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30 framework of a molecular sieve. Such substances, and their production, are well
known in the art. See for example, U.S. Pat. Nos. 4,410,501 and 4,833,260.

The process of the invention uses a fitanium or vanadium zeolite that

contains the templating agent used in the fitanium or vanadium zeolite synthesis.

The synthesis of titanium or vanadium zeolites is well known in the art, Titanium



.or vanadi um zeelite -synthesis typically conprises
reacting a titaniumor vanadi um conpound, a silicon
source, and a tenplating agent at a tenperature and
for atinme sufficient to forma titanium zeolite.
Sui tabl e titani um conpounds wuseful in_ titanium o :
zeobl tvenggiHrhesplie suithews typically ecamenrises niqasting o2 ttanium or
titan . _ fani .
t1 ¢ Sl oG o {Auh At S RrlSing S G emperature
titamd fomat e aeffibient Beformna titahiam zevliteet Buitabieotitatiym compounds
Titani.um_t.etraethoxide i.s especially.prefer . P
pr bl FRILRT Aol FultBestSURGUER.  VyRafé bt Hited to, ttarium
§ 1 i slhbxadéed earain dtanivnanhalisles et Rrefdredi thaniubui dlkddides are fitanium
t are n

o GRS AL R Thanar

al kiprae@oxidBrie bepeialygirbicsen. FrsicdaRami® halides include titanium
tetraethylorthosilicate, tetranmethylorthosilicate, and

t hetrichipgide aag {iapium feirashloRige | i cate is especial |y

preferr @kritame sHiSoP's8liicRY iAGESE, bt APhé@rhited to, colloidal silica,
t et raal kyl ammoni um cat i on, particul ar

|
16 et fusicopsilicamend usilican | Gikoxiries. ten‘fﬂeﬁ/rieﬁig slipon; alkoxides are
typ{el‘ﬁ‘%{ IdE68iitdle ! NestranTethGihd iRt NERI SyRS ﬁtfe. _Tetraethyl-

tenpl atl ng agent conpound consisting of the tenplating
- agenttheriitatmis sspecialy prptatieds. The tetraal kyl anmonium

coL 0o AN el DA, orin

Tet tetrablopytemroonium lgiibroxi Thes templating agahkid &pically uwsed in the

hal i d such .as trapropyl ' y ks ,
Dot PRI YERRA oo A AP RRE P BTG kAG o e templating
t enph@itiarg agenibnicapeoiesdsTheTietraalpylapyaram mation is typically used
hydr oxi de i § especi al.l referred,  Synthesis of,
L L8R i SYEXRRS Jﬂ%’“&%m hirate | AcEiptS, ogn uttﬁ%y lige  compound.
hydﬂ'@irﬁ'ﬁk%@«‘nm‘dm_ ahydréatiéLnarf {atraRgarmmonitingt uiides, such as
pr epar ed xq conbi ning the titani um or vanadi Hn? :
confSH@RERPYATMEBHMsbArexide aRd telEaripRyiamEIoRREn Nalide, are prefered
0 i al ne SRIHAT hybxiEstis jal
SLTUBE sy Mnphaan ctephy B pRIDAEE() el
as PEd@Febyl, ethyl and methyl al cohol are preferred,
and isop | il L A [ 1,8 0ear b
Gener al I??[Hpﬁsels héﬁ?ﬂé}tg ﬁigb?naﬁsgéglg@ysw uisé:eog{etgo l%rgargfg OL_It._ v @
tit Apdretheomal eeystedlization afl 4 reactionvoiiwre prepaiedgby combining the

B} A5 B B B Rt compound

;ageint therpressncef of Svai@r. abthemsbiesniafsuth @ alcohdl2may also be present.
O R ke o Y i Bkt S P sovr
The zwaheris esi)@a?;:rafenreati ois typically from about

