propyl ene

oxi de 2. Feed: 30 percent propylene, 10 percent

oxygen, 10 percent hydrogen, bal ance helium 250
Cogpapatine Expeamead|loci ty, 100 psig (690 kPa). Wen Tabl e

ot eut ous SR ot e LR aETRRLR, Webllel gy crporonuric

acidve By dledted irtthé ﬁy(ﬁﬁ&ﬁldahah o piopylehy with oxkRigerpihitd pr@sdnce of
cat al yst degrades nore quickly and the cunul ative

hydagen yper isatheanal mepasaseaiidiinne. Qursken ofd§e tivmpabeate wiRPRIT
th
prcPﬁI%d%gEig c g&f‘ mtoé)fat % I%rﬁalbg aei 1s%x%%r1%ﬁ ag ?1(} e %f‘l hour.

m xe er ca are prepare

Anfdalhbéﬂlyf‘soluﬁoﬁ liisiepare® Bj’mhﬁiﬁ mkdﬂks 0D g, Sofliugparae: (Y098 g),
m Xi ng ?t%lene chl ori de m) wth a m xed netal

ang h!@@&qﬂ tetsanplasaurgrdHptr 613’212“& (FRA Yy PREO ). @3 2N08 ) The 2okl

solngom is ac& tl A% %%g}l\g %}Agp[% g@l)l(ﬁ 8) %eﬁg%lglretlls on

trafdfefrdtetoNaAeh RN &g Mahed td 74 anesd thcaaier &Hiép%dhum at 70 °C for
prepared as described in Exanple 4 &2 00 g) is added

1 hopr.t Hee datisttemed effpilné khesaamlpﬂq srallae tw¢0@bm@9msth@ﬂ@¢ﬁaglre

| d d f
ang PRt e P URRE S b B Eriigu TP orebae sy BRaIb Ry g
oxRihtidf B prbpylede IAAME madie d@s'&l%ls& it ERIn@AS N SRfeinabol@STRreactor

i n the hydro-oxidation of propylene as described in
teniesiatpieds Inopdasddl toN&01°e sl heldgharador the Fallatien ebthe Taib| Results

15. dat i on. of Propyl ene Using Au-M xed Met al
aregpepds 10585 5 530 gPieliss BIRUAE o = pr opyl ene. ot de
2. Feed: 30 percent propylene, 10 percent oxygen, 10

per cent hydrogen, bal ance helium 250 cc/mn space
vel debleyl3. Hpdopsiidptios 90 PkipalenclUaing Hloroauiatialdyst

conidé t i On ToMRidtsieng| gol BP nanppark®cl es dehosilieé on
par dagd)es | of a (@nopor pasnidriiani SekE@NtAl Ni NGFPPOT t
the Clat al yst Dell6@g prepar %(bsby a 98.0 2.59

5 160 1.72 96.7 3.98

10 160 1.37 95.7 5.01

15 160 1.12 95.2 5.71

20 160 0.95 94.7 6.22

25 160 0.82 94.2 6.61

30 160 0.74 93.3 6.90

35 160 0.68 92.8 7.15

40 160 0.61 93.0 7.39

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).

When Table 13 and Figures 16 and 17 are compared with the previous Tables and
Figures representative of this invention, it is seen that activity of the prior art catalyst
degrades more quickly and the cumulative water/PO ratio increases more quickly as

compared with the catalysts of the invention.
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process conprising depositing a gold-ligand cluster
conplex onto a titaniumcontaining support under
W@ o0vdieisens sufficient to forma catal yst precRCBUS82007/083859
and then heating and/or chemcally treating the
Coaflasltiys Expegaernit20or under conditions sufficient to form
the catalyst. 2. The catal yst conposition of Claiml
wher ei n drdulepxidaten eualyiiog e Rty Qs Pisparesk &ogbfitoroguric
o AL el RS EORET LR BoPndh s o
hy&iogén msam@deﬁ@efaman&yu&nmmtfm b}&saidnhaﬂeﬁes@mtlaﬂy cdisgant
conposition of any one of Clains 1 to 3 wherein
copyegaereet RIARYEBD Ddeprientof die titarosgisple sHaPRIpRICPIE] s indigample
1 Rk AMERSAEXAETIORE ST B5E. Al b8 PRILE! e FreRhien by

