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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

W0 2008/0887R1 yst system and its use in the produkti/v8200$/010106

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.

CepReatT EPCOIDATIOR FROCESSBIING A MXEF eXTAYDf SEBTEM
olefin with an oxidizing agent in the presence of a

Cherbaction ot ec HFLROETHEBRHEREN Y, P s Toer
cat al ysik .inVantip) relaR sy iadeatalgstesyster ahalts Yisehi® tcs@ddbstion of

reactin | ene with an organi c hydroperoxide
§RPYIF %?&@#‘a@%y ge%ﬁéﬂ%aaﬁﬁiﬁqﬁénzene hydr oper oxi de or

tert-butyl hydroperOX|de Thls process is perforned in
the presence of a sol ub bdenum cat al yst, see

U.S. Pat. No. 3BAECKG BQSJNQ)pFaT'ﬁ%t'@VEQ'JF@Hus titania
on si Maﬁ? GRbRInY %eth%@@ HrsthePBFepaNﬁlon o?@po%d%s have been

Besi des oxygen and al kyl hydroperoxi des, hydrogen

gevelgpert Gengrally, gp%@wredsarrneti bidhegrastion of asisfiniwith an
&9l8@4d2§@entqn§he ﬁés?rm‘és%fl ﬁ% 5260Etpf|eﬁé%x7d%5|s @@hqmermally

for ose ol n epoxi dat I
Wctduch9dbx)gtbﬁ mcmm def ethytehre withs enygenofover ta tsﬂmeru catalyst.
I t ndyct e .
?"ré)é éjje do@@% C ééogﬁ%agélrkﬁ& Frodaced byl r%%‘éﬁﬂvaC{} opgle% vﬂh‘\ énn d8'rgamc
hydhopgmmdel mdlhi'ng gueot ssish asteth;ébéralene@drdd%xn@apgmm butyl

Ol AR C e SrarPars BerldmsSlt B Bisste off 38 Mnpizcc
t‘ﬁtﬂ?ybﬂiehent catplysi, daki WIS, rﬁ-‘lrachSSCi 35}’jﬁgsgbt iythadrt}??igle??:%l;setltama

tg an .
(égrs % nprl S@%%ﬁg\? g@@%s the formation of

pr OpyBeﬂeewxgl@erf BAM mkwwbmwoﬂdesg&rydr@w befr@wa@aa also a
uslfragcH at al st c ntaining a mat al such

paf B APPOYRE IPTERRLL | | Det-o Pokndlogs is.260,

V|85|9 7984, ahnd S4@@V'2ﬂ‘69dfo‘i' OeRdrAprel editdlesd ealefin ng&f idation with
gen and h%grogen to forma hy droqen per oxi de in

QV 998R PEIidfyndbe Rfesepce of piitaniy siligategratalys. _
descr ves durent @ééé%frcm&éﬁcﬁm@éd f tHe @Pédﬂ'@é)%‘?(@a'tibﬁ A lefins
a_supported pal | adi um conpl ex, where umis

¥ithpexyoen berpgen. sin ithig, Preesse dt éﬂ batieved that xygen and
Hhasaphrescif oL Wiy S8 DBl A RRI e A AN v
been pogpasedfpl ese 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 VIII 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-alumina, titania, zirconia, and niobia. Other direct epoxidation
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PCT Intl. Appl. WO 98/0041 3. One di sadvantage of the
descri bed direct epoxidation catalysts is that they

wWae@Ipsesme t o produce non-sel ective byproduct sSPEUTB2088010106

gl ycols or glycol ethers fornmed by the ring-opening of
chal\ep exaaplay hdlidle ledaédmﬁeb)@f aeiokilitMese ded Yol BRample

enat i fin. US Pat. No. 6,008, 388
%Wﬂsp‘?ﬁ’fa{}v %@@é’ﬁéct i Vi ty for the direct olefin
epoxi dakl &QaWaW?‘eB of SheHeaeiRE Bived: N ARibA Qi%t& st§‘ is that

ni trogen conpound such as annoni um hydroxi de to
ﬂaedc?feoﬁr%iextpqu@dUGﬁ gongsglecting byprosigigts7siuchy @&@%@9‘& A glycol

'é%r@ffor%B@B* e hh@fypeﬁ t & tﬁecaéio&%sprbeu@le&r SRS%e bbﬁroduct

roducti on of ring-op en uct s

@rm G)Q@et'yﬂmat'ﬁ@ 0u§lseflaf lbﬁoeahbmﬁ 00§@&&1¢aches that the
§Sfe@ﬂé ﬁrf’f)ro{?ea(fn%%f‘bl‘éfl gbf(lbs r%‘é@s@% enhgnced b ghe ?‘ddmon of

trip osphi ne or enzo phene to decrea
@r m@rggem mmoupdmas Larﬁnomam hidroxideO@6thedeaction mixture.

?Aé%h ?ts R, %h’fgg '/téltete%;:ﬁé?ﬁ\% s%f ofcflﬁ#’BH.a»ﬁfB%é}b %ate modifiers to

acetylene ro adi ene no I er
sliegnelafse dbatdrgducmduoca‘dlrzg kmr&edbpmodiums us. mﬂu Nooﬁ 005,123

Eé)a's%pgség qishjaé Qf?ﬁé) pngéopﬁugurl ggl?nml%% {ai'%egmc %160d|flers such as
wHeadlpmmm @r riengothidpiend o atecrssedine pragadtioneof propane.

LU, R D BoUBB SGbLONL ho 5 &f & monorie,

mtwlacetylarﬁé Oé(rﬁ!mﬂbﬁ)paﬂldnbeméﬁiﬂéﬂ giobs @@nﬁ@bhﬂ&dﬁe(ﬂmﬁd alkane
cat al i/'sts have di scovered a new catal yst and

G¥erodhClo| e r?dé‘ﬁ'&iar R PEMHING vaRTYEIoF ARIE Sa0VENEr| (ﬁ\(489 086

HReIdsBY et GRe | Ssét dFah Ae8imabifdd! rp%llééﬁ@?n SHBhINGE Btaium or
titani um or vanadi um zeolite and supported catal yst

vanpiumiz6glite regures aHkang bYMP@Vﬁ}th"%ﬁi'@”a carrier. The

cat al ygt with XérW &HepieChricetd ! RF LBsiRAAI t@atahslﬂ still further
reactions. Thus, the invention includes an olefin