1000-500Q: 100 . an hgﬁo vent. : SJ02 nol ar, gati 0 A
in the P2Rg&@l%s toe SOAT®

vanadium zeolites involves forming a reaction mixture wherein the molar ratios of

rmal process used to -prepar_ey tlk%a(\enium or
30 additives (as defined in terms of moles of templating agent, moles of SiO, and
" moles of TiO, or VOa5) comprise the following molar ratios: TiO2(VO25):8i02 =
0.5-5:100; and templating agent:Si0O; = 10-50:100. The water:SiO, molar ratio is
typically from about 1000-5000:100 and the solvent:SiO, molar ratioc may be in

the range of 0-500:100.
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30  preferably from about 50°C to about 200°C.  As recovered, the titanium or
vanadium zeolite still contains the temp!atmg agent that was used in the zeolite
synthesis. ‘

The fitanium zeolite useful in the invention preferably is of the class of
molecular sieves commonly referred to as titanium silicalites, particufarly “TS-1"
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not considered to be particularly critical. For example, the noble metal may be

30 supported on the zeolite by impregnation, adsorption, precipitation or the like.
Alternatively, the noble metal can be incorporated info the zeolite by ion-
exchange with, for example; a tetraammine palladium salt such as tefraammine
paltadium dinitrate, dihalide or sulfate. ‘
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preferably less than 2000 ppm. Also, the heating may be ‘conducted in an
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containing, or both) is passed over the noble metal-containing titanium or



heati ng process. may be conducted such that the gas
stream (i nert, oxygen- containing, or both) is passed
over the noble netal-containing titaniumor 6

vanadi um zeol ite. Aternatively, the heating may be
performed in a static manner. The zeolite co
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ol efriarmeni t Thexhegtad aaditayehddaiso hi @gl adprdHar delirrash while being

B CCSaR-ROTR| AShyGRRLAhmARgakel i 0. oxvaen. and
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addition.to the_nobl ng, a

vané‘& %’%cﬁ'?t EPOXY ioft i c? aPl%ﬁﬁ%awfaﬂj('jl begh?"}'ugarogen This
or '\@Bﬁﬂimﬁn pﬁtﬁ:llesé eonmpyisee cusiadting ah heefep cxydedn.i amd hydrogen in
process e

adiumfree ti anlu or. van :
zeollhg epr@gen&etq Bi I%rmeetgla lnlﬁgcgﬂqlgmnpﬁga Q&lum zeolite. n
70! eeidltenh Bi % Shdbameta-doneniag watiar @Ndr@dlummzeﬁlﬁe additional
addition of a palladiumfree tltaPI um or, vana

Zeomadlgdlﬁggfr?ﬁ (gt,a@fpnbéﬁeyqr@dg;m 1Zgoll t§5m§yo%&sp3 lp & epoxidation

t he ﬁ?g{:és"éd' t pa adi@n%@sﬁt@hluhﬂ dr hearalud Y@blite is a titanium or
Sui t'a eoI i ns 1 nclude any ol efin havin

one \ReBiSM-caNBORG. WISSHISr LIRKe TaidiSGaRR Gl ?‘iqu"r a8l agium.  The
1%
acy% 1 aﬁﬁgﬁllggﬁﬂ#é§§%hﬁm ¥r VaARdRIne bbHitd has %Fbven beneficial to

to 30 carbon atons;
pr oqEegudivity bisthe waltadiiorthatds present dheeatalysti t abl e for

epoxi di Z'g}%ﬂ% ﬁ?fu‘% @-le#]}fea awrcﬂeﬁr{‘%vﬂpeatd%ég ®nBO8tbon-carbon

30 may b ene or tr

exarmjuble Bred, dndfgener&lly floen & tor8dcarban latomg.i Pesferably the olefin is
contain only

 coniall Aoydlic hlkee R2%0ANY 10 B ERBER aftin?iRhe BrodZBY of the invention is

particularly suitable for epoxidizing C2-Ce olefins. More than one double bond
30 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
canverting propylene to propylene oxide.



