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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, discioses 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 well.

Other art, such as EP-A1-0,709,360, teaches catalysts comprising ultra-fine particles
of gold deposited on titanium dioxide being prepared by a deposition precipitation method.
This method involves preparing an agueous solution of a soluble gold salt, adjusting the pH
30 to between 7 and 11, and then adding titanium dioxide {o the solution. The resulting
composite is calcined to obtain ultra-fine elemental gold particles deposited on the titanium

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

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

30 disadvantages of the deposition precipitation and coprecipitation techniques. [t would be
more desirable if the process could be adapted to practical forms of the catalyst, such as,
pelleted and extruded titanium-containing Supports. 1t 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 gotd.
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0 8 SEP 2003 WD 00/ 59633 PCT1US40/ 09424 Thi's invention is a process) & SEP 2003
prepari ng avwvabmiegst conposition conprising gold on a titaniumcontaining
support. The process conprises inpregnating a gold conmpound ERA/U$0M/PBAUCI Ny
agent onto a catal yst support under conditions sufficient to prepare the
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gold as is required in the prior art methods. 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 suppor, 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 composition comprising gold on a
titaniqm-oontaining 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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conprising inpregnating a gold conpound and a reduci ng agent onto a{ § SEP 2003
catal yst support, wherein the reducing agent and/or the support conprise
titanium WRLMSHEBegnation being 3 0 8 SEP 2003 WD 0015963BcPUBha4n@Y 09424
conducted under conditions sufficient to prepare the catal yst conposition.
Optionally, the catalyst nmay be heated prior to use. As noted
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catal yst ma
y p¥ovide the titanium, as illustrated in a reducing agent of an organotitanium compound,
such as titanocene, or a titanium coordination compound, such as titanyl acetylacetonate.
Altematively, both the support and the reducing agent can provide the source of titanium.
25  In an 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 titanium under conditions sufficient to prepare the catalyst compasition 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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optionally be heated prior to use. In another preferred enbodi nent gfﬂ SEPSZU‘B
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mi xed @@l d-this invention comprises gald and a titanium-containing support. Optionally, the catalyst
may further comprise at least one promoter metal, which is preferably selected from the
Group 1, Group 2, silver, lanthanide rare earths, and actinide metals of the Periodic Tabie,
and mixtures thereof. The gold can exist in an oxidation state or states ranging from about
+3 to 0, as determined by X-ray photoelectron 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 +B 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 gold-
promoter metal particles, and/or as gold atoms or clusters of atoms dispersed over the
surface of the support. Gold parti

les may or may not be seen by high resolution

30 ftransmission 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 absorption spectroscopies.
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Any gold compound which can be solubilized to form an impregnation solution can
be suitably employed in the process of this invention. Agueous and non-aqueous solvents
can be used. Non-limiting examples of saluble gold compounds include chloroauric acid,

25 sodium chloroaurate, potassium chloroaurate, gold cyanide, potassium gold cyanide,
diethylamine auric acid trichloride, gold acetate, alkyl gold halides, 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 saft 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
imprégnation solution ranges from 0.001 M to the saturation point of the sotuble gold
compound, preferably, from 0.005 M to 1.0 M.

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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reducing agent to gold is greater than 0.5:1, preferably,
greater than 1:1. In some embodiments of the invention, the molar ratio of arganic reducing

agent to gold may be less than 100:1, and preferably, less than 20:1. In other

25  embodiments of the invention, for example, when the reducing agent also functions as the
impregnation soivent, the molar ratio of organic reducing agent to gold may be greater than
10,000:1 and may even approach infinity, particulary 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 n-bond. A titanium-carbon o-bond is found, for example, in

alkyltitanium compounds, such as dimethyltitanium dichloride. A titanium-carbon =-bond is

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

such as, titanocene. The term “titanium coordination compound” is defined as a compound

7
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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 reducing agent.
If water reacts with the organotitanium compound or the titanium coordination compound,
however, then the compound is preferably solubilized in a non-reactive crganic solvent. As
noted hereinabove, solvents, such as alcohols, can aiso function as the reducing agent.
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Titanosilicates Crystalline and anorphous titanosilicates, preferably those
that are porousCnataiirdl & amorphous titanosilicates, preferably those that are poraus, are also

suitably employed as the support. Titanosilicates possess a framework structure formed

20  from SiO,* wherein a portion of the silicon atoms is replaced by titanium. Within the
framewori structure of porous titanosilicates 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 micropore has a pore diameter (or critical dimension as in the case of 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 from greater than 20 A to about
200 A. The combined volume of the micropores and the mesopores preferably comprises
70 percent ar 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 crystaliites.
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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 5 A diameter. A 10-ring pore is formed from-a total of ten tetrahedra
(Si0,” and TiO,"). Titanium sificalite and its characteristic XRD pattem have been reported
in U.S. patent 4,410,501. TS-1 can be obtained commercially, but it can also be
synthesized following the methods described in U.S. 4,410,501. Other preparations have

3¢ been reported by the following: A. Tuel, Zeolites, 1996, 16, 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 Materials, 1993, 1, pp. 179-189.
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titanosi I | ca %rous | ayered titanosilicates; crystalli RETRMSON/@@Dr OUS
titanosilicates, such as titaniumsilicalite-1 (TS—l), titani um
silicalite-2 (TS—2), titanosilicate beta (Ti-beta), titanosilicate ZSM 12

(Ti-ZSM1 2) antihe 'pbmmlmicluir@atm-é sésonL b A& inendisndel b- Pﬁ@gﬂ%op ousls

titanosilic 5 The pore structure o

conpri ses t%?é"ﬁt igcil;ﬁ%%gt ?Bﬁﬁhew&dm e mathaagrdesearibed in ther follayvipp refsrenicegbout

5 A di anmet ed..Sulih&RarRedgH dERI}anﬁ;QI‘ 0 t.e hedr
(Si4 and TJi 'éeyma-r mm Sili caﬁ?gé%g%?tﬂsz %ﬁar acqogrBYéJt {;'é gﬁfj‘t"'lér n

have been r oyma! ol {at@hisis.4 9101 3D Dp. 449-446; and Ibg AolTual aesly. Ben

cormer cisal I'yaarbunppﬁedmafaAS@erté?au $y8H R8s] #£@olAl | owing the met hods
described in U'S. 4,410,501. C her pregg?aﬁ%nsﬁlhave 30 been reported by

t he foll AT , ¥ . Gont d

A Tuel, OVz“eg?éé ATl sdeald 4ok SuarkSs R bbfie Dags, o0 1 o1

Zeolites, 198 "Cféporeﬁﬁf amfagd!aﬂwerAThaBUctulé ardepreparation obtigndsilicdigcsaghe
Zeol it

|220| ?'? els eTQagﬁ%%%n,d%%cn%gﬂ%%fﬁ nd %ére&cesru #Tgﬁ%nwulggﬁtlonﬂyg)rgyog%s

M cr opor ous 1 RBdeM. A §3aﬂ'm.3f\ QommpandZ% Fetez-Rariknte, FebiBs, 2Q03 V!Dn@)/g 9633

PCTI USQQ/ 0942 T, en t re TS- 2 co es one three-dimensional,
10-ri nggm cropor%usﬁ%gstec{%%"t'll% ?arM ng'é% 7 ¥R BekkuAL Sted. Kt Sci. Cat.,

descri bed i¥99%h84fpp. 28462851.ef erences: J. Sudhakar Reddy and R Kumar,
Zeolites, 1992, 12, pp. 95-100; by J. Sudhakar Reddy and R Kumar, Jour nal

Ol pC3al Yot o LU parGIuRpe 0264652 Sophes el ut af¥siing Py SRGIA:

i u
Ti P bet a cor?grgl snﬁgf &Bﬁ%’ﬁ?%ﬁ %6?19-;’@& F‘ﬁde@%“t“?‘iey Sy @9@\*ﬁr>a”dtﬂlmuﬁtlmtdal por es

f about 7 A di t t f tit | te bet
have been deser HEIR sPGuBn 152 EhEA8 Berabisia aenarimepsioasit Oyl ehaanbn WO
gg{) Plztzgg (5!19?4') of dﬂneﬁsnoﬁ?ﬁﬂsblﬁ()b 1%6;;} d@%r@%rerﬁiég by Fi"SzE’QEQ ff@o@ﬂto‘?ﬂﬂfleciylar
Ni ederer, & Velbﬁ &3%'%%8@1(%‘#{ LtPrksIRR, pesGa1- &i Other_uggaxenm to fipe
2245- 2251, pTé]Earaﬁ!irEaﬁd preperies opti- Zsm&%%&@aéé”ﬁrméﬁscoé‘% WLP'%“EP%g%”a'

