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theU%Iforrt%nately the silver catalyst has not proved useful in commercial

epoxidation of higher olefins. Therefore, much current research has focused on

the direct epoxidation of higher olefins with oxygen and hydrogen in the

25  presence of a catalyst. In this process, it is believed that oxygen and hydrogen

react in situ to form an oxidizing agent. Thus, development of an efficient

process (and catalyst) promises less expensive technology compared to the
commercial technologies that employ pre-formed oxidizing agents.

Many different catalysts have been proposed for use in the direct

30 epoxidation of higher olefins. Typically, the catalyst comprises a noble metal

that is supported on a pre-formed titanosilicate. For example, JP 4-352771
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The process of the invention comprises reacting a titanium compound, a
silicon source, a templating agent, and a noble metal source at a temperature
and for a time sufficient to form a molecular sieve. Although the process of the

30 invention is not limited by choice of a particular titanium compound, suitable
titanium compounds useful in the invéntion inciude, but are not limited to,
titanium alkoxides and titanium halides. Preferred titanium alkoxides are

titanium tetraisopropoxide, titanium tetraethoxide and titanium tetrabutoxide.
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wherein the molar ratios of additives (as defined in terms of moles of templating
agent, moles of noble metal, moles of SiO, and moles of TiO,) comprise the

30 following molar ratios: TiO,:SiO; = 0.5-5:100; templating agent:SiO, = 10-50:100;
and noble metal:SiO, = 0.001-10:100. The water:SiO, molar ratio is typically
from about 1000-5000:100 and the solvent:SiO, molar ratio may be in the range
of 0-500:100.
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metal-containing titanium zeolite is typically calcined at temperatures from about

400°C to about 800°C, preferably from about 450°C to about 600°C. The

calcination typically is conducted in an oxygen-containing atmosphere, such as

30 air or a mixture of oxygen and an inert gas such as nitrogen. The catalyst may

also be pyrolyzed in the presence of an inert gas such as nitrogen prior to
calcination in an oxygen-containing atmosphere.

The noble metal-containing titanium zeolite preferably contains a titanium

zeolite of the class of molecular sieves commonly referred to as titanium
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epoxidation process. As the carrier gas, any desired inert gas can be used. The
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30 and especially 20:1 to 1:10.
As the inert gas carrier, noble gases such as helium, neon, and argon are
suitable in addition to nitrogen and carbon dioxide. Saturated hydrocarbons with
1-8, especially 1-6, and preferably with 1-4 carbon atoms, e.g., methane, ethane,
propane, and n-butane, are also suitable. Nitrogen and saturated C4-C4
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Fluorinated alcohols can be used. It is preferable to use mixtures of the cited

30 alcohols with water.
If epoxidation is carried out in the liquid (or supercritical) phase, it is
advantageous to use a buffer. The buffer will typically be added to the solvent to

form a buffer solution. The buffer solution is employed in the reaction to inhibit



i nvention can be carried out in the |liquid phase, the
gas phase, or in the supercritical phase. Wen a

wo papajogkssract i on medi umi s used, the catal yst PGI/US2005/001161
preferably in the formof a suspension or fixed-bed.

Thehar RERS o TBY g%o@edr d@y&ﬁ*%tﬁ’éé Nflirifg CEPdixidaen'S BUfRYs are well
sem -batch or batch e of operation. If epoxidation

i s gwniedheatt in the liquid (or supercritical) phase,
it is adHtﬁf@r@Q?@fﬂﬁnttﬁls"}ﬁ\FéﬁtI% iRl RIEaNHEGtdle da1fkO0F &@éélds the

and in the presence of one or nore solvents. Suit
sol Wﬁt%aﬂﬁafwlomﬂf whighriptthe imixtusey are, Slalhc@HbltEe PH of their
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G i aareg e Fom B 18 PRI 2P feng more preferably
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i's pre era xtures of The clted .
wi t bicarpopate, carbepdaiedde igoracetate aphtivalateoand the lﬂhaé citrate, borate,

| e, SIS pRlon R i I ST Gt my
1¢ heinsldgent catongor nswchbuf aer smhmt)nlom ThakParmhfreniums (e.g.,

