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20 It is known to prepare a hydro-oxidation catalyst comprising a platinum group metal
on a titanosilicate support by impregnation methods. Art of this type, represented by PCT
patent publication WO 96/02323, discloses impregnating a solution of a platinum group
metal salt onto a titanosilicate support, and thereafter reducing the impregnated support
under hydrogen to adjust the bond energy states of the platinum group metal. Reduction

25 under hydrogen disadvantageously may require high temperatures, and the reduction
cannot be controlled sufficiently weill.

Other ar, such as EP-A1-0,709,380, teaches catalysts comprising ultra-fine particles
of gold deposited on titanium dioxide being prepared by a deposition precipitation method.
This method involves preparing an aqueous sotution of a soluble gold salt, adjusting the pH
30 to between 7 and 11, and then adding titanium dioxide to the solution. The resulting 7
composite Is calcined to obtain ultra-fine elemental gold particles deposited on the titanium
. dioxide carrier.
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the support.

in view of the above, it would be desirable to discover a simple, efficient, and

reproducible method of preparing an active oxidation catalyst comprising gold deposited on
a titanium-containing support. It would be desirable if the process avolided the

30 disadvantages of the deposition precipitation and coprecipitation techniques. It would be
more desirable if the process could be adapted to practical forms of the catalyst, such as,
pelleted and extruded titanium-containing supposts. it would be even more desirable if the
process did not require a gold recovery stage. Such a process would advantageously

! reduce catalyst preparation efforts and costs, and equally importantly, conserve gold.
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process did not require a gold recovery stage. Such a process woul d § SEP 2003
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S. As a further advantage, the method of the
invention can be employed to prepare practical forms of the catalyst, namely, catalysts
prepared with pelleted and extruded supports. Finally, in the method of this invention,
reduction is simply accomplished by impregnating a reducing agent onto the suppon, as
opposed to the prior art method of reducing under hydrogen. All of the aforementioned

advantages provide a method of preparing the catalyst which Is cost effective and more
30 suitable for commercial purposes.

25

In another aspect, this invention is a catalyst compaosition comprising gold on a
titamgm-containing support. The catalyst is prepared by the aforementioned method
comprising impregnating a gold compound and a reducing agent onto a catalyst support,

wherein the reducing agent and/or the support comprise titanium, the impregnation being
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30 suitable for commercial purposes. In another aspect, this InventgcanSEq_h@m
catal'yst conposition conprising gold on a titaniumcontaining support
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Alternatively, both the support and the reducing agent can provide the source of titanium.
25  Inan altemative embodiment, following the impregnation step, the catalyst is heated prior to
use.

In a preferred embodiment of this invention, the process comprises impregnating a
gold compound and a reducing agent which does not contain titanium onto a support which
contains titanlum under conditions sufficient to prepare the catalyst composition comprising

30 gold on a titanium-containing support. Following the impregnation step, the catalyst may
optionally be heated prior to use.

In another preferred embodiment of this invention, the process comprises
impregnating a gold compound and a titanium-containing reducing agent onto a catalyst
support which does not contain titanium under conditions sufficient to prepare the catalyst
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+3 to 0, as determined by X-ray p otoelectron spectroscopy. It is believed that the reducing

25 agent which is used in the process of this invention converts at least a portion of the gold
from an oxidation state of about +3 to an oxidation state less than about +3. The gold can
exist as ions or charged clusters, and/or as discrete gold particles, and/or as mixed goid-
promoter metal particles, and/or as gold atoms or clustars of atoms dispersed over the
surface of the support. Gold particles may or may not be seen by high resolution

30 transmission electron microscopy (HR-TEM) and /or by Mie scattering. Preferably, the
average gold particle size is less than 500 A, more preferably, less than 200 A, and most
preferably, less than 100 A. The titanium typically exists in a positive oxidation state, as
determined by X-ray photoelectron and X-ray absomption spectroscopies.

gol d compound and a reduci ng agent
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an inpregnation solution can be suitably enployed In the process of this
i nvention. Aqueous AW@HBempguabwhich ean/kasalubilized to form an impregnation solution can

be suitably employed In the process of this invention. Aqueous and non-aqueous solvents
can be used. Non-limiting examples of soluble gold compounds include chloreauric acid,
sodium chloroaurate, potassium chloroaurate, gold cyanide, potassium gold cyanide,
diethylamine auric acid trichloride, gold acetate, alkyl gold hatides, preferably, the chloride,
as well as alkali aurates, including lithium aurate, sodium aurate, potassium aurate,
rubidium aurate, and cesium aurate. Preferably, the gold compound is chloroauric acid or
an alkali salt thereof. Alkyl gold halides, preferably the chloride, are suitably employed with
30 non-aqueous solvents. Typically, the molarity of the soluble gold compound in the
impregnation soluticn ranges fram 0.001 M to the saturation point of the soluble gold
compound, preferably, from 0.005 M to 1.0 M.

25

Any reducing agent which can be solubilized to form an impregnation solution can
be suitably employed in the process of this invention. The reducing agent may be classified
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25 embodiments of the invention, for example, when the reducing agent also functions as the
impregnation solvent, the molar ratio of organic reducing agent to gold may be greater than
10,000:1 and may even approach Infinity, particularly when the gold concentration is low.

In the second category, the reducing agent itself contains titanium, more specifically,
as an organotitanium compound or a titanium coordination compound. The term

30

organotitanium compound”is defined as a compound containing a titanium-carbon o-bond
or a titanium-carbon z-bond. A titanium-carbon o-bond is found, for example, in

alkyititanium compounds, such as dimethyititanium dichloride. A titanium-carbon n-bond is

found, for example, in cyclopentadienyltitanium compounds and aryltitanium compounds,

such as, titanocene. The term “itanium coordination compound” is defined as a compound
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Suitable solvents for preparing the impregnation solutions broadly include inorganic

25  and organic solvents, and mixtures thereof, in which the compound to be dissolved Is
soluble and stable. Generally, the solvent should be readily evaporated, since ultimately,
the impregnation solvent is removed from the support. Non-limiting examples of suitable
solvents include water, aliphatic alcohols and polyols, aliphatic and aromatic hydrocarbons,
ketones, esters, ethers, and mixtures thereof. Water and alcohols are the preferred

30 solvents for the gold compound and may also be preferred for the organic raducing agent.
if water reacts with the organotitanium compound or the titanium coordination compound,
however, then the compound is preferably solubllized in a non-reactive organic solvent. As
noted hereinabove, solvents, such as alcohols, can also function as the reducing agent.
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Lutetium 5bnofhiEio 2fetiPd'bdtidn of the sllicon atoms is replaced by titanium. Withinthe
framework structure of porous titanosllicates there exists a regular or irregular system of

pores and/or channels. Empty cavities, referred to as “cages”, can also be present. The
pores can be isolated or interconnecting, and they can be one, two, or three dimensional.
The pores are more preferably micropores or mesoporeé or some combination thereof. As

25 used herein, a micropare has a pore diameter (or critical dimension as in the case ot a non-
circular perpendicular cross-section) ranging from about 4 A to about 20 A, while a
mesopore has a pore diameter or critical dimension ranging trom greater than 20 A to about
200 A. The combined volums of the micropores and the mesopores preferably comprises
70 percent or greater of the total pore volume, and more preferably, 80 percent or greater of

30 the total pore volume. The balance of the pore volume will comprise macropores, which
have a pore diameter of greater than 200 A. Macropores include the void spaces between
particles or crystallites.
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porous tit anogiahbsiitiatss; ystalle MitedtordiisaRbrid¥iictnssX ¥udH 4 tldHalrh Ofcalite-1 (Ts-1),
titanium silicalite-2 (TS-2), titanosilicate beta (T i-beta), titanosilicate ZSM-12 (Ti-ZSM-12)

and titanosilicate ZSM-48 (Ti-ZSM-48); as well as mesoporous titanosilicates, such as
Ti-MCM-41.