épmva@@n@nnﬁh@@éggldam medingisiandscatalygisi Nye Aave Histpyered a
%Wéé%?st%ﬁ.@ iRXVEER didtint doxRiafisknce of the catalyst

ture process surprisingly gives significantly
reduced alkane byproduct fornmed by the hydrogenation

of ol efin. DETAI LEB%%I&I EEOI%EN_'EO!I\I\NEMI (]\IaThe

catal yst m xture 0 i nven n conprises (1)
t i t anilbenirorentiam ésda watatyesd Imixtereathdt C@Npasesup fitamiwga or vanadium

‘i%lﬂéy&r’id aT'sB&%rHe'H %gta\fﬁl?ac% pnr]ls%nego'aI F\gl’?le metal, bismuth and a
carrier. The catalyst mixture is useful in olefin epoxidation reactions. Thus, the
invention includes an olefin epoxidation process that comprises reacting an
olefin, hydrogen and oxygen in the presence of the catalyst mixture. This
process surprisingly gives significantly reduced alkane byproduct formed by the
hydrogenation of olefin.

DETAILED DESCRIPTION OF THE INVENTION
The catalyst mixture of the invention comprises (1) a titanium or
vanadium zeolite and (2) a supported catalyst. Titanium or vanadium zeolites

comprise the class of zeolitic substances wherein titanium or vanadium atoms
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conprise the class of zeolitic substances wherein
titanium or vanadi um atonsare substituted for a

w@rwions7Hf the silicon atons in the lattice fPEIESHOK010106

of a nol ecul ar sieve. Such substances, and their
QF@dulﬁsItitm@d far a petibn loh e silibor 2¢oras tin tiee tatficy framework of a

ex e, Pat. Nos. 4,410,501 an 4 666,

?? 'es'?Yec aﬁP SHPSBAce AN theipPreductian, eafﬁﬁ'é‘é(eknown in the
Gty Sedl for BﬁarﬁﬁlbeUISl'FEathlﬂ&é, N4 0,901 ans 4/8Beeu. ar si eve
structure with titani umaor vanadi um at oms subst |t ut ed

i n t heutatiediteninm onoapRBIVETE Z8plites R hese rcrvaiakiae unaterials
R8Gh LS RPRLYRSlectidr s@@@%ﬁ‘r@cﬂﬁ@ﬂm& RaHARh & vélﬁa&ﬁlﬂﬁsatoms

|nclud|ng the size and shape of the olefin to be

epbxtiteted ci@. theoffraéamke The ¢hpies of ditariinm er agadium zeolite

RGOl BB LBOH 8 o s RAPHTNESEl by snape o
¢he plefin ite be|epbiidizedc fFQﬁ@XeUMﬂ drie prfpfet!ipq tenee agelatively small
- hut. r 0 :

PR 67 Ve D, foditd Butfl a8 LMY sifbdfeft sChiefn is o
leerzahbndatiqoleilre‘smcrh amethy%ecp(dpqleegeom -batenar g’@heqedhe olefin

tan or, vanadi.u eolite suc a zeol Lte

¥ bR Ind B3R IS i T Deie® BofSFen)l hentieous.
;Fbelfae bukgl. olalar tguchu Ir?ar byclcprree(éaer edatgelt Jure ritafiumasdanadium
zeolites include.the class cu si eyes .
6p h st Fpalie Mg viag g 8 RSl GUY 2eolite beta may
pargréfertear |y "TS-1" (having an MFl topol ogy anal ogous
to that of the ZSM5 alum nosilicate zeoqli tes%] "TS- 2"
( havi RgrtishlafiPrelsgst JenidmaPoyaradivy 3eodtesdpciude theglass of

e dBMGsids @ﬁﬁoﬁngfén%‘a) to asTtﬁaﬁlun{ Qlﬁcéii?ésc rdahﬁ@ldr& ‘TS-1"
Bel gi an Pat . 038), and T havi n

(raving 56y W éqggquo@@a{ogoyﬁa[o thatt gfet SM-5 aumlnosmcate
%bé‘lﬁéQOS‘rélﬁ%gwﬁﬁoéh tl\@éll toJélBéyWaHmo@BUé &b "th8P of the ZSM-11

mol ecul ar si eves aV|ng ramewor kK structures

aihnesiicale zeoliteah| THe3 H@sdesetberkin BelgigrsiasgNo. 1,001,038),
| |
AR TR R ) NRE, R lhdRoRie L0 bl

alusninosilicate heeolithe)n t i Thanium-cantainiogn, maledulaxy geves n having

'ﬁ%ﬁ'nelv@)'i'li %ﬁﬁctLFq%WEé!\%[ghoﬁLg&‘%&Re 'B] gormg}gg,lﬁ[g %éﬁl 48 6SM-12,
um h

po Faad um copper a
lSIBé\ 1I5 kéUtBaythls randsMGM -4Rr efecatsedsuitabéenifermugeol Tlheslltanlum
ol PRECERlY st R RTeRS & hED e SERPE ifdh Sd Poen
hemvmmuae O%deovgaird @ltB&ﬁJgjhz nwbmeamoleﬁfsr ablbyrort, Pmsn(aélemmum,
nol ar rat| 00 i Ti
St PelassilEL <PPasicas bedke ity BRpfsebt] &

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
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 of the invention also comprises a supported catalyst
that comprises a noble metal, bismuth and a carrier. The carrier is preferably a
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advant ageously from9.5:1 to 99:1 (nost preferably
from9.5:1 to 60:1). The use of relatively

W@ paoas48ms ri ch zeolites may al so be desirabl e. PANES2008/010106

catal yst m xture of the invention also conprises a

PORRRI Tha’riaRt @aryists dreatelCiTBN iHQRe arth ok thstarice| the carrier can
bi smuth and a carrier. The carrier i s preferabl
q.sH'é arfreferred

Beotgreaiaoxides| Clavsr IPEreD. AN REANIG ROl nT

hrrghme LR inchRleCaXités lof Baupe2,i OBIBNIEC 1BXIdHERM elements.
cl ays, carbon, and organic pol ynmer resins. Preferred

|P@6t|'°g1éﬁf|)/c Pesieried iNergRNge OWLE dealTiens mckids silica alumiga, silica-
Qiundidas, Ottitakfa, € RE&HA S nidth %%g@&l X ﬂéﬁlfn‘?ré)@é’es molybdenum

|norgan|c OXIde carrlers I ncl ude SI I Ca, al unlna
9P<|de§aéwmt¢fa§xm8t amerpheus disganiarsiliga olamnwmu&jégcoma -silica,

am)r @b‘%{{?s%buges?hca”%%f W@ ﬁk@“ b A er WHIOSL Srke%ii{ed ggt is not a

tani a- si anor hOUS Zl rcont a- sl
dtemiyrhoos \rartaldlumn szd:olxta a‘?rdfetmee lorgamic Tiadyroer rreeins minglude

