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significant utility in the manufacture of polyurethanes and synthetic elastomers. Another

important hydro-oxidation process involves the partial oxidation of an alkane, such as propane or
isobutane, with oxygen in the presence of hydrogen to form useful partially-oxidized

hydrocarbons, such as acetone or t-butanol, réspectively.

The hydro-oxidation of olefins to olefin oxides has been described in several
international patent publications, for example, WO 97/34692, WO 98/00413, WO 98/00414, WO
98/00415, and WO 00/59632. This prior art discloses hydro-oxidation catalysts comprising gold
on a titanium-containing support, such as titania, a titanosilicate, or titanium dispersed on a
carrier. US 5,939,569 extends the concept of olefin hydro-oxidation to catalysts comprising gold
on zirconia supports. Along similar lines, international patent publications WO 99/00188,

WO 00/35893, and WO 00/07964 disclose catalysts comprising silver on a titanium-containing
support for the hydro-oxidation of olefins to olefin oxides. Other references, siich as WO
96/02323 and WO 97/47386 disclose a catalyst comprising a platinum group metal or a noble
metal deposited on titanium or vanadium silicalite for the hydro-oxidation of olefins to olefin
oxides. Likewise, references, such as WO 97/25143, disclose catalysts comprising a lanthanide
rare earth on titanium or vanadium silicalite for the hydro-oxidation of olefins to olefin oxides.

As taught in international patent publications WO 98/00414 and WO 00/59632, the hydro-
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96/ 02323 and WO 97/ 47386 di scl ose a catal yst conprising a platinum group
netal or a noble netal deposited on titaniumor vanadiumsilicalite for
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oxi dation catalyst can optionally conprise one or nore pronoter netals
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the catalyst support. Wien increasing process tenperature is an.
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met hod i nvqgl ves heating the deactivated .
partially-oxygenated product, such as an alcohol, ketone, aldehyde, or olefin oxide. Moreover,
increasing the process temperature may lead to an increased deactivation rate by an increased
metal sintering rate or by detrimental changes at the active sites of the catalyst or in the catalyst
support. When increasing process temperature is an insufficient remedy, the hydro-oxidation
process may be forced to shut down for a separate catalyst regeneration or replacement
procedure. Process interruption is generally undesirable from the perspective of higher costs and
lower productivity. One standard catalyst regeneration method involves heating the deactivated
catalyst for several hours at elevated temperature in the presence of a regeneration gas, such as,
an oxygen-containing gas. The regeneration temperatdre is typically higher than the hydro-
oxidation process temperature; consequently, the time and energy needed to cycle the catalyst
between the hydro-oxidation stage and the regeneration staée, and back again, makes frequent
regeneration undesirable. As a further disadvantage, process equipment must be designed to
withstand the higher regeneration temperature. With each regeneration cycle, a percentage of the
catalyst activity may be irretrievably lost, until at some point the catalyst lifetime is exhausted,

and the catalyst must be replaced.



catal yst for several hours at elevated tenperature in the presence of a
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I f the nmethod of increasing catalyst lifetinme not only nmaintained
acceptable | evels of catalyst activity and selectivity, but also provided
for a high In view of the above, it would be desirable to discover a method of increasing the

lifetime of a hydro-oxidation catalyst while maintaining acceptable levels of catalytic activity and
selectivity. It would be more desirable, if the method of increasing catalyst lifetime not only
maintained acceptable levels of catalyst activity and selectivity, but also provided for a high
hydrbg‘en efficiency, as measured by a low molar ratio of water to oxidized product produced.
Towards this end, a molar ratio of water to oxidized product of less than 4/1 is a desirable target.
It would be even more desirable, if the method of 'increasing catalyst lifetime was easy to
implement and inexpensive. Finally, it would be most desirable, if the method to increase
catalyst lifetime could be integrated into the synthesis of the hydro-oxidation catalyst itself, such
that no extra equipment or extra process steps, such as pretreatment of the catalyst support or
pdst-trcatment of the synthesized catalyst, were needed to effect the lifetime enhancement.
Towatds this end, it would be desirable, if the method to increase catalyst lifetime was

compatible with catalytic metal depositions from aqueous solution.

This invention provides for a novel process of enhé.ncing the lifetime of a hydro-

oxidation catalyst. For the purposes of this invention, a hydro-oxidation catalyst shall comprise
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processmnﬂyﬁhls I nvention, the contacting of the catalyst support wth the
hydr oxy-functionali zed and/ or carboxy-functionalized organosilicon
compound is conducted under contacting conditions sufficient to increase
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selectivity and while maintaining good hydrogen efficiency of the hydro-oxidation process. Even

more advantageously, the unique process of this invention, which extends catalyst lifetime, is
easy to implement and cost effective, in that the process involves one simple contacting step with
at least one readily-available and low-cost additive, namely, an hydroxy-functionalized and/or
carboxy-functionalized organosilicon compound. In a more preferred embodiment of this
invention, the contacting of the hydroxy-functionalized and/or carboxy-functionalized
organosilicon compound with the catalyst support is effected during the synthesis of the hydro-
oxidation catalyst itself, most preferably, during the deposition of the catalytic metal
component(s) onto the catalyst support. In this aspect, the process of the invention is compatible
with catalytic metal depositions from aqueous solution. When carried out in this more preferred
manner, the advantage of increased catalyst lifetime is obtained without special equipment and
without additional process steps, such as a separate pretreatment of the catalyst .support ora
separate post-treatment of the synthesized catalyst. In another most preferred embodiment of this
in\;ention, the organosilicon reagent further comprises one or more promoter(s). In this most

preferred embodiment, the organosilicon reagent can function beneficially in one or more
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oxidized hydrocarbon, preferably, an alcohol, aldehyde, ketone, olefin oxide, or carboxylic acid.

The composition of this invention, which incorporates a hydroxy-functionalized and/or carboxy-
functionalized organosilicon compound onto the catalyst support, advantageously exhibits
increased catalyst lifetime, as compared with similar catalysts that do not contain the

aforementioned organosilicon compound.

In yet another aspect, this invention comprises a novel hydro-oxidation process
comprising contacting a hydrocarbon with oxygen in the presence of hydrogen and in the
presence of a unique hydro-oxidation catalyst under conditions sufficient to prepare a partially-
oxidized hydrocarbon. The unique catalyst used in this process comprises a catalytic metal
selected from gold, silver, the platinum group metals, the lanthanide rare earths, and
combinations thereof, on a support, the support having been contacted with a hydroxy- :
functionalized ofganosilicon compound, a carboxy-functionélized orgénosilicon compound, or a

mixture of hydroxy-functionalized and carboxy-functionalized organosilicon compounds.




The aforenentioned catal yst conposition is beneficially enployed in a
hydr o- oxi dation process, preferably, a hydro-oxidation process wherein a
hydrocarbon, nore preferably, an alkane or an olefin, is conygcyad 2006t h
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catal yst conprising a catal yst support and one or nore catalytic netal
conponent s deposited thereon. The term "hydro-oxidation catalyst"” shall

mean that the caffé ¥Rtefiditiondd Abvel BroRedd )t tils ﬁf%ﬂﬁéd,%dﬁriﬂ&?&éﬁg fer ably,

a process wherein a hydrocarbon is “contacted wth oxygen int presence
of hydr bfgtimef corhprises sonsaetingah¢ gatalystauppadt ¢fithe bydroteaxidation catalyst with a

hydroxy-functionalized organosilicon compound, a carboxy-functionalized organosilicon

compound, or a mixture of hydroxy-functionalized and carboxy-functionalized organosilicon
compounds under contacting conditions sufficient to increase catalyst lifetime. The novel
process of this invention advantageously extends catalyst lifetime, as compared with the lifetime
of a catalyst having no contact of its support with said organosilicon compound. Moreover, the-
process extends catalyst lifetime while still maintaining good catalyst activity and selectivity and

while maintaining good hydrogen efficiency in the hydro-oxidation process

For clarity of explanation, several definitions are presented hereinafier. For the
purposes of this invention, “catalyst lifetime” shall be defined as the time elapsed from the start
of the hydro-oxidation process to the time at which the catalyst, after regeneration, has lost
sufficient activity so as to render the catalyst useless, preferably, commefcially useless. As used
herein, “catalyst activity” shall be defined in terms of conversion, that being the mole or weight
percentage of reactant, preferabl)} hydrocarbon reactant, such as alkane or olefin, in the hydro-

oxidation feedstream that is converted to products. As used herein, “selectivity” shall be defined




such as an al cohol, an al dehyde, an olefin oxide, a ketone, and/or a
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gold and silver, deposited onto a titanium-containing support.

In another preferred embodiment of this invention, the hydroxy-functionalized
and/or carboxy-functionalized organosilicon compound is contacted with the catalyst support
simultaneously with the deposition of the catalytic metal(s), for example, gold, silver, or mixture
thereof, onto the catalyst support. In another more preferred embodiment; the contacting of the
hydroxy-functionalized and/or carboxy-functionalized organosilicon compound with the catalyst
support comprises an impregnation method, that method being well known to those skilled in the
art.

In yet another aspect, this invention provides for a novel hydro-oxidation process
comprising contacting a hydrocarbon with oxygeﬁ in the presence of hydrogen and in the
presence of the aforementioned novel hydro-oxidation catalyst under conditions sufficient to
pfepare a partially-oxidized hydrocarbon. The novel catalyst, as noted hereinabove, comprises a

catalytic metal selected from gold, silver, the platinum group metals, the lanthanide rare earths,



t he | ant hani de, rare earths, and conbinations thereof, on a support. In this
aspect, the support is contacted with a hydroxy-functionalized

organosi |l i con conpound, a carboxy-functionalized organosili W‘%grmmd,

or a mxture of hydroxy-functionalized and carboxy-functionalize

organosi | i cOXO@Mpdthds. In a preferred enbodi ment of the catP4Tyé302/24339
conposition, the catalyst support conprises a titaniumcontaining or

vanadi um cont ai ni ng support. In a nore preferred enbodi ment of the

catal yst conposition, the catal yst conprises gold, silver, or a conbination
of gol dndincimbinktiets thetepf) sn adppont, owvherdin thersupport Breoaiacted githugipdedxy-1 n

anot her preferred enbodi.nent of this invenh]ingn, .he hydro&;&-functionalized
and/ or égfr%‘e%h%e PESANGRIHPON, CORIME oA PO maia%org%mé PR EPIBHOHG: AT #he
cat al yst.: '!%_ ] s | tqi 1 |
metal (s ,i?gg%)&%lﬁygrrr%f e, 8@‘?’%%‘?. %ﬁ\%&#&g&r}?ﬁngﬁ’&?@i&tﬁgﬁn gé#l,g&g%t dt%kl}eﬁ'ca{ngl yst
suppor t novel paovesdibenefivialy parchecuseéd ¢b prepardiusefnt partifiey-oxidized hydrgcarborishe

hydr oxy-functionalized and/or. carboxy-functionalized organgsilicon conpound
withe {BEeteEb) §1§Phyd§w§6>gf>lsc‘€ﬁtﬁﬂeﬁ sfin Axidpg, ARG ABEATRAXYHEAFIEY, t hat net hod
being well known to those skilled in the art. In yet another aspect, this
I nvention provides for a novel hydro-oxidation process conprising
contacting a hydr @i gereoal tenmishthe hydreroxidationeatatyst evhich ehefitg dromg the wmighei N t he
presence of the aforggenti oned nove] hydro-oxi dation catal yst under )
Bondi t | BRENIGFPCASE A (g nVaRgn OMRHISEES S+ FLMBRITLP DR HAPATS OR TR catplygic

novel c&g&hy&% \(,ﬁes?érs'?dﬁt g_qY Qﬁﬂ%t an aia?ﬁﬁ: ’ﬁetf‘%ﬂ:"ﬂé é(ﬁthgly:ﬁéﬁht, sel ected

fromgold, si , e platihumgroup netals,” the ani are earths,
-7 16r pramideddisat teeatdy 9 sintbesizedTidosian 24BBds activitydnb hpdriorandationgrecsss, on a

SR eSS 5 BB b SSPYACh Bl e el BASLAREL 250 o,
a m xthyfdRogdn itoH parbially o6 lized Ry dré&ab@) ANGRIBRME éxaRplds OF ShitabBshydro-
organosi |l i con conpounds. This novel process beneficially can be used to
pr epar eoxidation caplysts arp dgscaibpdiinthel follawing sefersnees: W) 86/62323, WO QI@SRJHSYO
o oonol gy o970 7 gt ErTRg S RORRE O BRNAR o Ao ARac
WO 00/59632, WO 00/35893, WO 00/07964, as well as EP-A1-0,709,360 and US 5,623,090. In
a preferred form of the catalyst, the support is a titanium-containing or vanadium-containing
support, more preferably, a titanium-containing support. In a preferred form of the catalyst, the
catalytic metal is selected from the group consisting of gold, silver, the platinum group metals,
the lanthanide rare earths, and combinations thereof. The platinum groub metals include
ruthenium, rhodium, palladium, osmiurh, iridium, and platinum. The lanthanide rare earths
include cerium, praseodymium, neodymium, samériﬁm, europium, gadolinium, terbium,
dysprosium, erbium, thulium, ytterbium, and lutetium. The catalytic metal can exist in any
oxidation state that is available to the specific metal, so long as the catalyst produced therefrom
exhibits activity in a hydro-oxidation process. Typical oxidation states include the zerovalent
metallic state and any positive oxidation state ranging from greater than 0 to +3, as determined,
for example, by X-ray-photoelectron spectroscopy (XPS) and neutron activation analysis (NAA).
The catalytic metal can exist as ions or charged clusters, and/or as discrete metallic particles,
and/or as mixed _datalytic metal-promotér mietal particles, and/or as atoms or clusters of dtoms
dispersed over the surface of the support. The metals in the support, such as vanadium and

titanium, typically exist in a positive oxidation (non-metallic) state.



