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Dl RECT EPOXI DATI ON PROCESS USI NG A M XED CATALYST
SYSTEM FI ELD OF THE | NVENTI ON Thi s i nvention rel ates

W@ 200ak083pHXi dat i on process using a nixed cat al BGI/US2007/015057

systemto produce epoxi des from hydrogen, oxygen, and
ol efins. The m xed catal yst systemcontains a titanium
or vanadium zeolite and a supported catal yst
conprising palladium rheniumand a carrier.
Surprisingly, the process results in |ower selectivity
to undesired al kane byproduct forned by the

hydr%h%énatl onté)éijoﬂlﬁlegB%fféS ared t&@%@%ﬂi&%ﬁ VSTEM

nmet hods for the preparation of epoxi des have been
devel oped. General | FIEIpOE THE INVENTIONed by t he

react ki AleRfor? 8 feg 4! eBBXIH iidH prdtds8dRig ér}n&gé catalyst
Gl plkesy

presence O a Ca (.'8‘ uction o prop | ene
@xst@m to @mqucepgp Safremahy pgemi @019par aperalgiinfe The mixed

iyt 's?&eﬁ'g&mta inS WCitaRianto iV 2aNHe Eéolmé @na @ﬁ@ﬁdﬁ@d%talyst

tert- y roperOX| de, is commerci al ‘?'g' ractl

F@mﬂﬁ'é!“@g%fa"awn@ reiBESAN] 2 caEiaToSHERrisindly.rhe M%%"éﬁdss”'ts in
Mwer §e9é¢thity it@ eﬂ;deﬁbedadmauewb@ptoaiuzsformebwh‘é hybgenation of

Nqu‘ 3,351 335 [12? SEIBO eneous titania on silica

iy ROpParg osmgarsa YSRGYS'867, 342. Anot her
commercially practiced technology is the direct

epoxi dati on of t ' y reaction

wi th oxygen ovefégég%?ﬁgggﬁﬁﬁq%g@'gnateI y, the

si | veMarwt diffesenth awethads ;forovletd Rrepénation nok epmeides ahave been

%{égél'ogﬁb' (@ergraliy %Eﬁgudgg & for fRSreXHSEBr 3R Q)#eﬁln with an

droper o aot XI | ZI ng agent use
Idll'msapﬁ@partm |Ptﬁ$e®f>e@6§>@a&%¥st| g WP@Q@WWMRPHQ“G oxide

Hom prdoy 1eN@S glné 3RS, g??éh}uc InhOpdroRided i d‘ﬂzn&?‘wagoé'rﬁ such as

for exanple scl os e epoxi dation of ins with
[eymibRnZENBe ySrererpyide her plasthulye RBydrapemoxidfi i commercially

Pradicel fe &M L ThiYpEdtesY iy @éwormﬁﬁrtﬁél réseﬁee@uatsambmzed
in the direct epOXI dation of g en and
IRIYRARIM catalyst S HcRskat- |"{° |33 %Qg?g\@da ?‘ﬁ OgSRRPMT titania
amdsnmedd];afle@et lseadl. SI PatiNol 4,867,642 aummnercbommgrcaagjg Ipracticed
ifferent c St L. Us
UFhelaeE B AmbRBon RSB Ry gl B Hacton
tvhth oxe}gﬂrveVercarEplveseatmlsnokw:ai‘ormnaﬂely; e silvers optatyst das not

P \%dt uée%\ciﬁ kn ér%al Eﬁ& f&i%’ﬂpéfﬁ Hie oferime2 7 71

oSes 't Lhe Oxi de from
Besides oxygen and alkyl hydroperoxudes another oxidizing agent useful

for the preparation of epoxides is hydrogen peroxide. U.S. Pat. Nos. 4,833,260,
4,859,785, and 4,937,216, for example, disclose the epoxidation of olefins with
hydrogen peroxide in the presence of a titanium silicate catalyst.

Much current research is conducted in the direct epoxidation of olefins
with oxygen and hydrogen. In this process, it is believed that oxygen and
hydrogen react in situ to form an oxidizing agent. Many different catalysts have
been proposed for use in the direct epoxidation of higher olefins. Typically, the
catalyst comprises a noble metal that is supported on a titanosilicate. For
example, JP 4-352771 discloses the formation of propylene oxide from
propylene, oxygen, and hydrogen using a catalyst containing a Group VIIl metal
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propyl ene, oxygen, and hydrogen using a catal yst
containing a Goup VIII netal such as pall adiumon a

w@eoosedibs ne titanosilicate. The G oup VIII nep&l/us®07/015057

bel i eved to pronote the reaction of oxygen and

hydrogen to form a hydrogen peroxide in situ oxidizing
agent. U S. Pat. No. 5,859, 265 discloses a catalyst in
which a platinumnetal, selected fromRu, Rh, Pd, Os

Ir and Pt, is supported on a titanium or vanadi um

such cag ipadladigrhen ai ervstallingolitangsiliertec atTiiey Growx AfiY| metal is

'H&ﬁév(fbet& gtrd?'nét@plﬂerrbggtl&f‘ of bk?%é?ﬁénd ‘F&R)“genst%efo?rﬁra hydrogen

exa e di sadvant ag

qume Hesity PYdEing ag,ﬁnt &bBxPabiNG 9,833,865 disslasgs ﬁ‘n‘éﬁta'VSt in

Wiidh arp@atnmmem we@iue eromnusahepal 08, P¥REURtSupported on
such as ycol s oresgi;I ycol ethers, faorned

A H@nw%rﬂrn\gafad'w 58t dOBrlo dies %?%CF%&Hecata'Y“ examples

ydnidslgeld §@por@dbon titmosiidategeseé ifomexdmpleePC. Intl. Sppl. WO

P 2)98‘{3% 6, 008, 388 describes a direct olefin

é% tion process in which the selectivity for the

react iOme dfsadiaritage ofxhgedescebed fdirtch gpoxidatiomheatalysts is that
esence of f ' '

R AR 5lp B SR8 TR LABBEI bl T FEHcEE, beaveo

aﬁhamfonneﬂnbmﬁdemngdwermg (o721 UTQE&QQX'(M pnwmmm,s alkar@ byproduct

b| T ar({;lgx tﬁe% ?AhathSﬂC&e efifle yse M. o888 describes a

ate lers to ecreasethe production of
diregt 9Jptm ggolggpﬁlqmgl@pgss 0 whicppdhe sgl@ctn@tydgg;thmactnon of olefin,