?)8 a)?tyfgr% i te, d|0?\$qllb§n£é fani umc@éol&%‘? I um crosslinked

Pr ef er orga por] ymer s 1Tcl ude

polyyzﬁtyjmelmmest)anen@od/lb\enzlmld)MEenémmbm yozeriers also include
crossllnk] ei, m nes,. (% nz i m.dizol e
O

S(HEH BOERP |e é” I%r8 PhcPlige 'B?rgﬁﬂ' 1§18 fEh  as

@b@btr@dbrmnm dilivar ga?‘rbermdl darriefd falser Shcluriec baﬂﬁ)n Particularly
en a. Preferred carriers, al

l.veth
PRRIBIES i rnCIdp (GoEar P ke gaas, pirgyis, niobia, and

it de paarcbmaanétalsecnaam@hlducs;@dé)l um nas, zirconia,
ni obi %& and titania particul ar anatase titaniu

di oxi GEsferabveths %ﬂ;r heha SUEPSe arearndna ranger ol about & 4o about

i700tM&gr AREE pRéferdBHfrom BBo@PPdto Eggul"g()@ mQ‘I@StPreferably, the
preferably from about 10 to about 500

PPES é@'ame}pf thacapinrds Wb thaange of r@évoehm *@rahoyt 4P phég. more
?éTGFaberé'ﬂﬂoéHoupo% tboabm@sts A\Lg; ghé %o%?&eﬂibﬁf ﬁmkab%ut 0.8

rom about 0.5 to about 3. and most preferab
fo @hﬂﬁtb%gtmg/% Peefensbly ﬂ’BE‘ @Vﬁffﬁgg papicls sizalsif yhe chgier 'S in the

t t
g%(r?d;eg ?B%\Et 3 ‘M‘?n % %08[ @@cﬁ Fg{?'reeﬁoérfgrég@epera%w% pm to
fabom @.I'Zﬁumchl ammmgstahewcr)atﬂy &oni asdut 1??m6twsttohut 1_/|_16 inch. The
from about 10mm to aho I nc
DI ERS Zausls Sife s dHnsBara ierb o eI arioe tha wred. for
@Q@mbw lbRRr paticls esized @Fe grafepied. for ad gixed Peéd Iréé@.on The
sizes are preferred for a fixed bed reaction.

é\‘/%’ragﬁep%Sr‘BarﬁPﬁ‘réf dypically; 'thﬁef?ﬂ?e ioh abgat Fgﬁﬁea%“t 1000 A,
ggégéﬁabiﬁatwnmtab&@@oﬁxx IRl RS r&fe?m tab8£?t 5@t@99&5t 350

A, ‘and nost preferably about 50 to a out
The supported catal yst al so contains a noble mat aI and

bi S”U‘rhe s\%b&ﬁed catalyst also contains a noble metal and bismuth. While
any of the noble metals can be utilized (i.e., gold, silver, platinum, palladium,
iridium, ruthenium, osmium), either alone or in combination, palladium, platinum,
gold, a palladium/platinum, or a palladium/gold combination are particularly
desirable. Palladium is most preferred.

Typically, the amount of noble metal present in the supported catalyst will
be in the range of from 0.01 to 10 weight percent, preferably 0.01 to 4 weight
percent. There are no particular restrictions regarding the choice of noble metal
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any of the noble netals can be utilized (i.e., gold,
silver, platinum palladium iridium ruthenium

W@ 2000054875 ei t her al one or i n conbination, pallBCi/U3008/010106

plati num gold, a palladiunfplatinum or a

R8mbadhd! rgr gedribleR Nidedais aRe ajoRirdeA bt in@bleal‘ﬁé!aldiasihéabu@orted
Pal | adi umis nost preferred. Typi call% t he arm E
FBBIYEL nEPPxaIRIe etiitable qomRPaLAG diqude BairaLes. Sh PteSb alides

(gt h@wlbr@d&e &Bn’ﬁd ) Qafbbox ?@té@ (¥R H¥etf168), C&Mles, and amine
ef er abl \NEI ght percent. There are no

69'?‘P|eé‘§§§¥”\eé§2br|¢ Betdlns regardi ng the choice of noble

net al s&mgn@\e%x.&éml ﬁétetﬁqﬂe%b@ﬁeﬁaw ﬁ@ ﬁnsmébé@ critical.
netal 1 n the supported catal yst. For exanple, suit

&'bﬁpmwmgnetalcmaaebq Ireaniaxidatien  statel aryméere firgrm @eto +4 or any
(:Sm?m’atl?nlo? rsb%?fmdg{l t%?ecs) 16 %Ef?l%é( ltr?é ?é? &3% &(l%?tlon state or
e nobl e

anlne conpl exes O
remdinatien nbf andidationhstades,dshe ompbde ametabf compomxbl after being

Eg}o%hcéds ir[?tgt }51%? %é{)do?{e%dggtg r)(yt/\h%zéry b% t}g n¥ arﬁ%fyﬁbreq@éuced.

I'n~"an oxi any
Satrkﬂanumir catabfticsparformendatdaon hetvavers beTattairmdsd aitbouthany pre-
ka{ ed oxi dation state or conbination of oxidation
" the noble netal conpound after being
intr OMN@@bpipbttédt(fmal9$tpbbltheedn\ie’ﬁﬁiah yal$o reaayitdes fhidrhythor The

artial reduced. Satisfactor atal ytic :
Bt AR oE Bl dE Resst oo ngoHed Caiavas il By fherange
oeteat BBOut 0001 20 Weldd p"e@ééﬂt)’{irfef&ébﬁ/ftﬁoil Ny eniviefjht percent
al so contains bisnmuth. The pi cal anount of bisnuth

PSR | the (VRO et bl atoe bismiihin e eH@bEhifyS the
95n o &10. 294D, %Q@th@%h@ud@émém%r&ﬁﬁﬁourﬂrﬁe@ra%bﬂhlé bismuth

.01 to 2 weight percent. Preferably, the weight ratio
éPUFﬁGb'Ineth?eﬁijpQrt?dbpgi@MSh i ot haitieal élujﬁé@'el gompoyngls include

