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DIRECTION EPOXIDATION PROCESS USING  IMPROVED CATALYST      This invention relates to
a supported catalyst, a catalyst mixture, and its use in the production of epoxides from hydro-     gen,
oxygen, and olefins BACKGROUND OF THE INVENTION     Many different methods for the
preparation of epoxides have been developed. Generally, epoxide s are formed by the reaction of an
olefin with an oxidizing agent in the presence of a catalyst Fthylene oxide is commercially produced by
the  reaction of ethylene with oxygen over a silver catalyst. Propylene oxide is c onimercially produced
by reacting propylene with an organic hydroperoxide oxidizing gent, such as ethyl benxcne hydro p
eroxi de or ten-butyl hydro p ero xi de . This proc es s is performed in the presence or a solnbilized
molybdenum catalyst, seeU.S. Pat. No. 3,351,635, or a heterogeneous titania on silica catalyst, see
U.S. Pat. No. 4,367,  342_     Fie s ides oxygen and al kyl hydro perox ides, hydrogen peroxide is also
a useful c_ixidirzing agent for epoxide formation. U.S. Pat.P'-Jos. 4,833,260, 4,859,785, and
4,937,216, for example, disclose olefin ep02cidation with hydrogen peroxide in the presence of a
titanium silicate catalyst.               current research is conducted in the direct op oxida - ti on of olefins
with oxygen and hydrogen_ In this process, it is believed that oxygen and hydrogen react in situ to
form an oxidi irig agent_ Many di nereut catalysts have been proposed for rise the direct ep oc idat i
process_ Typically, the catalyst comprises a noble metal and a titanosilic ate. For example, JP
4-352771 discloses the formation or propylene oxide from propylene, oxygen, and by using a catalyst
containing    C-Eroup VIII metal such as palladium on a crystalline thane:, - silicate. Thlie C-roup "VIII
metal is believed to promote the reaction of- oxygen and hydrogen to tcyrrn a hydrogen peroxide in
situ oxidizing agent. 11.5. Pat_ TIo. 6,498,259 describes a catalyst intixtuire of a titanium zeolite and a
supported palladium complex., where p all ad i inn is suipportecl on carbon, silica, silic a-al rirn ma, t
itan i a, ircomI i a, and niob in. Other direct epoxidation catalyst examples inclnde gold supported on
titanosilicates, see for example PCE 98/00413. C )ne disadvantage ofdescribed direct epox idat ion
cata- lysts is that they are prone to produce non-selective byprodnets such as glycols or glycol ethers
formed by the ring-open ing of the epoxide product or alkane byproduct formed by the hydrogenation
of clic-fin. U.S. Pat. /%4 0 . 6,008,388 teaches that the selectivity for the direct olefin epoxidation
process is entrant: ed by the addition of a nitrogen c cmapc, and such as ammonium hydroxide to the
reaction mixture. TJ.S. Pat. No. 6,399,794 teaches the 13 se of ammonium bicarbonate modifiers to
decrease the production of ring-opened byprodncts     I 1.5. Pat_ TNT. 6,005, I 23 teaches the rise o U
phosphorus, sal fur, selenium or arsenic modifiers such as triphenylphosphine or b CUM) thiopherie to
decrease the production of propane. 15. 5. Pat. No. 7,026,492 discloses that the presence of carbon
monoxide, nietliylacetyleflen and/or propa diene modifier gives significantly reduced all-cane
byproduct. 11.5. A.p pl. Pub_ No_ 200S/0021230 discloses that the use of a lead-modified  paII ad i
nrn-containing titaninm or vanadium zeolite reduces all-cane byproduct formation. In addi tion,
co-pending -U.S. patent application Ser. NO. 11/977,360 teaches that the  
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-use- of a catalyst comprising titanium or vanaditittn zeolite, a noble metal, load, and bisaanttla also
reclue es alkune b ypn_, clue t formation.     As with any chemied process, it is desirable to attain still
further improvements in the op oxi dun on methods and catalysts_ We have discovered a new catalyst
and its rise in olefin epo xid a ti on S1LINIMARTY- (DE     The invention is a supported catalyst
comprising a noble metal, load, and a carrier that has been treated by c_:oritac ti ri.p, with nitric acid.