nanopor ous ant um con alnlng

miSAR Ritdr (51 86 gd spaiueh Sdete (00VS g’)garfdr}@m@eﬁ tdtfchlorchufhia(I1I)
5. The conposition of any one of Clainms 1 to 4 wherein

trilygeateyd). Q!ZQi 2. [Thgdektionf b4 peis adggsoiptthe wtapesiligatswpport (2.00
t d t
2). > ea %%rp%ﬁ 1s\%realnéf%{rg(ﬁ) anacuuesozvleg g}eateé% 9Fﬁ gC E%%%S %j uncli]er
Va@ﬁmﬁzEtWOO’(l‘efoDi h&h2i TR hkat i@ tirn¥dheff @hd tHeR@mPRIO Qﬂéx%tﬁto cool to
tltanlun}contalnlng support has a surface area greater
roqnh e Boatwie/agd nintTined gorgy os¢utinoaveshighhyl Terrempte igithenrested

wher.ei n .t he anop rous titaniuny.c
in QSO T EER DB RIR L Hetfob G BERR L fogippbove.
Thé R&cr %ﬂﬂpe@ﬁﬁ@ i$ Iﬂcf@ts&f at baribus ih@rvals bl mﬁlﬁ@a@h propylene
Ti - MCM 41, -MCM 48, Ti-SBA-15, and Ti-SBA- 3. 8. The
CORMSHPES| het\m@n@ﬁ)ptdxanwﬁlw Iwhe2di peredne Reswdip @FecﬂlilQWH in Table 14

i tanosilica has an MFI crystalline structure and a
anénﬁgurgfiﬁfl%é?%ti o of greater than 5:1 and | ess than

1, 0G@p1d. 149Hyc_ﬁlaeox‘i&ﬂﬁﬁ%|f L1k (AhE ORBrAaliriChgid® 1 to

8 WHERLET N T ORI T pp PO Cumulative
(days) (°C) Conversion | Selectivity H,0O/PO
1 153 1.66 98.8 246
2 152 1.55 99.1 2.78
3 152 1.53 98.8 3.04
4 159 1.71 98.6 3.29
5 163 1.95 91.7 3.56
6 166 1.98 97.6 3.84
7 170 2.03 97.1 4.13
8 175 2.09 96.6 442
9 178 2.00 96.0 4.72
10 178 1.80 95.9 5.02
11 178 1.67 96.0 5.30
12 192 2.00 94.2 5.61
13 199 201 92.7 5.95
14 207 2.05 90.2 6.33
15 214 2.10 86.5 6.75
16 214 1.91 87.4 7.21
17 214 1.84 87.6 7.62
18 220 1.90 85.7 7.99
19 227 1.98 81.6 8.39
20 232 1.94 78.6 8.84
21 235 1.85 76.9 9.32
22 237 1.71 77.1 9.78
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titaniumon the titaniumcontaining support is greater

than 0.02 wei ght percent and | ess than 35 wei ght
WEe008e6Iss0 based on the wei ght of the support aPdI/EB2007/083859

bi nder. 10. The conposition of any one of Clains 1 to

9 wheprt probiienes aDal prsgyldns okiaeind to a second support or

bi ndefecs:a0geicent pfdp9lh&i1b b&dent akydBh, N8 percent hydrogen, balance

al uRkIR@S b0 E&AhR spick @Bbaty, NIGRRIHF KEGRT bon or m Xt ures

thereof; and optionally, wherein the conbined
WERABIYST4 arReiGends $YRRPTS aleToRpANIAREh B ptdifodsaaBleRfand
bead, pellet, sphere, honeyconb, nonoli tph, ext rudat e,

Figyresfreprasentative Phéiconpasint itonseeh tizatpctoney afthegpraormmst chtal ypt

10 wher ei n. e catal yst. further_conprijses at | east. pne
degpaanat abiskBorgahe eiaiv kRS RO SRS rofedeed mers hiek B N

comnPRENVHndRe 5ﬁ£1§st§§fﬁlg§m%ﬂgoﬁmi nide el ements, and
conbi nations thereof, optionally, in an anmount ranging
Examoles g2 ¢af4r than 0.001 to | ess than 20 wei ght
per Tarde, mifas a@dtad bluklee cmelygh treQfrepadiel GabAbYST A cluster complex

conposition. 12, The conposition of Claim1ll wherein
solpten jsraprarest by Bixdeg wethalene chieride (Mehl) yithasixgdimetal cluster

j ront al Lit hi.u ium
o RIS Ehmpler D PP, el i 2 Aubbhe s
(No9ghiNagi Basnglbes eef(AubBh,) e (NOFROISI hy O [htianyf tha&laOAc-