B%ﬂgﬁh r%xégﬁéé @@%e%b{a‘ﬁet ﬁa@ﬂ%a@n@e@f ﬁ rfles bgbmldes

n%oun as 't bi smith solirce In the support
sy.stoxybalifles deigt.i exychlgride)atasbenaigs umitatesciphgephates,

?kuﬁ@t%cﬁﬁilﬁﬁ%y egt?grﬁnn% A‘gm’ay?)o%?ogkg)to fid E%FE beﬂa?é \fififg, or

@ﬁfslgnQbIQXry&iailaﬂdlt@e) car bonates, nitrates, phosphat es,
oXl d.eﬁny gﬂ?ab‘w Hé I‘Eic?dS ma-l);tb% @ée?i%i {i’\e orBSraﬂgﬁ%?(ﬁ]e rtulg % _metal

carrier or e, ter nmet a
Ang smuthbingo e Isodpax@d icetamd Eavrexdmple nther pobiat metal and

Blar 147 18, STaeiisPobn dhe iere Db anBlio e ange. o
beigentpesthess taehhigaes. arFror @Kaldypld, iy agblatrhétal may be supported
Iognth%X(z:QG\ eqedr %re carrier by impregnation or by ion-exchange with, for
example, palladium tetraammine chloride. The order of addition of noble metal
and bismuth to the carrier is not considered critical. However, it is preferred to
add the bismuth compound at the same time that the noble metal is introduced.
After noble metal and bismuth incorporation, the supported catalyst is
recovered. Suitable supported catalyst recovery methods include filtration and
washing, rotary evaporation and the like. The supported catalyst is typically
dried 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
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i nci pi ent wetness techni ques. For exanple, the noble
nmetal nay be supported on the zeolite or the carrier

whyoovepseynat i on or by ion-exchange with, for PXEIR108§/010106

pal | adium tetraanm ne chloride. The order of addition

efndepll theeddnd ifhylies Msldedt Spidyiriedl Eh&sed &r &fuded into any
considered critical. However, it is preferred to add

dgaired mtm'%&%%woe%&m%ensane time that the noble

met al Aftsr | UphBAEE CEatalfst GormakIne Rt al, S&Qjeob'c%‘f‘élyﬁ may be

i ncorporation, the supported catal yst |s recovered

SQI'Q%‘Vet@ﬁ@pﬁhf&ﬁt@@t Bl Pstgapesudierds milrousis helisimdwacuum,
[ r

w{iﬁo"g@h O ggg%n};\?wz %g%ealﬁiéta@égﬁtg%?‘%@terp{éﬁr Ié‘i‘e thheels Lypically

fronualeoutrQOéﬁdmabaut 800°Crhie |sjplye|fergad tmpenmllyrteeat;'.he supported

ga%ﬁ% d“%%ggﬁ?oﬁéﬁgg%&%? 885\{%@“%&% %Ttg%llpﬁl@étrjre from

abolith200iCk @o &7ED TRYande optdrify, reBEEhE ISupBorted aRsly< in the
extruded into any desired formprior to use in

FpeNaatal h hydiogen-coniaiipg a@scatt altgperadyreafreionabqui20°C to
sepRerted catal yst may be optionally thermally treated

in a gas such as nitrogen, helium vacuum hydrogen,
oxygehn the lepomdawdre pradess dfhﬂaet heemtwn tthe ditans o or vanadium

ggglggaﬂ%i l{ﬁg sbé §aa%l|y¥t rtn ﬁt 22?9 g'g{thfehcgfb powders orasa
Migtpog bfsdeltﬂﬂ; allrystidltlonl the t}namﬂ&ﬂoemrﬁacﬁwm zeolite and supported
ST TS o8 Be b Bl b B e prid L P snidation.
tfasedletizéd omextheled rtegéthéﬁ tlti?ét cgtalg%:dlt’rﬁ)(l% rgayﬂaladiﬂ?ﬂ@lyq&ﬁnpnse
at_a te ture from abou 0 n e .

BRSSO G PRt Bt B RIS, cireo s ameR At Giged into
wAp sl Z@@J\ lptnar andiskhn spaxiratibRd TR et rﬁﬁd oP&itanium or

used as a m xture of powders or as a m xture, of

yeradiv. zeqlite;qaRnosied e3talysl isamel magicWatlaeitisdl- - ddowever. a

FEhiTH RROVA ARt Aok é@boﬁé&%a@ﬂy&eﬂak@téfz@%OfOO (grams of
extruded toget her prl or {0 use in epoxidation.

HEaniue jof ¥anagiuewzaoliteorer @get plesuppored catalysykis nﬁ?ffé‘fr@fj ewith a
Pﬁbb &dﬁfotwmké refOTRY, lahR Frdib ¥ 8M0 A5 rhb& cEJn!ef‘é\E‘reé\”d may

| ded, spray dried, shaped or extruded into an
deS| r éf@erenqnq@tlpmpr@@sagé tlneh lre/pomrda@mgnsesmmtaﬁingmn olefin,

cg%éﬁh %ﬁ'\dtﬂgfdﬂg%e% Felﬁﬁgéril*lc%r{%fftﬁ lc'a{ stm%\?;ée} :%%gable olefins
iridtam any oefirv haﬂdg atdeaebbme earbsnmadrctredbm hbpdtandgenerally
B 5 RIS B! il Beiel B METE M Ffom 2
dxf 30 tarbdf atoms; phefpeocesd, ofatte aveation iofpaitidutarySsuitabte for
%g)tigirz{n%dcz-Cs 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, hydroxyl, ether, carbonyl, cyano, or nitro groups, or the like. The
process of the invention .is especially useful for converting propylene to
propylene oxide.
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The epoxi dation process of the invention conprises
contacting an ol efin, oxygen, and hydrogen in the

wpe@semses of the catal yst m xture. Suitable ol BT/1S2008/010106

i nclude any ol efin having at |east one carbon-carbon
doubl gx ananﬁ*)rcﬁéé@rﬁ aré Yaléd Q@h@rédofcﬁoth‘éaéb&ﬂdéﬂdh FOCESS.
0

Preferably the efin is an acyclic al kene of from
thwrtaﬂbéﬁu%ﬂeérﬁi oxygen [ﬁné ogsM @NgesyitablentmeJacylar oxygen

Bﬁ&%&&@éﬂ% gnagleeprg@pregpom di zing C2-C6 ol efins.

