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FI ELD OF THE | NVENTI ON This invention relates to nethods of oxidizing

ol efins towohimsfv epoxides. Mre particularly, this invesfibeerpeétains to s
an inproved epoxidation process wherein a titaniumor vanadium zeolite

catal yst which has been nodified with a noble nmetal such as palladiumis
enpl oyed directly as 10 prepared in the epoxidation w thout drying or "
cal ci ni ng. BACKGROUND COF THE | NVENTI ON Epoxi des constitute an inportant

class of - cheri cal | BhyARSOsREPARASION A ERtOBRTRIBHOEESS POl vether
pol yol's, glycols, glyco I ds, fuel
additives and the |ike. I\/any di fferent met hods for synthesizing epoxides

fromthe corg esﬁﬁrﬂﬁ'ﬁﬁﬂ§fl\l\?§\l‘h@t‘? been described in the literature. A

Japanese patent—apptrcattomn assigrned to the Tosoh Corporation and
publi shed in 1992 ( Kd#siinvemtion - B!Tﬂés?]!p imeatipadse of omdmng pleﬁrwltenebtam de by

reacti ng propyl ydr S 2 st co Si

Goup Vill. nob%&fgeeg Rﬁ’ggasé}ﬂ‘f}g%ﬁ ﬂﬂéej #"Q?'}}%J}S%Fﬁ%[g I'FTER;% ts to :
or variations oépdxldaﬁobpsdoesq)wberemsa titnizms ohwerepdiam ieohtmwlmﬁbh Ivast he
foll owi ng published ent at| 97/25143. DE = 19600709, WD

06/ 02323° W0 oPePrIERaT R IR/ 958 mEta sy 2%%6’33%* T is STpoyes Seadyies 25 As
with any chior qaép@neddleﬂﬁepobadamdﬂtqu@ng@bde&:mmg.attal n still further -

i mprovenents in epoxidation nethods of this type. In particular, increasing
the ease of catalyst preparation and use would significantly enhance the

commerci al pot eBACKGRUUHI@F'MHEthENTImNt he usual preparation of G oup
Vill metal nodifie eojfe cata Goup VIII netal is added as

a sol ubl e conpound $RPAIES ncqrgtn{u?é o P'PEP“%(R’?Stse aFhemirdsintaimedigtes: an

PEDhoEr o, g | RIS thdprit oy e, ol R

PCT/ US00/ 218ue surfactants, functional fluids, fuel additives and the like. Many different
methods for synthesizing epoxides from the comresponding olefins have been .
described in the literature. A Japanese patent application assigned to the
Tosoh Corporation and published in 1992 (Kokai No. 4-352771) proposed
making propylene oxide by reacting propylene, hydrogen and oxygen usinga

20 catalyst comprising a Group VIl noble metal and a crystalline titanosilicate.
Improvements to or varations of this basic process were subsequently
described in the following pubhshed patent apphcatxons WO 97/25143, DE
18600709, WO 96/02323, WO 97/47388, WO 97/31711, JP H8-269030, and
JP H8-269029. :

25 As with any chemical process, it would be desirable to attain still further
improvements in epoxidation methods of this type. In particular, increasing
the ease of catalyst preparation and use would significantly enhance the
commercial potential of such methods.

In the usual preparation of Group VIII metal modified zeolite catalysts,

30 the Group VIl metal is added as a soluble compound solution to the solid
zeolite particles and after an appropriate time the particles now containing the
Group VIl metal are recovered, dried and calcined. Problems have existed



as to the reproduceability of such procedures and the activity of the
catalysts so - produced. SUMVARY OF THE I NVENTION 5 In accordance with the

present i nvwblgi/gazeo the Goup Vill noble netal nodified ggrtksddisekS
prepared by m xing a solution of an ion exchangeable conplex of the

desired noble netal with a slurry of the titaniumor vanadium silicalite
imwater or an &sdatierepmduseabillyehsueh nieesduresiand Ake gotivity o the catalystse

i nvention, the tsguskoduleded catalyst is directly used in the epoxidation
of an 10 olefin with CO and hydrogen w thout conplete solvent separation
and drying and isolation of the catalyst as deened necessary in the prior

art: indeed i MyMRARTOXTARN Its are achieved through practice of
the invention. "DETAICED Dtbuja gﬁrll\l NCOF THE | NVENTI ON 1s The catal ysts to

be prepared &nd usedIn accorianpe adtbrihe iprasent ingentiancthe d3nopp Valk dolle reetal t ani um
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upon a nunber of factors, inc e sizé Iin to be
epoxi di zed. For investier, dhe thusly Jommesf cataigst i directie uaed il the iepexigationnaflan por e

titani um or nq)ql%ﬂﬂ Ze0hi . | tanibumsilicalite if e .glefin
is a | ower J?b?pha [ crgl '(ﬁﬂ g?iéﬁﬁs@éﬁ&gﬁ"g@ﬁ% %Qﬁ'ﬂ’,‘e FS‘B?/TteSﬁB?mg?" ’1"-‘%3%!\%. Wher e
the olefin is pramgysaation ofhtheusatalyst a3 degnied néceesanynirs itha prdri are indeedanadi um
25 silicalite i ' LV ank ageous. F a bul ky olefin sych as
cycl ohexene, aﬁﬁngfbgggé%édé’aénﬁqyegﬂh ezaé%‘elv?cg{hgq&xgﬁ p(l:ﬁc}f%g i{’%ﬁ'?’ Pleolite
having a structure isonorphous with zeolite beta may be preferred. The
titani um contai 4 () HSe a‘.}gﬂ@lﬁ_@inthe epoxi dation step
of the process @M@ﬁ@ L3 é? ra 6 ubst ances wherein titani um
30, atonms ar elSsubst i t Thedatalystsatopios prepared afdi@sed ini the prédeptrinventidnharel attice
framework of a | leve. Such,.substances are well kngwn in the art.
Particularly pr eﬁg&p%% %ir"f g‘ﬁ?‘ﬂ%%d’ﬁf’%‘i"?ﬁ‘rﬁ"@%@f‘&?é@g‘edﬁ?tﬁhém?ﬁéb'éf @Rss of 2

