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EPOXI DATI ON CATALYST FI ELD OF THE | NVENTI ON Thi s
invention relates to a catal yst which conprises a

WO 2aoanisssd or vanadi um zeolite, a binder, and zP@L/US2006/020687

oxi de, that is produced by preparing an aqueous
m xture of the titaniumor vanadium zeolite, a binder
source, and a zinc oxide source, and subjecting the

m xture to rapid dﬁP%'D/’ﬁH@NC% L¥$Ti s useful in

ol efin epoxidation. Surprisingly, the addition of zinc
oxide results in dq;qﬁlgamTHEngvapﬁ‘tcbmg of the epoxide

product. and thus | ower sele roduc

ol ycol s ARYenOpeEralgs feivebdlich epmRIES: RvERIUY o
Wadiuhh fAeslitent m&&O%dfﬂhc tomepltr%ﬂaé qtirdawceafbﬁp@pbﬂﬁg an
have been devte)l oped., Ceneral l% epoxi d %rée f or med

aGHEqUE Rikiusm obthedfanipnsrar yapad ma??o&ﬂ a.bzn SayEht anq|1a zinc

6>h§e B6GREN&RI Qlbjecting ke Mﬁitureﬁﬁ%ﬂﬂ QREd.| PRe Batalyst is useful in
opyl ene’ oxi de from propyl ene and an organic

wﬂn epexiggiiane SuniiOlyg thyandition g Ring Pxidenigsléh edrcreased
m«gﬁﬁgﬂf qﬁ% :Hgokﬁét HbY a nﬁk}/ ﬂmpr%w% dBlechivity to. by-product

cticed technol ogy. Thi's process is
giwcfl@ané@ﬂwcnl etherspr esence of a sol ub| li zed nol ybdenum

catalyst, see, SABKGROONDIBE THIONVENAN3S. of a

het erogeneous titania on silica catalyst, see, e.g.

U.S. Many different 3ethais fomvir Huepaetionrafi aw«;des have been
e t

g%\ﬁe‘f#dg%ed? F%I §%§é|dg§ atré1 ?%medeéy tthgqgéétgﬁ df% (ﬂfafln with an

mvduzlng env imrthe predepse of urﬁadnlysjln éfhelpyodudﬂen Qf pm@ylene oxide

t al
B3PI A, L Y Rt boos R CBRAELE, pognty such as
ethipenderir opeiraperodde  anotdrebutpixi rd/ldmpegom@@ntls usahonercially
Gt RhRR8S " Y30 Bl SO A VL SR e
mp%ddmmoﬁcﬁatalﬁstpbeé i 8., vw|8h dewogemlsmmsxoda heteroheneous

resence a t] iumsilic urrent
RaG2arien sTica GHRlYED c8oPn Ghe S cBe ofByi 4db Tttt Abtner
dreineRsallyl bhactised escratodly & alge ndirdeh etdamamsroctﬁssmyliehe to

o BYIAnS 9HEe o FeRP N O AR e F GPE R a0at YR alethe

SR cRBNBOERANdt Provertudeiul i orflinefsal eppRbTGT bftigidr olefins.
hi gheées?clje%f (I)xr;%en L%glalk)ll IhB)//dropre]romdes. another oxidizing agent useful
for the preparation of epoxides is hydrogen peroxide. U.S. Pat. No. 4,833,260,
for example, discloses the epoxidation of olefins with hydrogen peroxide 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 one or more noble metals 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 VIII metal



10

15

20

25

30

catal yst conprises one or nore noble netals supported
on a titanosilicate. For exanple, JP 4-352771

W(alizmmomses the formati on of propyl ene oxi de frpPOT/US2006/020687

r ene,  OX gen and, hydrggen usin alys \
B Serpellpdrr s Gnialis, QRORSIoAE o neatronn YAl metal is
pElsed! tol promidié éllﬁ@fiéédtl%ﬁt(ﬁ oxi/gen Qrféjuﬁydfbbén rthf@Pmleﬁn in situ
believed to te the reaction of

RYidizgerant DSt RateNgb.859, PDdisaPses g Cag?d»fﬁ( in \Mhlsh appjatinum
NR:tal 2 s8l88ed Grorf IR | IS 854, 3O§ ak "ﬁn}ﬁf‘t |§ sM@b&tb@oﬁ'é‘ﬁt’aﬂMFﬁ or

metal , selected from Ru, I r and ,
yarpq;bmme%h@htea t@tf19h|dUﬁ$fo¢PQ7%dPé|QPL@ﬁt%|V$tl @&ampl@s 'cwinée gold

Fl3[:Jp0rt eg O%Hﬁl{cgnfbgg?%?tdgt%ggﬁﬁsee g}t’ g)%gP%OQ%Cgbll’lii
| nt | . Onpplisaduentgeogsthe. devetbed @aevfaap@géaw calalysts is that
Ce{ré g?&\etdt'orp%& &%%rgeuétg gu&fé§é%§ﬂ§ ok a;cgﬁétpél@%rmed by

eyuog-opetmegsoff tb\enmbxh;e ptueiuch ng-atkaeni bbgpm‘dut:héormed by the

RSB o, 8 6P PlePbtlod OTERdY o it otrn

dﬁ&)ddathmspracehsna athiahl tﬁé |seleemw|fokahe osagtionad oéefinnoxygeahand
t t lefl )

ToREh e b o Sl R P PSR rggoos

bl :tlﬁ@ladmtlbﬁcﬂfld @ltrdgeﬁhr&mﬁpwddkamhf& agmmugm l?jdraxude to the
n| ogen u u roxi de to

Saction Gy LS. BRENBs oI Yaa ackhes e st e dimgnium

bﬁ:ﬁaﬁb‘na&ﬁ”fﬁbﬁi%fm Ied @@bﬂ@@eattﬁe esHctier s:ftrmgd@@éms&y bflucts.
roduction o rrn

Sobsh 2%, hehadd  RBTScngt ik 8L BhbSahoruS, syl s9hium or

SRIAIY WBCHera SRR @s NBEMAotIRESheReC fo afedhEasEOtthé Oplagniction of
to decrease the production of propane. As with any

eHP#N€al process, it is desirable to attain still
furthgg \}vﬂ’ﬁ)réﬁ&eféﬁ@hﬁsal bro&sE€ROX Qﬁisirﬁﬂe”% hatksn all further

cat al ysts. have di scovered a new epoxi dati on

HaRravgreents g thq epqxidation metbodsyand eriplvsls- ofVediavei digcovered a
glgW'\éﬁBXdQFonT E&ﬁaiyg{\@l}ﬂ t<MeliRend ey&maitigﬂ o dikingat al yst

|S|ngat| ani um or vanadium zeolite, a binder,

and zi nc oxi de, WMMARY@EU%MVENTl@Vproduced by
prep&rﬁ@%\%nt,agggeg%gtg@ tc'df’rﬁrlgﬁwgtahﬁ gﬁﬁ% 'oteranadJ@lhﬂg&the a

source a Zl hC OXi source, Subj ectl ng
hindeur and wincwixitled rwhergin mecaﬁa%@htlﬁs drodviers ibycbrrRpegng an