More than one doubl e bond may be present, as in a
di enequaXIdatmhécmﬁlngx@rrmeemvm@rbISecarﬁeﬁa@utb@t @ temperature

Qﬁgétﬂ))%atb%ﬂ évb tfie deSiP Qleﬂn %g)lo%dﬁf?tsrp Sﬂef%%l h)ﬁfjfeﬂ%?atures in

contarn funct suc
tred rashge afdl- Bmf‘p ;,mdredvrefeyably e20}6300°03 aTrbemWIar [a]iaruf hydrogen

W e e isule meCyale o, Mo igB Gyl 7 g1 to 811 ana is

: Bsowél%fevbr@bw spybaoe: oxiTae. M¥ipo enioasftbxypyenm Qg ekfialis usually

UIr or h epo atlLon I OCEeSS t hough .
31 b 2B b GrerBlapht SR i ar B s eeatipy Blsodse dled in the
epbgastic pregssn ANthdreheier|gak, Bigidesieed aert @é@fcﬁhrt%“l used.
Epoxi dati on according to the invention is carried

out
anednelemptioapliplsfin e é@frrevegqscfsa{'e?ﬂ syallyqe thedapegyof 100:1 to

ql1f Ay 8%!&#8%01%0 preferably at tenperatures in the
range of '0-2500C, nore preferably, 20-1000C. The nol ar

[ at 1 0ABAhe NSRS P ReTo ROBIEIgAs B SURL S heliuse, Reg, agd argon are
%Uﬁaﬁ!é‘ﬂg%cﬁﬁoﬂ‘%Q@ogeﬁlaﬁ@ cér‘Boﬁ d%)@d’léj S§tu?a?9@ ﬁ&/@flolcﬂrbons with

favorable at 1: . The nolar ratio of Oxygen to
At espaciallys uzﬂ |§n02 plefleoabjy 20th drdl qaregreraiemg, £:9.1 neethane,

letl'{]ane @Eo‘b%ﬁé' &id AutdfyY a?%%@o*%%lté‘ﬁlgd Nlt'?oéé?\eand | saturated C:-Ca

OXId I'on process carrier gas,
hM@nopag:@sus e the pus‘eded Tinert gairier gases.o M)Xtucﬂsetbﬁ thetlisted inert

Iy i h f 100:1 t
At Shef OBl AbBED BT 10 1710, acthe inert gas

carri Specnfmzablbzen dbe eposidatiorasf hedpyleme, psmaneacrm lae gopplied in
g% gggqln addlltlont? nitro erntandcé:asrb i as. the
P PgaY St IMaiNEaPIFT§Pe% ST BErPRIPRTIRYE X SesB TP yas:
Explpsiaa dimitsedbfemattlinesveft propyléne apropanat loydsogen, gand oxygen are
hane opan and. n- but an are al so .
ShieAB 03P g B e B ot SR my hribE s deior in the
deerl driedipeiedrge liees.i nert carrier gases. Mxtures of the
listed inert carrler ases can al so be used. )
Spoc 118 ATGHTtB FRIUSORF e (TN BB P YRL A ths: Basiseor the
erdlard@itid W Rhé eithriilim SéthtaiRedVd tHeNBtaniuhi z&6IRe R6 A€ BRFINCthat is
an appropriate excess of carrier gas, the
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 mixture
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
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explosive limts of m xtures of propylene, propane,
hydr ogen, and oxygen are safely avoi ded and thus no

wW@Ehosisye nm xture can formin the reactor or PCI/UR®08/010106

feed and di scharge |ines. The anmount of catal yst used

pRysehee d»ebaé ror mecreCsdlidits. b Suitablefsolvieatsdkiate rmlyi hedical that
the tit mcon ained.,in the titanjiu mzelit&tothe
i3 B, Hagen S2glig CPRRs. [ORLEING REt Nay BRLSH (9, oxygenated

aydrocaibents siahaby Salchifold! earR, b&tel, AHdkefones, aromatic and
titanium ol efin per hour nolar feed ratio of from

eligdie "tYSrQ?albonstﬁ’g?Qrﬂﬁ RyenR ankhepae Mtrtles sechy asmasetgnitrile,

li\ad epoyi (ﬂ'ﬁtthé’rbl}%%F&ftl%lnGr tRbbftfeal ARSI 8Rd G@ftePe Preferable
carried out in I qui d phase, the gas phase, or in

spluenrtgplciudet W@Eﬁf ﬂiﬁa@eCQAhe':mdaOP(ygﬁm ¢ dwetacerbansdpuch as
fLaf%oHa%detHePse &Rl KstonlL Xai gmdbﬁk(fo %E&EF}Q& %xggeﬁé?éd solvents

orm of "a suspenS|on or fixe € proce
prehider lower @bplrr@;;lcaCc@atalm sfichoas methandlaethianol; l$m1mﬂranol

. q .
ARG e pufRel 3 Hlaures (RREL A OB, FBbAMa Horlol con be
usead mpagemialsty p[efevable tatuse mixkseslokthefcitéd A@dhbianeth water.

and ip the sence 0 e, or re s ents.
o1 Vol PUREFRRAS oaffied B 3 PR HEBMR Lot e Siereritiel hate. it s
aemta@eouscm dlsélaotbm‘ferl Mok wdiffieg willtypicaltt be addddd the solvent to

¢ e e - 268 Wrsh oSS iRy in e 12a8ton to iniv
h}éircs:vmmb@rtﬁ gfytﬁilb 3B dlydol efireraidrifg epoRidation.l IBuFfers Wé well

as acetonltr| l[iquid C2 (in the supercritical or
oo infhedt state), and water. Preferable sol vents

i ncl uggfrevatieful lin @S thveRBon HULARXAGEERBIE SME myaem the
such as al cohols, ethers, esters, Ketones, and t

NAlEe apdeRrePPRIENS)Sf Junish dy tae Inyistyre; arﬁcwmethpb\m pH of their
3bluBoA h{éy%ﬁgé fﬁ‘Jn‘F@hf?J $1 S;S’t%?bré@ly’fﬁatnl?aln@ 9 a%hﬁefé preferably

|sopropano and tert- utano of m Xt ures
fam Sde 8r . Syitably salts efoapeigh sostaiman @@lq;s@lw cattori sThe anion

g?ﬁltohc# {RE! tpﬁwgg/ %39&{1? aHE)n‘éS%Jcﬂ 3 BhEsoHate, LUrad, tc%gbonate

epoxi on IS carried out
bieartiangts, d:a(bnxylalmﬁsfe:gl,tacetate pbthedate, and the like), C|trate borate
+.a9 e
PEPOLRPSRTe! el bELre e Y ikl g e st may
swlude oncaﬂ'drts buktieh scﬂsutl @amrhsniemp| oy:ﬁk&lamntohmms e.g.,

