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This invention relates to a process for producing a
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ol efin epoxidation with hydrogen peroxi de. BACKGROUND
Q& 26k A NVENTI ON Many di fferent nmethods for the
preparation of epoxides have been devel oped.

General |l y, epoxides BV f)ﬁfl‘f@lq CF%YTALE%‘I" eacti on of an

olefin with an oxidizing agent e presence of a
catal yst. The production of propylene oxide from

propyl ene and an or GEHRORydiRPEYENTRN oxi di zi ng
agent 'Tkﬁymeﬁﬁorﬂé‘éﬂes e BZ5%083YEF B%‘ij@r’ﬁpdﬁtlt@hlum or vanadium

tert-butyl hydroperoxide, is conmmercial racti ced
t zestiteotaselyst and its ypede @teilnueeqsléammw@mhvﬁogm Peiogislence
of a solubilized nol ybdenum catal yst, see U S. Pat.

No. 3,351 ,635, or a heterogeneous titania on silica

cat al yst, see U.BACRSROWWD OF THE, IBYENTAAY: her

come I C tech

cpoxt dap b SRy R’ R, Bl 1 des pave been
valévelapegg e@ermreily, aepsxlblesa areformeg dy. theméantion wates| glefin wih an

S' L SYJF'Hgta%Sn %%Eﬁlﬂﬁ%eﬂ% IOP %%&%%/SES %ﬁ% grddﬂcﬁwg&hﬁlene oxide

i'ns esi
oﬁr@anpropylyde celr muocdwuc dyotdperoxade dxldlzmg agsmt sustefaal ethyl

Peozepg, MR §hus b S RS, B Torlef ol 8 S BElo i dfacticed
efeehnslody.o PThfs plazkb$sis V\pedfbrh}edr Ogethe peresanate r<]3|f na t swdubilized
resence o titani t t
PiESBERRT ool S Pt BB R B ) Bk Mg B0 R tania
%@Eih?@ célal t@exégﬂe.s. #ad Nltydrrwemz I Ancbihesmmﬁmeasauy practiced
is peliev xyge
C BERTeIR L H1ep Bhes SpERCatn o) e o e diens) e, Byggacton
DR Ry EEP DR0Er fao§|lv§|5 @a’dalyst hGUrCfblft@ﬁtel?,pmé giddier Qatajst has not
hi gher "ol efi ns. cal t he conprises a
n%‘lﬁ’l"%d Heefy inforgm r§'%€&ﬂ3%4ﬁ"88 OBE'Q :¥I1e silicate. For
exanplgesiddd fxRReA’ dAd dcbré‘a“ﬁl@SI%ﬁiréﬂ@oin@éémérh&ﬁerobmdlzmg agent

propyl ene oxi de from propyl ene, ygen, and, hy dro en
udsedy for dhe ArpRaration ok apoxigea 'erfa@mﬂnl Perﬁé%ﬂsl hPgk No.

p[;l |8!3§@BU mf&’rn ei‘arﬁb%s’to‘?édlds'é@ fnet 8PBdddtioRabe olefing \@TI‘P WHydrogen
perOX|de in the presence of a titanium silicate catalyst.

Much current research is conducted in the direct epoxidation of olefins
with oxygen and hydrogen. In this process, it is believed that oxygen and
hydrogen react in situ to form an oxidizing agent. Many different catalysts have
been proposed for use in the direct epoxidation of higher olefins. Typically, the
catalyst comprises a noble metal that is supported on a titanosilicate. For
example, JP 4-352771 discloses the formation of propylene oxide from
propylene, oxygen, and hydrogen using a catalyst containing a Group VIl metal
such as palladium on a crystalline titanosilicate. The Group VIII metal is
believed to promote the reaction of oxygen and hydrogen to form an in situ
oxidizing agent. U.S. Pat. No. 5,859,265 discloses a catalyst in which a platinum
metal, selected from Ru, Rh, Pd, Os, Ir and Pt, is supported on a titanium or



bel i eved to pronote the reaction of oxygen and
hydrogen to forman in situ oxidizing agent. U S. Pat.

WON00785889, 265 di scl oses a catal yst in which ap@i/as100&/6n8810
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metal, selected fromRu, Rh, Pd, Gs, Ir and Pt, is
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PR ELAR | A0 VS AR SR i o
Q

ssporied endinasilsatssi seatar emele®q oinloARPPI BEH0413.
Intl. O‘@ﬁﬂ!osili?%e?8’6\984%{%%—%%@:5%%' | r@atcﬁ@;:/é\g)d produced by a

vanad Icates are typ y produce _ _
hipytirotheematatrystalfizatian progedwa, for Rxemple, as deswibgdphd).S. Pat.

a e i [ t i
ANg§2510,86f 2B Lo R0E Lo8BR Shehtllur Chel! Gonyp. 2004, 650-
6641, discadeos enathodtdowdify theppartigletdiee pad marpleolegy ef silichte-1
[, .0 .Ssilie - i.ng.,m Si .
O SRRl sBE) B iy YRED R R QAT RLPE T RFRuRSs of
ssilicatatie- 1Howelmawe iase, andeShantz SHanhat disclose thiesc kpibesis of
then s ntthesis off tita(p silicates nor olefin
e 852?%%% %ﬁwn?froé%&%%oé(f a%ganoﬁs%er%/ chem cal process,
it t31 Abeahitmgir@_ bh’er&tcéﬁipgoc%is,l lit ierolteb'eaabléntmr @iteimestils further
in the epoxi.dation t hods and cat,a ts. ave ..
e R Bag PRaXTon Beftotn clH R idss e RVE diapyered
eae effdétived Rofadrient Procdsd tbifermise épdxidadioreatdiy@atandritsalise in
ol efins, SUMV%ASY,G: THE | NVENTI ON The i nvention is
pis&poXidegen gt 98liRS-ng a titanium or vanadi um zeolite

catal yst. The process conprises reacting a titanium or
vanadi um conpound, _a silicon _source., a tenplating

agent, a hydrocar RHMMARY QF Itk INYENTION 5

t enperpidiifeptich iPbrétess M8 prducmigea titdrurhO6rMvanadium zeolite
nol ecul ar sieve. The catalyst is active in olefin

epABRvelat Tl PIRERS RPBPHBRTIra36HRK P déanigRPra@RaRAT geregound, a
higher sBURAUS itd¥inblating dagih e 6t hydlo¥arbBneRPY! Hesurfactant at a
conpared to zeolites produced w thout hydrocarbon and
stenresatare aadiforta Uee. sufiicest (EdrpESoRleetiansieye. THre catalyst is

IM@MH%ﬂW%pBRi@Q@O?? mﬂﬁ(}l{yja?ode'ﬂvﬁé}rokiﬁg, bid UrRtbrsRates higher
produce tirtani um or vanadirum—zeolltes. Titanium or
veneddetivity zansl belestivilyripr époxideneorapared tof zeaditsisi prioguced without

gﬁ%@{)%}gﬁia}q@gpﬁé&am%Q%mvggn or vanadi um atons are

a portion of the silicon atons in the
|attice framework of a nol ecul ar sieve. Such

hostances, BPALS RIGIEFIONDY, THE pRENTioR 11
The process of the invention is used to produce titanium or vanadium
zeolites.  Titanium or vanadium zeolites comprise the class of zeolitic
substances wherein titanium or vanadium atoms are substituted for a portion of
the silicon atoms in the lattice 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 comprises reacting a titanium or vanadium
compound, a silicon source, a templating agent, a hydrocarbon and a surfactant
at a temperature and for a time sufficient to form a molecular sieve. The process

is typically performed in the presence of water. Other solvents such as alcohols



4,410,501 and 4, 833, 260. The process of the invention
conprises reacting a titaniumor vanadi um conpound, a