XFGE% Santdhg/dr'éferplﬁ'\ tRe ‘b‘i@ﬁ:‘?{cé%f asr‘l’dlflé' met8iIGheaifedti®inium zeolite

arsenlc modi fiers such benzot hi ophene to decrease

mer}s\aaea%t%ﬁhofadaﬂwaﬁé 2’ QUiroga CRRPOLRKNFYEh @8 ammonium

[WyBfhdde td thel eadBsn hikaure.t 0 81 Pal ING3 16,399, ?ga téthes the use of
cat a

t th dat t
REHRY T PLEE AT T Ee Fo8 <Pe8 108 P BRI, ob s Dodpened
ftxypfodﬂmsepoxsda’ht ONocC8j0syra3 teadhes thelasei of phasphorus, sulfur,

SRIEToR" ) 208 Flsdera ittt Bengblidaengy 1" 0dciase e
poogudtion ©f pespnieng an ol ef i n, hydrogen and oxygen in

t he pﬁ‘g:gﬂg, g{, a%érhl.ﬁ;ﬁ 'plrltg&-:%rs“egél %Q%E%Olbtgnﬁﬂdstﬂl further

suppo e 'su t co
prabraugments rrhté‘m apedration mthqderandmatelyst%cté\é% ave discovered

S Qﬁé vBd nﬂe‘nﬁ p?b(ﬂieE hyg@%'éﬁ EESHERMMAEMERNSt and its use in

gé)_ uct forne rogenation of olefin.
Apeeqﬁmwﬁnsm OF THE | NVENTI ON

SUMMARY OF THE INVENTION
The invention is an olefin 'epoxidation process that comprises reacting an
olefin, hydrogen and oxygen in the presence of a titanium or vanadium zeolite
and a supported catalyst. The supported catalyst comprises palladium, rhenium
and a carrier. This process surprisingly gives significantly reduced alkane
byproduct formed by the hydrogenation of olefin.

DETAILED DESCRIPTION OF THE INVENTION
The process of the invention employs a catalyst mixture that comprises a
titanium or vanadium zeolite and a supported catalyst which comprises
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The process of the invention enploys a catal yst
m xture that conprises a titanium or vanadi um zeolite

wapasacsapport ed catal yst whi ch conpri sespal | aptTI$2007/015057

rheniumand a carrier. Titanium or vanadi um zeolites
conprise the class of zeolitic substances wherein
titanium or vanadium atons are substituted for a

portion of the silicon atons in the lattice franmework

of a nol ecul ar sieve. Such_substances, and th

majadivm. shenigmeanga CHFi8n TIANIREeO, yaradiug 4%’?"33 comprise the
eXa¥ndfezeolitiSsuththncdowhergirt@nfdil o Gshalith GatéP2 .are substituted

table t iU, di | i t .

3ot e cearfiorhat ik SIS ol i, EHBp SR aBP o1 S payer sieve.
Suchc substandes) drid #reiu praziuctiom aaieu welt loTosvrs irbshe tart ecSee for
i f h ' f di

Bohiie,' & PR Nps, A oGRELETR B58R1dN mber of fact or s,

i ncl ucaurtgbltehﬁtamitze emdandthpe oéolitere ant dhose tapydialline materials
‘?1%' ff\'lg Lz cq'oug orpr@éﬁgpl{f‘evé btrbQuRd it fl%ﬂJn? ats r?adium atoms

relati ve e

ore Itanl um or vanadi um zeol | ] .
siubhtltatﬁdam |thanfram1esfprl1 calhe «hpicet pt titanigmn of vanafigme rzeolite

@n'\;ﬂgﬁéd Gnll\cl\&héizénﬁ Ggenha ﬂﬁm%bpw fddfors piﬁ@lﬂ)ﬂ ?r\ﬁe ste and shape of

he olefin 1s propyl ene, the use of
1'3% o@ﬂm tpia eppddiredal Pt exargpleswc%ﬂfwechéﬂ/am ags@uge'y small

e AitahiirkYoroVR{ddiurh WdbliSs sahchd Reraniem §|||l';éﬂtgf?f tHéOéI@fm is a
titani um géo?%nadl um zeoI ite sucq?as a zeolite

dower3leha BRYCHIRSUENHPRS: R7BRY' PG BlrBUIRRG Méhe'e Re olefin

|®§ prepy@te, tRardsec uf aﬂs-mmﬁ&mﬁ atlichiiteaisi especilly i ddvantageous.
cIu e. .t he Iass of _nol

ul ar SI
FOF & PR el e e BREr e 14 B8 2B iy, or vanadium
EBolite s{dwvasng zeolité-haviog @l sig;ctmabmgoumme WIHHZemjftetblem may
%%!F\ﬁg n03| licate zeolites), TS-2" (having an MEL
ogy anal ogous to that of the ZSM1 1
al um Restidulariyt erefeaedt titshium zgolites-iptiudasthee slass befd makecular

%?E%\&bﬁnfrﬁénlgsgferédqgjas ﬁgl%um-rélﬁ {Séé”BQRfcma?l&nﬁs -1” (having an

ecul a havi n ramevvor tructures

iMntepslegysanalogais to @asafathe ordénpluglingsiigalg zeolites), “TS-2"

Ag’arﬁ'\ﬁEWbél%gWEnéb%&ss%ttﬁﬂ ef ftRe ZSM-1 1Thﬂum|nosmcate
titanium zeolites prefer contain no el enents ot

zgalites). t3and Uhe-3s |(iP$ GSﬁC"%ﬁﬁ’d'"oQ?'gaﬁ' Pat. (N 1.907.038)- T'tan'um-
fobafawng noladuiaosielesThaahg framieNork efrudtarédisomoashous to zeolite

et raednieraled e Ahe EREH 5 ol suigbRPEles. The
hitardura mﬂmsqarefenably @bnmpno @lengertts othier thah ltitamiurg, silicon, and
ot 8 bl g, ol e FFDAREY von.
falminQn) sodiom, potassium, copper and the like may be present.

Preferred titanium zeolites will generally have a composition
corresponding to the following empirical formula xTiO> (1-x)SiO2 where x is
between 0.0001 and 0.5000. More preferably, the value of x is from 0.01 to
0.125. The molar ratio of Si:Ti in the lattice framework of the zeolite is
advantageously from 9.5:1 to 99:1 (most preferably from 9.5:1 to 60:1). The use
of relatively titanium-rich zeolites may also be desirable.

The catalyst mixture employed in the process of the invention also
comprises a supported catalyst that comprises palladium, rhenium and a carrier.
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0.125. The nolar ratio of Si:Ti in the lattice
framework of the zeolite is advantageously from9.5:1

W 2009008195 nost preferably from9.5:1 to 60:1).PANES2988015057

of relatively titaniumrich zeolites may al so be
desirable. The catal yst m xture enployed in the

process of the invention also conprises a supported
cat al yst t hat conprises pal | adi um rhenium and a
carrier.The carrjer is preferably Porous teria

Ehercarer wrRrelaspbly i BRfPUSaleaah, Camfess are H‘&é’ww Rethe art.