12-ring chéﬁlg é’ay tem of dinmensions 5. A, as referenicéd’b
Gonti er Bay&. Micoparous Materals 1904.% Par 6243 iang S\Tael m‘tﬁf]ﬁrBsreﬁ'aant

one- di nenSIZBwies.lfBQ“G g gh1aenglzoi S system of dimensions 5.3 A by 5.6 A as
referenced by R Szost ak, Handbook of Mol ecul ar

20 Ti-MCM-41 is a hexagonal phase isomorphous to the aluminosilicate MCM-41. The
- channels in MCM-41 are one-dimensional with diameters ranging from about 28 A to 100 A.
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 fess than about

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

d. Titanium Dispersed on Silica

Another suitable support for the catalyst of this invention comprises titanium
dispersed on silica, a variety of which supports can be obtained commercially. Altematively,

. — .1




Si eves, Chapman & Hall, New York, 1992, pp. 551-553. QO her referenc@$ SEP 2003
the preparation and propertles of TI-ZSM 48 include C. B. Dartt, C.

Khouw, H. wﬁ bg3zand M E. Davis, Mcroporous Materials, 19@14!U86hm9m

425- 437, an Tuel and Y. Ben Taarit, Zeolites, 1996, 15, pp. 164-170.

20 Ti - MCM 41 |s a hexagonal phase |sormrphous to the alumnosilicate

MCM 41. The channels in MCM 41 are one-di nensi onal i)r&a_dl aneters ranging
f r om aboutthBgype phsuppontcan beiprgpared by tgmediod depclined 19 RAPUPlicHIoNNe

fol I ow ng deéﬂo@mﬁs tﬁ th@@ﬂbf RiterdAee, /fhe thesilim iodLafd cﬂn@ﬁerséc%@er tA® suidke of
601-610; and M D. . Luan, and J. Klinowski, Chem, 1996,

100, pp. ZME@I@@@zbstzstlww a disogdsnized maﬁ%meﬁﬁeé!Poﬁwast@f&ﬁ ‘B MERNSTIRAL greatere
titanosi| 't?\%%[b?)ﬁpa(?ﬁreﬁﬂt’ %ér@%]r\tguf“@ flnjuleRstdRThé Alsorfandeld pRisBN BrSiElB ﬁ; ive

epoxi dati on ca ro-oxi dation process described herern.
generald y @téatmtﬂage&@$vsn nibire atebemblw greier thangiu and sy Prﬁﬁ@éiyegretalfa:rthan

bout 5:1, £ o] 0:
2dvant age ot weidP Prckp G iah R busts FEbE s REh i ash This BSAFRHE; e
pr ef er abl ytypeqlbpless thamr2d, pﬁemblgnleabmm 13, everOdode pneteralslynletsethatnm& anthe
Si:Ti atoni f
bi sper sed BRSEPEIEa0lt Ben Surtatine et piPe faslint ik tepdn exst B ah
i nvention 6@5@[2@3??5&&!&@%!1!&1spdcmmwmkﬁu{mealtaqlm ,diaxidear Trasy iroits typicahform,

t n be obta er.na

00 Boctd bR mBeR GoRbR Ay Fope rsialits BRRIR ST Byl ST Bislem TR e
?ﬁSC[ I Ped e%&ﬁillpﬁé@a%cwmimé:gthmm dlid!ﬁi@%@?%éolut:cm ﬁreimnhlasmreelebmbrer ence,

e titaniumions are dispersed ov syurface o
subst ant | aMGoseoRY (R SERMERC e BK Dlsperseok T2y iahglm I o0 0 SSaa magfiay
greater h?%ﬂg%g t,gg}nd/gﬁhghg Cg@ﬂﬁgnt of the titaniumexists in the

e

di sorgani z ase. Preferably, greater than 85, even nore preferably,

greater than 90 yrangt msfi-cAnted o Phise B4e0é aisnﬁé}m;he&r'iomum RGNS Hlanim
the titaniumexists 1n the dlsorg?nlze hase his result H%Iles t hat

typi cal$y Hisxide yHRIEM pn@pébsaﬁamanlseséthSﬁaW 14dditionaly e disgreanized phase
| ess than ag?%ﬂgpexm difirkk gl’.,%?b}ﬁraét%ﬁ?xhb?ﬁatférwe HbWevBE AR s 188s &disitive in

titaniumin e support exists fn an organized crystalline form
speci f i cal dgtastipg coystalling titanium dipadg: Mﬂ@'"glmﬂ? absence of a0 KR PaYPm o

the supPoT Lk Scidiftic 8fthe Bl gsﬁaﬁm{;}hé‘s;eg%ﬁ fahiufFdbkiban O @RI 8 eviBic N

Its nost pre orm ree of crystalline titani um dioxide.
H gh resol titatdhese pheses as abseat indbe enpprm disadelpt; Visie Pitffusefirtlectaaegy

n L he2Bat SPFETSsay (A5 SRR riies SHRERalHed B g e can SRRl bR

bul k cryst aetiéeen metonsurgmzedsntmlmmmsoynmmmanmamum@ommﬁypucauy any

spectr osco%e 6?% II"EW?#I' lrr?{':m orhﬁv(vlg(ﬁl%”‘ A&Eé’u%har% identify the disorganized phase.
Additionally, titanium K-edge X-Ray Absorption Near Edge Structure (XANES) spectroscopy
can be used in a complementary manner with HR-TEM, Raman and/or UV-VIS DRS to

25  identify the disorganized phase. These methods are described in WO 98/00415.

The titanium loading an the silica can be any which gives rise to an active catalyst in
the process of this invention. Typically, the titanium 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. Titanium Dispersed on Promoter Metal Silicates

Yet another suitable support for the catalyst of this invention comprises _titanium
dispersed on promoter metal silicates. Stoichiometric and non-stoichiometric compounds
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does not exhibit a distinct X-ray diffraction (XRD) pattern. Hovvev‘;ﬁ(rja
Is less sensitive in detecting crystalline titanium di oxide. Acco rﬁjzum
t he absenw® ook9sam XRD pattern characteristic of the bul k ecyakedddsne

phases of titaniumdioxide is not conclusive evidence that these phases

are absent in the support U traviol et-Visibl e D ffuse Refl ectance 20
Spectrosco p&l )mel \f{ des a tbF| rd a ytlcal1 t echni que which can

a1 Sti ngui ST RERmElR M AT GARE 530 0 USE; A ABSBN g Y RIng pigenoter
titani um dnewal slicatd sputtabll empioyed. Erefetd iforbldl nidaamnicaes indidd He @ﬁ&@%n ,
be used to fﬁjent I.fy the di sorﬁ%ﬁzed ephase Additional ly, titanium K-edge

X- Ray Abso?§17Pém I NESRuP= JRe Bn rfarq saitissang @FW&%’WM% #pd sembinations a
conpl enentmébeonammcmmntgfbxbﬁpEEMf ﬁﬁgﬁ? am#.&ér HMraYkﬁc%.rrcﬂmggﬁ@ﬁgW y

t he di sorgani zed ghase These net e described in
titani bm | Yialh Gasivm picalel hagimedicatRe eawym/ww@te @ndduletiyra silicateaThaditaniem

catal yst igpn ﬂé@sﬁér@é‘@ﬁﬁt |’t')mo§er'n‘Tlé./tQI"Et.li'ic%‘ee a?\ﬂla é(natlcig{b%t ttb%@%id}fg&rlb%%qbng

is greater than O. i ght’ per cent grea
percent, bsgstien BH Nefﬂ!n@hﬂvght‘\néml@ai@‘%thw%auch awqboaauewbadm s¢atiani(gdim

Ioadlnglségﬁg t | ess than 3 a 10

wei ght percent, b A% ased on B d‘%ﬁ% dﬁr'ﬂegg%c? t?@g itanium Dis erred on
Promot er Mep@liyras ok & gﬂYet anot her suitable support for the catal yst of
this invent i tanium dispersed on pronoter netal silicates.