25 The pore structure of TS-1 comprises two interconnecting, roughly cylindrical,
10-ring pores of about § A diameter. A 10-ring pore is formed from-a total of ten tetrahedra
(SI0,* and Ti0O,"). Titanium silicalite and its characteristic XRD pattem have been reported
in U.S. patent 4,410,501. TS-1 can be obtained commerclally, but it can aiso be
synthesized following the methods described in U.S. 4,410,501. Other preparations have

30 been reported by the following: A. Tuel, Zeolites, 1996, 186, pp. 108-117; by S. Gontier and
A.Tuel, Zeolites, 1996, 16, pp. 184-195; by A. Tuel and Y. Ben Taarit in Zeolites, 1993, 13,
Pp. 357-364; by A. Tuel, Y. Ben Taarit and C. Naccache in Zeolites, 1993, 13, pp. 454-461;
by A. Tuel and Y. Ben Taarit in Zeolites, 1994, 14, pp. 272-281: and by A. Tuel and Y. Ben
Taarit in Microporous Materfals, 1998, 1, pp. 179-189.
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Ti-MCM-41 can be prepared as described in the following citations: S. Gontier and A. Tuel,
Zeolites, 1996, 15, pp. 601-610; and M. D. Alba, Z. Luan, and J. Klinowski, J. Phys. Chem.,
1996, 100, pp. 2178-2182.

25 The silicon to titanium atomic ratio (Si:Ti) of the titanosilicate can be any ratio which

provides for an active and selective epoxidation catalyst in the hydro-oxidation process
described herein. A generally advantageous Si:Ti atomic ratio is equal to or greater than
about 5:1, preferably, equal to or greater than about 10:1. A generally advantageous Si:Ti
atomic ratio is equal to or less than about 200:1, preferably, equal to or less than about

30 100:1. Itis noted that the Si:Ti atomic ratio defined herein refers to a bulk ratio.

d. Titaniym Dispersed on Silica
Another sultable support for the catalyst of this invention comprises titanium
dispersed on silica, a variety of which supports can be obtained commercially. Altematively,
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25 identify the disorganized phase. These methods are described in WO 98/00415.

The titanium loading on the silica can be any which gives rise to an active catalyst in
the process of this invention. Typically, the titanlum loading is greater than 0.02 weight
percent, preferably, greater than 0.1 weight percent, based on the weight of the silica.
Typically, the titanium loading is less than 20 weight percent, and preferably less than

30 10 weight percent, based on the weight of the silica.

e. ium Di d | Silic

Yet another suitable support for the catalyst of this invention comprises titanium
dispersed on promoter metal silicates. - Stoichiometric and non-stoichiometric compounds

12, o
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and lutetium B\hlrémm.agé'ditqarwidelamﬂ:elmurm tigehith SREK ﬁ%%.&ﬁ@c&élﬁﬂ!@&ﬁﬁomtm
silicate in a @nner anal ogous' to that described in section (d
her ei nabove. ﬂ I'ytical methods such as those described In section (d)
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descr i bed2her phapialer, metaliomhwhicivphianees the pefermoartcalof the aatalyishinghé oxidationon.
process of this invention can be employed as a promoter metal. Factors contributing to
improved performance inciude. for example, increased conversion of the compound to be
oxidized, increased selectivity to the desired oxidation product, decreased production of
co-products, such as water, and increased catalyst lifetime. Non-limiting examples of

25  suitable promoter metals include the metals of Groups 1 through 12 of the Periodic Table of
the Elements, as well as the rare earth lanthanides and actinides, as referenced in the CRC
Handbook of Chemistry and Physics, 75" ed., CRC Press, 1994, Preferably, the promoter
metal is selected from silver, the Group 1 metals of the Periodic Table including lithium,
sodium, potassium, rubidium, and cesium; the Group 2 metals, including beryllium,

30  magnesium, calcium, strontium, and barium; the lanthanide rare earth metals, including
cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, and tutetium; and the actinide
metals, specifically, thorium and uranium. More preferably, the promoter metal is silver,
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The impregnations of the gold compound, the reducing agent, and the optional
promoter metal(s) onto the support can be conducted in any order which yields the catalyst
of the invention. For example, the gold compound can be impregnated onto the titanium-
containing support first, followed by the reduclng agent; or the arder can be reversed with
the reducing agent being impregnated first and then the gold compound. When the support
contains titanium and the reducing agent does not, It is preferable to impregnate the
reducing agent onto the tntamum-contamlng support prior to the gold compound. When the
Support does not contain titanium and the reducing agent does, then preferably, the gold
compound is deposited before the titanium-containing reducing agent. This latter preferred
embodiment yields a catalyst which efficiently utilizes hydrogen in the hydro-oxidation
process, as evidenced by the low water to olefin oxide molar ratio achieved. The promoter
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25 As a final optional step, the impregnated support may be heated prior to use. The
optional heating may be conducted under oxygen or an oxygen-containing gas, such as air,
or under an inert atmosphere, such as nitrogen, or under a reducing atmosphere, such as
hydrogen. The optional heating is typically conducted at a temperature between 100°C and
800°C, preferably between 120°C and 750°C. Altematively, the impregnated catalyst may

30 be conditioned in the oxidation reactor under an atmosphere comprising an inert gas, such
as hefium, and optionally, one or mare compounds selected from hydrocarbons, for

example, the olefin to be oxidized, hydrogen, and oxygen, at a temperature between
ambient, taken as 21°C, and 600°C.
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publications ¥ Bﬁmﬁlﬂdﬁem\/\@uﬁﬁﬂ@Qéérﬁiﬂes&ﬂdxy&\@g%hﬁﬂéﬁbﬁdst&eﬁm dré Q:ally reater
processes, an oI

t act
processes. oy o idy . S o), BBl B e pa A
correspondi ng baéa;-f omthe tatalenoldeyf obdfiaf hydrégeoporygemiand optinnakdiloentmSuitatdsar bon
h . ; :
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Typi cal vy, Eﬂﬂ olefinin the feedstreamis greater than 1,
preferably, grggg!td La“ug;l‘to, and nore preferably,