%F f‘hﬁén@élrlhbecérﬂ@rr gamive mergiafic d)‘dd%fts claysr b@monaadd organic

iPﬁ %gegﬁ g(refgrre Ilrg%gaglrceéx?c[e}%gglh % %gs o(g?ﬁﬁﬂpsz 3,4,5,6,
aBeoent elerRentsi Rdrtcdiarypefearedihorganigaxide caxieate include silica,

SRR, AR 58, TSR SOt BB ovces
ool yHabgonm axidests s funigsitens toaitdes x | atesrphau®r ithoassilica, amorphous
Lrbaa Sqith! EfifbrofRY RS o4, CBRk A0Sl e A TrATBRRP Hay be o
zeolitet but tsunot 9 titanium or wana@mvbrzewﬁaoﬁ’r@fﬁrz%bprga@'c polymer
Pésﬁ?c\@ I hefide’ Qa%fyr&% y gﬁﬁeﬁ@—éfvl?@lﬂe‘ﬂ‘iéh’éi ec&&il%ﬁéﬂér e&®sslinked

rene-divi.n enzene CcCop ol yners, crossl i nked

p@ mmeemmem rRnd W%WB%E ni §uitable. cajjiefsAlgo include

Q&{afrh@r Bolgmep ! d§raftedadinto pihb)’%&?ﬁc I §%48S cafrield, educh as
o inorganic_oxide carriers,

pelvetmgnidResilica sj Freferedcafrisrs RIS Apelude scarpen,  Particularly
lpf‘éfbh‘é@ cniéninciddet tarbbay kijficar sifies-arehicas, I titania, zirconia, and
q%I ude carbon, silica, silica-alumnas, titania,
¥nia, and niobia. Preferably, the carrier has a
sur f aPeefarabiy, ithe theier haga aufrfacbaréa in the rahge bf @ab6ut 1 to about

2TOSt pref fro t, 1 2, 50 .
200 ook Gty ot Re0A0 ko, ST Bripicbiy. e
parg)golomeadiothe @ardertis inlthve rangefohabgug 0. te ebpute4 érrabigy more

At B 2o 35 UG o BEpk46) igPbou 00

m/ebagtewamugzl Br@fe@éﬂmfthe ReEger wwcles&zenot m@ eaffigeis in the

f
e oo T o Rtk s T Clbre MERBRg i bt 1 ym o
pbobt.2blipcH, rand mbawremmmfmrmabgut 1040 to @bbut THE inch. The

F&Eﬁé& epd%rﬁaé e B &é@geﬁt %geﬁnﬂsquye@mesa& mefees Qked, for

eactor i's used ar ger cg
sxamplexrlarger cparticledsizes Qiefpfﬁ&f"%dofr éa&'w pedTrgaction. The

) %VS a@@eptpr@r(ﬂame?éml&qulbéw Bhotrféa}drﬁée' &F éﬁkﬂJtrﬁf‘ﬂ?aBBut 1000 A,

about” 10 to abou preferably about 20 to abo
potfermbly;aRouHR torkaus 6981 4. anshmost preferakiyoahou 59 ta. about 350
A.

The supported catalyst also contains palladium and rhenium. Typically,
the amount of palladium present in the supported catalyst will be in the range of
from 0.01 to 20 weight percent, preferably 0.1 to 10 weight percent. The manner
in which the palladium is incorporated into the supported catalyst is not
considered to be particularly critical. For example, a palladium compound (for
example, Pd tetraamine bromide) may be supported on the carrier by
impregnation, adsorption, ion-exchange, precipitation, or the like.
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The supported catal yst al so contains palladi um and
rhenium Typically, the anpbunt of palladiumpresent in

wo bessegapdrted catal yst will be in the range oPCT/DS82007/015057

0.01 to 20 wei ght percent, preferably 0.1 to 10 wei ght
percent. The manner in which the palladiumis

i ncorporated into the supported catal yst is not

considered to be particularly critical. For exanple, a

pal I adi um conpound (for exanP Pd tetraam ne ,
br omi dBgremage e pagisylar destistionse regargingr the, choice of palladium

'cHi?\rp%gﬁé‘b? eamﬁﬂéistﬁe@tééme SoRReeCH PHMAGIBm PItAE isDppaitedPBatalyst.
or the ere are no particular restri

Feg axam@e t%taE%F%@pBP”%FWC&tﬁ%mec BSHRM &Uﬁfﬁ?%m' idgs (e.g.
dhRAdES, bRemigieysy, Cearbbxyalekag.gmaketatd)s atidp padihedcomplexes of
ca{I aéi%{st. For exanpl e, suitable conpounds include the

g sul fates, halides (e.g., chlorides,

brom gesilarlys &fdwmaétajresta(esofgheaxaﬁadmm) is ot dopsidered critical. In

SRR 5Pl A Ml T S R S LA st
angehere foarh| Gt shnof any icosinatien otnseclpakidatim states: Be achieve

tpe %@s %f(lk goﬁt da? Bn%tﬁ{e 0?3% %a(:t‘ioil ?lnb)gd% on Es amé palladlum

orrb I Na SucC oXl .I on s (0] ac eve
cemipoudd @ftet héing intredusedr intoo ths ﬁamﬁedopatmsaanabﬁe fully or

%‘aﬂfa@?h preedlakd.ad smﬁew%@a@fé %r#eﬁhascé a0 hisler, be

into e su? ported catalyst may be fully or parfially
pitalned withoyt any presreduchen- catal ytic performnce can,

howevehre éﬁﬁpé&é@bﬁ%s‘(\hka@m th%rb’roﬁéﬁr 6felﬂ§QltNéHﬁlonET@ contains
SU Orte cat ac%st used rocess

IR ofne isucd poTeon MR dHproPRet w&ec%ﬂppgﬁ*&&n?%'f/st wil
robeiﬁl tHE rahgs ftfrdm dbdat SLPPtY Ued/vélgmagbgfséntv\nplrdafetm)ly 0.01 to 2

PSR, DB O Pt SR R, s, oo
gburdeeim time csu;rponenﬂ cataldstais hote criticahi auttaixbelrmpourldhemclude
?Hé’rﬁ&’@t ﬁS'l ﬁel 4> ﬁhloz' ideq! bFJHwE'eQa}od. zt BQJrﬁer‘ﬁegﬁl‘?d“aﬁﬁeo.,)

iandi aree')onltpnrwefmrmtade4BeReb4)The theniummay be added to the
T
ggpﬁ?gﬁ?%rgf gptH&gﬁf%fﬁer maahﬁnhua\.aﬁy AR aiidel Fetidiecan be

or a | adi"um addi ti on.
Ased Sfar ttae| -ecmprﬂi@ncah ripgNiyBeitq dhe tHOPPHED GRIRINEYL of\s with