00/ 59643 e Eﬁé"’a@ﬁ@ﬁ%ﬁ%ﬂw’% b he SOPROHE R Pttt Ritaiditen e

Any anor phempioped mrtyst:alalyshef tplsomnaneon metal silicate is suitably enployed.
Preferred pronoter nmetal silicates include the sili cates of G oup 1, Goup
2, the | ant hani@endhereslacing sgeaiuiotities Hed sourceohtitealum, trmmbn;rmﬁnémgémemrs

t her eof .

f
el e’ moast pROS cfX BERSES i hellii(eSh o thid BB bk, Bhe s Bontain
silicate, ttadiuludret those shichciatret. Hlaterbgérmruusmatatm sbppaitssarew\éa)amgknemﬁdslmose
e |

pronot e si i cat anal ogous tq that descri sec
oy "hetei nangdt e &7, Suidhie nlR R Rbo xRS rte St Hiites ruabsiiate)
her ei naboveucmaas memmemcétes lm‘d@rtesfay carlmendmmiaﬁ €ichniid, taaﬁlmmuﬁkhaa@neof When
M xtures of Supports 10 E‘m nation_ or xEur EE orts a-e
descri bed W@r@g pRpRgent (9 458 e SPYra e iRnfyR thep EF‘%E‘P f“ﬁf? YSi FHPROTH I
Wien the rggaici ng agent provi des the source of titanium then any

het erogeneous catal yst support can be used in the process of this

i nvention includp Béhéli 0@1@ caktlyER oF PR il éhtidn dadNdontaiR adiebHiasR: phindler@eetant .

Heter og enegg& mce?atll%lr metal ion Wﬁlz)lt'l Sénﬁerlr?cevsvet{flle plc(arr]fgmnﬂagc% gfr{he catalyst in the oxidation
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 betyllium,

30  magnesium, calcium, strontium, and barium; the lanthanide rare earth metals, including
cerium, praseodymiumn, necdymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium; and the actinide
metals, specifically, thorium and uranium. More preferably, the promoter metal is silver,



15 skilled in the art. Suitable non-limting exanples include silicgsg SEP 2003
al um nas, newalgp@eészi cates, such as alum nosilicates, nagnesia, carbon,
zirconia, titania, and m xtures thereof. Wien the reduci ng aBenusqrogaisdes
the source of titanium then preferably, the catal yst support is silica.
Optionally, the catalyst of this invention can contain at |east one
pronmot er net A129NCSHMFRIGMabarum, rasbiain, iutiund) s68iudY) BARGE DoldiSiuRe ffu, rance
of the catal yesiuim) of Be&ortifald s of this invention can be é‘%’ﬂl'oyed
as a pronoter mnet al . Fact 56@“8%?@?@3@%;{:&&.6% PRE#IRNHalg of ther pramoter impg4jude,
for exanpl e, RMAESdEYR G 1domebul metatit spbgesmap Adthd Srebs. Bl Zege

i ncreased sel.gGad, st dlen@nldl fret§iSd) £ O)ﬂgdat'i on product, decreased®Presentasa
producti on of co-producps, such ' A" With@9!d.ncr eased cat al yst lifetine.
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Groups 1 through”?.lggg?%t' éég@fpmp@ Shedalts) deppsited ambe ssppaastymeitly i§§r€{<ar?§r
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i ncl udi ng | i eépasited onate PPlsafewle ol esium the Goup
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promot er Met80 weighs b eht P, 2003 PCTf SO0 09424

magnesi um cal F‘i ?m pbari um%ﬁl%fe&%@%@ﬁpgﬁ i Amotar imetglis@ Goonras siatal,
rubi dium MG BRliBURGBIMEetabihemtredofal cahgeinealio/of thé1Bra éjﬁbia?@) RIESS
of the pronahed apBhERDd. 01, h +7. but nmetallic species may’ dl

v et elefitife il GAtalySt gomppsiient al

be present. Silver can be present as, metal, or as an
Support pp typi carl e Einel AlblotyRlon ity Beckastiys) sugpostiran anlsne0u6r
and nore pré%&@%ﬁ?ﬁ;ﬁ@mGatl@iningmaoIObIé@rmi,Jl@htneti!%éﬁ_em:qy sgla&qﬁe ?%"E?he to{a,zl

I d

wei ght of t : The t | quantity of promoter” netal (S é?)rd'gf’
on the s uppgﬁ ttf‘cﬁé'ﬁléléf]éeggpf?@tylc%é?ettﬁgﬁ '%"H"ﬁﬂ- é‘?fgﬁ*xamp}q. thespromotesmetdl nitedtes,
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t he catal yst S skilled in the art will recognize

pr onot e :2 rrete(lacra-t'tE |8T gtnr%t%g, &'la‘e&%fs‘l' 249 gnpamaigs; aRdaixturen dhenent g Miaters tesags e

pr onot er? netalvenapubergamihsdvegits suck 8¢ aRSRAP! St i 0. wei gh .

percent. Inpg prefert eg eat)ogi ment, _if the p'r%stn%rs’e%é?ér'rﬁga?}?q %npg‘a'{%; %r,lé)a@matuc
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Group 8 net g mpregnatiesssolution ranges from 0.001 M to the Saturation point, preferably
0.005 M to 0.5 M.

from

The impregnations of the gold compound, the reducing agent, and the optional

25 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 'reducing agent; or the order can be reversed with
the reducing agent being impregnated first and then the goid compound. When the support
contains titanium and the reducing agent does not, it is preferable to impregnate the

30

reducing agent onto the titanium-cohtaining support prior to the gold compound. When the
Support dees not contain titanium and the reducing agent does, then preferably, the goid
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 iow water to olefin oxide molar ratio achieved. The promoter
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than about 0.01 weight percent of the total catalyst conposition. 18 8rSEP 2003
pronmoter nmetal is inpregnated onto the catal yst support from an aqueous or

or gani ¢ swloursessscont ai ni ng a sol ubl e pronoter netal salt. pépyssabsszof t he
pronoter netal wth adequate solubility can be used including, for

exanple, the pronoter nmetal nitrates, halides, carbonates, borates, and

car boxyl at Qr e | e, acetates, oxylates lact at es,

citrates, g aegq%ggjn%{ cgmﬁgﬁ@s[ng b%ﬁﬁ“ﬁ?%@#@ﬁ%ﬁeﬁ“@ﬁfm s{Ra¢ianepysly wiith
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Typi cal Iy, "[d“P]%‘J W@PQW% Rropotgrimeta &W%yﬁﬁ%m%ﬁlte%mltaggwsly yith theegold

i mpr egnat i gy hdtanﬂﬁeﬂ@d‘rgf- drit OMhig- e vl lephtdoRfn St tahab
preferably, fpfjgm 0- 005 Mt%g 5 M F"i’he | npregnati ons of %ﬂo%mf}ydm ound

the reduci HiEcieRsin theah}tﬁf?ﬁé'dabqn Brﬁaessz@sw&%pw byratew (@)eré@pmwlmesmmmrt
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For exanple, the gold conpound can be i npregn he titani um
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gol o conpadii SRYENE DFLHT B AREH o Rihietel FRRERBR Rk i i Gt

does not, 180°Cs preferable to inpregnate the 30 reduci ng agent onto the
titani um contai ning support prior to the gold conpound. Wien the support

does mwt cont ai Mténthaﬁnalﬂmpm@nﬁﬂ‘tm artlgsriny opesiAly teesuppbRenaybe WakRéd. YThd he
gol d compouy sited before the @_‘ltanl um cont ai ni ng reduci ng agent .

o S | oo T Bing Sief B T aNES imprsuna e B SRS SURRO AT & SPVENLAIR] g

utilizes hﬁarsog;msndm atwmrt@npéﬂadﬁblu@aermﬂﬁgqﬁanoa%f%ed@ﬁ%ﬁ%f@mthe | ow
water to o! in oxide nplar ratio achi eved h r onot er SEP 2003 WO

00159633 IRERP Yo 10 helirad Asy AplyaRLWRIEN Sé'hﬁt%ﬂ'&l% eXGR§S FedygiRg agentasd/or

before, af ér?f undesirahlEWrisaneaH b e Wrédbnt bhﬁnde@gne&!&ébﬂagfé \Disr\tll?{%lcgqnﬂter is the
conpound and/or the reducing agent. In a Fre erred nbodi nmen
S

pr onot n@?&ﬂrreécﬁ%'@ah@ur @rgaeas@@lvee@ rgaama pmpgedm Genaraly, ffortabas fPannd
and reduci RgsrARRAY up Idw@omﬁ&g{r tsgrédw%%h&@gﬁageesn Gon.yRL ogen S

efficiency int hy r o- oxi dat i on process evi dence ow water to
propyl ene Washirg Stﬁ@lcaﬂ begaried ot pBEE o IEPealask asydesitedn, the wetted support..
is typically dried under air or, if necessary, under an inert atnosphere,
such” as ni t r ogeolipwingthenpfional washing stemy.dbeimpregnated suppors miay detoptiongliyng i s

effected afofol GRS SHhitlcR JPBhYoE mg?gpl'cﬁl%ter il fqn? T?nﬂ]s step mtl?ﬂégorggleﬁgh

After the tirnal inpregnation and g, optionally the sSupport may be

washed20 Theesirabisrprogotar epetalypriscahicy mamk@mdemdnﬁr@ﬁngthdwepe@ngmh'@g.