W@ R007O88T0S0Ur ce, a tenpl ating agent, a hydr ocar@DOSENE038810
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a surfactant at a tenperature and for a tine

Sl f4£BE p?é’sé‘npr mcﬁ.‘)hﬂﬁl ﬁ&H'a%rls%r%}éﬁ Fﬂ:&g?lgcg ﬂ’ﬁ%ﬁﬁ (?irl&ho' are

typically perforned in the presence o
soreferrds agt dspraepyhpicehellis aeRecially ereferred.esent . Al cohol s

such agy éﬁ@ﬁr@lgybl’ocggg){# tﬂ@dmvsﬁtmh' is2h6ChA; e?r choice of a

referre 1 SOPro al cohol 1s especi
pp@rﬁléulﬁédltamumh@ug‘rﬁrlaldémprmmndf awtlbhenv@murmnon yanadium

NESmbbiAdses lﬁhtﬂbclﬁv t\gﬁ H{E\[J{jé CiphBLret h&ﬁﬂh.gﬁ& fU, titanium or

vanadi um conpound, Ium or van
ceanssin salkeddes annd tlhelummnvarmdlunmdmahndes brefarred rtsanium

| él?b)tﬂﬁgs e thhdhiam %ﬂ%ﬂp\‘%ﬁ@(ﬂi €y e%t 3 qéiir%% hao'}%e and titanium

I'um of vanadi um erre
atdtrabu@asiearTetamurratﬂtmtl”toatdeas mpe@:pim@rderrem tl%mfenmd titanium

I RS R RaAI LEARRL T FERRBHBE b 2 o

tetraet hoxide 1S especi a ?erred
titaniSuitabbd sxﬂem |snmtceelend:ludi@nh>w1narer nathlirited] ¢, acadloidal silica,

t etr rlde Sui t abl e n sour

bRl 87 o s ik o FIBleTeRaanikg | Qkpxides are

fteltredtm'ldrthoallemel setranathylarttkasticdtes . ardr éieeniked TFetrasthylortho-
F‘? i des are tetraet yI orthosilicate,

it FRPCS IR BT and the Iike.
Tet r aeTvy ltomplatiag | agaﬁte IS SygisfIRC izal tbiyadikBar@riorfim ThRiroxide,

t%g%%@ Ié&%qr‘glfergggilalsﬂﬂ; y{%t@ﬁ*kwlyﬁm%qa tr]?th*rga%!trléel a’[Tertrr%ealkylammonlum
t gédtatel Kivd aremKel UTetrialkyRintmonhiei RRIrdNdeEmN tedBalkylammonium
and the |ike. Tetraal kyl antroni um hydr oxi des

[ at
a}r‘r% d??éf SHE k%ﬁ IGHAPFORWARRCNMES hydipxfeagnd  tetrapropylammonium
t IroRdRS, IRy prETERSY. Uf%tg%ﬁé%rﬂﬁloﬁﬂ% h{ir6R8E APy RN bHé?@arred

broni de, are preferr r apr opyl anmoni um hydr oxi d
i s espdie Aydrocasben ds ﬁwal'srr?enwaxmﬁ@atﬁ%hy@oe@rbpe a|l?r9ferred

anmaxy@éwst%eaw%&yﬁér@é\fetmase el R dopil Q.W 85% e&oms

y drocarbons are those t do not contaln any
adsheranisvig at| ambieat é@mﬁﬁ@ﬂé’m? t Eapisuiariyr éseferred lasses of

g%fcfrb&é%&fsl i% Bagt%r(f glu%eﬁ‘l%gﬁlarﬁstr d éﬂ?ﬁ%ﬂ%ﬁld BRAHAAE, or

a I C hy rocarb
bW&h@)he@@ szr argwetie) hydoecarons? (mcbadmg callfw-aumtmtbo&neromatnc

B K RS SR S 18 e
hetoogéin dydrgcarbonsitand mixtlres themm‘s Exanuplesi oftsuitatsle hydrocarbon
tgb?\yé?%f ' ir’t::mgpl r?—ﬁe%nes,Uint-l%gtgng,]ydcrygl%%ﬁgﬂe, methyl pentanes,
cyclohexane, methyl cyclohexane, dimethyl hexanes, toluene, xylenes,
methylene chloride, chloroform, dichloroethanes, chlorobenzene, benzyl chloride,
and the like.

The surfactant may be any suitable nonionic, ionic, cationic or amphoteric
surfactant.  Preferably, the surfactant is a nonionic surfactant, such as
alkoxylated adducts of alcohols, diols, or polyols. Such surfactants typically
comprise the condensation product of one mole of alcohol (or diol or polyol) with
1 to about 50, preferably 1 to about 20, more preferably 2 to about 10, moles of



sol vents include n-hexane, n-heptane, cycl opentane,
nmet hyl pentanes, cycl ohexane, nethyl cycl ohexane,

walewensszho hexanes, tol uene, xylenes, nethyl enePCT/US2006/038810
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chloride, chloroform dichl oroethanes, chl orobenzene,

b&ﬂflgh %%Jlg('Eq@ ord5Hp}18%e bkise- (P € %E%%Lﬁfgctémé/ iftfude the

sulta nionic, 1o0niCc, ionic or rrphot eric
salkylem axite aadgf:@rcﬁkac?tqummd@lﬁr $L@@taﬁmﬂwe| Surfyneiipetiugts from

3&.&%@8&?&?& wﬁ’Hﬁ% @é‘ﬂ‘?é% @&@gte%dawc& of g'ﬁ@bearaﬁnemyl 5-

uch sur tants I ca
tcﬂmyoemdbd@dat i Snltqbde)diwo‘acfaﬁtsomonmb@def p@lV@oﬁmyle{@r polyoxy-

rgbi/lgé%paqmoét)nsw e[%cn)(o]xg%:@\y%gguélk Oe&h@ﬁSE&k@W%ﬂe&e" alkylallyl
oétbeh%dlabjwyeﬂoybee (eHi@)arglr eﬂ)eomdl)@xgetbxlede norg@pheny! ether, and
Sui,t f |
ey BTyP L Sl Sihefe RONGEBRy by srers anc
pmcﬂyb)qbﬂwyfdg@na(;lﬁwlaryPeMmb&a malst pl’efemafq)r iPaetiduteely preferred are

a

RAIRRE e oreteinge Polpraib e SouPLEThsthrand the tike.
pol yOwaidgalr}gﬂgdomymmtgaggbybmlesil kedd edhprepare titanium or
po e X e .
PRI 5polLen Sk loBinges rpBlarl e R o ol ratos o

p@dldim)(elée(bb)deﬁﬁ@d noferﬂnsrtﬁwdalegbheémplm Q@émom&ssmﬂ $i02 and
oct yl phe et her

R 505%'0@0990\(9@319&3 %E{I R F'§7 @ i k'ﬁﬁ'@f ratios:

phej‘zfvc')zesql SiGAE i0®5:200Y aRd ecfaﬁ’lbraﬁﬁg aég%nPSi(ng)&etl basbem The
non henyl et her, polyoxethylene 0

Aoy RS Teler ctiar B IRty Hilh ophedtna e BeeE 00 sed the

t ERRAOS nidiArptisay beaatHeUrangeodf 688011080 YRS tltanlum or
formng a reaction m Xture wherein the nolar ratios

avRTadiune $opece, Gdicphequics. (RPAIBLIRG agentegngrwalemiang §ﬁlgent if
pr e% e: ab bﬁ%do&’ sther ?Orﬁl‘ng C@k gl ﬁ’l()th-gr @Rustir. ViRe Rbight ratio of

y conp |set e OWIn lar ratios:
Thxgtz@morsylegr gel is pmf@rasiylfmn aaﬂ@t Q. ‘éﬁ@labwtn@ afemweightyatio