synthetic process of this invention, conprises a catalyst support onto

whi ch one or nore catalytic mnetals are dispersed. Any catalyst support and
any catalytic netal (s) are suitably present, provided that tRe.gaf3Pest
synt hesi zed therefromexhibits activity in a hydro-oxidation process,
particul arl yVOP3MbS8ss wherein a hydrocarbon i s converted wiH/G0FEEin
the presence of hydrogen into a partially-oxidized hydrocarbon.
Non-limting exanples of suitable hydro- oxidation catalysts are descri bed
in the follow ng references: WD 96/ 02323, WD 97/25143, WD 97/47386, WD

97/ 34692, WO 98/ 00413, WO 98/00414, WD 98/ 00415, WD 99/00188, WD 00/59632,
WO 00/ 35893, WD 00,07 6&., ag wel | ~as EP-Al-0, 709, 360 and U%S, 623; %?0. In
a preferred form ofngQadingof thegatalytiganets] ¢ Synpox can vapyiwidely e wd tor
vanadi u Ltk DEk j i : L 345
support ”ihlﬁ E&%@%ﬂ;}g %ﬁ ed f §r 1;7(1’ 8@%@3 Fifgg{eg 3@ %%’a%lﬁré{l{eétgttggdg? llﬁg Bﬁ@#@?&?s

sel ef:t edmﬁhﬁt(m)} i$ gze;t@r d':jnp 1Oqpasts per mﬁlim bsg'gbight[,m and yeferaiii g;qateath%an lamr}grmlﬂght
netals, the |l anthanjde rare earths, and conbinations thereof. The platinum
group neREfeat,bass e fofelesighhAf thatydraraxidation ‘%ﬂt‘.ﬁ&Xﬁ% Mossprstarably,ithg 9! and
plati ”!Jniba&ﬂ?éoff&!@él?@é‘ingt%l(ﬁf‘i%%{é%?errgﬂhﬁo.dlr,‘%&’%s@ﬁé etBly gfea&?%}mdm ight
neodym um samari um éuropl u gadolinium terbium -dysprosium er%Fum

t hul i um peytentrGénengllyathe total badimgof Tatelytiatmta)(s) is lesstizn 10apreferatdy, less. tharys.0,

i dat i t at h i ilable to th i fi |, th
o o ek e e L0l et ORI G St Sheles, '™
process.oxidafiof datalyyd. dati on states include the zerovalent netallic state

and any positive Oxidation state ranging fromgreater than O to +3, as
determ ned, for exanple, by X-ray-photoel ectron spectroscopy (XPS) and

neutron activatio nal.ysi,s ..o 1he talyti.c netal can, exi st as ions
or charged cl !Jste?)éf’iog?%,g}e@%@%g@t@p&aﬁ&sim&y@%wrgpggat MG as

m xed cagiréthyter, whicH i ldeRhaR 8% nigtdl dr nepdlkid fohBat iBPRVES the profueiBitydf thé USt er s
of atonms dispersed over the surface of the support. The netals’in the

suppor t ,ca@lysh Eastoyseomribitingrie inareasediprodyctivityiincwdey fosinstance.ineregsedi t i ve

oxi dat i - | =8. 18- ,qf@ 0]

PCT/ USO %? gﬁégggh %ﬁ Fgg%%%rg&gkéf tﬁlelé én;c? eaaf yti é&fég&ﬁo%?%é&%ﬁ%%&r?d%c&n vary
wi del y, decreased produbiinity tohweaterabmd inereased catalyist/iifetimea Prefeitiblypthi geoniater ipr ocess.
Gener al lsgl’ectgci1 goxtno g l(}rcl.\llcj);)aﬂlé}%ug E, tﬁg ia%lﬂya%{d% rare earths, and actinide metals, and

combinations thereof. More preferably, the Group 1 metals include lithium, sodium, potassium,

rubidium, and cesium. More preferébly, the Group 2 metals include magnesium, calcium,
strontium, and barium. More preferably, the lanthanides include cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium, dysprosium, erbium; thulium, ytterbium,
and lutetium; and more preferably, the actinides include thorium and uranium. Most preferably,
the promoter is selected from lithium, sodium, potassium, rubidium, cesium, magnesium,
calcium, barium, erbium, lutetium, and combinations thereof. Note that the lanthanide rare
earths may function as catalytic metals when essentially no other catalytic metal is present in the
catalyst, as taught in WO 97/25143. Altern_atively, the lanthanide rare earths may be considered
to function as promoters when other primary catalytic metals, such as gold a.ﬂd silver, are present
in'the catalyst, as taught, for example, in WO 98/00414.

The total quantity of promoter metal(s) loaded onto the catalyst is generally greater
than 0.001, and preferably, greater than 0.01 weight percent, based on the total weight of the
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netal (s) i.s greater than 10 parts per mllion by weight, and preferably
greater than 0.010 wei ght percent, based on the total weight of the

hydro- oxi dation catalyst. Mre preferably, the total | oading4gf Ai2e06ytic
nmetal (s) is greater than 0.01, and nost preferably, greater than 0.03

wei ght perc&ﬂt"?m&#ﬁéral ly, the total |oading of catalytic neR@/P802/24339| ess
than 10, preferably, less.than 5.0, and nore preferably, less than 1.0

wei ght percent, based on the.total weight of the hydro- oxidation catalyst.
Optionally, the hydro-oxidation catalyst may further conprise at |east one
pr onot ercatajst.cBhe total ghantityl ofipromogermestal(s) doade batolthe catalgsttid génerallyrlogsathiard he

pr oduct iy of ~t cat al . JFactors contributing tq jncreased

pr oduct iZ\\;’r %‘3}11 Pfﬁ’éﬁr%}ﬁ%»,leﬁséﬁaqyféwaﬁﬁ%eef?%ﬁ’éé%@w tﬁE E’rﬁ%é’f’ ghypidhe gatalyst. Those
hydr ocarghirds AWl feBSFnPRSR b Bt bl VoA %Al roduct
decr easgd réﬁgﬁ I Vi tllyﬂet 0 wat e%,‘ﬁgér?ﬁrhfélro tééésrﬁgg’ﬂgat a fftgtﬁ ﬁﬂ??igﬁ #%BE‘?S@IC&Q%
Pr ef er alsmploytedes fresontcerof promater, thetveeiglitrperoehfage 6F promoter mi#talupaybe inkich

| ant hani,de rare earths, and tinide nmetals, and conbinations thereof.
Nbr e- p:hé&gf’ggf?fml %@@SﬁS%SM%WQCWREMde lithium sodium potassium
rubi dium and cesium Mre preferably, the Goup 2 netals include

magnesi um calcium sStrontium and barium Mre preferably, the
| ant hani des i ncl uddecetrlysisupporameaydsics amy)form @oakidad thnt the batalytiomeesl(sp phdim

gadolin erbiu d [ 0SI bi um thuli, tterhbi nd, | utetium
and nor %%tioﬁagﬁoam?ézgﬁ&o% %@‘gﬁ\e}%’f’uﬂ’é Hr?l\ﬂawfa&i‘ﬂ °@P§H eRiB

pr ef er athleyefrorh BehibitOMFke-bxidatiSLARRAHI NonOithiing Rkathbles Qﬂ%di'tﬁbleféﬁ iigélhde
rubi dium cesium magnesium calcium bariuny erbium lutetium an

conbi natmerphopnandeystaliipe silicasasuchiss silicaliteon MeMr4l; @lumiaas; nsetattoysilicates; such as

| yt] . . ent.h.al l h alyti | i '
the LatapimpnoduE R ERaRby B phlndlr Sanel Qs sipS. B stialfe AR bar o

ear t hs Groups; theomaihdeidednd otidide eleinefits pEndtRFRbRE o YR8 At Sk \GidRah A Rftilar
catalytic netals, such as gold and silver, are present 1in the catalyst, as
t aught , SUPBPrtanateriale  Preferpgdsupnorts sncjudertifanivm: containing suppprtsf vapadimme-gomtaining

or ef er ShPpoRs 2 it il 0 dEgRsd flme ToItGARE Burst sibAEH Ry WRESW R Wl ghe o
the -9 97/31692AN Q00473 ) WG/9B10D4%53, WOT93/80L/42%08B98/00415, WO 00/59632, US
5,623,090, US 5,939,569, WO 99/00188, and WO 00/35893. More preferred titanium-
containing supports include porous crystalline titanosilicates of the prior art, such as TS-1, TS-2,
Ti-beta, Ti-MCM-41, and Ti-MCM-48, as well as, stoichiometric and non-stoichiometric,

crystalline and amorphous, promoter metal titanates. Preferably, the promoter metal titanate is
selected from the group consisting of magnesium titanate, calcium titanate, barium titanates,
strontium titanate, sodium titanate, potassium titanate, and the titanates of erbium, lutetium,
thorium, and uranium. As a further alternative; amorphous and crystalline titanium oxides,
including the aﬁatase, rutile, and brookite phases of titantum dioxide, can be suitably employed

as the titanium-containing support.

In those instances wherein titanium is affixed to a support, the titanium loading
can be any loading that gives rise to an active hydro-oxidation catalyst. Typically, the titanium
loading is greater than 0.02 weight percent, preferably, greater than 0.1 weight percent, based on
the weight of the support. Typically, the titanium loading is less than 20 weight percent, and
preferably, less than 10 weight percent, based on the wéight of the support. '
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catalyst. The total quantity of pronoter netal (s) | oaded onto the catal yst
Is generally less than 20, and preferably, | ess than 15 wei ght percent,
based on the total weight of the catalyst. Those skilled in tq{f-ﬁx toong | |
recogni ze that when a pronoter netal titanate or pronoter netal 'silicate is
enpl oyed as WAD3MdWFte of pronoter, the wei ght percentage of BSTGIE@#33Met al
may be much higher, for exanple, as high as 80 weight percent. The

catal yst-support may take any form provided that the catalytic netal (s)
and any optional pronoter(s) can be affixed thereon, and provided that the
cat al yst synthesized therefrom exhibits hydro-oxidation activity.
Non-limting examples. of suitable supports_jncluyde _anorphous. and .

crystal line silicadesiifon tettagium atgmi¢ B"tIBr(SN@S/ng’f;af%fP@ ti‘%a titanosilicate

net al | o¢Sil i : WL e ¢ i kel | 11xPr onot er
mot al | oFToReLRERf b aly il (R prdAT 0N (ol Ph o dRpioh GRELL Y€ BRI

| ant haniadeantagedusa8i Tirdtolaicahiorizregssl ta ot gehiee than Suiyprefereblyasgual tp ovgrebter thard
simlar _ _support terials. Preferred sypports, include titaniunm.containing
suppor t 40 1y b genessiie pRiPgfoNg S EL HpEie Rio iheduz] {08 o8 thag S0Tls BFEFESRRIY n t he
fol |l ow g@u% ggl% ‘p‘%%i“ ions: WD 96/02323, WO 97/34692, WD 97/47386, WO
98/ 00413, 80 , WD 98/ 00415, WD 00/59632, US 5,623,090, US

5,939, 569, WD 99/00188, and WO 00/ 35893. More preferred titanium

cont ai ni.ng supports inclyde poroys crystalline titangsilicates of the prior
art, such as TS- ﬂmmaf,eyerfﬁfi-e&épéﬁ,m_ o%mﬁa@}ura-ﬁantﬂmwa@?’ Bemmpert o,

st oi chi gERELLSa ﬁﬂ%algf (twdt &'n%}tbﬁ%ﬁ%éﬂiﬁm cobfdiSdh lehiorihts FRURMB S a tpHIrQl'i@t er

I
nmetal titanates. Preterably, ronoter netal titanate is seéelected fiom
t he gr oofttitaniusi species, asftaughtyine®iOL00/$9632n dthés modilfied titanbsilicatecamprirgs a grrasi-

titanates stronti titan .sodiumdtit te t assi u | l.anat an
the 1 t SnsebiegratendlPayins At Mt sietare fdes ascRuminel Py A Fiv el X .
al t er napo¢essePAPRPAIRY 6f BfAfiuaT spieties, lak A6tekrhingd by XP®dndRF ulttavidletciisiBletdiffuse
anatase, rutile, and brookite phases of titaniumdioxide, can be suitably
enpl oy ex¢flegtgneaspeetrassepy N COAS RS )n dAnotirgs preferred fitanjymecontpinin g sepporher ei n

titaniumis. i B . L] ' i . .l gadi ng

that | gf GuSrifts ik ocl oRARRElenid bbb Ao LBl e R B4yl

t iht ani uThe Jiisal@bﬂgh' iged phage eﬂtgﬁﬁiutdd does Qoﬂékh hisit gir'{érgﬁ%ﬁ'zedﬁ periodic exfyetatinity and :‘c[ﬁat er

than 0.1 weight percent, base n the weight of the suypport., Typically,

the tit%Fh‘il‘ﬁW‘gq‘%‘&g o b@kpé@glzeﬁéﬁw%ﬁma wifhee. sustasrirystalitp ttphigReiatis, BY oss

than 10, IhbreRRAIGEE techRREES, QbhlAChiBk r@Bhutioh tahén8iBPkron microscopy -
(HR-TEM), X-ray diffraction (XRD), and Raman spectroscopy. A preferred support containing

dfsorganized phase titanium and its synthesis are described in international patent publication
WO 98/00415. Another preferred support containing disorganized phase titanium and it
alternative methods of preparation are described in WO 00/59632. Preferably, the disorganized

titanium phase also contains a plurality of titanium coordination environments.

