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CONTAI NI NG GOLD AND TI TANIUM *1 "10; A* This invention was nade \Mgted; Eeliﬂﬁg
States Government support under Award s Number 70NANB5H1143 awar S
National Institute of Standards and Technol ogy. This Invention pertains to
a met hod ofvomosssasi ng an oxidation catal yst containing §6THSWA¥24itani um
Catal ysts containing gold and titanium are useful in the hydro-oxidat.ion of
olefins to olefin oxides. For exanple, it is known to oxidize propyl ene
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can further contHiisingertion petains i@ method plgrerating an oxd aniqataé\ﬂsi%ﬂm%n%arth,

or | ant hani&a LAY faf@fi h netal, for the purpose of enhancing catalytic
per f or mance: g>r| or art representative of this process and catal yst
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the platinumgroup netal. Reduction 25 under hydrogen di sadvant ageously may
requi re hi gh tenijibe astalystyusedindhe h@f&%ﬂ@@qwdf%%m@gﬂn POcessH Porg specifically
sufficientl . - Fhe’’ S fhay begelbasd, 4@t al ysts
conpri sing )&P&‘Eg%?sﬂ%‘ngg? %@lﬁggdéﬁ%%@dﬁ?pﬂ% .g?i E&%ﬁ ona¥i t ani um di oxi de
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20 it is known to prepare a hydro-oxidation catalyst comprising a pliatinum 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 titanositicate 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 aqueous solution of a soluble gold salt, adjusting the pH
10 tobetween 7 and 11, and then adding titanlum dioxide to the solution. The resulting .
composite is calcined to obtain ultra-fine elemental gold particles deposited on the titanium

dioxide carrier.
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nmet hod, exenplified In U S. 4,839,327 and EP-Al - 0709, 360, invol veqs/ aﬁﬁf
copreci pitation method. Here, an aqueous gold solution with a pH Q 3903
between 7 and 11 is added dropwi se to an aqueous solution of a soluble
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efforts are req Elre%(?‘to recover unused fromthe_deposition solution.

Even mor a5di gamdnltaé@; do wbich is added ﬂrcmp%lﬁ 90'1419f f-ﬂydeera?fe The é‘ﬂ&f@?‘%ﬁa&‘? thus
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control 25 of pH Finally, the prior art methods may result in poor

adherence of the gpbetnpakdremémpnediepositidrepracipiption and copracipitatidn métbodssufter i t

| d be d bl e t ' I mle,...effici
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coul d be adapesdtsirarpineticiectaisefobgaid. Since theredspeargapirol Q‘tﬁfﬂ‘ea%‘ecs NP and
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‘ gold from the deposition solution. Even more disadvantageously, the prior art methods are
temperature sensitive. They also require the use of large quantities of solvents and control
25  of pH. Finally, the prior art methods may result in poor adherence of the gold particles onto

the support.

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

reproducible methbd of preparing an active oxidation catalyst comprising gold deposited on
a titanium-containing support. It would be desirable if the pracess avoided the

30 disadvantages of the deposition precipitation and coprecipitation techniques. 1t would be
more desirable If the process could be adapted to practical forms of the catalyst, such as,
pelleted and extruded titanlum-containing supports. it would be even more destrable 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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advant ageousl y reduce cat al yst prepar atlonefforts and costs gzpeggg 2003
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t hg nvent i on A oyg‘b si npl e "%P%r?g%’ﬁh%t? P'g ér?bd%ﬂﬁ%gﬁé‘g”%w‘alﬁfé?mﬁﬂ%dtfm the
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t echni ques of alsh&arﬂmmdrspensédoMbtéﬁlﬁver as conpared with 20 prior art
met hods, the nethod of this Invention beneficially enploys | esser anmounts
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efficiently utianjumeoniainiag SumoﬁsAdmtagm&sﬂﬁwéﬂ@od &Q@é/ﬂfred{ﬁH%ﬁ'ﬂloys giﬁ?‘ﬂe as
the 95 1 nvent M aainaton fienAlhed BN ran tohelek and mecionSimupasemmsitone.
cat al yst, nam?fe;‘?{‘]"%&“zﬁr‘yﬁﬂfwﬂlﬁ%‘pammlweﬂmfﬂneldnetad brovar] i3 EhRthaRatiigy L S-
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by |rrpregnat|n a.reducin ent onto the's prior
art nethod of &E‘H\fﬁz? ‘l?ﬁg@F CAVIER eagtset of pi| Evan mpre aaiﬁmtegmslyanedmethod of this

advant ages pr iwentienaprowdesddtiafcontra BRr Hant dift 6o Aoy dilo 2 <5 support Since
effective andyfrbad of this invention efficiently utilizes gold, it is not necessary to recover unused
‘ . gold as Is required in the prior art methods. As a further advantage, the mathod of the
25 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 hydragen. Al of the atorementioned

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

In another aspect, this Invention is a catalyst composition comprising gold on a
tltanium-contalmng support. The catalyst Is prepared by the aforementioned method
compﬂsing impregnating a gold compound and a reducing agent onto a catalyst suppon,
wherein the reducing agent and/or the support comprise titanium, the impragnation being
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cat al yst corrp05|t|on corrpr|S| ng gold on a tltanl umcontal ni ng sui néE &BE
catalyst Is prepared by the aforenenti oned nethod conprising |rrpr g R 2803

a '‘gol d conpowgdysyash a reduci ng agent onto a catal yst SUpPPOpdrus |n t he
reduci ng agent and/or the support conprise titanium the Irrpregna |on bei ng
3 0 8 SEP 2003 WD 00/59633 PCT/ U500/ 09424 conduct ed under conditions
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of olefins to olefin oxides. The term "hydro-oxidation" s nmeans that the-
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n a titani unmcontaini ng

propyl ene oxi de u risin
support . r’?"l"l‘l‘@fssc"zg’éf%y @\ J‘? E%% egﬁésrﬁQﬂPGGddY"ht%Faysﬁsrﬁl sifitapn, t he
cat al yst ndvanmpgsmxsﬁrypmwdpme@nwmbmm Omfustative ofaheeloRfidnybrad cﬁédauon

reater tha cent .at r ene conversion of at |east 0.2
grgml e percent qm?cgsgﬁetﬁ? ﬁ’(f{é% ’%ﬂ“&i@%’ﬁsﬁgﬁe Rranyieng ade using & catalyst FoMmPrsing
pr mr i ng ﬁ cmtda:br'ya;titanlumrqnptairwrigcmppmtrp%em the catalyst rsrpr@at'ed Bythe metidtd tiis Ng
s The ; uc n
aggnt onto a @{gﬁ ﬁ(‘f:’if/s ) s?)?@ﬂt hgws%ﬁ%m{gggﬁ@ggth ﬁ@? se?%c?l ?Y‘%g “@'¢he °
cat al yst conpai 80 @ale pgrogotat wiprenylanmcosversiorelat igastl.2 mellepeanentof t he

catal yst conposition described herein, a source of titaniumis required in
the 20 pridcess of TbeE\yamthngﬂqchéettmralwglatesmgmeéhqqlgqurepanreg soatplystt can

provi de the tdoh@Bsitidh cofprising hbia toh%ttﬁﬂ'uurﬂ-cﬁntﬁl‘ﬁl?\@%ﬁbp&? nﬁfe ;ﬁb&gs Eb&l?ﬁgegm

di oxi de. Al te[\r natively, the reduci ng agent can provid trtan

I'l1lustrated i"PRIPIIS 9951 cappRundandip fqﬂug@aesmt&mwas@wwmn unglgéh as.
titanocene, aonditidrisisafficiént 16 prapaie b b@ﬁ&ly@@é’dﬁfﬁé@ldon sgifke Manibimtiday bssential

can brovi de. eyl bE AR Pmbpsli desstibed Ry 3 @%qw@nﬁwﬂéﬁéﬁﬁrﬁé?’n‘iﬂe
f ol | owi ngeot heproaeps elgpreparing tre catglyst. nAcaondingly, the $ubpba sarepropkie e ﬂt@muMS& In a
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provide the titanium, as fllustrated in a reducing agent of an organotitanium compound,
such as titanocene, or a titanlum coordination compound, such as titany! acetylacstonate.
‘ Altematively, both the support and the reducing agent can provide the source of titanium.

2s  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 contaln 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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support which contains titaniumunder conditions sufficient to prle§BEp ‘ZME
catal yst composition conprising 30 gold on a titanium containing support.
Fol | ow ng t hwoloivgssaynat i on step, the catal yst may optionakt¥aRsdhaat ed
prior to use. In another preferred enbodinent of this invention, the
process conprises inpregnating a gold conpound and a titaniuntcontaining

nder Conart 1 ongoeteTeedintdii HPRRAL el EeoH, eiamen sonanmo
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enbodi ment5 of t hi 4N AhVEkRrefsRed emBodiment of this invertibarthe catplystdartheatomprias bt one

i i ' t.j Vi f
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co;rplosi E i . MpDOMdedntheeriedthgfugent t(iarildé‘ﬂet@indlti‘:!.ﬁls §|?ﬁ¢l€dt :&Ppéﬂ{ﬁlﬁtthé’&%ﬁ t
cat al yst supp o) ontain titanium i ona , e catalyst may
be heat ed aftéez’Er}ptb Fltg&l' rr%ré:%ﬁ%ﬁ?%‘ﬂg%fﬁ@'e Whl’e r?%“%‘@ea.gep?ff_'&'é? catalystispport, or

pr @er red entiathh, wentain tigniem. ©ptionalty thegeutdlys mag be peated aftér tAe ifiregratibhiEnd | S

optTonal heatﬂdagtoq}sgp, the support is washed. If the washing renoves
desirable pronoter netal ions, then in another preferred enbodi ment of the

VNt o1, L 1SRG eni s 88k i 5P, BB e,

metal ions after the washin p al
to repl entSsh qn4ena hgafing stap, Rlecsiabrt iswashed. i bthe washing ensaves desirablprordter

her ei nbef or e, métARoma trah e andérpretbied 6mBditibitlof the RiveREINE theld B&?céﬁ geess of
20 this | nveqtl?n C.& ri ses %lpd and a titaniumcontal nrn 58 ort.