Support i nedy GRhMRI MY MbANEL Mnersing the impregnated support in a solution containing
the desirable promoter metal ions. The molarity of the solution can range from 0.001 M to
the saturation point of the promoter metal compound used, preferably, from 0.005 M to

0.5 M.

25 As a final optiona! 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 helium, and optionally, one or more compounds seiected from hydrocarbons, for
example, the olefin to be oxidized, hydrogen, and oxygen, at a temperature between
ambient, taken as 21°C, and 600°C.



the suspension at ambient tenperature under air for a period of ti nﬁs SEP 2003
ranging from 30 mnutes up to 10 hours. Any solvent which can dissolv

excess regdiddoRgsaagent and/or any undesirable ions known tﬂ:ﬁgsﬁyogﬁgnt

provi des an accept able wash liquid. Water is the 15 preferred solvent, but
organi c solvents may al so be enpl oyed. Cenerally, from about 10 m wash
liquid up to 200 mM wash liquid are used per gram of i npregnated support.
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n at be eppl oyed |ncl nool efj
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ol efin xygen hydr o

and 10 opti naI di uantlt
of ol efin PeipEbY, ﬂqﬁéﬂh%mﬁ’r‘@? B?%’SW a?"é’s%” Wﬁi h@'opégz?ﬁa]leh% ef G'y"'y
lless than ZRq@piBnARIiIGERL . based on the total noles of olefin, oxygen,

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
chlorobenzene and dichlorobenzene; chiorinated afiphatic alcohols, preferably C,
chlorinated aikanols, 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 0, 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
preferabiy, Ieés than 70 mole percent, based on the total moles of olefin, oxygen, hydrogen,
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hydrogen, and optional diluent. Preferably, the quantity of oxygen ﬂﬂ Sﬁg ?ﬂﬂ?v
feedstreamis greater than 0.01, nore preferably, greater than 1, and S

preferabl g r than 5 nole percent, based on the tota
ol efin, hy ré’@%ﬁ% oxygen, and optional diluent. is Prefer at???gﬁog%uant ity

of oxygen is |less than 30, nore preferably, less than 25, and nost
preferably | ess than 20 nole percent, based on the total noles of olefin,
hydr ogen, asdydigant. lhadiqeigtdinentlis dsed, dven thGamoabl & dijuenttin tHedseddtrdapdisogen in

t he feedst,, | I ferably, eat er .t han
0.1, and e irBalot Biaf plerdlaBf. Bfoardeih.P win BERHR Buiel bR oRbinsst a
nmol es of ovesghitrof tiny diefigand diugrde iThe adbuapofiligoial dildentuetypicafuict et an 6t
guantities o drogen are typically less than 50, preferably, |ess than
Jo:"and mayelerengeiag o5 e BRiehs 6351 b B e bR enlhe nitio and

nol es of aliigéntn, hydrogen, oxygen, and optional diluent. The diluent can
be any gas or liquid which does not inhibit the process of this invention.

In a gas phase THORRSS.oxilalib®plotegRsa0bs coHdudRals airdgdierdst.an Ybn@drioRAIt
limted to, .25 hel] u'm ni trogen, arggn, net hane, carbon di oxi de, steam
and. i xt uresigyREBIe for pasof A khase uerespen ddsvally.fBe Arocashs corfuved ahg
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chl or obenZ&RIYSH Arenaced By Hinpretased eeiheds ofdbis invantiomadvaatagesusiypsduce lower

pr ef enabl Yarkounts of #AlRkHAIPSiIRaReHAPAL Prepl A byARIOF BHARQRERP #I 'drﬁ-ﬁx"ﬁﬁ{i&n as
l'iquid polyethers, polyesters, and 30 polyal cohols. If a gaseous ||I uent is
used, the RIRERASteBPIOWND tameatalystofdhis dwgationeean hescondypled it [gmpgrataras highen
about O, I I &ﬁﬁb I 15
nol e perccli,\)drzl‘tsfI %Eg{gé?rgﬁ?ﬁ% t'tu%:)t al e?r‘btt%ées@??e dg?r;tﬁ ?‘ﬁ?@‘gﬁy@@#’?{%ﬁ%gﬁa&%ﬁﬂ“
di | uent. TI29°Carkiauadly,dhe temparatirelis|lessthan 8500 praiglaplyllessstham 259D, Operation

brsed on (R onRliles BRI SoadbEUE Aoine heaprdd o AfBdBaRiiiE "\,
00/ 596:53f nqmrwsgiﬂapmp;bcam;m belmgr_aueﬁ ito Iai tqtall pladl d:eés?cgntv:mm'einsthel heahderivielde
ref or abl yFomHEbeaf (;1et FEAR FRMdra obXOEE, oot 46 TRb Seppaflr el o

t he ol ef i noxdhelfrdinl watet.. The anount of liquid diluent is typically |less than
99, preferably, Iess than 95 wei ght percent, based on the conbi ned wei ght
of the ol efi n aRckferablly, tenpressithe oh§nerhgd axoxiddtioapraress exrgjesdmnbatrusptiadt ed

oo R B e P Be o il 5t ST God B R Rsf e PR
gr eat efo t hbgr 2ghs phise prakess we gas hourpsshdeasibclth (GHIBPE thSoletin canata ywsira
F{)S\E?r ed b%idtehrgn Gr;,et];u? rdp?gallg?s:[ gr%gfermant fH r%l c';[gf\llnegérl rr?lnca?gg\f/sell%? &ﬂ”{ﬁh}’;,%ﬁ&%ﬁﬁ,e
greater than 100 h, and more preferably, greater than 1,000 h”. Typically, the GHSV of
the olefin is less than 50,000 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 determined 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 percentage 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 B0 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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10 anpunts of water than simlar catalysts prepared by prior art meflodgp 2003
t he hydro-oxidation process enploying the catalyst of this invention can

be conductsaslomésssenper at ures hi gher than usual . Preferablypctthsobenper at ure
is greater than 70C, nore preferably, greater than 120C. Usually, the
tenperature is |l ess than 250C, preferably |l ess than 225C. Qperation at

hi gher t enper at [, LN 8 &eSPHRG Hlrdder! SRTBAGn APy B AUHESEh oro
Accordi ngly, the isThydro-oXI dation priocess can b |nteg¥a S4CPIPY PSS Al
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Space Vel Jop MRIAREUAPYRIe eI RF i i A PIAOBRTY PSS [k 'O 4neied Mo
typically ﬂ@f@étﬂ%’[@gs thaas:110 m ol efin per mM catalyst per hour (h'),
preferably greater than 100 W and nore preferably, greater than 1,000 W
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the relative nolar rati0s desired. Typically, an ol efin conversions

achi eviéd \WANEANING agy @b irogen 9xp0en, ARWer walekeand optionalyearaiest gagr at er t han
0.3 mole pg %Péturea&gféﬁ)clflgb%tgﬁaﬁ haBY an(ﬂﬁ@@"b‘? rPrEfEf‘aEblﬂ-tﬂe ﬁ%x%ggf?,gt?)l&ﬁgﬁ' The

term ol efin conversion ned as the nole percentage- of I'n the
30 feedst rantforwiaien comatises from 2 & HGpmoteLrareent Y hiecgpenerations gas cBuiabie inest

ol ef i n_0xl GfedsarBFlahGuave BRl Gfhudod, BF BRI AB00A0 ARG ARSGRRN, o

preferabl y?y grealer t nol e perce e “pre

ol e percent . aiflo iRahud il b Aner oifaS Sggtctﬁﬂée]d&n%figﬁgﬁthe%ﬁcﬁﬁ% exdigick M

