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DI RECT EPOXI DATI ON PROCESS USI NG | MPROVED CATALYST
COVPOSI TI ON FI ELD OF THE | NVENTI ON Thi s i nvention

WO 200ae876 0 a catal yst and its use in the prodect/Uswog610111

epoxi des from hydrogen, oxygen, and ol efins.
BACKGROUND CF THE | NVENTI ON Many different nethods for
the preparation of epoxides have been devel oped.

GeneRECT EPOXIDATIGN PROCHFEE USINGMMPREOYVEPCATALFST
olefin wth an oxidizi ngmgrOITION he presence of a
catal yst. Ethylene oxide is comrercially produced by

the reaction of eth e a silver

catal yst. Propyl enewgii) Qwé'ﬂ:tmgﬁﬂ@% y produced by
react iTAB Wv@ﬁvdremélawst o an catayaniahdhitdreeeirmthél roduction of
OXIdIZIn ent, such as eth¥lbenzene hydr oper oxi de or

EEPYIIES £ f“ ?%%broesxg%ré angijlefinsr ocess is perforned in
the presence of a solubilized nol ybdenum catal yst, see

U S Pat. No. 3,351 ,635 heter%?\ﬁneous titania
on silica catal %CKGQW@OHDBHE INVENT 1Bl 342,

Besi d%ngxﬁg@%rﬁnﬁheﬂ{dﬂg fJ}yﬁ{eOF&?éﬂ%%éﬁiﬁ'ﬁ of NYSEHLRAR have been

peroxide’is also a useful oxidizing agent for epoxide

fdgvaiapedn Ganesallypgpoxidess aresfogped bgahe 4eamign =N elatin with an
M heX5HER C ol XA

\A/.ﬁxt%ﬁzz h%éggrét];ﬁ trggr oxXI %@"e. ﬁ ? hég%pﬁs't'seﬁﬂl‘g%ng a teid?g ab@rﬂmermally

produsgte by athel yeactionueh etylerentwithe Sxpgerh dver carsilvet eatalyst.

ilﬂaﬁﬁ&néjb{lﬁg ﬁ% ﬁcﬂﬂﬁr’eﬁ&gﬂ &oau%éy @ Lé%l%n%ég)p?@ﬁ%%thagﬁj grganic

rogen 'S proc ss oxygen
dwdrdpfyeobmmnxndemgtagemt ssuch asoethyibemznmedmdtmmm)gdagetﬁrt butyl

cat al sts haye be r oposed for use in
Hidenbidde <otf BBy b BRIGT ) MG Eherctr 4 Soidlizes
cadlphdesiunc oatalyiss eseeal IR [P, Nt 3/3541885a o; iat l@e‘temglehe:?lﬁﬁtitania
For .exa - 771 dj s the formation o
ﬂpcﬁf;ﬂﬂae a')ﬁ%f’fee¢r%%a§r%3y+éﬁtgzgxygen, and hydr ogen
usi ngBasidat alxygén emat ki m@ir@pé&)ﬂd& \yldrogest @érob‘(ldéhisaéilso a

al ] adiumon a cr allin an03|I|a
BRp AR St Ty agPpds: IGHERE he 0 SaRaloNas: 4.833,260,

PSHLTBRNAnHY drgagem 6, Oerowampléyda@aa@e peleri epotidlation with
situ oxidizing agent. U S. Pat. 259

@égtqgﬂa@;r%%mﬁw esAneeof @ t@”"é’“ﬁ"t"é?ﬁ ctlyebl it e

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 process. Typically, the catalyst
comprises a noble metal and a titanosilicate. For example, JP 4-352771
discloses the formation of propylene oxide from propylene, oxygen, and
hydrogen using a catalyst containing a Group VIII metal such as palladium on a
crystalline titanosilicate. The Group VIl metal is believed to promote the
reaction of oxygen and hydrogen to form a hydrogen peroxide in situ oxidizing
agent. U.S. Pat. No. 6,498,259 describes a catalyst mixture of a titanium zeolite
and a supported palladium complex, where palladium is supported on carbon,
silica, silica-alumiha, titania, zirconia, and niobia. Other direct epoxidation
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and a supported pall adi um conpl ex, where palladiumis
supported on carbon, silica, silica-alumna, titania,

wQReeomM82e and ni obia. Ot her direct epoxidati oPCHUS109$010111

exanpl es include gold supported on titanosilicates,

TReIyR exexRIes mdft% gatd supiittled WDt dilitdtes, ©@e for example

di sadvant a escribed direct epoxi dati on

d’aQBWlsﬁ@pFW@r%t’OQ‘h are prone to produce

non- S@@Bis&&v&ﬁﬁ’?@@ﬂ%é dedefibap d%&%’é&u&éﬂoﬂ' ?{é?(Qiysts is that
et hers forned he ring-opening o he epoxid

rih%)d@fﬁ pﬂ?"%t%ﬁf@“@?p?%%ﬁ!@dw&r%@dowt& guch as glycols or glycol
tlaeﬂg‘%: Qttﬁé rfﬁéecfderr‘n \#Jofsthepéﬁo d¥prdulP8r ?&?In% byproduct

lectivity for t e direct o
épr@s@cblby tfmwhm@@q@élowf otiianda8. Pat. tNee 6:008,38Hieaghesithat the

d s
Rl RIS UG et AR BUBEN i b g o
1#s eitigenncampaundosec as nerhmoniuati fhydraxideo tal dve eeaation hmixture.
d [ LAO: " . _Pat . ,
15 8554 090 o 1991 RRBE DN REUSHBpyith il roarers
sﬁlcmdsenﬂwerpradsmdncofrmnlg b'pemezd Sym’odasts U.S. Pat. No. 6 005,123
4L I(gl?é hosggpr&%s‘ﬂ%grl?%nsé urij, ehrﬁg% éfo%d%%rﬁggog erI'S such as
dnqumsplhﬁé drhﬁerg?&ﬁ@pmqu @@dr@anbdn}awpwdd@on of propane.
C or, pro [ nodi fi er, gi yes .
s dtcRlel| £856 48R0 aRERES IRG! BHEs aifesence o fatheno monoxide,
Gheth @déﬂS}@nb’ 8nd/BRpropfidkne ﬁ%ﬂmef\'@rveé]s/ &ﬁ&aﬂﬂﬁ reduced alkane

di scl oses that the use of a | ead-nodif
Prosyichm &bradditiana gee-pergingnt or- Ff’ahaépe'm S&ol Npe 11/489,086

roﬁ’s%lb‘s%‘é fdtame DYPrSducieadahs@itie® pallAdium- E:Bntﬁﬁ‘\)’nq titanium or

chem cal process, it is desirable to attain stil
vaPatisM zeRiteiedvees alkane bierogyehiPaaatiotn met hods and

cat al ygt %nthv‘ﬁnii‘aé’r?en%élc‘ﬂ\/&re%g zi’t H’ke"é{e%ﬁ‘étﬂlayﬁat a@t%ﬁw 'sﬁnﬁ further

use in olefin epoxidation. O THE | NVENT
merqwmms @nthwp@xwgtlam ;mthqdjmnd catalysts. Mblf@vmsaﬁlovered a