0118 bbBut

pre era%lgt &lg %Jhi%%fér%%? @O%b&%&) Oalr;[d the ¢.25.

sol venThGSe@CﬂonrmIEturer aval denpigpaiedi by miwing tegdesifed sources of

[

Cogilr O yybfott SAELIM SHIA R 68ipon en
asldtztjant doriiorre thet egetidremixtanem After| foeaming éhe neadien mixture, it is
[ L...rhe weight rtatio. of carhon; cl i
7SR By e dseen et B @iflyelhege 090 B ApalE o Pt 1S, he
I lsdigicityodf tlael m:mmeam cantreted belthe ampuet afrtebiplatihg@geabOiit is in
0,001 t tion mxture . be
p’ﬁhggypga(l )(w;qé;ﬁ I?.' ggcg%i i{ar@] LH.sgecg oél?er%aa%lc compounds. If
another basic compound is used, the basic compound is preferably an organic
base that is free of alkali metals, alkaline earth metals, and the like. The addition
of other basic compounds may be needed if the templating agent is added as a
salt, e.g., halide or nitrate. Examples of these basic compounds include
ammonium hydroxide, quaternary ammonium hydroxides and amines. Specific
examples include tetraethylammonium hydroxide, tetrabutylammonium

hydroxide, n-butylamine, and tripropylamine.



titaniumor vanadium silicon, and tenplating agent
Wi th the hydrocarbon and surfactant to formthe

WO e@chssIm m xture. After form ng the reacti on PERUS2086/038810
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it is also typically necessary that the m xture have a

pH of gho f' 63 %foa@ﬁﬂb'rﬁ o*e’theTﬁlgmgﬁsbr'v‘éﬁa&L E@mﬂ%ﬁrﬁdﬂﬁhcon

is control e anount o atin agent
i sourpe,t tﬁmm?fmgnagaet fhvdngcaviiing hands sad@@antatmﬁ@m tthe reaction

g@ﬁg% n% 98%4 d:etrﬁ&’ n@ﬂféggﬁ% Ot'hfeou r}%hf@{ p?g?r ance these

occgamtmdgana@ hehaddedsalf ateancefto éorlmﬂhe rmt@lnsmlxturk aIAltamatnvely,

eﬁ%lt Qa@ﬁéﬁlnﬁxtg@qﬂygeldrgﬁ%{eg rb ﬁl%ﬂlrﬁl%lﬂﬁ‘&ﬁg el SOU{'CeS of

Cc conpoun nee ati1ng
i Btaniddedr asnadiga, tsjlicengand herhpld&ng)raganlt toapiwe ﬁxaml}talereactlon

of .t hese LC _CO oun i nc n|u h

o bl dB SRRty e R feREtd B UL HE = pH of

eslbogl %t abuit UGead eescabwabavmohiydmchr;b@naanddmrfactant are then

t et r aput Ia. nlumh dr,oxi am ne, and

Fad@nhe ARER PeatBoR H R B Serind oo B Bwrl et um

or vanaftirihe cteaimnoundnxtwe lig fb?meé Ot iscsacteaingtl aatermarature and a
sur f act an

t d b
5 sustleRtBliaa™ s AolotiEharate: cdvaiely B Bsctqnemixure is

i ﬁé’ﬁ@@ Z1ok] terﬁﬁératd?ébﬂﬁ@&ﬂ 100eS € SHTRPBOES & p&ROIEHESEr than
at once to formthe reaction m xture

Aﬁ'?%ft P49 heury (prefrrablydess than @bszwfehmw) ea pealpdvessehyinder
féutﬁgeﬁﬂdé' §§ﬂﬁ"e de iRt n_gurtﬁgesre%t‘,tléd LRARHE & heated at a

vanadl um SI I con, and te tin agent to gl ve an
i tempesdture sandeofrom baute 125°C te @boua 200°G, hmosfnptefenably from

react.i usted to a pH of
[ SR -G8, Hh o TorRE 30k e i B S 8L i Baten,
segrftinabas) toragemnitdomtinasidestahgert ding ahy Ia@brdpﬂéfé typa of reaction
m xture to f rmt e rea m Xtu Aft(?
S G Ameiains sidited § Sk Vedlel &8 1rrEadhs 3% continuous or

t@émledsdﬂtmu@sﬂ fbcasd, i it prefdratie @@tfursitaoffnmamnﬁmatoﬂea@wramnxture
ion m ture is heated at

h t
tS ér%é&e&%’o%s %&%F%Prég%@ﬁ?%c%aut{ta%w %Pd'é!”béll'lc%'a and
Ofehfi&in térg@ht adUbrefbrally fé@wsﬁnd B sfpef gidnouk €36 dHdan13. This

about 9 ours&}| in a seal ed vessel under autogenous
p'rné@é (gastiopmaix f%@f‘9 a peRarateRbWwa Gentainipg the Nydreeargon and

afurfactRes MeH SddRNSRmUitbsBIA tthé?e%ﬁtlﬁ&b@b&@en%%%ﬁﬁuous
nost preferably from about 1500C to about 1800C. The

r @actioroMespg and tHaribmeer anadium geplie ihcortipHpysiyvisergovest from

Sﬁglre&g;%l\)g}gggs manner using any appropriate type of
reacti on vessel or apparatus such as a stirred vessel

or CSPitarether seactipn 8 completriothe difanium or vanadium zeolite is
recovered. Suitable zeolite recovery methods include filtration and washing

(typically with deionized water), rotary evaporation, centrifugation, and the like.
The titanium or vanadium zeolite may be dried at a temperature greater than
about 20°C, preferably from about 50°C to about 200°C.

As synthesized, the titanium or vanadium zeolites of this invention will
contain some of the templating agent or the additional basic compounds in the
pores. Any suitable method to remove the templating agent may be employed.
The template removal may be performed by a high temperature heating in the



sem -conti nuous process, it is preferable to first
forman initial reaction m xture prepared by first

wmrizooﬁmgnﬂhe desired sources of titanium or vaneci/lif3006/038810
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SI I [ con, and tenpl ati ng agent and preferably
YSident én |én's%fr aﬂqgggg r‘i’taﬁ‘l as]s?’(ream' %ltbl‘n'awlﬂi/ the
reac 1 A XL and ar a re contalnin
mplatanhngﬁbaar&mm@df!}ymwntactlal éhet h@crilteawab@zone ata temperature

rarkiert B ESatlt S FOEkrA? by lsc i bo el IR cxicers

Csﬁmhl arsuwd:sd;gerf aroxieel (cﬁrf wmddr?eu drelaatyigen to éssetydrégeareperoxide
the reaction.is, co t tit : [

8 S IR SO D S5 A ) o e
n&jnfeisd iwitel aflenzyrhér @t el e expyeseli togar( eyipigyadduycevstith as

dej oni zed ter ot ar vao tion, centrifugation,
arﬁ@rqu@/qs,q\g/@ghﬁ%gréqrtt% Eﬁaﬁpﬂm'%%g?qtegnay be

dri ed @bfcfalilE MPEr RENUM BF Qan&ﬁumhﬁébh%biéuheé@@@t temperatures
preferably from about 500C to about 2000C.