LOGedtRemBhurk NS HALRbME! al Uhddr SolReSRAY! £8ic%kide source, and

subjecting the mixture to rapid drying. The invention also includes the use of the
catalyst in olefin epoxidation.
DETAILED DESCRIPTION OF THE INVENTION

The catalyst of the invention comprises a titanium or vanadium zeolite, a
binder, and zinc oxide, and is produced by a rapid drying procedure. Rapid
drying titanium or vanadium zeolites to form microspheres of particle size greater
than about 5 um is well known, see for example, U.S. Pat. Nos. 4,824,976 and
6,551,546.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The catal yst of
the invention conprises a titaniumor vanadi um

waeaioisss4 a binder, and zinc oxide, and i s proRPUIEs200§020687

a rapid dr ocedure id.drying tit

v an adiGr s T o BBE T e BB SHerERetid A mixure

oz'xtgé t@érﬁ@’hedir \Vd?%ﬂllﬁ’tb&@bhté gfzbdlfrhdgr\g@hrcdekgﬂggalzme&)xfdﬁ source,
an 546. T

W%JW%‘%“”E#“Q H@‘ti‘rﬁ\@ﬁ?ﬁ”eﬁmﬁg fornmed by preparing aﬁ

aqueotn i bk R/Qnéﬂluhhfedhtefsaédngfﬂs@fthé i 6febid bllsstarfces
bi nder source a zinc e

sour ce and subj % 9‘3
whereifi fteniven ob vargsliem Atoma gre subsifiviesh 1BF a\Rosinh bipihe siieon
V\Ems ih 85 CRBR HatRel IR ot laanslclliaz §itVé.t Bhcts Hsstaneesand thelr

erein titaniumor vanadi um atons are substituted fo
rrogactionoareotvelt kirove ini the grtatSaesfor example) W& Pek Nos. 4, 410 1501

L prfﬁ ! ParflBUSHHLToRbS iRaniGMC DeaHES NSRS thetibss of

uction, are wel e art. See for
rerkcplae sreMSSCOPmonI)Ntm‘erre]q i es §niuan giligalges peeicularly “TS-1"

(’E‘ gi\'gc%fﬂﬂ)‘%ég gg%‘hé% ohd {daf?\la%@ 3‘2@ %%Iurﬁﬁr'o&ﬁ'@até Beolites),

I Sl eves connnn erre
s-zrh(hanmguanu MEL itopdogypamalogausdo |tlyet Ufﬁlelsth‘a’lva'hg"fmf‘rlllcate

SRS St EETE IR hIBkogh RSN St gy Tranwm

écfiﬂéﬁhmgwlal_ealhlagaesee*lr hatihg framiewohestrsitires jsomorphous to zeolite
al um no L C 7 "TS, 3" e e
Belb g mopals, REMAE 5oz, AEM-RARITNO, Hha A48 Biso
émia(brélﬂoaUsél ?’Méﬁtdmyhl Izgolftéﬁpmﬂeraglymntam 0o ebaments other than
i sonor phous to, zeol it t

gtaniymvissispraaRe Y98N il ee'i& igp gf%m@@’”&fﬁ"t‘%wi i %ﬁﬁ%ts of
déent rdr Rivmhg@obbdies, poabsiumbtyppaoahditine e mhg beprasent.
ot her_than titani um

oL et Bt 1oy Sohis, 5% P 5abollf ghanium o

bérPd%hurﬁ'zHHit@ %ch%d'aﬁmlmﬁﬁr‘tlﬁg $hpfoved @Ménaadprbb@rtles kethe
be Eresent bi nder s any sui.taple binde

%%@*FQJI Eﬁferé%I%‘Pﬂﬁrﬁt‘Pﬁ|§d?ltf‘§nP’ﬂ ot VBliRo LﬁW’?E’Hm ¢leron,

sgihﬁhfss titeitin 'M@ﬁlﬁhﬂﬂ\d/ﬁﬂh@%{%lmcwc@kl preferred binders
rties to the zeolite. Preferred binders i

arr@esnbs@ cRlemigra, éltameofralc'amumcrﬁﬂhﬁt%&ﬁwm 58 gf%m'”efa's
Lhd Ghixiies %%ef" UBY SRSIES T of "BIE P S RingFaIs ﬁS@@&e ahd)r)tmorlllomtes

preferred binders are silica, alunmna, tita
kadlipsubepiepiiphaansd seaioliiesm ﬁrefe&rgfiebmé%yormér'aplgde silica

Q&ﬂ Jupena %H&rrcﬁé’f andREMkES Qﬁm&'s%ﬁrd@snrﬁbl%é but are not

ude nmon onites, kaolins, bentonites and
Bnaped)to tooloidairaifoar fustedsiliers silison elkexsiden.calilband plkalipe earth

metal silicates. Preferred silicon alkoxides include tetraethylorthosilicate,
tetramethylorthosilicate, and the like. Tetraethylorthosilicate is especially
preferred. Silica sources also include oligomeric silica formed by the hydrolysis
of a silicon alkoxides, such as tetraethylorthosilicate, in the presence of a
tetraalkylammonium hydroxide. Preferred alkali and alkaline earth metal
silicates include calcium silicate, sodium silicate, potassium silicate, and
magnesium silicate. Suitable alumina sources include aluminum trialkoxides
such as aluminum triisopropoxide. Suitable binder sources also include titania
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sources, alum na sources, and the |like. Silica sources
i ncl ude, but are not limted to, colloidal silica,

wo wmeaisBd i ca, silicon al koxi des, al kali and aP&EUSIV06/020687

th I
\??qi{gp %‘Z?? ib{{%ﬁ%ﬁr{q@gg&gr@ t ggy ?r%lrlularglo sou?ceksoéu& as kaolin),
&Rt éacmipHoRphétesi | i cate, and the Iike.
Tetraethyl orthosilicate is especiall gepref

d. . )
Si | i 4iNG SYidecIoUssas atengnerganigningh RPPeUNds) § ﬁqrm #pg oxide

Witer BEbjBYEH Qb ¥SiapidOdrymgSirbbédite @hl Oﬁﬂef’é?ébly,sél N@hal’émperature
tetraethylorthosilicate, in the presence o

edeinalinky PARRERA AN Yiee aQEcesPINEIUER 1 2kP QK'R’&I as el as zinc
SlfiBbirte S B TRIcAhiBld, | A7 SRele | AL IGHaRS, Ui niite, zinc

sodium si l'i cat e, pOt assium silicat e, an
onaiates riomsityraicaziac caubansie.ezind qirelm Zitsubydsexifde,cing actate,

@hg[gup&glaw dj&%@ges such as al um num

r{1"Sopropoxi ui tabl e bi nder sources al so include
tit anfresaguenss nistucd isagreparesinbyt dispensingt the ditaniung gir jvanadium

%%oi‘l!ep %?g)rr‘?(%r SN EESISHELAS ofRg! édqu}ce ﬁp%{afe?l CTWénaqueous

ne okt FEUsoUrees Pare Zine: con
banqueupméerlahlat cdntaing Airomt %0 od. %A*tnnd@utgwce eﬂl 0tlf5 wt.% zinc

id dryin dure an
SR cebidh e BrFE I S HatiuRLFt SR e Zde" e ener of
adtﬁﬂmrd% Aotrepnekieeke) toabe mtud:al,abutzpmferalﬁyrpther&twesus Imigtsire is
zinc nitr a(etate for

repredehy BRerfilPatendiner farigiuat eo05 in SeltF apaiing to

@linfifial® Tub@se ther BEMbiiHgWitH ethe Ziimder | stuirad, dollawett by the zinc
| ayrat e and_zi ueous m