functional groups such as halide, carboxyl, hydroxyl,
et her, carbonyl, cyano, or nitro groups, or the |ike.
The process of the invention is especially useful for
converting propylene to propyl ene oxide. 7 Oxygen and
hydrogen are also required for the epoxidation

process. wa@érh@ﬂg hhgt¥gsP e Géis@fre@ﬁb&iefbratﬂg EMEIHREBA process.
nol ecul ar oxyge and nol ecul ar hydrogen
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d b
OFZ?IﬁP% %5@61?'?':? Bveférggivl E1itRdai Qs UACRIS gag Ry alag depysed in the
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‘and M@ JAta 08 olefini togaArEen gasaidinen sisually i theogaee ghd00:1 to 1:10

car Bag oLhrNe0: B yat ed hydrocarbons with 15 1-8,
especi g Iby 962 and gfeeferably with 1-4 carbon atons,

e.g., weﬂﬁﬂlﬁelneémammqrr Dpkia gasemsiiah aribalivg), neos, andergon are
S ui ts? tffe ln'\%écﬁﬁ?ﬂwef& rﬁf?gqesrfiéﬁﬁ éérﬁgn gilox% h#éltﬁfa?é:aaﬁgcﬁ'g%rbons with

e preferred inefi carrier
1I5| stled] espesially 6y anc prejersbly mﬁn‘l-&lmdadreatomde g., methane, ethane,

Spegificall tiaon. pr | ene,_ nropan

can'ﬁt)ged %’pp eﬁ g“ﬁgn ggsg'u%is %élf’hatCMP %?%e'} @@8 38ftidted C1-Cy

pr ehgdmearbbnalaramﬂr preferée iert easienasew. r Mituigssof thibdisted inert
Jve limts of m xtHres of propyl ene, propane,

hydrcg Sﬁga%ﬁ?oca&%%H APBY safely avoi ded and thus no

expl osi vepauifidally én ¢iae epexitatich bheropgReEOpropané tahlse supplied in
f eed and dls&?zgl | i nes. Depending on the. olefin to
P

Be PEAELAMBY e B@?PB‘?? gt 8B raARPFRPFate eKeessoef carrier gas, the
| NV eRbibsive qiﬁrﬂsttﬁf ﬁﬁd’cun‘e@%f%&p%@né ﬁﬁobéﬁ’é" fﬁrdﬂ?@%‘iﬁ ’anﬁh&cygen are

gas hase, supercritical
Ii qSrigYr %\@&q%ﬁnmmﬁp@pmw mtwemafpyatm .tiae reactor or in the

pre?égdagﬁdyd,édha}é@h,ﬁégm of a suspension or fixed-bed.
The process nmay be perfornmed using a continuous flow,

sem bat e@pending o thawirfiroto b@@emtwmhempo&qdemrdacc@'dmg to the

57 FRERUEF find Tl o oL Y RLBREC. CBh) fRREEr in e

bar suparcritioal tphesan edénenea diuioineeastion medium is used, the catalyst is

preferably in the form of a suspension or fixed-bed. The process may be
performed using a coritinuous flow, semi-batch or batch mode of operation.

If epoxidation is carried out in the fiquid (or supercritical) phase, it is

30 - advantageous to work at a pressure of 1-100 bars and in the presence of one or

more solvents. Suitable solvents include, but are not limited fo, alcohols, waier,

supercritical CO,, or mixtures thereof. Suitable aicohols include C4-C alcohols

such as methanol, ethanol, isopropanol, and tert-butanol, or mixtures thereof.



nore sol vents.—~Sui tabl e sol vents include,~but are not

limted to, alcohols, water, supercritical C02, or

m xtures thereof. Suitable al cohols include Cl1-C4

al cohol's such as nethanol, ethanol, isopropanol, and

tert-butanol, or m xtures thereof 8 Fl uori nat ed

aI ciohotinated alcsbolasan be usads Jrieepfarmbie touses Mixpsas pfdhe cited
é’P ?é\tm cohols with water. If epoxidation is
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Sul ta e salt a the c centration
T hesniai bwiers Hofgrs My eregag0 SR, & CABBEDIN gf more than
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useful In I's invention
o UBbPD. 600 L pRod M rsetengbly et ot 4501 316 Hogut 0.3 M
f ol Hﬂquuﬁ?fﬁ%imliﬁ%lw&hﬁoﬁ Ha‘:ﬁ“é@h@luﬂa%e BYEEibh @ ammonia gas