So'%lferglagfgxlaﬁﬁ&ﬁurﬂgegyﬁdqmalﬂg aﬁactbhqﬁ](e alkglhlnpétglgh%lkalme earth

for ycol s7'or gl ers”’duri
epomlem:t|cmmheMf@atmnaerxam@slmklndaWHmNBhe NMeh Li, Na, K, Cs, Mg,

B ff hi d ' b|

oal 88 53 S0 oo Rele bR o Al Sl Hlfdte ane

I nl Iaritfnmdmlum lphesprmtebaflfm'h tBusferst rhay pl‘daferfabty[)tlmritain a coérlnliination of
U ons rom. 0

1§ aareie e AR 5 bibicsy o Babeiapn oL i e sonment

OXYRGrahs abouitt GROT0 1aM taabont *amd peedériably. froh @beuti @01 M to about 0.3

d
Photbn e butetsgiain e rkesbiie d Sk B e il that aitop of ammonia
aceyad @,thahémeatsgstemnd the 1i ke) citrate, borate,
hydr oxi ﬁ}e( ilicate, alum nosi
p

or. the like. The. _
St on poia FURMER Do ey SERG ESaTORE. S ligseasied in
2GR SHWilR HQOgARETRAM TS RioBs thdtedre adthiy tiEmAT 6Mthe invention
pyridiniuns, and the l'ike), alkali netals, alkaline

ear 2hd 5e2P8 &f theFlaime | i ke. Cation exanpl es incl ude
NHA, NBu4, NVRAMALE 1:NREPARASIONDF BaYESCRCATAL 9BS-

l\/bre preferred buffers include alkali netal hosghate
and ammonelinetreshesiicateGbite)s titapiun isperopayidp(dé Gareiyapropyl

CoNng Rindbriurk AYRIAAdd 286 @f ofmabewt f2asm @/Q?er)s%r{da@tf%aﬁ'%é palladlum

Typically, the concentration of buffer 1n the sol vent

2 s hydfwa@dato 9.90303-4f wb%awutonlmwatsr edreragsieg tordgflon-lined
aboé’utoglaggl Md %t)&@@ults r%a%e%t -II_I? Cp%rffrdayéefﬂ E&td product is

this invention may al so 1 nc he add
armﬂ:lmrad washed well with water, and then heated in nitrogen at 550°C for 6 hours,

followed by calcinations in air at 350°C for 4 hours. Catalyst 1 analyzed for 2.6
wt.% Ti and 0.21 wt.% Pd. The X-ray diffraction pattern is consistent with that of
30 TS-1 while the FT-IR scan exhibits a peak at 960 cm™ characteristic of TS-1.
EXAMPLE 2: EPOXIDATION OF PROPYLENE
A 300 cc stainless steel reactor is charged with the catalyst from Example
1 (6 g), methanol (45 g), and a 0.1 M agueous ammonium phosphate solution at
a measured pH of 6.0 (15 g). The reactor is then charged to 300 psig and a



gas to the reaction system The foll ow ng exanpl es

merely illustrate the invention. Those skilled in the
W@ed05081583 r ecogni ze nmany vari ations that are wehuUszopfi@iiel
spirit of the invention and scope of the clains.

Exp@ﬁe%u& fefdﬁn‘é@ﬁﬁb ngQ?gBﬁéY@'ﬂc%Trﬁ'—Nﬁogen (46 cc/min), and a

Tetraethylorth03|llcate , titanium

i sOPPAPUEsR N pitroggn @'Xtuf%f43é§rc§ﬁy'ln) Entedrip Uhe RsRAt@x| the reactor
(56pr€sélfre49 r’r‘{‘élnt%rie@ é{taj(ﬁf sug Watlﬂcka@&é‘ﬁe P&GLIREE UM order to
hydr oxi de (2 go % solution in water) are
add'@é'nltﬁbn & Qoé‘rﬁt%lhSPWWéfde\eﬁthbtf‘Iee{@éCtOfrﬁ@”ﬂﬂ tkedre thg gaseous feed

e L

{ ey gastad R iy bl REgt S contaning 15
ni t litergeat reetham@ @Cof tsor the rerciers, THeolelotae it $tired at 1500 rpm and the