Ir%gpl §trgH vanadi um zeolite. In
one %an‘glg rreohn'tts @%Iﬂ'ga%%\ﬁtr;%wtgha m xture conprising a

titani um or vanadi um zeolite and a supported catal yst

conprising a nobl ?WMNRY bgqq_fE FN\?@RH’ Nand a

carrier. The cata IS uSef ol efin epoxidation.
Thus, Theenvemtionts amcatdlysd comphandgsa ra:rbl.h&a‘talnlead bismuth, and a

SRS R R SR BRI e BB = e
womprisgigngtianiun anvarmdunm\zebmdlaum:azaqdpdned cataligdicemprising a
rﬁ%%% metalaqéac?nglsmu?h and a carrier. The catalyst is useful in olefin
epoxidation. Thus, the invention also includes an olefin epoxidation process that
comprises reacting olefin, oxygen, and hydrogen in the presence of a catalyst
comprising a titanium or vanadium zeolite, a noble metal, lead, and bismuth.
This process surprisingly gives significantly reduced alkane byproduct formed by
the hydrogenation of olefin compared to the process using catalyst systems that
do not contain bismuth and lead.
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This process surprisingly gives significantly reduced
al kane byproduct forned by the hydrogenation of olefin

W@ ovpasesde t 0 t he process using catal yst systenBCT/Os1008ie10111

not contain bismuth and | ead. DETAI LED DESCRI PTI ON OF

THE | NVENTI Q¢ TAIe EOaDBEEZRIPDION F Tmmmt/ismrnconnpr i 'ses
atit |um adj um zeolite, a noble netal
and bi E Ys‘ho? Iv¥eRhion, SeraRtisas %8@”?%’%§’é’8ﬂ%ﬁ"}’§‘eze°"te a

noBleChasd, RhdZanl i BismuubFiamars oMt Riiimt 2dohttisUeBrRprise the
vanadi um at ons are substituted for a portion of the

§lass @b geglitigravbstancas wherein ditaniym s wapadigm atoms) aepulstituted
FbreY PortrMCoF t%Hké‘-ﬂk‘%ﬂ%émSQHQhé halice ﬁ%ﬁ\@%“k Bfa rﬁél@c%} kieve.

known in the art. See for exanple,
Sugh osubptangas, anéabelsgzodt&nonatﬂr@ 'welk hmmmn'@rtheaﬁféd@#ﬁ for

%QQJnBFeeﬁJ ?'riﬁatt RBSE4,9% % BbF anliNEedBibgs | al s having a

por ous ecu[ar S|eve structure V\Athtltanlumor i
vanadfSuitakle ditanisob or | vamadigim rzeplites f arenthese keryStakline materials

%QQI'nﬁ da ﬁjorE)ué %Ién'%[]lgrr s%@?aﬁ}dﬂmrée\& H ttl?a&‘?ml ? 951%%82@11 atoms

actors, 1ncl
andstﬁhﬂapemothet Hiraodvedrk n ﬂhebehcﬂp@mfdmtamdm feor vaamadiym ezeolite

el e oSt A htfel g B g anc shave o

$he dlefihitd eeidpokidizedl dfdrrexample, Ilnwefafriephamise aoletetivaly small

SRR 5 B oDl SRS 30en G BB SEERAL Sein s

$ovércaibhateic @lefnesomia@btrwlatéy grdp&m@usr 1+batend. bWhése the olefin
m or

ol efin such as cy ore titani
SR e o v @A St ey Shie, B Repeeiabreiinfgeous.
IFRP AP b9 Uslefi tsick &R tydoHiienemaylakser Wk etita®idm or vanadlum
Particularly preferred titani umor vanadi um zeolijte

|Zﬁe'|'tﬁo’Fé'°Ft?é %lzselgedwavma B SliHare jsomsphRymith yeolite ‘beta may
lbggﬁéfrqudto as titaniumsilicalites, particularly
havi ng an M-Il topol ogy analo ous to that

t he zgmtsulﬂrlurﬁrﬂt%reldu kttaﬂle'mz eblvaﬂ%ym ze@leza inClyge; tgg Ghgss of
MEhte LAROdiOEY %QE@%fér%cf ﬂ’éaés f?tfanfu'f’r?sm&s ]partlc;ularly ‘TS-1”

alumnosilicate zeolites), (as descri’b
B ATPANE | \6Oagi0GaEvgS . ton KETPL ey ZEbS rgluinosiicate
'ythtE O{T Ig%:’ X @fngggHSME tBH_I ggfantatb?omé that of the ZSM-11

Ites). ont al ni
@mrmoqwmat@uzeabtgs}u avlny (asadeseobkd ¢n Betgian &at No 1,001,038),

520 5O, hRaEd Ek i b8 B R of g, v
fabumingsilicafé e zeplites). um Titanium-containing molecular sieves having
framework structures isomorphous to zeolite beta, mordenite, ZSM-48, ZSM-12,
SBA-15, TUD, HMS, and MCM-41 are also suitable for use. The titanium
zeolites preferably contain no elements other than titanium, silicon, and oxygen
in the lattice framework, although minor amounts of boron, iron, aluminum,
sodium, 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)SiO, 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
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zeolites preferably contain no el enents other than
titanium silicon, and oxygen in the lattice

wo ea@omusrk, al t hough m nor anmounts of boron, i|PORPS2008/010111

al um num sodi um potassium copper and the |Iike nay

Rejvantegedsly fosf ®6Med d9:1 anbstpréReanly Aom'd bt @8R! The use
have a conposition caorresponding to the foll ow ng

Shfelatively titapiumirich seelitgs may alsodiegesifeblee x i s bet ween

0. 000§, and é?n%b@r?\enﬂ\/@f fhePingéMiaab e anl% M@lél‘eb@ifnuﬁw hAd lead
fromO0.01 to 125. The nmolar ratio of Si: Ti

|25¢ tsu@reorﬁ%ﬁ@\m? kitasiummes vasgriune zealiely alntaa@éfwserybcfdlmﬁnt of
Qhéﬂi'vehf?or?gthé r(dﬁ’esfr]éfélei)fs'hﬂm %nﬁrlgﬁa %re sﬂ: 6&1&003)21 carrier to

he use relatively titaniumrich zeoll esma
hermi @ssursiried ¢atalyslewbichodithemtmised twith thwtehanwn ortvlaeadlum
P metal, bisnmuth and | ead are supported on the
ani um or vanadi um zeolite. I n another enbodi nent of
the i Mhest thencatalyst obliieeinvettidn opfiemally commatiskesaal camier. The

r. n arrier to form.a.sup ort taJy
TARRRR'S BRerRinf Bt rterel Gt e il rihe ant. For
Zrmémdee theTbarsier tdrebe atoagarst orities, hﬁaysnuammpand organlc polymer
ton ses a.carrier. The carrier js
SPringr Bertbred ThigRGe A Bpte ke GoBP A Ao 13. o1
l1m teh#neﬁfti Paftiourflya peterréd and@ahice bxiddNcafierN MdAH Gilica,
OXI des, xaiwacar bon, .and,  organi ¢ pol ynmer resins.