1 nhihbit. the for C I
(SR b By, e, = b€ Pl AkdfE a'ﬁoaﬂfahe carth
hietalg) or thBulﬂa‘eerSaumbubmpmstlhclade INHENINBL, NIME, Pl Na)K, Cs,
| ta [ t e na e rtio

RAR G Fice Motk RiRer it ik ARl aRAE el BobHEA and
ammonium phosphate buffers. Buffers may preferably contain a combination of
more than one suitable salt. 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
M. The buffer useful in this invention may also include the addition of ammonia
gas to the reaction system.
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solutions may range from3 to 11, preferably from4 to
9 and nore preferably from5 to 8. Suitable salts of

W®@2009054835 cont ai n an ani on and cati on. The ani BEI/US2008/010106

portion of the salt may include anions such as

phospiipé €ollowing @kemplesrmenrdt Mustpateandomadngion. Those skilled in
carboxyl ates (e.g., acetate, phthalate, and the |i keféentlon

the pdwll recRaze Mapy vVauAtRNS et reaivihinghensRids Pl thedp

Qﬁdtsbgpé bK@e cli@scation portion of the salt may

inclu cations such as amoni um al kyl anmoni uns

(e.g., tetraal kyl ammoni uns, pyridiniuns, and the

Iike), al kali netals, al kal i ne earth rretals or the
like. Cation exa Ies include NH , NBu4, Nwe4, Li, Na,
KEXAMPWNg 1: BRE HONRE. PderfEIQnr Be-BivadTiPaf ang Bd-Au/TIO,
i ncl ude al kali netal phog gbq q,%d anmoni um phosphat e
buffers. Buffers may preferably contain a conbination

of noLetaltsdnAdRE-Billi®abl e salt. Typ| cally, the

0. 000 580 S b5 L AC gBGA T sekBalbAe 88T hp. 197

ind.%aPdyiis 8dddMo d belutbari bemsmmf uitraten((l 8% g Bi(N@4)t | dissolved in

TEC 200 00 Sobiier bR fots To b iTumebsodl MG The Pa-

Bi lsuktioatie tiidre atide® by iincipienh aemeskitb| spray anédmeltam’é (20 g, 30

I recog ma riati o are wthint
Bion 6t AP o RSO el 0e5b Bhe BAIgSArG cRicined in air in a
Whﬁnéce WEE’ T4t “OmintoBi FC #8s 4 Rduld arfthEnQR 2°C/m|n

and Pd- AuATi O2 CATALYSTS Catal yst 1A (Pd-Bi/Ti O ?):
1,3081s fepAUawss: oFhegeseriFingd é&l'@%é‘rfb ewaghed csmceew'eh an

%q&eéuélso@l@m? Bﬁ‘éar%’@r‘f’éié éélu NQ‘SdOtrﬁLa cOptdirihgno.of gmlzlaHCoa)

di ssol ved T n

th t t .
BB byt mesr BRI 0 i St Gmosh. Bhe Wcoed GRS eUM
thER)20 P aPdoPhoc b HELANahS heRaRidenty ARERbate by

Wetnessto spray dried titania m cron size
m@amgo@t 1@¢°8)/ mimted1147Calior 4aour®eodthenmheatingl atds Canis to 600°C

f
TBEBARE, SheTolies frePnfHiveh ek 65 Rz 165, N8 (Rbicd yiin o 4
94 %odryddodesuinsnitragess strearh at 1OQ° S dor Hihoar €1Gthesihmafitieded by
t
iRl 30 MRS SRR R LI E ot od (e
WAt eCatadt mA cohtaires @.0dwe)% Ph@.Gaeh#dBs (5I8| \ds%aTleand less than
uum @I‘I ed (20 torr) at 50C for 16 hours and then

in a nmffle furnace by heating at 10C/ mn to
110C for 4 hours and then heating at 2CAmn to 600 OC

Catalyst 1B (Pd-Bi-Au/TiO,):

An aqueous solution of disodium palladium tetrachloride (1.33 g, 19.7

wt.% Pd) and an aqueous solution of sodium tetrachloroaurate (0.83 g, 19.8
wt.% Au) are added to a solution of bismuth nitrate (0.81 g Bi(NO3); dissolved in
18 mL, 2.56 M solution of nitric acid, 16.6% by volume of 70% HNQO3). The Pd-
Bi-Au solution is then added by incipient wetness to spray dried titania (25 g, 30
micron size, 40 m2/g, calcined in air at 700°C). The solids are calcined in airin a
muffle furnace by heating at 10°C/min to 110°C for 4 hours and then at 2°C/min
to 300°C for 4 hours. These calcined solids are then washed twice with an
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for 4 hours. The solids are then transferred to a
gquartz tube and treated with a 4 vol. % hydrogen in

WO Rapofsms st ream at 100C for 1 hour (100 ccAhr®CT/US2008/010106

foll owed by nitrogen for 30 mnutes while cooling from

48060Us0 sa&% tb%a%mescﬁaroal Y nlA cdedinlngst . 1BAg NaHCO,),
cont ai ns 94 wt. % Pd, 64 Wt.%Bi, 58 wt.% Ti and

fllowed rPchﬂel%Z?be?F% (4Q:atta|f'y%f'rr@9) (e peshed$Pkss) are ggcuum

698@32‘9 téﬁj af 5@fc %r 03 %@wah@ahéra%rémehew@mfﬂé ifGkpate by
an agqueous sol ution of