) inc ol egte. The, xtyre .
s APy Th &8k SRS Sontent In URiaaHearS (IHWER i preferably 10-
etk eif AdtesSarpipe solibs aetheadighdrbionZhag bexgreltdsoud pearticle
i.n water. The aqueous mJ<ture referabH& contpieeqs fr.om

iz WRigh 6% epweewat@ofer deeding §1saydrygry, -2 microns.
BrEraBly, miaa,@eo?u@ Mt tid baaséanh%udqmm@bympaa@ $dren, e.g.
ered

The order of addition is not consi be
199 feghy to %ﬁvreptha? by fros prticlge e met paseia e sRray dryer.

prepagg tlk?é/ a&'uegdl%rrﬁkf‘l.@e herhed, ané Hikiare i¥ @lﬁ@ﬂédﬂ'@:cted to rapid
zeolite in water and m xi ng to elimnate |unp

dryingi tei fagn ihe watelvst Bemaedsing Sianien of ypPadie whieh@"@ﬁh@nd
A%é 8% d§°Wﬁ<§1 th ?;?nab?;&@é s@ﬂ[:é fSy Elﬂatcsmpohﬁ‘d EJ&%&‘&HS&Pébove,

m xture 1s | necessary,
sughi gs Zine n @t@m érpﬁerrgmldrdrmg w@cngariaclu@e% apaal@ln@tl@ step

eéﬁni’%ﬁﬁ?eét%r ?%r?]\r g?%dn tt% ééﬁ of :@Ql :ﬂlgct: %gﬁ‘)gf)gbé% 36 Yo oxide.
Ripitudngings mas s dceomplisgad doy appﬂ@pwmam@tr@gr &wiudirg grilling,
%&g}gnﬁﬁz&?ﬁ %@ ﬂgggf'g@}ﬁcg/\r/éd;?\t/ ABRLhatbAE P&itd)CEEDy WyiRG belt
roaster drying and calcination (followed by grinding), extrusion, vacuum drying
on a belt (followed by calcination and grinding). Preferably, the rapid drying is
performed by means of a spray dryer. By submitting the aqueous mixture to
rapid drying, water is eliminated and .simultaneously the binder is activated,
leading to the formation of microspheres with a three-dimensional lattice,
wherein the crystallites of zeolite are closely encaged by, e.g., Si-O-Si, Al-O-A|,
or Si-O-Al bridges. Typically, a 5-100 micron dry product is produced.
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After the aqueous m xture is fornmed, the mxture is
then subjected to rapid drying to formthe catal yst
weompoigssng titani umor vanadi um zeolite, bi ndeCT/USING6/020687

Zi nc _gxi de. t he zinc ox source i s i nc,
oo Ay Ge el g RE G ElerRiY RomeTs 00 heioty percent
fitGiufmaer @br%wnm Sedite CEHBO0 evdidit | peeesnt dilisalof ialmhihe rblrﬁiee Pand
éheatl n reater .than 2500C) to convert the zinc

6r?p‘69'ﬂ FP?IC MRNGORAYR. Rapid drying may be
aCCOfEéfb@@éin@)érrﬁﬂB&e@ﬂﬁ‘@fboﬁ%f'&d thé r&a Fagdic | @?t@férbblyﬂﬁlcmed

drylnglln alr on trays owed fragnmentati on .
@ ByPhged, raferpblr i ﬁ@ OW@W qoa&asm@@ %Wﬁﬁ@ersnat 300-800°C,

@a}ébr@%régpf,gh?)gb@%@lo@y grinding), extrusion, vacuum

rying on a belt (followed by calcination and
gr i ndPmeyppoxatiosy procgss efiderinpsrdionraantyisies qpetectingrag olefin

%delﬁgﬁiﬁ‘gé?ﬁber%xﬁ rlg‘XhéjR%% e[Bxf ﬁgg&g §§t%@tﬁ&mva%g>%9b§4.table

ora m nated an
oJefing mh@emwoleh@ hlamnca't least e wbermtcatb@addm@let bondheand

SN R P10 BSPIBNERER, Wbyl HeoGefl) BRRABRN alkene of

ereln e crystal Zeol I'te
Mm%ﬁmtagedtobﬁ thee processi of@m@unveAhorOsAﬁartmﬂar& sufbaplie for

%Eog(d CFT%‘%I @gbrﬁﬁ' yy@re hj??’ﬂ%ﬂ% ﬁélgorﬁ %Sﬁd agﬁésk% gﬁs%nt asina

dﬁenﬁ? br t‘rme%r &tarmgie g Mhepdefremby lbletaahydmcanbon z@nrea,dcanham only

Z ite, ,10-50 i gh ercent .silica. or, a

GiFhte e SRGTGen Sof18) ghiaicriudb idioRaL BiaPhafsp gs naiide

&wbm/i enyxlroxﬁd ether.eparboid] icpamo, tdrenicrat @b)A§$ osthe like. The

referql? cal ci ped or oll){/ze " Ere era |

olfeaengon: R el Gferyb 16k Gouering p@yiene to

;ﬂbpf,]@ﬁ@bkiuefrom 300- 650 OC. One epoxidation process of

the i_nventjon conprjses contacti an ol efi

hydr ogEnYSEPERN REFoKider Ry Bﬁ@@eﬁ@éeqq)pncerhtg L@@tngﬁﬁg@wdatm
r*eB@tldiHYdfogén pé‘éﬂxtdébrhé‘)éﬂé Qbtived fr&‘h'd#@%uﬂ@Merloafdenmcludmg

havi n | east one carbon-car bon do bl e bond

@@cﬂ?ésoa|qf>ﬁep9raﬁﬁrz alcghgls stigh 58 AsopreRano Fth%@a nqr}?eprocess,
et uﬁeanre%ew lof h%ll‘b@@ﬁ ad bxwyen? tmeS&rféembarbn of the

atons; the process of invention is particularly
aqyeoys hydragendiesexide zeafgarttzad@ed dn*efthﬁsepomaaorﬂ ﬁ%ﬁ?’“@ﬂés not

ﬁlHQI' eTg_ép?FSI HWKOQ@% ﬁrSﬁS@tcon%tiéﬁoﬁs ‘E’ér?d?ﬁfr% .5 't@@@ weight

or exa e olefin may rocar bon (i

rasaentinydmgen nﬁé@mlrﬁﬁ@tehmef@w a}/%ﬁwelqﬁ pﬁegen't:ont ain
functiangl,, Qﬁtowd?‘b%h BeroRik! tGQhe%ﬁ&%ﬂf olé?%di%cﬁ&’lcrltlcal

et her, car bon or nitro groups, or t
umemmto@w@lyomet rrme ar i of @mdﬁogeesmwd@ plefinga fiigm f18p:1 to

‘ﬁ?@ff,eéﬁd 'ﬁ%rgr&@f@r%]? ih Ghe range of 10:1 to 1:10. One equivalent of

hydrogen peroxide is theoretically required to oxidize one equivalent of a mono-
unsaturated olefin substrate, but it may be desirable to employ an excess of one
reactant to optimize selectivity to the epoxide.