Bhhige: SlicRAlmRRRe AT LSO uaRthAT J6Cde &niglgmy oxides,

Inolgbdenund  oxldes, OfungéteR! BRMBE S anftrphds tRddid-shicsf eidtPhous
i norganic oxide carriers include silica, aluni na,

Zreonia-siicanPResPhqyst Aigbia-siiea. il e hkebi The sarirrsmay be a
tzaBiital B0l RXhEES: t.tamwbsewm&efmdféomé U'Fgéfe%doé‘rpgﬁé polymer

anorphous titania-silica, anDrp ous zirconia-silica,
ap8Pphibasdai eplystysene, c atyreneddivingbenzene Tepolymers ecrosjinked

%oy@tt?}ﬁr’é?'lélﬁ\ﬁ\ buééi ?r g%nnﬂn‘hdl é\@.‘ un@&fab‘f@n@aqh%’r@dglso include

I'ite Preferre |1 C yner r¢5|n$ I NC q
p)@g%m@ ypepmer stasinsnegrafted nphise inenganicosideresastiers, such as

ngéHﬁ%%ePé?ﬂuééet Wﬂe%?%@cgﬁ%rs aané% ﬁ)r&!lly AT Zl{’)erRCUlarly

e carriers also cl'ude o pol yner fesins
@mﬂatred aantiersi molugamarb@xl sjkaca;wquaealemlrasc lziragnia, niobia, and

R e, SRt i o or roa carriors

i ncl ueeefeaabltw Ithe sadnec has aisurfaee ataaninrths rariger efcabout 1 to about
rt | I a e fit

000 e, s BBl e, 8503 S48 BRSO bt i, e
ipore h@luwltgethefca&ﬁm% ifl tRedramigeLusf about 0.1 to about 4.0 mL/g, more
preferably from about 0.5 to about 3.5 mL/g, and most preferably from about 0.8
to about 3.0 mL/g. Preferably, the average particle size of the carrier is in the
range of about 0.1 to about 500 um, more preferably from about 1 to about 200
pm, and most preferably from about 10 to about 100 um. The average pore
diameter is typically in the range of about 10 to about 1000 A, preferably about
20 to about 500 A, and most preferably about 50 to about 350 A.

The catalyst of the invention also comprises a noble metal, lead, and
bismuth. The noble metal, lead, and bismuth may be added to the catalyst in

any of a variety of ways, including: (1) noble metal, lead, and bismuth may be
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700 nR/ g, nost preferably fromabout 10 to about 500
nm2/g. Preferably, the pore volune of the carrier is in

wao b@oossge of about 0.1 to about 4.0 nl/g, norECT/US2008/010111

preferably fromabout 0.5 to about 3.5 m /g, and nost
RUBHEEP LY the Qitaradausr Parfadium 2Relite; 8nd (2) ndllle metal, lead, and

Preferably, the average particle size of the carrier
|$'T"~Hhtrﬂéy bﬁ@’@pﬂ'fte%ﬁﬁl}f‘e@a![r iqr do deraue sypporied calglyst, which is

mna{ it witd ﬁ@muﬁbewarﬂadmn %E&Hé t@%ermb cafysrost

preferably from about 10 to about mm The aver age
por e WYhileedret of ernghile mqtylsmantbeeutvlaﬁgél ®f galgoailveroplatinum,

%ﬂ?’&luﬂwoogu hym, Pregirenfihy RRfYh 2%lt§§r a%@r‘fé ﬁro% coﬁ%%atnon

pref er y about 50 to ab e cat
@fallammu, platinuinpgoldl e padadipm/platinum,msta lealrwuah/goldemhbmatlon

e g%hfc’?ﬂé{rﬁ de-gr}?b‘%()bbguéﬁdrﬁlls n}o%?%ref@ﬁg? bi@‘[&”%gg/cgfgm%ﬁm of

' an
inobleuntietad preéskent lmtbieecatanyal wulllbead thanmahde sffadrh almyxt 0. 01 to 10
nadi um zeol ite;

OSSR, Blerbribyl b Al T FeialCRETRNC, TREts bl pBrasticular

tréstrictionsi regarding memalceltﬁmbteerdemab@hvemnd wbedas tr& source of

I Rl ke cORgPTey iR ouifepdEts ek WEF irates

@Ulfétbzeﬁal(dese(eg g@il&;de?sl by¥sides), @étb@;bt?l\atd@a(le|g’t1<ﬁc@tﬁte) oxides,
iridium rutheniu os'u " elther alone or in

AOHATEE COMPIEXES)| 'ﬁ Blhum gold, a

pal | agirHndriy) &id aadaamcs?f statepaﬂ ihaciapiE Bekdl i€ ABPLERid&Bd critical.
are particularly desirable. Palladiumis nost

giner 'é?t?'%d“et?h@"atyy'b? d[anaevedationostaleoBNvhse drom e tapé or any
'cBn{tﬁr%tiGﬁtcﬁleléﬁ o‘MdaltloP%tdté‘s the a{cﬁf&@ tﬁé dfeélPéB QQQé’ﬁon %tate or

to 10 MEIg percent pre erab
ﬁ@ﬂ@é’iﬁtlonmfepé' atien séatpar thecooble m@ rOpmnognd may be fully or

LaaRigi B&-Féﬂ?céﬂoéffé? abiafieR! qﬁé a&atﬁgg’ouggtléfﬁagaﬂscatalytlc

the source o e noble neta
@@ﬁpfmmx@ tars| havevehebe attained syithoul aay ese-rddaictioes To achieve

Qﬁe ?ct% Q!afér 6@?%3 nolBTeomegaqsﬂwe c%"fgl?bsg)?% u»f&sﬁrﬁg pgetEﬁatment such

, and amne co
mtthérma’srtneatraemtyn nttlhve;eoxvatta:unnﬂnydltogee, ofait. he nobl e

net al 0 T bl.e netal, ma
e 1 nThE BHERIhE NG dic BpruafRIsHE elbfp dffpunt or
Mpneaenbln thé catatyst sl datin thre siraeesf.froho abobi @0¢ to O weight
desir i dat i state ar, combi nation of oxjdati i
SRRl PR B s R e B RN | e reiSht rato o
pablel mbtay t feadrie dhee eatadfst Brin aklsl rdrigerofton F}&&OCNVI&IW% choice

isfactory catal ytjc perfornmance ca oweve )
3 I S etla b B0 SBUER TR e SalEhPaig chica, suitable
compounds include lead carboxylates (e.g., acetate), halides (e.g., chlorides,
bromides, iodides), nitrates, cyanides, oxides, and sulfides.