sgfﬁﬁWéiiJ?az”e%ﬁo°@H@ remevghingriemplaling aeemrmTfaeﬂqr%fwsoqf fiamp gbout
owt 's|oo&<9 QRSP il rhaa %r%fgg%@% fidth Aggsuntswoc o

ona basi ¢ co ounds
Sabduab$(m°ﬂ:et hbiek thhgrr etamweranhre hea@galrma)g b@genndwm@d be inert

enpl oyed Th te f d
el e e e )
?Hielialrh @K)ﬂﬁl@rﬂk% @ﬂtraixmrégh%QSf stBye@ubstahtigllynaee ?wloxygér’ne it is

enpl at e . be renove ontacti t t th
G7eRy et 14 bR aeareTe oot 256 e DD b GoRe odgen
Thefsraslilbss tin abs® phen. C M@ Cthecheitihg may 6 danduckedin an
as hydrogen peroxide (or hp{dro en and o%g n to form

h‘?f’ﬁ’ﬂ&@’@ﬁnm@(?m}oqpﬁe  S45H 88 3ePTaR MPLUFSLOfy RH9FR anﬂean inert

t@é@' AltbiatRdE the tlTa?ﬁurﬁQﬁWahSdlﬁﬁVzéBh@n@ 99 badieRtkd in the
an enzyme, or may be exposed tQ an energy .source

srer@ﬁe@p@ of anowavbga%rsqchgm NitFPGeNg BFOR ¢ dieating ds et 1pEygen-
ifhgmResEre. PR BEARIGYprotdtd bl R éandgbte\»smﬂlthaﬁ the

zeo Ite”is heated at tenperatures greater than
t @y stieans (inest xueeEePHainkge or bottonisepassad é’é’%f’(hq? rtléaﬂlum or

%eu%? %G ife® %?%\‘Hati%g@b § &'Heallh frﬁé&% Eéﬁgrnmtln a static

rabl y rom about to ab ut 6000C. The high
traapmrattheeza@é;m ¢avid misp biseagiletatiert sirerwhilgeraing contacted with
g%sa? V\/nl ch is substantially free of oxygen, such
rogen argon, neon, heliumor the |like or
m xt urléthelmmmhesB;ed téamgmmtvaaaqilymfzap@teols pogguped"in the form

& E5RWkeh ekl 15 SAEL aRbTBERRSEE of WBLER phiEP R WPReating
sfep. If spray dried, pelletlzed or extruded, the noble metal-containing titanium

or vanadium zeolite may additionally comprise a binder or the like and may be
molded, spray dried, shaped or extruded into any desired form prior the heating
step.

The titanium zeolite preferably is of the class of molecular sieves
commonly referred to as titanium silicalites, particularly “TS-1" (having an MFI
topology analogous to that of the ZSM-5 aluminosilicate zeolites), “TS-2" (having
an MEL topology analogous to that of the ZSM-11 aluminosilicate zeolites), and
“TS-3” (as described in Belgian Pat. No.1,001,038). Titanium-containing



preferably | ess than 2000 ppm Also, the heating may
be conducted in an oxygen-containi ng at nosphere, such

W@200a/05870y a mi xture of oxygen and an inert gaBCT/US2006/038810
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Alternatively, the titaniumor vanadi um zeolite may

alSRclfr NGaIRInLD n% NearREGSRNSRuR e nlet'ﬁSﬁJthQStoS Yedlit@Seta,

nltrogen prior to eatln In an oxygenco
ammig@ﬁer aSMFﬁé HSM-12g aml déebk4hagap@lsco hauf@vrrnad g the

%&?}Théﬂe gas stream (i nert, oxygen-containing, or
b I'S passed over the t| tani um or vanadi um zeolite.

Al t er nittel epdydationeprheassi efgheriyvemdon eofmpriges comtagting an olefin

SH IR herplBE 1A e BBRER4 B e Riehfurf st B zeoiie

elrng contac as stre
t tetalyst: sPnitabis iokafids tindedd any olefin haxohguah Izestl wﬂeecarbon carbon

dt?(?{g)xé:% aer{cf %r&e‘?%lw fg(&F %J@o?gyg%rb@ attgm%/ hz’?%f‘gpe{ %ythe olefin is

s:hrepcydhﬁ ailmmyofdror&d topsdl tarbor atbros; the(tprcmmsl of urhmmventlon is

nobl.e ta alnln tit of va mzeollte
SIS BTN [t enfidd Ehtari@linsy o MR WA 8% HoSiig pone
gmamﬂegﬁfbseapr@/nﬂm ﬁdnisiﬂ&ﬁém:b dor exdmrﬁdedﬂnmtodbfmnmay be a
esjre orm prior.the heatin p, The

oo drer g SRy CaThen Brids BTdspostb APt Sray, santain
cmﬁamﬂt a?’gfclﬁfp%rql_&ﬁlésohagl‘de} bér@axylnhﬁdrltax;aadlathées:arbolnyl cyano, or

rticul ar TS 1" avi n 0] ana ous
t’gtrPlr%{PU%?r §§M 51(@ B'iﬂc fl\@at'”'é fg%l %{ ec'aﬂ%sﬁfu' for
(&ﬁﬁ(/leﬁg] afj}o@;ﬁéné mbp?yn@aﬂb@gous to that of the ZSM 1

0

alum nosilicate ze |tesg and "TS-3" (as described
, n Bel Jicahydsagen Reyoxidganayhepenerated prior to use in the epoxidation

Tichafbrl "HERBLah BERER! B5HbaUefv RV RSm RAYishdald| & 3BBMR! cluding
structures isonorphous to zeolite beta, nordenite,

zwiat@n of seeadary glgolveipsueh aa jsopreraneb the pRBERGHIRANGProcess,
LBy 3Rt BRELSrealhiéh 8PEYHRER %d%?ﬁ%@s t?’Fletc!b%cemtrrahon of the

i nventi on conprlses contactin fin and dr ogen
p@qt@auwwfpgmeo%@@@%m@t@ﬂ atked it dhe lmp@ﬂawheaﬂc @R is not

Z&Mcht eT f: rﬁ/a enpdrahbé c8h Htr‘%ﬁohg‘g\%r\g@boﬁﬂhg%ﬁbb%elght

havi ng a e car bon- car dou
greereent| Ny rcfge@me.?;omd)e Bovaier, poefersbnt to Pweighi apiognt he
OI ef | r "
o AU ol BORLEL 1A 01 3 R0 Rt crica
sbwttrab$tesdltablyeﬁ)1@xmdlaz iralip Gﬂhyﬁfogbefpenmldewble&n tihdononeo:1 to

d‘l) lfeé )e(%rt?éo Worg%rgpeg?tg{( I(:T‘r‘rci'] ?ﬁ%galﬁe igp 16:1d{oeﬁ]:el 00’ C)tnrei Sﬂﬁvalent of
hydrogen peroxide is theoretically required to oxidize one equivalent of a mono-
unsaturated olefin substrate, but it may be desirable to employ an exces;s of one
reactant to optimize selectivity to the epoxidé.

The hydrogen peroxide may also be generated in situ‘by the reaction of
hydrogen and oxygen in the presence of a noble metal catalyst. Although any
sources of oxygen and hydrogen are suitable, molecular oxygen and molecular
hydrogen are preferred.

While any noble metal catalyst can be utilized (i.e., gold, silver, platinum,
palladium, iridium, ruthenium, osmium metal catalysts), either alone or in

combination, palladium, platinum and gold metal catalysts are particularly



hydrocarbon (i.e., contain only carbon and hydrogen
atons) or may contain functional groups such as
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nitro groups, or the like. The process of the

' S‘é’s“r‘r‘ébleorSdlt%bﬁesrRﬁfFé Rletaf cH gszJ m%lGEle ﬁ%ﬂvs%gftﬁb@%rea n OFle metals,

py ene to ene oxli er oxi
Qb Encjaaloxb celich puRROred ekl metal eimoles of suitable

r 66& htiial A4l é)cg‘?ﬁbl ug@h%‘%#ﬁ@é’a% Sisiia PWaF\H gg]léd?é(m alloys.

