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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, such 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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rare earth on titaniumor vanadiumsilicalite for the hydro-oxidation of
olefins to olefin oxides. As taught in international patent publications
WO 98/ 0040 oandi4?O 00/ 59632, the hydro -1 WO 03/ 011454 PCPCUSGAZ/245389
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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 temperature 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 stage, 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.
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met hod to increas .
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
hydrogen 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 Aincreasing 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
post-treatment of the synthesized catalyst, were needed to effect the lifetime enhancement.
Towards 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 enhancing the lifetime of a hydro-

oxidation catalyst. For the purposes of this invention, a hydro-oxidation catalyst shall comprise
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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
separdte 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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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- V
functionalized ofganosilicon compound, a carboxy-functionalized orgénosilicon compound, or a

mixture of hydroxy-functionalized and carboxy-functionalized organosilicon compounds.
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lifetipme, conprjses contacting, the catal élst suppor.t . of the hydro-oxidation
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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 hereinafter. 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, commercially useless. As used
herein, “catalyst activity” shall be defined in terms of conversion, that being the mole or weight
percentage of reactant, preferably hydrocarbon reactant, such as alkane or olefin, in the hydro-

oxidation feedstream that is converted to products. As used herein, “selectivity” shall be defined
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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 oxygen in the presence of hydrogen and in the
presence of the aforementioned novel hydro-oxidation catalyst under conditions sufficient to
prepare 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,



organosi licon conpounds. In a preferred enbodi nent of the catal yst
conposition, the catalyst support conprises a titaniumcontaining or

vanadi umwonBainsfng support. In a nore preferred enbodi neatr/ush2/24389

catal yst conposition, the catal yst conprises gold, silver, or a conbination
of gold and silver, deposited onto a titaniumcontaining support. In
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contacting a hydrocarbon with oxygen in the presence of hydrogen and in the
presence of the aforenentioned novel hydro-oxidation catalyst under
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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 group metals include
ruthenium, rhodium, palladium, osmium, iridium, and platinum. The lanthanide rare earths
include cerium, praseodymium, neodymium, samariﬁm, 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 catalytic metal-promotér metal 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.



particularly, a process wherein a hydrocarbon is converted with oxygen in
the presence of hydrogen into a partially-oxidized hydrocarbon.

Non- | i m twog3exaspl es of suitable hydro- oxidation catal yer3/ses24escri bed
in the follow ng references: WO 96/ 02323, WD 97/25143, WO 97/47386, WO
97/ 34692, WD 98/00413, WO 98/00414, WO 98/ 00415, WO 99/00188, WD 00/ 59632,
WO 00/ 35893, WD 00/07964, as well as EP-Al-0, 709,360 and US 5, 623,090. In
a preferred formof the catalyst, the support is a titaniumcontaining or
vanadi um cont ai ning support, nore preferably, a titanium containing
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combinations thereof. More preferably, the Group 1 metals include lithium, sodium, potassium,

rubidium, and cesium. More preferably, 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, yt’cérBiﬁm,
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. Alternatively, the lanthanide rare earths may be considered
to function as promoters when other primary catalytic metals, such as gold and 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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percent. Generally, the total |oading of catalytic netal(s) is |less than
10, preferably, less than 5.0, and nore preferably, less than 1.0 wei ght
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Optionally, the hydro-oxidation catalyst may further conprise at |east one
pronoter, which is defined as any netal or netallic ion that inproves the
productivity of the catalyst. Factors contributing to increased

pr od Ltew%ot Yhé Red1 Wilfntit) OF ﬂo{h%r @ﬁé%?lgg NERSRE theC QR tﬁ %éﬁeﬁf’ll

hydr ocarbon react ant, |nc ease tivity to part oxi U |ze(¥1h product ,
decr €45 euld prefataldy.,i lessttlym tﬁ weightrpercent] basedronabetbtal amgm of tHei dae:lystreThose

Prefe t he not er, selected fromthe Go , Goup. 2, the
| ant ﬁ%ﬂf@&éﬂ ther gt Wil RepRenize: thetydien piemRisy Hetal izate (E@FHHIWS’E PERLSHliFRF Sof

Mo I @’:eg&m t
I’UrbIGddlﬁEI n{) f%da% tpéeessoﬁl% reOtér e‘?%alg]il t}g ?Jeﬂﬁﬁé%ﬂa@ met a@ls elipnc g&ss' o
nmagndsghem foc akamplenas h@lrasrﬁ;()lwmghtc’pﬁfbebtarl um I\/bre preferably, -the

| ant hani des include cerium praseodym um neodyni um sanmarium europium
gadol i nium terbium dysprosium erbium thulium ytterbium and lutetium

and nore preferghl ég,cq;

preferabls thrggpcré%r% fg’}stl‘“iu g%@[e %{) %ﬂ%&%%]ﬁgg%ﬁm?%lgz%?&

r ubi darnumptwmﬂ |pmmotemsj res be affixed theréanymndprovided that thewatalyist Q}eﬂthesﬂbd and

combi ons Not e, t hat .t he_l ant hani de rar ear S |on as

cat al ‘FrF Ot %é ‘B%‘iaé’ﬁ{l |a%ﬂ“f1 ﬁ@%ﬂﬁ‘éﬁng&é@lﬁp% of S‘H’@P SuPB"%*ﬂééB

the rﬁlll(}iﬁ sla glda M@ gs@ﬂ%?éif?@or Iﬁhﬁ@ﬁf‘aﬂﬁﬁ{ ¥ métté'lﬁ gﬁ@&@@@ﬁéﬂe rar e
e co u

eart hs Sl ere nction as pronoters én ot
cat alags alumlmisﬂicatps sniCtitaassilgated; Iﬁmdloﬂar nveeal silbies, puels &) the sﬂri\catdse»f Giblqi Ll,st as
t augh éarrpl in WD 98/ 00414. The total quantity of prormter

f
met al P& thg ds, anbactinide elements; apd AbeReqnymeR Eeffasiory prides andgenilarang

R e B e e R P e

pr orrmupports;aml tm)oniap@kﬁﬁc@h;ﬁd@tlt&foﬂ&tv&ig;@tent ﬁuhjﬁ:ﬁ'&dir&t WOI965)3323):W0 20, and
preferzﬂg ess than ?/8 SV cent, on the total weight of the
cat al%7 6 %th(e97/§7<3|8|6l gv(p PROPHE. ¥ P %q%lﬂ,e\é@g‘}ﬁ/ Q%WhWto {preno3, not er
met als &34 @R £398RMNE99/5BE &, afill WG BB 5883, 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 anatase, rutile, and brookite phases of titanium 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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enpl oyed as the source of pronoter, the weight percentage of pronoter netal
may be much higher, for exanple, as high as 80 wei ght percent. The

cat al yst wopports4may take any form provided that the cat acytisozmssal (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 exanpl es of suitable supports include anorphous and
crystalline silicas, such as silicalite or MCM41; al um nas;
nmetallo-silicates, such as, alumnosilicates and titanosilicates; pronoter
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03/ OJO%%ingggﬁé&Sﬁ)gxﬁ%ﬂﬁg@rgamzed (crystalline) phase, such as crystalline titanium dioxide, by

one or more analytical techniques, such as, high resolution transmission electron microscopy

(HR—TEM) X-ray diffraction (XRD), and Raman spectroscopy. A preferred support contalmng

d1sorgamzed phase titanium and its synthesis are described in international patent pubhcatlon

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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The silicon to titaniumatomc ratio (Si:Ti) of the aforenentioned
titanosilicate supports can be any ratio that provides for an active

hydr o- oxiwatsom4sat al yst. A generally advantageous Si: Ti PaTAIsOZ24334i 0 i S
equal to or greater than 5:1, preferably, equal to or greater than 10:1. A
general ly advantageous Si:Ti atomc ratio is equal to or less than 500: 1,
preferably, equal to or less than 100:1. In one preferred enbodi nent of
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as, hiegbnd sppdrtit i on transm' ssion electron mcroscopy (HRTEM, X-ray
diffracti on (XRD), and Raman spectroscopy. A preferred support containing
di sorgani zed phase titaniumand its synthesis are descri bed in
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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.