The catalyst of the invention also contains bismuth. The typical amount

of bismuth present in the catalyst will be in the range of from about 0.001 to 5
weight percent, preferably 0.01 to 2 weight percent. Preferably, the weight ratio
of noble metal to bismuth in the catalyst is in the range of 0.1 to 10. While the
choice of bismuth compound used as the bismuth source in the catalyst is not

critical, suitable compounds include bismuth carboxylates (e.g., acetate, citrate),
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the active state of the noble netal, the catal yst may
undergo pretreatnent such as thermal treatnent in

wordwogsng vacuum hydrogen, or air. The cat al peT/US$008/010111

the invention also contains | ead. The typical anount

Halil&@Ad ely. £ TBIrides, tiemittisal ivaideyy, | bxybalidds t( rfw loride
ofalfro% g{mut 0.01 to 10 wei ght §rgJ\’erce)}r;?f:g pre( 3 Qéh )

Farnaless nitkatem Phperhatas. oxsles; apgpuides.he wei ght ratl 0
of nown élﬁtta8|e H?etlh&ﬂq'néy“ btehssé‘oaw bffet |dc8rdd?aﬁJF\eof ¥ hoble

of O. . \Ahi t he ‘choi ce of onmpound used
aeetﬁhéeade@@déuwu@ lntp theecaialysli yléqr ¢>@nmie, einobteametal, lead,

t
?ggttg%}gﬁt’hcrﬂgflﬁgesﬁ?%ﬁ% Uﬁlg}ﬁ %é;b,q't ar th%)%lrﬁéd'eo? itrprégmation, ion-
iexdhangs) or iﬂdnimte&etnewtﬁcbeaueam B@sexaarrrMestbbfﬁo@ksmetal may

TR, e, 0 B9 R 005 R 5 ygrance

with, fd)reexamplbe paﬂmgemofetrbaummnaémhﬁorleomlf the IBadyebiginiuth, and

t f 1 to 2 t _percent.
RRRRCPkial B BRSRAY ik Bnlfn 8p PEillina "l or are pgried to the
Ioﬁrrtdn)a tlﬁabedqrsi‘f adshtioﬂ it met bamué@ereﬁ ddﬂltl&alt g—ld\gevév‘)hi'tt Lsepreferred
t co oun sed as . the bj snu .
10871 8% o RnodigAM o RD e s e arie t'nﬁm@btﬁﬁ@ob'e metal is
Gtrggudeds | ncl ude bi smuth car boxyl ates (e.g., acetate,
citrat hal i des chl ori des, broni des, i odi des),

oxyhaffBeshqble gne aixfaq P yismutly forpspration; theyiqatalyst is
MuPsehat Suitafldi elalysERdigtioh! hé8fodsAMeiugiel filBlich r@fdh%shmg,

may be used for the incorporation of the noble netal
|r<étaa/ exgrRPraihand thetlike: h %&?Eﬂ'%t‘s tynigallyydiiggl Rriort teeuse in

%Bklﬁaﬁﬁ{ althe 88fhg RMpLRIYLS prEnkrdipy %HP%BBﬁg5@°'@ td@bout

zeolite or the carrier by inpregnation, 1onexchange,
@Of(ﬁc|T;b1|eec&taly\&ttme$§dd@ghailymepnm bindenpt the likesand may be

rﬁ%i&&d r'?pb%/ dﬁgéf ?r?a l&pgrog(tﬁgie%nm JWSniﬁg%lréoe foc}frhﬁpfr tlp use in

carrié H5on or i on- ex
@paxigation. pal I ad| um tetraanm ne chloride. If the |ead,

o SRR e BRI bl o

@r g suzh axdditrogem Hetiumgvacwuns, lelregers ok geralair, boweMike, The

it f d to add .t he and snuth conpou

sheririok BESiriet fefmboreireiin DA S obeafut °Crio FOBULERDC. It s
préfefred &b krﬂarﬁiﬁllyﬂireai %dcatﬁggt iR 'tﬁ’érBFé%ehBé: %f Bﬁ ro%?%;éﬂlcontalnmg
the catalyst is isolated uitable cataly i solation

986 IS B teTRBerEdEef Tomr 2hau209RE tead00°Ry, ar\do@@trqna"y reduce the
%%ﬂ%‘igﬁ :tlgc? p?%’é%@tscgeofl 4 KfydrodiR-CtahingtgdsS af ¥Refplekature from
about 20°C to 600°C.

The epoxidation process of the invention comprises contacting an olefin,
oxygen, and hydrogen in the presence of the catalyst. Suitable olefins include
any olefin having at least one carbon-carbon double bond, and generally from 2
to 60 carbon atoms. Preferably the olefin is an acyclic alkene of from 2 to 30
carbon atoms; the process of the invention is particularly suitable for epoxidizing
C2-Cg olefins. More than one double bond may be present, as in a diene or
triene for example. The olefin may be a hydrocarbon (i.e., contain only carbon

and hydrogen atoms) or may contain functional groups such as halide, carboxyl,
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epoxi dation. The drying tenperature is preferably from
about 500C to about 2000C. The catal yst nay

w@adwonsesmal | y conprise a binder or the |ike aneCTE§200%010111

nol ded, spray dried, shaped or extruded into any

%‘?&idx?ld et NedtbodN, dyandser hitto@peupsd at teniikeAf Ties process of the
cat al yst formation, the catal yst miﬁ\{? be optiona
n

|y
iMventian fs,espesiails ysefyl for gagvegh%p@@y sﬂ%@&pykm XiGR-

vacuu@xy rdra‘hﬁeﬂ¥dr8§¥rged?e &sb reQliirdd for! lH&eeP&]@atlon process.
t her mal eat nen erature i s typical rom about

Adtbeughy aﬁb@l@ﬂ@@mf@xmﬁn iandphysiregeredre QUItqbéq rraplegular oxygen
tahs%mgaﬁa,cﬁg}o%%eﬂ alebrbfreRr esence of an

oxygen- cont di ni gas at a tenperature from about
2000C£pgxudamcacmfdm@ptq thealnventiandisc eatried euit all § stemperature

BB RERE e BULSRR P BR800 e o

Me)cmrm aff 0-26e°C, mlerlet preferalpigp20-106°C.oMhaacholagrativ of hydrogen

G aygen BTN e e B e raned el 3Fer 401 Sy and i

@tspéaalsyc faoaleabuaaéboa -6 POIThEaHblae rdtRNet 0x3aen 36 BRITRAl ik Yusually
from?2 on at ons, Preferablythe olefin is an

gy 1@%?12 rﬁ’é&r fably 4 9 1:4030AGAMRIrIas HAK alsnke used in the

RpOKiaaForPbrdde8s. NNERd @Brries Ja! tahy‘ Hedlrby |r$éH bﬁ?'&nf 9é used.
H5§X|d|2|n C -Colefins. More than one

