5 S E P 2003 WO 00159632 PCTI USOQ 09419 PROCESS FOR THE HYDRO- OXI DATI@%IE[S}:003
OLEFINS TO OLEFI N OXI DES USI NG OXI DI ZED GOLD CATALYST Thi s inventi on

pert ai ns (g SQségcess and catal yst for the hydro-oxidati opc@fusobedanes, 5
such as p B@? by oxygen in the presence of hydrogen to ol efin oxides,

such as propylene oxide. Oefin oxides, such as propyl ene oxi de, are used
to al koxylate al cohols to form p ether ols, which find significant
utility in the RROGESSIROR THE PQ‘éDBQ*@KMHQ“h‘éB 0L§-ﬂN$1§D| CLETIASOSRES.

O efin oxides are al so i nportd8iNG RXADIZEED GOLE GATAYYSThanuf act ure of 10

al kyl ene glycols, such as propyl ene glycol, and al kanol am nes, such as

| sopropanol am n®his iHEntibn péﬂaxuwf albramssahdemwstaudthammﬂmedmumn dProtgiinlsene
.oxide is produced conmmerci al Ié? % t he wel I-h wn ch %H{I n_pr.ocess
wher ei b preiil Fheropyeng A BYITR IhNgPresfies ¢ NLBPIRT iR s, s 3
produce a Mwéhg ddde. propyl ene chl orohydrins. The chl orohydrins are
dehydrochlorinhated with an excess of alkali 15 to produce propyl ene oxide.
This process sufiefisoxidesasudieasproavient axidgsarg usgdto @W@Fﬁ rigphels to fgrp

stream ( @@% ?/gh@é@fml:n WNgnméanmﬁﬁYn &M&tmmm@f E@lgbféthéﬁh%rﬁn'if ry,

2" ed. Anot her
wel | - knomsyrrmete: elastomers. rOlefin awides ara algo o'mqrmt 'Dteé'ﬁ§$'é§esdf¥ tf@nméwf@éh"ﬁpbm

froma p C t he
ot 1 optBPlefintoBh et s oBeRE BIEAC BRO LA SmRES Sub a8 ol idrdarhife!

i sobut ane, whichydrbarsefuhes saverdis atdisddastarts. i s aut oxi di zed with oxygen to

forma peroxy c C -

hydr oper oxi de, ?TB@H %ét:%’f'ﬁ?%%&?ﬁ%} E?L%’H m%}é @g:{%}wu%e 0%%b%§%hep oh‘ess
olefin, typefsdh lpyopyledehgraatc&slem&eambqaedusmtmn ohchierinel to patchice st mixture of

I ncl ud| ng titanium va enu an I nds

conpl exes. NWP@%WWOB?@“&HEP? %@%&nagla&%egwgggaﬁlogﬁé@mtﬁge eg(%egs of bkl ‘
di sadvaat aﬂfﬁ@'ﬂuﬁe@fﬂﬂﬂ&ﬁﬁbmlm pfocesosufiess mf)mm&:prpdmibutoi aflow exanpl e,

an al cohol, such as but anol , or %i/i he yI Bi ey Ci df such as |
acetic acFH“C%fﬂ"SB§€F§“%%IBh(§%egE Séﬁ ﬁ\ e&pg é'gﬂyﬁﬁ’s 988G ecycl ed |
or their vlhighibistoongy., Ve PubRshers) IHAIENBRIVORH, NM 2083, p@tﬁm-zswroducts must

be further processed into products of commercj

for ex
met hyl phenyl car b%ﬂﬂimefﬁ‘!@lrkﬁ?lé’“dﬁﬂg?dpé’t'%@ qx@qsdglfﬁsan)}ﬁ%ﬁghsferggj & ‘?‘?&B?P AP
Organic Ch‘ﬁ%h?&ﬁ}f) drdd F&d Moxn@@%r E@r%x}cd\@é)@hé 86T aYoieim eindhé fiast stag ofethison

of olefins, suc propy ene, en i'n the resence of hé egwa and
a cat al2fst mmtlbe@wtee@pem@emnwaé%lsw a$ igoltanes Sthylogageng; or gp Eiﬂo &
oxi de, as " d SubRES RbutyN®/drd masal yst
conpri ses F %%Ba%ﬁ‘ltﬁlto%& kg )%%g(r:nplohn (Lzllep05| tlétgh%tr? tl:lmt?g.nl

di oxi de, prem;ébmep,e hydeoperopideaor parcgtc amt%ep iz fhe otefin,

exhi bits a (s afMAMEgRRMR Yo Paksitdr :ﬁuaﬁfsataw REYShg tmﬁnn.lva%asm 2003

molybdenum, and other meta! compounds or complexes. Along with the otefin oxide
25  produced, this process disadvantageously produces equimolar amounts of a coproduct, for
example, an alcohol, such as t-butanol or methylphenylcarbinot, or an acid, such as acetic
acid. Coproducts such as t-butanol and acetic acid must be recycled or their value must be
captured in the market ptace. Other coproducts must be further processed into products of
commercial value; for example, methylphenylcarbinol must be dehydrated to form styrene.
30  (Industrial Organic Chemistry, ibid., pp. 265-269.)

More recently, the direct oxidation of olefins, such as propylene, with oxygen in the
presence of hydrogen and a catalyst has been reported to yield olefin oxides, such as
propylene oxide, as illustrated in EP-A1-0,709,360. Itis taught that the catalyst comprises
ultrafine particles of metallic gotd deposited on titanium dioxide, preferably, the crystalline

35  anatase phase. This catalyst exhibits a disadvantageously short lifetime. Moreover, when
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determine the presence of oxidized gold can be suitably employed.
25 The novel process of this invention is useful for producing an olefin oxide directly
from oxygen and an olefin having three or more carbon atoms. Unexpectedly, the process
of this invention produces the olefin oxide at high operating temperatures and over a
sustained period of time with high activity and high selectivity. Partial and complete
combustion products, such as acrolein and carbon dioxide, are produced in low amounts in
30  the process of this invention. Significantly, the process of this invention can be operated at
higher temperatures than prior art processes, specifically, temperatures from greater than
about 130°C up to about 300°C. Operation at higher temperatures advantageously
provides steam credits from the heat produced. Accordingly, the process of this invention
can be integrated into a total plant deslgn wherein the heat derived from the steam i5 used
35 to drive additional processes, for exampie, the separation of the olefin oxide from water, the
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A lower gold loading provides advantageous economic benefits. Accordingly, this unique
25  catalyst possesses highly desirable properties for the process of oxidizing propylene and
higher olefins to their corresponding olefin oxides.

In one preferred embodiment, the catalyst of this invention ¢an be advantageously
prepared by an impregnation technique that greatly simplifies commercial preparation, as
compared with the prior art preparation methad involving deposition-precipitation. The

30  impregnation method advantageously avoids the handling of large volumes of gold-
containing solutions and the need for carefully controlling pH.

The novel hydro-oxidation process of this invention comprises contacting an olefin
having three or more carbon atomns with oxygen in the presence of hydrogen and an
epoxidation catalyst under process conditions sufficient to prepare the corresponding olefin

33 oxide. Optionally, a diluent may be emplayed in the pracess. The relative molar quantities
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25  CRC Handbook of Chemistry and Physics, 75" ed., CRC Press, 1994. In yet another

preferred embodiment, the titanium-containing support is prepared by a method comprising
dispersing a mixture containing a promoter metal alkbxicle and a titanium alkoxide on silica.
Any olefin containing three or more carbon atoms or mixture of such olefins can be

employed in the process of this invention. Monoolefins are suitable, as are compounds

30 containing two or more olefinic bonds, such as dienes. The olefin canbe a simple
hydrocarbon containing only carbon and hydrogen atoms; or altematively, the olefin can be
substituted at any of the carbon atoms with an inert substituent. The term “inert”, as used
herein, requires the substituent to be substantially non-reactive in the process of this
invention. Suitable inert substituents include, but are not limited to, halides, ether, ester,

35 alcohol, and aromatic moleties; preferably, chioro, G, ,, ether, G, , ester, and G, , alcohol
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25  may be suitable, including ozone and nitrogen oxides, such as nitrous oxide. Molecular
oxygen is preferred. The quantity of oxygen employed can vary over a wide range provided
that the quantity is sufficient for producing the desired olefin oxide. Ordinarily, the number
of moles of oxygen per mole of olefin used in the feedstream is less than 1. Preferably, the
quantity of oxygen is greater than 0.01, more preferably, greater than 1, and most
30 preferably greater than 5 mole percent, based on the total motes of olefin, hydrogen,
oxygen, and optional diluent. Preferably, the quantity of oxygen is iess than 30, more
preferably, less than 25, and most preferably less than 20 mole percent, based on the total
moles of olefin, hydragen, oxygen, and optional diluent. Above about 20 mole percent, the
congentration of oxygen may fall within the flammable range for olafin-hydragen-oxygen
35 mixtures.
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WD 00/59632 5 SEP 2003 PCT/EJS00/ 09419 Hydrogen is also required for the
process of this invention. In the absence of hydrogen, the activity OfSEPHA03
cat al yst W@ 0&5%a2 f i cant |y decreased. Any source of hydrogéﬁn@&W°mBB9used in
t he process of this invention, including for exanple, nolecular hydrogen
obtained fromthe dehydrogenati on of hydrocarbons and al cohols. In an
alternative 5 enbodi ment of this invention, the hydrogen may be generated

in situ in the GYEPBRN i3 'exrgwlirediexlbe srocess ol hisifyansionpin tetpseoeeoiat i ng
al kanes,  shyfiogén, RiORARRY of tﬂézsa@aupangs.gﬁﬁ.cafﬁlg%yafaaéed SH@}@&?@Q hage RSO

Alternatlvely, hy rogen may be uséd enerate a catal
or a cat aI%PSMtﬂlrtbg@fﬂ%&pfmWME@W%M'WWDCI@X&WG rm@e@da'rl'wdmmmogen to
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50, preferab o | es than e 15 preferably, than 20 nole
ber cent, e it Ok saialrsf RErRer el Wi By FrovidE g nobssang Ry drogen
opt i onal dugItugrptrgcdsg addition to the above reagents, it may be desirable to

enploy a diluent with the, reactants t hough the use thereof is optional.
Si nce the proce48Y 8Hantiy of hydjeden 620 pe err@me%é? Hecprogesgiprerdad thahtiei ameunty

provides g SBfin dkias] Bal
addi ti on, tS @ﬁd@ rﬁieon{“%mr;gélpﬁes an elxéa%%et%mgg‘rfggtg{érggz ?ﬁo%@%@mﬁﬁﬁaﬂ r\tWJreIe_tlter

t he r eact hand.at, @ref@faﬁly,mgr tanthb and medepretefabie geaajerghan 3male garagnt,
whi ch does 55?d6rNHet{bfalnfo@&?rd?éfﬁ'ﬁ%y&fog%ﬁ,i%btgﬂe pr@gonﬂaﬁuaﬁe‘s ftagredi I uent

chosen wi | end upon the manner ess IS con ed. For
exanpl e, i ﬂuammeg obbydrogens aoypigatieless than afh preferadly, less than :‘@uan@m@e gas eous

di | uenfs i ] '%tlf) }g_gg J?Jnezc?ﬁ’hé bé?c%ﬁldbé%lﬁjr eslh'e‘{fﬁal R.piegg}g%fm y?ﬁ& xyégeen

met hane, eam’ an thereo
are essentamﬂ bptlonahdtluemuth respect to the process of this invention.

h
ot o ot oy SPRRHOTE thd aPobe feddborf RS ob REdabidio SldiS/Y afifh W‘tr. i d
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gydL oca0 b?ﬁﬁ)du@éﬁf &1 adiditor(,the ailevitipravided arhyspanded b@mntr@ﬂmhegme in which the

I CNl Or oe

ane and chl o a nzenes, in Iud| n orob ne nd . .
di chl or obeFEASRNIS afe,feA-! %mm?ﬁ&o @lﬂgent %Pabsgs @qu'd Whighdpse.not inhibit
hydr ocar bogis piodEss ofahishertEba, Th@lsmaiﬁc dmt ShibsInagil d@idiﬁf@onﬂﬁ@fnﬁrmbl'm
C2.2, ethers, includi n tetrahi/drof ranlev\%d di oxane; a ] as liguid

pol yet her s Whish the araiess insRndyslerh) kasipplan thp pragasis conducted in & gas priase,

then suitable gaseous diluents include, but are not limited to, helium, nitrogen, argon,

25 methane, carbon dioxide, steam, and mixtures thereof. Most of these gases are essentially
inert with respect to the process of this invention. If the process is conducted in a liquid
phase, then the diluent can be any oxidation stable and thermally stable liquid. Examples
of suitable liquid dituents include aliphatic alcohols, preferably C, ,, aliphatic alcohols, such
as methano! and t-butanol; chlorinated aliphatic alcohols, preferably C, , chlorinated

30 alkanols, such as chioropropanol; chlorinated hydrocarbons, preferably C, ,,chlorinated
hydrocarbons, such as dichloroethane and chlorinated benzenes, including chlorobenzene
and dichlorobenzene; aromatic hydrocarbons, preferably, C, . aromatic hydrocarbons, such
as benzene, toluene, and xylenes; ethers, preferably, C,,, ethers, including tetrahydrofuran

and dioxane; as well as liquid polyethers, polyesters, and polyalcohols.
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5 SEP 2003 PCTIUS00109419 If a diluent is used in the gas phase, %
anmount of diluent is typically greater than 0, preferably greater t avtr 2000
0.1, and woogsdsseferably, greater than 15 nol e percent, bagedisovossive total
nol es of ol efin, oxygen, hydrogen, and diluent. If a diluent is used in the
gas phase, the amount of diluent is typically less than 90, preferably,

| ess than 80, and nore 5 preferably, |less than 70 nol e percent, based on
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catal yst. hg aﬁggbid ieclefs) MRVing Hradkidtio R atakd b:OchrﬁU‘r@eﬂi%m& amaan&l gﬁferscg?eater

spect roscopy can be enpl oyed to anal yze for he presence o

absence of P"ﬁ’c‘é‘tQAI Ang "ljlﬁ’letﬂ aralytical teshninyg, whicly gan @%@Fﬁ‘f‘?@?ﬁ g99ld qxidatian gt‘qite(s) or
el ectrgg ”lrfeﬁ%[;a‘ﬁpg gﬂﬁ)\ﬁhfégca'ﬁ Mérﬂblogé’d Ridding, ?o"‘r%lxh'lhb%”XQ'E Ahérollechib@her

resol ution can for this purpose. Me scatterln measured on

an ul t ravi spegtrosicopy PI)i PRS datarcan| ?Fé%d apadratapdeis 16BLXPY/instment of ar
exanp| . aphita4hBdes WY, n%HQIJI% Es%qSﬁarwétms ah BHHyristoter? RorBMaltgh oPny Can

al so be enpl oye resence or sence l'ic” gold.
Wien t he cagaivaient mstmmeatrmeeadf ylmmeaembodiraemtsloptf@cnmiw,, pastictianiy bk no

el R B bR DS b I BEP e R Rl P
consi stent owidtzZedtduid.abaderahese cirparstaives ibe peceaGeEbf @0dided gold measured by
XPS may be lower than the actual percentage in the catalyst. In addition to XPS, high
resolution transmission electron spectroscopy {HR-TEM) can be employed to analyze for
the presence or absence of metallic gold particles. Any high resolution transmission
electron microscope having a point to point resolution of 2 A or higher resolution can be
30 employed for this purpose. Mie scattering, measured on an ultraviolet-visible diffuse
reflectance spectrometer (UV-VIS DRS), for example, 2 DRS Model UV-3101PC scanning
through the 525 nm region, can aiso be employed to analyze for the presence or absence
of metallic gold. When the catalyst is essentially white or faintly colored, essentially no peak
above background is observed in the Mie scattering region, or at most, a very weak peak

35  may be abserved. These abservations are consistent with the absence or near-absence of
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WD 00/ 59632 PCTI US00/ 09419 netallic gold. A gold elenental analysis C?&E
confirmthe presence of gold and; by inplication, oxidized gold when R&Wd
t echni quesodw/sae®2 reveal the presence of netallic gold papPCraisesos419
Preferably, the gold oxidation state ranges fromgreater than 0 to about

+3. In contrast, netallic gold has an oxidation state of 0. 5 Typically,
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support materials. Still other titaniumcontaining supports which are

sui tabl e FEENeIRLY.HYe galddeading is dessghar 29cpreferably lgss HpariOi and muse pefebhbus
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Ti -beta, Ti-MM 41, 8, asvve
non- st@ Cfﬁ:rapg@lme@t 3he&spoCcesiis advantageously conducted at a gold toadlng of Iess than

0.5 weight percent, more preferably, less than 0.1 weight percent.

The titanium-containing support may take a variety of forms. Preferably, the titanium
in the support exists essentially as non-metallic titanium. The suppor, itself, can be any
material, for example, to which titanium can be affixed including amorphous or crystaliine

30 silicas, such as silicalite or MCM-41; aluminas; metallosilicates, such as, aluminosilicates
and titanosilicates; promoter metal silicates, such as, the silicates of Groups 1 and 2, and
the lanthanide and actinide elements; and other refractory oxides and like support materals.
Still other titanium-containing supports which are suitable for the hydro-oxidation process of
this invention include porous crystaliine titanosilicates of the prior art, such as TS-1, TS-2,

35 Ti-beta, TI-MCM-41, and Ti-MCM-48, as well as, stoichiometric and non-stoichiometric
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WO 00/ 59632 PCT/ US00109419 pronoter netal titanates. The pronot er netal
titanates can also be crystalline or anorphous. Non-liniting exanpl &sSifi03

t hese i ngyyd@sdshe titanates of Goup 1, Goup 2, and thepkgrish@nigde and
actinide nmetals. Preferably, the pronoter nmetal titanate is selected from

magnesiumtitanate, calciumtitanate, bariumtitanates, strontiumtitanate,
sodiumtitanate, 5 potassiumtitanate, and the titanates of erbium
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Any type o nding ranging fromvery weak interactions (weak Coul onbic
i nteractions) tln dneldrgfeced edibodinent, the itdmiume-doniairgmasuppd)t dossekses ar murality

e ey e PGBk e AR S BB e B e TR IR SR can

be 35 f ounspedesB.ThBebomination eRviepanexitirelatesfto $od nuimbiataibypatls aftd Hengdsmdtnobf

Heter ogene&%sbo%ds to titanium. As applied to titanosilicates, the coordination environments can

25  include framework and non-framework titanium. By way of explanation, a crystalline
titanosilicate possesses a three-dimensional structure, known as a “framework,” constructed
from SiO, tetrahedra, wherein each oxygen atom bridges two silicon atoms. A framework
titanium is defined as a titanium atom which has replaced a framework silicon. in contrast,
nan-framework titanium is defined as a titanium atom/ion which is connected to the

30  framework typically through an oxygen bridge. There is no limitation on the manner in
which the non-framework titanium is bonded onto the framework. Any type of bonding
ranging from very weak interactions (weak Coulombic interactions) to fully coordinated
{anchored or grafted) bonds, are acceptable. Thus, deposited, dispersed, and grafted
models are contemplated. A full description of suitable metal-support interactions can be

35  tound in B. Delmon in “Preparation of Salid Catalysts,” Handbook of Heterogeneous
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support can be I&ﬁ&ve[rrﬂbdtﬁedl\hanbsuimma/hmsowbeemd:samtarecéwamu isavece prederred

dat t t th ft
A B L Lt e L U Y T
pref er abl yoonfifiidad alquai-cs@aihe matbad v@th@mt MEDstﬁ.zctLAegHmmaﬂrﬂu}ecbmy/Kﬂagageous

Si:Ti atomc ratio is equal to or |les about 500: re.fer al
to or | esdifAgloRBER) 80 Pfsseﬁﬁéséﬁ‘ﬂrﬁ |°§ UThePefSPe S HB'(%FP PE‘& gxan‘?&g
ti tanogi | igakesiandiriS s DHS. Sﬁzneaﬁs:@eqmmum@ﬁba@s zsmsa@@écablb@ra ﬁiméﬁeﬂc
which is d crlbed in US 4,410,501 and b

et al S %?‘)ur nal
of Cat al ystlt%nrum.a@t leagbane pighe phergitaniym SE%‘H?% ﬁae" ‘66 é’ep?r graft P"'“{‘he
synt hesi s apf i s &\écﬂg%ﬁ@ﬁu oS RhR 1l édh;scmoaror eGcRss bf Wi irensiBa i &%y way.