sul t abl e sourtce, inc i'ng oxl dat1 on secon
aHewars pattichiady pref@m%patiﬂelmetah@tdmth reae) @unmféed noble metal

p&ﬁ&lgﬁg'c?ﬁ'@gismh% Iéﬁfeﬁal aﬂ@ %@B off hydrogen and

oxyg coficen Ion o aqueous hydrogen
per OXIFE!E suppotted nobiedwetal watalyste tep suppiert isopreferablyi @porous

il’?ﬁa{é?ital. &/ [.I)do%lareWéﬂ'@?gvrrr\F%ﬂ{leo%? ]3'8 oﬁﬂa% partlcular restrictions

cORCERt rAtTONsS range
hera trmglgpe € soppatethan aavussd, Fpr mﬁsmnabj t)he]sulppoﬁ cwelbgahhorgamc

ent. of hydroge er de to the a n
PR inorbRBion BRBRTes | catber o B el foi¥ins i aferred
rlabrganmf oxXiglels d:g&mdqoemmsdﬁ Gtoehi By B,s4f 60161, 11(30 ot 1b elements.
1.1Q0,, and [ referably,in the ran 10:1 to T
TPagouiafh beRirea RheeshE "wes Bubionist Fiifigctiie duthiha, thanie,
t Himonial hiodluny omelqisu tfémdalar@ gmmagll m@ygmwuﬁq ux:ueé,,gnmgstén axides,
nonou sat ol efin substrate ut it e,. ..
RPBRE e e Smato i R eeo R s, Aaart s Napia-siica, and
okl Nk e wé@ﬂ’edegantcp polyene?p edintte .indilide f‘bﬁl’)‘sﬁ’g@ﬁe styrene-
&V'Hgbde may al so enerat ed in situbp reaction
o)

e
PRI an o0 1 CiRSSBRESenc@obERIGsTges, | and
nBdlpergmhiaizit - SulablROUBP oA ¥iss Trbl GRSordbinipolAieradBsins grafted

hydrogen are sujtabl e, nolecul ar oxy b%en and nol ecul ar
h%? ojerganice gxider SEPRRYtS \WHahe agnpoliehyienimeipgisilicat alRreferred

Cﬁfbp@ﬁs Hidd irﬁ:ﬁﬂie( tarBon. Qﬂérﬁculéﬂy} Yedferréd @hbﬂéﬁg include carbon,

pa ad I um iri |um rut enlum osm um net
csllicg silearpluminas difania, gfreonip, ang niekiBi nat i on pal | adi um

pl ati g opkds Bﬁlhé%aé %h?fé&ez gﬁt{aeln the range of about 10 to

parti cul ar deS|ra l'e. Suitab e netal atay
|ah§JUu&@0hndﬂ, 9ore aceferabiaframbakoutdilalosabeid K108 rfe/tgaland most

I
L L T S
aér@aoriai‘a Iiladlhea margel oh aboutdd. mrtoaanuw 0 pidvigvmpre preferably from

OUII %Lg gﬂr %Hﬁrfé‘?{milﬁd *?rlmest n_éffr@rlnya%o%t%r to about 3.0

upporte alys s conpri sSin
maL/@L Em]‘etaabgunp@raverd@@r pwtnq:jpcmzteedf trebbeppoet &l in the range of

Caabtozflﬁ }S.S‘Itt% abou‘ta SBUQPorr%orespr b(?y ?rgmy atou? 918 Sbout 200 pm, and
most preferably from about 10 to about 100 um. The average pore diameter is
typically in the range of about 10 to about 1000 A, preferably about 20 to about
500 A, and most preferably about 50 to about 350 A.

The supported noble metal catalyst contains a noble metal. 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 and gold
are particularly desirable. Typically, the amount of noble metal present in the
supported catalyst will be in the range of from 0.001 to 20 weight percent,



material. Supports are well-known in the art. There
are no particular restrictions on the type of support

wao b@at/os87¢9 used. For instance, the support can PET/US2006/038810
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i norgani c oxides, inorganic chlorides, carbon, and

OF3Ad5 51y RPOOSTRY 1 (f %lgﬂ§ per%%ﬁﬂ‘ &hy %‘éd‘c‘ﬂu%@@@?t@?ﬂmﬁ“@nt percent.

i ncl ude OXIdeS of
ewamrmer %Mh'@uﬂ"ﬁ n9 Isrr@e@ ﬂ%wqomﬂrgtsﬁulet%thed@atalyst is not

Ydr&d 1§ ?eu 9§rt|§bIEH PritiEd| un]:g,a exérrel@n ki nBbleCRAtR may be

n| I um oxl t ant um oxi d bdenum oxi des

t SHRporied bmrmggnaémr peeniptiar, tmmlmtailpm ea thealife: pﬁba@atlvely,
Zi1C c r; ohi a-si

Firec ABR, fictal B, M I RARSTRICB! Piohioxchibhad Mt or example,
pistrpemynias pallagiym disbtbrideny | benzene copol yners,

crossl I naol i di

o105 U Y B e s (PO HEHECE A€ e
geathpa@ehdoot complex gaad @asdke deumeppiothe sobkuntetadsn the supported

p Y, ferr. of, I .
G e PRSI paP PSR RO, Eetes, haides
I (ecd. udeoddesh bromisies), carbogylbiesde gl avetate, and dmirieacomplexes of
Zj rqonl a1 and niobia. Preferably, the support has a
s[&?tf %Fea in the range of about 10 to about 700

ne/ g, Irmrrte pretdraydadpodiment ab g ingBntion, al’m@@boﬁﬂélldi‘ﬂbfgoleﬂn
and nost preferahly from boﬂ"tf 100 to about, 400

PEYegelbRYA OxYReN B carEs) e PREeAHfiar HolE TaFFgitaining
;ﬁtaglarrgér adnmtémﬁ) z&olit® Mﬁtgugorﬁpl‘;‘be@id Qoblmhﬁ?awrﬂi; ﬂ?ié&hél’)‘ium or
rom about about , and ost prefe
(YtRcRgo feoBiesot hapigiano Rk cPmadkiam Jhe raele metal is
anesrperatdNintb che tBaMeémObr t/AsadiuhPAlitd By ithe théthb@ @8scribed
of about 0.1 to about 500 nm nore preferably from

€1 to about 200 mm and nost preferably from

about ﬂ)@pérﬁbnﬁ#’@%hé@féﬁﬁﬁb bENRagear wew@ati@h%\&wng ® the
typi cal | he range of about 10 to about

p'Pé?@PﬂbP@” o Garried @t& p e ligdod gbasanéhw@ﬁ phase or in the
%Lﬁfe%rﬁl%b’f)ﬁ‘é&“t VoRert @ ﬁf{iﬁd‘treé’brtgn%edﬁﬁﬁ ISSHQ@d”tth@dcatalyst is

nobl e metal catal yst co Ins a noble netal. Wiile any
ofrefaiably dp| @en&rm 6f @aBusREnsion| Py deq-bed. Thgopi@cess may be

Sbérﬁﬁ' ed Ft’Jsng' epélfﬂtmﬂéué A, WBmilgak G &rBatéH%BGfJ 'o’f‘Bberatlon

her al one or 'in conbi nation
pI atl d @pgndatgml t$ eargepaoutiiouhar!lapid éwi smrmtlcal phase it is

Té(d?)aﬁ%ld us H“\%P%"é}%reg&ge%% G%qg%a% ahl %7 leeQerE) pne or

supported cata range o
t MOED salyeyist rSamtablm s@veidteriatilge, ObGlOEret anod Jinvikeidg b, alcohols

RIS 808, EOL! (P BRI Stk ” SupBIP B o oo,
|a1caﬂ1(ﬂ$1eudaaalr§rsthalhd, pihianol, isopropanol, and tert-butanol, or mixtures
thereof. If CO; is used as a solvent, the CO, may be in the supercritical state or
in a high pressure/subcritical state. Fluorinated alcohols can be used. It is
preferable to use mixtures of the cited 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



considered to be particularly critical. For exanple,
the noble nmetal may be supported by inpregnation,

W@a®on7doNn, precipitation, or the |ike. A terpar/usymby038810
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the noble netal can be incorporated by ion-exchange