element of Group VIll of the Periodic Table). Suitable zeolites are those

crystalline materials having a porous molecular sieve structure with titanium or

vanadium atoms substituted in the framework. The choice of zeolite

20 employed will depend upon a number of factors, including the size and shape

of the olefin to be epoxidized. For example, it is preferred to use a relatively

small pore titanium or vanadium zeolite such as a titanium silicalite if the olefin

is a lower aliphatic olefin such as ethylene, propylene, or 1-butene. Where

Y

the olefin is propylene, the use of a TS-1 fitanium silicalite or vanadium
25 silicalite is especially advantageous. For a bulky olefin such as cyclohexene,
a larger pore titanium zeolite such as a fitanium zeolite having a structure
isomorphous with zeolite beta may be preferred.
The titanium-containing zeolites useful as catalysts in the epoxidation
step of the process comprise the class of zeolitic substances wherein titanium
30 atoms are substituted for a portion of the silicon atoms in the lattice framework
of a molecular sieve. Such substances are well known in the art.
Particularly preferred titanium-containing zeolites include the class of



WO 01/ 23370 PCT/ USOQO 21596 nol ecul ar sieves commonly referred to as
titaniumsilicalites, particularly "TS- 1" (having an M- topol ogy

anal ogou¥%%23{%t of the ZSM 5 aluminosilicate zeolitBETUSWRING" (having -
an I\/EL topol ogy anal ogous to that of the ZSM 11 alumnosilicate zeolites),

and ' TS-3" (fAget\aCsieneRtonmimdify Mféred ﬁtas th%\'nutﬁ sliicSfiles, Q%ﬁ?culaﬁb Suitable

for use are the titaniunm containi ng nol ecul ar si eves avi n rarrework i

structures i KdfayipaaasMFbtopelsay tanalegous tmﬁlad@ﬁﬁheeZSMInosﬂBMelZ and
MCM 41. The o} r S el ement s

ot her than tilétogt%?yulrjn?s?q?%}éﬁ H x;’i éﬁag? aﬁ%ﬁé%% t|gpBe{rh'aérnzagv\lgr1k1 al t hough
m nor armunti!iummogm zejoliten), @ndjr'ﬂﬁtﬂh (aandesdnbedl|tkeBelg¢nbEatLONpr esent.

Q her metgl sq | attice
framewor k of té?:f;e ﬁ%‘msb% [ on t%l"a'?' ani 'ﬁﬁggecgg&???ed in U S
Pat. Nos. 5, haermge‘tammkstmturssmmommrto geblite beta; mordenits, ZSM-48, zeol i te
catal ysts s e general ly
have a com%#r??ghaé%yrdel@%%n 3%"“’9'; gﬁgﬁéﬁmafz gﬁlpéméﬁ%gl%ﬁﬁpglnof ormul a
xTi 2 (1-x) Stlapentscothercthap tltmnumeammroaad axpgerDirb . latfce cframafarkabl y, t he
val ue of x i 1 The.mol ar ratio f, Si.. Tl in the lattice
f ramewor k ofaﬁtthhé&g]gg ?%gh\%ggtgdégﬁ?gggeg&"& 9[@@%,93?’8@? duke Jgm t{em)st
pref er ablQy fpreserd.. Xthet medds &Ych dhtin bs eanddiune Inady alsd Ypetprésent imthel ch
zeol ites may, " .l e apy . of .t he noble net can be
utilized (| .Iaﬁ%éﬂaplgwgﬁa% \’@éf) L&"Eﬁ ta\f/’\a'laﬂ? t‘%&%l“%ﬂ% a.siql')elsﬁriellttﬁ%'nijug'heni um
osm um, ei tH’atrNas &i£80cB54iand S4B 1t i on, pal | adiumis particularly
desirable. Typic | Iy t he catal yst
dest 20l . 101 Bhltred Y40l Al "ofBh g, SBTE o b, PR S
to 5 wei ght qzrecessrnf thi2Snventia evill genecally\idvl 2 bmnpmntmspcbdmgztaol ite in
parti cul I | vent .such ter, or
met hanol ?g tﬂé 'Ioa' é*‘é\%&?ﬁ%‘l“é{l%ﬂ%z Mgﬁzw eﬁf&'&bﬁg\‘eﬁn@o&ﬁt@q he zeolite
by cont act v@ sm aMm preferably,cthé aaloe ofx & from 00 1© O tRE OTeimofar kdtid nobl e :
netal, for e t raammi loride th o hout added
anmoni um hydr oxi de ﬂ%&ﬁ@&ﬁ?@g\f,{%& oﬁ% ﬁﬂl%lsggv?rggquu ﬁ@ﬁ%}égwfn%’r t hen
solubility rmgat(mmstgpmfwahﬂwfmm@&ﬂ ta @0t 1. Mhealseasfrplativelly titanium-rich .
zeolites may also be desirable.
20 While any of the noble metals can be utlllzed (i. e, gold, silver,
platinum palladium, iridium, ruthenium, osmium), elther alone or in
combination, palladium is particularly desirable. Typically, the amount of
noble metal present in the catalyst will be in the range of from 0.01 to 20
weight percent, preferably 0.1 to 5 weight percent.
25 In accordance with the invention, the zeolite in particular form is slurried
in 2 suitable solvent such as water or methanol or mixtures, and the noble
metal is incorporated into the zeolite by contact with a solution containing a
soluble compound of the noble metal, for example, aqueous Pd tetraammine
chioride with or without added ammonium hydroxide. There are no particuiar
30 restrictions other then solubility regarding the choice of noble metal compound
or complex used as the source of the noble metal. For example, suitable
compounds for such purpose inciude the nitrates, sulfates, halides (e.g.,



or conpl ex used as the source of the noble netal. For exanple, suitable
conpounds for such purpose include the nitrates, sulfates, halides (e.qg.,
3 WO 01/ 233w0 o13310US00/ 21596 chl ori des, brom des), carbegylstoasssée. g. ,
acetate), and am ne corrpl exes of noble netals. Anbient tenperatures are

suitable for the ca aI r par ation al though higher or | ower
t efrper at ur es, é" é ??S WE‘”&Y?&F (e nacsipte), andeamige complgxes of

preparation is ﬁaﬂ@hﬂé}sl n.an hour for so al t hough | onger or shorter
times, eg. 5 mnutes hours can be used. As a special feature of the