%Ilétﬁ]ﬁﬁ‘\' UdBdittr?  the sHeph t athyC el $idporte8 \dnt Nthe carrier by

pal | adi um addi tion, the rheni um ma be su orted on
t"ﬁB'QQ@PF'?'ér°bythFrrﬂ}k%gna|[nﬂ§>.lﬁr5r S5 o | ppsifigniprecipitation

WedHMsfesai8y RBYE LdedtolhestbotatéiiedehRenni ques nay
al so R?te}]s;?aqlagl%rrll na?no Fr)l(1)err$}ar(\?l ¥nr<]:%rpror}gpon n?he supported catalyst is
recovered. Suitable catalyst recovery methods include filtration and washing,
rotary evaporation and the like. The supported catalyst is typically dried at a
temperature greater than about 50°C prior to use in epoxidation. The drying
temperature is preferably from about 50°C to about 200°C. The supported
catalyst may additionally comprise a binder or the like and may be molded,
spray dried, shaped or extruded into any desired form prior to use in
epoxidation.

After supported catalyst formation, the supported catalyst may be
optionally thermally treated in a gas such as nitrogen, helium, vacuum,



After palladium and rheniumincorporation, the
supported catal yst is recovered. Suitable catalyst
w0 e@smestys net hods i nclude filtrati on and washi PQI/US2007/015057
rotary evaporation and the |ike. The supported
catalyst is typically dried at a tenperature greater
t han about 500C prior to use in epoxidation. The
drying tenperature is preferably from about 500C to
about 2000C. The supported catal yst may additi onal
dWERgese O¥yIaMm Ay Obﬁhet'ﬁe |Th@éhama'ﬁr@ytmemrﬁsm@aawgﬁ)'ﬁéxp'ca"v
C%Fdn%boﬁm@%* a@Bu?S@@d@' ?i‘ef‘e?étﬂy fdvh dBsit! fsb foowm [400FC. It is

to use in epoxidation. After supported catalyst
freefeeredda themeally iasé meeaummdma'mﬁyn fae pEssepRgof pn oxygen-
td&%ia’ﬁh%)gak rﬁ@@%de’ﬂatﬁr@ﬁénﬁé&ﬁﬁht 390 1b 4W0UE Nand EptidHAly reduce

vacuum hydr ogen, en, air, or the |ike. The thernal

5 tth%a%%ﬁﬂeﬂe?ﬁie%& en ¢ Presgnceapl @nf Pb‘?fpa%ﬁf’"@ﬂ"'ﬂ% gas at a
a@.%bra'i@f%%mmb%?ﬁ@@td/mdo@n about 100 to about 4000C.

referred to thermally treat the supported '

cat aI Jp be titanippeonyanagivra zeplita ang g éHemrf%f ratalysymay be used

| an HRBSS:ad ation ;frb@é%sﬁé@ﬁfmlih@% bppdm&@oraecé mpdtdlr@rﬁﬂpbl!ets In
reduce s e s I,ﬁported cata

th
ApoHioe in BlariiThI o g 2bRe Ak Srvhdited: GRAGEE Y aiso be
10 BBDeﬁZbM%GﬁctruBbe fogether Lﬁﬁo@rtovamdn uepoxidatiohe #npelteticed or
D8 AL 58y 5 B paeror e
pikk lartdsmay beamididedp spraydriedi sbapadrooextuateddntonamedesited form
t [ . PP
X%{ Egg%%[ %\Sgw%acﬁrﬁwlso'rr X/vé:?} @otl'agg &ot)ﬁ(}?hiluﬁ{ bf %Qp?&.um zeolite:
seppetted edtalyst dx not eedlculagletqn@r:al t Hewemralaytaammm vanadium
15 b%%lrlrt%d% gbgﬂéé ldét%?é‘fpl(?tlﬁ fao@ang(fb' égr%n{éjgf likdrfuANGr UBNadium

[ spra ruded 1 nto an

Feslitearerigsam 9fr$tmponsdlr@éalysm isprrefesead. yith arfatio g b¥ﬂ 20 more

r;ﬁéﬂe?reef a:tuﬂ baatio' Bt Sto VQ'?‘r%Ht %F@féﬁ@h | te: suppor t ed
cataly i'S not gartlcu ar | %/ critical Howeve

mammﬁw%m NEringentio) wr'%aﬁﬁamag@at%?%toxvgen and

rr%rcsgewmoa @&lv&aﬂm( Beapresefce of e catalyst mpnad, U8\.utable olefins
am O

w0 figyee SpRBlesR g of 8B Hec bt Brihel double BT ES dgperally

Jrdno 21to msérbphétemse@reﬁablprme etefindg arh@cycnc/ alkenerof from 2

S8 S5 B etk S B MU i DAY 935t o

Sypioiididing Qz-@al olefiris.i NMore d@rawye dbublerbdna\inay bet prieeentt as in a

Qs 3, QR 6 DRI N GO Y FERBETelor 8Tl oy

25 «egkoreand hydrggep atoms) or may contam functional groups such as halide,

carboxyl, hydroxyl, ether, carbonyl, cyano, or nitro groups, or the like. The

« process of the invention is especially useful for converting propylene to
propylene oxide. '

Oxygen and hydrogen are also required for the epoxidation process.

30 Although any sources of oxygen and hydrogen are suitable, molecular oxygen

and molecular hydrogen are preferred.
Epoxidation according to the invention is carried out at a temperature
effective to achieve the desired olefin epoxidation, preferably at temperatures in

the range of 0-250°C, more preferably, 20-100°C. The molar ratio of hydrogen
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to 30 carbon atons; the process of the invention is
particularly suitable for epoxidizing C2-C6 ol efins.

woe0e/0081951 one doubl e bond may be present, as P@I/ES2007/015057

diene or triene for exanple. The olefin may be a
hydrocarbon (i.e., contain only 5 carbon and hydrogen
atons) or may contain functional groups such as

hal i de, carboxyl, hydroxyl, ether, carbonyl, cyano or
nitro groups, or the like. The t process_of %
twmqrbﬁansuse@ﬂweamﬁwbm rage Of Hhis naﬂ to 5:1 and is

aémélmvmbw a0Yha0e2: pXiTR masfgsﬁb aﬂdx@éﬁrt@gﬂéfrﬂrsajsually

B S B e RO PG5 SR n e
EpbXIGaticH protegsn Ad theaheian gas, Wrmdanertpgasf ean be. used.