WiHehforhafiorP SR EBIcBIs breglyennethéie didingashdxbalbs N Biifféle are well
There are no particular restrictions regarding the

ckiweindhe @bl e netal conpound or conpl ex used as the

sour ceg@fert M8ePR fPIISnﬁt/(‘%tIOhnnélb@e §H?§Gﬁétﬁé’ 6@ 8f M@amds the
For exanpl e, suitable conpounds include the nitrates,

smtﬂéﬁ a8d miapertieas o which Bhihermixige, arosieeat the pH of their
Pﬁ’d%' rﬂ‘aﬁ%réf%r%ly ArgEatd ¢ BN, %%JB &%Pﬁﬂ#)‘?%ﬁﬂ 8%o 10 and
no e netals

. I'n one preferred enbo nt o
i méhpraﬁwabb/hféorep%iq Qat Puitpblg sallsepi axyasidsr eayéain saidanion and

Qi%n The GRidH ggr‘uBHtof the §0f R4 g[ﬂﬁ% é}TIOI?S BoH s phosphate,

contalnin tani um or V Ium zeolite i
c@arpon@tes bicartedriate, nearboxydaids t(h@ 1 Bcefateumhtialatan add uthne hke)

ZBBkL Sl NErbENES, Pl RoRTBP TR o on oron

vahétth gait zreay iimaudsy camnmumdas dremnltlmsdalablemomums e.g.,

CERSEHLARASHE, P00 B8, F RS R B e

| meptals] qnhlaeshke t@ahwap’rMmcIude |Nh-l4t NBuasLNMe@ |L| LNacdﬂ Cs, Mg,
h . W | i.qui d

PR P PO LR i SRro R PBRIA SroTotiREh At g tyan one

f suiathtdbealt. Thgicaliyo ties somoaytrbidorper bufferdd this salgeat is from about

cBBPbINRHS abpln A8 terany ot aboudlofR K1 B eheut 0.3 The

(mnffatus@fm lih thi€ M\benﬂd%ﬁ%y dléo irtllriBviaBtRgRiOUSOftaMmMmPBril gas or
ressure of 200 bars and in the presence of one

at
o?m g hydroxids. to@bﬁ FeREHN YRGB Or INSENGHONSTEY 4456 @ PH =
ne2-1kisaitiod of amnadrf@h el droxigette 'b@ﬁancé\/ﬂieﬁlﬁH PP re@btlon system.

-m xtures tg‘greof Swtable al cohols include CrC 4

aMeph srefered frugfersnibeiyda alkaliomsigh ehosphale, @ﬁﬁ}?@!um &hgsphate,

t@ﬁdar‘%%@ilﬂhh @Foxf@eﬁu%ﬁ%s thereof. If CO2 is used as a
sol vent , X:OZ be in the supercritical state or

in a hngﬂqprQP@%%erteﬁmayq:q may beagiad oyt|in graataty egntinuous, or
a*&ﬁ'b@rﬁnﬁé‘u% t*ﬁar#h%"?’O'usnﬁss énSy @pﬁr“o%ﬁét'%' ?ypteoopsr%amdﬁt YESSe! or

of the cited al cohol s oxidation is
capnRaraigs giuchi a5 ﬁh@qdrbﬁsﬁ dramporé Uedr ﬂwdtaedalpe)d piiiered, slurry, or

| 8STR reactor. The catalyst is preferably in the form of a suspension or fixed-
bed. Known methods for conducting catalyzed epoxidations of olefins using an
oxidizing agent will generally also be suitable for use in this process. Thus, the
reactants may be combined all at once or sequentially.

Epoxidation according to the invention is carried out at a temperature
effective to achieve the desired olefin epoxidation, preferably at temperatures in
the range of 0-150°C, more preferably, 20-120°C. Reaction or residence times
of from about 1 minute to 48 hours, more preferably 1 minute to 8 hours will -
typically be appropriate. It is advantageous to work at a pressure of 1 to 200
atmospheres, although the reaction can also be performed at atmospheric

pressure.
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reaction to inhibitthe formati on of glycols or glycol

et her Sl'h%utrg winss u;@?@% %rel?‘ﬂ EB5R ABSnYEHonX e gk)illled in

the art h|S|nvent|on|ncueqn _
sthetarbivll smbysize makyeariations that afetwithin thedspiritoplothei ipysntion

0 d ] Xture, are such that the pH of their
s%na\l\@oggc’f ya%r erably range from3 to 12, nore

preferably from4 t? 10 and nost preferably from5 to
9 .
ST ARRT R B 71 HREERRATEN S T80 ERIRRY T imHouT
ani gns su;:h as p{m@@@wfila’tmmmtwﬁUlBFA@TMTbonate ’

0 es (e.q. ate at.e [
C0% PoRBALGR b e Bblind i B8} Bhuel byl Bymca
oprotédurkiftiowsThe cation portion of the salt may
'(2°'g“dAepE»? SRRy SES SiRE) SppFPUP (e NIRGeY Agrge. agiator

lh@ﬁhoc@'p@bddm’ﬁh Podts amdkalviescamdhah lmvﬁﬁbmsSurecrehéfhﬁsc is set
i ke. Cation exanples include NH4, NBu4, NWe4
Kin e jcavgathaie cegl ik 48 i05HsandBRpdErsUnASy ’b‘l’%@eé‘rﬁ?&la Telzethy)

C&'ﬂ{&'ili%ﬁt% rRi7e o )qg cHerg%dttB% @ék%eﬁé'r'\d fHl é%;lt%ﬁirtis run at

e concen ration er in the sol vent

|
gl o0 o an@U@etbylo@Uptlmqa@ﬁ g@m qp aMg) ﬂﬁ thearaisieg quenp to 60
O 0,
ﬁ, thodd WARQRAYb LOmRRM twifle Sodthialify RiefjEebatiselolthg. R 15 wt.%

n may alSo I nc d|t|on
aaqueoua gpldionr ofdetranropyl taramoRiute hvdroww@ éTé%ﬁ«.@lrloﬁrepared by

S¥€JII¢%4EP? anr%(%%?ﬁ g yue OJ)%?%’M?Q q‘gwgp%hf@e?lg o#‘he;gmzfed water)
t isdhereaddédto thestasael ter @ houss, em&fegbrtilmﬂe@rcgoliﬂgcl fider TPAOH

a%@ldn ”ER g ?ﬁqgargﬁoers heﬂ%ﬁ%%‘%ﬂ ﬁu%cf:{e}qtll the mixture

Foxl de” b rocess o
i reaehes mrrmeyndwatue& r A etbaogel mather leptechis abdainedh (Clear Gel 1).

OS2 pSa RL5 CHVET bk M AP ERRAGL DAEE over s

t h@m@ mbmgeﬁewfdtuvdpcze& Derours! ard B@éndoalddy , T TSSTRoduct
react or ecatalyst |s preferabl%lntheformof a

seiyplales pesh filered easbied . thrgfolimese WHB adeiprized Jyrigic tqrigy under
C@éc%'uws 59R§”fbrd2tﬁc%§ Ha el&f bQI%ln'éa'lﬂgallaBy%aﬂhé'be@n 20 to

enera l'y al so be suitab for use inth

o tbset 17RO Sk hblEeL 0" adr BencsniheAcaINy it 550°C at
of‘t‘?m‘ﬁ{ and HS8 M 'a"’fl5%g°c @%&ﬁ% {o%}o@ﬁc?éJCQhﬁBQratth aalyst 1.

invention I's cdrried out at a tenperature
EXAMPLE 2: PREPARATION OF TS-1 CATALYST WITH HYDROCARBON
AND SURFACTANT