i nvention, the slur rAW?'EQUF'[“Pﬁ@“F?WtSHEabIQ:@!’meﬁaia')ﬁf Bishartionalthoyghbe used
directly for ol Rghér @PRWe RnyRatuleel e§XETARR-C, Bt B use@p'@é.i]e?sng%et he

catal yst pre aratlon the tenperature can be adjusted 10 eslred
epoxi dat i on nFRIANMEL RTEPAAlPIOR \reERIete: Puam ewr fahsep althouph longeret skprterr ect | y

in the catal ySttnﬁéé‘te%'Skﬁkﬁljtéé%ﬁauréeaiﬂéﬁééﬁoox'de Epoxidation results
achi eved thereby can be better than those achi eved by prior rocedur es
where catalyst is dr/?‘seé thegiat featurecel hef ipventig.ethevsliine resulting fparefther ed to
prepare fresh c ol ronistisan!ii.<pa ubifiror dEnflicifiblon. Forldamex| datfon

reacti on, benefits can be achi eve net al
exchangabl e conﬁﬂ%’ﬁ%@oa|qnthq/cat,alvatmrmt@mtbe thsensratycet cagh becadjusted t

prepared by1gonyee Héﬁiledp %r??erﬂéerg%ré Qﬁd xg oq{xgr%ggﬁsé\r{d' Pf, above.

The olefin to be e X|d|ze ontairning at 20
1 east one site tRackeditdineety laﬂﬂmgata%malohtamu(g slwrythfDnm epeiden nEpaddatiom- car bon

doubl e bond) - Theufl clchiduéd biRof! (B! Gend” WAL kGe@ 2 BKELA] HARH © 1 1

character and nma ve ei t i near ure
site(s) of et hmoé@ﬂl&'esmb%r?mtﬁysbladbgdaigicaimmﬁdwmramdéor internal. The

olefin preferably q;gméé;g :%eféﬂ’e&%% bt ng‘%%} E%ﬁ/ﬁgngggﬁig tﬂé cta%b nvention

Is particularly 25 sul epoxi efi1ns e t han
one doubl e Bdnddimelly imﬁxmmmn eaction, dedefils ean betachiened bypraddingrtpé e. The

ol efin may be_ancyly hRGabbeRnahgdble oSBT’ Py QA dtl g 2t o)

or may contain
catalyst prepared by conventional procedures or by the procedures described
above.

The olefin to be epoxidized can be any organic compound containing at
20 least one site of ethylenic unsaturation {i.e., at least one carbon-carbon
double bond). The clefin can be aliphatic, aromatic or cycloaliphatic in
character and may have either a linear or branched structure, with the site(s)
of ethylenic unsaturation being terminal and/for internal. The olefin preferably
contains 2-30 carbon atoms; the process of the invention is particularly
25  suitable for epoxidizing C,-Cs mono-olefins. More than one double bond may
be present, as in a diene or triene for example. The olefin may be a
hydrocarbon fi.e., contain only carbon and hydrogen atoms) or may contain
functional groups such as halide, carboxyl, hydroxyl, ether, carbonyl, cyano, or

nitro, groups or the like.
30 Typical examples of suitable olefins include ethyiene, propylene, 1-
butene. cis- and trans-2-butene, iscbutene, 1,3-butadiene, pentenes,
isoprene, hexenes, octenes, nonenes, decenes, undecenes, dodecenes,



functional groups such as halide, carboxyl, hydroxyl, ether, carbonyl,
cyano, or nitro, groups or the like. 30 Typical exanples of suitable
ol ef i ns WO et hyl ene, propyl ene, 1- butene. cis- aRGTUBWALI®- but ene,

| sobut ene, 1, 3-but adi ene, pentenes isoprene hexenes, octenes nonenes,
decenes, undec nes dodec nes 01/ 0 PCT/ U P/2159 il opent ene,
cycl ohexene, CYFIRRRD entcé( “ew E‘?P 1oh al | yt
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acryl ates and, ne ates, unsaturated fa ac and esters fhereo
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5 ol efins nagtyreie, wmewsmen@tdnlnhﬂmwzbﬁe sindétRsand Stilbdrite Mb@Ges ofof this

i nvention eci al useful for convertln ropyl ene tao praopyl ene
oxi de. Th& pP@SB‘g@aﬁf *Jt%é"ﬁen 8 ilizsd e desired. Pg eESAUISRYENYARer t he

reaction cong dspesisily wseful forlcORTsHi ylehd &7 ne'di@fel ant rati os)
described in the fo‘fl oW ng pub I S ggspatent ?‘ﬁ’ cations: WO 96/ 02323, WD

97/ 25143, DE 10 19emowsess ®htoe jnventian may be suffabiy; conguciedunder the jp
HB- 269029, anghctibi® cafdifbie: (e@%%ﬁ%m%re%@'rléﬁétaM%ﬁﬁ'oslﬁbés&ﬁ:e@% ernned on

the basis of the nolar ratio of the tani um contained’'in the tltanlum

zeolite to t e foflewing published Qat@hﬁl?ﬂ"P@!P“EeWQJﬂ@/pzW WGE7/2p343. L

suf ficieqp cabebordo, WoR7ERTY, WDbmvssbaﬁv45527ﬁ1anpwmé.géﬁzgnaﬁ&d ratio of
from0.00001.to 0.1. The time required for the epOX|dat|on may be

det ermi ned oh8#¥088si s of the gas hourly space velocity, i.e., the total

vol une of ol efin, TRy dhrfRRNef éﬁtalgﬁrhséﬂ%ﬂabé IdBtern@ifeh BN thetfasR4irthe PET  UNI t
of catalyst volune (abbreviated” as in the range of 10 to

10, 000 hr' .@qwﬁt&%pﬁyes&%ﬁnw&emawd l%eﬁm@wéﬁmﬁtqmm ndhatised out in
the 1iquid plaggSieddfid unk of BmeaCipRARAYAIEIHCCHBS ifbredoR BRI &f 1- 100

bars. Suitabl e solvents used cat al &th preparation and in th
epoxi dat i18n ititaniuselefip fed satio ﬁbfrO'lﬂl OPPRYH tap0.1. I'Bb%ﬂl"&l reguised f,OTaiheohoI s such

as net hanol , cBhidsRn méy’fﬁ@ﬁ@ﬁftﬂﬂbﬂ oﬁ'ﬂs badid of thUb%EﬂburlPépdEb’@EHEﬁﬁ ther eof,
and water. Fl uor i1 nat ed al cohol s can be used

i.e., the total volume of olefin, hydrogen, oxygen and carrier gas(es) per hour

per unit of catalyst volume (abbreviated as GHSV). A GHSYV in the range of

10 to 10,000 hr™ is typically satisfactory.