me invention also c orapri s es a catalyst mix - tare comprising a titani am or vanadiarn zeolite and the
sap - ported catalyst_ "T'be catalyst na ixture is nsefitl in olefin epoxi - dation. Thus , the invention also
Inc-Ludes an olefin epoxidattion process that comprises reacting olefin, oxygen, and by in the
presence of the catalyst mixture. This process st-trprisingly gives signincantly reduced
alkattcbyprodnct formed by the hydrogenation of olefin L.M.:114,11-HO L.M;
SC71-2_IP11401%41.1-1.E, ITV 'VE.1%-.1.1.101%.1     "I he sap ported catalyst o 1- the invention
comprises a noble metal, lead- and a carrier_ -riao carrier is preferably an inorganic poro as material,
in partic atm- inorganic oxi des and clays_ "l he carrier is most preferably an inorg-an i c ox ide_ 1"re
I-erred i rio rg,attic oxides inc--lnde oxides of Crottp 2, 3, 4, 5, or 14 elements_ Particnlarly preferred i
no rgan ic o ide carriers Inc lade silica, titania, zirc onia , niobii,nt oxides, tanta hint oxides,
amorplaotitariia-siiica, amorphous zirconi a- si ca, amor- plan n lob ia-silica, amid thehe carrier may be
a zeoli te, bat is not a titanium or vanadium zeolite-. Particularly prelim-ea trittr,-tuaie oxides bac lade
silica, titania, zit-coma, and /IA0 bia . Titania is most preferred.     Preferably, the carrier bas a starthe
e area in the range of a bout 1 to a bout 1000 taa=ig, most preferably from a bout 10 to abo at 500
nia/g,-_ 1"re ferabl y, the pore vol ante ol the carrier is in the range of a bout 0.1 to a bout 4.0 nal_fg
more preferably from about 0.5 to a boat 3.5 nar__,/g and ato st preferably from about 0_8 to about
3_0 nal-/g Preferably, the average particle size of the carrier is in the range of a bout 0.1 inn to a bout
1.4 c in, more pre let-ably from al, 0 La I 1.-LIMI CO at 0 tit 0_7 cm, and most preferably front ab oat
10 jim to abort 0_2 ern _ 'The preferred particle size is dependent apola the type of reactor that is at
sea, for example, larger particle sizes are preferred for a fixed boa _reaction. The average pore
diameter is typically in the range 0 arbo at 10 to about 1000 A, pre ferably aboat 20 to about 500 A_,
and most preferably about 50 to about 350 A_     "1h be s arm rted catalyst also contains  a noble
metal aria lead. while any of the noble metals can be -utilized (i silver, platimma, palladiana, iridii.inm,
rathernana, sunam), either alone or in combination, pall ad him, platinum, gold, pal la dinm/p la thrum,
or a pa Ila d bun/gold combination are part i c Lii an y des irable. 1"al 1 adi ant i s I-17 cst pre rerrea
-1 yp ic ally, the am CHM t ol noble metal present in the sap - ported catalyst will be in the range of
from 0_01 to 20 weight percent, preferably 0.1 to 10 weiglit pore- eat. The naainac_--r in which the
noble metal is bac orp oral ed into the s apport ccl catalyst is not considered to be particularly critical.