@@aﬁmma& bQ nCérasvm tor bbm ﬁﬁfpé 4(ftpusfsagd they BeatingoatR1-/mineto 600°C
IPfodr. an8dolild 82 mfan*eﬂfﬁgrémd%taf@a 2tfo8ng trBulebfWith a 4
di ssol ve M'solu 0 tric
a@h"d hydeodsy IIDWIV@!DQmEtFQﬁm EYIOPREAYr 1 hobe (20 cahr)Afpllowed by
' [ t t
Bitolgh B 28 PPl AR gBdimgrtfor Rtk SEETS BrozedCatalyst
i1B. sCatabst TB@OGYaINSTOS widhi RS (b6 evt YalAvi, Od wh%alBi; and 58 wt.%
ffle furnace by heating at 10C/ mn to 1100C for 4
ﬁgurs and then at 2CAmn to 300 OC for 4 hours. These
cal cined solids are then washed tw ce wi th anaqueous

sodi ublcarbo te| go Q L, containing 1.13 g

Na GAEED ¢ water (40 nL, five

ti ngg)éqlfjéml\gaﬁh t%ﬁh%lﬂﬁroaraaratéc(ﬂlﬁ%drg ed9(930v¢t<% rAu) and
at or ours an ne
PSRBT HER o Balatiare, (4758 Sote Puft & Rl sre added to

irep Jhealonidakatévth Bwiin® #Pa Q&u{d)botforﬁ JHER.- 'ﬂ_@ this solution,

solids are then transferred to a quartz tube and

spdimeRicaiPPRate (41209), isaaddad @ge%pcpwp% follpyed bytspeandrigd TiO2
ééﬁlfngfﬁ nﬁchﬁlee(ébgosvfé:/Jy th?/gf Qﬂr cQ)&ﬁ%dbéi 7"50t € gfmefpm of the

nutes while cooling from 100 0C
plusdiuise adiptsigd /4o 18. bgagddipgt salig @@ﬁtoab‘ngf osoglum biggrgonate

. 0, i . 0 i B i
fopbr il g3 (€ Pamg Beenict o i s agrRRPD Ao of
the ﬁasﬁ atz Bzmgat a145 9sgrae. 3nghe forahdl hadnseatud3 €. sk safids are
or I 7 r
Elﬁetdngﬂ&l? 1%&2?3?@ é?fgﬁ%@gzgq w%?er (4%VES)W tﬁ)%lcﬁleﬁ in airin a
nmﬂﬁhsjfttmacteahy hbatsﬂg atTto CVmEn tso1 1lml°Co‘nr 4 vodrsuand then at 2°C/min
i t 0 fall s b

B, 380705 ot 5 st SaTsEl s oarBER a8, I fgBhiced
widtey, (12 L) eightainnesd Tite W@@hélﬂéohd?hﬁe mblctn‘edtl::i@ mhﬂl‘erfwna@e by

ust ed 7.3. b SO|Id rtlons 0 °c
Behthaahad Erunpis 11 frlobhy otn g fie Belindean 2 i esoo'c
f@achows. Thersolidd Sreieh Aabdfebedtobajuapt2 tabe 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
Comparative Catalyst 1B. Comparative Catalyst 1B contains 1 wt.% Pd, 0.6
wt.% Au, 58 wt.% Ti and less than 20 ppm CI.

EXAMPLE 2: EPOXIDATION REACTIONS
A 300 cc stainless steel reactor is charged with the supported noble
metal catalyst (0.07 g of 1A, 1B, or 1C), TS-1 powder (0.63 g), methanol (~ 100

g), and a buffer solution (13 g of 0.1 M aqueous ammonium phosphate, pH = 6).

10
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the flask at 25 rpmat a 45 degree angle for 18 hours
at 23C. The solids are then filtered, washed once with

walioonssexl water ( 1.2 L), and cal cined in ai rP€HUS2008/010106

nmuffl e furnace by heating at 10C mn to 1100C for 4
hradr8adBisttAen chargd6/te1300t i Qﬁh @Qeé@ﬁ:oﬂs@lmg’ &f 2 ¥hBj®ogen,

cal ci ned SO|°I ds are then was W th dei oni zed water (
$.% Qxygen g%t/o {PToRYieneTRed v@mﬁé'afa%anweab@aa@ﬁ pitroggn (yolume

O)%F i utH‘iE:ﬂ@%\eZ hyobﬂgfrétrwoﬁé féé?;%nsigt.hg ot 4045 tEPRfrod’en, 4%
for

urs and then heating a Cmn to 600

Ruyges, STherepyienss 0 & memamerairﬁsmérb@mopmltaogmrdwpwme %) for
LiaaRRo'd 53 Gl opfe BN R BER ARIED ot 00

pbigr vigea liankprﬁssmenmgmatmhuwlm theofeéadg gasesmpasged) Continuously
oC t ra ve Cat aI arati,ve
EPipY dh TEAUET a1 I Bt oy s R 2R disphere
'Ig'rEeAsanfia()Jl\gs 2r%égaﬁ ndintapra l@bnstEP@M\keE\t Zevel FRBXI r@éﬁbﬁ]}bnng the
0 cc stainless steel reactor js ¢
A IE YRR Deas FbI oRaaF Tess: P pegascoreHaly 4 dwo-iter
$Binless ekl vdssel (MM@%r) &@vr@ them‘ébbﬂfﬁobor(tmnﬁ'@m B)hters of

and buffer sol ution M aqueous ammoni u

el of epﬁactoe)'s S eathBy oI, Thiastion MU{%'smted to
BB:@® aWHttHe%afs 5 ?I‘ﬂ[]éhtslg'a‘?\% Ed% ()@nh&?”ngg@g “hour and the

en 5 % e ane an ance
hqu."d@g@lvzeddlyunélr% GEoat ﬁherﬁﬂdu@f thez1 & joar runl @ropmene oxide
SRl cBuReidyd EBOEEPINSH KRRl ol SHASP RO, opyene oveo
niﬂG”mgalmd (propyleme ‘wycbbrmethyisetlnerd i(EMaY arelpfodGcetl during the

ity ) GrolR Rt PLI e odeRh BB pe

gases passed conti nuously t hrough the reactor at 1600

cc/m nmeasur, d at 2 nd o e, at npspher e, pressure).