20 The epoxidaition is carried out in the liquid phase, and it is
advantageous to work at a pressure of 1-100 bars. Suitable solvents used in
catalyst preparation and in the epoxidation include, but are not limited to,
lower aliphatic alcohols such as methanol, ethanol, isopropanol, and tert-
butanol, or mixtures thereof, and water. Fluorinated alcohols can be used. it

25 is also possible to use mixtures of the cited alcohols with water. Additional
solvent can be added before or during epoxidation to improve process results.

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 - 125° C (more preferably, 20 - 80.‘?'_ C). The molar ratio of

30 hydrogen to oxygen can usually be varied in the range of H2:02= 1:10 to 5:1
and is especially faVorable at 1:5 to 2:1. The moiar ratio of oxygen to olefin is
usually 1:1 to 1:20, and preferably 1:1.5 to 1:10. Relatively high Oz to olefin



25 is also possible to use mxtures of the cited alcohols wth water.

Addi tional solvent can be added before or during epoxidation to inprove
pr-ocess reswmb123370Epoxi dati on according to the inventi onPCHUSRIPEd out at
a tenperature effective to achieve the desired olefin epoxi dati on,

preferably at te fures mtl};‘;ﬁ range of 5C [ ably, 20

80 O . The nmog 'Faj'PFéeg‘l‘“éﬁ1 A V@"’@Q?‘Q‘@ﬁ %f!f)rysﬁté vari ed
in the range of cdrferOgs, dny desirdSndrt ckﬁ beseed ahleyncitavmabslfeleﬁh t8:5 to
2:1.. The nolar ratio of

ual | and
preferably 1:1. %Ay %slﬁ)oh% SH?&WBIWP ﬁ“gﬁ °gi:15§“bf‘é¥?'ﬁi e@%ﬁéﬁéé
PCT/ US00/ 21596 4mpl ar ratios (e.g., 1:1 to 1:3) nay be advantageous for

certain olefins. As the carrier gas Afired iner as can be used. f
fie molar raPio of d¥efeningd cagier gag, n éﬁé gages fuch a8 5&4"9 PEPTY (9% hnge of

1:100 to 4:1, apdp ﬁﬁﬁd Réfon 28 shithtsle lriLaédtﬂ&l tﬁsmirébén'd?ﬂréarmf ibgidle 0asS,
nobl e gases such as helium neon ton, and xenon are suitable

in addition to ﬁﬁ"@%nhm@ﬁ?rﬁo\’{'ﬂag‘d&l %p@ecla o i A8 Prefemblyc withohd wi t h
1-8, especiall ycdmbn atodsPEg, eﬁﬁﬁ*‘a‘ﬁe""bﬁlﬁn& ﬁropﬁﬁé befy &-B\itEne, €ad- alsg Bt hane,

et hane, propane, and n-butane, are al suitable. N trogen and saturated
Cl- C4 hydr ocar b&witable: eNitregerpard éﬁtﬂ@@q ﬁeﬁt hyqrecafatms@'ﬁ tag peederred ipetir es of

the listed hﬁereaﬁa@aseé IRdGes 68tHe RtSPiBR cuﬁaeﬂ?as%e%&s k6 Bblu¥ed.n the

epoxi dation of propylene according to tne invention pr opane can be
supplied in such a vﬁeﬁqfﬁéﬂy injthe quﬁﬂ@% éﬁE@PBP“%tﬁC@Mﬂ%@rthﬁt"é’e"% ess of

carrier gas, thgrxptesh¥es ﬁ;ﬂéc‘i A kh g‘gkg%éism‘?ﬁe %Qé}%le%f‘ﬁm apprepadte

hydr ogen, and oxygen are sa avol d hus no expl osive m xture can
15 formin the eXeass®f caief Qa%m? explasivenitnitgi of eI of PRRPYIENRORIPPAR]-s such

37151 99, and Se/YPosiE P ARBaIRPRIGRER s b nRplodt Ay ddn' 1 o0
fol | owi ng ed&npfam mmetmﬁomnumg‘terfe@cbanctwsqhamimes)n and conparative 20
procedures. Conpar at i&in&¥ 3B s bre described in co-pending applications Serial No.

09/290,100 filed 4/12/99, and Serial No. 09/280,647 filed 4/12/99 can be

used.

The following examples further illustrate the invention and comparative

20 procedures.

Comparative Example 1
Isolated Catalyst preparation with excess ammonium hydroxide

25 An Erlenmeyer flask equipped with a Teflon coated stir bar was
charged with 20 grams of TS-1 titanium silicalite (1.5 wt% titanium, calcined in
air at 550°C) and 48 grams of deionized water. Palladium bromide (0.15
gram) was dissoived in 40 grams of 30% ammonium hydroxide and added to
the silicalite slurry. The mixture was allowed to stir at 23°C for 1 hr. and the

30 liquid was removed by rotoevaporation at 50°C. The solids were dried in a
vacuum oven at 55°C (1 torr) for 2.5 hrs. The catalyst contained 0.5 wi%
paliadium.