Any combination or mixture of titanium-containing supports described

hereinabove can also be employed to advantage in the catalyst of this invention.

The catalyst support may be shaped into any form suitable for catalyst particles,
for example, beads, pellets, spheres, honeycombs, monoliths, extrudates, and films. Optionally,
the catalyst support can be extruded with, bound to, or supported on a second support for the =
purpose of binding together the catalyst particles and/or improving the catalyst’s strength or
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-10 1 8-JAN 2006 WO 03/011 454 PCT/ US02/ 24339 The silicon to titanium
atomc ratio (Si:Ti) of the aforenentioned titanosilicate supports can be
any ratio that provides for an active hydro-oxidation catal ysh . faroemer al |y
advant ageou i Ti omc ratio is equal to or greater than 5 1

preferably, S‘c¥§t?34-51{4§1 or greater than 10:1. A generally adva%t 6%%’6@4@? Ti
atomc ratio is equal to or less than 500:1, preferably, equal to or |ess
than 100:1. In one preferred enbodi ment of the titanium containing support,
the support possesses a plurality gtwo_or more) of titanium coordi nation
envi r onradtition resistancei Her example(iymay be gesirableto prehntgrn thinddmeef theeatalysight in

WO 00/ 59 i i fi,ed.titanosi:.licate_ co ' I.q. .G liLn

mat eri ol REVEG SieRi = PR SRE TR DT s RS,
(XRD) , ajdd, gellsts s@emdatep Theatidnd sGppdri ik dypicillySpatirethe patesiehe nsddiad by XPS
and/or ultraviolet-visible diffuse reflectance spectroscopy (WVIS DRS).

Anot her 99ptainegatalyst metal(s).ufvitable sacandagy supppos includg earbos and anyhredaetgaroxidel

phase of_ {4 § ank. l.sher . On. P . s pr.ef Wi i l:hca. :The
i sor garPoL b e aNspRE; SRR e BE AR eR Bl bR eorBhE GHBR g Bepl
cryst al lnhétalliy s@spdrts.alf a deeonti Sippogis gsee,dhé gmmib)ubf@eaémbp@d géeralytrahgdsne)
phase, such as crystalline titaniumdioxide, by one or nore analytical

t echni queosm geegienthan 0 ta 9 weighi Perrent hased on £he eosbinedeweight of threatalys @agy

(HR- TEMgoo0%c rs@%pogf. ffraction (XRD), and Ranman spectroscopy. .A preferred
support confla I'ng disorgani zed phase titaniumand its synthesis are
described in international patent publication WD 93/00415. Another

preferred support _containing di sorgani zed_phase titaniumand,it
al ternative net hod4esris pe dguiatipn gn r@efg%ggms@aomme\@mﬁ%@m@tﬂ(s) and

2L : ! ron ™ . | . f
ref erably o%tgdgrﬁln %‘{)ﬁﬂﬁ&%’i’ét&l ond &eeatﬂsyﬂ%@gg@,ﬁdréadmsﬁwéa@g pgk;cﬁice&y 0

titani umtco I 'on environnents. ation or mxtu

titani uexkibitd aitivitpdn s bprordxsdation prodess Nenr-bnitaigexamplas of bwitableeprepapdtioned t o
advantage ,in th atalyst .of this.inventjon. The gatal yst s ort may be
Shaped PRSP IS TPLRRLO doPRSTHmpar U etoD, PRFLTBEE, R BRMROY B! beads,
pel | et's gesliRnesnd HRAAVEES PR tioN! regddBion 8Xd A&pR#RR-prédisitdtioh AFe sofdeiwhanal |y,

t he catalyst support can be extruded wi th, bound to,” or supported on a
second prgipmad Ih prepatieg one of the most preferred catalysts comprising gold on a titanium-

containing support, the synthesis conditions are typically chosen to minimize the reduction of
oxidized gold to metallic gold. Details of the deposition or impregnation of oxidized gold onto a
titanium-containing support are set forth in WO 00/59632. " T

The catalytic metal and'prémoter metal depositions made by impregnation or
deposition-precipitation typically are conducted at a temperature ranging from —10°C to 100°C.
Any compound containing the catalytic metal can be used to prepare the solution or suspension
for the impregnation or deposition-precipitation, as the case may be. For the most preferred gold
catalysts, suitable gold compounds include chloroauric acid, sodium chloroaurate, potassium
chloroaurate, gold cyanide, potassium gold cyanide, gold acetate, diethylamine auric acid
trichloride, alkyl gold halides, preferably, alkyl gold chlorides, and alkali aurates, such as lithium
aurate, sodium aurate, potassium aurate, rubidium aurate, and cesium aurate. Organo-gold
compounds can also be employed. For preparing the silver catalysts, suitable compounds include
silver nitrate and silver carboxylates, such as silver oxalate and silver lactate. Any salt of the

promoter metal can be used, for example, the promoter metal halides, such as the fluorides;
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pur pose of, binding together the catal yst particles and/or inproving the
catalyst's strength or -11 1 $,.JAN 2006 WD 03/011454 PCT/ US02/ 24339
attrition resistance. For exanple, it may be desirable to prefd-JdAM 2006i n
filmof the t al support, for exanple, a titanium contaigH rt,
on a seconda%@ﬁ%gjg#t that is shaped into a bead, pellet, C#B@%O?}&Ed)%?e.
The second support is typically inert in the process and need not contain
catal yst metal (s). Suitable secondary supports include carbon and any

oxi de, .. such as, silica, alumna, alumnosilicates; ceramcs,

refractor
i ncl udi nﬁ}lylwfén%d ramgleg.caromater pitratess berates,wificatgs: silfates, Rhgpphstasscarbgnages,

second s ' sed.. ' c e Y. .
From gr cARRakory el Bitiqlfy SRRkl SRS ARty el SPEL e el A0AES

t he cat adsyséll anshy iaixane of e pfthentionth €416s. Shitable kolveitaforale @épobition@pt hod of
i ncorporatjing the catalytic netal (s) and any optional pronoter netal (s)
ont o t heede, But areioh pasiited ta, wtar gad orgeaic ﬁoh@n@a&&ﬂ’%ﬂﬂ‘l Wking-deohols (i t s
acti vity.g : - DXJ [ J =l L ‘ j tabl e
o cpar at et HGoR Hrdfly, a8k RERCERRY, BOM, it M RBMRt R Atonnild

spr ay- drhgidagrarboms- Mixthees @€ watcapad orgdfiecslvents mayaisd teampleyred! iTypicaly, tviehe

| npregnation and depositjon-precipitagjon are. s what  preferred. In
prepar i rfée SFtlyBe meChand O%Oéﬁ@r?@ateé(tﬂ aqeﬁmsﬂe@ %Em %Oflwngwwtbs gupport, the
titaniu aj =y ey : I L L | ahosen
o mni g o Baal BB tie o oS BRRERrGADEL e E et BB Y 001

t he depds ihed satration paistedtiat compoahd,mrefirably] fpad 6L000E M ta 0.5 M. difian aguedns ai ni ng
support set _fqrth in 00/ 59632.. The cajal ytic tal and prqonoter

re ol dSpREeR o peribaaty e peBRdhe BEuSIHLBALY VR oprEeh 5ieEad fon

typi cal lptefefaBlys WihhHa8slseddctdd, FR RSPl rBm AFbnAGs, WobdRks; dd¥botylatdd) Rlrdrox iRy,

conpound_containing the catalytic netal can be used to prepare the sol ut’i on

or suspéhlisates, andgnixtuses thergef ghtetsobtionmajealenstantaim casionis anid{aranionic additivies

compoundis ke B e Biadh i et ok Brifiled matob B SRR

chl or oaudditives @ichid regaadindRide ROAS PioHidLEOMBtaCIHAN (fBex A Li"él@w%%l,taﬁd La™), as
di et hylam.ne auric acid trichloride, alkyl gold halides, preferably, alkyl
gol d chMeslliagdalidesssnlfatasaphosplates; earboratesy berstep, andicarhoxylates (for example, acetates,

lactates, citrates, maleates, and cinnamates), and mixtures of any of the aforementioned additives.

After the deposition, the support contai'm'ng the catalytic metal(s) and optiohal promotér(s) is
typically dried under air at a temperature between 20°C and 120°C to remove the solvent.
Additional details of this type of deposition are given in WO 00/59632.

If necessary, the promoter metal(s) can be deposited onto the support |
simultaneously with the‘catalytic metal, or alternatively, in a separate step either before or after
the catalytic metal is deposited. If necessary, the promoter metal(s) can be deposited onto the
preferred titanium-containing support simultaneously with the titanium, or alternatively, in a
separate step either before or after the titanium is added. For the purposes of this discussion, the
word “deposit™ will include all of the methods of deposiﬁon-pfeéipitation, ion-exchange, and
impregnation. Aitematively, the proinoter metal can be deposited onto a precursor form of the
catalyst before the titanium is added, or after it is added, or simultaneously with the titanium. .
After the promoter mietal is deposited, washing is optional; and if done, the wash liquid

préferably contains salts of the desired prormoter metals.
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aurate, sadium aurate, potassium aurate, rubidiumaurate, and cesium
aurate. Organ=gold conpounds can al so be enpl oyed. For preparing the
silver catalysts, suitable conpounds include silver nitrate drfdJAN 208r
car boxyl at esyo9yei4es silver oxal ate and silver |actate. Any maEVESOeR433be
pronoter netal can be used, for exanple, the pronoter netal halides, such
as the fluorides; -12° 1 t-JAN 2006 WD 03/011454 PCT/ US02/ 24339 chl ori des,
and brom des; pronoter nitrates, borates, silicates, sulfates, phosphates,
carbonates, and carboxylates, particularly the acetates, oxylates,
cinnamates, |actates, nmaleates, and citrates; as well as any m xture of

t he af or ement i onedn#hd wrgqueSuoteadbithisinvention, thediféthee ofxplngire-osidatidn catalyside,
but are.not linm.ted to,. ter, and organigc splyents, the_ Jatter ing¢luding
al cohol & lﬁfp&?verae]??'a‘fﬂ?ittaé#m%[eﬁé S| _S‘&Pil?gn‘ﬁ’l%} a_g O?‘%%B'PBWF orgauesilicon

ket ones co:ﬁ?é’un’ﬂ, la RBAOk G- FARH oRAIR bF OQKQ&P&%&J‘M&' orM b HIrE Ef ﬁ’}d@’@%ﬁ-r . and
organi ¢ solvents may al so be enployed. Typically,” where :the catal ytirc™ -
met al (s fungtionalized end carboxyviimeti¢rsilized ergdnpsilidonadmpoumdss @ shioulirbeastagnided

t, the. nolarity. of the sal ubl tal yti t al d_ .or pronot
compountiet el grEmsticts samRp IR R EsE Gt boBge Ry Ang ARy EGIHBAes.
pr ef er atphy hydroRyRfthBBARIAH bikaRofiliddn éofmﬁﬁllnégétiﬁgéj&y ﬁﬁ%ﬂ%ﬁ@&iﬁ §iliU§xﬁQ>Petope pH

of the solution may be adjusted to any 'val ue between , preferably,
wi th a mWaseorganigaaietiesthonndiosilidon, and onm erandre iyiresy mudeties doyund trsiliconl at es,

hydr oxi i i cat i Xt ures. t f. The sol uti | t ai
et oni T8 rapeld mofel, oy ol ohalfer Boiano el sotieppaabb e e, o sod-
speci esorgaiiilandlb) ot gaivislicgiRfesy By o PR 8 & cASnalPE B?éﬂh@silaﬁéighﬁréﬁ’yﬁ-%@tééﬁﬁgﬁgd

regard include certain pronoter netal ions (for ‘exanple, 1i- ,
La+3), ganapdpkangs, hydroxyefunctinprlizadcargansisilezanes, bydroxefinstienalized bor at e' s, and

car boxy, . . X G . ctates, citrates | egt es, .and

o1 nnamey BegtRillaBlingS AP roB b GBtiped SR BRmidesr B SR p R sroodfar
t he dephehydrony-futiionaliyed oiganosiliedmesigpdund iCprisstitedby e dbliGying Astnfids:i onal
pronoter(s) is typically dried under air at a tenperature between 20C and
120C to renove the solvent. Additional details of this type of deposition
are given in WO 0@{ 9_%:3% -M+ necessar Y. the pronoter netal (s) can be
deposited onto th Q ¥rmul t ane®dsly with the catalytic netal, or
alternatively, in a separate step either before or after '

wherein each R is iﬁdependently selected from the group cénsisting of C1_15 alkyl, Cy.15 aryl, C,. .
15 hydroxyalkyl, and Cj.15 hydroxyaryl moieties; each M* is'indebendently an inorganic or

orga.nic ion of +1 charge, prgferably, H'ora Groui) 1 batiqn; x is an iﬁteger rangmg f.roml 1to 4;

y is an integer ranging from O to 3; the total (x + y) equals 4; with the préviéo that wheny =0 '
qhd X =4, then at least one R moiety is hydroxy-functionalized; and with the added proviso that
Qhen no R is hydroxy—ﬁmctionaliied, then at least one M+ is H. Non-limiting examples of
su_itable hydroxy-functionalized organosilicon compounds that satisfy the aforementioned

qumula include sodium methylsiliconate, trimethylsilanol, tﬁethylsilanol, triphenylsilanol, 2-
(trimethylsilyl)ethanol, t-butyldimethylsilanql, diphenylsilénol, and tximeﬂ1ylsi1y1—pr§pa.rgyl
alcohol. Another preferred hydroxy-substituted organosilicbn cbmpound may be represented by

the following formula:

M 0)(R)y Si-0-Si RO M) @D
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the catalytic metal is deposited. If necessary, the pronoter netal (s) can
be deposited onto the preferred titaniumcontaining support simultaneously
with the titanium or alternatively, in a separate step eithgg. JARf 206 or
after the ti} 6‘.4/(}15'}5&3 added. For the purposes of this di scusgepisoldigse word
"deposit” wll 1nclude all of the nethods of deposition-precipitation,

| on-exchange, and inpregnation. Alternatively, the pronoter netal can be
deposited onto a precursor formof the catal yst before the titaniumis

dded, ks ¢ ] dded ' I ' h [ ' Af
he pr olipdir G K if BB ie e diand e g atsising of ers el S ahmash
liquid shyafoiyalill a@@cﬁ.wg%s ; nidfetiel @ablERi*t RAnMRARLAY aﬂﬁ{@éﬁ? 9313 WO

03/ 011454 18,- JAN 20 PC 24339 I'n the uni que process o
i nvent i eganic pen of +legharge, pfeferably i oo Grbarpi laonpeachiviast v’ issindeppndendst ahy

cont act j .yst. suppor,t. w.th draxy-functiaonglized organgsilicon
corrpoungl,%%gIt @g%c@??, %ﬂﬁ‘pc |a§ﬁéﬁ il imdensn %{Rﬁ’ﬁnﬂ%gﬁr Wdﬁﬁdﬁ*.e&ta V#E W G of
hydr oxythe ftotalqit oRah =3¢ ehimnHe ?ﬁrvh@tyatm@ﬁw W*'isb%w&aﬁ,%éﬂeb&%%?}}ﬂwds :
I't shoul d be recognjzed that a single organosilicon conpound may al'so

cont ai n2tbEEtena R BRiptyassociated with theivion Y orespectively, is hytiroxy-functionalized; and

hydr oxyg t ' 11160 onmpound can .he .gn I ch cont ai ns
XA IGOF ot RHIANEY 15 A, SIS, GRS AN MR GRIL LTS
hy dr oxyHirc8 uitablshydesxyctubetidialibgisgfosildxates) Wiadh ihayBé Rdesertsd Btk e

hydr oxy-functional i zed organosilicon conmpounds include organosilanols,

or ganosiPremsntiened formulpdrolude hathishydromdutydltefransthyladisitoxane, and 1,3-
hydr oxys: ' ' i Lo . hydroxy-functionalized ..
0t SR}l AR P Sl AREH DAL dffiion
hy dr oxyeofnpoeddsdnelude sity1ated) supass, byohanNdGstrietiox B 1Ropy IR lueshadBadiaENt ,  the
hydr oxy- f nﬁi I gnal i zed organosilicon conpound is represented by the
foll ommﬁfue’la YortheLreqneg silicanatq isspdivan mgtbylsilicopaten R i s i ndependent |y
selected fromthe group consisting of Cl1-15 al kyl, Ci1-15 aryl, d- 15
hydr oxyal kyl, and Cl_15 hydroxyaryl noieties; each Mt is independently an
i norgani c or or gdwicerbosy-farictiefialized prganogilieheoatpoynd tin terang whichigontaiaat i on;
X 1S aréilfcgﬁ,%%%ror o7 Bpggmfcrn?cg?e&esf é)nd4dne or more carboxy moieties. Either the acid or salt
form of the carboxy moiety is acceptable. Typically, in these organosilicon compounds, the
carboxy functionality is located on the organo component; however, éarboxy functionalities
bound to silicon may also be suitably employed. Carboxy-functionalized organosilicon
compounds include, without limitation, carboxy-functionalized organosilanes, carboxy-
functionalized organosilanols, carboxy-functionalized organdsiliconates, carboxy-functionalized
organosiloxanes, carboxy-functionalized organosilazanes, carboxy-functionalized
organosilylamines, and carboxy-functionalized organosilylamides. Non-limiting examples of
suitable carboxy-functionalized organosilicon compounds include 1,3-bis-3-carboxypropyl-
tetramethyl disiloxane, 2-(trimethylsilyl)acetic 4cid, 3-trimethylsilylpropionic acid, and salts (for
example, alkali salts) of the aforementioned compounds. A preferred carboxy-functionalized

organosilicon compound may be represented by the following formula:

A

M™ "0) mR) n——Si—(CH2) p—C—0"M""

(IIm)

-15-



y is an integer ranging fromO to 3; the total (x + y) equals 4; with the
proviso that when y = 0 and x = 4, then at |east one R noiety is

hydr oxy-functionalized; and with the added proviso that mhe
hydroxy-functjonalized, then at |east one Mt is H+. -lim

of SU|tabIév99ﬂ?Hiy'functlonallzed organosi licon conpounds % Eﬁmgﬂ%

the aforenentioned fornula include sodium nethylsiliconate,
trimethylsilanol, triethylsilanol, triphenylsilanol, 2-
(trimethylsilyl)ethanol, t-butyldinmethylsilanol, diphenylsilanol, and
trimethyl silyl-propargyl alcohol. Another preferred hydroxy-substituted
organosi l.i con compound nmay be represented by the follow ng formula: (M+
O w( R ) whstein egeh M&js indepepdently ay ingngpnic fqn arpagans méycellcﬁm nree, prefsably,

consi st Ty o Tl o AR eificl B pORFREIRGRG LK B3bEGhenieTy ciitedd Sk
hydr oxy die/gropictisistifig 0@tk Aikyl, Cﬁls'ai’sde@ﬁ@@lydtbkyam ztdﬂ(’(h%lHy&oﬁimyl%&iéﬁésG

ion of +1 charge, preferably, H+ or G oup | on; each
i ndepen&editd §arggach integges fram Hrip 3, mhshat eﬂmﬂummfanct = 3§ @nd mts@pem@gerrtﬁrqm an

the profi L8 2Rete Rers i Bhnly hlliodpied el @B ooyt 00 s o

at | eastarboeyprdpylritainetiad disloadmed wWith the v or v', respectively, is
hydr oxy-functionalized; and. vvith the added proviso that when v or v' is O,

then at | east one of the M or , respectively, is H+. Suitable

hydr oxy- funct | onabigeds gqq%gageemoxyvmmnmd%@ hBBERAGMiGHIDY t he

af orenenti oned fornu
1, 3- bi s()lfgydmdlophwbmb))mwisrcmnmtﬂtthkeechhmnhcaidyﬂfshnanﬂmboﬂents the silicon moiety, at

bi hydr o t t et | d | O h t
Py onleRR0BE MLy ot ety metehh od i Addiiopothieist pRsDmetes pitiane eguisihla .
such asplmofert bdifk AEEYBED NerBinabNle) wmticx?dggg% ‘Bom%)'t%tthe af & Hjsx)’edtﬁ

organic siliconate Is sodi um nethyl e ca oXY - unct i'onar; zed
or ganossili¢anomoictyrgidsLindnerassingcatalyst ifiétinhe, eduile dhengromster catinm, aidsia nuaintainieg

For m of B e bR Py mRLR G o e B P Ryaroio of et Fionsio Con

conpoundgds mtthedeposmon of the catalytic metal ions, for example, gold, silver, platinum group metal

ions, onto the support. Sodium ntethyl siliconate and the sodium salt of 2-(trimethyl-silyl)acetic
acid are illustrative of preferred hydroxy and carboxy-functionalized organosilicon compounds
that provide this triple functionality.

The amount of hydroxy-functionalized or carboxy-functionalized organosilicon
compound that is used in the process of this invention can be varied over a wide range, so long as
the catalyst prepared therefrom exhibits an enhanced lifetime, as compared with a similar catalyst
wherein the organosilicon compound is not employed. Normally, greater than 0.005 mole, and
preferably, greater than 0.1 mole hydroxy- or carboxy-functionalized organosilicon compound is
used per mole of catalytic metal present in the catalyst. Normally, less than 20 moles, and
preferably, less than 10 moles hydroxy- or carboxy-functionalized organosilicon compotind are

used per mole of catalytic metal present in the catalyst.

The lifetime enhancement treatment is effected by contacting the catalyst support

with the hydroxy-flmétionali'zed or carboxy-functionalized organosilicon compound, before,
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carboxy functionality is |ocated on the organo conponent; however, carboxy
functionalities bound to silicon may al so be suitably enpl oyed.

Car boxy-functionalized organosilicon conpounds include, wﬁtha?% AN
limtation, carboxy-functionalized organosilanes, carboxy- fu fﬂongvﬁzed
or ganosi | and¥Q %3 #¥oxy- f uncti onal i zed organosiliconates, — PCT/US02/24339
carboxy-fuilctionalized organosil oxanes, carboxy-functionalized

or ganosi | azanes, carboxy-functionalized organosilylamnes, and

car boxy-functionalized organosilylam des. Non-limting exanples of

sui t abl SUEREY:fier alding tha gatalytia metajésh eud proowter(sh Fp eummst prefiatedtambodiment,

1, 3- bi s413; onyl.-. t.ebr thyl disiloxane, 2:(tri net.hylsilyl)acetic
aci d. 306 R BBRes vy ARON: of o Y e opizet Ciselffon epmfpgfd

sal ts) similtmealsly witktied depedticosnay 'aﬁft&lytiénibtﬂ{sﬁiﬂmy%%ﬁbﬁaihéﬁﬂf&}(&? NRlel zed
organosilicon conpound may be represented by the followi ng fornmula: ft (M
O m ( Rhyfroay-frrstiopslized or carbayry+fungtionaliged orgarmailicon oempanndasaybe proided as a

PCT/ USO ' WeR M is_independent|y. i norgani ¢ i op or organic
e cal £6 &P AR O s e sBotabREGRER, bidle SRS Bictude Rorchablly e
not ed hevatdryalédlels, swhel niRthanol, RERAEH dﬂlﬂfmfaﬁdl,eﬁét&sbsf fueias h&Sor¥ MdRnethyl
consi stipg; of Cl1.15 alkyl, Cl1.15 aryl, CIl.15 hydroxyal kyl, and C1-15

hydr oxy §thyl ketemes ethess; suchea difisaprapil) ethen and-tetsefwideofamapasters, such asethyl acétate; t he
sum of = 3 [ ' er froml. to,15,. An even nore preferred
car boxy-g}T’ %hrpgr?%a%% nlaégg'g Btgf %lgﬁg'ss H?‘lae(e:i%r?ngé%%ﬁ}ﬁnﬁoﬂa@: the grgangsilicon compound is

car boxyprovjiet-it edlutione typidallgtis a bopcengatidiptahfifg fof 0.0 RNV The 988-Son point of
hydr oxy-functi o,ﬂal i zed or  car.boxy-functjonalized organosilicon conpounds

cont ai ntERFEAROSIHER commapng; Wick i typisabolesnihan 5 MeThs ¢angastingoif diosuppart | east
one hy Ok YhePbrghridlsiiedy c&ﬂfgﬁfnﬁ m& Gk éd?ldg&g& b agg%p%hﬁgﬁig%n%e'fo%mttﬁr e

cation, the surtable pronoters “belng descri rerna

bei ng blriling pmnT ¢feany|)sol;/bn1t that ié)\p;\xihe‘scfnl.eﬂadféralbly,tthecorﬁ&dﬁngwmp@gmefis@'réiﬁeritﬂihn

I ncreasi atalyst. lifetine, ilet ronpter cation aids in maintaining
hi gh cafgeygfef% Iy the §OUAAISLPBRE AT ’ﬁe-‘gtthainsl 091G oThrgomiacting timer varipe

hydr oxydepending Borythé paréichian #ppbt and hydroxy or carboxy-functionalized organosilicon

compound employed, as well as the particular contacting temperature. Generally, a treatment

time ranging from 30 seconds to 2 hours is sufficient.