Optional Iy, tifRaEdm f%%oﬂuﬂonagt EFYRYEr Batapienseftesthe wasbing f ortheret-al |
which is prefaptiedd teastiphaepad réptamst the susalPeibromots¥ BEtR! idns 8h tHéQuppdr@nt hani de
rare earths, and actinide netals of the Periodic Table, and m Q?ures

thereof. The gol d Asawteshtiesainbatoreythe xatlysi whictsis bemefRIallSHRp&Sd bRl fscdss BMm
ggloféveg?)% gttﬂlts h@?@ﬁ‘h@f‘@f&%@ ard & fthnfd ggéo?n?alin?r% éu%Bo.%.pSSEJn%ﬁﬁ?ﬁé/ éateltlyest s
may further comprise at least one promoter metal, which Is preferably selected from the
Group 1, Group 2, sliver, fanthanide rare earths, and actinide metals of the Periodic Table,
. and mixtures thereaf. The gold can exist in an oxidation state or states ranging from about
+3 to 0, as determined by X-ray photoelectron spectroscopy. [t 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 gold-
promoter metal particles, and/or as gold atoms or clusters 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 oxldation state, as
determined by X-ray photoelectron and X-ray absorption spectroscopies.



portion of the gold froman oxidation state of about +3 to an oxidation
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Any gold compound which can be solubilized to form an impregnation solution can
. be suitably employad in the process of this invention. Aqueous and non-aqueous solvents
can be used. Non-limiting examples of soluble gold compounds include chioroauric acid,
25  sodium chioroaurate, potassium chloroaurate, gold cyanide, potassium gold cyanide,
diethylamine auric acid trichloride, gold acetate, alkyl gold halldes, preferably, the chioride,
as well as alkall aurates, including lithium aurate, sodium aurate, potassium aurate,
rubidium aurate, and ceslum aurate. Preferably, the gold compound Is chioroauric acid or
an alkali salt thereof. Alkyl gold halides, preferably the chloride, are suitably employed with
30 non-gqueous solvents. Typically, the molarity of the soluble gold compound in the
impregnation solution ranges from 0.001 M to the saturation point of the soluble 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 sultably employed in the process of this Invention. Tha reducing agent may be classified
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the case withGeaeratithesmolat tifo SRIGeRed @y &JehABbid is greater than 0.5:1, preferably,
greater than 1:1. in some embodiments of the invention, the molar ratio of organic 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 solvent, the molar ratio of organic reducing agent to gold may be greater than
10,000:1 and may even approach infinity, particutarly when the gold concentration is low.

In the second category, the reducing agent itself contains titanium, more specifically,

as an arganotitanium compound or a titanium coordination compound. The term
30 ‘organotitanium compound™'is defined as a compound containing a titanlum-carbon o-bond
or a titanium-carbon =-bond. A titanium-carbon o-bond is found, for example, in
alkyltitanium compounds, such as dimethyltitanium dichloride. A titanium-carbon n-bond is
found, for example, in cyciopentadienyltitanium compounds and aryltitanlum compounds,

such as, titanocene. The term “titantum coordination compound” is defined as a compound
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. Suitable solvents for preparing the impregnation solutions broadly inciude 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 salvent Is removed from the support. Non-limiting examples of suitable
solvents include watar, 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 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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suitably employed as the support. Titanosilicates possess a framework structure formed

20 from SIO,* whereln a portion of the silicon atoms Is replaced by titanlum. Withinthe
framework 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

. poras 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 hereln, a micropore has a pora diameter (or critical dimensien as in the case of a non-
circular perpendicular crass-section) ranging from about 4 Ato about 20 A, while a
mesopore has a pore diameter or critical dimension ranging from greater than 20 A to about
200 A. The combinad volume 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.



titanate _potassiumititapnate and the titanates of erbium lutetium

thorium and uranium c. Titanosilicates Crystalline and armrphoua
titanosilicates, preferably those that are porous, are also suit ] $EP 2003
enpl oyed as wWerpomsygagort. Titanosilicates possess a framework structure
formed 20 from Si O44- wherein a portion of the silicon at SHEVYO4H| aced
by titanium Wthin the framework structure of porous titanosilicates there
exi sts a regul ar ar i rregul ar ia/stem of pores and/or channels, Enpty
cavities, referred H5PYE Bametprdor crfica dimession)epgse size distrivdtios, andsusscecstaa Be

ij;ol ated or |the@oousnietiosiicate aaiﬂbémaan%rﬁ’ﬁ\emsuk%ntd?ﬁd%ﬁﬁ isothe

I mensi onal . nT e g%les 2" ,n&@e greferabl y m cropores or nesopol 8% sone
conbi nati on tHErESF VOlRMe> JYRICAY. 1 F@aﬁqre@e@ﬁéﬁdﬁ@ﬁ&mﬁ%tﬂwwcaemmr (or
critical fl@ nmefiost osing as lan auhmaaa?rogénA attmn%r é}'?érg%ﬂagfx ﬁﬁn{gﬁng %gg,ﬁ ]
Cross-sectd o 0 Qu 0. abou : ilT'e”a ” mesopore has
a pore di g’lrre{%drSE’ngﬁgéIraﬁ?l&%%{r}'"gﬁﬁ%ﬁg‘f'%rﬂmfa%m@i’ﬁdpfztogwfﬁmm%r Meggureraant Af t o
abo;Jt gf)o A miTteposvdiime & dmivmm:mfnetaheorpﬁm?nmﬁea pa@élha\hﬁ‘g FERAARY fiftne
preferably c I greater of the total pore volune, an
nor e prefera(l:))rlgﬁéé ggﬁpagrggtengt%?wg} g‘% e %S‘f"s%'d“?%lé'emf‘b‘?f %B@f@mlmis The

bal ance of t H€niked Eomdhe rdsamtion velomp of peresrhavimydiameter it yandtafén greafire

di anet er of . de. t he voi d spaceS between
particles orgr:‘?ag?g! tlbiré?ggeébgkgFa{g@&g)%égg“b%@@@ﬁ?ow' g4 The
pore di amét er'd?fgﬁf"’%‘ﬁntqfé’m tyee efddegisiin for examplesmizepdioss bi hadropafouspétth eur f ace
area of the madehusddis L bd | fromth asur enent of
adsorption ispther &ﬁdgﬁﬁqﬁgk‘égg‘% u@re%%‘ﬁ?gg l{},ggmrg%ﬁ[gﬁ?ﬁrsgﬁ%‘fﬁ%e%r%mﬁade
on 'e titan ?W?tegf%cﬂwab@we@on)p@mheg@cuh;e@torammm@uaﬁm@gmm 77

K oMPar gon atby&hdfies N] Sagteield i Wetskogh ' . uch as a
M croneriti csaASAP 2000 'ogaté%et%l\/@éayggr%t n??fé?ldc%}b@%lgﬁ-ﬁ@g cﬁ?re S
ti '

n
derived fromtHeaYs ?Yf Pre1Q§r11ﬁores having a dianmeter in the range
fromabout; 4 Ato 0 A..tlkew se neasurement of mesopore volune is
deri ved 1Ei trsom the a sof}%?'ﬁ'oﬁ'W%'}"ﬁﬁ{é"rB‘fs %Wé@'ﬂ%ﬁﬁal‘?d)edd%‘ﬂ%ﬁ?&y&"aywﬁmonange
from great er metheds (XRD), eltheabyocomading the XRDopaterofiRatefdl of R rAIHM R 1 ON

i sotherm a 1 | ' | £ L,on o t ype of porosit or
exanple, m cﬁwéé%ﬁédﬂsﬁc%t%%g%%g ,9%?%2?%“19#&@&%%@&??@ ?IW5a¥t%cr eased
porosity can dgtergvnerfeanagwatk sintchure, rod dpoes asaiposant, the pore gBarnétry dhdoes §ige.( OF
critical dinensi OW can be calculated fromthe data dyi ng equations
described by ChafodimitingRamples iobperoustitarasticategwhioh sre Gaitablyyesaoyied in the:

Pract i ce,20M @revassiof ihisﬁﬁ%tlorﬂhﬁiﬁé@ﬁoro&?%?@féa s titatio i s ?oégufﬁl%)?q‘}%qj' >

Addi ti onal | y,mcr¥§t a}I |.i ne aﬁorous titanosi T es can by X-ray
diffraction Jtanasiicates; crystalline microporous titanosilicates, such as titanium silicalite-1 (TS-1),

titanium sllicalite-2 (TS-2), titanosllicate beta (Tl-beta), titanosilicate ZSM-12 (TI-ZSM-12)

and titanosilicate ZSM-48 (11—28M-48); as well as mesoporous titanosilicates, such as
. Ti-MCM-41,

25 The pore structure of TS-1 comprises two interconnecting, roughly cylindrical,
10-ing pores of about § A diameter. A 1 0-ring pore Is formed from a total of ten tetrahedra
(SI0,* and TiO,*). Titanium silicalite 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 mathods described in U.S. 4,410,501, Other preparations have

30 been reported by the following: A. Tuel, Zeolites, 1996, 16, pp. 108-117; by S. Gontier and
A. Tuel, Zeolites, 1996, 186, 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 Zaolites, 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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are present, woeosesx geonetry and pore size. Non-limting I of
porous titanosilicates which are suitably enployed in the' PEE@&EO/O%%%SS of

this Invention include porous anorphous titanosilicates; porous |ayered

titanosilicates; c ' ' s titaposilicates, such as titanium

silicalite-1 éTS— 1‘;%'356?'&%%1?][::&&%@{#1 ?gé‘ﬁﬁ?sé’-s ong Q“o”iezﬁ","eﬁ'qf‘&hdewns g¥grepdsers

(TI-beta), tiBwBiRmi I'$2088 DESHINBIZET by BRVRAINGDs dbScrad ir thé ﬁﬂ!@ﬁi'hbr!r&%%ﬁﬁ M 438
| -

(Ti-ZSM 48); asudBhkardd §&P@f|&h&§ar.‘és{o&%?,ﬁigbg.f@gﬁﬁggﬁﬂﬁ:gbyaf Stghakar Reddiy' 2

The pore structure of TS-1 conprises
cylindrical, 208 yRampdeustal of Catalseis. 1991 180.1pe 840-446Aaddby A MUCPEREY | Berf OF med

froma totml VDiarkedpdied CalAr Gendrat! {393, ?@dgglégilﬁd) Titaniumsilicalite and
orte

its characteristic XRD pattern have been Tt in U S patent

4,410,501. TS-1 carheymr@binatuis el ' I he
synt hesi zed fﬁ“‘ AIXI pd'mtrh nmet gog'g@gfeigrgﬂpg%eégx?v%Pﬁrén&iﬁﬂgd%ﬁg,o hhe
prepar at i ons é{v‘g 3(&5@%& Joaydr4 diamsier; Fe starclusmnsprenarativn ef titadesilicafeasota
1996, 16, pp. havedeed desdipedin WKldving RRlencds: FUE patedGbidefin whPGhoadiy 0P
184-195; b el, and, Y., Ben_ Taarit eolites, 1993, , ) - 364;
by A. Tuel?/ @19%%%3%%% '@%&%&He’gﬁffﬂz'ﬁwnt% €8olitesp $393, 1§§pmﬁ2-87;
454- 461; 1%y and MuRIRigutth, K. deRuitsTak Pl K. Nadaiepkhd asvanmﬂumﬂé%ggm_ %ngggl;
, L1, pp.”

and by A Tuejggangly ] arit in Mcroporous Materials,
179-189. _._,.. 1. d‘f %2% %Eg’ 2003 WO 00/59633 PCT/ US00109424 The pore

tr re of TS-2 ' beeerdi ional . 10-r1ng picroporo
:ys mu TS-2 catn b-lg‘(é ;Hb ?\% f\tg%}ugégﬂ Ttli)?Emﬂﬁeﬂﬁﬂ%%s&gé%%ef%ﬂ%@%m%@’;)mqng;h ng
references: S emr%{%s'%éécﬁﬂ Bhd. ms referenced by SoGonties and . AITuel, 18d. pp.