Along sim I nes reacti on m xture rises water, a source of

titanium a soufkesiieortq fitgaiumaigmic W@ﬁﬁ'ﬁf'@f e filaposiizate sypport caReRNYor a
quat er nar yr, ﬁ%%oﬁéﬁ(?% adivERH s"éf@étl\?é)b'ﬁ&@dé%n%b diy%{iln' the Ekﬂcb@@bﬁthls

including to0 catos, preferably, tetraethylorthosili cates
si npl y25t urmvlemron35\ geeetay advasdaggaus&idi atemic fatiefieeaual {0 Ofrﬂf?a‘s" thap;apgqut

contai ni ”%é?&bbim éc‘ﬂﬁeﬁ to Epﬁreﬁféfrtﬁfn Sout 1887 @Bé@\eraliy advantageous Si:Ti atomic ratio
is equal to or less than about 500:1, preferably, equal to or less than about 100:1.
The synthesis of the novel modified titanosilicate is similar, in some aspects, 10 the
preparation of TS-1, which is described in US 4,410,501 and by J. Thangaraj et al. (Jounal
30 of Catalysis, 130, 1991, pg. 1); but in contrast to the prior ar, the synthesis produces a
titanosilicate with two or more titanium species. Along similar lines, the reaction mixture
comprises water, a source of titanium, a source of silica, and a template in the form of an
amine or a quatemary ammonium compound. Almost any source of silica is suitable,
including tetraalkylorthosilicates, preferably, tetraethylorthosilicate, or simply fumed or
35  precipitated silicas, but preferably, not a silica containing sodium jons. The source of
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chosen preferably fromtitanium -tetra(al kaxi de)s, nore preferably, 0

titani umyglhha4eas hoxi de), titaniumtetra(n-butoxide), or HdrisabogEe
tetra(i sopropoxide); and fromtitaniumtetrahalides, preferably, titanium

tetrachloride;. and fromtitani um oxyhalides, such as titanium oxychloride.
Anot her source of 5 the titaniumand silica can be m xed titani um and

silica comagfiuhes.anyyardisabiel tAavhitim compolhd ambgersplr@tmﬁuedomtaﬁmmca or
silica and tltanlc co-gels. The trialkylamne is prefera a tri(G 15

al kyl) ar ni tera(adipidels, m?rlel Fg?fﬁﬁbéﬁfnt'rt?é“”‘? F?tfﬁ(%ib%'% Wé"’“'é.’rfﬂtra n-butoxide), or

tri(n-but yl:thﬁlmrﬂt%traafg'ﬁuroﬁéﬁ&ﬂr & Norﬂmmrﬁ'ﬂétﬁéﬁ%nﬁre%@%tﬁuum
t et raal kyl anmoni um hydr oxi de or tetraal kyl ammoni um hal 1 de, such as,

t et r a( et hylejranhlBRdeirAnd g filagium pyyhalidess peibas itaaikmony Pl rAnatier, source of
tet ra(ns bupl mrgm.médda%edﬁ.xeanmmﬁanﬁe.néae@gﬁsqihag figh b¢'fitmpfd, { he

like. In e reaction mxture he molar ratio o anlumcan
range fr ormmnm wpmneoenﬁllicg.r@fsehcatam litanioee-9s.1 To trm@!amln%md)reismly a

Pange. 11 oniS:« AFanhe: Sch s, FetiiniiB preb el andfihubBaing, the”"
pr ef er abl yquétemrﬁQMGmmﬁﬁmbouﬂ'meanm artetrmthytanmhorﬁﬁnalw;mlgerorqu?t er Biar y
[ 1.10 4, an preferably,

ammoni um t to silica,can nae, from

From 0. 4. 1 ngeRyGryRonymreog e 38 Byrl MR 0iPEeSsr oflFea andthe
sour ceyp of tdlﬂgt;ﬁmpylmrﬂmeniﬁhﬂqdiroﬂm tétf&{n%whmmlmﬂﬂhhﬁdﬁﬁﬂ?e ?naqné ed to a )
tenperature between 0C a 4C, The, cool e ure is then
hdaba T ap! BPYESEARAG R AT WL Indas Ao Mt S g AHIRET Ok ik

sol ution ce@hAimcay rdﬁ% ftrcﬁﬁmhatfoes 000 ¢, prefepstha fromet f td 2m0:1, 24hdrfaste ﬁrbfwably,
synthesis mxture is rai sed, an?l the synthesis is allgtwed to roceed

under  hydFBEYRY: i@ 1§gﬁleﬂe(mglar (@fie @ Wt 19 pilica 9ap rapge temd 10t8I5oRpe at a

tenper at ur it fromlEl:t 1@P00:226Kd MBREHre RIALNY SRMI30: n)lt@mun eTf\@h&aﬂﬂaﬂ& af
ranging from1 day to 10 days.. Alternatively, the synthesis nmay b

conductleéd aming ﬁb@'{ﬁﬁ@ﬂa&’ WE@@&%‘%‘&@ §"'¢%‘69é‘r‘a“9% Cat dte4: 1pﬂ8fjer ably
bet ween 70 réfarab &Qg 410h 12041 WP a pRIBHEYsiliss HePsotdlghehica #d!the 888rce

met hod of ecove he novel ‘titanosilicate, the synthesis mxture is
ultra- cenbof tltﬂngledateomweél andithegrsulting e igpolss toiafemperatiare detween 9% and
exanpl e, fr | 1t c ﬂtj‘%

anot her sw Ipég eagjg(/'ére Tﬂ? gé@dt"ﬂ%usy'\éﬁ %;]erg%&so%ﬁﬁé(b %%ﬁc?egwcg I?odt

and the i Qgib&tlarbtcaarseﬂta‘dymleuesomnn coftamirtg tbe témsplatea Tée tamperaturemﬁ)maat ure

bet ween 50C a d 110 or | i of 0
al cohol Oandie "&W%M‘g% Fﬁgq#gé%"ﬂdr%ﬁé ?ﬁﬁg{kﬁss ‘ggﬁﬁyy%gfdepd% Hgﬁei%éd
such as, nlh‘yﬂtdthé}fnal bwl:rmisl ﬂfolr@s@enlfd:aﬂ)f lipan Quiddiaké tiba t‘erﬁba“vaturajmweenﬁooc
precipitation beglns liquor is th recentrifuged to cgdlect t he
novel titaf®§id20 cﬁt”é‘dBF wea%noqsrpfasscum Feod art@&eo@@@?grﬁ’é’g’hbﬂay {ht? 98¥eous
suspensi on QbridigeRoNR) syhtﬂe@.&%a bé@éﬁd&[&ﬂ&%ﬁm&%ﬁheh@ ptesSaieahdvattalower

i norganic acid to adj ust the pH to between and thereafter, the

aci d- t r eat dempesatureepielergbliielwerietd °Coirds JEPG.det a time ranging iam| § toaGdays.
productys A fourtih JeGRYABY oF RI0S IR 1R N2 FEMSdilchidd iriGsyntif sk midrO & G8a32

centrifuged to vield a solid, which may be rinsed and dried, for example, freeze dried, to
obtain the novel titanosilicate product. In another suitable recovery method, the synthesis
mixture is centrifuged, and the liquor obtained from the centrifugation is heated at a
temperature between 50°C and 110°C to rid the liquor of volatile compounds, such as
30 alcohol and amine. Thereafter, the resulting liquor is treated with acid, such as, nitric of
hydrochloric acid (from 0.01 M to 5.0 M}, until precipitation begins. The liquoris then
recentrifuged to collect the novel titanosilicate product. n a third recovery method, the
aqueous suspension of the novel titanosilicate product can be treated with inorganic acid to
adjust the pH to between 7 and 9; and thereatfter, the acid-treated mixture is centrifuged to
35 coliect the titanositicate praduct. A fourth recovery method invoives centrifuging the
11




5 SEP 2003 PCTI US00109419 synthesis m xture to collect a crystalli neES
solid, which is thereafter washed with acid, for exanple, 0.01 Mto StF p
nitric owdywsssshl oric acid. The washi ng, which can be reRB€aUEI0/0941%

general ly conducted at a tenperature between 23C and 90C. The solid product
coll ected by any of these recovery processes is typically dried at a

tenperature between 5 about anbient, taken as 21 C, and 110C, and then
cal ci ned @HefBesigimixure o qoliess arcarstaline sRlidviwaish ssthereafier waghed with acidofor 2

hour's 10 \ighlel B985 THE Sihydrd @SR dclc 2115 RUERAS il cdhe repeated.

i nvention novel titanosilicat'e, prepared as &r ef natt ove,
possesses ingenaalyhcortdonted at alterumrame oétweks 20FC aatl Q0EE U The tsplic proaisict

det er m ne X [

novel "t aRiReRP g Bhy BfRest fecoddhy BRIEARS ibicRATRAERAIY Wtpdallis Bebiesh 1"

det er ms nedbofioambieatRAKEN ds)eﬂ@SancﬂTE)"EPﬁnd)tt@h catingdsurater alv@tih tehBlra@life thi s
titani um being a | ow coordi nate or franmework species. A second XPS peak

occurs at DEBYIRN 4B(ECANdIRY” (Féo"e?s@ﬂ&n'&”% o vieldittyp Bpvel emdifiadditanosiiicate support

non- f r anewWpkis ifvbaidr!m speci es. The second speC| es does not appear to be
crystalline titani um di oxi de, since 15 typicall % X-ray diffraction anal ysis
does not i ndi cdthe Rave! iasedisate, grep@m%&:q!egﬁ@ﬂaeqi AEinabPYe RASSesRES@de in t he

material . hBﬁ{o‘Fr?%é: ¥ﬁj€</éiuretd?ﬁ1éﬂn??élh}émréﬂfr‘$§f §§ng n‘?xih%oﬂ Eﬁ:k\ldé?xﬁb" faONMent s

can be analyzed S DRS. By this ccurs at about
255 nrilandoniastds §pg1¢dmowo T&-1 matasiad, Ikhetﬂowemaagﬁhtmtmwdamtaam@hw oAt | east

one ot her pelinisheb UL AonMARIF ohRB, B, 280 AP RoArshans L ©, 2

hi gh coor non-framework tita secon ani um Specil es S
bel i eved t460b=, ahlfscutanuﬂfl being arlow cooidinate osfrgnaWoé@p&niBe N&econﬂvdﬂeamlor K;

manner . A G 3 apoal 45E PV Shdinhianga R Moy S Riceits oSt Y
;s_pteci es i speeieseThalzleeondr wmlc@aldogs nbh@pmt twbe)try?tra:lg\ﬁirmumgl?w: FMHEMHK;{E
her core nafEF BTt teen S S R e bR el erfithe ol

non- }‘ r arrevm?ﬁdé h‘nﬁlé Cﬁmunal Suﬂ&lggtn#@l}gz]lwzﬁtanlgﬁgsnpﬁowsageooﬂmabaIenslgr&n@fhtstdw
Another  prie e GRS BRS p RnaRr et rsts Rtinf 288 Rgand B

di sorgani zagi c?haasc@ aCff'arﬁéW@fK\ butawdﬂoaﬂﬁrm@@ttanmm amea@rdnermher p@dk, is Mnﬁfdaatabl Y,
silica. The disargani zed_ phase of tita drsn um.does not exhib ani zed,

peri odi ¢ 9atesManakaut 2% nPANdiz astignadipiaRjah sAewinate foy- fan‘%w é iY@y

(crystal | ifiR) sRAdiaditrd fspééescueib%ha}édl t %etd Fo?rﬁ'd# maﬁim WHRh is Bratedeons tHeor e
nodem anal ytical techni ques, such HR- XRD, and Raman  spectroscopy.

W- VI S DRIMEhisampwark: hawevasdiieh )‘-UF'%?"Y&D%JF’ mOi B biNG wRsethgHRYRAtign & any
Spect r 0SCOoRY kA ANMERIdeTRYo ﬁ%f?é?n&?orﬂffﬁb‘ﬁ -frafefofl { fo'f'g f@g ) nfuRE sy gani zed

phase froman organized or crystalline phase. rred support
cont ai ni ngacmedt@b?r gEynically, the wﬁlﬁm%@d‘qfﬁf@@gwﬂmwm ﬁpﬁﬁ'@ﬁ a0 IvéRal

patent puby sl R WarO5H RAAERonNBaBoll 8 MbRYPercerdtMon-framework. Other titanium

25  species of the framework and/or non-framework types may also be present. The average

crystal size of the novel material typically ranges from 20 nanometers (nm) to 1 micron {pmy).
Another preferred type of titanium-containing support comprises a disorganized

phase of titanium dispersed on a support material, preferably, silica. The disorganized
phase of titanium does not exhibit an organized, periodic crystallinity and can be

30  distinguished from a bulk organized (crystalline) phase, such as crystalline titanium dioxide,
by one or more modem analytical techniques, such as, HR-TEM, XRD, and Raman
spectroscopy. UV-VIS DRS and titanium K edge X-ray absorption near edge structure
spectroscopy (XANES) may also be useful in distinguishing the disorganized phase from an
organized or crystalling phase. A preferred support containing a disorganized titanium

35 phaseis d'escribed in intemational patent publication WO 98/00415. More preferably, the
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5 SEP 2003 WD 00/ 59632 PCTI US00109419 di sorgani zed titani um phase al rs%o D200
contains a plurality of titanium coordination environnents as deter %%d
for examploeoorsow32XPS and/ or UV-VI S, DRS. In the preparati paTakowove19%suppor t
conprising disorgani zed titanium generally, the starting support is

| npregnated with a titaniumconpound at a terrperature bet ween 0C 5 and

5011C, at about anbient pressure, fora tine rang{ g from30 mnutes to 24
hours. Nof#solgaRized fitanism rbaseles caniaing B R relity ahitaRlELsassdiRation envigaments

titani um ad yeARed, SHERNSe, by XA aHAk: BYPJIGRSYS de, titani um propoxi de,
titani um et hoxi de, and titani Um butoxide; titanium sulfate, titanium

oxysul fate, ti trelpeprepasationes thessusmertaamprising gisorganizedditanium, gevermlyte
.car boxyl a [ I and
organot ¢ SanettBPRA Rinbrdoh R & YRl a5 A Reer PR FIMERR B

and other and §T ot hbouicenttent grassu @, rt@r%uméfradgmgammmtmmamsumalﬂmm dﬁ@nand
pronoter | {(.al al kogi dgs,.taskﬁfterab ,_ al Eah@(a E}frth al koxj des, for

exanpl e, NG AAPRER P48 ady é"QéWB DYslide faniyIp glcoxdes; sychasm

al koxi desntaﬁmnprs@mbemdéramhurﬁblﬁpoxm tiinREOLHEAdE NS RehMB ButoRUENItASum

al cohol , F?é%be obt ai ned, commer ci ﬁleli'g;?és for exa Ie fromGelest, Inc., and

deposi t edSYliRthapum oxysyligle, Hianwm FefefaraRly Riaiwn ghippde:dianiumhe anount s

of titani gapa at@E: %f@fa@ébi@m@mwmléta@nbmanymde%déﬂoﬁd%@ & %hﬁ@nt%ﬁthﬁ the
atomi c or WEIg rati o of prormter to titaniumcan be varied esired

Al ter Kt i belides, scheas dicyciapeniarisns itanivm dishiaride oafsl @ﬁ@&ofggnéwaagcaqeﬂ (O
“Bu)4], @A ?Seéjeﬂ&ﬁme?gf lﬂﬂﬁlﬁ’mt%)@dés'é}ﬂ pr&arﬂot’g?‘ (Jtd'%d@sxﬁgfé}?ggl exes,

t he amounts o ronot er titaniumare f1Xx raf r onot er
to titani akealing enaﬁh ioxidas), tor exampien barum alkakidea Qa@rqismh@lsmmﬂd Migtuses ofabl y
enpl oyed f; nRIn?Bl%ﬁd%@Sndjhrﬁﬂ{o&@r%&ﬁﬂalkéfh&&%é&&ﬁg%*r?E ﬁ'o%hﬂ%%ch '&%&ﬁ%? caRd
organl c ti an um con I Nl ng nononers, Inmers, an polyners, as we as

car bon- babeabtaihecheanemersiady,iforedaimmpiel frim Kielest, énd. cand depgdsited togetihendntiz the

bound 1%8&{1@%”%{5‘%5%?@ @%&de?sbhw% LU 6 fﬂ%ﬁ&ém 4y J‘S@%@Ja?koﬁcfe%@[ It neSt

I nc. ng exanple Sui Car BOn-5as ek tani umcon i ng
pol ynmers MarhédehQSolpbd:ry(ﬂuthbe pidrit anveght eatid of promoter to titanium can be varied,

pol y(octyl e ol-titan Pr ef.er abl the. titanium conpound Wheh, are
ol T bty aRapoyih g AR} Bhen Trlifoetiet i pbARIHF pRRD RS e

I nor gani Ccamdemregasitem dritd thei silivn aivd tredsk itwemigeht@hplieRgs, tino amvants, of giraracter
and pol yner nor e fera I um I con o Ide_cont ai ni ng
noNoNer s, aaﬁm“mé ’f%‘l' %‘@(@ ra%gﬂpmogqrq%?éanmlw AYGEn in the art.
The ongani c 30 Gthéﬁﬂammrﬁéﬁ@ﬁﬁﬁds dhimra,re uiitapi em;ﬁbyétam mepaimhe@m@gmzed
characterized a backhone of Si

wher ei n tﬁ'@“"-{r@:ﬁ??se @P'HQBénoégaé“cb “‘11181'9’1'3'0 tﬁ%ﬂ“ﬁl‘-lﬁ;if’mj“%'i‘g H%“S‘RE?”% i "H?'@rni’naor

Si and Ti pRhaies,(dseleacdiibéh-bastid-ddWiers Ainctiondlized Wihndikties, sabﬁlasSI -(CRZ)_
Ti-), and wherein z is anlnte er ran froml to 20, and ea
e, @@B?ét Inc.

i ndependeriifoxidgs| keunddo tilaniimio 94 avallpBle commescially. ferexammie)drom
pref er abl BNonQumtmg @ké?ﬁ;bl_es 6k suftablRTafboH-baded titanidhleBkiainiAd Bok/eds mclideups.

Pendent to the S atons are organi c groups,
25 poly(dlbutyitltanate) and poly{octyleneglycol-titanate).