L R e S (o RS By v

di fénliaetGOupag b &SHdus rumri%nosylene owide lis plodticed dUrBglthe reaction

whi | e th ET-1R s t 960 cm1
e B PRI AR PP e V88 Bt AT o o
IPROPYLENE A 300 cc stainless steel reactor is charged
with the catal yst fromExanple 1 (6 g), nethanol (45
g), and a 0.1 M aqueous anmoni um phosphate sol ution at
a neasured pH of 6.0 (15 g). The reactor is then
charged to 300 psig and agaseous feed consisting of
propyl ene (277 cc/mn), hydrogen (46 cc/mn), and a 5%
oxygen in nitrogen m xture (4318 cc/mn) is fed to the
reactor. The reactor pressure is nmaintained at 300
psig via a back pressure regulator. In order to

mai ntain a constant solvent |level in the reactor
during the run, the gaseous feed is first passed
through a two-liter stainless steel vessel (saturator)
containing 1.5 liters of nethanol prior to the
reactor. The reactor is stirred at 1500 rpm and the
reaction mxture is heated to 600C. The gaseous
effluent is analyzed by an online GC during a 55-hour
run. Propyl ene oxide is produced during the reaction
at a level of approximately 0.1 wt.% in the vapor
phase.l claim 1. A process for producing a noble
nmetal -containing titanium zeolite, which conprises
reacting a titani um conpound, a silicon source, a
tenpl ati ng agent, and a noble netal source at a
tenperature and for a tinme sufficient to forma

nol ecul ar sieve. 2. The process of claim1 wherein the
titani um conpound is sel ected



fromthe group consisting of titanium halides,

titani um al koxi des, and m xtures thereof. 3. The
w@e@sess3nf claim2 wherein the titani um conmpoRCUSB®OR001161
titani um al koxi de selected fromthe group consisting

of tdih@ni um tetraethoxide, titaniumtetraisopropoxide,
titaniumtetrabutoxide, and m xtures thereof. 4. The
process bf clAaPIACESVREMEPFHGNG2 dioblecmrtabsantamingstitanium zeolite,

sel \ﬁﬁfcﬁ%ofrﬁpﬁgbg h@a&fn@uap tlf%?nﬂﬁh %BHE)QUH@ &%Eh'c@h @@hrce a templatmg

silica, fumed [ica, i con al koxi des, and m xt
t hedgsstt., and amé)l@rnaﬁiéls%owe at a|tﬁmdPeV€ﬁ'éf|Ge@ﬁ¢ faca §Me; Baficient to

SOUfEA d ﬁm%c?l‘a'r [Nelo)] al koxi de sel ected fromthe group
consisting of tetraethylorthosilicate,

tetr arretihyl othhﬁdymes(satfe:Ialranuwr’resetmtf@st}tamieme@ﬂnp@ndTheelected
pr oﬁ&ﬁstgg %rSU c Y?%eéfeﬁtgmbaehélﬁ'égl ?t%hfﬂlgn 3BRbes Sand mixtures
sel ecte e gr

up consi st
t et thagddty| anmoni um hydr oxi de, tet raal kyl ammoni um

hal i des, 3 and TWeXh‘g:{cg?s td?eélsm 2 {yhefd) fﬂreogt%fﬁﬁm? f%OﬁAﬁiU% is a

6v\here|nthete gent is selecte From
1gr otitpnicion alkekida geedﬁctecbfrpapmpg«bammnsmimmyaﬂ titaniuhe tetraethoxide,

B R A
conpri ses onéherprnmss adickim Tmehealein thel Bicbadouraenistsetcted from
R AR SR of Relin oy BLiRLRed. S aides. and

pr ocedwrestherbafi m 1 vvher ein the noble netal - cont ai ni ng
[ [ silj

titani um zeolite co e tanlu

Lol oot ot romrEreRgrsL o Sl A vieB pasigch, shfve’s a siicon
10. aIRo;ﬁd@C&e&cthnpfroml rtger Qﬁ@lp ngomgistidlgef ofn, tetiyethplganosilicate,
and_ox n in the presenc a nobl e netal -contai ni ng

ti ttg?naﬁ%%}yéqu]qsgca Cg lfrﬁé H58P%e et al - cont ai ni ng

titani U(er ZeO|11h|beprb§es&f @ld(clélﬁd1hb/héreﬁ10ﬂwlen©m’:plétin§8er§elmmls selected
conpoun a silicon source, atin ent, a

O bR IRe groBianeaing obiel sl EA I TA U Sog R ey ety ammonium
26 Uf halle€nand @ik @redteerasdl ecul ar sieve. 11. The process

of claim 10 wherein the titani umconpound is sel ected

from t he/-gr odpecRIREESSt Phngl2lst Ot WhelRinuihenigMAiRtieg agent is selected
titagmum gekoxdrdgs. 2BAsiSkng Ur 66 t ReaBAJpylammonium  hydroxide,

tetrapropylammonium halides, and mixtures thereof.
8. The process of claim 1 wherein the noble metal source comprises

25 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-containing titanium
zeolite comprises a titanium silicalite is selected from the group consisting of TS-
1 and TS-2.