TR tho el B SBNEIP elier S s MR ol o BRLAER &0 1o
ol1efand mﬂaﬂ&tzomto pneferably at tenperatures in the

range,of fth‘?] éﬁt o'% ére nBb&! &s88'sVich %9 hJe@QrQ]CneJR %rﬂioér%[:n are

rati o Oxygen an usua e vari e
smahiangeddjﬁom mt_rogeq and catbop: dioxide. &twgw&y&mﬁrbons with

Ol%é’]?lé%cgallgg aa ar‘ig &eﬂerabli h\@ltm ar cabh Oaﬁfrnsoxé’ %e Nndefhane,

and preferab
ethepe, propane; émd gatytmg‘ aae @é’?‘oo%"@é’&al Nigrogge ahd Saturated C1-Cs

RPAOCEMOhS arBItRE %?éferr@a ihE6R cantdrl isedaMixtitds GEthé Bsted inert
Inert gas can be used. The nolar ratio of olefin to

Eafrier gAsemean aspheriseSual |y in the range of 100:1 to

1:10 sadc.msen@qh ahé;epaa;dbub@ ot pwpynme tprepane tan G@ssupplied in
car.rier SUucC neon

PR eiveuire i ORIATRSORe (b 3R EPUSBHEG Gess B ol s, the
explsside . linSt df atnadrdsydr popylenes prapanel h§drogepeandldxygen are

%r%ft%h'a%‘%j' g«i ﬁ etﬁt% ¥]8p Ios:*ve4 gﬁﬁ[:ge ?arﬁa?&ms in ﬁu.lgreactor or in the

ane, are al so
fadc ary dischhirgediges. and saturat ed G -C 4 hydrocarbons

are 1 pge RIRSGH &9chiaRst uSBE hEY atfbg mMé&t Hh QRe Badid1®f the

listed rnert carrier ‘gases can e used
ey fatio 0f| the jtitaniug @pﬁ&lhédt"i' die dtanirg Aeolitecto theopgfir that is
CaPhIled pEPRhitafmen ws@au@ varididiat eaua@si tgeppés%%ertseprefnde a

an approp rlate excess of “carrier he exp osi ve
fitamiura/olsfinperhepe malar feed fmtiaefdrom P&Pmeto Gidr ogen,

and OD%SSﬁblﬁ?%rﬁﬂlfe%l)éfﬁ‘(@b@et@aéfé@ tﬁwép@,@dam 8&doréing to the
wnxture can

ks S22 5 308 or in tne
gepearcmidca hhsel hwvias asliqifid trBaction medium is used, the catalyst is
preferably in the form of a suspension or fixed-bed. The process may be
performed using a continuous flow, semi-batch or batch mode of operation.

If epoxidation is carried out in the liquid (or supercritical or subcritical)
phase, it is advantageous to work at a pressure of 1-100 bars and in the
presence of one or more solvents. Suitable solvents include any chemical that
is a liquid under reaction conditions, including, but not limited to, oxygenated
hydrocarbons such as alcohols, ethers, esters, and ketones, aromatic and
aliphatic hydrocarbons such as toluene and hexane, liquid CO:2 (in the
supercritical or subcritical state), and water. Preferable solvents include water,
liquid CO,, and oxygenated hydrocarbons such as alcohols, ethers, esters,
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nolar ratio of the titaniumcontained in the titanium
zeolite to the olefin that is supplied per unit tine.

waysoediby, sufficient catalyst is present to peDUSTE7/@15057

titanium ol efin per hour nolar feed ratio of from

0.0001 to 0.1 . Depending on the olefin to be reacted,

t he epoxidation according to the invention can be

carried out in the liquid phase, the gas phase, or in

the supercritical_phase. Wien a |liquid reacti on nmedi um
ketonesdand He likg: d?sﬁi%rr%om@nem@vws {nfudepwep plighatic Ci-

TS BRBARORN s@én fas adettfol, Tat?\aﬁbpci§§§roﬁiaﬁolbearﬂﬁrt%ﬂrﬁm&\ol or
usi ng a continuous flow, sem-batch or

awpsﬁs hereafs ar@bm%{atﬂwnaée% alcphe'a A b% HS%CﬂD i I'$ aaft!&U'a”V

beéfemfocmset mbdlredlof MEitdd alesthgls phafviaten t is
advan& %? to work at a

'n th BB Br eI oty e TR PE SUBAIT Hrs Phese, it is
adlatageousiol uséea bofferc HEHE buffertwilh typicallp blei agidied tatluesolvent to

gg%%tglrpo S’g%ﬁ%%ggﬁ%‘h@ L qulg g ‘éndﬂcg)fec} lngbﬁgga&%n to inhibit

- ¢eet dorenatian dofkglycoie r giycntmthersammrm epdridation. Buffers are well

?(ngﬁ?r?ﬁ%o&% such as toluene and hexane, liquid CO2
he supercritical or subcritical state), and

wat er Buffeesf usefly| in this|ineention; ln@luqelenmuéablelsaéfam amygeids, the
%Q%r@?fﬁiepﬂ)tp%ﬂlcmé d@@lﬁrcholnsth%%&tlﬂ% aké& aheh Stlnateméeﬁﬁ of their

ester ones Preferred ox genat e

seluliens snnENGETPB R o A0; arﬁ%fﬁa@'mftomcﬁ (819, B reore rRferably

%mtt5@03u1t£$|8 38 of b d¥Pédithin #NdnibA rdndb¢§ti®ﬁ0|The anion
m Xt ures thereof, wat er. Fl uori na ed al

BRFIOt (sl TayanEle, anivas Py PETRIIENGIG Juidl. carbonate,
mdé%r%‘?ee Qfarbé'b@llété& ¢6lgal sebnb spmhalate)aindr thellike), citrate, borate,

e ofgare; = iraesTioefeior e i, Hhnlon Borign of he satt may

hwlﬁtfdﬂ 'Ebﬂtfydwf f efquI :c | atyp: araHoynmhadéR?Ialmnbhlams (e.g.,
{ t

RSB M AL el B Bl o

ofetglsy ooktee tike.glCatioh exahwpies dwudenglp,oNBdatNMm Li, Na, K, Cs,

tﬂg fa%dscgr tlg\% l %F@grbféneé IBSff?IrS |PcI§U£faﬂ£a§iorﬁé yhoﬁgwate and

I nvention e an
ammeniuay Ehmaﬁﬁ’ yféers. Mefﬁ malireaferaply gentginga gemmbination of

gﬁ&eqh%h oh@@ |t:§th SBH Of'yﬁl&ﬁléfr th%%dﬁ%bﬁﬁ‘&lmf Htﬁf&% frfeoéﬁlvent

era from4 and nore prefera

i Bﬁm@hoyt Q OOQGN é%abow M Ptﬁfe@b%féwu@b@e'h%oﬂ “ﬂr‘P about 0.3

M TRe Dffef BEéMNn thREIndentM Pay blsdinBllide ife SalitioARY ammonia
i ncl ude ani ons such as phosphate, sul fate, carbonate,

928 & Bisreestion 8¥e Ry | ates (e.g., acetate, phthal ate,
and the like), citrate, borate,

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention
and scope of the claims.