The catalytic metal and prdmoter 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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WO 03/ 011454 PCT/ US02/ 24339 attrition resistance. For exanple, it may be
desirable to prepare a thin filmof the catal yst support, for exanple, a
titani umwonBaidsfng support, on a secondary support that iPSTAlsape@d3¢nto a
bead, pellet, or extrudate. The second support is typically inert in the
process and need not contain catalyst netal (s). Suitable secondary
supports include carbon and any refractory oxide, such as, silica,
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catalytic metal.can be u to.prepare the salution or suspensipn. for the
i mpr hczgﬁso?‘fuﬁpl’%gﬁ%@ﬁepﬁﬁﬁber %’&‘%&nﬁrﬁ’ﬂ Yo C%\"zal? atiQuig andden A i 1C gUVeRe st
pr ef ayKieh fak SabifiddtRneF okidistdishBRES pRdhHhiG QARG ﬁgll:fég'.esﬁt&b oauric

acid, sodjum chloroaurate, potassium chloroauratwe, cyani de, potassium
gol d adfiivies & thijobghrd peludeaertaingrombaninetl aus (for axandple,tlrii ,AME Gy amdd,a™3| sy |

gol d halides.,, pref.erably,.al kyl _gold chlorides, and al kali aurates, .such as
it m"{ﬁﬂ i< fifiged SSbt mhdsabites GarbppRics PR PO s P welalgig
cesi qaﬂtﬁuﬁ,%ﬁ%tem&ﬁ&s,%h%innlﬁﬁﬂ%}i BH§ nﬁy?tﬁre%'o? %ﬂ%@f BERfPARGhti0TES aRfifRR! | NY

the silver cat a'l’_ysts, sui tabl e conmpounds 1 nclu ,
After the deposition, the support containing the catalytic metal(s) and optional promoter(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 theAcatalytic 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 deposition-precipitation, ion-exchange, and
impregnation. Alternatively, the promoter 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 promoter metals.
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silver nitrate and silver carboxylates, such as silver oxalate and silver

| actate. Any salt of the pronoter netal can be used, for exanple, the
pronot er wetoaloi1taad i des, such as the fluorides; -12 WO 03/ @CTABA2/24339

PCT/ US02/ 24339 chl ori des, and brom des; pronoter nitrates, borates,
silicates, sulfates, phosphates, carbonates, and carboxyl ates,
particularly the acetates, oxylates, cinnamates, |actates, nal eates, and
citrates; as well as any mixture of the aforenmentioned salts. Suitable
solvents for the deposition(s) include, but are not limted to, water and
organi ¢ sol vent® the waqpepreesss phthisiayenyion) thehideting ¢far hydeocanidhison caedlpstnol |

th j V k e .i phat i d. ti
oy Colmpr806 by PR ORAR N oo Shabon TR R aro SRRy tioRtd SraplsiBenennl oyed.
Typi catippundyesagboxlyan@balizet ioﬁgaﬂ@éiﬁ&&rﬁéon%t hn@,mrialqﬁ‘i%i:urpbpl’i%f tﬁ’é‘ s) are

e 0

deposjted from saolution onto the support, mol arity sol ubl' e

cat alfyRgtionalized and sabetyrdinstionaligad organesiligoicothpoamdye 3t $hook @.16@QhiAl t o t he

sat ungdii j 1 ound, preferahl from0.0005 Mto . 0.5 M If an
cquect < Yhdehitn idol SR BORRLARY o180 Ehte Bl bt SH o PeretigiAingS.any
val udhodlydmedy-fanetiuthaliZed orginekificadédtmpotintl RaRbd asewhieh e64tals silifhn, %glﬁgpl e

t.
from carbonat es, borates, carboxyl ates, hydroxi'des, silicates,
i xt (RYUE ofgRBiIBPpictighiouad tqsilieon, sad ong eumersttydiaxy eatiettasiboumhtl silicoanironi ¢

addi tqi whi f i.lization.of, oxi dized species, . preferabl
oxi d:ﬂ% eﬁﬁ%}é%kog%gb%%&e‘}&?%ﬁT Ct’a?&&“feid\%%aqo %IP‘PH W@ﬁ]&aﬂmﬁ\’éf? ude cgr tain
pr onotganosikinals, o1gasosilicohatex AxMioRy-flctionAtred drgafBdlahést h%ﬂoﬁ?—ﬁg%h{lalfl@d

ahd carboxylates (for

hal i des, sulfates, phosphates, carbonates, borate's,
exanprenoglasangseBydroxyfingtienslized enganasilazames, datesy-famtionilicedmat es), and

m xt AN OF forenent .oned additives. _After the deposition, the
supp(\# 8%f tlgil ni %gan {l Egdrgyé}?WP%alﬁﬁ?%g@g‘?SﬂXkﬂnaﬁ il A4S Prﬁ%%ﬁ?éteé%eéam%

typi dad Hydrabyi-furlctivithéiveddrparhilidon SHREGRHAUS RpRRENEE By ARG BOWing 306 d1 T enove
the solvent. Additional details of this type of deposition are given in WO
00/59632. If necessary, the pronoter netal (s) can be deposited onto the
support sinul taneo, Wikth the catalytic netal, or alternatively, in a
separate step ﬁs*ﬁﬁ&éf@hy or aftéd) the cat alytic nmetal is deposited. If
necessary, the pronoter netal (s) can be deposited onto the. preferred
titani um contai ning support sinultaneously with the titanium or

al t efyhafeiV&lch R is'in&’ependently selected from the group cdnsisting of Cy.15 alkyl, Cy.y5 aryl, Cy. |

15 hydroxyalkyl, and C,_;5 hydroxyaryl moieties; each M" is independently an inorganic or
organic ion of +1 charge, preferably, H'ora Group 1 cation; x is an integer ranging from 1 to 4;
y 1s an integer ranging from O to 3; the total (x + y) equals 4; with the prbviso that when y = 0
@d x =4, then at least one R moiety is hydroxy-functionalized; and with the added proviso that
when no R is hydroxy—ﬁlnctionaliied, then at least one M" is H*. Non-limiting examples of
suitable hydroxy-functionalized organosilicon compounds that satisfy the aforementioned
formula include sodium methylsiliconate, trimethylsilanol, tﬁethylsilanol, triphenylsilanol, 2-
(trimethylsilyl)ethanol, t-butyldimethylsilanol, diphenylsilanol, and trimethylsilyl-propargyl
alcohol. Another preferred hydroxy-substituted organosilicbn compound may be represented by

the following formula:

M O)(R)y 8i-0-Si RO M),y @
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separate step either before or after the titaniumis added. For the
purposes of this discussion, the word "deposit” wll include all of the
nmet hods oWodefporisd | on- preci pitation, ion-exchange, and i POTAPOALR436N.
Alternatively, the pronoter netal can be deposited onto a precursor form of
the catalyst before the titaniumis added, or after it is added, or

sinmul taneously with the titanium After the pronoter netal is deposited,

was hi wigeréia eaghi Rofzahdepandentl; seleded frBHﬁhéV%ﬁ)lﬂ | bR icef Lo, G hns
salts of - the desi redep[?r omoter metals. - T3 %bg%%tglff% 'é@%b?@g{;b In
t he untydrexyilladeand Gfishyidroxyaylaneieides; eachevi'iis atdependefitlparhiydiganioxic dat i on
cat al 8. i mroyed by contactin he catalyst support with a
hydro%génflaﬁ%gtqq%r%a f‘tzggdlyr(gfeﬁ%a%csi{ |qr% Ouﬁgﬁﬁbﬁ%‘al,vén Wrip gidgendaptly @hal i zed
or ganiattr s 166 5PE4AGY afld wisTh g x ' nds.