"selectivity to 0 n oxi 'S deti ned ercentage” o acted
ol ef i nLswhi which@rerintérddeddb &€ ipurebx exkenplarydd the use7ofGhg IrGEMI@0 0BthaOe0 BTG 8Ss

PCT/ US00109424 .1t i.s desirabl | eve a. ef Li.ci inth
nydr o- oxi ok Paimsria e dpaferh b Moy Bfiadingh e S85RBSN BP0, 0,1 g
a wat er t ospdciffdationnt practioeg aithe nvéntioasas disclosed heosisi bintess latheviseprated sl of
this invention, the water ?’lﬁﬁ%i n oxide.nolar ratio is typically greater

er to
than 2:1, PSTEPAGRRArg gveneda PeEeqt BaSIS- ¢ of erred enbodi ments of this

i nvention, _s th{e water to propyl ene oxide nolar ratio is advantageously
| ess than ¥8MP€hd nore preferably, less than 5:1. Wen activity of the

gol d- tziot ani um C%to%!u)(ns F:hlcr:]r%aur% ec(l\%%\%%ﬁ.é dea‘ b.2H 5}0\5&%0 LIligsboll\yed iR Yeionized water
{42 ml). Silica spheres (2 mm dia., 30 nm pores, 27.41 g) were placed in a round-bottom
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 until 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 (3.0 g), prepared hereinabove, were placed in a round-bottom flask
(50 ml) 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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| evel , the catalyst can be easily regenerated. One regeneration net ﬂcﬂj SEP 2003
conprises heating the deactivated catalyst at a tenperature between 150C

and 500C wg otvsdsggenerati on gas i o containing any of hydr ogaT/usnepgrs,

and/or water, and optionally an inert gas, at a tenperature preferably

bet ween 200C and 400C. Pr eferably, t he hydrogen, oxygen, and/or water
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inert ga2ed 3t A eqrier Je faomytemparafy e toryigld 8,Catalyst comprsipg gAld aed i um

and ar gonmamﬁnJcaMﬁmdgoshpwohl R ibHAIhG .5 Mgt ipleRbnb YitahieR NS ey 851 vidsigiof
the foll owm ng exa which are 1 ntended to be purely exe Iary of

I's

Lhe Use OPETREL AN BIagHE 0Nt SBUMMIBRE By N6HIoMECHAIER ENBNS AL
apparent to those skilled in the art froma consideration of this

speci fication dihepatedyst peergred hpreinahens Wahtesteddn dke Brdra-oxisiatiom of pigppese to
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2 ary” 250 e B R e Nt ot Rl W R Btk "o

ai r - driiped @HSBQ@OmOr Hr%sd;me wafiatmos;bhmﬁpmbeswtbamtaaur(em&ﬁ g&eCwelroducsol ved
i n net hanol 22 5 m

d tre ted silic her e 9. prepar ed
hor 6 nanodtere AERNZEH Usiagan A gah GhiSGRAOMEPH ICROTPEER sPPrapieter s BAGRR.
evacuat ed ;_fg)rh? with tH reduitsOdin ieTaprat or in a water bath at 80C. The
titanyl acetylacetonate solution was slowy added to the silica under
vacuum at room 30 tenperature. The fl-aéthewas returned to the water bath at
80C and rotated under vacuum  for 3 solids were removed fromthe
flask, washed with net hEydp °€‘E‘§t‘?ﬁ of PFPPV‘F@PéQiPr%[?"ecQ’F% at room
tenperature. TfE ot ol TiC air using
the follow ng Eal %?’nat mscﬂ&g&%&eaﬂ&%ﬁ% h.%g};?gnggw%ﬁﬁe to 550C in 5
h, held at 1. a}6—8sSER-26093WO 505963 5—PE U606 94> 3 h, and
cooled to roo te-t |_Lat [ o] |3Id Iys qlsmgs%old on a -
titani umconta paggt Gﬁ1§ I oadl n : @fg percent titani um
| oading 0.5 vve-gﬂ-tc—'be Pt \uaom“ rat &S feri ned by
neutron activa ior?“ ana Q@ps (AIE@O. The c%é al y>t prepar above was
tested in the 1yr|rn-ny a¥al nf propbyle o e. The
catal yst (2 g)}was¥l oa:lé@ol ht 0024 i xpd- bBA, conti fuous redctor (10 cm

with flows of heliu bxhAgen, rogen, ﬁﬁd fopyl“ene.| Fe trgam
conposi tion 4 }gg m ° g5 1oPY. 6.

4° 140 0.25 88 - 3.5

“ 160 0.36 82 - 4.7

“ 180 0.50 65 - 4.9

15 a. PP = propylene; PO = propylene oxide
b. Feedstream: 20 percent propylene, 10 percent hydrogen, 10 percent oxygeq
balance helium. Catalyst, 2 g; Total flow rate 160 cmmin; olefin GHSV 480 h;

Pressure atmospheric.
c. Feedstream: 19.8 percent propylene, 9.8 percent hydrogen, 10.1 percent oxygen
20 balance hefium. Catalyst, 3 g; Total flow 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 & 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
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was 10 percent hydrogen, 10 percent oxygen, and 20 percent propyler§ SER 2003
bal ance being helium Propylene, oxygen and heliumwere used as pure

streans; WyehRs8y was mixed wth heliumin a 20 H) 80 He (Me&idsmldsq1 Xt ure.
Total flowrate was 160 cmi/mn (olefin 10 GHSY 480 h''). Pressure was

at nospheric; process tenperature was 160C. Products were analyzed using an
on-1ine gas chromat ograph (Chronpack' Poraplot' S colum, 25 m wth the
resul ts spewent andtis water torpiopyene pyide aalaciratin wes 498: 1Pro®ytataigstiveasPr opyl ene

Oxi de Ex. TPP P l~ H2Q P I | e .9 l.e .9%m| e rati okg cat-h
DL o et 5DashIG P B SeRR I DB R i TRy Syt sl i actid.

1800. 6472-%. 0 g 600. 2487-3.3 "1800.4768-5.2 "sd1600. 4585-6. 2

4" 1400. 25 a - 1600. 3682-4. 7 1800.5065-4.9 15 a. PP = propyl ene; PO =

propyl ene oxide b. Feedstream. .20 percent propyl ene, 10 percent hydrogen,
10 per cent _oxy ERPPOLFARRIS AN dieReepien a2 4mmatheressiiace argp,
cB/ i 8;  Jeefm’ny; GrSMgaSSbrb diametél, ¢$6 A) wascarRmRERS rdmove reSiBEETrEAME byl freB

percent propylene, 9.8 percent %d[;ogen 10.1 Berocent ox?/gen, 20 bal ance
hel i um C&! scheme: freg 89°G Yooti0r@ain Neleld @sARPTE fob? 81 rAMEISRE 52856°G in
Pressure trp% { eyo t r 4 o en. The

i rrpregnatg 'ca’EH; yését\o gﬁcﬁé\ghﬁﬂgg C?S%ragggge(ggg?gttoﬁ%qﬁr?ﬁg?gl(’lat[ ?%8@ pr opyl ene
25 conver $eroperafure. Jbemataretsphetsd 19016 gy Menepuodinde weha-bbitemiiasiovhiRh was

br opyl ene PEAETA bRt apey o B P ALl Bl By hR: O arter 24
h on %r eam t @ocﬁ?nq —gﬁjicgﬁat%ﬁdgcl% z2.(55‘%-"061:)) vpassdis%%ﬁrea (Pr(l) goubly deionized water
: (18 mi). The gluconate solution was impregnated onto the spher-és under vacuum with
vigorous rotation on the rotary evaporator. The spheres were then dried as follows under
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 ml}.
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 foliowing
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
color of the catalyst tumed completely purple.