Preferably, the titanium compounds which are suitably employed to prepare the
disorganized titanium phase inciude inorganic and organic titanium and silicon containing
monomers, dimers, and polymers, more preferably, titanium and silicon oxide containing
monomers, dimers, and polymers. Such materials are well Known in the art. The organic

30 titanium monomer, dimer, or polymer may be any compound characterized by a backbone
comprised of Si, Ti, and —{CR,),- moieties, wherein the —(CR,) - groups are bridging
adjoining Si atoms, Ti atoms, or Si and Ti atoms (for example, -Si-{CR,) -Si-, -Ti-(CR,) - Ti-,
and -Si-(CR,),-Ti-), and wherein z is an integer ranging from 1 to 20, and each R is
independantly selected from alkyl, aryl, alkoxy, and halide groups, preferably, C, ,, alkyl, C,,

35 aryl, C, , alkoxy, and chioro groups. Pendent to the Si and Ti atoms are organic groups,

e e . 13.,..‘ e e -




WO 00/ 59632 5 SEP 2003 PCT! U500109419 which preferably take the form of

| ower al kyl and/or al koxi de groups and/or aryl and/or ~aryl oxi de groupsSEP 2003
Li kewi se,wok@sd6st anosi | oxane pol yner may be any pol ymer chepcpus®reezed by a
backbone conprised of Si, Ti, and O atons. The oxygen atons are bridgi ng
adjoining Si atons, Ti atons, and Si and Ti atons (for exanple, -Si-OSi-,
-Ti-OTi-, and -Si-OTi-). 5 Pendent to the Si and Ti atons are organic
groups, Wi Rretarablysake thedems pelomsf akpifandéweatkoxislelgroumsmaidior aall kndlode

roups an i d/ |40 b I.t anqQsi |l gxane ol.ymer nma
ge I!Onear %’Bﬁ?gﬁﬁ?&%@ brLQif:erv?)ése}s/'-uﬁ%(H%gaglro%hl@?%@?gf {‘g,a Hﬁ ﬁ%%?’ ipgﬁme&ﬁ?%é?‘ﬁgzed d
parti al | y by@aekbpneemprisehot $ie Thiand Ebatotrisr Finglox@yerCatbimsQrSbridiiglad@inin

. : . ; g
Ti t anosi | L , descri bed. .U 59,945, are
par t1 cul ar] Sot 4 MISEAS. At ftand A aldHRe Ro SRR 780y nr P ingi o e
titanosi | Geadesttodhe Shiandi alomedareamarc gaupy, wiich peteaBy takelthOBm@ \&sds
Inc. M xed,Tj | -cant ainin ol rs,having. both -0- and -(CR2), -
groups | n%gwlea'%g'g'éﬂqgg’ﬁger%?}’pgl %ﬁ%’eﬁyﬁeﬁ"ﬁ%wﬁ?ﬁ gpups- W@amé@ﬂ’é&%l y, the
af or enent ipolyatér tdyeine inearpbladched) ®rieRROMAKSEd MBYUBRIre, TRPIRARAL t?égrRlquﬁlarii%ﬁy
follow ng form ka' ltg &R‘ ? Ti.[ O- %lbédR%)S §R3 yL, wherein R, , and 'R
are each iCFﬂfég?é g witPying sflicen BHoygh R OHED) %%sf*@ﬂpﬁ@xéﬂe pal¥mers, such
al koxy, armglthoserddsexped and ST 50,095 eiré Eﬁmcﬁlhﬁﬁ 8uiRddle/ - THfe ﬁtgﬂuﬁlé‘b}ﬁ{a’ini%' 2
al koxy, C p, aryl, C and chloro noieties; X IS an I ntege

,, aryloxy, 1
rangi 1§ f PIMETE Sush agfhe ¥E}“§’5 NRE.HOr0G ANainag commensigly: tor sxarpledmrse,
the pref eigedshttihtam iy il el Sl 2! 3 ent ed
by the forrrul(fl s%ow{”ﬁ%?gﬂf}%gﬁﬂ?mﬂ\}ngﬁhﬁhe eggﬁiﬁlggﬁ 'ghrg d&@gﬂé@pég%@%
sel ect ed PRBFRONEAMEYRIsOMFitaBIVamMRlaYed. O Si (R2) 3. y(R3)y] and

[O-Ti (R2) 3. y( Rilotb phorI, (R ardfemerfishelt thluRRoR @iy AnbiBI Al pof the

definitions set forth herei nberore. e repeating
group. |f reggesented by dbe following formdlaf or mul a represents the diner; if R is
repeated two or nore tinmes, the fornmula represents the polyner.

Non- 1 ilfii ting exanpl es of suitabl RY,TH{oxSi{R)cER)H ni ng mononers i ncl ude
tetrakis(trinmethylsiloxy)titanium tetrakis(tnethylsiloxy)titanium
tetraki s( wheetih &XyR1, laoxiy}'tare @ach indepetdsritly SEletiosi(ftoen fhe group consisting of alky!,
but oxy) si | | titani ' nmples of sultable

t and.the |ike. n-limtin a
DLt any o Gy BT, B S BCmp edEs ARHRD ey S K BRIt Yl G
copol ymer an@xygand ichiond wiietizst Risnam ptay@rpangiridsiraviioad 3¢ and Pes SiiinteaBl vangin
i npregnat ed onto.a, .su &[.)ort to form.a di sorganjzed titani um phase i nclude
titani um iﬁ%@iﬁ% H‘EH@%&%P@%@ PRINMRIBNI iMess SRR Polvalersmay
Chem e@al Communi cations, 1997, pp. 2411.2412, and by M Crocker at at. in

US 5, 750, %41. Additionally, m xtures of any of the aforenentioned 14
e represented by the’formula shown hereinabove, with the exception that R® can also be

selected from the following moieties:
[O-Si(R?), q,(F%“),,] and [O-Ti(Rz)ay(FF‘)y]

wherein R%, R®, and y can be selected from all of the definitions set forth hereinbefore. Note
25  that R’is the repeating group. If R® is repeated once, the formuta represents the dimer; if R
is repeated two or more times, the formula represents the polymer. Non-limiting examples
of suitable titanium-containing monomers include tetrakis{trimethylsiloxy)titanium,
tetrakis(triethylsiloxy)titanium, tetrakis(triethoxysiloxy)titanium, tetrakis[tris(fert-
butoxy)siloxy]titanium, and the like. Non-fimiting examples of suitable titanium-containing
30 polymers include diethoxysiloxane-ethyititanate copolymer.
Other titanium-containing compounds which can be suitably impregnated onto a
support to form a disorganized titantum phase inciude titanium silseSquioxane complexes
disclosed by M. Grocker et al. in Chemical Communications, 1997, pp. 24112412, and by

M. Crocker et al. in US 5,750,741. Additionally, mixtures of any of the aforementioned



5 SEP 2003 WD 00/ 53632 PCT! USO0/ 09419 titani um contai ni ng conpounds,

conpl exes, nononers, diners, and polyners may al so be beneficially 3 SEP 7003
i Npr egnawerboGaée t he support and may be even nore preferr @TUSAIIMEY i di ng a
plurality of titanium coordination environnents. The titanium conpound can
be applied neat, fromthe gas phase, or froma solvent 5 onto the support
of interest. If a solvent is used, it can be any which solubilizes the
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starting support wth the solution containing the titaniumco n

support i BUEHIfYeRf thanigmicogpinationeaviRAMREA. 0C and 150C, preferably between
50C and 150C, tRa &t \{-ﬂﬁ?lldgpn bundesh i ' as
nitrogen, ar gon,%ora eli umB t'jl'he(r: eaﬁ é‘?&‘@dﬁ{gagdﬁﬂgmea%%ﬁ&ﬁ‘ﬁ@qﬁPH@%@P
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b e HPREED” e e SV S : t
Cempor at ot codiodirs pBlaRE. o RkdmAIBRaRES 2 BINdlL AIBIAR B ST 00
conbi nat i bydrocarnbns,and witet whemiapprapoateai Aftargosiasing the stirting suppbt with the
Lt ant oSSR o RBnDG F MeRES hoditfs, B fabdh £ bdd s leMeBB S haphOSn
cat a: _ys':1 OtGaand Gg%. p‘reﬂeraéﬁksal}mlmen sewdiand pedl)qcaﬁ:'savapd_nﬂﬂ esin IS ONitBor an
nonol | S Xt rudates, .an 11 Ns. {1 on t tltanlumcontalnl‘n
Coppold "ol RiaS S A o RPem argian MR of NergalstIo FIEHPBAR S54 BE oat SIBBY
for the puslBAakorPér faktReF figatinedet ARImAtivelycatea g, litd sdpploRTar BeaatHifidd in air

i mproving the catalyst's strength or attrition resistance. For exa it

| e,
may be dEERT BEMGase SYFEaRRiTogen AY Aelivm. §e afemperatyre ARWEINJGRTIG AR ﬁgB@"L‘;bpor t
on a Secogfb?ér&b %?@één1%“bc+”hd§0@b?p3d into a bead, pellet, or extrudate.

The second support 1Is typically inert in the process and need not contain
titani um Sui t Abysopdinaionioy mixipien titaniyrpicantaining sepposs descibpd hersinahayey
oxi de,.su [ ] ) UM ilicates; ceramcs, including
ceramn?: ZEQ%Q(?EI e@%ﬁa “?147 %@gts?fqggmv\%ﬁﬁ&gs any netallic support.

Gener al |y, theTheditanium-cohtainiog aeppastiuppy be shaperbiotd amnfoon suitabie {esicglalyst

beroent . RaRBRsrBbRanBRTBEAE P Bled S ARbRRHon g, SEARRMCS R
the titanfilms. Gptidrally) thg tisamppocontaining suppodsantie edudey sithraudddedrexhi bi t s
oot o el A SRR oo BLBESE R Bk B OH b SR AR, L1
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R R e i L B
chosen t o wridhi igishgpéditd @ dead] e ior exixtdtite.cThg ebcbridsuppbrisl typicglyl idert imthehe
il R RN AR RE R (e S
t enper at Urapy refractory oxide, such as, silica, alumina, aluminosilicates; ceramics, including ceramic
25 carbides and nitrides, as well as any metallic support. Generally, the quantity of second
support ranges from 0 to 95 weight percent, based on the combined weight of the catalyst
and second support. ,
There is no limitation on the method of incorporating oxidized gold onto the titanium-
containing support, so long as the catalyst produced exhibits activity in the hydro-oxidation
30 process of this invention. Nan-limiting examples of suitable preparation methods include
deposition-precipitation, impregnation, spray-drying, ion-exchange, vapor deposition, and
solid-solid reaction. Deposition-precipitafion and impregnation are somewhat preferred.
Throughout the preparation, conditions are typicélly chosen to minimize the reduction of
oxidized gold to metallic gold. In the deposition-precipitation method the titanium-containing
35  support is usually contacted with a solution containing a gold compound at a temperature
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oxi di zed gol d conpound onto the support. The synthesis conditions can

vari ed asweobssgsei on of several paraneters, for exanple, tHREAUISNOBL4I0I C
nature of the gold compound, the concentration of the gold conpound in the
solution, the nature and concentration of other ionic species, such as,
chloride, sodiumions, 5 and silicate; the specific support, the pH,
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i und to be su 3_2 ol d conpound
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deposi t | 0mﬁﬁﬂaﬁﬁmaocératra@nfcﬂtI&damplﬁmgﬂﬁtdp@ﬁﬂ@géihQdﬁlpogrﬁd il @cheshtRxieRan e%

met hod E‘? B’E?Ll!?mtln exanp of suitable gold co ounds

i ncl udB cﬁP 8819( FES%P&WP“ PB%@&F@G Wmﬂemteremramau

gol d cyanisdgp orll)ﬂia@rscﬁé 6288 With G aiI 6l PnpreghHioAs, 8 diised di et hyl am ne aurl c acid
trichloride, aIk gol d halides, preferably, alkyl gold chlorides, and

al kal i aur at es, /F§{eMmresatyre q>f|lh%¢%nﬁsal9near@crpl%am an¢ amrsg@athsd@@@qu ntae e,
[ ubl di UM GH-8kchan@Bde R RN Gsea) G farilsroR féﬂﬂ%?;e‘e%sa%% bs

enpl oyed. Suitabl ts i ncl ude, but ted er 'and
or gani ¢ sdi00edit syt qtih@’teameaturaamaudlerfgum bdimcﬂt&aﬁléomwmlqnmnpamtdmmbe

et hangl., h tic
hydr odsr batgd 15 BRYERE R doio SS0M0r or sLERENTdH PR ek PUBh Pt B B oy
enpl oyed. iMpraEgratiby mauhm:m cath23orsekananga memadstmiat is wsedo Nanilimjtiraf exdrapies
soluble g A 001 Mto th S uratlon 0|nt of the
sol ubi & goi SRR GHRERorARaRg fPe ittt abs Saun Bl BT RS oue
E ol ut 121 on |c$1lous£d'ata)lgba:| wyiangiep potdssiwd goi @aﬁﬂblgold hb%aw-ld@fthyrl]ﬁrﬁmgdumtim may
e ajus to an t wee ra Wi t ase
sel ect ed, %WKQO'HW%QFGE%HB&QWJ'BW AlkANlAuzR eshW des,
si |t i capes, nttg.;nd aurztbutﬁﬁuﬂ(jlﬂfrft@fpot@ﬁﬁrﬁﬁﬁ#a'té/mtﬁ@umg@lrél@l f!rﬁd eésh]gmxama@dt ai 3
cationic or anjonic additives i C avor stabilization of oxidize
gol d speci@d9anP{Ho WHBD“'?C% ﬁgﬁ?pﬂeeemelquda@*"\#@rﬁ?ﬁ‘@“tsrﬂﬂ?'apen Ry are ngt

exanpl e, UimitedV, waler aRd okl sodente the @ﬁemﬁéwaiﬁ@ alcBHOIB IRF BRamPBOFRARS,
car bonat es, borates, and H‘&l?r boxyl at es, such as, acetates, |actates,

citrates, ganokiand isppiopanell.&sters katanes andaliphaliranggromagic hydrocarbons.

Mixtures of water and organic soivents are also suitably employed. Typically, where a

25 solution is used, the molarity of the soluble gold compound ranges from 0.0001 M to the
saturation point of the soluble gold compound, preferably, from 0.0005 M to 0.5 M. If an
aqueous solution is used containing oxidized gold salts, the pH of the solution may be
adjusted to any value between 5 and 14, preferably, with a base selected, for example, from
carbonates, borates, carboxylates, hydroxides, silicates, and mixtures thereof. Optionally,

30 the solution may contain cationic and/or anionic additives which favor stabilization of
oxidized gold species, including, for example, certain promoter metal ions (for example, Li*,
Mg*, and La"), as well as halides, sulphates, phosphates, carbonates, borates, and
carboxylates, such as, acetates, lactates, citrates, maleates, cinnamates, and mixtures
thereof.
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5 SEP 2003 WD 00/59632 PCT/ 1JS00/ 09419 For illustrative purposes, 5 SEP 2003
deposition-precipitation synthesis is set forth which is suitable for
prepar i ngv@oga9esfzer red catal yst conposition conprising oxi 8FZ&FWYRIP on a
titani um contai ning support containing a plurality of titanium species.

This descriptionis intended for illustration only and should not be
construed to |1 nthetic nethods 5 which can be used.i eparing
Che catal yst of of MHEENneSHe. Sdfbast prnreniianie SHinags *Sf) s BhERY
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|| ustihat | D38 therBbE aRRt FPI-P@ SSIERIdAA cilidioSShd biRAd BN RIBNIIGS 1RidaRRb® of or
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preferred. Alte nat| | mar egnat i.on sQ uti on b e th

an organic sol @no SF'K%?@HW &niap '°n8¥ %ﬁ?tﬁfng&/%wﬁlgﬁ ﬁﬁ{agﬂef\aﬁ"rr] 25

?r Ig?m Cdsodu’é ngd b%f&@écﬂba?ﬂ?ﬂ@uﬁ@oaﬂdﬁ evmpiigiay osidized gegmr_tla_ﬁelthnmd not be
ully i sSso |n he sol ven u nsi ons can er

Sol 11 15 cpancainnasuppa haviag & gl e GraHE et heeAoabelis deSSHER, §Fbua et
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treatnent. Optionally, as- S%nt hesi zed a alé rlnaai%@g}?pal Ci ne nder
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cal ci nati o ;Jhﬁﬁ PREACH, UTiee ® ﬂ{,pédmétb@td)séﬁmb@ulsadwmm:ita anbut may
be vari ed %o '0‘%%"?%”8000‘?:d ﬁeﬁﬁ‘g? 2

) from é: 750C, e‘ g@l Y
t enper at ur 8uitadlechrise BS MENKPRHA %@“Pﬁfé“? wiih a9 e%?l"&f"z%rac‘%? P P

netal lic gg teterASarf an@hés@rtﬁ‘éﬂ 148, Ci)réi’@?reas A&ymtah@@y ZR6 irigdeghyisdn seiytidremay
conditioned prior to use. The conditioning conprises heati ngé’érﬁgr"ﬁ@ al yst,

f or exarrpl be praparedwik BHMQ%'FF At dPr erRe. ACChSE BRI § Yy an
'Sgir t o ofARR it THEGoIBREmPBLA®RANAY othePSalRleriMbfed AEBPHOdS: fily ect ed 5
dissolved in the solvent; suspensions can be used. Thereafter, the solid is dried under air
at a temperature between 20°C and 120°C to remove the solvent.
The as-synthesized catalyst may be used without further treatment. Optionally, the
as-synthesized catalyst may be calcined under air, or heated in an inert atmosphere, such
30  as nitrogen. The calcination/heating temperature depends upon the particular sample, but
may be varied from 100°C to 800°C, preferably, from 120°C to 750°C. Preferably, the
temperature is chosen to minimize the reduction of oxidized gold to metaliic gold. As an
altemative, the as-synthesized catalyst may be conditioned prior to use. The conditioning
comprises heating the catalyst, for exampig, in the oxidation reactor under an atmosphere

35  comprising an inert gas, such as helfium, and optionally, one or more compounds selected
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If one or more promoter metals are used, then the total quantity promoter metal(s)
generally is greater than 0.001 and, preferably, greater than 0.01 weight percent, based on
the total weight of the catalyst. The total quantity of promoter metai(s) is generally less than
20 and, preferably, less than 15 weight percent, based on the total weight of the catalyst.

30 If necessary, the promoter metal(s) can be deposited onto the titanium-containing
support simultaneously with the titanium, or altematively, in a separate step either before or
after the titanium. If necessary, the promoter metal(s} can be deposited onto the titanium-
containing support simuitaneously with the gold, or altematively, in a separate step either
before or after gold is deposited. For the purposes of this discussion, the word “deposit” will

15 include all of the mathods of depasition-pracipitation, ion-exchange, and impregnation.