After deposition of the catalytic metal(s) and any promoter metal(s) and additives,
and after contacting the support with the organosilicon compound, the as-synthesized éatalyst :
may be used without further treatment. Alternatively, the as-synthesized catalyst may be calcined
under air, or heated in an inert atmosphere, such as nitrogen. The calcination/heating
temperature depends upon the particular sample, but may be varied from 100°C to 800°C,
preferably, from 120°C to 750°C. If gold is used as the catalytic metal, then preferably, the
temperature is chosen to minimize the reduction of oxidized gold to metallic gold. As an
alternative, the as-synthesized catalyst may be conditioned prior to use. The conditioning
cdmprises heating the catalyst, for example, in the oxidation reactor under an atmosphere
comprising an ipert gas, such as helium, and optionally, one or more compounds selected from
hydrocarbons (for example, an alkane or olefin to be oxidized), hydrogen, and 6xygen ata

temperature between ambient, taken as 21°C, and 600°C.

-17-



aids in the deposition of the catalytic netal ions, for exanple, gold,
silver, platinumgroup netal ions, onto the support. Sodi um nethyl
siliconate and the sodiumsalt of 2-(trinmethyl-silyl)acetic acid are
illustrative of preferred hydroxy and carboxy-functionalized 1% AN i con

conpounds tx@ﬁtos}ﬁﬁﬁﬁ de this triple functionality. The armurnlgc.lg{ls(m24339
hydr oxy-functionall zed or carboxy-functionalized organosilicon ~conpound

that is used in the process of this invention can be varied over a w de
range, so long as the catalyst prepared therefrom exhibits an enhanced

lifetime, as conpated with si,m | ar cat S wher.ein the organosilicon
conmpound i s not earr_'%ﬁeoifgr !’“GR@?I}?&|°F{??YS&S§§?81J8%Hﬁﬂﬁém-%@é@n RErGEsseapreferably,
pr ef er abthgse dpsexibediin idi@Ratfonkl PR pRYELAYYs W 99960418 X W3 9'9@?4 OWHO 5?&‘)'0% 1

organosiljcon conpound is used per nole of catalytic netal pfesen %’he
cat al yst WARYAR] 8@@4 WEL00/$:20322 Bn thel hydro-ewidatiop pafoessa b reactanthmirodasbon] Sucho! es

hyd -ag - t:] 1.zed. i Licor d d
moi o of SSanaPERESHIL bR SRR VR T g BRShR Y Py hoe o e b n

t r eat merixidatior fchtalyst dndoptivasilys dilwgt, té §ieldd aﬂ%v-&ﬁ@iﬁélf hydridattdnt Afh as
ed organosi|icon tompound,

hydr oxy- funcy i | | zed or carboxy-functionalizec

bef or e, aﬁ‘f@”ﬁv@&@gﬁﬁﬁﬁ@ﬁﬁ eleﬁymd%omforpebpmméa@nqmefmd embodiment, an
addi ng tineneat ' (GS). a ef.erred
on? o bl TSk AP OPRBL L o Pl hShAERSh ot
car boxy i employedhtal iroduge en glefin okidec Prefeablyptha tlydre¢arbor 8RN YS hydrvédibor, he

d it f &h tal yti ret al nd, any optional pronoter(s). The
nyar oy M BetbitBiy By ooty emciavisedioes Broraribo teEn ks und ray
be pr ovintedokSing didlefins, fdSéfins shBitittted Rith USSR fSfhid Boﬁﬂe&pﬂeﬁ%{ldg‘at e

sol vent. Suitable solvents include, for exanple,~ water, alco such as
met hanoPrel@redare Ca-s alefing the mpy moferredalefireis propytene.aFypicallyy tiee quankityeithy |

thyl k - : i (] 1), et d tetrah f ;
oot or 5. Recif iythiGtn i3 e te@Rutind LSRRG BSOS Entte! BE01, 24 HBF Liene
and xy| preferatily; greitenthart 20emolegerueat, bhsed on CRNBRALMEG]ds Df rdab@id KRFbdafboa0! Ut i on,

typically in.a concentration ranging fromO0.01 Mto the saturation point of
the or gg%y(ggy 1%‘3?&*’80%688%?&1 W‘We@?f T ¥piea)ly, theiapgntitegErepetant hydracarbpm is less

cont act thaf 99f prefeeabiy) RO tHan 85, and more preferably, less than 70 mole percent, based on the
total moles of reactant hydrocarbon, oxygen, hydrogen, and optional diluent. Preferably, the
quantity of oxygen in the feedstream is greater than 0.01, more preferably, greater than 1, and
most preferably greater than 5 mole percent, based on.the total moles of reactant hydrocarbon,
hydrogen, oxygen, and optional diluent. Preferably, the quantity of oxygen is less than 30, more
preferably, less than 25, and most preferably less than 20 mole percent, based on the total moles
of reactant hydrocarbon, hydrogen, oxygen, and optional diluent. Suitable quantities of hydrogen
in the feedstream are typically greater than 6.01, preferably, greater than 0.1, and more

preferably, greater than 3 mole percent, based on the total moles of reactant hydrocarbon,
hydrogen, oxygen, and optional diluent. Suitable 'quanﬁﬁes'of hydrogen are typically less than
50, preferably, less than 30, and more preferably, less than 20 mole percent, based on the total
moles of reactant hydrocarbon, hydrogen, oxygen, and optional diluent.

The diluent can be any gas or liquid that does not inhibit the process of this

invention. In a gas phase process, suitable gaseous diluents include, but are not limited to,

helium, nitrogen, argon, methane, carbon dioxide, steam, and mixtures thereof, In a liquid phase
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with the organosilicon conpound nmay be conducted at a tenperature ranging
from-10C to the boiling point of any solvent that is present. Preferably,
the contacting tenperature is greater than -5C Preferably, nmeANdMactl ng
tenperature than 100C. The contacting tine varies u

t he particul‘g(? %ﬁg%drt and hydroxy or carboxy-functionali zedsgf/gg?fz’g?:f I con
conpound enpl oyed, as well as the particular contacting tenperature.’
Generally, a treatnent time ranging from 30 seconds to 2 hours is

sufficient. After deposition of the catalytic netal (s) and any pronoter
met al ( sproaess, &d«ﬂihéntem be an}do:eidatim stabi¢ aret thegnal lyestablegpmrid. Suitdbletlﬁquid

organos e as-.S esjzed. cat al yst vmthout
£ urt nor B ndRAE Pt o Raiicy Prefaabs Biskiubsienth suatys Hiigbapeere

cal ci neghd di@ﬂ@fob@hiene%&%ﬁﬁieﬁ%bﬁ‘atﬁ:“alb&h%‘lst pfbtfém leg 1 SehlSrittaePalkatold, QEEN-
The cal ci nation/ heati'ng tenperature depends upon {he particul ar sanple,

but rrayasmlorapnopdncﬂr swdbadiquid gdpaherspalyesteas; lagyd pcﬁlyaim)lmm Gfusedy ge@madunt

| d d t t t al f t '
Chosen et be eefiernit bPiT Breas i Samrly abeastiin d E BRI on
al t er nadrefgably, fﬁeai‘é’tﬁéff‘iﬂ%éle%@beﬁ@%ﬁééﬂ%n tH@)th%cHéﬂﬁ‘r&dc%ﬁﬁY&bb&Boﬁ 0 use.

The conditioning conprises heating the catalyst, for exa in the
oxi dat i axygemdxydrogenyead optionah diteenphdhe amouanqfslulnglt agtypicelly lega&,an 90ch as

(7 or  cxnaRe. 33 Bty «Bl B P Rrepy AR SR DB 3o %%r%%gﬂ“on% BIFHo o

a t enpfrédcn® hDerowaBih, dRPieaNhydrb@ett And 8ilwkht.C, and 600C. -17 1 8. , JAN
2006 WO 03/ 011454 PCT/ US02 24339 he aforementioned catalyst is useful in

hydr o- oxi dati on processes, preferably, those described in international

patent publ it ofys N 28/ B0 o 54 008U FII0N 5 10,4 RAEC.

and WD 00/ 59632 I'on process, a reac ydr ocar

such alssign saitdbdefor @as aﬂlquiéplnase piotessest Geﬂ@dly;xmekomoeggrsmonmdtéwatpr esence
of hydrogen and_ the hydro- oxidation catalyst, and optignally a diluent, to

yi el d éeraac?r@#ua«r that 18,er s dapnimnent stakemas 4 hangslessihar? 3o Sincg calwste,
ket ONe 5 Qa8dd By A% kR odPRMiS Vet P XN ahfagBGisH) prbiucR 6w BhRLEE 07 hafirhadi ment ,

hydro-oxidation process can be conducted at temperatures higher than those used in many prior

art hydro-oxidation processes. Preferably, the temperature is greater than 70°C, more preferably,
greater than 120°C. Preferably, the temperature is less than 225°C. Operation at higher
temperatures provides steam credits from the heat produced. Accordingly, the hydro-oxidation
process can be integrated into a total plant design wherein the heat derived from the steam is used
to drive additional processes, such as the separation of the partially-oxidized products from

water.

In preferred operation, the pressure of the hydro-oxidation process ranges from
atmospheric to 400 psig (2758 kPa), more preferably, from 150 psig (1034 kPa) to 250 psig
(1724 kPa). For a gas phase process the gas hourly space velocity (GHSV) of the reactant
hydrocarbon can vary over a wide range, but typically is greater than 10 ml reactant hydrocarbon
per ml catalyst per hour (h™), preferably greater than 100 b, and more preferably, greater than
1,000 h™'. Typically, the GHSV of the reactant hydrocarbon is less than 50,000 h™!, preferably;
less than 35,000 h™, and more preferably, less than 20,000 h™. The gas hourly space velocitiés of
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all cane is enployed to produce an al cohol or ketone. In another preferred
enbodi nent, an olefin is enployed to produce an ol efin oxide. Preferably,

t he hydrocarbon is a Cl1_20 hydrocarbon. More preferably, thetBydso2®8bon
is an ol efi I Ng<f hree or nore carbon atons, including |

di ol ef i ns, gﬁ %nggTﬂs substituted with various organic nDig??ggkﬁ%%e 9m)re
preferred are C3_8 olefins; the nost preferred olefin is propyl ene.
Typically, the quantity of reactant hydrocarbon in the feedstreamis
greater than 1, preferably, greater than 10, and nore preferably, greater

than 20 thftxyggehydrmgenraddiiuent componentseanhst dstermineddrom thetspsgdelarity wdithe
, tional diluent.. Typically, th tity of t ant
Py ar ocar SRS dtocdBoh ARne 288 acunt B rplo e g agredng ror e o

preferably, less than 70 nole percent, based on the total noles of
react ant. hydrocarbon, oxygen, hydrogen, and optional diluent. Preferably,

the quantity of &xihgamogess efifhisfinvention,dhernotiyityrof thematalyshipanthegneasadey the

Per cont . et thaci® fychocdffh,” (FRElenRSice @ity G8MBle o gl PBisBrnee
oxygen, ofuedctaiitydredarbdinlit thetfeedstredns (b koactstth CorfiRBEudtY Géne 81 dofivérSiog

than 30, nore preferably, |ess than 25, and nost preferably [ess than 20
mol e pePEieastanthiydeqearhon; Which i aghiewed, ds greater thea @25 meola percensapretamablygieagrn,

| ; : ) o Quantiti P4 T Uh
Fondet A8, (18ble R enf ah ibbo pretbedel) el 2 DRI Chertie? RAThp Pt e
and nor selectivity e pirtiylly-gridiabe pradhets, sachas 6lefif bgide] is hiphse theforehRntioiadl nol es

of reactant t}}/dr,ﬁfa‘g bon, . hydr(%%gn, oxygen, and optional diluent. Suitable
quant i t FAYersIongy theo gelsclivily” 15 datingd py thegnele op wieightpercgntagesf secied | ess t han

20} 2Ny SRR ity B4 bRANIE DR BEAGE Yoo RASGHON RoldRE, G Bn |

nol es of reactant hydrocarbo gen,” and opti1 o0
di | uentoxide Genesally, géen the redctant Hydrbedrboo sssanrodéfin, alselbétivityhte olefiaaxide ief t hi s

o o° notshiowed et oA B AER R insRh Pl ST ae 10 BN RRCRI RS,
st eam 0;2:/6&1;4&%993 tggéa@éi' tha¥eg05Rble ghfbeﬁt, b P Hard iRStEnced Gndst Sropdiaky) %eaw tgﬁ:{ 84t 1454

PCT/ US rocess, the diluent can be any oxidation stable an
t her malm9leperssnte |iquid. Suitable liquid diluents include chlorinated
aromatics, preferably chlorinated benzenes, such as chl orobenzene

As a further advantage, an acceptable hyd.roge;i efficiency is achieved in ﬁme
hydro-oxidation process of this invention. Hydrogen efficiency is measured as the ratio of moles
of water produced to moles of oxygenated product produced. Hydrogen efficiency can be |
optimized by achieving a molar ratio of water to oxygenated product, for instance, olefin oxide,
as low as possible. In the process of this invention, the molar ratio of water to oxygenated

product is typically greater than 2:1, but less than 10:1, and more preferably, less than 5:1.