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

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, Thereafter, the mixture
was filtered and dried under nitrogen at 80°C ovemight. Next, the material was calcined in

30  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 toading, 1.32 weight percent; titanium loading,

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

20



WD 08159633 PCTI USOQ' 09424 percent and the water to propyl ene oxi d§ §ngEe 2003
ratio was 4.18:1. The catalyst was regenerated at 450C in a flow of oxygen
(20 percemO90s983 i un) without loss in activity. Exanpl e 2PAT/HEHNIAL4
conprising titaniumdispersed on silica (2-4 nmspheres; surface area, s
360 nk/g; average pore dianeter, 110 A) was calcined to renove residual
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fresh water 50 m was added the m xture was | ef to stand for

anot her 3086 2Ca e, hﬂ%a‘c%@a‘ﬁtf@'c? h, thenetrem\GO0G tq T° 91") 4\ha beldrl 5§0FGr
athirgd tigps, I'ﬁrftqeﬁ B&oiBk X4 H6® ‘Qﬂ? stdidd té)clgééﬁ\qalf rroo"i‘r?te{rg%ggbgeor‘ﬂe %cuﬁsa@

In a final an aqueous sodlution o rumnitrate

wat er) was smm‘esi {(12h3 gn weraplaced en aastatyefviapsiatordindgvacsat@Datroom tEmpeeaditeer |
the m xturgr s filtered and dried under nitrogen at 80C overnight. Next;,
the materi 4l s calcined in 30 air using the follow ng schene to yield a

oL 5ot e S (R 071 8Pl i QB Db PP RgRETC,1 1 ¢
at room t edesiatd iredouﬂ’:ﬂr deilonizdd m.g;erlmﬁﬂ)vxé‘hgm:hmen eantimptegtated wmid thadi ng,
1.98 We' ght etes %nta rotary e%agér%mr%nag}va%u&m 2nd'under 9 SérSué“ roqgﬁjonb yI‘h'éIAA 20
mpregnated 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 (HAuCI,.xH,0, 0.2996 g) was dissolved in deionized water
(18 mi). 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 maien'al was further dried
under nitrogen at 80°C overnight and then calcined in air using the following heating
scheme: from 80°C 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 to yield a catalyst of the
30  invention. Gold loading, 1.08 weight percent; titanium loading, 2.7 weight percent; Na:Au
atomic ratic 3.8:1, as determined by NAA.

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

__________ U X S R S




0 8 SEP 2003 WD 00/ 59633 PCTI US00109424 The catal yst was tested inkHheSEP 2003
hydr o- oxi dati on of propylene to propylene oxide, in the manner descri bed

i n Exanpl ewd,00:bd3lh t he exception that 3 g catal yst were use¢Tmsholobes
feedstream conpri sed 19.8 percent propylene, 10.1 percent oxygen, and 9.8
percent hydrogen, the bal ance being helium Results are set forth in Table

1. At 160C the 5 inpregnated catal yst of Exanple 2 produced a propyl ene
conversi onC%‘F‘fe(ﬁf"gf@LHééro%?‘?r ceql; pﬁ?‘?}é‘iﬂeéﬁ‘éd%%'%‘V%Wégﬁ?ﬁq‘iﬂ%’fp@?u%@ﬂbéﬁﬁ,
and a prodygf § g"d{%g &4t-12- Bo B tBnGRls dbseNRd rSleRLH b atkam. it 1edscohkal yst

was found up h on stream At 180C the propyl ene conversion was found
to be 0. 64cprvarsinn waslopfperernt.selagtivivevascts percgnivard pduetidiyrwas 2.8d) PO/kg
producti vit

Cnder ai . oAb A Rearr ok Ry A DofE Ay, FRERRE eyl s

suppor ts Cogpriversiog ot DM8Herrent asplectvy od B5Jckdeny and-aprduspitgoes.2 § PU/RE e
area, 360 n2/g:; average pore dianmeter, 110 A) was cal cined using the '
fol | owi ng sahRAL169°Com 80C to 300C in 4 h, held at 300C for 2 h, then from
300C to 550C in 4 h, held at 550Cis for 2 h, then cooled to 80C, and

stored in &X8MBY vial at roomtenperature. The calcined spheres (12.12

g) were placed on a rotary evaporator, and evacuated at roomtenperature

for 1 h. G tricSYRPoftRogAising tigniurpdispprsethan seR (Avé EHN spheressurtasaarea,
0.1727 g) WabenydliareRk¥Prd mﬁauhhwo%lwcawa%é%%mb@@rérézauat§Ft_$ar§c%' the"
was i npregnated onto tthe 20 spheres on a rotary evaporator undet vacuum and
under ¥$ gorfaigsvingscieime:. fronm80°G ta300Yn it 4 b; ekt 8t 30 Gefoe2 thh amd3ARE ta1BG6rC in

vacuum usi the, f i, 0 ti sgch 60 .mn.at Loomt erature, 30
o Sec i A SaoE0% BRR SRR HIRC, afPeBldd B SOSBVATRMLL " ¢
?‘ﬁi d (:40|Au63-,émI ?gxdalama. The 2akingd sl\trm?nqafﬂeltgyedsipgtu&mﬂbmﬁﬁbmt flask, WhidH %vas
e go SolL utir.on was | re at e onto e S eres on. a rotary_evapor at or
InaedOLe + BARGHIOI ATy C BT PL A Pucoaleeat P ihadtanie It 2oy PR ET | o
as noted i m-ylkGondte FXIALS, IBiperrentdlRI3 Yhvazhiisdorenas doublpaBiontledaester (36TME
dri epl materl al vas further dried utnd@:i throggn at 80C overni ?ht and _then
cal ci nd8 i Meslingigiagplytine haying 3RHhE! Hizht i g 9lUEePRIRSOILtIPE MagdRPanatRsonty 4
h, from 204ke &epp‘ig%dé? vécdim Witl Wgarloud A&tidrosn ﬁzehotlatcriﬁeVapcﬁﬂ@keqiné QuSirt aad

stored in a closed vial at roomtenperature to yie a catalyst of the 30
i nvent i on. teen drigbiadhe gotary ayaPaios Hide vagwH usinGEanwaierhatd agifellpwsy 60 RN &t

per sert: n“'frﬁ@“ﬁg@ﬁa@@t&e! 30 infh ot 384G, arSaoRlrPABORE K HBRd 1J WorfiéfibYaturas

0-oxl dat1on of propylene to propylene oxide Int

manner descri beduiyBEXATRER (RtaAddAr, db pEREh 8.7888 ') wal diBivBdin abhi60C

propyl ene
20 deionized water (36 mi) to yleld a solution having a pH of 1.32. The 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 matenal was subjected to a final drying ovemight at 80°C in an oven
under a nitrogen atmosphere, yielding a purple-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 a2 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 — 29— e



21 0 8 SEP 2003 WD 00159633 PCTI USOQ 09424 conversion was 0.24 perc@ SEP 2003
propyl ene oxide selectivity was 87 percent; productivity was 3.3 g PO kg
cat-h. Nowdpemideynti on was observed for 15 h on stream At pEGAssS00b9xSs
conversion was 0.47 percent, selectivity was 68 percent, and productivity

was 5.2 g Pa/kg cat-h. After regenerating the catal yst at 300C under

hydr ogen, ge cg%ﬁl ys& achi eved a 5 conversion of 0.45 percent, a

sel ectivit DBt eHerealiay, hegnisyir vas filsredrars! thedendiingcatalyst- Wasadned

160C. Exarroﬂm@eﬂw.wagemgbtc 4 §P6TRIgh tfith Sbkh U BGHLBREN B8 thoh] | dhdd ifled “Cataymy

spheres surface area, aver age pore |aneter

cal ci ned t@oPRPRItAN: rfelsﬂd‘lﬂawelghgmtcm By 1 BReveight petdenti Kigu stdraizeatid, Roqm SRC
to 300C i ndﬁtehnn@@'bghf’ﬁf 300C for 2 h; from300Cto 550Cin 4 h; held at
550C for Ih ool éd to 80C, and stored in a dosed vial at room

t enper at ur e. ntoaround ottom
rack. Suhi ch wad e SPEVEER G BRB el FPu ety MR B ot BRI G Hibeemnce.
t enper at ur ia the rmémrier désmribsd inuBxanipte P ieesinattove AIRtocass, copBitipas 8RGtasufts 343 0)
was di ssol bl y de oni zed wat er re t|n in a solution
having a p{ﬁd’vyd@m'ga?ﬁfeﬂr ?W&%{Wa‘if’é“’gﬁr‘m é%ﬁe%é Z%rﬁﬂdeéﬁétpéfp Bhtd aprepylene
support und:ade\seleuumw\mf Qheatergmm&péméﬂitwaﬁ a@RiclBE af ApAdcessYanPsatues - The
support wa n the rotary evaporator under vacuum using a

wat er bat h é%t“PSPHé\%sé 388 16077 aThe il tvaifestivas regsnertad spdesdrenss B0
mn atl(ﬁooaogal@en cooled to roomtenperature. Chloroauric acid (Al fa Aesar,
99.9 percent, 0.7583 g) was dissolved in doubly 20 deionized water (36 n1)

to yield agsgfln r9|5)n having a pH of 1.32. The gold solution was inpregnated
onto the gluconate-inpregnated support under vacuum and with vi gor ous

rotation on thearof gy 30 eg%@ﬁtam-gpﬁnth AT EB%’F %m@é\ﬁﬂgg

using the follow ng sc n at room errpeaure
m n at 60Qnitiogen Tewa(etw!)edhasdioatet (¢ hEE6 @) wae traﬁsilerrag inthéhe oontamkr. d'l”lpanhgnat

00m L Dol (2808 PUBYAKheT HIABSE i Mo bLOMHEL! BHe el lineen.