18



T

WO 00/ 59632 PCT/ US00/ 09419 Alternatively, the pronoter netal can be 5
deposited onto a precursor formof the catalyst before the titanium%ég'zun3
added, ogvgﬁﬂgk3gt i s added, or sinultaneously with the tiRcGIMSNM09419

| Typlcally, e pronoter nmetal is deposited froman aqueous or organic
solution or suspension containing a pronoter netal salt and, optionally,
other additives that favor the 5 stabilization of oxidized gold species, as

not ed her wt@hﬁafwén? thérworsuadet m@fal thebpidepriiRt ditd alprectasoriemustte cheilyst
exanpl e, the nmeta such, as the fluori de chl O“}dﬁlaf\gétand brom des;

nitrates, b&éﬂfaﬂ%tﬂagm @étdég Y gftenit isa dﬁﬁo%rp‘ﬂ@l‘ 'ecus ¥y

car boxyl atigpicafafihe 5k8n%tbbfmeﬁah9 déﬁ@éut@ﬂ@ﬁ)m azxyahaé@fs oridraaoBbIREen bACT at es,
-mal eates, Citrates. M xtures of e aforenentioned salts can be used. |If an

organi c s GusRENSIACaHBngacpromptes gieta alk apd geptionalyy %ﬁf.a@ﬂw"@? thah iaver the
organi g z@éa‘@&faﬁm bPSJuHigé&‘goldfs m@é(aa@mo?ed ﬁér@%@fcﬁe Ral A% of et &ﬁéter?ﬂﬂai

al i phat’i aromat 1 c oca bons. dinarily, the support is contacte
with the s@hde uaed; b etxa@pq@rtmdn@tal maétﬂaa: sslamasam&uor@@ﬁdml@m apd broraides;

|
j\'f tmer at Onétﬁ'%grdfbéaﬁtﬁgt % ﬁaatefsogsﬁ?ég ?H%s&rﬁ?es; HQ{%%Ete‘é" a#u  Edio g%spoa'fre@oa@
t he wash Ithe|abetamsebeylaﬂesyCIWmeaemiames,sndeatteaemtlé@ﬁr éﬁxtpre@‘rnbtﬂm 15
metals. Aftermrnsﬂge§8§lfsac%t%tﬂeo&eﬂn%ea{n &Jﬁamc%\)gﬁaglep@l bR cgn% an§ia '

condi t i on.fﬂ&’ef'?? i-on reactor uct éd
nmanneriosi nidriety dfdnblatorgardcsabads, ifduding drowanipe, wmogﬁoleatewe;kemnesmnd

h ot : di t ) - i
oy of er abil yAIBRBLEANY Broire oy BoRahs R eidl B SholRR S cohbSfd Wl wdisBiyton
gol d. The ¢fthe ﬁﬁ:ﬁntﬂér tnhteﬂ salmvreder comditans waticte ardsicilactoithose usealdoocordéctingy
conventi on

it e f h Th
Gosi gns. brDasHgPen st die Bely SRSH ] SertBE armotarthbi B GaBsRed ST R pog
novi ng bedgptiohbE khe iftsshe, m@dva&heahh:dqmdetamecdream salts of tae dBEIl'éd pmmoter
continuous and infermttent flow a reactor. desi

Py ogih. - BRIRRoxg Genan CRENBIAN 4ERe AT taEs 1 A FETodiT S6rPat e dhg s

can be Coaﬂ&am%aéﬁpmw nmtunyeer&ohdiwct@@tnad mhnessnﬁﬂmb tnmmeacﬁtmﬁ Wi th
oxygen and thereafter the

t ed tact
m xture ofh ?fﬁwp‘éﬁéﬂé‘fﬁigﬂ?&?e@% en%?@?‘éer%a&\eﬁo???lé‘scog' @86@9&‘@ %%&MEW&&'% n

the gas phﬁéﬁme"f‘i’i‘ﬁré Proidr88f Ebsento ﬂﬁ‘ihﬁ&ﬂﬂe%dﬁbhﬁﬁ@f okitized igerd tofmesthllic gsld. or
the renmoval of the heat produced. Preferred reactors dog%_(fqned for heslﬁ
ed

pur poses i ncI ud&he ipregesp efthisdAwention §an Pgsend ‘F‘Ftﬁ 01 2 &P agy FOmERNYRge
react OE? sidfe Shitdie ?dé‘"d%g of ﬁ(?kﬁti Fﬁa%e%ﬂ&isfs%t FHedd Q&:Qﬂ%ﬂéhﬂ!&(luﬁdudﬁ batch
S ed T n

cataly s”connect and 30 used in an alter n
The proces §xttd3h@ﬁi ttramsgort bed tfhlé,dlz@,dl hegs meningwds tigkle bed and SE%' p.&e réactors,”

consi derabh¥weﬂ‘é%rco%tnﬁl?ﬂf ﬁfg‘ﬁ@hﬁ% Aol @rm%h re&bidesigris, iThelgstel,i ci al |

however, tO0 recogni ze onditions which di t|n UISh et ween

nonf | arrrrabhydmgdnfalwmmglee cah ke gpetacter togriher dhliaina vadpwgyﬁce%n&;&,gen:
For any g1 venBTRER iR RuPleT R TaER, MR it B . 0.
00159632 oxygenated catalyst is contacted with a mixture of propyiene and hydrogen Preferably, t
process is conducted in the gas phase, and the reactoris designed with heat transfer
features for the removal of the heat produced. Preferred reactors designed for these
purposes include fixed-bed, sheli and tube, fluidized bed, and moving bed reactors, as well
as swing reactors constructed from a plurality of catalyst beds connected in parallel and
30 used in an altemating fashion.

The process conditions for the oxidation described herein can vary considerably
over a nonflammable and flammable regime. It is beneficial, however, to recognize the
conditions which distinguish between nonflammable and flammable mixtures of the olefin,
hydrogen, and oxygen. Accordingly, a camposition diagram can be gonstructed or

35 consulted which for any given process temperature and pressure shows the flammable and
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flammabl e regine is possible, as 5 designed by one skilled in the art.
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pref er abI Wsugiyp dhe pragess 'SCLCQMQCW afy’l pRpeajuredess t@ﬂEﬁOQ)p Pf?éef@bbfﬂﬁﬁh? thsnl ess
than  ho: 3-8 LR BRHure réﬁ%eas;mﬁ aB8uBholonerid BB bE R %grk%%by’

| ess than ase process the t as hour’l
space Wel qne&e;ammoo 100 pEigd6I%RIa) toGOM RS2, QerkPadver a wi de range, but

typically is gr =14
p?/gf erabl>/y, g?e’ﬁ?@wmhgﬂ&lé‘% '%le,%ﬂ nodr?gheg%e?{ ergsba}r;@?thslﬂgog%r rép? hl‘ rﬁafta&b%
h' . Typi catblcgtalyslhmtﬂﬁb EeAsmioéd bmné emtstwedxmntw Eotegas phama frfcdd3Ghé 'gas

ourly 5p d lefi v ran
1 kew oo, oy 30ar frgd 8 B8 1ol el BB oo ran G ek ety
(WHSV) of drbsteottaini 10 mompﬂmﬁatmbeartalyatrgermer(rd) wreierab@rg;eatebth‘antWI i'abhy is
o cat o ¢ HARrecpraeRby, e BRh oGP HiiedlV R of the AR JES Wan
Typi cal |y, 50,060 W%v’ef@fatilﬁ@essltﬁén Bsmolhésand h‘n@re ﬁh@ﬂerﬁbly, 12$s maﬁfzemblrv‘ Ales,s
than 50 h", and nopre referabl Ies an 83 d. wei
nour |y spd6a ggp JBeee Bocsrs Medbisk B otk hasgam oo BT RIS (S5 tRERCanC an
be det er njgppavdr PMde@AngL L typaiamg nﬁreaﬁ‘ertﬁm 0 @f g45 ﬁéﬂfhlrtﬂtdlm PepBSOYAL),

the relative nolar rati oS deS|re n olefin havin east three

carbon at owgfarablydareater thangaoh '0RPEEPrE ﬁrqfﬁ@b[YBGFB&F%é@lbgOBQ hh‘y dveigaly: i

the cajpl YGHSMS sﬂ@érﬁ'né‘@?@‘l’}fhn $816806 AT rRsRAMY, llﬂstQl'fo 85100041 dfhd more
(epoxi de) 1s produce ood product|V|ty A preferre olefin oxide is

propyl ene Prejarafdy. lgss ﬂﬁi@ 'si ldkewipe.dpet figuid Phagrpiopetsdhs waight oyry

| nvention gap §te \RIoki W%@tm&m &&ﬁp&i@ﬁbahca@mfséwémgalanseyp.cauy is
enpl oyed, i'ncluding eC|f|c ol efin, erature, pressure,

ratios, angrehter #m 0.0m@ olafirpsgr catﬁbfst merfé]qyn Ipbsefembly, ﬁr%atwrméwpf%ﬁ  8Ad
term more preferably, greater than 0.1 h™. Typically, the WHSV of the olefin is less than 100 h",

25  preferably, iess than 50 h™, and more preferably, less than 20 h". The gas and weight
hourly space velocities of the oxygen, hydrogen, and diluent components can be
determined from the space velocity of the olefin taking into account the relative molar ratios
desired. '

When an olefin having at ieast three carbon atoms is contacted with oxygen in the

30  presence of hydrogen and the catalyst described hereinabove, the corresponding olefin
oxide (epoxide) is produced in good productivity. A preferred olefin oxide is propylene
oxide.

The conversion of olefin in the process of this invention can vary depending upon
the specifié pracess conditions employed, including the specilic olefin, temperature,

35 pressure, mole ratios, and form of the catalyst. For the purposes of this invention, the term

20
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of time l'ittle deactivati on. Ercaly, a run tinme greater than 40
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reactor. Prefergl dr én%fr%éﬁ@y rﬂrﬂ‘i‘@ﬁr%eémflhrslr%nlfl@hlfssad%ﬁtagéﬁusﬁﬂﬁrghySt

deactivation can b | eve nore preferred enbodi nents,  the catal yst
of this i Mmmspetnfﬂmily. “beorateralefioexidemolatialp & YPIRINGEAIRTIRAD AbRYLd T, but

deact| vat iy HEol SERTEEHEIabl TEsFhNBEA I REENer 2t fons wi ] depend

upon the reactor design an frommnutes for transcEeort bed
reactors to se\mpaeferretdllehﬂmﬁweﬁtsﬁé@lcﬁéﬂsr@féblﬁdﬂ‘@mlgwewf@ﬁ gvidenge Of 3Nty has
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cat al yst s |n ent1on can e easiTy regenerated. Any catalyst
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L SGBI Sl by  SuBRer BO b! BRSA i by
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25  deactivation has been achieved in a fixed bed reactor. Preferably, a run time greater than
100 hours without catalyst deactivation can be achieved. In more preferred embodiments,
the catalyst of this invention has been run for more than 400 hours with little deactivation.
The preferred run time between regenerations will depend upon the reactor design and may
range from minutes for transport bed reactors to several months for fixed bed reactors.

30 When its activity has decreased to an unacceptably low level, in preferred
embodiments, the catalyst of this invention can be easily regenerated. Any catalyst
regeneration method generally known to those skilled in the art can be used with the
catalyst of this invention, provided that the catalyst is reactivated for the oxidation process
described herein. One suitable regeneration method comprises heating the deactivated

35  catalyst at a temperature between 150°C and 500°C under an atmosphere of 4
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any which effectively regenerate the catalyst. Preferably, the oxygen

hydr ogen, or water conprises 5 from2 to 100 nole percent of th
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regener ate n range rom m nutes to as ong as sever al
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(surveW spWeich&fe 'rﬁ@g‘fﬁd tg(peeqyr?%pﬁq{np ?@?gm?tqsg Qi‘b%@e’?%‘jm 13 Oﬂﬁ?ﬁ

90; Lens Mafife imeptibA wire apphrent 16 ke (sﬁuetmﬂ ttharhrt fram a eanmdi@rat:@m oftidon
tape and 2nm di amet er for%qs?fnﬁl es on older, Iris Anal SIS Arenaﬁl, 20

(16- 84 per SRAAiticalign &r Pragt %tswe'e%"%? SPd(*We'“uHEE%SF'BF e nptgd

di anet er ; Bé’ﬁeﬁia‘ﬁﬁgaréﬁ@eﬁ@ﬁ@'rhdxl@ﬂérceﬁﬂﬁa%lﬁent current, 2.0 A, charge
bal ance, Oper ati ng araneters for the PH 5400

i nstr urrent vver eTf‘ﬁé('faeYI HWE}'@"ORSP%WS"SH‘P in 1 REATRIRS KeTe fypiallyapquired on
15KV, 15MA, Garlsy 1&?&5&1 E"P#SW) xﬁ@ u%‘tfuﬁ@m vaap;c%wqhé aberamg afinétarofor

resol ution spectra): lake-Off Angle, 45; Lens Nbde, 3:1 magnification;
Aperture, $heoKrapss Memstrsmﬂm; wer the iﬂﬂﬁ‘mnén%l"?y|S§U@PeMPn°¢WP'§'atl564 Kml ood Gun

ont o= doubt B 0 dBRTRORNZ8 pate o BB RUnE0SpBEAMETE6 o A3EY fioh
sanpl e int gzégiluti@dts{?gbm) (I'Skmﬁmr?:?. 91971 Lans Mo?ailnulumﬂi Aperpire, siof (a?n 0 B der a
o 1o o ol ] bt b AR PG i of S0 Rso T, B Ay Aren
surfaceqel ep-Bi pakcebPsigharevely ewpqlst 2006 W)/ etatirateny 1 Svatydiametddubnd Folod

8-
exhlbltedﬁ lines at 84.0 and 8 eV with ath |cal e rati o
of the 7:2 Gfgconditions; fjamepy Qurﬁﬁhgk% Q?Iar%b\?‘arﬁ‘?aﬁ% P'%ﬂ&ﬂgtgj es%

crystal s of tcdl hl2emkbiufake
(TEOCS), ti gﬂ?‘f‘fr}nﬁeﬂsn@ﬁwoéxilﬁ? ﬁogﬁﬁﬁ?ﬁﬁ%?&gg?ﬂmgﬁﬁn 252?06% de TPIAO—I) in

an aqueous (23%5watiactakyin 15imé; Analyzeifiass Eneays & e\s\kﬁmgem%ﬁrabdr?p%g}’t(haﬁ 1.0
S102: 0. 013 &&&ion spe%tr'éS.CPake-%)?ﬂ Angle, 45° Lens Mode, 3:1 magnification; Aperiure, siot
25 {10 x 3 mm) (3 x 1 mm analysis area); Iris, 60; Flood Gun not used. Samples were
prepared by either smearing the powdered sample onto a double-sided conductive carbon
tape or by pressing the powdered sample into blind holes (3 mm dia.) in an aluminum
sample holder. Spectra were recorded in the Si(2p} and Au(4f) spectral regions. The Si{2p)
spectra were used to calibrate the binding energy scale to account for surface electrical
30  charging which occurred during analysis. Bulk gold exhibited 4f lines at 84.0 and 87.7 eV
with a theoretical intensity ratio of the 7:2 and 5:2 spin orbit doublet of 4:3.
Example 1
Nanometer size crystals of a titanosilicate were prepared using tetraethylorthosilicate
{TEOS), titanium n-butoxide, and tetrapropylammonium hydroxide (TPAOH), in an aqueous
35 reaction mixture having the following molar composition: 1.0 SI0,:0.0156 Ti0,: 35 H,O :
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and i sopropyl alcohol in aratio of 5.1 was added wth vigorous sti r|5i

to a sol o onsws2 TPACH (20 wei ght percent). After 20 m n JICTAHWOAIIDN a
solution of titaniumtetra(n-butoxide) in dry isopropyl alcohol (1:5 ratio)
was added to the first sol ution slowy with vigorous stirring. The clear
sol ution vvas _rstl rred for hour fgélowed a 5 sl ow addition of cool ed

dei oni zedOvidt '&rA- ‘?‘kﬁé"lg'yﬁtcﬂ%‘é\“g‘grﬁ %ra@d\}%’é’f%éﬁ@ah?‘rﬂn afalir plot 48 adgedh
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t hereafter cal cine in air for 8 hours. The product, a
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90:1. Ti- )@Svste@vmm&nmfugattoamt amope&m fors harge. éhe grustallse solid wastwashedt ed
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and then s)ylmdvatﬁammsmdmr@ pYala@eeteﬁhmeaqiytﬁdvmzerb(mnuomlmném and

the pH nmeasured 8. 97. nesiumnpitra wa edtothe

Sorubl on drecwss g '\é‘gg"h#tﬂ'“&ff?%? WapbBi i Row S eRiE i pealfi atr | ng
was st oppedo ednghd 858 Bvalh@'rpr@@ﬂta@m' pdcdri e ebartnnanomearné@@reyiammg pefcehd
wat er bath_ for 20 mn. 240C the pH of the solution neasured 9.12. The

titanosili W@%@"Q?O%Wéﬂaﬂ’é‘%|"‘i’§l7\ﬁﬁ%"%ded to the gold solution with

vi gor qys over hqgaghg ééérhéédﬂa.m:ﬁm&ﬁaml@mm@ ssiHIo endﬂfpg) wad'8dtet tot he pH
measured 8. 29. he sol1ds weré iltered and wadhed® with deéi oni zed wat er

(185 ni). deipaized watesdi7iga)- V\B?%feé'zﬂlt'ﬁﬂ h@tﬂ’“a%o'lzt@nrw?r B%Ied Hbat“@éeﬁtwh 1%nf i ng
f , f 2
Rour b edioS GRS T s 3y Gha 03 o Sudunh b s MY i et

hour s, heat in 5 hours an
hours t o fgi &0 chirt &7 °&L éirnesaoluﬁbn bheame celntesm antitee @Htrwa;s@red B&ing a faint

s o SR W RS, s R U SR BFSRE S A s
Me scatt gH wgs 8@ | Thewstirripg waesmppgctanu it byaker comamuagamegsﬂ!twona@s placed in
dotor 1o, S e A A2 el TN HROEMloyRRRL V2! ey el o
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et Y2t OB Kool el 14 I ol P D BB BB
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25  follows: heated in flowing air from room temperature to 110°C in 30 min and held at
110°C for 12 hours, heated from 110°C to 700°C in 5 hours and kept at 700°C for 10 hours
to yield the catalyst of the invention.
The catalyst, having a faint pink color around the edges of the particles, was
essentially free of metallic gold, as determined by HR-TEM. A small peak was observed by
30  Mie scattering. Gold was present essentially as oxidized gold, as determined by XPS in
combination with HR-TEM. Elemental analysis, by weight was as follows: 0.024 percent Au,
51 percent Si, 0.79 percent Ti, 0.23 percent Na, 0.016 percent K, 0.12 percent Mg, as
determined by neutron activation analysis {NAA).
The catalyst was tested in the hydro-oxidation of propyiene to propylene oxide as
35 follows. The catalyst (2 g) was loaded into a fixed-bed, continuous flow reactor [0.5 inch

o noy
T T [atn }




WO 00159632 PCT/ US00109419 (12.5 mm) dianmeter x 12 inches (30 cm |endg Big 003
and activated as follows. At 140C, the catalyst was heated under helium

for 5 houW® 0063k heated under a flow of propylene and hyBEHYSERNSE 10

m n, then oxygen was added. Feedstream conposition was 10 percent
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deionized water was added to the gel, and the gel was warmed to room temperature. The

25 gel was aged for 10 hours and then loaded into a stainless steel autociave which was
heated at 160°C and 300 psig (2068 kPa) for 6 days. Atthe end of this period, the
autoclave was cooled, and the contents were centrifuged at 2,000 rpm for 3 hours to yield a
transiucent white solid. The solid was discarded, and the liquor from the centrifugation was
heated to 80°C for 5 hours to rid the liquor of ethanol and residual amine. . The liquor was

30  cooled to room temperature and its pH was adjusted from 12 to 7 with nitric acid (2M). A
suspension formed. The suspension was centrifuged at 2,000 rpm for 30 min to yieid a
white quasi-crystalline solid. The solid was dried at 80°C for 12 h, then calcined at 550°C in
air for 8 hours to yield the titanosilicate support. The product was in the form of irregular
shaped, thick plates having an average size of 80 nm, as viewed by HR-TEM. A powder

35 XRD pattem showed an orthorhombic structure of MFI type. No bulk titanium dioxide was
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5 SEP 2003 PCT/US00109419 found by XRD. Si:Ti atomc ratio was 46: 1.