COMPARATIVE EXAMPLE 1: PREPARATION OF Pd/TS-1 CATALYST
Spray dried TS1 (15.778 pounds; 20 wt.% silica binder, 2.1 wt.% Ti,
calcined at 550°C) is added to deionized water (17.89 L) in.a 50 liter mixing
tank and stirred by an agitator at 500 rpm. The pH of the slurry is adjusted up to
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hydroxi de, silicate, alumnosilicate, or the like. The
cation portion of the salt may include cations such as

wa@passioslny al kyl ammoni uns (e. g., tetraal kyl anmeai/ugmp7/015057

pyridiniuns, and the like), alkali netals, alkaline
earth nmetals, or the like. Cation exanples include
NH4, NBu , NMe4, Li, Na, K GCs, Mj, and Ca cations.
More preferred buffers include al kali metal phosphate

and ammoni um phosphate buffers. Buffers may preferabl P(
det HRIRY B3%oABVIRHS GNBPNIHEY dygiexifes nibegy fqlraamming) palladium

Thitrite Adueous %l&%0@16@bb%§bdb dflut%ﬁ toM th&ﬁ? 9 bdeed over a

is from abouyt 0001 b t.1 f
BEIMIIDBE A Hiough Ay are RSB LR Guarar. The PH of the

tshursy iwmmammﬁy 720 mnngcﬂhedpaltdmmr?obhdmarn byf adding the 3%
nmmoni .a s, ta.,the, reactlon s em
AR A B bR P HER e pRlE i st e 9 i Saiusted up to

L6 Ivdltedammohhﬂn aydroxidel amc treegsiuay isragifatedrat B0°Grfer 6@ aminutes

Sl PR 8 o BY5R OAE SEPR Tivee es

REhTE L afABRNST Bptes)y The eodidiswe then Ared povactyim 2050°C until
‘é‘t go/ dsclérlwt' ight & gtalgec}- Icil(r;{%%_ 'gatg(fﬁr@' f?\eglr"ﬂ)r 559919 dnd then

elonl zed wat er n a
ﬁﬁ%@ﬁ%wtﬂaﬂl% &hdn sitrageadony heyr. angteami&dsareaw f?yﬁ?'cmﬁé in air

mHaoﬁqutfréEﬂﬁhwé st uaoa:dwss BAukP (2071 @01 BYCAKNAHBROY Shours;
anmoni um hydr ox thentetraamﬂne adiumnitrate

SBMRoG /D e 690(% held Bolieirs) peoled | ‘et ERPTR JemAeratrs, then
irédwsédest 4D0eC far 8 hdurs (20t B 0PC@BTO/mir okt 4 heukss ttirf\ﬁQGC/mm

L H |
hab o o0tc Rald b iplmic o Rale SRS SBIRIY, mginted in an
&ttb:btrﬂtg tuthee f@Atase awitho 5% rhyldyetyedx ind @itsogent (300. sédrblrand cooled

L,F‘?-J znﬁtggl t)\r? il ﬁl%ﬁ lﬁdétgdsl @dﬂngﬁﬁt%g é) agnf t%ﬁ%ent air

annnnl oxide an urry 1s agi
fbapk-G(Teammg ewmtahiHee fumadeai niCamparatipe élatalyst This formed.

ﬁdﬂﬁcﬁé’rah% Efgltz\;/\gétep)c@ﬁt% NG 64 o LUIB8iu m’@% Wi %r{ltﬂ'r?luh and 44

el oni ze esollds are then dri
vdSasiicem. 500C until a constant weight is obtained,
calcined at 3000C in air for 1 hour, and then o

t r eat e HMPARRTIVE Emmm@awémmﬂ@nrop FEREAIS-4s

are then re-calcined in ai in a e furnace at

4000CHf BFTBERIGLPEY( 2@“‘10'1((6@9@5@/?& ﬁO'Q‘fePder"Tﬂﬂnbé’ 9.739 g
IdRighized Water hﬁxédmmn (mls 8f ;!m}meﬁc acidatopd str@m" REE 53 wt.%

St B PR Rereat i gt A0ref Atppwies, g er ARJAIPLIBOIS YIS
4080T,g, I35DEC &altﬁnﬂdiljedunedi Oqluwt Yoz Pd winespray UnedlﬂSﬂ average 30
mgmﬁecﬂa%gte‘?pwhile stirring. Once the incipient wetness point is reached, the
catalyst is dried in a N2 purged oven at 60°C for 22 hours, vacuum dried at 60°C
for 4 hours, and then air calcined in a muffle furnace at 400°C for 8 hours (20-
110°C @ 5°C/min; hold 4 hours; ramp 2°C/min to 400°C; hold 8 hours). The Pd-
Re/TS-1 is then reduced according to the procedure of Comparative Example 1
at 400°C for 8 hours in a quartz tube vertically mounted in an electric tube
furnace with 5% hydrogen in nitrogen (300 sccm) to produce Comparative
Catalyst 2. Elemental analysis shows 0.1 wt.% Pd and 0.04 wt.% Re.
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35

5 electric tube furnace wth 5% hydrogen in nitrogen
(300 seem, and cool ed under H2/ N2 flow. An oil filled

wheikles193 s nounted on the vent to prevent ai rPCT/US2007/015057

back-stream ng into the furnace. Conparative Catal yst
1is formed. Conparative Catalyst 1 contains 0.1 wt.%
palladium 2.1 wt.%titaniumand 44 w.%silicon. O
COVPARATI VE EXAMPLE 2: PREPARATI ON OF Pd- Re/ TS—l A
perrhenic acid solution (4. 8975 of solutiaon,

by BXAMPLE 3ePREPARA Pﬁﬁ’% Q%PG-R%E@ZgCMALYSTS
per r hegiparstive J:a@ sBBRAE AN iﬁ).zﬁa(NOa){Oa‘équeb'&s @blution (2.3747
ur at
Gooha) | ’9'33“ A ﬁt@mﬁe@dewﬁ 350 20 bedkes Arthrigga with
Qdioaizedpiater ¢7.4ednl)S- ThinParsgaiodlisther added aneivese, over 20-
tl t i.nci pi ent wet t
Mlimfuies. 14 i fosicei 35 1rs ehsniay ghip 1705 fSuifls) Betcined to