| sol ated Catal yst preparation with excess amoni um hydr oxi de 25 An

Erl ennmeyer flask equi pped with a Teflon coated stir bar was charged with
20 granswod/B®0l titaniumsilicalite (1.5 w%titani unRCRE8002158d in air at
550C) and 48 grans of deionized water. Palladium bromde (0.15 gran) was

di ssolved in 40 granms of 30% agﬁni um hédrmii e and added to the
silicalite slurry. The m xture aggt tir at 23C for 1 hr. and the
30 liquid was [sekRket-CatalystwittDiewappdiatiufiloadindaid théhifalprétredtmemtr e dried in a
vacuum oven at 55C (1 torr) for 2.5 his. The catalyst contained 0.5 w %
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vacuumoven (1 torr) at 50C f ‘hrs. The solids were then treated in a
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Tefl on coat etregen StE?a"l'“ (100 ccimia) gltPAiCer 4brsg r%%'yﬁspﬂtaﬂef’%1% m
silicalite (Jt8paliddidnht anium calcined in air at 550C) and 100 grams of
dei oni zed water. Palladium brom de (380 20 mIligrans) was dissolved in 15
grans of 30% anmoni um hydroxi de and added to the silicalite slurry. The
m xture was allowed to stir at %a}ﬁﬁe&x%@e;; The liquid was renoved by
rot oevaporation at 50EC. The sol'rds were drired in a vacuumoven (1 torr)
at 50C f&® 4 hr slsolatad Gatalvstwith-0.5 wtleRalladiumiang thetmal pretreatment

An Erlenmeyer flask equipped with a Teflon coated stir bar was
charged with 30 grams of TS-1 titanium silicalite (1.2.w:t% titanium, calcined in
air at 550°C) and 100 grams of deionized water. Palladium bromide (380
20 milligrams) was dissolved in 15 grams of 30% ammonium hydroxide and
added to the silicalite siurry. The mixture was allowed to stir at 23°C for 2 hrs.
The liquid was removed by rotoevaporation at S0EC. The solids were dried in
a vacuum oven (1 torr) at 50°C for 4 hrs. The solids were then treated in a
nitrogen stream (100 cc/min) at 120°C for 4 hrs. The catalyst contained 0.48
25 wt% paliadium.

Comparative Example 4
Isolated Catalyst with 0.5 wt% Palladium made without excess ammonium
' hydroxide and no thermal pretreatment.

30
An Erlenmeyer flask equipped with a Teflon coated stir bar was
charged with 30 grams of TS-1 titanium siticalite (1.2 wt% titanium, calcined in




nitrogen stream (100 cc/mn) at 120C for 4 hrs. The catal yst contained 0.48
25 Wt % pal | adi um Conparative Exanple 4 Isolated Catalyst with 0.5 wt%

Pal | adi um npg@iisfghout excess ammoni um hydroxi de and no pichRkEP1s96
pretreatnment. 30 An Erlenneyer flask equipped with a Teflon coated stir bar

was charged with 30 grans of TS-1 titaniumsilicalite (1.2 w% titanium
cal cined in 7 WD @ $5UCYardCEs LBams 20 Géionizedwatdr. 5 TeEaaramiho@ligdiams of

dei oni zedwat er . 4 : dﬁﬁ ; ' i Q. deg ' | ved in

30 grans ot ei onid'-zggécsﬁ '%@ a g‘%ﬁ%ﬁ‘”"%"oﬂﬁ@éﬁéﬂ’? %?Mﬁﬁ%@‘%ﬁ&a 10

m nute period.” Whibermsiligaliie elumnoverd thmihutepartadr Thatmigtaf Was albweddo sfithe

vaguum oven (1 FeERe tof 2488 18R s Hmaven ) il Gl et B o ool 0g

pal | adi um Ekanpgblislsiwerg\dried ima vakeurSaver (it tdrf) aBi50°Qfams hisf B catalystous

anmoni um hydrOXicgﬁaﬁQQE%?%%élég% of palladium brom de (enough to give
[ n

0.5 Wt % pal | adi um on e fi yst) was added to 3 grans of TS-1
titaniumsilicalite (1.2 wt% titanium calcined in air at 550C) slurried
in 124 grans of deionized water in a g‘éass!rﬁactor with a Teflon coated
stir bar, under air atnosphere. After g at 23C for 60 15 m nutes,
the reactor was placed in constant Watensythé $bkeftat h at 60C and H2, 02 and

Bt 1500 T pmifisi ng o TRErA S pPe ol aiabin TR ERAB PR 110

cc/mn with thepaitadagn Giomidé Yentugh do ighiei 5 aft%LpdiiadiunT 66 BesHinal @htalys()02=4
Cowsa o' 00 SHA SR SRRl I58 s BBl VBB e
oxi de/ pr opyl eneairgt §805CF Rurritden ¢24 glayritof dedeized datkd Ha JiaSe RacHf @i 8T Of
oY oue bl sefon bhied 3°bar Shasr aif siespners. ' ARS Shinnglat’ 24 for B8 °"
15 minutes, the reactor was placed in constant temperature bath at 60°C and Ha,
Oz and propylene bubbled through the slurry at about one atmosphere with
stirring at 1000 rpm using a Teflon stir bar. The total flow of the feed was 112
cc/min with the Hz:02:C; volumetric ratio of 1:1:4, respectively, (02=4 vol%)
with nitrogen as the balance. Analysis of the vapor phase by GC showed
20 2700 ppm propylene oxide at the peak and a propylene oxide/propylene
glycol=2, The catalyst produced 1900 ppm or greater of propylene oxide in
the vapor for 40 hrs. A corresponding run using an analogous isolated
catalyst prepared as in comparative example 1 gave 2200 ppm propylene
oxide at the peak, produced 1900 ppm of propylene oxide or greater for 25 hrs
25 and a propylene oxide/propylene glycol=1.6 for the run.

Example 2
Methanol/Water as the solvent instead of water only.

30 Palladium bromide (43 mg) was disscived in 5.4 grams of deionized
water containing 0.68 grams of 30% ammonium hydroxide. This solution,
enough to give 0.5 wt% palladium on the final catalyst, was added to 3 grams



catal yst prepared as in conparative exanple | gave 2200 ppm propyl ene

oxi de at the peak, produced 1900 ppm of propyl ene oxide or greater for 25
hrs 25 W0a3MWr opyl ene oxi de/ propyl ene gl ycol =1. 6 f orPGEAS0PRIF6 Exanpl e 2°
Met hanol / Wat er as the solvent instead of water only. 30 Pall adi um brom de