Ti - XPS showed two titani um peaks at 460 eV and 458 eV, interpreted <’1535!'§312[]03
percent MEWK®632di nate (franmework) and 39 percent high cd6TaISAYe%d19
(grafted) titanium respectively. Using overhead stirring, chloroauric acid
(0.171 g) was added to deionized water 5 (171 m ). The transparent yellow

sol ution iwaadbgaiRy. SiTeatoalieratibatds 4801, 70CXP H3ndwed Bvaditanion peals atldee H was
di um car bopat e
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Wa
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essent i al kyrésfor 2chdurs.dBaeidngedtonats (016N wasnetdield wh$REverideesssatyalo neai@taysi S,
by wei ght: 0.015 percent Au, HPé{?@)er cent dper cent
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manner descri bed Exampl e 1. At 192C and a residence tinme of 1.71 sec 25

(G—ISV@lOP"Pﬁed)"ean'EFEﬁ?‘i’&f'%Og RE T 9MLieMPeFAtUIEHE cat al yst exhibited a
Pr opy! ene 157y B 36 i gha ko A¥ 0% kor 1 RARIhEThLbA Hoff 1 0 RETOP0I

producti vi cat-h a water: PO nolar ratio of 4.0:1, and
0. 33 wei glthques aatﬂlkemhmof‘(héorr’éhmttjﬁ tmwetnacataxarqslﬂwnumtﬁg over head

SULPF1 ng”chl or QW £ flaifl 1ot et han ARk R shupglitr s 90, (171

m). The transparen I'on Was heate n a wat to 71 C, pH
of 2.36. dElempiddimnsHRAT EMterMmsz:aﬁBnng whs obsknved. c@pwo«mm%@tsswpha%@s

sol utiQn bec I r t 8 The
o oS SHCBBaci gy 58 AtE gy By 3610 EiZRelRT ARl 4 30 dlGnD ST beent Al

changed t d':'aaeﬁsderaf&.ef 35 percenali, DI467RceBiNa, rnd §. m@ersemmasmtﬁfmh@d@daker
with the ﬁf tion was placed into a cold water bath for 35 20 mn. At 21 C

t he pH of ¥ solution neasured 9.13. Wth overhead stirring the 25
The catalyst (2 g) was evaluated in the hydro-oxidation of propylene to propylene

oxide in the manner described in Exampie 1. At 192°C and a residence time of 1.71 sec

25 {GHSV 2105 h'") and after 450 hours on stream, the catalyst exhibited a propylene
conversion of 1.5 percent, a PO selectivity of 92 percent, a productivity of 37 g PO/kg cat-h,
a water:PO molar ratio of 4.0:1, and 0.33 weight percent PO in the reactor outlet.
Example 3

Using overhead stirring chloroauric acid (0.171 g) was added to deionized water

30 (171 ml). The transparent yellow solution was heated in a water bath to 71°C, pH of 2.36.
The pH was adjusted to 8.63 with sodium carbonate (0.5 N). The solution became
colorless. The solution was stirred for 80 min at 71°C. The pH measured 8.85. Upon
addition of magnesium nitrate (0.237 g) the pH changed to 8.64 after 5 min at 71.7°C.
Stirming was stopped and the beaker with the solution was placed into a cold water bath for

35 20 min. At 21°C the pH of the solution measured 9.13. With overhead stiring the
25
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was added, and stirring was continued for 2 hours. The pH became §5 g 2003
20C. The WOI0DEss3dere filtered and washed with deionized

The solids were calcined in the manner set forth in Exanple 2 to yi eId a
catalyst of this invention. The catalyst had only a faint col or V\:hi ch

I ndi cated that the gol d was essentially 5 oxidized. The catal ) was
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t he rubi di weigbbpereenttRO istenutishiromiheyeagter. head stirring the titanosilicate

(5 g) of %@5%42 was added. The mxture was stirred for 2 hours. The pH
val ue neas at 21.8C. The solids were filtered and washed wth
dei oni zed wat er Ugihg@vattlead Bigingshiateauie reidd@i1Zi igd vaafdded to deiedized watRanpl e

2 99181 1t 80,5 Bl 5038w B s B3t Rk A ape
gﬁlr cent f zb'{]?é) ggllgz:qamnoﬂed 1K8.67 it Baquenus selutiim ofoybitivn carhenatat(4IN)stThead
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(GHSV 2045 ') and after 120 hours on e catalyst exhipjted a
propyl ene E%ﬂ\/éf §“B'Fi‘9d‘f’a%5t8mb%4* @@ggheapeaé(epwtgg]e&qlqt\ﬂntvgpsoqla@gﬁ Eé’ﬂﬂ water

produchy Vi bxihGhr 56 rfin. PAY €81 g@iﬁehpn ¥avabpsied® mﬂﬂmﬁ fhbirebigkinfledrpbnand
0.53 weight percent POin the reactor outlet with very little deactivation.

The same caeldlignt Witk Q}F"ﬂﬁ@ﬁ‘ siivinodbe s@nesilicate(Srgint @x@ﬁ'ﬁpﬂ'ﬂ% wah agdedr B¢l ene
e or SR BRYESHEE U AP FRRHE T SFLLe RGBSR B Al BRI bl @
hydr ogen | fitéretiamshwathed 3610 deiahized water (100 mi). The solids were calcined as described in
Example 2 to yield a catalyst of the invention. Elemental analysis, by weight, was as
25  follows: 0.050 percent Au, 46 percent Si, 1.22 percent Ti, 1.6 percent Rb, 0.010 percent K,
0.0028 percent Na, by NAA. The catalyst had only a faint color, which indicated that the
gold was essentially oxidized.
The catalyst (2 g) was evaluated in the hydro-oxidation of propylene to propylene
oxide. At 180°C and a residence time of 1.76 sec (GHSV 2045 h*) and after 120 hours on
30  stream, the catalyst exhibited a propylene conversion of 2.5 percent at a PO selectivity of
91 percent, a productivity of 60 g PO/kg cat-h, a water:PO molar ratic of 4.0.1, and
0.53 weight percent PO in the reactor outtet with very little deactivation.
The same catalyst (3 g) was evaluated in the hydro-oxidation of propylene to
propyiene oxide in a pressure reactor under 230 psia (1,586 kPa) with a feed of 20 percent
35 propylene 7. 5 percent oxygen and 7 5 percent hydrogen in helium. At 190°C fr_'d a
26
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after 15 hours on stream the material showed 1.8 percent
conversi AROAY5HB2 per cent PO sel ectivity and a productivitV g 55&@"4@9 PO kg
cat-h. Exanple 5 Using overhead stirring chloroaunc acid (0.088 g) was
added to deionized water 5 (85.5 ml). The transparent yell ow solution was
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the material achieved 2.2 percent propylene conversion at Sercent PO
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Usi ng overhead stirring a solu conprising oroaurie-ad
(0.171 g) washeddethosimzedvatater (0T Tihg solids wene thloned atedrdidg\o tie preicedirzed

water bar 0t Epre, EE el A SRS 9GNS Ot SEodlh Pl tER ARk, "
ggrg(r)luzsgq:iq?ﬁeémmcf)lctn? :tmthl ghild cotemtbasddtemfided\py XPiSe sol ution became

stirred for.8Q mn at 75 7C
576, Upon addlt SHEBR (R iEsieABRer L e brattaioh f arop i EOP0E%E 47
after 5 nmdxidd, ad@iescritsgd uhraxfagmpvms Attmmpe@nd&nésﬁbﬂcdomaéefweryeal ning the
sol ution was Iacedln ter bath f 20 i n. 34 3C t he pH val ue

was 9. 18. v 80&r Hb&&”%taﬂﬁﬂ QUREOR FY2AT ei'?‘é‘é‘{'é‘ %‘6'3(’9 §)° B anpl e 1

was added, raaﬂeﬁ@eomefs[uﬁat 9@§e@&mw@§etteétrw@ d@mactwwgfsmg\m:ug ckeRfa
dr oppi ng, so nor e rubi di um carbonate solution was_added to keuﬁ%ét he pH at

about ¥, Avater-POmalgyFaiorofS.6 1 ans Qi¢6 weigbtiperaen RI3 inglhe seacker © sol i ds
were filtegpgh % B¢ washed with deionized water (90 m ). The solids were
cal cined according to the procedure of Exanple 2 to yield a catal ¥st of
this invention. Usingmwathead stiging s solutipy (11 gk comprisingschicspauigsacid (0.171 g)

and deionized water (171 ml) was further diluted with deionized water (153.8 ml). The
transparent light-yellow solution was heated in a water bath to 72.7°C (pH 2.79). The pH

25  was adjusted to 8.68 with an agueous solution of rubidium carbonate (1 N). The solution
became colorigss. The solution was stirred for 80 min at 75.7°C. The pH changed to 8.78.
Upon addition of magnesium nitrate (0.141 g) the pH changed to 8.47 after 5 min at 76°C.
Stiring was stopped, and the beaker containing the solution was placed in a cold water
bath for 20 min. At 24.3°C the pH value was 9.18. With overhead stirring the titanosilicate

30 (3 g) of Example 1 was added, and the mixture was stirred for 2 hours. The pH value kept
dropping, so more rubidium carbonate solution was added to keep the pH at about 8. After
2 hours the pH value measured 8.03 at 20.7°C. The solids were filtered and washed with
deionized water (30 ml). The solids were calcined according to the procedure of Example 2
to yield a catalyst of this invention. Elemental analysis, by weight, was as follows:
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1.12 percent Ti, 0.93 percent Rb, 0.090 percent My, 0.0052 percent l\i’a&%wa
‘NAA. The wavbabesst had only a faint color, which indicated rtEUStMB41990] d
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agitation. The tengerature of nal 25 m xture was 8.2C. The m xture
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synthesi s X@geRRNAkIELATPADA) RG LGSR aﬁaﬁ%bntgHiﬂeéF;étsﬁ‘g% g%@htrg%p%@pr&%d Cor

stirring. The autoclave was heated to 160C an era

4 days. Thista@4€galorveaynraryierberriaines Peionized vrberdbBT4eg) wasiadded fr heuct
was punpedrpRyl Joﬁﬁi@h?\z@ S;tlm gr"&e A}ﬁaiHéPﬁ%'«‘?bltaEQ&‘Frﬁ’d Qﬁfbe%&fﬁ.gﬁgﬁqg%g

| ayer that was separa t he rest e mxture.
aq geoEs m $dytiani was alsepsmped thyoegh ao extaonal 35 % inth 66 cmi) coil immersed(in asiy jce
and the, pro ge&ﬁng\lﬁathr(?ﬁ%%\%\cé@g?ﬁé%-?%ﬁ%mo%iévggaﬁgr go%%gq.rﬁglﬂ}bgggf teﬁt%érgtur ds

re-di spersed in deronize rituged again. sol'i

was dried edntrol 1M $dutichiowiocoded Holvhanett OyTreadald alkbxida sbiutiam waisrpuvhmath
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rose reaching -2°C after the addition of about 2 of the alkoxide solution. Finally, deionized

water (5432 g) was added to the mixture with agitation. The temperature of the final
25  mixture was 8.2°G. The mixture was stirred for 18 hours at room temperature.
Thereafter, the hydrothermmal synthesis was conducted in a Stainiess Steel autoclave
with 200 rpm stirring. The autoclave was heated to 160°C and kept at this temperature for
4 days. The 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
30  the rest of the mixture. The pH of the aqueous milky liquid was adjusted to about 8.7 with
nitric acid (1.5N), and the product was recovered by centrifugation at 3000 rpm. The solid
was re-dispersed in deionized water and centrifuged again. The resulting solid was dried at
110°C for 12 hours, followed by calcination in an air-blown oven. The material was heated
to 550°C in 5 hours, followed 5 hours heating at 550°C. A powder XRD analysis showed

28



the MFI type. Ti-XPS showed 87 percent |ow coordinate and 13 percent
coor di nagx® §okdoggdl um  An aqueous sol ution of cesium hydr oxirda(SB0/BRGS g, 50
percent weight) was added to deionized water (19.85 g). The pH of the
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Products were anal yzed using on-1ine gas chr omat o?ra phy (Chr onopack
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a propyl ene conversi o a select|V|ty to op | ene oxi de of
92.6 pESr cent, an%cqialprenevasﬂD@tewntmm@ﬁl ipeh {1 26 mgy 1g/ bedl epm¢inuous

hour < of o ser Tlselody bes aeRiao Ry LA o0 “ﬂﬁéﬁﬁﬁﬂ A >

dei oni zed uvmteea f(omofétﬁogglemi autnd bydmgiemg:r ab@:ndlmmnaaeﬂ finaliyt oniypsml was addad B8
di s b | ut
et rachi or Dadra o pvRparasbep arg el et DsfL et it i GRE e mixed

di ssol ved wut heluﬁﬁ i 4 Eogotny violume: afitiere, Feakineam cbmaosmm whs 00 plemenng a pH

f 12.3. t
gound WM th V%gg dﬂt 96 ngeﬂ?nigb Pgﬁ"S %?fgb!r‘%ﬂﬁg? |§é§% 'n&?ﬂm&at es,
was pl aCGdOp@rTaﬂng"ipEé%QufH wﬁé)ldé‘[ﬂ £HA0LBH (Bbékﬁ’la Fl"i‘mﬁuédsa@éfe\malyz@dmsiegbadlnEO a

t t tl t ted
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and kept ajg®@ and a residence time of 1.72 sec, after 58 hours on stream the catalyst exhibited a

5 SEP 2003 WD 00159632 PCTI USOQ' 09419 that the material was a pure p E ?}ﬂf]}

propylene conversion of 3.5 percent, a selectivity to propylene oxide of 92.6 percent, a

25 propylene oxide productivity of 80 g/kg cat h and water.PO molar ratio of 4.5:1. The same

performance was observed after 82 hours of operation.
Example 8

Potassium hydroxide (0.27 g) was added to deionized water (79.45 g} with stirring.
Sodium acetate trihydrate (1.43 g) was dissolved in the above solution with stirring.

30  Hydrogen tetrachloroaurate trihydrate (0.08 g) was added to the solution and dissolved with
stirring to form after 30 min a clear solution having a pH of 12.3. A support (40 g),
comprising the titanosilicate of Example 7 bound with 18 weight percent silica into 1/8 inch
(0.32 cm) extrudates, was placed into a 500 ml round bottom flask. The flask was
connsoted ta a rotary evaporator and pumped to 30 mm Hg. The itanosiiicate was heated

35 undervacuum at 80°C for 1.5 hours Tne flask was cooled to room temperature and kept at
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5 SEP 2003 WD 00/ 59632 PCTI USOQ' 09419 room tenperature for 30 mn.
titanosilicate was slowy inpregnated with the gold solution (38.24 S)SFPZHUJ
under va ,% ¢, kept at roomtenperature for 2 hours. ThpCTﬁU@w,@,g@@ted
material was heated at 80C under vacuum for 2.25 hours to yield t

catalyst of this invention. The catalyst had only a faint color,

i ndi cating that the gold contained 5 therein was essentially oxi d| zed. The
catal yst (UM FMaRRANERLPRR BH- | Thertianasjieals-was ewly inpregnated ithdhe gotd
propyl ene go@phA FEag Hes8] %ﬁ% xception
that the 3@5 ?38 Q4tggﬁn air’llu t%hg kgpggsrﬁ‘?”é wa %gg’sr?ngﬁopﬁggnf%)

Pr oduct s mpeg&awdyrnewnabwa@heaﬁed a0 Pasxier samotr f@nﬁﬂﬁmoummm@ﬂaé t:aralg,&@

por cont. 2 VEF BEAfof S oSblus i Bob el ChBP et ek T E80lahed o

nol ar 6at iteerein ﬁaé?eésenﬁhnyemxnmﬂemours on stream t he propyl ene conversi on was

1. 25 percent, el ect.jv to oxi de was ercent, and

wat er : PO nol ar 33 5@ giw%s e"%ﬁ%’ﬁﬁ ﬁ'@qwd@r%?%ﬂoﬁ iB"ﬁﬁy[e&ﬁltBrW%W‘?E%t e
(3 9), obroaidead tI@é mamnExaeqetibedin E&@mm@bcwlﬂeﬁeaixcé@oﬁ@%th@wsva@s 1 BT s
and cool ed to, room teng ?%HSB)( et hanal sol ution containing sodium

acetate (GN9ENGPIGESYER kiR e pAodUgts Wereranayzad using gR-linadnassied
an et hangbesPhHbirPN AE PEG°® dHiad @0 HRLAY Sabtdam ﬁa@ldéta(n&tgshﬁb@edél ey !
ethanol). The resulting solution was used to inpregnate the PErYani-um
silicdfe BpnYeEiop drtdhpeiserlsa seigetiviie empatead oxideict 87 pereest, and aiwata-RQ
yield a c Si t s Nl
Lupport, [l e | SR AhRrs 37 B 08 pRoryldhgtbBisicl w2t 26 BoRbn,
cont ai ni nghe galeai{\z@dowmleﬂamm@tma %pg@enn aps watani@ molaFrtipEke©8. 1XRS. No
oxi di zed #5‘% found by XPS. It is noted that the gold | oading was very
| ow, and signal for oxidized gold is typically weak. The catal yst
(2 g) was eval vacastalime thanipditioatexB gt odained asprmiﬁxgdnmie?twaepcmplylbdrm 25

o'de e follo dtr n (3 hydr ogen (10
per cor | B0 aR taeH aits RE FOLG ndlh BRI, i BRAta Solian EPESBR beo
lt gané?gPL?gagxfm\?géﬁt@?hg? g k0% ?Eﬁieanoa wr?st;ﬂépafrémwr@ime&ﬂumnga?addm an

el bot | vi 19101 881Tap cERETE G a 1015 § inctg eheihab By Bslinge
titani um soldtioatwad aéecgﬂn,umpfeynafe&deﬁﬁammn Em&at@b? inGipidM wetiddsel M@ in air to
600C for 8 hours and cool ed to, roomtenpera A nmet hanol sol ution

cont ai ni ndMRERANASJ sificatawas @y digd o yiglda cgtawé& mmsm\;aé@lzmda%i e a tiapiuey

this sl utdsptainmg s@ﬁﬁ@ﬁ' ¢h§@§l@[}v§t wﬂ?hWﬂ@'coﬁ;?'Mlba&ﬂe%Pﬂtcatdivs'ﬂGoﬁtﬁlrﬁkﬁQaUdC
acid (0.06 g _in5 g nethanol he resultin sol ution was used t

i mpr egnat 2Xdized 99'§n|Nﬁﬁ"§¥3|"ic(ﬂﬁcbw%§/quﬂé|bm TEWR RS Nagxidizgd; qedﬁ v@sdeupd

|Sln| gcgtE g ‘ét%ﬁ xPb8eNGaiotd Mhd BE goll 18adiAg WaSVBKABW! &td e XBsighal thhexdrealRid

is typically weak.
The catalyst (2 g) was evaluated in the hydro-oxidation of propylene to propylene

25  oxide using the following feedstream: propyiene (35 percent), hydrogen (10 percent),
oxygen (10 percent), balance helium; and in the manner described in Example 1. At
15 psig (103 kPa), a total flow of 200 sccm and a temperature of 200°C, the propylene
conversion was 2.3 percent at a selectivity of 88 percent to propylene oxide.
Example 10

30 Crystalline titanium silicate (15 g), prepared as in Exampie 7, was calcined in air to
6002C for 8 hours and cooled to room temperature. A methano! solution containing sodium
acetate (0.20 g in 25 g methanol) was prepared, and to this solution was added a second
methanol solution containing chioroauric acid (0.06 g in 5 g methanol). The resulting
solution was used to impregnate the titanium silicate by incipient wetness, The

35 impregnated silicate was thereafter dried in a vacuum oven for 30 min and then heated in

[ —— ..___Gﬂ_n_ [ I e e
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WO 00/ 59632 PCTI US00109419 the oven at 60C for 1 hour to yield a cat a\;/y gz 3
conprising gold on a titaniumcontaining support. HR TEM showed a fe % I@p
particl esWoOAEsBsAtteri ng showed a weak band for netal |l i cPQOUS00/08419
determ ned by XPS, 40 wei ght percent of the total gold content was
oxidized. 5 The catalyst (3.0 g) was evaluated in the hydro-oxidation of
propyl ene to propylene oxide in the manner simlar to that of Exanple 1.

The f eedst nteaoveoapsdcddr pmapiyﬂoqm%d a(c&ﬁlﬂ@@é&ﬁgfﬁs)n diié bR aatardi - RRlHEA )

oxygen (10 ercli %'%q %’ue bala cf &R}%‘? I|um rocess conditions we

225 psig ( BRIk TEMshoweda e ariclash Mg SEARRIIG SPAWPE a weak banst o &

per i nut e deaOBoINASIdMMBSAbYKPSOL0 KRG bdiBeicP I BT gORTBRIN gAsvas 10
and a

1.5 percent ﬁlth a selectivity to propyl ene oxi de of pércen
wat er : PO mf¥4Z8%at i o of 3.2: 1. Exanpl e 11 Tetraethylorthosilicate (50 Q)

was cooked to U"ﬂd@ca’i&‘yéﬂs ) viR - Rallieddf the "ﬂyd'r 2ox4tidn df ﬁ;)lén%qp d"?é‘@%%

tetra(ethoxide), so 51 was added To this m Xt u a co
15 than 5CPX¥Iin h%waane'tsemrl%mwwwéﬁwnplam Hmrfeads@reammmﬁse@r@y@nm

per cent |n ) arate
such t hat n??gfﬁbﬁagﬂ’é’@ﬁ16@%"%\5‘95"@%3‘@&? é[ﬂ”bé(nt gé?%ﬁ'"&?h BHENTPACH
sol uti on, ﬂi@ceﬁsmﬂ@omwerwoaaﬂ psigetl 581 kPapaha tmatﬁewsz /580G tarkiagy c@iar y
shaker for z suspensi on hen heated at 95C for
64 hours. éﬁ‘l@%ﬁéﬂép%rr o %yﬁu éz%{a@/ @da R ’%WE&&A%%O%VNGWQWWQO
16, 400 19 pm1f50pe®ehbuttrsa saledtivity so brapyleha sgide@s 99 pemear sl HWalRFaN kiod rhfis of

| i quor. T%' I|d phase was redi spersed in fresh water, and the suspension
was centrifuged as described above. This rinsing process was repeated 3

times. Thebxaswld ihg purified suspension was freeze dried to obtain a

powder , which 1 fie XRD to be a titanosilicate of Ml
structure. ﬁtr%ﬁi’b'ﬂﬂﬁ?fi%géﬁ%g)d@@ opglesigo HendsS is pvigrtbabarrd whild60 eV

and 25 458 sﬁMngEﬁtéd‘ urRYAg GetrlethbAEBY\@IH gé%sgitﬁfaﬁ e¢o\t}\tgé @%lgmguﬁﬁl%o St/ gé%s

Usi ng overhead_stirring chloroauric aci to deioni

wat er 1§ 68 Wam$C) sphuion ok tatiaprrpylammenium é\mdroy-ée |(g%m@bu 43.0@n 40merdeshiredatan) a

Sol it on of Saiter (485 q)veidbiouly fadyd diyB0RLR RO sheh Bebllo i ARIEHE
m xt ure wa¥isiile.r Falipwieg agditien of the TPAQHCsolTtn, e rletttﬁ@wamerom;ed b epTEsi UM
nitrate he’fé’rﬁ;}f&raﬁ}rg oﬁ% %@taﬂ)s}% ﬁ)‘i’%ﬁﬂo?r@ tHE K54 o'ﬂ}zbﬁ@u 5‘5‘9& vg%stf hl g

for 5 mn the stirrrng \RaS ot
beaker wit IhleatEIdeat:aSPOﬁmrcﬁﬂ hass.pFaltosdng crystakizdtionythesusperisionf was edratifiug éB am n.