95.100; by J. Sudhakar Redd?/ and_R.Kunar, Journal of Catalysis, 1991,
130, pp. 440-446; 'AGPORSINClg R TFZRM-48 comprises arengrdimensiymgl 10eihgQitaahel A,

General , 15993ystbPof dimensids 83 A BJS.6180 &S retdrhay R, Qkosldk: E@h‘?""?’? ?Mbgé%é@é wo

I nt erconnecti ~L1n u cylindrical pdres of a .
The structur egg%%?gﬁéoﬁ%'ﬁ% ﬁBﬂW¥Q’¥'§ﬁ8§iﬂpi é%‘t'\%%@‘ﬁer refareacesdethelescri bed
iAn tcgreT1D }‘ ol | ovireppratisheandpeapertiePGH TIHESM-A8 lnlamtbé bca.tma}ﬂ,td\@. Rﬁb@%aﬂ%u 1884) - M
. or, - , . -Barente, i , ) .
82-87; 10 angﬂ'ﬁémm”gé&?ﬁ%?ﬂﬂﬁ%?ﬂ%e + PPy 42%5%@&13@?@?4 Y 8én Theran
Bekkum St ud.Z6dfites. 1986 15, 0p1164-170994, 84, pp. 2245-2251. The pore structure

of Ti-ZSM 12 conprises one, one-di nensional 12-ring channel
20 Ti-MCM-41 is a hexagonal phase isomarphous to the aluminasliicate 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. Tue!,

‘ 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 Dis Q if

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

— . —— A




syste d hv S Centler and A Tuel

| bid. The pore structure of TI-ZSM 48 conprises a one-di nensi onal Fglé) §E ng
channél is systemof dinensions 5.3 A by 5.6 A as referenced by P 2003
Szost ak, Handbook of Mol ecul ar Sieves, Chapman & Hall, New York, 1992, pp.
551-553. O MQ9%5863r ences to the preparation and propert FELUSI424 79\ 48
Include C. B. Dartt, C. B. Khouw, H X Li, and M E. Davis, M croporous
Materials, 1994, 2, pp. 425-437; and A Tuel and Y. Ben Taarit, Zeol ites,
1996, 15, ppthisitgde bi7supp@Ocan beNiEhpatdd bistha niethodglescribep iraRET bamnmthtmusnt o t he

i armeters. 1 adsy SEop 55 in Miand RAGRR.S” il s BidpBiked VRIAL Sifce

descri bed i nlrtetﬁdlca@hbsiwmb’ o atdeaorganged Bhaseofibe @r"“aﬁtbshnt’ﬂmemeansza@tlgreaasr
1996, 15, ; Kk h
Chem . 1 gggtha?%éooﬁtlébwé@g g%ﬁ ofﬁ'leqﬁ‘ar}1 :Lﬁll@ﬂ th&8lordanifed ﬂ%‘é@ brefe]rablg ys.

lcon to titanium a
(Si:Ti) of t a@atartttaarstﬁsi PY&SRere PEgierBlly J1igaterahandOnand mostmrewa@ysgteeter than

active and sgh %tgnvserem& fatilaAlintalisld Mie d:gbrgmehwﬁwe %lgé&blpﬂtp%QﬁFts
descri bed herein, general |y advantageous Si:Ti atomc ratio i s _equa

or greater tfpigal 'ﬁl@é%ihaﬁzﬁ prajp@blyy g8 Pan Ly, euen maregyrelgrably, lass thand Ogstit

10:1. A genegst yremiwte%gﬁﬁ% ﬁéugthpercaﬁt@mn@ utaa.tuwml the ﬁ@bp%h emtscnﬁ ah ess than
about 200: 1, preferabl ? noted

Thot (ho sl plienizafoRsihling iR ayaRtng BRuRE SR ghne 1 b fejca Tom
Ti tani umibi s e suppor s é&bktamallybu@é dji&ityssamnb glahiemxdigyide, and b itstrhest ptdfate‘ﬁSfmef

this I ti d i . var et f which
Bsor e o S B btk e Pl s tBs b ) ©
00/ @533 PCTIMiSes¥ap9 42R-TEM) and EpergpDispersipmXiraycanalyists (BPXpearekb dpedittrenaget hod
desCri bed i nt#ﬂol@%@[ﬁénlﬂh’m th‘é%tata WD 98/ 00415. In the Iat_ter T ef er ence,

the titani um I sperse er the surface of the silica

substantially In %hggge@gﬁ‘ﬁ%&tﬁﬁumgﬁé‘se 65“%Td%ﬁl'iqws‘ﬂéﬁ%Bﬁ‘mdlt@&r{réfalhﬂgatﬁﬁ'rﬁunﬁhat

greater than about ercent of aniumexists’in

di sor ganilfed digxigdacdy HR Eﬁﬂraa\stoy y Bagjag apestoscapy Ariditianglyn theglisorganized phpss,
greater than q38s nar@khm%tdid@ﬁ&f)@r@@lalfryacn&t mba&mnm\%éﬁ@(mh l@é‘srs‘eﬂﬁtwélf\

the titaniumexists in the disor e S LES ul t es that
typically | edét qqtﬁgtc’lﬁa""ﬂﬁ@?'lé‘l"aﬂﬂ’g’f‘g "{}’t@h"ﬁam 80"&%" )%A%B%t#eé'? ably, -
I 'ess than 10,chafidterslsdt t iriicdrystaline phases df ianiu dexiddis npecanelnsive bvididrze
titaniumin t upport exists n
specifically tE%’é‘f%l H%Iaﬁ%s gre P%S}‘ﬁnblr‘ﬁugq %%PPafgaﬂ‘\‘ﬁYJ%e‘CY'ﬁ'% e@h{}éﬁeélgfxg}n%r m 1o
t he suppart ispesub@dopyttU\aWS)DRS)qmoxddescarty!s:t aralyticed technigneé whicticen digtinguishd i n
Its nost pref r t xi de.
H gh resol ut |bt)ee51&$ ‘hg%ms’ F@?}é@ éﬁ'@k hKaJ a‘?ﬁ c%gtaﬁuﬁa@w{r@ﬁy&é W& %‘”’Q
Di sper si ve X-grayof &faTEMi Raniarin) U¥-MS PBSeee bie tiged b tify 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 88/00415.

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

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

e. Titanium Dispersed on Promoter M
Yet another suitable support for the catalyst of this invention comprises titanium
dispersed on promoter metal silicates. - Stolchlometric and non-stoichiometric compounds
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,the gold and titaniumln the catalyst. The disorganized titaniumphase can

be distingui shed frombul k crystal line titanium 15 dioxide by HR- TEM

and/ or by Ranman spectroscopy. Additionally, the di sorganl zed phasg& gg!aszg[}g
not exhibit_a distinct X-ray diffraction (XRD) pattern.

| ess sensi t Y9&%%83% detecting crystalline titani um dioxi de! %ﬁy szﬁgl y, t he
absence of an XRD pattern characteristic of the bulk crystalline phases of
titani um di oxide |Is not conclusive evidence that these phases are absent
in the suppoiomprsing prgiotar anetalslieatesecan tef used. Ref BeoIrouLoOysSilinetpraactapy

(UV-VI S DRS)matkiQHics@ss ﬁmfaiay@ﬂ\pfagéd ywemdea GRS ANEta Y@!ﬂ&t&%a@&ﬁéé%' sh,

bet ween the di sorgani zed tani Um phase a d crystalline titani um
Typi cal |y, a@roupnb Geupfr-thedenthpaide rare garthsyang @emiéametﬁés as@domlmnauimat i fy

t he di sor ganhgsgst, Nb?ﬁﬁ'ntl e@gﬂnblbﬁ?ﬂ%rbﬁérrea b?%tém&aﬂiﬂﬁtegirﬁme RERGARON

Near Edge Structure spectroscopy = can be used In onp errent ary
manner wik h WWEF\?}‘C‘%%FP‘&MFWP siligatey esbipmssilicgtepang b‘@‘ft’mfs}}'cﬁtﬁe b sfaﬂkyam zed

phase. Theseca%bhﬂui@rsaﬂ@nmbmbﬂdmbm M@a‘?@(n@uﬂé&ler'ﬁhaogdds%tﬁéﬂhéééﬁgéd“ﬂ on

the silica can,be an active, catal yst

process of tYacioy (HSE%F'%VGT%W%FIE‘ TB&PH%S‘Eqr‘t%ﬁf‘?ﬁﬁ 4968'theﬁg" f‘%"t'gﬂ @%t er than

0. 02 wei ght hepeinabeané capbe hsadab identifg treadispersdibtariurh phvaseght percent, based on
the weight of the silica. Typically, the titaniumloading is | ess than 20

vei ght per celhMidutesiofffupbertsabl y | ess than 30 10 wei ght percent, based on the
wei ght of the silica. e. Titanium D spersed on Pronoter Metal Silicates Yet
anot her Ui t abl e AfWsp@ptnatiayormMigueaaf #1e/PpoRs ehi descresergnatoyammandes

t| tani um di bRl qn%d&[aﬁ%?&ﬁﬁls%&ﬁlons' licates. Stoichionmetric and
t oi chi o?rﬁ‘tﬁrl c conpounids 12. 0 8 SEP 2003 WO 00/59633 PC T/ US00/ 09424

CO tlﬂ ng prO”DtWﬁemé?édu%'hb St PFoviRB tesi&Lof trﬁﬂm{unﬁw WhatePbgeneaus
crystalline

r % Ssilicate is s @Z referred
T Uonrer | mot SN bitnartean BR £ReRD 16d Grotsss 4 S BN R NS MR PN o
:\Ignt lhan! de rmamuraa:nti Imhs?amd:htdbenoadaetenogenswsah&lysamblpomnql lkmls\m totthegee of .
n-1im es .0 r i u
raones! ubt b SR TR B SuRfed i Ftady @Ricids RhE siiden, PGy, iR EHoates o
and luteti unsumhlastaamﬂnos‘lﬂbaes,lmagnesm cagzom, bleccmasmanbemdanixmlr&s tbcrenfotwmemet al
ilicate In |
her o1 nabove. MRIGIISHHD PR deRES thOsduiédor fexiin Yich brbterff IneBudfet o ,rf?&)'s
her ei nabove 8lfa. be used to identify the di spersed titani um phase.

M xtures of Supports O 10 Any conbination or mxture of the supPorts a-e,
descri bed her ei ndBetipaallys e ggtalyst of this invention can contain at ieast one promoter metal.