For example, a noble metal c orripo mad (e g, palladi ulna dinitrate) may be sap ported on the carrier
by impregnation, adsorption, ion-exchange precipitation, or the 



  ˚ 3

There are no pa rtic-n1 ar restrictions regarding the choice of noble metal c-onap eland or c ompl e,c
nsed as the so-urc-e ofno b Ic metal in the sap ported catalyst_ For exam pie, sa 'table corn-  pounds
inctude the nitrates, sill-fates, halides (e_g_, chlorides, bromides), carboxylate.s (e.g. acetate), oxides,
and amine omplexes of the noble rnetal.                        the oxidation state of the noble metal is not c
onside-red critical. In the case of palladium for instance, the palladimn may be in an oxidation state
anywhere from 0 to -1-4 or any combination of stich oxidation states_ To a chic-ye the desired
oxidation_ state or combination of oxidation states, the noble metal compound after being introduced
into the stipported catalyst may be fully or partially pre-rearmed_ Satisfactory catalytic perforrnanc e
can, however, be attained with  any pre-reduction.      "lhe supported catalyst or the invention also
contains lead. The typical amount or lead present in the snpported. catalyst will bc.- in the rang,c,- of
from about 0.01 to 10 weight percent, preferably 0_01 to 2 weight percent_ Snitable lead compounds
used as the lead source in the supported catalyst include lead nitrates, 4.:--arboxylates (e.g., acetate),
halides (e .g., chlorides, bromides, iodides), cyanides, and silltides_ I,cad nitrates and carboxylates are
particttlarly preferred_ I ,cad nitrates are most preferred. "flac lead may be added to the carrier before,
during, or after noble metal addition. Any suitable method can be -used for th_4:: incorporation of lead.
into the supported. catalyst. As with noble _inc-tal addition, the lead may be supported. on the
carri4z-,t- by impregnation (e.g., by incipient wetness, etc.), adsorption, ion-exchange,
deposition-precipitation, or other incorporation method-s      "The carrier is treated by contacting with
nitric acid_ "The nitric ac id is preferably an agneorts solution containing I to 70 weight percent nitric
acid. "The contacting can be performed in a batch or c cuatinuorts marmer, preferably in a batch
manner. 'The temperature of the contacting is not critical, but temperatures of from 15 to 60 C. are
pn.-.:fc--_r_rc-d.. "_Lhe a monnt of time required for contacting is not critical, but will typically be from
about 0_1 to 24 honrs      The carrier may be contacted with nitric acid in a variety of ways, including,
brit not limited to, the following means_ The nitric acid treatment may be performed: (1) prior to the
addition of the noble metal and lead componnds; (2) sin-mitaTIC LI sly with the addition of the noble
metal c maapo mad, either prior to or following addition of lead cc_mtpottrad; (3) simultancon sly with
the addition of lead compound, either prior to or following addition of the noble inc-.:tal compound; (4)
simultaneously with the addition of both the noble nac-tal and lead compounds; and (5) following the
addition of the no metal and lead compound s_         fter nitric ac id treatment, and noble metal and
lead incorporation, the stipported catalyst is recovered_ Suitable catalyst recovery methods include
filtration and washing, rotary evaporation and the like. "The supported catalyst is preferably dried at a
temperature greater Man about 50 C. prior to use in epoxid.a non. --rhe drying tempera nil re is
preferably from about 50 C. to about 700 C., and-more preferably from about 250 C. to about 450 C.
-The silpported catalyst may be optionally thermally treated in a gas stach as -nitrogen, hel hun,
vacuum, hydrogen, oxygen, a-tir, or the like. The thermal treatmnent temperature is typically from
about 50 CT. to about 700 (77 It is preferred to thermally treat the stapported catalyst in the presence
of an oxygen-c ontaining gas at a temperature from about 400 C. to abc_u_tt 650 C., and optionally
reduce the supported- catalyst in the presence of a hydrogen-containing gas at a temperature from a
bout 50 C. to a bout 300 C.      The sup ported 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 epox
idation_      "TThie catalyst in i t ure o1 the irivemi tiori cornpri s es the supported catalyst and a
titaninin or van acl nin :ceo 1 ne i tan i rim  or -vanadium zeolites comprise the class oFzeolitic sal b
stances wherein titannann or v-anadharia atoms are siabstinated for a portion of the silicon atoms in
the lattice framework- of a rnolecialar sieve_ Suicla saabstances, and their prodiaction, are well known
in the art. Sec for example, U.S. Pat. Nos. 4,410, 501 and 4,666,692. 