'pelap raticat olefg tp ragrief Qﬁﬂse'sdhefﬁ Msewby motheerﬁaawoé 100:1 to
ey ghebigbdmy 2o & fyerocarbon (i.e., contain only

carbon and hydrogen atorrBR or may cont ain functional
gr oupAsdhg inegtsgasgarder, neblelasses stghiaghelium ey, and argon are

SO a ?&Hﬁgfb nifth éH bh& .cgrrb%HQﬁomd;% égﬁrétkgl‘ﬁyg@r?ﬁrbons with

process o | VRt on i s especi use

doﬁwewt‘m@lmﬂ@py&@w@re@rthmpyitrerﬂé ooarbken amiygere.gndnethane,
I r e

SHSrRRBRorhg, S oL REH, BF¢ ol sy Be LRI S sptygate

hydrosaitioablare th@lpeefarrad me«ygameargase@l ddixtiuee's bfy theolggted inert

ar e pr gggg&%d?lsgggm dati on accordi ng to the i nventi on

8PP e rrperature effective to achieve
t he d8pecifichllglinfthée eﬁpmﬂatitm bbproppleaéepr&lpbpieair methane can be

ten@%@atureﬁint etraﬂ g nore.prefera fyé
P B.SUPH& Yay daty! 8"6?3%?& @naﬁ%%@‘@&’fc%%ﬁ@ arrier
QSQ ahklexbsivaningd df mikivees dfftgﬁpﬂénéﬂ)réﬁane nédibahe), hydrogen,

especi a favorable at 1:5 :1.. The | ar
SR8 vaEn s Sale Bvaed ARd, 5is G -PIRISve MU Sef TerAyin the

PESIET G Yhelfebdiaddiddharde st i er gas may al so be used

'n th'(Ie'he amount of catalyst used may be determined on the basis of the
molar ratio of the titanium contained in the titanium zeolite to the olefin that is
supplied per unit time. Typically, sufficient catalyst is present to provide a
titanium/olefin per hour molar feed ratio of from 0.0001 to 0.1.

Depending on the olefin to be reacted, the epoxidation according to the
invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction 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.
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epoxi dation process. As the carrier gas, any desired
inert gas can be used. The nolar ratio of olefin to

W@ 200908487@as is then usually in the range of 1POI/1S1008/010111

1: 10 and especially 20:1 to 1:10. As the inert gas

carri @ epaxiddtion gasesrisdiolt as theliquidn (oneapercAtichl arOubcritical)
are sujtable in addition to nitrogen and carbon

Phase.dl. 15 AVANIACEAUR Gy Hets Bb s PIRSEHre] o 1-100 darsyang in the

brésendB bf Ingf Grmbleysoéris 1-shitaBleRertPMRIude- éhy’ chemical that
met hane, et hane, propane, and n-butane, are also

Pt ligwd undipt resislian Headiians ncding bat nRY imied rteoasygenated
%ardc AdrselGd &4 hidBhdisCRIHErS! e %ﬁsandwkégéﬁeés HbmbHE and

ITsted inert carrier gases can a be use
sbefmatfcl hygrogarbens sichegsololuritei and kexapeopirlensyctpas peetenitrile,

unﬂebt’%n@? Ctan S| e?‘&ﬂf&gl %ﬁj édﬁcﬁﬁ@ %athyaﬁga\katel' n %HaZerable

presenc propriate excess o Ier gas
erpeotsi ireludemwaderofliqoidx G0 saraf qugm;dtmmydmaa;dwrts such as

f d
EATRLORD ey s 18" Ret PR, S 65 4RE o Rl Bt oHefbrrec
iomydgdratée edivanid idcladbdower bilp‘r&talc oF h@4 alootiols @.fcfh as methanol

t al yst. d be, det on s of th
1. A SRAGR TS ¢ B TR Gl WS ¢ WBred, i vater
Rﬂirinbtbld ﬂcblﬁ‘c?? @bﬁfble{UsIeH?tl} isS;;a‘an. rlye;ﬁreﬂfé?lé no Msé!rigﬁtures of
ically, su nt catalyst is present to provide a

IM$Q%WW‘3?WH ﬁ@? €hour m)?/ar feeg ratio of 1I‘Orom
0. 000 égoxitiation iDaeié BEt o tH Bq@l bt @ub@rchﬁcan Qﬂcétﬁb@ntlcal)

t he epoxidation according to the inventio
PHR?S: éH'So‘Eﬁvai“F?Qﬁ‘?és P M9e @ bwiele, T'tqq%uf{fawﬂrﬁw%a"yd?e pgded to

N sBNBRY & FdrhCal bdﬂ@%‘?}lut?ﬁhe NTRe quw dofugar lis %asyadim the
IS used, the cataly is preferably in the form of

seRgienstPIAhEit the%ean@tém ofTEwCYP Rt edl¥cangyhase Cb’élﬂgcﬁmatlon
M%&equikwlﬁéﬁggw sem -batch or batch node of

operation.|f oxidation is carried out in the liquid
(or sBpﬁe@rwsaﬂdan thp irvendion inchede amphagitablé saltssof oxyacids, the

%Qiqkﬁta%e g}@oﬁ%n@%fkwﬁﬁ:h AnRhE Srﬁ&{ e °£relch%0tr{é"f”tﬁe %ﬁlﬂ of their

ce of nor e s
solwiens mam(angde‘rcama thaf; p=iferablytfrors datd Bqanddmomjereferably

3055187, SR 880 o A ol b b ] Orhe amon

epsttcems adindtHeet cadts, naayorramludandambmsphasuoh as phosphate
OB In RIS ui ArEB PR e Bper aildtFoar Gybonate,
$imw0rtat@,&iarlsd)@latés (g4 acetats, .phitiéter ahd ehe like), citrate, borate,
hydroxide, silicate, aluminosilicate, or the like. The cation portion of the salt may
include cations such as ammonium, alkylammoniums (e.g.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline earth
metals, or the like. Examples include NH4, NBus, NMey, Li, Na, K, Cs, Mg, and
Ca cations. More preferred buffers include alkali metal phosphate and
ammonium phosphate buffers. Buffers may preferably contain a combination of
more than one suitable sait. Typically, the concentration of buffer in the solvent
is from about 0.0001 M to about 1 M, preferably from about 0.001 M to about 0.3
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solvents include water, liquid CO2, and oxygenated
hydr ocar bons such as al cohols, ethers, esters,

wedoones76 and the |i ke, or m xtures thereof. Prerf/E82008010111

oxygenat ed sol vents include | ower aliphatic CC 4

M. cGhelbmffeuokefasunrtatshaMtuonehbrpa@b indlsdEp thepadtition éiemmonia
ter£5 E}?aano m xtures thereof, and water.
BRS &e eeagtion %ﬁtﬁﬂ‘s can be used. It is particularly

preferable to use m xtures of the cited alcohols with

cuper PpuP R At fefdlf jiuifialihel fgdion. ' fbse Sefea in

aloky artt wif) eeosgriize vsmyavdviatibnes thatlzee withire thenspitit of the invention
E%Bi call%f%‘? dded to the solvent to forma buffer

FEPBR C'Y0¥f er solution is enployed in the
reaction to | nhi bit the formati on of glycols or glycol
e:@&gﬁ E OX|dat|on Buffers are wel| known in _.