20  Any metal or metal ion which enhances the performance of the catalyst in the oxidation
process of this invention can be employed as a promoter metal. Factors contributing to
improved performance include, 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 CAC
Handbook of Chemistry and Physics, 75" ed., CRC Press, 1994. Preferably, the promoter
meta! is selected from silver, the Group 1 metals of the Periodic Table including lithium,
sodium, potassium, rubidium, and cesium; the Group 2 metals, including berylitum,

30  magnesium, calcium, strontium, and barium; the lanthanide rare earth metals, including
cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium,
terbium, dysprosium, holmium, erbium, thullum, ytterblum, and lutetium; and the actinide
metals, specifically, thorlum and uranium. More preferably, the promoter metal is silver,



enployed in the catalyst of this lnvention, Wen the reducing agent

provi des the source.of titanium then any heterogeneous catalyst support
can be used in the process of this invention including those whicl) & &&Pap0f3
ti.tani um and tWO8®5%#s ch do not. Heterogeneous catal yst SUpch{z-t are wel |
known to those i5 skilled in the art. Suitable non-limting e Q%ﬁ?’@éz‘

I nclude silicas, alumnas, netallosilicates, such as alum nosilicates,
magnesi a, car boagnesiim Oedi@um! bdrdm i ] xtures thereof. Wen the

reduci ng agent sovi ders the géé'ﬁ@égm%‘?'nﬂ‘ﬁéﬁgﬂ‘r ﬁ?fﬁ“'{"ﬂ‘ ™ PRssivmI ybiditme

cat al yst suppo??s“frg’ 0r & ¢qmibinatiop thesent Tmicaumha:mﬁtimssxa@fofmip?onkd?é/rqlqgé'ﬂon can

contain at | easngesBolr«anBter bilBhean | or metal 1 on whi
enhances t he pg{ fogigg?ance of the cataﬁsfége?oﬁ‘)é\!@%%ipﬁém'o iIweF eancbaspresent bk §
e

i nvention can BYOg Nl metah o5 as e alloymithigoldEact or s contri buting to

| nproved pe¢ forman de..faor exanple, increased conversion of the
conmpound t gg be ox ?@?éz@ga,l %Fﬂ@%‘gé’éﬂngﬁﬂ ragtal(s) degosited omre dersiorawhicam) '
by €344

product, decr et8e@.Qi: polrablp gredter than R 0, UM o e reased
catal yst |ifetjdfgeny exanpl es of 25’92"&%}%@@%%;96%?&15%@13 '

Lirid] |

I ncl ude the netal's 'Ic\#‘ﬂ 8? c?ﬁlﬁéé {%9%4 H’F{QHB‘H?'FZC%'VSME“Q’@H autintlty Shirb@otef metdis)

El ]tcament s, da; \Aﬂﬁ;osw emidersupportiaigbherhlynéssaniries g?dlgﬂraafjésg E%SISE%% metRc

referenced in E@RC : e try an ysi cs, " o

Press, 1994. P‘?r fﬁér abl’??q?%ﬁ%;%%tp Fce”i«ée%#* anghe ot welght of therpataiyisk eThost he

Goup 1 netlal ss'@?d ihi@emas Wil arcogntzeinet wivenl astomgtel el #tBAate ?r‘%qfcb‘t% g%lgfescf um
i 0 '

rubi di um and thesie é i ncl udi.ng beryl m
magnesi um caloqcoi ‘ggg;:ls?r'gﬁ?t%%y&a'ﬁg&gé@%%hﬁ"a% ’f'ﬁemf’%&ﬂ ifefeexpmple, asdhigthas
n

metghs, inclu AEFRRL Ivarreteaodemhedimento thie promqsreweed) éJG“rcuP{%LFﬁ]éthHm

eur®i um gadaciucmas aplatin@iodrods me | ] erpium thu

ytterbium angqlut otuip ; ;ﬁgr {Bh'g %Eﬁeﬁﬁwahgﬂg%t?aqﬂgﬁgéﬁ? EE%’PIBWet@I(ﬁ,iq lgas
and urani um MeE %répg a%?&?t Pefrentaf Biedetat catalysi corpositioh.ver , WO 00/ 59633 0 8
al ci um barium erbium lutetium

SEP 2003 4RCT/ USOO‘rﬂ%?émgt‘%%g%i igﬁﬂw{ggn%wne@ptayswpmmm amadUtus of -

sodium lithium potassiu

Typi cal l'y, thérgatiasaiution containingd sdiltee proeoRk RetdiBii@! Anﬁéé\g‘?@@% é}@gg@;é‘eﬁ +7,

but nmetallic i resgnt. Silver can
lon, as el emﬁ‘?g%dgé%%?%o@? m&scggﬁggf?‘ﬁf}c'%‘Ww fQj_(ﬂxeﬂ‘PlS. tiheromotenmetanivaieky of
promot er net al"Bidesqesrbenates) boratashendscaptpexylatelsmieig, or bﬁnﬁiéﬁ&ﬁ&tes,%%gteg; 01,
Rergnt - by con s, chisddh, Makitest il ditiahells" 330 PRles e Wataniuine oreforred
?ﬁant |2E) y gf’ PZBﬁEﬁ' baei”‘ﬁr?é@%ﬂizﬁhﬁ“’entﬁgp@w&S@dbobols.tdseerslkpmfs*, a"“fa@ﬂﬁ‘ﬁﬁhla%%ﬁﬁﬁcs
an 20, pre & : [ ess t han
P eeny o pooo s ean af88ibe Lisec. WicHR. o g b daoimater metal sattn

wei ght per ceng, Ibased Pn t he total
8 impregnation solution ranges from0.001 M to the saturation point, preferably, from

0.005 M to 0.5 M.

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 ylelds 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 gold compound. When the support
contalns titanium and the reducing agent does not, It is preferable to Impregnate the

30 reducing agent onto the titanium-containing 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 titanlum-containing reducing agent. This latter preferred
embaodiment yields a catalyst which efficlently 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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10 skilled Iln the art will I‘PPOHDIJP that when a pronmter netal titanate or

silicate |Is enployed, the wei ght per cent age of prom)ter nmet al may, EeSépJ%h
hi gher, for exanple, as high as 80 weight percent. In a preferredu 3
enbodi ment, If the pronoter netal is a Goup 8 netal, such as a pI ati num
group netal YAWEH3} he total concentration of the Group 8 RETAPIHS | ess

t han about 0 01 wei ght percent of the total catal yst conposition. 15 The
pronoter netal |Is inpregnated onto the catal yst support from an aqueous or
organi ¢ sol unpighcasneuad At ernpausdsl aaol be ippegoated beietea biteadtsimfiaesadlyi wiaf  t he

broroter ot @b imatelduiBH BB LBRBAId Ay RALLEFehEah Y Hdred O

exanpl e, the pronole nitra Shat
car boxyl| at esemprAimentge pragrotes ety cempatesst I depnsitec ylhutt&&eously with treegold

citrates, melfioand aﬁ&‘deﬁtlﬁé‘é‘é@?ﬁ Phis P@er@d@rﬁl{oﬂ etn??lE ﬁs fﬁ‘ﬁ&i{ r%){ ier;‘e

preferred 20 sol vent ,- but organic solvents suc
ket ones, andefifiensydn ihe Tetsi-oxidatian Rrecessy&f %@r\s@mey a t9afrwaé¢rstg ppylese dxide

Typi cal I Yy, thearmtiar Aler ¢ath Irrhﬁegﬁﬁhérb'tt‘i‘e Wéﬁﬁuﬁﬁo%t@drcaﬁﬁhﬁed JhdeF &For i
In

I mpregnation sol ution ranq fromO0.001 M e saturation po
preferably, PGOERTEND UPEY a0 'Rest Ymespliererisuch asRikipgnn ordRiumyor Pﬁ@fg"d‘laéu'émrﬁmound

t he reduci ngrergedkoivérnd Diyirg) i9Bfdctitbdt atBmpbaIRE BEWEBH ahbiSat, RRER al BecS URpor t
can be condu%qe%g in any order which yields the catalyst of the invention.

For exanpl e, * gol d conpound can be inpregnated onto the titanium
cont ai ni ng supporf, first, followed he reduc n ent; or the order can
be reveré‘gd with Af i,h fiog @PW@”V@Q@% M&ﬁﬁ‘&@g@qﬂﬁ"yb%ﬂﬂsﬁ%ﬂ'hﬁhe
gol d corrpoundasHWgem?n Wpicsllyprmlvbs introegvsiag Mise r:}upr?gawmmmmhe sbﬁdmcdmuﬁﬁ@nt

0 not nat e, t he re nt.onto the
T o consRuRlEEh Aot BRUEBRS ek BF 157 AeFBR A AEARG HBR ouppor
does not con8Gminutastuprto dthhaurd. Aheseleshi eihich cag dissolvesess feducimg a’gmt ahd/gr t he
gold conpou f t.
This 1attor AN rEeRRRRERGRR 15bE pledfnd irb MLs ) E8EB L S AR ey GRE
utilizes 1hydP'@§?@'ﬁd |snlvemebqwmaatc@wga§ imay alq@rtzstemmoveds Geoerain drom ayout heml ow

water to ol efhgh | tHQbGFnICvQ&H uRFAle @464 ¥ PR 2003 WO
00/ 59633 PCTNSQQ/ ng 424 netal  co |R]oun o\régcger-g?&ﬁ ds can Eteear%rl#g‘rngbﬁgféed

bef ore, aft eWasih¥g Siepean bcagird qu ﬂﬁ“ferPr reprated 35 @askedi on of the gol d

S ohoter motal ﬁ@'&wﬁa*&%&a@&%@as Steiu e THEBaS SIPBRT A B5iSPo s ound
and r educi ngtregteditvith alsbiatigir effoas besomfrosiotee nietahions. THsstep funclibgtohyslenigen 5
or opy! enéb ox PerraBiaheto Efedrbie ul a7 Rdye FRodi A e Risolb Wa B or

i s typical | yThe treatmenicsimpliginvolees imnfersing thedwpregnatad deppodin a selutiorneantalphgr e,
such as ni tr gefsdbid|Floidtr mfal IBREEThE mbREHHTHsolution can range fram 0.001 M to

. the saturation point of the promoter metal compound used, preferably, from 0.005 M to
05 M.