car boxygf uncti ong})i zed or gangsi @%ﬁnggﬁagggﬁ%gﬁoﬁygﬁ%t}ﬁéd%k)%%‘?gé@gms’zed

t hat the ©ta §v e~ o1 aAowithiteoprovisootmbiemayor a’ S©0 andy a w°, bespbetiveb, 23y tiasmd
carb td.qnalities. . Th dr oxy-functignal | zed organosi|icon_conpound
can E%Yegéty%}l \%h% crﬁ(%gté’ natsgqcﬁe%\”ﬁ‘ %ﬁ’, Ord%’ereﬂ?“tl Y-dS %Y‘g'ﬁ -Singhonalized aBdund to

si | i owith thardded oo Mt WhiN $oP¥VisW0fRh ekl QHBEr fre M lok MP O ﬁggély §5Or gani ¢

moi ety. Suitable hydroxy-functi onalized organosi[icon cohp 'ncl ude

orga +siSuéﬁqbﬁeélydwi_gefn@@lomhmd@rwpsilwdln@xwhiohmmztyi twrapiegenteddygaaosi | anes,
o gl PR Gn S R B SO B iR e i ansend T
hydr diy(hydiogfetimpdtaaednnatanaat. oiRFLEeSIe Hydrddhe Hétﬁin@ﬁieﬂ%r%ﬂ}@%ﬂ{;ﬁm’ the

hydroxy-functionalized ‘organosilicon conpound I's represente
f ol | cpmpgurdsinelndg silylapdsugsis; §uCh ks Ny(3Qriethorysiyipremd peRcomniidel efestdent | y

sel e om the graup consisting of Cl 15 alkyl, Cl1_15 aryl, 01- 15
hydrgjké}gaébr meé)ﬁ%al%ls_l?ﬂgor’r?fd‘FS yp e%isélzp’é%t,e- each M+ i s independently an
inorganic or organic ion of +1 charge, preferably, H+ or a G oup 1 cation;
X is an integer ranging froml to 4;, vy is an integer ranging fromO to 3;
the total (x + Ty cadpeay-dunttionilizhd vigengriliconsontpband vdncse apy wiich cumehins = 4,

t hen east _one R moiety. I.s hydroxy-functjonalized; and with the added
pr ovisgfgo%’hoa_ T R O R I?éegﬁ??d?‘é&?-e I{Ji‘ﬂ?ﬁ’ & ?’F&’é‘al,eu?%eﬁiaﬁf theagidhorsale M+ i s
Ht. Mo b the tarbexyexdiasy Bc8dptable. 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 organosiliconates, 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 acid, 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:

M"™ "0) m R) n—Si—(CH 2) p——E—o‘M"*

(III)
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sui t abl e hydroxy-functionalized organosilicon conpounds that satisfy the
af orenenti oned formula include sodium nethylsiliconate, trinethylsilanol,
triethyl swoanoli454 ri phenyl sil anol, 2- (trinmethylsilyl)eth&eelyso2/24339

t - butyl di met hyl si | anol, di phenyl silanol, and trinethylsilyl-propargyl

al cohol . Anot her preferred hydroxy-substituted organosilicon conpound may
be represented by the followng formula: (M+ -OWMR )v Si - O- Si

(R)vV' (0 M+)w -14 WD 03/011454 PCT/ US02/ 24339 wherein each R is

i ndependently selected fromthe group consisting of ClL_15 al kyl, C1.15
aryl, whérein ehéh RYds ad¥pdndehtly BhofghnitIoYbrgxyiataticall Bt #1 bRt ge, REG Dy 1S

i ndependently an inorganic or organic ion of +1 charge, preferably, H+ or
a G odp aGioop;l cetiarh ov amRdadicali as noteddyeanuidiet; epctaR is indemamdentty sstectedtfmnd; each
w and,wW isS indepen tl jnteger, fromO t , e total (v.+ w), = 3;
et E AFoup RS igs A Cra 9 o S 0t Ci B o b ot o
v, oo to) ief. i j the v
or V' ﬁs@gglpdé%%cgé?%&r? g 0%@&3%%%%’?@%%2??5? dfrH ;ﬁ% )énanﬁ? ﬁ&% ﬁlrée%g{j%%%mpr ovi so
t hat tahldn An evenwiore preferradhmrbaaty-fueet®nalired ooganbbiicdd ampdund iekpbdisti-vel y, is
H+. Suitable hlydﬁoxg-fg(?c. i onal i zed organosi | oxanes, which may be

r epr eSS RORY-ERmCh b1 foned fornul a, include

1, 3- bi s(hydroxybutyl)tetranet hyl -di sil oxane, -and 1, 3-

bi s(hydroxyet hyl )tetranet hyl di sil oxane. O her suitable

hydr oxy- f unct i dirati¢ularly asivgaliageius hydmoxy-fonetionaitisd bnedrbaey-Binttjdnatized sugar s,

h N-(3-trieth i1yl - gl i de. M f bl.y, th
or gart BRCE PR S RB b el FGHRLFamoaa s SRisThep N tinal 1 zea

or ganesdt bh&RyHr6R RARhxG3R0iBS, AMYinWHiGDN G0 Madl iR préthbler SionMRE s@fablPr €
organi c noi eties, and ohe or "nore carboxy noi et é)s. Either the acid or salt

f or m promotess amgdhdosyribai lerginatwvac Ydptealol being pouradab Itygory, it ishebeved thpathesi | i con
compounds, t.he .carboxy functionality is.|lqcated on the organo.conponent;
hoveverconmgingsin e fasing q@%ﬁ}é% ﬁ%eﬁ‘ﬁ{?nﬁ'ﬁﬂﬁt IFBGRT RANPP AR R IngD)
enpl gy caﬁtg%tl&@ﬁ\yit}f el R, 26k DSORMERd th&ARe hf&appmbdxp%&b@ksnal t hout

l'imtation, carboXy-functionalized organosilanes, cdrboxy- functionalized
or garmds indheodepositian b she-chtahdiciroetal ibas dorexgaptes géld colvat, ptinum group metal

car b01)c(>X§, folrjl{g)cthle gu'})%lo{'tz PSC(i)dium rﬁethyl 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 compound 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-functionalized or carboxy-functionalized organosilicon compound, before,
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or ganosi | oxanes, carboxy-functionalized organosil azanes,

car boxy-functionalized organosilylamnes, and carboxy-functionalized

or ganosi |wbaniodes4 Non-linmting exanples of suitable PCT/US02/24339

car boxy-functionalized organosilicon conpounds include

1, 3- bi s- 3-car boxypropyl - tetramethyl disiloxane, 2-(trinethylsilyl)acetic
acid, 3-trinethylsilylpropionic acid, and salts (for exanple, alkal

sal t squrig, biwfie badiBITHIaRNAIE AAARYURE SronfotBi ! BI 4 ﬁgst%?éfgﬁéy‘rﬁbﬁtﬁ%lkﬁ[‘al | zed
organosi |1 con conpound may be represented by the fol 'ow ng ?orrru a: I (M
0) m thrpuppogiis canpciyd Wittt hydrexyt bt £grboxytBmudMAEL@IdrgSbsHCTH LSOAGERE339
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noi et §38sa neatligwid, or digselved dthan aprergeniate §olvent.0Stitabls sobvenits inblatle, ttheexamplegf m +

n = 3;_.and i.s an integer .from t.g 15. even nore preferre

car bov%il/t%f’ 3]’?5{1?18%‘?&&? me@%n‘ﬁgﬂq}m@ﬂ%&ﬂ%@ﬂé‘q@% ,Sgglb‘i‘&ogtone an‘?methyl