~of Cainms 1 to 12 wherein the ligand is selected from
impliegamerphiasptilbratessuppa otapated a5 desiikeé i Example § (2.8fighssdded

LI ne m.gdes, . i..m des, .carbo NOX| hal i des . an

o P oP5Prc BRI SuiiBh R RaRRE Y oA 50 foanecs

of O Tk RBmpletiO dA&d WheticidFot hBowOfdlllokled Bl &hictiven a@h%cat g0°C for 1
fromthe group consisting Au3, Au4, Aus, Au , Au7,

hoy, gThegg@lysppreq@sor intested in the hydlpo-oxidgtiongof, prapyions-as degeyibed

‘N @%{%@HE{WSM%SS%E#%%Mf%%fi d m xtures thereof; and
, C

| e r further conprises
TaBle! 1$€Hydrb%oxiddti®n &8 PR 1cnk QiMf AfIMikBa MecaMrangés't he

gold-ligand ¢cluster conplex is selected from (Ph3PAu)

3aBRMpl§ ( AUPPhTBRS Q| PEmPerapud( PPh B 4C1 | AUBQPPh| Cumulative

3)(6Bket) 2, ALGERRD ) 6( NO3) 2, | AUdi(veRIbn3) GeREGYiR; |  H,O/PO

Au8(PPh 3)8(NGB) 2, Au8(PPh 3) T(NGB)2, AW9(PPh

(PRASPNGRR),) Al | o(PPh 3)5(C6F5)4, Au u

a3{(mCF3C6H4) 3P } 1
1 147 8.26 12.3 7.58
2 160 10.6 12.6 6.38
3 160 11.3 11.6 6.09
4 160 11.7 10.7 5.98

23
(Pt(AuPPh;)sAg(NO5)s)
1 145 541 15.2 7.50
2 160 6.16 18.0 7.07
3 160 6.31 17.3 7.02
4 160 6.51 16.1 7.04
24
(Pt(AuPPh;);Ag,(NOs)3)

1 145 3.33 233 6.25
2 160 3.94 25.6 6.34
3 160 3.85 24.7 6.48
4 160 3.84 23.8 6.62

1. PP = propylene; PO = propylene oxide
2. Feed: 30 percent propylene, 10 percent oxygen, 10 percent hydrogen, balance
helium, 250 cc/min space velocity, 100 psig (690 kPa).
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AU i PPh 3) T(PF 3. [AuBi PMe Ph) 10CblfPF 6) , Aui 3(PPh
3)4[S(CH 2)p(CH3)] 4, [Au 13(PPh 2CH2PPh 2) 6] (NO 3) 4,
WRRBBOARPCoHASCBNa- 2H20) i 2C 6, Au55( PPh 3) 12BU'GS2007/083859
gol d-ligand cluster conpl exes having an average gold
particle size of about 1.4 nm and m xtures thereof;
ciIvevisi n in the aforenenti oned conpl exes, Ph is phenyl
—and Me is nmethyl. 16. The conposition of any one of
dains 11t (é\qwly\ﬁ@ﬁ@ﬂpﬂsmh@cgoplmmggmid n@mmﬂéﬂesmml@ﬁ on
furth gr co ris a nobl e. net al cted fromt
P 55T B BRSBTS v PR e T fpared by a

prdeefy démprisfdgdieymun@gw %cﬁlhfﬁg'aﬂ&l Bl!ust@f‘@brﬂilbléi Hﬁt@% dtmﬁﬁﬁoéontammg
and optionally, further conprises silver.

summnmm@mt ¢anditphs Qifficient® fvmelae:atralytshmegumi, andgtaﬁtdheatlng and/or

Cl u ﬁg‘iﬁgl)tlg%lle[e cz((a‘gr_l,]zl Sﬁg;g{cg%‘taed e%??r%(%é\ﬁg c1e tto F:ﬁh
Catgﬂp AuPPh3) 8] (NOB) 2, [ H4( PPh3) 2Re( AuPPh 3) 5] ( PF6) 2,
Ph3Pt (AuPPh 3) 6] (PF6) 2, [H(PPh3)Pt(AuPPh 3) 7] ( NOB)