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Suitable ti tani lam or I/anticlinal_ .c.olites are those crystalline materials having a porons molecialar
sieve sartic lure. witla titanium or vanadium a tonas slab s tit Lit ecl in the fi-aanevvork. Tlac choice
of-titanium or vanadium zeolite employed will depend upon a number of Factors, including, the size
and shape of the olefin to be epoxidized.     Particularly preferred titanium or -vanadium zeolites
include the c Ia ss oFtriolecnlar sieves c ommonly referred to as titaninn-I silica] ites, part Icalla-Hy
"TS- I" (having an MP T to analogorts to that of the 7S1\4-5 alnan i no silicate rzeolites), "15-2" (having
an M.HT, topology -taralogons to that of the .ZSM-11 almninosiiicate li les), "TS -3" (as described in
Fle12,-ia-na Pat_ Ts4O_ I ,00 I ,0138), and -Fi-1\4WW (having, a topology analog,ons to that of the
MW alainainosilic ate,                    Titaniann-containing molecular sieves having Framework structures
isomorphic:1n s to zeolite beta mordenite,              S , .Z.SM- 12 , SBA-15, --r-r_ro, rims, and
MC7M-41 are also suitable For use. TS-1 and --ri-m-ww- are particularly preferred_ "The titan Ulm
zeolites preferably contain no elements other than titannarn, silicon, and oxygen in the lattice
franacwork, al fiat." agla minor mao Lunt s of boron, iron. -al man - man, so di lana, potassintaa,
copper and the like may be present.     Preferred titanham zeol ites will generally have a composition
corresponding to the Following empiric al Formula x:1IV-, (1 -x)Si0.-, where x. is -between 0.0001 and
0.5000. More preferably, the -v-a lu e oFx is From 0.01 to 0.125. --rbe molar ratio of Si: 1i in the lattice
Framework of the .x00E:to is a dvanta g,4.:--on sly from 9_5:1 to 99:1 (most preferably fi-orn 9_5:1 to
60:1). -The rise of relatively titan narn-ri ch zeo 1 ites may also be desirable.               --rbe epoxidation
process of the invention comprises contacting an olefin, oxygen, and hydrogen in the presence of the
catalyst mixture comprising a Mani-urn or vanadnana zeol ite and a supported catalyst comprising a
noble metal, lead and a carrier that has been treated by contacting with nitric ac id. snitable olefins
inchade any olefin hav Mg,- at least one carbon - carbon clot-11,1e bona, and generally from 2 to 60
carbon atoms Preferably the olefin is an acyclic alkerte of From 2 to 30 carbon atoms: the process of
the invention is particularly suitable For epoxidizing C.,-(17," olefins. More than one de:ruble bond.
may be present, as in a diene or tri ane For example. The olefin may be a hydrocarbon (i.e., contain
only carbon and hydrogen atoms) or may contain hanctional gronps sncla as halide, carboxyl, lay dm
x.y1 , ether, curb onyl, cyanic.), or nitro groups, or the like. The process of the invention is especially
ns4.:--Ful For converting propylene to propylene oxide.     Oxygen and hydrogen are also required For
the epoxidation proc es s. Althon Oa any sources of oxygen and hydrogen are snitable, molecallar
oxygen_ and raolecallar hydrogen are preFerred     P;pox i anti on according to the invention is carried
oat at a temperature effective to ac hi eve the desired olefin epox ti on, preferably at temperatures in
the range o I- 0-250 CT., more preferably, 20- I 00 CT_ The niolar ratio (3 r biyartlgerl to oxygen is
preferably in the range of _ET,: 0-,=1:10 to 5:1 and is especially favorable at 1:5 to 2:1. The molar ratio
of oxygen to olefin is preferably 2:1 to 1:20, and. more preferably 1:1 to 1:10. A carrier ga s may also
be used in the epoxiclation pro - c es s. As the carrier ga s, any desired inert gas c an be -used. The
molar ratio of olefin to carrier gas is then preferably in the range ofto 1 :1 0 and especially 20:1 to 1 1