car bostiyynevb; dtdrs, 308 1Vdisipeh ' - :

hydr oxgg-qf unct onzgl I zed orlg1 gr%@eﬁﬁﬁaﬁgﬁt{?ﬁgﬁo%g& egt%sg%\%@%@?c %a(i:e(t)artr%ounds

cont aind hydrasarboh eelivents, spcldastolusoe andrylenmee Narmatligths btganosilicom @inpouad is | east

cnr i GOV isClon iy EeaToinct dincBhEneiog -t Fom vt bt st e gton
bei nghéetBalodiReontBRIp¥und, bwhich RYAiEMBAedshRIn § BE TR éoh&%ﬂn%ﬂf Bk Y¥uRHods 1 n

i ncreasing catal yst "lifetime, Il e"the pronoter cation alrds I nm maintaining
hi gh wish teysganasilicar compoudd seydetdoniuged dtt teraperhisice faaging\frodn £108€ td the
hydr gxy,. or _car hoxy functionalit I ds .in the deposition of the catalytic
net aﬁooylg}gsgon?td)& aﬁiﬁ%ﬁ“ﬁtthagbﬁ RIFS%*H ﬁrgge,rabgy,éﬁq PRINAYRNS tRyRRERtETe 1S BEAST eRt o t he
SUPPOSIC. FRErABIY, TS Eittackink hGRNRAEreR st HBin I OHA! MRAlohtRfing ti i
2-(trinmethyl-silyl )aqeatli cE aci d a?e i ISI ustrative of Opraginel Fnél Vﬁg}%ﬁ oxy and
car baleperdirg upanrth¢ partiduler spppos ahd bydroxpoparhuty-fuh¢tanaliredwirgmmotilicen t r i pl e
functionali&g. » . . :

compound ernployed, 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 catalyst -
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
comprises heating the catalyst, for example, in the oxidation reactor under an atmosphere
comprising an inert 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.
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The amount of hydroxy-functionalized or carboxy-functionalized
organosilicon conpound that is used in the process of this invention can
be vari edwowaf1aswi de range, so long as the catal yst prepardsor/hssefrom
exhibits an enhanced lifetine, as conpared with a simlar catalyst wherein
t he organosilicon conmpound is not enployed. Normally, greater than 0.005
nol e, and preferably, greater than 0.1 nole hydroxy- or

car boxy- f unct i omhd afefsheAtiTAROSHAL) & W ueRITBPMAR0-oRidaHGESoR
catal ytic_netal. present in the cgt al yst. Nor rr%l Ily,a1 Iesg t Sggr’rﬁ}'?egergrr%ly’es, and
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hydr oxy-functional i zed or carboxy-funct.ionalized organosilicon conpound may
be pris¢mplayed o prodgeesn lefireenide.i Buefatablyyrthelhpdrotaveh is a Ging Apdrocpbomt e

sol v i I lvent.s i.nclu f or exanpl e, ter, alcohol.s, such as
ot sy bk kSOl £ i i el BBy e st ioBetor Shebing hy
et hy | méedodstlris, dibleging an8 6LdTind Sutskitibdt SRR RWidusRhrHBlic ABRLES EADYALRS ur an;
esters, such as etﬁy acetate; and hydrocarbon sol vents, such as tol uene

|
and >BFefsred argdrxrenlefins; theanest prefieresd alefomis poopytanad Tiypicalhy, ¢ gledtifyrofsol ut i on,
typi [ rati,on ranging from0.01 Mto the_satuyration point of
e B ORCARRT LS KerReah P b ier . ety Grep a8 T angpore
cont aeéfendlygiordahe EdPPAfisle paickht, biRd Oh URBBi Hofé%%f?&@ﬁﬁyﬁ%fr%}‘b&le conduct ed

at a tenperature ranging from - iO,C_to, the boiling point of any $ol vent
t hat *X¥epi bydiogen, ppépptioml giluenh e Typienlly therqaritéyrpreattantchyidsoogrteatieless han

cont 4o ool AR R o ior STRGAP b ls Sy KTl PehbEecami y dr oy

or castabxytel bf edab@AtEydERArHOIGRREH) Hy@R¥ken CARBHASL] ATRARY BhfedflyRE! as the

particul ar contacting tenperature. neral ly, "a treatnent
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 0.01 , 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 quantities-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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time ranging from 30 seconds to 2 hours is sufficient. After deposition of
the catalytic netal (s) and any pronoter netal (s) and additives, and after
cont act i ngotod@isispport with the organosilicon conpound, tRETASIFMIBhesi zed
catal yst nmay be used without further treatnent. Alternatively, the
as-synt hesi zed catal yst may be calcined wunder air, or heated in an inert
at nosphere, such as nitrogen. The cal cinati on/heating tenperature depends

upon ! . j . C .
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oxi dation catalyst, and optionally a diluent, to yield a partially-oxidized
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car boxyl i ¢ aci dTrhd hydesexipatefneprosds eablosicondnéted A readtisfanyoavgutiogdd t o
produce an al cohol or ketone. In another preferred enbodi nent, an olefin

i s erfispigpsuitable fr gaverdiqid hase procgsses eCensraive thegrrgcess KEoRtskd 2hon is a
ClL 2 . I . h o 2l ef avi ng
7 oae B D e e BBl o I U G A e e s
substprépHrédibyhiemethdd cfubis di@ation adeineigt@sly producetow amophfofwaed, thee C3_8
olefins; the nost preferred olefin is propylene. Typically, the quantity of

r eac thyAFo-pYIdRERIEPIOENSS Pan heneonducied ot temperatirey laghes thaprhese psedingnapamiey
great gy h§d?@-@x9d9tior?5&%cé§%s.e 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'l), preferably greater than 100 h'!, and more preferably, greéter than
1,000 b, 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 velocities of
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preferably, greater than 20 nole percent, based on the total noles of
reactant hydrocarbon, oxygen, hydrogen, and optional diluent. Typically,
t he quantwoysofit4seact ant hydrocarbon is |l ess than 99, preCensbt/gu33d ess
than 85, and nore preferably, |ess than 70 nole percent, based on the
total noles of reactant hydrocarbon, oxygen, hydrogen, and optional
diluent. Preferably, the quantity of oxygen in the feedstreamis greater

than fe By oDk f - : ter
than B° noyacTrBEE! SR AnfiRhes b dnaffifhs ST o RICI ALY S
hydr agautant bygweabon tattingrihioccadunt tHeurelative Rokfr estibldysirddhe quantity of oxygen

is less than 30, nore preferably, |ess than 25, and nost preferably |ess
than 20 nol e percent, based on the total nol es react ant hydrocarbon,

hydr ogen, oxyg @ﬂﬂh e ' en in

t he feedstreanﬁgfégp%g%ggf y gr%%ig? gﬁthﬁﬁﬁgﬁﬁﬂﬁgkg%F@EW§$% r@@han

0.1, ‘@noversior oﬁreaétanr&iyﬂi;opm@bﬂ attlet térieleid deflned pethe aiidle obasight Sutcdnfieget Ot al

nol es of reaﬁg ydrocar bon, drogen, oxygen, and opti onal di | uent.
YHPPE

Sui t fireacting oy the, @ﬁmé?i@t r@@q&? Py Prodyets ﬁrsneralbo theganmersion] v,
I ess c;fri@e[}. eﬁl@h%?ragarw %Vh?crhﬁg g&ﬁ&l&ﬁ is é:%%ergﬁ'eﬁfb %) % ﬁr&aﬁ{ %g%ﬁrgggﬁgﬁgﬁep n the