[ Pt ( AuPPR3TTiE AgtnB B ddDB)eBitioh Pd CAiPPhS hEk{nREe)@; than 80 weight

AuPPh Pt ( AUPPh3) 8] ( PF6) 2,
PP S]HTAGEPHEBF 8ERE) | (NCB) 2. and [ Pl 2( AUPPR3) | o( Ag)
13] CI 7 @nefhmc&thB§§oﬂ Bie@ﬁﬁﬁ 1 01=§ whth&n W@ hiddPArtRies have

any one of Cains 7 wherein the catal yst

a ndenyrastiale sige raelghgcfromOagmmne}etss manrﬁsnphere at a
t enper at bet ween .1000C and ein the
cat al yst p?fé‘é GPEBPsIfian 30008 Ogﬂj ‘insé P ég{}lﬁfﬂﬁ girglsh than 90

t r
oy 08 S LAy sy ST g0 o

the]xﬁmmpmom titabinen-cedising guggenthérsingbd aqipedt hbhs a:pmeh;eze rangmg
gp consi sting of hydrogen, Cl-10 al kenes, sodi um
frpoQ YRH50 - di bor ane, sodium nitrite, formal dehyde,

car bon mﬁ”%? gg‘xpp&)&%%\ﬁf g'o‘ﬁe oﬁwﬂ'it%ggrb RENRXLA ‘?he @ﬂjis

m xtures t he in the oxidizing agent
loagled entbekk fuppont ihen ghowp geeasitisdn Mgppoh ankiegethan 20,000 ppm,
zone, nitrogen oxi des, hydrogen peroxide, and
baﬁ?ﬁ)@?d]i‘ee@tztlﬁ@ﬂ%f’fth?(Yata}lebr ocess of preparing an ol efin

oxi de  CoppHi,g ICBI%HéQ{%I?ﬁiI d %n@ 3¢ @15?% T B34 %R thd BASPorous

three carbon ato gen in presence of
titanyichi-@getaingrdcsupport has a surface area greater than 50 m?*/g.

7. The composition of any one of Claims 1 to 6 wherein the nanoporous
titanium-containing support is a nanoporous titanosilicate selected from the group
consisting of TS-1, TS-2, Ti-beta, Ti-MCM-41, Ti-MCM-48, Ti-SBA-15, and Ti-SBA-
3.

8. The composition of Claim 7 wherein the nanoporous titanosilicate
has an MFI crystalline structure and a Si:Ti atomic ratio of greater than 5:1 and less
than 1,000:1.

9. The composition of any one of Claims 1 to 8 wherein loading of the
titanium on the titanium-containing support is greater than 0.02 weight percent and less
than 35 weight percent, based on the weight of the support and any binder.

10. The composition of any one of Claims 1 to 9 wherein the catalyst is

bound to a second support or binder selected from silica, alumina, aluminosilicate,
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in the presence of a catal yst having the conposition
of any one of Clains 1 to 19, the contacting being

W@ owdieised under reaction conditions suffici eneCT/USI00T/0R3859
the ol efin oxide. 21. The process of C aim 20 wherein

titdnite nRlghédid) chibon odndtdregttioedfeirndopoionaliyg Weikiein th2Zombived
process of Caim20 or Caim2 1 wherein the olefinis

catglyplereren TpeRi pripyided i th feranpiehiead cpedich sakfradioagyomb,
mognoﬁéﬁckyﬁﬁﬁﬂteagf ghe. styrene, a- nethylstyrene,
I'VIh

zene, allyl alcohol, diallyl ether, allyl

et hyl ether Thabd)mbod@twrydsfadn@ ondbf laias ¢tt@tl @ whatdirylhe catalyst
benzene, ally phenyl et her, aIIyI op et her, allyl
further sernarises gtleastong pégnqtﬁreﬁe@@fe foomn si %Mé ds ST rﬁlyﬂ

lan%%lc% iy rge%}t@ @acﬁlﬁld%% %e%E Hd &hﬁlﬁlﬁgt?%@ nhér ofu(g@gonap}/ % an

v Greate [fess

amwti@tn@nging henmoxygenthis0 aaeeb lebs @afl DO Ridhy pgcedt Bised B the
0.01 and less than 30 nol e percent, and wherein the