The diluent can be any gas or liquid which does not inhibit the process of this
invention. In a gas phase process, suitable gaseous diluents include, but are not limited to,
25 helium, nitrogen, argon, methane, carbon dioxide, steam, and mixtures thereof. If a liquid
phase process, the diluent can be any oxidation stable and thermally stable liquid. Suitable
liquid diluents include chlorinated aromatics, preferably chiorinated benzenes, such as
chiorobenzene and dichlorobenzene; chiorinated aliphatic alcohoals, preferably G, ,,
chiorinated alkanols, such as chloropropanol; as well as liquid polyethers, polyesters, and
30 polyalcohols. If a gaseous diluent is used, the amount of diluent in the feedstream is
typically greater than about O, preferably greater than 0.1, and more preferably, greater than
15 mole percent, based on the total moles of olefin, oxygen, hydrogen, and diluent. The
amount of gaseous diluent is typically less than 90, preferably, less than 80, and more
preferably, Ieés than 70 mole percent, based on the total moles of olefin, oxygen, hydrogen,
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greater than 20 nole percent, based on the total noles of olefin, n)egSEP 2003
.hydrogen, and | o optional diluent. Typically, the quantity of ol efl

I ess than 99w@gepdeeszabl y, less than 85, and nore preferablgyy 9}5%5,594511% 70
nol e percent, based on the total noles of olefin, oxygen, rogen, and
optional diluent. Preferably, the quantity of oxygen In the feedstreamis
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preferably, greatér than 3 nole percent, based on the total noles of

ol efin, hydrogen, a I luent. Suitable 20 quantities of
hydr ogen are typi ca @%F" M’ﬁgﬁ}dgggg ceheclg%ﬁpd tp'élggacgq{g anhcoryantional e
preferably, |%ﬂ§sgms\&ablg@rrmserm¢m¢ plvasssds Olsuafyg, thopkessus ea‘ndﬂéte@a?é' n,
Y Qui d-wihi o Seieratdl ot Raler i dnlbhon, Linias 20 % an B Mo V36! St
phase processCatalysts pispareghydoripretir ﬂed @retipds ot thisdevention advastageduslyl prodiuzd 16ver
25 hel i umg Ni 4MEWRE of WatE Adia e

t her eof . Iot a I%%s D ‘? g@gn gﬁ:gess 'y s‘iﬁ%@% oggﬁnget‘ any thgﬂ??f?tox' r?{'
stabl e and t hPRRdS aMRieying Be calglysipt tfmntl%mlp@can beeanguetpd ablemperaturesitigher
chl ori nat ed athamabidls Pr&é@ﬁ@!tﬂbkemp“éﬁtefellﬁlgrbsﬁr iﬂﬁﬁ'#@*@ﬁ%or&ﬂfékb Sgreater than

chl orobenzene@d;;g % Loh_ﬁtienzene chl or t ed al |g hatic al

preferably C,! Hallys ihetempepiuis, s less t@.’l’@'? &5 PEgieraply jass é’éﬁﬁ’cﬂ25°€-soﬂéfﬂt'°as
liquid pol yet #tdﬂghermhpmtﬁ%%m s&ﬁrrp@émtelf:@ahﬁé ﬁeatlp?o@ce@SR&Bdew Wet 1S
used, the 2 d iluent in EI rea reat er’ t han
Shoat 0 b o e BlicfontHaless e g intsEralSd feck ltel plafidaslon unegat dedieat aiived: 5
nmol e per cent , frimdristeamiiseseddd dhveﬁddﬁmnajfpmbﬁesmucbnmﬁélse;t‘at@troﬁg#medélﬂ'n

di luent. The t‘lﬂ}"’&g gaseous diluent Is typically |less than 90,
pref erably, Iess an %f and nore preferably, less than 70 nole percent

based on the total ppglssy, qﬁe a.legédraof m;eg&eaoxmx% ?a@ges fofi a gﬁ&ﬂﬁgﬂé

00/ 59633 PCTI US00/ 09424 'S use
anount of di | 4@hesig f?@ﬁé%bé‘!%@ peiaiably fmﬂ‘y‘;ﬁp@élgl (W@r‘@ﬂ) tr 250msig 01724 kPa)

pref er abl yg gF@ﬁé?‘ésﬁma?ﬁJdégé%tgaE%M acd ity i |s méfme% Iess than

the olefin and e anmpunt of aw d dilue

99, preferab &’Fh%(ﬁ"’@y i5@egef thsa Eﬂf"ef"ﬂ)a%’éﬂ %ﬁ'ﬁh@eréwﬁbﬂhnbarmelm
of the ol efi ngmadar%adiiomeﬂt andeneremtstérabwgrd&tsman 11000 ®S.S TERAIP.ahe Grbvcsfed

in a reactor 9’\ oefg% is ess %nt 'é?ﬂ?oo h*, preferably, iess than 35,000 h", and more preferably, less
than 20,000 h™. The gas hourly space velocities of the oxygen, hydrogen, and diluent
25 components can be determmined from the space velocity of the olefin taking into account the
relative motar ratios desired.

Typically, an olefin conversion is achieved which is greater than 0.1 mole percent,
preferably, greater than 0.3 mole percent, and more preferably, greater than 0.4 mole
percent. The term “olefin conversion” is defined as the mole psrcentage of olefin in the

30 feedstream which reacts to form products. Typically, a selectivity to olefin oxide is achieved
which is greater than 60 mole percent, preferably, greater than 70 mole percent, more
preferably, greater than 80 mole percent, and most preferably, greater than 90 mole
percent. The term “selectivity to olefin oxide” is defined as the mole percentage of reacted
olefin which forms the olefin oxide product.
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desi gh suitable for gas or liquid phase processes. Usually, the pro&gssﬂ;sﬂm
.conducted at a tenperature which is greater than anbient, taken as

and | ess t hanw@bi¥ss33Si nce catal ysts prepared by the prefergadudegbdaoss of
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simlar catalysts prepared by prior art nethods, the hydro-oxidation

| | t
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defined as the mﬁgheggféggﬁ}gggg k@thgfﬂérﬁiﬁﬂmamﬁsﬂ@r&?ﬁeeﬂs tream V\# %l'ﬁéiggc
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oxi de" I|s def pme@tagestdiegmm@ﬁfommebms reacted olefin which forms the
ol efin oxide product. 17 0 8 SEP 2003 WD 00/ 59633 PCTI USOQ' 09424 1t is
desirable to Exdmmed a good hydrogen efficiency in the hydro-oxidation

process. Hydrogen efficiency can be optim zed by achieving a water to
ol efi n oxtde nol arSeditm ghlaraurate (NaAUGax HiGh 028 g)rwasitdisspived insdeiafizedwaler

i nvention, t h@;zms S5t Lohb Rk (A mmdigl o Bordstb? 81 GPwhrkRlefBl s rdinBdoflbr NN
2:1, but typically less preferred odi nent
i nvention, flask (100 ml) and heated at 60°C for 1 h under a vacuum (30 mm Hg) on a rotary

evaporator. The silica was impregnated with the sodium chloroaurate solution by feeding

the solution slowly into the flask at 60°C under vacuum. The flask was evacuated untii a dry

25  solid was obtained. The dry solid was removed from the flask and air-dried at 60°C for 12 h.