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,
orunder an inert atmosphere, such as nitragen, 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 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.



 renove sol vent Drying is effected at. a tenperature hetween aghient faken

'as 21 C, and 150C 10 After the final |rrpregnat|on and drying, optionally
the support may be washed. The washing step typically Involves i rbh@rSEPA003
t he i npregnated support In a solvent and stirring the suspension at
anbi ent tenyercases® under air for a period of tine rangi nBCTUSIHNIBB m nut es
up to 10 hours. Any sol vent which can dissol ve excess reduci ng agent and/or
any undesirable lons known to be present provides an acceptabl e wash
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carried out NB&EpREedsBRMH AEHNAS &Iﬂéétémtn érﬂW‘t bAcOBrHya
step, the Irrp;fgagateed supporI G ik ﬂ?prreatg Wytﬁabn\{ﬁfﬁ@l on of

one or nore ¥ tcatalyshanA °P699§"V & H!"ée”gtt‘bﬁelﬁ ﬂ'ﬁc‘i"f’ 8?%’”?‘69 plefn @rides fAnyzdefin
desi r abl e pr &iRdisihg FRé&br m@ﬂé&:aMthbdi@dénfb%\emp\U?Qm nhdmﬁngdhtirioﬁtﬁflﬁsheio@hﬁé: edi ng

washi ng. The t I nyol ves | nmer s support in
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final opti on@Pf'iﬁgBOP%eﬁatrq%F@&i?rgr ab{lﬁ’f)%%r?awag%éma% 8"‘%??@”?2'%8@5

The opti onagrebteatian0magle percentnbiaseted thentdtal mobey gbelefor oxygemygregerc and ai ni ng
gas, such, as &Iona dlﬁént“Wﬁ@{?a@gmb’@éﬁu%&%? hﬁ[ases th§#§é‘|p?er?] wﬁé’s‘l% gy under

a redUC|ng af nnsp t1ond yplcally
conduct ed at a@d mrqme&mme lase thasa® rm%@eraﬁu. basmbqn thertetplaneles of Ob?é(tl vegaen20C

50C. Alg, d, ¥Rd xﬁ: d&r@ﬁd.m&w W&@Faﬁl? the h@nti§lof SRR h RS (deBitiliaki igned in

the X|dat|on re ct or an e conprising an inert gas, such as

hel i um and ©fsalesthanq01,snee grefarably waéhmm% ag@n@é&r&ﬁeﬂapwmﬁw& Heles,

for exanpl egerbém eééét:ldmh@tdw nid¥dscHt aReh, hbuﬂgmewgea%d@pnmnduueﬁt a
t enper at ure between nbi ent ,, t ake 2003 WO

00/ 596331PCTP BRRPYole AUSHEY a&w%ﬁ?qsaﬁ@a Pa’i‘%’ﬁféﬁq"’ﬂ'y ﬂgse‘f"ﬂﬁ“ 35,and most
hydr o- oxi dat tvferab (38 HEh 20 Adlb percent, based @n titestal mblesl of alefiA(Aydpsyendxygen,

B?’gL'eg?te'sonZﬁX%)%? %%@*%%8‘3/ g hee ToEer R v Gl oreell ol SP i arpater.
the gol d- ti treaniQon,pedfedaplyt greatadthap Oiloasd nnyraaardenabbmreaterdhm & Mmaletpeecent,

o can. beasafor s Waifpi Bt hidiodentabe, Bhd SptoRéicugt, ShiC B bon
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olefins. M ?ef@rraggel%@@laﬁ'?@ nfole perBbffia8sd omthd tatRIShol &Y ot RiR, Bfdiogem [RpydreNe.

Typically, t a(ra'od optional diluent.
. 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 themally stable liquid. Suiltable
liquid diluents include chlorinated aromatics, preferably chlorinated benzenes, such as
chiorobenzene and dichlorobenzene; chiorinated aliphatic alcohols, preferably G,
chlorinated atkanols, 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
preferably, less than 70 mole percent, based on the total moles of olefin, oxygen, hydrogen,
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nI efin in the feedstreamis greater t han 1 nrpfprahIL areater than 10

and nore preferably, greater than 20 nole percent based on the total

mol es* of ol efin, oxygen, hydrogen, and io optional diluent. Typicdl8 SEPt p3§3
quantity of olefin is less than 99, preferably, less than 85, and nore

pr ef er abl y, MO9693han 70 nol e percent, based on the total PGOUEWNSR40l ef i n,
oxygen, hydr ogen, and optional diluent. Preferably, the quantity of
oxygen In the feedstreamis greater than 0.01, nore preferably, greater

than 1, and aatasﬁtuétttEirfarlahidxﬁutgérﬂf’st@@dtthélﬂhé amahh of Bﬁfeﬁﬁgﬁqe fQé’&‘?r‘éarW?sthe
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al
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preferablsy, djve@ter than 0.1, and nore preferably, greater than 3 nole
percent, based on the total noles of olefin, hydrogen, oxygen, and
optional dil uent .Th8ytmkdxealon proecessican bs cmtdubtysdtragmactaref dny pord@htigna ess

h 50, | 0 |
borcent . bacisyel Sufanis o5 Bag SGud BnaBiboBRSes. (EHE I Hidkass E3BndMAE A% ™' ©
optional di |tg@peraturqbichi greater bam améleamsakgass 2)1r’Cl amﬂja@ thhm 250°Go&inceot
i nhibit the d&ﬁéi\?s‘?ssﬁreﬁéreﬁ Bl $he ﬁr@ﬂéﬁ"@& @hodd & tﬁ\s gﬁémﬁh%ﬁ\‘?’cﬁﬁﬁ%@éf RroﬁHéé RRef

gaseous diluents inc but_are not limt
argon, net haﬁi@”"t‘:‘aﬁ’fwﬁ’ﬁefdh%fkt"ﬂ‘éar cgtﬁb'atﬁprwdrﬁwew&mﬁhe%&re hyidro- @xlqiat@ul d

phase proc esmcésbenq;udy the ea'talyhef BRIt SN c%hatt&zéa aﬁtrtélnﬂdaﬁw@'rhgheﬂ abl e
d. Suitable lglya{uen s I ncl Ede chl ori &ed -aromatics, preferably

hI Wi nat ed é‘hﬂ%‘t‘i’és ke tegpertYp I reater %7% RS sYRRbl nareater than

chI ori nat ed mo"ohwtsumtyalh@@hﬁt:aatumefeeﬁ tiah 25@1; preferatly legs maﬁ 2g5°a, i@gﬂsﬁét&m
such as chl or ters

I | | et.h d 3
pol yal cohol s** Q‘eg?gﬁ’%&ﬁ@ésﬁﬁvﬁgﬁf‘w?@%%gﬁg ?‘f@%ﬁ%ﬁ'ﬁf’ ﬁ?ﬂgﬂéwﬁﬁ o he
feedstresm i dera-;xxidaxmhlpyoagseeareue thmgrataﬂntuta total pare desigriboWiiergindlad heatidedved. 1,

and nore pre &{, ﬂ@ Q{earﬂ fseﬂ%‘aéor &.%'derhé OATB oﬁes@g %ﬁfﬁ]as, %S&%aﬁﬁorg Bnd Blafth

mol es of ol ef gaseous
diluent is t%ia:fmmwaleéss than 90 pr eferably, |less than 80, and nore
preferably, less than 70 nol e percent, based on the total noles of olefin,

oxygen, hydr ogen, Preteranly, dhegrepgurejdne budrooridasion prosess rergRs ftpouatmogpheric to
]gii I gg m ealmf . 20 p (ztsd Ikhu)e ﬂtoré grreléféﬁly frbiaBo bhg(mutph) tef250 |p§|§fﬁ‘124l upat; he
pgrecent , ‘basg%f %ﬁ%&@sﬁéﬁ’% e gg %‘W SB?J%t"ﬁEC‘B’Ia@HSY ) ghﬁe&ﬁt'ﬁ&m "arifl’?eer usr &
amount of | i ¢idedantid, bartypitaily isygreatat thyn | @sbolefireper & cataipstafeehaus|(y’), drefesatthyhan
95 wei ght pe&(%g{etr thatnalﬁa(h"f){'ndtrngre%%mjaﬁ'lﬁdgrgﬁetqmn ‘PBOd P? Wp%liy?th%rlﬂ-lsv of
. the olefin is less than 50,000 h", preferably, less than 35,000 h*, and more preferably, less
than 20,000 h*. The gas houry 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 molar 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 80 mole percent, and most preferably, greater than 80 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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s diluent The h\/rlrn axidation orocess can be con

conventional desi gn suitable f or gas or |iquid phase processes. Usually,
the process is conducted at a tenperature which is greater than @rﬁ)lseptzm)g
taken as 21 C, and | ess than 250C. Since catalysts prepared by t

preferred nMOM9$8633f this i nventi on advant ageously producé’CF@\ﬁléWm anount s
of water than simlar catalysts prepared by prior art nethods, the

hydr o- oxi dati on process enploying the catalyst of this invention can be
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greater than 0.3 note percent, and nore greferably greater than 0.4 nole

percent. The t er mtednvamition wil e &urtbeesiariied by afcppsidprationh thefeliowineexsainiesge of
olefin ip th@méﬁ’ia eﬁﬁ@ﬁ&écﬁ%'ﬁb‘ﬁﬁfeﬁ*‘bx&ﬁa hfotli®s de ugardnrmﬁ&bméﬁ Oih$PbfBbdiMent@

selectivity to olefin oxide is achi eve reater, than 60 nol e

percent, pr e?féf‘%tB'|V9"“Ogr“‘é‘h‘i'%@ﬂaf?&ﬁt°m°sﬁcﬂk@e?)\é‘rt'(‘,%ﬁ'f frgmc@nsiﬂp@gg} %1*8\‘

greater thansgdifeRldh d?@mﬁébt of ttﬁaﬁdvdi‘iﬂ@rt aPdisdiesed beysin. quraedsasthdrvizn na&drml
percent. The te@_gf 'sel ecf th f ol Efkﬁis(?{lde I's defined as the nole

per cent age oPSFEHRIZRA™ GIVER PHE MINCHPTE he ol efin oxide product. 17 0 8
SEP 2003 WO 3 PCr1UsS00109424 It is desirable to achieve a good

hydr ogen eff i n the hydro-oxidation process. Hydrogen efficiency

can be opfim zed By afRheMal@tANARLE! x HD, VAT §) e disdBve®Irfdeidnivel dvatsy t OW
(42 ml). Sliica 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 chlaroaurate solution by feeding
the solution slowly into the flask at 80°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 ml) which was evacuated for 2 h an 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 fiask 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 methanot (55 mi), 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



as possible. In the process of this invention. the water to olefin oxide
nolar ratio is typically greater than 2:1, but typically less thap 35:1.