30 10. A process comprising reacting an olefin, hydrogen, and oxygen in
the presence of a noble metal-containing titanium zeolite, wherein the noble
metal-containing titanium zeolite is produced by reacting a titanium compound, a
silicon source, a templating agent, and a noble metal source at a temperature

and for a time sufficient to form a molecular sieve.



12. The process of claim 11l wherein the titanium

conpound is a titanium al koxi de selected fromthe
W@e@apsxsensi sting of titaniumtetraethoxide, tPCEIS2005/001161

tetrai sopropoxi de, titaniumtetrabutoxide, and

m xt ur es 4t herREhrockds o?@l?mpﬁ@%??en?(hecthé'ﬁlmnl&n‘{%@'|§selected

the silicon source Is selected fromthe

confsinstthegrafp condigingadf tﬁamlumdwalrﬁaﬁefdaemm alaox@% i ansihmixtures
al ktﬂé:‘e% s, and m xtures thereof. 14. The process of

claim vvherelnthe silicon source is a silicon

al koxi dd2sel ébeeprofessmof leirimr dLipvearaisi e titanofm compound is a

1 et 5LV LRELDOSEIdGaf for! B! GUES RELALHNOS] Lo REE1ePehoxide,

res e pro €ss 0
t hetitamiopl tatraingpragexite,i tdarehdetrauitéxideanank enigiucespthereof.

consi st el otrhg%%nc%%gwég@qg%@ﬁ;(ﬂ{ Ogﬂ,é%}% sourCefIS sﬂ)ected from

tetraal kyI amroni ures
Thethprguoepscazﬁsuamhgi ofi téllodwdriica, tfhmetiesijitat sihgpragtokides, and
'S se e romthe group consisting of

t et'TE n| um hydr oxi de, tetrapropyl ammoni um
1hal i des 14andTI'rexrﬁrucm thelapof13 Wierehenepsitices soafce is a silicon

cla 1, wherein t nohl e netal source co

P 0B e, M odhE BB « SIS grbu e Tactnyiorhosilcate
Coﬂﬁtrsmletrg'lhdbfhopmbétadénﬁmmmlrat treweof. gol d, il | ver,
I rirarum,rne t ni um
process Of ¢ b?rﬂ"i‘%?%ﬁﬁ’grc@"ﬁ loﬁwﬂs n}'?? © Piatﬁ‘iﬁ ggent is selected
oI effdrﬁ thelgrouiihﬁnaémgesﬁe@éamainmommwﬁwremaet tla&a_grukﬁtammomum

opyl ene and ene oxide is forned. 20
15pr §¥cﬁ” cmﬁ‘f%?g ev\%qgr ein reaction of ol efin,

hydr ogeng. an(fh@gb‘@(%%s'cﬁ def 18 WRErdimtr feﬂﬁﬁétln@nagent is selected
sol vent sel ected fromthe group consisting

netfRRol ,thet hgetr i sepFanol of tetPfraEﬁ?P&'ﬁmmor\Mf‘er hydroxide,
andteffh?fr‘oﬁl]l@ﬁwrﬁ@%rﬁ(hfal|des, and mixtures thereof.

17.  The process of claim 1 wherein the noble metal source comprises
20 one or more noble metals selected from the group consisting of palladium,
platinum, gold, silver, iridium, rhenium, ruthenium, and osmium.
18.  The process of claim 10 wherein the olefin is a C,-Cg olefin.
19. The process of claim 10 wherein the olefin is propylene and
propylene oxide is formed.
25 20. The process of claim 10 wherein reaction of olefin, hydrogen, and
oxygen is performed in a reaction solvent selected from the group consisting of
methanol, ethanol, isopropanol, tert-butanol, water, and mixtures thereof.
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