Titanyl acetylacetonate (0.27 g) was dissolved in methanol (22.5 ml). The gold

treated silica spheres (9.0 g), prepared hereinabove, were placed in a round-bottom flask
(50 m!) which was evacuated for 2 h on a rotary evaporator in a water bath at 80°C. The
titanyl acetylacetonate solution was slowly added to the silica under vacuum at room

30 temperature. The flask was retumed to the water bath at 80°C and rotated under vacuum
for 3 h. The solids were removed from the flask, washed with methanol (55 ml), filtered, and
dried at room temperature. The sample was placed in the oven and calcined in air using
the following calcination scheme: heated from room temperature to 550°C in 5 h, held at
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.10: 2. and nore preferably, less than 5:1. Wen activity of the
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catal yst can be easily regenerated. One regeneration nmethod conprises
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Titanyl acetylacetonate (0.27 g) was dissolved in nethanol (22.5 m ). The
gold treated silica spheres (9.0 g), prabjgated herei nabove, were placed in
a round-bottom flask (50 r n on a rotary
evaporator in a water bat #% %@W@Y‘% #@F?og’geet%vlé%dgtonate sol ution
was slowy added fo Bhe il ch RPCEnV* vacr{msgatli HOrPGO [teRPgeatjure. The
flask was returned to_the (p@jt primomt%) gt (BGIE %ing motd mtied kgcdatsh jJacuum for 3
h. The solids werf retoved frpmthe fljask, vvas?ed wi t h |met hanol} (55 m),
filtered, and dry eaistatt rjotsh { enp@6at Yyr e. 9Zhe $argd41 wds pd.aced I n the oven
and cal cined I n ajrat@4hng 160he f 0l2Fowi|ng cal ci nat4d.t81 sghene: heated from
roomtenperature fo @50C|I16051h, 0del d jlat 87 . 4 O 8 SER 2088 W) 00/ 59633
PCT/ US00/ 09424 55pC for 3 180 andO0®dol &d t d2r oom t enperdt ur®0to lyield a

cat al yst conprisihg @bl d|ot60a| t 0t2d4ni um cd&7t ai ni ng -supgor t3.3Gol d | oadi ng,
0.5 wei ght percenf; ttar)i 180 |oadi4lg 0.5 V@& ghtl percerjt; %a: Aul at omic

ratio, 1:1. as delerdined 160 ion analysils (8@A)
4 140 0.25 88 - 3.5
" 160 0.36 82 - 4.7
! 180 0.50 65 - 4.9
15 a. PP = propylens; PO = propylene oxide

b. Feedstream: 20 percent propylene, 10 percent hydrogen, 10 percent oxygen,

balance helium. Catalyst, 2 g; Total flow rate 160 cm¥min; olefin GHSV 480 h™;

Pressure atmospheric.

c. Feedstream: 19.8 percent propylene, 9.8 percent hydrogen. 10.1 percent oxygen,
20 balance helium. Catalyst, 3 g; Total fiow rate 160 cm*min; olefin GHSV 320 h";

Pressure atmospheric. ,

d. After regeneration at 300°C under hydrogen.

The impregnated catalyst of Example 1 produced at the Initial time a propylene
25  conversion of 0.36 percent and a propylene oxide selectivity of 92 percent at 160°C. The
water to propylene oxide molar ratio was only 2.04:1. Propylene oxide productivity was
calculated at 8.3 g PO:kg cat-h. After 24 h on stream, the conversion was 0.27 mole




The catal yst prepared hereinabove was tested in the hydro-oxidatior a)fSEp 2003
propylene to 5 propylene oxide. The catalyst (2 g) was | oaded into

fixed-bed, cpyhskgpus flow reactor (10 cm) with flows of p@ghgddmu@xygen,
hydr ogen, and propyl ene. Feedstream conposition was 10 percent hydrogen,

10 percent oxygen, and 20 percent propylene, the bal ance being helium
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tenperature was 160C. Products were analyzed using ah on-l1ne

chr onmat ograpl{&é@rrpack’\ Poraplot"' S colum, 25 n) with the results
shown in Table 1. Table 1 Hydro-oxidation of Propyl ene to Propyl ene Oxide
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bal ance nel i drm Redapoei 35 b Do capted o and ¥oieg ¥ psest el abfoem n_ Gredy 480
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productivity .
vacuum on a waterbath: 60 min at room temperature, 30 min at 35°C, 30 min at 60°C, then

cooled to room temperature.

15 Chloroauric acid (HAuCl,.x H,0, 0.3729 g) was dissolved in deionized water (18 mil).
The gold solution was impregnated onto the spheres under vacuum and vigorous rotation -
on a rotary evaporator. The impregnated spheres were then dried using the following
scheme: 60 min at room temperature, 30 min at 35°C, 30 min at 60°C, then cooled to room
temperature. During the drying, the reduction of gold could be seen by a change in color

20 from yellow to greenish-purple. The catalyst was then cooled to room temperature and
dried ovemight in an oven at 80°C under a nitrogen atmosphere. During this period, the
calor of the catalyst tumed completely pumple.

The impregnated, dried spheres (4.72 g) were submerged in deionized water (50 ml)
and left with occasional stirring for 30 min. The water was decanted, fresh water (50 mi)

25 was added, and the mixture was left to stand for another 30 min. The water was decanted,
fresh water (50 ml) was added for a third time, and the mixture was left to stand for an
additional 30 min. In a final wash, an aqueous solution of sodium nitrate (0.9995 g in 50 mi
water) was added, and the mixture was left standing for 30 min. Thereatter, the mixture
was filtered and dried under nitrogen at 80°C ovemight. Next, the material was calcined in

3¢ airusing the following scheme to yield a catalyst of the invention: from 80 to 200°C in 4 h,
from 200°C to 500°C in 4 h, held at 500°C for 2 h, then cooled to 80°C and stored in a
closed vial at room temperature. Gold loading, 1.32 weight percent; titanium loading,

| 1.98 weight percent; Na:Au atomic ratio 4.6:1, as determined by NAA.

20




calculated at B.3 g PO kg cat-h. After 24 h on stream the convers&g Eps 003
0.27-nmole 0 8 SEP 2003 WO 00159633 PCTI USOCQ' 09424 percent and the <§ t%
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(50 ) wns auBtpsr(3P-13 3 e piice o Santo; sEPHREY GRG VREIAPR L fop® 1SPRFTAND
an additionator8&.nmn. In a final wash, an aqueous solution of sodium

nitrate (0.9995 g in 50 M water) was added, and the mixture was |eft
standing for 30 m(ﬁitﬂﬂwwmwﬂﬂm)aﬂdsmm chlordef (Fisther.dil1 Z27dy) svereed under

nitrogen at 8 <ﬁ)@ﬁr l.L using
the foll ow ng&% lﬂ'dam'Y d%m%edcg?gﬁ (/mt of kg s\éﬁlﬁ%rf/\g%s[clh@%nkrgﬁ]ﬂgghéo 200C
in 4 h, ?%onfBeOS beaBBWeN?PQ{alﬁfUW@FYNHU"‘ES’OG@"WIMQDFQMS rotatéon. dbel ed t o 80C
and stored i Ninfregnated spheres were then dried under vacuum using the following heating scheme:

60 min at room temperature, 30 min at 35°C, 30 min at 60°C, then cooled to room
temperature. Chloroauric acid (HAuCl,.xH,0, 0.2996 g) was dissolved in deionized water
(18 mf). The gold solution was impregnated onto the spheres on a rotary evaporator under

25  vacuum and vigorous rotation. The impregnated spheres were dried as noted in the
previous step, after which the vacuum was released. The dried maienal was further dried
under nitrogen at 80°C ovemnight and then calcined in air using the following heating
scheme: from 80°C to 200°C in 4 h, from 200°C to §00°C in 4 h, held at 500°C for 2 h, then
cooled to 80°C and stored in a closed vial at room temperature to yield a catalyst of the

30 invention. Gold loading, 1.08 weight percent; titanium loading, 2.7 waight percent; Na:Au
atomic ratio 3.8:1, as determined by NAA.