PLE 3 PREFARALION OF PERI-EbTQartd-BHT 1Qee PO E'dafMy/TIO2

sui tabl e sal ts of oxyaci gaTAUYST®Rt ure and proportions
of which in the m xture, are such that the pH of their

sol ut Catalystdd (PSBIPHTION3 t o 10, preferably from 4 to
9 and| gRq &iiatel @ &P eIrfoOBhSaduéon sHbtioRPLE dRBbiiutn Yalladium

I
oxyacl ds contaih ananl on and cation. The anion
petraahiamidef (1t Hegs 4947 whY PaLatedaddead tona solidienarf bismuth nitrate

h 0
S0 5Pt ouMRARNAERETE ISP v Y BORRRS Rl oy
aokize of 7PPk INQ4)ewittamixinge Tm¢<®d,-Bld?ln rsatLéipn berther, added by

(ri%ct(?ﬂ 8?1(t' \ggt'n é 6 gﬁ‘a& dr%ldlﬂ{%ﬁirgrg?b: C?f)eralc%n %98 Jld) lﬁ?{”gn clg?cmed

1 0n por fon O € calions su
& rat 70°@). k'i]H\@BOl[dTBI arescalaned in aieir aaléfe dmmace bymeatmg at

IR TG B 4 Birk b8 med e IEp QR it hel aThese
Nmf]e:erséc:jlldgﬁtrg KherCiwnaslNEd vﬁmf?(ﬁlaﬁoeéwsm@dlurhvfbuﬁlﬁzrtbgnate solution
Bl RO BBt P HERsh Yl B AP Rer taisb () ML four
Gfdsii Tha wshed it e Brétadiune dflé@mmfdﬁr)fa\ﬂlsba@f@' ﬁ@ihburs and
T ically, the concentratjon of buffer in the so

T FRIRNEHE DR G‘Uﬁtﬂﬁ‘"ﬂﬁqeob)é@%?nglamo&/ET‘%F%\BW CF erfrﬂ' hours
%h@ufheg ABatirY e Zegmin G Bdo°EhrorbafAgirs usehe! sdll’ds“é‘r‘es then

i nvention may al so include the addition of ammoni a

tigngleredelace iaarisytebe mndrigated| Wisniang Wk aftrrﬁb/@@gﬁ%r"élfytfogen
's‘rleé'l%tétaltdé &hér 4 ﬂ)ﬁﬁr"‘(ﬁ'0@"3::c/h-F51 9§IFOV§48' By Gfobéh fJF%Oarﬁﬁwutes while

recogni ze many Vvariations that ‘are Wt
§pplmg frogm 1BC tﬁ\,@%g tonproduce Catalyst 1A. Catalyst 1A contains 0.83

wt.% Pd, 0.5 wt.% Bi, 1.6 wt.% Pb, 57 wt.% Ti and less than 100 ppm Na.

Comparative Catalyst 1B (Pd-Au/TiOy):

Aqueous sodium tetrachloro aurate (16.54 g, 19.95 wt.% Au) and
aqueous disodium tetrachloro palladate (27.86 g, 19.74 wt.% Pd) are added to
1.2 L of deionized water with swirling in a round-bottom flask. To this solution,

sodium bicarbonate (12.5 g) is added as a powder, followed by spray dried TiO,
(500 g, 35 micron average size, 43 m?/g, air calcined at 700°C). The pH of the

slurry is adjusted to 7.3 by adding solid portions of sodium bicarbonate
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and scope of the clainms. EXAMPLE 1: PREPARATI ON OF
Pd- Bi - Pb/ Ti @2, Pd-Bi/Ti 2, and Pd-Au/ Ti 2 CATALYSTS

w@22a09/054876 1A (Pd- Bi - PbZTi Q ): Lead nitrate (0.BOI/gy20081010111

an aqueous sol ution of disodium palladi um
(ﬁﬂr@ﬁhia&ﬂy de0 g id reduirkdyand thereattion Sdiry & Sgiratistebly Fqraton of

e Hasiat 2o rarn a8 eotsr Sroior & Rabiset 240 i Sohds are
wedrfieered, waSRedN#e With deldnideddvatéher . 24, Bénd:’Balélﬂbéltm Qitin a

i's then added by |n0|$| ent wetness to spray drie
ml{%fl&”?%b!{; he@@%‘c /B ©, 115CHPY § horlks %"‘Chﬁlfnl g 2°C/min

% BodtC 800 Pourd Nernegki iciféf sGIﬁJsCétrée@l\ehr\Nﬁérfed' \Wntﬁl delonlzed
muffl e furnace by heating at 100 mn to 1100C fo
meterd 12nld) eigkirtinaes. 2 Thenmashed gdw@re@alcmqﬁid()r%mumefgéﬂace by

g@%ﬁr\dgﬁm(?@/hgftoa‘iﬁ) U“ 4"\‘?0?1??% ihdh ﬁ@a%@%“%@ﬁ%&“§%°

I carponate s ution ( m_., con al ni ng
forfdohourae d heysotids are thed treastarred40 anqyarizdube andéreptedTith a 4

VBT RO IR, AlSodReim i AR-€30: 3 3O} (o BORG, FeHowed by

en“calcined in a muf rnace
hamigeng fat 300@linutest twh]léoedblfngr febrhol0G Cartd 80¥D to produce
at i n OOC ur,s,o rhe, sol i ds
CRBlPPuR. palREl e, Cntietie Geldicrn FRBRER Wi BAPy. 00
W% %hw@r\mganrnandnessrttxgamosipme@m at 100C for 1 hour
(100 cc/hr), followed by nitrogen for 30 mnutes while
cooling from 1000C to 300C to produce Catal yst 1A

Cat al Q&tnghﬁatﬁ@ruaaalystﬁ:@-mrr%gﬁ’d 0.5 w.%Bi, 1.6

% Pb, 57 wt. % T ess t han
Commafa: 39eous saylon OBdpa L PRy (RyqehgEde ¢ding. 19.7

Wets el liPadde frh @o(utien o tismdiB. iPatet(0 %85 Y BI@ITE), dlssolved in
ueous di sodiumtetrachl oro pall adat e (2 86 74
) Hp3)n The Po-

ob.52156 M solutiere @f piria acid 1§P%jey yeiHFehER%

BVshlutid i "théh 59&&%?%&.9%( m»%hassTte s!d?é? dﬁeh %érﬂQ (20 g, 30
sodi um bi car bpnat e adde a powd