Clear Gel 1 (100 g, Comparative Example 1), Igepal® CO-720 (20 g,
polyoxyethylene(12) nonylphenyl ether, product of Aldrich), and heptane (140 g)
are charged into a 450-mL Parr reactor. After the reactor is closed and flushed
with nitrogen, the reactor is heated to 180°C over 30 minute ramping, and held at
180°C for 3.5 hours with mixing at 800 rpm. After cooling the reactor to room

temperature, the solid is isolated by centrifugation, washed twice with distilled
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effective to achieve the desired ol efin epoxidation,
preferably at tenperatures in the range of 0-1500C,
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of fromabout 1 mnute to 48 hours, nore preferably 1

“?gatéfr Cahd dﬁe@ﬂ%sva‘ehbh SVER &tedd- Yodé;et@l@&{s%’r{t'\@é ight (ol22 §). A

vanta eous to work at a pressure of 1
aporiiepivé the solifl (hdugh is Weated adth wilfogem ahb8@’ Ghéor 2 hours, then

p&ﬂ&ﬂ%&"ﬁﬁi aftlat ait'lﬁﬁ’? RGeS iHouR, ?ﬂﬁ)We%V%h%é‘@ Jfo%l"lf R8urs to produce

exanpl es nerel l'ustrate’'the 1 nvention

sQBtaﬂ)@le(ﬁoﬁm art will recognize many vari ati ons t hat
are within the spirit of the invention and scope of

the clai ns. COVPARATI VE EXAMPLE 1: PREPARATION OF TS-1
CAEXAMEL B TIOUT ATADNRSTARBERARND | GNAFACTANDRICARBEN AND

b i t
Do car - ORAACRAR G AL AR B SRR
st eel Reptond &40 ghant Igema'l tO@gél (ﬁOrggeareagiar@obmio a 450-mL
t t
O TRAGHE Frerff raqotdt i8R10s8g 30 Ao i BeBR, tne geactoris
chmeited tto t160fﬂ36va|ndO pumg&é and éeldat 18@enwitkedixing at 800 rpm.
T I R N
Tﬁiabm;’g@yi honr‘shehd &Wﬂia@tl?lﬁ]' EQTontlﬁQedl ap)8s0e fdﬂ@hoﬁ@@chours
oyer m nu Wi Vi gor o n
Xt Sorith, BrareRtlsTola HopBolieRgeakiren (e "Saidib geglated by
scénﬂmmg%mcgf Waggé@mwﬁw?:thadmml et bWétBb(@h@/)@ri@@ if E%(adum oven at
re e i % aqueous
PRPBIE D sohs T Wil {F Bbi ThaSald 18 Eoat oA UERBeNCALAREC for

V?ﬁﬁ@lls MR catcimeHinSair ¥ 110°CabE 2 REaE, fFMelved By FH0PE€For 4 hours
TPACH addition, the ice bath is renoved and stirri ng

i 19 RredGeeRialyshd (1.08 82 i xture reaches room

tenperature. A clear gel nother |iqueur is obtained
(Clear Cel 1). Agorti»on of Clear Gel 1 is stirred at
200 rpm and FeMALE@: EPGOMDATION OMBBPEYLEME ng, hel d

at 170C ‘demg‘lFQﬁuFe%c g E%@e&%ﬁl‘?%\ 707858 Sy, solutiﬂn of

product crystals are | ter three tines

Gopthane ey ooet pewxisieddd S)-andeatalySISEOT tbr The reactor is
And
QI AOIOER SONEIAGHAR 1 (Ya0SHLig FEBMA Stred

hieacfliory nu>dur5e5l@0‘(emd 2CchaiG fQIrﬁi) indes gt at reBso0 Eréssurelabout
h%ﬂ Bs@,oarpdr f%dtHgﬁ 088@86[561%"’(\,(? 'l%%tl@u}/osénol gas phases are analyzed
by gas chromatography. Propylene oxide and equivalents (“POE”") are produced
during the reaction. POE produced include propylene oxide (“PO”) and the ring-
opened products propylene glycol and glycol ethers. Results appear in Table 1.
Example 4A uses Comparative Catalyst 1. Example 4B uses Catalyst 2.
Example 4C uses Catalyst 3.

The results show both higher productivity and selectivity for olefin

epoxidation reactions using titanium zeolites produced in the presence of a

hydrocarbon and a surfactant.
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CO 720 (20 g) are charged into a 450-nL Parr
is closed and flushed wth
Is heated to 180C0C over 30

and held at 1800C with m xing at 800 rpm
Conpar ati ve Exanple 1)
added continuously to the reactor for 2 hours,

After the reactor
t he reactor

1 (100 g,

alryst 2

(4.U9 Q).
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t hen
and t he

reaction is continued at 18Q0C for another 3 hours.

After cooling the reactor to roomtenperature,

t he

solid is isolated by centrifugation, washed twice with
distilled water, and dried in a vacuum oven at 60-700C
to constant weight (8 g). The solid is treated with
nitrogen at 5500C for 2 hours, then calcined in air at
1100C for 2 hours, followed by 5500C for 4 hours to
EXAVPLE 4: EPOXI DATI ON OF

produce Catalyst 3 (7.08 g).
PROPYLENE A 100-nL Parr reactor is charged with a
. % sol uti on of nethanol/water/hydrogen

70:25:5 wt

peroxi de (40 g) and catalyst (0.15 Q).
seal ed and charged wth propylene (23 to 25 Q).

The reactor

is
The

magnetically stirred reaction m xture is heated at

500C for 30 mnutes at a reactor
and is then cooled to 100C. The |liquid and gas

psi g,
phases are

anal yzed
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by gas chromat ography. Propyl ene oxi de and equival ents
("POE") are produced during the reaction. POE produced

WO p@sksopr opyl ene oxide ("PO') and the ri ngopRCEUS2006/038810
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products propyl ene glycol and glycol ethers. Results
apglgiai: in Table 1. Exanple 4A uses Conparative

Catal yst 1. Exanple 4B uses Catal yst 2. Exanple 4C

uses Cﬁt al ys ngessri% Prodiigingsa Sigdiinb et Mamacia zeolite comprising

PreR@tied b \titdniyra od véﬁ’écﬁ"&h'déHdbuBQra Qb 90&88% %%méé’trhg agent,

reactions using titanium zeolit produced i '
p? By@eearben andip sirtaskand @haé%pqawe feadtfera timasutficient to form
Eg%|%]'érg\év}gESULTS W TH HYDROGEN PEROXI DE *
Conpar ative Exanple 1 PO PCE Selectivity = noles
PQ (nod-es AbepraeasePf glajrool whereimthedtitghiyimotonepcuedsy selected

100m! ine! rﬁ?bt% c&ns@r@ré’fcﬁﬁﬁluﬂwoﬁa@re ;ijéHbgq Aiblian! é’lI.H Rixtures

vanadi um zeol nprising reac an I"um o
viaeesof.um conpound a silicon source, a tenplati ng

agent ,ga h ctan eralur
ana 1o a T Rar iRt BB IHEEATIA Yichh SR Refirom
2theTQ®Upr omm&tlngf ofc lcaligidal svmaeﬁumddhelhtatmhccumalkoxndes, and

fsel ected fromthe group consisting of
[anl um%w & des, titanium al koxi des, and m xtures

t her ecf.. 3T héfmomsecca‘sﬁalnf 1&Manra¢n1th%terrwla1mgfugf@ﬂt lis edlacted
' lected f t sting. o .