43 was d d ei.oni zed taining 0.68
g(;r am;ngéf 309%° gﬁ%ﬁ“ﬁ?ﬂ'moﬁ' l??ﬂ"ge‘qgﬂ”(%é 8@"\5‘!‘: Sﬁ'c'"em&ﬁ) FE‘ din'8. 5 v o
g%IT} 3;!!03?12(;2 niktarel 6h22 gmh@lomlbmnwed wdteiednd 84 raha ot m&hMlQMh?&?»?O

of TS-1 titaniumsilicalite 2 WM % ani um cal cined
550C) slurri i&ﬂ?'h coated sir baraunger 35 anosphers- é‘é? tvéﬁgmghd"’%4 grams of
met hanol wi t gusegeamf was paced ich sdnstarhwmpeﬁtdfybam gt £8°C0sN4Y, ©; afilit er
stirring at e ctor was aced in a constant
t enper at uPe B&Wegﬁ%’g{eaﬁ'aw& tsabﬁf"'b%)‘ﬁ @H\QSB@E{SIV‘@@ KHSAh t he
slurry at abqooomﬁ LﬁimWBﬂﬁrﬁsthbh srhewamm&nné@@éu wag142idemia Tef l on
stir bar. The ‘1 bo&/of t he, feed Wa? mn wth the H2:02: C3
vol unetric rdtndthgrH20zCa volumelric: fatipcof, 1(4(92'95?99@949% (ReA vae) WitBen as t he
bal ance. Analnitfigén afs thEdalseer APRRSR &m@%p&q}mﬁe HRASC sheWeR'Z@RB! ene oxi de
at the peak and a ratio of propylene oxi de/ring -opened, 10 products=14 for

the. run. A B RFOPYRRS MYde @ thespenk and amilcRf ARpYiens aidedring erened st

prepared 1@s lﬁﬁodi!é@@ﬂ%“h@ feﬁarmbsrr éfohaﬁ'tg%ﬁh!lsﬁ\g% Qﬁﬁéd&ét@aafedfor 4 hrs
at 150C) gave 2300 pr opyl ene oxi at th eak and a ratio of

propyl ene oxicgEs Fﬂ%%aﬁér?édn pPeRfative-exampie,? (M@mh @2 pretreatmgnt for3

Tetraamm ne Hahisasli 150 QéUeOZ pih (pRspylend B3 étﬁh@%é@éhﬂeh fdtiotdfe source
of Palladium Tetraa pal | adium di chl ori de (42 was di ssolved in 10

grams 20 of RERRY e&@‘ﬂéﬂf’e"%i’@d%}ﬁtﬁ78ﬂt %Wﬁugh to give 0.5 wt%

pall adiumon the final catalyst, was added to 3 grans of TS-1 titanium
silicalite (1.2 wt% titanium slurried in 120 grans of deionized water
with a TéM on coated stir bar unde&ﬂﬂﬂﬁg’msphere of air. After stirri ng

at 23C for 60 nt&tHaP$mink Ii"‘%llém Didhloride without ammonium hydroxide as the

source of Palladium. -

Tetraammine palladium dichloride (42 mg) was dissolved in 10 grams
20 of deionized water. This solution, enough to give 0.5 wt% palladium on the
final catalyst, was 'a_dded to 3 grams of TS-1 titanium silicalite (1.2 wt%
titanium) slurried in 120 grams of deionized water with a Teflon coated stir bar
under an atmosphere of air. After stirring at 23°C for 60 minutes, the reactor
was placed in a constant temperature bath at 45°C and Ha, Oz and propylene
25 bubbled through the slurry at about one atmosphere with stirring at 1000 rpm
using a Teflon stir bar. The total flow of the feed was 112 cc/min with the
H2:02:C3 volumetric. _ratio 1:1:4, respectively, (02=4 vol%) with nitrogen as the
balance. Analysis of the vapor phase by GC shoWe_d 2500 ppm propylene
oxide at the peak and a propylene oxide/propyiene glycol=3.3 for the run.
30




was placed in a constant tenperature bath at 45C and H2, 02 and propyl ene
25 bubbl ed through the slurry at about one atnosphere with stirring at 1000
rpm using WORERB®WN stir bar. The total flow of the feedPGEHYSWRISC/ nin
with the H2:02:C3 volunetric ratio 1:1:4, respectively, (02=4 vol% wth
nitrogen as the balance. Analysis of the or phase by GC showed 2500 ppm
propyl ene oxide at the peak and a pro%ﬁ%é%—om de/propyl ene glycol =3.3 for
the run. 30 9 WO QUddRida i sRG B plAtSHC Aaidétiduing afure gl | adi um
conplex to a Deacityat f Catalyst during a run. A reactor containing 3
grans of a 0.12 wt% Pd/ TS-1 (prepared as in 5 conparative exanple 2) in

130 grams of water waAgefidtaCEshtaifing 3@2&1&&%% onzmrmﬂ (prdparedt aSHC and
H2, 02 and propyl ene ube ed %35) u h the slurr %ﬂout one at nosphere
a

with stirring of°°ﬂ.'@8@ W IFFATP TE*’fq grams; ph wa 5,was geedoaf CPFW& t he

feed was 112 Cdﬂ%rﬁpérhfui’e ba® 426PC smt W2l w¥ehnd ﬁropfdéﬁé ausmed triroégh the
respectively, (02=4 vol /?Jtzvm th nitrogen as_ the ance. g_ sis of the

vapor phase by @&tryabg mamwb?rsw%ﬁ@nwﬁ’fd@%mwh@wpé flan stour 10

and by hour 42 thag ¥he Ruthenby Wh@%éd‘wh@%i%@ﬁrﬁn lwaﬁ tite AL:00:€d volutheffR0 ppm
At hour 42, 20 ng, of tetraam ne pall adiumd | oride dissolved in 10 grans

of dei oni zed wat@io Rhdl:Lifia&sPestivele (Pga‘?:t“i"b@ wt!urumens9s e Sglancpe

propyl ene oxjgde Aﬁaly%ﬁ%fmmgohaﬁadew@é%ﬁéw&@zi&ﬁemﬁ@Pﬂp@@h@bﬁ.d@%ﬂtﬂyﬁI ng to
15 slow y decline dition of a Palladiumconplex to increase

propyl ene oxi de Heﬁk?h@qyéﬂtﬁnd by ok 42 theprenvianeioxide ipthe xaperhaddglectingd: ai ni ng
3 grams of a 0.48404 Sﬁrﬁ R%I@réz ofi] &&Fhaﬂﬁné aanaeﬁmfzﬁér@arid\é%ns@esmirﬁ 3)

slurried in a m xture of ramso wat er and grans of nethanol was

pl aced in a constOZ5ams éfrﬂ%é?'éh’-‘if’r walgewas atﬂdeﬂls@tfeweactm migtpires BY r&8piheene
bubbl ed through drbiR/ieHe'Bxids iR thePstior had frcrdEBS R $300 ppm before beginning to

15 slowly decline.