U8 WES. BY B9, aaalmecb@ a Q!Q7Q03@D ljhe %Ildﬁ Qfe@almla@e' ina
t t
B rfiacelbPneBivtp FE1GCN 10K 00 4 BOR BYY Menl i3-ciemin
o300 o armmat el gser g@dcinad esloyd&(aoe dhérs washed rtwd:)e with an
i t
ARdequec sbBBA B Yshiauds (b GF, Yrlfb, 63, 8 N
filowedy deidnizied aater (H@ mlf, ifive elmm*.) The mashedi selidd arfe vacuum

gﬁé&’ r&& “?grr)wg{ §b° é f&r % 6 lF?o’ur ﬂd (iﬁclar(\: 4 me'dnlna:'a rml_'n e Jurnace by
heating at 10°C/min to 110°C for 4 hours and then heating at 2°C/min to 600°C
for 4 hours. The solids are then transferred to a quartz tube and treated with a 4
vol.% hydrogen in nitrogen stream at 100°C for 1 hour (100 cc/hr), followed by
nitrogen for 30 minutes while cooling from 100°C to 30°C to produce Catalyst
1C. Catalyst 1C contains 0.94 wt.% Pd, 0.64 wt.% Bi, 58 wt.% Ti and less than
100 ppm Na.

10
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muffl e furnace by heating at 10C/ mn to 1100C for 4
hours and then at 2C/ mn to 3000C for 4 hours. These

W@ 2000054806 sol i ds are then washed w th dei oni zeRCTEHS208/(10111

1 .2 L) eight tines. The washed solids are calcined in

a NUEXAMFLE 2aERORIDAERON REATTIORAWSING CATAG TOFROM
hours and then heating at_2C/ m n to 6000C for 4 hours.

The solids are then trand#¥MBHEtL a quartz tube and

treat ed 30bt & 8tafiniued s%éf'}f%é@ﬁ% 'cﬂa@bﬁr\ﬂi@?ﬁhétsruﬁaﬂhéd noble
1000C for 1 hour &100 (4% nitrogen

seetal eatalyst (17 @ o£ 461 ﬂﬁgO'r ﬂ )nTﬁ)G)(PeMdéf €3 od rpe@aue'd* 100
T ALUE, S0 o PRRLBS R Shedfhae o = )
tThgrreactop jsnthen chemepidpa%qw@slwtalay@ted xongistingopf Zi%hydrogen,

ELERURRAT TR Aoy o 81 UL Bha TR Bl rqgen (volume

b) for inovs aflizivigsar@thOpiH.ratie o 8.fe&d gormiigtingeof3t Ui Bedsbgerd 4 %

R Aol S SBgEHBo o o
admkedtnlzy\g aﬂdeDQHz ratid.NEHE pt@ss&;upaf mytgdrre@doﬁ nstrtamntmr(éwat 300
ed,in air a

- m cron Si )
%‘ﬁl:? 4 Fd'%a%péesééf %u’ﬁ%@%ﬁ Vﬂﬁ} th‘?w?%e%?PF?% PR P &8“&%}“0”3'3’
higalgRahatred&6f Bt M6D0 dRRC(Measdteditr 33°andnd e @fmosphere
2C/mn to 3000C for 4 hours. These calcined solids are

PRRIPUIRS HB Pre&l teénwtam arpoaat?@ba%'vgrademh'rbth?arreaemﬂerlng the
$0h, UfhleObk a@éﬂ mtfo Eﬁrgrf'@ Bﬂdﬁglegegfegdé\grgﬁised‘ mrb@dl'?g tb% liter

dei oni zed "wat er m., five tines) washed sol
stainlgsg stagl yesesl (§ggrqt@rr)rgrequ|@@@ feactors Cﬁ@i@ﬁ@%ﬁ@ “tefS of

Waﬁ&l CYRehd r"’}s gﬁrfr%tlj &t fl%dq l?’Me E{?&lbﬂ Oiure i &heated to

mnto 110 ours an hen ating at
t66°C M0 thergasebhuas! eﬁﬂueﬁhs aullyzésd bsyr@ phiine GCamare hpedand the

iR S0 B SO ki DR oice
faold| emuchldnys anK)Ej’gewhiélmincBmmmpylese wRide€“ROY)] progylenerlycol
(i fad oren 8 odlia Tl slhers APMsg itk BiRckeSg hring the
Irés&iohhianaddid B ProparieMILE by th&REAtb BTN dRpASPIEAE.

USI NG CATALYSTS FROM EXAMPLE 1 A 300 cc stainless
steel reactor is charged with the supported noble

met aI Tﬁét posedatioB. RE6ulls O(EeéAl' abl8, 1)0s§hoM)thatT @ FSPOAE! Pd-Bi-

(P nmet hanol &
b/T 102 mlxed catalyst shows a significant increase in propylene selectivity

resulting from reduced propane make, compared to TS-1 and Pd-Bi/TiO, or TS-
1 and Pd-Au/TiO; mixed catalysts.

11
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The react

).

M aqueous
or is then

webapges7¢ o 300 psig vvith a feed consisting of PQI/¥$2008/010111
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4 % oxygen,
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propyl ene,
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ona at nMmmec
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t r ogen and
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prop

| ene ?%eds ar

e pdssed

throBdgh a t

wo- | i t%8r

st ai

nless steel v

ssel (sa
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ceding the
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tor, céntainin

g 1.5 |i

ters @5 net h
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reac

t or ISICSTII‘I‘eC

at {1500

rmeJhere

act | OI'BGm Xt urle

|1§)r

OXId

glyc
reac

hydr ogenati on of propyl ene.
(see Table 1) show that a TS-1 and Pd-Bi -
m xed catal yst shows a significant

U&IV

e ("PO),
ol nethyl
tion,

[ é"uce %'arﬁ

A i

N mm§§§E
%‘“frpr'e"ﬁ%gcwt A8 dieb B
08'8”5?1\'8 it ?/al ents ("POE"),
propyl ene gl ycol
et hers (PMs),

("PG"),

i nc

CIII. I S d.lld.l y

ana

R: PRY6

ed

E?%‘ g‘%eby

whi ch i ncl ude propyl ene

and propyl ene

PbATI O2
rease in

are produced during the
in addition to propane fornmed by the
The epoxidation results

propyl ene selectivity resulting fromreduced propane

make,
Pd- Au/ Ti
Results Productivity
2 Propylene Selectivity

cata

| yst per hour.

conpared to TS-1 and Pd-B\fT\Q2 or TS-
g 2 m xed catal ysts. TABLE 1: Epoxi dati on
granms POE produced/ gram of

1 and

100 -

(rmol es propane/ (nol es PCE + nol es propane)) x 100.