The catalyst was tested in the hydro-oxidation of propylene to propylene oxide in the
manner described in Example 2 with the results shown in Table 1. At 160°C propylene




closed vial at roomtenperature. Cold |oading,-1.32 weight percent;}§ SEP 2003
titanium | oading, 1.98 weight percent; Na:Au atomc ratio 4.6:1, as

determ ned bywiAws9ed® 0 8 SEP 2003 WO 00/ 59633 PCT/ US0010948d4T1Revmmadsal yst
was tested in the hydro-oxidation of propylene to propylene oxide, in the
manner described in Exanple 1, with the exception that 3 g catal yst were

used and the rcent . propyl 1 percent
oxygen, and 9. &ﬁ%gé%&eﬁggbﬁggp{%@ﬁq Fgﬁegé Og%gﬁ(e’@’c%@ypqégﬁgpﬂmpt R&d@?&\'ﬁva\@é
set forth in Taby€OIkg cai-hlBoCeadieatiniwap vbspredcbidr t5ih ah wartarmf AEXSWHJ €he2
produced a propyl n of r.gent ropyl ene oxid

sel ectivity ofcgév?e?%g? @ggp%i et ssle g&ﬂ'@t Ia@@?yegﬁen&aggar%tw wap 5??9 Re”kg
deacti : vation aht-hl hAﬂeraegér;esatf ingvhe cﬁtalgath(t) 8P0ourider hycmsgemt. ﬂﬁeuataiy& aé'ﬁ%dté‘e
DepoLt o3 wgR BBl bORAY < ot s i elom e ta sirom.
catal yst was rcageaetetced at 300C under air. 10 Regener ati on under hydrogen
was al so effective. Exanple 3 A support conprising titanium dispersed on
silica (2-4 mBxapiperes; surface area, 360 nR/g; average pore dianeter, 110

A) was calcined using the follow ng schenme: from 80Cto 300Cin 4 h, held
at 300C for 2 h, tHevppordpergeiiag tien®BCiispersed dn sliie (244 atm SPItes, Suffade ded,
then cool ed t ' rature.. The
cal ci ned  spharoara §¥étafe piie daieh 13037 s thihedln oAU LRUREF AL by the
evacuat ed 18t rfoliowingsehemar from 807Cae 300 in@ilt; hild aaBOQrC(fAralm fedm 300°CLBB550YC and

sodi um chl ori d@q’(r@ds&%gpoo %r%ﬁ%ﬁergéoo% §0%5 %ﬁ?%t\é%%’ %ﬁ’ ng{%del oni zed

wateri (18 m) AP i on Gae T HRPeINa BUBAM, rotary
evapor at or undemperatuneinTznchlaned euppmrtgaﬁ 231g) wax @itiirdma rdihmi-buttaprmaamad\ was

50 i at- r oorhHa Sl £l e uer it adlalie hiBomemBllafite F Rk, MAGRUET
room tenper atRrglicoraite iidrishy 9%pezasntl 4SHRgIVAS dissdyedin Bodigy dpioniaed wates (d6vel)
I'n dei oni zgd VYa&fiing ih A8 olbtion ha-mﬁ 3mr&t 79, UItHecﬁhda&ﬁgte ISBREGIRAL frﬁg{rgﬂa‘?eé 8

spheres on a rota evapor at or 25 vacuudm gor ous
| npr egnat ed sphes W‘Qe%"@ﬂ“‘é{@‘ﬂ%‘f@‘éﬁ okatiop an tfwetmba\sapgfaéfgr Tzﬁ*ﬁtséppﬁlmweﬁ

the vacuum washeglfasiathe rofifevapdratdr amieeoa@hnwmgww&tlaﬂfaudas t%dowy N§tPin at’
nitrogen at 80C over nlrght and then calcined In_air usin

heating schen@MIeBREHEE. 38 %@é‘r"’% apd 30 mip gLEPHothen 6089@@ 'PHMGWPBWS-F B at

Cemperature to yi ciQiisroaicadfbiahesanedyperint Ac7bsH of wse dopdad hgoudh o

wei ght perment deidriitetinvaren (36 anjitangeld 3.sélutier lgdvingaepid on1 .32 NThé\gold solution was
impregnated onto the gluconate-impregnated support under vacuum and with vigorous
rotation on the rotary evaporator. The impregnated support was then dried using the
following scheme: 90 min at room temperature, 30 min at 35°C, 30 min at 60°C, then
cooled to room temperature. During the initial drying at room temperature, the support

25  changed color from yellow to yellow green. At 60°C some of the support particles tumed

purple. The dried material was subjected to a final drying ovemight at 80°C in an oven
under a nitrogen atmosphere, yielding a pumple-colored catalyst comprising gold on a
support comprising titanium dispersed on silica.

The catalyst prepared hereinabove (13.14 g) was submerged in doubly deionized
30 water (100 ml) to form a mixture at pH 4.14, which was left with occasional stirring for
70 min (pH 3.88). The water was decanted, and fresh water (100 ml) was added. The
mixture was left standing for 1 h (pH 4.48). The water was decanted again; fresh water
(100 ml) was added for a third time; and the mixture was left standing for an additional

—_ e — 22 e v e emmm e e




atomic ratio 3.8:1, as determned by NAA The catal yst was tested ifh§tSEP 2003
‘hydr-o- oxi dati on of propylene to propylene oxide in the manner described in
Exanpl e 2 w wodosessesults shown in Table 1. At 160C propyl@Agusiodeszs - O 8
SEP 2003 WD 00/ 59633 PCTI USO0/ 09424 conversion was 0.24 percent; propylene
oxi de selectivity was 87 percent; productivity was 3.3 g PO kg cat-h. No

deacti vation d-f or on strea At 180C, the conversion was
0. 47 percent, g@@f'{)@f‘ ei/‘ls@yTv\%[gafé’é E%P'B%‘Hf’ wag 'ﬁﬁ‘ Sddee spfingsatalgstavas dratik g
cat-h. After weipenimogen mg;orchevemgml mh stred3R ACld¢Bd Ofal AE6AYEAperhiife. C@ég&gﬁ
achieved a 5 g%%g%l OB of 10 45 {1&_ %sel ectivity of 85 percent
productivity © by kY wglgtgt_pﬁrcgp Bd OVB@}W%SBB‘ KAy algmisortio, 2.4:1, as
conpri si ng tldaamumdjbysWSed on silica (2-4 mm spheres, surface area, 360
n2/ g, average pore dianeter, 110 A) was cal cined to renove residual

or gam cs by the 10THeotataiyst tﬁgg)srdse&med if theeThy&ieCoidatidh @Cpiopyidnd to Hepylerit oxkl

for fro 0 t hen cooled to’
80C, and stop?ggﬁ ﬁaﬁﬁ%rﬁggé}gwiné er%h'%eﬂ%%%% ?5$%P%co%@n§ang GRS appor t
(25.23 g) wasSiawn indabed. p“dumvlemmpovarsmrawweemoea and 9.36pcrcart afdia prapyleab y
D' gl Loonat e ( Ry o Fapuge! lealdd e e IRRNEAL B dchiovs o ARESY el