“wh¥@96§@ﬁa@§5U@§@X$ﬁmﬁ»quantlty greater than 0.01 and

| ess than 50, mol e ek cent
aforenentloggdquaﬂ ?%% %F%gl g@% thqupo?%§ngaaiﬁmn

silvep| @sgrbiugl, ehlcinm, Qiyaialn, HaYidi) geium adddidnh, péeRdiuma rubidium,
diluent. 24. The process of any one of Claims 20 to 24

Ce%m@r@bmmnh@wmuhsmdﬂﬁﬁégyﬂpss&@ﬁ@ﬁcted in a gas phase,

di | d ted )

onsi Stk TnER BT fort RS kB of R T8 RifBiein i iggna is

selBdt@K fro @y orS4RPAdspABEls BbMbbiRE, thigieQthioR! aries, @mihevhefides,
the process is conducted in a I|qU|d phase a di | uent

imjdes,smbion yeehos sleckalislgs ardmmi@ured thgrepdat | ¢ hydr ocar bons,
chl ori na dro bons

d .
a1 conol o1 TR RAVATCT D604t REREIE: (P33 hg gold
c1u§¢répllsl st fR M@tgla&fpsgon@i@hﬂgmﬁ? l;lsﬁi4,SAu5arAqlé,p&lll7y a w%] S, Auyo,

The process of any one of O a 20 erein
Auan @\uulmémﬁs,|A&<zm$eﬁAuasasgég<1cphraae anchrraxtqrmmharmf grdegttionally,

t han n s than .90 | e percent, based on the
“mFE?bﬂwﬁﬁﬁggf ‘%F%@Pﬂ?”&ﬂn hydrogen, and dil uent;

or wherei§, &nt bopskidid émgnn( @[1 wherein the gold-ligand cluster
complex is selected from (Ph;PAu);OBF,, [(AuPPh;);0]PFe, Aus(PPh3).Cl,
Aue(PPh3)s(BF4)2, Aue(PPh3)s(NO3)2, Aug(PPhs)s(PFe), Aus(PPhs)s(NOs)s,
Aug(PPh3)7(NOs)2, Aug(PPhs)s(NOs)3, Aujo(PPhs)s(CeFs)a, AuyiCls{(m-CFsCeHa)sP}.
Aup{PPhay{PFs s, [Aun{PMe:PhioCLIPF )2, Aus(PPhs)s[S(CH,)11(CHj3)l4,
[Au;3(PPh,CH,PPh;)6](NO3)4, Auss(Ph,PCsHiSO3Na-2H,0)1,Cls, Auss(PPhs);>Cls,
gold-ligand cluster complexes having an average gold particle size of about 1.4 nm, and
mixtures thereof; wherein in the aforementioned complexes, Ph is phenyl and Me is
methyl.

16. The composition of any one of Claims 1 to 14 wherein the gold-

ligand cluster complex further comprises a noble metal selected from the group
consisting of ruthenium, rhodium, palladium, osmium, iridium, and platinum, and

mixtures thereof, and optionally, further comprises silver.
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solvent) is used in a liquid phase in a quantity

greater than 5 and | ess than 95 wei ght percent, based
W@rooshesssonbi ned wei ght of the ol efin and t he BET/USID7/083859

26. The process any one of Clains 20 to 25 wherein the

hydr o- oxildatThe soppexitEsofl Glato 6l uwdketh tb gald-kggndrcaiswie

greater than 1600C and | ess than 3000C and a pressure

CO@EW%W%%@%é@PPélz)éﬁ@ﬂ%@uliPéb@ {5l apionio.
PR PR ORGP TP L R e

[H(Fl’@l%?t(@luP@hQ)mN@@ﬁ[Ht%mgﬁ(A@i oDy, [Pﬂ(AdePhQisEf’Fd)z,

reater than 10 1 and | ess than 50, 00
[Ptgml?l%lb BN p {%téfé%l%l’hsk (@Eﬁ?d»délf%u)ﬁt%t&’ﬂhah(ﬁ&i (biﬁibézealat