29305, ARl heuB B PR Aot By LRl e
fort hour s phabewakl rédiggersisdipdiasy, water, addltHei mnpénmdwm&ﬁnmgé@ﬁﬁﬂbgcnbed
Z?l ga' on W%%o\%j ‘Iaf%stn%&kee oée@:g \n%s repea%ec? 3 tnm%s -me resuﬂmg p%nhg(? lsggpe\p\%ison we%s2
freeze dried to obtain a powder, which was identified by XRD to be a titanosilicate of MFI
structure. Cryslal size was on average 46-60 nm. XPS showed peaks at 460 eV and
25 458 eV, attributed to framework and grafted titanium, respectively.
Using overhead stirring chloroauric acid (0.069 g) was added to deicnized water
(68.5 ml). The resulting transparent yellow solution was heated in a water bath to 70°C (pH
2.30). The pH was adjusted to B.60 with an aqueous solution of sodium carbonate (0.5 N).
The solution became colorless. The mixture was stirred for 80 min at 73.8°C. The pH
30 became 9.10. Magnesium nitrate hexahydrate (0.096 g) was added to the solution. After
stirring for 5 min the pH was 8.73 at 72.7°C. Then, stiring was stopped and the beaker with
the solution was placed in a cold water bath for about 20 min. At 20.1°C the pH of the
solution became 9.26. With overhead stiing the titanosilicate (2.0 g) was added, and the
resulting mixture was stirred for 2 hours. The pH kept dropping, so additional sodium
3s  carbonate solution was added to Keep the pH at about 8 The final pH value was 8. 22 at
- 31
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WD 00/ 59632 5 SE? 2003 P CT/US00109419 21.1 C. The solids were filtered
and washed with deionized water (90 m). The solids were calcined 5 SEP2IN

accordi ngvég(ﬁgggﬁ procedure of Exanple 2 to yield a catal ystcwoisdohesi9
i nvention catal yst had only a faint color, indicating that the gold
contained therein was essentially oxidized. 5 The catal yst was eval uat ed
in the hydro-oxidation of propylene to propylene oxide in the manner

descri bed gy Ex il &ids wikel fhefré?ﬁaﬁd(@ S HabnizBe WARS1(BD WY TRIBAIRILR

was 180C, n1he pressure was Pa), and the residence tine
1.76 sec (o@emd acepgiry thahe pma@mretqi err@lﬁea‘ qu'a@ a:gafa\ysi @riis inventioat Jihegst

el eot i vi (9 st BY BRG s Y Sk, Hlye o ol 7 GG Hopdlp BB U Uekfiany

propyl ene axidizbd. pr Q_ductivi ty of 54 g/kg cat-h. Exanple 12 The catal yst of

Ex le 4 | h 0of 1- l=b .
ox?(rjrg. %Themﬁidr iaeo(ilja |“!@EI e\tX/ﬁ@ E%ﬁﬂﬁ%? éﬁéjgtsdxlo "%&3&8%&8’%%\}} (t% ﬁoqy@ét&r%&e n
exception thé hﬁnnbh@eé‘cﬁﬁdswmmpﬂ@l‘mwmsﬁﬁ éi&epmrrcmatt thk epimamgeterr&:emucea%s

oxygen, 8 cent hydr ogen, 15 and t he bal ance helium At 1 her| C
pressure, Cealhe pregsurg BW’ &9 pi‘EdGEﬁPP)maﬂd% fsidencetige ‘f’a%igg 'SI on
was 0.7 pes g6enh )atUrf'éieSﬂe%bbé‘!ia‘hMgb@ndmcmtt ﬁlﬁﬁ:ﬂéﬂlyﬁ%mfbltgﬁ eﬂﬁbﬁﬂ@he c&ﬁvé}glon
hours on stream’ the conversion was O. cent at a selectiv]t

but ene oxi @& %ﬂe@sntp@méwenem%e%imf 3? B apmepy@ 0GP ’BBWﬁWtQ ‘Pfg"' 71,

oxi di zgd gé}igpa M54t ykgphuei | i cate extrudates
cont ai ﬁjl ng pgfbgglgﬁégf‘d??gocg{ ﬁgp were %val uated in the hydro-oxidation of
but adi ene. Examgle M8s deposited by the deposition-precipitation procedure as

follows. Using T@%@@g@%@&%\eﬂa“Fa@'e%maférdnﬁtﬁh@rewo%naa.o Yahuidhied to

dei oni zed wat er transparent ye solution was heated to
73C (pH 2. 8d)uten@loaideH Thahyddj-oxidatibrt wassc@rug®dstin Exampigidowith thsl eKCEBHOBT

Gtirred 1 ofteblRbfasteabherrlRed Bdahy 1T, BHAbcRTyac i pofintiyaden,
hﬁ)é ahﬁdsr w:ts &%d g;eltmmcem%rad#ﬁgz(m‘é Hmosﬂiamblpwssugé taad atqtal flowgpi &0 c?rgnfm:l\mé .
E:ool gd forthf’én'ﬁﬁﬁrgmﬁp? RORVEFRIPT, RS agP ggnt\(lﬁ Eﬁ @@%@a{]ﬁ&eﬂg %(Fd (ﬂ

sol uti on bgepeReRt. L& 20THeurdbh easamdineordetsion s Q\Btﬂnaréﬁhtmalsetdcmltydn of
rubi di um carbonate. W.th overhead stirring the titanosilicate extrudate
(280 Q) waButgng &ide Hh 85 PRECAbs Ul t i ng mxture was stirred for 8 hours. The

final pH vghhenewas 7.96 at 27.2C. The solids were filtered and washed with
500 m of trubi 8| um car bonate solution at pH=9.4 al CI ned

T

in the2dir bl owh ealaysti§d cheaepiring podized Bl anahhi& igeR, Fggﬁﬂ‘ﬁ 'PﬂF

folloved b%X@U{Iﬂé‘g éorﬂémfng G‘@ér@ém i?g%irﬁier %%‘e\m’@ét@d irh mef‘rﬁld?&lﬁﬁdhmr’éohour S
y ours at 7/ a catal

f ol | owed bb yst of this i ngent tnilows Usm
utadiene. Gold was deposued by the deposmon precipitation procedure as fo g

overhead stirming chioroauric acid (9.48 g) was added to deionized water (9.55 kg) The

transparent yellow solution was heated to 73°C (pH 2.39). The pH was adjusted to 8.67

25  with an aqueous solution of rubidium carbonate (1 N). The solution became colorless. The
mixture was stirred for 2 hours at 72.1°C. The pH became 8.96. Magnesium nitrate
hexahydrate (6.15 g} was added to the solution. After stirring for 5 min the pH was 8.74 at
71.9°C. Then, stirring was stopped and the solution was cooled far 12 hours with constant
agitation. At 22.8°C the pH of the solution became 9.16. The pH was adjusted to 9.6 with

10 1N solution of rubidium carbonate. With overhead stirring the titanosilicate extrudate
(280 g) was added, and the resulting mixture was stirred for 8 hours. The final pH value
was 7.96 at 27.2°C. The solids were filtered and washed with 500 mi of rubidium carbonate
solution at pH=9.4. The sollds were calcined in the air blown oven by heating from room
temperature to 110°C in 30 min, followed by 4 hours at this temperature, then heated to

35  700°C In 5 hours followed by 5 hours at 700°C to yleld a cataiyst of this lnventlon
C e -



32 5 SEP 2003 WD 00/59632 PCTI USOO 09419 The catal yst was eval uat ed i$'| EP?U{]}
hydr o- oxi dati on of butadiene, in a manner simlar to that described rﬁ
Exanpl e W0 0vs@sReedst ream conpri sed 1, 3-butadi ene (20 per BeHP§0/0941 gen (10
percent), hydrogen (10 percent); propane as an internal standard (4.2 nole
percent), the bal ance being helium The formation of 1, 3-butadiene

nono- oxi de was 5 confirmed by gas chromat ography. Carbon di oxi de was
observed t o beThéeatapisbwabgvalyated ircthe hydo-eadationgf butadianesinedmanner 4&04 bed

tenperatu t S [ es followed
by 12 hougoglhgﬂére%eng\ng ﬁ' %%Iﬂbﬁérﬁ atT R%i%%is‘ﬁgr ocessFJ ”@%@Eﬁtﬁﬂﬁ‘g '?% eég?ln 'S are
summar i zedxygenTébbercent),Iydiegeing 10 pergedt)ppropadians an irémal Safidra (.2 meolé BD)

Sel cet vi PO o B g bolia R s The dEnilay o T3 SRS RO S aeat cam

(ol e per cenfinage ®y gat cafdmata@l‘aﬁma caﬁ)opeﬁcﬁﬁm\)ms obsene 102 the .
hydr ogen glo er cencéz grop cent? bal ance helium
at nospher P® H taly é‘faééﬁ%% F‘f OSG Bed tenepasaiute gy 4b 0”1)5 h‘l‘HS(%‘)St(%m

Response
response FOgi GriRia RO A FrasS IR i e s, PTBSLESRATAR,

A ni xt ur eaod rasults ara suamanzedin dab@ koxi des (Gelest, Inc., Tullytown, PA
DBATI 50, 12.51 g of a 0.5 M solution containing 6. 7-7.0 wei ght percent
bariumand 2.3-2.5 weight 20 percent titaniun) was dissolved in

i soprepanol (200 nt). Sikigg 1 RQYdHRIRIdatidl of 1@-pubiesd eyl been cal cined at
300C, was added to the sol utii9ona-@BinddieR€ MdPeWxdd\ @Oyt ure was stirred
overni ght. The sol yent was removed at 35C under vacuumover 1 hour. The
solid residue was| drlireg oatStreapc | or BP qonY&Isiosal ci ria SetestivityioC to 6001C
in air over 5 hourg__andmBld at 600C fonolfhhours to yhel% g i

titani umcontaininf_suppd@5t. 25 Chloroadd ¢ acid|(0.1588.%) was]|dissol ved
in water (320 ml).|The sd5ution was hedted to 70C,  and4she pH was adj usted
to 8.0 with sodi uni carbomste The sol uti2m was {hen C(8$4ad to foom

tenperature. The t| CO ni n ed to the
golrrg sol ution. Thé 'ﬁ?‘%’#{n rgﬁrﬁa% ggg)d'ta %?(Gﬁia a was added
to nmaintain the p &’Fnﬂ per?ﬁrét VQ{QHB geg:[e ) RPN 1y ?)'Tfl 'éciﬁ i ds
were filtered, ri meliym; 200°C; atmospheric pressure; resn ence time, 3 sec SV 1,200

15 (b) GC Response Factors for BD and BO were assumed to be the same.

The response factor for CO, was taken as 1.365 times larger than that of BD.

Example 14
A mixture of barium and titanium alkoxides {Gelest, Inc., Tullytown, PA; DBATISO0,

12.51 g of a 0.5 M solution containing 6.7-7.0 weight percent barium and 2.3-2.5 weight

20  percent titanium) was dissolved in isopropanol (200 ml). Silica (PQ HP321, 30.2 g), which
had been calcined at 300°C, was added to the solution, and the resulting mixture was
stirred ovemight. The solvent was removed at 35°¢C under vacuum over 1 hour. The solid
residue was dried at 110°C for 5 hours, calcined from 110°C to 600°C in air over 5 hours
and held at B00°C for 4 hotrs to yield a titanium-containing support,

25 Chloroauric acid (0.1514 g) was dissolved in water (320 ml). The solution was
heated to 70°C, and the pH was adjusted to 8.0 with sodium carbonate. The solution was
then cooled to room temperature. The titanium-containing support (6.29 g) was added to
the gold solution. The pH of the solution decreased; sodium carbonate was added to
maintain the pH at 7.5. The mixture was stirred for 1 hour. The solids were filtered, rinsed

30 with water (100 m! at pH 7.5), and filtered. The rinsed solids were dried at 110°C for
5 hours, then calcined in air from 110°C to 425°C in 5 hours, and then held at 425°C for
4 hours to yieid a catalyst of the invention. Elemental analysis was: 840 ppm Au;
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30 with water (100 M at pH 7.5), and filtered. The rinsed solids WerﬁeSEPl[m
dried at 110C for 5 hours, then calcined in air from 110C to 425C in*5
hours, aw® al#8edthel d at 425C for 4 hours to yield a cat aP{fIUS8P0%442

i nvention. Elenental analysis was: 940 ppm Au; 33 WD 00/59632 5 S E P 2003
PCT/ USO0/ 09419 0.97 percent Ti; 1290 ppm Na; 2.40 percent Ba; by weight, as
determ ned by NAA. The catalyst contained sone gold particles of 3.5 nm

si ze. Usi D§7Ereecanyt THi 396rmminv Ma)2 Ad percepbBar bswoight, GEDS)eminet g NAR TENE it

re Lol (ERbISERP LT Aot RIS SRl ng
By o~ oxi (At Lon o7 or Do Lene Lo Brapyl ohe. s (o horamner Geatrrbag”i n
Branm! o 10y hats FEaReT oof ittt psfear T mal Analf af WoH, sogrl bt
was run f goidaRedxidize@Wssmaasultddby XPBen the catal yst was regenerated at
425C under a m xture of oxygen (20 vol une percente and water (1 volune

percent), the BBE&AtAlystwvassy E‘aF?é‘IiFltﬂﬁ hygreoxidagian pf prepylpRg)iorapaylpom oxidedn
hydr o- oXi gt heRn &Y RERRBedREXAMbIAT udngGrtftfe magPsiechoMely for _tr?éqgnélﬁ‘??". trhe

catal yst was regenerated a second tine at 450C under the mxture o
oxygen, Warosess wag rueforabouid heyrsiahd58%Ee dhen negatalysiwas fegeanerated ab#831C was

eval uat ed i . Q- OX ' ' in

Tabl o 2. 1RO L LR AR AR RER S0 and el PPt e B

(PO " 120 Benpdreditom: cAfiériee tist Bgepemnti@unine Rpdeax@kHtioCphiceabives Wr( alol F0°C for

1400. 41. 69 . 80. 8095 1402. 30, 8395 Regenerate 425 1400 42 197

1401, 51, 3890H F0B0WS, Sefy eB B AT Wt R840 SSECTMsa GiGAC nder the
mixture of oxygen, water, and helium. After the second regeneration, the catalyst was
evaluated in the hydro-oxidation process at 150°C with the results shown in Table 2.

15 Table 2. Hydro-Oxidation of Propylene(PP)
to Propylene Oxide (PO)*
Temperature Time on Stream Conv PP PO Sel

°C (h) {mole %) {mole %)}
140 0.4 1.6 96
140 1.8 0.80 a5
140 2.3 0.83 95

Regenerate 425
140 04 2.1 97
140 1.5 1.3 97
140 4.0 i.2 97

Regenerate 450
150 0.5 2.0 96
150 1.5 1.5 96
150 4.0 1.4 96

a. Feedstream {mole percent): 20 percent propylene, 10 percent oxygen,10 percent
hydrogen, balance helium;150°C, pressure atmospheric,
GHSV 960 h"

@ Example 15
A titanosiioxane polymer described as diethoxysiioxane-ethyltitanate copolymer
(Gelest, Inc., Tullytown, PA: PSITI-019, 22,43 g containing 19.1-10,6 percent silicon and
2.1-2.3 percent titanium) was dissolved in isopropanol (150 ml). Silica (PQ HP 321;20.3 9
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.
1504. 01. 496 a. Feedstream (nole percent): 20 percent propylene, 10 pe'[:r]cw,tm3
oxygen, 10 percent hydrogen, bal ance helium 150C, pressure atnos her|
GHSV 960w dorsBssanpl e 15 A titanosil oxane pol ymer descri beBCHYSHEGE
oxysi | oxane-ethyltitanate copolyner (Gelest. Inc- Tullytown. PA
PSI TI -019, 22.43 g containing 19.1-19,6 percent silicon and 2.1-2.3
percent titanium was dissolved in isopropanol (150 m). Silica (PQ HP 321,
20. 3 g 34whiclsERd 263 ciCined/25 3667C) VG 498ed)to S iwtioing Anththe rhistrie mlsstmem at

The ol verigt: B s abfondlR 16 ML Bupt I el Eandei .

sol i d resiglideeybse haghedtedao 100 undmrvacact wd del dtalode@foriOiurf ahel hour.
The material was dried at 110C for 5 hours and then cal ci ned from110C to 5

600C i n anptegabrasdiRiiEst URE 'AEP §ous 800 Fairined et 06 Y ield a _
titanigm mbf\h%lﬂmerétﬁeggrénd t@lb%f@@d*b'f@r@ﬁbﬁﬂs(t@yéﬁp tidhiuffRgo AuRpgl ved In

wat er (35 he solution was heated pH was adjustéd to 8.0
wi t h sodi suppedr bonate; and the solution was cooled to roomtenperature.

T i cERfoRAInAGRHBPAIS d) %3ttty RERF fadcmh) Tnd Qolflbilvag) Ut | on

The pH of the So I on I'um car bonat to maintain
t he pH at hdated torhe°Oyitixe pHevasemthsﬁted toeki0 fwath sbdiwoucarbThmesaid tis sakitien was

fil d, d I in.
ol i as werel g BBy, ‘R Rbuntinlide s EAHTRSERR 0 1
. 425C in Sghiasoiitioanthe peroftied dolatiort 88dtedsud; dodiomrcarbofate waohdded wanaintairken
t of th h 1 d 0 th d
o ao5c, DRt RLT-5- aiverpistis s St T 5ls g olisdrira ARG oyl Whvet

nventi 0“(1d§'rﬁﬂ?ﬂt7ﬁ$) aﬁﬂﬁlté’r’éﬁ%g&ﬁﬁ TH2l4dliaP WeAlidriek aemoem €% holirs, tHE®0 ppm
Na, by wel ecata1y contai ned gold partic|es 5 rimsize.