t ot al react ant rocar bo rogen,

di | uethdtn 1.0meole pbrcentf andaﬂorb@rﬁ‘ayib@'agre@fer ‘chaﬁlll(ﬂmb]l&@br(ﬁﬁtesl\mtltaig&fﬂs@i thet he
proces Qf this _invention. as phase process sui tabl e aseous

di | ueKtestyifietopaatialbyaxidieed me@uqtﬁ, ﬁﬁlcthe%f alefin oXide, iufgh At the atpsementiog

nmet h qui d phase -18
Vo 037 DY RaF) oS %354T Ble Mol ' fhidit el bErdeicd 011 .01 on

st abl}gzdajwruohehartefbﬂms asdpadified pareiblilyl oxiQidet plddrict, ki a9 alddhbluﬁétbﬁe IoB oletige
chlorinated arqomatics, preferably chlorinated benzenes, such

chl or Lasnerallynwhen e resctbhdspearbeinis p iokAineisehedtiviz tq elefin ezsﬁé i,
f i N
e N L R e

i qui esters; use ’anount  of

di | ugmeferablyt, lyecater ddmte0enste psrcérytparﬂﬂhlnyargriﬁa&lﬁ:és,hﬁlﬁﬂp&ferﬂﬂyékfﬁ’aﬁﬁ thangoeat er
than 0.1, and nore preferably, greater than 15 nole percent, based on the
t ot alMNEPELCHE reactant hydrocarbon, oxygen, hydrogen, and opti onal

di luent. The anpbunt of diluent is typically less than 90, preferably, |ess
than 80, and nore preferably, less than 70 nole percent, based on the total
nol es As a further advantage, an acceptable hydrogen efficiency is achieved in the

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.
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of reactant hydrocarbon, oxygen, hydrogen, and diluent. The hydro-oxidation
process can be conducted in a reactor of any conventional design suitable
for gas owoliBmui4s4 phase processes. Cenerally, the processPc3/usoneuist ed at a
tenperature that is greater than anbient, taken as 20C, and | ess than 250C.
Since catalysts prepared by the nmethod of this invention advantageously
produce | ow anobunts of water, the hydro-oxidation process can be conducted

at tenperature ' . ek [ ' WAL O, dat i on
processes. Pr ot Sratpg viet e hyAR S Bn oalfR Mes BbdBioad B fp MHCE SR

pr ef govaldvgl, thegraeAy st nal b RdgdO&zateBbefvariald meartsh Ok emgtirdahay eomysridedestingdan
225C. eration at higher tenperatures provides steamcredits fromthe

heat therdsaciteated ottt af nigmperaiuse befeen 16X 1Crand 290°C Bt HESESRCTRIN 8 i nt egr at ed
into |+ P i er el ri r o St LS used
o arfueBliinRrdit, SERERlct Aol S wirRE AR chuaRNY kO &l AT

part iapd teynpRidteicZRefeRbydieel &enf200PC an@1@0°C. ISuitable fitit @6desoqre hat-rexotivéd el
pressure of the hydro-oxidation process ranges from at m)siggeri c to 400

psi g igcidsgfarpaympleppitrogane helfumm apd argasmPreforaply, fetatalameysd pT hyfrog psi g
(172 ) r . C ' V) of
the PBERL el oruRe BURSEREARESTrohl 21 IRR MR PARAR, HEURRI 6 S

gr eatiwiudifi@bptidhalineft@ast ant hydrocarbon per m catal yst per hour (h"1),
preferably greater than 100 h"1, and nore preferably, greater than 1,000
h-1. Typically, the GHSV of the reactant hydrocarbon is |ess than 50, 000
h-1, preferabl yhe ihRgfod WanberMeOclBdfiedhla bBrisRlcritioh of &l fyllowiags t han
20,000 h-1. The gas hourly space velocities of -19 WO 03/011454

PCT/ legonples 3ddch afedntendeddmbe hyugtyoryemplay @f thelusepf the brsetieht Qthean be

determ.ned fro he space velocity of the .r t ant dr kifg into
nocosTPoRmeaiihf Ju e e imatrtnl g skfigRf B8 by HALE G RRRaddH "

i nventik §fbcifidaBioR6f pMbfics oFfhd iBfeRdhak Miklogahdieinneasur ed by the "conversion
of reactant hydrocarbon,” that term being defined as the nole or weight

percentage of reactant hydrocarbon in the feedstreamthat reacts to form
prod;gts.lfﬁneral ly, the conversion of reactant hydrocarbon, which is
achi n greater than 0.25 nole percent, preferably, greater

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-functionalized 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 until the acid was fully dissolved.
Thereafter, sodium methyl siliconate (0.35 g, 30 weight percent aquéous solution) was added to
the solution containing the fumaric acid and cesium salt, and the resulting solution was stirred for
5 min. Tetrachloroauric acid (0.0008 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 gold-containing solution (7.5 g) under dynamic vacuum.
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than 1.0 nole percent, and nore preferably, greater than 2.0 nole percent.
Advant ageously, the selectivity to partially-oxidized products, such as

ol ef i n oxwoe3/oiwshi gh at the aforenenti oned conversions. PChaSoyai3acti vity"
is defined as the nole or weight percentage of reacted hydrocarbon that
forns a specified partially-oxidized product, such as al cohol, ketone, or
olefin oxide. CGenerally, when the reactant hydrocarbon is an olefin, a
cel eehiyi . . . . . 5

per ol dnft ooty it hiye BRORIE G iyl ilier ME R T P

gr eatTberchhéed) tHRAmpodghated tiebsilicae tab Redtedyinden shanter 4 hos 80, ahé thenl the

greater than 90 nole percent. As a further advantage, an acceptﬁgl e
hydr 8g8awas eedledieapomdemparptateda abfrin the catpjyst ol hisawanfign. pheeatalystdrdan; s
i nveQt:an.., Hy. ef fici Y s the ratio of noles of water
prodSgggg?g“hgﬁ%g%%P&%%y§%ﬁ§¥%§e%?ggﬁgﬁhgggguced. Hydr ogen efficiency can
be optimzed by achieving a nolar ratio of water to oxygenated product,
for instance, olefin oxide, as |ow as possible. In the prqocess of this

i nvention, the Thslcatalyshwpsoeveiuaigdiia the hydsxpgdatencef pronydensde forg pippylens | v
greater, than, 2: 1,but ok rne pref. I n 5:1.
Ihe sFlna iR TR bR R Rt ipPA IR AP, o 108y [ 227, P
hi gh indhf1@2 5ehil) diaptedauCI iétey (3Meh Bngtl]) ardictitaed dsfollpws. pas b40°0f thiehi s
invention, as the kilograns of .partially- oxidized hydrocarbon product

f or meatalyst wrs hesgadasnder helimmafoy § thopisy thep hieated pnder a figwad psepydsnerantls

i nvent i,on prod i Vi j i e : i di zed

or oadsiiter KA RS Hieh piiadh S ol SRkt thloshigTRas3shelBA, 277 g

cat - bropydend, I@p&ctkreabl Vpertdd adrogen)and 46 Peg@ehietiinne @ropytandetygky

cat-hr. -20 WO 03/011454 PCT/ US02/ 24339 \When activity of the

hydr énéhelim iwsre wsed a8 pute stgame)dydogee was mixed wihbdem i 30 Ha®OHSE(Y) t he

cat al v. r vapi . C rise

hea: PHgted nLoAEa0F IR g e e RO CRIBERE (S 00c 1
a I egedisialel ;xidedRsdudtion ixak Bbtathel Yol DB, theXatgieslatuisatBrramped il °Cr es

t hereof, and optionally containing an inert gas, at a ten;jperature :

pr ef éntapls upcovikerP2TTE temprravoe, Osurtingiressurayes Zadse. Fredyebnvé8act i ve and