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.
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propyl ene oxide. The hydrogen peroxide may be
generated prior to use in the epoxidation reaction.

wolgerogssd per oxi de may be derived from any sui PeblU82006/020687

our ce,, .| hcl udi oxi dati on of secondary al cohols such
Zsui sS(X'P'l?p%i?Yo'i‘?gig meetalhsaasiFaRoRR Uiized dbe., galdd sivesnplatinum,

Palladitin; eifigiuhg Nridhemyig %@rﬁ]uﬁn%&ély%%iysﬂg,e.eéther alone or in
f the aqueous hydrogen per oXxide

trati ,
fcgn e'%#@%ah%ﬂagwm, oPlateunapand d2ald ometad aeatalystsi srengrarticularly

Wekiraisial Suiiple bl WElP 85I RRT RIS h%ﬂ&%ﬁ%é ldObhle, metals,
ralg%gfromo.lto 90 wei ght ydrogen per oxli de
ine

Fefal aipws andbsypperte r@bfe:;ré%] tcptalysémt Exaitnplesnafusiitable
obly el %Etd%’tso?ﬂcﬂf?j&it figh l@@f@%@é&@a &Tuagfgﬁ bAd paIdttim alloys.

critical, but” nost s ol ar
IRIYQY§E rPaskeualivdrrefaresd mokile nfetalmataigstd are sipddtd robde metal

IR EbAING ol Beld el f A adliodin | L0 110 e

equival ent drogen “peroxi S theoretically
r equi Fed stppasieddngide onetak catalyalsettie sfipport is preferably a porous

T YT S L —

opttheitype afeduppbitthatyare st eFepinstiades, the %ubwﬂt cge betinorganic
[ Lso. be generated in situ t he reactj on
SRR, Fon e, RS SSPBH59, bReBl Bl e el
frergdnic mwe;smcluabt) W ofimto?@lﬂ, 554,086, e,xgae 6Ir alﬂld?alements.
n are suitable, noJ ecul ar oxygen and nol ecul ar
ROBIGREN Slefori. ifosite GWicR:Suiiprh obF Bcneice. Gy ttania
eiecorteg nibhilmzeetids) tetalugodxidess Hdm{denmnaé)&ic?‘émungsten oxides,

al | adi u i.rigdium ruthenium osnum neta o
BRioup b Fariisslir Smpiohecs A< et e Ao APbiacalism, and
fleatlikeum Prefergl brgatial papnal Yiebins alrRiuRr hofdhyAEde/ st [ene-
esirable. Suitable nob?e nmetal catal ysts include hlé/

inyibeazen®a OV MIBal s, CrRBHINKSGret apolygthypseimings, ~ and
pugwﬁrﬂﬁjiﬂﬁb' Suifdiabusra! s ﬁl_clugé"i‘ﬁ%rﬁé p@lgrrn%g"ésﬂ@ Srafted
no

l e netal catalysts include high s ace

PPl NArIRRIG KGRI SURaPtsn SHFbyas nabesdeniming-silicaul aPraferred
Sigorts’ f80 MM @B, CPBﬂicM%?Iszﬁé%rr%Hpﬁngbgg iRARYE carbon,
e netal ‘and a

metal catal ysts conprising a nol

¥ligsp silica-akppingsisenie.cdrcapie endrpiohla. cat al ysts, the
SUPPQOSrsferabipr ﬁfee&?p?o\‘t ﬁ#%r%c%rgé'iﬁlthe THRROBE 868510 to
wel | - kno in the art. ere are no particular

akaiit 706t mo/gs mate tivefergiy fiom abpwiod@ te lakobut b0 nsgl. arftbmost

ér’é?éréﬂg?ron% ﬁ?%l? ﬁ?gg’f)tabgagmﬁfmzﬁo rﬁ%@r&bl@ﬁb%%ﬁg%yclume of the

I norganic ¢ car bon d organi
suPporisis iPrtbe gangel of about 0.1 to about 4.0 mL/g, more preferably from

about 0.5 to about 3.5 mL/g, and most preferably from about 0.8 to about 3.0

mL/g. Preferably, the average particle size of the support is in the range of
about 0.1 to about 500 um, more preferably from about 1 to about 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, paliadium, iridium,
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I norgani ¢ oxi des include oxides of Goup 2, 3, 4, 5,
6, 13, or 14 elenents. Particularly preferred

WO pargaseBL oxi de supports include silica, al unP(tTHU82006/020687

titania, zirconia, njobiumoxides

rSN S REMIGRY Rl er @lmsﬁréhcw@a@@o” é’%?%ﬁfg]ug’)é i and gold
Lid @néw 'd%@lratﬁémf §, Bid aRuAt 8f hblla, m@m)rppéw\s in the

k Pr ef
Qné%ontgdféafé&&ewﬁlobwn§then@?rggt<§rffé$rre35 BoRupagh Sudight’ peicent,
gﬁi’&%%ﬁ Go5 o P(f Wei% ‘E)@ro%ﬂ{ %‘d%rﬁ‘&ﬂér{? mes to %ﬁﬂelght percent.

m di z itab ports al so includ
Shegardnpepisl whish thepphle rgetaf iﬁe@CQm@r@tQ%@F@ﬁWu %JPBQTt%‘é catalyst

EWJ‘?%ﬁsﬁde HQ& P@iﬁaﬂg!u}’a‘?gr}t\; 41 HoR %x§r‘n}:ﬂecfhe rPdthé ﬁfe'té?‘#nay be

orts Particu re erred
smmthedsby mpragueatmr lRAAQrpEOM,i IU&Clpéaﬂqm&féK@ ke iternatively,

| t
e, Wb, rHAES) e APt P St M Hipapatoe
Vg%anﬁégg%allﬁlgfn pmetfa&e ably from about 50 to about 500
o/ o TRPE APl Borteer esticlsiR, REaing s Ubiad Bl hofieta
th@po@er oémalwulseﬂ ds the stamce ofith®e ndblg, metek@ the supported

ﬁ?t@IVQ{ a‘gcprgga AL abgﬁ?le(yo%r{ogng%gﬁ{ c% tg ﬁklz/ages AfatdB S alides

.61 enidhtiys, UrbideekraagsoxyRités (@.¢: wietate)pbind ramme spmptexes of
is in the range of about 0.1 to about 500 nm nore
pPE&rEBBy from about 1 to about 200 mm and nost

pr ef efadihey pféfmea@mwodmeﬁtmfabe itiveh@on, mme érmncmmn ajelefin,

ore dianeter is t t
5%@96&@0@ OXY9¢it @féﬁ%q? 9%»9&5? Pﬁ%e[“ggg*ga 616 . Cé’HEa'“'“g
%ﬁun%ﬁﬁlsﬁa?d?um lafet whith lcomppiess aFblAmeTldl anslupp @ataigst of

obl e netal catalyst contajns a

t1e enirsbl b s SMPogiReTsehg: ?qt?'Z%toOf(t#eé“"e"@'8V\3“”§'°“s as a

§hﬂ)nﬁYd?rf foPltﬁé' s Petdiadithd mdrindt U O\lhtdhe'thélmoble metal is
, her al one or in conbination, pa ?