PR AL RFEBE B, 177 27 he process

of any ong. Tie dIn@iodBiod Of by @ W@ﬁﬁﬂlﬂ o7 wherein the catalyst
hydr ooxi dati on process is conducted in a reactor

presufsegis digated @mrbleaf:ﬁ ﬁtmq’spia@r@ abéépmner%mr@;mrwee@el@Oﬂwm $Y°C,
%el’em t&le cgta]f%/ t recurs 18 %re l% k%i% ftrecﬂcm genq of %Ireatéd under an
Ontl nuous F ermzi? % oW, aﬁ(ﬁl

oxfd@@@g Sdefit, aegtem&)e@@ﬁ@b)éﬁi'eeﬂrl@@‘t@ ST 300eOPosi t I on
conpr|3|28 gol d-ligand cluster conpl ex deposited on

particl ed9ofl hecwan@ptmrmfsClmm & @élﬁtenm&lpée@ummgpnt iggelected
fropy e GR  BenineCr o BlecEdnpp e e Sl kP e LR
sodi%%ﬁfte,%ﬂﬁﬁﬂ&éh?ﬂ@, cgﬂb%ﬁtnﬁfnokﬁl@,no)&l@ﬁcﬁﬂhyﬂroge@l ﬁéfb;me, and
mixtures thereof; or wherein the oxidizing agent is selected from the group consisting
of oxygen, air, ozone, nitrogen oxides, hydrogen peroxide, and mixtures thereof.

20. A process of preparing an olefin oxide comprising contacting an
olefin having at least three carbon atoms with oxygen in the presence of hydrogen and
in the presence of a catalyst having the composition of any one of Claims 1 to 19, the
contacting being conducted under reaction conditions sufficient to form the olefin
oxide.

21. The process of Claim 20 wherein the olefin is a Cs.1» monoolefin or
diolefin.

22. The process of Claim 20 or Claim 21 wherein the olefin is selected
from propylene, butadiene, cyclopentadiene, dicyclopentadiene, styrene, o-
methylstyrene, divinylbenzene, allyl alcohol, diallyl ether, allyl ethyl ether, allyl
butyrate, allyl acetate, allyl benzene, allyl phenyl ether, allyl propyl ether, allyl anisole,
and mixtures thereof.

23. The process of any one of Claims 20 to 22 wherein the olefin is used
in a quantity greater than 1 and less than 99 mole percent, wherein the oxygen is used in
a quantity greater than 0.01 and less than 30 mole percent, and wherein the hydrogen is

used in a quantity greater than 0.01 and less than 50 mole percent, the aforementioned
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quantities being based on the total moles of olefin, oxygen, hydrogen, and if used, a
diluent.

24. The process of any one of Claims 20 to 24 wherein when the
process is conducted in a gas phase, a diluent is employed selected from the group
consisting of helium, nitrogen, argon, methane, carbon dioxide, steam, and mixtures
thereof; or wherein when the process is conducted in a liquid phase, a diluent is
employed selected from Ce_;5 aromatic hydrocarbons, chlorinated C;_jo hydrocarbons,
C.joaliphatic alcohols, chlorinated C;_jp alkanols, C, »o ethers, and liquid polyethers,
polyalcohols, and polyesters.

25. The process of any one of Claims 20 to 24 wherein a diluent is used
in a gas phase in a quantity greater than O and less than 90 mole percent, based on the
total moles of olefin, oxygen, hydrogen, and diluent; or wherein a liquid diluent (or
solvent) is used in a liquid phase in a quantity greater than 5 and less than 95 weight
percent, based on the combined weight of the olefin and the diluent.

26. The process any one of Claims 20 to 25 wherein the hydro-oxidation
process is conducted at a temperature greater than 160°C and less than 300°C and a
pressure between atmospheric and 500 psig (3,448 kPa).

27. The process any one of Claims 20 to 26 wherein the hydro-oxidation
process is conducted in a gaseous phase at a gas hourly space velocity of the olefin
greater than 10 h! and less than 50,000 h™'; or wherein the process is conducted in a
liquid phase at a weight hourly space velocity of the olefin greater than 0.01 h! and less
than 100 h™".

28. The process of any one of Claims 20 to 27 wherein the hydro-
oxidation process is conducted in a reactor selected from batch, fixed bed, transport
bed, moving bed, fluidized bed, trickle bed, shell and tube, continuous flow,
intermittent flow, and swing reactors.

29. A catalyst precursor composition comprising a gold-ligand cluster
complex deposited on particles of a nanoporous titanosilicate support.

30. The catalyst precursor composition of Claim 29 wherein the gold-
ligand cluster complex has a diameter (or largest dimension) greater than 0.54 nm +/-

0.04 nm.
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