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

propylene oxide productivity is set forth in Table 1.
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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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white col or, which indicated the presence of oxidized gold. The catal yst
was eval uated in the hydro-oxidation of propylene to form propyl ene oxide
as foll oo 0Fhel4sat al yst (3 g) was | oaded into a fixed-beaCTamsnt/243apus fl ow
reactor [0.5 inch (12.5 nmm dianeter x 12 inches (30 cm |ength)] and
activated as follows. At 140C, the catalyst was heated under heliumfor 5
hours, then heated under a flow of propylene and hydrogen for 10 mn, then
oxygen was added. Feedstream conposition was 35 percent propylene, 10
percent oxygen, 10 percent hydrogen, and 45 percent helium Propyl ene,
oxygen and heliumwere used as pure streans; hydrogen was m xed with
heliunin a.20 H2/80 He (v/v) mxture. Total flow was 1,500 standard cn8
per rm 4 el a constant rate of propyl ene oxi de production was

. r
obtained for 1 ﬁggg b rehRGent! up to the
oper ati ng tenpé?%#ﬁ?gﬁQﬁgg at.§§®%$g§§%?3ﬁ§§§ﬁg§§nﬁsug?“ﬁ?gﬁﬁﬁﬁgﬁmere
anal ymetlylsslicogpatenwis elimigsied fitmdhataigystptgpat4biono Mha chgparaliviRatApdt otagerr) S
col um, 2;566% The, propyl ene oxi de productivity is set forth in Table 1.

_22 \isrlyeied 14 dshviseerpiidpionof prepylengip sheymannen descRedinhxampds Lavigbiieene t o

Pr op i r T pE 15 hr 20 hr
39 h%ﬁg@ﬁ%{gﬁh?%‘?q) %%S%g&%a$§g§)p}'g%gfﬁ@egg8?§g§ﬁwVg!rlg((q:luct ivity (g
PO pehroughout dhe fun)forfdAd g PaVkg/eat-bé Gt 11508C 168 3 Lobrs LA Atréatd, toE¥P g POAg cat-

Pr Od%talt Y%% angi%&l%u?se(;n sl%r%agl?‘;[o_lﬂ g PO/kg cat-hr at 170°C and 65 hours on stream. At

150°C, a selectivity to propylene oxide of 97.0 mole percent, and a HyO/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.

Example 2

A catalyst comprising oxidized gold, a carboxy-functionalized organosilicon
éompound, 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 evaporatdr 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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hr)b a. Feedstream conposition: 35 percent propylene, 10 percent oxygen, 10
percent hydrogen, and 45 percent helium total flow, 1,500 sccm 225 psig.
b. ProducwDwddylagi ven as grans propyl ene oxide (PO per k@gcCratsat/ysss9 per
hour (g PO per kg cat-hr). From Table 1, it is seen that the propyl ene

oxi de (PO productivity steadily increased from150 g PO kg cat-hr at 150C
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streaﬂblea&oymnwr t 195 97.5 nol e
percent, and the Hi%?%gégﬁﬂgyﬁ€g??gﬂwas gn%?§n5§3§¥§ﬁ%%3§yg%Yaﬁ@ﬁn

PCT/ @sltyz/ whigh ndicserhthe ardsomwef pridizedigbldl Exanpl e 1 was repeated, with the
exception that the treatnent with-sodium nethyl siliconate was el im nated
fromthe catalyst preparation. The conparative catalyst was evaluated in

t he hydr o- oxi datHeQat with
the results shown |agis%glﬁgg‘kh@%tlhm@gés@éggggﬁg?gt l:z?hopy g%@(gﬁpgﬁ %P
prod l%tdmstfgllﬁm i Bap catalyst (Rypowds lbadedrinto afﬁmmmedﬁc@tlﬁﬁddsglcwatea&tbr LS 150C and

AR HAP Lo oo A

sel eGhfalist Wad Hea@écplﬂiﬂleﬁﬂﬁluﬁi(fOQQ h%flrsgaleg h@?cL(?u q%tr o PO ol ar
ratio of 2.7/ wer e achi eved anmpl e was co vmt Corrparatlve

Ex pethydiogen for 1|0tm1maﬁ1eaeeygenmtadd¢frh Emda&feﬁﬁt comfpoksition i lvm!eﬁmbmant treated with

the h dr? bstl t ut ed o an05| #1 on co ound, achieved a_significantly

hi gh %% %}&E.O&%geﬁr dibtateny Y@rosfa}a 2 p%ﬁﬁ"&\?mthielﬁ‘ﬁnt hEapylene O’WB%ar ative

ﬁazjmaﬁé heﬁtﬁl??)ve\“@ﬁseﬁ% phfeQBb&fs; h ggi %@ﬁ Wéb hh)? With Hélﬁt?ry %ix/gg?I 3 |
ydrogen efficiency, as measur d by t ar ratio 0 propyl ene

oxi denixines. eTotebﬂwmblléO standzod bm pmpnmutaa(lstcsn) E\@amlcenﬁarﬁraabﬁbmylene

conprl i n di zed old a .carbo functlonallzed organgsi licon conpound
and R tp??(ﬁlﬁh%wéﬁﬂ e £ lglmyﬁ,dﬁ BT aS rimft\@smgtoe% ateyalsapitp) | ows.

Wt hthe operating temperature. Operating pressure was 15 psig. Products were analyzed using on-

line gas chromatography (Chrompack™ Poraplot™ S column, 25 m). The propylene oxide
productivity is set forth in Table 2.
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per cefied Wy’@’eﬁHPola pt-éent hydk@ger], aht560 per tBBt Hel i 22D Prppy3Zehe,
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obt aj ned for 1 hour, the tenperaturle was ranped in 14dC intervals up toj the
oper BE¥hd 't enper af ur 85 per at Vg prless s 18-@sid. Pt@ductfs
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03/ Ojlseat g cdp@i/ USOR/ 24339

a. Feedstream composition: 20 percent propylene, 10 percent oxygen, 10 percent hydrogen, and 60

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

b. Productivity given as grams propylene oxide (PO) per kg catalyst 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 houts 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 HO/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)tetramethyldisiloxane 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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Tabl e 2. Hydro-oxidation of Propylene to Propyl ene Oxi de Tenperature 150C
160C 180C (O Tinme on Stream 27 hr 37 hr 38 hr 47 hr 48 hr 52 hr (hr)
Exanpl e 2wa Boodsctivity (g PO 10.7 10.6 13.5 13.8 22. 0 2PC3/USpBER438Yy
cat-hr) b Conparative Exp. 2 a 85 7.7 10.6 9.6 16.1 14.7 Productivity (g
PO per kg cat-hr) b a. Feedstream conposition: 20 percent propylene, 10
percent oxygen, 10 percent hydrogen, and 60 percent helium total flow,
160 s b Vit YA Q - I i O per
o caraied R BRG anba7 ESRIE LIS YABRRRAAY BRI L HIRY LATE AR Pt
t he patd@0%t andi48yhauts qur sippatre Moo eteati 1507@E aseltcvieatd grypiflereroxide of@bue of

10.7 gtO’k cat-h é} 150C and 27 hours on.,streamtao a value of 22.0 ¢
PO/ kgfge P-ewgnfaﬁn%bé% @w&rﬁ@m%f I | stereaghiovear doheaExaglatwes a