mcafmﬁ@itﬁd armta the catalysk obthetinventian|is nﬂ\e%‘?’}séi% %A o be partlcularly

DiRdfal By kiR l%”QHé‘tr?cfPfle mokthe nigst 8L sﬁfp@%ﬂ@@ pyn n’hbk@gnatlon

supported cata in thé range of from

Bdsoptiomi gmlpﬁea/%n@r ther irer a/bltvnewﬁbss "t nep ﬁ/emsh? can be
fﬂ'ﬁc;o?ﬁd?ét’eda&ﬂloﬂ%kh%\fmm 5 %%au‘h?le"’; 1&RiBhhe %ﬂé@ﬁl‘h dinitrate.

manner "1 n e nob iS i ncor pora ed
Wibite ahg afufieonolld mtaﬁmw bs widized oihsi. deeldd sierp@latinum,

ﬁg@é&oﬁﬁi' Ak, %fhteb‘ﬁm osﬁﬁbm XARB Sond BPln”kQ%tﬁnéﬂ‘otnaballadlum

ported ti1on, adsor
piatioLimi arut gcddl ,are)paniih@arly rdesuraeqle: érrynmallmﬁg amonat efgiibie metal

@E%s‘f‘?:g EiRe RBole1iBIR 85 AR hdYed it W ARE raideuf i 0.001 to
20 weight percent, preferably 0.005 to 10 weight percent, and particularly 0.01 to
5 weight percent.

Depending on the olefin to be reacted, the epoxidation according to the
invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction medium is used, the catalyst is
preferably in the form of a suspension or fixed-bed. The process may be
performed using a continuous flow, semi-batch or batch mode of operation.
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tetraanm ne palladiumdinitrate. There are no
particular restrictions regarding the choice of noble
woreaodlo1sseapound or conpl ex used as the source BET/UR®06/020687

nobl e metgl in the ted, cat al. F

Ui t JPBORGRBL 6ot B Gicn: e T 0 IR AT Eease, it is
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n_{)e%lf o)) Eelfwe AL ¥ ié&v&f\t gh@eCOE‘WtBeolﬂ thé Bup&¥chtical state or

odi nent, cat a the I nvention functions as
ia awngioptea‘sure/wmrlmﬁil satget Bluorimatednalaehka's iGaNPE deednélt is

DIRRL 8015 Bk hixLASUHANE BIEbiIbSH s Wif vl yst of the

ronTs no consi der particul arly
crit |If:@boxﬂatlore>m|¢ptr®d owtelnntﬂ@l bquvét(gr sngyrcn’@cal) phase, it is

rted
%équ?\g%gq%% gg ui??ebﬁaﬁ‘g It'bg buf?%smﬂﬂ %)bc%qy bR bgg(?] ?rLe' Sivent to
fonaca poifert sdution. | Bire buﬁﬂéraam@ﬁlom is Iempﬂmredelmghpu@actlon to inhibit
et |1

{lﬂg {grrga ne %ly&?fj &f@g {l étﬁgllse m lagoﬁ@é( ol Pgtﬁ?r%g%eewell
kkﬂi\d/rﬁ@hlthg?rtt ridium rlult hgnl um osm um, ei t her al one

or i i nation | at | :

par 1 ey 14y Sl 1 i Pue eyl Bl AR Sep of oRikics, the
ﬁalhfé gﬁﬂ qcﬁepts?]mbm Toh@vhmblnethmtrm{t%nforatalsnchnghateﬂnbl phd of their
W e in n

Bviang, may, e Bra JEngedisn oy oEPisR PR 419 10 and
?\%gf gfégclfsrléﬁly%’fr@rgoﬂ t6 @. ?smmﬁ@an@m eixt/acmilepemdlmgn amion and

o be reac

Giory nYBRETAN BaFIOBG P P BUITES AEONF qUCR PrasPhate
Eé\%oﬁél% Ri@FSondls, tarbbR@aryPRIE! iabbred, pﬂﬂhslete v&mmﬂae like),

iquid reaction mediumis used, the c

pialce AL, TS (1o P SRS B o e 1 Fe.oBiap porion

S Qﬁeﬁ‘éyqﬁwugé dRRbhS ISHBN é!ﬁ'aﬁﬂn@fuﬁmntdllfwmﬂmoﬁium (e.g.,
sem - batc or batch node of oEeratlo

tetragtwylamnioniums; pyfidisiums A {5 likelp @JK@M T ) g‘%ﬂ'&“@e earth
Heéélé &qﬁé‘ﬂﬁégégh@n E%M‘ﬂéglrfétuo% N £ NBU,ENRfe, 1EILRE, RACS, Mg,

e presence of one or nore solvents. Suita bI_|
gotl Gernasionac Budfers may peaferahbtcantain erpmkinatignaeffapre than one

5? {a%ﬁg ?alt \%\é/ﬁfcgll% (Qgﬁcé‘ﬂtPéﬁlHﬁ%‘? tufef fofhe saidrtd Bom about
0.0001 M to about 1 M, preferably from about 0.0005 M to about 0.3 M. The
buffer useful in this invention may also include the addition of ammonia gas or
ammonium hydroxide to the reaction system. For instance, one may use a pH =
12-14 solution of ammonium hydroxide to balance the pH of the reaction system.
More preferred buffers include alkali metal phosphate, ammonium phosphate,
and ammonium hydroxide buffers.

The process of the invention may be carried out in a batch, continuous, or
semi-continuous manner using any appropriate type of reaction vessel or
apparatus such as a fixed-bed, transport bed, fluidized bed, stirred slurry, or
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al cohol's such as methanol, ethanol, isopropanol, and
tert-butanol, or mxtures thereof. If CO2 is used as a

walemes4 t he CO2 may be in the supercritical BCHUS2006/020687

[ ' /s t state. Fluorinated _
Ié?%@ﬁhl %‘qﬁ’gr %ﬁéu{?@}sﬁl{ k?%lﬂ? ér%Etvé?l dhafore pbaruspansien e fixed-
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rh\madivdiﬂ ypmnopnate tlb |Slédwamiagms tovedrieraaba yrefsé@r@ &f 1@ 100

B AR R i, RAGREA Tt BB hE AR mossherc

ar&seulse such as phosphate, carbonate, b| car bonat e,
alate, and the like),

citr ol b8 Fofbuod maRSThast ufihale TedHomodinose skdied in

the aftevill irkeognizeemaay ivariatishst thanarf withif tha!dpirlf®f the invention
g ude Cfati\' ons such as ammoni um al kyl ammoni uns

?@ goorg @ 4PF-amoni uns, pyridini uns, and the

i ke), alEmAMPrrrEtaIRREFaARAleoeaidﬁnsmmmLYSfrst he

% keg—ﬁéL—g,ﬁstqa ? %ngglog%g#\g%ug% @Wl%ﬁ@%@bgq at lglgwc)
z@mt% BoRoIGANGNicAIhA, Shd AT Kt %f@ﬁb eﬂeeiké&ﬁpbﬁyﬁé'ahged to
ally, the concentration of buffer in t e_slvep
YvéPe,r:f réb%l?f‘ Wt Boddrivet @ calsbist mixtwe. pridketamy is ¢antimuously
RA0fdm Oar) Agftafddt féeGb@HIE ) a?n é-rt@ﬁlg@’eggr%r e e ?‘ériébﬂa speed

this invention may al so i ncl | on ol
SERNMUR e the r%tﬁ%ﬁpmrﬁqnw\e@kofd@rab drytee. Thenoatacyratomizer is