The productivity of the catalyst of this invention is also beneficially high, the term
“productivity” being defined, for the purposes of this invention, as the kilograms of partially-
oxidized hydrocarbon product formed per kilogram of catalyst per hour. In the process of this
invention, the productivity is typically greater than 30 g oxidized product/kg cat-hr, preferably,
greater than 50 g oxidized product/kg cat-hr, and more preferably, greater than 100 g oxidized
product/kg cat-hr.




and di chl orobenzene; chlorinated aliphatic al cohols, preferably Cl1_10

chl orinated al kanols, such as chloropropanol; as well as |liquid

pol yet hers, polyesters, and polyal cohols. If used, the anount bh”ﬂ“*ag%t in

t he feedstr 800881tH§pi cally greater than 0, preferably great erCT/HS02/2033,

and nore preferably, greater than 15 nole percent, based on the total

nol es of reactant hydrocarbon, oxygen, hydrogen, and optional diluent. The

anount of diluent is typically less than 90, preferably, |less than 80, and

nmore preferably, Lgss d , f

react ant hydrocarbon,z%ﬁ?g@%?hﬂggggggﬁgﬁgﬁ a@%ﬁﬁ%ﬁ?@“%%gdﬁg§?g9§¥%§§?P@n

pr oces slowdavdigthe eaidiict mdy baregeneratet by vatioanmeasn \Oretmetined may esmgrissheatiagl e

for gas_or, |iqui processes.  General| the process is conducted at a
&

g phase Y ¢
t enper dhe Aeactivatedicatastatiademperatirahetvesn 150%kand 309°6 gra regenerplien 8¢han 250C

Si nce - r e f iS4 L,on.. y

pr oduc E&F%\l}vﬁg%r% H%‘t%§g’?f?°r xggeing %{a{e?,hoer qﬁ?}@% rg%&lg g(eltogaa?xld S R&gﬂragg %g gag%‘?%g&?gc%c ted
at tenpeaadmipasatubé plefdralh betwiebn 2600 &t 400°OTeBuirtable it gadéd arb Yioh-Qeative ahd on
processes. Preferably, the tenperature is_greater than 70C, nore

pr ef er dBFiYde, for examnle, mifzagen, hefiom, pre argonp Pyeferahly, thetetal-amenns of Bydregen,t han
225C. ' b I . Vi | t
neat pradEs oo o e orb BRI o0 1 003RoIS pERM FUN foBrtiB ol
i nt o a ihcltdihg pbtionaldest gis. wherein the *heat derived fromthe steamis used
to drive additional processes, such as the separation of the
partial |l y-oxidi zed products fromwater. In preferred operation, the
pressure of the Hpkb iaventiof afill b finitlied @bdifiediyabconbidepatiod 6PGBHEsIdwing0 400
psig (2758 kPa), nore preferably, from 150 psig (1034 kPa) to 250 psig
(1724 eramplegovhigh gegsiniepdeddtobepuealy, exeraplgasofibe s ofihpinuentiane @Qthgr (GHSV) of
the re ( | ! t VRI Vv 1S
ar cat o e BF BEHIRR AL WEoaRE o tholt SENERTIR P Hogld By Rlerdcinlor
pr ef er dliib ypagifocation ok protidest the' inventich andisclpsediereth)l y, greater than 1,000
h"1. Typically, the GHSV of the reactant hydrocarbon is |ess than 50, 000
h"1, preferably, less than 35,000 h'1,. and nore preferably, |less than
20, 000 &y Jhe gas hourly space velocities of -19 1 9 JAN 2006 WO
03/011£§%é%%%#U802/24339

' A titanosilicate support comprising a plurality of titanium species was prepared as

described in Example 7 of WO 00/59632.

A catalyst comprising oxidized gold, a hydroxy-ﬁlncﬁonalized organosilicon
compound, and the aforementioned titanium-containing support was prepared as follows. With
magnetic stirring cesium hydroxide (0.34 g, 50 weight percent aqueous solution) was added to
deionized water (20.04 g). The solution was stirred for 5 min; then fumaric acid (0.108 g) was
added to the solution. The solution was stirred for 10 min uatil the acid was fully dissolved.
Thereafter, sodium methyl siliconate (0.35 g, 30 weight percent a‘quéouS solution) was added to
the solution containing the fumaric acid and cesium salt, and the resulting solution was stitred for
5 min. Tetrachloroauric acid (0.008 g) was added to the solution with stirring. The solution
turned light yellow on adding the gold salt, but became clear after 10 min of stirring. The
titanosilicate (5.0 g as chunks) was heated for 1 h under vacuum in a flask attached to a rotary
evaporator positioned in a water bath at 80°C. The titanosilicate was then cooled to room

temperature and impregnated with the gbld-containing solution (7.5 g) under dynamic vacuum.
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t he oxygen, hydrogen, and diluent conponents can be determ ned fromthe
space velocity of the reactant hydrocarbon taking into account the
relative nolar ratios desired. In the process of thls i nvent i pg. JANZ06
activity of yst can be neasured by the "conversion t
hydr ocar bon"&&ﬁ“ﬂ 1?'t‘?erm bei ng defined as the nole or weight f))gr/(:U(ré?n?}?"t&rl
react ant hydrocarbon in the feedstreamthat reacts to form products.
General ly, the conversion of reactant hydrocarbon, which is achi eved, is
greater than 0.25 nole percent, preferably, greater than 1.0 nole percent,
and nor@hile of ¢hetotary eyapeaater, therﬂzask 2729 rofated apwrosetemperRtve Hndgdecainy forha

.t he Thectedint e bresendefl st BRed v ari i v ot B e fra bt A
ol e o MRLARIoBRE Q@Mﬁnﬁﬁra‘f&@% 6Eta1nh:}ig Eﬂﬁﬁﬁm'ﬂu‘s BiventicH. ”ﬂleﬁca&ﬂﬁﬁ hfu!l gd

partially-oxi di zed product, such as al cohol, "ketone, or olefin oxid

Gener alwiite themW&ﬁnhmélaatBéﬂIGHancﬁ:@fMZﬂtgdd olefin, a selectivi ty_ to
olefin oxide is achieved that is greater than 60 nole percent, preferably,
greater than 70 nole percent, nore preferably, greater than 80 nole

percent, and in NRWYcatdlyst ¥AS BvaludiBibin thE ﬁif&b&%d’aﬁ% 82 Rpylchath R8nPabsylene
percent. As a further advantage, an acceptable hydrogen efficiency is

achi evediderastthdowhy Theocatalyd £ gbwa:plo@d@tmtma fixed-bed, nontinupunilowyerciryd.S

of  oxy B ed PO oL Pe epar Sendth) s BB aEio B Ao AP )

achi evicaglyat Wa BéatéPhrder ﬁéhmf&rs Hours) diegicivated dndéradlss of propylefsimhce,
olefin oxide, as |ow as possible. In the grocess of this Invention, the

nol ar nhafﬂme@forvd&mm, then exygrarmascadded, Berdstreans compnsition Wasgisneresnt t han 2: 1,

but T t f

e e e
" pr oduahd "l weee ﬁ@ddﬁfpm‘w&zaﬁxarhMemwasameed with heliem ima @0 H(80, Ha&v/vhe

ki | ograns of aril ally- oxidiz hydr ocar.bon HS gh formed per kil ogram of

cat al y SVX{yEs- ﬁ%f& OWrYVaLSHeSOBrSE?Eg ad Reﬁi‘%‘m‘Pﬁgé er 3 fRNS E ?é vity is

typi Cabkagﬁ#%@% n%Q s%é &a;f% Ph&&ume/t&g GaturdWas :@fu;pfa@;@béob

greate Ize pro cat - hr, d nor e erably, greater
t han 1ﬁmegrals>updoztm:iopqmtmgumpdrgtumt Opcrahngpre!;su&; wéWQSQp}(E Products were

analyzed using on-line gas chromatography (Chrompack™ Poraplot™ S column, 25 m). The

propylene oxide productivity is set forth in Table 1.
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WO 03/011454 PCT/ US02/ 24339 When activity of the hydro-oxidation catal yst
has decreased to an unacceptably low level, the catal yst may be
regenerated by various neans. One nethod may conprise heating the
deactivated catalyst at a tenperature between 150C and 500C ig8. 3AN 2006
regeneration cont ai ni ng hydrogen, oxygen, water, or mxtures thereof,
and opti onai“fcg"%ﬁd S4ining an inert gas, at a tenperature pPeVESQRHIB0

bet ween 200C and 400C. Suitable inert gases are non-reactive and include,
for exanple, nitrogen, helium and argon. Preferably, the total anmount of
hydr ogen, oxygen, water, or mxture thereof conprises from2 to 100 nol e
percent of the regeneration gas including optional inert gas. The
invention will be further clarified by a consideration of the follow ng
exanpl es, which are intended to be purely exenplary of the use of the
invention. Oher enbodinments of the invention will be apparent to those
skilled in the art froma consideration of this specification or practice
of the i nvenTabinlaHYdtDSIxhdagemofﬁpB}’lnne D PaeglencOxide i tan05| | i cate support

COITprI Ho-ati—t Ty of f—to—Spectes epat-€ (5 +Hbed—-h
Exanpl f T?“’*B?ra 1 00/|59632. 1/45\b (;t al yst | conpri g?ﬁé’yoxi di zed gol Zlﬁb &
hydr oxThEO6E 598 11260 & Ga[ioSTE kEon| CeomPund, 358 (TiE AAERETe/ 165 Ed

titani um contai ni ng support|was prepared as faollows. Wth mgngtic
stirri h@lI):eS| um hycrOX| de (D.34 g, 50 weight percent gqueous sofution) yas

added nzedv —(6- gy Tm oot St o—fpr—H
t hen fu%’éafn?% cid 0.% g)| wa U‘i%oadd=d tc?Bu solkup?on. ﬁé\gsol utig% wa
stirredPoductidi6y mi nfuntil the acid wap fully d| ssol ved.]| Thereaffer, sod{um
met hyl %tl,l conate 0.35 g, BO weight{percent @&queous dol ution) was addefl to
t he sqf o contal ning thel fumaric pcid and ¢esiumsglt, and the resulfing
sol utijokgeaal)’stirred for 5 nin. Tetfachloroalric acid (0.008 g) was adfed
tothj solution wifgh stirrijng. The splution {urned |ijght yell on add] ng
the gol d salt, but{becane cllear aftef 10 min ¢f stirrijng. The

titanoscémpaittve( 5. § g 1% chnksksms heaiged f or Zs5h under jgacuum I (v ask
attached to,a rotary evaparator posFti oned i h a watern bath at 80C. The

U7

titandskf-date was|then codled to ropm tenpefature and i npregnated wth
the galglsarmigl Ni ng solutign (7.5 g)| under dypam ¢ vaguum

(g PO per kg cat-
hr)® .
a. Feedstream composition: 35 percent propylene, 10 percent oxygen, 10 percent hydrogen, and 45

percent helium; total flow, 1,500 sccm; 225 psig.
b. Productivity given as grams propylene oxide (PO) per kg catalyst per hour (g PO per kg cat-hr).

From Table 1, it is seen that the propylene oxide (PO') productivity steadily increased from 150 g
PO/kg cat-hr at 150°C and 3 hours on stream to 336 g PO/kg cat-hr at 170°C and 65 hours on
stream. It was also observed that at 150°C, the PO selectivity was 97.5 mole percent, and the
H,O/PO molar ratio was 3.2/1. '
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-21 1 1-JAN 2006 WO 03/011454 PCT/ US02/ 24339 While on the rotary
evaporator, the flask was rotated at room tenperature under vacuumfor 2 h.
Thereafter, the inpregnated titanosilicate was heated under vA8udm 4 h
at 80C, and he, flask was cooled to roomtenperature t ' e
cat al yst of ‘%Qﬁ’@oﬁtlﬁﬁ‘ent ion. The catalyst had a white col or,(}\/\cﬁ{?{éﬂ5/9433p

I ndi cated the presence of oxidized gold. The catalyst was evaluated in the
hydr o- oxi dati on of propylene to form propyl ene oxide as follows. The
catalyst (3 g) was |loaded into a fixed-bed, continuous flow reactor [0.5
inch (12.5 nm dianeter x 12 inches (30 cm) length)] and activated as
follows. At 140C, the catalyst was heated under heliumfor 5 hours, then
heat ed under a flow of propylene and hydrogen for 10 mn, then oxygen was
added. E@@%@ﬁ@@m@@ﬁﬂ@gﬁion was 35 percent propylene, 10 percent oxygen,
10 percent hydrogen, and 45 percent helium Propyl ene, oxygen and helium
were used as pur e Bxamplark wanhegeadeds rwithothe eksaptiomthah thedteatment with sedivep/ 80 He
(v/v) ' re. Total fl.ow 1. 500 andard cnB r mnute (s . After
8 const ettt Stonte W liSitalf ot B SRR 2 PRS0 T e B 305 e
t enper agvaheatdbin the Ap@d-dxidatiof of px%B?Ieﬁa irStheéRndnBer RcARANA BB plecTRATAMET €.
Operating pressure was 225 psig. Products were analyzed using on-line gas

chr gmat 558t wnaR Tehlsab kit es Wﬂlcﬁhﬂtébe Hoeﬂbmmﬁdg@%pr?mwm veiped enedoxi de
Ly ] i 4 Table 1. oxi dat i
b °Pr opatopindFin Bk thod b GRY bt (ST Sl £ 05ts A8 Uit 19 VPR FOIRE 61 ' O

Tenper éalinat @ YOWHRDLH HATs dh Bitead) t&1 748 PE)/kg dd-He P 0707C3I8d 65 ASuRddstdeam( L)

Exanpl e 5]0§1501 0226250338336 Productivity .
150°C, a selectivity to propylene oxide of 97.0 mole percent, and a H,O/PO molar ratio of 2.7/1

were achieved. When Example 1 was compared with Comparative Experiment 1, it was seen
that the catalyst of the invention, treated with the hydroxy-substituted organosilicon compound, )
achieved a significantly higher propylene oxide productivity for a longer time than the
comparative catalyst that was not treated. Selectivities to propylene oxide and hydrogen
efficiency, as measured by the molar ratio of water to propylene oxide, were comparable in both

experiments.