Those s the art will recognize many
var tathegeactiongystem within the spirit of the invention

gg?Tgc Op@;&%&e_@% e%rﬁ%lar et g]—@(&rat? ?Eeiﬁﬁéféﬁiﬂg'y eﬂﬁﬁsz skilled in

.ﬁS- 1he( éﬁcvwg ret&im%zesmny yatiations thiah aa wltllln:;hwsmramf the invention

d 3 %J(h %l .% H<0.1 wt.% calcined 550C
in §5 FCPPE BRI 'Bﬁ' si ze weighted by vol une) is.
slurried i n gEANIPLEEH PRERARATEIN @F Pd/TS-1 CATALYSTS

Comparative Example 1A: Spray dried TS-1 (100 g, 80% TS-1, silica
binder, 1.3 wt.% Ti, C < 0.1 wt.%, N < 0.1 wt.%, H <0.1 wt.%, calcined 550°C in
30 air, 50 micron size weighted by volume) is slurried in deionized water (180 g)

and the pH is taken (5. 38) Aifter mxxmg for 5 m[nutes an aqueous solution of
tetra ammine palladium dinitrate (2.1 g-aqueous solution containing 5.37 wt.%
Pd, further diluted with 20 g of deionized water) is added with mixing over 5
minutes. After mixing for 10 minutes, the pH is adjusted from 5.48 to 7.53 with 5



and the pHis taken (5.38). After mxing for 5

m nut es, an aqueous solution of tetra anm ne

pall adium dinitrate (2.1 g.aqueous sol ution”

containing 5.37 w.% Pd, further diluted with 20 g of

dei oni zed water) is added with mxi ng over 5 m nutes.
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t et entaimnign®s. 3pait % d) fudher diliRidewity 3452 g:f@l@tt@ma water) is added .

sol utlon containin 37 wt. % Pd, further dilu
wi t Witg r@xgg@feaélr@ﬁﬁ%éd After @?'5'?"9 oratfinute. te HH)&F fRpn adjusted

OVefrofn THAUD eﬁas Rites vﬁ‘%'aﬁgef)&g aﬂa@ndﬁuﬂﬁtl‘@%{roﬁd‘éeaﬁdﬂthé sturry is
then adjusted from7.11 to 7.63 wt A)a%ueo

amraaﬁtajﬁﬁi Ay AP Ex fU -2 haUE. hEhe BlyFryys fi L#,erea@ntdath@a Bt cakgds washed
26(” ttee tHUY by Tg%uﬁle% elM déorfli%y G ﬂdg)t BRd ff"l’tleltu‘\agr again. The

cake 1's washed times rry|n in
dei eplidse@revait drieq ogeqighirands then ariedgn@aawunrmen at 50°C for 16

VaclteoVR Yo S R B30 B I P ©, 0.5 wee
cont\bandﬂmost%tHP/o Pd, 1.3 Wt.%Ti, 7. 5 W.%GC 0.5
wt . % J. 21 o H),. h
transf er.lr drigd sqjﬁ%r?rf}_%?g R gxp]sgér'{%g té gﬁ%nggﬁbé HBated under

28i t hm@gan fibaw1 00 @6/neinY @ﬂl 1%0°atfor11 @éur, a509C hord hot=ha then cooled
e

for ur_.and t en c n
for SRR end Lot 200l Sdab0, 836, J05.1 54 PUrBa0 i ¢, and
and <o 90wl oy Yndi Nindl' He nits eﬁltie”a@fﬁoﬁdseaﬁeedvé?rpbhl@med in air by
are oven calcined in g from23 to

o BRI Fomned BoI1DHS ok 101G e BOIDGra; A 10Herfor 2 hours, then
heahé 1<_an % %’é 226/ MarRNbifiRh HthRE BPAERE. 4The calcined

30 oui:gtalyst contained 0.1 wt.% Pd and C = 0.26 wt.%. The calcined solids are then
transferred to a quartz tube, heated to 50°C and treated with 5 vol.% hydrogen in
nitrogen (100 cc/min) for 4 hours. After the hydrogen treatment, nitrogen is
passed through the solids for 1 hour before cooling fo 23°C and recovering the