In preferred enbodi nents of this invention, s the water to propyl eﬁa Sﬁﬁdﬂm
malar ratio |Is advantageously less than 10:1, and nore preferably, |ess
than 5:1. VWoerg0/s8633 vity of the gold-titanium catal yst hasP@@&seaBed to an
unacceptably low Ilevel, the catalyst can be easily regenerated. One
regenerati on nethod conprises heating the deactivated catalyst at a

tenperature 5@@‘0’\@9@ hlar?{b(&o%l’éé toRekm téﬂp@rafu‘?&ﬁﬂ%l@& 'cBfaly glac%rdp‘ﬂsnﬁggBlﬁ'oﬂ' aNg any
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ha@ol Ut or el au2ep usblie onffie SRS ERLRPR RGBT MRS Y o iR
evactuat ed urﬁﬁﬂ‘)‘&'“ﬁh?f@s‘t%@ﬂ“@"%@%bt ained. The dry solid was renpved from
the flask and air-dried at 60C for 12_In. Titanyl acetylacetonate (0.27 Q)
was di ssolved in nethanol (22.5 m). fﬁ@edol d treated silica spheres (9.0

g), prepared herei naboveHyavaromdatiomﬂd'rdpyleaen@amﬁylbméOsamfIask (50 m)

whi ch was evacua bath at 80C.
The titanyl ac bndt e % c) S§| ol RO4He elsilica under
vacuum at room 3¢ melg o) |t o€ mple ratioy ter bath at

fromthe.
oom

80C and rot at ed undérv cuum for 3 h. i
flask, washed wilt 8 : ;ﬁ@p 558' ) fI|9§I’ %gn ’iegg‘;t

tenperature. The T eRee—) air using
the follow ng c )n16%0"|e : heetedB ron roomtemeﬁ%.ure to 550C in 5
h, held at 0 8 &R 0345 06/ Po424—-55pe—a—31h, and cool ed
to room tenperat i ¥0d} a Bal st mpr | si ng gokd §r1éa
titani um contai nf ng ,,,suppo . Gog'asl odgdin 5 0.5 wei ght | pe Cent | titani um
loading 0.5 wei gft———T—146T0.25 88 : 35

‘ “ 160 0.36 82 - 47

“ 180 0.50 65 - 4.9
15 a. PP = propylens; PO = propylene oxide

b. Feedstream: 20 parcent 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 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 tme 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 B.3 g PO:kg cat-h. After 24 h on stream, the conversion was 0.27 mole

—— . ....-___1.9...__. ey e e ———e b v e—— — e —
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percent;—Na:Au atomic ratio 1:1 as deternmned by neutron activation

anal ysis (NAA). The catal yst pr epared herei nabove was tested In the

hydr o- oxi dati on of propylene to s propyl ene oxide. The catalyst (28 $EPwaB03
| oaded into a fixed-bed, continuous flow reactor (10 cm wth flows of

hel i um oxyWod¥s4¥Hr ogen, and propyl ene. Feedstream conpo8fTPf09434s 10
percent hydrogen, 10 percent oxygen, and 20 percent propyl ene, the bal ance
being helium Propyl ene, oxygen and helium were used as pure streans;

hydr ogen waspefdexeshd the iwatérab peylbre @aé’eqnbia{ n%@o tWas 4 M4/ YRL kaliystiwyse. Total

flow rate was 160 crﬂmnéolefln o GHSV 4 h''). Pressure was
at mospher i c;egAnertEa e ine U‘P%OMQQ_L’B@@PGPP%% gliym) withou logs i1 aetivity. usi ng

an on-1line qss cEromat ograph (ChronpackTM PoraplotTM S columm, 25 m wth
the results n Table 1. Table 1 Hydro-oxidation of Propyl ene to

P | i d Ex. TPP Con P 0 |
oL okg cath- b AATPep R coTRRn RSN glfparscoh,itcs{Zie g BBhes, yfop avea,  ©
2" 1600. 4GB87-3BOon* 3 @0crEds pord. (ﬂhnmrﬁﬂ)ﬂ) RNGas-clcthe i 86 fembv 6 Bostdual o'k@ﬂﬁhs‘lﬁ:&ﬁefi 2
4" 1400. 2588- "16 6 0 5+ PR = n

propyl ene oi&&?@" cggggs{??rgé% (jia%gq"?% qlhﬁ'rdc%?ﬁ%%émijb fﬁ’g'{@@y{ﬁ%%ﬂ &den,
1(r)TB /per cent t o:;dy.gem at Sbeg(gfme th&ienmnmle&hi&ﬂ:&&hd ﬁfbregi in IlOi@iFviiI?QI{Uomat e 180

cnB/ mn; in ' e nmospher eedstream

percent pr 039"‘8?{8 urg, ﬁh?)‘é?r]ﬁl’é?ﬂ ph@ zg?ghéa QMg pgé?@@ﬂ?“%’&fgt@ﬁ‘,'{as‘?ﬂh'ﬁ‘él“‘&ﬁce
hel i um  Cat gllatet onZ @tary evapordtbrauvd reateated@t coviml temperatirefarn hGHSV 320 h. !

Pressure atnospheric. d. After regeneration at 300C under hydrogen. The
| mpr egnatoed cat alSestiunpP-giscangike éAldrigh;, 89idekg) was disselivedintdoably idetosized waepy| ene

(18 ml). The gluconate solution was impregnated onto the spher'e.s 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 Chioroauric 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 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
. color of the catalyst tumed completely purple.

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 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. Thereatter, 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°Cin 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. Gold loading, 1.32 welght percent; titanium loading,

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

20



25 conversion of 0.36 percent and a propyl ene oxi de selectivity of 92
percent at 160C. The water to propyl ene oxi de nol ar ratlo was only
Propyl'ene oxide productivity was calculated at 8.3 PO kg cat hi ﬂASE%rZUQ&l
h on streanxé&g soggnversion was 0.27 nole O 8 SEP 2003 VO, ?

PCTI USOQ' 09424 percent and the water to propyl ene oxide rm rat1’o was
4.18:1. The catalyst was regenerat ed at 450C In a flow of oxygen (20
percent in heliu without loss in activity. E me2 A support conprising
titani um di sper seth®eatalystiveas tgstedin thn hygiscpatationselpfepylene tasriopylehe 3@ e/ g,
average por ey riRieR teschibéd rﬁ)Exﬁﬁ‘lﬁleGlablﬁﬂ m%x&%n&@m;ab@%ﬁaglggﬁe Qgeglazﬁn'dctﬁ?

thefollovaP schene: from 8 Cind4
300C to 550 qeﬁstf%"hcofﬂ%wdaﬁ Bmcsventms?pyzenn.iq hewcwemant@d@c&pqmtstored

in closed vi aydrggerf mwémemawm ﬁék@uscab%bﬂe&h ARRABLSS At 180-EGhE) Were
put into a round-bottomfla whi ch placed on a rotary evaporator and

evacuat ed’ at W%%Qﬂqt%‘?ﬁﬂé?'ﬁtﬁf Exsmaﬂ'e ?Lpﬁ’d“%g agy e ARe oM eI R 040 peireant. e,

2.0760 g) waprogiiendbyiad sblacidmystiey pféﬁieﬁmhﬁ'@slpma&&wuty &t 53 gfbcbfkgliaﬁh thconate
sol ution msgﬂ%pre nated onto the sg%heres under vacuum w th gor ous

rotation on Q) tha caliyshivas fousup ontodt arstipame At ABHCdRe B@Pﬁgnﬁf ol | ows

under  vacuugbriverstorV@aEfolad tb befleNpdtcet; m&mréhbefam&aédaw& wa%Gl2rBe'f'cé?1§ aaadC 30
mn at 60C, then ool ed to_room tenperat ure. Chl oroaurl c acid (HAuC 4. x

H , O 0.3729PKRugivly was 84 qRAka Gl %@&%@%ﬁeg%&%ﬂm gt 300 endgs i

sol ut i oniwas Reg@iergiiv BdePRidodeh vas RRRE bRScivIder vacuum and vi gor ous
rotation on a rotary evaporator. The | npregnated spheres were then dried
using the foExample@ schenme: 60 min at roomtenperature, 30 mn at 35C, 30
m n 60C, then cooled to room tenperature. During t’he drying, the
reducti on of gol dAsuppaert tenmmising litapium disrerapd ohrsllicm(asﬂfmﬁthhemmspdhd:emea.o

greeni sh- pur ylhe, t
dri ed overni gh@""ﬁ &%ﬁé}&g?laﬁfg%n A ggghiﬁg?%‘g‘é{{%gﬁg 6%‘?# ?&h‘éh‘:e“ ng this
period, the 80‘&2)1003006‘4’5 i 4b. fcﬁki@ll?@g‘tc t0[12 heme@tmprS@tJ"éltySﬁQﬂCﬂhéh Wéeld at 550°C
Inpregna d, ¢t I ' e 50
andFet {002 I PABIERo ool ndolts SHRRIERE o AR AR miTafine? |
f r es h vvat er EBEres {12282 glaveradideatl orenptannevaposatanasd axasusted at rmomdemperatuce
anot her 30 nigg}.q rfhe water was decanted, fresh water (50 m) was added for
athird tine, and the mxture was left to stand for an additional 30 mn.

In a final wash, mn@%l@w&ncﬁod) #i810d) 2Rl swﬁh%ﬁlbﬂdet(l-'@&tfér((mﬂ?%%ﬂré n 50 ni
water) was ad ereafter,

the m xture %a%vw? PieoB dBlonizel Fale Ada THREPBIRR s MBEReRBOB PRI ot

t he mat erbal spheresah airgrt) evapdratorundedsadugmidmd uhdéd vigsrdug ratatieraheo yiel d a
catalyst of tirﬁgrewe\{tgg Eﬁr(\)eqés &/ér%%e%odnlea uggggaéd?lmélusri]ng 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 acld (HAuCIl,.xH,0, 0.2996 g) was dissolved in deionized water
(18 ml). 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 material was further dried
under nitrogen at 80°C ovemight 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 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
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from200Cto-500C 1n 4 h_held at 500C for 2 h then cooled to 80C and

Istored In a closed vial at roomtenperature. Gold | oading, 1.32 i%%t
percent; titaniumloading, 1.98 weight percent; Na:Au atomc rati \cﬁe&l. P12003
as. det er mi ned NAA. 20 0 8 SEP 2003 WD 00/ 59633 PCT/ USO0I 09424 0 The
catal yst was" ﬂéé{s%@i n the hydro-oxidation of propyl ene toP@FUBAgIORYE oxi de,
in the manner described In Exanple 1, with the exception that 3 g catal yst
were used and the feedstream conprised 19.8 percent propylene, 10.1

percent oxygennpversioh QaBOQelpeneeﬁt prdipmkne@ﬁelﬂe sélb@wb@ha@s?p&@érﬁkg fRaL4 tHﬁQ wa
Results are gad:{] E rth | ft t At 160C the 5 nat ed cata o?
Exanpl e 2 pr Q é’ﬁ%“&%'ﬂwﬂéPB?‘P%ﬂd 'BrW‘nB%F N A183ed 9I ene
oxi de sel ect lcamtarsnai waione bﬁl@éﬁt,,semﬂm?mﬁ edpeicent, hd ﬂ%d@otﬁntﬂwf@é b% lﬁ%
to 15 on stream At 80

No deactivation t he cata up

the propyl ené? ”&o%@r’%g%}?'%% ﬁ‘m@*"taégﬁ%cd"@ﬁ”ﬂgﬂgéﬁt‘heﬁF@b@! aghéevestiade
sel ectivi sy Waverslom6f GaMpercathd seRemAty 6f 85/ pdr¥entidhd® Modudi@ykd 6 ?ép?/ The
catal yst was re en%qzéed at 300C under air. 10 Regeneratlon un (?rogen

was al so ef f &@tiéb anpl e 3 A support conprising titanium disper sed on
silica (2-4 E@%‘es; surface area, 360 nR/g; average pore dianeter, 110
A) was cal ci g the followi ng schene: from 80Cto 300Cin 4 h, held