Examiple 2

' A catalyst comprising oxidized gold, a carboxy-functionalized organosilicon
é:ompound, and the titanium-containing support of Example 1 was prepared as follows. With
magnetic stirring cesium hydroxide (0.29 g, 50 weight percent aqueous solution) was added to
deionized water (19.85 g). The solution was stirred for 5 min; then 1,3-bis-(2-carboxypropyl)-
tetramethyldisiloxane (0.143 g) was added. The solution was stirred for 10 min.
Tetrachloroauric acid (0.007 g) was added to the solution with stirring. The titanosilicate (5.0 g
as chunks) was heated for 1 h under vacuum in a flask attached to a rotary evaporatof positioned
in a water bath at 80°C. The titanosilicate was then cooled to room temperature and impregnated
with the gold-containing solution (7.5 g) under dynamic vacuum. While on the rotary
evaporator, the flask was rotated at room temperature under vacuum for 2 h. Thereafter, the

impregnated titanosilicate was heated under vacuum for 1 h at 80°C, and then the flask was
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(g PO per kg cat-hr)b Conparativeld6128169155197174 Exp. 18 Productivity (g
PO per kg cat- hr)b a.. Feedstream conposition: 35 percent propy| 10
per cent oxygen, 10 percent hydrogen, and 45 percent helium t t‘%&nmw
1,500 sccm 225 sig. b. Productivity given as grans propyl ene oxide igEO)
per kg cat aIVYIQP:’/E'éf“hour (g PO per kg cat-hr). From Tabl e 1, PFT/US@/243

that the propyl ene oxide (PO productivity steadily increased from 150 g
PO kg cat-hr at 150C and 3 hours on streamto 336 g PO kg cat-hr at 170C

and 65 hours on stream It was al so observed that at 150C, the PO
sel ect i §9al¢d tedgomtempeigiuse fncohtzinthe catadyst bé this-ipoerionndhe catabysi lmdwashie 2/ 1. 1

d JAN 2 . ] US024 24339 arative Experinment 1 Exanple 1
was repg%&é%%%ﬁgct%ﬁégﬁég%ﬁnf%ﬂ ‘Pﬂg_’feq g@g'f)r eatnent with sodium nethyl
siliconate was elimnated fromthe catal yst preparation. The conparative
catal yst was evaluated in the hydro-oxidation of propylene in the manner

described i n Exanphecatalygliwas evilsated isthe hydrohenidation of atvipglehe td formasomdare
that theg. id P duct.i yi ty. jed,th hoyt th f
16 o REPBAERNSHS. The FRabdith AR Miied o MRtk Re cmudon Homeagtard0s e o
170C aridch 6l Amins) difimsfer £32inches (364nd 1 afi®hctivatedlas gogﬁgs?%ﬁ 186, A1QHE S ON

stream At 150C, a_selectivity to propyl ene oxi de of mol e percent,

and a HetAlysOWes hegted yrdes heliump for/2ihouss, thendented wader aftemofprapyless dndnas

' : At ' 1 it. wa ..that the catalyst of
Che” nadatiee SLIBAE chefurb BRI, Feadbd o B GHtn i JHereBh compound,
achi ev quopylaieg b0 percamtdxygér, §0 percgritdgitozes, Mi@%eﬂfeﬁﬁéﬁhin\/ilirélﬁa)fl&fe, Sxygenger

time tha 1]teﬁe conparative catal yst that was not treated. Sel’ectivities to
pr opyl é’ﬁa lilraéve&ﬁgsq%dsggesﬁeams; hydrogen was mixed with helium in a 20 H,/80 He (v/v)

mixture. Total flow was 160 standard cm® per minute (sccm). After a constant rate of propylene
oxide production was obtained for 1 hour, the temperature was ramped in 10°C intervals up to
the operating teinperature. Operating pressure was 15 psig. Products were analyzed using on-
line gas chromatography (Chrompack™ Poraplot™ § column, 25 m). The propylene oxide
productivity is set forth in Table 2. |
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a. Feedstream composition: 20 percent propylene, 10 percent oxygen, 10 percent hydrogen, and 60

percent helium; total flow, 160 scem; 15 psig.

b. Productivity given as grams propylene oxide (_PO) perkg catalyét per hour (g PO per kg cat-hr).

From Table 2, it was seen that the productivity of propylene oxide increased steadily from a

value of 10.7 g PO/kg cat-hr at 150°C and 27 hours on stream to a value of 22.0 g PO/kg cat-hr at

180°C and 48 hours on stream. Moreover, at 150°C, a selectivity to propylene oxide of 99 mole

. percent and a HyO/PO molar ratio of 3.6/1 were achieved.

Comparative Experiment 2
Example 2 was repeated, with the exception that the treatment with 1,3-bis (2-

carboxypropyl)tetramethyldlsﬂoxane was eliminated from the catalyst preparation. The

comparative catalyst was evaluated in the hydro-oxidation of propylene in the manner described

in Example 2, with the results shown in Table 2. It is seen that in the absence of organosilicon

compound, the catalyst activity varied over the run. A productivity of 8.5 g PO/kg cat-hr was
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oxi de production was obtained for 1 hour, the tenperature was ranped in 10C
intervals up to the operating tenperature. Operating pressure was 15 psig.
Products were anal yzed using on- |ine gas chronatography (ChridheAN

Por apl ot m S“gp 25 m). The propyl ene oxide productiVvit ypd rth
in Table 2. d, .SWJTR‘N“ZO% WO 03/ 011454 Tabl e 2. Hydro-oxi dat ?Po%ﬁgfﬁ%#%%yl ene
to Propyl ene Oxi de PCT/ US02/ 24339 Tenper at urel50C160C180C (C) Tine on
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cat-hr). From Table 2, it was seen that the productivity of propyl ene oxide

i ncr easeMRATAHith (Comparative Experiraens 2, 1 way seenpbatithe eatelystiof the invention,feeated
h o5ty ‘ . .- . h
oot eam iR Aok b b offndhichn dolriif, 60hies Dhighel BopyAM o OIS O

per cent praduttisity-fd/aHongaritiane than the cofmparafive catlyst thet s netitredtedipsulativities to

Experinent .2 Exanple .2 was r ated, with e exception that the treatnment
Wi ,I[O h 1,E)r9mlgne(04xgc{£p and hydrogen egﬂ%?ency, as measurec!l By the molar raio of Water to propylene

oxide, were comparable in both experiments.
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car boxypropyl )tetranet hyl di sil oxane was elimnated fromthe catal yst
preparation. The conparative catalyst was evaluated in the hydro-oxidation
of propylene in the manner described in Exanple 2, with the A8sdAN 2008hown
in Table 2. j en that in the absence of organosilicon t he
cat al yst acﬁ@?*@lli‘ﬂgri ed over the run. A productivity of 8.5Pg?)ll%8§gﬂg%lt-hr
was -26 It JAN 2006 WD 03/011454 PCT/ US02/ 24339 achi eved at 150C and 27
hours on stream A productivity of 16.1 g PO kg cat-hr was achi eved at
180C and 48 hours on stream WMbreover, at 150C, a selectivity to propyl ene
oxi de oWIPAT ISCYAINHIES1t, and a H20/ PO nol ar ratio of 3.6/ 1 were achi eved.
When Exanple 2 was conpared with Conparative Experinent 2, it was seen
that the catalyst of the invention, treated wth the carboxy-substituted
organosi | i con conppund, Rafkfoies iferbiithe REARE Sachydrd-BRidatisrOduystvi ty for
a longer time than the conparative catal yst that was not treated.

Sel ect i canprisingtab least aneydatalyticometdbom a dathlysirsupport,dii¢ inethod comprisingeardasting by

L i kst idhioh oSt B SNy s s e SRR een coRPRIS s
dai m lcar&xg?lﬁ&fbnaﬁzédr&gmman £b%: {)%ri;d%f ﬁﬁm&ﬁreﬂ)lfm&dfo&y%&ﬁhhl%d%&m yst

conpri si ng east one catalytic on a catal yst support, the nethod
conpr i scarlpxydnnetivnalized drganosiliton compoiatds,omdencaiditions sufifistent toinerigasg the

hydr oxy-f unci..onal i zed organosilicon conmpound, a carboxy-functionalized

or ganos‘?"‘?*ﬁlﬂ@gh{‘e@%ound, or a mixture of hydroxy-functionalized and

car boxy-functionalized organosilicon conpounds, under conditions sufficient

to increase the catalyst lifetine. Claim2. The nmethod of Caim ]l wherein

the catal ytic metGleim 2. Joe sathod ofrClaim havherpinths cetshaicanetalys selegied fromdhe ver

tnor corsot BoiedE o EOR vt B AT R B SC rp MRl <,

gol d, shixtirés théxeof)

Claim 3. The method of Claim 1 wherein the catalytic metal is gold, silver, or a

mixture thereof.

Claim 4. The method of Claim 1 wherein the catalyst further comprises one or

more promoters.

‘Claim 5. The method of Claim 4 wherein the promoter is selected from the group

consisting of Group 1, Group 2, the lanthanide rare earths, the actinides, and mixtures thereof.
Claim 6. The method of Claim 4 wherein the promoter is selected from the group
consisting of lithium, sodium, potassium, rubidium, cesium, magnesium, calcium, barium,

erbium, lutetium, and mixtures thereof.

Claim 7. The method of Claim 1 wherein the support is a titanium-containing or a

vanadium-containing support.
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m xture thereof. Claim4. The method of Caim1l wherein the catal yst

further conprises one or nore pronoters. Caimb5. The nethod of Claimi4

wherein the pronoter is selected fromthe group consisting g ?A@%ﬁl

G oup 2, thSN@%}maw de rare earths, the actinides, and m xtu % her eof .

Claim6. Th &#%f daim4 wherein the pronmoter is sel ecPEHBPHH3Ihe

group consisting of lithium sodium potassium rubidium cesium

magnesi um cal cium barium erbium lutetium and m xtures thereof. Caim

7. The nethod of Claim1l wherein the support is a titaniumcontaining or a

vanadi um cont ai ni @aisL@pThé mefldd of MbiRODFherdid A8 sipbdASd a BEahivdSRat2ihaO
wherein the support, is a titani um containing

Claim8. The rrgi[cqu (if %egl m% ) 1 (

suppor t SURR9rt Which 18 sglected aom, theerowp cgpustmacd tikanda, titaposificates, sitaninm dispersed
titanosphi ' i d10a i 2S£ Il 41 h Lanates,
{1t ani aopd s romblek At BdheRRE AR Ahele o IroBSAFRER ofELEL sld BERBIET,
9. The tterdvdd of Claim1 wherein the catalyst further conprises an
additive selected fromthe group -consisting of pronoter netal halides,
sul f at es, phosphates, carbonates, borates, carboxylates, and m xtures
thereof . G ai m 10c1aHS. TEIdIABHB o L i hd ko 060 @bl 0P OUN
is represented by the follow ngoforrml a: (Ryx -Sai - (t) y%‘frl%lghqneach R

i s i ndepdditieanelegteddtammn thegroup nortsisting 06 pronwtersnatslihatjdes, sulfatéss pladsislydtes, CL_15
aryl, CL.. i droxyal,kyl, .and Cl:15 hydroxyaryl noieties; each Mis
indepen‘&aéh‘?‘}a;f‘ﬁss r@%@é’ﬁﬁ“&iﬂ%’?ﬁﬁ*“%”‘ At Hf‘c and organic cations of +1
charge; x is an integer ranging froml1l to 4; y is an integer ranging from
0to 3; and (x + 2.: 4; with theé)ro.viso that when y = 0 .and x = 4, then
at |l east one R n@lagnyl0i Jhaymkthodoff Claim i evhetdin the:organdsilicomcanpoundis her

provi SOrebﬂ%éntm%pthg%lﬁﬂrﬁgI%gx%ucié(-y' functionalized, then at |east one Mt is
H+. ' .