dei oni zed wat B9tWeeH 148°F and 1603¢u | Therngtalyst uasdfaswvahnrek;amm@dampb’r m}fdrobealht The
gl uconat e; ol ghdeen was | npregnated onto the support under vacuumwith
vigorous rotation on the rotary evaporator. The support was then dried in

the rotary evm{%g_r under vacuum using a waterbath as_follows: 60 mn at
room t enperature, mn at 35C, and 30 mn at 60C, then cooled to room

t t Chl
di 550l ved i n d@uﬁ{gq“'*'@ﬁs‘*‘ieﬁ%“ﬁ‘a{*ﬁw“a&ﬁfp‘"i"’e“‘ﬁ?ﬁ fpr3s FilePhlR, g

a pH of 1.32. M¥REEGolYaleimiptthasiicate (11|-%ﬁ§r@g\f@attréasf9md>lntm@e contalner. Titanium
Phe rotary, ”‘“2“”3? (oSEohipaS adlKTEIO g AT Aol ol 42 o i O
fol | owi ng E’ﬁ%“ SdPﬂ*H §1“""Bp Wﬁ‘f‘%ﬁ’ﬁp@"éfi undesthefitroggn pyrge, ang)koqt At tis 60C,
t hen cool ed tePnperatinetie EIOfaphaktiAg tift lof 26. tTRe shiliidn vids HEX tbSledto 1.890h an ice
t enper at ur e, hhlﬁ 'go‘ét 2S chan&ed&c{ol or fromyellow to yell ow green, At
60C some of tH® éﬂgeg n aapeops Seldtion of Frtr@propyiammenium ydamxidey9fE4 ard0aveights
subj ecL ed to ﬂerbemtaﬂPﬁdJI-ﬁIhﬁ@n@dﬁvaI%Tcoatean&sltﬁhm EHAe Na) wasl Eacétl IRtot4 0gen
t
support conpy | & eRipBaP e e BRbere beliiagy il HTA S bae S0t e nBaoy
her ei naboge ( $Gutlch wih stiaings u‘bereorgmderlwasctmdahyntdan eibatid The TPAOH solution was
also pumped through an extemal stainless steel % inch (.6 cm) coil emerged into a dry ice -

(@]
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acetone bath (t approximately -25°C) to achieve faster cooling and better temperature
control. The solution was cooled down to -4°C. The cold alkoxide solution was pumped
into the 16 gallon container at the rate of 150 mUmin. The temperature of the mixture siowly
25  rose reaching -2°C after the addition of about one-half of the alkoxide solution. Finally,
de-ionized water (5432 g) was added to the mixture with agitation. The temperature of the
final mixture was 8.2°C. The mixture was stirred for 18 h at room temperature. Thereafter,
the hydrothermal synthesis was conducted in a stainless steel autoclave with 200 rpm
stiming. The autoclave was heated to 160°C and kept at this temperature for 4 days. The
30  reactor was then cooled to room temperature, and the product was pumped out from the
reactor. The product contained a large organic layer that was separated from the rest of the
mixture. The pH of the aqueous milky liquid was adjusted to about 8.7 with nitric acid
(1.5 N), and the product was recovered by centrifugation at 3000 rpm. The sofid was re-

nn ae eim e e
U




30 water (100 m) to forma mxture at pH 4.14, which was |eft wit[)a SFP ZSUH3
occasi onal Sti{\fdoﬂgg or 70 mn (pH 3.88). The water was decanted, and e
water (100 ml) was added. The nixture was |eft standing for HCTRUSOgddezy. 48) .
The water was decanted again; fresh water (100 m) was added for a third
time; and the g’_xture.was | eft standing for an additional 22-.. . 0 8 SEP
2003 WO 00/ 59695PersTy inStxtertgetiddatéCandi centrifde® afo. T . the .m xture
was filtered, ?&q2thhf'ol 5§§3’é§ é&% ctat al ést,ﬂs\j/as %}ér}l edﬂ_@ﬁerr?g@{lé %‘?ll{jr‘%géjﬂe%?t g’(PCC
over ni ght , thezli hstor'eof I N GRHPN\IG an aigplowp guen.c FrematedalovasGehel ¥ 550°C in
conposi tion: A8,h, olloweds ihgleatipeatd@0tc. Ainow ; . ent. K Au atomc
ratio, 2.4:1, At ngp‘&g m neg.t bri/? @b&A 5 ?hea%rgét)?mtg&%‘@}? %‘glmgs@évgpgaptitnp t he
hydr o- oxi dat i on “oF °p %)W’g'ﬁ Hanpsiirale phaseeof die M, strupture type.nanner  descri bed
in Example ¢ herei nﬁli)eovtﬁ.. Proc%ss conditions and results are shown In
Table 1. A propyl ent COAVEPSTORRINNG SHARAT (3020 peapares! BBvpevasealtinedh & at 575°0

propyl ene oxi the 8dedreloddoladity radm @hpatsiret A re achieved at a
process tenperg&iw(ﬁo%é)@t%\ﬁen 140%?8”8(1 1%00%6%', gng?,g% gﬁ@é?‘*\geﬁ&g“’aﬁ'%wqqun
regenerat ed under \Rydr SgeT SSAUTHACESIH(0.EQHRAMethanol 35 4).L The samplesss eiedbndor
cont ai ner Wi t hvacuomet room serpergect Lfrﬁrfréb'ilomdgl,lih?ﬁ h\é@%ﬁ UQ{jgrv i rg}gﬁ@b
Tetra(et hyl)or LLi e . 276 was transferred i nto the fAder2h
TE[ftani um tlj_;t o@@? %l.f%%‘_iygt @%%MG%S dto thedsil [ gitg Wi EE Vi g;)_rous
stirring. e resu n S ated to 91 C w cont i nuous
agi tation under it h.e‘ibﬂr‘lélﬁl %t%ggé#% r%aes,.ev\gﬁategib o hydicrpxidation phRrepyienedo pmpyiene
E) ot ﬁl f heat i Rg oXidreindhe mahnerHescribaliin Exampia.s, Wifl‘ﬁlﬁe @S?éﬂpﬁ@n{rﬁt f(ljwe?&a,gew%ce
30 vei ght . per Coo B pRes B3 Ab ol 4B et e Shal damperhie G0 prmectin)
w;;ts pl acgg :jnt\'!asaw.ﬂBCgaﬂt therstart | thepcaialystavas heqtall at 1ueC fQﬁH} ABhd& Pelt: fhed 814
g) was added t T,ﬁg@ | with stirring. The contal ner was
pl aced into an&io?:g&t)eaf ) ?ﬁ(&e?&k&lngrgﬂﬁepg?{ 1\%?/:55'”7 tﬁg% 8X¥9gmVag addediadie ow.
ext ernal stii Mg propylase oxide wasgioduced ety steadyl rarver gRcthi %rﬁb@atdfeﬁv&%‘?ﬁm'ged in
acetone bath ({s-ameRsi - i Jasfer cooling and better
tenperature control. "Iggh?oﬁypl?{%igﬁxﬁe@gg0238(&53[1&?6"’3"3@? Carfyarsion of
al koxi de sol ut 3-8 REARARL WasHhtained Witiva sklectivBy pairbmylereaddei d196 paiceht Hhd'a W &e PO
150 m /mn. ThaokherpRsopsgre of the m xture slowmy 25 rose reaching -2C
after the addition of about one-half of the al koxide solution. Finally,
de-ioni zed watExanphd®?2 g) was added to the m xture with agitation. The
tenperature of the final mxture was 8.2C. The mixture was stirred for 18
h at Toomaenper at uk aystities Bahtelsiicatoes By BfaBhAAIHEH ERIRBEE s Wined in airto
rpm

conducted In knl.es t eel . autocl ave wt
%od-E fdt 6P dindcodfed 18 Yoom temperature. A methanol solution containing sodium

acetate (0.20 g in 25 g methanol) was prepared, and to this solution was added a second
methanol solution containing chloroauric acid (0.06 g in 5 g methanol). The resulting
solution was used to impregnate the titanium silicate by incipient wetness. The