@YﬁétQB‘OOBQQPM‘%tH%Cs%rrP d'VB% 32 B A rill4an air feed
R 204 8

sol ution of anmoni um e ance
leAweraiaie isoh! Gips4 BT (W8P do Br18F kb Thel fdad fseitemllzadl indee top of

tglrenlfr%hf% m@%@d&}c%g I%g&ﬁ@t @ thé‘gﬁggﬁiygr %gg?séggéqu tﬁrough the lower,
Gacaht sesiionalp He eelidsi dschange |pn|rth dbethe hgpexoat theuotyse. The

r%éulﬁﬁﬁ”sp%ﬁhéw%ﬁ?ef%qg%?leblsfbpg HolYs aPRY0RE Ilnataﬁ' folBRed by

reac vesse
calcination in air for 4 hours at 550°C. The calcined product contains 0.35 wt.%

zinc and 1.42 wt.% Ti.

Palladium is applied to the spray dried TS-1 by ion exchange.
Tetraaminepalladium dichloride hydrate (0.80 g) is added to water (54 g), and
this solution is then added the spray dried catalyst (200 g, slurried in 393 g of
water).  After two hours of gentle agitation at 30°C, the catalyst is filtered,
washed, and then dried. The resulting catalyst is calcined in air at 300°C for 4
hours, then reduced under hydrogen for 4 hours at 50°C to give Catalyst 1A.
Catalyst 1A contains 0.26 wt.% Zn, 1.4 wt.% Ti, and 0.15 wt.% Pd.



10

15

20

25

30

apparatus such as a fixed-bed, transport bed,
fluidized bed, stirred slurry, orCSTR reactor. The

W(aaaoajoys;sm i's preferabl y in the formof a susperPGi/UR2006/020687

[ ting netal -catal yzed
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BOABRISSHATES GhYs Tl DR 2% ﬁd“@obweﬁﬁg n. Those

r'ecogni i ati ons that
are mﬁemmmmmmw Catiatyst mDeﬂmremaradcbySmaﬁ dafing a 40

T PYRE e W e R s5 R 2EL oTruce Sl dinggnpccorcing

(qaﬂ'@vn)r@gedilyeml(zataiyst B, &88p1Chat 22 sirryofeed ratedalo.167 gpm,

Y dox 9 11
R e BB 1 S B o6 sl iy of a catal yst

m xt uraladitine sl @pplied stocaing | spraystned evsf1r 069 aan exchange.

PRS- g BN TS0 0 PR o s 100 ), ane

thime sdlutidn splhay adiuye the Sp@ayr diiedr datalyst Zl)grg}'og A{ﬁgF‘ h@étlng7the

| f eed t
ATl FOn: P sielion G s e saielystis essd st (2 x
5@D glﬁéber) 'Birfd fh@ﬂddrié‘d alT‘lBl@1 r%@gltlhgﬂ cal¥fydtar (@Hcedt G%ralght in a

g(, cal , |on of the spray dryer an ]
rr}’ th‘% PbkaCf%%.hews C%'é@teﬁdhatr@t 80@°C for 4

lﬂmlrs dﬁeﬁl iréduvet ddephpdrogén (4 %Ia’JQ%degefnhﬁ %33%4 hours

ti spray dried material _is’dried _
alt C;: t g’eré) tﬁg{ﬁ e Fompacative Griglyeint D ﬁoaﬁarnsﬁbﬂ wi.% Ti, and
(homww@p&SCDC The cal ci ned product contains 0.35
wt . % zi nc and142vvt %_Ji. Palladiumis applied to
t he r a erafn nighadeh isngeded by incipient wetness to

s'B%C?f gﬁ{@dnqstaie L@\?'tHg‘ FHIIS\Mngr ifSreBN Ao Hré&diPe ) 2 nitrate
hexaﬁydrat% (%6427 g)in de?onlzed water (200 g) is added to the calcined spray

dried TS-1 produced in Comparative Catalyst 1D (200 g), then the mixture is

heated in air at 110°C for 2 hours and calcined in air at 550°C for 4 hours.

Palladium is applied to the zinc-impregnated TS-1 by ion exchange by the
procedure described in Comparative Catalyst 1D. Comparative Catalyst 1E
contains 0.25 wt.% Zn, 2.0 wt.% Ti, and 0.065 wt.% Pd.
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this solution is then added the spray dried catal yst
(200 g, slurried in 393 g of water). After two hours

w@boogemeBe agitati on at 300C, the catal yst is PCT/USI086020687
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hed, d ped,. The resulting catalyst is
\é\glscienedalnn %13?[%%056@@? ARIGN (ST @ﬁ’é(hEK'Educed
under Gutalystgern-f OrRén T évaﬁsaté%télgstgu\m @aEP%' é/p%& éﬂa‘hon of
Catal yst 1A contalns 26 wt
PreRYIGie Y5TRe orsIRRang hydiogen isicpgiedimit. @"@ﬁé@libwmglﬁopsdure is

mnﬁmay@:j by spray drying an 80 wt.% m xture of TS-1
and 2 % silica binder (no zinc oxide or conpounds
are ug- b8) reéﬁ??'hﬁ]é?t?mngmﬁaﬂtﬂi &fliaurtP0Q-ce rtailessstanl iGRITR type

ﬁ@éétbﬁ' €8s 3/meq q@lo”i%eHQ chidf %%EBT %ﬁhe%l% |Ls %u &;rpactor

npar ati ve Catal yst 1B contal ns
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repara
gph ayﬁtfmﬂoéan@aﬁo ingll wsteai):eneraﬂdeg to the reactor o Tal$LEIETOfs heated

hat
SRR 3 AR A A gl Acins
ceRaciioy splveat is mmmedsthmugh 1hé3reabtd%xai]’li I:r)at@ gg t@%ﬁﬂiS g?illgld(75 g’hr
Cat t S IS
thelfen; 29 Gt wellE S LAhintRL T Rg i splulin Gl 55 D agom s
wded Tsthe asatt@Othvaudh a clebaiatafeedl liec at ?IA r’éﬂaeb]?: gb?utch é?L/hr
ex
RSB oL OERE thrT Hh i Fcb o
Séﬁble(mndaﬁd |l|ser§1ﬁa@®cm?)08ﬂ:hltroﬁéﬁ I 300 @PHSoRBAILOF okPgen in
hBoRR CPeind L up e tirne i) AYdtogen. and 75 dpropylene.
addedT h@gwb&rdu(:t‘lébﬂtsg‘)om altdphdrans Péa\&drOWhilétHehﬁﬂld Rroduct
sp ried catalyst (200 g After heat|
?’ﬂg ﬁ%r%! @%3&5@ GRS, et eatplyst Nothe1wapionr sDermhacally
samalbsﬁf théll(ﬁwﬂ Rt efhse¥as B ehiZans aﬁ‘%%/ r N JSﬁ%en@Bgiﬁe and