Usi ng EDscaiﬁmew alRirgm\ 10°C tw&@ﬁ%mﬁjh?tﬁa{ an G%B?W@éﬁ%%‘% Aqursy 6*6‘? d
particlesgy Jé%&'érté\l@ﬁsﬁ t%%ﬁ\% tﬁiyﬁt ﬁie’ﬂ‘?gtuﬂﬂidjlo"fﬁ%]ﬁ%ﬁ"@tssdoeé%nﬁhﬁﬁteh ihitMhour

Oxi di zed ¢ rise ercent of e total gold content, as
measungd l:y425_°0: m heldhat 426°61 fysz hmm temrazmtr@ocatmystmthwmem@m Eamemalof

I t | Th
oronyl ene bl Bl OR4! S15 s 45, | o peREnTRENFG0 5N B e YRR The
r etgenez it edntatneé%ﬁﬁ pmd;ales af 8Bxim sizeoUsingy/gRd of 210 HBR-THM, upwae éound ttaﬂtin-
wat er 0 a ; [
regener at i°§ ee{' g%"%’%%&ﬁﬁ%% %j’yg@gugg%&lﬂggﬂegﬁogcfﬁq@ﬁ@a%gér&at out 5
hours, and ﬁrﬁeoxtd@d%&ﬂcabumpnwo wgighepertent o trectotat goldi cvatest, asS0SasuTee by
t he mxtur of oxygen, water, and helium After the second regeneration,

the cdf -was eval uated in the hydr o- oxi dati on process at
The catalyst was evaluated in the hydro-oxidation of propylene to propylene oxide in

the manner described in Example 1. The process was run for about 4 hours at 150°C; then
the catalyst was regenerated at 425°C under a mixture of oxygen (20 volume percent) and
water (1 volume percent), the balance being helium. After the first regeneration, the hydro-

25  oxidation process was run at 150°C for about 5 hours, and then the catalyst was
regenerated a second time at 450°C under the mixture of oxygen, water, and helium. After
the second regeneration, the catalyst was evaluated in the hydro-oxidation process at
1502C with the results shown in Table 3.




150QC with the results shown in Table 3. 35 WO 00/ 59632 PCTI USC309413P%0%IED'
2003 Tablsg disodr 0- Oxi dation of Propylene (PP) to Propylpgiasaasigs 1003
Tenperaturelie on Stream Conv PP PO Set (h)nole % nole 1400. 41. 596
1401. 80. 9796 1402. 30. 9596 Re enerate 425 1400.41.797 1401.51. 196
1404. 00. 6696 Regenerate 450 1500.51. 796 1501. 51. 296 1504. 00. 9596 a.
Feedstream (nol e percent): C r oxygen 10
per cent hydrogen, bal ance hé%bl%ﬁ]ﬁ A %ﬂig%)ﬁ%ggp; rtreg‘gp(ﬁg,?li 5 GHSV 960 h'
Exanpl e 16 Chlgroauric acid (0 1513 Q) L itrate (0.3037 g) were
di ssolved in water ). Th soj uti hgat e 70C;| the
pH was adj ust efl T%&gé&% sodﬁjﬁr{fez%& %o%]]’%?e an v\eﬁiol uti o% ' codl ed
to room tenper ture A.titaniumcontai{hl ng 10 kupdmote %b. 05 g)(mdleledt i dal
to that used ih Exarrpl1g015 wa$ added o the gpld an,c_té bari qm SO éltlon The
pH of the sol ufTomdecreased,jodiunTcar bomrate was —added iﬂenul nt&atn—tHe
e

pH at 7.0. The|lmxturé4®has stinred forl8 hour | The 887 ds re fB6tered,
rinsed with water (1QQOrT1 pH|7.5), angl filtefed agasn. sol hes werfe
dried at 110C for—5tours, thef ——cdarcrnedTm arr—from t1oCto=425C+m5
hours and hel d_al_ﬂQ@@Fatéﬁ% hours. The solidsl15 were taken out of the

oven, then retprned tqug 300C ¢ven ancyheated |n 1 hopr to B25C, gzt hen el d
at 425G for 2 pours to optarn 4he carar yst_of_{he rnventton—Erementat—]

anal ysis was: |-3200 pAf®Ay: 1 47 percdn® Ti: 1k50 ppbd Na 1] 95 p8Bcent Ba.

Oxi di zed gold {conpriggd 42 weilght pergggnt of {he tetg gold conggnt,
measur ed by XPP—HR-TEM Showed Some netallic gold particltes of —average
size 5.0 nm an{LnBagengiztei490es |of about

150 0.5 1.7 96
150 1.5 1.2 96
150 4.0 0.95 06

a. Feedstream (mole percent): 20 percent propylene, 10 percent oxygen,
10 percent hydrogen, balance helium; 150°C, pressure atmospheric;
5 GHSV 960 h”

xample
Chloroauric acid (0.1513 g) and barium nitrate (0.3037 g) were dissolved in water
(350 ml). The resulting solution was heated to 70°C; the pH was adjusted to 7.0 with
sodium carbonate; and the solution was cooled to room temperature. A titanium-containing
10 support (6.05 g), identical to that used in Example 15, was added to the gotd and barium
solution. The pH of the solution decreased; sodium carbonate was added to maintain the
pH at 7.0. The mixture was stirred for 1 hour. The solids were filtered, rinsed with water
(100 ml, pH 7.5), and filtered again. The solids were dried at 110°C for § hours, then
calcined in air from 110°C to 425°C in 5 hours and held at 425°C for 4 hours. The soiids
15  were taken out of the oven, then retumed to a 300°C oven and heated in 1 hour to 425°C,
then held at 425°C for 2 hours to obtain the catalyst of the invention. Elemental analysis
was: 3200 ppm Au; 1.47 percent Ti; 1550 ppm Na, 1.95 percent Ba. Oxidized gold
comprised 42 weight percent of the total gold content, as measured by XPS. HR-TEM
showed' some metallic gold particles of average size 5.0 nm and many particies of about
20 1.5nm.
The catalyst was evaluated in the hydro-oxidation of propylene to propylene oxide in
the manner described in Example 1. The process was run for about 4 hours at 150°C; then
the catalyst was regenerated at 425°C under a mixture of oxygen (20 voiume percent) and
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20 15 nm The catal yst was eval uated in the hydro-oxidation of bropyi SERNN

0 1.5 nm The catal yst was eval uated in the hydro-oxi dation of propyl &8b2003
to propy j.de in the manner described in Exanple 1.pdhpsf/RsRsS Was
run for gﬁcgﬁ't’sggbhours at 150C, then the catalyst was regenerated at 425C
under a m xture of oxygen (20 volune percent) and 36 5 SEP 2003 WD 00/ 59632
PCT/ USO0/ 09419 water (1 volume percent), the balance being helium After

the first r neration, t - | Lon. p . : f.or
about 4 O (1 G Baepis O PARGe B aThe R, DAAF ERS 1 F R gl Rbn e Rl o
under t he ofidstiori prozbsoOwirg am atvisoed forandutiehoursn andifthem thet datalgst aead
regeneration, the catalyst was evaluated in the Eg/dro- oxi dati an eﬁr ocesfs at
5 150C wi tregereeated & aecend ot ArOFayideT ine rixiire ol oxypety, Walef, jagd fiedimp s Alter
Propyl ene - talest WRASevailgi@agH e tiyifd-BRidalionSiroeass gonv PP
PO Sel (h)téé;g%cé*@orﬁg?ﬁgﬁg%?@%? 1401. 81. 496 1402@31. 296 I‘@éener ate 425
1400. 48. 4956014 84th30e teFpitg soawmin, 1A Regener at e 450 1500. 53. 196 1501. 52. 396
1504. 01. 796 a. Feedstream (nmole percent): 20 percent propylene, 10 percent
oxygen, 10 percent hydrogenTaig#ahiyarofexifalion of Grop f@s@ﬁ%" at nospheri c,
GHSV 960 ht' 10 Exanple 17 A titani (\reewenss®PrdadPQlipport was nmade by using

silica powder PO+—{FPA20——sriTca, 5007 T rag - bee areo—at—300C.
After cooling fo rdempeetper at yr eTimenen §irgdrea | pokelsiv Rids t|r an&¥@Bekd ih
air to 2 L rotdry evaporator fljlasks. 'I(h)e silica pquReyeyas [gentdole 35
rotated under VJacuumron-the TO{ary evaporaror {or 5 mn. I a nitrogen dry
box, 140 0.4 2.2 95
140 1.8 1.4 96
140 2.3 1.2 96
Regenerate 425
140 0.4 3.4 97
140 1.5 2.1 97
140 4.0 1.4 96
Regenerate 450
150 0.5 3.1 96
150 1.5 2.3 96
150 4.0 1.7 96

a. Feedstream (mole percent): 20 percent propylene, 10 percent oxygen, 1
10 percent hydrogen, balance helium; 50°C, pressure atmospheric, GHSV 860 h’

10
Example 17

A titanium-containing support was made by using silica powder (PQ-HP-420 silica;
50.0 g), which had been dried at 300°C. After cooling to room temperature, the silica
powder was transferred in air to 2 L rotary evaporator flasks. The silica powder was gently
15  rotated under vacuum an the rotary evaporator for 5 min. In a nitrogen dry box,
tetrakis(trimethylsiloxy) titanium (Gelest, 2.60 g) were dissolved in isopropy! alcohol
(300.0 g), and the resutting solution was transferred to an addition funnel and sealed. The
tetrakis(trimethylsiloxy) titanium solution was added to the silica powder under vacuum, and
the resulting mixture was kept under vacuum for an additional 5 min. Then, nitrogen was
20  passed through the flask for about 16 hours. A vacuum was applied to remove solvent at
40°C for 1 hour, then at 85°C for 1 hour. The solids recovered were calcined in airin a

muffie fumace from room temperature to BO0°C aver 5 hours, then held at 800°C for
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tetraki s(tri met hyl sil oxy) titanium (Gelest, 2.60 g) were dissolved in§5SEpm
| sopropyl hol (300.0 g), and the resultlng solutlon red to
an addit |\390${Q3?|‘ﬁél and sealed. The tetrakis(trinmethylsilo %ﬁ?ﬂ?ﬂgﬁ{g
solution was added to the silica powder under vacuum and the resulting
m xture was kept under vacuum for an additional 5 mn. Then, nitrogen was

20 passed rou h the fl]ask f about 16 hour A vacuuym ed to
orve: ol BT chied G oo fmseratie b wbskRantm SiiRg SeaatEl ik
recover ed imagrgiogal cined in air in a muffle furnace fromroomtenperature
to 800C over 5 hours, then held at 800C for 37 5 SEP 2003 WD 00159632

PCTI USOQ' 09419 (g“ Inapdc agid (- f%ﬂ)ejithﬂ%“ PBBHE (G 1RL9)a 207 Magpesivm pitrate (0.30 g)
titani um m@.ﬁbn@dwaaeﬁ&emaseh (350 &) nvz%trbentmg%@ﬁmst Redted th ﬁv@aéﬁ,ﬂ.lg) !

lithiumnitrate (0. 9 and magneswmmtrate . g) were disso

in dei éni Adiusiag e 965@ @)dronmee M@Bmaqugoges@mlcamowyunmaﬁe(www| | e
5 adj usti 0 | f m

car bonat en?bé%SUIw E@Hg"’f‘égﬁrj t1ng lePut | g@enﬁggﬁcg%lpg_gwt% t‘rggo% Plleénr%gﬂr‘% ture;
the pH r odidaniomg:cBlairiing auppontd5.0 g)tvas addeddnttiag ablatiors uppollask(dasOswilledvas a

v | e iR pHdeR or o e ind B G At b g it 5 ps Ml nat o

sol ution (cﬁhrﬁorl‘dte sfﬂh&ors(ﬂﬁ His ez eolfdleceeélﬂenedlusmgea Bud‘mmefurfnahwﬁh Wihatiman

\r/rv]agef eé?P%ae?%En Fiis ngﬁgﬁtﬁ ?ﬁﬁ&&’ y\g{,ﬁr %d?ﬂér?ﬁ'iﬁ’&}lz"‘?rg@!%boo

m.). Fil tecramax@)nhnmua@bcfayauremmnmnéﬁmwos@mms Fuﬁemeg poritinuat doreBBGRC The
vacuum oven for 3 hours btain a ca %L%Rt of this inve

' . The .
eSS efe, PN Sl Vel yBR W o te bt BSR4 Sl heonr | or

vacuum dr'Vh@&talﬁthWﬁmé & gl_eﬂé\ BquSrh &o!obwa&&icﬂ hhmzmsbmsuésqjdmmmaaﬁin
percent Au, 56 percent

The XPS sh‘awée rmenlgmnabersc%weant ercf%@%wa 019?7%9 %ﬁ@ﬁ&%%%@%ﬁ% '

| ow copy di @@??pé&@ngNﬂeﬁ Q@Bérc@hm %Pﬂﬂh“%@ ){PS SRbwen 66 mi%;hﬁﬁél%bﬁﬁéxlﬂée@
g) was evaluated in th )éaro oxXi datlon of E%/I ene tq propyl ene oxid

usi ng the QJ‘PQCESZSP!?@IHQWW @emﬁtquﬁ@atﬁe@@l BeT&RBHHAN poargigate aniim.

Tabl e 5. d R
i on PP Conye b BIE 20 N Bl e o R Pl oppene

18090. 90882¢gde 8sing 1he)5|@g@3:omdltlons and with the results shown in Table 5.

20 Table 5. Hydro-oxidation of Propylene (PP} to Propylene Oxide (POY*®
T, Time on PP Conv, PO Sel, g PO/kg- HO/PO
°C Stream () | mole % mole % cat-h
180 g 0.90 88 26 3.8

“ 18 1.06 89 32 3.4
) 36 1.20 91 36 3.0
“ 72 1.40 91 41 3.0
190 80 1.57 89 46 3.4
“ 110 1.5 89 46 3.3
“ 168° 1.24 90 112 27

a. Except where otherwise noted, feedstream {(mole percent) was: 20 percent

propylene, 10 percent oxygen, 10 percent hydrogen, balance helium; Pressure

atmospheric; GHSV 3000 h'.

b. At 168 hours, feedstream (mole percent) was: 33 percent propylene, 10 percent
25 oxygen, 10 percent hydrogen, balance hefium; Pressure atmospheric;

GHSV 6000 h"
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361. 2091363. 0 721.4091413. 0 190801.5789463.4 1101. 5589463. 3 > 2003
168b1. 24901122. 7 a. Except where otherw se noted, feedstre Alﬁ J?e]4 geSré@nng]
was: 20 p‘g?(o,%( 632 propyl ene, 10 percent oxygen, 10 percent lﬁf %é’ Phal ance
hel ium Pressure atnospheric; GHSV 3000 W b. At 168 hours, feedstream

(nmote percent) was: 33 percent propylene, 10 percent 25 oxygen, 10 percent
hydr ogen, %%hel i um Pressure atnospheric; GHSV 6000 h" 38 WD 00/ 59532
5 SEP 200 S00/ 09419 Exanple 18 A titanium containing support (30 Q)
prepared as desditadied-dontaiiagrplEpoft (\m)sg) reegaremas descrivet iRExample 7 @as 8 hours

and cooled to roomte ture. A solutio re ared conprj sing

chl or oaur CRICHEH -’("éab%’géa}f’hémﬁf’%@oﬁ%’rﬁ Fépt&tr%o‘(‘d PR Actolidienwas (35 g)
‘The sanpl ¢ égﬁﬁecﬂéd OGO ACRELERIAL0. 0958) ARITBEU@rh WcBtawdtd b of fnerﬁeifhhﬁw ng

t hen heate under vacuumto 100C for ours to yield a ca

i nvent Pon {378l Twrsample wasdrgy Uder wrbmatseom rﬁemn@raﬂya panld;aedﬁzwm tben
' | o 1,
W Chthe. LEAcBARY ERGumL 1007¢ R ol gL SARlRCEt R IEABAL C 210 psi g
(1448 kPa): andheicataist(30 g)efmﬁee\eaﬂuat@d m‘theMdroe@udaiton\l‘lfwropyﬁanbﬁﬁcpropylene

ropyl ene I

Br OB% ene 09(@)%:{@{@' rﬁ&g%fr dés&g%tﬁ ﬁ%}%ém e1 Q@ﬁ'@th? r%g%%&){a rﬁ?ﬁosﬁg%l f‘a/c{“} X’f‘%o
was cooI ed StQJUmrrdexresEsGIa \masam(i! peigliid4s kBadamdh theesh@ttempemgxe iof Hm nem:t@r W)as
tetra( was. add Tothscooledm tur a.c | ess
15 tndll SaPRE] A brenies ol uBinGs i ik, § Gt & palbeni rogyRha
percent i nxidetobp pardnwater (43.5 g) were added. After about 15 drops of

t he TPACH wat e ) Xture had been added while stirring, the solution was
slightly Mhe remai ning TPACH water nixture was then rapidly added

to the TECS/Ti Tetriém lenméukbave GBUQWSasSéddéd RAUrRIERE°@ irPAd ic8batt®fand vwhiR, and
shortly thereafter the sol ut becane dear indicating the apparent absence

20 of a sty Hkanm (%) tqiﬁai(ﬁaowa%) (d ot $irwasiadaad: | Tq s qﬁomfn we 3 Fpd{essr e
was 1 hat qﬁaw@rsomﬁ&rpsréiﬁdﬁr%p%@ﬂﬁnm% HyBfoxil e Tﬁxg)lm?r !éé!.%efh iRlwdteym

tenperature on rotar for 24°hours. suspensi on
was t hen re@dtv@dera( §Em§wec5e agdedhodfter abq:tbﬂﬁdmn*egofdh9§f’mwataronxtumad

suspensi o WRSGEENWhild SR, Ahe 181t WaB TRy ol e BREifhg TPACH/Water

mixture was then rapidly added to the TEOS/Ti mixture with vigorous stirring over a period
of 5 min, and shortly thereafterthe solution became clear indicating the apparent absence

20  of a solid phase. Stirring was continued until the mixture's temperature was that of room
temperature, and then the mixture was hydroiyzed at room temperature on a gyrotary
shaker for 24 hours. The hydrolyzed suspension was then heated at 95°C for 64 hours.
Following crystaliization, the suspension was centrifuged at 16,400 rpm for 2 hours, and a
solid phase was recovered by decanting the liquor. The solid phase was redispersed in

25  fresh water, and the suspension was centrifuged as described above. This rinsing process
was repeated 3 times. The resulting purified suspension was freeze dried to obtain a
powder, which was identified by XRD to be a titanosilicate of MFI structure. Crystal size
was on average 40-60 nm. XP3S showed peaks at 460 eV and 458 eV, attributed to
framework and grafted titanium, respectively.

30
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solid phase was recovered by decanting the liquor. The solid phase ma% 5
redi spersed in 25 fresh water, and the suspension was centrifuged as SEP 2003
descri bed above. This rinsing process was repeated 3 tines. The resulting
purified suspension was freeze dried to obtain a powder, which was
identified by XRD to be a titanosilicate of MFl structure- Crystal size

was on average 40-60 nm_XPS showed peaks at 460 eV and 458 eV, attributed
to frafdfvik and grafted titanium respectively. 30 5 SEP 2003 CLAIMS 1. A

process of prepari | i onMpLisi.ng contactin ol efin having
at | east thrgeﬁggr 8§9ﬁéﬁirln%a[%@leg§f§gﬁ CPW% '?\'gg ﬁ?'ﬂ%%'ﬁg@"g’fje B9 and an
opt i onaleadt thoenearboraaldmisiwithtreygereia éincre sdnca of Aydrb st argamdptishadiiloxtdi zed

gold on | i ntaining support, .5 wherein greater than 30 wei ght

Per cent 207 T HE LR Bl a3 BHPRFRS prided 6 o8 e RicanGiiho Bispert2. | A
pr ocess whbreGh giemtet thdre3eweightierainebiithe ictal @odbrd2nipnpotsbivet i9bxidizebef i n. 3.
A process, of Caiml or 2 wherein the gold is | oaded onto the support ijn an
anount ater than 0.001 and | ess than 20 wei ght percent, based on th

total wei ght bfAtpreceds@f Chiiraliyweticreid thefolgfinds a LS. OhoadlePN® diflefd ai s 1 tjo 3

wher ei n greater 34-50 L ght percent . of t total gold present in the
catal yst is éxipdﬁg@g%ssgoil .'mS.O%]‘ﬁl?egﬁigi e gyd gAga%ﬁeongqt%aﬁpw@ %o 4 wherein
gr eat er atrioant grealzettght0.@idrapaiessdhan heeigbit @drcant ks pd es et totahwe lget efahal yst

S %id'bgtggs old. I5 6. A process of any one of Clains 1 to 5 wherein the
titaniumcontaining support conprises a titanosilicate, and optionally,
the titanosi ki daprecessofang phé ob@laine t fotawharainagreatethan 38-60 wieight herceainge‘
from1: ; . : C ' erein the titanosilicate has
an IVFI éfr@]gttgt%f)?%% pgets‘raﬁ[c'{?&h%efa%aﬁ?rsﬁ%p@g?egglsw;f any one of Claims | to 5
wher ei n t he 6i thaprioagascd@nnioné ntClsimspolotd wikdeipgngatersban 70 weightiperdestpdr sed on
silica. yik tofyy QB@S:‘?és%nan tﬁé‘XatQ@Eti?BxiSFz@d g&d.' to 8 wherein the .

titani umcontal ning support onpri ses plurality of titanium species
havith a di f f 6r énproceasri@ny ene gtimimsr yytodt wiereindhe tanikmegrintaining SuppRrbr ocess

of any efRpResd MalBsiikale ard oftiondfy, %e"ﬁ?ﬁ‘fe@lli@aﬁerﬁgs%!sfﬁ@&“ WBEAhAShRI 25
support Is prepared by (a) dispersing a titanium silsesqul oxane conpl ex or
m xt ur ef8l IR figgrangg fiamelib & #0:Li | i ca; (b) dispersing a mixture of titanium
al koxi de and7praopfeteds dTelidin 6 WherBik itEtetitaRosRichlel Hag AInMMRPYStalfiecstheasreaf t er

cal cining the suglport_; (c )di sgersl ng a titanosil oxane nmononer, diner,

pol ymer or nmPxtup'@cs$seRf @Y oamoLClaims Ttle S whgipls the Wanumeniainipe SURRAT: | ni ng

t hez§ UpBemprisdiaiahiomidigpetdetidnaqichoxane nonomer is 30 represented by the
foll owi ng torml a:

9. A process of any one of Claims 1 to 8 wherein the titanium-containing support
comprises a plurality of titanium-ceerdinatien-envirerments_species having a different

number or geometry of bonds to titanium.