0.       As the carrier gas, noble gases stich as hel him, neon, and argon are saitable in addition to
nitrogen and carbon dioxide. Satitrated hydrocarbons with I -8, especially I -6, and pre lerLtbly I CI-I I
-4 ca-trbon atoms, e.g., methane, ethane, propane, and n-batarte, are also saitable. Nitrogen and
santrated C.71-C17,_ lay droc arbons are the preferred inert carrier gases. Mixt ares of the listed
carrier gases can also be used..      Specifically in the epoxid.ation of propylene, propane or methane
can be stip pl ied in stich a way that, in the presence of      appropriate excess of carrier gas, the
explosive 1 inn its ofmixttires of propylene, propane (methane), hydrogen, and oxygen are safely
avoided and thus no explosive mixtare can form in the reactor or in the feed and dischare lines 
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04.:,-petiding on the olefin to be reacted., the pc:nada-I:iota according to the invention can be c arried
oat in the liqaicl phase, the gas phase, or in the supercritical phase. When a liquid reaction tnedinna is
nsed, the catalyst mixture is preferably in the Form of a sit spension or fixed-bed. --The process may
be performed as i rig a c ontirnions flow, serni-batch or batch mode of operation   If epoxidation is
carried oat in the liquid (or sapercritical or sabcritical) phase, it is advamtageotts to work at a pressare
of 1-100 bars and in the presence, of one or more solvents. Snitable solvents Jac-hide any chetnic al
that is a liquid- under reaction conditions, including, but not limited to, oxygenated hydrocarbons sn ch
as a lc-ohols, ethers, esters, and ketones, aromatic and. aliphatic hydrocarbons such as to and
hexane, nitrites stich as acetonitrile, I iqni d CO.., (in the stipercritical or snbcritic al state), and water_
Preferable solvents inclade liqaid CO.,, nitrites, alcohols, ketones, and mixtares thereof, and mixtures
of these solvents with water. Preferred nitrites inciLtde ace tontrile and other nitriles with appreciable
water solubility. Preferred alcohols include lower aliphatic C71-C7,_ ale oho Is such as methanol,
ethanol, isopropanol, and tert-birtanol, or _mixtures thereof_ IF a lc-ohols can be -used. It is
particularly preferable to n se mixtures of the cited alcohols with water.         epox dati on is carried ont
the li gni d (or silpercriti cal or sabcritical) phase, it is advantageons to rise a hatter. the batter will
typically be added to the solvent to form a buffer solation. The butler solation is employed in the
reaction to inhibit the Formation of glycols or glycol ethers during epoxidation l3nFFers are well known
in the art.      flatters -useful in this invention include any snitable salts of oxya cid s, the nature and
proportions of which in the mixture_ are stich that the ph I of their solutions ma y range From 3 to 10,
preferably from 4 to 9 and more preferably from 5 to 7_ Silitable salts of oxyac ids contain an anion
and cation_ the anion portion of the salt may include anions sach as phosphate, in ono lay dro geriplio
spliate, d thy dro genphospha le, s itI - fate, carbonate, bicarbonate, curb xylat es (e.g., acetate,
phthalate, and the like), citrate, borate, hydroxide, a him-am silicate, or the like. "Ilac- cation portion of
the salt ma y inc d.e cations  sn ch as a timaacmin in, a lky la tinnoni nis (e tetra alkylatntnoninms,
pyridininms, and-the like), alkali metals, alkaline earth metals, or the like_ -R.-scampies inchide NT-1a,
1?1t3ria, 1`41'ile,s, li, 1?7 TC, Cs, Mg, and Ca cations_ More preferred batters inchide alkali metal
phosphate and am mon atm phosphate buff ers. _Salt ors may preferably contain a c ornbination of
more than one saitable salt. "lypically, the concentration of-bitFt-or in the solvent is from a bont 0.0001
M to about 1 M, preferably From about 0.001 M to about 0.3 M. The htiffer rise-ail in this invention may