? Leﬁoggor ggl t2 ohéoé@gﬁéﬁ Q%r eﬁgnttﬁ&gﬁ‘cﬁﬁg sgd o Qiucag{? &rjg‘gh’? g%e%é{iar?gérezﬁ he
cal ci ned spfﬂ@ﬂé@’/c.( ayerage pore diemetep|13e walcaiclmalttarrgmexﬂpsidaﬁ@rgm by the |
Sy % AR B 8 % BB W ik e R
(18 m )4 h;Tield atG50TC fon2 tieten cupled gmBd°Exlanmstoretiliea 2hsegiiaratsom a rotary
t
EEE‘E?EZ‘ ver o pepreR et oo AU AR bR imponEias velcheras
60 m n at rodiacedperratany evapgatonand %cumu at3gomiemperaté@dor 2 he Rotassilmd t o

room t enper atg fac r%é@aﬁw%mmm ek mtéguveﬁir?z? H&% Bl ASAYGh | "

del oni zed wat e t1on was
spheres df a "esdingynasy B?fh'i?a(ﬂ"gérﬁ’b%‘?f"%S \‘ﬁa@l&’@rﬁ‘?ﬂiﬁﬁow aﬁJmpranatenmmto The

| mpr egnat ed &ﬁ@@umn\ma@r ﬂbutﬁdmﬂﬁvlﬁb?étﬁdoﬂaﬂoﬁ &etherr&uwﬁp%ﬁﬁ ThRé &%‘p’ oW*Msh

t he vacuum wa rie ried

oo " SBen cHe I s oA Y IR WY Ae0Lm g o RICAY ASHfelovest BOMTIRG!

heating schegbm témpsraBiRiab miRQ8Sa, and 3t mirf &EPCAREN EebIdBFobr témpbratifd.d at
500C for 2 In, then

Chloroauric acld (Alta Aesar, 99.9 percent, 0.7583 g) was dissolved in doubly
20 delonized 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 material 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 sllica.

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 mi) was added for a third time; and the mixture was left standing for an additional

— p— 29 e e



cooled to 80C and stored ln _a closed vial at roomtenperature to vield a

catalyst of the 30 Invention. Gold |oading, 1.08 wei ght percent; titaniu

| oadi rig, 2.7 weight percent; Na:Au atomc ratio 3.8:1, as determ ﬂeﬂdSEB 2003
NAA. The catal yst was tested In the hydro-oxidation of propylene to

propyl ene oxV@@% ¥ he manner described In Exanple 2 wit hPEFUSH0ES0Et S
shown In Table 1. At 160C propylene .21. .. | 0 8 SEP 2003 5 10 i5 20 25
30 WD 00/59633 PCi '/ US00/ 09424 conversion was 0.24 percent; propyl ene oxide

selectivity \@smlmplpémpn'tnerqmtedmtmi)dute/wéMﬁIerea ﬁwﬂthegéﬁﬂmﬁ%‘é\fah st MPS d
180C, the versﬁZ)rH3 was

deacti vati on Y 15 . h on stream At '

0. 47 percent, L}%é r?@?fe\r) £§OJ %Vewhﬁé?%b?‘?re Hraclpsesyial at @Pwemgra&r@. Qaapékg
cat-h. After aoemes-emrammg 11l fvepighinpertardi Tiaf SBROGhIpRARIN VA 28RTL ral @%{& qLal St
achi eved a E%Z’F'%ld(w 0 45 percent, a selectivity of 85 per c8
productivity O cat-h at 160C Exanpl e 4 A support corrprl 5| ng
titani um gi sperse tface area, 360

aver age pgr epdl ang- h@'&at%lﬁtdﬁﬁ &és/aésgggq 33&?8"@@ PFrARY|eqR &0 Propyens g)gdeby
the follow n@t@mr d¢&°0bﬁd8m€xample}e(n€relmbdvd: Prbedsd c&:d:ﬁiﬂ@@nﬁ@ésuﬂs Bre from

300C Lo 250C shbun th Tebid e A pRioyBRoCord Bisiof pwsb 850 8k BedRGha S aostenae

in a closed vial at room
put Into a r®XKG-SsECdNetgraairr thamBe Rerorns werd aahistedat aprooesasrtymﬁmarmé ator and

evacuat ed at efadBnt RIBRS AR 1808CT Phe Zaégl{%la&%%giédgg&g %’e% ge(r?ﬂ%ggr Ifﬁpd lahG 99

percent, 4.513 was di ssolved In

resultlnd°ln39 lution having a pH of 7.94. The gluconate solution was
| mpr egnat ed t he support under vacuumw th vigorous rotation on the
r ot evapo&gggﬁi—ﬁhe support was then dried In the rotary evaporator

under vacuum usi n%ﬁﬁv\q lrbath as follows: 60 mn at roomtenperature, 30
mn at 35C, and 3 b stglplegs#eel cRRIRINeLMRICAvVET WebRHTges{os ! S mines with dry

nitrogen. Tetra(ethyl)orthosilicate (11,276 g) was transferred into the container. Titanium
butoxide (236.4 g) was added to the sllicate with vigorous stirring. The reéulting solution

15 was heated to 91°C with continuous agitation under the nitrogen purge, and kept at this
temperature for a total heating time of 2 h. The solution was then cooled to 1.9°C in an ice
bath for 2 h. An aqueous solution of tetrapropytammonium hydroxide (9874 g, 40 weight
percent TPAOH) having a low alkali content (less than 20 pbm Na) was placed into a
16 gallon polypropylene contalner. Delonized water (5814 g) was added to the TPAOH

20 solution with stiring. The container was placed into an ice bath. The TPAOH solution was
also pumped through an extemal stalnless stee! % 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 mUmin. The temperature of the mixture slowly

25 rose reaching -2°C after the addition of about one-half of the alkoxide solution. Finally,
de-lonized 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 canducted in a stainless stee! autociave 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 milky liquld 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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Chloroauric acid (Al fa Aesar 99 9 percent 0 7583 g) was dissolved in

doubly deionized water (36 m) to yield a solution having a pH of 1.32.
The gold solution was |npregnated onto the gluconate-inpregnat ed) §uSER 203
under vacuum @wfpbdsh Vi gorous rotation on the rotary evaporator. The

‘i npregnated support was then dried using the follow ng schdif@USoWosden at
roomtenperature, 30 mn at 35C, 30 mn at 60C, then cooled to room

t enper at ur e. %lri ng th& dnitial drying at roomtenperature, the support
changed col or ¥PEREY41 FIAnizes Walel 3 epnisiduged Agais.0The eselting sdlidevas dREPEL 1 10°C

particles turned?2 Hpwed by RelcHa b jected tg a final
dryi ng over ni ght ar'P 80C Inyanlcg\%ﬁqngﬁggplog)nﬁi r'oz'g‘%zhg@%'svﬁﬁg‘?é{ed% Wiy a

pur pl e- col or e® L &R1QWpd & hhpaing at 389°GoApowrerX-ray iiffraction (aﬁﬂlgéié StoWdd tridt §y um
di spersed on shdtéfeRwad B%u?@ﬁtﬁﬁdéﬁit:at@I&;ﬁ??iegcgqqrﬁh?hte%&% gﬁag.l .14 g) was

subnerged i n doubly dei-oni zed wate m xture at pH 4. 14,
whi ch was keft W tithe G@aRPEHaishd Eid ' H 3.88). The water was
decanted, and.fresh water (1ooa'm? I\'/egggéfgjdé@cﬁ’?gpﬁ@é&aéﬂeﬁﬁﬁféaeﬁﬁgdY‘@Fftat575°C

standi ng for i°"t§e"(%ﬁ‘|" 900igh tO ra9MB teRRasatuiRa 4 sebtiom wasl peepaien; cofbashy MMrEAuric( 100

m ) was added atidf0.63% B} 4 $ddRn ' e tandi ng for an
adZ:IitionaI 22a { 9 8 gé@%%ég%ﬂ%gg%%ﬁ@@%?bu Wl asdias yndepH

. ... 0
5.06). Ther eat’B@PM RL{ROM;terPpRratujeunti freq fawing, thendeated undsuatiunytochioad Yeite yas
dried under o yielo@esatast 8kisav@ntsdht, then stored in a closed vial at
roomtenperature. Catalyst conposition: Au, 1.11 weight percent; TI, 1.80

wei ght peneent; K: Fue edtalpitq30 af was evalihtsh, i dg .. S The
poog v i 0o RS i 6 o BBl

o-oxidation o

tal yst (3 din the h
i@ in xR bEHeEel fasitac ¥ Bl o, inibe exvamtovinal pesutadon ws

et vieen 0. 25 gagd Bogb GotBEah AOd 8 nh oy e et DG GO ST oty o,
than 80 percent Wer e Ao evgﬁ' tﬁ °%1‘a5¥$)‘3€§ a'legﬁbéf'%fplﬁ@ hyedeiden AT and
160C. The cat Rlopyensasd bydregsn wegntmmacamemnmgﬁbxmeﬂrm%aa@&toéﬁ’? ARC. -
Exanple 5:4 1 j jner Wt ver was purged for 15
mubes with Ater rodeHe A ATrafRa 8l £ Beadtolh Br £t 1ameerguigwassampod i
transferred i h8°6 Inteevaisdattize eparatingitemperaturo ¢1609C. A& ptodPRnd ceivelfh grdded t o

to 91C wi th conlonannaasbnalblih Bdsiettfy L b hesehida ile Pormdt e pwetevedi <
tenperature f E‘P'aémtﬁétﬂéﬁ-zheat ing time of 2 h. The solution was then cool ed
L;drlbgicdlen( ggﬁ@@ﬂggt \fllve:‘ SLt 2 h. An aqueous sol ution of tetrapropylanmmoni um
20 A crystalline titanium silicate (15 g), prepared as in Example 5, was calcined in alr 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 contalning chloroauric acid (0.06 g tn 5 g methanol). The resulting
solution was used to impregnate the titanium sllicate by Incipient wetness. The
25 impregnated sllicate was thereafter dried in a vacuum oven for 30 min and then heated in
the oven at 60°C for 1 h to yleld 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 gold. As determined by X-ray

photoelectron spectroscopy, 60 weight percent of the total gold content was metaliic 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
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per cent.TRACH) - having a low alkali content (less than 20 ppm Na) was pl aced
into a 16 gallon pol ypropyl ene contai ner. Deionized water (5814 ¢
NESEP, s

added ‘to the TPAOH 20 solution with stirring. The contai ner was p

an.lce bath. TgelBAPH sol ution was al so punped through an externa
stainless steel 1/4 Inch (.6 cm coil energed into a dry | cdCIUSHNM42Ne
bath (t approximately -25C) to achieve faster cooling and better
tenperature control. The solution was cooled down to -4C. The col d al koxi de

sol ution was peanYEwlers peomirute (tEmyall & RrpRRiNR BRI 7RE thdSroplid c3fvekSO
g -

m/mn. The te : i xture slo 25 rose reachin Weer
the addition OPBZE?SP t ‘?‘rﬁ'g-gr?tg@?“"g‘]f é’t‘ﬁ%"%ﬁ“ﬁ &%%é@f Qperegnb and £watel/PO molar ratio of