e resulting catalyst 1S

?%“"éa'%ié dﬂ’r@%{}eﬁ{ eqr O@lwé WSt ﬂsé r&ﬁctmooEOEoprogumrrmjude

srdbglieRE bxide @PD”PEn@QQQ(ﬁnbepeﬂeE‘%Séucté %Z?WE glycol

hydr ogen_(4 vol . drogen'in nitroge
?Wﬂgg/c%lt et@@@c {I'Be @FWC@a@@T‘Nj@tOUi of tids ngeotert (invboth vapor and

sttt By . Y el A STl

laiedine Phtingeerening e egnstantvalussshowy it Tablédl | owi ng
| Pr esHial s8N 1BLAC G TH HEallioh! 8l flem consists of a 1000-cc

stainless steel CSTR type reactor. Gas and liquid feeds enter the reactor, and

the vapor exits the reactor through a port at the top of the reactor and through a
catalyst slurry-immersed filter, which keeps the catalyst in the reactor. The liquid
exits through the filter. Catalyst (40 g) and the reaction solvent (400 mL, 85
wt.% methanol and 15 wt.% water) are added to the reactor. This slurry is
heated in the reactor at 65°C under 850 psig, and it is stirred at 500 rpm.
Additional reaction solvent (85 wt.% methanol and 15 wt.% water) is pumped
through the reactor at a rate of 145 mL/hr (for the Catalyst 1D run) and 170 cc/hr
(for the Catalyst 1E run). Dilute aqueous ammonia (0.119 wt.% aqueous
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hexahydrate (6.427 g) in deionized water (200 g) is
added to the calcined spray dried TS-1 produced in
w@orparsssdi ve Catal yst 1D (200 g), then the m XI’(EII’/ES2096/020687

heated in air_at 11Q0C for 2 _hours al cj
ameniedof dhe LalustoTD pum 2l QnhiPsiy pﬁ%ri rin) is
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5 <@9t>x1%awn)o st o @pw reivs \ueierflB ST biSIanRATR TS P6h hogr) of
MRS Jer€ %.8UEL P NGy F 24\‘1 ng (PrS:L Wr &5 ive). eBkyeddin mt%gen

reactl on syst em CO tS 0 000-cc stainless steel
costEning Pb vcd&&nmthar@@KhMgdhr qmmrlméeds enter the
reacC [ n I t
bor 1 T gProlle: SARonfHid Bp di e FAIGH artaGHIH: fp of the
gdsr‘llqughsepa‘raﬂot avhiglh redeives dips mlxterectaahm@tesﬁhrougb the reactor

10 w%aﬁéﬁﬁ%ﬁ%\fya%%@gé 21 45 ncﬁl‘éj?hé‘gaééog%téﬂbrﬁ%hé’SHélyée‘bfs%e

predudtorcomihg sowd! aff the weadte:a(ledbo)th vémeorr aract tliguidt ph&@8(L are

SaeeBREEE, 98 BB o7 6 SbRES e nsOl Fiige e Po

rrr@amemingaﬂatéicdsrwtmtsﬁvhwhwé sRBwygirhTallé’d g/ hr net hanol ;

T e e e

15 thain@caiporategtznbfta@biiet sptayidiied peetididd ang formed fesoied in an

buf fer concentration 2 mMM The gas. flo tes

ABOOS EMG PR PO SR caebed & & CivehBig Ry iougysn, he
usebfY-EhlaRkt thay mCoP RS eThl dhrmgtthé’gﬁfhg@fﬂhglmbcfwuﬂe (such
vol . % met hane, LPH hggdr o]

3 GaAshIA PR Cgasggraw@d oSt ey WWP‘F{g”Q Gpteoforpprred to
cra?él 18 that \Woi d? chmainl Zif /s fthRisoddtabardlivé Eatdijseuah a

er which contains the catalyst in the reactor.
Perlodlcally sanples of the liquid and gaseous
ef fl uent are anal yzed. Propyl ene oxi de and equival ents
("POE") are produced during the reaction. PCE produced
i ncl ude propyl ene oxide ("PO') and the ring-opened
products ("RO') propylene glycol and glycol ethers.
The products com ng out of the reactor (in both vapor
and |iquid phase) are analyzed by GC. The results of
the GC anal yses are used to cal culate the PO ring
openi ng rate constant val ues shown in Table 1.
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Catal ysts 1D 1E Runs: The reaction system consists of
a 1000-cc stainless steel CSTR type reactor. Gas and
wo b@aioBeBeeds enter the reactor, and the vaporPERUSB06/020687

t he react thro [ t t act or
and thr ouﬁ%Bﬁéaﬁ&%@%ﬁ&éN@ﬁ%mpﬁd&M EZ\FE%. ch
keeps the catalyst in the reactor. The liquid exits
through the filter _Catalyst (40 g) _and the reaction
sol vent (400 niL, 885k . 4oFiRg Resode Ratrlonstart | o6 wat er)
are added to tjhe react or——ghtESTSEREY tSsdeated in the
reactor at 65C_under 85 ﬁegicn, agoﬁijt iegcgtirred at
500 rpm Addi tjonalAreact 05 sl 4% | (85 wt % net hanol
and 15 wt.%vva&e%)i—ais pum%%ﬂthr'q h-the Feqctor at a
rate of 145 nlfhr—For Lhek'éatg‘%y«:, B-—rurjjand 170
cc/hr (for the—CathystTIE Tum) Dt utg g@gugous

ammni a (0. 119 W {®+aqugousammuoni a 1 0r oiies Cat al yst 1D
+ @Bmparfive Exdfpd - %o Tor the Catalyst 1E run) is added
to tﬁe reactor through arate f Ine at a ratn§

a_se ed |
‘JineOngrin et Egpeiont TP O RFFA-cPIEToFCT Ff=het it ok P P
r 22 ('S 'ﬂ&' in a maxi mum concentration of ammonia in the
reactor exit line of 0.0046 wt.% (Cat. 1D run) and
0.0061 wt.% (Cat. 1E run). The gas flowrates were 4.8
SLPH (standard liters per hour) of nitrogen, 6.8 SLPH
of hydrogen, 540 SLPH of 5 vol. % oxygen in nitrogen
containing 0.5 vol. % nmet hane and 30 g/ hr propyl ene.
The gas product exits fromthe top of the reactor and
fromthe top of the gas/liquid separator, which
receives the mxture that passes through the reactor
filter. Periodically, sanples of the |iquid and
gaseous effluent are anal yzed. The products com ng out
of the reactor (in both vapor and |iquid phases) are
anal yzed by GC. The results of the GC anal yses are
used to calculate the PO ring opening rate constants
whi ch are shown in Table 1 The results of Conparative
Catal ysts 1D and 1E indicate that a catal yst that
i ncorporates zinc after the spray dried particles are
formed results in an even higher ring opening rate
conpared to a catalyst without zinc. However, the use
of a catalyst that incorporates zinc during the spray
dryi ng procedure (such as Catal yst 1A or 10
significantly lowers the ring opening rate conpared to
catal ysts that do not contain zinc such as Conparative
Cat al yst 1B. TABLE 1: COVPARI SON OF RI NG OPENI NG RATES
* Conparative Exanpl e )
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1 Ring Opening Rate Constant = grans RO produced/ gram