also inc lade the addition of ammonia gas to the reaction system_      me Following examples merely
iltastrate the invention_ those skilled in the art will recognize many variations that are within the spirit
of the invention and scope of The claims_                   F:3CA.MPT "-R. I Preparation of r.d.Pbc-FiCD.,
Catalysts Catalyst 1,A.: -Nitric _Acid Added with Pd and PI, to TiO,      1-4.-.rad nitrate (0.35 g) is
added to a nitric acid solution _nth of a 2.56 M (16.6A, INTO, by volnune), Ent-titer diluted with 10 g
distilled water; total acid soluLticna=1. 5 g). Tb dais solntion, CCM S sohnima of palladium dinitratc
(1.07 g, 20_64 wt. X r-c-r) is added with tracing. mite Fict Pb nitric acid solntion is then added by inc
ipient wetness to spray dried titania (20 g, 30 micron sie, 40 nanig, calcined in air at 700 C.). solid-s
are c alcitied in air in a inn me furnace by Heating at 110 C. for 4 hours (after ramping at 10 C Main)
and then at 300 C. for 4 horns (after ramping at 2 C../nain)_ 'The solids are calcined again in a Tamale
hanace by heating at 110 C; for 4 hours (after ramping at 10 C./ruin) -and then heating at 600 C. for 4
hours (after ramping at 2 C./min). 'The solids are then transferred to a c_p_tart tnbe and rednced with
a 4 vol. ?-zo hydrogen in nitrogen stream_ at 100 C. for 1 Hour (100 cc/lar), followed by nitrogen for 30
minntes while cooling from 100 C. to 30 C. to prodnce Catalyst 1A._ Catalyst IA contains 0.93 wt. 9,7o
pa, 0.9 wt. 07o Pb, and 57 wt. cA,      Catalyst 113: Nitric. Acid _Added to 110-, before Pd. and Pb
Addition 
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An aqueonls nitric acid. solution (60 ma- of a 2.56 M 112`403 agaleons solution, 16.6X) IIN(I), by
volume) is add-ed to spray dried titania (75 g, 30 micron siz-e, 40 tn2/g, calcined in air at 700 C.) by
incipient wetness. "The nitric acid_ treated titania is calcined in a nanftle furnace by heating at 110 C.
for 4 lac, Jars (after ramping at 10 C_/rnin) and then at 300 C. for 4 horns (alter ramping at 2 C./min).
T ,ead nitrate (0_17 g) is added to deionixed water (8 g) to roma a lead. nitrate solution, and an a gat
eon s solution of palladium di/tin-ate (0.53 g, 20.64 wt. (Y0 Pd) is ad-ded to the lead nitrate solution
with tnocing_ 'The ra Pb scAntion is then added by incipient wetness to the nitric acid treated spray
dried_ titania (10 g). The solids are then calcined and rednced according to the procednre of Catalyst
lA to prodnce Catalyst 1F3_ Catalyst in contains 0.95 wt. `Y.C.Pd. 0.9 wt. ?v.. Pb, and 57 wt.. "Vo "_fi.
Comparative Catalyst 1C: No Nitric _Acid      1-e;_-td nitrate (0.35 g) is added to 14 5 nth of
deic_naied water (14.5 nal-) to form a lead nitrate sohttion, and an aqt_teons solution of-palladium
dinitrate (1_07 g, 20_64 wt_ (X, F-a) is added with rtaixing_ The Pd Ph solution is then added by
incipient wetness to spray dried titania (20 g, 30 micron Si e, 40 nar2/g, calcined in air at 700 C.). the
solids are then calcined and reduced ac cording to the procednre of Catalyst I A to produc e
Comparative Catalyst I C. Comparative Catalyst 1C contains 0.9 wt. 9,6 ra, 0.9 wt. 9-6 Pb, and 58 wt.
rivo'Ti. F:X..AN4PIt. 2 Preparation of F'clf-Fi(I)-, Catalysts Comparative Catalyst 2: Nitric _Acid Added
with Pd. to TiCDT,      Ata ac_p_teons solntion of palladium dinitrate (2.13 g, 20.64 wt. 'NJ Pd) is
added to an agneons solittion or nitric acid_ (10 nft, of a 2_5 M T INC), farther dilated with 19 ml, of
distilled water) with na icing. The Pd, nitric acid solution is then added by incipient wetness to spray
dried tit ania (40 g 30 micron          40 nra/g, calcined in air at 700 C.). 'the solids are then calcined.
and _red:aced. according to the procedure of Catalyst 1.A. to prodnce Comparative Catalyst 2.