25 Impregnated silicate was thereafter dried in a vacuum oven for 30 min and then heated in

the oven at 60°C for 1 h to yield a catalyst comprising gold on a titanium-containing support.
Some gold particles could be seen undar high resolution transmission electron microscopy.
Mie scattering showed a weak band for metallic gold. As detemmined by X-ray
photaelectron spectroscopy, 60 weight percent of the total gold content was metallic gold.

30 The catalyst (3.0 g) was evaluated in the hydro-oxidation of propylene to propylene
oxide in the manner similar to that of Example 5. The feedstream comprised propylene
(35 percent), hydrogen (10 percent), oxygen (10 percent), the balance being helium.
Process conditions were: 225 psig (1551 kPa) at a total flow of 1,500 standard cubic

24 -




stirring. The autoclave was heated to 160C and kept at this terrperamersEPcmﬂg
4 days. The 30 reactor was then cooled to roomtenperature, and the product
was punped out WYME%3e reactor. The product contained a Iarﬁﬁ,ﬁoww
| ayer that was separated fromthe rest of the mxture. The pHoO e
aqueous mlky liquid was adjusted to about 8.7 with nitric acid (1.5 N),
and t he product d by centrifugation at 3000 rpm The solid was
re 26 0 8 SEP 2?%@%@%%@? ‘g‘éﬂﬁuétﬁiwuwicépé@%e PropplehestndSioh s’
and centrif uged!-8@aroent Witte arselectivity Rpromidnd oM of b QC r 12 h,
fol | owed by calgbnation in an ai rty-tt??)oév\% oven. ?ﬂgbﬁggcgétiaépjavmer{g Hhelar fago of
550Cin 5 h, followed 5 h heating at 550C. A powder X-ray diffraction
anal ysis showed that the material was a pure titanosilicate phase of the
MFI structure type. 5 The titaniumcontaining support (30 g) prepared above
was calcined in air at 575C for 8 h and cooled to roomtenperature. A
sol ution was prepared conprising chloroaudc acid (0.035 g) and sodi um
acetate (0.5 g) In nethanol (35 g). The sanple was dried under vacuum at
roomtenperature until free flow ng, then heated under vacuumto 100C for 2
h to yield a catalyst of this invention. so The catal yst (30 g) was
eval uated I n the hydro-oxidation of propylene to propylene oxide in the
manner describéed in Exanple 1, with the exception that the total flow was
15.0 Umn; the pressure was 210 psig (1448 kPa); and the shell tenperature
of the reactor was 160C. At the start, the catal yst was heated at 140C for
5 h under helium then propylene and hydrogen were Introduced for 10 mn;
t hen oxygen was added to the flow. i5 After propyl ene oxide was produced at
a steady rate for 1 h, the tenperature was ranped In 15C intervals to the
operating tenperature of 160C. A propyl ene conversion of 3.2 percent was
obtained with a selectivity to propyl ene oxide of 96 percent and a water/ PO
lar ratio of 5.2. F ex41B6 20 A crystalline titaniumsilicate (15 g),
repared as in Exanple 5, was calcined In air to 600C for 8 h and cool ed
to roomtenperature. A nethanol solution containing sodium acetate (0.20 g
in 25 g nethanol) was prepared, and to this solution was added a second
met hanol sol ution containing chloroauric acid (0.06 g in 5 g nmethanol). The
resulting solution was used to Inpregnate the titaniumsilicate by
I nci pi ent wetness. The 25 inpregnated silicate was thereafter dried In a
vacuum oven for 30 mn and then heated in the oven at 60C for 1 hto yield
a catal yst conprising gold on a titanium containing support.



Some gold particles could be seen under high resolution transm ssi qg Sﬁp 2003
.electrop mcroscopy. Me scattering showed a weak band for netallic gold.
As determ ned by X-ray photoel ectron spectroscopy, 60 wei ght percent of the
total gold content was netallic gold. 30 The catalyst (3.0 g) was eval uated
in the hydro-oxidation of propylene to propylene oxide In the manner
simlar to that of Exanple 5. The feedstream conprised propylene (35
percent), hy@ﬁ%mﬁ(lo percent), oxygen (10 percent), the bal ance being
helium Process Gondirbd ; ' i w of
1,500 standard cug'i ?ddzrgécgﬁlﬁ pg%ﬁ&%&g%%gb%%/é %gégg@s%%%dsgg? g%’?l%kp

centi net ers sentairing$epPOftsihe pjocesACOMPsgIEPIAsnAtEg GfEoidreymnonad prdoprptiening
conver si on ' L I i of 99
ercont and AlgppuB pRRaGE g, WdRthahistls el dpBOO cRABHRRK ) )
process ofs premprisertganuns,amdé¢ryconditionssuificienion poparethestatalysy odmipasitioa. ti t ani um
cont ai ni ng support, the process conprising inpregnating a gold conpound and
a reducing agent onto a catalyst support, wherein the reduci ng agent

and/ or the cat al y3tA gispqey df Claimanphidraie thei gokindomppundnisl sgleatahfdorh ichib foauric
sufficient to prepare the catal yst corfgosition 2. é process of, Claim1
wherein the GeHcsoRBAENATORNFLe Salestyrt hbrogirate ol Gianide POt sl

chl or oaur at e dipRlAsaé MiFcaBKaREAdHA®R] gld golat, alkaAnotichalides, asdilkdll goies. cyani de,
di et hylam ne auric acid trichloride, gold acetate, alkyl gold halides, and
al kali auates. 10 3. A process of Claim1 or 2 wherein the gold loading is

greater than 10 pariSpledss ofClaim PBr@Whmﬁl@ﬁEgol@mﬁﬁg% Qprédier thal W parepant of
-the gold and sup%ort. 4. rocess, o one_ of aims 1 to 3 wherein the
8

| . Ap f, an
reduci ng agemtillios by weight hpsed on ths t%%Hﬁ%Bfﬁ&¥E'ﬁ£Pldd6€§“RP8f‘~ contain titanium
and that is selected fromsugars, carboxylic acids and salts thereof,
al cohol s and al koxi de salts thereof, al kanolam nes, alkylam nes, and
m xtures t her eof . 45A progsssof @ay orsrof Elaimpnl 4o Jbeteinhe FFusingiRESIhIS 2R GERINIC s

sel ected fr O%Q&Jnamveoeé%gi SRR Rbidifid aAd BBk Ba0RLa fréth BARR, carbsRimEOPanol

et hanol am ne, atetic aci actic acid, citric acid, maleic acid, cinnamc
aci d, sodi umecideandtsalts therdofunlcohod and alkoxide palistheraof. aflanolamineg ralkylamines,

and mixtures thereof,

5. A process of Claim 4 wherein the reducing agent is selected from the group
20  consisting of methanol, ethanol, isopropanol, ethanolamine, acetic acid, lactic acid, citric
acid, maleic acid, cinnamic acid, sodium acetate, sodium lactate, sodium citrate, sodium

cinnamate, sodium maleate, and mixtures thereof.