Example 5
Addition of a Palladium complex to increase propylene oxide in the vapor

before deactivation.
20
A reactor containing 3 grams of a 0.48 wt% Pd/TS-1 (prepared as in
comparative example 3) siurried in a mixture of 28 grams of water and 84
grams of methanol was placed in a constant temperature bath at 45°C and
H2, Oz and propylene bubbled through the slurry at about one atmosphere
25  with stirring at 1000 rpm using a Teflon stir bar. The total flow of the feed was
112 cc/min with the Hz:Oz:Cs volumetric ratio of 1:1:4, respectively, (O02=4
vol%) with nitrogen as the balance. Analysis of the vapor phase by GC
showed a constant 2500 ppm of propylene oxide by hr 12. At hr 24, 40 mg of
tetraammine palladium dichloride in 10 grams of methanol was added to the
30 reaction mixture. By hr 54, the propylene oxide in the vapor had increased to
a constant 2900 ppm.

10



25 with stirring at 1000 rpmusing a Teflon stir bar. The total flow of the

feed was 112 cc/mn wth the H2: 02: C3 volunetric ratio of 1:

respect iné?'{?, (’02 4 vol% with nitrogen as the bal anc&TY ,_S\pﬂgl?gl s of the -

vapor phase by GC showed a constant 2500 ppm of propyl ene oxide by hr 12.

At hr- 24, 40 ng of tetraanm ne palladiumdichloride in 10 grans of

nmet hanol was added to the 30 react iBxample® ure. By hr 54, the propyl ene i

oxi de in the vapor reased..t o 29Q0 _og 10 W01/ 23370

PCT/ USOQJ21596 Ex . ; - S22y evi ousl y

Silylated Catal yst. A 250 mL ErI enrreyer fI ask eqw pped with a magnetic stir
rans of TS-1 lumsilicaljte

bar was 5 chargegd

(titaniunel. 2% 2&?% r@dggfgmggﬁ asgn%guwear\g agnagnatig barvashi s siurry,

4 ?r ans & BBaFged With 8T tgra'ma?thSSII htyi;:)mf&lidaliﬁr(ﬂﬁﬂiahﬁmm,) cdldinéd 8t a(rjrs of 230

t ol uene was v.e The cti m xture rre at

for 4 hrs. 'I%gjdégﬁnaség\e?r@ms Qz‘t'eé'l? by-'tq %'Fr%?% 4 YADSCH ﬁ% €A with 40

%r ams of toI(bBﬁﬂm&Mlsﬂ{:ﬁﬁﬁfrdacgtanﬂdé)Vmﬁtgimg\wEbltﬁénet\ﬂé§ aad@éd e sf or 2f hrs.

et raanm ne diym di or.i de i SSO grans o

dei oni zed wa{F' ﬁf‘lnﬂfﬁt &Bﬁaﬁd@m@%& Rﬁ/t aﬂ"ﬂ V8@ on the

final catal wwatew&sx ﬁtiatm Washed) Wit with mh@:amseaflteuéha ahtiidiedhilasi | yl ated

TS-1 tijani umsil |calitﬂnéé % v¥t(V }‘ltanl um calcined 550C) slurried in a

ni xt ur e 1CyEm aven (1 () atdG GO st er and 84 grams of nethanol with a

Tefl on coated st ITretrabmmmmﬁaradﬁlm aichlofdeTREIDAGY Was Aiswve@w 10 ﬂ%sat 23C 1; or
at 45C an

2 hrs, the r&a a constant te ture bat
H2, 02 and %&ﬁ gawﬁﬁgb?ﬁ'ﬁ SPM BhgFnougR 12 QUFrcg? a??(yﬁ‘fl'uﬁ‘n%“ HMeospher e
with stirri n@aﬁbatﬂ@@@waaraddsﬁ t61G grarh®iof @ik revibudip iimethysifyrita T$J1ow of the
feed is 112 c/mnyvl 0. H2 ric ratio of 1:1:
respectively a?'ﬁ'f-sﬂ“?@?é’j Em%ﬁ’t?ﬁ"t'moﬁéa“%&%&s'ﬁﬁ?g%é mixiyre ‘}fs“ies of the
vapor phtge @‘pn@@fﬁlbmmzdd VaterTHmUBAl grame Bf mivEvanel Wiy & TRAcR Kb4led Biir Nr 38.
Exanpl e 7 bar under an air atmosphere. After stirring at 23°C for 2 hrs, the reactor was

placed in a constant temperature bath at 45°C and Hz, O: and propylene

bubbled through the slurry at about one atmosphere with stirring at 1000 rpm

using a Teflon stir bar. The total flow of the feed is 112 cc/min with the

liadidgy ----

20  H2:02:C3 volumetric ratio of 1:1:4 respectively, (02=4 vol%) with nitrogen as
the balance. Analysis of the vapor phase by GC showed a constant 3200
ppm propylene oxide by hr 38.

Example 7
25 Run analogous to example 6 but the catalyst is Silylated last and isolated.