Conpar ati ve Exanpl el

claim

I A proc

ess for

produci ng an epoxi de conprising reacting an ol efin,
hydrogen and oxygen in the presence of a catalyst

conprising titanium or vanadi um zeolite,
and bisnmuth. 2. The process of claim1

met a

|, |ead,

a nobl e

wherein the titani umor vanadi um zeolite is

12

*



10

15

20

25

30

atitaniumsilicalite. 3. The process of claiml
wherein the catalyst contains 0.01 to 10 wei ght

w@ergesms7of the noble netal, 0.01 to 10 wei ght PEBUSM®N$/010111

| ead, and 0.001 to 5 weight percent bismuth 4 . The
pelgeess of claim 1l wherein the olefinis a C2- C6
olefin. 5. The prqgcess of claiml erein . the acti o

is pe?forr&&r‘?cﬁsﬁ ¥ PodUEiRg @nogPOXIe, FYBRTSIAR f '88 an Olefin,

" hydByémaar@l @saygféhonsltﬁé |;fi@sérfceabﬁ%h@b@lysetd@ﬂ{rﬁbsln@ﬂlﬁnmm or
|

ket ones, nitr wat er, i d CO2, and m xtures
yanadign zeglitea goplegpetal lead, &nﬂlbfﬁ"iumher ein the noble

metalal s PAld BUCHE of claifil® QGRS Alarfibrfl oFvbndliBhidbiite is
the catal yst conprises the noble netal, |ead, and

Bititaniumn sdigpliért ed on the titani um or vanadi um zeol i t e.
8. The pr Eu&%sé:' ofidBith M LLA ﬁmgecd?é’lpétecdm%ﬁg _Ph01 to 10

| ead, and are supported on a carrier
preigmssm@ht of themd®levratal, A.Q1he thweight perceptleadt aad 0.001 to

,{tfb%r&rn%%"ﬁﬁﬂm sting of carbon, titania,

2|r nira, nio silica, alum na, S|I|caalum'na,
t ant ad.um oWaj;mrpcesﬂ tyfada:rruﬂmcbne'reie the ulaglstsean Caxgadefin.
titania-si 2|rc ni a-s

a-silic
b as s Bices 67 Ui’ vrieindh TeBeriln [s-Berrdiftied in the
ﬁfe!gpplb@l’w and)Identcm‘redstedlfhrtgn ne@aroumy cplfmpt}ﬂgebfé alcohols, ethers,
rogen and .oxygen.,in.t esence 0 titani um
U5 Retoakg: i seie s s 80 BiBtednhircRal | aci um
| ead, . bi sMidproasss @f @@um 1 ¥herdin Ithe ndbe nmtglqeq‘»anaduum
claim 10 V\herel nthe titaniumzeoljte is a titan

si i chl it el"e1PIOCPRR Op MBSt heren éh?ncﬁ?'méf’&%'s?ﬁéhe noble

FridA Oleh 8 CarfcPbismUt s nfn PeQlardiomdy vaRa@M ﬂﬁihfe‘i‘nt
pal adium_0.01 to 10 wei percent |ead, and

to 5 $ei ghtheRiosess obeiaimf I’YVheI@” t"l’%@"%'ﬁdﬁ%@é 'Qﬁd @”ler'ﬁmu"h

AR loRkl otnrgacé:,ﬁéfl er is selected fromthe group
consi'sting of carbon, titania, zirconia, niobia,

silic%, aI REocess |Gf calaimy i wheretnathearanfieb s gelected from the
wr“?g%s O‘FecarBHﬁ‘g?l{agﬁ °§|'r<9ﬁr|a t hFoBfH asnﬁéé | G@mina, silica-

obi a- arnd m xt
aherieaf Iarnalurrh@welacer@ybdfenumwauomdeo tungsten nomﬂe, titania-silica,

LESHd-Gilcd, hidHa sREHBShd Mikd}Ss thereof.

10. A process for producing propylene oxide comprising reacting
propylene, hydrogen and oxygen in the presence of a titanium zeolite and a
supported catalyst comprising palladium, lead, bismuth, and a carrier.

11.  The process of claim 10 wherein the titanium zeolite is a titanium
silicalite.

12. The process of claim 10 wherein the supported catalyst contains
0.01 to 10 weight percent palladium, 0.01 to 10 weight percent lead, and 0.001
to 5 weight percent bismuth.

13. The process of claim 10 wherein the carrier is selected from the
group consisting of carbon, titania, zirconia, niobia, silica, alumina, silica-
alumina, tantalum oxide, molybdenum oxide, tungsten oxide, titania-silica,
zirconia-silica, niobia-silica, and mixtures thereof.
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presence of a solvent selected fromthe group
consi sting of alcohols, ethers, esters, ketones,

woRaoplob483¢ water, |iquid CO2, and m xtures theP€piS2008010111

The process of claim 14 wherein the reaction is

perforged THe bRfteBE B A 13 whekih fiied reajeﬁon/?s %é?féh’b(éd in the
conprising a noble netal, |ead, bisnuth, and

presencaai @ solaaldrelasted dremethe groumicensisting 9§ta|f@h°|3 ethers,
%E?ér@k%ﬁoﬁﬁgeﬁ%?s,:\gﬁe%&lﬁa'e@ Ahd YARRAEReeR! i te is a

itaniumsilica The Catal yst of claim 16 _
wher ell. t hEhe picesaef alaims1pahieesin e reegtion is aedpyeed in the

g}égewcg fggpj fl ng a titaniumor vanadi um zeolite and

suppor al yst conprising a noble netal, |ead,
b| srruﬂﬁ atasalyﬂrcprrmnsm@oa ndble roelbhllgest, bmamwtbr andf titanium
‘11 e|nthet|tan|umzeollte|satltanlum
SI I ti"'f‘ez 1 The catal yst m xture of claim19
wher enﬁ t h'éhmoda)tbt’ystmftddaim $6 pahkteinl thentita@Bm dinanadiuah yedlite is
tture of aim 19 wherein the carrier is selected
ArigaA e QCP p consisting of carbon, titania,

zi rconga, nlh@biatalyssbﬂ digith 18 heteiathesndble metdlugrpakadium.
tantal mo |de enum qoxi de,..tun sten 0

j de :
o e RcBBve PG BOEPRG S tae SRR geglite and a
%Uiiﬁ(sﬂéiﬁcétbl%l&ﬁfmpnsmg a noble metal, lead, bismuth, and a carrier.

20. The catalyst mixture of claim 19 wherein the titanium zeolite is a
titanium silicalite.

21. The catalyst mixture of claim 19 wherein the noble metal is
palladium.

22. The catalyst mixture of claim 19 wherein the carrier is selected
from the group consisting of carbon, titania, zirconia, niobia, silica, alumina,
silica-alumina, tantalum oxide, molybdenum oxide, tungsten oxide, titania-silica,

zirconia-silica, niobia-silica, and mixtures thereof.
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