Catalyst 1B.
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30 catalyst centained 0.1 w.% Pd and C =0.26 w.%
The calcined solids are then transferred to a quartz
tube, heated to 50C and treated with 5 vol. % hydrogen
in nitrogen (100 cc/mn) for 4 hours. After t he
hydrogen treatment, nitrogen i

t h t
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{1 da Fhorl o%lare Bguib ©E G ol PRIV ERBBET, o 1o
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GO LY TORRIECAARIrC T s § - famehraricl Sider e g picron) i
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(05297 . HqBeousNSORINR OB A 8Iet delgnasiayeta 1o apded wih mixing
15f ur ?r'l rﬂl{llu'tg eqn g léltl%ngacﬁ‘ustg@ M Beﬂtd"@tseﬁrﬁh '53wt % aqueous

mXing 1s over m nut P
ad i ammenium kmdr@ﬂde aod e skiy s agmte@/@haaébfpg 1Odﬁ1%*iﬁ5u nihe pH
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mydﬁt%@%?eﬁﬂgmwgszb%?%gba dﬁ?@ra gtd%@{(: ?&?26 g{mﬂtgs The pH is

agi dciistet] HFOM3VC 6 Gr332With Hwide eas{uecrlhaearpmqwm ay¢irgxided The sturry

f 0.,to 7.33.with

h;g}ﬁ 3&? B and e fl%%r k3. %«nﬁé?'n?gﬁ%% irfes'BY rdellirying in deionized
20 S weehes d)nge Itérm@&gbiy\ Mgl sofidy aregthien aifedriedi avechight and dried

te r o

o rinch vl eyan ghbodindbr i aaS) e Ol Sale Sl Ele% P
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2.6 Ww.%Ti, The dried solid t hen t

= quari Sheiied 300G BGF WESE0BISTSR 0 4 TR o dgpLEd ot 550°C for
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The 25 resultin 50|sco:onta|ns%6vvt° @%/1 dN,
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[ SThEHPMA BieRigae ke by s ot g 2910 10
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t5 ?g%%c{ ﬁélp@g%qolg@ C-Fgﬁﬂ_f $3L& PRk SQkindS Riigs hiFfhen transferred to a
quartz tube, heated to 100°C and treated with 5 vol.% hydrogen in nitrogen (100
30 cc/min) for 4 hours. After the hydrogen treatment, nitrogen is passed through the

solids for 1 hour before cooling to 23°C and recovering the cataiyst. .

Example 1E: The powder TS-1 used in Comparative Example 1D (24 g,
not calcined in air, 9.3 wt.% C, 0.71 wt.% N, 1.53 wt.% H) is slurried in deionized
water (48 g) and the pH is adjusted from 5.34 to 7.39 using 5 wt.% agueous
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quartz tube, heated to 100C and treated with 5 vol. %
hydrogen in nitrogen (100 30 cc/mn) for 4 hours.

After the hydrogen treatnent, nitrogen is passed

through the solids for 1 hour before cooling to 23C
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30 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 first passed through a two-liter stainless steel vessel
(saturator) containing 1.5 liters of methanot prior to the reactor. The reactor is
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1still contained the tenplating agent used in the

zeol i Lﬁv;\lnf hesis._ TABLE 1' COVMPARL S COE_CATALYST
ACTI V s} [t%&? Vil tslv_ treoﬁt L% [ prraduc- | POMPOE
Catal yst Tre | PT 55 ‘f‘reatt'ﬁ’ﬁ’nt er(enz)mty

pri ori{ ahher Pd M@@bttr T Hﬂirét‘%b“(}y sel tau'u V|e_24_ ([0~ Tds3
depos| tion (/%8502 thAeriovEdl ci ngd 8dcAi r Jat 300C;" 0. 1
0.24 P33 __550C t ¢enipeove |H2 at 50C tenpl ate| I'6 - N2 at
r
t

450C; | 0.9 0.24 94 Air |at 89@@50°H; at H0@® 1 (.24 Ailr ab4
300C;{0.09 0.22 94 H2 gt 56€xIP’CCal cji ned |at N2 4
550C; H0-R9-8—4—96 b, at 50°C '

- Air at 300°C; 0.09 0.2z . 94
H. at 50°C '