of catal yst per hour per percent POin the |iquid W
w@b@0u8684 A catal yst conprising a titani um or PUBISZNGR0687

zeolite, a binder, and zinc oxide, wherein the

£%8'Wst i s produced by preparing an agueous mi xture

of the zegq| éétﬁgstﬂ:dﬁhﬂi@ﬁfg & tahiten ofnahadigmneolts| d®inder, and
source, and su

ecting. the t d dr
SAIoRHR YRR E GRAINALIS RIRGHERH bY RESTREDR ArCRqsbyS Tixtie of

thi RBiite Birldef 8biic8; ad a B G@daboifite,ndcédjdBtihg the mixture
wherein the zeolite is 1S-1 . 4. The catalyst of claim

to rapiddsYiRgt he binder is sel ected fromthe group

con5|§t | ngh@icatiydt b Elétm EF'\AH@rélﬁ’thé Féaie i?s a f@hRiHSicalite.
phosphate, calci'umsilicat %/ m neral s, and
e

m xt uﬁ“ es tThercetalyst sf Clﬂitﬁfﬁd‘éhea@'?é é¢°“&¢ i T$-1- wher ei n
the by nde&héoégtﬁlf?t' of él?'n?clt ﬁ)ﬂefén? cfé’rqg%elected from the

consi sting of coflolda
gblup coesistingsofid silica, aIUImloentltanlBoﬁaldlém pfacpspﬁate galgium silicate,

é}%'@ﬁ%é} 1sE34d ,Q]hﬂ%gfthgfgy cates, alumi numtrial koxi de,

ures er eo The catal yst of claim1
wher é.n t fbezatalystif daimduwbersirs theehisdercsbure in seﬂ@ted from

[ ou onsi st.i o) ' jd
B4R P Rig y oaE e fp | Bt HidHfepbfee stcon
:ﬁkmddéwgalkaﬁt and zailkatineaasabﬂmatewl diicates; i dlumtreim ztma1bOXIde, and
r oxi,de inc lactate, zinc laurate, zinc ol eate,
rgﬁﬁg“ ﬁ?)@%?%é thereof. 7. The catal yst ofzI claim1 °

conprg.si n@ hEQ:a%lyM/e:ifgiMnnpte demnéln zhelzirtceoxid® sb0roees getected
ercent bi nder ent zi c 0Xli

e
A BRSSP i P R A A Ao PG et
::?ﬁ?c{f Oiirie  Eidct bﬁalgfeesﬂﬁc ellalﬂf/ra@e caihal gaﬂbonau@grzm ngtrate, zinc
[ anlun1or vanadj u ite n and  zi nc
o R AT 8 Rl RS, eciolP AT EFS AR i ng
an aqueoushal odtalyst 6ff clhite 1Zesthprising 300 delghs Peredt zeolite,
and a zinc oxide source, an %Pjectln% the, mxture to

d
HpP weighipREFenbbingsie apF Qcks2 weig 3 toergemt 8nGeids: n ¢ he
ol efigd i s papfededHcsthBidiny redetind B%ﬁﬁré?@eﬁ’ﬁirééerﬁb&bﬁdg in the

wherein the zeolite is a titantumsilicalite, The
REseRessoiod CalalishPOMRAHYRG iEritraiEY PRSI @PPLHeaﬁ éPmder and

AXEbREE Nwherein the catalyst is produced by preparing an aqueous mixture of
the zeolite, a binder source, and a zinc oxide source, and subjecting the mixture
to rapid drying.

9. The process of claim 8 wherein the olefin is a C»-Cs olefin.

10.  The process of claim 8 wherein the zeolite is a titanium silicalite.

11.  The process of claim 8 wherein reaction of olefin and hydrogen
peroxide is performed in a solvent selected from the group consisting of water,
C4-C4 alcohols, CO,, and mixtures thereof.

12.  The process of claim 8 wherein the hydrogen peroxide is formed by
the in situ reaction of hydrogen and oxygen in the presence of a noble metal

catalyst.
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peroxide is perforned in a solvent selected fromthe
group consisting of water, C&C 4 al cohols, COQ2, and
12. The process of cI a| m 8 PIPIUS20N6/020687

t he rogen peroxide for it
react’?/%n eh)%mqfélénognéal ‘E?Enwh e{nh g@%ﬁg@eéql gatalyst
ESHhbis RS AdbIE AchlRld- alsuppbite process of cl ai m 12

wherei n the nobl e net aI cat al yst corrprkses a nob

met al 14and TReRIpESsS of alaim T?\é{‘"k?(%e dbe ngplepsi e,lﬁslgelected from
%edrsu@cérmstm%f%an%é% pl&tlﬁﬁhe@éledarfdmmdreeh@é@w

conS|st|ngl_ | adi um platlnu nd m xt
t her etft.. 1lthe Wﬁ@e?‘gﬁ' olcelaien dp Vtheéiff"ﬁ] th@ S\HH@‘Prél'% 3?‘ﬁ6ted 'from the

gﬁbﬁg%hs@ﬁhgg@f’ &b &t RN AlREniar st ﬁ%ﬁlnéibklﬁgs filica, alumina,

tani a, zirconi'a, ceria, niobium oxides,
sili¢d-glaming, LahiRum siidesa-radlybdenam oxides) (ngstendexsdes, titania-
bd S, n o ita a, .
gﬁé%onggeéﬂ@)éwgs’ ce%%ﬁggi'fcﬁl caﬁ'bﬁ?&lfagi Si ﬁél)g%wén%’ styrene
Qwinyﬂaeyzmmmlynensedr%slmdenvimﬁleyl@miqeﬁepglybenzimidazole,

%‘iﬁ‘%b@ﬁﬂ @8* yet hyl enei m nes, pol yben2| m dazol e, and

ures ereof. 16. A process conprising reacting an
ol efi 16 hyxlpogess anohpdsing eractingt are ofefios bydreger aad oxygen in

taI C .
et PP ouPiTada TR, R sy BB, wherein the
ammmrs p)rbzitncede bpfpredmmgemh iatjaeows biixtder ofs ther penliteg red bander

nc oxi ecti.n he .m xture to,rapid
e i ARG AR sp B, ShTS LR GO TRV 1 BRl ubER) |
i SbIOf’Dipyl ame. prdﬁeﬁsﬁelagﬁ?mﬁﬁerﬁh tbk alefin iSpwdpgledien t he
nobl e s sel ec rmte onsj stin
Dor) ol oring Bropse Geim 6 s sin dbg MBoBBRIED s Sdgdted from
%@r@ﬁ@@@ﬁstﬁb of |palléﬂ|tlrﬁ Wb&lﬁlﬁh,ngdlﬂ Garitﬁﬂlxldre thereof.
titanjum Ilcallte&f % roc ss of cl |
wher 16 Sheararessio sfanith Whyardoe sealia S ApRuR silcalie.
per f oggred TiHe @roé@ésvsmlamehsq/weéiemrreabﬁdmeofg@lemw hydrogen and
consi sting of water, Cl- al coh? and
%GNS pERPrBIasHp a solvent selected from the group consnstlng of water, Cs-

C4 alcohols, CO,, and mixtures thereof.
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