A 50 mL Erlenmeyer fiask equipped with a magnetic stir bar was
charged with 6 grams of palladium/TS-1 titanium silicalite (fitanium=1.1 wt %),
prepared as in comparative example 3, and 20 grams of toluene. To this

30 slurry, one gram of BSTFA (bis(trimethylsilyl)triﬂuoroacefamide) in 5 grams of
toluene was added over 5 minutes. The reaction mixture was stirred at 23°C
for 4 hrs. The solids were isolated by filtration, washed twice with 20 grams of

1




25 Run anal ogous to exanple 6 but the catalyst is Silylated |ast and

| solated. A 50 nL Erlenneyer flask equipped with a magnetic stir bar was
char ged wiwbogzgreans of palladium TS-1 titani um silical PEBUSHRZARMI unvyl . 1 wt
%, prepared as in conparative exanple 3, and 20 granms of toluene. To this
30 slurry, one gram of BSTFA (bis(trinmethylsilyl)t(fluoroacetamde) in 5

granms of tol ugendahdarids sh Vgguuﬁ%ﬂﬁe%)a@gfcr@?%éypn m xture was

stirred at 23C for 4 hrs. .,The so re’isol at. filtration, washed
twice with 20 grans® deactgn Ehpaining233gremear theo05owb 96 Pd/Sliviated ESd dried in

a vacuum oven : F o RriddieS - rR?% ' | gl rans of
the 0.5 wt %Pg'segﬁférﬂ%?"gg %J ﬂpar é’p‘)’glf%cffgg e é%%é%“?r@a%mgt(gre of 28
grans of wat er M@fenghwas plasedin a eanstanh ttmpesatune] bagheat 455Candds Oarmnd

t enper at ur egba t t he
slurry at agouPFbggrgng? %@gﬂéﬂrﬁé“%qﬁ‘ﬁg@ﬁf r%F %ﬁﬁét‘ gg%‘%gh%%ﬁws%ﬁﬁgﬁg&mf | on
stir bar. The {180&upm Hejog afTeflorstirdad The total flow iofthe fekd i 112 lco/mi2 with: Ca

vol unetric rati Alrl. ' Y. = l, %0, el r as the
bal ance. Anal ygfé sg%?g‘?%‘éé'\‘/'{é‘%g’?q%@aé@%ﬁ ré%%gﬁv&‘%&d%ﬂ@%%w tél@%%QBpm of
propyl ene oxi desitiye halance. Aodalpisinpbthe WBpbisghate thya@@showedadhsdatit 24001 br oni de
Wi t hout anmoni gﬁqn(r?fg{c%giqu odle pgmfource of Pall adium 15 Tetraanm ne

1 de ng) was

pal | adi um di br | SSolved in 10 grans of deionized water.
This sol util8n, enough to 0.5 wt % pal |l adiumon the final catalyst, was
added to 1 gramof TS-1 titanium si t%}z{é&{%(l. 2 ww%titanium slurried in
120 grans of deionized water with a oated stir bar under an air

at nosphere. Aft¥dge e g g £ ugm hedroxide agwe pl aced 20

in a constant tenperatur eba ht s t?rgeﬁﬂg l'é'éiu 02 and pr pyI ene bubbl ed

t hrough the slurry at about one a stirring at 1000 rpm using
a Teflon stir bar. The total flow of the feed is 112 cclmn with the

2: 02 G2 gl UMet i fotidhiing bathickidbRARES 1o/ BbY wad 8R5shetch o il Mt ogen
of deionized water. This solution, enough to 0.5 wi% palladium on the final
catalyst, was added to 1 gram of TS-1 titanium silicalite (1.2 wi% titanium)
slurried in 120 grams of deionized water with a Teflon coated stir bar under an
air atmosphere. After stirring at 23°C for 60 minutes, the reactor wés placed

20 in a constant temperature bath at 45°C and Hz, O and propylene bubbled
through the slurry at about one atmosphere with stirring at 1000 rpm using a
Teflon stir bar. The total flow of the feed is 112 cc/min with the H2:02:Cs
volumetric ratio of 1:1:4 respectively, (O2=4 vol%) with nitrogen as the
balance. Analysis of the vapor phase by GC showed 1900 ppm propylene

25 oxide at the peak. An analogous run with one gram of catalyst where the

catalyst was prepared according to comparative example 4 gave 1800 ppm
propylene oxide at the peak.
The ability to form active catalysts by this insitu procedure offers

potential advantages for catalyst preparation in a commercial process.
30
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bal ance. Anal ysis of the vapor phase by GC showed 1900 ppm propyl ene 25

oxi de at the peak. An anal ogous run with one gram of catal yst where the

cat al yst wgemngmepar ed according to conparati ve exanpl ePCTAS218800 ppm
propyl ene oxide at the peak. The ability to formactive catalysts by this
insitu procedure offers potential advantages for catalyst preparation in a
comerci al pregggss. 30 12 WO 01/ 23370 PCT/ US00/ 21596 | claim 1. In a ‘
process for the epoxidation of an olefin by reaction of 02, H2 and olefin

in contact with d-niBA prasesnfor domererdatign df anrriefin By repstipmietiPe Ha i calite,

the i nprovengiy olihGR comtERt IvamSaqwbi@métélgcommlaglﬁiaiwrﬁrbr&a%&hﬁﬂgeabl e
nobl e netal conplex with solid titaniumor, vanadiumsilicalite, slurried in

a |iquid sol %lisaitegnthe,irpprovement, which, ccomprises,; ¢Rtackiag 8 §PIbIRg iQhat al yst
contacti ng t&&hﬁﬁé&bﬂ@ﬁ@dl&’ ?ﬁetél" ol WITR séﬂf’tnﬁhiﬁfd & @énaﬂﬁ?f?&;lléﬂtecond' tions.

2. In a process for the epoxidation of an olefin by reaction of 02, H2 and

olefin in coMued lwﬂmasﬁ'mt@m@puemam cAlginingtthe reskiting catalysti um 10

silicalite, &&iﬁadﬁﬁgmmcéiany&tvaihrwmz%auéaﬁauea&n@%aamsc activity which
conpri ses adding an ion exch an%a e conp noble nmetal to the

reaction system 2. InTh@Proeess & the eamaﬂaﬁon QﬁAﬂBrQ!‘PﬁT' by, eeastiers PhOr.sHpr opyl ene.
4. The metho @fo;aaha.her@aﬁ.%qi‘w ) ﬁ&bﬁ’e %ﬂ%l' SorltAiniRg qmﬂ.@ﬁeor vehadiym/he et hod

of claiml ereint e net al | adi um . The nmethod of claim2
wher ei n 1he silialite. the amethed paf |wtamn9 20 resjoring |°atamtlp| aetivity (whish j 111111 C

L MS 30 1?’compnses adding an ion exchangable complex of the noble metal to the
reaction system.
3. The method of claim 1 wherein the olefin is propylene.
4. The method of claim 2 wherein the olefin is propylene.
16 5. The method of claim 1 wherein the noble metal is palladium.
6. The method of claim 2 wherein the noble metal is palladium.

20

__— AR

30

13