1D* Calcined at N, at 550°C; -0.09 0.4 80
550°C to remove Alr at 550°C; -
template H; at 100°C

1E - Npat 550°C - 0.11 0.41 89

1F - Nz at 550°C; 0.1 0.41 '_ 90
- Air at 550°C; -
" H, at 100°C

* Comparative Example

; Productivity = grams POE produced/gram of catalyst per hour.
PO/POE Selectivity = moles PO/(moles PO + moles glycols + moles glycol ethers) * 100.
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550C to renove Air at 550C, tenplate H2 at 100C 1E N2

at 550C 0.11 0.41 89 | F - N2 at 550C, 0.1 0.41 90

Air at 550C, HzZ at 100C * Conparative Exanple

Productivity = granms POE produced/ gram of catal yst per

hour. 2 PO PCE Selectivity = noles PO (nol es PO +

nol 'e@laig*liycols + nol es glycol ethers) * 100. 13 |

claim L A Al 66Ss {Sir%i:ng: (a) adding a noble

metal source to a titariumor vanadium zealite . .
cont ai ni(ay aatdingl atrioble mpsalt sewoe diong ditaniami ef ¥anadium zeolite
product; and ] ' -

Phe addi t; on GrEiing & Eipahd JGen A LA AAET brodetnd

i tani unbpr vemadig the tphplating agentfeorptioe eddition pradiichio form a

1 wherein the lati ] [.s a . .
t etraal kyl an%h%ﬁ?ta[‘é?&gﬁ@%%%@ég‘ %rfva&agllurrﬂ ?eovl\%ee'r ein
the tenpdati Mheagestiess Soff etaimredi byherein liemattemplating agent is a

addj tion @roduct at a tenperature greater than 250C.
4. ‘F@alkYGEERYUYP:- ¢l ai m 3 wherein the addition product

i's heategl inaa prbfeklofafaiASPiRERIn the tERDIYing @GeAL isfremoved by
claim'3 wherein the addition product is Eeaéﬁgudln
4 45 6.

1p hehpatingdhe adgifion Prguckat SieMRESAYTS SrSe
The procgss ofheGlrabdBshrMiihel Whihsh adAddith ptbaGted hédted in an

first heated 'I'n an inert atnosphere and then heated
i n trieet gimesphafe. of a gas stream conprising oxygen. 7.

The procgss ofyg lpfc%d&é_o‘f"'&%ﬁn‘ﬁi@ wiHePeiRaRs %dd}ti_on product is heated in

nmet al - cont ai ni ng tanium or vanadium zeolite is
f ur tHeepresehecwch ges sirepenpemptieing oyyget | east 20C in

the 20 presenge I ri.s :

1020, Br 22265 ey B AR BRIBE SR g0 st neato

soufrcencimenr asessphore and tren eheatbd einntiteapresepte qifed gas stream

fromthe . roug consi sting of palladium platinum

gol 8,0“’9['?'8%[0?‘ 9% di um rhenium ruthenium and osmi um _
7.  The process of claim 3 wherein the noble metal-containing titanium

or 'vanédium zeolite is further reduced at a temperature of at least 20°C in the
20 presence of a gas stream comprising hydrogen.

8. The process of claim 1 wherein the noble metal source pomprises
one. or more noble metals selected from the group consisting of palladium,
platinum, gold_; silver, iridium, rhenium, ruthenium, and osmium. '

9. - The process of claim 1 wherein the noble metal ‘source comprises
25 palladium.
' 10. The process of claim 9 wherein the palladium is added to the