At 60C sone e su par urned
subj ect®ed was hehtedab 9drG with cominuoug Iagltattonaﬁﬂer heaitray@npurgedend keptiat ttagen

t h | di | t Id o
support cotfmneRitep fr & 4R i Jmeidic G TEs Bakuen whthen Grolist ot Sisinean e
her ei nabovBathlfdr 4. Pn aB08y boBGEEsk téﬁadeg,pwndﬂim hy@@xiddQoavd §rad Jd@i@hfd )

to forma m xture at whi ch was' | Wi th occasional stirring’f

70 nin (pHP8reEal TP&QH?W'% ajpysalal spntent (lesh dhar 20 BpmdYa) waslaced mtams
gg gggt eghg ; g :ﬁ?ﬁ&??@;&%ﬁwbﬁé EorthiABE | DElohiREd Watkr (S8 4%)4Rs addb WARETPIEH
Solution with stiring. The container was placed into an ice bath. The TPAOH solution was
also pumped through an extemal stainless steet % inch {.6 cm) coil emerged into a dry ice -
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 mi/min. The temperature of the mixture slowly
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. Thereatfter,
the hydrothermal synthesis was conducted in a stainless steel autoclave with 200 rpm
stirring. 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 mitky liquid was adjusted to about 8.7 with nitric acid
(1.5 N), and the product was recovered by centrifugation at 3000 rpm. The solid was re-
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(100 M) was added for a third time, and the mxture was |left stanfign§EPop(03
an additionw @%ﬁg 8 SEP 2003 WD 00/59633 PCT/ US00109424 60 mn (pH 5.06).
Thereafter, h Brure was fil tered, and the resulting catalPgSrusesesszlt i ed
under nitrogen at 80C overnight, then stored in a closed vial at room
tenperature. Catalyst conposition: Au, 1.11 weight percent; Ti, 1.80

wei ght per celidpers€dAt datomided wabi Snd Lerflif de ' NAA. 5 The

catal yst (3 q%? was tested in the hydrrf)}- g?(?dgi al“@htrﬁ%r%ér@g]ﬂbé‘egﬂgwtaﬁdﬂ?gﬁwéW@
oxi de, in %l Ziialawedhy palpaatiominaoaipblowd oken.eThelbnierial Ra8®BERA to 550°C in

condi tions re,. SN Tabl A propyl ene conversion

bet ween O. 2?@%@@%%2‘? %grrﬁ Qg%g&) g &B?)‘Y}feé#é"ay ff’ég“%’e@f@é&tﬁ's\ﬁﬂoyvedﬂhajrtbat er
than 80 per cwaieriakwas apiveditatbsticar mraeéasmetmmmﬁﬂdﬂé%pgbet ween 140C and
160C. The catal yst was effectively regenerated under hydrogen at 10 300C.
Exanmpl e § A 14 L THieaitaiemscositatihg 60pba 36q) Wi ed.for

m nutes w tp ﬂ{% ai t roaen. Tet rg( e?‘?]yl orgt)\r%%%rﬁggt%éﬁe?ﬁ?;aﬂg%(?'%%ﬁ 57]5§C
transf er r ed '3t 'b2PAEORIGHER FORIP tempgraiireind spiution wae pf@BSed canprasy asredulio
the silicat acii(blo3sig)@anausdhin &G (0. ' lytion 1o was heated
to 91 Cwith ccgnti nu%us agitation un(g-(g’:@t"ﬁlgém%dpggaes?@puﬁﬁeﬁanﬁj Weepiedpnder
this tenpeVatuineat Homtempesatureant! frge fiowimgpthed Heatethendie vt oM EREP2 1

cooled to 1;96.| ' t.h f 2 h. An aqueous sol ution of
tetrapropyl anﬁ%ﬁlrhu?h&ﬁ%fg}ﬁ%e'm&@éﬁ g, 40 weight percent TPAOH) having a

ol yor omy1 ene conngaBls (3 ¢35 BARILABY 83 oy Srigatbacei womistere pms@aco
TOAGH 201 Ut L e L A G R | FIRARE Sxsé Qo nbCfe MaMow |y
inch (.6 ¢ n';‘ g‘@o%ﬁ]ér‘l@% é}e)eég'r"rr‘?tp ‘?Sasaﬁﬂd 98.8 3 ayancitng shl tampgsaiusotitee edactor
-250) to achiste0fGisAbthecsiat, the carslsPRhs ABatb8 ERSRHANL 5 ﬁ@rqﬁérﬂbﬁuprﬂ;ﬁﬁ%r&

d ﬂ'lm to -4C. The col d al koxi de sol ution Wwas
into the 16P{RRYIEDR ygreasn werednigoduged fosrl O1ain; HenrmxpgeTvas ddebioahea flewof
the m xiwr eAge 18he bREIR wmg—h' ol | f _.about .
one-hal f of t h?ygmox?de sol ut’i og%gﬁg %ﬁﬁrg@ﬁéﬁﬁg&é %gqp fatt'%%%azg 'afnRﬁéjs'”
added to t h&5% intaiyals i@ the eparetind tempemiteretad peTGL Arpgopfierideonviisial of M Xt ur e

was 8.2C. T ) I SELGE J8 h at roomt ture. Thereafter:.
t he hydr ot hg'?r%regsd}nt S\é%?%ﬁ\%\gy t@%n%egéﬁt'éﬁ’ feprapyleng H’F@%B%?Q@Tfieakﬁr@& waterPO
wi th 200 r pmolasratioroffg2. The aut ocl ave was heated to 160C and kept at this
tenperature for 4 days. The 30 reactor was then cooled to roomtenperature,
and the proBxample®ds punped out fromthe reactor. The product contained a
| arge organic |ayer that was separated fromthe rest of the

20 A crystaliine titanium silicate (15 g), prepared as in Example 5, was calcined in air to

600°C for 8 h and cooled to room 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

sol uti on was cool e [

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 under high resolution transmission electron microscopy.
Mie scattering showed a weak band for metallic goid. As determined by X-ray

photoelectron 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 propyiene
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 tota! flow of 1,500 standard cubic

24 -



mi xture. The pH of the aqueous milky liquid was adjusted to about & & S&R 2003
nitric acid (1.5 N), and the product was recovered by centrifugation at
3000 rpm THWO WEHE was re 2 0 8 SEP 2003 WD 00/ 59633 PCTI USBE1096bicd424

di spersed in deionized water and centrifuged again. The resulting solid was
dried at 1 10C for 12 h, followed by calcination in an air-blown oven. The
material was heated to 550C in 5 h, followed 5 h heating at 550C. A powder
X-ray diff ra“t‘?f‘g%‘ﬁ*%{ﬁ&ewlgutsr&%ﬁm fhaternpayatunabet TGKC thaprodylehé €onversion was
titanosilicatgpphape t e lL.ype The titani um contal ning
support (30 pIOr epa‘r@fe‘l ata%%(\a/%ﬁ\wal? %gﬁc%e@['qﬁo%?ip%e@ﬁ‘é 2 Wajer/RO imaiarcratio of
cooled to r tenperature. A solution was prepared conprising chloroauric
acid (0.035 g) and sodium 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. 10 The
catalyst (30 g) was evaluated in the hydro-oxidation of propylene to

propyl ene oxide in the manner described in Exanple 1, with the exceptiom
that the total flow was 15.0 Unmin; the pressure was 210 prig (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; then oxygen was added to the flow 1s
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
t o .propyl ene oxide of 96 percent and a water/PO nolar ratio of 5.2.
Exanple 6 20 A crystalline titaniumsilicate (15 g), prepared as in Exanple
5, was calcined in air to 600C for 8 h and cooled to roomtenperature. A
nmet hanol sol ution containing sodium acetate (0.20 g in 25 g nethanol) was
prepared, and to this solution was added a second nethanol sol ution

contai ning chloroauric acid (0.06 g in 5 g nethanol). The resulting
solution was used to inpregnate the titaniumsilicate by incipient 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 h to yield a catal yst
conprising gold on a titaniumcontaining support. Some gold particles
could be seen under high resolution transm ssion electron mcroscopy. Me
scattering showed a weak band for netallic gold. As determ ned by X-ray
phot oel ect ron spectroscopy, 60 weight percent of the total gold content was
metal I ic gold.