@O0OTY. 0ONn2e the incipientavetnessipoiatiisatea6bed; therwet TiOuwisdried in a

BB 08T o4 aEBOSL 08D S Rl (&, 4hRG % Bb-C 9A0ERRG, and

thEM@ﬂ@élCIﬂedl id agnufflerfuinacelat 4092C OOIF&hfF@-SJ(ZDS1 1!.0ﬁ@r@ 5°C/min;
@uﬁeﬁotﬂgc%rﬂg%g/r?ﬁ 'ikg @b‘i‘ée%foe aoﬁo&gppafr%t PUPTiO, is then

ours 1 n a quar

Mttqeéaamprmm & procgdus @f:ppmpatr@m@ Emrnal@e1 it A0S for 8

%gga;slo&ea csZJér&I &5@%&.&9%@&%@% .hoarperyém“cetufsgrmméaé Weh 5%

ement al anhal ysi s . % Pd and
by@mﬁp Immwegemm@asatﬂmé@ww mhewﬂaéﬁrw@? BAd
Pd- ReATi O2 CATALYSTS Conpar ative Catal yst 3A: An

NH3) 4P | ut 3747
W o) Paltuta AR FeMapki Rert e sy .88 o JifiRe0s. in
mQ(Ed gWidelortisido waten) islabdded Tdréppwise) to 'I'tbompﬁ’datlsel Catalyst 3A
(FIIRF e P50 S 200 I Beq i tinuf e WelnBLE BhiREs feened. The Po-
ReéliDg s Hyjed: il @ Na @urges 6\&0061)60°010e22 theursy aapwumtdried at 60°C

%ertlpﬁ rsp %ﬁr%én@%%@?h@ q%g‘(gZo hour Sl'swan'dsthglrl 'r&&ju 5;3 ?cégrdlng

purge oven vacuumdri e
so0® porcedure of Sompadativeshxamplec 4| ati HXHC for 8 howrs| ie a quartz

d\¥rficdl rﬂg Erpén%k—ﬂ:‘?r'lg (er &4 @de n iRQi tfjogen
il ety oGy Bee g Qi habioR ety

mn to 4000
BhaTNateriakis; hen recelcined at@dwuffwgqu%t ﬁ@ sCetair® hgprs (20-

G0N Atd BeC/MRIRNB; ﬂo|at4 AOHSG s 28C/AMHE 400°@; KB1d 8t Hours),

tube vertical l'y mounted in an electric tube fur .
And e goguged 2RsrIng 19 e Wgsﬁdureo?&%?fav?%vwamy% 184400°C

fdradholrsSim sMquietPdube vertically mounted in an electric tube furnace with
5% hydrogen in nitrogen to produce Catalyst 3B. Elemental analysis shows
0.85 wt.% Pd and 0.5 wt.% Re. BET surface area is 44 mzlg.

EXAMPLE 4: EPOXIDATION REACTIONS
A 300 cc stainless steel reactor is charged with catalyst (amounts of
catalyst are shown in Table 1), methanol (~ 100 g), and 13 grams of a buffer
(0.1 M aqueous ammonium phosphate, pH = 6). The reactor is then charged to
300 psig with a feed consisting of 2 % hydrogen, 4 % oxygen, 5 % propylene,
0.5 % methane and the balance nitrogen (volume %). The pressure in the
reactor is maintained at 300 psig via a backpressure regulator with the feed

10
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Cat al yst 3B: An ammoni um perrhenate solution (0.0918 g
NHAReO- 1, in 4.904 g deionized water) is added

wale@wpmsEes t o Conparative Catal yst 3A (PdATI O2; PGT/BSTP7/015057

in a 100 nL beaker until the wetness point is reached.
The Pd- ReATiQ2 is dried in a N2 purged oven at 600C
for 22 hours, vacuumdried at 600C for 4 hours, air
cal cined at 110-120 OC for 4 hours, and then reduced
according to the procedure of Conparative Exanple 1

gasrscPasseds caplinuously Hireualy the feasdon al ﬂﬁ@%qf{m%(m%aeﬁﬂ"ed at
bBo@ng! &ifd Etrﬁoédﬂ?ﬁe fdr'ésik%‘?& Wt Brde?otd ¥REiREHY al ébnstantI solvent

nitro The material is then re-calcined in a nmuff

layehiRdbe seactouBe ThegUROteOYaED. iT0gRN ang PEORISTR fpeds are
E%ﬁéd aodgl A0WoSliteF AAINRSE NdtBell Vet O@atralof) Hreceding the

ours and re-reduced_according_to the procedur
(AR GRMPITG Ap NETS OLMIGRIE T PegeRtiar & FITeR atdppg rom.
THE @ex@ion mBkUre igBieatediol 60°@Nar] 8 gaseous fident i@ aRalyzed by

with 5% dro nin en to . produce Cat st., 3B
B ling GC SHamy G AH ohe TSR TR SireusE S theShg of the
B& hoatrUmC Propydene 6xidd aﬁﬁ/egunvﬁ)éﬁt@(_EOE”) RRERA Déldepropylene

REACTI A 300 cc, st [ ea d
QR (R % Sovieaf el B L RrRigeoerg St eyl BgrE s,
djg predimmdoldufing10@ ggactsnd ih3additios tof propmrfef dornieéd by the
hosphate, pH = 6). The reactor is
W‘gﬂagﬁéﬁ)gegl nggﬂdgpsi g wth a feed consisting of 2 %
hydr ogen, 4 % oxygen, 5 % propyl ene, 0.5 % net hane and
the bﬁl‘\é‘%@nﬂbﬁéﬁ’ﬂ@é&lt@‘(@é& "T%bf’@ 2) v S5 ¥ES1 LR IPERe/TIO,

reactor i S nmal ntained via a backpressure

mipsl selglyshishawe e SFQ!\éftf-‘@ag égcr mguce@.lxslt m@wy @nd propylene
s8eenaly ieb,ant.hgaﬁérﬁr redfucé® Yo andlinake Bbmpfed b P8 S-1, Pd-

and_one at rmsg ereég@essure In order to maintain a
RSAEZ-Aner 3 JSybApd P/ BOzimixed gatalystt or dur i ng the run,

t he oxygen, nitrogen and propyl ene feeds are passed

through a two-| iter.st ess stee el (saturator)
pr ecedi ng tﬁ@B}-Eaﬁt%ata@g%wgm Jip%’“ ?tfoélr uds

met hanl . Rdne r dacCamalysts st/l\mwdcaialysw( OT$-p Avded iow

reactip xturg s heate d it he gaseous
ef fl uept % “anallyzed' bv an onl |91‘, GC e\ ery hour anfd
the |ijqui d*Bdnal yfzed By of|fline @ at the end-of the 18
hour rlun. 4|ér*opy| ene 3axi dd and eqai val ents (0BEE"),

whi ch rctgglepriopytsgnegxrde (g o709 )5 Wropyhgse gty col

( PG' ) :\nrl r\r r\rJ\lI ene al r\r\l rmf hyl atharc (DAY o e
[] AL A~ UI] .lgLII]I ?L:\‘IU \IIVU, A

pr oduced durlng the reaction, in addition to propane

formed by the hydrogenation of propyl ene.
TABLE 2: Epoxidation Results

Run Catalyst PO/POE Propylene
Producttvnty Selectivity (%) 2 Selectivity (%)