~titanium or vanadium zeolite containing a templating agent by ion exchange with

a tefraammine palladium salt. _ _
11.  The process of claim 1 wherein the nobie metal-containing titanium
30 zeolite comprises a titanium silicalite and one or more noble metals selecied
from the group consisting of palladium, platinum, and gold.
, 12.  The process of claim 11 wherein the titanium silicalite is TS-1 or
TS-2,
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9. The process of claim21 wherein the noble netal
source conprises 25 palladium 10. The process of
claim9 wherein the palladiumis added to the

titani umor vanadium zeolite containing a tenplating

agent b | on a tetraamm ne palladi um:
sal t. Thé‘ E ggggm%élw aim1l wherein the noble

met al - c(njt a: arlcﬂrm tal banuddzum SBUréeabi 4 &lt%rflmr Blﬂ@ﬂ]t&ﬁ containing a
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plati num anghgold. 12. The process of claim1l1l

wherein the titaniumsilicalite is TS-1 or TS-2.
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source t0 a i Gy Hfﬁﬁor?gr l%ald st GRBLA Eérgg%ﬁg% oxygen, of in an
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addi tion pr odedatmosphers lelo)Neldeia)t arggast ﬁsemcbm'prising oxygen to
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| n an filertThe pmsptﬁeofeciélm ﬂ@\mréréiy the galadidm-eantaining titanium
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silicali further reduce a, tenperature of at

Ceast 208 in %er%r-‘%%eﬁe@%fﬁawﬁar&m dter HaRabAliealds sy TS-1 or
hy gwogen. 15. The process of claim13 wherein the

titani um silicalite is TS-1 or TS-2. 16. A process

conpri sitfg rR4&EQqEEg camPERiBgirRactingarbgiein, Byogss el egen in

5] Stﬁehsre%ﬁ&eeﬁs rdblePm ﬁb&nﬁ%ﬁgﬁﬁ@gﬁgm&%m%w@ wherain

or vanadi um zeolite, erein _ .

meths nellemataloegtaining oo er vanesilinuzeclie s predicsd by:

pr odu_ce%)by:a %dﬁ’élﬂ@ rﬁe@P%ﬁrc@e‘foag ﬁ”tgf‘ﬁ[ﬁeo} Qriaﬁ?dium zeolite
titani umor vanadium 2eo ont ai ni ng nplati ng
agent to forenntainiagditeinplatipg edent tp ftamda(l Ia)idltlempm'dmgt; and

e T2 AR e WAE A BB rradl,
20i s a tef.raalhe/ |morassi uincldi®. 1Ghehpradceihe tmplatiignalent is a
\m%t%a yiatﬁ%emtoﬁiu I. ating agent is renoved _

18. The process of claim 16 wherein the templating agent is removed

by heating the addition product at a temperature greater than 250°C in an inert
_ atmosphere, a gas stream comprising oxygen, or in an inert atmosphere
25 followed by a gas stream comprising oxygen.

18, The process of claim 18 wherein the noble metal-containing
titanium or vanadium zeolite is further reduced at a température of at least 20°C
in the presence of a gas stream comprising hydrogen.

' 20.  The process of claim 16 wherein the noble metal source comprises
30 one or more noble metals selected from the group cohsisting of palladium,
platinum, gold, silver, iridium, rhenium, ruthenium, and osmium.

21.  The process of claim 16 wherein the noble metal source comprises

~ one or more noble metals selected from the group consisting of palladium,
. platinum, and gold. |
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by heating the addition product at a tenperature

greater than 250C in an inert atnosphere, a_gas .

stream conpri si ng oxygen, or in an inert atnosphere

25 followed by a gas stream conprising oxygen. 19. The
process of claim18 wherein the noble netal -containing .
titani unddr VideaRIPoesszebtlpime 1Bswhersinibe titaniuezecdte gomprises a
ten{&%hﬁ]%éiﬁcéﬁfte.at | east 20C in the presence of a gas
stream conpri si ng hydrogen. 20. The process of claim:

16 wher e23 t Mherbtassmicidimsifuwbersotimgolafinds adte-onelein.

nor e nob I C om t 0 I &t

of pal | atium TR PAREREry" G, & ety GRER & bRébyiene and
$ hepropylenewxiteris formeaind osmi um 21. The process of

claim 16 wherein the noble netal source conprises one

or nore noble netals selected fromthe group

consi sting of palladium platinum and gold. 15 22.

The process of claim 16 wherein the titaniumzeolite
conprises a titaniumsilicalite. 23. The process of

claim 16 wherein the olefin is a CC6 olefin. 24. The
process of claim 16 wherein the olefin is propyl ene

and s propyl ene oxi-de is formed. 16
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