de- | oni zed mat%?-(5432 g) was added to the m xture with agitation. The
tenperature of the final mxture was 8.2C. The m xture was stirred for 18
h at roomtenperature. Thereafter, the hydrothermal synthesis was
conducted In a stainless steel autoclave with 200 rpm stirring. 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 product was punped
out fromthe reactor. The product contained a | arge organic |ayer that was
separated fromthe rest of the mxture. The pH of the aqueous mlky 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 WD 00/59633 0 8
SEP 2003 PCT/ US00/ 09424 di spersed in deionized water and centrifuged
again. The resulting solid was dried at 110C for 12 h, foll owed by
calcination in an air-blown oven. The material was heated to 550C in 5 h,

f ol .Ned 5 h heating at 550C. A powder X-ray diffractioff anal ysis showed
that the material was a pure titanosilicate phase of the MFI structure
type. 5 The titanium containing support (30 g) prepared above was cal ci ned
inair at 575C for 8 h and cooled to roomtenperature. A solution was
prepared conprising chloroauric acid (0.035 g) and sodi um acetate (0.5 @)
In methanol (35 g). The sanple was dried under vacuum at room tenperature
until free flowi ng, then heated under vacuumto 100C for 2 h to yield a
catal yst of this invention. 10 The catalyst (30 g) was evaluated In the
hydr o- oxi dati on of propylene to propylene oxide in the manner described.in
Example 1, with the exceptlorrthat 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 catalyst was heated at 140C for 5 h under
helium then propylene and hydrogen were Introduced for 10 min; then
oxygen was added to the flow. is 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




ctivity to propylene oxide of 96

.2p propy

Fercent and a water/ PO nolar ratio of 5.2. Exanple 6 20 A crystalline
itani'umsilicate (15 g), prepared as In Exanple 5, was cal ci ned i b8aS§EP t2§03
600C for 8 h and cooled to roomtenperature. A nethanol solution containing
sodium acetate (0.20 g In 25 g nethanol) was prepared, and to this

sol ution was added a second nethanol solution containing chloroauric acid
(0.06 g In 5 g nmethanol). The resulting solution was used to inpregnate
the titani umcgiayh gte by Incipient wetness. The 25 Inpregnated silicate was
thereafter difted ITh a vacuumoven for 30 min and then heated in the oven
at 60C for 1 h tolyphareses of preprrngta caslysiogpatitiyotompsising gekdtoani tilaniwront ai ni ng
support. So _ i , i LUk | .

transm ssi on et%%i’g (s)‘ﬁ)%g’nﬁ'ctg% cgﬁgaﬁﬁgggzﬁg@ %%%éggﬁgg\gg&gﬁ\ﬂgghpﬁg%gf or
met al | i ¢ gol egenpentol @ caselyst sepponywhereiathepedveing hgant ansvorsheetalyss appyt 60 wei ght
percent of the - : I catalyst (3.0
g) was ev:t'!ll u%?néﬁd% ? ?]i[atn%gl ﬂrﬁ?%@%%ﬁ%%@ %@%ﬁ%ﬁ‘é%’é‘a’?g‘ %E@%%}ﬁmenhe oxide In
the manner simlar to that of Exanple S. The feedstream conprised propyl ene

(35 percent), hydrogen (10 tcen . O 10 L cent t he  bal ance bei ng
helium Process &Bf%céséﬁgeéél?z:w%% ‘Eggﬁgf‘g’%@fggﬁaffga%d&%“o@ OgYG\w of

1, 500 st andasdid, aodting cHlérdluﬁteSﬁRas@ﬂﬁBch%rMﬁ@/gBlﬁ63&id¥:ﬁ6thlﬁﬁﬂ Q&éayhlnidc,
centinmeters per mnute (s¢ At a fenperature 170C ro ene
conver si on thy WWF‘&@%?&I&}‘PHE% gg’fglag@?tf’\/’is]iyyg?lgfhﬁ]l’%ﬁﬁ“éﬁg‘aﬁi'i"g ‘of 99
percent apd a water/PO nolar ratio of 3.2. 0 8 SEP 2003 CLAIMS 1. A
process of preparjng a catalyst co sition ¢ risi,n old op a titanium
cona ni ng suppor%-,‘gtﬂ‘i%c"ffr‘géé%‘? 1&5%‘?’ & °#H‘85@_&H‘§ﬂf g@g‘&"g‘m ﬁ)%ﬁﬂ’&ﬁnd and
a reduci ng  AUBRSH byPwéightabaed Gl 16 tord WRIEAL 6f tho'\luid fidsuppwat.r educi ng agent

and/ or the catal yst support 5 conprise titanium under conditions

sufficient to prepare the catalyst conposition. 2. A process of Claim1l
wherein the gol d £KPRYAS of syt SECRENS I 19D Witk B8 WeduBing Agérd is BQHEAAD
chl oroaurate, potassium chloroaurate, gold c¢yani dg 1pot assi um gaol d cyani de,
di et hy| atd necompoped that dpes pat coptain tiggaiumyand dhat Scselepted frgmsppars catpoRMici des, and

al kal i aur at £94s and salts thereof, alcohols and alkoxide salts thereof, alkanolamines, 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 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 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 cyclopentadienyl titanium compounds, and wherein the
titanium coordination compound is selected from titanium alkoxides and titanium

carboxylates.
26



10 3. Aprocess—of Claiml or 2 wherein the gold loading is greater than
10 parts per mllion by weight, based on the total weight of the gold and
support. 4, A process of any one of Clains 1 to 3 wherein the redyc§ 'SP 2003
agent i's an organic 15 conpound that does not contain titaniumand that Is
sel ected from sugars, carboxylic acids and salts thereof, alcohols and

al koxi de salts thereof, al kanol am nes, al kylam nes, and m xtures thereof.
5. A process of Claim4 wherein the reducing agent is selected fromthe
group 20 consisting of nethanol, ethanol, isopropanol, ethanol am ne,
acetic acid, lactjc acid, ci Hr.i % aﬁ:i d, malejc acid, cinnamc acid, sodium
acetate, sodi um | ZcfRFEessd GlaimSyherels me ttagwm saordinating papround Hditanwl mal eat e,
and m xt ures,ipniRRhates. A process of any one of Claims | to 5 wherein the
nolar ratio of reducing 25 agent to gold is greater than 0.5:1. 7. A
process of any one of Clains | to 3 wherein the reduci ng agent contains
titaniumand is sgle r ¢ i ] ium

coor di nat |§1on con@duﬁh@gcég?gaﬁ,&g%?grg%@mgw g%&? m&%%‘?@?ﬁ%éﬁp

or ganot i t ani contziontitening and isselected fromfitapiwm dibxigd, titanasilicates dsapou ditperacd

cycl opent adi enyl. titani ; . . [e] iLfand.um coar di nation
conpound is gg}ﬁég{,g@nﬁ%@#ﬁ@?ﬁ%ﬁﬁé @@%1%&%@%@@%%{]%%& é‘fﬁ’%b@f@l ates. 26
0 8 SEP 2003mSxturls therzof o8 whéreidl (B) the Bdudingy agem coireins titapinmuandabocadalpsat i on
conpound is titanyl C | acetonate. 5,10 A, ess.of any.one, of C ains
176 9 wher ettPPpRye PirBes I m et dlies o ieRleE E P Rt Ra e el et oc
fromtitani uthadiapaniddsixtutdsttiseneasd) dri(cattesin tath tm redoviog sgeer sddhe smppsxt | 1 ca,
pronpter netal tit.anates, titaniumdispersed on pronoter netal silicates,
andgri xt ur eSCHHRPBBE™ oy wherein (b) the reducing agent contains titanium
and the catal yst support is selected fromsilicas, alum nas,

alum nosilicates, ziyconia, .nagnesia,.carbqp, .10.tjtani.a, .a m Xt ures
thereof; or (c) wh répwcg&pﬁaqyﬁnéle PE@B’&‘?S?}g“’gQ&‘i‘F”HH# {’i‘ﬁ’é‘“g‘d%%g?gtm ti“(')nt ain
titani um 1lgupPoRisOfeser thin (BORwaEIR poicerthmd 188 tHant20 widdghopereait lbatddentthé ani um

| oadi ng on the _support is greater than 0.02 weight percent and | ess than
20 wei ght'S pePeight of thyWBA°™bn the 15 wei ght of the support.

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 metals, 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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a 12. A process of any one of Cajns 1 to 11 wherein at | east one pronoter
nmetal conpound is inpregnated onto the support, wherein the pronoter netal
is setected from Goup 1, Goup 2, the |anthanide rare earth met §i8sSEP 03
actinide nmetals of the Periodic 20 Table, and m xtures thereof. 13. A
process of any one of Clains 1 to 12 wherein the total concentration of
pronoter netal (s) ranges fromgreater than 0.01 to | ess than 20 wei ght
percent, based on the total weight of the catalyst. 25 14. A process of
any one of d ai I i i € i : . rt is
washed, and opti %‘a‘ll‘ ?V%%\%ﬁgggﬁhggﬁéﬁsv&a h?r@?%%ég&gﬂﬁ gg?anﬁig‘%@% ed with
a sol uti on opticrtahstepstf wathihgaditreating vathonmbmotenmeal, the3@talyst isAegediness of any
one of Clains | to 14 wherein the immregnation is cqnducted to the point
of i nci pi entP*HEM L8R OHECLCHURARE B3 g@?@’gg N AL UMPFRIRTE, OLhRalrd iR 2 el ect ed
from wat er, rQiugmBiatinsiphet€nt Siemperaturs gredigreRant 3507RaK l6ds thant8P0Er at ur e bet ween
21 C and 100C. 27 0O 8 SEP 2003 16. A process of any one of Cains 1 to 15
wherein dfter inpregnation and any optional steps of washing and treating
with a pronmoter gt AlcaratybeompbatiohSdonipEisiRg 861€ @n b fitanfify-66Haifing 8pport,
oxygen-contai ning gas, or heated in an inert atnosphere, or heated in a
reduci ng at nhepsinsthe catalystds prapass byithe mrogpsbekaay opheb{-loissd 94 | ess t han 800C.
5 17. A catal yst conposition conprising gold on a titanium containing
support, wherein the catalyst is prepared by the process of any one of
Claims 1 to 16. 18. Asrgeesscdoxidisinganioléfiathen elpfinordds gompsisiag conteqting anxi de
conpri sing ; i i [ L ﬁn@; of hydrogen
and a ca]{aal %gc?ﬁ@gwpdr?ﬁ%ﬁ}a t%%rﬁk%% Ogbwr%#tn gﬁgg?ﬁg%ﬂf g‘? ingéa%ﬁ%ggfa t under

pr @)ss conditaniusneonsaining euppart undst proegsa cenditinas BifE¢ient to psepare the deficat al yst

bei ng prepar 2 ] 9. A process
of O'al m 16 ety et bERERRpatd B lafebr & PuPRE Skl Fo 160 8Ol
propyl ene oxide. 0 28

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

15  propylene oxide.
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