Comparative Catalyst 2 contains 0.9 wt. 070 Pd and 57 wt. "Xia  EXAMPLE 3 Epoxidation Reactions
A 300 cc stainless steel reactor is charged with the supported noble metal catalyst (0.07 g of 1A, 1B,
1C, or 2), TS-1 powder (0.63 g), methanol (-100 g), and a buffer solution (13 g of 0.1 M aqueous
ammonium phosphate, pH=6). The reactor is then charged to 300 psig with a feed consisting of 4%
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 gases
passed continuously through the reactor at 1600 cc/min (measured at 23 C. and one atmosphere
pressure). In order to maintain a constant solvent level in the reactor during the run, the oxygen,
nitrogen and propylene feeds are passed through a two-liter stainless steel vessel (saturator)
preceding the reactor, containing 1.5 liters of methanol. The reactor is stirred at 1500 rpm. The
reaction mixture is heated to 60 C. and the gaseous effluent is analyzed by an online GC every hour
and the liquid analyzed by offline GC at the end of the 18 hour run. Propylene oxide and equivalents
("POE"), which include propylene oxide ("PO"), propylene glycol ("PG"), and propylene glycol methyl
ethers (PMs), are produced during the reaction, in addition to propane formed by the hydrogenation of
propylene.    The epoxidation results (see Table 1) show that a TS-1 and Pd Pb/TiO2 mixed catalyst
shows a significantly reduced propane make (i.e., higher propylene selectivity) when the TiO2 has
been treated with HNO3, compared to mixtures of TS-1 with Pd Pb/TiO, that were not treated with
HNO3. In addition, HNO3 treated Pd/TiO, (with no lead) produces an extremely high amount of
propane. 



  ˚ 7

TABLE 1 Epoxidation Results  CatalystPropane Make CatalystProductivity'(%)2 lA0.656 1B0.594
1C*0.712 2*0.726 1Productivity = grams POE produced/gram of catalyst per hour. 2Propane Make -
moles propane/(moles POE + moles propane) x 100. *Comparative Example  1 claim      1. A process
for producing an epoxide comprising reacting an olefin, hydrogen and oxygen in the presence of a
titanium or vanadium zeolite and a supported catalyst comprising palladium, lead and a carrier that
has been treated by contacting with nitric acid. 
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2. The process of claim 1 wherein the titanium or vanadium zeolite is a titanium silicalite.     3. The
process of claim 1 wherein the olefin is a C2-C6 olefin     4. The process of claim 1 wherein the
reaction is performed in the presence of a solvent selected from the group consisting of alcohols,
ketones, nitriles, water, liquid CO2, and mixtures thereof.     5. The process of claim 1 wherein the
carrier is selected from the group consisting of titania, zirconia, niobia, silica, tantalum oxide,
titania-silica, zirconia-silica, niobia-silica, and mixtures thereof.     6. A supported catalyst comprising
palladium, lead, and a carrier that has been treated by contacting with nitric acid.     7. The supported
catalyst of claim 6 wherein the carrier is selected from the group consisting of titania, zirconia, niobia,
silica, tantalum oxide, titania- silica, zirconia- silica, niobia - silica, and mixtures thereof.     8. The
supported catalyst of claim 7 wherein the carrier is titani a .     9. The supported catalyst of claim 8
wherein the titania is contacted with nitric acid prior to introduction of the noble metal and the lead.
10. A catalyst mixture comprising a titanium or vanadium zeolite and a supported catalyst comprising
palladium, lead, and a carrier that has been treated by contacting with nitric acid.     11. The catalyst
mixture of claim 10 wherein the titanium zeolite is a titanium silicalite.     12. The catalyst mixture of
claim 11 wherein the titanium silicalite is TS-1 or Ti-IVIWW.     13. The catalyst mixture of claim 10
wherein the carrier is selected from the group consisting of titania, zirconia, niobia, silica, tantalum
oxide, titania-silica, zirconia-silica, niobiasilica, and mixtures thereof. 