I e . . . : . : ti
of 5 etdd kit BRORYA0C ERNfierD, FHaTRGS M SR U0 VOB fER T80

wi t h witle thexabpky-aubdtinatd dizendsilémhempowd, Ackievddbi igiie? propylene oxide
car box1>8/ r opyl %%et ranet hyl di si_| oxane was el im nated fromthe catal yst

pr epdtBeYeEXity T lopgsbmethan the camppptive qialyevhat veas @t ireateds SelselyBesa dat i on
f ! _ _ " :
Ch TARPgRSdk ity BRARA R, & Sitaslila BY B Gabralide el SERUERS MO

cat al gpsde, avetd aoniparabde indsbtloexperideatst un. A productivity of 8.5 g PO kg cat-hr
was -26 WD 03/011454 PCT/ US02/ 24339
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achi eved at 150C and 27 hours on stream A productivity of 16.1 g PO kg
cat-hr was achieved at 180C and 48 hours on stream Moreover, at 150C, a
sel ecti viwg Bo1psopyl ene oxi de of 99 nole percent, and aPHI@SPLIR4389 ar
ratio of 3.6/1 were achi eved. When Exanple 2 was conpared with Conparative
Experinment 2, it was seen that the catalyst of the invention, treated wth
t he carboxy-substituted organosilicon conpound, achieved a hi gher propyl ene
oXi dﬁ%gﬁrﬂ:gﬂﬁmgbﬁor a longer time than the conparative catal yst that
was tivities to propylene oxide and hydrogen efficiency,
as neasured by the nolar ratio of water to propylene oxide, were

conparable in both experinents. -27 WO 03/011454 PCT/ USQ2/ 24339 WHAT | S
CLAIMED 1S O &laim 1. A methadaf increasing thadifeigme aka hydrawoxidation cafalyst

cht ol SR RS bR b onpl AT AR L PR Qi aToh ALY, O,

cat altié hydrHoRRIatioMbathly st shﬁﬁdrﬂmfallﬂdfdefﬁxhdti)ﬁdh&ﬂgﬁmsBlhb@ﬁ(ﬁbnmmuﬁd),md a
car boxy-functional i zed organosilicon_conmpound, m xture of

hygr @a;hopcgﬁ@nqt@n@lmeﬂ@@ga@nahcmeqm@ynmﬁ@tmléﬁaﬁ pﬁbj@df@?@gﬁ%@?ﬂﬁﬂlé%ﬁl@o mpounds,
{ 2.
e RS G PSR Ry opRb Kb e 2t

groupbaegpﬁshﬁlmg of gold, silver, the pI atinumgroup netals, the rare earth
| ant hani des, and m xtures ther eof Claim 3. The nethod of Caim1l wherein
t he catalytlc metal is gold, silver, or a mxture thereof. Claim4 The

met hod of Clc]a;:ar% yhergh N E‘lﬂ)% Cfﬁ%;l:ﬂjay ﬂvh&%fn &ta &%#e@ﬁ?s &t fro

pronot ers. The ne er el ronpt er |s sel ect ed
f r om drbgp @ndiding @ﬂgtﬂﬂ Ssfilveg thefpl&tiriPgrbup Geaily) ths rafé@rﬂhaﬁlithmﬂdaﬂﬁarrdar e earths,
the actinides, and m xtures thereof. Caim6. The nethod of Claim4
\Aherénwtl!fpﬁethﬁl’legfmt er is selected fromthe group

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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consisting of lithium sodium potassium rubidium cesium nagnesium
calcium barium erbium lutetium and m xtures thereof. Claim?7. The

nmet hod ofwaloaiom434 wherein the support is a titani um cont aiPOTII$0224339
vanadi um cont ai ni ng support. -28 WO 03/011454 PCT/US02/ 24339 C aim8. The
met hod of Claim7 wherein the support is a titaniumcontaining support,
which is selected fromthe group consisting of titania, titanosilicates,
titani um di sper o] i | L1 t 21t ani i spersed
on pronoter neta g%ﬁlﬁ@% é%@%%ﬁgﬁggﬁ%ﬁﬁg%%i@ﬁgﬁ@%?pg@ﬁg?ﬁbbfgﬁﬁgﬁﬁgthod of
G ai nuppurnerigtinistsbRered iy tHe grovip AREisQPtitaEs, tiinostibdict, titanis@ldspesdd f r om

t he grouﬁ consi sting of pronmoter netal halides, sulfates, phosphates,

car bovbtiben, prsmaieranetakizippaiey fitnaun disnersed o proawter magtel silicates ganghmigtures, e

met h m%BfCIain1l wherein the organosilicon conpound is represented by the
followng formula: (RX-Si-(OM y wherein each Ris independently

sel ected fromthe group consisting of C1_15 alkyl, Cl.15 aryl, Cl1L_ 15

hydr oxyal kyl , and Cl 15 hydroxyaryl noieties; each Mis independently

sel ected from Hlaind- Thagieiend o Gaign biareinthe sefabistiughenconyMiBey@® x is an

" S GRECRR AT ool S0 e IR Wyl 100 L

noi et garbehatey,bodatys, lchibekylatesl dnd esixtuassdhavedth the further proviso that when no
R is hydroxy- functionalized, then at |least one M+ is H+. Claim 11l. The
met hod of Claim21 wherein the hydroxy-functionalized organosilicon

d i : OWj | a; : Si -0 -
comound |« SRERRRTLC RS dOhAt RSB Mk Micch GARRAX S1 - 0 ©
consi gpiesehtaf byGhe Foll@ily ffornfila: 15 aryl, Cl_

(R)x-Si-(OM )y

Whefein each R is independently selected from the group consisting of C;.;15 alkyl, C;.5 aryl, Ci.
15 hydroxyalkyl, and Cj.i5 hydroxyaryl moieties; each M is independently selected from H" and
mbrganic and organic cations of +1 charge; x is an integer ranging from 1 to 4; y is an integer
ranging from 0 to 3; and (x + y) = 4; with the proviso that when y = 0 and x = 4, then at least one
R moiety is hydroxy—functionalizéd; and with the further proviso that when no R is hydroxy-
functionalized, then at least one M is H. A ‘

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

organosilicon compound is representéd by the following formula:
(M™""0)4(R)y Si - O - 8i (R')y(0" M)y

wherein each R’ is independently selected from the group consisting of Cy.;s alkyl, Cy.15 aryl, Ci.
15 hydroxyalkyl, and Cy.15 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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15 hydroxyal kyl, and Cl_15 hydroxyaryl noieties; each M+ is H+ or an
inorganic or organic ion of +1 charge; each v and v' is independently an
i nt eger fwomBA1w64 3; each w and W is independently an i ®CEgsn2/2436m 0 to
2; the total (v +w = 3; the total (v' + w) = 3; with the proviso that
when w -29 WO 03/011454 PCT/US02/24339 or w is 0 and v or Vv',
respectively, is 3, then at least one R noiety associated with the v or

V', cesbeotande/ atv |1’% Mﬂd}&%&is BUtH@ﬁ 4081 d)rzeei@' m8RE é@s&&at&@%lthlt'ﬁ%\h&r yProv ovi 0

that when v or Vv' then at” | east one M or , respective
Cl ai mespectively lﬁrﬁytﬂf@&}’@m@m@lmﬁ& and avith the ﬁhﬁlehymvmmyhétm}rehlmarl is Z)e’dlen at

or gan apaund. | cted fromthe group consisting of sodium
met hy@géltlolk%%%@g[ > TERRELINS ‘%ﬁ ilanol, triethylsilanol, triphenylsilanol,

2-(trinmethylsilyl)ethanol, t-butyldinmethylsilanol, diphenylsilanol,
1, 3-bi s(hydroxybutyl)tet rarret hyl di si | oxane, N-( 3-
triethoxysilyl p@@pm )ngfh@m&mddxfCIannﬂ Whernntthyhgdlbyy-[ﬁmmpanajybd al cohol .

a th t h f li zed
or gargeitor B ERRBSING: reedd homb BRLR AR GRGE SRR YO 3- bi 5- 3-
car bopiyigpiah6lt &wﬂ@uﬁmholdtrﬁjhéﬁyqﬁrhﬁo1 3: (Hrh&]%#zl?ﬂ;ﬂ a%ﬁ'oﬁ? Bhi dlf'ﬁ%ﬂl tsilanol,

3- trlrrethyIsHyf]gro pionic acid salts oﬁeme t1one npounds.