4A " 0.38 91 73

48 * 0.33 92 78

4C* 0.34 91 84

4D 0.4 90 88

Productuvnty grams POE produced/gram of catalyst per hour.
2 POIPOE Selectivity = moles PO/(moles PO + moles propylene glycols) * 100.
Propylene Selectivity = 100 — (moles propane/moles POE + moles propane) * 100.
* Comparative Example

11
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The epoxidation results (see Table 2) show that a TS-1
and Pd-Re/ Ti O m xed catal yst shows a significant

WO pseees i n catal yst activity and propyl ene PCT/US2007/015057

selectivity resulting fromreduced propane nake,
conpared to Pd/TS-1, Pd- Re/TS-1, or a TS-1 and

PdZTi O2 m xed catal yst. TABLE 1: Catal yst Anounts for
Epoxi dati on Runs TABLE 2 : Epoxidation Results
Productivity = granms POE produced/ gram of catal yst per
hour. 2 PO PCE Selectivity = noles PO (noles PO +
Wﬁé‘@"bf opyl ene glycols) * 100. Propyl ene Selectivity

= 1001 - ( ”R':ﬁ@céﬁ's%ﬁﬁﬁz‘d&l arP%oildmﬂoﬁﬁ)rBrr@pr%ﬁeﬁnd‘ an olefin,

npar ati ve cl ai
BYdage Ao ﬂxv@&axnagxea%cg. §1 1B, VBRSGRET ZhShe and a
bupborwd al@ismwg@lsémmpanwmﬂ eaengm ahdla dartierni um or
vanadjum zeol ite and .,a,s s orted,ca 0r.L Si .
el | o um | PR ATE A e yTe bR s ip 3 Hnium
clliaaiitel wherein the titaniumzeolite is a titanium

| | .
1 tangum S PiobeSs BB 2 flerbihTfartif Rbelip TS 1.
vvher efn t hEhgupiesess dofc ataimy st Wber@"!: okgr isvpported f%ﬁ*ﬁlst is

r%n&&i mﬁfré&‘f%'(ﬁb‘i t&?b%ﬁht%lrée%@bblmdném The process of

a|m erein the carrier 1s sel ectedfromtheg
conS| 8ti ngThe reagassnefl claim dnwhsrein jthe gaymiay ispgelentad from the

§Hde@&13|s'1||n§r6fr&$bor% hitefrived, lim:@rﬁés EEEY éll'&a@(bﬂﬁﬁnas silica-
nol ybdenum oxi des, tun sten oxi titani a-s

Slurtigas. Ja8(aly e £des 81 @@wa%ge%rfunﬁt%‘ N s! fiBhia-siicas,
thedre@skilicas, hiobi B&nm@@&&smadureb saredf. wherein t he

reactjon i erforma t Qe sence of .a solv o
The p Ocesih‘gfpr%?ea?sn‘? aﬂ'ére‘fvﬁer% ﬂ’s,eof'?/aec |$ni|§ péaﬁﬂmeg in the
presganabéd soblenent . 8. The process of claim 7 wherein

the oyygenaf dpaﬁ ﬁ\gsep} daimS B! GRS %Qhéréq;(}%n?%gérPWygenated

consisting o et hers, ers
salvent. and m xtures thereof. 9. The process of claiml

wher egn t henOhrfdeds iof cirrd fRerelrfihebxygenated solvent is selected
from the group consisting of alcohols, ethers, esters, ketones, water, and
mixtures thereof.

9. The process of claim 1 wherein the olefin is a C,-Cg olefin.

10. The process of claim 9 wherein the olefin is propylene.

11. The process of claim 6 wherein the reaction is performed in the
presence of a buffer.

12. A process for producing propylene oxide comprising reacting
propylene, hydrogen and oxygen in an oxygenated solvent in the presence of a
titanium silicalite and a supported catalyst comprising palladium, rhenium and a
carrier.

13. The process of claim 12 wherein the titanium silicalite is TS-1.

14. The process of claim 12 wherein the supported catalyst is
comprised of from 0.01 to 10 weight percent palladium. )

15. The process of claim 12 wherein the carrier is selected from the
group consisting of carbons, titanias, zirconias, niobias, silicas, aluminas, silica-

12



10. The process of claim9 wherein the olefin is
propyl ene. 11. The process of claim®6 wherein the

wo e@sngsins i s perforned in the 5 presence of a bCf/82007/015057
12. A process for producing propyl ene oxide conpri sing
reacting propyl ene, hydrogen and oxygen in an
oxygenat ed solvent in the presence of a titanium
silicalite and a supported catal yst conpri sing
pal | adium rheniumand a carrier. 0 13. The process of
eluminag, aniaduraiaxidese malybdenum oxides dungsten oxipes] titanip-silicas,
HiGorfh FESS, (AbbiSlsHoBY LindBiGHE théigopuppor t ed catal yst

I'sS conprise rom0.01 to 10 wei ght percent .
pal | a@i®um The. PrepessHrfc 6l8im of 2 cvheriein hahexxgenatgsk solvent is
Saleticdl from thel gelip ttohkRiihg [t diddhers, @ihers S bitegs, Hetones, water,
carbans, titanias, zirconlas, niobias, silicas,

and mixes ereqfaal uni nas, tantal um oxi des, nol ybdenum

oxi des$7. t UTigS pritess iddtaini 12 aenreini the ¢8&ction is performed in the
zirconia:silicas, niobia-silicas, and m xtures
PIRSeREE Of 38UTehe brocess of claim 12 wherein the
oxygenat ed solvent is selected fromthe group

consi sting of alcohols, ethers, esters, ketones,

water, and m xtures thereof. 17. The process of claim

12 wherein the reaction is perforned in the presence

of a buffer.
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