10. A process of any one of Claims 1 to 5, 8, or 9 wherein the titanium-containing
25  support is prepared by (a) dispersing a titanium silsesquioxane complex or mixture of said
complexes on silica; (b) dispersing a mixture of titanium alkoxide and promoter metal
alkoxide on a silica support and thereafter calcining the support;
(c )dispersing a titanosiloxane monomer, dimer, polymer or mixture thereof on a silica
support and thereafter calcining the support,wherein the titanosiloxane monomer is
30 represented by the following formula:
(RYTHO-Si(R?)s.(R%)y

wherein R', R?, and R® are each independently selected from alkyl, alkoxy, aryl, aryloxy, and
halo moieties; x is an integer ranging from 0 to 3; and y is an integer ranging from 0 to 3; and
wherein the titanosiloxane dimer and polymer may be represented by the formula shown
35 hereinabove, with the exception that R* can also be a repeating unit selected from the
following:
40




(R)XxT1[OSI(R2)3_y(R3)y]4.x wherein R, Rz, and R3 are each mdepersplepi iﬂ}ﬁ
sel ected from al kyl, al koxy, aryl, aryloxy, and halo noieties; x is an
integer ranging fromO to 3; and y is an integer ranging fromO to 3; and
wherein the titanosil oxane dinmer and pol ymer may be represented by the
formul a shown 35 hereinabove, with the exception that R3 can also be a
repeating unit selected fromthe followng: 40 5 SEP 2003

[0-Si (R)3-y(R3)yJ anfb- BRTiy(RR,) 3. y(RNYy]  whel®TiR* RAR® JR3, and y are any of
the ol Ghkah RS 0E DEICLIASUR Fpiells SdholhaRAESIRG o {1t ani um contal i ng

pol ymer ona sillita’s ter crniig the support, wherein
the titani um cont ai ni ng(dbchlsming iagitaniunocogatainggPolyinie on asilcarsugport agd pol yner

conpri sgd Qﬁeafga%ggn@sgg&ow &ﬂgﬂﬁme ﬁeahau&a%@ pﬁg;/ pggﬁ%} s 2 QU8R wher ei n

z ranges fFom epen al kyl,
aryls aliteoxy-cordaininglpodener tmmpﬂsqnirajeéaskmneauiyltaumm sflic@, ands(CR . @réupsher ei n

the ti tﬁﬁanaﬁfgﬂﬁ% &%%gea& R?&h&%ﬁe‘?ﬂeﬂt {é\éc éaafgin‘w‘ggkg&%?%akggrgmt er

met al anrum di'sperse brono S
12. A peiowdids. of any one of Clainmse 1 to 11 wherein the titaniumloading is

great er tha?m?ﬁgﬁoé’&%%%%nﬁﬁggfga%q o Wh rQﬁthﬂaﬂﬁW%téi@%QQﬁqoéﬁgged on

the weight o ess 0

wher ei nselésted fou Msmlum9XMnﬁomtﬂ nmai@mateﬁ&sammpmum dspleceedanh frometer

SI | jcas Sil | cates, titania, nmagnesia, carbon and m xtures thereof.
ioc ?”S?éggb%? one of Jaims 1 to 12 wherein the catalyst is in the

for m of a b&adA me¢aset0,f agypherg ef Claioseltoditbyharein dihg wthnlueﬂwdmals@reajer film

or dai ormd%]‘%ﬁb Seaﬁﬁfé%ﬁﬁé iogwélﬂlﬁ’tg%%eﬁ‘-ﬁ' t%@e@ rmno ‘bﬁ Ryt which is

in the ere oneyco ext rudat e,
or fil ngurpsrt. A process of any one of Clains 1 to 14 wherein the catal yst

further conpy ?S?\%r@éess of 8} of6r & H'Eolt fo'1 25\9111&6@% EdApaeHd iﬂtﬁfddo @ Refnd-

Goup 2, the lanthanide rare earth and actinide elenents nbi nati ons
thetﬁeofSuppoﬂeelwqﬂrfweﬁ'cw ahiminesilicaiss. tanip nBAANSEE, swbme%mwrﬁe pr onot er
is sel eglpthifrom 25 silver, magnesium calcium barium [ithium sodium
potassium rubidium cesium erbium lutetium and conpinations }hereof.

17. A proces&4dt PEFSHAfAryone ofiGiRime 119 14 3l therraiahst [5iniedem &t @onduct ed
at a tesmepalist! pHaFe HopPeyddnid) nPBlithNsktugsts, b:ham GG 3 whereRsther € bet ween

B o o f ot SPGB ARG Lok e oA Ehoee
| es® t hisdhey@oMBOmBholith, extrudate, or film.

15. A process of any one of Claims 1 to 14 wherein the catalyst further comprises at
least one promoter selected from silver, Group 1, Group 2, the lanthanide rare earth and
actinide elements, and combinations thereof.

16. A process of any one of Claims 1 to 15 wherein the promoter is selected from

25  silver, magnesium, calcium, barium, lithium, sodium, potassium, rubidium, cesium, erbium,
jutetium, and combinations thereof.

17. A process of any one of Claims 1 to 16 wherein the process is conducted at a
temperature greater than 20°C and less than 300°C at a pressure between atmospheric and
4G0 psig (2758 kPa), and optionally, in a.gaseous phase at a gas hourly space velocity of the

30 olefin greater than 10 h™ and less than 50,000 h™.

18. A process of any one of Claims 1 to 17 wherein in a gaseous phase propylene is
contacted with oxygen in the presence of hydrogen and an optional diluent and in the
presence of a catalyst containing oxidized gold on a titanium-containing support, the
contacting being conducted at a temperature greater than 20°C and less than 300°C, a

35  pressure between atmospheric and 400 psig (2758 kPa), and a gas hourly space velocity of
the olefin of greater than 10 h™' and less than 50,000 h™', so as to prepare propylene oxide.
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18. A process of any one of Clains 1 to 17 wherein in a gaseous phas:jnSEP 2003
propylene is contacted with oxygen in the presence of hydrogen and
optional diluent and in the presence of a catalyst containing oxidized
gold on a titaniumcontaining support, the contacting being conducted at a
tenperature greater than 20C and | ess than 300C, a 35 pressure between

at nospheric and 400 psig (2758 kPa), and a gas hourly space velocity of

the ol ef i n off9greadnifositatorPribing oadided ?@@ ohRaahinBRkalhing supBoRS 1O
prepare prop Iene ?xi de 41 SEP 2003 9 A corrp05|t|on corrprl Si n
oxi di ze¥NgERIRAEAL 2 WERDERATESN A 1) pthaicatalyshigio
wei ght @_qcent of t he tot aI goI d present I n the cat aI yst I's oxidi zed gol d.
20. A conposition of Caim 19, having the proviso that the conposition
excludes 5 @R di REEPgHica % klabul1R, kavingrihe prayiseialdhe compositione¥elydes on of

C ai g 1%xi@lrze8@otmﬁ{&lﬁtﬁahﬁmgetbﬂdé oading is greater than 0.001 and |ess
than 20 wei ght percent, based on the total weight of the catalyst. 22. A
conposi ti on & ArPreRpsitiop oECtaims 9P 2p wheeinerssidogdiemibareattratiang.08h wei ght
per cent aaf [és@QhQDt@iwbl'lghf B@tcérﬁt @és)éﬁton'tl'% Rl Weifloané Batal} . 23 A conposition
of any one of Clains 19 to 22 wherein greater than 70 wei g Eercent o]

the gold in tReASaBadpdion;ad agy prf Hfddaigs1§.to 24 Whﬁf?i%ﬁi?@%qftma@ ‘étﬁ'?hfone{ of

C ai ms pOrdeat a4hwge|laenh thelcfatﬂpdtds @(ﬂ:l”iddcdoﬁ:s are present the particles have
an average Ssi | ess than | nposi tion of one _of Clainms 19

to 3% wherei # tﬁec%‘é?%sl‘tSPEtc’fFUY P‘PFe‘Pf C‘a@sa@ﬁﬁr%?g@?f%t gieé?;?ét‘h%‘n@ weightot er

sel ect e@efdetifdithé B6K.in (ﬁm;yst ;@mﬁgmd he | ant hanl de rare earth and
actini de el erESnt s, and COE}?' nati ons_t hereof. 26. osi tion of anét one

of Cains 19 4o "o8PMRsIton Pﬂéot%?fé?'a'ﬁﬁn@etﬂtzﬁd’fh%ﬂ" 5190 IHPHHRASAE §7eSE

gr eat er tidpartifedharnsh hesisgd biaaea9thanitafh. percent, based on the total
wei ght of the catalyst. 20 27. A conposition of any one.1 of ai 19 to 26
i ysto@t

wherei n the (25 AnFRIHPEBIRIOR; ofiaty ong e blrims; 19 t@ 35 VARIEH ally,
whenei n bighridekiaf Ridst Bné PE&Bb’:HPs@IthEHq 6Iﬁt§1193f\/§lgﬁ§y P(?T} p3;thef 0 500: 1, and

optionally 'wherein the titanosilicate as an I ne structure.
2B. A colpibianiderase earth andeaatinids elementsy and @&Mn@l@t&ther@

LIt ani um contal N atnac ARG baf BIREA sl id @YUM AR SRHcaReRF ki 25 29

A conposition o one 0 wher he suP ort contains a
pl ur al i Pyorasters)iagreaterdpec POd andldsadnan 20 weishtrarcanttigsed en thedatahweight of
bonds t gsfHet @iy 30. A conposition of any one of Clains 19 to 26, 28, or
29 vvherel n the support is prepared by (a) dispersing a titanium

si | $8squi oxarfé- CoRpTRISIteN of Gk PRRILT @AIMSHIEH e A6 Wierein dhe thaniumiGoptainiRpor t ; (b)

di sper sisNgpsH RiatahssiiRhte, bbfdHaWRBRIPHRERICEH tdRbALmA X rdRSaRGedfreh! | ca
1:1 to 500:1, and optionally wherein the titanosilicate has an MFI crystaliine structure.

28.A compaosition of any one of Claims 19 to 26 wherein the titanium-containing
support comprises titanium dispersed on silica.
25 29. A composition of any one of Claims 19 to 28 wherein the support contains a
plurality of titanium-cesrdination-envirenments species having a different number or

geometry of bonds to titanium.

30. A composition of any one of Claims 19 to 26, 28, or 28 wherein the support is
prepared by (a) dispersing a titanium silsesquioxane complex or combination thereof onto a
30 silica support;(b) dispersing a mixture of titanium and promoter metal alkoxides on a silica
support and thereafter calcining the support;{c) dispersing a titanoslloxane monomer, dimer,
or polymer onte a silica support and thereafter calcining the support,wherein the
titanosiloxane monomer is represented by the following formula:
(R)THO-SHR)oy (R Jon
15 wherain R', R?, and R® are each independently selected from alkyl, alkoxy, aryl, aryloxy, and

halo moieties; x is an integer ranging from 0 to 3; and y is an integer ranging from D to 3; and
42




support and thereafter calcining the support;(c) dispersing a

titanosi | oxane nononer, diner, or polynmer onto a silica support and 5 SEP 2603
thereafter calcining the support,wherein the titanosiloxane nononer is
represented by the following formula: (RL1),Ti(O5i (R)3 r(R3)r)x 35
wherein R, R2, and R are each independently selected from al kyl, al koxy,
aryl, aryloxy, and halo noieties; x is an integer ranging fromO to 3; and
y i s arwhereiagbe tircansjlomgnd diover Or payr8er ianebrdsenfedSHERh2 (@G ulahsboeinn t he

her oi natap 20gier WAT e e BBISTRR e B REY EPeiabEoo ORI PmdrenT

sel ect ddlldwiogndietiesf ol | owi ng noi eti es; [OS (R2) 3.r(R3)y] and
O-TI(R2)--r(R3 5 d ca el ed fromany of the
peci co det i nod her ol SOSFOPERTG () B sper oi g AHEH i

speci es defined herei nbe I sper SI um cont ai ni ng

POl Yer onbp @@ &P dredy éalﬁp&péetle&ébdfrcfrﬁ%ﬁ emqsrs &aés.ca 399;1&#&1%%:%9%%9”

wherein the titanium’containing pol'y 'S c nprise ackbone of

titani yg) dlsgéljslngoo{‘htaﬁﬂﬂ co&%ﬂ@ gté §a WSQ%@;?}%ﬂza dqhQ’Q%ﬂ%}tcggﬁ{ th‘ﬂPg' ng

fromlto 2 wher ei n each S N ent ecte roma
aryl, a3ueeRy. wheiginihe tt@élummnmqeolxmerm@mpﬂ ofi opackborsrgf titandurnf  C ai s

19 10 26icehehti NORDE hbibfl, WLRRANE Ridh iABoeiSURBRG frof™t SGeftthd EiRELL tani um

oxi des, pr. onot er al titanat es, ani um di sperse pronoter net al

si i catRés !néweweawﬁﬁi%qtﬁ temalkyh Ay cHexpfand halige aoops.o 31 wherein t he
titgni um | oagh ng chmpodfiGabainylRant eua%s a@@b bERekARe SRnR-SkaiRBGCENT

based on the weight of the support. 33. A conposition of any one of

C ai ns SUPPPH Issa_elw’«@d Epm t'@wra@wﬁa%mmer @Etakflﬁanetéa angljtitaniure gigRErsee oor
support@gm@@r%ag@mgtegupport wherein the second support is sel ect ed from
silicas, alum nas, alum nosilicat nesia, titapia, carbon,

mi xtures theteodt comoswaef@ps'asqnﬁogﬁlaws V%hyh%fﬁmcﬂ“aflwﬁ'uwﬂewn@f Wnerel n
t he lcatgﬁéatét thap 0.0 t=he IdssnimarP 20 u@@ﬂe Q’ceﬂebééﬁd,on&ﬁé%fggto &mn@y

nonol It ate m or 1N the C

O X R oSl b kot T8 SE P B8 o4 PpEdit R ehriaha
spher e, with) @ae§s dr, supptredd diha seedndwappat, wierdih tha sedbnd smpcpanmléut@m of any
one of Clainms 1 erei.n he catal i

. is rbe ared .b matpod
Coe 0l T SlRas anss sl he Bale: meane Slaniss RiRgh R surasan PR s
aqucra]ous sol 34, ml&ﬁh\ggmﬂ@ ffaﬂyldnetdmmlni 1am32.44hef@l‘iﬂh9f:atalysnl§ gambdomgbm: gn,
elther o t nt al ni,n C r.d s OXl ze (0] ,
Sna ontd e eTeh ShiEre RGe Grol theBoRB bR g, b ey be S, 201 o
fr o preataystis smimhehahladmeonthmhaﬂﬁs\, is sruthpliatrest,a betad| peliel spbereponat es,

car boxyl at e her f, under conditions sufficient to
mi ni m Z8 The éd dﬁ%”t“?"ﬁ‘n f&daﬁ T ?gra gold to netallic gold. 36. A nmethod of

preparing t h% chicatnpesitiaf ofGngiame b Chimpn § 49 B wiersireths icatglybl/is epamt gnat i on
or deposichidy RinfHsRlgpePlhPo Pt He B UNSe R RMBR bilcpdafi 4 Z§iloge! d onto a
solution having a pH between 7-and 14, and/or an organic solution, either one or both
25  contaihing a gold compound comprising oxidized gold, and optionally dispersing onto the
support one or more additives selected from promoter metal halides, phosphates, sulphates,
borates, carbonates, carboxylates, and mixtures thereof, under conditions sufficient to
minimize the reduction of oxidized gold to metallic gold.
36. A method of preparing the catalyst of Claim 19 comprising dispersing by
30  impregnation or deposition precipitation a gold compound comprising oxidized gold onto a
titanium-containing support under conditions sufficient to minimize the reduction of oxidized
gold to metallic gold.
37. A method of Claim 36 wherein one or more anionic additives are dispersed onto
the support, or a combination of promoter(s) and anionic additive(s} is dispersed onto the
35 suUpper,
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titani um contai ni ng support under conditions sufficient to mnimze the
reduction of oxidized gold to metallic gold. 37. A method of C ai m 365EP 2003
wherein one or nore anionic additives are dispersed onto the support, or a
conbi nati on of pronpter(s) and anionic additive(s) is dispersed onto the 35
support. 43 5 SEP 2003 3B. A conposition conprising a titani um containing
support characterized by a plurality of titanium coordi nation Species

having a di f &r Aromposiien camprigreparttaniireforitainidg stspdr drardctemzedBy aA
comost bl Ayelr RS AHRG KoL ek B0t 2400 SUBROTE 1S 3, 9,
conposi géametof ofBloadmtadBamiom39 wherein the support is prepared by a nethod
conprising dySPRrS| a tifanosi)oxane nononer, dinmer, or polymer onto la
ST oa sunport B Balel bt CRR ot PR B M s Rr e ar . i

ti t énoslithoxeiivatechaoaeerized byepreBlamyealcgyaphiestrutiald ow ng formul a: 10

R)hTi[O S 3. V(R3).v] wher ei n R2, . and R3 are each independentl
Se bt et f i aPEgTPoS b g{OET o oF 30 yhesty B R 6rerererERmeots an
i nt eger camaprisingydis peysing attitardsilaade yndndmar dirfé€ @epolyradidintga ke Ghdott abd and
wher ei ntﬁ\%heeftti ta}nosi I}%)xane 8‘|Nger , OtE1 E%I grrg{r is represented b}/ t he formul a
shown REFEIRAKEYATI T PHAPREWERELLTE RN HQX2REMRRY TS S EPRSRS RSB ng uni t
sel ect efdliéwiogferirenist5 foll ow ng moieties: [0-Si (R2)3-y(R3)yj and

[0-Ti (R2) 3-y(R3)y] wherein R2, . 2 be sel ected fromany of the
spe%:dl es defined hereinbefore, 4(5{%'[0%& PR
wherein R', R?, and R® are each independently selected from alkyl, alkoxy, aryl, aryloxy, and

halo moieties; x is an integer ranging from 0 to 3; and y is an integer ranging from 0 to 3; and
wherein the titanosiloxane dimer or polymer is represented by the formula shown
hereinabove, with the exception that R® may also be a repeating unit selected from the
15 following moieties:
[0-Si(R)s,(R%)] and [O-Ti(R*)3,(R°),)

wherein R?, R®, and y can be selected from any of the species defined hereinbefore.
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