6. A process of any one of Claims 1 to 5 wherein the molar ratio of reducing

25  agent to gold is greater than 0.5:1.

7. A process of any one of Claims ! to 3 wherein the reducing agent contains
titanium and is selected from organotitanium compounds and titanium coordination
compounds.

30
" 8. A process of Claim 7 wherein the organotitanium compound is selected from

alkyltitanium compounds and cyclopentadieny! titanium compounds, and wherein the

titanium coordination compound is selected from titanium alkoxides and titanium

carboxylates.
26




ci nnamat e, sodi um nal eate, and mixtures thereof. 6. A process of acrﬁ/ %EP%
.Claims | to5 wherein the nolar ratio of reducing 25 agent to gol 8 03
greater than 0.5:1. 30 7. A process of any one of Clains 1 to 3 wherein the
reduci ng agent contains titaniumand is selected from organotitanium
conpounds and titani um coordination conpounds. 8. A process of Caim7
wherein the organotitani umconpound is selected from alkyltitanium
conmpounds and cycl opent adi enyl titani um conpounds, and wherein the
titani um coor di natg, of pRERePTHirh 8 v&@&cﬁﬁh@%ﬁﬁxﬁmo&mabﬂs@rﬂéd&a&m\i}ﬁn nd
titanium carboxylates. 26 0 8 SEP 2003 9. A process of Claim8 rein the
titani um coor¥EiyECe8R®onpound is titanyl acetylacetonate. 5 10. A process
of any one of Clains 1 to 9 wherein (a) the catal yst support contains
titaniumand is selected fromtitani umdi oxide, titanosilicates, titanium
di spersed 5 on sil ildaA poesspotanywpe of Claimsdrta Sevherein (ahthiegaalystsspppaed on
pronot er net ili.cat J i ef. ;L0 wher ei .b) the

reduci ng agen On(?:a'(')xlﬁ ttg’?nﬁl@g ﬁ@gg?lﬁ%d%% afaﬁlie‘lnlc({e@gﬁdy é‘ﬁ‘W%"ﬁ %87@”"2&‘sdéﬁp8{§9%d
from silicas, omdilival pramotea natil tiwsdtes, tiahiem, dispersedon promorg el slicaa| han, 10
titania, and mxtures thereof:. ar {(c) . .wherein both the reducin ent and
he support BRI Ferpet St griin £ thereaiiiEabe spaits iRy S PHASE 1 o 10
wherei n the tsupport isseleaediirorg sidioas; blemimsipRedihosilita®s, 2@t oia, nhahesth, 0dbyei ght
percent and | ess th@n.ZO V\ﬁ_;‘? hh g?rc nt, q%@ls‘gd ogn the 15 weight of the
support. Y. THAHHEE Suxtgges 3’° & (R fvhesein; e feduaing ggeat amdihefupPefist one
pronot er net alontafOtiRdid i S | npregnated onto the support, wherein the
pronoter netal is selected from Goup 1, Goup 2, the lanthanide rare
earth netals, the actinide netals of the Periodic 20 Table, and m xtures

thereof. 13. A proqesproéesfBangdfe 6f ClbRI1TS 18 wherehdnd\MA@hiBNoddisy SPiha!
concentration of pronoter netal (s) ranges fromgreater than 0.01 to | ess

than 20 wei ghuPpRSt 8 @rater has 8@2ypight prrcenbang lessthag R0 weight percentibapsdsan thes 14,
A process;of oynReheQhbpfa@i m I to 13 wherein after inpregnation, the
support is washed, and optionally, wherein after washing, the support is
treated with a

12. A process of any one of Claims 1 to 11 wherein at least one promoter metal
compound is impregnated onto the support, wherein the promoter metal is selected from
Group 1, Group 2, the lanthanide rare earth mcfals, the actinide metals of the Periodic

20  Table, and mixtures thereof,

13. A process of any one of Claims 1 to 12 wherein the total concentration of
promoter metal(s) ranges from greater than 0.01 to less than 20 weight percent, based on

the total weight of the catalyst.

25
14, A process of any one of Claims 1to 13 wherein after impregnation, the
support is washed, and optionally, wherein after washing, the support is treated with a
solution containing at least one promoter metal.
30 15. A process of any one of Claims 1 to 14 wherein the impregnation is

conducted to the point of incipient wetness or a point of lesser wetness with a solvent
selected from water, organic solvents, and mixtures thereof at a temperature between
21°C and 100°C.
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olution containing at |east one pronoter netal. 30 15. A process CUBESEP 2003
.0ne 'of Clainms 1 to 14 wherein the inpregnation is conducted to the point
f incipient wetness or a point of |esser wetness with a solvent selected
romwat er, organic solvents, and m xtures thereof at a tenperature between

21 C and 100C. 27 0 8 SEP 2003 16. A process of any one of Clainms i to 15
wherein after inpregnation and an optional steps of washing and treating

with a pronoter r’rég-eﬁPWF?féo W&P?/gfic?’énsﬂe‘&tléd"}leﬁm ey grapregpatigp and any
oxygen- cont ai,gi rof W I{;,g-gag Grel i . in a
reduci ng at rrtc)) %%%g;@ﬁ&fggstenﬁ]gr gltittq}lrgg%ﬂrd;gr%nro é% ggﬁegg%%mgﬁgns{}ggéﬁt an 800C.
5 17. A cat alopygen®o Apoxisen-ooniainng ass prhgalgd firoanoiners atimosphera. o baatedanni ng
support, wh i I i r o@ny one of
Qs | o Tl MRS ot bt ERak o L BRTE ROCTY, °0% Ge
conprising contacting an 10 olefin with oxygen in the presence of hydrogen

and a catal yst copprisi ; i £.an] i nin upport under
process con)(;i ti onE‘P‘shfcﬁggf%ﬁlnggsgt%gfcé)%nﬁlgﬂk g@%ﬁgﬁﬁaﬁ lu%'gf“?s]%g&lgﬁgp%oﬂ'al yst
bei ng prepar ehekin the eatplyndemepaedd tynle roeeso6f foyanersf Claings ILfp. 1619. A process
of Claim 18 wherein the olefin is propylene and the olefin oxide is 15
propyl ene oxi de. 28

18. A process of oxidizing an olefin to an olefin oxide comprising contacting an

10  olefin with oxygen in the presence of hydrogen and a catalyst comprising gold on a
titanium-containing support under process conditions sufficient to prepare the olefin

oxide, the catalyst being prepared by the process of any one of Claims 1 to 16.

19. A process of Claim 18 wherein the olefin is propylene and the olefin oxide is

15  propylene oxide.
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