30 The catalyst (3.0 g) was evaluated in the hydro-oxidation of prdp§! SR 2003
to propylene oxide in the manner sinmlar to that of Exanple 5. The

f eedstream conpri sed propyl ene (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 0 8 SEP 2003 WD

00/ 59633 PCT/ USOQO 09424 centineters per mnute (sccm_ At a tenperature of
170C t he ClsiMéne conversi on was 1.5 percent with a selectivity to

propyl ene oxid ter 1l f 8 SEP
2003 CLAI M5 1el AI‘B 58% offpa“ g&?ﬁ“iﬁg‘ Cg)dcpgga'lm? ?ﬁlgh%ggf)ﬁ %nngggmrrp?? si ng
gol d on achhiaihd!fappen! the Prdtessudmpeising 1mb&gﬂimtges§)ldonmpommcll djedegngt i ng

a gold compound and a r educi ng agent onto a catalyst, sup gort wherein the
reduci ng agemtonsmaisaselystsepRart AYhgesin tegpdicineeg arghe SRSt SHPPUhder

(aogfjlmt ?Oﬁgﬁlﬁ%{% f Jhg%n & dé}rc%Bal'i185§ Qﬂfl&glfltg{): %ﬁg:@a&qweﬁh HQdm Sltfg‘npr ocess of

€ gdld compound 1s s from chloroa aci d,
sodi um chl oroaurate, potassium chloroaurate, gold cyanl de pot assium gol d

cyanide, diethylamne auric acid trichloride, g% da 3\111]8? ol d

hal i des, and al&& progawsal&damm hwherem the gRIILOMBPURY ks eStedtrom GpEtanct he
gol d | oadi_n r dk wekahh gotpsadiden the
total wei gﬁia (fd %gﬂfgo aé]} Q)Oé%%gglr&%rgﬁ{ratepq?docegdgn&%/p onegoof d :eu ns 1
to 3 wher giigihjlmineeniticiacid teigidotide, golkiracetatgaslicy! g01$h@161¢pwﬁcalkaimur@r@ses not

contain titaniumand that is selected fromsugars, carboxylic acids and
sal t s Phereof, al cohols and al koxi de salts thereof, al kanol am nes,

al kyl am nes, andy er&éch 66CHLIEN R D wikreif ity @l Raddly iChfiater dhantiOrmairts pehe
reduci ng agent is selected fromthe grou 20 consi sting of nethanol,

ethanol , insitljmdyyameight, bmdﬁalthﬁﬁoﬁéWebﬁé’é??@%@ldoﬁndlsﬁﬁﬁ‘?f& acid, citric acid,
mal efic acid, cinnamc acid, sodiumacetate, sodiumlactate, sodium
citrate, sodium cinnamate, sodium nmaleate, and mixtures thereof. 6. A
process of any 40ngpafcess dian® ode bbC]iim\hbtce} whedeen tre reducirgtdgentof ap @dgating 25

agent to gold is greater than.0.5: A process ains 1to
S eeris: neomeowtives fiss agerints Hianm i Febh SR fort ety Biofirm
organot it gnijum ¢ ONROKGESE, ARGhd1 LRANIKER:8OMN G kiRAdIfOdTkanolamines, alkylamines,

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 thereofl.

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 1 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




conpounds. 30 8. A process of Claim?7 wherein the organotitaniurn W%m
is selected from al kyltitani um conpounds and cycl opent adi enyl tit

conmpounds, and wherein the titanium coordination conpound is selected from
titani um al koxi des and titanium carboxylates. 26 0 8 SEP 2003 9. A process
of Claim8 wherein the titanium coordination conpound is titanyl

acetyl acetonate. 5 10. A process of any one of Cains 1 to 9 wherein (a)

the catal yst support contains titaniumand is selected fromtitanium

di oxide, titan | [ - t al
titanates, ti t;b?n r%g%cgsp%fréslgﬁg &H%cgﬁrm %aﬁ ?grdi}ailugg? %%186 diE %al{ﬁur es
t her eof ; C&I&emé@hﬁte,( b) the redum ng agent cont ains titanium and the
catal yst support is selected fromsilicas, alum nas, alumnosilicates,
zirconi a, nmagnesia, carbon, 10 titania, and m xtures thereof; or (c)
wherein both t r m 11. A
procesg of anyhlg)n Egtb%lé‘kgoﬁg?%he%?g%e?de?%%?ﬁen ?El{gﬁdlaamn%‘sﬁ%oﬁg on the
support i Sogf@att@anitifandGs &2eonel fiben tibaiuwre dioxaded titapgsilicatesn tikdiwe dighersed

percent, based on the 15 weight of the. s 12. A ss. of y one

of O ai s on fliFag Profpisaperabiteiales Hlagm %B%g%dre?n pramgte r‘%&%ﬁﬁtﬁﬁﬁsi “E‘adn

| mpr egnat xﬂﬂégthk&%f S RAREdin (tﬁhﬁé Ri0cth 8 elfﬁt O5MLIRS tifRfual, ang tsedaeayed from
e

G oup 1, oup the T ant hani rare ear h netals, the actinide netals of
the Peri odupp@®isEakcied feomaisikicas a]ruesnﬂtsh@u@n‘fos111253&31”%01&”16%%130?“9% one of

Clainms 1 to ereint t al ncen t S) ranges
from glpeattétmtrﬁ\évﬁ Wﬁlfesttglcﬁeggé)rt(ﬂ‘& g%“\‘/)vétl%gth%ﬁdg%% n %ﬂah @Ehﬁdr& he total
wei ght of fheicatalusst . 14. A process of any one of Cainms 1to 13 wherein
after inpregnation, the support is washed, and optionally, wherein after
washi ng, the support is treat ed with a solution containing at |east one
prormoter metal . 30A§§oce %ﬂéopaawl ?ci‘POGJBexgxﬁt'hgﬁtalm&x@ltﬂaﬂm@’tﬁfﬁbn t he

i mpregnationis “’¢on ucte t'he pol nt I nci pi ent wetness or poi nt of

| esser Wetslﬁgpa‘artwgr&ltar thaxt oemwelge|pemwchnﬁﬂ@mhm2@rwclehtgameat dasedanr ye and

m xt ures thereof a tenperature between 21C and 100C.
15 weight of t csupport

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 mctals, 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 Ito 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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27 0 8 SEP 2003 16. A process of any one of Clains | to 15 wherein(o§ tSEP 2003
i mpregnation and any optional steps of washing and treating with a

pronoter netal, the catalyst is heated in oxygen or an oxygen-cont ai ni ng
gas, or heated in an inert atnosphere, or heated in a reducing atnosphere,
at a tenperature greater than 250C and | ess than 800C. 5 17. A catal yst
conposition conprising gold on a titaniumcontaining support, wherein the
catal yst is preapaAguodeys mﬂmymmoé@knimﬁlamwmre@f af@rampeeghation 481 amiy8. A
process of QXI i Zi ngﬁhan olefin to an efin acting an

10 ol ef i nORHQTF 6‘)‘5% %Jim}grPéﬂﬁ?eég%E{gR&ferﬂ‘t%BﬂE}?l a{ﬁ‘gg%fa@ﬁtt glh On&é’brrprl si ng

gold on a k%&?{ﬂﬂﬁ%& @édﬂtﬁﬁn?%@@%?Bedfétﬂﬁranﬁﬁ&?ﬁ%sﬁﬁlé}glér'}féﬂt%d%lfaf' ci ent
to prepare e ol efl oxl de e catal yst being prepared t he process of

any one otedicaignsmaspthere] 6t a E@peratyse grars than 200%; mdilgsshen 800G he ol efin is
propyI?ne and the olefin oxide is 15 propyl ene oxide. 28

17. A catalyst composition comprising gold on a titanium-containing support,

wherein the catalyst is prepared by the process of any one of Claims 1 to 16.

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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