(R)x-Si-(O M)y

whefein eachR is independently selected from the grdup consisting of Cy.;5 alkyl, Cy.15 aryl, C;.
15 hydroxyalkyl, and Cy.;5 hydroxyaryl moieties; each M is independently selected from H" and
inbrganic and organic cations of +1 charge; x is an integer ranging from 1 to 4; y is an integer
ranging from O to 3; and (x + y) = 4; with the proviso that when y = 0 and x = 4, then at least one
R moiety is hydroxy-functionalized; and with the further proviso that when no R is hydroxy-
functionalized, then at least one M+ is- H". ' '

Claim 11. The method of Claim 1 wherein the hydroxy-functionalized

organosilicon compound is representéd by the following formula:
M 0)w(R)y Si - O - Si R )(0" M)y

wherein each R’ is independently selected from the group consisting of C,.;5 alkyl, Cy.;5 aryl, C;.
15 hydroxyalkyl, and Ci.1s hydroxyaryl moieties; each M’* is H* or an inorganic or organic ion of
+1 charge; each v and v’ is independently an integer from 1 to 3; each w and w’ is independently

an integer from O to 2; the total (v + w) = 3; the total (v’ + w’) = 3; with the proviso that when w
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Claim11l. The nethod of Caim1 wherein the hydroxy-functionalized
organosilicon conpound is represented by the follow ng formula:
(M+-OWR)v Si - 0- S (R)V'(OM+)w, wherein each R is independently
sel ected fromthe group consisting of Cl-15 alkyl, Cl_15 aryl8-J&N 20065
hydr oxyal ky 15 hydroxyaryl noieties; each M+ is )

nor gani c o#”%‘?’@"gh‘.% ion of +1 charge; each v and v' is |ng‘+6&r§82213?%/ an
|nteger froml to 3; each wand w is |ndependently an integer fromO to

2; thetotal (v +w) =3; the total (v' + 3; with the proviso that

when w - JAN,2006 WO .03/ Q11454 PCT/U 02/ 24339 or W is 0 and v or
V', resBectf Wv?rvgresqeﬁgﬁel&,tms éﬁ‘ﬂadﬁ’é t gue %{D‘F%‘FV assagiptewtythei v or Yhe v
or v', | 1% Qiroxy-Fulbtidhaeéds AHAGH

provi so t en \5/1 oryv is 0, then athQH gié—gl?{j ﬁ/l w&eﬁbﬁéggég’u%%,
is H+. WMOTMhdemphmiy,oﬂlﬁ aim1 wherein the hydr oxy-functional i zed

or ganosi I i con conpound is selected fromthe group consisting of sodium
met hyl siliconate, trinethylsilanol, triethylsilanol, triphenylsilanol,

2- (trinmethylsilylQkihapolrh heﬁi&d)ﬂf@lﬁﬁtl nol ,
1, 3-bi s(hydr oxybutyl) tetramet hyl di i | o%jr’lezélhmg"dm’g’ -RAEHafbdd®

tri et hoXEanasilican epypqundis eql omghgigrogpy ¢qn§1stnyg of dogdium methytsjlicontte,ohol .

Claiml h [ f unct. lize

or ganost T} LRl Bl ?‘%@éﬁqgéf@éﬁ%ﬁw BeRing Aot pg i lsimoy. o
car boxthphqnylsﬂatal dndbisghydeixybliyResnamethyldisilorineyNsBL vyl acetic aci d,

3-trinmethyl sil 1p nic agid, ., and_salts of the aforenentioned conpounds.
C ai m 1%° % E%’é@g“ﬁ?na@l ¢:rnd trmethysitylprpargghalepbplf unct i onal i zed

organosi licon conmpound is represented by the following formula: (MO m (R
A-Si-(CH2) p-CO M wherein each M is independently an inorganic ion or
organi c radical of +1 charge; Ris | ndependent ly selected fromthe group

consisting of Clulgn® K Ve rrdthd®ofEhim 1 Fherstn BEALS X)%lﬁg:ltibnalized

organosilicon compound is selected from the group consisting of 1,3-bis-3-

carboxypropyltetramethyl disiloxane, 2- tnmethylsﬂylacetlc acid, B-mmethylsﬂylpropmmc acid,
and salts of the aforementioned compounds. '

Claim 14. The process of Claim 1 wherein the carboxy-functionalized

organosilicon compound is represented by the following formula;

f

M™ 0) m(®) n—Si—(CH2) j—C—0" M"*

wherein each M” is independently an inorganic ion or organic radical of +1 charge; R is

. independently selected from the group consisting of Cy.15 alkyl, Cy.;5 aryl, Cy.ys hydroxyalkyl,
and Cy.;5s hydroxyaryl moieties; m and 1 are each indepeﬁdently an mtéger ranging from 0 to 3,
such that the sum of m +n = 3; and p is an integer ra.nging from 1 to 15.
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and C1-15 hydroxyaryl noieties; mand n are each i ndependently an integer
ranging fromO to 3, such that the sumof m+ n = 3; and p is an integer
ranging from1 to 15. | & .JAN 2006 WO 03/011454 PCT/ US02/ ZﬁS@%Aﬁlmﬁn 15.
The nethod of Cl aim 1 wherein the amount of hydroxy-functionalized or

car boxy- f un®X® 8¥41¥ed or ganosilicon conpound that is used r BRE&S0324334
greater than 0.005 nole to |l ess than 20 noles, per nole of catalytic netal
on the support. Caim16. The nethod of Claim1 wherein the support is
contacted with a solution containing the organosilicon conpound in a
concentr at i on ran&ilaim 1¥.oFhomethoiof € almslswherblarthsaﬂwbmﬁloﬁhydrbiy-fﬂiteaoﬁﬁizbdd

of C al n,.t nt ac of the 0 th t organosi | icon
corrpoun w@&’ﬁ’ﬂﬁ?‘@ﬁﬁ? 8{%?8%12‘% ‘i?fné’oﬁ?‘gfig&rs ‘Tt%m‘i‘}“g %Wa?eégﬁn%
100C. OnﬁﬂéﬂoﬂSss ﬂﬁﬁzmﬁb%%&fmﬁbaf‘ &tﬁyﬁ@ﬁfe&!ﬂn E‘su ort is contacted with

the organosilicon conpound or a tinme ranglng seconds to 2 hours.
Claim19. The nethod of daim-1 - wherein the contacti ng of the support
with the eorganos ou d,i ted S| rmltaneously ith the
deposition of thebLaélt"gI%yt ?%Pfgf eFﬁ’%éh MPREH R WiBhdbr i sing a
cat al yt selutieii cntadhg eiecst iﬂd%ﬂlcﬁﬁ|c6mp§tdd’1ﬁra,conéé?ﬁaﬁoﬁf gﬂig’ﬂﬁﬁ’@fbl 'mtt@iés the
| ant hani.de netals, and m xtures thereof, and optional ne or

pr onot efbeg)sMn a titani um contai ning support t he support bei ng cont act ed
wi th a hydroxy- functionalized organosilicon conpound, a

car boxy-functionalized organosilicon conpound, or a mxture of

hydr oxy- f unct i onaClazrd 7a The eaétheidf Clame § wieadih BRERSAIPSHE the QROwads.
Claim21l. The, conposition of C aim 20 wherein the catal ‘tﬂlrc rgr@li)aft (g)l d,
silver, organogilicon coppRowd igeprductnd at p|teraperatarecgreatorthar- H@°@ami)bss thammOQ?C Claim
20 \/\herel n the support is selected fromthe group consisting of titania,
titanosilicates, titaniumdi spersed on silica, pronoter netal titanates,
titani um di sper sd@lainn18r Fhetrethadrifallaini 1 ivbafeSthe atishom i¥ coritasted Wahegf . - 31

organosilicon compound for a time ranging from 30 seconds to 2 hours.

Claim 19. The method of Claini 1-wherein the contacting of the support with the
organosilicon compound is conducted smultaneously with the deposition of the catalyhc
metal(s).

Claim 20. A composition comprising a catalytic metal selected from gold, silver,
the platinum group metals, the lanthanide metals, and mixtures thereof, and optionally one or
more promoter(s) on a titanium-containing support, the support being contacted with a hydroxy-
functionalized organosilicon compound, a carboxy-functionalized organosilicon compound, or a

mixture of hydroxy-functionalized and carboxy-fiinctionalized organosilicon compounds.

Claim 21. The composmon of Claim 20 wherein the catalytic metal is gold,

silver, or a mixture of gold and silver.

Claim 22. The composition of Claim 20 wherein the support is selected from the
group consisting of titania, titanosilicates, titanium dispersed on silica, promoter metal titanates,

titanium dispersed on promoter metal silicates, and mixtures thereof.



WO 03/011454 1%, - JAN 2006 PCT/ US02/ 24339 O ai m 23. The conposition of
Claim20 wherein the catalytic netal is oxidized gold; the

titani umcontaining support is a titanosilicate or titanium dqgpgAaNs@son
silica; and j@a,the support contains a plurality of tit TVG% - :
coordi nati onwyrpélyo(r?ghfrents; and optionally, the catalyst furthe 03%‘?%95%
one or nore pronoter elenents. Claim24. The conposition of Caim20
wherein the pronoter elenment is selected fromthe group consisting of
Goup 1, Goup 2, the lanthanide rare earths, the actinides, and

conbi nati ons thereof. O aim25. The conposition of Caim20 wherein the
pronoter el ement iclaff29CRE cotpNRidd6F @ BRiStH iclhdtd] V835241 um
pot assi um rubidium cesi'um na 'nes(lS um ca g?&?ﬁ I%Bgﬁelr}rgrt]a%lrc@%ﬂlly%ggfaum
and mi xt80idsshe titaniguf-conthining spportispr titamsilicafe qrititandurh dispersedibd silkd; ¥n@xi di zed
hydr ocaron .canpri sin contactin hydrocarhbon ,wi th oxygen in the

presenc evagefe.]ﬂ @EFBBB?F g?ﬂfmgs AP ltgﬁ? drniug, ceqrdination engroRments ang aptionaliyst

one cat ghe/¢atdlysiBirMer QBmPricéichle ot Inoré'PRfdker didiferfNt act i ng bei ng conduct ed

under reaction conditions sufficient"to prepare a partially-oxidized
hydr ocarbon, the catalyst being further characterized in that prior to use

the catal yst suppost. | nt act ed, W t N oxy-. functional i zed

or ganosi | i con com%ﬂﬂ’d@'a ea‘fml-t’fo&r?gg?ﬂﬁ%ﬁ Ygée@rtg%ﬂwqtﬂ@@ﬁﬁ%mlﬂ@tﬁd or
a mxt fiom tt ghudroonyisfing 6t G|, Beshya!) theRhtRantide f40 el i éﬁﬂ

or ganosi |l i con, conpounds. C ai m92 . Trll’(?process o? %?a%rt%@g@ba er%?shm%%e
hydrocaP%hm?téoné geefin, and the partial | y-oxi di zed hydrocarbon is an

ol efin oxide. Claim28. The process of Caim27 wherein the olefinis
propyl ene, and the olefin oxide is propylene oxide. Caim29. The process

C ai m 26 wher ei n Chems{ afheConposiEbh 61280120, witdrdid e profno re]%ﬁﬁmfiggélie d
thereof , and optionally, at |east one pronoter el enent selecte rom G oup

1, & Ougor_nglge D sprsistingpf lithium, sodium, potassium, rubidium, cesium, magnesium,
+ calcium, barium, erbium, lutetium, and mixtures thereof,

Claim 26. A process of preparing a partially-oxidized hydrocarbon comprising
contacting a hydrocarbon with 6xygen in the presence of hydrogen and a hydro-oxidation catalyst
comprising at least one catalytic metal on a catalyst stupport, the contacting being conducted
under reaction conditions sufficient to prepare a partially-oxidized hydrocarbon, the catalyst
being further characterized in that prior to use the catalyst support is contacted with a hydroxy-
functionalized organosilicon compound, a carboxy-functionalized organosilicon compound, or a

mixture of hydroxy-functionalized and carboxy-functionalized organosilicon compounds.

Claim 27. The process of Claim 26 wherein the hydrocarbon is an olefin, and the

partially-oxidized hydrocarbon is an olefin oxide.

Claim 28. The process of Claim 27 wherein the olefin is propylene, and the olefin

oxide is propylene oxide.

Claim 29. The process Claim 26 wherein the catalyst comprises gold, silver, or a

combination there_of, and optionally, at least one promoter element selected from Group 1, Group
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1 5 JAN 2006 PCT/US02/24339 2, the lanthanide rare earths, the actinides,
and conbi nati ons thereof on a t| tani umcontaining support. Caim 30 The
process of Caim29 wherein the gold is predom nantly oxidiz4®- gﬁﬂ and

the titaniu ing support contains a plurality of tit
coordi nati ow(g% ?%ﬂrrent S. %H%02/24339

2, the lanthanide rare earths, the actinides, and combinations thereof on a titanium-containing

support.

Claim 30. The process of Claim 29 wherein the gold is predominantly oxidized gold, and

the titanium-containing support contains a plurality of titanium coordination environments.
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