S e REREAR AR B PO BBl

nhalitles esndt mixtuiees thefeof The process of claim 1l wherein

consi St | ng THP PERGRA. A B haetetn Hymieqabon 1o selected from

tiaer gedupy | comeBtihg Nbihatd-0es aliphatio iidrsRFbdrer €9f012 Saromatic
Theé&rocess&g cl.aim1 wherel n the hydrocar bon is

1t dARashptecorRhatic r'i‘@fd@Pa@ﬂm@e"glw bRlegpeated

hyrdmadehb@asarbehs, Ghd raikRed therdsrdr ocar bons, C1-G 0
hal ogenat ed al i phati ¢ hydrocarbons, C6-Cl0 hal ogenat ed

ar omat® ¢ hy BF GEEES 9% C"ﬂ‘ﬁﬂd \wherelir the sUNaeiapt is sslecterbfrom the
@r@G@SSC&TSIs%hQ' Myl %Wo&&é‘th?l@ﬁeSub(f)l%i)%ﬂfpéﬂ&esela‘ﬂﬁﬁ €dether,

fromthe group consistin {
WIWX%BV%W' dld %{hﬁmpcéxqwethylene al yIaIIyI ether, polyoxyethylene

alkylaryl ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyi
ether, alkylene oxide adducts of acetylenic diols, and mixtures thereof.

7. A process for producing an epoxide comprising reacting an olefin
and hydrogen peroxide in the presence of a titanium or vanadium zeolite,
wherein the titanium or vanadium zeolite is produced by reacting a titanium or
vanadium compound, a silicon source, a templating agent, a hydrocarbon, and a
surfactant at a temperature and for a time sufficient to form a molecular sieve.

8. The process of claim 7 wherein the titanium compound is selected
from the group consisting of titanium halides, titanium alkoxides, and mixtures
thereof.

9. The process of claim 7 wherein the silicon source is selected from

the group consisting of colloidal silica, fumed silica, silicon alkoxides, and
mixtures thereof.

14



pol yoxyet hyl ene al kyl ether, pol yoxyethyl ene
al kyl al l yl ether, polyoxyethyl ene al kylaryl ether,

w@oioyossred hyl ene nonyl phenyl ether, pol yoxyet hpdEO82006/038810
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octyl phenyl ether, alkylene oxi de adducts of

acet yl gi ¢ 180bdceNgr Bhik ‘?r\ﬁﬁerteﬁ?fh%o‘ﬂ‘emcﬂatin@ HYEM §9 Belected

for produci ng an epoxi de conprising reacti n?tan ol efin
q

affemiibe eayercqpeistng abtetraalkampraniun dwdisiide, ttreakylamnaenium
Vﬁé]ﬁ'@éuéﬂozr%{t%rggthéw rein the titani umor vanadi um

zeolite Is uced @2/ reacting a titaniumor vanadi um
conpoutid, dheiprpeens efotizioe! wherenphatydipcathontis sglected from
hydr rbo a suUnf act - res ahd ;
e RER P Bonslflo® of P2 Alhhfie SnIFORFEGNST BoRGE Bfdmati
physirecarboris, (CaCm Malogenated alipratici ydrdaanbarsmBietd hatogenated
S . t | Sting of titanium

hgljlolﬁ%télg f%y{jllrot%g}nqoﬁrgn %ﬁ@%tﬁggﬁez%g m xtures thereof. 9.

The pridkesdhefprotassmf tlavner ehareirhthessuriactamt soseleced from the

selected framthe.gr [Stin f coll ol dal
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hiembd@&y\ﬁm%&iﬂwdﬁ&ﬁa dfheesnic didls, Ehld rﬁkt@uﬁ@d fmerﬁof.h

claim ein the hydrocarpon,is sel ecte romthe |
o oup, ot 06 Hgoe AR Hwasiesh e Lt S angaHe seolte is
Oftafiundsilidliteat i ¢ hydr ocar bons, C1-Cl10 hal ogenat ed
aliphatjc drocarbons, ,C6-C 0O hal ogenated aronati c

hydr ocHy bolrj[i‘? pé?l‘ffsﬁ&f’[?fr%g W'T?é?'_@élf‘?o nisTR &215re s of

cl ai m16, whahgiplodds of elafmetvitreinths Blefif ietobyiene t he

group consisting of polyoxyethyl ene pol yoxypr opyl ene

al kyl @-heﬂ-,heprW@ﬁ?y@ﬁ Raing ewgpl[@n reagigp of olefin and hydrogen

PRrBRUY s PrHEMteInky sBiveNt seiddIBd froRPINECYBES RY¥h&§SEhg of water,
et her, pol yoxyethyl ene nonyl phenyl et her,

al kyl aryl

p@ti}eﬁiﬁ@hﬁ&sl eRe et pixgHER{Ner@fher, al kyl ene oxi de

adducts of [ [ ] f:

The pracess oS58 of SRUTTTHnASE 8 HydioHen poEkels foried by
videdaiih reeelian ef hydrogemandexygen dnthe preseace vfi@ noble metal
p§£?|?§l§ of claim7 wherein the olefinis a C2-C6

ol efin. 15. The process of claim7 wherein the olefin

is prdi®yl endhe process of claim 17 wherein the noble metal catalyst

comprises a noble metal and a support. ,

19.  The process of claim 18 wherein the noble metal is selected from
the group consisting of palladium, platinum, and gold.

20. The process of claim 18 wherein the support is carbon, titania,
zirconia, niobium oxides, silica, alumina, silica-alumina, tantalum oxides,
molybdenum oxides, tungsten oxides, titania-silica, zirconia-silica, niobia-silica,
and mixtures thereof.

21. A process for producing an epoxide comprising reacting an olefin,
hydrogen and oxygen in the presence of a noble metal-containing titanium or
vanadium zeolite comprising a noble metal and a titanium or vanadium zeolite,
wherein the titanium or vanadium zeolite is produced by reacting a titanium or
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16. The process of claim7 wherein reaction of olefin
and hydrogen peroxide is perforned in a solvent
w@edogosszadd f rom t he group consi sting of water, Er1US82006/038810
al cohol s, CO2, and m xtures thereof. 17. The process
ar&{dmn%gmw@&{oe 'afs.ﬁéa)ﬁ sfwtf 09 eGmpRIAY 'aQSnt' 8 hnyFdESFﬂ)oH}’and a
% I'n situ reacti g rogen _and oxygen In
p$lﬁf&§>t&5‘é abd teanmrbt@e ﬁ’@d ém actgngsyf@plentltg formma fm'@@é%fss@)/le
cl ai mgb7 V‘ﬁﬂ@?r&etsg%f El‘ép’h 91 ?@{eﬂ%jﬂ% bR Grqmﬁ%ﬁlﬁ?‘zé'bllte is
nobl e ‘neét al a su e process of claim1l
whitanigimsilidaéitenobl e netal |s sel ected fromthe group
consi ng e
5 pr oce?sé of Tﬂ%;?@ééfg%mg@m 511 wmgélg‘ahéglg iR éjcéég oleHS
titanizd ziThepmoeess mof olainu 2y awiedes thesollefn@es prapylﬁmma
silic [ ugg n t I 0 [
tungstin onBasot &R rEhEH) FEBreil At M A, $Fdrogen and
nog@eaﬂspéﬁfcurmedana suiventiselsctet énoevthe geoup cosiatiogef water, Cq-

Lo BRI Do R TRERS PR r The pr csence of a nobl e

netal-contalnlng titani umor vanadium zeolite
conprising a noble netal and a titanium or vanadi um
zeolite, wherein the titaniumor vanadium zeolite is
produced by reacting a titani um orvanadi um conpound, a
silicon source, a tenplating agent, a hydrocarbon, and
a surfactant at a tenperature and for a tine
sufficient to forma nolecul ar sieve. 22. The process
of claim2 1 wherein the titaniumor vanadium zeolite
is titaniumsilicalite. 23. The process of claim2 1
wherein the olefin is a C2-C6 olefin. 24. The process
of claim2 1 wherein the olefin is propylene. 25. The
process of claim2 1 wherein reaction of ol efin,
hydrogen and oxygen is perforned in a sol vent sel ected
fromthe group consisting of water, Cl- C4 al cohol s,
CO»2, and m xtures thereof.
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