Cl ai rdiphenyisHanghy é‘é’ﬁhﬁﬁombaty&)tﬁmmﬁry&lmlwchne d‘\a(&aoxy functional i zed

orga I nd isS..repres t he ngforrrula (WO m (R)
n Si n[%%ﬁ %’?S% Ip%f) ucﬁﬂaé?léil ’n&é&'& {Wﬂ}l}i{%{ iﬁ]i? ghely y an inorganic ion or
organi c radical of +1 charge; Ris i ndependent ly selected fromthe group

consi sting of Cl1-15 al kyl, Cl1-15 aryl, O01.15 hydroxyal kyl, and Cl1_15
hydr oxyaryl noieties; mand n are each independently an integer ranging

fromO to 3, h t he s.an_integer ranging
from1 to 15. s‘%@%@%@%ﬁ%ﬁ %llﬂgo‘ﬁliwﬁ@égé ca@%ﬁ nfuf?stlonﬁﬂée t hod of
d ai rorgantkiticed Sorhpim@nPsEldct&d frob IMO¥ogd sikisiRar | 384s-3-

carboxypropyltetramethyl disiloxane, 2-trimethylsilylacetic acid, 3-trimethylsilylpropionic 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:

I

4+ -
M" 0) m(®) n~—Si—(CH2) y—C—0O 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.;5 hydroxyalkyl,
and Cy.;5 hydroxyaryl moieties; m and n are each independently an integer ranging from 0 to 3

2

such that the sum of m + n = 3; and p is an integer ranging from 1 to 15.

-30-



or carboxy-functionalized organosilicon conmpound that is used ranges from
greater than 0.005 nole to |l ess than 20 noles, per nole of catalytic netal
on the suppesin1l4€l ai m 16. The nethod of C aim 1 wherein tRETASOPRH3BI i S
contacted with a solution containing the organosilicon conpound in a
concentration ranging from0.01 Mto less than 5 M Caim17. The nethod
of Claim1 wherein the contacting of the support with the organosilicon

conpound i s condlghad. gthendRIPST Akl EwAERA B alddah: &&dﬁ] n
100C. daim18. The neth eod of C ai 1m 1 wherein the S(l),lfp |sh0(§))?llt té%?ed

wi t h ehearbaxysfactionakizad Ox@mellmdn t@npaunt ithee 131&3@ ranges from g?&t&ﬁhmn@i@Oi 0 2
he net ho in the contacting of the

h f
sagggﬂop tl?Fsg}H’é‘ 6?@5?16’5?%0% Qf%@%iﬁg)’ﬁma ‘§1 BUPOted si nul t aneously with

the deposition of the catalytic metal(s). Caim20. A conposition
conprising a catalytic netal selected fromgold, silver, the platinum
group netals, t@Gkitdat Fhsinbthadesfllaim hwdiemﬁmrsemodrt’nelcenrhctedimth(aptl onal ly

be no  WHATLCRBHE I hEhyafy rmBed T aps aae Gy aNGDE FrkLhOL BhBOE, o

car bopyn sunact i onal i zed organosilicon conpound, or a mxture of
hydr oxy-functionalized and carboxy-functionalized organosilicon conpounds.
Caim21. The conposition of Caim20 wherein the catalytic metal is gold,

silver, or a mxture_o ilv Claim 22. The conposition of Clalm
20 wherein the ]ﬁ g?t trlhg“%egtfoglc‘%éaalf‘} ﬁﬂﬁh? Elthﬁrc et |t§g$‘ﬁ’§°’6fwl@lt?%m a,
ti t angshhdsgRbE Sombbilflts ¥onHicRRASK §?é?ﬁ1 Efler tﬂzﬁp B@ ﬁnmgﬂharﬁ]ié@@at es,

titani um di spersed on pronoter at es, m xtures thereof. -31
WO 03/ 011454 PCT/ US02/ 24339 Claim 23 The corrp05| tion of Claim20 wherein

the catal ytic tal Ls.oxidiz the titani um containi port is a
titanosilicate H‘E‘ilkgaﬂﬂgﬁme&}f@dg%g bwlp’grie}q tﬁggsu%mat lsﬁﬁ'étﬁ‘g?‘ﬂg’itﬁg'?esupport
cont a&l@&n@ﬂfébﬂ&&hb&%d%rIahhﬁf}hﬂg{hgﬁ%cﬁo%&ﬂa t&9¥biANMeNt s; and optional ly,

Claim 19. The method of Claim 1 wherein the contacting of the support with the
organosilicon compound is conducted simultaneously with the deposition of the catalytic

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-functionalized organosilicon compounds.

Claim 21. The composition 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.
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the catal yst further conprises one or nore pronoter elenents. Claim24. The
conposition of Claim20 wherein the pronoter elenent is selected fromthe
group comepIBiongsof Group 1, Goup 2, the | anthanide rarePeanishy43she
actinides, and conbinations thereof. Caim25. The conposition of Caim 20
wherein the pronoter elenent is selected fromthe group consisting of
lithium sodium potassium rubidium cesium magnesium calcium barium
erbium lutetium and m xtures thereof. Caim26. A process of preparing a
partial |l y-oxi di zed hydrocarbon conprising contacting a hydrocarbon with
oxygen in the grleBerseTbe compositiparoidfiainn2hyliersimothe dathlytin neetetl 3 grddized

conpri Sk. |l east one catal ytic. nmet on catal yst s qQ.t, the

cont a@#’ﬁge @tténlur]ﬁlgr;n'chﬁ%}ﬂgltgegﬁpp‘{%]&é’&ltméﬁ{lcﬁtﬁ T ?E?ﬁ‘b‘f‘? d ngsg‘ﬁ&)?l{%?aé ﬁ’f“?t 0 prepare
a parwherbih YheRtpgbit @0nthind b QHatIdF titdRint 8dGMation BR/itdmleHis! e%ﬁropﬁgge[l cterized
in that prior to use the catalyst support is contacted with a hydroxy-

f unctthe patlystdartear campsises ansror canrppronterelaeentoxy - f unct i onal i zed

organosili con conpound, or a mxture of hydroxy-functionalized and
car boxy-functionalized organosilicon conpounds. Cl aim27. The process of

G ai m 26 wher eiClaine4."YHE 66iapdiibnl of ARnPrEivheine pldifote@rhdrild s)élé\%ﬁddi zed
hydr ocarbon is an olefin oxide. Caim28. The process of Calm?27/ erein

t he dremhe greumeansisting ef Geowp & Koup 2fthelanthenide rars eprtisptHeetinides, aied O ai m

29. T im26 wherein the catalyst conprises gold, silver, or a
CO%i%&bﬁ%ﬁSﬁi@;@g? and optionally, at |east one pronoter elenent selected

fromGoup 1, Goup -32 WO 03/011454 PCT/ US02/ 24339 2, the | anthanide

rare earths, the actinides, and conbinations thereof on a
titani um cont aiGiping25.sTheermpositicaiofiC30m Ahehgreindbs proniot& edinman? & setvetedi n t he

oldd redom nant |l.y oxj.di zed gold, and the.titaniumcontaining s ort
gont af%oﬁg 815 ?uLPr%niSFbX%?ﬁ“%i f isa&u BPAPSIR Ib‘ﬁldéllm}i @éﬁﬂ’ema&leﬁufé 9 STPP

calcium, barium, erbium, lutetium, and mixtures thereof,

Claim 26. A process of preparing a partially-oxidized hydrocarbon comprising
contacting a hydrocarbon with oxygen in the presence of hydrogen and a hydro-oxidation catalyst
comprising at least one catalytic metal on a catalyst support, 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 thereof, and optionally, at least one promoter element selected from Group 1, Group
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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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