' or diat "ERSHESRE RSDS, dRe angoBo  enbor oyBHt TN Aeatalyst -
comptising UGN @nt heitiier NP J BV iOX g ePd-ANLBirTiQe rshamd a significant
pro$ | ene feeds arega ed th[ou?h a two- Idnter

tr e 4y RPREFNS &€ V'?%é??}i“éﬂgo P reducht §rarage make, as
cemphrid toGARtLRENbIMDSH. &nd PEWTICL. met hanol . The

reactor is stirred at 1500 rpm The reaction m xture

is heated to 60C and the gaseous effluent is anal yzed

by an online GC eveapl RouERRMatieResGI d anal yzed by
offline GC at the end of the 18 hour run. Propyl ene

oxi de and eqw vaI ents (" P@ ), which include pr opyl ene

oxi de ([P COlCatalyst ) +| aNBropyighy T €NE

gl ycol rret‘i’ﬂ}?'ysét her séz ., Brb&udiivigoiu cle B eldetivity @o)l 2 @
reacti dn, 1 nAadditlionsto pr opangssf or neld by teae

174

hydr ogematigg=of opy;emner 039 81
1A 1 0.41 86
18 1 0.62 79
1c* 1 0.7 68

! Productivity = grams POE produced/gram of catalyst per hour.
Propylene Selectivity = 100 — (moles propane/(moles POE + moles propane)) * 100.
* Comparative Example

11
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The epoxidation results (see Table 1) show that m xed
catal yst conprising TS-1 and either Pd-Bi/Tiq 2 or

woeoMsBrF Ti g 2 show a significant increase iPCT/US2008/010106

propyl ene selectivity resulting fromreduced propane
Paken: as conpared to mxtures of TS-1 and Pd-Au/Tiq 2.
TABLE 1: Epoxidation Results Productivity = grans PCE

pr oduted/ g‘f RFAGSES deft RICPUEinNg @n paxide @%Wﬁ'%éeadmg an olefin,

RpdrBgEh ‘é'nHYO 496 thd arés@ac@w@amsﬁ.(,n%,esarf’afaﬁm z‘é@ht@sand a
pr opane)) ng Conpar ati ve Exanplel claim 1.

BuRRAstes dairlysiCOmpEising anokip Hyatale bisarth pad Agariaict i ng
an ol gf i n'THB/&%egg‘oﬁagln?)fWelgrlhé h%nmne%?gsﬁaaamazeou.te is

titani'um or vanadi um zeolite and a supported catal yst
aditaniurgisiligatitenobl e netal , bisnuth and a carrier. 2.

The pgocesg, °6ro‘éé?§ 6‘1’&? £ WALk ﬂf‘e tbhﬁﬁie%g{’é’ i5,TS-1.

vanadl um zeolhte ani um si |1 cal
process ofThd arcme$s wiiedl@im 1t wieereint thel suppostedi d:aialyst contains

-1, ..4. Th f claiml1 j t
G511 28l B 8267 B e, bl R Bl 16 5 YRR oo
bishiuth.net al and O 001 to 5 vvei ght percent bi smuth. 5.

Th

Tt 1 Dy eths propndt R daitil P iefefhin s Aokl SyeliiiS palatiom.
carri@r i sTHebriegs dfreMini hewigdrelmptheosstiet isngeletted from the
carbon, titani rconia, niobia, sji|jca,. alu

na,
€quPC £aN3iRtN¢h O?t%ﬁ{ an.u 3543 dErcan y BigRRuntlisa: (Rlumina,  silica-

BIRYE4 € farR¥ILAE oxidd, afiofybliehiiga oxide! Qﬁﬂgsﬂeﬁ' d))kl@é‘ titania-silica,
ni obi a-silica, and m xtures thereof. 7. The process of

greania-silicm ibiarstiisa. andomixiures thereot. os oI efin. 8. The

proceps oftid globbds YNGR 1 whidkeih GRESIEARIS £ C ?QfefdPéflﬁEd
in the presence of a solvent selected from roup

consi 8t i nglhst Pericesh off Slaimt hayhereiasthe reactiont isneeyformed in the

@Lés'éhb@%f é"@&l Ent éélgé{ggﬁ'th@y%rﬂ XbidiSth gtgteéﬁzeﬁols ethers,
e process o clalm eact |

peters ketaes nnitries, wadere higuid §10-aabdinfiguresttoereaf.pr ocess

for §°du°flﬂegamc(é9¥ lo?rl% X8 %e‘?&m%q'bﬁ&lorne%%élﬂﬁmed in the

propylene, rogen and oxygen In a solvent

presesoe of aﬂbuﬁeml tani um

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

12
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zeolite and a supported catal yst conprising palladi um
bi smuth and a carrier. 11. The process of claim10

WoL@pe54873 he titanium zeolite is a titani um si PCTEHBI0&010106

12. The process of claim 10 wherein the supported

catal yt cpig E'rda;%_sgo@blaﬁra fOwhetedh thed 86106t is Rdld Bt £ the
and 0.001 to wei ght percent bisnuth. 13, The process

SFoupt eqnFisting i @IS, [N ar B3IBES. KElonep chifriles. ryaln dineid CO:,
dheWhxEARStheldgprgd of carbon, titania, zirconia, niobia,
silica, alumna, silicaalum na, tantalum oxide, .
nol yb#enunflsxpirsess ghglairen owhaeein the egactioniis pedormed in the

| il ke, niobia-silica, and m xtures
?ée:sr%gg'j?aflabu#&g process of claim 10 wherein the
sol vehf. i sA satalyst stixtreeempesiag 8uitanjemsirstainadiuof zeolite and a

RBHp S toer e Bop kTRl Sisplih i BeatBCT

cl ai M4 whee eatalyshmixtermceofi dain $6 pdvefein tieel titaniunher vanadium

[ nce.of .a buffer. 16. A catalyst mxture
%8?3@%‘%%8”&"? ?tﬁgﬁlﬁém or vanadium zeolite and a
suppon8ed T adaysystcomyiaies iofigclaimnoldl evheedial thebnebiet metal is
anld %d arrier. 17. Th.e.catﬁl%f,t. m'xt%re of gl im16
FREFEATTIM NG PTOHRIRPEINY, ShRRIRGI™, Y e PRI GOY; ¢ ani um
silicaditeThd Gatdiipa Aaltadey oF draiNt uree whlerdih alh@ hbble metal is
wherein the noble nmetal is selected fromthe group
€819 ng of palladium platinumand gold. 19. The

catal yot nTpd atyah reikRirenckiiRenei whérbm tHebtarrigBiskelected
is palladium 20. The catalyst m xture of claim16

WRET é"l'eh_gf%@ €aprs$istEng Pk C_é‘@?oé‘_@tt%%f“?:r BFRQYR @PBiép silica, alumina,
SMBsafinhing, @htAdhkaie, hdipdehunt bkig@NiuRgsahide, titania-silica,

silica, alumna, silica-alumna, tantal im oxide,
A e o fb&b'é@,"lcﬁuﬁgtﬂ‘@ﬁu@‘éitﬂ%rﬁof-i tani a-silica,
zirconia-silica, niobia-silica, and m xtures thereof.
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